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Vézeni ¢tenari, kolegové,
berete do rukou ¢tvrté Eislo ¢asopisu TUNEL, aktudlné uzav1ra]101 19. ro¢nik 2010.

Predklddané ¢islo je vénovano predevsim dvéma vyznamnym Ceskym odbornym firmdm, a to ARCADIS GEOTECHNIKA, a. s.,a OHL ZS, a. s.

ARCADIS GEOTECHNIKA, a. s., geotechnickd konzultatni spole¢nost s vice nez 80letou tradici je v tomto &isle reprezentovéna prvni ¢asti rozsahlého prispévku zaby-
vajictho se deformacemi povrchu terénu a zde se nachézejicich objektu v dusledku mélkych raZeb. Zapocaty piispévek bude dokon&en v 1. &fsle nésledujiciho roéniku Easo-
pisu. Velmi zajimavé téma bezesporu pﬁné51 Clanek shrnujici geotechnické rizika a praktické zkuSenosti z vystavby tunelovych staveb v geologickém prostredi flySovych
hornin. Nepfli§ frekventované, ale o to vic aktudlni problematice je vénovén pifspévek k odhadu pravdépodobnosti selhan pfi razbé tunelu.

Firmu OHL ZS, a. s., predstavuji &lanky o vystavbé a problemech spojenych s realizaci Zelezni¢niho tunelu San Pedro ve Spanélsku v reZii matefské vétve firmy
arovneZ i ¢lanek o technologuch pouzwa.nych tfmto zhotovitelem pii vystavbé podzemnich staveb v CR.

Zaber vySe uvedenych firem je v aktudlnim Cisle Casopisu doplnén ddle dvéma prispévky dotykajicimi se zdarilych kompenzacnich injektdzi pii vystavbé
Krélovopolského tunelu v Brné a taktéZ prispévky o vyzkumu plynopropustnosti horninového masivu pro potfeby uklddéni uhlovodiku a o archeologickych vyzkumech
pri stavbé sekundérnich kolektorii v Brné. Teoretické problémy pri vystavbé v podzemi zastupuji piispévky tykajici se vyuZiti konvergenénich méfeni pro 2D analyzu
razby a déle stanoveni pretvarnych vlastnosti a stavu napétl’ sprazenych osténi.

Zcela novou, a dosud opomijenou problematikou v nasem pfevazné technicky zaméeteném Casopise jsou pravni vztahy realizace podzemnich staveb. Redakéni rada
povaZuje tento okruh problému za velmi zdvazny a predpoklddd, Ze se k nému fada autort bude i ddle vyjadfovat.

Bezprostiedni uplynulé obdobi — pod21m roku 2010 — bylo z pohledu nejen Ceského podzemm’ho stavitelstvi velmi rusné. V CR byla v z4if oteviena dal3{ &dst praz-
ského okruhu se tfemi zbrusu novymi tunely. V fijnu byl otevien rozsahly tunelovy projekt tispésné realizovany ve velmi svizelnych pfirodnich podminkéch fy Metrostav
na Islandu. V poloviné fijna, doslova v piimém TV prenosu, cely svét se zatajenym dechem sledoval drama vyprosténi 33 chilskych hornikti uvéznénych v dole San José.
Po vice nez dvou mésicich usilovné prace zde technika zvitézila nad pfirodou a operace se zdarila. O den pozdéji se zdsadné pribliZil ke kone¢nému dspéchu sen gene-
raci §vycarskych tuneldft — byl zddmé prorazen posledni dsek prvnf trouby bazového tunelu Gotthardského.

Predev§im dva predchozi ze svéta uvddéné priklady ndm pripomnély ob&as neprdvem zapominanou skute¢nost, a to, Ze préce v podzemi, prace horniku a razicu stej-
né jako ostatnich pridruZenych profesi, zuistdva i nadéle velmi nebezpecnd. AZ Zivotu nebezpecna! Kolik schézelo k tomu, aby nikdo ze zavalenych horniki jiZ nikdy
nevysel na den. A je v tomto pﬁ’padé prinejmensim podivné, Ze prakticky v zddnych médiich nebyli zminovani inZenyri a technici, kteif je dokdzali vyprostit! Tim vice
vak byli vidét politici a tim vice se mévalo vlajkami Naopak oproti tomu bylo pfi zdvére¢né prordzce Gotthardského bazového tunelu pietné pripomenuto osm lid-
skych Zivot ztracenych pri stavbe. I to zajisté patrl ke kulture. Politické i obecné.

A jak je tomu v Ceské repubhce" Buhvi proc se termin tunelovani stal velmi frekventovanym piedevsim v souvislosti s raznymi nepravostm1 a dirami do vefejného
majetku. Snad proto, Ze jej rdd pouzival jeden uZ témef zapomenuty predseda vlddy, momentdlné objimajici stromy na Vyso€iné? V Praze visi mohutny pfedvolebni bill-
board, na kterém historicky prvni prezident této republiky sd€luje, Ze ,,nevoli tunely a tuneldre...“. Pro vSechny rany, to mu nedochézi, jak se dotykd prislusniku jedné
praddvné a velmi nelehké stavbaiské profese? Svatd Barboro (4. 12.) modli se za nds! Nezoufejme vsak a hledme sméle do pri§tiho roku.

Vsem &tenditim i pifzniveim Casopisu Tunel proto preji za sebe i za celou redakén{ radu mnoho profesnich i osobnich dspéchu v roce ndsledujicim, v roce 2011.

doc. Ing. Vladislav Hordk, CSc.,
c¢len redakcni rady casopisu Tunel

Dear readers and colleagues,

You are holding in your hands the fourth issue of TUNEL magazine, closing the 19th Year 2010.

The issue being presented is dedicated first of all to two slgmhcant Czech professional companies, ARCADIS GEOTECHNIKA, a. s. and OHL ZS, a. s.

ARCADIS GEOTECHNIKA, a. s., a geotechnical consultancy company with an over 80-year tradition, is represented in this issue by the first part of an extensive
paper dealing with deformations of ground surface and buildings found in settlement troughs induced by near-surface tunnel excavation. The continuation of this paper
will be published in issue No. 1 in the following year’s volume. It is beyond dispute that the topic of the next paper, gathering geotechnical risks and practical experien-
ce in driving tunnels through the geological environment formed by flysch rock mass, is very interesting. The topic of assessing the probability of failures during tun-
nelling operations is not approached too frequently, despite the fact that it is currently quite hot.

OHL ZS, a. s. is introduced in the paper on the construction and problems associated with the construction of the San Pedro tunnel, Spain, managed by the mother branch of
the company, and the paper on technologies used by this contractor in underground construction projects in the Czech Republic.

The coverage of the above-mentioned companies is supplemented in the topical journal issue by two papers addressing the successful compensation grouting performed during
the construction of the Krédlovo Pole tunnel in Brno, and papers on the research into gas permeability of ground mass required for the purpose of storing hydrocarbons, and on
archaeological surveys during the course of the construction of secondary utility tunnels in Brno. Theoretical problems during underground constructions are represented by papers
dealing with the use of convergence measurements for the 2D analysis of excavation, and the determination of deformational properties and state of stress of composite linings.

Completely new problems, which have been neglected in our mostly technically oriented journal till now, are legal relationships in the implementation of tunnel construction
projects. The Editorial Board considers this circle of problems to be very significant and expects that it will be addressed by more authors in the future.

The immediate past period — the autumn of 2010 — was very busy, not only from the perspective of the Czech underground construction industry. In the Czech Republic, anot-
her part of the Prague City Ring Road project, containing three new tunnels, was opened to traffic in September. October saw an extensive tunnelling project opening to traffic in
Iceland. It was successfully completed by Metrostav a. s. in very severe natural conditions. People all over the world watched, holding their breath, the drama of rescuing 33
Chilean miners trapped in the San José mine. In this case, technology defeated the nature after over two months of strained work and the operation was successful. A day later,
the dream of generations of Swiss tunnellers came near to the final success — the last section of the first tube of the Gotthard base tunnel broke through.

The two above-mentioned examples from the world most of all reminded us of the sometime unreasonably forgotten fact that underground work, the work of miners, tunnel-
lers and other associated professions further remains to be very dangerous. Even dangerous to life! How much was missing for the entrapped miners never to see daylight again.
It is at least strange that in this case virtually no media mentioned the engineers and technicians who managed to rescue them! So much the more, politicians were seen, flags were
waved, ..... In contrast, eight human lives lost during the construction were reverently remembered on the occasion of the final breakthrough of the first tube of the Gotthard base
tunnel. Even this respect undoubtedly belongs among cultural habits — both political and general.

And what is the situation in the Czech Republic? Only God knows why the term “tunnelling” has become very frequently used first of all in connection with various cases of
falseness and holes dug in the public property. May it be because of the fact that it was preferred by one, today nearly forgotten, prime minister, who is currently embracing tree
trunks in the Czech-Moravian Highlands? There is a large pre-election billboard in Prague on which the historically first president of our republic states that he “does not vote for
tunnels and tunnellers ...” Dear me, does he not catch on to how he offends one old, very difficult civil engineering profession? Saint Barbara, pray for us! But let us not lose hope
and boldly face the next year.

Therefore, I am wishing all readers and sympathisers of TUNEL journal, on behalf of myself and the entire Editorial Board, lots of professional and personal success
in the year to come, the year 2011. Doc. Ing. Viadislay Hordk, CSc.

Member of the TUNEL journal Editorial Board
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VAZENI CTENARI CASOPISU TUNEL!

V cisle, které prave drzite v rukou, mate mimo jiné moznost blize
se sezndmit se spole¢nosti OHL ZS, a. s., &lenem $panélské skupiny
OHL, a vybranymi stavbami, na jejichZ realizaci se podili.

Akciova spole¢nost OHL ZS, a. s., je piimym ndstupcem statniho
podniku Zelezni¢n{ stavitelstvi Brno, ktery vznikl v roce 1952 a jeho
poslanim bylo zajistovat stavebni prace pro tehdejsi Ceskoslovenské
statni drahy. K 1. 4. 1992 byl stdtni podnik transformovén na akcio-
vou spolecnost, kterou v soucasnosti majoritné vlastni $panélskd
skupina Obrascén Huarte Lain, S. A. (OHL).

Vnitini organizace spole¢nosti zaznamenala od doby privatizace
bourlivy rozvoj, kdy postupné od 35 podnikatelskych stredisek
dospéla k soulasné struktufe dvou velkych oborovych zdvoda —
dopravnich staveb a pozemnich staveb. Bourlivy byl i obchodni
vyvoj spolecnosti. V roce 1992 zde byla stavebni spolecnost
s ro¢nim obratem okolo 500 mil. K&, v soucasné dobé je OHL 7S,
a.s., patou nejvétii stavebni firmou v Ceské republice s obratem pies
12 miliard K¢.

Divize Tunely, kterd se zabyvd zejména realizaci podpovrchovych
staveb, je souédsti zavodu Dopravnich staveb. V neddvné dobé pro-
Sla divize optimalizaci po¢tu kapacit, aby se prizpusobila sou¢asnym
moznostem daného segmentu trhu. Prostrednictvim svych stredisek
zajiStuje realizaci velkoprofilovych tuneld, klasicky raZené Stoly
a kolektory, Stoly raZené pomoci zeminovych S§titu, kopané
i mechanizované protlaky, horizontdlné fizené vrtani a dals{ specia-
lizované prace v¢etné souvisejiciho servisu.

Uvnitf tohoto ¢isla naleznete dva ¢ldnky o zajimavych tématech
a projektech, jejichZ vystavbu naSe spolecnost vedla nebo se na ni
podilela. Prvni ¢lanek je o stavbé tunelu Oeste de San Pedro, na
jehoZ vystavbé se podilela nade matefskéd firma OHL ve Spanélsku.
V piispévku je popsédna zdsadni zména technologie razby v prubéhu
vystavby, kdy bylo nutné z duvodu nepfiznivé geologie puvodné
navrzenou a do provozu uvedenou technologii TBM nahradit kon-
vencni tunelovaci metodou. Ve druhém cldnku naleznete souhrnny
prehled technologif, uréenych zejména pro podpovrchovou vystavbu
infrastruktury. Nékteré tyto technologie jsou sice svymi parametry
mimo sledovany ramec ¢asopisu Tunel, ale véfim, Ze jejich priblize-
ni bude pro vds zajimavym informa¢nim doplikem.

Zavérem mi dovolte, abych popral pevné zdravi nejenom vam, Cte-
nafum Casopisu Tunel, ale i oboru podzemnich staveb, ktery se jako
celé stavebnictvi nachdzi v nelehké situaci. Vérme, Ze recese nebude
prili§ dlouhd a v blizké budoucnosti se budeme moci setkdvat na zaji-
mavych projektech jak na povrchu, tak i v podzemi.

Zdat Buh!

U

DEAR READERS OF TUNEL JOURNAL!

In the issue you are just holding in your hands, you have, among others, the
possibility to get closer acquainted with OHL ZS, a. s., a member of the
Spanish group of OHL, and selected projects the implementation of which it
participates in.

OHL 78, a. s., a joint-stock company, is a direct successor of the state
enterprise of Zelezni¢ni stavitelstvi Brno (a railway construction company),
which was founded in 1952 with the mission of carrying out construction
works for Ceskoslovenské stétni drahy (Czechoslovak State Railways). On 1st
April 1992, the state enterprise was transformed into a joint-stock company,
with the Spanish group of Obrascén Huarte Lain, S. A. (OHL) being current-
ly the major owner.

The internal organisation of the company has experienced rapid develop-
ment since then. It started from 35 entrepreneurial centres and gradually got to
the current structure consisting of two large plants, specialised one in tran-
sport-related construction and the other one having its business in building.
Even the commercial development of the company was very rapid. In 1992 it
was a construction company with the annual turnover about CZK 500 million;
currently OHL ZS, a. s., is the fifth largest construction company in the Czech
Republic, with the turnover exceeding CZK 12 billion.

The Tunnels Division, which most of all deals with underground construc-
tion, is part of the Transport-related construction plant. Recently this division
underwent optimisation of the quantity of capacities intended to accommoda-
te it to the current opportunities in the given segment of the market. Its depart-
ments carry out construction of large-profile tunnels, classically mined galle-
ries and utility tunnels, galleries driven by means of earth pressure balance
machines, hand-excavated and mechanised pipejacks, horizontal directional
drilling and other specialist work, including services.

In this journal issue you will find two papers on interesting topics and pro-
jects, the implementation of which was managed by our company or in which
it participated. The first paper is on the construction of the Oeste de San Pedro
tunnel, where our mother company OHL, Spain, participated in the construc-
tion. The paper describes a fundamental change in the tunnelling technique
during the course of the construction: the originally designed and already ope-
rating TBM technology had to be replaced by a conventional tunnelling met-
hod because of unfavourable geology. In the other paper you will find
a summary of technologies designed first of all for underground construction
of the infrastructure. Some of these technologies are outside the scope follo-
wed by TUNEL journal in terms of their parameters, but I believe that giving
you an idea of them will be an interesting information supplement for you.

To conclude, allow me to wish great health not only to you, readers of TUNEL
journal, but also to the underground construction industry, which is found in
a difficult situation, the same as the entire civil engineering industry. Let us beli-
eve that the recession will not be too long and, in the near future, we will be able
to meet at interesting projects, both on the surface and underground.

God speed you!

ING. MICHAL STEFL

Predseda predstavenstva a generalni feditel
Chairman of the Board and CEO
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VAZENI PRATELE,

jsem velmi rdd, Ze mame opét prileZitost predstavit ¢tendfum Casopisu
Tunel, co je v nasi spole¢nosti ARCADIS Geotechnika v oblasti podzemni-
ho stavitelstvi nového.

Podzemn( stavitelstvi je nejduleZitéjsi segment v nasi nabidce. Od prova-
déni ¢&i dozorovéni geotechnickych pruzkumu pro podzemni stavby, pres
monitoring a geotechnické dozory v prubéhu raZeb, supervizi, konzultadni
a expertni innosti i provadéni ¢innosti stavebnich dozorti po modernf fize-
ni geotechnickych rizik.

Dlouhodobé se proto zaméfujeme i na technicky rozvoj a inovace jak pii-
strojové techniky, tak i metodiky a matematického modelovani.

Spolupracujeme pritom se $pickovymi odborniky z vysokych Skol.
O tom, Ze je tato spoluprdce Gi¢innd, svédei i spolené publikované ¢lanky
v tomto Cisle Casopisu, napr. feSeni grantového projektu ¢. 103/092016
Stavebni konstrukce ovlivnéné podzemni innosti- predikce vyvoje namdhdni,
pretvorent a poruseni. Podporujeme také program CIDEAS — Centrum inte-
grovaného navrhovdni progresivnich stavebnich konstrukci pri Stavebn{
fakulté CVUT a piirozené i téZime z jeho vysledkd.

Z oblasti firemniho technického rozvoje pfipomenu mimo jiné trvaly
vyvoj databdzového souboru BARAB, ktery byl kvalitativnim zlomem pri
geomonitoringt tunelovych staveb.

Prispévek nasi firmy k rozvoji oboru podzemnich staveb lze nalézt
i v predpisové zdkladné. Napiiklad jsme zpracovali Technické podminky
TP 76-C Ministerstva dopravy CR Provddéni geotechnickych priizkumii
pro navrhovdni a provddéni tuneli pozemnich komunikaci, nebo
Technicko-kvalitativné podmienky NDS, a. s., Geotechnicky monitoring
pre tunely a prieskumné Stolne, zpracované v lonském roce pro
Ministerstvo dopravy SR.

Vyznamné jsou i prace na vyzkumnych tikolech. Napiiklad spolupréce na
projektu CBU &. 38 05 Vedeni podzemnich dél v souvislé méstské zdstavbé
— etapa monitoring tuneli, jehoz feSeni skon&ilo v roce 2007 a na projektu
CBU ¢&. 6108 Monitoring podzemnich objektii v etapé uZivdn, jeho? feSeni
kon¢i v leto§nim roce.

Z projektii financovanych Ministerstvem primyslu CR jsme v roce 2009
ukon¢ili feSeni projektu ¢ IH-PK/31 Metody a hodnoceni viivu inZenyr-
skych bariér na vzddlené interakce v prostredi hlubinného iiloZisté. Na tento
kol v soucasnosti navazuje projekt ¢. FR-T/1/367 Vyizkum viivu mezizrnné
propustnosti graniti na bezpecnost hlubinného ukldddni do geologickych
Sformaci. Témito projekty myslime i na vzdélenéj$i budoucnost naseho
oboru.

Na zdver bych chtél vyjadrit presvédeni, 7e podzemni stavitelstvi se
bude i pres dnes$ni obtiZe nadéle v nasf republice v dal§ich letech rozvijet.
Jsme pripraveni spole¢né s ostatnimi ¢leny nasi ndrodni tuneldrské spolec-
nosti prispivat ke zvySovéni kvality tohoto ndro¢ného stavebniho odvétvi
a i nadéle presvédCovat nasi odbornou i laickou vefejnost o tom, Ze je to
spravna cesta.

V roce 2009 nase spolecnost prijala jméno svého majoritniho vlastnika,
spolecnosti ARCADIS. Tato spolecnost md obrovské mezindrodni zkuse-
nosti. V oblasti podzemnich staveb tak miZeme po vstupu do této vyznam-
né mezindrodn{ skupiny ¢eskému inZenyrskému stavitelstvi zprostfedkovat
know-how z nejvétSich tunelovych staveb v Evrope i v USA.

Viem &tendfiim Casopisu Tunel a Elentim Ceské tuneldiské asociace ITA-
AITES preji do pristich mésict hodné pracovnich i osobnich dspécha.

DEAR FRIENDS,

I am very pleased to have again been given the opportunity to introduce to TUNEL
journal readers what is new in our company, ARCADIS Geotechnika, in the area of the
underground construction industry.

Underground construction projects form the most important segment in our offer, star-
ting from executing or supervising geotechnical surveys for underground constructions,
through monitoring and geotechnical surveillance during the course of underground
excavation, supervision, consultancy and expert’s activities, as well as activities in the
field of client’s supervision, to modern control of geotechnical risks.

This is why we even focus our efforts in the long term on technical development and
innovations as far as the instrumentation, but also methodology and mathematical
modelling are concerned.

In doing so, we collaborate with top experts from universities. The fact that this col-
laboration is effective is even proved by papers jointly published in this issue of the jour-
nal, for instance the solution to the grant project No. 103/092016 Building structures
affected by underground workings — prediction of the development of stress, strain and
failure. In addition, we support the CIDEAS, the Centre for Integrated DEsign of
Advanced Structures, at the Faculty of Civil Engineering, and, naturally, we also profit
from its results.

From the field of the company’s technical development, I would mention, among
others, the permanent development of the BARAB database file, which was a qualitative
turning point in the execution of geomonitoring for tunnel constructions.

Our company’s contribution to the development of the underground construction
industry can be also found in the field of specifications. For instance, we prepared
Technical Specifications TP 76-C of the Ministry of Transport of the CR on
Geotechnical Survey for Road Tunnel Design and Construction, or Technical-quality
specifications of NDS, a.s., for Geotechnical Monitoring for tunnels and Exploratory
Galleries, which were prepared for the Ministry of Transport of the SR in 2009.

Our work on research projects is also important. For example, our collaboration on
the CBU No. 38 05 project Driving Tunnels under Continuous Urban Development —
Tunnel Monitoring Stage, which was completed in 2007, and on the CBU No. 6108 pro-
ject on Monitoring of Underground Structures during the Operation Stage, which will
be completed this year.

Of the projects financed by the Ministry of Industry of the CR, we finished in 2009
the work on the project No. /H-PK/31 on Methods and assessment of Influence of
Engineering Barriers on Remote Interactions in the Deep Repository Environment. The
current project No. FR-T/1/367 on Research Into the Influence of Inter-grain
Permeability of Granites on Safety of Deep Storing into Geological Formations is lin-
ked to this project. Through dealing with these projects we even keep in mind the more
distant future of our industry.

To conclude, I would like to express my persuasion that the underground constructi-
on industry will further develop in the Czech Republic in the years to come, despite
today’s difficulties. We are prepared to contribute, jointly with the other members of the
Czech Tunnelling Association, to increasing quality of this exacting branch of civil engi-
neering and continue to persuade both our professional and lay public that this is the cor-
rect way.

In 2006 our company adopted the name of its majority owner, ARCADIS. This com-
pany has the wealth of international experience. Therefore, after entering this important
international group, we can provide the Czech civil engineering with the know-how in
the field of underground construction from the largest tunnelling projects in Europe and
the USA.

I wish all readers of TUNEL journal and members of the ITA-AITES Czech
Tunnelling Association success in life and work in the months to come.

T
P P
s Jx"r /' 7 *’“'{.?f

ING VACLAV HOREJSI, MBA

predseda predstavenstva ARCADIS Geotechnika, a. s.
Chairman of the Board of ARCADIS Geotechnika, a. s.
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DEFORMACE POVRCHU TERENU A BUDOV ZPUSOBENE RAZENIM
MELKYCH TUNELU - 1. CAST
DEFORMATIONS OF GROUND SURFACE AND BUILDINGS CAUSED
BY SHALLOW TUNNEL EXCAVATION - PART 1

TOMAS EBERMANN, ONDREJ HORT, VLADIMIR KRISTEK, ALEXANDR ROZSYPAL

1. OvOD

Pfi vystavbé mélkych tunelt ve méstech dochdzi k jejich stietim se
stavajici nadzemni zdstavbou a inZenyrskymi sitémi. Razba tunelu, tak
aby vZdy byla dplné dodrZzena deformacni kritéria platnd pro nové
budovy i inZenyrské sité, které se nad nimi nachdzeji, by si vSak vyza-
dala zcela mimorddné naklady.

Ekonomi¢téjsi je pripustit urcité deformace t€chto objekti béhem
jejich podchdzeni podzemni stavbou a poté jejich pripadné zasanova-
ni do pavodniho stavu.

Z4kladni otdzkou pfitom ziistdva spolehliva predpovéd jejich defor-
maci béhem raZeb dotyénych podzemnich dél.

Jesté dulezitéjsi je stanoveni spolehlivych deformacnich mezi, které
je mozné jeSté pripustit, aniz by doSlo k naruSeni statické funkce
objekta. Kritéria pro nové stavby jsou nevhodnd, protoZe jsou navrze-
na tak, aby nevznikala ani vzhledova poSkozenf ani kratkodoba posko-
zeni funkénosti. Takové typy $kod lze Casto, pri kratkodobém podcha-
zeni povrchovych staveb podzemni stavbou, za ur¢itych podminek
kratkodobé pripustit.

Je pritom ovSem tfeba zamezit nevratné ztrté statické tnosno-
sti a ekonomické ndklady na sanaci ¢dstecného poskozeni staveb zpu-
sobené razbou tunelu musi byt podstatné niz$i, nez naklady na pre-
ventivni zajisténi ndro¢nych deformacnich kritérii platnych pro nové
stavby.

Zéakladni otdzky tedy zni, jaké jsou takové maximdlné moZzné pri-
pustné deformace, s jakou spolehlivosti je mozné je predvidat a jak je
kontrolovat a zajiStovat béhem razeb? Tyto otdzky se re§{ v rdmci
grantu GACR 103/09/2016 Stavebni konstrukce ovlivnéné podzemni
Cinnosti — predikce vyvoje namédhéni pretvoreni a poruseni.

2. VYZNAM POKLESOVYCH KOTLIN A JEJICH OVLIVNOVANI
TECHNOLOGII RAZBY

2.1 Vznik poklesovych kotlin

Pri razbé mélkych tuneld pietvédreni hornin v okoli vyrubu obvykle
dosahuje az k povrchu terénu. Prubéh poklesové kotliny, kterd tak
vznikd, md zasadni vliv na pretvareni ¢i dokonce stabilitu stavebnich
objektu nachdzejicich se v jejim dosahu. Tvar poklesové kotliny zavi-
si na fad€ vliva. Nekteré z nich jsou ¢dste¢né nebo tplné v rukou pro-
jektanta ¢i zhotovitelské firmy provaddéjici razbu, jiné ovlivnit nelze.

K vlivim, které Ize v ur¢itém rozsahu ménit v dob€ projektu, patii
zejména prumér tunelové trouby, hloubka tunelové trouby pod teré-
nem a technologie raZzeb. V piipadé dvojice rovnobéZnych tunelu
i jejich vzddlenost mezi nimi.

K vlivim, které ménit nelze, patii predev§im vlastnosti pfitomnych
hornin, pavodn{ napjatosti, puvodni vodn{ reZim a trasa tunelu, pokud
je vynucend dopravnim feSenim. V ur¢itém rozsahu je mozné zlepSo-
vat vlastnosti hornin injektdzi, kotvami, svorniky, odvedenim vody
apod.

K technologickym faktoram, které pfi konvenenim tunelovéni ovliv-
fiuji prubéh poklesové kotliny, patii zejména zpusob Clenéni Celby
pri razbé. Svisld ¢lenéni ddvaji vyrazné mensi rozsah svislych sedani
povrchu tzemi. DiileZitd je také rychlost a plynulost razby. Cim rych-
lejsi jsou postupy, tim mensi jsou zpravidla i pretvoreni. S tim souvis{
i doba mezi ukonfenim zdbéru a zhotovenim priméarniho osténi.
Samozrejmosti je zachovavéni technologické kdzné pfi razbé, pii zlep-
Sovdni vlastnosti hornin v okol{ vyrubu, pfi sanaéni injektdzi a pri kot-
veni. Pro zvySen{ G¢innosti primdrniho osténi je tfeba dosdhnout toho,
aby nadvylomy byly co nejmensi. Pokud se provadi jehlovédni a kratké
kotvy, je Zadouci je udélat co nejrychleji po dokonceni zdbéru.

1. INTRODUCTION

When near-surface tunnels are being excavated in cities, they from
time to time get into collision with existing buildings and utility ser-
vices. To ensure the always strict keeping to deformation criteria
applicable to new buildings and the utility networks which are found
above them, it was necessary to incur additional costs.

It is more economical if we admit certain deformations of these
structures during the passage of the tunnel and subsequently restore
the structures to the original condition.

A reliable prediction of deformations during the course of the
underground excavation remains to be a fundamental question.

Even more important is the determination of reliable deformation
limits which are still admissible without disturbing structural integrity of
the structures. Criteria for new buildings are unsuitable since they are
designed to prevent even visual damage or a short-term disturbance to
the functionality. Such types of damage can be often, during short-term
passing under surface structures by underground construction operati-
ons, in certain conditions, admitted for a short time.

In doing so, it is necessary to prevent an irreversible loss of static
load capacity, and the economic cost of repairs of structures partially
damaged by the tunnel excavation has to be substantially lower than
the cost of preventative securing of the demanding criteria valid for
new structures.

Of course, the basic question is: what is the maximum admissible
value of deformations, what is the reliability level at which deformati-
ons can be predicted and how can they be checked on and prevented
during the course of excavation? These questions are being solved wit-
hin the framework of the GACR grant project No. 103/09/2016
“Building structures influenced by underground activities — prediction
of development of stress, deformation, and damage”.

2. SIGNIFICANCE OF SETTLEMENT TROUGHS AND
INFLUENCING THEM BY THE EXCAVATION TECHNIQUE

2.1 Development of settlement troughs

When near-surface tunnels are being driven, deformations of
ground in the excavation surroundings usually reach up to the ground
surface. The curve formed by the settlement trough which develops in
this process has a fundamental influence on deformations or even sta-
bility of structures found within the reach of the trough. The shape of
the settlement trough depends on a variety of effects. Some of them
are partially or completely in the hands of the designer or the con-
tractor carrying out the excavation, others cannot be affected.

Among the effects which can be to a certain extent changed during
the designing stage there are above all the tunnel tube diameter, the
tunnel tube depth under the surface and the tunnelling technique, even
the spacing of the tubes in the case of a pair of parallel tunnel tubes.

Among the effects which cannot be changed there are above all
properties of the ground to be encountered, the original state of stress,
original water regime and the tunnel route if it is required because of
the traffic solution. It is possible to improve ground properties to
a certain extent by anchors, rock bolts, diverting water etc.

The excavation sequence is the main of the technological factors
which affect the development of the settlement trough during conven-
tional excavation. Vertical sequence systems (side drifts and central
pillar) provide significantly smaller extent of vertical settlement of the
area surface. Excavation speed and fluency are also important. Usually
the faster the progress the smaller deformations. The length of the
time between the completion of an excavation round and erection of
the primary lining is connected with it. Maintaining technological
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K dispozici jsou i specidlni technologické postupy razby majici za
cil zmenSovat deformacni odezvu horninového masivu na razbu
a zvy§it stabilitu vyrubu. (Pfedstihové zajisten{ Celby mikropilotovym
destnikem, rizné typy injektdZze, metoda obvodového vrubu atd.)
V mék¢&ich hornindch je téZ Casto pfinosem vyztuZeni horniny pred
Celbou systémem vodorovnych lamindtovych kotev. Minimalizace
deformacni odezvy terénu se dosdhne pouZitim tunelovych Stitu.

Skute¢ny prubéh poklesové kotliny je tedy velmi sloZity jev. Ve fazi
projektu jej Ize jen velmi obtizné spolehlivé predpovédét.

2.2 Moznosti piredpovédi poklesové kotliny

Lze pouzit empirickych i analytickych metod pro stanoveni rozsahu
poklesové kotliny. Rada z nich vznikla pro potieby banského inZenyrstvi.

Prednost je vSak tfeba ddt postupim vypracovanym pouze pro pou-
Ziti v tunelovém stavitelstvi. Nekteré ze starSich z nich uvadi napriklad
Szechy (1973). Jiné empirické vyrazy pro vypocet sednuti povrchu
uzemi nad tunelovou troubou uvadi napriklad Leblais et all. (1999),
Eisenstein (1994), Attewel, Yeates, Selby (1986) a Sagaseta C. (1987).
Sakurai (1999) uvadi vypocet sednuti, ktery zdroven predstavuje limit-
ni hodnotu pro stabilitu tunelu.

Znatného rozsiteni doznala ve svété v posledni dobé metoda Loss
of Ground (Objemovd ztrita horniny), Peck (1969), Cording and
Hamshir (1975), Eisenstein (1994), Burland (1974, 1977). Nejnovéji
u nés Bartdk (2007).

Dnes se bézné pouzivaji i metody matematického modelovanf, napf.
MKP. Naptiklad Cervenka (1992, 1998). V tom piipadé je pro spoleh-
livost vysledku kli¢ovd vystiznost, s jakou algoritmus modelu popisu-
je mechanické chovani horninového masivu a vstupni parametry (hod-
noty mechanickych vlastnosti hornin), které se pfi modelovéni pouZi-
ji. Pro dspéch je obvykle podminujici zpétnd analyza na zdkladé pii-
mého méfeni skute¢ného pribéhu poklesové kotliny v prubéhu razby
pruzkumné Stoly. Takovy postup byl mimo jiné pouZit pro Kralo-
vopolsky tunel v Brné (Hordk 2010). Pro me¢kké horniny se nové pro
matematické modelovani navrhuje pouZivat tzv. hypoplasticky model
(napf. Svoboda 2009, Masin 2009).

2.3 Metoda objemové ztraty horniny (Loss of Ground),
pozorované deformace povrchu terénu

Touto metodou se stanovuje cely prubéh poklesové kotliny ve sméru
kolmém na smér razby. Je také mozné urcit polohu inflexnich bodu
a tlacenych i tahovych oblasti v horniné pfi povrchu poklesové kotliny.

Loss of Ground V) je objem horniny ztraceny disledkem posuvii
horniny do &elby, nadvylomu a pretvorenim stén vyruba dovnitf tune-
lu (konvergenci). Pfesnéji je objemova ztrita V) definovéna jako ,,sou-
¢et normdlovych posunuti horniny na jednotku plochy podél obvodu
tunelu smérem do vyrubu“. Vyjadfuje se v procentech celkové puvod-
nf plochy vyrubu. Konkrétni hodnoty V), lze téZ pouZit pro posuzova-
ni miry spolupusobeni osténi s okolni horninou.

Celkovy objem povrchového sednuti nad poklesovou kotlinou je
oznacovdn jako Vs. Uddvd se rovnéZz v procentech puvodni plo-
chy vyrubu. Rozdil mezi Vi a V) je méfitkem pro celkové objemové
pretvofeni v okoli vyrubu. Ve zvlastnich pfipadech, napriklad
u nasycenych piskil, mize byt Vg rovno Vp. U mdlo stlatitelnych hor-
nin lze predpokladat, Ze Vy se priblizné rovnd V). Pro praktickd inZe-
nyrskd feSenf 1ze prubéh poklesové kotliny na povrchu tzemi aproxi-
movat Gaussovou kfivkou.

Z méfeni na nékolika desitkéch tunelt bylo zjisténo, Ze Vs pro tune-
ly raZené bez pouziti tunelovacich §titu se pohybuje v rozmezi okolo
1-3 procent z plochy razeného tunelu. Pro mélké tunely v zdstavbé
obvykle plati, Ze Vs do 1,5 procenta ma zanedbatelny vliv na povrcho-
vou zdstavbu a nevede k Zddnym Skoddm. Priklady zjisténych hodnot
Vs a pozorovanych deformaci povrchu terénu, na fadé tunelt budova-
nych v neddvné dobé v CR, jsou uvedeny v tabulce 1.

2.4 Viiv polohy stavebnich objektii vii¢i podéiné ose
poklesové kotliny na vyvoj deformaci stavebnich objektt
Poloha stavebnich objekti vzhledem k poklesové kotliné je dualeZitd
pro ndvrh umisténi méfidel na objektech. Podle polohy objektu na pokle-
sové kotling miZe totiz dochazet bud k jeho vyklenovéni (konkdvnim
projevim), nebo k jeho prohybani (konvexnim projevim), k naklanéni,
seddni anebo vodorovnému posouvani nebo i k natdceni, viz obr. 1.
Poklesova kotlina ma za nasledek nejen diferencidlni sedani zakla-
du, ale i zatizeni stavebni konstrukce tahem a vznik vodorovnych
deformaci. Prdvé vodorovné deformace jsou pro stavebni konstrukci
kritické (Burland, 2001). Bohuzel zatimco svisla sedanf jiZ 1ze urCovat

Tuel

discipline during excavation operations, improving properties of
ground surrounding the excavated opening, pre-excavation grouting
and anchoring is an imperative. Overbreaks should be as small as pos-
sible so that efficiency of the primary lining is increased. If spiling and
short anchors are installed, it is desirable to do it as early after the com-
pletion of a round as possible.

Special technological procedures of the excavation are available
which are targeted on reducing the deformation response of rock mass
to the excavation and increasing the excavation stability. (Stabilising
the excavation face by a micropile umbrella, various types of grou-
ting, pre-cutting methods etc.) In softer ground, stabilising the
ground ahead of the excavation face by horizontal glassfibre reinfor-
ced plastic anchors is often beneficial. Minimisation of the deforma-
tion response of the surface can be reached by using tunnelling shi-
elds. The actual development of the settlement trough is a very com-
plex phenomenon. It is very difficult to predict it reliably in the desig-
ning stage.

2.2 Possibilities of predicting a settlement trough

It is possible to use empirical or analytical methods for the deter-
mination of the extent of a settlement trough. Many of them were
developed for the needs of mining engineering. Nevertheless, proce-
dures developed for applications in tunnel engineering should be pre-
ferred. Some of the older ones are quoted, for example, by Szechy
(1973). Other empirical expressions for calculating the settlement of
ground surface above a tunnel tube are presented, for example, by
Leblais et all (1999), Eisenstein (1994), Attewel, Yeates, Selby (1986)
and Sagaseta C. (1987). Sakurai (1999) presents a calculation of sett-
lement which at the same time represents a limiting value for tunnel
stability.

The Loss of Ground method has lately experienced very wide spre-
ading in the world. Peck (1969), Cording and Hamshir (1975),
Eisenstein (1994), Burland (1974, 1977). Latest in the Czech
Republic: Bartak (2007).

Even mathematical modelling methods are today commonly used,
for example the FEM. For instance Cervenka (1992, 1998). In this
case, aptness with which the model algorithm describes mechanical
behaviour of ground and input parameters (values of mechanical pro-
perties of ground) which will be used for the modelling is crucial for
reliability of the results. A condition of success is usually a back ana-
lysis carried out on the basis of direct measurements of the actual
development of the settlement trough during the course of the exca-
vation of an exploratory gallery. Such a procedure was used, among
others, for the Kralovo Pole Tunnel in Brno (Horak 2010). The use of
the so-called hypoplastic model is newly proposed for mathematical
modelling (e.g. Svoboda 2009, Masin 2009).

2.3 Loss of Ground method, deformations observed
on the ground surface

This method is used for determining the whole shape of the settle-
ment trough in the direction perpendicular to the direction of the tun-
nel excavation. In addition, it is used for the locations of inflexion
points and compressed and tensioned areas in ground at the settlement
trough surface.

The loss of ground V) is the volume of ground which is lost as
a result of shifting the ground to the excavation face, overbreaks and
deformation of excavation walls to the excavation interior (conver-
gences). More specifically, loss of volume V) is defined as “a sum of
normal displacements of ground per a unit of area around the tunnel
circumference in the direction to the excavated opening”. It is expres-
sed in percentage of the total original area of the excavated cross-sec-
tion”. Concrete values of V) can also be used for assessing the rate of
the composite action of the lining with the surrounding ground.

The total volume of the surface settlement above the tunnel is deno-
ted as Vj. It is also denoted in the percentage of the original cross-sec-
tional area of the excavation. The difference between Vs and V) is the
measuring scale for the total volumetric strain in the excavation sur-
roundings. In special cases, for example in the case of saturated sands,
Vs can be identical with Vp. As far as little compressible ground is
concerned, it can be assumed that Vs is approximately identical with
Vp. For practical engineering solutions, the shape of the settlement
trough on the ground surface can be approximated by the Gaussian
curve.

It was found from measurements on several tens of tunnels that Vg
for tunnels driven without using tunnelling shields fluctuates about 1-
3 per cent of the cross-sectional area of the tunnel. It usually applies
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Table 1 Examples of Vs values determined and deformations at the ground surface

Tunel Technologie Clenény Plocha
razby vyrub vyrubu
(m2)
Tunnel Excavation Excavation Excavated
technique sequence cross-sect.
area. (m?)
Krasikov NRTM H 104 - 112
Valik NRTM K 154
Klimkovice NRTM H 119
Bfezno MOVP - 70
Bfezno NRTM H 90
514 Lahovice dvoupruh NRTM H 103
514 Lahovice double-lane
514 Lahovice tfipruh NRTM H 137
514 Lahovice triple-lane
Nové spojeni/ New Connection NRTM H 92 - 109
Krélovo-polsky NRTM v 124
Laliki (*) NRTM H 104 - 114

Vs (%) Max. hodnota Sitka pFiéné Vzdalenost
sedani terénu poklesové inflexniho bodu
v ose tunelu (mm) kotliny (m) od osy (m)
Vs (%) Max. settlement Settlement Distance of
of ground surf. trough inflection point
on tunnel centre width (m) from centre
line (mm) line (m)
0,1-03 12-30 18- 60 4-12
0,7-13 26-33 90 - 100 54-87
- 3-37 80 8-16
2,6 43-50 105 - 128 20
2,1 45 - 53 140 - 144 18-35
02-20 5-46 85 - 150 6-18
0,1-1,7 5-43 75-125 7-20
0,1-08 6-35 40 - 100 7-10
1,2-29 40-73 98 - 144 10-20
0,7-42 29-173 36 - 42 75-85

Legenda: ¢lenény vyrub — H = horizontdiné, V = vertikdlné, K = kombinace H + V
Legend: sequential excavation - H = horizontal, V = vertical, K = H + V combination

(*) Laliki — Polsko
(*) Laliki — Poland

s jistou spolehlivosti a existuje fada méreni jako precedens, tak pro-
gnéza vodorovnych deformaci je daleko méné spolehlivd a existuje
i daleko méné méfeni, na jejichZz zdkladé by se mohly analogicky
odvozovat, viz obr. 2.

Dalsi zvlastnosti, kterou je tfeba mit na mysli pfi posuzovani
schopnosti budov prendset pretvoreni zpusobend vznikem pokleso-
vych kotlin, je to, Ze nepfiznivé dodate¢né seddni zdkladd muze byt
v nékterych mistech poklesové kotliny doCasné a v jinych zase trva-
1é. Podle ¢asového vyvoje poklesové kotliny a jejtho nasmérovani
vzhledem k posuzovanému objektu dodate¢nd seddni v podélném
sméru tunelu postupné rostou a poté se vyrovndvaji. V pri¢ném
sméru k podélné ose tunelu jsou dodate¢nd sednuti naopak trvald, viz
obr. 1.

to near-surface mined tunnels in developed urban areas that the influ-
ence of Vg up to 1.5 per cent on surface buildings is negligible and does
not lead to any damage. Examples of Vs values determined and defor-
mations observed on the ground surface at many recently implemented
tunnel constructions in the CR are presented in the following Table 1.

2.4 The influence of the position of engineering
structures in relation to the longitudinal axis of
a settlement trough on the development of
deformations of engineering structures
The position of engineering structures in relation to the settlement
trough is important for the design for installation of measuring
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Nizké objekty / Low buildings
H/L<3

faze 3 srovnani
phase 3 rectification

faze 1 - vyklenovani
phase 1 arching up

faze 2 prohybéni
phase 2 deflection

B3

| ——T ar a1 L s ol

Pri¢na poklesova kotlina — trvalé deformace / Transversal settlement trough — permanent deformations

Nizké objekty / Low buildings
H/L<3

vyklenovani - arching up  prohybani - deflection

~  prabéh poklesové kotliny
settlement trough development

Obr. 1 Vliv polohy poklesové kotliny vidi stavebnimu objektu na jeho deformace
Fig. 1 The influence of the settlement trough position in relation to the engineering structure on its deformations
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tahova zona — tensioned zone
+ ::1 tlaena zéna i
|
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compressed zone
< >

tahova zéna — tensioned zone

posuvy v pfiném sméru
= _,,,._-"'" transverse displacements

gauges on structures. It is so because of the fact
that, depending on the position of the structure
within the settlement trough, the structure can
arch (concave manifestations) or sag (convex
manifestations), tilt, subside or be horizontally
displaced or even swivel. See Fig. 1

0 — T The settlement trough causes not only the
0.2 — — differential settlement of foundations but also

. | [ 12 the development of tensile loads acting on the
04— ‘,i;flexm'bod structure and  horizontal ~deformations.
0.6 — # inflexion point Horizontal deformations are most of all critical
0.8 — | / for an engineering structure (Burland, 2001).
1.0 — = Unfortunately, while today vertical settlements
(dm) | can be determined with a certain degree of reli-

svislé posuvy " rozdéleni vodorovnych pretvofeni
vertical displacements  distribution of horizontal deformations

rozdéleni svislych posuvi
distribution of vertical displacements

ability and a number of measurements exists as
a precedent, predictions of horizontal deforma-
tions are much less reliable and the number of
measurements on the basis of which they could

Obr. 2 Tazend a tlacend Cdst pricné poklesové kotliny (podle Burlanda 2001)

Fig. 2 Tensioned and compressed parts of a settlement trough (according to Burland 2001)

2.5 Priklady pozorovanych deformaci stavebnich objekti
pfi razbé Kralovopolského tunelu v Brné

Na stavbé Krdlovopolského tunelu v Brné bylo sledovdno v oblasti
predpoklddané poklesové kotliny tunelu 157 budov. Jednd se
o typickou smiSenou méstskou zdstavbu se zastoupenim nejriznéjsich
typu objektu z hlediska uzivani objektu, velikosti objektt, konstruke-
niho feSent, technického stavu budov i vlastnickych vztahu.

Podle velikosti objektu a konstrukéniho typu Ize budovy rozdélit do
ti{ zdkladnich skupin:

A — Drobné nebytové budovy. Typicky se jednd o jednopodlazni

méné rozsdhlé objekty, jako jsou gardze, malé sklady
a technologické budovy. Celkem 6 objekti.

B — Rodinné domy, mensi bytové a mensi administrativni budovy.
Jednd se o jedno- a7 dvoupodlazni budovy, Casto alespon ¢ds-
te¢né podsklepené. Prevazné cihlové zdivo, stropy vétSinou trd-
mové, méné Casto klenuté (nejCastéji nad podzemnim podlazi).
Celkem 63 objektu.

C — Velké bytové domy, Skolni ¢i administrativni budovy. Jednd se
o tfi- az sedmipodlazni budovy, vétSinou podsklepené.
Nejcastéji maji tyto budovy cihlové nebo tvdrnicové zdivo,
v nékolika pripadech se jednd o monoliticky skelet. Stropy jsou
u novéjsich budov Zelezobetonové, v piipadé starSich budov tré-
mové. Ze sledovanych objektu celkem 56 budov.

Z hlediska zdkladovych konstrukci lze budovy rozdélit do tif

zdkladnich kategorii:

1. Zelezobetonova deska — 4 objekty typu C,

2. Zelezobetonové pasy a patky — 6 budov typu A, 4 typu B a 38

typu C,

3. cihlové nebo kamenné pasy — zbyvajici budovy.

Celkové lze fict, Ze mira ovlivnéni zdvisi na velikosti objektu, jeho
poloze vugi ose tunelu, a tedy i poklesové kotliné, zaclenén{ do zéstav-
by, zplsobu zaloZeni, ale — podle dosavadnich poznatkd — ve zna¢né
mife na jeho stavebné-technickém stavu. Objekty typu A a B, jejichz
pudorysné rozméry jsou zpravidla mensi nebo pfiblizné stejné jako
Sitka tunelové trouby, jsou ovlivnény razbou a poklesy v pomérné
malé mite. VIiv razby se vice projevil na téch objektech, pod nimiz
prochdzela linie inflexnich boda poklesové kiivky. K nejvice naruse-
nym objektum typu B patii objekt Dobrovského 4, kde doslo
k rozevreni dilatani spary mezi hlavni budovou a dvornim pristav-
kem, nebo Podébradova 26, ktery byl ve $patném technickém stavu
zavinéném neodborn¢ provddénymi tpravami a piistavbami.

U objektt typu C je minimdlné jeden pudorysny rozmér
i nékolikandsobné vétsi nez §iika tunelové trouby. Z téchto objektd jsou
razbou a poklesy nejvice ovlivnény ty, jejichZ podélna osa je orientovdna
kolmo na osu tunelu. Jako priklad 1ze uvést predevsim objekt polikliniky
Dobrovského 23 a objekty v aredlu vojenské polikliniky — Dobrovského
25 a Dobrovského 27. Na dvou posledné jmenovanych objektech je
naprosto evidentni vliv stavebné-technického stavu jednotlivych objekta
na miru ovlivnéni razbou, a tim celkové poskozeni. Oba objekty jsou
pudorysné i vy$kové priblizné shodné, takze jejich poloha vigi tunelu
je podobnd. Nicméné poruchy na objektu Dobrovského 25, ktery byl
postaven v horsi kvalité, jsou vyrazné vétsiho rozsahu, neZ poruchy na

be analogically derived is much smaller. See
Fig. 2.

Another distinction which must be kept in
mind when assessing the ability of buildings to
transfer strains caused by the development of settlement troughs is the
fact that unfavourable additional settlement of foundations can be tem-
porary in some locations of the settlement trough and permanent in
other ones. Additional settlements in the longitudinal direction of the
tunnel gradually grow depending on the development of the settlement
trough with time and its orientation in relation to the building to be
assessed; subsequently they even out. Conversely, in the direction
transverse to the longitudinal tunnel axis the additional settlements are
permanent. See Fig. 1.

2.5 Examples of deformations of engineering structures
observed during the excavation of the Kralovo Pole tun-
hel, Brno

There were 157 buildings in the area of the anticipated settlement
trough which were monitored during the construction of the Krdlovo
Pole Tunnel in Brno. They represented a typical mixed urban deve-
lopment consisting of structures of assorted types as far as the use of
the buildings, their dimensions, design, technical condition and
ownership relations are concerned. According to the size and structu-
ral type, the buildings can be divided into three basic groups:

A — small non-residential buildings. Typically this is the case of
single-storey, less extensive structures, e.g. garages, small sto-
res and technological buildings. In total 6 buildings.

B — family houses, smaller residential and smaller administration
buildings. This is the case of single- to double-storey buildings,
often at least partially with basements. Brickwork prevails,
mostly beam-and-plank floors, arched ceilings (most frequent-
ly above basements) are less frequent. In total 63 buildings.

C —large residential buildings, schools and administration buil-
dings. This is the case of triple- to seven-storey buildings, most
of them having basements.

Most frequently the walls of these buildings are brickwork or
blockwork, in several cases there is a monolithic frame. Floor slabs
are in reinforced concrete in newer buildings, beam-and-plank floors
in older buildings. In total 56 buildings of the set of buildings being
monitored.

From the perspective of foundation structures, buildings can be
divided into three main categories:

1. reinforced concrete slab — four C-type buildings

2. reinforced concrete strips and footings — six A-type buildings;

four B-type ones and thirty eight C-type buildings

3. brick strips or stone strips — the remaining buildings

In general, it is possible to say that the degree of affection depends
on the building size, its position in relation to the tunnel centre line
and/or the settlement trough, the incorporation into the urban deve-
lopment, foundation type, but — according to the latest knowledge —
to a significant degree, in a significant extent, also on its structural
and technical condition. The A and B types of buildings the plan
dimensions of which are usually smaller than or roughly identical
with the tunnel tube width are affected by the tunnel excavation and
subsidence to a relatively small extent. The influence of the construc-
tion showed more on the buildings of this type the line of inflexion
points of the settlement trough passed under. Among the most disturbed
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structures belong the building No.
4 in Dobrovského Street, where an
expansion joint between the main
building and a courtyard annex
opened, or the building No. 26 in
Podébradova Street, which was in
a poor technical condition caused
by unprofessional execution of
repairs and annexes.

At C-type buildings at least one
plan dimension is even several
times larger than the tunnel tube

Obr. 3 Poloha objektu Dobrovského 25 vudi tunelovym tubusium

Fig. 3 Position of Dobrovského Street No. 25 building in relation to tunnel tubes

objektu Dobrovského 27, kde samozfejme také doslo k rozvoji trhlin, ale
ty jsou mensiho rozsahu a nachézeji se predev§im v mistech dilataci,
apod. DalSim objektem, kde se vliv razby objevil pomérné vyrazne, byl
dum Palackého 28, ktery nebyl nékolik let obyvén a jiz pred zacdtkem
razby se nachdzel v havarijnim stavu. Diky masivnimu statickému zajis-
teni i pres pomérne vyrazné trhliny na nékterych &stech objektu (scho-
diste, dvorni pristavba) nedoslo ke zficeni naruSenych Casti.

Vyse zminéné objekty, na kterych byly pozorovény deformace
a v dusledku toho i poskozent, Ize rozdélit podle skute¢né miry posko-
zeni do Ctyr zdkladnich kategorii:

I — objekt prakticky bez poskozeni, nevyzaduje opravy,

II — drobné poskozeni, trhliny vlasové az do §ifky 1 mm, vétSina
oprav probéhne a7 po ustéleni veskerych poklesu, opravy budou
spiSe estetického charakteru (vymalba, pripadné zapraveni
nékterych trhlin),

III — rozsdhlejsi poskozeni, trhliny $itky nad 1 mm, poskozeni vypl-
ni stavebnich otvoru, nékteré opravy na objektech bylo tieba
provést jiz v ramci operativnich sanaci v prubéhu razeb, vétsi-
nou bez operativnich statickych zdsahu, opravy statického razu
se vétSinou neptredpokladaji ani pri definitivnich opravich,

IV — vyraznd poskozeni, nutny operativni zdsah do statiky budovy,
néro¢néj§i oprava po ustdleni poklest budov.

Pri tomto zpusobu ¢lenéni Ize konstatovat, Ze cca 5 % ze viech sle-
dovanych budov je v kategorii poskozeni IV a Ze cca 5 % ze vSech sle-
dovanych objekti nebylo razbami prakticky dotéeno (kategorie posko-
zeni I).

Nize uvedené priklady jsou objekty v kategorii poskozeni III a IV,
situovény jsou pifmo nad tunely nebo v jejich t&sné blizkosti. Zadny
z uvedenych objektt nebyl pfimo ochranén dodate¢nym technickym
opatienim (clona ze sloupu tryskové injektdZe nebo kompenzani
injektaze).

Objekt Dobrovského 25

Jednd se o budovu ubytovny a polikliniky v aredlu Univerzity
obrany.

Tato Sestipodlazni budova s jednim podzemnim podlazim a podél-
nym nosnym systémem ve vSech tfech traktech je zaloZena na pésech,
md Zelezobetonové nosné stény v podzemnim podlaZi, nosné cihlové
zdivo o tloustte stén do 0,6 m v nadzemnich podlaZich a stropy ze
Zelezobetonovych panelu.

Deformace: stredni a jizn{ trakt byly nejvice ovlivnény razbou tune-
Iu II, severni ¢ast razbou tunelu I. Maximdlni seddni 67 mm
a maximadlni ndklon 1:385 byly zji§tény ve stfednim traktu budovy.

Poskozeni budovy: predevsim ve stfednim a jiznim traktu budovy
jsou dobfe viditelné dva symetrické systémy smykovych trhlin na
vysku vSech podlazi, a to jak v nosnych sténdch, tak i v pri¢kdch.
Trhliny, které jsou Casto prubézné i pres nékolik podlaZi, dosahuji
§itky 3 mm v nosnych sténdch a az 8 mm v prickach.

# Tunel Il / Tunnel Il
\ 1:493
1:1118

\ 1:3172
1:3526 DEQ&_;J;-‘EN
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Obr. 4 Poloha plaveckého bazé-
nu vudi tunelu II s vyznacéenim
polohy  hlavnich  poruch
a ndaklonu

Fig.4 The position of the swim-
ming pool in relation to Tunnel
11, with the locations of main
defects and tilts marked in the
picture

width. Of these buildings, the
most affected by the tunnel exca-
vation and settlements are the
buildings the longitudinal axis of which is perpendicular to the tunnel
centre line. As an example we can mention first of all the
Dobrovského Street No. 23 building, a policlinic and buildings in the
area of a military policlinic — Dobrovského No. 25 and Dobrovského
27. The influence of the structural and technical conditions of indivi-
dual structures on the magnitude of the effect of the excavation and
the overall damage is absolutely obvious on the two latter structures.
The two buildings are roughly identical in terms of plan dimensions
and heights and their position in relation to the Tunnel I is similar.
Nevertheless, defects observed on the Dobrovského No. 25 building,
which was built in poorer quality, are significantly worse than the
defects caused to the Dobrovského No. 27 building, where, of course,
fissures also developed, but their extent is smaller and they are found
first of all in the locations of expansion joints, etc. Another building
where the effect of the underground excavation showed relatively
very significantly was the Palackého Street No. 28 building, which
was several years unoccupied and had been found in an emergency
condition even before the commencement of tunnelling. Owing to
massive structural support the broken parts did not collapse, despite
relatively serious fissures in some parts of the building (staircases, the
courtyard annex).

The above-mentioned structures on which the deformations and
related defects were observed can be divided according to the real
degree of damage into four basic categories:

I —a structure which is virtually without damage, not requiring

repairs

IT — petty defects, hair cracks with the width up to 1mm, the majo-

rity of repairs will be carried out after all settlement stabilises;
the character of the repairs will be rather aesthetic (wall deco-
ration and repair of cracks if necessary)

III — more extensive damage, cracks over lmm wide, damage to
doors and windows; some repairs had to be carried out earlier,
in the framework of operative rehabilitation during the course
of the tunnel excavation, mostly without operative structural
interventions (mostly repairs of a structural character are not
expected also during the definite repairs)

IV — extensive damage, an operative intervention into the building
structure is necessary; more complicated repairs follow when
the building is stabilised.

In this system of dividing the buildings, it can be stated that about
5% of all monitored buildings is in category IV and about 5% of all
monitored buildings remained virtually untouched by the tunnel exca-
vation (damage category I).

The below-mentioned examples are structures in damage categori-
es III and IV. They are located just above the tunnels or in close pro-
ximity to them. None of the above-mentioned buildings was directly
protected by an additional technical measure (jet-grouted columns
forming a curtain or compensation grouting.

Dobrovského Street No. 25 building

This building is a dormitory and policlinic in the premises of the
University of Defence.

The six-storey building with one basement level and a longitudinal
structural system in all three bays is founded on strips. It has reinfor-
ced concrete structural walls in the basement, are 0.6m thick structu-
ral walls on the above-ground levels are in brick; floor slabs are from
reinforced concrete panels.

Deformations: the central and southern bays were affected most of
all by the excavation of Tunnel II, while the northern bay part by the
excavation of Tunnel I. The maximum settlement of 67mm and maxi-
mum tilt of 1:385 were identified in the central bay of the building.
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Plavecky bazén

Specificky objektem je jeden z venkovnich bazént koupaliste, ktery
je situovan v tésné blizkosti tunelu II.

Bazén je 25 m $iroky, 35 m dlouhy a minimdlné 1,5 m hluboky.

Bazénovd vana je betonovd s jilovym tésnénim, vybudovand v 60.
letech minulého stoleti.

Deformace: nejvyssi sedani bazént je 31 mm, maximdlni ndklon
1:493. Inflexni bod je vzddlen cca 15 m od osy tunelu II, coZ pribliz-
né odpovidd poloze hlavnich poruch ve sténach bazénu.

Poskozeni bazénu: hlavni trhliny v bazénu jsou skrze celou tloustku
stén, ale jsou pfedevsim situovdny v pracovnich spardch, které diky
nedokonalému spojen{ jiz pri vystavbé funguji jako dilatace. Trhliny
jsou orientovany podélné s tunelovou osou s maximdlni $itkou cca
10 mm. Razba byla provddéna pod bazény na konci letni sezdny.
Z tohoto duvodu bylo tieba provést doCasné tésnéni stén bazénu
a zamezit tak nejveétSimu prosakovdni sténami bazénu. Poskozen{
bazénu si vyzada rozsdhlejsi rekonstrukcei, kterd vsak jiz byla vlastni-
kem (mésto Brno) dfive pldnovana, a tak se pocita s finanéni spolui-
Casti zhotovitele potazmo investora na rekonstrukci bazénu.

Podébradova 28

s w2

Dvorni ¢dst budovy je situovdna pfimo nad tunelem II. Tato ¢dst
budovy byla dodateCné pristavéna k hlavni &tyfpodlazni budove.
Konstrukce pristavéné ¢asti byla provedena neodborné s nevhodnym
vyuZzitim ruznych stavebnich materidli. Z tohoto divodu dokonce
i relativné nizkd seddni a naklony budovy zpusobily velmi vyrazné
poskozeni stavby. Jedna z vnéjSich stén musela byt podeprena drevé-
nym rdmem. V porovnani s touto budovou byl sousedni objekt kvalit-
né vystavén a zdklady byly pred razbou doplnény o betonovou proti-
klenbu. Tato budova byla razbou dotfena jen nepatrné.

Dobrovského 23 - poliklinika

Tato budova byla postizena deformacemi od razby tunelu I i II.
Budova nevykdzala vyraznou deformaci pii pruchodu tunelu II.
Deformace se projevily aZ pii pruchodu tunelu I okolo budovy. Pfi¢ina
tohoto chovéni je ddna polohou vertikdlnich sloupu tryskové injektdze
provedenych pred razbou tunelu. Sloupy sice primdrné slouzily
k ochrané objektu ¢. 40 v aredlu Veterindrni fakulty, ale napomohly
patrné i ke sniZeni seddn{ objektu polikliniky vlivem razby tunelu II.
Hodnoty seddni této budovy byly 25 mm. Nejvyznamnéjsi poskozeni
bylo v oblasti dilataci.

Areal telekomunikadni spoleénosti

V poklesové kotliné je situovano celkem 7 objektl tohoto aredlu.
Vesmés se jednd o vicepodlazni pomérné moderni budovy s nosnym
Zelezobetonovym skeletem. Vzhledem k dostate¢né tuhosti v rdmci
jednotlivych dilata¢nich celka je koncentrace zji§ténych poruch sou-
stfedéna do dilataci a vypliiovych vyzdivek. Presto byla i témto objek-
tum v rdmci monitoringu vénovana zvySend péce. Duvodem je praveé
schopnost tohoto typu konstrukei prenést zvySujici se napéti bez vnéj-
Sich projevu (vznik trhlin) aZz do vyCerpani dnosnosti, kdy muZe dojit
k ndhlému kolapsu. Tim se li3{ od cihelnych budov, kde je nérust vniti-
nich napéti od deformaci doprovdzen postupnych ndrastem vnéjsich
projevu, jako jsou trhliny.

U dilataci doslo k jejich rozevieni v fddu nékolik centimetru a tyto
dilatace musely byt v rdmci pohotovostni sluzby zhotovitele stavby na
streSe opraveny tak, aby nedochézelo k dalsi degradaci objektu vlivem
klimatickych podminek.

Rodinné a bytové domy podél ulice Dobrovského

Celkoveé lze fict, ze mira jejich ovlivnéni zdvisela na velikosti objek-
tu, jeho poloze vici ose tunelu, a tedy i poklesové kotling, zallenéni
do zéstavby, zpusobu zaloZeni, ale — podle dosavadnich poznatkt — ve
zna¢né mife na jeho stavebne-technickém stavu. Objekty skupin A a B,
jejichz pudorysné rozméry jsou zpravidla mens$i nebo priblizné stejné
jako Sitka tunelové trouby, jsou ovlivnény razbou a poklesy v pomérné
malé mite. U téméf vSech domui podél ulice Dobrovského doslo
k prakticky stejnym deformacim. V malé mife se jednalo o zkriZeni
oken a dveff a u vSech objektd k mirnému vyvoji trhlin vesmés do
1 mm. Déle doslo u domu, které maji do dvorniho traktu vystavény
pristavby k prorysovéni dilataci — trhlin az do tl. 3 mm.

Dal$im poznatkem bylo, Ze mira poruseni téchto objekti klesala
s rostouci mocnosti nadloZi nad tunelem, respektive v dolni ¢4sti ulice
Dobrovského dochdzelo k vétsim poruchdm, neZ v jeji horni ¢asti, kde

Tuel

Damage to the building: first of all in the central and southern bays
there are two symmetric systems of shear fissures extending over the
height of all floor levels, well visible both on structural walls and
separating walls. The width of cracks, running often continuously
across several floor levels, reaches up to 3mm in structural walls and
up to 8mm in separating walls.

Swimming pool

One of the open-air swimming pools situated in close proximity to
tunnel tube II is a specific structure.

The pool is 25m wide, 35m long and the minimum depth is 1.5m.

The pool basin is of concrete with clay sealing; it was built in the
1960s.

Deformations: the greatest settlement of the pools is 31mm, maxi-
mum tilt is 1:493. The inflexion point is at the distance of about 15m
from Tunnel II centre line, which approximately corresponds to the
location of main defects in the pool walls.

Damage to the pool: main cracks in the basin run throughout the
thickness of the walls, but they are mainly located in construction
joints, which act as expansion joints owing to imperfect connection
during the pool construction. The cracks are oriented in parallel with
the tunnel centre line, with the maximum width of about 10mm. The
tunnel was driven under the pool at the end of the summer season. For
that reason it was necessary to carry out temporary sealing of the pool
walls, thus to prevent the largest seepages through the pool walls.
Despite these measures it was necessary to compensate the tenant for
the loss of water from the pool. The damage to the pool will require
wider reconstruction; however, this reconstruction was planned by the
owner (Brno municipality) earlier, therefore financial participation of
the contractor or the client on the reconstruction of the pool is expec-
ted.

Podébradova Street No. 28

The courtyard part of the building is located directly above Tunnel
II. This part of the building was erected subsequently as an annex to
the main four-storey building. The structure of the additionally built
part was carried out unprofessionally, improperly using various buil-
ding materials. For that reason even relatively small settlement and
tilting of the building caused very serious damage to the structure.
One of external walls had to be braced by a wooden beam. Compared
with this building, quality of the neighbouring building structure was
higher and a concrete invert was added to the foundation before the
tunnel excavation. This building was affected by the excavation only
to a minimum extent.

Dobrovského Street No. 23 — a policlinic

This building was affected by deformations due to the excavation
of both Tunnel I and Tunnel II. The building did not exhibit and sig-
nificant deformation during the passage of Tunnel II. Deformations
appeared later during the passage of Tunnel I along the building. This
behaviour resulted from the position of the jet grouted vertical
columns forming a curtain which was carried out before the tunnel
excavation. On the one hand, the columns primarily served to protect
building No. 40 in the grounds of the Faculty of Veterinary Medicine,
but they probably also helped to diminish the settlement of the polic-
linic building due to Tunnel II excavation. The values of the settle-
ment of this building were 25mm. The most significant damage was
found in the area of expansion joints.

Telecomunications company grounds

There are 7 buildings of this company found in the settlement
trough. They are mostly multi-storey modern buildings with reinfor-
ced concrete frames. Owing to the sufficient strength of the frames in
the individual expansion blocks, the identified defects are concentra-
ted in expansion joints and filling brickwork. Despite this fact, incre-
ased care was devoted even to these buildings within the framework
of the monitoring. The reason is just the increased capability of this
type of structures to carry increasing stresses without external mani-
festations (development of cracks) up to reaching the load-bearing
capacity limits when an abrupt collapse possibly happens. This is
what sets them off brick buildings, where an increase in internal stres-
ses induced by deformations is accompanied by gradual increase in
external manifestations, such as cracks.

The expansion joints suffered opening in the order of several centi-
metres. On the roof, these expansion joints had to be repaired by con-
tractor’s emergency service so that further degradation of the building

by the effect of climatic conditions was prevented.
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Tab. 2 Parametry pozorovanych poklesovych kotlin na stavbé Krdlovopolského tunelu Family houses and
Table 2 Parameters of settlement troughs observed during the Krdlovo Pole tunnel construction residential buildings along
e s , . . , Dobrovského Street
C.  Pfiéna poklesova  Staniceni Vs (%) Max. hodnota Sitka Max. sklon  Vzdalenost

In general it is possible to say

kotlm_a pobliz (m) sedani terénu pricne pokle_sove inflexniho that the degree to which they

objektu v ose tunelu poklesové kotliny bodu od osy were affected depended on the

. (mm) . kotliny (m) () . building size, its position in rela-

No. Transverse Chainage Vs (%) Max. terrain ~ Transverse ~ Max. slope Inflexion tion to the tunnel centre line
settlement (m) surface settlement  of settlement  point thus also to the settlement

trough near settlementon  trough trough distance trough, its situation in the deve-

the building the tunnel width from centre lopment, the type of its foundati-

centre line (m) line on, but — according to existing

(mm) (m) knowledge, to a significant

extent to its structural and tech-

1 Dobrovského 25 1010 1,9 72 120 1:290 18 nical condition. Buildings of the
1 Dobrovského A and B types, the plan dimensi-
Street No. 25 1010 1.9 72 120 1:290 18 ons of which are usua]]y smaller

2 PlaVecky bazén 740 1,5 56 100 1:410 18 or approximate]y identical with
2 Swimming pool 740 1.5 56 100 1:410 18 the tunnel tube width, are affec-
3  Podébradova 28 1490 0,6 37 100 1:370 10 ted by tunnel excavation and
3  Podébradova settlements to a relatively small
Street No. 28 1490 0.6 37 100 1:370 10 extent. It applies nearly to all

4 Dobrovského 23 buildings along Dobrovského
— poliklinika 1080 2,4 95 120 1:280 15 Street that their deformations

4 Dobrovského Street were virtually identical. To
No. 23 - policlinic 1080 2.4 95 120 1:280 15 a small extent the deformations

5  Areél telekomuni- caused twisting of windows and
kacni spolecnosti 540 1,2 61 90 1:360 17 doors and, in all of the buildings,

5  Telecommunications moderate development of cracks,
company grounds 540 1.2 61 90 1:360 17 mostly up to Imm wide. In addi-

vzdalenost mezi zdkladovou sparou objektu a vrcholem klenby tunelu
je kolem 20 m.

Pro srovndni pozorovanych deformaci budov a povrchu terénu jsou
v ndsledujici tabulce uvedeny parametry poklesovych kotlin pozoro-
vanych pobliZz vybranych vyse uvedenych objekti (viz tab. 2) a na
nasledujicim obrazku jsou tyto pri¢né poklesové kotliny zndzornény
(viz obr. 5).

3. STANOVENI PRIPUSTNYCH DEFORMACI NADZEMNICH
OBJEKTU NAD RAZENYMI TUNELY

3.1 Pfipustné deformace objekti, stanoveni kritérii varov-
nych stavi

Byva velmi obtiZné urcit s naprostou spolehlivosti hodnoty doda-
te¢ného pretvoreni povrchu tzemi, které mohou byt pripustény, aniz
by doslo k nepfijatelnému poskozeni na nich stojicich budov.

Obvykle se definuji tii druhy poskozeni objektu, vzhledové, funk-
ni a statické.

Vzhledové poskozeni je dano viditelnym naklonem budov, ktery
u svislych prvku nastdvd u sklont okolo 1:250, a u horizontdlnich
1:100. Vzhledové poskozeni objektu se také projevuje ruzné rozevie-

tion, cracks up to 3mm wide
appeared in expansion joints at
buildings having annexes in the courtyards.

Another finding was the fact that the degree of damage caused to
these buildings diminished with the tunnel overburden height gro-
wing, or, more significant defects developed in the lower part of
Dobrovského Street than in the upper part, where the spacing betwe-
en the foundation base of a building and the top of the tunnel vault is
about 20m.

To allow comparison of the observed deformations of buildings and
the terrain surface, the following table presents parameters of settle-
ment troughs monitored close by the selected above-mentioned buil-
dings (see Table 2) and the cross-sections of the settlement troughs
are shown in the next picture (see Fig. 5).

3. DETERMINATION OF ADMISSIBLE DEFORMATIONS OF
SURFACE BUILDINGS ABOVE MINED TUNNELS

3.1 Admissible deformations of surface buildings; determi-
nation of criteria for warning states
It is usually very difficult to determine with absolute reliability the
values of additional deformations of the area surface which can be
admitted without suffering unacceptable damage to the buildings

Pozorované piiéné poklesové kotliny na stavbé Kralovopolského tunelu
Kralovopolsky tunnel - Observed subsidence troughs
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standing in the area.

Three types of damage are usually defined: visual, functional
and structural.

Visual damage is characterised by visible tilting of buildings,
which starts when vertical and horizontal elements tilt is about
1:250 and 1:100, respectively. Visual damage to structures also
manifests itself through cracks, opening in various parts of the
building. The cracks which will jeopardise neither structural ele-
ments nor the building function should not be wider than 1-
2mm, depending on the structure type and location of the cracks.

Functional damage is damage where some substantial functi-
ons allowing the structure as the whole or its substantial parts to
serve their purpose are curtailed. For example, it is deformation
of door frames, doors and window frames, tilting of turbine
generator unit foundations, damage to the waterproofing etc.;
but the respective deformations are substantially smaller than
deformations in the case of structural damage. Structural stabili-
ty is not jeopardised in this case.

Structural damage is characterised by the condition in which

Obr. 5 Pozorované pricné poklesové kotliny na stavbe Krdlovopolského tunelu

Fig. 5 Observations of the transverse settlement trough during the Krdlovo Pole

tunnel construction

the building stability gradually deteriorates up to a possible col-
lapse. It is assessed by the design, the structural engineer who
carried out structural analyses for the respective building.
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Tab. 3 Kategorie poSkozeni objekti podle Burlanda (2001)
Table 3 Categories of damage to buildings according to Burland (2001)

Deformations meaning
that the structure lost its
functionality are often used

Trida Povaha Popis Priblizna Sitka as the basis for the determi-
poruSeni  poruseni trhlin, mm nation of values of criteria
Damage Damage Description Approximate width  for warning states required
class nature of cracks, mm for the measurements and

their assessments. But stress

0 Nepatrné Vlasové trhliny <0,1 must be placed on the fact

0 Slight Hair cracks <0.1 that the term “maintaining

1 Velmimalé  Trhliny snadno opravitelné vymalovanim. Objevi se mozna <1 functionality” can be very
oddalené poruchy na budové. Trhliny jsou zjevné pi podrobné subjective. It can be unders-
prohlidce. t0f)d by’ an (ownjc‘r in another

1 Very small  Cracks easy to repair by wall decoration. Isolated defects may <1 way thdn‘ a d“lgne? Even
appear on the building. Cracks are visible by detailed inspection. the contractor whose con-

, : - . . struction procedure is the

2 Drobné Trhliny lehce vyplnitelné. Budou pravdépodobné vyzadovat <5 cause why the structure got
nékpljkeré vymalovérl[.vajevi se malé poruchy na .sténéch, to an inadmissible condition
uynltr budovy.l Na vnejsu;h zgecb jsou v[dltelne trhliny, ktete of deformation has its own

_ si mohou vyzadat drobné utésnéni. Dvere a okna nepatrné drhnou. opinion. The approach of

2 Minor Cracks are easy to fill. They will probably require repeated wall <5 the insurance company
decoration. Small defects will appear on walls inside the building. which is to compensate the
Cracks which may call for minor sealing are visible on external walls. damage can also be diffe-
Doors and windows slightly scratch. rent.

3 Mirné Trhliny budou vyZadovat vycCisténi a vyspraveni. Trhliny je tfeba 5-15 nebo Burland (2001) presents
opravit pfiméfenou vyzdivkou. Je nutno pocitat s drobnymi opravami nékolik trhlin 6 categories of damage to
vnéjSich zdi. Dvefe a okna drhnou. Udrzbu a opravy je tfeba provadét >3 mm buildings. See the follo-
opakovang. Bude nutno ¢asto provadét dotésriovani. wing Table 3:

3 Moderate ~ Cracks will require cleaning and repair. Cracks must be repaired 5-15or Damage within the fra-
by adequate filling with brick. Petty repairs to external walls must be several cracks mework of categories 0
expected. Doors and windows scratch. Maintenance and repairs must > 3 mm through 2 is, according to
be carried out repeatedly. Sealing will have to be restored repeatedly. Burland, is acceptable.

4 Vazné Rozsahlé opravy trhlin s nahrazovanim &sti zd, zvI&sté nad 15-25 Damage categorised as 3 or

o P, ; . P 4 is already unacceptable.
okennimi a dvefnimi otvory. Pokroucené okenni a dvefni ramy. 0 ; 34
Funkénost objektu je narusena. eowfger];gﬁg?norz af;ea(i
4 Serious Extensive repairs of cracks with replacing parts of walls, especially 15-25 g gs pass
: . . . under by tunnel excavation
above window and door openings. Twisted window and door frames. . .
. . . g can be, under certain condi-
Impaired functionality of the building. tions, accepted, but subse-

5 Velmi vazné Césteénévpebc,) UpIné rekonstrukce. Nové tramy ztréceji inosnost. >25 quen; rehabilitation  is
Nebezpedi ztraty celkoveé stability konstrukce. necessary.

5 Very Partial or complete reconstruction. New beams lose their bearing > 25 The unambiguous deter-

serious capacity. The threat of total loss of stability of the structure. mination of the loss of

nymi trhlinami v riznych ¢dstech objektu. Trhliny, které neohrozi kon-
strukéni prvky ani funkci objektu, by podle typu stavebni konstrukce
a umisténi v ni nemély byt §ir§i nez 1-2 mm.

Poskozeni funkcnosti je takové poSkozeni, kdy nékteré jeji podstat-
né funkce, které umoznuji, aby konstrukce jako celek anebo jeji pod-
statné soucasti slouzily svému déelu, jsou omezeny. Napriklad se jednd
o pretvoreni zdrubni, dveff a ramu oken, ndklon zdklada turbosoustro-
ji, poruSeni vodotésnosti atp. Prislusnd pretvoreni jsou ale podstatné
mensi neZ u poruseni statického. Stabilita konstrukce v tomto pripadé
jesté ohroZena neni.

Statické porusent je takové, kdy se budova dostane do stavu, ve kte-
rém se jeji stabilita postupné zhorSuje natolik, Ze to muZe vést az ke
ziiceni. UrCuje je projektant statik, ktery pro prislu$ny objekt provedl
statické vypocty.

Pfi stanovovéni hodnot kritéri{ varovnych stavi pro potfeby méfeni
a jeho hodnoceni se Casto vychézi{ z pretvorenti, kterd znamenaji ztrdtu
funkénosti konstrukce. Je tfeba oviem zduraznit, Ze pojem zachovan{
funkénosti muZze byt velmi subjektivni. Jinak ho maZe chépat vlastnik,
jinak provozovatel, jinak projektant. Svij pohled ma stavebni firma,
jejiz stavebni postup je pri¢inou, Ze konstrukce se dostala do nepii-
pustného stavu pretvoreni. Jiny pfistup muze mit i pojistovna, kterd ma
uhradit vzniklé Skody.

Burland (2001) uvadi 6 kategorii poskozeni objektu. Viz tab. 3.

Poskozeni v ramci kategorie 0 az 2 je podle Burlanda pfijatelné.
Poskozeni v rdamci kategorie 3 a 4 je uz neprijatelné. PoSkozen{ kate-
gorie 3 je ale moZné za urcitych podminek u objekti podchdzenych
razbou tunelu pfijmout avSak s ndslednou sanaci.

Jednoznalné urleni stavu ztrity funkénosti muZe byt sloZité.
Hodnota vystihujici tento stav zdvisi predevsim na vlastnostech kon-
strukce. To je na prostorovém uspordddni a tuhosti jednotlivych

functionality can be com-
plicated. The value giving a true picture of this state depends, above
all, on properties of the structure, i.e. on the structural arrangement
and stiffness of individual supporting elements and the whole struc-
ture, as well as mechanical and rheologic properties of building
materials used. The influence of the composite action of the struc-
ture and its foundation is significant. Even the deformational and
rheologic properties of ground in the structure sub-base must be
taken into consideration.

When limit values of deformations are being determined, it is rea-
sonable to remember that certain deformation and cracks resulting
from them develop nearly in each structure immediately after its
completion. An effort to completely exclude their origination would
lead to an unacceptable increase in the construction cost.

Limit values of deformations of structures which are still accep-
table for the purpose of determining warning states must, as a matter
of principle, always be determined by the designer — a structural
engineer. He or she must take into account the need for maintaining
the function of the building and, of course, the necessity of preven-
ting impairing of its static load capacity.

Experience shows that brick buildings adapt to such deformations
caused by the development of a settlement trough relatively well.
But modern stiff reinforced concrete structures mostly resist diffe-
rential deformations in a more complicated way. At the beginning
they usually tilt and shift in various ways as the whole. Only then do
cracks start to damage the structural elements.

Structural effects of a settlement trough on a building depends on
the proportion of the length of the structure base to the length of the
slope of the settlement trough. Apart from the nature of the load-
bearing structure of the building, even its height plays its role. Of
course, stiffness of the engineering structure and effectiveness of the
composite action of the structure with the foundation sub-base is of
crucial importance.




nosnych prvku i celku a na mechanickych i reologickych vlastnostech
pouzitych stavebnich materialu. Podstatny vliv md mira spoluptisobe-
ni konstrukce se zdklady. V dvahu je tfeba vzit i pfetvarné a reologické
vlastnosti hornin v podlozi.

Pfi ur€ovani meznich hodnot pretvoreni je zdhodné mit navic na
paméti, Ze urcité pretvoreni a z toho vyplyvajici trhliny nastanou téméf
u kazdé stavebni konstrukce ihned po jejim dohotoveni. Snaha o je-
jich naprosté vylouceni by vedla k nepfijatelnému vzristu nakladu na
stavbu.

Mezni hodnoty jesté pripustného pretvoreni stavebnich konstrukci
pro Glely stanoveni varovnych stavi musi zdsadné urcit vZdy projek-
tant — statik. Musi pfitom prihliZet k potfebé zachovéni funkce objek-
tu a samozrejmé i k nutnosti nenarusit jeho statickou inosnost.

Zku3enost ukazuje, Ze zdéné budovy se takovym pretvorenim zpu-
sobenym vznikem poklesové kotliny prizpusobuji pomémé dobre.
Moderni Zelezobetonové tuhé konstrukce vSak vétSinou rozdilnym
pretvorenim odoldvaji obtiznéji. Zpravidla se nejdifve ruzné naklanéji
a posunujf jako celek. Teprve pak dochdzi k porusovani konstrukénich
prvku trhlinami.

Staticky ucinek poklesové kotliny na stavebni objekt zdvisi na
poméru délky zdkladny dotéeného objektu k délce tiboci poklesové
kotliny. Svou dlohu, kromé povahy nosné konstrukce stavebniho
objektu, md i jeho vyska. Samozfejmé zdsadni vyznam ma tuhost sta-
vebni konstrukce a G¢innost jejtho spoluptsobeni s podzdkladim.

3.2 Pouziti tabulkovych hodnot piipustnych pretvoieni

Jako vychozi informaci lze pro stanoveni meznich pripustnych hod-
not vyuzit tabulkovych hodnot rozli¢nych zdroju a ruznych autoru.

Napiiklad: Mezni hodnoty sednuti podle dnes jiZ neplatné CSN 73
1001 — Zdkladovd piida pod plosnymi zdklady (1987). Tato norma
v tabulce €. 19 prilohy 9 uvadéla kone¢né hodnoty celkového prumér-
ného sednuti a nerovnomérného sednuti pro rizné druhy staveb.

CSN 730039 — Navrhovdni objektii na poddolovaném iizemi (1989)
rozdéluje staveni$t¢ na 5 skupin podle pretvoreni povrchu tzemi
v dasledku poddolovéni. Jako kritéria jsou voleny hodnoty pomérného
vodorovného pretvoreni, poloméru zakriven{ a naklonéni terénu.

Ve Velké Britdnii a v USA se poruchy na budovach rozd€luji podle
vaznosti do 6 skupin, viz tab. 3. Méritkem je povaha a velikost trhlin
v nosnych zdech (napfiklad Burland, 2001; Boscardin, 1989). Jako
méfitka jsou voleny urité hodnoty vodorovného pomérného protaze-
ni konstrukce.

Hodnoty nejvétSich sednuti pro desku a patky v jilu nebo pisku
uvadi Skempton (1956) a Terzaghi (1996).

Polshin a Tokar (1957) uvadéji mezni hodnoty sednuti budov
a pramyslovych objektu, které byly jako zdvazné prijaty v byvalém
SSSR. Tabulka je postavena na hodnotdch nerovnomérného sednuti
pro ruzné typy stavebnich konstrukci.

Ve Francii vychdzeji prfi hodnoceni zdvazZnosti poruch z praci
Boscardina a Burlanda. (Leblais et all., 1999). Pro hodnoty nejvétsiho
svislého sednuti a sklonu poklesové kotliny prebird AFTES do svych
doporuceni i doporuceni britskd. TotoZné idaje uvadi Eurocode 7.

V ndsledujici tab. 4 jsou jako priklad uvedeny mezni hodnoty
pomérnych protaZzeni tak, jak je stanovili Boscardin a Cording (1989)
a Mair and Taylor (1997).

Tab. 4 Mezni hodnoty pomérnych protazeni
Trida poruseni 0 1 2 3 4ab

% <005 0,05-0,075 0,075-0,15 0,15-0,3 >0,3

Menard (1967) doporucuje pri stanoveni meznich hodnot pomérné-
ho pootoceni vyjit z hodnot celkového sednuti, tuhosti konstrukce
a indexu heterogenity zékladové pudy. Jim doporucené hodnoty
pomérného pootoceni jsou pro obytné budovy 0,33 %c — 0,6 %o a pro
budovy pramyslové 0,8 %o — 1,5 %o.

Eurocode 7 uvadi jako méfitko pomérné pootoCeni. Nejveétsi pri-
pustné pomérné pooto¢eni rdmovych konstrukei a souvislych cihel-
nych zdi by melo byt podle doporu¢eni Eurocodu 7 v rozsahu 0,5 %o —
3,33 %o. Pi jejich prekroCent je jiz nebezpedi vzniku funkénich poruch
konstrukce. Pro vétSinu budov je prijatelnd hodnota 2 %o. Mezni stav
poruseni konstrukce bude vyloucen pfi kone¢ném pootofeni mensim
nez 6,6 %o.
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3.2 Application of tabular values of admissible
deformations

Tabular values from various sources and by various authors can
be used as starting information for the determination of limiting
admissible values.

For example: Limiting values of settlement according to the
today no more valid standard CSN 73 1001 — Subsoil under shallow
foundations (1987). In Table 19 of its annexe No. 19, this standard
presented final values of the total average settlement and differen-
tial settlement for various types of structures.

CSN 730039 — Design provisions for structures in undermined
areas (1989) divides construction sites into 5 groups according to
the deformation of the area surface resulting from undermining.
Relative horizontal deformation values, radius of curvature and ter-
rain slope are selected as criteria.

In Great Britain and the USA, defects of buildings are divided
into 6 groups according to their magnitude. See Table 3. The mea-
suring scale is the nature and size of cracks in structural walls (for
instance Burland, 2001, Boscardin, 1989). Certain values of hori-
zontal relative elongation of the structure are selected as criteria.

Values of largest settlements for a foundation slab and footings
in clay or sand are presented by Skempton (1956) and Terzaghi
(1996).

Polshin and Tokar (1957) quote limiting values of settlement of
buildings and industrial structures which were adopted as binding
standards in the former USSR. The table is based on values of dif-
ferential settlement for various types of engineering structures.

In France, assessing of gravity of defects is based on Boscardin
and Burland works. (Leblais et al, 1999). AFTES even adopts
British recommendations for its own recommendations for the
maximum vertical settlement and slope of the settlement trough.
Eurocode 7 uses the same data.

The following Table 4 shows, as an example, limiting values of
relative elongation in the way as they were determined by
Boscardin and Cording (1989) and Mair and Taylor (1997).

Table 4 Limit values of relative elongation
Damage class 0 1 2 3 4ab

% <0.05 0.05-0.075 0.075-0.15 0.15-0.3 >0.3

Menard (1967) recommends for the determination of limit valu-
es of relative angular displacement to start from values of total sett-
lement, the structure stiffness and index of heterogeneity of foun-
dation ground. The values of the relative angular displacement he
recommends are 0.33%o — 0.6%o for residential buildings and 0.8%o
— 1.5%o for industrial buildings.

Eurocode 7 presents the relative angular displacement as the
measuring scale. The largest admissible relative angular displace-
ment of frame structures and continuous brick walls should be,
according to Eurocode 7, within the range of 0.5 %c — 3.33 %o.
When they are exceeded, there is already the risk of developing
functional defects of the structure. The value acceptable for the
majority of buildings is 2%oc. The ultimate limit state of the struc-
ture will be excluded when the final angular displacement is less
than 6,6 %o.

Another Eurocode 7 recommendation states that common inde-
pendent foundations will be safe if their average settlement does
not exceed about 50mm and differential settlement is not bigger
than 20mm.

In simple cases it is therefore possible to start from the above-
mentioned recommendations. Nevertheless, these recommendati-
ons were developed by gathering and assessing the experience gat-
hered during typical, standard situations. For that reason it is neces-
sary to consider them only as general ones.

It often happens that a significant part of the admissible defor-
mations of existing buildings was reached during their construction
and operation. For that reason a difficult question appears which
part of the above-mentioned limit values was reached in the past
and which value of deformations can be still admitted in the future
as the result of undermining, lowering of the water table, construc-
tion work in the neighbourhood, additional loading by an annex etc.

Tabular limiting values can therefore be used always with great
caution, with reservations. In more complicated cases and where
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Dalsi doporuéeni Eurocodu 7 fikd, Ze bézné samostatné zdklady the risk of damaging the building due to undermining is significant,
budou bezpe¢né, pokud jejich pramémé sednuti nepresiahne cca it is always necessary to carry out a detailed structural analysis,
50 mm a rozdilné sednuti dvou sousednich patek nebude vetsi nez a prognosis of the additional deformation of the building and an
20 mm. analysis of risks following from the deformation. Only then is it

V jednoduchych priipadech lze tedy vychdzet z vySe uvedenych possible to propose effective measures which can increase the resi-
doporuceni. Ta vSak vznikala predev§im nashromdzdénim a vy- stance of the building against additional deformations, restrict the
hodnocenim ziskanych zkuSenosti pro typické standardni situace. settlement trough or improve deformational properties of the
Proto je tieba brét je jen jako smérné. ground to be encountered.

Casto znadn4 &dst prijatelnych deformaci sou¢asnych staveb jiz byla From the perspective of the structural system of the engineering
vy&erpana béhem jejich vystavby a provozu. Proto vznikd nelehkd structure to be affected by tunnelling, it is necessary to distinguish
otdzka, jakd &st z vySe uvadénych meznich hodnot se jiz realizovala isostatic and hyperstatic structures. No changes in distribution of
v minulosti a jakou hodnotu pfetvoreni lze jesté dodateéné piipustit internal forces take place in structures supported isostatically, when
v budoucnosti v disledku dodate¢ného sedani a v dusledku podtune- enforced displacements of supports which can be caused by the sett-
lovani, nasledkem poklesu hladiny podzemni vody, vlivem vystavby lement trough (unless the impulses are so big that they would result
v sousedstvi, pfitizenim nastavbou atp. in significant displacement§ causing changes‘ in c.entres.of lqading

Tabulkové mezni hodnoty lze proto pouZivat vzdy jen s velkou opa- factors). On the other hand, if the_structure is fully isostatic, a failure
trnosti, s vyhradami. Ve slozZitéjsich pfipadech a tam, kde je v dasled- of one element, no matter for which reason, causes the development
ku podtunelovéni znatné nebezpeci poskozeni stavby, je vzdy tfeba of a kinematic mechanism with a subsequent collapse. )
provést podrobny staticky rozbor, prognézu dodate¢né deformace sta- Stresses in structures supported hyperstatically which are indu-

ced by displacements of supports depend on a variety of factors; of
course, the dominating role is played by stiffness parameters, the
plastic capacity and redistribution capacity, geometry and, in the
cases of rheologically active materials, even the rate of the deve-
lopment and duration of deformation impulses (Kfistek, Vrablik
2009).

In addition, when consequences are being assessed, it is necessa-
ry to distinguish whether the defect caused by enforced displace-
ments of structural supports will develop on structural parts or
complementary ones.

vebniho objektu a analyzu rizik z toho vyplyvajicich. Teprve pak lze
navrhovat d¢innd opatreni, kterd mohou odolnost budovy vuci doda-
teénym pretvorenim zvysit, omezit poklesovou kotlinu nebo zlepsit
pretvarné vlastnosti pfitomnych hornin.

Z hlediska statického systému dotceného stavebniho objektu je
nutno rozliSit konstrukce staticky urcité a staticky neurcité. V kon-
strukcich podeprenych staticky ur¢ité, pfi vynucenych posunech pod-
por, které mohou byt vyvolany poklesovou kotlinou (pokud nejde o tak
velké impulzy, které by vyvolaly vyznamnd premisténi znamenajici
zmény pusobist’ zatéZovacich faktort) ke zméndm v rozloZeni vniti-
nich sil nedochdzi. Je-li vSak konstrukce zcela staticky urditd, tak 3.3 Reliability concept

selhdni jednoho prvku — z jakychkoli divodu — znamend vznik kine- When the condition of the engineering structure is being assessed
matického mechanismu, a tim i kolaps. from the perspective of the origination of cracks induced by defor-
Naméhani konstrukci podeptenych staticky neur¢ité, vyvolané vynu- mations enforced by the settlement trough, it is even possible to use
cenymi posuny podpor, zdvisi na fadé faktort; dominantni roli hraji the reliability concept. (Teply, Kfistek 2006).
samozrejmé tuhostni parametry, plastickd a redistribu¢ni kapacita, tva- The reliability of an engineering structure is characterised by its
rové usporadéani a v piipadé reologicky aktivnich materialt i rychlost failure proofness, longevity, possibility of maintenance and repairs.
vzniku a trvani deformac¢nich impulzu (Kiistek, Vrablik 2009). Reliability of a building can therefore be characterised by the pro-
Pfi posuzoviéni disledku je tieba téZ rozliSovat, vznikne-li porucha perties which fulfil the functions required from it and, concurrent-
vyvoland vynucenymi posuny podpor konstrukce na ¢dstech nosnych, ly, operational parameters are maintained within given limits and
nebo dopliikovych. within a given time interval. Individual components are as follows:

safety, usability, i.e. the ability of being operated, and durability.
The reliability condition is understood to be a mathematical expres-
sion of the relationship between the effect of loads acting on the
structure and the admissible value of this effect, which is defined
by respective designing rules. It is necessary to realise that the
load-bearing capacity of a structure is characterised by the respec-
tive value of the deciding quantity, e.g. a force, moment, stress,
deflection or functions of these quantities when the respective ulti-

3.3 Koncept spolehlivosti

Pri posuzovdn{ stavu stavebni konstrukce z hlediska vzniku trhlin
v dusledku vynucenych deformaci poklesovou kotlinou lze také vyu-
zit koncept spolehlivosti (Teply, Kiistek 2006).

Spolehlivost stavebni konstrukce se charakterizuje jako jeho bezpo-
ruchovost, Zivotnost, udrZzovatelnost a moznost opravy. Spolehlivost
objektu je tedy mozné charakterizovat vlastnostmi, které splriuji na

nélp pozadované funkce prfi soucasném zachovini provoznich ukaza- mate limit state is reached where it is necessary to interrupt the
telu v danych mezich a v daném Casovém tseku. Jednotlivé slozky function of the building due to, for example, plastic strain of mate-
jsou: bezpeCnost, pouZzitelnost, tj. schopnost provozu a trvanlivost. rials, displacements in joints, creeping or excessive opening of
Podminkou spolehlivosti se rozumi matematické vyjddieni vztahu cracks. The development of a settlement trough means that additi-
mezi G¢inkem zatiZeni na konstrukci a pripustnou hodnotou tohoto onal stress originates in the structure, which can, according to its
icinku, jeZ je definovdna pifslu$nymi pravidly pro projektovani. character, lead some factors to exceeding the limit given by the
Pritom je nutné si uvédomit, Ze tnosnost konstrukce je charakterizo- reliability of the structure.

véna prisluSnou hodnotou rozhodujici veli¢iny, napf. sily, momentu,
napéti, pruhybu, popf. funkcemi téchto veli¢in pii dosaZeni prislusné-
ho mezniho stavu dnosnosti, tj. stavu, kdy je uZ nutné prerusit funkci

3.4 Development of cracks on buildings located
in settilement troughs.

objektu v dlisledku napf. plastického pietvoreni materialli, posunuti ve The issue of the development of cracks is one of the deciding
stycich, dotvarovani nebo nadmérného rozevten{ trhlin. Vznik pokle- questions of the state of damage of a structure due to undermining.
sové kotliny znamend vznik dodate¢ného namahéni konstrukce, které Damage to a structure must be assessed both from the aspect of the

serviceability limit state and from the aspect of structural safety
with respect to the load-bearing capacity and a collapse of the struc-
ture.

If the structure satisfies generally applicable standards and app-

podle svého charakteru muZe vést k tomu, Ze néktery z vyse uvede-
nych parametra piesdhne mez danou spolehlivosti konstrukce.

3.4 Vyvoj trhiin na objektech umisténych na poklesovych kotlinach

Problematika vzniku trhlin je jednou z rozhodujicich otizek stavu roved directives, it should be within the given limits of the respec-
poskozeni konstrukce v dusledku jejtho podtunelovéni. Poskozeni tive safety against damage, with sufficient longevity and servicea-
konstrukce je nutné posuzovat jak z hlediska mezniho stavu pouZitel- bility of the building. Usually a structure has a certain reserve of
nosti — provozuschopnosti, tak i z hlediska statické bezpecnosti various kind, which is “planned” in advance by standards or expec-
s ohledem na tnosnost a kolaps konstrukce. ted. The limit of damage is therefore required to offer a sort of limi-

Jestlize konstrukce vyhovuje vSeobecné platnym normdm ted application with a sort of minimum safety. This limit then tou-
a schvdlenym smérnicim, mela by byt v danych mezich piisluiné bez- ches the limit of “possible or acceptable damage” to the building,
pecnosti proti poSkozeni s dostatecnou Zivotnosti a provozuschopnosti which is usually assessed using various additional structural or
objektu. Obvykle md konstrukce urcitou, normami predem ,,pldnova- other analyses. The reason is that that there are typical warning

nou*, resp. predpoklddanou rezervu ruzného druhu. Pro mez poskozen{ characteristics, such as the size of cracks, large or increasing




se tedy vyzaduje jakési omezené pouZziti s jakousi minimdlni bezpec-
nosti. Tato mez potom hrani¢i s mezi ,,moZného nebo prijatelného
poskozeni* objektu, coZ se obvykle posuzuje ruiznymi dodateénymi sta-
tickymi nebo jinymi rozbory. Jsou totiz typické varovné charakteristi-
ky, jako je velikost trhlin, velké nebo zvétSujici se prahyby nebo ten-
dence ke kolapsu. Proto je nutné se podrobnéji zabyvat nékterymi fak-
tory, priCemz zvlastni pozornost zasluhuji rozbory druhu, velikosti
a hlavné pri¢in vzniku trhlin.

Z hlediska trvanlivosti konstrukce je tfeba posoudit trhliny podle
jejich vzniku a ucinku. Jsou trhliny povrchové a trhliny statické od
pretiZeni konstrukce nebo od vynucenych deformaci, coZ je pravé pii-
pad ndsledku podzemni &innosti.

Deformacni stav konstrukce je duleZitym ukazatelem jeji Zivotnosti
a provozuschopnosti, at uz z hlediska funkce, nebo i z hlediska meze
poruseni konstrukce.

Pro hodnocenti je tfeba rozdélit pretvoreni na:

* pfedvidana (gp), se kterymi se pocitalo ve statickém vypoctu,
a proto se mohla udélat opatfeni proti jejich nepfiznivym disled-
kum; patif sem d¢inky predpoklddaného zatiZeni, teploty, dotvaro-
vani a smrstovani betonu, pokles podpor,

e nepredvidand (€,), kterd se neuvazovala ve statickém vypoctu,
a proto mohou vést k znehodnoceni konstrukce (napf. nadmérné
zatizeni konstrukce s dynamickymi ucinky, neocekdvané poklesy
podpor, velké sniZeni pevnosti materidla, poruseni soudrZnosti
mezi oceli a betonem, nelinedrni dotvarovani betonu).

Predvidand pretvoreni mohou byt dvojiho druhu, a to:

* teoretickd (€p), kterd vyplyvaji ze statického feSeni a pfi jejich
uréeni se vychézi z pozadavku norem a predpisu (napf. velikost
zatizeni, moduld pruZnosti) nebo z odbornych posudku (napf.
o sedén{ zdkladu),

* skutecnd, aktualizovand (gps), které opét vyplyvaji ze statického
feSeni, pri némZ se vSak uz pouzily podklady ziskané méfenim
(napf. pevnosti a moduly pretvarnosti betonu, seddni podpor, aj.).
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deflections or tendencies to a collapse. It is therefore necessary to
deal with some factors in more detail, with analyses of the type,
size and, first of all, causes of developing cracks deserving special
attention.

From the aspect of the longevity of a structure, it is necessary to
assess it according to the origination and impact of the cracks.
There are surface cracks and structural cracks due to the structure
overloading, or cracks caused by enforced deformations, which is
exactly a case of consequence of underground excavation.

The deformation state of a structure is an important indicator of
its longevity and serviceability, in terms of both the function and
the ultimate limit state of the structure.

Deformations must be divided for the purpose of the assessment
as follows:

e predicted ones (€p), which were assumed in the structural ana-
lysis and therefore measures against their unfavourable conse-
quences could be adopted; these comprise effects of anticipated
loads, temperatures, concrete creeping and shrinking, subsiden-
ce of supports,

e unpredicted ones (€n), which were not assumed in the structu-
ral calculation and therefore can lead to deterioration of the
structure (e.g. excessive loads with dynamic effects acting on
the structure, unexpected subsidence of supports, significant
reduction of strength of materials, failure of bond between
concrete and steel reinforcement, non-linear concrete cree-
ping).

The predicted deformations can be of two types, namely:

e theoretical ones (€pt), which follow from the structural design
and their solution is based on requirements of standards and
regulations (e.g. the magnitude of loads and moduli of elastici-
ty) or on professional opinions (e.g. subsidence of foundati-
ons),

e actual, updated ones (€ps), which again follow from the struc-
tural design, but their solution is based on data obtained by
measurements (e.g. strength and moduli of deformation, subsi-
dence of supports etc.).

The end of Part 1 of the paper

ING. TOMAS EBERMANN, ebermann@arcadisgt.cz,

ING. ONDREJ HORT, hort@arcadisgt.cz,

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz, ARCADIS Geotechnika, a. s.,
PROF. ING. VLADIMIR KRISTEK, DrSc.

vladimirkristek@seznam.cz,

OSVVP CSSI

AFTES Tassements liés au creusement des ouvrages en souterrain, Recomandation des groupes de travail. AFTES, 1999, No 155.

Aldorf, J., HrubeSov4, E., Vojtasik, K., Duri¥ L. Verifikace zdokonalené predikce ti¢inkd mélkého tunelovéni na povrch. Cést 1. Shornik védec-
kych praci VSB-TU Ostrava, &. 1, 2009, ro¢. IX, fada stavebnt, s. 51. ISBN 978-80-248-2105-4, ISSN 1213-1962.

Aldorf, J., HrubeSovd, E. VO_]taSﬂ( K., Duri§ L. Verifikace zdokonalené predikce ti¢inkd mélkého tunelovéni na povrch. Cést 2. Shornik védec-
kyich praci VSB-TU Ostrava, &. 1, 2009, ro¢. IX, fada stavebni, s. 57-64. ISBN 978-80-248-2105-4, ISSN 1213-1962.

BARTAK, J. Redukce deformaci nadloZi a ochrana povrchové zéstavby pri razbé tuneld, Stavebnictvi, 2007, &. 5.

Burland, J. B., Broms, B. B., Mello, V. F. B. de Behaviour of Foundation and Structures, 9th International Conference on Soil Mechanics and
Foundation Engineering. Tokyo: State of-the-Art-Report, 1977, s. 495-546.

Burland, J. B. Observations and Predictions of movements around Excavations in London Clay. NNGI Lecture, 1993, s. 17.

Ebermann, T., Vesely, V. Vliv preruseni razeb na deformaci horninového masivu. Konference Prazské geotechnické dny 2009, Praha, kvéten
2009.

Ebermann, T., Hort, O., Vanék, M. Krédlovopolské tunely: deformaéni odezva v oblasti od Palackého tfidy k ulici Chodskd. Sbornik konference
Zakldddni staveb 2009, Brno, zari 2009.

Hordk, V., Kosik, L., Pechman, J., RoZek, J. Krdlovopolsky tunel v Brné — predpoklady a realita z pohledu projektanta. Shornik konference
Podzemni stavby 2010. Praha, ¢erven 2010.

Hort, O., Rychtecky, M., Ebermann, T., Lossmann, J., Polak, M. Kralovopolske Tunnels in Clays: Deformation's Impacts on the Surface
Buildings — Response to Excavation. Shornik konference WI'C ITA-AITEC 2010. Vancouver, kvéten 2010.

Mair, R. J., Taylor, R. N., Burland, J. B. Prediction of ground movements due to bored tunneling. Proceedings International symposium on
Geotechnical Aspects of Underground Construction in Soft Ground. London, 1999, s. 713-718.

PECK, R. B. Deep excavation and tunneling in soft ground. State of the art report, Mexico City, Proc. 7th Int. Conf. SMFE p. 225-290, 1969.
Reilly, M. P., New B. M. Settlements above tunnels in United Kingom — their magnitude and prediction. Tunneling 82, London, 1982, IMM,
s. 173-181.

Rozsypal, A. Kontrolni sledovdni v geotechnice. Jaga 2001.

Rozsypal, A. a kol. Projekt CBU 38-05 — Vedeni podzemnich d&l v souvislé méstské zdstavbé, etapa 6. Doporudeni pro vybér metod
komplexniho monitoringu podzemnich staveb i ovlivnénych objektu, Praha 2007. Archiv SG-Geotechnika.

2. ¢ast literatury bude uvedena za 2. ¢asti ¢lanku.



19. rocnik - €. 4/2010

EXPERTNI ODHAD PRAVDEPODOBNOSTI SELHANI PRI RAZBE TUNELU
EXPERT ESTIMATION OF PROBABILITY OF FAILURE DURING
TUNNEL EXCAVATION

OLGA SPACKOVA, TOMAS EBERMANN, ONDREJ KOSTOHRYZ,
VACLAV VESELY, JIRl SEJNOHA

1. OvoD

Vystavba tuneld je spojena s fadou rizik a nejistot. Casto pii ni dochd-
zi k prekroeni ndkladi nebo doby vystavby, vyjimkou vak nejsou ani
fatalni dusledky. Rozhodnuti, kterd musi byt u¢inéna béhem piipravy
i vystavby projektu, jsou dnes Casto zaloZena pouze na deterministic-
kych odhadech (Casu, ndkladu atd.) bez znalosti nejistot s témito odha-
dy spojenymi. Takova rozhodnuti v§ak mohou byt chybnd, protoze
nejsou podloZena redlnou predikei nejisté skuteCnosti. Té je mozZno
dosdhnout pouze prostrednictvim pravdépodobnostniho pristupu.

Rizika tykajici se vystavby raZenych tuneld lze rozdélit do dvou
zdkladnich skupin:

e Nejistoty v odhadech ndkladu, rychlosti vystavby apod.

* Vyjime&né uddlosti, kterd zpisobi vyznamné nepldnované zmény
procesu razby (zéval, nepfipustné deformace, naruseni vodniho rezimu
v okoli tunelu, pozdr, uviznuti tunelovaciho stroje atd.).

Vzhledem k principidlni odli$nosti vy$e zminénych typu rizik je nutné
zvolit pro jejich ocenéni ruzné pristupy. Existuje fada modelt pro prav-
dépodobnostni predikci stavebnich ndkladl a analyzu ¢asového planu
tunelového projektu. Tyto modely uvazuji nejistoty v odhadu geotech-
nickych podminek a variabilitu jednotkovych nakladu a rychlosti razby.
Rada z nich je zaloZena na simulacnich technikdch. Nejznaméjsim
a nejpropracovanéjsim z nich je pravdépodobné model DAT (Decision
Aids for Tunnelling) — jedna z jeho aplikaci je predstavena napf.
v ¢ldnku [1]. Aplikace jinych simula¢nich modelu lze nalézt v ¢lancich
[2, 3], analytické feSeni potom popisuje piispévek [4].

Nékteré z téchto modelt umozriuji i samostatné uvazovanf rizik vyji-
mecnych uddlosti, tj. udélosti s pomérné malou pravdépodobnosti reali-
zace ale s potencidlné velmi zdvaznymi dusledky. Vliv téchto rizik na
Uspesnost projektu neni, jak se mnohokrdt prokdzalo i u nés, zanedba-
telny. Ve vétSiné piipadd vSak tato rizika nejsou pii pldnovani
a rozhodovani zohlednéna vubec nebo jsou pro jejich analyzu vyuZziva-
ny razné semi-kvantitativni metody a ratingové systémy, které pomohou
identifikovat kritické ¢asti tunelu a kategorizovat rizika podle zavaznos-
ti pomoci matice rizik (viz metodika doporucend ITA-AITES [5]), neu-
mozni vSak kvantifikovat riziko v penéZnich jednotkdch.

Existujici modely, které kvantifikaci rizika vyjimecnych udalosti
umoznuji, implicitné nezohlednuji vyznamny vliv lidského faktoru na
proces vystavby a na realizaci selhdni tunelové razby. Pravdépodobnosti
selhdni jsou v nich stanoveny expertnim odhadem bez objektivni analy-
zy historickych dat, na zdkladé ndvrhové rezervy spolehlivosti apod. Co
se tyce ocenéni nejistot v predikci ndkladu a doby vystavby, nedostat-
kem soucasnych modeld je to, Ze jednotkové ndklady a rychlosti vystav-
by v jednotlivych segmentech tunelu jsou zpravidla modelovény jako
nezdvislé ndhodné veli¢iny podminéné pouze ndhodnym geotechnic-
kym prostiedim. Je tedy zanedbédn vyznamny vliv korelaci téchto veli-
&in po délee tunelu, které jsou dusledkem vlivu lidského faktoru, ale
souviseji i s dalS§imi okolnostmi. Pokud jsou totiz redlné ndklady
a rychlost razby po zapoceti vystavby horsi, nez byly pivodné odhado-
vané, daji se o¢ekdvat vyssi ceny a horsi vykony také ve zbyvajicich ¢és-
tech tunelu, napf. pravé z divodu horsi kvality projektu nebo provadént,
nebo vlivem vys$si ceny klicového stavebniho materidlu.

Priklad vystupu pravdépodobnostniho odhadu nakladi a doby vystav-
by v&etné zohlednéni rizika vyjimenych udalosti pro dvé ruzné varianty
feSeni tunelu (napf. razné technologie razby) je zobrazen na obr. 1.
Zatimco na zdkladé deterministickych odhadi se v uvedeném piikladu
jevi jako jednoznacné vyhodnéjsi varianta 1, analyza rizik ukazuje, Ze
pravdépodobnost vyznamného piekroceni odhadovanych ndkladu i doby
vystavby je u této varianty podstatné vyssi. Takové ocenéni nejistot je
dulezitou informaci pro rozhodovéni a zdleZi pak na dalsich aspektech
(jako je bezpecnost osob, vliv na Zivotn{ prostredi) a prioritdch rozhodo-
vatele, jaké riziko je pro néj akceptovatelné a které feseni zvoli.

1. INTRODUCTION

Construction of tunnels is associated with numerous risks and uncer-
tainties. It often experiences cost or schedule overruns. Even fatal conse-
quences are not exceptional. Decisions which are to be made during proj-
ect planning and construction phases are today often based only on deter-
ministic estimation (of time, costs etc.), without knowing the uncertain-
ties associated with the estimations. However, such decisions can be erro-
neous because they are not based on realistic predictions about an uncer-
tain reality. Proper predictions can be achieved only by means of
a probabilistic approach.

Risks relating to the construction of mined tunnels can be divided into
the following two fundamental groups:

¢ Uncertainties in estimations of unit costs, advance rates etc.

» Extraordinary events causing significant unplanned changes in the
tunnel excavation process (a collapse, extensive deformations, dis-
turbance to the water regime in the vicinity of the tunnel, a fire,
a TBM becoming trapped etc.).

Taking into consideration the principal divergence of the above-men-
tioned risk types, it is necessary to choose different approaches to their
evaluation. There is a variety of models for probabilistic prediction of
construction costs and for the analysis of a tunnel construction schedule.
These models account for uncertainties in estimation of geotechnical
conditions and variability of unit costs and advance rates. Many of them
are based on simulation techniques. The best known and best refined of
them is probably the Decision Aids for Tunnelling (DAT) model — one of
its applications is presented for example in paper [1]. Applications of
other simulation models can be found in papers [2,3], whilst an analyti-
cal solution is described in paper [4].

Some of these models make it possible to take into consideration risks
of extraordinary events, i.e. events with very low probability of realisa-
tion but with very serious potential consequences. As it has been many
times proved even in our country, the influence of these risks on the proj-
ect success is significant. Despite this fact, in the majority of cases these
risks are not considered during the planning and decision making
processes. If they are analysed, mostly various semi-quantitative meth-
ods and rating systems are applied to their analyses. These approaches
help to identify critical parts of the tunnel and categorise risks according
to their seriousness by means of a risk matrix (see a method recom-
mended by the ITA-AITES [5]) but do not make the risk quantification
in monetary units possible.

Existing models which make the quantification of the risk of extraor-
dinary events possible implicitly do not allow for the significant influ-
ence of the human factor on the construction process and on the occur-
rence of the tunnel excavation failure. In these models, probabilities of
a failure are determined by expert estimation without objective analysis
of historic data or on the basis of factor of safety. Regarding the evalua-
tion of uncertainties in the prediction of construction costs and time, it is
a drawback of current models that unit costs and speed of construction in
individual tunnel segments are usually modelled as independent random
variables, depending only on a random geotechnical environment.
Therefore, the significant influence of the correlations of these variables
along the tunnel is neglected: If the real costs and speed of the excava-
tion after the commencement of the construction are worse than origi-
nally estimated, higher costs and worse performance can be expected
even in the remaining parts of the tunnel, for instance due to lower qual-
ity of the design, lower quality of construction works, or as a result of
higher costs of construction materials.

An example of an output of a probabilistic assessment of construction
costs and time, including allowing for risks of extraordinary events, for
two different options of the tunnel design (e.g. varying excavation
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Obr. 1 Odhad hustoty pravdépodobnosti ndkladi a doby vystavby pro dvé variantni FeSeni
Fig. 1 Estimate of probability density function of construction costs and time for two project options

Tento prispévek se zaméfuje na analyzu rizika zdvalu pii procesu
razby tunelu, tedy pouze na tzkou, ale vyznamnou oblast rizik tunelo-
vych projektd. Navrzend metoda je pak pouZitelnd i na ocenéni rizik
jinych vyjimecnych udalosti, jako je poruseni konstrukci nad tunelem
v dusledku nepriznivého vyvoje poklesové kotliny nebo narusen{ vodni-
ho reZimu v okolf razby. Pfinosem navrzeného pristupu je jednak moz-
nost zohlednit vliv kvality projektu a stavebnich praci, jednak moznost
formalizovaného prenosu informaci a zkuSenosti z minulych projekta.

2. SELHANI RAZBY TUNELU

Riziko selhdni tunelové razby je neoddiskutovatelnou soucdsti
vystavby raZenych tuneld. Je nutné ho pfipustit, je moZné ho minimali-
zovat, nelze ho vak zcela odstranit. Vyznamné ztrity zpusobené neode-
kdvanymi udalostmi pfi razbé tuneld uvedly do pohybu fadu iniciativ,
jejichZ vystupem jsou rozsahld doporuceni a metodiky pro Fizeni rizik
tunelovych staveb — predev§im publikace [35, 6]. VyuZitelné jsou ale
i systémy managementu rizik, které nejsou primdrné zamérené na tune-
lovd dila, napr. [7, 8, 9].

Snaha poucit se z minulych chyb vedla také k vytvoreni fady databazi
havdrif pri razbé tuneld. Kategorizace uddlosti se v jednotlivych pracich
1i31, nejéasteji se vak jednd o zdvaly s vytvofenim krateru na povrchu nebo
bez néj, které jsou ddl podrobnéji ¢lenény podle polohy v tunelu, kde k nim
doslo. V mensi mife jsou zaznamenény pripady zaplaveni tunelu, nestabi-
lity portélu nebo nadmérné deformace tunelové trouby a nadloZi.

Britska studie [10] nabiz{ databézi vice neZ sta kolapsu, jde o rozsiteni
dat z predchozi publikace [11]. Ve studii jsou analyzovény nejcastejsi
piic¢iny a dusledky téchto nehod, a to se zaméfenim na tunely razené
v méstskych oblastech v zeminéch a hornindch nizsi kvality.

Rozbor pri¢in a mechanismt poruch pak poskytuje diplomové prace
[12], vysledky jsou ziskdny na zdkladé analyzy vice neZ sto deseti pii-
padu selhdni tunelové razby. Ty se CdsteCné piekryvaji s databdzi triceti
tif selhdni vytvorenou v rdamci diplomové prace [13], kterd se zaméruje
predevsim na priciny nehod a ndslednd opatfeni.

Dosud nejrozsdhlejsi databdze priblizné dvou set nehod, ke kterym
doglo pfi razbé sto tficeti tuneld v mnoha stdtech, byla vytvorena v rdmci
dizerta¢ni préce [14]. Obr. 2 napr. reprezentuje Cetnosti dob zdrZeni pro-
jektu zptsobenych t€mito nehodami (zahrnuto pouze Sedesdt Ctyfi zaz-
namu, u kterych byl tento tddaj k dispozici), obr. 3 potom shrnuje Cetnosti
poc¢tu vykdzanych nehod na jeden tunel (bezproblémové tunely
v databdzi zahrnuty nebyly, kategorie projektd s nulovym poctem nehod
se proto v grafu neobjevuje). Hlavni zavery vyplyvajici z analyzy shro-
mazdénych dat jsou (dle [14]) ndsledujici:

* Celkem 56 % havirii se udalo v blizkosti tunelové Celby, u zdvalu
razného typu to bylo dokonce 75 % pripadu (navic u 15 % zdzna-
mu nebyl tento ddaj uveden).

e Zévaly a nadmérné deformace se Castéji vyskytly u tunelt razenych
konven¢nimi metodami, objem zdvalu byl v téchto pfipadech obec-
né podstatné vetsi neZ u mechanizované razby. Zaplaveni tunelu
bylo naopak ¢etnéjsi u mechanizovaného typu razby.

* Ke 45 % pripadi nadmérnych deformaci doslo v fadu hodin az
mésicu (zhruba do 1 roku) za pruchodem &elby (u 30 % zdznamu
nebyl presny ddaj uveden).

techniques) is presented in Fig. 1. Whilst option 1 in this example appears
on the basis of a deterministic estimation as unambiguously more advan-
tageous, the risk analysis shows that the probability of significant exceed-
ing of the costs and construction time estimated for this variant is sub-
stantially higher. Such an evaluation of uncertainties is crucial informa-
tion for making decisions. Then it depends on priorities of the decision
maker about which risk is acceptable for him and which solution he will
choose (also with regard to other aspects such as safety of people or envi-
ronmental impact).

This paper is focused on the analysis of a collapse during the course of
a tunnel excavation, which is only a narrow but important area of risks
threatening to tunnel construction projects. The method being proposed
is then even applicable to the evaluation of risks of other extraordinary
events, such as destruction of structures above the tunnel resulting from
surface settlement or disturbance to the water regime in the vicinity of the
tunnel excavation. The benefit of the proposed approach is found not
only in the possibility to allow for the influence of quality of the design
and construction work but also in the possibility to formalise the transfer
of information and experience from past projects.

2. TUNNEL COLLAPSES

The risk of a collapse of tunnel excavation is an undisputable part of
construction of mined tunnels. It is necessary to admit it, it is possible to
minimise it but it cannot be completely removed. Serious losses due to
unexpected events during tunnel driving operations have set in motion
several initiatives the output of which are extensive recommendations
and methodologies for managing risks to tunnel constructions — first of
all publications [5.,6]. Also the systems which are not primarily focused
on tunnel constructions (e.g. [7,8,9]) are usable for management of the
tunnelling risks.

Efforts to learn a lesson from past errors led to the development of
numerous databases of incidents during tunnel excavation work. Various
categorisations of events are used within these studies. Most frequently
reported are collapses with a crater developed on the surface or without
it, which are further divided in more detail according to the locations in
the tunnel where they happened. Cases of tunnel flooding, portal insta-
bility or excessive deformation of the tunnel tube and the overburden are
less frequent in these databases.

The British study [10] offers a database of over a hundred collapses; it
is an expansion of the data contained in the preceding publication [11].
The study analyses the most frequent causes and consequences of the col-
lapses, focusing on tunnels driven in urban areas, through soils and lower
quality rocks.

An analysis of causes and failure mechanisms is provided by the diplo-
ma thesis [12]. The results were obtained on the basis of an analysis of
over one hundred and ten cases of tunnel excavation failures. They par-
tially overlap with the database of thirty-three failures which was devel-
oped within the framework of the Master thesis [13]. The thesis analyses
above all the causes of the collapses and measures taken after their occur-
ance.

To date, the most extensive database of app. two hundred tunnel exca-
vation failures was compiled within dissertation [14]. Picture 2, for
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Obr. 2 Cetnost doby zdrZeni projektii v diisledku havdrie (zdroj: [14])
Fig. 2 Frequency of project delays due to accident (source: [14])

Obr. 4 shrnuje poCty havdrif zaznamenanych v jednotlivych databdzich
v ¢lenéni dle technologie razby. Je viak nutné zduraznit, Ze vyvozovani
zévéru o kvalité jednotlivych technologii na zdkladé porovnéni Cetnosti
a zdvaznosti havdrii vyhodnocenych z téchto dat muze byt zavadéjici.
Vycet havdrii neni jednak tplny, predev§im méné vyznamnd selhdni
s mensimi dusledky jsou zcela jist€ opomenuta. Navic by pro objektivni
posouzeni rizikovosti jednotlivych metod bylo nutné zohlednit zastoupe-
ni téchto metod na celkové délce vyraZenych tunelt.

Ani v jedné z uvedenych databazi neni zaznamendna havarie, ke které
doslo v Ceské republice. Divodem je ziejmé jazykovd bariéra
a uzavienost ¢eského stavebniho trhu, kde pusobi minimum zahranic-
nich subjektq.

3. MODEL PRO KVANTIFIKACI RIZIKA SELHANI
PRI RAZBE TUNELU

Selhéni (havérie) tunelové razby mohou mit fadu podob. Zédkladnim
krokem pfi analyze rizika vyjimecné uddlosti pfi razb¢ tunelu je tedy iden-
tifikace moZnych zpusobu (m4du) selhéni a jejich presnd definice, kterd
zabrani duplicitdm (tj. tomu, aby se stejné uddlosti ocenovaly v rdamci
dvou kategorif, coz by vedlo k nadhodnocent celkového rizika). Zajistime-
1i, aby ocenované médy selhdni (napt. zdval, nadmérné deformace, zapla-
veni tunelu, pozdr tunelovaciho stroje) byly definovany jako jevy vyluc-
né, muzeme stanovit celkové riziko vyjimecné uddlosti pii razbé tunelu
jako prosty soucet téchto diléich rizik. Nadmerné deformace nebo zapla-
veni tunelu, které vyusti v zdval, tak budou napiiklad uvazovany pouze
v ramci médu selhdni za zaval, ktery je svymi dusledky vyznamnéjsi.
V opaném pripadé by byla takova uddlost ocenéna nespravné dvakrat.

14
0 mmm Mechanizovany/Mechanized
120 - mmmm Konvencni/Conventional .
mmm= Neuveden/Unknown
100
80
60
40 +
20
0

Cetnost/ Frequency

Obr. 4 Cetnost poétu havdrii vykdzanych v jednotlivych databdzich v &lenéni dle
technologie raZby (* v raimci mechanizované razby jsou zarazeny vSechny pri-
pady, u kterych je uvedena technologie ,,non-NRTM* bez blizsiho urceni)
Fig. 4 Numbers of accidents compiled in particular databases in the division
according to the excavation technology (* mechanized excavation includes all
cases, where “non_NATM?” is reffered without more detailed description)

Obr. 3 Cetnost poctu havrii vykdzanych na jednom projektu dle [14]
Fig. 3 Frequency of accident occurance reported per project according to [14]

example, presents frequencies of project delays resulting from the inci-
dents gathered in this database (only sixty-four records where this infor-
mation was available are contained). Picture 3 summarises frequencies of
the number of incidents reported per one tunnel (problem-free tunnels
were not incorporated into the database, therefore the category of proj-
ects with zero number of incidents does not appear in the chart). The
main conclusions obtained from the analysis of gathered data are, accord-
ing to [14], as follows:

* 56% of accidents happened in the vicinity of the excavation face; in

case of cave-in collapses it is even 75% (or maybe more, because
this information was not presented at 15% of records).
Collapses and excessive deformations were more frequent at tunnels
driven using conventional methods; the volume of the collapses was
in these cases generally substantially higher than it was in the case
of mechanised excavation. Conversely, tunnel inundation was more
frequent at the mechanised tunnelling.

* 45 % of cases of excessive deformations occured within the order of
hours up to months (roughly 1 year) after the excavation face had
passed through the particular location (exact figures were not stated
in 30% of the records).

Fig. 4 summarises numbers of accidents recorded in individual data-
bases in the division carried out according to the excavation technique.
But it is necessary to put stress on the fact that making conclusions on the
quality and safety of particular technologies may be misleading, if based
only on comparing frequencies and seriousness of incidents which were
derived from these data. First reason is that the summary of incidents is
incomplete because less significant failures with less serious conse-
quences have certainly been omitted. In addition, for an objective assess-
ment of risk levels of individual methods it would be necessary to take
into consideration the share of these methods on the total length of com-
pleted tunnels.

No collapse from the Czech Republic was recorded in the above-men-
tioned databases. The possible reasons are a language barrier and the fact
that the Czech construction market is closed, with a minimum number of
foreign subjects acting on it.

3. A MODEL FOR QUANTIFICATION OF RISK OF FAILURE
DURING TUNNEL EXCAVATION

Failures of tunnel excavation can have many forms. Therefore, the
basic step of an analysis of risk of an extraordinary event during tunnel
excavation is the identification of possible modes of the failure and exact
definition of the modes which will prevent duplications (i.e. prevention
of the consideration of the same event within two categories, which
would lead to risk overestimation). If we ensure that the failure modes
being evaluated (e.g. a collapse, excessive deformation, tunnel flooding
or TBM fire) are defined as exclusive phenomena, we can determine the
overall risk of an extraordinary event during tunnel excavation as
a simple summary of these partial risks. Excessive deformations or inun-
dation of a tunnel which will cause a collapse will be dealt with only in
the collapse mode which is the much important in terms of its conse-
quences. Failing that, such an event would be evaluated incorrectly
twice.




Riziko je definovédno jako soucin pravdépodobnosti realizace urcité
uddlosti a o¢ekdvané skody. Kvantifikace rizika tedy vyZaduje odhad obou
techto slozek. Vzhledem k jedinecnosti podminek, za kterych je kazdy
tunel stavén, a komplexnosti celého problému je odhad pravdépodobnos-
ti selhéni i $kod ndro¢ny. Piimy odhad expertem nemusi byt vzdy zcela
objektivni, vyZaduje navic urcité znalosti teorie pravdépodobnosti, bez
nichZ miZe vést k chybnym zdvéram. Expertni odhady mohou poskytnout
velmi dobré vysledky v pripade, kdy je postup analyzy formalizovan
a pripraven. Jesté lepsi vysledky je mozné ziskat na zdkladé analyzy dat
z jiz dfive vyrazenych tuneld, ze kterych je mozné vyhodnotit zavislosti
realizace selhani na podminkéch, ve kterych byl dany tunel stavén (geo-
technické prostiedi, technologie razby, kvalita projektu a provadéni). Pri
predikei rizika pro budouci projektovany tunel se pak expert muZe opfit
o konkrétn{ data, ke kterym pfida své znalosti a zkuSenosti.

NavrzZeny pravdépodobnostni model formalizuje postup ocenéni rizi-
ka havdrif pri razb¢ tunelu a je zdkladem pro analyzu historickych dat.
Model byl aplikovén na piikladu ¢tyf dokon&enych raZeb tuneld.

3.1 Stanoveni stiedniho poctu selhani a pravdépodobnosti
selhani tunelu jako celku

Razba tunelu je cyklicky (popf. kontinudlni) proces, u kterého
vyznamné prevlddd podélny rozmér vysledného dila nad ostatnimi.
Znéame-li pravdépodobnost p selhdn{ jednoho segmentu (resp. dseku jed-
notkové délky) tunelu, miZeme pouZit binomické rozdéleni pro vypodet
pravdépodobnosti, ze dojde prave ke k selhanim na tunelovém tseku s n
segmenty (resp. Useku délky n jednotek). Plati, Ze

n k =k
P(N, =kln,p)= ; pril=p). (1)

P(N_ = kin.p) je tedy pravdépodobnost, Ze pocet selhdni Ns je roven
k, na tseku s n segmenty (resp. jednotkami délky), kde p je pravdépo-
dobnost selhdni jednoho segmentu (n a p jsou parametry binomického
modelu).

Za predpokladu, Ze jsme selhdni definovali jako uddlost s malou prav-
dépodobnosti a Ze sledovany dsek tunelu md dostate¢né velky pocet seg-
mentl, muZeme aproximovat binomické rozdéleni rozdélenim
Poissonovym a poloZit o
pn= AL =Njg R (2)

kde A je intenzita selhén, tj. prtumérny pocet selhdni na jednotku délky
tunelu a L je celkovd délka tunelu. Soucin t€chto dvou hodnot pak vyjad-
fuje stiedni poCet selhdni Ns na tunelovém tseku délky L resp. na tunelo-
vém tseku s n segmenty. Predpokladdme-li, Ze v rdmci jednoho segmen-
tu délky AL=L/n muZe dojit k maximdlné jednomu selhénf, pak plati, Ze

p=2AL=”—5, 3)

n
kde ns je poCet segmentu, kde k selhéni skute¢né dojde, a n je celko-
vy pocet segmentu.

Pfi obvyklém jednoparametrickém vyjdadieni Poissonova rozdéleni by
stredni poCet selhdni byl pravé jedingm parametrem tohoto rozdéleni. Je
viak vyhodné zachovat samostatné vyjddfeni intenzity A a délky L
a modelovat realizace selhan{ pri tunelové razbé jako Poissonuv proces
(viz napt. [15]), pfi némZ misto poCtu udélosti v Case sledujeme pocet
udalosti v zdvislosti na délce tunelu.

Pravdépodobnost, Ze na sledovaném tseku délky L dojde pravé ke
k selhdnim je pak vyjddfena vztahem

PN =k

A.L)=%cxp{—2t£}. C))

Prubéhy pravdépodobnosti realizace pravé k selhdni v zdvislosti na
zvoleném soucinu AL pro rizné hodnoty k jsou zobrazeny v obr. 5.
Kfivka P(N, = 1|A,L) zobrazuje pravdépodobnost, Ze na délce L dojde
k alespon jednomu selhdni a plati

S (L)
PN,z I|AL)= 3 ~—"exp(=AL)=1=P(N, =0
= &

Jak je z obr. 5 patrné, se zvySujici se intenzitou selhdni A a s rostouci
délkou razeného tseku L roste i pravdépodobnost, Ze k alespon jednomu
selhdni dojde.

ProtoZe podminky ovliviujici realizaci selhani se na trase tunelu meéni
(viz odst. 3.2), je nutné tunel rozdélit na jakési kvazi-homogenni dseky,
tj. Useky, pro které miZzeme povazovat intenzitu selhdni (resp. pravdé-
podobnost selhdni jednoho segmentu) za konstantni a Poissontiiv proces
za homogenni. Analyzovat Ize budto kazdy tsek oddélené, nebo celou
razbu modelovat jako nehomogenni Poissonav proces, pro ktery plati

MLL)Y=l=exp(-AL). (5)
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Arisk is defined as a product of the probability of the occurance of a certain
event and the anticipated damage. The risk quantification therefore requires esti-
mation of both of the two components. Taking into consideration the uniqueness
of the conditions under which each tunnel is constructed and the complexness of
the whole problem, assessing the probability of failures and losses is challenging.
A direct assessment by an expert does not have to be always fully objective; in
addition, it requires certain knowledge of the probability theory, without which
wrong conclusions can be drawn. Expert assessments can provide very good
results in the cases where the analysis procedure is formalised and prepared. Even
better results can be obtained on the basis of an analysis of data gathered from
tunnels the excavation of which was completed earlier. From historic data, the
dependency of a failure occurance on conditions under which the particular tun-
nel was constructed (geotechnical environment, excavation technique, quality of
the design and construction) can be derived. When predicting the risk for a future
tunnel, an expert may use this statistical data and add his knowledge and experi-
ence to it.

The proposed probabilistic model formalises the procedure for the
evaluation of risk of tunnel excavation failure and provides a basis for
analysing historic data. The model was applied to the example of four
completed tunnel excavation cases.

3.1 Determination of intensity of failure and probability of
failure for tunnel as the whole

Tunnel excavation is a cyclic (or continual) process where the longitu-
dinal dimension of the final structure significantly dominates the other
ones. If we know probability p of a failure of one segment (resp. a section
of a unit length) of the tunnel, we can use binomial distribution for the
calculation of probability that the number of & failures on a tunnel section
consisting of 7 segments (resp. a section with the length equal to 7 units)
will be exactly k. It holds:

PIN =kn,p) = i - (1)

PN = L) s therefore probability that the number of failures N
is equal to k, within a section containing n segments (or units of length),
where p is probability of a failure of one segment (n and p are parame-
ters of the binomial model).

Under the assumption that we defined a failure as an event with low
probability and the observed tunnel section contains a sufficiently large
number of segments, we can approximate the binomial distribution using
the Poisson distribution and put

o o= AL = N, (2)

where A is the failure intensity, i.e. the mean number of failures per one
unit of tunnel length, and L is the total length of the tunnel. The product
of these two values expresses the mean number of failures Ny within
a tunnel section with the length of L or a tunnel segment containing n seg-
ments. If we assume that only one failure can happen in one segment with
the length of AL=L/n, it applies that

. n
pa Al =
1

, 3)

where 7, is the number of segments in which the failure really occurs
and 7 is the total number of segments.

In the case of the usual single-parameter expression of the Poisson dis-
tribution, the mean number of failures would be the only parameter of
this distribution. However, it is beneficial if separate expressing of inten-
sity A and length L is maintained and the realisation of a failure during
tunnel excavation is modelled as Poisson process (see e.g. [15]), where
we follow the number of events in dependence on the tunnel length
instead of the number of events during a time interval.

Probability that the number of failures in the observed section with the
length of L will be exactly £ is then expressed by the following relationship:

[AL) -
PN = kA L] = expl=ALi. 4)

Courses of the probability of realisation of exactly X number of failures
in dependence on the chosen parameter AL for various values of k are
presented in Fig. 5. The curve /*{ &, = 1.4,/ illustrates the probability
that at least one failure will take place and it applies that

AL
PN alr’...f.:-=E”ll expl=Al) = | = F(N, = 03,L) = L= exp(=AL) (5)
As it is obvious from Fig. 5, the probability that at least one failure will

happen grows with the increasing intensity of failure A and growing
length of the mined section L.
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Obr. 5 Prubéhy pravdépodobnosti realizace daného poctu selhdni v zdvislos-
ti na zvoleném parametru A a délce tunelu L

Fig. 5 Curves of probability of given number of accidents vs. chosen para-
meter A and tunnel length L

E;%LJ
P(N,=k)= [‘Tcx;{~23,£‘.] , ©)

kde L; je délka i-tého kvazi-homogenniho dseku a A; je intenzita
selhdni v tomto dseku. Primérnd intenzita selhdni pro tunel jako celek
ak muZe byt uréena jako
p y J 2 AL,

A= T @)

3.2 Stanoveni intenzity selhani a pravdépodobnosti
selhani jednoho segmentu

Zakladnim problémem odhadu pravdépodobnosti havrie razby tune-
lu je stanoveni intenzity selhdni A (resp. pravdépodobnosti p selhdni jed-
noho segmentu v piipadé pouziti binomického modelu — viz rov. 3). Pro
urleni t€chto parametrd je moZné pouZit:

— Pfimy expertni odhad (viz odst. 3.3)

— Odhad na zdkladé analyzy historickych dat (viz odst. 3.3)

— Odhad zaloZeny na vypoctu spolehlivosti konstrukce (viz odst. 4).

Vzhledem k tomu, Ze kazdy z téchto pristupd md svd omezeni, je opti-
madlni metody kombinovat a pokusit se pripadné rozdily ve vysledcich
raciondlné vysvétlit. Stanoveni pravdépodobnosti selhdni na zdkladé
vypoctu spolehlivosti konstrukce sice umoziuje velmi detailni modelo-
vani ndhodnych fyzikdlnich podminek ovliviiujicich realizaci selhdni,
nepostihne viak vyznamny vliv dalSich faktoru, jako jsou nedostatecné
nebo $patné interpretované vysledky geotechnického prazkumu, chyby
vypoltovych modelu pouZitych pfi ndvrhu konstrukei, nedodrzovéni
technologického postupu, neuspokojivé fizeni vystavby atd. Stanoveni
intenzit na zékladé analyzy historickych dat je oproti tomu pristupem
spiSe statistickym, prumérujicim. Bere v Gvahu selhdn{ zavinénd celym
spektrem faktorti, hlavnim nebezpe¢im je vSak jejich chybné posouzeni
a chybné vyhodnoceni individudlnich podminek feSeného tunelu.
V ranych fazich projektu, kdy jsou informace o projektu velmi omeze-
né, je pristup zaloZeny na analyze historickych dat v podstaté jediny
mozny a muZe prinést velmi uspokojivé odhady.

Intenzita selhdni v pripadé zdvalu, nadmémych deformaci, pravalu
vody apod. je ovlivnéna technologii razby a geotechnickymi podminka-
mi v okoli vyrubu. Vliv maji ale i dalsi faktory, predev§im kvalita pro-
jektu a kvalita provddéni. V tunelech raZenych v obdobnych podmin-
kéch se pak dd ocekdvat obdobnd intenzita selhdni.

Definice faktorti ovliviiujicich intenzitu A je zdvisld na typu selhani
(napr. geotechnické podminky zvySujici pravdépodobnost realizace
zévalu nemusi byt rizikové z hlediska pruvalu vody), zdroven by vSak
meéla byt dostate¢né obecnd, aby bylo moZné porovnavat jednotlivé pro-
jekty mezi sebou. Jako dostacujici se jevi klasifikovat kaZzdou kategorii
podminek, tj. geotechnické podminky, kvalitu projektu a kvalitu prové-
déni, na priznivé a nepiiznivé (resp. uspokojivé/neuspokojivé). Na
zékladg této kategorizace pak dostdvdme osm moznych kombinaci téch-
to faktort, které ozna&ime jako reZimy E,-Eg:

E,=GNDNC,E,=GNDNC,E;=GNDNC
E,=GNDNC,E;=GNDNC,E,=GNDNC, (8)
E,=GNDNC,E,=GNDNC

As the conditions affecting the materialisation of a failure vary along
the tunnel route (see paragraph 3.2), the tunnel must be divided into kind
of quasi-homogenous sections, i.e. sections for which it is possible to
consider the intensity of failure to be constant and the Poisson process to
be homogenous. The analysis can be carried out either separately for each
section or the entire excavation can be modelled as the non-homogenous
Poisson process, for which it applies

YAl ©)
- \p| - E Al |
where L; is the length of the i-th quasi-homogenous section and A; is

intensity of failure within this section. Then the mean intensity of failure
for the tunnel as the whole tunnel can be determined as

E:’.}

I

PIN =k)=

J )

)

A=

3.2 Determination of intensity of failure and probability
of failure for one segment

A basic problem of the estimation of probability of an accident during
the tunnel construction is the determination of the intensity of failure A
(or probability p of a failure of one segment in the case of using the
binomic model — see equation 3). It is possible to use the following tools
for the determination of the parameters:

— Direct expert estimation (see par. 3.3)

— Estimation based on an analysis of historic data (see par. 3.3)

— Estimation based on the calculation of structural reliability (see par. 4)

With respect to the fact that each of these approaches has its own limita-
tions, it is optimal if the methods are combined and attempts are made to
rationally explain contingent differences in the results. It is true that the
determination of the probability of failure on the basis of the calculation of
structural reliability makes very detailed modelling of random physical con-
ditions influencing the realisation of a failure possible, but it does not
express the important effect of other factors, e.g. insufficient or incorrectly
interpreted results of geotechnical survey, errors in calculation models
applied to the structural design, breaching of technological procedures,
unsatisfactory management of construction work etc. In contrast, the deter-
mination of intensities on the basis of an analysis of historic data is a statistic
approach working with averages. It takes into consideration failures result-
ing from a wide variety of factors, but the main threat is that the assessment
of the factors will be wrong and individual conditions of the tunnel being
solved will be evaluated erroneously. In early phases of a design where
information on the project is very limited, the approach based on an analy-
sis of historic data is in substance the only possible and can provide very sat-
isfactory estimation.

The intensity of failure in the case of a collapse, excessive deformations,
incursion of water etc. is influenced by the excavation technique and geot-
echnical conditions in the excavation surroundings. But even other factors
have influence, first of all the quality of the design and construction. In tun-
nels mined on similar conditions it is possible to expect a similar intensity
of failure.

Definition of factors affecting the intensity A depends on the failure type
(e.g. geotechnical conditions increasing the probability of developing
a collapse do not have to be risky in terms of incursion of water). But, at the
same time, description of these conditions should be sufficiently general so
that mutual comparing of individual projects is possible. It appears to be suf-
ficient if each category of conditions (i.e. geotechnical conditions, design
quality and quality of construction), is classified as favourable or
unfavourable (or satisfactory or unsatisfactory). Based on this categorisa-
tion, we receive eight possible combinations of these factors; we denote
them as regimes E;-Es:

EwGNDNCE, »GRDNC.E, =GN DN
E,=GNDNCE=GNDAC.E, =GNDNC, (8)
E =GRDNC.E =GNDNAC

where G is for unfavourable conditions and G for favourable ones, D is
for unsatisfactory quality of design and D for satisfactory design quality and
C is for unsatisfactory quality of construction and C for satisfactory quality
of construction. (Regime E; is therefore a combination of unfavourable
geotechnical conditions but satisfactory quality of both the design and con-
struction etc.). Because couples of complementary phenomena are dealt

with, the following applies to their probabilities:



kde G znadi nepfiznivé a G priznivé geotechnické podminky, D ne-
uspokojivou a D uspokojivou kvalitu projektu a C neuspokojivou a C
uspokojivou kvalitu provddéni. (ReZim E; je tedy kombinaci neprizni-
vych geotechnickych podminek, ale uspokojivé kvality projektu
i provadéni atd.) ProtoZe se jednd o dvojice dopliikovych jevi, pro jejich

pravdépodobnosti plati P(G)=1-P(G)
P(D)=1-P(D) ©
P(C)=1-P(C)

K jednotlivym rezimam je mozné prifadit konkrétni hodnotu A; pro
dany typ selhdni a pro danou technologii razby.

Alternativou je klasifikace geotechnickych podminek napr. na zdkla-
dé ti{d NRTM popf. jinych klasifikacnich systému, v tomto piipadé vSak
pocet kombinaci (rezimu) podstatné vzroste a odhad intenzit selhan{
muZe byt komplikovanéjsi.

Jak uz bylo zminéno vy3e, pii vhodné definici reZimu (resp. podminek
G, D a C, jejichz kombinace jednotlivé reZimy tvoif), je mozné povazo-
vat reZim E; za obdobny u riznych tunelovych projektl a predpokladat
tak, Ze i intenzita selhdni A; je pro tyto rizné tunely srovnatelnd. Urlime-
li tedy hodnotu intenzity selhdni pro dany rezim na zdkladé zkuSenosti
z diivéjsich projektu, jsme schopni presnéji predikovat pravdépodobnost
selhdni i pro budouci projekt. Vysledny odhad stfedniho poctu selhdni je
pak zdvisly predevsim na zastoupeni (resp. pravdépodobnosti) jednotli-
vych rezimu a na délce feSeného tunelu. Del3i tunel nebo tunel s vétsim
zastoupenim nepiiznivych reZimd spojenych s vysokou intenzitou selhd-
ni bude mit tedy jako celek vyS§i pravdépodobnost selhéni.

3.3 Aplikace modelu, analyza historickych dat

NavrZeny pravd€podobnostn{ model byl aplikovan pro odhad pravdé-
podobnosti zévalu u ¢tyt tunelt razenych v CR béhem poslednich dese-
ti let (viz tab. 1). Pro kazdy z tunelu byl experty vyhodnocen podil
nepriznivych geotechnickych podminek na celkové délce tunelu P(G).
Pomoci navrzené hodnotici stupnice byla déle expertné ohodnocena
pravdépodobnost neuspokojivé kvality projektu P(D) a provadéni P(C).

Pro jednotlivé rezimy (definované stejné jako v rov. 8) byly stanove-
ny pravdépodobnosti realizace alespon jednoho selhdn{ na referenéni
délce tunelu (Lyer = I km). Tento piistup se jevil z hlediska vyuziti
expertntho odhadu jako snadn&jsi neZ prfimé ureni intenzit A;, které
mohou byt z odhadnutych pravdépodobnosti snadno vyjadfeny pomoci
rov. 5. Useky tunelu budované v jednotlivych rezimech tak byly pova-
Zovéany za kvazi-homogenni.

Stredni hodnota selhdni, kterou je tfeba znat k ocenéni rizika (viz
ddle), byla stanovena jako souCet stfednich hodnot selhdni v jednot-
livych kvazi-homogennich dsecich podle

=8 (=8
N.=YAL=YAPE)L, (10)
il iml

kde P(E;) je pravdépodobnost rezimu E; a L je celkova délka tunelovych
trub hodnoceného tunelu. Pravdépodobnost jednotlivych reZimu je pritom
jednozna¢né uréena pravdépodobnostmi P(G), P(D) a P(C). V piipadech,
kdy je stanoveny stfedni poCet selhdn{ vyssi neZ pocet skute¢né realizova-
nych selhdni, by bylo celkové riziko nadhodnoceno a naopak.

Dile byla dle rov. 7 stanovena hodnota primérné intenzity selhdni A.
Pravdépodobnost P(k = obsy|A,L) vypoltend dle rov. 4, tedy pravdépo-
dobnost, Ze pocet selhani v konkrétnim tunelu je pravé roven pozorova-
nému poctu zavall, je u vétSiny analyzovanych tunelt nizkd. Duvodem
je, Ze byly vybrany predevsim modely s vysokym poctem zévalu. Jak je
vidét z obr. 5, pravdépodobnost realizace vyssiho poctu selhdni je
pomérné mald i v pfipadé delsich tunell a tunelt s vy3§imi intenzitami
selhdni. Hodnocené tunely tedy nelze povaZovat za standardni vzorek
razenych tuneld, ale naopak za ojedin€lé, spise nestastné piipady.

Tab. 1 Vstupni data a vysledky analyzy dat 7 realizovanych projektu
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PGl =1- MG
Mi=1=rm 9)
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The individual regimes can be assigned a concrete value A; for the par-
ticular type of failure and for the particular tunnel excavation technique.

The classification of geotechnical conditions on the basis of the NATM
classes or other classification systems, is an alternative. However, in this
case the number of combinations (regimes) will substantially increase and
the estimation of intensities of failures can be more complicated.

As mentioned above, when the definition of the regimes (or conditions G,
D and C the combinations of which form the individual regimes) is suitable,
it is possible to consider regime E; to be similar at various tunnel construc-
tion projects, thus to expect that the intensity of failure A; is also compara-
ble for these various tunnels. Therefore, if we determine the value of the
intensity of failure for the particular regime on the basis of experience from
previous projects, we are able to predict the probability of failure more
exactly even for the future project. Then the resultant estimation of the mean
number of failures depends first of all on the proportion (or probability) of
individual regimes and on the length of the tunnel being solved. Evidently,
the probability of failure in the case of a longer tunnel or a tunnel where the
proportion of unfavourable regimes associated with high intensity of failure
will be generally higher.

3. 3 Applications of the model; analysis of historic data

The proposed probability model was applied to the estimation of proba-
bility of a collapse of four tunnels mined in the Czech Republic during the
past decade (see Table 1). The proportion of unfavourable geotechnical con-
ditions within the total tunnel length P(G) was assessed by experts for each
of the tunnels. In addition, experts assessed the probability of unsatisfacto-
ry quality of design P(D) and unsatisfactory quality of construction P(C)
with utilisation of a proposed evaluation scale.

Probabilities of materialising at least one failure on the reference length
of the tunnel (Lyef = I km) were determined for individual regimes which
were defined in the same way as in equation (8). From the perspective of the
use of expert estimation, this approach appeared to be easier than the direct
determination of intensities A; . Intensities can be easily expressed from the
estimated probabilities by means of equation (5). Thus the tunnel sections
constructed in the individual regimes were considered to be quasi-homoge-
neous.

The mean value of failure, which must be known for the purpose of the
risk assessment (see below), was determined as a summary of mean values
of failure in individual quasi-homogeneous sections according to the fol-
lowing equation:

o BALs SAPE | (10)
) —

where P(E;) is the probability of regime E; and L is the total length of
tubes of the tunnel being assessed. The probability of the individual regimes
is unambiguously determined by probabilities P(G), P(D) and P(C). In the
cases where the determined mean number of failures is higher than the num-
ber of actually encountered failures, the risk would be overvalued and vice
versa.

In addition, the value of the mean intensity of failure A was determined
according to equation (7). Probability #14 = s, 4,11 calculated using equa-
tion (4), which expresses probability that the number of failures in
a particular tunnel is just equal to the number of recorded collapses, is low
for the majority of the tunnels being analysed. This is so because of the fact
that cases with a high number of collapses were primarily selected. As it is
obvious from Fig. 5, the probability of realisation of a higher number of fail-
ures is relatively low even in the case of longer tunnels and tunnels with

Table 1 Input data and results of the analysis of data gathered from completed projects

Tunel / Tunnel T T2 T3 T4
Délka tunelovych trub / Length of tunnel tubes L [km] 2,9 0,90 0,56 1,05
Pocet selhani/ Number of failures obss 2 1 2 0
Pravd. nepfiznivych geotech. podminek / Prob. of unfavourable geotechnical conditions P(G) 0,45 0,35 1 0,17
Pravd. neuspokojivé kvality projektu / Prob. of unsatisfactory quality of design P(D) 0,36 0,32 0,06 0,02
Pravd. neuspokojivé kvality provadéni / Prob. of unsatisfactory quality of construction P(C) 0,44 0,34 0,12 0,12
Odhad stfedniho poctu selhani/ Assessment of average number of failures Ns 3,74 0,93 0,72 0,09
Primérnd intenzita selhani / Avarage intezity of failures A lkm1] 1,29 1,03 1,27 0,086
P(k = obssIA,L) - 0,17 0,37 0,13 0,91
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Expertni odhady pravdépodobnosti selhdni v jednotlivych reZimech
(a tim i korespondujicich intenzit selhdni A;) se mezi jednotlivymi exper-
ty vyznamné liSily — viz obr. 6. To ukazuje na potiebu stanoveni dopo-
ru¢enych hodnot téchto parametra na zdkladé analyzy historickych dat,
napr. s vyuzitim bayesovské analyzy — viz [18]. K ziskani vérohodnych
vysledkl je vak nutné provést analyzu vétstho souboru historickych

o hodnocenych tunelovych projektech 1ze nalézt v [19].

3.4 odhad skod a ocenéni rizika

Jak doklada obr. 3, opakovani havérii v rdmci jednoho tunelu je
pomérne Castym jevem. PrestoZe ve vstupnich datech pro graf jsou zahr-
nuty nehody riznych kategorif, opakovani havdrie je nezanedbatelné
i v rdmci jedné kategorie. Pfi ocenéni rizika tedy nelze variantu vice nez
jednoho vyskytu selhdni zanedbat. Riziko tedy muZeme vyjadfit jako

R=YP(N,=k)xD, (11)
k=

kde P(Ns = k) je pravdépodobnost, Ze dojde prave ke k selhdnim a Dy
je Skoda zpusobend pravé k selhdnimi. Za predpokladu, Ze $koda Dy
zpusobend k havdriemi je k-ndsobkem $kody D;=D zpusobené jednou
havarif, miZeme riziko vyjadiit jako soucin stfedniho poctu selhdni N
a Skody zpusobené jednim selhdnim, a tedy

R=N.xD. (12)

Vyse $kody je ovlivnéna mnoha faktory od velikosti havarie, po Cas
a misto, kde k ni dojde. Je tedy nutné uvazovat rizné scénére, ke kterym
muZe v dusledku havérie dojit. Vedle hmotnych $kod a délky zdrZen{ stav-
by je pritom nutné zohlednit i pfipadné ohroZen{ lidskych Zivotu a zdravi,
ohroZeni Zivotniho prostiedi apod. Skodu tedy miizeme odhadnout jako

D= E P[Sc()]x D(i) (13)

kde P[Sc(i)] je pravdépodobnost i-tého scéndfe a D(i) je ofekdvand
Skoda spojend s timto scéndrem.

Nejistota spojend s odhadem $kody muZe byt i pres provedeni analy-
zy scéndrl znadnd, a to predevsim v piipad€, kdy je v daném scéndfi
uvazovano zasazeni budov, infrastruktury apod. D(i) je v takovém pii-
padé vhodné popsat jako ndhodnou proménnou pomoci pravdépodob-
nostniho rozdéleni (doporudit 1ze napr. normélni rozdélent, beta-rozde-
leni nebo trojihelnikové rozdélent).

Pro identifikaci a odhad pravdépodobnosti jednotlivych scénéitu lze

vvvvvv

uzemi) vyuZzit napr. metodu ETA (Event Tree Analysis) — viz [16].

4. SPOLEHLIVOST KONSTRUKCE

Pravdépodobnostni stanoveni spolehlivosti konstrukce je duleZitou
souddsti ocenén rizik, a to i presto, Ze standardni spolehlivostni vypocty
postihuji pouze Cést ze spektra faktora, které mohou selhdni procesu
razby nebo vysledné konstrukce tunelu iniciovat (viz odst. 3.2 nebo
[20]). (Problematika pravdépodobnostniho pristupu pfi sledovéni spo-
lehlivosti vlastniho tunelu i nadloZnich staveb pii postupu vystavby je
Siroce diskutovdna v publikaci [21]). Pfi spolehlivostnich vypoctech
jsou totiz jako ndhodné parametry ovliviiujici stabilitu konstrukce uvazovény
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Obr. 6 Cetnost volby intenzit zdvalii (tj. poctu zdvalii na 1 km TT ) pro jed-
notlivé rezimy na zdkladé expertnich odhadu

Fig. 6 Frequency of cave-in collapses intensities for particular regimes (i.e.
number of collapses per 1 km of the tunnel) obtained by expert assessment

higher intensities of failure. The assessed tunnels therefore cannot be con-
sidered to be a standard sample of mined tunnels; even the opposite, they are
isolated, rather unfortunate cases.

The estimates of the probabilities of failure for the individual regimes
(thus also the corresponding intensities of failure A;) provided by individual
experts significantly differed from each other — see Fig. 6. This fact points
to the need of setting recommended values of these parameters based on an
analysis of historic data. For this purpose for example Bayesian analysis is
applicable — see, e.g. [18]. However, to obtain plausible results it is neces-
sary to carry out an analysis of a larger set of historic data than the set which
was available within the framework of this study. More detailed information
on the assessed tunnel projects can be found in [19].

3. 4 Estimation of damage and evaluation of risk

As documented in Fig. 3, the repetition of incidents within the framework
of one tunnel is a relatively frequent phenomenon. Despite the fact that inci-
dents of various categories are incorporated into the input data used for the
chart, the repetition of them is non-negligible even within the framework of
one category. Therefore, when a risk is being evaluated, a variant containing
more than one failure must not be neglected. Therefore, we can express the
risk as

H‘=§Jf'|'\. Lj'!--ll-", (11)

where P(Ns = k) is the probability that the number of failures will be just
k and Dy is the damage caused by k number of failures. Assuming that dam-
age Dy caused by k number of incidents is a k-multiple of damage D;=D
caused by one incident, we can express the risk as a product of multiplying
the mean number of failures Ns and the loss caused by one failure:

R=N.xD. (12)

The damage is affected by many factors, starting from the magnitude of
the incident up to the time and location in which it happens. It is therefore
necessary to take into consideration various scenarios which can take place
as a result of an incident. Apart from material damage and duration of con-
struction delay it is advisable to take into consideration potential threatening
of human lives and health, environmental impact etc. The loss can be
expressed as

D=3 Plsetit] < D), (13)

where P[Sc(i)] is probability of the ith scenario and D(i) is the anticipat-
ed loss associated with this scenario.

The uncertainty associated with the damage estimation can be significant
despite the fact that the analysis of scenarios was carried out, first of all in
the cases where the particular scenario includes damage to buildings, infra-
structure etc. In such a case it is reasonable to describe the D(i) as a random
variable by means of the probability distribution (it is possible to recom-
mend for instance the normal distribution, beta-distribution or triangular dis-
tribution).

It is possible for the identification and estimation of probabilities of indi-
vidual scenarios (especially in more complicated cases such as in case of
city tunnels) to use, for example, the Event Tree Analysis (ETA) method —
see [16].

4. STRUCTURAL RELIABILITY

Probabilistic determination of structural reliability is an important part of
risk assessment, despite the fact that standard reliability calculations cover
only a part of the spectrum of factors which can initiate a failure of the tun-
nel excavation process or the final tunnel structure (see par. 3.2 or [20]).
(Problems of the probabilistic approach applied to the observation of relia-
bility of the tunnel itself and overlying structures during the progressing
construction are widely discussed in publication [21].) The reason is that
only physical conditions (above all the random character of the geotechni-
cal environment, but also random properties of the structure) are taken into
consideration in reliability calculations as random parameters affecting the
structural stability, and the influence of the human factor is not accounted
for. The probability of a failure can be therefore underestimated, especially
in the case of assessing an incomplete structure (e.g. before the secondary
lining is completed), where the quality of design and construction plays an
especially important role with respect to the small reliability margins of such
a structure. In addition, detailed information on the project is necessary for
the assessment of a structure; it is therefore possible to carry it out only in
final phases of the planning and design. In spite of its limitations, the assess-
ment of reliability of structures should be part of the design. The models
should cover not only standard situations but also selected critical points



pouze fyzikdlni podminky (pfedev§im ndhodny charakter geotechnického
prostiedi, ale i ndhodné vlastnosti konstrukce), nepocitd se s vlivem lidské-
ho faktoru. Pravdépodobnost selhdni tedy muZe byt podhodnocena, a to
obzvlasté v piipadé posuzovéni nekompletni konstrukce (napt. pred dokon-
Cenim sekunddrniho osténi), kdy kvalita ndvrhu a provedeni hraje obzv1ast
vyznamnou roli vzhledem k minimdlni rezervé spolehlivosti. K posouzeni
konstrukce je navic treba mit detailni informace o projektu, je jej tedy mozné
provadet az ve findlnich fazich piipravy. Pfes své limity by mélo byt posou-
zeni spolehlivosti navrhovanych konstrukci soucasti vysledného ndvrhu.
Mély by byt modelovédny nejen standardni situace a zpusoby zajisténi vyru-
bu, ale predevsim vybrand kritickd mista (napr. rozplety, z4livy apod.), nebo
i mozné kritické situace, které mohou nastat pri procesu razby (nedodrzeni
technologického postupu, neprovedeni predstihového zajisténi elby atd.).

Zékladem pro spolehlivostni vypocty je vystizny popis ndhodnych pro-
ménnych, ktery by mél byt zaloZen nejen na geotechnickém pruzkumu
dané lokality, ale i na dffvéjSich zkuSenostech z obdobnych lokalit a na
obecnych vlastnostech konkrétniho parametru (typické rozloZeni pravdépo-
dobnosti, typickd variabilita atd.). Mély by byt postihnuty dva razné typy
nejistot obsaZenych v té€chto proménnych:

* Aleatorické nejistoty, které jsou zptisobené pfirozenou nehomogenitou

a promenlivosti vlastnost{ prostredi v prostoru a ase.

* Epistemické nejistoty, tj. nejistoty zpusobené omezenou znalost{ pro-

stedi, které mohou byt dodate¢nym pruzkumem redukovény.

Moznosti upfesnéni statistik vstupnich soubort je vénovén prispévek [22].

Ukolem spolehlivostniho vypoctu je pak stanovit pravdépodobnost poru-
chy Py, tj. pravdépodobnost, Ze dojde k takové kombinaci ndhodnych para-
metru, pri které je Gcinek zatiZzeni konstrukce vySSi nez jeji odolnost.
Metody pro vypocet spolehlivosti 1ze rozdélit do dvou zdkladnich skupin —
metody analytické a simulacni.

Siroce pouzivanou analytickou metodou se stala aproximaéni metoda
FORM a z nf odvozené varianty (SORM, FOSM, AFOSM ad.). Tyto meto-
dy spo&ivaji ve vhodné transformaci rizné rozloZenych nahodnych pro-
ménnych a na jejich zdkladé definovaného vztahu (limit state function)
odolnosti R a tc¢inku zatizeni S do standardniho normdlniho prostoru. Tady
muZe byt snadno urfen index spolehlivosti B dané konstrukce a z néj
i samotnd pravdépodobnost poruchy. Vice informaci viz napr. [23].

Vzhledem k rostouci vykonnosti pocitalli se v posledni dobé zacaly
uplatiiovat predevsim rizné simulacni techniky. Notoricky zndmym pfistu-
pem je metoda Monte Carlo (MC), jejiZ principem je opakovani statického
vypoctu feSené konstrukee (napt. FEM) s riznymi kombinacemi vstupnich
proménnych, jeZ jsou popsdny svym pravdépodobnostnim rozdélenim,
a stanoveni chovéani konstrukce pro kazdou z téchto kombinaci.
Pravdépodobnost poruchy je tedy definovéna jako pocet simulaci, pri kte-
rych k poruse doslo ku celkovému poctu simulaci. Problematika odezvy
povrchovych konstrukei na proces razby tunelu je feSena napr. v [24].

Vzhledem k tomu, Ze se vSak v pripadé urceni pravdépodobnosti poru-
chy nezajimdme o primémou rezervu spolehlivosti, ale spiSe o extrémni
pripady, kdy je inosnost mensi neZ zatiZeni, neni metoda MC u sloZitéjSich
konstrukef efektivni, protoZe vyZaduje velké mnoZstvi opakovanych vypo-
&th. Lze proto vyuzit techniky, které se snaZi vybirat kombinace vstupnich
proménnych efektivnéji, tj. v blizkosti oblasti poruchy, a vyznamné tak
omezit ndro¢nost vypolta. Takovymi metodami jsou importace sampling,
directional sampling ad. Méné Casto pouZivand ale velmi efektivni muze
byt potom metoda subset sampling, pfi které se mnoZina, ze které vybira-
me ndhodné proménné, postupné zmensuje, aZ je velmi blizkd oblasti poru-
chy (tj. mnoZinou, kde kazdy bod predstavuje kombinaci hodnot ndhod-
nych proménnych, kterd vede k poruse). Piiklad aplikace v geotechnice 1ze
nalézt napr. v [25]. PoCet simulaci Ize také vyrazné zredukovat aplikaci
metody LHS (Latin Hypercube Sampling).

5. ZAVER

Rostouci ndroky na kvalitu a rychlost vystavby, zvétSujici se rozsah
a provazanost velkych infrastrukturnich projektu a rozvoj novych technolo-
gif kladou stdle vetsi ndroky na planovéni vystavby i ddrzby stavebnich dél.
Soucasnd praxe uptednostiujici pri rozhodovani osobni zkuSenosti a intuici
pred formalizovanymi postupy, které jsou zcela b&Zné v jinych pramyslo-
vych odvétvich, je zpusobend predeviim znatnou decentralizaci stavebniho
prumyslu, jedine¢nosti stavebnich projektu, Casovou vytizenosti zkuSenych
pracovniku, ale i zaZitymi zvyklostmi. Formalizace a objektivizace rozhodo-
vaciho procesu v riznych fazich projektu na zdkladé analyzy rizik a nejistot
je pritom prinosem pro viechny subjekty pusobici v oboru i spole¢nost jako
celek. M4 pozitivni vliv na efektivitu, kvalitu a bezpecnost staveb, usnadn{
prenos informaci a zkuSenosti mezi riznymi projekty a umoZni spravu know-
how v ramci organizaci.
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(e.g. beginning and end of the tunnel, emergency parking places etc.) or crit-
ical situations which may be encountered during the tunnel excavation
process (inaccurate technological procedure, incorrect installation of meas-
ures approving rock/soil quality etc.).

The basis for reliability calculations is an apt description of random vari-
ables, which should be based not only on the geotechnical survey of the par-
ticular locality but also on previous experience from similar localities and on
general characteristics of a particular parameter (typical distribution of prob-
ability, typical variability etc.). Two different types of uncertainties con-
tained in these variables should be expressed:

* Aleatory uncertainties resulting from natural inhomogenity and vari-

ability of properties of the environment in space and time.

* Epistemic uncertainties, i.e. uncertainties resulting from limited knowledge

of the environment, which can be reduced by a supplementary survey.

The possibility of making statistics of input sets more accurate is dis-
cussed in paper [22].

The task for the reliability calculations is to determine the probability of
failure Py, i.. probability that such a combination of random parameters will
take place at which the effect of the load acting on the structure is higher
than its resistance. Methods for reliability calculations can be divided into
two basic groups — analytical methods and simulation methods.

The FORM approximation method and variants derived from this method
(SORM, FOSM, AFOSM etc.) have become widely used analytical meth-
ods. These methods consist of proper transformation of random variables
distributed in various ways and the limit state function (relationship between
resistance R and the effect of load S) into the standard normal space. They
allow easy determination of reliability index 8 of the particular structure
and, on the basis of this index, even the probability of failure itself. For more
information see, e.g. [23].

With respect to the improving performance of computers, simulation
techniques started to assert themselves lately most of all. A generally known
approach is the Monte Carlo (MC) method. Its principle is repeating
a structural analysis of the structure (e.g. using FEM) with various combi-
nations of input variables, which are described by their probability distribu-
tions, and determining the behaviour of the structure for each of these com-
binations. The probability of failure is therefore defined as the proportion of
the number of simulations during which a failure happened to the total num-
ber of simulations. Problems of the response of surface structures to the tun-
nel excavation process are solved e.g. in [24].

Because of the fact that when determining the probability of failure we are
interested in extreme cases where the load-carrying capacity is lower than the
load effect rather than in the average safety margin, the MC method is not
effective for more complicated structures — it requires lots of repeated calcu-
lations. It is therefore possible to use techniques which try to select combina-
tions of input variables in a more effective way, i.e. in the vicinity of the area
of failure and thus to significantly reduce the number of calculations. Such the
methods comprise the importance sampling, directional sampling etc. A less
frequently used but very effective method can be then the subset sampling
method, where the set from which we select random variables gradually
diminishes up to the moment when it is very close to the area of failure (i.e.
a set where each point represents the combination of values of random vari-
ables which leads to the failure). An example of the application in geotechnics
can be found e.g. in [25]. The number of simulations can be also significant-
ly reduced by applying the Latin Hypercube Sampling (LHS).

5. CONCLUSION

Growing demands for quality and speed of construction, the increasing
scope and complexity of large infrastructural projects and the development
of new technologies put ever heavier demands on planning of construction
and maintenance of structures. The current construction praxis prefers in the
decision making process personal experience and intuition to formalised
procedures, which are common in other industrial branches. It is a result of
significant decentralisation of the construction industry, the uniqueness of
construction projects, working loads on experienced workers, but also of
rooted routines. Formalisation and objectification of the decision making
process in various phases of a project on the basis of analyses of risks and
uncertainties is undoubtedly beneficial for all subjects acting in the con-
struction industry and for the society as a whole. It has a positive influence
on effectiveness, quality and safety of constructions, facilitates the informa-
tion transfer amongst different projects and improves know-how manage-
ment within the organisations.

The method of estimating a risk of failure of tunnel excavation which is
described in this paper is an important part of a comprehensive analysis of
project risks. As such it should be a basis for any important decision to be
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Metoda pro odhad rizika selhani tunelové razby popsand v tomto piis-
pevku je vyznamnou soucdsti komplexni analyzy projektovych rizik. Jako
takovd by tedy méla byt podkladem pro kazdé vyznamnéjsi rozhodnuti
v prubéhu pripravy i vystavby tunelu od volby trasy a zakladnich para-
metrt tunelu, pres vybér technologie, vybér dodavatele, aZ po operativni
rozhodovéni pfi samotné razbé tunelu. Pfi kazdém z téchto tikont je samo-
ziejmé presnost odhadu odlisnd, zdvisi na drovni dostupnych znalosti
a informaci. Predikce se tak zpresnuji jednak béhem pfipravy projektu,
predevsim vSak béhem samotného provddéni na zdkladé uskutecnénych
pozorovani.

Riziko selhdni tunelové razby samoziejmé nenf jedinym kritériem pri
rozhodovacich procesech. Rozhodovani za nejistoty na zakladé rady kri-
térii (pravdépodobnostniho odhadu doby vystavby, LCC, bezpecnosti,
vlivu na Zivotni prostredi atd.) je velmi komplexni problém, pri kterém je
navic tfeba zohlednit individudlni priority jednotlivych zainteresovanych
stran. Tato problematika je sice teoreticky vyreSena, aplikace ve staveb-
nictvi jsou v8ak zatim ojedin€lé a jsou zaloZeny na mnoha zjednodusuji-
c1’ch pfedpokladech PribliZen{ této problematiky je nad rdmec tohoto
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TUNELY V PROSTREDI FLYSE - GEOTECHNICKA RIZIKA,
PRAKTICKE ZKUSENOSTI
TUNNELS IN FLYSCH ENVIRONMENT - GEOTECHNICAL RISKS,
PRACTICAL EXPERIENCE

VACLAV VESELY, OTA JANDEJSEK

1. UOvOD

V pohoti Beskyd (CZ, PL, SK) byly v prostredi okrajového
flySe severnich Karpat raZeny tfi tunelové stavby: silni¢ni tunel
Laliki (120 m2, délka 700 m), Zelezni¢ni tunel Jablunkov (110 m2,
délka 600 m) a pruzkumnd $tola Polana (28 m?2, délka 400 m).
PrestoZze kazdy tunel leZi v jiném stdt¢ a slouZi jinému tdcelu,
jejich vzdjemnd vzdélenost neni vétsi nez 30 km. To umoZiuje
provést ur€itd zobecnéni pro tunelovani v prostredi okrajového
flyse. Clanek prezentuje geotechnicka rizika, kterd stavby prova-
zela ve vSech jejich fézich: geotechnicky pruzkum, interpretace
dat a projekt, realizace stavby. Ve fazi pripravy stavby byla pro
budouci tunel Polana pouZita prizkumna $tola. Béhem jeji razby
bylo mozné ovérit si skute¢nou reakci masivu, chovdni na tekto-
nickych poruchdch, vodni rezim a jeho ovlivnéni. Autofi popisuji
pouzitou metodiku pro ziskdni vstupnich dat pro geotechnické
vypolty a projekt velkého tunelu v prostredi flySe. Na tunelu
Jablunkov autofi popisuji mechaniku poruseni masivu a osténi,
ktera vedla k zdvalu v priportdlovém tdseku. Na zdkladé zkuse-
nosti s realizaci portdla a prvnich dseka razby byly prehodnoceny
vstupni hodnoty, provedeny prepocty modell a navrzeny optima-
lizované stavebni postupy, vhodné do heterogenniho prostiedi
flySe. Tunel Laliki prochézel prostfedim postiZenym Castymi tek-
tonickymi poruchami. Stavba operativné reagovala na nestabilitu
na Celbe, pritoky vody, zvySené a asymetrické deformace. Na
zdkladé analyzy komplexniho monitoringu byla prijimdna pod-
purnd opatieni. Autofi popisuji jejich riznou Géinnost a prezentuji
doporuceni pro aplikaci v prostfedi flySe.

2. GEOLOGICKE PODMINKY

Geologicky se §ir§i okoli nachdzi ve Vné&jsich Zapadnich
Karpatech tvorenych prevazné sedimenty flySového charakteru
(stfiddni jilovcu, prachovcu, piskoved a slepencu), které jsou
zastoupeny slezskou a rafanskou jednotkou. Obé tyto jednotky
tvori samostatné prikrovy nasunuté pres sebe tzv. magurskym
nasunutim. Slozitd prikrovova stavba je doprovédzena zlomovou
tektonikou.

Z inZenyrskogeologického hlediska je flySovy komplex typic-
kym sesuvnym tdzemim. Trasy tunela se nachdzeji ve svrchni &dsti
slezské jednotky, tvorené prevazné jilovei s rohovcovitymi
a piskovcovitymi polohami (menilitové souvrstvi). Tunely jsou
razeny v nejméné priznivych geologickych podminkdch, v sou-
vrstvi drobné cyklického flySe, s pfevahou vépnitych jilovcd,
s velmi nizkou a? extrémné nizkou pevnosti (dle CSN 73
6133/2010 tfidy R5-R6). Masiv je Casto hodnocen dle RMR jako
spatny aZ extrémné spatny (< 25 bodu). Sklon a smér diskontinu-
it (vrstevnatosti) je tfeba hodnotit jako nepfiznivé (dle
Bieniawski).

3. PRUZKUMNA STOLA POLANA, SK

Prvnim tunelem vybudovanym ve vySe zminovaném prostredi
okrajového karpatského flySe byl ddlni¢ni tunel Horelica, dokon-
Ceny v roce 2003. Po zkuSenostech s extrémné obtiZnou geologif
jak pfi budovani portélu, tak pfi vlastni razbé tunelu bylo rozhod-
nuto, ze IG prizkum pro dal3{ tunel na trase délnice D3 bude pro-
veden pomoci pruzkumné $toly.

Prizkumnad $tola Polana byla vyprojektovdna v trase a v profilu
budouci tnikové Stoly pro ddlni¢ni tunel. Jeji délka méla byt

1. INTRODUCTION

The following three tunnels were driven through the Beskids moun-
tain range (CZ, PL, SK), through the environment formed by the boun-
dary flysch of the Northern Carpathians: the Laliki tunnel (120m2,
700m long), Jablunkov railway tunnel (110m2, 600m long) and Polana
exploratory gallery (28m2, 400m long). Even though each tunnel is
found in another state and serves another purpose, the distance betwe-
en them is not greater than 30km. Thanks to this fact it is possible to
make certain generalisation about tunnelling in the environment for-
med by boundary flysch. This paper deals with geotechnical risks
accompanying the construction during all its phases: a geotechnical
survey, data interpretation and design, the construction implementati-
on. An exploratory gallery was used for the future tunnel Polana in the
construction planning phase. During the gallery excavation it was pos-
sible to verify the real response of rock mass, the behaviour in tecto-
nic faults, the water regime and effects acting on it. The authors desc-
ribe the method used for obtaining input data for geotechnical calcula-
tions and the design for the large tunnel in the flysch environment.
Regarding the Jablunkov tunnel, the authors describe the mechanics of
the rock mass and tunnel lining failure which led to a collapse in the
portal section. The input values were re-evaluated on the basis of expe-
rience from the work on portals and initial sections of the excavation;
models were recalculated and optimised construction procedures sui-
table for the heterogeneous flysch environment were designed. The
Laliki tunnel passed through an environment affected by frequent tec-
tonic disturbances. The project management operatively responded to
instability of the face, water inflows, and increased and asymmetric
deformations. An analysis of the comprehensive monitoring was the
basis for adopting supportive measures. The authors describe the vari-
able effectiveness of the measures and present recommendations for
the application to a flysch environment.

2. GEOLOGICAL CONDITIONS

From the geological point of view, the wider surroundings are found
in the External Western Carpathians, consisting mainly of flysch-type
sediments (alternation of claystone, siltstone and conglomerates),
which are represented by the Silesian and Rac¢any Units. The two units
form independent overthrusts slipped one over the other, forming the
so-called Magura overthrust. The complex overthrust sheet structure is
accompanied by fault tectonics.

From the engineering geological point of view, the flysch complex
forms a typical slide area. The routes of the tunnels are found in the
upper part of the Silesian Unit, consisting mainly of claystones with
hornfels and sandstone interbeds (menilite series of strata). The tunne-
Is are driven in the least favourable geological conditions formed by
series of strata of slightly cyclic flysch with calcareous claystones pre-
vailing and with very low to extremely low strength (classes R5-R6
according to CSN 73 6133/2010). The rock mass is often assessed wit-
hin the RMR as poor to extremely poor (<25 points). The dip and stri-
ke of discontinuities (the bedding) must be assessed as unfavourable
(according to Bieniawski).

3. POLANA EXPLORATORY GALLERY, SK

The first tunnel built in the above-mentioned environment formed
by the boundary Carpathian flysch was the Horelica motorway tunnel,
which was completed in 2003. Having the experience with the extre-
mely difficult geology obtained both during the construction of tunnel
portals and during the tunnel excavation itself, the decision was made
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600 m z celkovych 800 m budouci unikové Stoly, s profilem
28 m2. Nakonec bylo rozhodnuto, Ze celkova délka $toly bude
400 m a zbyvajici ¢dst bude prozkoumadna klasickym IG pruzku-
mem z povrchu a vrty z podzemi.

Razba pruzkumné Stoly byla vedena dle zdsad NRTM. Razba
byla provadéna co nejSetrnéji, tedy strojné za pomoci tunelbagru
s impaktorem. Pfi vyskytu lavic pevnych piskoved o mocnosti
>2 m muselo byt, bohuzel, pouZito trhacich praci. Ty se posléze
ukdzaly jako kritické. Lavice piskovcu byly Casto obklopeny
porusenymi, laminovanymi jilovci. Pokud byl vyskyt lavice pis-
kovcu omezen pouze na prostor elby §toly a nikoli také v nadloZi,
pri pouziti trhacich praci doslo k naruseni nadloZnich poruSenych
jilovet a tvorbé nadvyloma. Trhaci prace také vyrazné ovlivnily
prirozenou napjatost masivu a negativné ovlivnily vysledky pra-
zkumnych préci. Nastésti musely byt pouZity jen na velmi omeze-
ném useku razby. Na dseku 30 m bylo uvnitf masivu také prove-
deno rozsifeni profilu prazkumné Stoly na profil kaloty budouci-
ho délni¢niho tunelu. Zde byl také umistén sdruZeny monitorova-
cf profil a provedeny zkousky in-situ.

Monitoring zahrnoval méfeni konvergenci, méfeni tlaku na
osténi a napéti v osténi, méreni deformaci v okoli vyrubu pomoci
extenzometru, nivelace na povrchu. Tato méfeni byla soustfedéna
do sdruzeného profilu. Déle probihalo sledovani portdlové oblasti
inklinometry a geodetické sledovani portdlovych stén. Sdruzeny
profil byl situovdn do mista roz§ifeni Stoly na profil kaloty tune-
lu. Vrty pro extenzometry byly provedeny v podzemi do véjite.
Pied zabudovdnim extenzometra byly provedeny presiometrické
zkousky pro zjisténi pfirozené napjatosti masivu. Ve stejném pro-
filu probihalo méfeni napéti v osténi, zatizen{ osténi, konvergenc-
ni méfen{ a nivelace na povrchu. Bylo zjis§téno, Ze v podminkach
vysokého nadlozi dosahuje zdéna rozvolnéni v okoli kaloty
do vzddlenosti 4-6 m od osténi. K vyvoji horninové klenby
dochézi béhem ndsledujicich 3 zdbéru (3,6 m), tedy pfi vzdaleni
Celby na 0,7 x vySka profilu od méfeného bodu. Deformacni
modul horniny ve sméru kolmém na hlavni diskontinuity (vrstev-
natosti) dosahuje 0,3-0,5 x hodnota ve sméru paralelné k hlavnim
diskontinuitdm (vrstevnatost) [2].

Na celbé $toly byly odebirdny vzorky hornin pro laboratorni
zkousky a zji§téni pevnostnich parametrti. Na zdkladé dokumenta-
ce Celby, laboratornich zkousek, zkousek in-situ a vysledkt moni-
toringu byly sestaveny kvazihomogenni celky. Ty byly podrobeny
konfrontaci s Hoek-Brown teorii [1] a stanoveny pevnostni cha-
rakteristiky ,,homogenizovaného* horninového masivu.

Samostatnym fenoménem byla problematika podzemni vody
v masivu. Masiv hory Polana, ve kterém probihala razba, je voda-
renskym zdrojem pro prilehlou obec. Proto byl provadén podrob-
ny hydromonitoring vSech dotfenych vodnich zdroju. Prestoze
byly na Celbe $toly zjistény misty znacné pritoky vody, nedoslo ke
sniZen{ hladiny vody ve sledovanych zdrojich. ZastiZend podzem-
ni voda byla striktné vdzdna na pri¢né tektonické linie nebo na
zvodnélé lavice piskovcu, obklopenych nepropustnymi jilovci.
Pfi razbé podzemniho dila tedy k ovlivnéni vodnich zdroju evi-
dentné muze dojit, pouze viak ve velmi omezeném rozsahu. Tzn.
dojde k odvodnéni dané, diskrétné omezené zvodné. K plo§nému
odvodnéni masivu nedochazi, jednotlivé zvodné jsou vzdjemné
izolovény.

Razba pruzkumné $toly byla zastavena po 400 m v relativné
zdravém masivu s pravidelnym stfidanim deskovitych az lamino-
vanych jiloveu (R5-R5) a masivnéj§ich piskoveu (R2). Nésledny
pruzkum byl proveden pomoci horizontdlnich vrti jednak do
predpoli §toly, jednak smérem k budoucimu tunelu. Smér vrtu byl
vzdy volen co moZznd kolmo na vrstevnatost, tak bylo moZné inter-
pretovat co moznd nejveétsi oblast masivu. Ve vrtech byly prove-
deny dal3i presiometrické zkousky. V prostoru portdlt byly pro-
vedeny ovérovaci vertikdlni vrty. Pro stanoveni sméru a sklonu
hlavnich ploch diskontinuit a vySetfeni moZnych tektonickych z6n
a ndsunt, byly v neprozkoumaném nadloZzi budouciho tunelu pro-
vedeny kopané sondy (Sachtice). Tento pomérné jednoduchy
ndstroj prinesl cenné vysledky, zejména z pohledu sklonovych
poméru diskontinuit v trase tunelu.

Fig. 1 Jablunkov tunnel — historic tunnels, a view of the southern portal

that the EG survey for the next tunnel to be built on the D3 motorway
route would be carried out by means of an exploratory gallery.

The Polana exploratory gallery was designed to follow the align-
ment and the cross-section of the future escape gallery for the motor-
way tunnel. Its length was to be 600m of the total length of the 800m
of the escape gallery and the cross-sectional area was to be 28m?2.
Eventually, the decision was made that the total length of the gallery
would be 400m and the remaining part would be investigated by
a classical EG survey from the surface and boreholes drilled from wit-
hin the underground.

The gallery was driven using the NATM. Rock was broken as gently
as possible, it means mechanically by means of a tunnel excavator with
an impactor. Unfortunately, over 2m thick banks of massive sandstone
were encountered, which had to be excavated by the drill and blast tech-
nique. Blasting operations subsequently turned out to be critical. The
sandstone banks were often surrounded by fractured laminated claysto-
ne. If the occurrence of sandstone was restricted only to the area of the
gallery face and sandstone was not in the overburden, the fractured
claystone appeared in the overburden and overbreaks developed when
blasting was used. In addition, blasting operations significantly affected
the natural state of stress in the rock mass and negatively affected
results of surveys. Fortunately, explosives had to be used only within
a very short section of the gallery excavation. The profile of the explo-
ratory gallery was enlarged along a 30m long section inside the moun-
tain mass to cover the entire profile of the top heading of the future
motorway tunnel. This was also the location where a combined moni-
toring station was established and in-situ tests were conducted.

The monitoring comprised convergence measurements, measure-
ment of pressures on the lining and stresses in the lining, extensome-
ter measurements of deformations in the excavation surroundings and
levelling survey of the ground surface. These measurements were con-
centrated to the combined monitoring station. In addition, the portal
area was observed using inclinometers and the portal walls were fol-
lowed by surveyors. The combined monitoring station was established
in the location where the gallery cross-section expanded to assume the
shape of the tunnel top heading profile. Drilling for extensometer bore-
holes in the underground was arranged in fans. Pressuremeter tests
were carried out before the extensometers were installed, with the aim
of determining the natural state of stress in the mountain mass.
Measurements of the stress in the lining, loads acting on the lining and
convergences, and levelling of the surface were carried out in the same
profile. It was found out that the loose rock zone in the top heading
surroundings reached up to the distance of 4-6m from the lining in the
conditions of the high overburden. The natural ground arch developed
during the following 3 excavation rounds (3.6m), i.e. at the moment
when the face moved ahead to the distance from the measured point
equal to 0.7 times the cross-section height. The modulus of deformati-
on in the direction perpendicular to the main discontinuities (the bed-
ding) reaches the value of 0.3 — 0.5 times the value in the direction
parallel with the main discontinuities [2].

Ground samples for laboratory testing and determination of
strength-related parameters were collected at the heading. Quasi-
homogeneous units were developed on the basis of the excavation face
documentation, laboratory tests, in-situ tests and results of the monito-
ring. The units were subjected to confrontation with the Hoek-Brown




Obr. 2 Tunel Jablunkov — geologie na celbé
Fig. 2 Jablunkov tunnel — geology at the heading

4. TUNEL JABLUNKOV, Cz

Prestrojeni, resp. rekonstrukci tunelu Jablunkov je tfeba chdpat
jako razbu nového podzemniho dila, kdy z kamenného ostén{
puvodniho tunelu (1917) je zachovédna jen Cést pravého opéfi
(v pohledu stanic¢eni). Novy tunel je budovan pomoci NRTM a je
situovdn do meziprostoru historickych objektu. Jeho celkova
délka ¢inf 612 m, z toho 564 m razenych. Po zprovoznéni jedné
koleje v novém tunelu bude proraZena unikova propojka do star-
§tho tunelu (1871), ktery bude z poloviny slouZit jako tnikovd
Stola, druhd jeho ¢dst bude zasypdna (obr. 1).

4.1 Geologicky aspekt

Jablunkovsky prusmyk, kterym tunel prochdzi, se ze Sir§iho
geologického pohledu nachdzi ve Vnéjsich Zdpadnich Karpatech
tvofenych prevdzné sedimenty flySového charakteru (stfiddni
jilovet, prachovcet, piskoveu a slepencu), které jsou zastoupeny
slezskou a rafanskou jednotkou. Obé tyto jednotky tvofi samo-
statné prikrovy nasunuté pres sebe tzv. magurskym nasunutim.

Pri razbé kaloty byly ve % délky zastizeny zejména laminované
tmavoSedé jilovce, provrdasnéné, Casteéné zbridli¢natélé az podr-
cené. PostiZeni téchto materidlu geodynamickymi pohyby bylo
zna¢né. Velmi Casty byl vyskyt tzv. tektonickych zrcadel, kdy plo-
chy jilovcu byly dokonale vyhlazeny do sklovité struktury. Jilovce
déle obsahovaly tenké, nepravidelné vlozky prachovcu aZ piskov-
cu (mocnost do 5 cm). Tvary vrstevnatosti byly malokdy ve tvaru
primek, ¢asto v podobé vin a spiral, vytvorenych geodynamicky-
mi déji vychdzejicimi z nasunuti jednotlivych piikrovu (obr. 2).
Jilovce byly silné zvétralé s prevladajici pevnosti R6, smérem do
nadloZi prechdzely do pevného jilu (F8). Hornina se po odtéZeni
rozpadala na nesoudrznou zeminu. Pfitoky vody nebyly zjistény,
vyrub byval suchy az vlhky. Po¢tem boda QTS (< 30 bodu) spa-
dala razba do technologické tfidy NRTM 5a. Diskontinuity (vrs-
tevnatost) byly hodnoceny jako nepfiznivé (dle Bieniawski).

Obr. 3 Tunel Jablunkov: vlevo — puvodni tfida 5a, vpravo — upravend tiida 5a
Fig. 3 Jablunkov tunnel: for the left — original class 5a; for the right — modi-
fied class 5a
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theory [1] and strength-related parameters were determined for the “homo-
genised” ground mass.

The problem of ground water in the mountain mass was a separate phe-
nomenon. Polana Mountain mass which the excavation passed through is
a water resource for the neighbouring village. For that reason detailed
hydromonitoring of all water sources affected by the excavation was con-
ducted. Despite the fact that locally significant water inflows to the hea-
ding were encountered, the water table at the sources being monitored did
not drop. The ground water which was encountered was strictly bound to
transverse tectonic lines or to water-bearing sandstone beds, surrounded by
impermeable claystone. Evidently, water sources may be affected by tun-
nelling operations, but only to a very limited extent. This means that the
particular discretely restrained aquifer is drained. No overall lowering of
the water table in the entire area took place since the individual aquifers are
isolated one from the other.

The excavation of the exploratory gallery was suspended after driving
400m through relatively sound mountain mass in which claystones with
platy to laminated jointing (R5-RS5) alternated with more massive sandsto-
nes (R2). The subsequent survey was carried out by means of horizontal
boreholes drilled both into the front zone and in the direction toward the
future tunnel. The drilling direction was always selected as perpendicular
as possible to bedding planes so that as large as possible area of the moun-
tain mass could be interpreted. Additional pressuremeter tests were con-
ducted in the boreholes. Vertical verification boreholes were carried out in
the area of portals. Trial holes were dug in the non-surveyed overburden of
the future tunnel for the purpose of determining the dip and strike of the
main discontinuity surfaces and examining possible tectonic zones and
overthrusts. This relatively simple tool brought valuable results, first of all
in terms of information on dip and strike conditions of discontinuities
along the tunnel route.

4. JABLUNKOV TUNNEL, C2

The replacement of tunnel support, or the reconstruction of the
Jablunkov tunnel must be understood as the excavation of a new tunnel,
where only a part of the right-hand (viewed in the direction of chainage)
side-wall is retained in the original stone masonry (1917). The new tunnel
is being built using the NATM. It is located in a space between historic
structures. The total length of the tunnel is 612m, with 564m of this length
to be mined. When one rail in the new tunnel is opened to traffic, an esca-
pe gallery will be driven to the older tunnel (1871), a half of which will
serve as an escape gallery, while the other part will be backfilled (see
Fig.1).

4.1 Geological aspect

The Jablunkov Pass, which the tunnel passes through, is found, in
a wider geological perspective, in the Outer Western Carpathians, consis-
ting mostly of flysch-character sediments (alternation of claystone, siltsto-
ne, sandstone and conglomerates), which are represented by the Silesian
and Racany Units. The two units form independent overthrusts slipped one
over the other, forming the so-called Magura overthrust.

During the top heading excavation, laminated dark-grey claystones were
mainly encountered in three quarters of the length. They were folded, part-
ly cleaved to crushed. These materials were significantly affected by geo-
mechanical movements. Slickensides, where claystone surfaces were per-
fectly smoothed out reaching hyaline texture were encountered very often.
Further, claystones contained thin, irregular interbeds of siltstone to sand-
stone (up to Scm thick). The stratification forms were only occasionally
straight; they were often in the shape of waves and spirals created by the
geodynamic processes induced by the overthrusts (see Fig.2). The claysto-
nes were heavily weathered, with prevailing R6 strength; in the direction
upward to the cover they passed to firm clay (F8). After excavation, the
rock disintegrated into incohesive soil. Water inflows were not registered;
the excavated opening was usually dry to moist. In terms of the QTS points
(< 30 points), the excavation was categorised as the NATM excavation
support class 5a. Discontinuities (stratification) were assessed as unfavou-
rable (according to Bieniawski)

4.2 Stability aspect

The top heading excavation commenced in the NATM excavation sup-
port class 5, which comprised a slightly arching invert braced against rem-
nants of the stone masonry side-wall of the original tunnel. The magnitude
of deformations of the primary lining was from the beginning different
than it was originally expected. The deformation mechanics itself was
identical, i.e. the left-hand top heading abutment pressing into the mounta-
in mass, contrasting with the minimum deformation of the right-hand part,
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4.2 Stabilitni aspekt

Razba kaloty tunelu byla zahdjena ve vystrojovaci tfid€ NRTM
5, kterd zahrnovala mirné klenutou protiklenbu opfenou o zbytek
kamenného opéfi puvodniho tunelu. Velikost deformaci primdrni-
ho ostén{ byla od zaldtku jind, neZ jakd byla puvodni o¢ekdvani.
Samotnd mechanika pretvdfeni byla shodnd, tedy zatlaceni levé
paty kaloty do horninového masivu, oproti minimalni deformaci
pravé Casti, kde dochdzi k napojeni nové budovaného osténi
na puvodni kamennou vyzdivku. Konvergen&ni méfeni vykazova-
la seddni s velmi strmou trajektorii, kdy k uklidiovani zacalo
dochdzet i po vice neZ 7 dnech, tedy vzdaleni Celby od profilu
0 15-20 m. Byla zde také prekrocena projektem dand limitni hod-
nota seddni 50 mm. Na tyto hodnoty bylo vZdy operativné reago-
vano prijetim fady opatfeni: spojovaci rozndSeci prah, ktery mél
za ukol 1épe prenést svislé sily z kaloty do protiklenby, roz§itfen{
patky kaloty tzv. ,,slonf noha“, mikropiloty (6-9 m) v paté kaloty,
rastr IBO kotev do boku kaloty [4]. VSechna tato opatfeni méla za
tikol jediné, zamezit extrémnimu seddni levé paty kaloty. Uinek
vSech téchto opatfi byl vSak vzdy pouze kratkodoby. Proto bylo
nutné vystrojovaci tiidu NRTM 5 preprojektovat a vznikly tak
nové tiidy NRTM 5a, NRTM 5b a NRTM 5c. Trida 5a (obr. 3 a 4)
predstavovala razbu kaloty s okamzitym uzavirdnim protiklenby
v plném profilu, tedy vytvafeni uzavieného prstence v co nejkrat-
$im Casovém horizontu. Tfida 5b méla charakter vertikdlné délené
Celby kaloty na levou a pravou diléi ¢dst s postupnym uzavienim
protiklenby. Tato tfida byla projektovdna pro razbu tunelu
v nejobtiznéjsim geologickém prostredi, které by mohlo nastat,
kdyby jiz tak silné degradované horninové prostredi bylo dile
postiZeno pritoky podzemni vody. Ttida 5¢ vychézela z 5b dopl-
nénim o ochranny mikropilotovy destnik.

Je zfejmé, Ze uzavirani protiklenby v plném profilu, tedy budo-
vani primdrniho osténi v idedlné elipsovitém, resp. kruhovitém
tvaru muZe jako jediné opatfeni eliminovat nepfiznivé deformace
konstrukce. Pouziti mikropilot se neosvéd¢ilo, zejména s ohledem
na absenci pevnych piskovcu v podloZi kaloty. AZ na dva kratké
useky byl tunel Jablunkov v kaloté vyrazen vyhradné ve tiidé
NRTM 5a. Trida NRTM 5b byla pouZita na zaldtku razby
v blizkosti portdlu P1, v délce cca 45 m. Duvodem byl zejména
velmi ¢asty vznik nadvylomu, jeden komunikujici s terénem, které
byly podminéné historickymi nadvylomy z obdobi stavby ptuvod-
niho tunelu. Tfidu NRTM 5c¢ bylo nutné vyuzit v zdvérené fézi
razby kaloty pro pruchod nepfiznivé vrstvenymi a orientovanymi
prachovci, viz vySe. Je nutné upozornit, ze ¢lanek popisuje zku-
Senosti béhem razby kaloty tunelu. Pfi pozd€jsi dobirce opéfi
tunelu doslo k havdrii a zdvalu tunelu. Tato uddlost ani jeji okol-
nosti nejsou predmétem tohoto ¢lanku.

5. TUNEL LALIKI, PL

Novy 650 m dlouhy tunel Laliki je navrzen jako dvoupruhovy
délni¢ni profil o plose vyrubu 114 m2. Je raZena pouze jedna tune-
lové trouba s dnikovou Stolou v celé délce tunelu o plose 28 m2.
Osové vzddlenost tunelu a tnikové §toly je cca 30 m.

5.1 Geologicky aspekt

Razba tunelu byla zahdjena od jizniho portdlu v horizontdlné
délené Celbé — kalota, opéfi, dno. Na jiznim portédlu byly zastize-
ny deskovité az laminované jilovce (R5) s lavicemi piskovca
(R2). Razba kaloty probihala pod ochranou systematického jehlo-
vani, Celba byla stabilni. Takto probihala razba v relativné zdra-
vém masivu, kdy se rytmicky stfidaji laminované jilovce
a deskovité az lavicovité piskovce, bez tektonického porusenti,
s ohodnocenim RMR>20. Lokdlni nestability byly zpusobeny
akumulovanou podzemni vodou vdzanou na kontakt lavice pro-
pustnych piskovct a nepropustnych jiloved. Zde se tvorily nadvy-
lomy do 2 mZ2.

Pfi zastizen{ silné zvétralych jilovcu, laminovanych, tektonic-
ky poruSenych, byla celba kaloty nestabilni. Nejprve byla celba
pobirdna po malych Cdstech (celkem 6 kroku), s ponechanim
vyrazného opérného celbového klinu. Tento postup nezarudil
bezpelnou razbu a byl ¢asové neefektivni. Pro stabilitu Celby
a pristropi byly nejvét§im problémem z6ny tektonického poruse-
ni laminovanych jilovca s minimdln{ pfirozenou pevnosti. Takto

Obr. 4 Tunel Jablunkov: vlevo — konvergence — puvodni tfida 5a, vpravo —
konvergence — upravend trida 5a

Fig. 4 Jablunkov tunnel: for the left — convergences — original class 5a; for
the right — convergences — modified class 5a

where the newly built lining connects to the original stone masonry lining.
Convergence measurements showed settlement with a very steep trajecto-
ry, where the convergences started to stabilise after 7 days or even later, at
the distance 15 — 20m behind the top heading face. In addition, the limit
settlement value set by the design at 50mm was exceeded. These values
were always operatively responded to by adopting a variety of measures:
a connecting load-distribution sill, which was designed to better distribute
vertical forces from the top heading to the invert, widening of the top hea-
ding footing (the so-called “elephant foot™), micropiles (6 — 9m long) at the
top heading footing, a system of IBO anchors installed into the top heading
side [4]. All of these measures had only one task of preventing extreme
settlement of the left-hand footing of the top heading. Unfortunately, the
effect of all of these measures always lasted only for a short time. It was
therefore necessary to re-design the NATM excavation support class 5.
New classes originated, namely the NATM classes 5a, 5b and Sc. Class 5a
(see Figures 3 and 4) represented the top heading excavation with imme-
diate closing of the invert in the full profile, this means creating a closed
ring in as short horizon of time as possible. Class 5b had the character of
a top heading face horizontally divided into left-hand and right-hand parts,
with the invert being continually closed. This class was designed for the
tunnel excavation passing through the most difficult geological environ-
ment, which could be encountered if the ground environment, which was
heavily degraded in its own, was further affected by groundwater inflows.
Class 5c started from 5b, with a protective micropile umbrella added to it.

It is obvious that closing the invert in the full profile, which means con-
structing the primary lining in the ideally elliptic or circular profile, is the
only measure which is able to eliminate unfavourable deformations of the
structure. The use of micropiles did not acquit itself, first of all with res-
pect to the absence of hard sandstone in the top heading sub-base. With the
exception of two short sections, the Jablunkov tunnel top heading was dri-
ven through ground categorised as the NATM excavation class 5a. The
NATM class 5b was used at the beginning of the excavation, in the vicini-
ty of portal P1, at the length of about 45m. The reason was first of all the
frequent development of overbreaks, one of them communicating with the
ground surface, which were conditioned by historic overbreaks developed
during the original tunnel structure construction period. The NATM class
Sc had to be applied in the final phase of the top heading excavation, for
the passage through unfavourably bedded and oriented siltstone, see above.

5. LALIKI TUNNEL, PL

The new 650m long Laliki tunnel is designed as a double-lane motor-
way profile with the excavated cross-sectional area of 114m2. Only one
tunnel tube is driven, with an escape gallery (the cross-sectional area of
28m?2) running along the entire tunnel length. The distance between the
axes of the tunnel and the escape gallery is about 30m.

5.1 Geological aspect

The tunnel excavation started from the southern portal, with the excava-
tion sequence divided horizontally into top heading, bench and invert. Platy
to laminated claystones (R5) with sandstone beds (R2) were encountered at
the southern portal. The top heading excavation proceeded under the pro-
tection of systematic forepoling; the face was stable. This technique was
used for relatively hard mountain mass, where laminated claystones rhyth-
mically alternated with platy to tabular sandstones, tectonically undisturbed,
with the RMR >20. Local instabilities were caused by cumulated ground
water, which was bound to the interface between beds of permeable
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Obr. 5 Tunel Laliki: kvalitni masiv — prubéh seddni osténi po razbé kalotylopéri

Fig. 5 Laliki tunnel: good quality mountain mass — time-settlement curve for the lining after excavating the top heading |/ bench

porusené zény nebylo moZno zajistit pouze jehlovanim, ale musel
byt pouzit masivni mikropilotovy destnik. Takto poruseny masiv
byl hodnocen RMR<20. Po diskusich s investorem bylo nakonec
pristoupeno k ochrané pristropi pomoci mikropilot (12 m délka,
4 m presah). Pak bylo mozné opét razit na plnou ¢elbu s rozum-
nym postupem.

Po zahdjeni raZeb bylo rychle zji§téno, Ze geotechnické pod-
minky skute¢né zastizené na stavbé jsou odli§né od projektova-
nych. Zasadni rozdil byl v pomérném zastoupeni jilovca a piskov-
cu, kdy bylo podcenéno zastoupeni jilovet, laminovanych jilovea
vubec. Dals{ rozdil byl v nedostate¢ném popisu &etnosti, sméru
a kvality tektonickych zdn, které byly urcujici pro stabilitu celby
i tunelu samotného. Proto bylo na Celbé odebrdno nékolik sad
vzorkd horniny pro laboratorni testy, mimo jiné pro provedeni
smykové zkousky na velkych krabicich. Dale byly provedeny pre-
siometrické zkousky do vrti na elbé tunelu. Vysledky presiomet-
ri nejlépe korespondovaly se smykovou zkouSkou na velkych
krabicich [3]. Laboratorni zkousky a vysledky geologického ma-
povani na Celbé byly podrobeny analyze dle Hoek-Brown [1].
Vsechny vysledky pak slouzily pro upfesnéni pevnostnich para-
metru pro piepocet a dimenzaci primarniho osténi a pro stanoveni
optimdlniho postupu razby.

5.2 Stabilitni aspekt

Pivodné byla kalota tunelu navrZzena bez protiklenby, pouze
s roz§ifenymi patkami (sloni nohy). Deformace osténi tunelu byly
prevazné svislé — seddni. Pfi razbé v nizkém nadlozi (do 15 m)
dochdzelo k ustalovdni deformaci do vzddlenosti 2-3x profily
tunelu od &elby. Po ndrastu nadloZi nad 15 m byly konvergence
v kaloté dlouhodobé neustalené. Po zkuSenostech s aplikaci mik-
ropilot z tunelu Jablunkov, viz kap. 4.2, bylo okamZité pristoupe-
no k uzavirdni protiklenby kaloty. Toto opatfeni mélo okamzity
efekt, k ustdleni deformaci doslo do 3 dnd po uzavfeni.

Pfi dobirce opéfi tunelu dochdzelo k podobnému vyvoji defor-
maci, zejména seddni, jako pri razbé kaloty (obr. 5 a 6). Po rozbi-
ti protiklenby kaloty byly deformace opét nastartovdny a usta-
lovaly se az po opétovném uzavieni protiklenby celého tunelu.
Proto byl postup praci modifikovan tak, Ze max. vzddlenost mezi
uzavrenou protiklenbou kaloty a protiklenbou celého tunelu byla
16 m. Pouze timto zpisobem bylo moZno kontrolovat vyvoj defor-
maci na osténf tunelu a drZet je v prijatelnych mezich. V opaéném
pripadé dochdzelo k vyvoji trhlin v primdrnim osténi. Jako dopl-
nujici opatfeni bylo pouzito pridavné kotveni v opéfi tunelu. To
mélo pouze podpurny déinek, tzn. zpomaleni rychlosti deformace,
nikoli jeji zastaveni. Kotveni bylo chédpédno jako opatfeni pro zvy-
Seni smykovych parametrii horniny v okoli tunelu. SoudrZnost
kotev s tektonicky poruSenym materidlem laminovanych jilovca
byla diskutabilni. Hlavni opatfeni, které dokdzalo zastavit defor-
mace osténi, bylo Uplné uzavirdni protiklenby tunelu ve vsech
jeho fazich.

Rychlé uzavirdni protiklenby tunelu bylo ve zddnlivém rozporu
s jednou ze zdsad NRTM. Kladlo totiz vétsi naroky na dimenzaci

sandstone and impermeable claystone. Overbreaks up to 2 m? developed in
these locations.

When heavily weathered, laminated and tectonically disturbed claysto-
ne was encountered, the top heading face was instable. First the face exca-
vation was divided into small parts (6 steps in total), with a substantial face
supporting rock wedge left unexcavated. This procedure did not guarantee
safe excavation and was ineffective in terms of time. The greatest problem
for the face and roof stability was posed by zones of tectonically disturbed,
laminated claystone with minimum natural strength. It was not possible to
stabilise zones disturbed in this way only by the forepoling; a massive mic-
ropile umbrella had to be applied. The rock mass disturbed in the above-
mentioned way was assessed as RMR<20. After discussions with the pro-
ject owner the contractor started to support the roof by micropiles (12m
long, 4m overlaps). Then it was again possible to excavate the full face at
a reasonable advance rate.

It was quickly found after the commencement of tunnelling that geo-
technical conditions actually encountered on site differed from the desig-
ned ones. The basic difference was in the proportions of claystones and
sandstones in the rock mass, where the proportion of claystones, and the
laminated claystones most of all, was underestimated. Another difference
was in the insufficient descriptions of frequency, trends and quality of tec-
tonic zones, which were crucial for the stability of the face and the tunnel
itself. For that reason several sets of rock samples were extracted at the
heading for laboratory testing, among others for large-size shear box tests.
In addition, pressuremeter tests were conducted in boreholes drilled at the
tunnel heading. Results of the pressuremeters best corresponded to the
large-size shear box test [3]. The laboratory tests and results of geological
mapping at the heading were subjected to Hoek-Brown analysis [1]. All
results then served to adjusting the strength-related parameters required for
the recalculation and dimensioning of the primary support and to determi-
ning the optimum excavation procedure.

5.2 Stability aspect

Originally the tunnel top heading was designed without an invert, only
with elephant feet. Deformations of the tunnel lining were mostly vertical
— the settlement. When the excavation passed under a low overburden (up
to 15m), deformations became stable up to the distance from the face equal
to 2 — 3 times the tunnel diameter. After the overburden height exceeded
15m, convergences in the top heading were unsteady in the long term. With
the experience from the application of micropiles in the Jablunkov tunnel,
see paragraph 4.2, the invert closing immediately took place. This measu-
re had an immediate effect: deformations became stable not later than 3
days after the closing.

When the bench excavation was in progress, similar development of
deformations was encountered, first of all the settlement values, as it was
during the top heading excavation (see Figures 5 and 6). After breaking and
removing the top heading invert, deformations were restarted and settled
only after the repeated closing of the invert of the whole tunnel. For that
reason the work procedure was modified, reducing the maximum distance
between the closed invert of the top heading to 16m. This was the only way
allowing the control of developing cracks in the inner lining and keeping
them within acceptable limits. Without the modifications, cracks develo-
ped in the primary lining. Additional anchors were installed in the tunnel
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Obr. 6 Tunel Laliki: poruSeny masiv — prubéh seddni osténi po raZbé kalotylopéri
Fig. 6 Laliki tunnel: disturbed mountain mass — time-settlement curve for the lining after excavating the top heading / bench

primdrniho osténi tunelu. Z méfeni deformaci okolniho masivu
pomoci extenzometru, nivelaci terénu a méfeni napéti v osténi
tunelu bylo zjiSténo, Ze v prostiedi flySe nedochdzi ani pfi rel.
vysokém nadloZi ke vzniku horninové klenby. Pfi max. nadloZzi
tunelu (35 m) nebyla vytvorena horninovd klenba a osténi bylo
zatiZeno plnou vahou nadloZzi.

Dalsim typicky flySovym fenoménem bylo asymetrické zatiZe-
ni osténi tunelu. Podle vysledki méfeni tlaku na osténi i napéti
v osténi bylo zjiSténo, Ze smér zatizeni vyrazné sleduje hlavn{
smér vrstevnatosti, resp. tektonického poruSeni (obr. 7).
V profilech, kde byly mapovdny vyrazné tektonické linie, byl
tento jev vyrazny. Nejednd se o anomalii. FlyS§ je geologické pro-
stiedi vyrazné nachylné na tvorbu sesuvu. Nestability zde vznika-
ji po predisponovanych plochidch, zejména tektonickych zéndch
a kontaktech piskovec/jilovec. Pfi zméné vodniho reZimu
a primdrni napjatosti masivu dojde k vyraznému zvysSeni pérovych
tlaky, ztrdté pevnosti na predisponovanych tektonickych zéndch
a pohybu velkého objemu horniny. Komunikace podzemni vody
s povrchem je vyraznd a syceni tektonickych zén srdazkovou

side-walls. Their effect was only ancillary, i.e. reducing the speed of defor-
mation, not stopping it. The anchoring was considered to be a measure for
improving shear parameters of rock mass in the tunnel surroundings. The
bond between anchors and the disturbed material of the laminated claysto-
nes was disputable. The main measure which managed to stop deformati-
ons was closing the tunnel invert completely in all excavation phases.

Quick closing of the invert was seemingly in a discrepancy with one of
the NATM principles. The reason was that it placed greater demands on
dimensions of the primary tunnel lining. It was found on the basis of mea-
surements of deformations of the surrounding mountain mass by means of
extensometers, levelling of the terrain and measurements of stress in the
tunnel lining that the natural ground arch did not develop in the flysch
environment even if the overburden was relatively high. In the case of the
highest overburden (35m) the natural ground arch did not develop and the
lining was burdened by the full weight of the cover.

Another typical flysch phenomenon was the asymmetric load acting on
the tunnel lining. According to results of measurements of the pressure on the
lining and the stress in the lining, it was found that the direction of the loa-
ding significantly followed the main bedding trend (or the tectonic distur-
bance) (see Fig. 7). This phenomenon was well marked in the profiles where

significant tectonic lines
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Obr. 7 Tunel Laliki: deformace a zatiZeni osténi
Fig. 7 Laliki tunnel: deformations and loads acting on the lining
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vodou casté. Tento jev byl také pozorovan, kdy v obdobi vydat-
nych srdzek nebo téni sn€hu dochézelo k pozvolnému ndrustu jiz
uklidnénych deformaci, resp. tlaki na osténi.

Komplexni hodnoceni vlivu razby na okolni masiv, jeho reakce
a operativni modifikace postupu vystavby a dimenzace osténi byla
mozna pouze diky komplexnosti provadéného monitoringu.
Geotechnicky monitoring byl provadén jednak v tunelu — méreni
deformaci ostén{, méfenf tlaku na osténi, méfeni napéti v osténi, jed-
nak na povrchu — nivela¢ni profily, extenzometrické profily, jednak
na portélech — geodetické sledovani portdlovych stén a inklinometry.
Jednotlivé monitorovaci prvky byly umistény do sdruzenych profi-
4. Tak bylo moZno posoudit chovan{ systému hornina — osténi ve
vSech detailech — schéma zatiZeni osténi tunelu, stabilita osténi,
tnosnost osténi, deformace v okolnim masivu, existence horninové
klenby v nadloZi, reakce terénu na razbu. Sledovédni deformaci pouze
v podzemi (konvergenéni méfeni) by bylo nedostate¢né. Bez infor-
mace o zatiZeni osténi, resp. o chovéni okolniho masivu a terénu by
nebylo moZné sestavit zatéZovaci schéma a provést spravnou dimen-
zaci primdrniho osténi. Zejména s ohledem na asymetrické zatizeni
tunelu vyvolané existenci predisponovanych smykovych ploch
podél hlavnich tektonickych zén.

6. ZAVERY

Pro stabilitu podzemniho dila budovaného ve flysi jsou urcujici
zejména tektonické poméry masivu, sklon a smér hlavnich dis-
kontinuit, jejich zména podél trasy dila, pomérné zastoupeni pev-
nych piskovcia a poruSenych jiloveu. Zakladnim rizikem je mira
tektonického poruseni, kterd muze v extrémnim pripadé zpusobit
Gplnou ztrdtu puvodni napjatosti. V neposledni fadé se jednd
o predisponované smykové plochy, respektive zény oslabeni, kde
je smykové pevnost vyCerpana a koheze se muze blizit nule.

Geologicky a geotechnicky prizkum pro tunelové stavby ve
fly§i by mél byt zaméfen zejména na identifikaci vySe popsanych
fenoménu. Je vyhodné zaméfit se v co moznd nejvétsi mife na
zkousky in-situ, stanoveni sklonovych poméru masivu a odhalen{
hlavnich tektonickych zén. Z laboratornich testd se ukézaly jako
vhodné velkorozmérové smykové krabicové zkousky, které vyka-
zaly dobrou shodu s vysledky méfeni in-situ. Je vhodné provést
mineralogicky rozbor a precizni stratigrafické zaclenéni. Znalost
presné ndlezitosti k regiondln{ jednotce napovi o tektonické histo-
rii a postizeni daného masivu.

Pii vlastni razbé tunelu je nejvétsim rizikem chovédni masivu
podél predisponovanych tektonickych ploch. ZatiZen{ je casto asy-
metrické, v prostfedi poruSenych hornin i pres existenci vysokého
nadloZzi pusobi na osténi tiha plného nadloZi. Pfirozena horninova
klenba vznikd pouze v pripadé relativné neporu$eného masivu. Pfi
rychlém vyvoji deformaci v tunelu je nejicinnéj$im opatfenim
okamzité uzavirdni protiklenby v celém rozsahu, ve vSech fazich
raZzeb. Kotveni md omezeny tcinek vzhledem k soudrZnosti kotev
s poru$enou horninou ,,slonf noha*, pfipadné s podporou mikropi-
lot nemd v heterogennim prostfedi Zadnou G¢innost.

Podzemni voda je vdzana na diskrétni zony podél tektonického
poruseni, nebo lavic piskoveu. Ke globdlnimu odvodnéni nadlozi
nedochdzi. Odvodnény jsou diskrétni zény primo nafarané razbou.
Stabilitnim rizikem je schopnost rozvolnénych jilovc dlouhodobé
saturovat podzemni vodu a postupné degradovat ve svych pev-
nostnich parametrech.

ING. VACLAV VESELY, Ph.D., vesely@arcadisgt.cz,
ING. OTA JANDEJSEK, jandejsek@arcadicgt.cz,
ARCADIS Geotechnika, a. s.
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mountain mass, its response and operative modification of the constructi-
on procedure and dimensioning of the lining were possible only owing to
the comprehensive character of the monitoring. Geotechnical monitoring
was conducted inside the tunnel (measurements of deformations of the
lining, measurements of pressures on the lining, measurements of stresses
in the lining), on the surface (levelling profiles, extensometer profiles) and
at portals (monitoring of portal walls by surveyors and inclinometers).
Individual monitoring elements were arranged in combined stations.
Owing to this system it was possible to assess the behaviour of the ground
vs. lining system in all details, i.e. the pattern of loads acting on the lining,
stability of the lining, load-bearing capacity of the lining, deformations in
the surrounding mountain mass, the existence of a natural rock arch in the
overburden, response of the terrain to the tunnel excavation. Monitoring
deformations only in the underground (convergence measurements) would
be insufficient. Without information about the loads acting on the lining or
about the behaviour of the surrounding rock mass and the terrain it would
have not be possible to determine the type of loading and correctly design
dimensions of the primary lining, first of all with respect to the asymme-
tric loads acting on the tunnel, resulting from the existence of predisposed
shear surfaces along main fault zones.

6. CONCLUSIONS

The parameters crucial for the stability of underground workings carri-
ed out in flysch comprise above all tectonic conditions of the mountain
mass, the dip and trend of main discontinuities, changes in the discontinu-
ities along the tunnel alignment and the proportion of hard sandstones and
disturbed claystone. The basic risk is the degree of the tectonic disturban-
ce, which may, in an extreme case, cause a total loss of the original stress.
At last but not least, predisposed shear surfaces or weakness zones are in
question, where the shear stress limit is reached and cohesion can appro-
ach zero.

Geological and geotechnical surveys for tunnel constructions passing
through flysch should be focused first of all on the identification of the
above-mentioned phenomena. It is beneficial if the surveys are focused, to
an as large as possible extent, on in-situ tests, the determination of dip and
strike conditions of discontinuities and revealing the main fault zones. Of
the laboratory tests, the large-size shear box tests exhibited good agree-
ment with results of in-situ measurements. It is reasonable to carry out
mineralogical analyses and a precise stratigraphical classification. The
knowledge of exact regional unit the mountain mass pertains to will sug-
gest things about the tectonic history and the degree of affection of the par-
ticular mass.

The biggest risk during the tunnel excavation itself is the mountain mass
behaviour along predisposed fault surfaces. The loading is often asymme-
tric, the weight of the complete overburden acts on the lining in the envi-
ronment formed by disturbed rock, despite the existence of a high over-
burden. The natural rock arch develops only in the case of relatively undi-
sturbed mountain mass. The most effective measure in the case of rapidly
developing deformations in the tunnel is immediate closing of the comple-
te invert, in all excavation phases. The effect of anchoring is limited with
respect to the bond between anchors and disturbed rock; the elephant foot,
even if accompanied by micropiles, is completely ineffective in a he-
terogeneous environment.

Ground water is bound to discrete zones along tectonic faults or sand-
stone tables. Global draining of the overburden does not take place. The
discrete zones which are tapped by the excavation are drained. The ability
of loosened claystones to get saturated with water in the long term and gra-
dually deteriorate as far as their strength-related parameters are concerned
poses a stability risk.

ING. VACLAV VESELY, Ph.D., vesely@arcadisgt.cz,
ING. OTA JANDEJSEK, jandejsek@arcadicgt.cz,
ARCADIS Geotechnika, a. s.
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VYSOKORYCHLOSTNI TRAT MADRID-SEGOVIE-VALLADOLID,
ZAPADNI TUNEL SAN PEDRO
MADRID-SEGOVIA-VALLADOLID HIGH-SPEED TRAIN LINE,
SAN PEDRO TUNNEL - WESTERN TUBE

ANTONIO ANADON, TOMAS JUST

uvoD

Vysokorychlostni trat’ Madrid—Segovie—Valladolid tvori soucdst
nové Zeleznitni cesty, kterd zpfistupiiuje sever a severozdpad Spa-
nélska. Tento cil byl vytyCen jako jedna z priorit pldnem rozvoje
infrastruktury schvdlenym Spanélskou vlddou dne 4. brezna 1994
a nasledné zahrnut do strategického planu pro rozvoj infrastruktury
a dopravy.

Tunel San Pedro (svaty Petr) tvori souldst jmenované trasy
a spojuje oblast mezi Colmenarem Viejo a Miraflores de la Sierra.
Pred Segovii protind vysokorychlostni trat’ pohofi Sierra de
Guadarrama a tento tunel spole¢né s dal$im tunelem v Guadarramé
a viadukty v Salobral a Arroyo del Valle tvori soucdst komplexu sta-
veb, které umoznuji prekonat rozsahly horsky masiv, jakym je Sierra
de Guadarrama a jeho prilehlé okoli.

Po dokoncenti stavby se zkratila vzddlenost mezi Madridem a Val-
ladolidem o 68,5 kilometru, coZ predstavuje kilometrovou dsporu
0 27,6 % oproti predchozim 248 kilometrim. Cas, ktery vlak potfe-
buje pro projeti tohoto dseku, je pfiblizné jedna hodina. Velky prinos
predstavuje tato trat’ predevs§im pro rozvoj valladolidského regionu,
kterému spojeni umozni rozvoj i odlehlych obci a jejich propojeni
s hlavnim méstem v rdmci dané oblasti.

Pfi navrhovani tunelu San Pedro a obdobné i tunelu Guadarrama
byl hlavni daraz kladen na bezpecnost a pohodli cestujicich. Byly
navrZeny dva smérové tunely s tunelovymi propojkami kazdych 400
metru spojujicimi oba tubusy. Ty v pripad€ velké nehody ¢&i pozédru
uvnitf tunelu zajisti, aby se cestujici sami zachrdnili a dostali se
mimo misto ohroZeni.

Délka useku (stavby) je 9509 m, z toho je 540 m na jizni a 155 m
na severni &ésti vedeno v zdrezu. Délka zdpadniho tunelu San Pedro
je 8545 metru, soucdsti jsou dva hloubené tunely o délce 205 m na
jizn{ strané€ a 60 metrt na severni strané (obr. 1).

Investor stavby:
Projektant:
Zhotovitel zdpadniho tunelu:

ADIF (sprava Zelezni¢ni infrastruktury)
UTE PROSER GEOCONTROL
OBRASCON HUARTE

LAIN, S. A. (OHL)

Obr. 1 Pohled na jiZni portdl dokonéenych a zprovoznénych tuneli
Fig. 1 View of the southern portal of the completed and operating tunnels

INTRODUCTION

The Madrid—Segovia—Valladolid high-speed rail line is part of
a new railway line improving access to the north and north-west of
Spain. This target was set as one of priorities by the Infrastructure
Development Plan, which was approved by the Spanish government
on 4th March 1994 and was subsequently incorporated into the
Infrastructure and Transport Plan.

The San Pedro (Saint Peter) tunnel is part of the above-mentioned
rail line. It connects the area between Colmenare Viejo and
Miraflores de la Sierra. Before Segovia, the high-speed line crosses
the Sierra de Guadarrama mountain range. This tunnel, together with
another tunnel in Guadarrama and viaducts in Salobral and Arroyo
del Valle form parts of the complex of structures allowing the line to
overcome the vast mountain massif of Sierra de Guadarrama and its
surroundings.

After the completion of the construction, the distance between
Madrid and Valladolid was reduced by 68.5km, which means kilo-
metre saving of 27.6% from the previous distance of 248 kilometres.
The time a train needs to pass along this track section is approxima-
tely one hour. The great benefit of this track is first of all in allowing
the Valladolid region to be developed even in remote villages and
connecting them with the capital within the framework of the given
region.

When the San Pedro tunnel, and similarly also the Guadarrama
tunnel, was being designed, the main stress was put on passenger
safety and comfort. Two unidirectional tunnels were designed, with
cross passages connecting the two tunnel tubes at intervals of 400m.
The cross passages will allow passengers, in the case of a serious
accident or a tunnel fire, to rescue themselves and escape outside the
endangered zone.

The track section (construction lot) is 9,509m long; of this length
the lengths of 540m and 155m run in open cuts in the southern and
northern parts, respectively. The San Pedro western tunnel tube is
8,545m long; parts of the tunnel are two cut-and-cover tunnels with
the lengths of 205m and 60m on the southern and northern sides, res-
pectively (see Fig. 1).

Project owner: ADIF (the railway infrastructure administrator)
Designer: UTE PROSER GEOCONTROL
Contractor for the western tunnel tube: OBRASCON HUARTE

LAIN, S.A. (OHL)

GEOLOGY

The area which is the subject of the study is found at the southern
foothills of the Sierra de Guadarrama mountain range, close to the
beginning of the Tajo River basin. The Sierra de Guadarrama is, at
the same time, part of the system of the Mountains of Central Spain,
which belongs into the Central Iberian geological zone, consisting
first of all of deformed Pre-Cambrian and Palacozoic materials,
which are altered and interbanded with granitoids during the
Herzynian orogeny. The following materials were encountered along
the tunnel route:

- Paraderived schist. Paraschist (P).

- Volcanic Pre-Herzynian rock types: glandular orthogneiss (Og)

and metagranitic orthogneiss and migmatites (Om).

- Volcanic Herzynian rocks: plutons, such as adamellite (A) and

leucogranites (L) and veined rocks, such as granodiorite porphy-

ries (Pg), pegmatite (Pe) and quartz (C).



Obr. 2 Vrtaci hlava sestaveného tunelovaciho stroje pred instalaci na pracovisté
Fig. 2 The cutterhead of the assembled tunnelling machine before the instal-
lation at the heading

GEOLOGIE

Oblast, kterd je predmétem studie, se nachdzi v jiznim predhuii
Sierra de Guadarramy, v blizkosti zatatku povodi feky Tajo. Sierra de
Guadarrama spada zdroven do systému Spanélského Centrdlntho poho-
i, které patii do stredo-iberské geologické oblasti, jeZ je tvorena pre-
devsim deformovanymi prekambrickymi a paleozoickymi materidly,
proménénymi a prostoupenymi granitoidy v dob¢ hercynské tektoniky.
Materiély nachdzejici se v misté trasy tunelu byly:
— Paraderivované krystalické bridlice. Parabridlice (P).
— Vulkanické predhercynské horniny: glanduldrni ortorula (Og)
a metagranitickd ortorula a migmatity (Om).

— Vulkanické hercynské horniny: plutonské horniny jako adamellit
(A) a leukogranity (L) a Zilné horniny jako granodioritické porfy-
ry (Pg), pegmanit (Pe) a kfemen (C).

POPIS TUNELOVACIHO STROJE

Pro vystavbu zdpadniho tunelu San Pedro byl zvolen tunelovaci
stroj TBM se Stitem ¢ 9509 mm dodany firmou Herrenknecht (obr. 2).
Pramémy denni postup raZby se mél pohybovat mezi 16 a7 18 metry.
Tento typ stroje umoznuje pokladat zdkladové klendky a rovnéz plynu-
le budovat tunelové osténi variabilni skladby a dimenze dle potieby.
Rubanina se vyvéZela na povrch na dopravnikovém pdsu a stroj byl
zasobovan materidlem pomoci kolejové dopravy. Stroj byl zkompleto-
van na jiznim portdlu a po skoneni razby mél byt vytaZen
a demontovan na severni strané tunelu. Stejny postup byl zvolen i pro
razbu tunelu vychodniho realizovaného jinym zhotovitelem.

Pouzity typ stroje se sklddal ze $titu délky cca 6 m, na kterém byla
umisténa feznd hlava, rozpojujici horninu pomoci souboru 61 valivych
dlat o ¢ 17", Hlava je pohdnéna sadou elektromotorti o vykonu 4900
kW. Upnuti stroje do vyrubu vyvijeji dva hydraulické lisy s pfitlaénymi
deskami, které razici stroj stabilizuji. Postup hlavy je realizovan hyd-
raulicky, s posunem pomocného pdsového podvozku s krokem 2 m.
Pohyby jak rozpé€rnych, tak i tlatnych lisd jsou synchronizované.
Celkova délka stroje vCetné ndvesu byla cca 160 metra.

V pripadé potieby nasazeni stifkaného betonu pro stabilizaci horni-
ny v blizkosti ¢ela vyrubu se muselo stifkdni provadét ruéné, protoze
manipuldtor na stiikdni betonu je u téchto stroju umistén az 50 metra
od Cela stroje (viz ddle). V pripadech, kdy geotechnické podminky
vyzadovaly vétsi tlouStku osténi, bylo mozné zménit nastaveni kalib-
racnich nozu fezné hlavy a dosdhnout tak zvétSeni razebniho pruméru
az 0 50 cm.

S postupem stroje se umistovaly klendky dna tunelu a na né instalo-
valy ¢tyfi kolejnice, po kterych se pohybovala vSechna dals{ zafizeni.

Hlavni t€leso stroje bylo v horni &4sti vybaveno dvéma vrtacimi kla-
divy pro instalaci kotev, jednim erektorem pro ukladani vyztuZené dra-
tené sité a dalsim erektorem pro eventudlni ukladdni vyztuznych oblou-
ku. Ve vzdélenéjsi pozici, cca 40 m za vlastnim strojem, jsou umisténa
dals{ dvé vrtaci kladiva pro dodate¢né kotveni a také manipulétor pro
nandSenf stifkaného betonu (viz vyse).

Z popisu stroje vyplyvd jeho schopnost nasazeni ve skalni horniné
dobré kvality se zfidkavymi oslabenymi tdseky. Stroj mél dosahovat
priméfeného postupu pri soucasném provedeni prevazné lehkého
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DESCRIPTION OF THE TUNNELLING MACHINE

A TBM with a 9.509m-diameter shield supplied by Herrenknecht
AG (see Fig. 2) was chosen for the construction of the western tube
of the San Pedro Tunnel. The average daily advance rate of the
excavation should range from 16 to 18m. This machine type allows
placing of bottom keystones and also erecting tunnel linings of vari-
able composition and dimensions, as required. The muck was tran-
sported to the surface on a belt conveyor and the machine was supp-
lied by materials by means of a rail-bound system. The machine was
assembled at the southern portal and, after the completion of the
excavation, it was expected to be pulled out and disassembled on the
northern side of the tunnel. An identical procedure was chosen even
for the excavation of the eastern tunnel tube, which was carried out
by another contractor.

The machine type used for the excavation consisted of an about
6m long shield, with a cutterhead mounted on it. It disintegrated rock
by a set of 61 pieces of 17" disc cutters. The cutterhead is propelled
by a set of 4,900kW electric motors. The machine is fixed in the
excavated opening by two hydraulic jacks with grippers, which sta-
bilise the tunnelling machine. The cutterhead is moved ahead hyd-
raulically, with the advance provided by an 2m-pace auxiliary trac-
ked undercarriage. The movements of both the gripper and propulsi-
on cylinders are synchronised. The total length of the machine inc-
luding the backup was approximately 160 metres.

When shotcrete was required for the stabilisation of rock in the
vicinity of the excavation face, concrete had to be sprayed manually
because the shotcrete manipulator is mounted on these machines at
the distance of even 50 metres from the front end of the machine (see
below). In the cases where geotechnical conditions required greater
thickness of the lining it was possible to change the setting of cali-
brating cutters on the cutterhead, thus to achieve increasing of the
excavated diameter by up to 5S0cm.

Bottom keystones were installed concurrently with the machine
advance; four rails were installed on the bottom and all other pieces
of equipment moved on them.

The main body of the machine was equipped in the upper part with
two drifters for the installation of anchors, one erector for the instal-
lation of steel mesh and another erector for placing reinforcing
arches when required. Other three drifters for additional anchoring
and a shotcrete manipulator (see above) are mounted at a greater
distance, about 40m back from the TBM itself.

It follows from the above description that the machine is capable
of operating in a good quality rock environment containing infrequ-
ent weakness zones. The machine should achieve adequate advance
rates with the concurrent installation of mostly light support consis-
ting of anchors, steel mesh and, if required, reinforcing arches with
shotcrete, which were installed from the trailing gear after two to
three days, when the excavation of the above-mentioned 50m secti-
on was completed.

CONSTRUCTION SITE UTILITY

Apart from facilities required for the tunnelling, it was necessary
to establish the following additional infrastructure (see Fig. 3):

* 66 kV underground power lines supplying the site by electricity
from the existing network, including a transformer station hou-
sing two transformers — one of them designed for supplying tun-
nelling machines and the other one for other needs (the site
accommodation, crushers, concrete batching plant).

* As agreed by the water company, a water supply line, which was
not available in the given location, was brought by means of
a complicated system of 200 to 600mm pipelines. This pipeline sub-
sequently allowed supplying the required quantity of water without
outages and problems in adjacent villages in the Madrid area of the
Sierra Norte.

* Access roads to the site and a circumferential road around the
site. Two roads had to be built in a way guaranteeing that the
entry, exit and transfer of special vehicles transporting large-size
components would be possible and that they would be able to
carry the weight of the TBM itself.

* Telephone lines were laid along the new roads.

* A concrete batching plant with the output of 80 m3/h.

e A casting yard for production of precast bottom keystones with
the average production rate of 16 pieces per shift.
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vyztuZen{ sestdvajiciho z kotvent, siti a pripadné i vyztuZnych oblouku
se stifkanym betonem dva az tfi dny po razbé daného zabéru.

ZARIZENI STAVENISTE

Kromé zarizeni potfebnych pro razbu bylo nutné vybudovat dals{
nasledujici infrastrukturu (obr. 3):

e Elektrické podzemni vedeni 66 kV, které zdsobovalo staveni§té
elektfinou z existujici sité vetné transformacni stanice s dvéma
transformdtory — jeden byl uréen pro zdsobovéni razicich stroju
a druhy pro ostatni potieby (zafizeni stavenisté, drti¢ky, beto-
narku).

* Vodovod, ktery v dané lokalité nebyl k dispozici, byl po dohodé
s vodohospodarskou spole¢nosti priveden pomoci slozitého systé-
mu potrubi o praméru 200 az 600 mm. Tento vodovod posléze
umoznil doddvat potiebné mnoZstvi vody, aniZz by dochézelo
k odstdvkdm a problémum v prilehlych obcich madridské oblasti
Sierra Norte.

* Pristupové cesty ke staveniSti a obvodovou cestu kolem stavby.
Obé komunikace bylo nutné vybudovat tak, aby byl umoznén
vjezd, vyjezd a presun specidlnich vozidel, které prevéazely dilce
velkych rozméru, a aby vydrzely rovnéZ hmotnost vlastniho razici-
ho stroje.

¢ Vedle novych komunikaci byla poloZena i telefonni vedeni.

* Betondrku s misicim zafizenim o vykonnosti 80 m3/h.

* Vyrobnu prefabrikovanych zakladovych klendku s pramérnou pro-
dukef 16 ks za sménu.

e Vézovy jefdb o vysce 30 m.

o Cistinu  odpadnich vod se dvéma nadrzemi. Jednou objemu
1400 m3, druhou objemu 3500 m3.

Tunelem prochézela dvé vodovodni potrubi, jedno z nich zdsobova-
lo TBM a druhé vyvadé€lo pouzitou kontaminovanou vodu. Odt€Zen{
rubaniny od hlavy raziciho stroje aZ k ndsypce blizko usti tunelu bylo
provadéno pomoci dopravniho pasu $itky 1 m. Tato ndsypka byla déle
vyvedena k dal§imu systému dopravnich pésu stejného rozmeéru; tyto

LEGENDA - LEGEND
Zafizeni stavenisté OHL
(z&padni tunel)

OHLs site utility

(western tunnel tube)
Zafizeni staveni§té pro
vychodni tunel

Site utility for eastern tunnel
Spole¢né prostory e
Common areas

"
Pfistupovy tunel §!
= Access tunnel |

Obr. 3 Pristupovy tunel a situace zarizeni stavenisté Jih
Fig. 3 Access tunnel and layout of construction site utility South

e A 30m high tower crane.
* A waste water treatment plant with two tanks, one with the volu-
me of 1,400m3, the other one with the volume of 3,500m3.

Two pipelines ran along the tunnel; one of them supplied water
to the TBM, whilst the other one removed the used, contaminated
water. The muck was transported from the cutterhead to a hopper
located near to the tunnel mouth by means of a Im wide belt con-
veyor. This hopper was further connected to another system of belt
conveyors with the same width. These conveyors ended in the wor-
king space located outside the tunnel, where the muck was crushed
and screened. The muck which was processed in the above-menti-
oned way was intended for further use, namely for the production
of concrete, crushed granulated gravel, macadam etc. Unsuitable
muck was deposited on an approved stockpile.

COURSE OF CONSTRUCTION

The winning tender for the construction of the western tube of
the San Pedro tunnel was chosen on 28th April 2003. The contract
was signed on 11th September 2003. It required the works to be
concluded in 39 months.

In January 2004 the work on the southern portal in the vicinity
of the tunnel mouth had to be suspended because of unfavourable
behaviour of the mountain mass — two landslides. For that reason
the portal sections of both tunnel tubes had to be re-designed, inc-
luding the excavation support using steel mesh, anchors and
shotcrete. A twenty metres long tunnel section driven traditional-
ly by the NATM had originally been planned for the deployment
of the tunnelling machine. This length had to be subsequently inc-
reased up to 180m, at which distance a sufficient quality of rock
mass required for the TBM installation and activation of the grip-
pers was determined. It was a complicated stretch, which was dri-
ven using a horizontal excavation sequence (top heading and
bench), with lengthy excavation procedures. A heavily reinforced
concrete sliding slab had to be constructed. Four HEB 300 steel
profiles were installed on this slab to carry the moving TBM.
Tolerances of the profiles were admitted only in the order of mil-
limetres.

The schedule for putting the TBM into operation was prepared
without taking into consideration the geotechnical problems desc-
ribed in the previous column. The process of handing the machine
over had to be brought into harmony with the excavation of the
conventionally driven parts of the tunnel.

The space for the two tunnelling machines at the bottom of the
southern construction pit was insufficient. For that reason the sli-
ding slab was extended outside, up to the cutterhead found at the
distance of 150m from the temporary tunnel portal. The objective
was to harmonise the NATM excavation of the initial part of the
tunnel with the external assembly of the tunnelling machines.
These operations lasted up to the end of March 2005, it means 18
months from the works commencement. Concurrently with them,
1,200 bottom keystones were produced and the stock of gravel suf-
ficient for one-month work was prepared in the case of an unplan-
ned outage of some of the system parts.

The mechanical excavation itself started on 7th March 2005 and
continued till 11th April 2005 without extraordinary events, even
though with low advance rates about Sm per day due to the geo-
technical conditions.

From this day, caverns started to develop in the rock mass. The
situation was solved by installing supporting arches and Bernold-
type steel sheets covered with shotcrete. In addition, protective
umbrellas were installed and shotcrete was applied in a systematic
way so that the excavated opening was supported immediately
after the excavation. The TBM stroke was reduced from the origi-
nal 2m to 0.5m to reduce the risk of its subsiding. The excavation
advance rate was reduced to approximately 1m per day. Owing to
the uninterrupted application of shotcrete and the very aggressive
environment, the electric motors and moving parts of the machine
had to be continually cleaned.

On 23rd July 2005, after completing 304m of the excavation,
the TBM became trapped when a chimney developed on the left-
hand side (viewed in the direction of driving) at the top of the
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Rezna hlava - Cutterhead  Tunelové osténi — Lining

a) Zahajeni stabilizace TBM aktivaci
rozpérnych list
a) Commencement of stabilising the TBM by
means of gripper jacks
gripper jacks

b) Deformace provizorniho osténi a okolni
horniny tlakem rozpérnych lisi

b) Deformation of temporary lining and
surrounding rock induced by the pressure of

L AELS

c) Po uvolnéni rozpérnych listi pokracuje
deformace osténi smérem do vyrubu a je
znemoznén postup TBM - c¢) Deformation of
the lining toward the tunnel interior continues
after retracting the gripper jacks; further TBM
advancing is made impossible

Obr. 4 Princip problému raZby TBM
Fig. 4 Principle of the TBM excavation problem

tstily do pracovniho prostoru drceni a tfidén{ horniny vné tunelu. Takto
zpracovand rubanina byla uréena k dal§imu vyuZiti, a to k vjrobé beto-
nu a ddle drceného granulovaného $térku, podkladového $térku apod.
Nevhodny vylomovy materidl se uklddal na povolenou skladku.

PRUBEH VYSTAVBY

Vybérové fizeni na stavbu zdpadniho tunelu San Pedro probehlo 28.
dubna 2003. Dne 11. zai{ 2003 byla podepsdna smlouva, ve které byla
na provedeni stavby stanovena lhata 39 mésicu.

V lednu roku 2004 musely byt vzhledem k nepfiznivému chovan{
masivu zastaveny prdce na realizaci jiZzniho portdlu v blizkosti usti
tunelu. Doslo zde totiz ke dvéma sesuviim. Z tohoto duvodu bylo nutné
piepracovat projekt portdlovych asti obou tuneld, a to véetné jejich
zpevnéni s pouZitim siti, kotev a stifkaného betonu. Pro nasazeni tune-
lovaciho stroje byl pivodné pldnovan 20 m dlouhy tunel raZeny kon-
vencni metodou (NRTM). Ten musel byt posléze prodlouZen aZ na 180
metra, kdy uz byla zajisténa dostate¢na kvalita horniny nezbytna pro
instalaci stroje a aktivaci jeho pfitlaénych desek. Jednalo se
o komplikovany dsek provadény horizontdlnim ¢lenénim vyrubu se
zdlouhavymi postupy razby. Bylo nutné vybudovat silné vyztuZenou
betonovou kluznou desku. Tato deska byla vystrojena ¢tyfmi ocelovy-
mi profily HEB 300, po kterych se stroj posunoval a jejichZ pripustné
diference se musely pohybovat v rdmci milimetra.

Harmonogram rozjeti stroje byl napldnovan, aniz by byly vzaty
v udvahu geotechnické problémy popsané v predchozim odstavci.
Probihajici predavky stroje bylo pfitom nezbytné sladit s realizaci kon-
venéné raZenych &asti tunelu.

Na dné jiznf stavebni jamy byl nedostatek prostoru pro montdZ obou
tunelovacich stroju. Proto bylo zifzeno venkovni prodlouZeni kluzné

Obr. 5 Razba kaverny konvencni metodou pro zdchranu stroje
Fig. 5 Excavation of the cavern for the TBM rescue purpose using the
conventional method

cross-section (see Fig. 4). From that moment the following opera-
tions were carried out:

From the TBM space:

e Installing reinforcing arches, Bernold plates and applying
shotcrete to the vault.

e Filling cavities in rock with pumped concrete.

* Stabilising the rock mass by means of backfilling of caverns
with GEOFOAM or MARIFOAM two-component expandable
resins.

e Installing protective umbrellas consisting of 12m long self-
drilling anchor rods 44/26mm, grouted with cement or GEO-
FLEX-type resin.

e Installing SYMMETRIX T54 protective umbrellas, grouted
with cement or GEOFLEX-type resin.

From the ground surface:

* Ground-reinforcing grouting (vertical or at an angle, depen-
ding on the particular case), injecting cementitious grout in
grids determined by the design, with the objective to improve
parameters of the ground found ahead of the TBM.

In addition, various items of the mountain mass survey were rea-
lised during this time (electrical tomography, probes, geophysical
survey, seismic methods etc.), depending on the above-mentioned
facts. A corrected geological profile, significantly differing from
the previous one, was developed on the basis of these items of
information. After this supplementary survey, about 60 per cent of
ground mass in initial 2 kilometres of the route were classified as
poor quality mass!

STATE OF EMERGENCY

After twelve attempts to move ahead, all of which had failed, it
turned out that it was impossible to solve the problem of the trap-
ped TBM. After discussing the situation with ADIF, the railway
infrastructure administrator, the decision was made that the state of
emergency would be declared. As a result of this state, the decisi-
on was adopted to build a 400m long access tunnel with the cross-
sectional area of 60m?2 using a conventional tunnelling method (the
NATM) so that connecting to the tunnel route, getting ahead of the
cutterhead and releasing the TBM was possible. The excavation in
the northern direction proceeded simultaneously so that the TBM
driving could be restarted after releasing the TBM and moving it to
the part of the already stabilised massif. It is obvious even from
a photo of the completed conventionally driven tunnel (see Fig. 5)
that water, increasing the complexity of the works, was present in
the environment.

The TBM cutterhead was reached on 25th April 2006; at the
same time 400m of the tunnel heading north from the intersection
with the approach tunnel were completed. After assessing the
information obtained from the supplementary survey which was
carried out simultaneously and the knowledge gained during the
course of the excavation of the parallel eastern tunnel, the decision
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desky az k hlavé tunelovaciho stroje vzddlené 150 m od provizorniho
portdlu tunelu. Cilem bylo sladit razbu tGvodni ¢asti tunelu pomoci
NRTM s venkovni montdZ{ tunelovacich stroju. Tyto ¢innosti probiha-
ly aZ do bfezna roku 2005, kdy jiZz ub&hlo 18 mésict od zahdjeni praci.
Soubézné jiz bylo vyrobeno 1200 zdkladovych klendka a byly pripra-
veny dostatecné zdsoby Stérku na mésic praci pro piipad neplanované-
ho vypadku nékteré Césti systému.

Vlastn{ strojni razba byla zahdjena 7. biezna 2005 a béZela az do 11.
dubna 2005 bez vyjimecnych udalosti, avSak vzhledem ke geotechnic-
kym podminkdm s pomalymi postupy stroje cca 5 m/den.

Od tohoto dne zacala hornina ve vyrubu kavernovat. Situace byla
feSena instalaci vyztuznych obloukt a Bernold plechi plnénych Eerpa-
nym betonem. Byly realizovany i ochranné deStniky a systematicky byl
nastiikdvén beton, tak aby bylo okamzZité po razbé provedeno zajisténi
horniny. Vysun stroje byl sniZen z pavodnich 2 m na 0,5 m, to proto,
aby se sniZilo riziko jeho poklest. Denni vykon razby se sniZil na hod-
notu kolem 1 m. Vlivem neustélého strikani betonu a velmi agresivni-
ho prostfedi vznikla nutnost nepfetrzitého &isténi elektromotort
a pohyblivych ¢4sti stroje.

Dne 23. ¢ervence 2005 doslo po vyrazeni 304 m k uvaznutf stroje,
kdy se vlevo nahore ve sméru postupu vytvoril komin (obr. 4). Od této
chvile byly provddény nésledujici dkony:

Z prostoru TBM:

« Instalace vyztuZznych oblouku, Bernold-plecht a stiikédn{ betonu na

klenbu.

e Vyplnovan{ zastizenych dutin v horniné ¢erpanym betonem.

e Zpeviovani horniny vyplnovanim kaveren rozpinavou dvousloz-
kovou pryskyfici typu GEOFOAM nebo MARIFOAM.

¢ Realizace ochrannych destnika délky 12 m ze samozavrtivacich
kotevnich ty¢i 44/26 mm s injektdZ{ cementem nebo pryskyfici
typu GEOFLEX.

* Realizace ochrannych mikropilotovych destnikd typu SYMMET-
RIX T54 délky 12 m s injektdZi cementem nebo pryskyfici typu
GEOFLEX.

Z povrchu:

e Injektaz pro zpevnéni horniny (vertikdlni nebo pod thlem, podle
pripadu) pomoci cementové malty do navrzenych siti, s cilem zlep-
§it parametry horniny nachdzejici se pred TBM.

V zavislosti na vySe uvedeném se béhem této doby realizovaly
i ruzné polozky pruzkumu masivu (elektrickd tomografie, sondy, geo-
fyzikalni pruzkum, seismické metody atd.). Na zdkladé vSech téchto
informacfi pak byl vypracovan opraveny geologickych profil, ktery se
od predchoziho diametralné 1isil. Po tomto dopliiujicim pruzkumu bylo
klasifikovdno na prvnich dvou kilometrech procento velmi $patné kva-
lity masivu v hodnote cca 60 %!

VYJIMECNY STAV

Po dvanécti pokusech o posun vpred, které vSechny selhaly, se ukd-
zalo, Ze je nemozné uvaznuti stroje vyresit. Po projednani situace se
Spravou Zelezni¢ni infrastruktury ADIF bylo rozhodnuto vyhldsit vyji-
mecny stav. V disledku tohoto stavu bylo pfijato rozhodnuti vybudo-
vat pomoci konven¢ni tunelovaci metody (NRTM) pristupovy tunel
profilu 60 m2 a délce 400 m tak, aby bylo moZno se napojit na trasu
tunelu a dostat se pred hlavu TBM a stroj vyprostit. Soubézné probiha-
ly razi¢ské préce severnim smérem, tak aby po uvolnéni a premisténi
TBM do jiz zajisténé &dsti masivu bylo mozné znovu zahdjit strojni
razbu. I z fotografie hotového tunelu raZzeného konvenéné (obr. 5) je
zfejmé, Ze v prostredi byla pritomna voda zvySujici obtiZnost praci.

Dne 25. dubna 2006 bylo dosazeno hlavy tunelovaciho stroje, sou-
Casné bylo realizovdno i 400 m tunelu severnim smérem od kfiZovat-
ky s pfistupovym tunelem. Po vyhodnoceni informaci ziskanych ze
soubézné realizovaného dopliujictho prazkumu a poznatku z razby
paralelniho vychodniho tunelu bylo rozhodnuto vytdhnout uvizly stroj
a pokraovat v postupu severnim smérem s pouZitim razby NRTM
(obr. 6).

Pro demontdz hlavy TBM byla vybudovana kaverna. Ta se shodou
okolnosti nachdzela v mist€ s dosud nejhorsi zastizenou skladbou hor-
niny: jednalo se o jily a porfyry se znaénym zvodnénim. Hlava stroje
byla posléze v kaverné demontovédna a oddéleny zdvés byl vytaZen
pomoci lokomotiv jiznim smérem ven z tunelu. Zde byla provedena
jeho demontdz a odvoz.

Zpozdéni, ke kterym doslo na pocdtku stavby z divodu problému
s portdly, doddvkou elektfiny a kvalitou horninového masivu, bylo pro

1. Razba horni poloviny profilu — kaloty
1. Top heading excavation

2. Dobirka do pIného profilu opéfi
2. Bench excavation completion

3. Montaz izolace a betonaz sekundarniho osténi
3. Installation of a waterproofing membrane and casting of the secondary

lining

Obr. 6 Schéma postupu raZby tunelu konvencni metodou (NRTM)
Fig. 6 Scheme of the tunnel excavation procedure using the conventional
method (the NATM)

was made that the trapped TBM would be extracted and the exca-
vation would proceed north using the NATM (see Fig. 6).

A cavern was excavated for dismantling the TBM cutterhead. By
chance, the cavern was built in a location where the rock mass
composition was the worst encountered till that moment. It consis-
ted of significantly water bearing clays and porphyries. The TBM
cutterhead was subsequently dismantled in the cavern and the
separated backup was pulled by means of locomotives, in the sout-
herly direction, out from the tunnel. In this location it was dis-
mantled and transported away.

The delays suffered at the beginning of the construction due to
problems with portals, power supplies and quality of the mountain
mass were a signal for the client (ADIF) to commence the NATM
excavation southward from the opposite (northern) portal from 8th
June 2005. On 23rd July 2005, after the origination of the state of
emergency, the contractor (OHL) suggested that a midway portal
be opened. Several months later this solution was accepted by the
client and, with respect to the project delay, was incorporated into
the Modified Design for the eastern tube of the San Pedro tunnel.

CONVENTIONAL TUNNELLING

The work on opening a pair of new headings using the NATM
(southerly and northerly drives) commenced on 23 June 2006. The
necessity of preparing site facilities for the so-called midway por-
tal followed from this fact. A system of water tanks supplied by
tank lorries fed from the connection line for the southern portal
was built, as well as a power source - a diesel generating set, ven-
tilation systems and systems of treating water before discharging it
into a watercourse in the vicinity, an explosives magazine and sani-
tary and resting facilities. The same solution was adopted even for
the NATM excavation from the northern portal; taking into consi-
deration the large road distance from the southern portal, the deci-
sion was made than second concrete batching plant would be loca-
ted at the northern portal.

This configuration of four headings was used from July 2006; 21
cross passages and four galleries for inner transformer stations
were driven and provided with the support in parallel with the
advancing headings.

The possibility of erecting the final lining before the excavati-
on was finished was analysed with the aim of optimising con-
struction deadlines and bringing them into harmony with the tun-
nel excavation deadlines. Travelling scaffolds for the installation
of the intermediate waterproofing system and casting of the final
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VLASTNOSTI HORNINY PRO POUZITI TBM
PROPERTIES OF ROCK TO BE DISINTEGRATED BY A TBM

SKUTECNOST
REALITY

PREDPOKLAD
ASSUMPTION

I Velmi $patnd hornina — Very poor quality rock
B Spatna hornina — Poor quality rock

[0 Stfedné vhodnd hornina — Medium suitable rock
I Dobra hornina - Sound rock

LEGENDA / LEGEND

— razba TBM - TBM excavation
— razba NRTM (22 mésict) — NATM excavation (22 months)
— betonaz definitivniho osténi (10 mésicu)
casting of final concrete lining (10 months)
chodniky a dokonéujici prace — walkways and finishing work
— vybaveni tunelu (mimo koleji) — tunnel equipment (apart from rails)

© Hioubeny tunel — Cut-and-cover tunnel

© Jizni portal — Southern portal

© Nasazeni TBM - Commencement of TBM excavation

O Ukongeni razby TBM - The end of TBM excavation

© Pristupovy tunel (NRTM) - Access tunnel (NATM)

© Stfedni portal — Midway portal

@ Sevemi portal — Northern portal

© Hiloubeni stavebni jamy — excavation of the construction pit
© Montaz TBM - TBM assembly

@ Tunel pro nasazeni TBM — Tunnel for the application of TBM
@® Demontdz TBM - TBM dismantling

@ Pristupovy tunel (NRTM) — Access tunnel (the NATM)

® Razba NRTM - The NATM excavation

Obr. 7 Zakresleni jednotlivych fdazi vystavby tunelu v ¢asoprostorovém grafu

Fig. 7 Plotting individual phases of the tunnel construction in a time-space diagram

investora dila (ADIF) signdlem k zahdjen{ praci s pouzitim NRTM od
protéjsitho severniho portdlu jiznim smérem od 8. ervna 2005. Po
vzniku vyjime¢ného stavu dne 23. Cervence 2005 bylo zhotovitelem
stavby (OHL) navrZeno otevrit prostiedni portdl. Nékolik mésict poté
bylo toto feSeni investorem i prijato a s ohledem na zpozdéni vystavby
zahrnuto do modifikovaného projektu vychodniho tunelu San Pedro.

KONVENCNI RAZBA

K 23. ¢ervnu 2006 byla zahdjena realizace dvou novych celeb pomo-
ci NRTM (jiznim a severnim smérem). Z toho vyplynula nutnost pfi-
pravit zafizeni staveniSté pro tzv. prostfedni portal. Byl vybudovin
systém nadrzi na vodu napdjenych z autocisteren z pripojky jizniho
portalu, zdroj elektrické energie doddvany generatorovym soustrojim,
ventiladni systémy a systémy pro CiSténi vody pred jejim vypusténim
do prirodniho vodniho toku nachazejiciho se v blizkosti, skladisté trha-
vin a sanitdrni a odpocinkové zarizeni. Stejné feSeni bylo prijato i pro
provddéni razeb NRTM od severniho portdlu a vzhledem k velké sil-
ni¢ni vzdélenosti od jizniho portédlu bylo rovnéZ rozhodnuto umistit
u severniho portdlu druhou betonarku.

Pri této konfiguraci Ctyf Celeb se pracovalo od Cervence 2006
a paralelné s postupem &eleb se stejnym zpusobem razilo a vyztuZovalo
21 spojovacich chodeb mezi obéma tunely jako i Ctyfi vnitrni transfor-
macni stanice.

S cilem optimalizovat Ihuty vystavby a sladit je s lhiitami provadéni
razby byla analyzovana moznost realizovat definitivni{ osténi tunelu
jesté pred dokoncenim jeho razby. Pro provadéni mezilehlé izolace
a betondz definitivniho osténi byly vyuZity voziky umoziujici provoz

lining, allowing these operations to proceed simultaneously with
the tunnel excavation were used. Owing to this measure the
excavation process became compatible with the final lining
installation process. When the excavation face proceeding in the
direction from the northern portal toward the midway portal had
passed through the most difficult geology, the system of the
excavation proceeding concurrently with the installation of the
final lining was abandoned and the advance of the excavation
was given precedence. On 21st August 2007, the excavation of
the northern part of the tunnel between the midway and northern
portals broke through; the work on the lining started immediate-
ly, this time using 15m long travelling scaffolds proceeding from
the north toward the midway portal. One travelling scaffold cast
the concrete lining in a 15m long tunnel section per day (wor-
king for seven days/week). The other scaffold was designed for
the opposite end of the tunnel, to be first of all used for the
installation of the formwork for the vault of the cut-and-cover
tunnel built in a 206m long open cut and then for the 180m long
tunnel which was required for moving the TBM through the
NATM driven tunnel. Then this scaffold was transformed for the
installation of the lining in the 325m long section with the circu-
lar cross-section carried out by the TBM and again transformed
for the transition from the circular cross-section to the horse-
shoe-shaped profile designed for the entrance and exit. At that
moment the last, fourth travelling scaffold was added to proceed
from the north. It worked in tandem with the scaffold used for
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v tunelu za soucasné razby. Tim bylo dosaZeno kompatibility postupu
razby s postupem realizace definitivniho osténi. Po projiti Celby ve
sméru ze severniho portdlu k portdlu prostfednimu a prekondni nejob-
tiznéj8i geologie byl systém razby a soubezné realizace osténi ukoncen
a byla ddna prednost postupu razby. Dne 21. brezna 2007 byla prora-
Zena severni Cdst tunelu mezi prostifednim a severnim portdlem a byly
bez prodleni zahdjeny prace na osténi, tentokrat jiz se dvéma voziky
délky 15 m, které ze severu postupovaly smérem k portdlu prostredni-
mu. Jeden vozik denné oblozil 15 m tunelu pfi provozu sedm dni
v tydnu. Na protéjsi konec tunelu byl navrzen druhy vozik, v prvé radé
pouzity pro instalaci bednéni klenby tunelu budovaného v oteviené sta-
vebni jame o délce 206 m a ndsledné pro 180 m tunelu pro presun TBM
tunelem razenym NRTM. Poté byl tento vozik transformovéan pro pro-
vedenf osténi v tseku délky 325 m s kruhovym prifezem vyraZenym
TBM a pak opét transformovén na prechod z kruhového prufezu na
prarez ve tvaru podkovy na vjezdu a vyjezdu. V tomto momenté byl
pridan jako posledni i ¢tvrty vozik postupujici ze severu, ktery praco-
val v tandemu s vozikem provadéjicim izolaci obdobnym zpusobem,
jak je uvedeno vyse.

Pred provddénim osténi byla podle projektu pldnovdna instalace izo-
lacni félie tloustky 1,5 mm z PVC. Zhotovitel (OHL) vznesla na inves-
tora dila (ADIF) dotaz, zda by nebylo vhodné v mistech s velkym
vyskytem vody zlepsit drendz a doplnit ji o instalaci drendzni matrace
typu ENKADRAIN. Tento ndvrh byl pfijat. Systém obvodové drendze
a izolace svddi vodu z hory do jednotlivych podélnych drénu
a nasledné do centrdlniho sbérného kanalu o pruméru 300 mm. Ten je
uloZen v betonu spodnf{ klenby nebo v Zelezobetonové desce.

Ode dne, kdy byly soupravy vozika upraveny, a to dvé pro provadé-
ni izolace a Ctyfi pro osténi, bylo dosahovdno rekordnich dennich
vykon, to znamend az 60 m osténi denné. To nakonec umozZnilo, aby
27. kvétna 2007 bylo dokonceno osténi zdpadniho tunelu. Béhem celé
této doby pracovaly obé betonarky umisténé u severntho a jizniho por-
tdlu 24 hodin denn¢ se zahrnutim nezbytné kazdodenni Gdrzby.

DOKONCENI PRACI

Pfi dokonCovéni tuneld budovanych v oteviené stavebni jame byla
provadéna celd skupina innosti, zahrnujici jejich zasypanf, odstranéni
prebyte¢né rubaniny (resp. upraveného Stérku), likvidaci doCasnych
&4sti staveniSt€ a obnovu vice neZ 35 hektart zabranych v dusledku sta-
vebni Cinnosti. V nejvétsi mozné mite byly vzaty v dvahu snahy
0 obnovu stavu prostredi pred zahdjenim praci s nutnou integraci stav-
by do Zivotniho prostiedi. Vysledkem bylo feSeni, které zachovalo
menirnu vybudovanou pro zajiténi zdsobovani dila elektrickou ener-
gii. Ta nové zajistuje dodavky pro tunely San Pedro. Ddle vznikla zéna
pro zdchranu, kam spadé stavba heliportu a zafizeni s funkcemi uZi-
vatelsko-idrzbarskymi. Tim byl zlepSen pristup k instalacim a k vlast-
nimu jiznimu portalu tunelt a tyto nové komunikace byly zpfistupné-
ny i majitelim prilehljch pozemka, ¢imZz doslo k zlepSeni celkové
situace mistnich obyvatel.

ZAVER

Skute¢ny prabéh vystavby s vyznacenim jednotlivych operaci v ¢ase
je patrny z obr. 7.

Vyse popsand zkuSenost fy OHL upozorniuje na obtiznost vyberu
vhodné technologie pro razbu dlouhych tunelt. Zésadni je to predevsim
u nasazeni nedostatené univerzalnich postupu, jako je v tomto piipadé
pouziti TBM. Zna¢nou tlohu pritom sehrdvd spolehlivé a podrobné
ovéfeni geotechnickych pomérti v trase razeného dila. Ukol je potom
velmi slozity predevsim u dlouhych tunelt ve sloZité morfologii. Pro
zddrné feSeni podobnych situact, jako je v pifspévku uvddény pifpad
tunelu San Pedro ve Spanélsku, je pak nesmirné dileZitd i zkuSenost
a invence nejenom na strané zhotovitele, ale i souc¢innost a konstruktivni
pristup investora dila a v§ech spolupracujicich organizaci.

ANTONIO A],VleO’N, aanadon@ohl.es, OHL, S. A.
ING. TOMAS JUST, tjust@ohlzs.cz, OHL Z8S, a. s.

Recenzoval: Ing. Karel Rossler
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the installation of waterproofing in a way similar to the above-
mentioned procedure.

According to the design, a 1.5mm thick PVC waterproofing mem-
brane was to be installed before the installation of the final lining.
The contractor (OHL) made an enquiry with the client (ADIF) whet-
her it would be reasonable for locations with increased occurrence of
ground water to improve the drainage effect and add an ENKAD-
RAIN type of drainage fabric to the system. This proposal was app-
roved. The system of circumferential drainage and waterproofing
directs water from the mountain mass to individual longitudinal dra-
ins and then to a 300mm-diameter central drainage duct. The duct is
embedded in concrete forming the tunnel invert or in a reinforced
concrete slab.

From the day on which the travelling scaffolds were modified,
two for installing the waterproofing and four for installing the
lining, record daily advance rates started to be achieved, which
means up to 60m per day. Owing to this performance it was even-
tually possible to complete the lining of the western tunnel tube on
27th May 2007. Both concrete batching plants located at the nort-
hern portal and southern portal worked throughout this time for 24
hours a day, with the time necessary for day-to-day maintenance
included.

WORKS COMPLETION

When the cut-and-cover tunnels were being completed, the whole
group of activities was carried out, comprising backfilling of the
tunnels, removal of excessive muck (or the treated gravel), liquida-
tion of temporary parts of the site facilities and reinstatement of
more than 35 hectares of land occupied for the purpose of construc-
tion activities. Efforts to reinstate the environment to the state exis-
ting before the commencement of the works with the necessary inte-
gration of the structure into the living environment were taken into
consideration to the largest possible extent. The efforts resulted in
a solution which preserved the converter station which had been
built for the purpose of supplying the works with power. This stati-
on newly supplies power for the San Pedro tunnels. In addition,
a rescue zone originated, comprising the construction of a heliport
and operation and maintenance facilities. Owing to this solution the
access to installations and to the southern portal of the tunnels was
improved and the new roads were made accessible even for owners
of adjacent properties, which improved the overall situation of local
residents.

CONCLUSION

The actual construction process with the individual operations pro-
gress in time is shown in Fig. 7.

The OHL’s experience which is described in this paper draws
attention to difficulties in selecting a technology suitable for driving
long tunnels. The selection is crucial first of all when insufficiently
universal procedures are applied, such as the TBM which was selec-
ted for this particular case. In doing so, a significant role is played by
reliable and detailed verification of geological conditions along the
mined tunnel route. The task is very difficult first of all in the cases
of long tunnels driven through complicated morphology. Success in
solving situations similar to the San Pedro tunnel in Spain, which is
presented as an example in this paper, greatly depends not only on
the experience and invention on the contractor’s side but also on col-
laboration and constructive approach of the client and all co-opera-
ting organisations.

ANTONIO ANADON, aanadon@ohl.es, OHL, S. A.
ING. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a. s.
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TECHNOLOGIE TUNELOVANI PRO INFRASTRUKTURU
TECHNOLOGIES OF TUNNELLING FOR INFRASTRUCTURE

TOMAS JUST, MICHAL SODOMKA

uvob

Za tcelem vystavby a rekonstrukce méstské, dopravni nebo prumys-
lové infrastruktury se v mnohych pripadech neobejdeme bez vyuZiti
ruznych bezvykopovych technologii. Neni-li volba bezvykopové tech-
nologie jedinym moZnym feSenim konkrétni situace (prekdzky v trase
na povrchu, hloubka vykopu, nevhodnéd geologie atd.), je tfeba pri
bilancovéani jeji vyhodnosti oproti konven¢nimu zpusobu (vykop
a zpétny zdsyp s obnovou povrchil) uvazovat nasledujici faktory:

e prostorové moznosti pro umisténi a obsluhu stavby v dané lokalit¢,

* dopad zvolené technologie na stdvajici objekty a Zivot v dot¢eném
lzemi,
technické moznosti uvazované technologie,
ekonomické posouzent,
environmentalni posouzeni,
posouzeni bezpecnosti prace.

Vyse uvedenou bilanci je vhodné porovnat potiebu zdbora ploch
stavby na povrchu, existujici prostor pro umisténi objektu pod zemi,
mnoZzstvi premisténého materidlu, dobu vystavby a jeji dopad na okoli.
Samostatnou strankou je ekonomicka bilance zdmeéru, kterd po zvaze-
ni v8ech souvislosti maZe vyznit ve prospéch bezvykopové technolo-
gie zejména v téchto pripadech:

* ndkladné obnova dotenych povrchu,

e omezeny prostor na povrchu, nizkd moZnost obsluZnosti stavby,

* vyS§i hloubka uloZeni (obvykle cca 4 m a vice),

* nevhodnd geologie a hydrogeologie pro vykop,

* vysokd hustota stavajicich inZenyrskych siti.

V soucasné dobé Ize volit z mnoha na trhu existujicich bezvykopo-
vych technologif, a to od tradi¢niho ru¢niho Stolovéni, Stitovani nebo
protlacovani az po plné mechanizované a dalkové fizené vrtani. Kazda
z metod mé své prednosti a odiivodnéni pro pouziti pfi realizaci kon-
krétniho zaméru. Cilem tohoto ¢lanku je priblizit Ctendfi vybér nékte-
rych technologii s uvedenim principu jejich realizace, obecnych para-
metrd a ndzornych prikladu uplatnéni v praxi.

V nésledujicim textu naleznete prehled bezvykopovych technologii
pro ,,malé tunelovani* pouZivanych u spole¢nosti OHL 7S, a.s., vlet-
né prikladd dspé$né realizace jednotlivych technologii z posledni
doby.

KLASICKY RAZENE STOLY

Klasicky razené Stoly a kolektory maji vyhodu v moznosti volby
individuélniho tvaru vyrubu, nejéastéji profilu 2-12 m2, a ddle moz-
nosti proménlivého smérového a vyskového vedeni, moZnost zmeny
tvaru a rozméru pricného profilu dila. Ostén{ je realizovdno nejcastéji
z rdmi K21 nebo prihradoviny v kombinaci se stitkanym betonem
nebo plechy UNION. Tato metoda umoZnuje realizaci podzemnich
odbocek nebo kfiZeni, umoznuje reagovat na konkrétni geologickou
a hydrogeologickou situaci na ¢elbé. Je vhodnd zejména pro uloZen{
produktovodu vétSich prumért a nebo nelinedrni osu zamysleného
dila. Metoda je ndro¢nd na kvalifikovanou manudlni pracovni silu
nasazenou piimo na Celbé — dle velikosti vyrubu 3 az 5 pracovniku,
obvykly postup (razba véetné primarniho osténi a odtéZeni rubaniny)
se pohybuje v zdvislosti na okolnich podminkdch v intervalu
0,8—1,6 m za sménu (12 hodin).

Rekonstrukce kanalizaéniho sbérate C1
Rooseveltova-Solnicni, Brno

Rekonstrukce kanalizacniho sbérace v historickém jadru mésta Brna
provadénd bezvykopovou metodou hornickym zpusobem. Vzhledem
k rozmérum pri¢ného profilu dila se jednalo o ru¢ni razbu $toly celko-
vé délky 295 m realizovanou prostfednictvim 3 ks téZnich Sachet
hloubky cca 8-11 m. RaZeny profil cca 3,6 m2 pro stoku DN 800/1 200
a cca 5,5 m2 pro stoku DN 1 200/1 800. Primdrni vyztuZeni pomoci
rému K 21 m a plecha UNION, v piipadé potieby (podchod pod budo-

INTRODUCTION

In many cases we cannot cope without using various trenchless techno-
logies when building new and reconstructing old urban, transport-related
or industrial infrastructure. If the choice of a trenchless technology is not
the only solution to a particular situation (obstacles on the route on the sur-
face, the excavation depth, unsuitable geology etc.), the following factors
must be taken into consideration when advantages over the conventional
method (excavation of a trench and backfill, reinstatement of the surface)
are being balanced:

* possible space for locating and operating a construction site facility in

the particular locality,

e the impact of the selected technology on existing buildings and the life

in the area of operations,

e technical potential of the technology under consideration,

* economic assessment,

e environmental assessment,

e safety at work assessment.

It is reasonable if the above-mentioned balance is used for comparing
the need for the occupation of surface areas for the construction site, the
existing space for carrying out the structure underground, the volume of
materials to be moved, duration of the works and the impact of the con-
struction on the surroundings. The economic balance of the concept is
a separate part. It may, after considering all relationships, end up in favour
of the trenchless technology, first of all in the following cases:

* expensive reinstating of surface areas affected by the construction,

e limited space on the surface, insufficient access for services to the site,

e greater depth of the placement (usually about 4m and deeper),

* geology and hydrogeology unsuitable for an open cut trench,

* high density of existing utility networks.

Today it is possible to make a selection from many trenchless technolo-
gies existing on the market, ranging from traditional hand-mined excavati-
on of galleries, shield driving or jacking up to fully mechanised and remo-
tely controlled drilling. Each of the methods has its own merits and reasons
for its use during the implementation of a particular plan. The objective of
this paper is to give the readers an idea of the selection of some technolo-
gies, showing principles of their application, general parameters and illust-
rative examples of the application in practice.

In the following text you will find an overview of the trenchless technolo-
gies for driving galleries which are used by OHL ZS, a. s., inclusive of the
latest examples of successful implementation of the individual technologies.

CLASSICALLY DRIVEN GALLERIES

The advantage of classically driven galleries and utility tunnels is that it
is possible to choose an individual geometry of the excavated cross-secti-
on (most frequently a profile area ranging from 2 - 12m?2), and to change
the horizontal and vertical alignment, to modify the geometry and dimen-
sions of the cross-section of the underground working. K21 frames or lat-
tice girders combined with sprayed concrete or UNION steel sheets are
most frequently used for the lining. This method makes the realisation of
underground branching or crossings possible, and allows responding to
concrete geological and hydrogeological situation at the excavation face. It
is suitable first of all for placing product pipelines with larger dimensions
or for a non-linear route of the planned works. The method is demanding
in terms of qualified labours working directly at the excavation face, which
means 3 — 5 workers, depending on the excavated opening size; the usual
advance rate (the excavation including the primary lining and loading of
muck) fluctuates depending on surrounding conditions within the interval
of 0.8-1.6m per shift (12 hours).

Reconstruction to C1 trunk sewer in Rooseveltova and
Solni¢ni Streets, Brno

The reconstruction to the trunk sewer in the historic core of the city of
Brno carried out using a trenchless method, by mining. Because of the
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Obr. 1 MontdZ kmenové stoky z polymerbetonového potrubi DN 1200/1800 do
klasicky raZené $toly, meziprostor bude vyplnén samozhutnitelnym betonem
C 30/37 XAl

Fig. 1 Installation of the trunk sewer consisting of DN 1200/1800 polymer
concrete tubes into a traditionally mined gallery; the free space will be back-
filled with self-compacting concrete C 30/37 XAl

vou katastralniho tfadu) aplikace injektovanych IBO kotev vné obvo-
du klenby Stoly. Razba Stoly probihala v rozhodujicim objemu v sou-
drznych neogennich jilech jen misty mokrych, lokdlné zastizeny pozu-
statky antropogenni ¢innosti (zaklady hradebnich zdi, zdéné podzem-
ni prostory). Rychlost razby dle aktudlnich podminek na ¢elbé byla cca
1 postup (obvykle 0,8 m) za osmihodinovou sménu.

V definitivni tpravé je stoka provedena jako monolitickd betonova
s vystelkou z polymerbetonovych vejéitych dilct uvedeného profilu.
Do nové vybudované stoky jsou napojeny kanalizalni pripojky

Obr. 2 Polomechanizovany §tit RSK 3050 pied spusténim do startovaci Sach-
ty, v predni dsti hydraulicky ovlddand IZice, v zadni &dsti pdsovy dopravnik

Fig. 2 Semi-mechanised shield RSK 3050 before lowering into the launching
shaft; the hydraulically controlled shovel at the front end, the belt conveyor

in the rear part

dimensions of the tunnel cross-section, the 295m long gallery was driven
by a hand method, using 3 hoisting shafts about 8 — 11m deep. The exca-
vated cross-sectional area about 3.6m? and 5.5m? was designed for a DN
800/1200 and DN 1200/1800 trunk sewers, respectively. The primary sup-
port was by K21 frames and UNION steel sheets and, if required (the pas-
sage under the Land Registry Office building) the application of grouted
IBO rods around the crown of the gallery. The main volume of the exca-
vation of the galleries was carried out in cohesive, only locally wet
Neogene clays, remnants of anthropogeneous activities (foundations of
fortification walls, brick-lined underground spaces) were locally encounte-
red. The excavation advance rate was, depending on existing conditions at
the face, about 1 excavation round (usually 0.8m) per an 8-hour shift.

The final solution was that the gallery was constructed as a cast-in-situ
concrete structure with polymer concrete, oval segments of the given pro-
file used as the inner cladding. Sewerage services leading from adjacent
properties were connected to the newly built trunk sewer also using trench-
less technologies — mined galleries and pipe jacking. Differences in eleva-
tions of the sewerage services connecting the trunk sewer and elevations of
the services in individual properties are solved through drop manholes,
located outside the trunk sewer structure, or sacrificial shafts installed on
the trunk sewer structure, or through inspection shafts.

GALLERIES DRIVEN BY MEANS OF SEMI-MECHANISED SHIELDS

The galleries driven in this way are circular, with the outer diameter of
2.0 — 3.6m; the horizontal and vertical alignments are usually straight.
Independent excavation equipment exists for each profile. The body of the
shield consists of a steel cylinder with the respective diameter;
a hydraulically controlled grab braking the ground and loading the muck,
and a space for the shield operators. A belt conveyor runs through the shi-
eld body, discharging the muck into a skip; a segment erector is in the rear
of the machine; a set of hydraulic cylinders is mounted around the rear part
of the shield body, which are braced against the last lining ring, allowing
the shield to move ahead. Trailing backup with a hydraulic unit, moving on
the rail track, is coupled behind the shield. In addition, the rail track serves
to ensure horizontal transport of materials. The lining segments allow back
grouting to be carried out. The machine operating crew usually consists of
2 — 3 workers, depending on the diameter; the advance rate varies within
the interval of 1 — 2m per 12-hour shift.

Pferov railway station, construction lot 1, structure
SO 43-15-08: cable gallery

The construction of a cable tunnel using an RSK 3050 semi-mechanised
shield, with segmental lining (6 RC precast segments in a ring, 2 rings per
Im). The length of the completed gallery of about 115m; passing under
existing 6 rails at Prerov station.

The construction was carried out in difficult hydrogeological conditions,
the vertical alignment of the mined gallery was found about 3.5m under the
groundwater standing level; the geological profile comprising
a combination of clayey-sandy, clayey and gravelly material (former bed
of the Bec¢va River). A combination of lowering the water table by means

Obr. 3 Pohled do vyraZené §toly zajisténé osténim z betonovych segmentii
smerem k tezni Sachte, odtéZeni rubaniny pomoci kolejové strojni dopravy

Fig. 3 A view down the excavated gallery toward the hoisting shaft; the
gallery is lined with concrete segments; muck removed by rail-bound machi-

ne transport



z prilehlych nemovitosti rovnéZ vyuZitim bezvykopovych technologif
— Stoly a protlaky. Vyskové rozdily mezi trovni napojeni kanaliza¢-
nich pripojek na rekonstruovany sbéra¢ a drovni kanalizanich pripo-
jek v jednotlivych nemovitostech jsou reSeny pres spadiStové Sachty
umisténé mimo konstrukci sbérace nebo ztracené Sachty umisténé na
konstrukci sbérace, pripadné pres revizni Sachty.

STOLY RAZENE POLOMECHANIZOVANYMI STITY

Budované §toly jsou kruhového profilu vnéjsiho rozméru 2,0-3,6 m,
smérové a vyskové vedeni je obvykle v ptimé. Pro kazdy profil exis-
tuje samostatné zatizeni. T¢lo §titu je tvofeno ocelovym vdlcem pii-
slusného praméru, na Celbé je instalovdn hydraulicky ovlddany drapdk
pro rozpojovani a nahrnovdni horniny a prostor pro osddku stroje.
Télem §titu prochdzi pasovy dopravnik pro naklddku rubaniny do t€Zni
nddoby, v zadni ¢4sti stroje je erektor pro ukladku segmentt a po obvo-
du zadni Césti t€la je soubor hydraulickych pistu opirajicich se
o posledni prstenec osténi umoznujicich pohyb §titu vpred. Za Stitem
je pripojen zéveés s hydraulickym agregdtem pohybujicim se po kole-
jové dréze, kterd rovnéz slouzi pro zajiSténi horizontdlni dopravy
materidlu. Segmenty osténi umoZnuji injektdZ prostor za rubem.
Oséadku stroje dle profilu obvykle tvori 2-3 pracovnici, vykon za
12hod. sménu se pohybuje v intervalu 1-2 m.

Z. st. Pferov, 1. stavba, SO 43-15-08, §tola pro kabelovod

Realizace Stoly pro kabelovod pomoci polomechanizovaného $titu
RSK 3050 s osténim z ZB prefabrikovanych segmentii (6 ks v prstenci,
2 prstence na 1 m). Délka realizované Stoly cca 115 m, podchod sté-
vajicich 8 koleji ve stanici Prerov.

Stavba realizovdna ve slozitych hydrogeologickych podminkach,
niveleta razené Stoly cca 3,5 m pod ustdlenou HPV, geologicky profil
kombinaci jilopis¢itého, jilového a §térkového materialu (byvalé kory-
to feky Becvy). Pro zajistén{ bezpecné razby a minimalizaci pokleso-
vé kotliny pouZita kombinace snizeni HPV pomoci 10 ks hydrovrtu
provedenych soubézné s osou razby a postupného provadeéni injektdze
piedpoli z ¢elby smési rychletuhnoucich cementu.

Primérny realizovany postup razby v&etné vyse popsanych opatie-
ni byl cca 2 m za jeden pracovni den ve dvousménném provozu.
Dokoncend §tola bude vystrojena kabelovymi multikandly a mezikruz{
vyplnéno betonem.

RUCNE RAZENE PROTLAKY

Jednd se o protla¢eni chranicky nebo ptimo kone¢ného produktovou
profilu DN 800 — 2400 mm, ktery soucasné tvori ochranu pracovnika
na Celbé. Rozpojovani horniny na ¢elbé i vodorovnd doprava rubaniny
je ruéni. Budované potrubi je postupné sklddéno ze segmentu délek
1-2 m a postupné zatlaGovdno pomoci hydraulické protlaceci soupra-
vy instalované v t€Zni (startovaci) Sachté¢ s vybudovanym vhodnym
opérnym blokem. Typ a velikost protlaceci soupravy je volena dle veli-
kosti a délky realizovaného protlaku od 1pistové az po 12pistové zafi-
zeni. Protlatovanym materidlem jsou nejcastéji ocelové potrubi
i Zelezobetonové nebo sklolamindtové trouby. Osddka je nejCastéji tif-
¢lennd, postup za 12hod. sménu je cca 2 m a limitni délka souvislého
protlaku je cca 60 m.

Rekonstrukce Zelezni¢niho uziu Bfeclav, 1. stavba,
SO 01-19-43, propustek v km 85,624

Z davodu nevyhovujiciho technického stavu stdvajictho propustku
byl realizovdn novy propustek technologii ru¢né kopaného protlaku
ocelového potrubi DN 2340 celkové délky 66 m. Protlak byl realizovan
ze startovaci Sachty o pudorysném rozméru 7,5x5,5 m, z duvodu malé
hloubky startovaci Sachty bylo jeji paZeni provedeno z ocelovych
Larssen ITIn 436x168 x13 mm, které byly zaberanény do hloubky 10 m.
JelikoZ byl protlak uskute¢nén pod pojizdénymi kolejemi, musela byt
razba provddéna kontinudlné. Samotnd razba probihala v ruznorodych
geologickych podminkach a pod hladinou podzemni vody. Pro sniZeni
hladiny podzemni vody bylo v trase protlaku realizovano 8 kust hyd-
rovrtl. RaZbou byly zastizeny dfevéné tramy (puvodni zaloZen{ starého
propustku) i betonové patky starého trak¢niho vedeni. Do takto vyraZe-
ného protlaku byly zatahovany ocelové armokose a potrubi HOBAS DN
1600 SN 10 000. Vzniklé mezikruZi bylo vyplnéno samozhutnitelnym
betonem C30/37 XC4. Po zprovoznéni nového propustku byl soucasny
zabetonovan. Cely protlak byl vyraZen za 6 tydnu, rychlost razby byla
ovlivnéna pozadavkem projektanta na pfesné provedeni, tolerance na
presnost razby (z divodu osazeni armoko$t) byla stanovena na + 2 cm.
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of 10 bored wells drilled in parallel with the centre line of the excavation
and gradual injecting rapid-set cement grout into the front zone from the
excavation face.

The average excavation advance rate, including the above-mentioned
measures, was about 2m per two-shift working day was achieved. Cable
multi-ducts will be installed in the gallery after the completion and the
annulus will be backfilled with concrete.

HAND-EXCAVATED PIPE JACKING

It is the case of jacking either casing pipes or directly the product-carry-
ing profile DN 800 — 2400mm, which at the same time provides protecti-
on for workers at the excavation face. The ground at the face is broken and
the muck is transported manually. The pipeline being built is step by step
assembled from 1 — 2m long segments and is gradually pushed ahead by
means of a hydraulic jacking unit installed in a hoisting (launching) shaft
in which a proper jacking block is prepared for it. The type and size of the
jacking unit is selected according to the diameter and length of the pipe-
jack, from 1-piston to 12-piston sets. The tubes used for the jacking are
most frequently of steel, but even reinforced concrete or glassfibre reinfor-
ced plastic tubes are used. Pipe jacking crews consist usually of three wor-
kers, the advance rate is about 2m per 12-hour shift and the limiting length
of a continuous pipejack is about 60m.

Reconstruction of the Bfeclav railway junction, construction
lot 1, structure SO 01-19-43: culvert at km 85.624

The unsatisfactory condition of the existing culvert was the reason why
anew culvert was built, using the hand-excavated pipe jacking technique.
A DN 2340mm steel pipeline at the total length of 66m was installed. The
tubes were jacked from a launching shaft with the ground plan dimensions
of 7.5 x 5.5m; because of the small depth of the launching shaft the walls
were braced by Larsen I1In 436x168 x13 mm sheet piles, which were dri-
ven into the ground to the depth of 10m. Because of the fact that the pipe-
jack was carried out under operating rails, the operation had to be perfor-
med continually. The excavation itself passed through varying geological
conditions and under the water table. Eight dewatering wells were drilled
along the pipejack route to lower the water table. The excavation encoun-
tered timber beams (the original foundation of the old culvert) and concre-
te footings of an old catenary system. Steel reinforcement cages and
HOBAS DN 1600 SN 10 000 tubes were pulled into the completed pipe-
jack. The existing culvert was backfilled with concrete after the completi-
on of the new one. The entire pipejack was driven in 6 weeks; the jacking
advance rate was affected by designer’s requirement for precise installati-
on: the tolerance was set at + 2 cm to allow the installation of reinforce-
ment cages.

Reconstruction of the Bieclav railway junction, construction
lot 1, structure SO 01-19-41: culvert at km 84.863

Another pipejack was carried out within the framework of the recon-
struction of the Breclav railway junction using DN 1600 reinforced
concrete tubes. The total length of the mined part of 160m was divided
into three sections. The pipejack route passed under 34 rails, with 30
rails being continually used for shunting of trains. The operation was
suspended on four rails to allow two launching shafts with ground plan
dimensions of 7.5 x 5.5m and the depth of about 5m to be sunk. It was
found out on the basis of the hydrogeological survey that the whole
length of the pipejack route will be driven under the water table. The
water table was tapped in check boreholes at the depth of 2m and the
standing level was at the depth of 1.4m under the ground surface. It
was expected that the tunnel profile would encounter sandy clays,
which would gradually pass into water-bearing sandy loams. A system
of fourteen dewatering wells had to be carried out along the pipejack
route to make the construction possible. All boreholes were provided
with a casing consisting of a perforated PVC tube with filters glued in
it, subsequently the tube was enveloped in the borehole with 8 — 16mm
fraction pea gravel. This system of dewatering wells managed to lower
the water table to the level of 2 — 3m under the design level of the pipe-
jack bottom.

A steering pre-shield was mounted on the first, specially modified DN
1600 tube. Stability of the overburden was secured and any risk associa-
ted with overbreaks was eliminated by means of reinforcing cement
grouting, which was carried out simultaneously with the excavation
using 30/16mm diameter, minimum 5m long IBO rods. The length of
individual mined section was up to 60m. Friction reducing (lubrication)
grouting through injection holes provided around the perimeter of a TZT
160/200 reinforced concrete tube was carried out so that achieving of
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Rekonstrukce Zelezni¢niho uzlu Bireclav, 1. stavba,
SO 01-19-41, propustek v km 84,863

Dalsi protlak v rdmci rekonstrukce Zelezni¢niho uzlu Breclav byl
proveden z Zelezobetonovych trub DN 1600. Celkova délka raZené
&ésti 160 m byla rozdélena do tif Gseku. Trasa protlaku prochédzela pod
34 7elezni¢nimi kolejemi, pricemZ 30 koleji bylo po dobu stavby
nepretrzité uzivano pro posun vlakovych souprav. Na ¢tyrech kolejich
byl pferusen provoz z davodu vyhloubeni dvou startovacich Sachet
o pudorysném rozméru 7,5x5,5 m a hloubky cca 5 m. Na zakladé pro-
vedeného hydrogeologického prizkumu bylo zji§téno, Ze celd trasa
propustku bude realizovdna pod hladinou podzemni vody. V kont-
rolnich vrtech byla hladina podzemni vody naraZena v hloubce 2 m
a ustdlend hladina byla v hloubce 1.4 m pod povrchem. V profilu pro-
tlaku se predpoklddal vyskyt pis€itych jilu, které budou postupné pre-
chdzet do zvodnélych piscitych hlin. Pro realizaci dila musela byt
v trase protlaku vybudovéna soustava ¢trnacti Cerpacich vrti. VSechny
vrty byly vystrojeny perforovanou PVC trubkou s osazenymi lepeny-
mi filtry a ndsledné obsypény kacirkem frakce 8—16 mm. Tato sousta-
va hydrovrta zajistila sniZenf hladiny podzemni vody na droveri 2-3 m
pod projektovanou niveletu protlaku.

Na prvni specidlné upravenou rouru o praméru DN 1600 byl osazen
fidici predstitek. Pro zajiténi stability nadloZi a eliminaci jakychkoli
rizik spojenych s nadvylomy probihala sou¢asné s razbou zpevnujici
cementova injektdz pomoci ty¢i ,,JBO* o praméru 30/16 mm délky
minimdlné 5 m. Délka jednotlivych raZenych tseku byla do 60 m. Aby
bylo mozné dosdhnout téchto délek, byla provddéna tzv. kluznd injek-
taz pres injekéni otvory, které byly osazeny po obvodu Zelezobetono-
vé roury TZT 160/200. Razba probihala v nepfetrzitém provozu, kdy
za jednu sménu byly vyraZzeny 2 m protlaku. Celkova doba samotné
razby vech tif dseku trvala 3 mésice. V dokonceném protlaku byla na
dno zatla¢eného potrubi poloZena betonova kyneta vyztuzend ocelo-
vou siti.

Obr. 5 Protldéeci 12pistovd souprava osazend ve startovaci Sachté véetné
predstitku a prvni zatldc¢ené Zelezobetonové roury DN 1600

Fig. 5 Pipe jacking set with 12 pistons in a launching shaft, including the
preshield and the front-end DN 1600mm reinforced concrete tube

Obr. 4 Pohled z cilové Sachty na vystrojovdni dokonceného protlaku ocelové-
ho potrubi DN 2340 potrubim HOBAS DN 1600 SN 10 000 vietné osazené-
ho armokose a trubky pro doinjektovdni vrchliku profilu

Fig. 4 Installation of HOBAS DN 1600 SN 10,000 inside the DN 2340 steel
pipe including the reinforcing cage and a pipe for backfilling of the crown
with grout, viewed from the receiving shaft

these pipejacking lengths was possible. The jacking operation proceeded
continuously, with 2m of the pipejack completed in one shift. The total
time of the excavation of the three sections took 3 months. A concrete
cunette reinforced with steel mesh was placed on the bottom of the com-
pleted pipejack.

HORIZONTAL DRILLING COMBINED WITH PIPE JACKING

Mechanised thrusting of 300-600mm tubes by means of a Perforator
Thrust Boring Machine PBA 150. The machine is equipped with a laser
which is guided through a pilot borehole. When the pilot borehole is com-
pleted, a cutterhead is coupled to pilot rods with a string of augers and steel
casing pipes. The string assembled in the above-mentioned way, with the
augers and cutterhead rotating, is continually thrust into ground. The route
to be followed by the augers is determined by pilot rods drilled into
ground, which are continually dismantled in the receiving shaft. When the
whole length of the steel casing pipes is installed in the ground, the augers
are pulled back to the launching shaft. At the end of the entire process the
steel casing pipes are pressed out by the final pipeline (earthenware, basalt,
concrete, glassfibre reinforced plastic tubes) to the target shaft, where they
are piece by piece dismantled. The average performance of the machine
with a crew of four (producing the complete product) is about 10m per
a 12-hour shift in the case of a DN 300mm profile and about 4m per
12-hour shift for DN 600mm.

Karvina - expansion of sewerage, Darkov sewerage
- Jjacking of DN 300 and DN 400 earthenware tubes

The trenchless technology was used first of all in Lazenska Street, which
is the main access road to the spa of Darkov. This application was suitab-
le even in side lanes, where excavating open trenches would have been
very complicated because of existing utility networks. Other reasons for
opting for trenchless technology were the high level of the water table and
unfavourable geology. The sewerage route runs under the original OlSe
River bed. This is why gravel-sands with the grain sizes up to 12cm were
encountered throughout the microtunnelled route. The entire sewerage



HORIZONTALNI VRTANI V KOMBINACI S PROTLACOVANIM

Mechanizované protlacovani potrubi profilu 300-600 mm pomoci
protlacovaciho stroje Perforator PBA 150. Protlaceci souprava je
vybavena laserem navddénym pilotnim vrtem. Po provedeni pilotniho
vrtu je na pilotni tyce napojena vrtaci hlava s kolonou t€Zebnich $neka
a ocelovych vypaZnic. Takto sestavend kolona je za rotace $neku
a hlavy postupné zatlatovdna do zemé. Trasa $neku je urena zavrta-
nymi pilotnimi ty¢emi, které jsou pak postupné v cilové Sachté demon-
tovany. Po zavrtani celé kolony ocelovych vypaznic jsou $neky staze-
ny zpét do startovaci Sachty. V zdvéru celého postupu jsou ocelové
vypaznice vytlateny pomoci findlntho potrubi (kamenina, cedi&,
beton, sklolamindt) do cilové Sachty, kde jsou postupné rozebirdny.
Primérnd vykonnost stroje se ¢tyfélennou osddkou hotového produk-
tu je u profilu DN 300 cca 10 m/I12hod. sménu a DN 600 cca
4 m/12hod. sménu.

Karvina - rozsifeni kanalizace, kanalizace Darkov
- protlaky kameninového potrubi DN 300 a DN 400

Bezvykopova technologie byla pouZita zejména na ulici Lazenskd,
coZ je hlavni prijezdovd komunikace do ldzni Darkov. Jeji aplikace
byla prihodn4 také v izkych bo¢nich ulickdch, kde by realizace otev-
feného vykopu byla z divodu existence stavajicich inZenyrskych siti
velmi komplikovand. Dal§imi davody pro zvoleni bezvykopové tech-
nologie byly vysoka hladina podzemni vody a geologie. Trasa kanali-
zace prochdzi piivodnim fecistém reky OlSe. Kvuli tomu se v celé trase
mikrotuneldZe vyskytovaly $térkopisky s velikosti zrn do 12 cm. Cel4d
trasa kanalizace byla budovdna pod hladinou podzemni vody, kterd
byla odCerpdvdna v prostoru startovaci a cilové Sachty.

Na 122 m dlouhém tdseku stoky A byl realizovéan profil DN 400, dal-
Sich cca 450 m kanalizace bylo profilu DN 300, bylo pouZzito potrubi
z protlaCeci kameniny. Jelikoz se kanalizace realizovala na pomérné
rovinatém tseku s malym prevySenim, pohyboval se spad od 3 do
9 %o. Presnost vrtu pro tento minimdln{ spad byla zajiSténa laserovym
navddénim vrtné soupravy. Po provedeni pilotniho vrtu a jeho kontrol-
nim zaméfeni ndsledovalo odvrtdni pomoci Sneki umistnénych
v ocelovych vypaznicich. Po odvrtdni celého useku byly $neky vyta-
Zeny, ¢imz doslo k vycisténi celé kolony od vyvrtaného materidlu.
Poslednim krokem bylo vytlaceni ocelovych vypaZnic z vrtu pomoci
kameninového potrubi. Délka jednotlivych vrtanych dsek se pohybo-
vala od 20 do 58 m. Prumérnd produktivita dosahovala u potrubi DN
400 Sesti metrt a u potrubi DN 300 12 m hotového dila za sménu.

HORIZONTALNI RIZENE VRTANI (HDD)

Jednd se o pomérné mladou a velmi perspektivni technologii pro
pokladku inZenyrskych siti a chraniek pod riznymi komunikacemi,
vodnimi toky a Zeleznici. Technologie je zaloZena na realizaci pilotni-
ho vrtu, ktery je po celou trasu smérové i vyskové navadén do cilové
Sachty. Po dokonceni pilotniho vrtu je postupné provadéno roz§ifova-
ni na poZzadovany pramér. Po provedeni posledniho stupné rozsifeni do
takto pripraveného protlaku je zataZeno samotné potrubi. Pomoci této

Obr. 6 Vrtaci stroj PERFORATOR PBA 150 osazeny ve startovaci Sachte,
pouZiti vypaznic pro vrtdni profilu DN 400

Fig. 6 PERFORATOR PBA 150 boring machine installed in the launching
shaft; casing pipes used for drilling for DN 400mm profile
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route was constructed under the water table, which was lowered by pumps
installed in the starting shafts and end shafts.

DN 400mm tubes were installed on a 122m long section of Sewer A,
while DN 300mm diameter was used for remaining approximately 450m
of the sewer. Earthenware tubes suitable for pipe jacking were used.
Because of the fact that the sewerage was constructed in a relatively flat
section with small difference in terrain elevation, the gradient varied from
3 t0 9 %o. The precision of the drilling required for this minimum gradient
was ensured by laser guidance of the drilling set. When the pilot borehole
had been completed and check surveyed, drilling off of ground by means
of augers installed in steel casing pipes followed. When the entire section
was finished, the augers were pulled out, which meant that the muck was
cleared from the entire string of pipes. The last step was pressing the steel
casing pipes out from the borehole by the earthenware tubes. The length of
the individual bored sections varied from 20 to 58m. The average produc-
tivity reached 6m per shift for DN 400 tubes and 12m per shift for DN
300mm tubes.

HORIZONTAL DIRECTIONAL DRILLING (HDD)

This is a relatively young and very perspective technology used for lay-
ing utility networks and casing pipes under various roads, watercourses
and railways. It is based on drilling a pilot borehole which is guided in line
and level throughout the route length to the receiving shaft. When the pilot
borehole is completed, it is step by step reamed to achieve the required dia-
meter. When the last reaming step is finished, the pipeline itself is pulled
into the pipejack prepared in this way. Using this technology, it is possible
to pull PEHD pipelines, steel casing pipes and cast iron pipelines into the
pipejacks. Grundodrill 15 X or Grundodrill 25 N directional drills are equ-
ipped for the execution of pipejacks DN 400-700mm up to the distance of
400m (depending on the geology and diameter). With a crew of three they
achieve an average advance rate of about 100m per 12-hour shift; this rate
is adequately reduced when the borehole diameter must be enlarged by rea-
ming.

Ostrava Airport = Apron Expansion - Stage 1

In 2010 our company carried out two pipejacks for DN 700mm steel
casing pipes (34m long EXIT 1 and 38m long EXIT 2), which serve to
carry a sixteen-way cable duct under the existing hard surfaced areas of the
airport. Taking into consideration the anticipated geology, consisting of
pure loams, a Grundodrill 25 N horizontal drilling machine was chosen to
carry out the pipejacks, even because of the fact that one of client’s requi-
rements was to do the job in the shortest possible time. The initial propo-
sal assumed four days to be available for one hole (without the preparati-
on of launching pits). When the excavation of the sloped launching pit had
been completed, the drill set was placed about 15 behind the pit. The first
step of the operation was drilling of the pilot borehole at the total length of
about 55m (38m of the pipejack plus a 15m long approach section). After
the completion, the borehole was reamed out in six steps up to the diame-
ter of 920mm. A DN 920mm reamer was again installed in the borehole
prepared in this way, with a DN 700 casing pipe coupled to its rear end.
The pipejacks under EXIT 1 and EXIT 2 were completed in four and three

Obr. 7 Vrtnd souprava Grundodrill 25N v pracovni pozici pred startovaci
Sachtou

Fig. 7 Grundodrill 25N drill set in working position in front of launching
shaft
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technologie je mozné do protlaku zatahovat PEHD potrubi, ocelové
chranicky a litinové potrubi. Vrtné soupravy Grundodrill 15 X nebo
Grundodrill 25 N jsou vybaveny pro realizaci protlaka DN
40-700 mm na vzddlenost az 400 m (v zdvislosti na geologii
a pruméru). S tii¢lennou osddkou dosahuji primérného vykonu cca
100 m/12hod. smeénu, pfi potiebé roz§ifovani vrtu na vétsi profil, se
tato produktivita adekvdtné zkracuje.

LetiSté Ostrava - rozsifeni odbavovaci plochy pro letadla
-1. etapa

V roce 2010 realizovala nase spolecnost dva protlaky ocelové chra-
ni¢ky DN 700, které slouzi k prevedeni Sestnictiotvorové kabelové
trasy pod stdvajicimi zpevnénymi plochami leti§té¢ EXIT 1 délky 34 m
a EXIT 2 délky 38 m. Vzhledem k predpoklddané geologii, tvorené
&istymi hlinami, byla pro realizaci protlaki zvolena technologie hori-
zontdln€ Fizeného vrtani strojem Grundodrill 25 N, a to i proto, Ze jed-
nim z poZadavku objednatele byla co nejrychlej$i doba realizace.
V prvotnim ndvrhu se predpokladalo s terminem Ctyfi dny na jeden
podvrt (bez pripravy startovacich jam). Po vyhlouben{ svahované star-
tovaci jamy byla postavena vrtnd souprava cca 15 m za startovaci
jdmu. Prvnim krokem celé realizace bylo provedeni pilotnitho vrtu
v celkové délce cca 55 m (38 m protlaku + 15 m ndbéh vrtu). Po jeho
dokon&eni byl vrt postupné v Sesti krocich roz§ifovdn a7 na prumér
920 mm. Do takto pripraveného vrtu byla opét osazena rozsifovaci
hlava DN 920, za niZ byla zapojena ocelovd chrdnicka DN 700.
Protlak pod EXITEM 1 byl proraZen za ¢tyri dny a pod EXITEM 2 za
tfi dny. Béhem celé doby vystavby price znesnadnovalo nepfiznivé
pocasi, kdy se teploty pres den pohybovaly kolem nuly a v noci klesa-
ly azZ na —10 °C. Proto bylo nutné nad vrtnou soupravou postavit stan,
ktery byl celou noc temperovan, aby nedo$lo k zamrznuti a nésled-
nému poskozenf stroje.

Dodavka pitné vody a odkanalizovani Hornych Kystic

Stavba byla situovdna v oblasti feky Kysuce od mésta Cadca aZ po
obec Ole$nd. Trasa vodovodu je vedena prevazné ve stitnich komuni-
kacich, kiZ{ Zeleznici a vodn{ toky. Souddsti projektu bylo vybudova-
ni 2385 m dlouhého skupinového vodovodu o profilu DN 160, ostatni
asti vodovodu priméru DN 110 a DN 90 byly celkové délky cca
32,9 km. Technologii horizontdlné fizeného vrtani byly provddény
protlaky, do kterych bylo zatahovdno potrubi ROBUST PIPE
s integrovanym vodi¢em. Stavba se nachdzi v podhuii Beskyd, proto
zde byla ocekdvdna velmi ndrocnd geologie. Toto ocekdvani se vSak
nenaplnilo a téméf celd trasa vodovodu (vyjma 400 m) byla realizova-
na v tfide téZitelnosti 3 a 4. Na celé stavbé se vyskytly dva kompliko-
vané tuseky, na kterych nebylo mozné pouzit standardni ndstroje pro
realizaci protlaki. Prvni sek byl v Cadci v mistni ¢4sti Rieka, zde se
v trase protlaku vyskytovaly kameny o pruméru az 60 cm. JelikoZ se
tento tsek nachdzel na vedlej$i komunikaci, byl jako ndhradni tech-
nické feseni zvolen otevieny vykop. Druhd lokalita, kde nebylo mozné
provést vrty z diivodu geologie, byla opét v Cadci pod fekou Kysucou.
Zde se v trase protlaku vyskytovaly skalni vychozy. JelikoZ se jednalo
o kfizeni vodniho toku a spravce toku nedal souhlas s provedenim pre-
kopu koryta, bylo pfistoupeno k provedeni vrtu technologii DITCH-
WITCH. Touto technologif byly provedeny dva vrty, kazdy mél délku
95 m. Po uskute¢néni pilotniho vrtu bylo provedeno rozsifeni na pru-
mér 200 mm. Do protlaku bylo zatazeno potrubi DN 110. Doba reali-
zace jednoho vrtu byla 10 dni, kdy denn{ postup byl v priméru 15 m.
Vykonnost ve standardnich podminkdch se pohybovala mezi 60—70 m
na jednu vrtnou soupravu a den.

ZAVER

Uvedené priklady ukazuji, Ze uplatnéni bezvykopovych technologii
md své opodstatnéni a do budoucna by mohly nachézet uplatnéni stdle
Castéji. Mnohdy jsou jedinym vychodiskem pro bezpené technicky
prijatelné feSeni pro realizaci konkrétniho zdméru s akceptovatelnym
dopadem na okolni prostredi. V posledni dob¢ je patrné i pozitivni vni-
manf téchto modernich zpusobu vystavby dotéenou vefejnosti.

ING. TOMAS JUST, tjust@ohlzs.cz,
ING. MICHAL SODOMKA, msodomka®@ohlzs.cz,
OHLZS, a.s.

Recenzoval: Ing. Karel Franczyk, Ph.D.

Obr. 8 Nasazeni rozsirovaci hlavy DN 920 na kolonu vrtacich tyéi v cilové
Sachte

Fig. 8 Mounting the DN 920 reamer on the string boring rods in the recei-
ving shaft

days, respectively. The operations were made more difficult by adverse
weather conditions, with day temperatures fluctuating around zero and
dropped down to —10°C at nights throughout the construction period. It
was therefore necessary to erect a tent over the drill set, which was heated
up through the night to prevent freezing and subsequent damage to the
machine.

Horné Kysuce - Drinking water supply and sewerage

The construction was located in the area of the Kysuca River, from the
town of Cadca to the village of Olesnd. The water pipeline route leads
mostly under state roads, crosses a railway and watercourses. Part of the
project was the construction of a 2850m long, DN 160mm group water
supply line; the total length of the other parts (DN 110 and DN 90mm) was
about 32.9km. The horizontal drilling technology was applied to the pipe-
jacks. ROBUST PIPE tubes with an integrated conductor were pulled in
the boreholes. The construction is found in the foothills of the Beskids
Mountains, which was the reason why very complicated geology was anti-
cipated. Fortunately, this assumption was not fulfilled; nearly all the water
pipeline route (with the exception of 400m) was constructed in rock with
the excavation classes of 3 and 4. Two complicated sections were encoun-
tered during the entire construction where standard pipe jacking equipment
could not be used. The first of them was in Cadca, a locality in Rieka,
where boulders up to 60cm in diameter were encountered. Since this sec-
tion was found on a secondary road, an open trench was selected as an
alternate technical solution. The other location where the boreholes could
not be carried out due to geology was again in Cadca, under the Kysuca
River bed, where hard rock outcrops were found on the pipejack route.
Because of the fact that a watercourse crossing was in question and the
river administration did not approve an open trench in the river bed, the
river crossing was carried out using the DITCH-WITCH technology. Two
boreholes, each of them 95m long, were performed using this technology.
When the pilot borehole had been completed, its diameter was enlarged to
200mm by reaming. A DN 110mm pipeline was pulled into the pipejack.
One borehole took 10 days, with the average advance rate of 15m per day.
In standard conditions, the advance rate varied from 60-70m per drill set
per day.

CONCLUSION

The above-mentioned examples show that the application of trenchless
technologies has its reason and these technologies could be used in the
future ever more frequently. They are often the only resort for safe, techni-
cally acceptable solution, allowing the implementation of a particular
intention with an acceptable impact on the surrounding environment.
Lately even positive perception of the modern construction methods by the
affected public has become obvious.

ING. TOMAS JUST, tjust@ohlzs.cz,
ING. MICHAL SODOMKA, msodomka@oftlzs.cz,
OHLZS, a.s.
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SILNICE 1742 BRNO-VMO DOBROVSKEHO B
KOMPENZACNI INJEKTAZE NA STAVBE KRALOVOPOLSKEHO
TUNELU V BRNE
ROAD 1/42 BRNO-LCCR DOBROVSKEHO B
COMPENSATION GROUTING ON THE KRALOVO POLE TUNNEL
CONSTRUCTION, BRNO

JIRI MUHL

uvoD

Geotechnické podminky pro razbu Kralovopolského tunelu pri
relativné nizkém nadloZi a husté méstské zdstavbé nad raZenymi
tunely tvor{ velmi ndroné prostedi s predpoklddanymi nepfiznivy-
mi G¢inky razby pravé na tuto povrchovou zédstavbu. Vedle pasiv-
nich prvkua zabezpeleni povrchové zéstavby byla priddna kompen-
zaéni injektdZ jakoZto aktivni opatfeni, které fizené minimalizuje
deformace vzniklé razbou, v zdvislosti na vyvoji deformaci prabéz-
né sledovanych monitoringem stavby. Tento ¢lanek popisuje zkuSe-
nosti nabyté pti provadéni kompenzalni injektdZe pod vybranymi
objekty.

Projekt stavby Kralovopolského tunelu v Brné fesi zabezpeleni
zdstavby z povrchu celym souborem opatfeni, napf. clonami
z mikropilot & z prvkl provadénych metodou tryskové injektdze
nebo posilenim konstrukei objektt v zdjmovém tzemi.

V rdmci dokumentace pro realizaci stavby tuneli pak byla
k uvedenym pasivnim opatfenim priddna kompenzaéni injektaz,
provadéna v geologickych vrstvach nad tunelem a pod zdklady chra-
nénych objektd jakoZto opatfeni aktivni. Principem kompenzacni
injektdZe je zfizeni injekénich poli pod vybranymi objekty
s nédslednou opakovanou fizenou vysokotlakou injektdzi, provadeé-
nou po etdzich v po sobé jdoucich fazich, kterd dokdze vyvolat cile-
né svislé posuny sledovanych méficich boda umisténych na vybra-
nych objektech. Takovy postup muZe minimalizovat deformace
vyvolané razbou.

Realizace tohoto projektu byla svéfena spole¢nosti Zaklddén{ sta-
veb, a. s., kterd prokdzala tcinnost metody kompenzacéni injektdze
v mistnich geologickych podminkéch jiZ pfi pokusu provedeném na
objektu Veleslavinova 1 (v oblasti provizorniho portdlu Tunelu I)
v cervnu 2007. Vice viz Casopis Zakldddni 4/2007. Souvisejici

Obr. 1 Pohled na objekty bloku bytovych domii, vybranych pro zabezpedeni
metodou kompenzacni injektdze

Fig. 1 View of the buildings in a block of apartment houses selected for sup-
porting by compensation grouting

INTRODUCTION

Geotechnical conditions for the Krdlovo Pole tunnel excavation
under a relatively shallow overburden and the dense urban deve-
lopment existing above the mined tunnels create a very complica-
ted environment with anticipated unfavourable effects of the tun-
nelling on the existing buildings. Apart from passive elements of
the surface buildings supporting system, compensation grouting
was added as an active measure minimising deformations induced
by the underground excavation in a controlled manner, depending
to the development of deformations continuously observed by the
construction monitoring. This paper describes the experience gat-
hered during the work on compensation grouting under selected
buildings.

The design for the Krdlovo Pole tunnel in Brno solves the mea-
sures protecting the existing buildings to be implemented from the
ground surface. They form an entire set of measures, e.g. micropi-
le curtains or curtains consisting of jet grouted elements or rein-
forcing structures of buildings found in the area of operations.

The detailed design subsequently added an active measure -
compensation grouting - to the above-mentioned passive measu-
res, to be carried out in the geological strata above the tunnel and
under foundations of protected buildings. The principle of com-
pensation grouting is that grouting fields are carried out under
selected buildings in which controlled high-pressure grouting is
performed subsequently, in tiers, in a sequence of phases, which is
capable of inducing targeted vertical displacements of measure-
ment points being monitored, which are installed on selected buil-
dings. Such a procedure is able to minimise deformations induced
by tunnel excavation.

The contract for implementing this project was awarded to
Zaklddani Staveb a.s. This company proved the effectiveness of
the compensation grouting technique in the local geological condi-
tions earlier, during a test conducted on the building No. 1 in
Veleslavinova Street /(in the area of the temporary portal of Tunnel
I) in June 2007. For more information see Zaklddani magazine No.
4/2007. The relevant contractor’s design of means and methods
was prepared in collaboration with Amberg Engineering Brno,
a.s., and FG Consult, s. 1. 0.

ENGINEERING STRUCTURES

The extent of the compensation grouting resulted from the selec-
tion of buildings, which was performed according to criteria set by
the client and the general designer. First of all the buildings were
selected where significant deformations induced by the tunnelling
were anticipated, where the value of the buildings in relation to
results of assessments of possible damage associated with the con-
struction activities corresponded to the particular technique of pro-
tection. The cost of repairs of buildings damaged by the tunnel
excavation were assessed and compared with the cost of the com-
pensation grouting which would minimise the origination of the
damage.
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Obr. 2 Situace objektu vybranych pro zabezpeéeni kompenzaéni injektdZi véetné souvisejiciho rozmisténi injektdznich Sachet bloku
Fig. 2 Layout of the buildings selected for supporting by compensation grouting, including associated locations of grouting shafts for the block

dodavatelskd dokumentace pak byla vypracovana ve spolupraci se
spole¢nosti Amberg Engineering Brno, a. s., a FG Consult, s. r. 0.

STAVEBNI OBJEKTY

Rozsah kompenza¢ni injektdZe byl ddn vybérem objekta podle
kritérii stanovenych zadavatelem a generdlnim projektantem.
Vybrdny byly zejména ty objekty, u nichZ byly predpoklddany
vyznamné deformace od razby tunelu, kde zpusobu ochrany odpo-
vid4 hodnota téchto objektl ve vazbé na vysledky odhadu moznych
Skod souvisejicich s ¢innosti stavby. Byly zvdZeny ndklady na opra-
vu objektu poSkozenych deformacemi od razby tunelu a ndklady na
provedeni kompenzacni injektdze, kterd by vznik téchto $kod mini-
malizovala.

Nadmérnymi deformacemi od razby tunelu byly nejvice ohroZeny
budovy se dvéma a vice nadzemnimi podlazimi nachdzejicimi se
nad tunelem a v jeho tésné blizkosti.

Pro aplikaci kompenzacni injektdze byly zadavatelem praci
vybrdny niZe uvedené skupiny objektl.

Na severni stran¢ ulice Dobrovského se jednd o skupinu tif rodin-
nych, resp. ndjemnich domu s dvéma az tfemi nadzemnimi podlazi-
mi a sklepem (Dobrovského 30, 32, 34), ddle u Palackého tfidy dva
domy: restaurace Racek (Palackého 11) a administrativni budova
(Dobrovského 4). Na jizni strané¢ ulice Dobrovského se jednd
o méstské ndjemni domy se tfemi az ¢tyfmi nadzemnimi podlazimi
a sklepem (Slovinskd 47, 49, Dobrovského 1, 3,5,7,9, 11, 13, 15).
Tyto domy byly postaveny poc¢dtkem minulého stoleti, zdivo budov
je cihelné, predpoklddd se zaloZeni na zdkladovych pédsech rovnéz
z cihelného zdiva. Mezi t€mito budovami je bytovy dum Slovinskd
45 z druhé poloviny minulého stoleti se skeletovou konstrukci, zalo-
Zeny na Zzelezobetonové zdkladové desce. Vice na jih podél ulice
PeSinovy jsou situovdny dal$i vybrané ndjemni domy, postavené
v letech 1945-1950 a v 60. letech minulého stoleti. Domy podél této
ulice jsou cihelné o Ctyfech aZ péti nadzemnich podlazich (Palackého
5,7, 7a, Pesinova 2, 4, 6, 8, 10, 12, 14, Slovinska 51). Zakladové
konstrukce t€chto objektu jsou Zelezobetonové, pripadné z prostého
betonu. Zdivo budov je z plnych pdlenych cihel.

Excessive deformations induced by the tunnel excavation threa-
tened most of all buildings with two or more above-ground storey,
which were found above the tunnel or in close proximity to it.

The below-mentioned groups of buildings were selected by the
contractor for the application of the compensation grouting:

On the northern side of Dobrovského Street, it is the case of
a group of three family houses or tenement houses with two to
three above-ground storeys and a cellar (Dobrovského Street Nos.
30, 32 and 34), two buildings in Palackého Street: Racek
Restaurant (Palackého Street No. 1) andan administration building
(Dobrovského Street No. 4). On the southern side of Dobrovského
Street, it is the case of municipal tenement houses with three to
four above-ground storeys and a cellar (Slovinskd Street Nos. 47
and 49, Dobrovského Street Nos. 1, 3,5, 7,9, 11, 13 and 15).
These buildings were built at the beginning of the past century,
they have brick walls and it is assumed that they are founded also
on brick strips. There is an apartment house from the second half
of the past century among these buildings, in Slovinskd Street No.
45, which has a framed structure and is founded on a reinforced
concrete foundation slab. Further to the south, along PeSinova
Street, other selected tenement houses are located, which were
built during 1945 — 1950 and in the 1960s. These four- to five-sto-
rey buildings have brick walls (Palackého Street Nos. 5,7 and 7a,
PeSinova Street Nos. 2,4, 6, 8,10, 12 and 14, Slovinska Street No.
51). Foundation structures of these buildings are from reinforced
concrete or unreinforced concrete. The walls of these buildings are
in solid baked brick.

GEOLOGY IN THE AREA OF OPERATIONS

The primary ground type existing in the area of operations is
Brno calcareous clays of the Neogene age, which are found at the
depth of 6 to 10m under the ground surface. Series of strata of flu-
vial sediments 1-3m thick, consisting of layers with various grain
size distribution materials overlie the clays. The bottom layer is
formed by course-grained sediments — mostly loamy sands with
relatively high content of gravel grains, less frequently loamy gra-
vels. This layer is not continuous in the investigated area; locally




Obr. 3 Pohled do Sachty pri hloubeni vrtu pro osazeni injekénich trubek
Fig. 3 View down the shaft during the installation of boreholes for grouting pipes

GEOLOGIE ZAJMOVE OBLASTI

Zékladni horninou zdjmového tzemi jsou brnénské vdapnité jily
neogenniho stdri v hloubce 6 az 10 m od terénu. Na jilech je uloZe-
no souvrstvi fluvidlnich sedimentu tloustky 1-3 m, které je tvofeno
vrstvami ruzné zrnitych materiali. Spodni vrstvu tvoii hrubozrnné
sedimenty — prevazné hlinité pisky s pomérn¢ znaénym obsahem
Stérkovych zrn, méné Casto hlinité $térky. Tato vrstva neni v celé
zkoumané oblasti souvisld a misty obsahuje proplastky jemnozrn-
nych zemin — jilovitych hlin. Svrchni vrstvu souvrstvi fluvidlnich
sedimentu tvoii hliny, resp. jilovité hliny. VySe jsou uloZeny sedi-
menty eolického puvodu — sprase a spra§ové hliny, které mohou byt
silné stlacitelné a prosedavé. NejsvrchnéjSi vrstvu tvori antropo-
genni uloZeniny. Podzemni voda byla zachycena jen nékterymi
sondami — netvori tudiZ souvislou hladinu. Jeji vyskyt je vdzdn na
vrstvu hrubozrnnych fluvidlnich sedimentu.

INSTALACE MANZETOVYCH INJEKCNICH TRUBEK PRO
KOMPENZACNI INJEKTAZ

Vrty pro instalaci manzetovych trubek byly hloubeny ze stavebnich
Sachet, které byly v predstihu vybudovdny s vyuZitim paZeni za sloupt
tryskové injektdze a jejichZz rozmisténi je patrné na obr. 2. Tyto vrty
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it contains interlayers of fine-grained soils — clayey loams. The
upper strata in the series of strata of fluvial sediments is formed by
loams or clayey loams. It is overlaid with sediments of Eolithic
origin — loess and secondary loess, which can be highly compres-
sible and prone to hydroconsolidation. The highest layer consists
of anthropogenic deposits. Ground water was recorded only in
several wells, therefore it does not create a continuous water table.
The occurrence of ground water is bound to the layer of coarse-
grained fluvial sediments.

INSTALLATION OF TUBE A' MANCHETTE PIPES FOR
COMPENSATION GROUTING

Boreholes required for the installation of tube a‘ manchette pipes
were carried out from construction shafts, which had been sunk in
advance using jet grouted columns for the bracing; the layout of the
columns is shown in Fig. 2. These boreholes, the tube a’ manchette
pipes followed the clay/gravel (clayey loam) geological interface
with the aim of passing through the gravel-sand (clayey loam) layer
at the maximum length possible at the given inclination of the bore-
hole. Down grade heading boreholes were designed for the installati-
on of the tube a’ manchette pipes, inclining at 2-8°. In some cases the
location of grouting boreholes was affected by the location of sub-
horizontal jet grouting; this technique was used during the previous
step of construction to create a bearing grid consisting of 600mm-dia-
meter jet grouted columns. The grid was designed to uniformly spre-
ad effects of the compensation grouting to the respective buildings.

The interaction between the above-mentioned structures had to be
taken into consideration. For example, if a part of a jet grouting the
borehole extended into fluvial sediments, a part of tube a’ manchet-
te pipes had to be placed into clays; the distance from the sub-hori-
zontal curtain had to be maintained. To ensure that the grouting
would be effective even at the most distant parts of buildings, the
boreholes were drilled in a system where the maximum ground plan
distance between two tube a’ manchette pipes did not exceed 2.0m.
It was verified by an experiment on the Veleslavinova Street No. 1
building that this distance was sufficient. The grouting tubes were,
identically with the boreholes for the sub-horizontal jet grouting,
installed in the boreholes with 1.5m overhangs beyond the ground
plan of the building to be protected so that reliable transfer of the
effect of the grouting to the buildings was ensured. In some shafts it
was necessary to stagger the tube a’ manchette pipes in two to three
tiers with respect to the only minimum spacing possible between

individual grouting boreholes.

JiL - CLAY

| 06 mox06m 05 mou0fm 06 GROUTING FIELDS DESIGN
l | '| J | The previous paragraphs
= i = = described technical details of
=] == & the installation of tube a’man-
SPRASOVE HLINY = chette pipes for compensation
SECONDARY LOESS === — - -t grouting. Subsequently, these
SLOUPY TRYSKOVE % tubes formed individual grou-
INJERTAZE a;._ ting fields having the shape of
JET GROUTED COLUMNS fans. The prevailing majority of
i the grouting fans was oriented
PISCITY STERK - SANDY GRAVEL MANZETOVE INJEKCNI rom individual shalts wo hat
JILOVITA HLINA — CLAYEY LOAM TRUBKY @ o — the opening of (he 1an heace
TUBE A’ MANCHETTE perpend'lcularly to the .tunnel
centre line. The fans carried out
GROUTING PIPES ] from shafts No. S3 and §4,
*_v_ _ * _ —l= where the opening of the fans

headed perpendicularly away
from the tunnel centre line,
were exceptions. Each fan
extended under several buil-
| dings to be compensated for
subsidence. Only one building
was compensated by means of
two fans.

When grouting patterns were
being designed, it was necessa-

Obr. 4 Rozmisténi navrhovanych prvku — sloupu TI a injekénich trubek v odpovidajici geologii bloku
Fig. 4 Layout of the proposed elements — jet grouted columns and grouting pipes in the respective block geology

ry to take into consideration
the fact that the quantity of
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1 Subhorizontalni clona z tryskové injektaze — Sub-horizontal jet grouted curtain
2 Inj. manz. trubky — Tube a” manch. grout. pipes

3 Sloup tryskové injektaze C 618 — ETAPA Il - Jet grouted column C 618 — STAGE ||
4 Osa tunelu | - Tunnel | axis

5 Osa Stoly Ib - Gallery |b axis

6 Subhorizontalni clona z tryskové injektaze — Sub-horizontal jet grouted curtain
7 InjekEni manzetové trubky — Tube a’ manchette grouting pipes

8 Navazka — Made ground

9 SpraSové hliny — Secondary loess

10 Narazena HPV - Tapped WT

11 Jil neogenni — Neogene clay

Obr. 5 Svisly Fez Sachtou 03
Fig. 5 Vertical section through shaft No. 03

byly v maximélni moZzné mife umistény do geologickych vrstev fluvi-
dlnich sediment (piscity $térk, jilovitd hlina). Na konci vrtd manZeto-
vé trubky sledovaly geologické rozhrani jil/Stérkopisek (jilovita hlina)
tak, aby pfi daném sklonu vrtu manZetové trubky zastihly v co nejvetsi
délce vrstvu Stérkopisku (jilovité hliny). Vrty pro osazeni manZetovych
injektdznich trubek byly navrZeny jako tpadni, ve sklonu v rozmezi
2-8 °. V nékterych pifpadech bylo umisténi injek&nich vrti ovlivnéno
polohou subhorizontdlni tryskové injektdZe; touto technologii byl
v predchozim kroku vystavby zhotoven roznéSeci rost, sestdvajici ze
sloupt tryskové injektdze profilu 600 mm, jehoZ tdkolem bylo rovno-
mérn€ roznést u¢inky kompenzaéni injektdZe na predmétné budovy.
Vzdjemné ovlivnéni popisovanych konstrukci bylo nutno vzit
v potaz. Napriklad pokud tryskovd injektdZ zasahovala ¢dsti vrtu do
fluvidlnich sedimentt, musela byt ¢dst manZetovych injekénich tru-
bek pfi dodrZeni odstupu od subhorizontaln{ clony umisténa do jilQ.
Aby bylo zajisténo, Ze bude injektdZ G¢innd i u nejvzdédlenéjsich
Casti budov, byly vrty provedeny tak, aby maximdlni pudorysnd
vzdéalenost mezi dvéma manZetovymi trubkami nebyla vétsi nez
2 m. Tato vzdalenost byla na provedeném pokusu na objektu
Veleslavinova 1 ovérena jako dostacujici. Injekéni trubky byly stej-
né jako vrty subhorizontédlni TI osazeny do vrtu tak, aby presahova-
ly pudorys chrdnéného objektu o 1,5 m z duvodu zajisténi spolehli-
vého preneseni u¢inku injektdZze na budovy. V nékterych Sachtich
bylo nutno z divodu vychdzejici pouze minimélni rozteCe jednotli-
vych injek&nich vrti u jejich dsti na sténé Sachty rozmistit injek&ni
manzetové trubky Sachovnicové, a to az do tif vy§kovych drovni.

tiers per m2 of the ground plan area of the building to be compen-
sated for subsidence would accumulate in the fan constriction loca-
tion and one borehole in one fan would have variable parameters
at individual tiers in the process of controlling the compensation
grouting, depending on the location of the particular tier in relati-
on to the building being compensated.

The grouting patterns contained precisely determined locations
of individual tears for each borehole in a fan under the building to
be compensated for subsidence and its activity during an individu-
al grouting phase. This means that the position of each tier was
exactly defined by means of a local co-ordinate system; the parti-
cular activity, its time and grouting parameters were assigned to
each tier, therefore it was non-interchangeable in the group of
grouting fields of the buildings to be compensated for subsidence.

The grouting parameters for the compensation grouting were
defined as a package of individual conditions for one phase for one
tier of a particular borehole of a specified fan. These parameters
comprised first of all the volume weight and viscosity of the grout,
cracking pressure, grouting pressure, rate of pumping and con-
sumption of grout.

When the technological procedure was being developed and the
initial grouting parameters were being proposed, the experience
was used which had been gathered from compensation grouting
operations carried out during the construction of the Mrizovka
tunnel in Prague (2000-2001), apartment houses in Brno-Jundrov
(1989-1990), the experimental compensation grouting under the
building No. 1 in Veleslavinova Street in 2007 etc. Anyway, it was
certain from the very beginning that it would be necessary for all
parameters to be operatively adjusted on the basis of assessments
of the effects of the compensation grouting on the building being
dealt with.

Obr. 6 a 7 Pohled na injekcni vrty pro kompenzacni injektd? s osazenymi man-
Zetovymi trubkami a na vySe poloZené ndvrtné body pro subhorizontdlni clonu
z T, Sachta 04

Figures 6 and 7 View of boreholes for compensation grouting with tube a’ man-
chette pipes installed in them and centres of boreholes for the jet grouted sub-
horizontal curtain marked above them; shaft No. 04.
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ACTIVATION OF BUIL-
DINGS TO BE COMPENSA-
TED FOR SUBSIDENCE

The initial activity in each
grouting field consisted of
injecting grout in first phases
so that the building which is
the subject of compensation
exhibited a measurable, con-
trolled movement. To allow
measurements of such move-
ments, it was necessary to
establish an accompanying
measurement system, which
was capable during the operati-
——————— - — - ons in question of providing
reliably and operatively real-
time results of the quantities
being measured (levelling of
the points mounted on the buil-
dings to be compensated for
subsidence, the movement of
the points being measured in
space, tilting of the buildings).

This information was perma-
nently available to the persons
who controlled the compensa-
tion grouting and was updated

Obr. 8 Pudorys injekcniho pole ziizeného ze Sachty 03 s vyznacenim jeho
minimdlniho presahu za hranice zdjmovych objektu

Fig. 8 Ground plan of a grouting field established from shaft No. 03, with the
minimum overlapping of the field beyond the border of the buildings to be
treated marked in it

NAVRH INJEKCNICH POLI

V predchozich odstavcich byly uvedeny technické detaily instala-
ce manzetovych trubek pro kompenzacéni injektdz. Tyto trubky pak
tvorily jednotlivd injekeni pole ve tvaru véjifu. PfevdZznd vétSina
kompenza¢nich véjifu byla orientovand z jednotlivych Sachet tak, Ze
rozevieni véjife sméfovalo kolmo k ose tunelu. Vyjimku tvofily
véjite provadéné z Sachet &. $3 a $7, kde rozevieni véjife sméfova-
lo kolmo od osy tuneld. Kazdy véjit zasahoval pod nékolik kom-
penzovanych objekti. Pouze jeden objekt byl kompenzovan pomo-
ci dvou véjitu.

Pfi navrhovdni injekénich schémat bylo nutno vzit v tvahu, Ze
v misté svirani véjite bude dochazet ke kumulaci mnoZstvi etazi na
m? plidorysné plochy kompenzovaného objektu a Ze pii fizeni kom-
penzacni injektdZe bude mit jeden vrt z véjite proménné parametry
v jednotlivych etdzich, a to v zdvislosti na poloze dané etdze vzhle-
dem ke kompenzovanému objektu.

V injek&nich schématech byly presné ureny pozice jednotlivych
etdzi kazdého vrtu ve véjifi pod kompenzovanym objektem a jeho
aktivita pfi jednotlivé injekéni fazi. Tedy kazdd etdZ méla presné
definovanou pozici pomoci lokélni souradnicové sité, v ¢ase méla
prifazenu aktivitu s injek&nimi parametry a byla tak nezaménitelnd
ve skupiné injekénich poli kompenzovanych objektu.

Injek&ni parametry pro kompenzacni injektdZ byly definovany
jako souhrn jednotlivych podminek pro jednu fdzi na danou etdz
konkrétniho vrtu specifikovaného véjite. Byly to zejména objemova
hmotnost a viskozita injekéni smési, trhaci a injekénf tlak, rychlost
Cerpéni a spotreba injek&ni smési.

Pii tvorbé technologického postupu a navrhu prvnich injekénich
parametrt byly pouZity zkuSenosti z kompenza&nich injektdZ{ pro-
vadénych v souvislosti s vystavbou tunelu Mrdzovka v Praze
(2000-2001), bytovych doma v Brné-Jundrové (1989-1990),
s pokusnou kompenzacni injektdzi Veleslavinova 1 z roku 2007 atd.
Jiz od pocitku vsak bylo jisté, Ze vSechny parametry bude nutné
operativné upravovat na zdkladé vyhodnocovdni G¢innosti kompen-
zacni injektdZe na zdjmovy objekt.

every 60 minutes. Taking into
consideration the quantity of points being measured and assessed,
this time is very short. From the point of view of a person con-
trolling the compensation grouting, it was possible to observe ini-
tial manifestations on the building being compensated for subsi-
dence with a delay of 30-60 minutes after the commencement of
the grouting operation. The same applied at the end of the grou-
ting in the particular phase. It follows from this fact that it was
necessary to allow for inertia of the environment being injected
with grout and inertia of the entire system. The above-mentioned
accompanying measurement system is dealt with in a separate
paper, which is closely related to the problems described in this
contribution.

Apart from the above-mentioned accompanying measurement,
the person controlling the process had another choice of informa-
tion available, which had to be taken into consideration when the
procedures of operations in the particular grouting field were to be
set, no matter whether it was during the activation of the buildings
being compensated or during the subsequent compensation opera-
tions. Daily visual inspections of the relevant buildings prior the
start of grouting, during the grouting and after the completion of
the grouting. Of no less importance was also supplementary infor-
mation following from subjective observations made by individu-
al tenants of the buildings being compensated for subsidence (twis-
ting of doors, bulging of cellar compartments, observations of
cracks, ...).

COMPENSATION GROUTING

It was possible after the particular building activation had been
finished to start the compensation grouting itself. The effort
always was to harmonise the activation and the initial compensati-
on phases with the advancing tunnel excavation and with the anti-
cipated effects of the excavation on surface buildings so that unne-
cessary vertical displacements or other deformations were avoi-
ded. A role which was impossible to substitute was played by
results of the independent monitoring of the works, which were
continuously obtained and assessed by the contractor and regular-
ly consulted within the framework of the Monitoring Board exis-
ting on the site.

THE SYSTEM APPLIED TO COMPENSATION GROUTING

The high-pressure grouting was carried out through tube a’ man-
chette pipes by means of a non-circulation packer. OBERMANN
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AKTIVACE KOMPENZOVANYCH OBJEKTU

Prvni Cinnosti v kazdém injek¢nim poli bylo provedeni injektaze
v prvnich fazich tak, aby zdjmovy objekt vykdzal méfitelny fizeny
pohyb. Pro méfeni takovych pohybl bylo nutno ziidit doprovodny
méfici systém, ktery po dobu predmétnych praci dokézal spolehlivé
a operativné poskytovat v redlném Case vysledky mérenych veli¢in
(nivelace bodu osazenych na kompenzovanych objektech, pohyb
méfenych bodu v prostoru, ndklony téchto objekti).

Tyto informace byly fidicim pracovnikim kompenzalni injektaZe
neustdle k dispozici a jejich aktualizace probihala kazdych
60 minut. S pfihlédnutim na mnoZstvi méfenych bodu a vyhodnoceni
je to velice krdtkd doba. Z pohledu fidiciho pracovnika kompenzaéni
injektdZe pak bylo moZno prvni projevy na kompenzovaném objektu
pozorovat se zpozdénim 30-60 minut po zahdjeni injektdZe. To samé
platilo pri ukonleni injektdZe v dané fazi. Z tohoto vyplyvd, Ze bylo
nutno pocitat se setrvaénosti injektovaného prostiedi a se setrvacnosti
celého systému. Zminénym doprovodnym méfenim se zabyva samo-
statny prispévek, ktery uzce navazuje na problematiku popsanou
v piispévku tomto.

Kromé vyse uvedeného doprovodného méreni mél fidici pracovnik
k dispozici dal3f $kdlu informaci, které bylo nutno brat v tivahu pfi sta-
noveni postupt praci na injekénim poli at’jiZ pri aktivaci kompenzo-
vanych objektu, ¢i pfi jejich ndsledné kompenzaci. Sem patif denni
vizudlni kontroly zdjmovych objektl pfed zahdjenim, béhem provadé-
ni a po ukonleni injektdZe. Neméné dulezité byly i dopliikové infor-
mace vyplyvajici ze subjektivnich pozorovani jednotlivych najemnika
kompenzovanych objekti (kifzeni dvefi, vybouleni sklepnich kéji,
pozorovani trhlinek...).

KOMPENZACNI INJEKTAZ

Po zaktivovani zdjmového objektu bylo tedy mozno pristoupit
k vlastni kompenzacni injektdzi. Snahou bylo vzdy aktivaci a prvni
faze kompenzace harmonizovat s postupujici razbou a jejimi predpovi-
danymi dc¢inky na povrchovou zdstavbu tak, aby nedochdzelo ke zby-
te¢nym vertikdlnim posuniim ¢i jingm deformacim. Nezastupitelnou
roli pritom hrély vysledky nezévislého monitoringu stavby, prabézné
ziskdvané a vyhodnocované jejim dodavatelem a pravidelné konzulto-
vané v ramci zfizené Rady monitoringu stavby.

POUZITY SYSTEM PRO KOMPENZACNI INJEKTAZ

Vysokotlakd injektdZz probihala pres manZetovou injek¢ni trubku
pomoci necirkulaéniho obturdtoru. Injekéni Cerpadla OBERMANN
byla umistnéna v automatickych injekénich stanicich, které byly fize-
ny pomoci PC, a obsluha vykondvala aktivni dohled. Ridici PC
s programem od spole¢nosti MB PARTNER umoZnoval provozovat
jednotlivd injek&ni Cerpadla v ruznych rezimech — od ru¢niho aZ po
pIné automatické ovladani.

Jako nejvyhodnéjsi rezim se ukdzal podminény automat, ve kterém
bylo moZno operativné upravovat injekéni parametry na zdkladé
vyhodnoceni informaci o kompenzovaném objektu. Tyto zmény byly
uloZeny, stejné jako ostatn{ idaje o provedené injekéni fazi, do dato-
vych soubort, které se pomoci zélohovaciho zafizeni predaly
k vyhodnoceni do zaddvaciho PC.

V zaddvacim PC se zdroven vytvdrely jednotlivé pracovni prikazy pro
dal3i prubéh kompenzac¢ni injektaZe. Pracovni piikaz v sobé nesl injeke-
ni parametry pro injek¢ni schéma jedné faze kompenzacni injektaze.

Cerpadla OBERMANN byla osazena fizenymi ventily, které umoz-
fiovaly presné ddvkovani smési (kontrolni prutokoméry ukazovaly
odchylky do 1 %) a zvlddaly vysoké trhaci tlaky (aZ 160 At) a injek¢ni
tlaky (do 80 At). Tyto hodnoty se zvySovaly s pribyvajicim poétem fazi
tak, Ze napriklad u 15. faze bylo nutno pro roztrhdni prostfedi zacit
vyuzivat smés s niz$i viskozitou, pfipadné provadét ,,predtrhani“
vodou.

INJEKCNI SMESI

Jednim z komponentl rozhodujicich o tspé$nosti kompenzaéni
injektdZe je volba injek¢ni smési. Tato byla na popisovaném projektu
vyrabéna pfimo na stavenisti a jeji recepturu bylo nutno flexibilné
upravovat podle potreb technologie, provadéné v danych podminkach
napr. s ohledem na klimatické vlivy, ale predev§im s ohledem na dosa-
Zeni potfebné d¢innosti kompenzac¢ni injektdZe. VdZznym problémem,

Obr. 9 Pohled na édst injekéni stanice Obermann, kterd flexibilné zvlddala
poZadavky na proménnd zaddni injektdZnich parametru

Fig. 9 View of a part of the Obermann station, which flexibly coped with
requirements for variable specifications of grouting parameters

Obr. 10 Pracoviste pro kompenzaéni injektdz byla navriena a realizovdna
maximdlné usporné s ohledem na zatiZeni okoli stavby

Fig. 10 Compensation grouting work places; they were designed and
established in a maximum economical way, with respect for burdening of the
construction site surroundings

grouting pumps were installed in automatic grouting stations,
which were controlled by means of PCs, with the operators perfor-
ming active supervision. The process control computer with
a program supplied by Partner mb, s.r.o. made the operation of
individual pumps in differing regimes possible — from manual to
fully automatic control.




ktery, jak se ukédzalo, bylo moZno vyrazné omezit pravé upravou
receptury injekéni smési, byl tzv. JOJO efekt. Tento jev nékdy nastal
po ukonceni kompenzalni faze, pfi které doslo nékdy az k fizenému
vertikdlnimu posunu vzhuru. Ndsledné odeznivalo predpéti injektova-
nych vrstev v podlozi kompenzovaného objektu, ale kyZend stabilizu-
jici pevnost injektované smési nebyla prozatim dostacujici k tomu, aby
nemohlo dojit k nefizenému poklesu, tedy k jakémusi opétovnému
»dosednuti“ tohoto objektu.

S postupem provaden{ praci a s tfm spojenym nabyvanim zkuSenos-
ti doslo ke zméndm receptur injekéni smési s cilem nalezeni takové
smési, kterd by méla rychly ndbéh pevnosti, ale jejiz 28denni pevnost
by neprekrocila 8—10 MPa.

POSTREHY Z PROVADENI KOMPENZACNI INJEKTAZE

Prvnim kompenzovanym objektem byl rohovy skeletovy dim
Palackého 5 s jednim podzemnim podlazim, zaloZeny na patkdch
a s 7lb. podlahou. Kompenzac¢ni véjit se rozeviral kolmo smérem na
osu tunelu. Ridici program umoznoval dopocitat mnoZzstvi smési
v misté svirdni véjife tak, aby nedochézelo ke kumulaci objemt
a ndslednému ,,prekldpéni* kompenzovaného objektu. JiZ v poloviné
provadeéni pracovniho prikazu bylo zjisténo, Ze teorie o kumulaci obje-
mu v ziZeni véjite nenf zcela pravdiva a bylo nutno operativné upra-
vit injekéni parametry — zejména zvysit Cerpané mnozstvi injekcni
smési pravé v tomto miste. Poté se jiz dafilo tento objekt drzet v mirné

Graf tlaku — Pressure chart
Stavba: Sachta 03
Construction: Shaft 03

Graf spotfeby (objem celkem)
Consumption chart (total volume)
Stavba: Sachta 03 - Construction: Shaft 03
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Obr. 11, 12 Jednim z moZnych vystupu pouZitého Fidiciho programu jsou
schémata aktudlniho vyvoje injekéniho tlaku a spotieby injekéni smési na
injek¢nim poli

Fig. 11, 12 One of possible outputs of the control program used are charts of
current build-up of grouting pressure and consumption of grout in the parti-
cular grouting field
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A conditioned automaton proved to be the most advantageous
regime, allowing operative changes of grouting parameters on the
basis of analysing information on the building being compensated
for. These changes, as well as the other data on the completed
grouting phase, were saved in data files, which were sent to the
orders-issuing computer by means of a backup utility for assessing
by the orders-issuing PC.

At the same time, individual work orders for the subsequent pro-
gress of the compensation grouting were created in the orders-issu-
ing PC. A work order contained parameters of the grouting requi-
red for the grouting pattern for one phase of the compensation
grouting.

The OBERMANN pumps were equipped with controlled valves,
which allowed precise dosing of grout (checking flow meters dis-
played deviations up to 1%) and coped with high cracking pressu-
res (up to 160 atm) and grouting pressures (up to 80 atm). These
values increased with the growing number of phases, for example,
to split the environment during the 15th phase it was necessary to
start to use lower viscosity grout or to carry out hydro pre-split-
ting.

GROUTS

One of the components which are deciding for the success of
compensation grouting is the selection of grout. As far as the pro-
ject described in this article is concerned, grout was produced
directly on site and the formula had to be flexibly adjusted accor-
ding the needs of the technology which was applied in the given
conditions, e.g. with respect to climatic influences, but first of all
with respect to achieving the required effectiveness of the com-
pensation grouting. A serious problem, which was proved to be
significantly reducible by adjusting the grout formula, was the
so-called “yo-yo effect”. This phenomenon sometimes appeared
after the completion of the compensation phase, during which
even a controlled upward vertical movement took place from
time to time. Subsequently the pre-stress in the strata being injec-
ted with grout dissipated, but the desired stabilising strength of
the grout was not sufficient for the time being to prevent uncon-
trolled subsidence, i.e. a kind of repeated “seating” of the buil-
ding.

With the works proceeding and gathering experience associated
with the process, the grout formulas changed with the aim of fin-
ding such the grout the strength build-up would be rapid but the
28-day strength would not exceed 8-10MPa.

OBSERVATIONS GATHERED DURING THE COMPENSATION
GROUTING OPERATIONS

The first building which was compensated for subsidence was
a corner building with a framed structure, one basement, foun-
ded of footings and with a reinforced concrete floor slab. The
compensation grouting fan opened perpendicularly to the tunnel
centre line. The control program allowed additional calculation
of the volume of grout required for the location in which the fan
closed so that the accumulation of volumes and subsequent til-
ting of the building being compensated for was avoided. It was
found as early as the middle of fulfilling the work order that the
theory about the accumulation of volumes at the narrowest point
of the fan was not completely true and it was necessary to ope-
ratively adjust the grouting parameters — first of all to increase
the volume of the grout to be pumped to this very location.
Since then this building was successfully kept within
a moderately oscillating plane. Then it was possible to incorpo-
rate the experience gained in this way to following buildings
even into the work orders when the basic parameters were being
determined. Unfortunately, attempts to generalise and exactly
describe the regularity of this phenomenon failed. It is possible
to say that the “direction” in which to proceed was known, but
it was necessary to respond to the comprehensive evaluation of
information following not only from the accompanying measu-
rement.



19. rocnik - €. 4/2010

kmitajici roviné. U nésledujiciho objektu bylo moZno tuto ziskanou
zkuSenost uplatnit jiZ pri zakladnim ndvrhu parametri do pracovnich
piikazi. Nepodafilo se viak zobecnit a popsat presnou zdkonitost
tohoto jevu. Lze fici, Ze byl zndm ,,smér* jak postupovat, ale vzdy bylo
nutno reagovat na komplexni vyhodnoceni informaci plynoucich nejen
z doprovodného méfeni.

Vyhodnocovian{ dopliikovych informaci se ukdzalo jako velmi uZi-
te¢né napr. u objektu PeSinova 10. Zde pri probihajici kompenzaci
nebyly ve vysledcich doprovodného méreni registrovany Zadné ano-
malie, ale mezi objekty PeSinovalO a PeSinova 12 se zacaly objevovat
na $titovych zdech uvnitf objektu trhlinky. Kompenzaci bylo nutno
pozastavit a odhalit pfi¢inu. Vysvétleni bylo ziskdno pfimo od ndjem-
niku, ktef{ poskytli cennou informaci, Ze objekty PeSinova 10, 12 a 14
sice maji zdkladové pdsy v ruznych niveletdch, ale byly vzdjemné sva-
zany vyztuzi a v podstaté stavény jako trojblok. To se pak dokonce
potvrdilo v dohledané dokumentaci. Bylo upraveno injekéni schéma,
pracovni prikazy a kompenzace probihala u objektd PeSinova 10-14
v §ir§im zdbéru jakoby pod jednim objektem. Odhaleni pfi¢in, dohle-
dani dokumentace a naslednd dprava parametri byla provedena
v nejkrat§im moZném Case s ohledem na postupujici razbu, pricemz od
pozastaveni kompenzace do jejtho obnoveni neubéhlo vice neZ
12 hodin.

Za zminku je$té stoji ndro¢nd kompenzace pod zdéné rohové domy
zdjmového bloku. Zde bylo nutné upravovat injekéni parametry dokon-
ce pri zohlednéni polohy jednotlivych nosnych stén a pricek. K tomuto
postupu vedlo zjisténi, Ze pri provadéni kompenzacni injektdZe dochd-
zelo ve sklepnich prostorach popisovanych objekti ke vzdouvani pod-
lah. Parametry jednotlivych etdZi u vrtd se tedy dopracovévaly dle
pudorysu tak, aby se tyto negativni jevy co nejvice eliminovaly.

ZAVER

V prabéhu provddéni pfipravnych praci dochdzelo prabézné
k drobnym zméndm projektu dle zastizené geologie a skute¢nosti zjis-
ténych pri provddéni. V pripadech, kdy bylo nutno umistit injekéni
trubky do jili, nebyly vysledky vzniku kompenza¢nich d¢inka tak
priznivé jako ve vrstvé $térkopiska. Tim bylo prokdzdno vhodné umis-
ténf injek¢nich trubek do vrstev fluvidlnich sedimentu.

V3eobecné lze fici, Ze pii kompenzaci jednotlivych objekti bylo
dosazeno zadaného pozadavku — eliminace poklest v maximaln{
mozné mife a tim minimalizace negativnich G¢inki na konstrukce
kompenzovanych objekti. Pro dosaZeni tohoto poZadavku nebylo
mozné pred zahdjenim praci zpracovat v§eobecnd technologické pra-
vidla a pracovni postupy s unifikovanymi injekénimi parametry. Bylo
nutné vyhodnocovat, jak jiz bylo opakované zminéno, souhrn infor-
maci o jednotlivych kompenzovanych objektech a operativné injek¢ni
parametry upravovat. DuleZité bylo zachovani{ kontinuity vyhodnoce-
ni informaci a zmén injek&nich parametra. K tomu slouZily vystupy
z monitoringu provddénych praci, jejich prvotni dokumentace, nésled-
né zpracovdni a porovnéani jednotlivych vystupu méfeni s vystupy
z provadéné injektaze, coZ vyzadovalo nepretrzitou pritomnost techni-
ku zhotovitele na stavbé.

Na zédkladé pfiznivych vysledku, diky kterym se podafilo udrZet
predmétné objekty ve sklonech cca do 1 : 700 a bylo minimalizovdno
jejich sedéni a kdy i jejich poSkozeni bylo minimadlni, 1ze provedenou
kompenzaéni injektdZ hodnotit jako prinosné aktivni opatren, které
vyznamnou meérou prispélo k minimalizaci poSkozeni nadzemnich
objektu v tzv. z6né zvySenych rizik.

ING. JIRIf MUHL, ZAKLADANI STAVEB, a. s.
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Tuel

Evaluating the information turned out to be very useful for
instance at the building No. 10 in PeSinova Street. In this case no
anomalies were registered in the results of the accompanying
measurement during the compensation operations, but fissures
started to appear between buildings No. 10 and 12 in PeSinova
Street on the faced walls, inside the buildings. It was therefore
necessary to suspend the compensation and reveal the cause of the
problem. The explanation was obtained directly from tenants, who
provided valuable information that, on the one hand, buildings
No. 10, 12 and 14 in PeSinova Street have foundation strips at dif-
ferent levels but, on the other hand, the strips were tied by conc-
rete reinforcement and were, in substance, constructed as a three-
span structure. This information was confirmed in the documents
which were fond subsequently. The grouting pattern and work
orders were modified; the compensation grouting at buildings No.
10 — 14 in PeSinova Street was performed in wider extent, as if
under a single building. The causes were revealed, documents
found and parameters subsequently modified in the shortest time
possible with respect to the advancing tunnel excavation; the
break between the suspension of the compensation and its resu-
ming lasted less than 12 hours.

Worth mentioning is also the complicated compensation under
brick corner houses in the block of houses being treated. In these
cases it was necessary to change the grouting parameters even
when locations of individual structural walls and dividing walls
was being taken into consideration. This procedure was adopted
after finding that floors in cellars of the above-mentioned buil-
dings heaved up during the compensation grouting operations. For
that reason, parameters of individual tiers of boreholes were desig-
ned according to ground plans so that these negative phenomena
were eliminated as much as possible.

CONCLUSION

Minor changes in the design were performed continuously
during the enabling works with respect to the geology encountered
and findings made during the work. In the cases where it was
necessary to install the grouting pipes into clays, the results of the
development of compensation effects were not so favourable as
they were in a gravel-sand layer. This fact proved that installing
the grouting pipes in the layers of fluvial deposits was beneficial.

In general, it is possible to say that the task of eliminating sub-
sidence to the maximum possible extent by compensation grouting
under individual buildings, thus minimising negative effects on
structures of the buildings to be compensated for subsidence, was
accomplished. It was impossible to develop general technical spe-
cifications and work procedures with unified grouting parameters
prior to the works commencement to meat the above-mentioned
requirement. As repeatedly mentioned above, it was necessary to
evaluate a package of information on individual buildings to be
compensated for and operatively adjust the grouting parameters. It
was important to maintain continuity between the evaluation of
information and changes in grouting parameters. This was achie-
ved using outputs from the monitoring of the operations being in
progress, original documents on the works, subsequent processing
and comparing of individual measurement outputs with outputs
from the grouting in progress. These activities required the perma-
nent presence of contractor’s technicians on site.

The completed compensation grouting project can be evaluated
on the basis of the favourable results, owing to which tilting of the
buildings was successfully kept at about 1 : 700 and lower and the
settlement was minimised, with minimum damages caused to
them, as a beneficial, active measure which significantly contribu-
ted to minimising damage to existing buildings inside the so-called
“increased risk zone”.

ING. JIRI MUHL, ZAKLADANI STAVEB, a. s.

Note: The paper was borrowed from Zakldddni Staveb magazine
by courtesy of Zakldddni Staveb a. s.
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VYUZITI KONVERGENCNICH MERENI PRI 2D ANALYZE RAZBY
TUNELU V POROVNANI S METODOU OPERNYCH NAPET(
APPLICATION OF CONVERGENCE MEASUREMENTS
IN 2D ANALYSIS OF TUNNEL EXCAVATION IN COMPARISON
WITH CONVERGENCE CONFINEMENT METHOD

TOMAS JANDA, MICHAL SEJNOHA, JIRl SEJNOHA

uvoD

V porovndni s vétSinou ostatnich oboru ve stavebnictvi je geo-
technika specifickd tim, Ze pracuje s omezenymi znalostmi prostie-
di, ve kterém je stavba umisténa. Nejistota struktury a mate-
ridlovych parametra zemniho masivu tak ¢asto znevyhodniuje detail-
ni vypoctové metody v porovndni s jednodu$simi vypocetnimi ¢i
empirickymi postupy podporenymi inZenyrskymi zkuSenostmi
a citem pro chovdni{ konstrukce. V pripadé analyzy razby linedarniho
tseku tunelu muZe byt piikladem vSeobecnd tendence praktickych
inZenyru analyzovat reprezentativni pri¢ny fez misto komplexniho
tfidimenziondlniho (3D) modelu.

Ackoli je proces razby tunelu Novou rakouskou tunelovaci meto-
dou jasné prostorovou tlohou, jen velmi specifické tseky, jako napr.
kiizeni a rozplety, se fe$i tfidimenziondlni metodou konecnych
prvku. Pro linedrni tseky se misto vytvofeni 3D modelu uréi néko-
lik typickych pri¢nych fezd, pro které se navrhne Clenéni Celby
a dimenzuje osténi. Pfi posouzeni typickych profilt se obvykle pou-
ziva metoda opérnych napéti, kterd je aplikaci 2D metody konec-
nych prvku v podminkdch rovinné deformace.

METODA OPERNYCH NAPETI

Vypolet exkavace metodou kone¢nych prvka v podminkdch
rovinné deformace probihd tak, Ze se nejprve z geostatického napé-
ti urdi tzv. exkavaéni sily, které pusobi na uzly leZici na hranici mezi
exkavovanou oblasti a okolni zeminou. Nasledné se exkavované
prvky odstrani a hranice se zatiZi exkava¢nimi silami sméfujicimi
dovnitf vytéZené oblasti. Tyto sily vyvolaji konvergenci profilu,
posuny v celé feSené oblasti, seddn{ terénu a pripadné inicializaci
plastickych deformaci v kritickych oblastech. ProtoZe vypocet
v podminkéch rovinné deformace vyZzaduje ve sméru osy neménnou
geometrii, budou materidlové parametry, zatizen{ a vypoctené defor-
mace odpovidat stavu, kdyby cely feSeny tsek byl vyraZen najednou
bez uvazovéni primédrniho osténi (a). Pokud je primérni osténi do
modelu zahrnuto jesté pred exkavaci, exkavanimi silami jsou zati-
Zeny nejen plo$né prvky zemniho masivu, ale i nosnikové prvky
modelujici osténi. Vysledkem vypoctu jsou mensi deformace odpo-
vidajici hypotetickému stavu, kdy v celém dseku bylo napred vysta-
véno osténi a pak byla odtéZena zemina z profilu tunelu (b). Oba
uvedené stavy jsou vzddlené realité: prvni vyrazné precenuje defor-
mace a pii pouziti plastickych materidlovych modeld dochézi oby-
Cejné k divergenci vypocltu, tedy ztraté stability. Druhy uvedeny pfi-
pad deformace podceniuje a predpovidé nerealisticky nadhodnocené
zatiZzen{ primarniho osténi.

Pfi razbé Novou rakouskou tunelovaci metodou se osténi apliku-
je krétce po vyrazeni daného zdbéru. Z konvergenénich méfeni je
patrné, Ze zemni masiv je v okamZziku razby v daném fezu jiz defor-
movany a s postupujici ¢elbou dochdzi k dalsim deformacim systé-
mu masiv—osténi. Metoda opérnych napéti modeluje vyvoj defor-
maci v daném fezu tak, ze rozdéli exkavacni sily na dvé ¢asti. Prvni
¢ast exkavacnich sil je aplikovdna na nevystrojeny vyrub
a vysledkem je deformace odpovidajici stavu pred instalaci osténi.
Zbyvajici ¢ast exkavacnich sil je zavedena na vystrojeny vyrub, viz
obrazek 1. Vysledkem je celkova deformace v okamzZiku, kdy c¢elba
pokrocila dostate¢né daleko od feSeného fezu. Popsanou redukci
exkavacnich sil pusobicich na nevystrojeny vyrub modeluje meto-
da opérnych napéti prostorové efekty doprovdzejici razbu, kterymi

INTRODUCTION

Unlike other areas in civil engineering, designing a geotechnical
structure often requires dealing with limited knowledge of the envi-
ronment of a construction site. Uncertainties in subsoil profile as
well as in material parameters may therefore promote simple com-
putational or empirical methods supported by engineering experien-
ce and judgment regarding the structure response rather than run-
ning a complex numerical analysis. As an example we mention line-
ar sections of a tunnel where practical engineers generally tend to
analyze a representative cross-section instead of creating a complex
three-dimensional (3D) model.

Although constructing a tunnel in accordance with the New
Austrian Tunneling Method is clearly a three-dimensional mechani-
cal problem, only highly complicated sections are analyzed with 3D
finite element method. Instead of modeling the whole process in 3D,
several typical cross-sections are therefore selected to assess the
excavation sequence of the tunnel heading including the design of
a primary lining. Representative sections are typically analyzed
with the help of so called convergence confinement method being
executed in a 2D environment under the plane strain conditions.

CONVERGENCE CONFINEMENT METHOD

When modeling the process of excavation in plane strain conditi-
ons the so called excavation forces acting at the nodes of the boun-
dary separating the tunnel and surrounding soil are evaluated first
based on the state of stress before excavation. Next, the excavated
elements are removed and the boundary is loaded by excavation for-
ces being directed inwards the tunnel. These forces induce the tun-
nel convergence, evolution of displacements throughout the exami-
ned area, terrain settlement and likely also the onset of plastic stra-
ins in critical regions. Since the plane strain conditions assume inva-
riable geometry along the tunnel axis together with constant materi-
al parameters and loading, we may distinguish between the follo-
wing two basic scenarios: (a) the whole tube is excavated at once
without being supported by the primary lining; (b) the primary
lining is introduced into the model before excavation, so that the
excavation forces act not only on the soil elements but also on the
beam elements representing the lining. The latter configuration con-
siderably suppresses the tunnel convergence as it corresponds to
a hypothetical situation when the lining is constructed first in the
whole tube and the soil is removed later. Both these situations are
far from reality. The first one overestimates deformations and the
computation often leads to the loss of convergence when incorpora-
ting plastic material models into the analysis. The second one unde-
restimates deformations and predicts an unrealistically high load
applied to the primary lining.

In case of the New Austrian Tunneling Method the primary lining
is constructed shortly after performing excavation of a particular
segment. It is clear from excavation measurements that the soil body
is already deformed at that time and as the tunnel heading progres-
ses the deformation of the soil body-lining system grows further.
The convergence confinement method models the development of
deformations in a given cross-section by dividing the excavation
forces in two parts. The first part is applied to an unsupported seg-
ment resulting in deformations that represent the state before lining



19. rocnik - €. 4/2010

jsou napf. podpurny efekt horninového materidlu pied Celbou
a podélna klenba nad nevystrojenou casti tunelu. Velikosti exka-
vacnich sil aplikovanych na nevystrojeny a vystrojeny vyrub je
uréena parametrem A, podle kterého je metoda opérnych napéti
nékdy nazyvana.

Prednosti metody opérnych napéti je pouZiti 2D geometrického
modelu, ktery se ve srovndni s prostorovym modelem vyrazné rych-
leji vytvaii a je vyrazné prehlednéjsi pti kontrole. Protoze z pohledu
feSeni metodou konednych prvkd jde stile o 2D vypoclet
v podminkdch rovinné deformace, md vypocet fadové niz$i naroky
na vypocetni ¢as v porovndni s prostorovym vypoctem.

Zéasadnim dkolem pro uZivatele metody opérnych napéti zustava
urfeni poméru exkavacénich sil v prvni a druhé fdzi vypoctu, tedy
urleni parametru A. ProtoZe hodnotu tohoto parametru nelze urdit
objektivné, vyuZivaji se empirické vztahy podporené inZenyrskym
odhadem. S praktickym pouzitim metody se muZe Ctendf sezndmit
na prikladu ndvrhu dvoukolejného Zelezni¢niho tunelu Turecky vrch
[4]. Vypocet byl proveden programovym produktem GEO Tunel [2].

DIMENZIONALNI REDUKCE - MODEL 2D3D

Alternativou k metodé opérnych napéti je navrzeny model 2D3D,
ktery vyuzivd dimenziondlni redukci z prostoru do roviny.
Teoreticky zdklad je popséan v [3]. Pfedpoklady pouziti modelu jsou
podobné jako u metody opérnych napéti. Model vyZzaduje ve sméru
podélné osy neménnou geometrii a materidlové parametry, coZ jej
preduréuje k feSeni linedrnich kvazihomogennich tdsekld podzem-
nich staveb.

Konvergenéni extenzometrickd méteni ukazuji, Ze vyvoj defor-
maci ve zvoleném profilu dzce souvisi s aktudlni polohou celby.
K sedani za¢ind dochdzet, kdyz se ¢elba k monitorovanému profilu
piiblizi na nékolik desitek metri a s blizici se Celbou ddle roste.
Piirastek seddni je nejvétsi v okamziku, kdy &elba prochdzi pod
extenzometrickym vrtem. S postupujici ¢elbou posuny rostou poma-
leji, az se v okamZziku, kdy se Celba dostate¢né vzdali, stabilizuji
a urc¢i vysledné seddni.

V pripadé dostate¢né dlouhého a po délce homogenniho tunelu
razeného stejné dlouhymi zdbéry lze ukdzat, Ze konvergenéni kriv-
ka nebude ménit tvar ani velikost a bude se jednoduse posouvat
vpred spolu s vyrazenim kazdého zdbéru, viz obrazek 2. Znalost
tvaru konvergencni kfivky umoZnuje urcit, jak exkavace jednoho
zdbéru ovlivni seddni nejen v roviné Celby, ale v prostoru pred i za
&elbou. Princip modelu 2D3D spodivd v analyze prirastki posunt,
které zpusobi jediny krok razby v celém masivu. Hodnota celkové-
ho posunu v libovolném bodé€ se nasledné ziskd jako soulet priirust-
ku posunu zpusobenych razbou jednotlivych zabéra.

Konecné prvky modelu 2D3D mohou mit podobné jako standard-
ni 2D prvky trojihelnikovy prufez v roviné kolmé na osu tunelu. Ve
sméru rovnobéZném s osou jsou prvky rozdéleny na tfi segmenty.
Prostredni segment reprezentuje materidl, ktery je exkavovén jed-
nim zdbérem. Priléhajici segmenty reprezentuji materidl za, resp.
pied stfednim segmentem. Linedrni aproximace piirustki posunu
v roviné x-y je identickd s 2D trojihelnikovymi prvky [1].
V podélném sméru jsou piiristky posunt aproximovény, tzv. roznd-
Seci funkefi f(z), kterd charakterizuje doznivani d¢inku zabéru pred
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Obr. 1 Princip vypoétu exkavace metodou opérnych napéti
Fig. 1 Principles of the convergence confinement method

construction. The remaining portion of excavation forces is applied
to the excavation section already reinforced by the lining as dis-
played in Fig. 1. The resulting deformations represent the final state,
i.e. deformations at the time when the heading moved sufficiently
far away from the analyzed section. Reducing the excavation forces
acting on an unsupported tunnel allows this method to account for
various spatial effects such as the supporting effect of material befo-
re heading or a longitudinal vault developed above the segment wit-
hout lining. This part of excavation forces is determined by para-
meter A.

The advantage of the convergence confinement method is that it
builds upon a 2D geometrical model, which is not only created
much faster compared to a 3D model but it can also be easily chec-
ked. We also recall that the corresponding 2D finite element analy-
sis considerably reduces the computational time.

Thus the principal task of the user is to determine the ratio of
excavation forces being applied in the first and second calculation
steps, i.e. determining the parameter A. Since the value of this para-
meter cannot be impartially defined, engineers generally rely on
empirical relations and their estimates. For practical application of
this method the reader is referred to [4] describing the analysis of
the Turecky vrch railway tunnel. This particular analysis was per-
formed using the GEO Tunnel [2] software product.

DIMENSIONAL REDUCTION - MODEL 2D3D

In this section we propose a 2D3D model as an alternative to the
convergence confinement method. It still adopts a 2D computational
model but represents actual 3D effects more rigorously. The theore-
tical grounds are described in detail in [3]. The model assumptions
are similar to those pertinent to the convergence confinement met-
hod. It again requires invariable geometry and material parameters
in the longitudinal direction and as such it is suitable for solving the
linear quasi-homogeneous sections of underground structures.

Convergence measurements show that evolution of displacements
in a chosen section closely relates to the actual position of the hea-
ding. The settlement occurs when the heading arrives at several tens
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Obr. 2 Zména posunu zpusobend exkavaci jednoho zdbéru
Fig. 2 Evolution of displacements caused by a single segment

Obr. 3 Srovndni rovinného prvku a 2D3D prvku
Fig. 3 Comparison between standard 2D and new 2D3D element
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Faze 1: geostatické napéti Faze 2: stav pred
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Obr. 4 Fdze vypoctu
Fig. 4 Calculation stages

a za Celbou. Charakter této funkce vychdzi z analogie s dvoupa-
rametrickym Winkler-Pasternakovym modelem podlozi [1]. Podélnd
tvarovd funkce je ve stfednim segmentu konstantni a v krajnich seg-
mentech exponencidlné klesd. Predpis rozndSeci funkce uddvaji
vztahy

f(2) = f1(2) = exp(&- (z + b/2)) pro z < -b/2,
f@=1 pro -b/2 < z < b/2,
f(2) =f2(z) = exp(&+ (-z + b/2)) pro z > b/2.

Porovnani rovinného prvku a prvku modelu 2D3D véetné podél-
nych tvarovych funkci ukazuje obr. 3.

Analyze typického kroku exkavace predchdzi vypocet vychoziho
napéti v feSeném fezu, ze kterého se odvodi velikost exkavaénich
sil. Vychozi napéti se uréi dvéma vypoletnimi fazemi. V prvni fazi
se v podminkdch rovinné deformace uréi geostatické napéti postu-
pem shodnym s metodou opérnych napéti. Ndsledujici vypocetni
faze slouzi k odhadu napjatosti pred vytéZenim stfedniho segmentu.
Treti vypoletni fdze urcuje hledany prirastek posunu vyvolanych
exkavaci materidlu stfedniho segmentu. Zapojeni prvku modeluji-
cich zeminu a primérn{ ostén{ v jednotlivych fazich vypoctu ilustru-
je obr. 4.

Reseni praktickych dloh vyZaduje moZnost pouZzit alespon zdklad-
nich pruZno-plastickych materidlovych modeli. Piesné vyjadreni
vyvoje plastickych deformaci mimo feSenou rovinu by vyZadovalo
zavedeni ur¢itého mnozstvi kone¢nych segmentu pred i za rovinou
Celby a presné ureni deformaci a ndsledné napéti v jejich integrac-
nich bodech. Tim by se vypoCetni ndro¢nost pribliZila ke klasické-
mu 3D modelu. Ve stdvajicim modelu 2D3D je v kazdém ze ti{ seg-
mentl zaveden jeden integra¢ni bod, ve kterém se vyjadiuje napéti
a prirastek plastickych deformaci. Prirastek plastickych deformaci
se v krajnich segmentech uvaZzuje proporcionalni piirustku celko-
vych deformaci.

Obr. 5 Celba tunelu Blanka
Fig. 5 Tunnel face of the Blanka tunnel

of meters from the monitoring section and grows further as the hea-
ding approaches this section. The increment of settlement achieves
its maximum when the heading passes the monitoring borehole. As
the heading advances further the settlement grows slower and stabi-
lizes when the heading moves sufficiently far away to determine the
final settlement.

Providing a homogeneous tunnel is sufficiently long in the longi-
tudinal direction it can be shown that the convergence curve will not
change its shape or size but it will only move forward together with
excavation of each segment as plotted in Fig. 2. Knowing the shape
of convergence curve allows for determining how the excavation of
a single segment influences the settlement not only in the plane of
the heading but also in front and behind the tunnel face. The total
displacement is computed as a sum of increments caused by exca-
vation of all segments.

Similar to standard 2D elements a 2D3D finite element may assu-
me a triangular cross-section in the plane perpendicular to the tun-
nel axis. In the longitudinal direction such an element is composed
of three segments. The middle segment represents the material
which is excavated in one segment. The adjacent segments represent
the material in front of and behind the central segment, respective-
ly. Linear approximation in the x-y plane is then identical to stan-
dard 2D triangular elements [1]. In the longitudinal direction the
displacements are approximated by a base function f(z) which cha-
racterizes a gradual fading of the influence of a single segment away
from the tunnel heading. Its character arises from the analogy with
a two-parametric Winkler-Pasternak model of elastic foundation [1].
The longitudinal shape of this function is constant in the middle seg-
ment and decreases exponentially in both adjacent segments in the
form

f(z) =f1(z) = exp(&- (z + b/2)) for z < -b/2,
flz)=1 for -b/2 <z < b/2,
f(z) =f2(z) = exp(O+ (-z + b/2)) for z > b/2.

Comparison of 2D and 2D3D elements together with
a longitudinal base function is illustrated in Fig. 3.

Note that the analysis of a single excavated segment must be pre-
ceded by the determination of initial stresses for the computation of
excavation forces. This stress is calculated in two stages. In the first
stage the initial geostatic stress is computed assuming simply the
plane strain conditions. The next stage serves to estimate the stress
distribution before performing the analysis of a single excavation
step. The third stage gives the desired increment of displacements
caused by a single excavation segment, which is decisive for the
determination of the overall settlement. Introduction of elements
modeling the soil and primary lining in individual stages is shown
in Fig. 4.

Analysis of practical problems requires the possibility of using at
least basic elasto-plastic material models. The accurate expression
of the evolution of plastic deformation outside the analyzed plane
would need to introduce several finite segments in front of and
behind the analyzed plane and proper computation of stresses in
their integration points. This would shift the computational demands
of the model near to the classical 3D model. In the present version
of the proposed 2D3D model each of the three segments considers
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Kotva 2 / Anchors 2, h = 12m

Kotva 3 / Anchors 3, h = 15m

Kotva 4 / Anchors 4, h = 18.5m
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Obr. 6 Rozmisténi kotev v extenzometrickém vrtu
Fig. 6 Location of anchors in extensometric borehole

RESENA ULOHA A POUZITA DATA

Pro testovani modelu 2D3D byl zvolen kvazihomogenni dsek ¢. 8
severni trouby silni¢niho tunelu Blanka (stani¢enf 6,410-6,110 km,
délka 300 m), viz ilustracni obr. 5, pro kterou byla k dispozici tabul-
ka doporucenych geotechnickych charakteristik. Geologicky profil
je zde tvoren prachovito-jilovitymi bfidlicemi prekrytymi fluvidlni-
mi sedimenty. V daném dseku probihalo extenzometrické mérent,
které monitorovalo poklesy v zemnim masivu nad tubusem tunelu
a na terénu po dobu, kdy postupujici razba seddni v daném misté
ovliviiovala. Extenzometricky vrt se stani¢enim 6,324 km situovany
v ose tunelu byl vystrojen ¢tyfmi kotvami v hloubkdch 9 m, 12 m,
15 m a 18,5 m. Nejhlubsi kotva tak byla umisténa jeden metr nad
korunou profilu tunelu. Prostorové usporddéni kotev ve vrtu ukazu-
je obr. 6. Namérené seddni v kotvé €. 4 v zdvislosti na poloze Celby
je zachyceno na obr. 7.

Konvergenéni kiivky byly pouZity pro kalibraci podélnych roznd-
Secich kiivek trojihelnikovych prvka pouZitych ve 2D3D modelu.
ProtoZe roznéaSeci kfivky predstavuji v podstaté podélné bizové
funkce, je duleZity predevsim jejich tvar. Jejich velikost je normo-
vana tak, aby byla zaji$téna jejich spojitost se stfednim segmentem.
Rychlost doznivani rozndSecich funkci f1(z), resp. f2(z) je urcena
exponenty o+, resp. &-. Cim vy$i hodnota exponentu, tim rychleji
exponencidlni ktrivka kles4.

Konvergenéni kfivky ziskané méfenim poklesu jednotlivych
kotev a terénu byly aproximovdny exponencidlnimi kfivkami tak,
aby doslo k co nejlepsi shodé, coz je patrné z obr. 7. Tim se pro kaz-
dou z konvergencich kfivek ziskala dvojice exponenti &+ a &-.
RozloZeni exponenti po vy3ce horninového masivu v oblasti nad
korunou tunelu ukazuje obr. 8a. Parametr &-, ktery charakterizuje
doznivdni vlivu razby pted Celbou, roste s hloubkou z hodnoty 0,065
na terénu k hodnoté 0,13 uréené z konvergencni kiivky zmérené
metr nad korunou raZzeného profilu. Za tdcelem posouzeni vyznamu
této zdvislosti byl vypocet nejdiive proveden s parametrem - kon-
stantnim v celém feSeném fezu s hodnotou ziskanou prumérovanim
naméfenych hodnot &-=0,089. V druhém pripadé byl uvazovan pro-
ménny parametr &- zdvisly na hloubce: v hloubce 17-22 m byla hod-
nota zvolena &-= 0,13, nad a pod touto vrstvou byla hodnota uvazo-
vana &-= 0,079. Parametr &+ vyznamnou zménu po vySce profilu
nevykazuje, proto byla v modelu pouZita jeho pramérnd hodnota
o+= 0,089 konstantni v celé studované oblasti. Prabéh parametru
O- uvazovany ve dvou variantnich vypoctech je patrny z obr. 8b.

Pouzity geologicky profil se sklddd ze tif vrstev mdlo soudrZnych
fluvidlnich sedimentu sahajicich do hloubky 8,5 m. Pod sedimenty se
nachdzi mirné zvétralé bridlice, kterymi je veden cely profil tunelu.

Tuel

one integration point to evaluate both the stress increments and inc-
rements of plastic strains. Note that the increments of plastic strains
in lateral segments are assumed proportional to the increments of
total strains.

ANALYZED EXAMPLE AND DATA

To examine the behavior of the proposed 2D3D model a quasi-
homogeneous section No. 8 of the north tube of the Blanka road tun-
nel in Fig. 5 with available material data was considered. The geo-
logical profile consists of silt-clayey slate covered by fluvial sedi-
ments. The evolution of vertical displacements was monitored in an
extensometric borehole situated above the tunnel. The borehole was
equipped with four anchors in depths 9 m, 12 m, 15 m and 18.5 m.
The deepest anchor was therefore located one meter above the tun-
nel crown. Particular arrangement of individual anchors is display-
ed in Fig. 6. Fig. 7 then shows the resulting settlement measured in
anchor No. 4 depending on the position of tunnel heading.

Such convergence curves were used to calibrate the shape of lon-
gitudinal base functions in 2D3D finite elements. Since irrelevant,
their size was normalized to ensure the continuity with the middle
segment. Both functions f1(z) and f2(z) decrease with a rate given
by parameters &+ and &-, respectively. The higher the value of the
exponent the faster the function decreases.

Convergence curves obtained by measuring the vertical displace-
ments of anchors and terrain were fitted with the exponential curves
proposed in the previous section. The values of exponents &+ and
o- were found to match the two curves as close as possible. The
resulting approximation pertinent to anchor No. 4 is evident in Fig.
7 showing quite accurate match with measurements. The distributi-
on of exponents &+ and - along the vertical line above the tunnel
crown is plotted in Fig. 8a. Parameter &-, which characterizes
a gradual decay of the impact of excavation in front of the heading,
is seen to increase with depth from the value of 0.065 on the terrain
to the value of 0.13 one meter above the tunnel crown. In order to
assess the influence of its variation we performed the analysis first
with the constant value of parameter &-= 0.089 obtained by avera-
ging the measured values. Next, a certain variation of parameter
o- depending on depth was considered. In particular, at depth of
17-22m the value of &-=0.13 was used, above and below this layer
its value was assumed equal to &-= 0.079. For simplicity and with
reference to Fig. 8a we further adopted a constant value of
o+=0.089 throughout the entire profile obtained again by averaging
all measurements. Actual distributions of the exponent &- employ-
ed in both computations are displayed in Fig. 8b.

The geological profile is composed of three layers of fluvial sedi-
ments reaching up to the depth of 8.5 m. The tunnel itself was exca-
vated in silt-clayey slate covered by these sediments. Both types of
soils were represented by elasto-plastic Drucker-Prager model with
no strain hardening. The assumed material parameters of slate cor-
respond to values recommended for a given region of the tunnel
path. In particular, the value of self weight equal to 24.5 kN/m,

Konvergencni kfivka — Convergence curve
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Obr. 7 Porovndni namérené konvergenéni krivky v kotvé 4 a vyslednd
aproximace exponencidlnimi bazovymi funkcemi

Fig. 7 Comparison of measured convergence curve in anchor No. 4 and
resulting approximation by exponential base functions
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RozloZeni exponent alfa po vySce vrtu / Distribution of alpha
exponents through the extent of the borehole

0 T L T T T
€ 2f = :
s r \ .
5 ot ' -
2 -8k ' . Afa-
— =10 - | Alpha -
E oL ! A ====aita+
(3]
= -14 |- Alpha +
3 -16 |-
T 18| o

| 1 I 1 I 1

0.06 0.07 008 0.09 01 011 012 013

Exponent alfa — Alpha exponent

RozloZeni exponentt alfa po vySce modelu / Distribution of alpha
exponents through the model height

0 — T T J[ T T 1T
E st : 5
"
=
s -10 | H -1
@ '
OI -15 |- | [e—" = Konstantni alfa
— _opn L 1 _| = Constantalpha
£ 20 Y O ===== Proménné alfa
L -25 H - Variable alpha
e} n
3 =30 - H =
T
35 |- : -
_40 ] 1 LA 1 ] 1

0 0.020.04 0.06 0.08 0.1 0.120.14
Exponent alfa — Alpha exponent

Obr. 8a Skutecné rozloZeni exponentu o+ a - podle hloubky
Fig. 8a Actual distribution of exponents &+ and &- with depth

Pro sedimenty i bridlici byl ve vypoctech uvazovan pruzno-plasticky
konstitutivni model Drucker-Prager bez deformacéniho zpevnéni.
Zvolené parametry bridli¢ného horizontu vychézeji z geotechnickych
charakteristik doporucenych pro dany usek trasy: objemova tiha 24,5
kN/m, Poissonovo ¢islo 0,33, modul pruznosti 100 MPa, soudrznost
25 kPa, thel vnitrniho tfeni 28° a Ghel dilatance 0°.

V pripadé primérniho osténi byl uvazovan linedrné-elasticky mate-
ridl odpovidajici betonu B25: modul pruZnosti 30 GPa, smykovy
modul 12,5 GPa. Tloustka osténi byla zvolena 150 mm. ProtoZe rese-
nd tloha analyzuje soucasnou razbu kaloty a opéfi bez dna, bylo osté-
ni modelovédno pouze v klenbé, zatimco dno modelovaného profilu
zustalo nevyztuZeno. Koncentraci napéti a ndslednému zapichovan{
osténi do dna zabranuje rozsifeny konec osténi takzvand ,.elephant
foot“. V modelu bylo toto zesileni osténi modelovano kratkym nosni-
kem napojenym kolmo na osténi a smefujicim ven z profilu tunelu.

VYSLEDKY

Vzhledem k tomu, 7e metoda opérnych napéti a model dimenzio-
ndlni redukce 2D3D analyzuji typicky profil odliSnym zpusobem,
mohou byt porovnidny pouze predikovand vyslednd seddni. Tab. 1
ukazuje celkové vysledné svislé posuny koruny, dna tunelového pro-
filu a terénu. Uvedené hodnoty jsou vypoctené modelem 2D3D pro
oba uvazované pripady zmény exponentu -, viz obr. 8b. Ddle jsou
uvedeny hodnoty vypoctené metodou opérnych napéti s koeficientem
A= 04, tj. 40 % exkavacnich sil bylo zavedeno na nevystrojeny pro-
fil, zbyvajicimi 60 % byl zatiZen profil vystrojeny osténim identic-
kym, které bylo pouZito ve 2D3D modelu. DuleZité je zminit, Ze para-
metr A byl pro tlely analyzy zvolen takovy, aby se vypoc¢tené seddni
bliZilo celkovému seddni zméfenému v extenzometrickém vrtu. Jednd
se tedy o optimdlné zvolenou hodnotu.

Obr. 9 ilustruje rozloZeni prirastka svislého posunu vzniklého
jako dusledek jednoho zébéru v §ifce 1 m. Obr. 10 znarodnuje pole
ekvivalentn{ plastické deformace. K jejimu rozvoji dochdzi prede-
v§im po strandch razeného profilu vlivem koncentrace napéti a déle
v oblasti zaloZeni osténi.

ZAVER

Na tloze razby tunelu Novou rakouskou tunelovaci metodou byl
overen vypocetni model 2D3D, ktery vyziva dimenziondlni redukci

Tab. 1 Vypoctené celkové seddni
Table 1 Calculated overall settlement

Obr. 8b Aproximované rozloZeni exponentu &- podle hloubky
Fig. 8b Approximate distribution of exponent &- with depth

Poisson’s number equal to 0.33, Young’s modulus equal to100 MPa,
cohesion equal to 25 kPa, frictional angle equal to 28° and dilation
angle equal to 0° were considered.

As for primary lining a linear elastic model was adopted.
Parameters corresponding to concrete B25 with Young’s modulus
equal to 30 GPa and shear modulus equal to 12.5 GPa were used.
The lining thickness equal to 150mm was introduced to support the
vault section while the bottom part assumed no reinforcement. To
represent the increased thickness of lining at its base (elephant feet)
preventing sinking of the two end points into the soil, we introduced
two additional short beam elements perpendicular to the lining mid
axis being directed into the soil body.

RESULTS

Since the two methods, the convergence confinement method and
the 2D3D model of dimensional reduction, perform the analysis of
a typical cross-section in a different way, we contented ourselves for
final settlements when comparing their performance. The final vertical
displacements of the tunnel crown and bottom and of the terrain are
stored in Table 1 for both variations of exponent &-, recall Fig. 8b.
These are accompanied by the results provided by the convergence
confinement method setting A= 0.4, so that 40% of excavation forces
were applied to the unsupported tunnel, while the remaining 60% were
applied after installing the primary lining. The same lining was used
also in the case of 2D3D model. Note that the value of parameter A
was basically chosen “a posteriori” to match the known measured dis-
placements as close as possible, thus being essentially optimum.

Fig. 9 illustrates the distribution of the increments of vertical dis-
placements caused by excavating one particular segment 1m long.
Fig. 10 then shows the distribution of equivalent plastic strain ori-
ginating from the two end points of the lining and further localizing
around the tunnel boundary as a consequence of the concentration of
vertical stresses.

CONCLUSIONS

The proposed 2D3D model, developed on the basis of dimensio-
nal reduction, was examined in this paper on the example of appli-
cation of the New Austrian Tunneling Method. Although the model
takes into account the soil behavior away from the tunnel heading,

Model / Model 2D3D Konstantni alfa 2D3DProménna alfa Lambda metoda Monitoring
Constant alpha Variable alpha Lambda method Monitoring

Méreny bod Koruna Terén Dno Koruna Terén Dno Koruna Terén Dno Kotva 4 Terén

Measurement point Crown Terrain Bottom Crown Terrain Bottom Crown Terrain Bottom Anchor 4 Terrain

Priristek sedani (mm) 580  -2.09 9.36 -5.85 -2.04 8.50 - - - - -

Increment of settiement (mm)

Celkové sedani (mm) -70.70 -2546  113.84 -71.27  -2486 103.66 -62.62 -38.44  69.46 -61.20 34.80

Total settlement (mm)
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Obr. 9 Pole prirustku svislych posuvu
Fig. 9 Distribution of increments of vertical displacements

pro vypocet u¢inku razby. Ackoli vypocetni model zohlednuje cho-
vani zeminy mimo feSenou rovinu, geometricky model je dvojdi-
menziondlni. Vysledny pokles koruny tunelové klenby vypocteny
modelem 2D3D je 70,7 mm, resp. 71,3 mm, pokud se uvaZzuje
zména podélnych tvarovych funkei po vySce geologického profilu.
Hodnota konvergence v koruné 62,6 mm vypoctend metodou opér-
nych napéni je blize zméfenym 61,2 mm, nicméné tato hodnota silné
z4visi na parametru A zvoleném v tomto ptipadé optimalné. Oproti
tomu tvary konvergencnich krivek slouZici pro kalibraci modelu
2D3D jsou urleny jednoznacné.

Podobnost vysledka dvou predstavenych vypocletnich variant
modelu 2D3D — konstantni exponent &- a hodnoty z4vislé na hloub-
ce — napovidaji, ze vypocet neni prili§ citlivy na pripadné zmény
tvarovych funkci podle polohy prvku v feSeném fezu nad profilem
tunelu. Vyznamnéj§i vliv na vysledné seddni miZze mit rozloZeni
parametri &- a 0+ pod raZenym profilem, které v3ak neni moZné
ziskat z dostupného extenzometrického vrtu sahajictho pouze do
hloubky 18,5 m. NemoZnost presnéji kalibrovat podélné rozndSeci
funkce v prvcich pod profilem tunelu muZe vysvétlovat vyznamny
rozdil ve svislém posunu dna.

Z pohledu praktického pouziti modelu 2D3D muZe byt problema-
ticky fakt, Ze jeho kalibrace vyZaduje konvergen¢ni data, kterd
v dob¢ pred realizaci zfejmé nejsou k dispozici. Tato skute¢nost
vsak neni zasadn{ prekdzkou, protoZe podélné rozndseci funkce se
kalibruji pouze zmétenou rychlosti doznivdni, tedy tvarem konver-
genénich kfivek. Absolutni hodnoty zmérenych konvergenci jsou pfi
kalibraci irelevantni. Ve fazi prvotniho ndvrhu by bylo moZné pou-
zit konvergenéni data z predchozich podzemnich dél raZenych
v podobné geologii. Ndsledné v prubéhu vystavby lze vypodet
zpresnit pouzitim aktudlnich konvergenénich dat. Tento operativni
pristup by zurocil dvé hlavni vyhody modelu 2D3D: provézanost
s monitoringem a rychlost a prehlednost 2D vypocetniho modelu.
Otédzkou také zustdvéd spolehlivost stanoveni pocatedni napjatosti
exkavaci razeného profilu aZ po exkavovany segment v jednou
vypocetnim kroku, coZ neni jednoznacné obhajitelné a vyzaduje
dalsi studium.
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Obr. 10 RozloZeni prirustku ekvivalentni plastické deformace
Fig. 10 Distribution of increments of equivalent plastic strains

its geometrical model is still two dimensional. The resulting vertical
displacement of the tunnel crown given by the 2D3D model is
70.7mm for the constant &- and 71.3mm for variable &-. The value
of vertical displacement equal to 62.6mm in the crown provided by
the convergence confinement method is closer to the measured value
of 61.2mm. Note, however, that the value of the final settlement pre-
dicted by the latter method is highly depended on the value of para-
meter A which in our case was assumed optimum. On the contrary,
the shapes of convergence curves, which serve to calibrate the longi-
tudinal base functions of 2D3D model, are defined uniquely.

Similarity of the results of both variants of 2D3D model — con-
stant and variable exponent &- — suggests that the computation is
not very sensitive to detailed changes of longitudinal base functions
above the tunnel. However, the distribution of the exponents &- and
o+ bellow the tunnel may show more significant influence on the
predicted displacement field. But this cannot be checked as the con-
vergence curves are not constructed for this region. Inability to cali-
brate the element longitudinal base functions bellow the tunnel bot-
tom might be one particular source for the explanation of more seve-
re deviation of the displacement at the tunnel bottom predicted by
the two methods.

From the practical point of view the use of 2D3D model may
seem problematic because its calibration requires convergence data
that are hardly available when running the analysis of a primary
design. Nevertheless, this is not a major obstacle since the base
functions require only the knowledge of the shape of convergence
curves for their calibration. In the initial design, it is therefore pos-
sible to exploit convergence data known for other underground
structures constructed in a similar geology. These predictions can be
subsequently improved by implementing actual convergence data.
Such a predictor-corrector approach would accommodate the two
main advantages of the model: direct link to field monitoring and
fast and transparent 2D computational model. The open question is
the reliability of the initial stress estimate obtained by excavating
the whole profile up to the examined cross-section in one step,
which cannot be easily defended and certainly requires further
study.

ING. TOMAS JANDA, Ph.D., tomas janda@fsv.cvut.cz,
PROF. ING. MICHAL SEJNOHA, Ph.D., DSc.,

. sejnom@fsv.cvut.cz,

PROF. ING. JIRI SEJNOHA, DrSc., sejnoha@fsv.cvut.cz,
Fakulta stavebni CVUT Praha

[1] BITTNAR, Z., §EJNOHA, J. Numerical methods in structural engineering ASCE Press and Thomas Telford Publ, 1996.

[2] Fine s. r. o., http://www.fine.cz, 2010.

[3] JANDA, T., gEJNOHA, J., gEJNOHA, M. Improved modeling of tunel excavation with two-dimensional finite elements. Proc. Recent
Developments in Structural Engineering, Mechanics and Computations, Rotterdam : Millpress, 2007.
[4] GRAMBLICKA, M., SEINOHA, M., PRUSKA, J. Numerické modelovani tunelu v programu GEO MKP, Stavebni obzor, 2004, ¢. 9.



19. rocnik - €. 4/2010

PRAVNI VZTAHY JAKO MOZNA RIZIKA PODZEMNICH STAVEB

LEGAL RELATIONS AS POSSIBLE RISKS FOR UNDERGROUND
STRUCTURES

BORIS SEBESTA, DAVID HRUSKA

1. OvoD

Legislativa jednotlivych stitd vétSinou neobsahuje dostate¢nou
regulaci pro realizaci investi¢né naro¢nych stavebnich projektu, mezi
které podzemni stavby bezesporu patii. Je naopak béZné (stejné tak
v CR jako v zahrani&i), Ze normativni tiprava pravidel vystavby, napr.
smlouva o dilo podle obchodniho zakoniku, je zcela nedostatecna,
zejména co se tyCe detaili provadéni, zménovych fizeni, ocefiovani,
délby rizik apod. Navic narodn{ soudni precedenty se zabyvaji prede-
v§im ob&anskymi povrchovymi stavbami a vetsi podzemni investi¢ni
celky zatim opomijeji. Duvodem je mimo jiné uprednostiiovani alter-
nativnich zplsobu feSeni sporl v tomto segmentu stavitelstvi.
Zaplnéni téchto mezer ma dopomoci predevs§im pouzivani rozsahlych
mezindrodné uzndvanych vzorovych dokumentu (napt. FIDIC'), které
pres svoji vykladovou obtiznost vnéSeji vEt§i prdvni jistotu
a predvidatelnost do realizace obsdhlych dopravnich investi¢nich
doddvek. Presto je ale nutné vnimat jisté rozdilné pfistupy v aplikaci
pravidel hry mezi povrchovym a podzemnim dopravnim stavitelstvim.
Kazdy, kdo se dostdva do styku s podzemim, by jisté umél najit téch-
to odlisnosti nékolik. Ndsledujici dvaha autorti na dané téma ma ambi-
ce se zabyvat témi nejvyznamnéj$imi z pohledu jejich doposud ziska-
né praxe:

e Faktor prirodni neurcitosti a jeho smluvni tiprava

* Vyssi spolecenskd poptdvka kontroly a medializace podzemniho

dila

e Stdtni bansk4 sprava

e Pravni védomfi a lidsky faktor

* Prevence smluvnich rizik jako zpusob jejich ovlddnuti

e Tradi¢ni rozdéleni rizik z pohledu smluvnich podminek FIDIC

(Red Book)
e Mimoradné uddlosti a jejich posuzovan{

Il. FAKTOR PRIRODNI NEURCITOSTI A JEHO SMLUVNI
UPRAVA

Kontrakty na stavby v podzemi se oproti ostatnim smluvnim doho-
ddm v povrchovém stavitelstvi museji uréitym zpusobem vyrovnat
s vy$8i mirou rizika plynouci z nejistoty v ureni vstupnich parametru
a podminek. Mezi zédkladn{ nejistoty pfitom pati{ uz samo prostiedi,
v némz podzemni{ vystavba probihd. Tedy horninové prostredi, jehoz
vlastnosti a chovani nelze nikdy predem presné stanovit. Prognézy zis-
kané v etapé pripravy a zadédni stavby postupné upfesnuji teprve az
skute¢né zastizené prirodni podminky, které definitivné urcuji konec-
nou konstrukci podzemniho dila. Tato konstrukce vznikne symbiézou
rozli¢né strukturovaného horninového prostfedi s nové budovanym
podzemnim dilem.

Mezi hlavnf rizika spjatd s pfirodou patii dusledky geotechnickych
podminek razby projevujici se nestabilitou vyrubu. Pokud nejsou véas
a spravné aplikovdna potrebnd opatfeni, mohou se projevy této nesta-
bility rozvinout do nadvylomu. V zdvislosti na konkrétnich podmin-
kdch a velikosti nadloZ{ mohou potom nadvylomy prejit do zdvalu,
které mohou ohrozit i zdravi, majetek a Zivotni prostfedi na povrchu.

Odchylky, které mohou nastat vici teoretickym rozméram, mohou
mit tfi zakladn{ priciny:

e horninovy masiv vykazuje jiné deformace neZ predpoklddd pro-

jekt;

e strukturdlni chovani horninového prostedi zpusobuje tvorbu geo-

logicky podminénych nadvyrubu,

e technologie provadéni neumoZnuje razbu v ideédlnich obrysech

a teoretické rozméry musi byt zvétSeny o tzv. technologicky nad-
vyrub.?

I. INTRODUCTION

National legislation does not usually include sufficient regulati-
ons for the implementation of expensive construction projects,
among which underground construction rightfully belongs. Instead,
it is common (both in the Czech Republic and abroad) that legislati-
ve amendments to construction regulations, e.g. a contract for work
under the Commercial Code, are totally inadequate, especially with
regard to the details of implementation, change proceedings, evalu-
ations, risk distribution, etc. Furthermore, national judicial prece-
dents are primarily concerned with surface buildings, neglecting
larger underground investment units. This is, among other things,
due to favouring of alternative methods of dispute resolution in this
construction segment. The use of extensive internationally accepted
sample documents (e.g. FIDIC'), which despite their difficulty in
interpretation bring greater legal certainty and predictability into the
implementation of extensive transportation capital projects, should
primarily help with filling these gaps. Despite this, it is necessary to
perceive certain different approaches between surface and underg-
round transport construction in applying the rules of the game.
Anyone who comes into contact with the underground would certa-
inly be able to find several of these differences. The following aut-
hors’ considerations on the given subject have the ambition to deal
with the most important ones in terms of their experience acquired
so far:

* The factor of natural uncertainty and its contractual arrange-

ments

* Increased social demand for control and media coverage of

underground work

e State Mining Administration

e Legal consciousness and the human factor

* Prevention of contractual risks as a way of controlling them

e Traditional risk distribution in terms of the contractual terms

and conditions of FIDIC (Red Book)

e Incidents and their assessment

Il. THE FACTOR OF NATURAL UNCERTAINTY AND ITS
CONTRACTUAL ARRANGEMENTS

Contracts for underground construction compared to other con-
tractual agreements in surface construction have to cope in some
way with a higher level of risk arising from uncertainty in the deter-
mination of input parameters and conditions. A fundamental uncer-
tainty is the environment in which underground construction itself
takes place. Thus, the geological environment, its characteristics and
behaviour can never be accurately determined in advance.
Projections obtained in the preparation and assignment of the con-
struction stage are gradually clarified only when the actual environ-
mental conditions are encountered, which ultimately determine the
final structure of the underground work. This structure arises with
a symbiosis of differently structured geological environments with
the newly built underground work.

The main risks associated with nature include the consequences of
the geotechnical conditions of excavation manifesting themselves
by the instability of the excavations. If the necessary measures are
not applied in a timely and correct manner, the manifestations of this
instability can develop into overbreaks. In relation to specific con-
ditions and the size of the overburden, the overbreaks can then pass
to cave-ins, which can threaten health, property and the environment
on the surface.



19. rocnik

Obr. 1 Island: Reka v tunelu (archiv Metrostay a. s.)
Fig. 1 Iceland: River in a tunnel (archives of Metrostay a. s.)

Smluvni vztahy v podzemi by proto mély zdkladné stanovit postupy,
které umozni provaddét, ocenovat a odménovat operativni zmény beéhem
razby vyvolané snahou po optimalizaci vystavby. Mély by napt. stano-
vit tzv. smluvnf linie, které definuji vedle teoretickych rozméru i hranice
,,omluveného ¢i ,,neomluveného* technologického nadvyrubu a dalsi
odchylky, které nemohly byt beze zbytku objektivné specifikovany uz
pri zaddni.

Predpokladem schopnosti smluvni dokumentace G¢inné reagovat na
popsany souboj ¢lovéka s piirodou je stanoveni jednoznacnych pravidel
pro rozdéleni ¢i sdileni rizik. Smlouva, kterd nejednoznaéné vymezuje
kompetence, prdva, povinnosti a odpovédnosti jednotlivych tcastniki
vystavby, neplni uz od pocatku svij icel a je ohniskem budoucich sport.
Smluvni dokumentace by tudiz méla preventivné obsahovat ndvrh fese-
ni sport na jednotlivych drovnich realizace. Idedlnim feSenim muZe byt
dohoda o jmenovani nezdvislého arbitra, kterd je soucasti kontraktu.

Rizika 1ze v dvoustranné smlouvé o dilo rozdélit pouze mezi objedna-
tele a zhotovitele, nebo je sdilet. Aby se tak ov§em mohlo stt, je v prvni
fadé nutnd znalost rizik, kterd lze v prubéhu stavby ofekdvat. Za timto
ucelem by méla byt ve fazi pripravy vypracovdna rizikovd analyza.
Zakladn( rizika, kterd Ize pii vystavbé podzemnich objekta identifikovat,
se mohou rozdélit na rizika smluvni, na rizika plynouci z geologického
prostredi a rizika, kterd 1ze oznadit jako technologicka.

Objednatel by si mél byt védom skuteCnosti, Ze rizika vyplyvajici
z geologickych podminek, jejich zmén a z toho plynoucich pozadavka
na kvalitu zaddvaci dokumentace jsou soucdsti jeho odpovédnosti, a to
predevs§im ekonomické odpoveédnosti zajistit financovani dila.
Objednatel by si také mél byt védom skute¢nosti, Ze kvalita pfipravy
primo ovliviiuje kvalitu provddéni podzemni stavby, a to véetné vsech
ekonomickych souvislosti a dopadu.

Zhotovitel nese technologicka rizika tizce souvisejici s jeho podnika-
telskymi riziky plynoucimi z pfiméfeného ocenéni viech ndkladu, sprav-
ného stanoveni nutné doby vystavby a odpovédnosti za bezpecné prova-
déni dila. Hranice mezi inZenyringem a doddvkou stavby nemusi byt
vedena vzdy zcela ostfe a jednoznacné (objednatel mnohdy prendsi
nékteré pravomoci a odpovednosti souvisejici s poslednimi etapami pri-
pravy na zhotovitele; napf. stavebni povolen{ pro zafizeni staveniste, zod-
povédnost za realizacni dokumentaci a s ni spojenou fazi dodate¢ného
pruzkumu apod.). V téchto piipadech je obzvlaste nutné jednoznalné
oSetit odpovédnosti obou smluvnich stran. Obecné by méla byt respek-
tovéna zdasada, Ze za pripravu stavby odpovida objednatel a za provedeni
zhotovitel. Ve fdzi realizace by mél objednatel zajiStovat instituty staveb-
ni a autorsky dozor, které slouzi ke kontrole vystavby z hledisek kvanti-
tativnich, kvalitativnich a ekonomickych.

Chyby zpusobené neurcitou smluvni dokumentaci mohou mit zna¢né
nésledky, jejichZ feSenf Casto dsti v soudni dohru, a predevsim je provd-
zeno citelnymi ekonomickymi ztritami, a to obvykle na tkor vSech
zhCastnénych.

. VYSSI SPOLECENSKA POPTAVKA KONTROLY
A MEDIALIZACE PODZEMNIHO DILA
V predchozi kapitole nastinénd naro¢nost a rizikovost podzemnich lini-
ovych staveb se oproti t€m povrchovym projevuje predev§im aZ nasobné
vEt&i vysi investicnich ndkladd. Navic pozadavky na materidly a trvale

Deviations from theoretical dimensions that could occur could
have three fundamental reasons:

e the rock mass shows a deformation different than estimated by

the project;

e the structural behaviour of the rock environment causes the cre-

ation of geologically conditioned overbreaks;

¢ the technology of implementation does not permit excavation in

ideal outlines and theoretical dimensions must be increased to
include the so-called technological overbreaks.”

Contractual relations in the underground should therefore have
procedures outlined, which allow operative changes during the
excavation elicited by an effort to optimise construction to be imple-
mented, assessed and remunerated. They should, for example, stipu-
late a contractual line that also defines, alongside the theoretical
dimensions, the borders of an “authorised” or “unauthorised” tech-
nological overbreak and other deviations that could not be comple-
tely objectively specified at the start.

The prerequisite of the ability of contractual documentation to
react effectively to the described encounter of man with nature is the
stipulation of clear regulations to distribute or share risks. A contract
that does not clearly delimit competences, rights, obligations and
liabilities of individual construction participants, does not fulfil its
purpose from the start and is a hotbed for future disputes.
Contractual documentation should therefore contain a preventive
dispute resolution proposal for individual levels of implementation.
The ideal solution can be an agreement on naming an independent
arbitrator, who is included in the contract.

Risks can only be distributed in a bilateral contract for work bet-
ween the client and contractor, or they can be shared. To allow this
solution, it is in first place necessary to know the risks that can be
expected during construction. For this purpose, risk analysis should
be drawn up during the preparatory phase. The fundamental risks
that can be identified during construction of underground structures
can be divided into contractual risks, risks arising from the geologi-
cal environment and risks that can be called technological.

The client should be aware of the fact that risks arising from the
geological conditions, their changes and the requirements stemming
from this for the quality of the contractual documentation are part of
the client’s responsibility, primarily the economic responsibility to
provide financing of the work. The client should also be aware of the
fact that the quality of preparation has a direct impact on the quali-
ty of the underground construction implementation, including all
economic relevance and impacts.

The contractor bears the technological risks closely related to his
business risks stemming from the reasonable evaluation of all costs,
the correctly stipulated necessary period of construction and res-
ponsibility for safe implementation of the work. The boundaries bet-
ween engineering and supply of the construction do not always have
to be absolutely precise and clear (the client often transfers some
power and responsibility related to the last preparatory phases to the
contractor: e.g. planning permission for setting up the building site,
responsibility for the implementation documentation and the related
phase of additional surveying, etc.). In these cases it is especially
necessary to clearly cover the responsibilities of each contracting
party. In general, it should be respected that the basic fact is that the
client is responsible for preparing the construction and the contrac-
tor for the implementation. In the implementation phase, the client
should ensure construction and author’s supervision, serving as
inspection of construction from a quantitative, qualitative and eco-
nomic perspective.

Errors caused due to unspecific contractual documentation can
have significant consequences; solving them often leads to judicial
implications, and this is primarily accompanied by palpable econo-
mic losses, usually at the expense of all the participants.

lll. INCREASED SOCIAL DEMAND FOR CONTROL AND
MEDIA COVERAGE OF UNDERGROUND WORK

In the previous chapter, the outlined challenges and risks of
underground linear constructions compared with surface ones are
evident primarily with much higher investment costs. Furthermore,
requirements for materials and permanently fixed parts of the struc-
ture from the perspective of the lifespan mostly reach up to 100
years and similar requirements are put on the “lifespan” of the route,
of which the tunnel is a part. Although this investment will pay off




zabudované Cdsti konstrukce z hlediska Zivotnosti vétSinou dosahuji az
100 let a podobné pozadavky jsou kladeny i na ,,Zivotnost™ trasy, jiZ je
tunel soucdsti. Jakkoli se tato investice v dlouhodobém horizontu vefej-
nému sektoru vyplati, provdzi ji soucasné zvySeny zdjem a kontrola ze
strany statu, jeho danovych poplatniku a v neposledni fadé médit.

Opravnénd je snaha vetejného sektoru minimalizovat ndklady nutné
na vystavbu podzemnich objekta pii zachovani bezpetnosti téchto sta-
veb, at’jiz pri vystavbé, nebo po dobu provozu véetné splnéni pozadav-
kt minimdln{ GdrZby. Stejné tak je ovSem oprdvnénd i snaha dodavatele
stavebnich praci zajistit kryti veSkerych rizik a ndkladu spojenych
s vystavbou a ndrok na jeho primeteny zisk. Oba zdjmy by mély byt ve
skute¢nosti shodné a lze je dosdhnout spole¢né koordinovanym
a optimalizovanym postupem.

Na potrebu odlisit investi¢ni, bezpeCnostni a technologickd specifika
podzemnich staveb pravo jako spoleCensky systém zdkonité reaguje,
a to jak ve sféfe vefejnoprdvni, tak soukromopravni.

IV. STATNI BANSKA SPRAVA

Jednim z projevt zna¢né spolecenské poptavky po kontrole a dozoru
provadeéni podzemnich dél je odlisny piistup stdtu k vefejnoprdvni legis-
lativé podzemnich staveb. I kdyZ v etapé tizemniho a stavebniho fizeni
stavebni zdkon pfiznava stavebnikim v podzem{ urcitou dlevu v tom, Ze
nezahrnuje do stavebniho fizeni majitele nemovitosti na povrchu pod-
zemn{ stavby, timto jsou veSkerd privilegia ze strany stdtu vycerpdna.
Naopak na dodavatele podzemnich staveb legislativa zcela prendsi bre-
meno ,,absolutni*“ bezpecnosti provadéni dila v podzemi. Za tcelem
vrchniho dozoru nad bezpe¢nym provddénim dila v podzemi zfidil stét
prostiednictvim zdkona ¢. 2/1969 Sb. specidlni instituci podfizenou
piimo vladé CR — Cesky bansky diad (CBU). CBU jako tstfedni organ
bénské spravy je organizainé rozdélen do 9 obvodd a jeho hlavnim
vykonavatelem je bansky inspektor.

CBU ve jménu ,,ochrany obecné chranénych zajmé* (rozuméj hlavné
ochrany zdravi, majetku a Zivotniho prostredi), kontroluje a dozoruje
kromé jiného priblizné 30 stavebnich spole¢nosti. Tito stavebni podni-
katelé disponuji platnymi oprdvnénimi k ¢innosti provadéné hornickym
zpusobem podle zdkona &. 61/1988 Sb., jsou schopni prokdzat se osvéd-
Cenimi pro odborné zplisobilé zaméstnance dle vyhlisky CBU
¢. 298/2005 Sb., a zaméstndvaji autorizované inZenyry a techniky dle
zdkona ¢. 360/1992 Sb.

Hlavnim néstrojem kontroly a dozoru bénského inspektora je jeho
opravnéni uklddat stavebnim spole¢nostem tzv. ,,zdvazné prikazy*, ddle
narizovat ,,nezbytnd opatieni* k zajisténi BOZP, a to i ustni formou.
Predmétem jeho zdvaznych pifkazii mohou byt pritom pomérné velké
zasahy do chodu stavebnich spole¢nosti, jako napr.:

1. Zavazny piikaz na zastaveni provozu organizace nebo jeho Casti,

poptipadé jejich technickych zafizen;

2. Zévazny piikaz na odstranéni zjisténych zdvad a nedostatki (napf.
poruSeni horntho zdkona, zdk. ¢. 61/1988 Sb., zdkoniku préce,
zdkona o inspekci préce atd.);

3. Zéavazny prikaz o zdkazu préace prescas, prace v noci, apod.

Proti zdvaznému prikazu bénského inspektora lze podat ve Ihité 15
dnu od jeho vydani ndmitky k bariskému dradu, bansky inspektor viak
muZe vyloucit odkladny d€inek podéani namitek. Proti rozhodnuti bari-
ského tradu o namitkéach Ize podat odvoldni nebo rozklad. Bansky drad
je déle opravnén k udélovani sankci v rozsahu stanoveném zdkonem,
tedy az do 5 000 000 K¢.

Baénsky inspektor je rovnéZ opravnén kdykoli vstupovat na staveniste,
provddét na ném prohlidky a Setfeni, pozadovat predloZeni piislusnych
dokladu, informaci a vysvétleni, presvédcovat se u technickych pracovni-
ku o jejich znalosti prislusnych pravnich predpisu, jakoZ i zhotovovat
fotografické snimky a kopie provoznich map a dalsi dokumentace.

Z uvedeného je patrné, Ze banskd sprava disponuje rozsahlymi kon-
trolnimi pravomocemi, ov§em aniZ by vzdjemné nesla plnou odpovéd-
nost za finanéni ztrdtu, vetné uslého zisku, kterou utrpi ucastnici
vystavby napt. v dusledku vydaného zdvazného piikazu. Objednatel by
si v tomto pfipadé mél byt védom toho, Ze dle ¢l. 8.5 Red Book (Cerve-
né knihy) FIDIC je odpovédnost za zpozdéni praci zpusobenych trady
(a to nejen CBU) souddsti jim nesenych rizik.

V. PRAVNI VEDOMI A LIDSKY FAKTOR

Pri realizaci podzemniho dila md jednotlivec jen omezenou moZnost
ovlivnit (napf. pouze G&asti ve volbach) obsah zdkont a vyhldsek tyka-
jicich se podzemd, ktery je pIné v gesci zdkonodarnych sbort ¢i CBU.
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in the long-term for the public sector, it is accompanied by increa-
sed interest and inspections by the state, its taxpayers and finally by
the media.

The attempt by the public sector to minimise costs needed for
construction of underground structures while retaining the safety of
these structures, whether during construction or during the operati-
onal period, including fulfilment of requirements for minimum
maintenance, is legitimate. All the same, the attempt by the contrac-
tor of the construction work to ensure coverage of all risks and costs
related to the construction and the right to reasonable profit is also
justified. Both interests ought to be concordant in reality and it is
possible to achieve them together with a coordinated and optimised
procedure.

Law as the social system naturally reacts, both in the public and
private legal spheres, to the need to differentiate investment, safety
and technological characteristics of underground construction pro-
jects.

IV. STATE MINING ADMINISTRATION

One of the manifestations of considerable social demand for
inspections and supervision for the implementation of underground
work is the different approach of the state to public legislation for
underground construction. The building law gives underground con-
struction project owners some relief that it does not include the
owners of property on the surface above the underground structure
among participants of the zoning and building permit proceedings.
However, these are all privileges provided by the state. By contrast,
legislation places the complete burden of “absolute” safety for
implementation of underground work on underground construction
contractors. For the purpose of superintendence over safety in
implementation of work underground, the state set up, via Act No.
2/1969 Coll., a special institution directly subordinate to the Czech
government — the Czech Mining Authority (CMA). CMA, as the
central body of the mining administration, is divided organisational-
ly into 9 districts and its main executor is the mining inspector.

CMA, in the name of “protection of generally protected interests”
(understood mainly as protection of health, property and the envi-
ronment), inspects and supervises, among other things, around 30
construction companies. These construction businesses are authori-
sed to carry out activities implemented using mining methods pur-
suant to the provisions of Act No. 61/1988 Coll., are able to prove
their employees professional qualification with certification pursu-
ant to Decree of the CMA No. 298/2005 Coll., and employ authori-
sed engineers and technicians pursuant to the provisions of Act No.
360/1992 Coll.

The main inspection and supervision tool of the mining inspector
is his authorisation to impose “binding orders” on construction com-
panies, order “necessary measures” to ensure OHS, even orally. The
subject of his binding orders can be relatively large interventions in
the running of the construction company, e.g.:

1. A binding order to halt operation of the organisation or part of

it, or its technical facilities;

2. A binding order to remove any defects or shortcomings found
(e.g. breach of the mining law, Act No. 61/1998 Coll., the
Labour Code, the Act on Work Inspection, etc.);

3. A binding order on banning overtime, night work, etc.

Objections to the binding order from the mining inspector can be
submitted within 15 days from its issue to the mining authority, but
the mining inspector can refuse the suspensory effect of submitting
an objection. It is possible to submit an appeal or complaint against
the ruling of the mining authority about the objections. The mining
authority is further authorised to impose penalties to the extent sti-
pulated by the law, up to CZK 5,000,000.

The mining inspector is also authorised at any time to enter the
building site, carry out inspections and investigations there, require
the submission of relevant documents, information and explanati-
ons, ascertain the knowledge of relevant legislation for technical
staff, as well as take photographs and copies of operational maps
and other documentation.

From the above, it is clear that the mining administration has
extensive inspection powers, but without being mutually fully liab-
le for financial loss, including loss of earnings suffered by partici-
pants in construction, e.g. as a result of a binding order that is issu-
ed. The client should be aware in this case that, pursuant to the
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Obr. 2 Vihy justice
Fig. 2 Scales of justice

Cilem této kapitoly je proto oznadit nekterd specifika podzemt, kterd se
tykaji kazdého z nds a ovlivnit je miZeme prostiednictvim naSeho lid-
ského faktoru. Jednim ze znaka soukromého prava je totiZ na rozdil od
verejného moznost tvorby, vykladu a aplikace prava nezdvisle na stdtu,
a to jak prostiednictvim smluv, tak jinych pravnich tikonu (provazenych
zejména naSim podpisem). Jakkoli je uceleny systém tvorici verejné
pravo nezbytnou zdkladnou pro nase rozhodovani, kvalitni
a informovany lidsky faktor ma schopnost ovladat pravni rizika spojend
s podzemni stavbou mnohem pruznéji a efektivnéji.

Lidé se ve svém chovdni fidi nejen platnym pravem (to Casto ani
neznaji), ale i svym prdvnim védomim. Pravni védomi Ize definovat
jako predstavy lidi o pravu, hodnoceni jaké pravo je, jaké by mélo byt
a co je proti pravu bez ohledu na to, zda je to skute¢né pravda nebo ne.
JelikoZ prdavo pro podzemni stavby tvofi vedle zdkonnych norem
a narizeni (tzv. vefejné pravo) predev§sim smluvni vztahy mezi G¢astni-
ky vystavby (tzv. soukromé pravo), je troven pravniho védomi daleZi-
tym faktorem ovliviujicim vlastni miru jeji dspéSnosti. Ta se
v kone&ném dusledku promitd nejen do ekonomické stranky stavebnich
procesu, ale i do ekonomické stranky vefejnych rozpodtu. Jediné smluv-
ni podminky totiZ mohou definovat a rozdélovat miru odpoveédnosti za
rizika spojend s vystavbou, ¢inf ji pravné zdvaznou a v kone¢né fazi
i exeku¢né vymahatelnou. Bez detailni znalosti na sebe branych odpo-
vednost{ a rizik nelze podzemni projekt nejen kvalifikované pfipravit,
ale ani UspéSné realizovat Ci provozovat. Efektivni rozbor smlouvy
a odpovidajici nabyté pravni védomi viech Gcastnika vystavby oviem
vyZzaduje nékolik predpoklad souvisejicich s lidskym faktorem.

Zapojeni konkrétniho pravnika do ,,papirové” piipravy projektu jesté
pred zahdjenim vlastnich stavebnich innosti je zpoCdtku doménou
objednatele. Na stran¢ objednatele by mél byt pravnik zapojen do zajis-
téni zpusobu financovdni podzemniho dila, pfipravy typizovanych
smluv o dilo, smluv na prondjem nebo koupi pozemku ¢i nemovitosti
nezbytnych pro realizaci dila, smluv pro projektové price nebo do smluv
na fizeni projektu. Cile pravniho poradenstvi na strané objednatele jsou
viak zcela logicky opané neZ na strané zhotovitelu jednotlivych seg-
mentu stavby. Nésledné zapojeni pravnika na strané jednotlivych zhoto-
vitell, projektantt, dozort ¢i konzultanti podzemni stavby je obvykle
az reakcef na drivéjsi normotvornou Cinnost objednatele, pricem? je zde
zhotovitel obvykle postaven pouze do pasivni role. Pokud chce zhotovi-
tel zakdzku ziskat, nezbyvd mu neZ podminky objednatele prakticky
bezvyhradné akceptovat. Pravni poradenstvi zhotovitele je tak v mnoha

provisions of Article 8.5 of the FIDIC Red Book, liability for delay-
ed work caused by authorities (not just CMA) is included in their
risks.

V. LEGAL CONSCIOUSNESS AND THE HUMAN FACTOR

During implementation of underground work, the individual has
only restricted possibilities to influence (e.g. only takes part in
voting) the content of laws and regulations concerning the underg-
round, which is fully under the control of lawmakers or CMA. The
purpose of this chapter is to indicate some of the characteristics of
the underground which concern all of us and we can influence them
via our human factor. One of the signs of private law in contrast to
the public law is the option for creation, definition and application
of law independently of the state, both via contracts and other legal
acts (primarily accompanied by our signature). While an integrated
system shaping public law is a necessary basis for our decision-
making, quality and the informed human factor have the ability to
govern legal risks related to underground construction in a far more
flexible and effective way.

People’s behaviour is governed by both applicable law (often wit-
hout knowing it) and their legal consciousness. Legal consciousness
can be defined as people’s idea of law, their evaluation of what law
is, what it should be and what is against the law regardless of whet-
her it is actually true or not. Since the law for underground con-
struction is created alongside legal norms and regulations (“public
law”) primarily through contractual relations between construction
participants (“private law”), the level of legal consciousness is an
important factor influencing their own level of success. The end
result of this is visible in both the economic side of building pro-
cesses and the economic side of public budgets. Only contractual
conditions can define and distribute the level of responsibility for
risks related to construction, making it legally binding and, in the
final phase, enforceable. Without detailed knowledge of the respon-
sibilities and risks taken on, it is not possible to prepare an underg-
round project in a qualified manner, nor can it be implemented or
operated successfully. The effective analysis of the contract and cor-
responding legal consciousness acquired by all participants in the
construction of course requires several prerequisites related to the
human factor.

Involvement of a specific lawyer in the “paper” preparation of the
project prior to commencement of the actual construction activities
is the domain of the client from the start. The client’s lawyer should
be involved with ensuring the financing method for the underground
work, preparation of standardised contracts for work, contracts for
hire or purchase of land or property needed for implementation of
the work, contracts for design works or contracts for project mana-
gement. The aims of the legal consultancy by the client, however,
are logically entirely opposite to those of the contractors of indivi-
dual construction segments. The following involvement of the lawy-
er for individual contractors, engineers, supervisors or consultants
for underground construction is usually after reactions to earlier
regulatory activities of the client, while the contractor here is usual-
ly just put in a passive role. If the contractor wants to get the job, it
can only accept the client’s conditions virtually unconditionally.
Legal consultation of the contractor is therefore restricted in many
cases (not only his fault) to the formal side of the contract, stating
whether or not certain provisions are in accordance with the
Commercial Code, and stating that the contract, from the risk per-
spective, ought or ought not be signed. Of course, these conclusions
are not needed by the applicant in the tender for the underground
work. It is absolutely in order when the contractual conditions of the
project are determined by the entity financing it. The lawyer’s ana-
lysis, however, should contain specific instructions on how to pro-
ceed in the future, including specifying the actual subject of possib-
le disputes and assessing risks in the contract.® The fact that the ten-
der applicant bears the risk based on the contract at its own cost
basically means that it bears responsibility for the damaging impacts
of the risks including the related costs that arise.

If, as early as during the tender phase, the contractual arrange-
ments are not assessed by the applicant, together with the analysis
and indication of the size of the share for project risks, it is even
impossible to make an adequate estimate of their consequences for
costs in practice. Legal consciousness of distribution of risks for an
underground construction project is naturally insufficient in this




pripadech omezeno (a to ne pouze jeho vinou) na formalni stranku
smlouvy, konstatovani, zda nékteré ustanoveni je, ¢i neni v souladu
s obchodnim zdkonikem, a konstatovéni, Ze smlouvu z pohledu rizik je,
¢i neni mozné doporudit k podpisu. Tyto zdvéry ovSem uchaze¢ ve vybé-
rovém fizeni na zhotoveni podzemniho dila rozhodné nepotiebuje.
Skutecnost, kdy si smluvni podminky projektu urcuje ten, kdo ho finan-
cuje, je pritom naprosto v porddku. Analyza pravnika by ale méla obsa-
hovat konkrétni ndvod, jak postupovat v budoucnosti véetné uréeni sku-
te¢ného predmétu moZznych sporl a posouzeni rizik smlouvy.”
Skute&nost, Ze uchazed ponese na zékladé smlouvy riziko na svuj ucet,
totiz prakticky znamend, Ze ponese odpovédnost za jeho $kodlivé dopa-
dy véetné ndkladd, které mu v souvislosti s nim vzniknou.

Pokud uZ ve fézi tendru chybi na stran¢ uchazece jednozna¢né posou-
zeni smluvnich ujednani spolu s jejich rozborem a poukazanim na veli-
kost podilu na rizicich projektu, nelze ani dostate¢né odhadnout jejich
dusledky na ndklady v praxi. Pravni védomi o rozmistén{ rizik podzem-
niho projektu je v takovém piipadé zdkonité nedostatecné, coZ samo
0 sobé generuje jen dalsi riziko. Pfi ndsledné vystavbé podzemniho dila
pak mnohdy uZ nezbyva nic jiného, neZ odhalovat skute¢ny vyznam usta-
noveni ¢i chyby v jiZ uzaviené smlouvé s investorem. Uvedeny stav je
rovnéZ dusledkem skute¢nosti, Ze smlouvu obvykle na strané zhotovitele
pripravuje, projedndvd a uzavird jind skupina lidi neZ ta, kterd se ji
v prubéhu vystavby fidi a aplikuje ji v praxi. Skupina lidi smlouvu apli-
kujici je tak ¢asto nucena smlouvu prostudovat jeste jednou, v celém roz-
sahu, a bez odpovidajici zpétné vazby ke skupiné smlouvu pripravujici.
Tento stav souvisi mimo jiné s obvyklou organiza¢ni strukturou staveb-
nich podniku, kdy je vybérovym fizenim a uzavienim smlouvy povéfeno
oddelen{ pripravy (obchodni oddéleni), zatimco realizaci provadéji jed-
notlivé divize zhotovitele ¢i specidlné vytvorené projektové tymy.

Odpovédnost rozhodovat o konkrétnich rizicich by pritom méla ndle-
Zet vzdy tém subjektam, které jsou schopny prislusné riziko nejlépe roz-
poznat a nejicinnéji kontrolovat a ovladat. Je nebezpecné, kdyz objed-
natel systémové vyuzivd svou kliovou pozici pii financovéni stavby
a presune prostiednictvim smlouvy nesystémove nékterd rizika na zho-
tovitele. Jesté horsi ovSem je, kdyz si tento subjekt nen{ prislusnych rizik
ani védom, natoZ aby je byl schopen rozpoznat, ¢i je dokonce fidit. Na
naznaeném nedostateéném fizeni rizika pravniho védomi se pritom
podili vyluéné lidsky faktor — tedy faktor, ktery ridit dokaZeme. Jestlize
subjektu, ktery je podle smlouvy odpovédny za fizeni urCitych rizik,
nejsou vytvoreny vécné i finanéni podminky, nelze ocekévat, Ze takové
fizeni rizik bude dostate¢né G¢inné. V kone¢ném dusledku muZe nedo-
state¢nd odpovednost, odbornd droven ¢i lehkovaznost konkrétnich osob
zpusobit ndsledujici: ¥

e nositel rizika nevi, Ze riziko existuje;

e nositel rizika toto riziko zanedbavad a ofekavd, Ze za néj nebude

odpovédny;

e ten, kdo je schopen riziko kontrolovat, resp. eliminovat riziko pre-

hlizi;

* nositeli rizika vznikne ztrita.

VI. PREVENCE SMLUVNICH RIZIK JAKO ZPUSOB OVLADNUTI
RIZIKA

Prédvo pusobi na své adresdty tak, Ze postihuje stranu nesouci riziko
sankci (odpovédnosti za ndklady), a tim ji motivuje, aby nésledkam
poruSeni smlouvy bud predchdzela, nebo je co nejdifve odstranila.
Riziko odpovédnosti za ztrdtu l1ze efektivné ovlddnout pouze tehdy, md-
li adresdt rizika moZnost se rozhodnout, zda ho pfevezme (napf. oceni
v nabidce), pfenese na jinou osobu (napf. pojisti), ¢i odmitne (napr. neu-
zavie smlouvu). Nutnym predpokladem pro rozhodovéni, jak se smluv-
nim rizikem naloZim, je ovSem predné jeho identifikace. NezdleZi pfi-
tom na skutecnosti, Ze zhotovitel smlouvu s objednatelem nepredkladd,
vice zdvisi na skute¢nosti, zda zhotovitel smlouvé porozumél a nechal si
provést kvalifikovany rozbor smluvnich podminek se zaméfenim na
ovlddnuti rizik vystavby.

Kromé pravni podpory je vysledek provedeného dila vSech na vystav-
bé podzemni stavby zicastnénych stran v prabéhu vlastniho provadéni
praci zévisly predev§im na dobré organizaci a fizeni celé stavby. Bez
pravni i technické podpory specialistt, ktefi dokdZou riziko smluvnich
ustanovenich identifikovat, je pozice zhotovitele stavebnich ¢i projeke-
nich praci znatné ztizena a hospodérsky vysledek celého podzemniho
dila dokdZe obtizné vykazovat zisk. Schopnost a tspe€$nost cely pod-
zemni projekt ,.fidit* na zdklad€ uzaviené smlouvy je ale Casto zaméno-
van za schopnost ,stavét“ podle predchozi zkuSenosti. Jednim
z rozhodujicich faktorl ztrity je pak predeviim neznalost smluvnich
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case, which generates another risk in itself. During the resulting
construction of the underground work it then often means that all
that can be done is to reveal the actual meaning of the provisions or
mistakes in the already concluded contract with the client. The given
state is also a result of the fact that the contract on the part of the
contractor is usually prepared, discussed and concluded by
a different group of people than the one that is governed by the con-
tract during construction and that applies it in practice. The group of
people applying the contract is so often forced to study the contract
over again, in full, and without the corresponding feedback to the
group preparing the contract. This state is also dependent on the
usual organisational structure of the construction companies, where
during the tender and contract conclusion period a planning depart-
ment is responsible (and/or a commercial department), whereas
individual divisions of the contractor or specially created project
management teams carry out the implementation.

Responsibility for deciding about specific risks, however, should
always pertain to those entities able to recognise the relevant risk
best and inspect and manage it in the most effective way. It is dan-
gerous when the client systematically uses its core position when
financing the construction and then shifts certain risks to the con-
tractor unsystematically via the contract. Of course, it is even worse
when this entity is even unaware of the relevant risks, let alone una-
ble to recognise or manage them. The human factor — i.e. the factor
we can manage — shares the indicated lack of management of the
risk of legal consciousness entirely, however. If the entity respon-
sible for the management of specific risks according to the contract
does not have general or financial conditions created for it, it cannot
be expected that such risk management will be sufficiently effecti-
ve. In the end, insufficient responsibility, professional level or fri-
volity of specific people can cause the following: ¥

e the risk holder is unaware that the risk exists;

e the risk holder neglects this risk and does not expect to be held

liable for it;

e the person who is able to control or eliminate the risk ignores it;

e aloss occurs for the risk holder.

VI. PREVENTION OF CONTRACTUAL RISKS AS A WAY
OF CONTROLLING THEM

The law acts on its recipients in such a way that it affects the party
bearing the risk of penalties (responsibility for costs) and thus moti-
vates it to avoid the consequences of breaching the contract or remo-
ve them as soon as possible. The risk of responsibility for loss can
effectively manage only if the recipient of the risk has the option of
deciding whether it will assume it (e.g. evaluate in the bid), transfer
to another entity (e.g. insurance) or reject it (e.g. does not conclude
the contract). The necessary prerequisite for deciding what to do
about the contractual risk is of course primarily its identification. It
does not depend on the fact that the contractor does not submit the
contract proposal to the client — it depends rather on the fact of
whether the contractor has understood the contract and has had
a qualified analysis done of the contractual conditions with a focus
on management of construction risks.

Apart from legal support, the result of the work carried out for all
participants in the underground construction work during the actual
implementation of the work is dependent primarily on good organi-
sation and management of the whole project. Without the legal and
technical support of specialists who can identify the risk in contrac-
tual provisions, the position of contractor for construction or engi-
neering work is seriously impeded and the economic result of the
whole underground work can be hard to show profit. The ability and
success of “managing” the entire underground project based on the
concluded contract, however, is often confused with the ability to
“build” according to previous experience. One of the deciding fac-
tors for a loss is then primarily the lack of knowledge of contractu-
al conditions and gross undervaluing of the specific results for spe-
cific underground work. If we add to this the lack of knowledge of
methodology of pricing, options and methods for increasing prices
(claim management) as defined by the contract, insufficient techni-
cal preparation of the construction and missing specialist assess-
ments of the contract, the question about the resulting low efficien-
cy and profit is practically answered in this way in the market envi-
ronment. In other words, the factor of success is not or does not
always have to be the orthodox repetition of previously tested
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podminek a hrubé nedocenéni specifickych dusledki na konkrétn{ pod-
zemni dilo. Pokud k tomu pfi¢teme neznalost smlouvou definované
metodiky cenotvorby, moZnosti a zpusoby navySovéni ceny (claim
management), nedostate¢nou technickou pripravu stavby a chybéjici
odborné posouzeni smlouvy, je tim v trznim prostedi prakticky zodpo-
vézena otdzka nésledné nizké efektivity a zisku. Jinymi slovy méfitkem
uspéchu neni nebo nemusi byt vzdy stdlé ortodoxni opakovani jiz
v minulosti vyzkousSenych postupt, ale mnohdy efektivnéjsi cesta maze
byt nalezena pii pouZiti zdravého selského rozumu v interakci se stdva-
jicimi podminkami projektu.

Nisledujici tabulka shrnuje predpoklady ovlddnuti pravnich rizik sou-
visejicich nejen s podzemnim dilem. 5)

Faze projektu Rozsah cinnosti pravniho konzultanta

studie a pfiprava projektu vyjasnéni pravnich otazek v souvislosti se
zakazkou, stanoveni ramcovych smiuvnich

podminek

spoluprace na pravnim poradenstvi

v souvislosti se smlouvami projektanta,
architekta a specialisttl do obdobi ziskani
stavebniho povoleni

smlouvy a poradenstvi v souvislosti

s realizaci stavebnich praci, spoluprace na
podkladech pro vybér dodavatele,
stanoveni a kontrola podminek bankovni
garance a dal$iho zajisténi projektu
priibézné pravni poradenstvi od zahajeni
praci dodavatele stavby do jejich ukonceni
poradenstvi v souvislosti s pfediozenim
konecné faktury, ukoncenim praci, odstrané-
ni vad a nedodélkdi dodavatelem,
prevzetim dila a uvolnénim zaruk
dodavatele pfip. béhem zaruéni doby

a vracenim bankovni garance

navrh stavby
dokumentace pro
stavebni povoleni

realizaéni dokumentace
stavby

pfiprava zadani,
spoluprace na zadani

stavebni, autorsky
a technicky dozor

ukonceni projektu

Jak z tabulky vyplyvd, na strané investora je prevenci v kazdém pfi-
padé zapojeni pravnika jiz do pripravnych praci podzemniho dila a na
strané zhotovitele jeho zapojeni do praci v souvislosti s posouzenim
predloZzené smlouvy jiz ve vybérovém fizeni. Pro pravnika predstavuje
rovnéZ lepsi vychozi pozici zapojeni do projektu jiz v pripravném stadiu
neZ v obdobi, kdy je poddna Zaloba druhé strany pro neplnéni nékterych
smluvnich povinnosti s prisnymi procesnimi Ihiitami.

Vyuziti pravnika jako poradce vSak nardZi na odpor zejména v piipadé
tendrovych smluv (,,take or leave it“), které pripominky uchazede praktic-
ky vylucuji a dodavatel tak povaZzuje rozbor predlozenych smluv za zcela
zbyte¢nou Cinnost. Na zdkladé subjektivniho hodnocent jsou tak preceno-
vany subjektivni zkuSenosti nékterych jednotlivet odpovédnych za piipra-
vu a projedndvani smluv. Divody nedspé$ného pravniho poradenstvi
v oblasti podzemnich staveb lze proto shrnout do nésledujicich bodu:

e Zapojeni pravnika do poradenské ¢innosti pozdé.

e NedostateCné pripravené nebo neexistujici podklady pro pravni

posouzeni.

* Nedostate¢nd komunikace mezi pravnikem a technikem.

* Nefunk¢ni organizacni struktura dodavatele stavebnich nebo pro-

jektovych praci.

 Nedusledné, improvizované nebo pouze Cdstetné prosazovani

zdvéru pravniho poradenstvi v praxi.®)

V mnoha pripadech ale rovnéZ chybi na strané pravnich konzultantu
dostatecnd kvalifikace a odpovidajici technické znalosti, protoze
v pripadé sloZitého podzemniho dila je podil skute¢né pravnich informa-
cf minimdln{ a prevazuje schopnost ekonomického a technického pohle-
du na smlouvu v¢etné vSech jejich pfiloh. Pouhé porovnéani a posouzeni
predloZené investorské smlouvy s obchodnim zdkonikem je ov§em zcela
nedostate¢né, protoZe ve vétsiné piipadu potvrdi pouze to, co zhotovitel
predpoklddd, bez toho, aby jej na to pravni konzultant jest€¢ upozornil —
smlouva podobné jako celd podzemni stavba je rizikovd. Zejména
z diivodu nedostatku zakdzek a pod tlakem konkurence je ale zhotovitel
nucen takovou smlouvu podepsat a od pravni konzultace proto neocekd-
véa obecné konstatovani o nevhodnosti smlouvy, ale o komplexni posou-
zeni a vyklad téchto ustanoveni véetné rozboru rizik smlouvy a postupu
pro jejich eliminovan{ (tzv. risk management). Bez spojeni znalost{ speci-
fickych podminek a sloZitosti podzemniho stavitelstvi na jedné strané

procedures, but often a more effective path can be found when using
common sense in interactions with current project conditions.
The following table summarises prerequisites for management of
legal risks, not only related to underground work.
Project phase Extent of activities of the legal
consultant

study and preparation
of the project

clarification of legal issues in relation to
the contract, setting framework contract
conditions

cooperation on legal consultancy in
relation to contracts by designer,
architect and specialists until building
permit obtained

contracts and consultancy in relation to
implementation of construction work,
cooperation on support document to
select contractor, setting and inspecting
conditions of the bank guarantee and
other project assurances

continual legal consultancy from
commencement of work by the
construction contractor until completion

consultancy in relation to the final invoice
presented, completion of work, removal of
defects and arrears by the contractor,
receipt of the work and release

of contractor's guarantees

building proposal
final design

detailed design preparation
of submission,
collaboration for
submission

construction, author’s and
technical supervision

works completion

As is evident from the table, on the client’s side, prevention
always involves the lawyer right from the underground work plan-
ning stage and on the contractor’s side, his involvement in work in
relation to the assessment of the presented contract already during
the tender stage. For the lawyer, becoming involved in the project in
the preparatory stage presents a better default position than when the
other party files a suit for a failure to fulfil certain contractual obli-
gations with strict procedural deadlines.

Using a lawyer as a consultant however creates opposition, parti-
cularly in the case of tender contracts (“take or leave it”), which
basically excludes the applicant’s suggestions and the contractor
therefore considers the analysis of the presented contracts to be enti-
rely pointless. Based on subjective evaluation, the subjective expe-
riences of certain individuals responsible for preparation and nego-
tiation of contracts are over-estimated. Reasons for unsuccessful
legal consultancy in the area of underground construction can there-
fore be summarised in the following points:

e Involving a lawyer in the consultation too late.

e Insufficiently prepared or non-existent background documenta-

tion for legal assessment.

e Insufficient communication between the lawyer and technician.

* Non-functioning organisational structure of the contractor for

the construction or for the design.

* Inconsistent, improvised or only partial enforcement of conclu-

sions of legal consultancy in practice.”

In many cases, however, sufficient qualifications and the corres-
ponding technical skills are lacking on the side of legal consultants,
because in the case of complex underground work, the share of actu-
al legal information is minimal and the ability for economic and
technical viewing of the contract including all its appendices out-
weighs it. A mere comparison and assessment of the contract pre-
sented by the client with the Commercial Code is of course entirely
insufficient, because in the majority of cases it only confirms what
the contractor assumes, without the legal consultant warning them
of it — the contract, like the entire underground structure, is a risk.
Primarily due to the lack of orders and under pressure of competiti-
on, however, the contractor is forced into signing such a contract
and therefore does not expect general statements about the unsuita-
bility of the contract resulting from the legal consultation. He
expects a comprehensive assessment and explanation of these pro-
visions including risk analysis of the contract and the procedure to
eliminate them (i.e. risk management). Without joining knowledge
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a odpovidajici znalosti prava na strané druhé proto pravni poradenstvi
nemuzZe byt u¢inné. Za kli¢ové pro ispésné vedeni risk managementu Ize
povaZovat spojeni kontinudlné pracujiciho projektového manaZera a véas
zapojeného a s pravidly podzemniho stavitelstvi obezndmeného pravnika.
Predpokladem zisku pridané hodnoty takové spolupréce je spole¢né sprav-
n€ zvolend strategie, neboli stély tah jednim smérem a za jeden provaz.

VII. TRADICNI ROZDELENI RIZIK Z POHLEDU SMLUVNICH
PODMINEK FIDIC (RED BOOK)

Vystavbu tunelovych staveb na tizemi CR v souCasnosti nejcastéji
smluvné standardizuji obchodni podminky FIDIC, konkrétné jejich
kniha ,,Red Book* (¢ervend). Podminky FIDIC ,,Red Book* se vyzna-
¢ujf vyrovnanou a decentralizovanou alokaci rizik. Vztah zaloZeny na
Cervené knize FIDIC obecné predpokladd, Ze objednatel dodavd zada-
vaci projektovou dokumentaci a zhotovitel zhotovi dilo vyprojektované
objednatelem. Zhotovitel v§ak musi dodat dilo fddné, tak jak stanovi
smlouva. Ke spInéni této povinnosti se od zhotovitele ofekdvd, Ze
k tomuto G¢elu je povinen zajistit patfinou &dst realizatni projektové
dokumentace, tj. nemuZe spoléhat pouze na ¢dst dodanou objednatelem.
Skute¢nost ovSem ukazuje, Ze objednatel toto pravidlo ¢asto svymi dil-
¢imi a jednostranné G¢elovymi tpravami smluvnich dohod devalvuje
v neprospech zhotovitele. Nésledujici kapitoly se zabyvaji obecnym roz-
délenim rizik v téchto smluvnich podminkach.

VII.1 Rizika nesena z pohledu FIDIC (Red Book)
objednatelem

Hlavni odpovédnost objednatele za zaddvaci projektovou dokumenta-
ci stavby je spojend s pojmy ,,nepiedvidatelné prirodni sily* dle ¢1. 17.3
(Unforeseeable Forces of Nature) a ,,nepredvidatelné fyzické podmin-
ky*“ dle ¢l. 4.12 (Unforeseeable Physical Conditions). Tyto jevy tvori
samostatnou a pro podzemni stavitelstvi nejvyznamnéjsi kategorif rizik
nesenych objednatelem. Pojem nepredvidatelny znamend takovy, jenz
nemuze byt rozumné predviddn zkuSenym zhotovitelem v dobé podén{
nabidky. Sem patii napf. zastizeni od zaddvaci dokumentace odli¥né
tridy raZnosti, zastiZeni krasovych jevu & problematika ,,omluvenych*
&i ,,neomluvenych* technickych nadvylomu.

Objednatel déle nese rizika spojend s jeho povinnosti obstarat povole-
ni tykajici se vefejnoprdvnich pozadavkd tuzemniho pldnovani
a povolovani staveb, napr. stavebnich povoleni. Napf. Méstsky soud
v Praze rozhodl v dubnu 2009 o tom, Ze objednatel Hlavni mésto Praha
ztratil stavebni povoleni na inZenyrské sit¢, podzemni garaZe Letnd
a objekty k nim piilehlé v &asti tunelu Krdlovskd obora (tunel mezi Spej-
charem a Trgjou). Podle platné smlouvy by mél objednatel dét zhotovi-
teli pokyn na zastaveni vystavby téchto asti projektu a zhotovitel by
mél mit adekvétné narok na dhradu ndkladd s timto prerusenim spoje-
nych. Daliim prikladem z mnoha mize byt rozestavéna Cdst ddlnice D8
— 805 Lovosice—Rehlovice s tunely Prackovice a Radej¢in. Objednatel
zde vcas neziskal nékolik duleZitych stavebnich povoleni a je rovnéZ
smluvné odpovédny za odsunuti celkového terminu dokonceni.

Dalsi odpovédnosti objednatele je zajistit zhotoviteli pravo vstupu na
tzemi staveni§té a uhradit zhotoviteli ndklady souvisejici s archeolo-
gickymi nélezy.

Dulezité riziko objednatele vyplyvd z jeho odpovédnosti za rizika ply-
nouci z uddlosti oznacovanych jako ,,vy$§i moc®, s nimiz se v Evropé
21. stoleti setkdvame zatim ziidka, nicmén¢ vyloudit je zcela nelze. Jsou
to rizika vélky nebo jinych konfliktd, povsténi, vojenského nebo politic-
kého prevratu, oblanské vélky a terorismu. NéleZeji sem i rizika vytrz-
nosti, vzpour a nepokoju nezptsobenych zaméstnanci stavebniho podni-
katele. Ddle rizika d¢inku radioaktivnich nebo jinych zafeni, jadernych
explozi nebo dusledky tlakovych explozi &i rizika tlakovych vin zpuso-
benych letadly.
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of specific conditions and the complexity of underground construc-
tion on one side and the corresponding knowledge of the law on the
other side, legal consulting cannot be effective. For successful risk
management, continual contact of the contractor’s project manager
and timely involvement of a lawyer with knowledge of underground
construction is considered key. A prerequisite for obtaining the
added value of this kind of collaboration is a correctly selected stra-
tegy, or constantly moving together.

VIl. TRADITIONAL RISK DISTRIBUTION IN TERMS OF FIDIC
(RED BOOK) CONTRACTUAL TERMS AND CONDITIONS

Construction of tunnel structures in the Czech Republic is cur-
rently most often contractually standardised with FIDIC terms and
conditions, specifically, their Red Book. FIDIC “Red Book™ terms
and conditions are characterised by the balanced and decentralised
allocation of risks. The relationship based on the FIDIC red book
generally presumes that the client will supply the tender documen-
tation and the contractor will deliver the work required by client’s
design. However, the contractor must deliver the work properly, as
stipulated in the contract. To fulfil this obligation, it is expected that
the contractor is obliged to provide the relevant part of the detailed
design documentation for this purpose, i.e. the part supplied by the
client cannot be the only one relied upon. In reality though, the cli-
ent often devaluates this rule by partial and unilateral modifications
of contractual agreements at the expense of the contractor. The fol-
lowing chapters deal with the general distribution of risks in these
contractual terms and conditions.

VII1 Risks borne by the client from
the perspective of FIDIC (Red Book)

The main responsibility of the client for the contractual design
documentation for construction is connected to the terms “unfore-
seeable forces of nature” pursuant to Article 17.3 and “unforeseeab-
le physical conditions” pursuant to Article 4.12. These phenomena
create an independent and the most important category of risks for
the client for underground construction. The term unforeseeable
means that it cannot be reasonably predicted by an experienced con-
tractor when the bid is being submitted. These include, for example,
encountering classes of excavation differing from the contractual
documentation, encountering karst phenomena or issues of “avoi-
dable” or “unavoidable” technical overbreaks.

The client further bears the risks related to their obligation to take
care of permits concerning public requirements for town planning
and permitting construction, e.g. building permits. For example, the
Municipal Court in Prague decided in April 2009 that the building
permit for utility networks, Letnd underground garages and buil-
dings surrounding them in the part of the Kralovskd obora tunnel
(the tunnel between Spejchar and Tréja) issued to the client, the City
of Prague, was cancelled. According to the valid contract, the client
should have given the contractor instructions for stopping construc-
tion of these parts of the project and the contractor should have had
the right to cover the costs related to this breach adequately. Another
example of many could be the ongoing construction of part of the
D8 — 805 Lovosice—Rehlovice motorway with the Prackovice and
Radej¢in tunnels. The client did not get several important construc-
tion permits here in time and is also contractually responsible for
postponing the whole completion date.

A further client responsibility is to provide the contractor right of
the entry to the building site and pay the costs to the contractor rela-
ting to archaeological discoveries.

An important risk for clients stems from their responsibility for
risks arising from the event described as “force majeure”, with
which we have rarely come across in Europe in the 21st century, but
it is not possible to neglect it entirely. These are risks of war or other
conflicts, uprisings, military or political coups, civil war and terro-
rism. Here there are also risks of disturbances, riots and unrest not
caused by employees of the construction company. There are also
risks from the effects of radioactive or other radiation, nuclear
explosions or the results of pressure explosions or the risk of pres-
sure waves caused by aircraft.

We can also come across other risks regularly borne by the client
in our terms and conditions. They are related, for example, to nona-
greed usage of structures by the client, including the early use.
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S dal$imi riziky nesenymi objednatelem se v naSich podminkach The following risks for the client arise from the temporal effects
muZeme setkat béZné. Jsou spojend napf. s nedohodnutym uZivanim sta- of changes in works claimed by the contractor. They concern extra-
vebnich objektt objednatelem v&etné predéasnych uzivéni. ordinary adverse climate conditions, insufficient human resources

Nasledujici rizika objednatele vyplyvaji z Casovych dopadi zmén caused by epidemics, etc. The contractor may also claim for the tem-
dila, které narokuje (claimuje) zhotovitel. Tykaji se mimoradné nepfiz- poral effect of changes in legislation or the impact of other adminis-
nivych klimatickych podminek, nedostatku lidskych zdroju zptsobe- trative steps (e.g. the CMA) and any delays, obstacles or measures
nych epidemii apod. Zhotovitel miZe nérokovat i ¢asové dopady zmén caused or attributable to the client (construction administrator) or
v pravnich predpisech nebo dopady jinych kroki wadd (napt. CBU) the client’s employees and collaborators.

a jakychkoli zpoZdéni, prekdzek nebo opatient, zpusobenych nebo prici- If the contract contains provisions about amendments to price
tatelnych objednateli (sprdvci stavby) nebo jeho zaméstnancim levels (inflation/deflation), the risk is borne by both parties accor-
a spolupracovnikim. ding to the specific stipulations. According to the standard model,

V pripade, Ze smlouva obsahuje ustanoveni o Gpravéch cenovych hla- the total price of work due to a change in price of inputs can be
din (inflace, deflace), je riziko neseno obéma stranami podle jeho kon- decreased or increased.”
krétntho nastavent. Podle standardntho modelu miize byt celkovd cena | vy Risks borne by the contractor from the perspective
dila kvuli zméné ceny vstupu sniZena i zvySena. of FIDIC (Red Book)

VI1.2 Rizika nesena z pohledu FIDIC (Red Book) zhotovitelem Generally, the contractor bears the risk for implementing construc-

Obecné nese zhotovitel riziko za provedeni stavby v souladu se tion in accordance with the contract and design, i.e. without any
smlouvou a projektem, tedy bez jakychkoli vad, které je povinen odstra- defects, which it is obliged to remove during implementation and/or
novat jak béhem realizace, tak v zaru¢ni dobé (¢1. 10.3, 11.1). Jednoduse in the guarantee period (Articles 10.3, 11.1). Simply put, the con-
fe¢eno musi stavbu dokoncit fadné a v¢as, odborné, peclivé a v souladu struction must be completed properly and in a timely manner, profes-
s obecné uzndvanou praxi (¢l. 7.1). Zhotovitel pfitom nese nebezpeci sionally, carefully and in accordance with generally accepted practice
Skody na dile az do prevzeti dila objednatelem, ackoli objednatel je (Article 7.1). Meanwhile, the contractor bears the danger of damage
podle Ceského prava vlastnikem dila (¢1. 17.2). ZjednoduSené feceno je to the work until the client accepts the work, although the client,
zhotovitel povinen chrénit, hlidat a zabezpecovat stavbu, ackoli patii according to Czech law, is the owner of the works (Article 17.2).
nékomu jinému (objednateli). Simply put, the contractor is obliged to protect, guard and secure the

Zhotovitel je navic odpovédny za primérenost, stabilitu a bezpe&nost construction, although it belongs to someone else (the client).
veSkerych operaci na staveniSti a veSkerych metod vystavby (Cl. 4.1). Furthermore, the contractor is responsible for the adequacy, stabi-
Tyka se to i rizik souvisejicich s moznym trazem, onemocnénim, cho- lity and safety of all operations on the building site and all con-
robou nebo smrti, k nimz doSlo v duasledku praci zhotovitele (&i struction methods (Article 4.1). It also concerns the risks related to
v dusledku jeho projektové dokumentace) a rizik z poruseni jeho smluv- possible injury, illness, disease or death occurring as a result of the
nich a zdkonnych povinnosti obecné. contractor’s work (or as a result of their design documentation) and

Pokud zhotovitel projektuje ¢ast dila, nebo je jeho povinnosti uptes- the risks from breaching their contractual and legal obligations in
novat zaddvaci projektovou dokumentaci objednatele prostrednictvim general.
realizacni projektové dokumentace (RDS), nese zhotovitel rizika s RDS If the contractor plans part of the work, or their obligation is to
spojena (¢l. 4.1). further modify the final design documentation supplied by the client

Do té miry, do jaké je to moZné vzhledem k ndkladim a asu pro pri- according to the detailed design documentation (RDS), the contrac-
pravu nabidky, nese zhotovitel také riziko vyplyvajici z nebezpeci nedo- tor bears the risks related to the detailed design (Article 4.1).
stateCnosti ddaju o stavenisti (¢1. 4.10), a to z hlediska: In so far as how it is possible regarding the costs and time to plan

* povahy stavenist¢ véetné geotechnickych podminek, a bid, the contractor also bears the risk arising from the danger of

* hydrologickych a klimatickych podminek, insufficient data about the building site (Article 4.10) from the per-

e rozsahu povahy price a vybaveni nutného pro provedeni spective of:

a dokonceni dila a odstranéni vSech vad, e the nature of the site, including geotechnical conditions,

e préavnich predpist, postupl a pracovni praxe v prislu§né zemi, * hydrological and climate conditions,

* pozadavku stavebniho podnikatele na: ubytovéni, zafizeni zhotovi- * the scope and nature of the works and equipment needed to
tele, zaméstnance a spolupracovniky, energii, dopravu, vodu a dal{ implement and complete the work and remove all defects,
sluzby, * legislation, procedures and work practices applicable in the

* riziko z nebezpeli nezajisténi energie, vody a dalSich potiebnych relevant country,
sluZeb. * requirements for the construction company for: accommodati-

Zhotovitel nese rovnéz riziko z nebezpedi nedostate¢nosti akceptova- on, the contractor’s equipment, employees and collaborators,
né ceny, ovSem pouze vzhledem k moZnostem, ndkladim a Casu, které energy, transportation, water and other services,
mél pro pripravu nabidky (¢l. 4.11). e the risk associated with the danger of failing to secure energy,

Standardné byva celkovd odpoveédnost zhotovitele omezena (mimo water and other necessary services.
nekteré pripady) vysi jeho nabidkové ceny. Posouzeni platnosti takové- The contractor also bears the risk from the danger of inadequacy
ho omezenf je nutné hodnotit podle konkrétni smlouvy, stavebniho pro- of the accepted price, but only with regard to the possibilities. costs
jektu a rozhodného prava.® and time he had available to prepare the bid (Article 4.11).

As standard, the entire responsibility of the contractor is usually
VIIl. MIMORADNE UDALOSTI A JEJICH POSUZOVANI limited (except for certain cases) by the size of the bid price. The

Samotny termin ,,mimot4dn4 uddlost* jiz v sobé nese podtext n&ceho, validity of this 1im.itati0n must be assesseq accordinggt)o the specific
co se stat nemélo, nebo naopak co se stit mélo a nestalo se. Potud je contract, construction design and the applicable law.
ndhled na véc z pozice povrchového i podzemniho stavitelstvi stejny.

Presto md podzemi, a s nim spojend lidska ¢innost zakladajici moznost VIIl. INCIDENTS AND THEIR ASSESSMENT
vzniku mimorddné uddlosti fadu styénych mist, se kterymi se na povr- The term “incident” itself already carries a subtext of something
chu nesetkdme. that was not supposed to happen, or conversely, one that should have

Prvnim fenoménem je prirodni neurcitost prostredi a z toho vznikaji- happened but did not. So far, the view of the matter from the positi-
ci predpoklady realizace, kde modelovdnim na bézi predbéznych dat on of surface and underground construction is the same. Despite
vznikaji statické vypocty a tim urcité konstrukce, které majf zajistit bez- this, the underground and the related human activities establishing
pecnost provadéného dila. Za tohoto predpokladu nemusi kazdy static- the chance for an incident to occur have a range of interfaces that we
ky vypocet neboli statik dojit pri stejném zadéani projektu ke stejnému do not come across on the surface.
vysledku. The first phenomenon is the natural environmental uncertainty

Druhym fenoménem je lidsky faktor a jeho ¢innost. Ne snad Ze by and the resulting implementation expectations, where structural cal-
v pripadé pozemniho stavitelstvi neovliviioval kvalitu, resp. nekvalitu culations are carried out on the basis of preliminary data, and certa-
provadéného dila, ale mira jeho vlivu a v kone¢ném dusledku i Cetnost in structures originate which ought to provide the safety of the
a vyznam jeho zdsahu je ndsobné vyssi. works. With this assumption, not each structural calculation or




Obr. 4 Blanka tunel Brusnice — mimorddnd uddlost 5. 7. 2010 (archiv
Metrostav a. s.)

Fig. 4 Blanka Tunnel Brusnice — collapse on 5 July 2010 (Metrostay a. s.
archives)

Prisecik obou fenomént ovliviiuje vysledek povrchového stavitelstvi
pouze v oblasti zaklddani staveb, a to je$té s velmi dobrou moZnosti
komfortné ziskané informace geologického pruzkumu z daného izolo-
vaného mista. Naproti tomu prusecik obou fenoménti podzemniho sta-
vitelstvi ovliviiuje vysledek podzemniho dila v celém jeho obsahu a
Case realizace. Povrchovy projekt se od kéty +/— O stavi jako exaktn{
skladacka podle jasného ndvodu, resp. projektu. Podzemni projekt
ovsem stéle pod kétou +/— 0 musi oproti tomu stavet kreativné se stdlou
vazbou na pravé zastiZzené geotechnické podminky, na které musi pro-
jekt, resp. technologicky postup Casto reagovat.

Z podstaty a popisu véci je patrné, Ze riziko vzniku havdrie, resp.
mimorddné uddlosti je v pripadé podzemniho stavitelstvi ndsobné vetsi
a souCasné pri jejim vzniku je urCeni jejich pficin mnohem obtiZnéjsi
a nékdy i ne zcela objektivné a jednoznatné mozné.

O tspéchu ¢i nedspéchu dila vétSinove rozhoduje zdkladni dodavatel-
sky trojihelnik investor, projektant a zhotovitel. Kvalita spolupréice toho-
to jednoduchého geometrického obrazce md také jisté fundamentélni vliv
na vysi pravdépodobnosti vzniku mimorddné udélosti, a kdyz jiz takova
vznikne, je vétSinou pravé nalezena urditd mira zavinéni v kazdém vrcho-
lu tohoto trojdhelniku, pravda pokazdé v jiné mire parity viny.

Jisté se miZou objevit i zcela ziejmé a fatdlni pfi¢iny vzniku mimo-
fadné udalosti, které jednozna¢né mifi pouze k jednomu vrcholu troji-
helniku. V takovém piipadé bude jisté tato pii¢ina v dusledku v naSich
zemich prisluSnym bdnskym tfadem vySetfena a tak i posouzena, ale
doposavad zjisténa praxe o takové jednoznacnosti zatim nehovori.

Z téchto a moznd i mnoha jinych duvodu se snad jako jedinou jasnou
a spravedlivou délbu miry zavinéni pfi vzniku mimoradné udélosti snaz-
me hledat na tdplném pocdtku vzniku dodavatelského trojihelniku.
Nékde v obdobi prvniho investi¢niho zdméru, prvnich studif, projekto-
vych ndvrha, geotechnickych prazkumu, tedy v obdobi vzniku pfedpo-
kladu jak realizovat dané podzemni dilo. VSechny tyto cile se potom vét-
Sinou pomoci vefejné soutéZe transformuji do konkrétnich realizacnich
podminek. A pravé zde nastupuje tieti a mozné nejduleZitéjsi fenomén
podzemniho stavitelstvi, a to smlouva o dilo se svymi pravidly. Pravé
zde je zaloZena moznd jedine¢nd a spravnd moznost spravedlivého roz-
déleni miry zavinéni predem a bez dalsiho. Jako ndstroj pro dosaZeni
tohoto cile slouzi délba miry rizika, a to pravdépodobné v primé dmére
s vy§&i smluvni ceny. Jinymi slovy prebere-li zhotovitel smluvné 100 %
miry rizika, md k tomu priradit asi také adekvétni navySeni ceny dila
prave jako cenu prevzatého rizika a opacné. Pri volbé sdilené miry rizi-
ka mezi investorem a zhotovitelem by v§e mélo byt jednozna¢né popsa-
no a rozd€leno. V disledku a zdvérem by pak adresat zavinéni vzniku
kazdé mimoradné udélosti mohl byt ztotoZznén se smluvné pfiznanou
odpovédnosti za dané riziko, které tuto udélost zapriCinilo.

Potud se da s vySe uvedenym souhlasit, anebo polemizovat. Jisté ale
je, ze ve skuteCnosti vSe probihd jinymi cestami a predem stanovend
moznost méfitelnosti zavinéni se vétSinou ztrici. Uvedenému trendu
mimodék prispivé i charakter vefejnych soutéZi, ktery tuto moZnost i za
prispéni litého konkurenéniho boje soutéZicich firem deformuje.
V téchto podminkdch ndm tak pravdépodobné i naddle nezustane jind
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structural engineer will come to the same result with the same
design specifications.

The second phenomenon is the human factor and its effect. It cer-
tainly affects the quality or lack of quality of the construction works
carried out on the surface, but the measure of its impact and the end
result and frequency and meaning of its intervention is several times
higher.

The intersection of both phenomena has an influence on the result
of surface construction only in the area of the foundations, still with
very good possibilities to get information from the geological sur-
vey from the given isolated location comfortably. In contrast, the
intersection of both phenomena for underground construction influ-
ences the result of the underground work in the total content and
time of implementation. The surface structure is built from the +/—
0 level as an precise assembly unit according to clear instructions or
a design. In contrast, the underground structure found still under the
+/— 0 level must be built creatively with a constant link to the actu-
ally encountered geotechnical conditions, to which the design or
technological procedure has often to react.

From the nature and description of the matter, it is clear that the
risk of an accident or incident occurring in the case of underground
construction is several times higher, and, in the case an incident hap-
pens, determining the causes is far more problematic and sometimes
not entirely objectively and clearly possible.

Most of the time, the basic triangle formed by the client, designer
and contractor make the decision about the success or failure of the
work. The quality of cooperation of this simple geometric image
also has a clear fundamental impact on the probability of an inci-
dent, and when such an incident happens, some degree of guilt is
most often found at each point of this triangle; of course, with
a different level of parity of faults.

Obviously, entirely clear and fatal reasons for an incident to occur
which clearly point to only one point of the triangle can also appear.
In such a case, this reason will clearly be investigated as a result by
the relevant mining authority in our countries and therefore also asses-
sed, but the practice ascertained so far has not met such clarity yet

For these and possibly many other reasons, we should try to look
for the only clear and correct distribution of the degree of fault when
an incident occurs at the very beginning of the project managing tri-
angle. We must search for incedents at the moment when the triang-
le is being established, in the stage of the first project concept, first
studies, design proposals, geotechnical surveys, i.e. the period
during which assumptions are developed about how to implement
the given underground work. All these aims then mostly, using the
public competition, transform into specific implementation conditi-
ons. And this is where the third and possibly most important pheno-
menon of underground construction comes in, the contract for works
with its rules. It is here where possibly a unique and correct option
for the right distribution of the degree of fault in advance and wit-
hout any further exists. As a tool for achieving this aim, there is the
division of the level of risk, probably in direct proportion to the
amount of the contractual price. In other words, if the contractor
takes on 100% of the degree of the risk contractually, it should pro-
bably also increase the price of the work adequately to the price of
the assumed risk, and vice versa. When selecting the shared level of
risk between the investor and contractor, it should all be clearly
described and distributed. As a result and in conclusion, the recipi-
ent of the fault of the occurrence of every incidence could be iden-
tified with contractually awarded responsibility for the given risk,
which caused this event.

As such, it is possible to consent to the above or argue it.
However, it is clear that in reality it all takes place along other paths
and the pre-set possibility for measurability of the fault is mostly
lost. Unwittingly, the nature of public competitions also contributes
to the given trend, deforming this possibility even with the assistan-
ce of a fierce competitive fight between competing companies. In
these conditions therefore, we are probably still not left with any
other option than to accept the fact that long-term speculations about
the existing discussions about the degree and adresse of the faulting
party will continue.

IX. CONCLUSION

Differences in legal regulations for construction of underground
structures, some of which are discussed in this article, are topic with
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moznost neZ se smifit s tim, Ze dlouhotrvajici dohady o mife a adrese
zavinéni pric¢in vzniku mimofadné uddlosti budou i nadale pokracovat.

IX. ZAVER

Odlisnosti pravni regulace vystavby podzemnich staveb, o nékterych
z nich pojednévd i tento ¢ldnek, jsou materii, se kterou je jisté potreba
déle pracovat a ddle ji rozvijet, stejné tak jako se méni a rozviji tato prav-
ni regulace sama. Samotny ¢ldanek nemohl mit ambici dédt ndvod néco
zménit, ale mohl snad upozornit na nekteré oblasti naSeho profesniho
konani, které by si zamysleni nebo zménu zaslouzily. Autofi ¢lanku
mezi tyto oblasti zamysleni fadi zejména:

1. Jsou nase zaZitd pravidla a zvyklosti stdle tim nejspravnéjsim resenim?

Kazda lidska cyklicky se opakujici ¢innost ma trend najit si staly algo-
ritmus pro své feSeni. V transformaci do naseho prostredi se proto musi-
me sami sebe zeptat, zda ma naSe dosavadni ziskand zkuSenost stalou
platnost ¢i nezménénou hodnotu spravnosti. Jsou pro nds nase zaZité
vzorce chovani i naddle tou nejlepsi cestou soucasnosti, resp. budouc-
nosti, nebo je nutné na této cest¢ néco zmenit?

2. Spolupracuge efektivneé vazba pravnik — technik?

Tato vyzva ke spolupréci naopak ve svém piistupu svoji pravidelnost
a stdlost vyzaduje. Spojeni erudovaného pravnika a odborn€ specializo-
vaného technika po celou dobu trvén{ projektu musi nutné pfinést jisto-
tu zisku ptidané hodnoty, napf. pii praci s riziky.

3. Umime sprdvné prdvné naklddat s provdzanou hodnotou éas =
penize?

Tato otdzka nenf cilena do efektivity vlastniho provdadéni podzemniho
dila, ale naopak do jeho okoli, které tento proces ovliviiuje. Zde se dosta-
vdme do linedrni zdvislosti fady organizaci, instituci a procesq, jejimz
spoleénym jmenovatelem je lidsky faktor, ktery pfimo a nebo nepfimo
ovliviiuje vlastni provadéni podzemniho dila, a to bez zfejmé vazby
odpovédnosti za efektivitu vétSinou stdtem vynaloZenych prostredku.
Casto i v dobré vife je tento proces takto komplikovan, prodluZovén
a v kone¢ném dusledku tedy prodrazovén.

4. Potiebuji podzemni stavby nezdvislé posouzeni?

Kazdy to zndme, néco déldme uz roky stejné, pak prijde nékdo druhy
a zjisti, Ze jsme to mohli délat 1épe. Je to princip nezdvislého
a nezatiZeného posouzeni spravnosti naSeho kondni, tedy pohled dalsiho
nezastieného pohledu, nebo chcete-li supervize. Zde pravdépodobné
neni otdzkou zda supervizi ano, nebo ne, ale otdzkou je, jak supervizi
vélenit do zakladni geometrie dodavatelského trojihelniku investor —
projektant — zhotovitel.

Pravni védomi je disciplinou, kterd védomé a nekdy i nevédomé
ovliviiuje spravnost naseho kondni v profesnim i soukromém Zivoté.
Proto si pfejme, aby jeho zvySend vdznost a troven v pripadé podzem-
ntho stavitelstvi umoznila ziskat i lepsi jistotu v jeho spravedlivém
a jasném posuzovani.

POZNAMKA:

) Pouzivdni vzorovych obchodnich podminek smlouvy vytvorené
Mezinarodni federaci konzultainich inZenyra (Fédération Internationale
Des Ingenénieur-Conseils — FIDIC) je v ¢eské i mezindrodn{ praxi znac¢-
né rozitené. JelikoZ oviem podminky FIDIC maji sviij pavod v praxi
anglo-amerického priva, nekterd jejich ustanoveni nejsou dosud pIné
prizpisobena Ceskému pravnimu fadu, jeho institutim a vZitému sta-
vebnimu ndzvoslovi. Vyklad nékterych ustanoveni se proto v nékterych
pripadech muZe jevit jako nejednoznalny.

ING. BORIS S:EBES TA, sebesta@metrostav.cz,
MGR. DAVID HRUSKA, david.hruska@metrostav.cz,
METROSTAV a.s.

Recenzoval: Mgr. Petr Hocky
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which it is clearly necessary to work on further and continue to
develop it, as the legal regulation itself changes and develops. The
article itself could not have the ambition to give instructions to
change something, but it could perhaps warn of certain areas of our
professional actions which deserve to be considered or changed. The
article’s authors include primarily the following in this area of con-
sideration:

1. Are the regulations and practices that we experience still the
best solution?

Every cyclical human activity has the trend to find a permanent
algorithm for its solution. In the transformation to our environment,
we must therefore ask ourselves whether our experience obtained so
far is still applicable and not changed value of correctness. Are our
experienced behaviour patterns also the best path currently or in
future, or is it necessary to change something on this path?

2. Does the link between lawyer and technician work efficiently
together?

This call to cooperate, in contrast, requires its correctness and per-
manency in its approach. Linking a knowledgeable lawyer and spe-
cialist engineer for the duration of the project implementation
should bring certainty of gaining an added value, e.g. with risk
work.

3. Can we correctly legally work with the linked value of time =
money?

This question is not targeted on the efficiency of implementation
of the underground work itself, but in contrast on the surroundings
influencing this process. Here we get to the linear dependence of
many organisations, institutions and processes, whose common
denominator is the human factor, which directly or indirectly influ-
ences the actual implementation of underground works, without
a clear link to responsibility for the efficiency of the majority of
state funds spent. This process is complicated in this way often even
in good will, extended and finally also made more expensive.

4. Do underground structures need an independent assessment?

We all know the feeling — we do something the same way for
years, then someone else comes along and finds out that we could
have been doing it better. It is the principle of the independent and
unburdened assessment of the correctness of our actions, so the per-
spective of another undisguised view, or if you prefer, supervision.
Here is probably not a question whether to have supervision or not,
but the question is how supervision can be integrated into basic geo-
metrical shapes, the client, designer and contractor.

Legal consciousness is a discipline which consciously and some-
times unconsciously influences the correctness of our actions in pro-
fessional and private life. Therefore we hope its increased level of
seriousness and level in the case of underground construction allows
a greater level of certainty in its correct and clear assessment.

NOTE:

D) Using sample business terms and conditions for a contract cre-
ated by the International Federation of Consulting Engineers
(Fédération Internationale Des Ingenénieur-Conseils — FIDIC) is
a widespread Czech and international practice. However, since the
FIDIC conditions have their origins in the practice of Anglo-
American law, some of their provisions are not yet fully adapted to
Czech legal code, its institutions and established building termino-
logy. Interpretation of some provisions can therefore appear unclear
in some circumstances.
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URCENI PRETVARNYCH VLASTNOSTI A STAVU NAPETI
V PRUREZU OCELOBETONOVEHO OSTENI

DETERMINATION OF DEFORMATIONAL PROPERTIES
AND STATE OF STRESS IN A STEEL-REINFORCED CONCRETE
LINING CROSS SECTION

KAREL VOJTASIK, EVA HRUBESQVA, MAREK MOHYLA, JANA STANKOVA

uvob

Ocelobetonové (OCB) konstrukce primdrnich osténi podzem-
nich dél, tunelt a kolektora jsou dnes nejrozsifenéjsi formou stabi-
lizace horninového prostredi, obklopujiciho vyrub/vylom dila.
Pouziti této technologie k zaji§téni prostoru vyrubu je vhodné
zejména v geotechnickych podminkéch parcidlni stability horni-
nového prostredi. Parcidlni stabilita, kratkodobd autostabilita hor-
ninového prostiedi je nezbytnd pro instalaci ocelobetonové kon-
strukce osténi.

Zdkladem ocelobetonové konstrukce primdrnich osténi jsou stfi-
kany beton a dva typy ocelovych prvka, které doplnuji
a napomdhaji k naplnéni stabilizaéni role stfikaného betonu. Jsou
jimi ocelové rdmy, konstruované z prutd riznych typa prufeza (pri-
hradové, vdlcované, svafované, dulni, apod.), a ocelovd miiZovina.

Ocelové prvky vytvdri okamZitou stabilizacni reakci. Stfikany
beton integruje ocelové prvky s horninovym masivem. Integrace
zajistuje soulinnost konstrukce OCB osténi s horninovym masi-
vem, efektivni vyuziti jak tnosnosti konstrukce osténi, tak mobili-
zaci stabilitniho potencidlu horninového prostiedi. Stifkany beton
je pri¢inou, Ze OCB osténi md proménlivy charakter, ktery plyne
ze dvou okolnosti. Prva je objektivni a souvisi s tuhnutim betono-
vé smesi. Druhd, konstrukéni, souvisi s provadénim OCB osténi,
kdy stfikany beton je aplikovan postupné, nastfikem ve dvou nebo
i nékolika vrstvdch. Mezi ndstrikem jednotlivych vrstev je zpravi-
dla 24hodinovy Casovy odstup. Uvedené okolnosti jsou pri¢inou,
Ze parametry, a tim i Gnosnost OCB osténi se béhem vystavby
vyviji az do okamzZiku, kdy je ukonceno tvrdnuti betonu. Tento rys
OCB osténi md mimorddny vyznam pro stabilizaci horninového
prostiedi. Postupny ndrust tuhosti OCB osténi dovoluje uvoliova-
ni napéti z horninového prostiedi. Po proveden{ vylomu a po bez-
prostfednim vybudovéni ocelobetonového osténi rozhodujici roli
sehrdvaji ocelové elementy. MfiZovina zapaZuje vyrub, ocelové
rdmy vytvareji stabilizaéni reakci. Vrstva stfikaného betonu plni
roli dokonalé zdkladky. Nizkd tuhost OCB osténi nebrani uvolnéni
napéti v horniné kolem vylomu dila. Tuhost a inosnost OCB osté-
ni je v tomto okamziku ddna deformacnimi a pevnostnimi para-
metry ocelovych elementa. V této fdzi zpravidla dochdzi
k vyznamnému uvolnéni napéti z horninového prostredi. V dal§im
prubéhu se tvrdnouci betonova vrstva zaéind uplatiovat pii vytva-
feni stabilizaCni reakce OCB osténi. Konec rustu stabilizaén{ reak-
ce OCB osténi je podminén ukonéenim procesu tvrdnuti stiikané-
ho betonu. Pracovni (deformaéni) charakteristika OCB osténi je
déna vyvojem tuhosti (modulu pruznosti) prarezu OCB osténi.

Navrzend metoda je zaloZend na analytickych vztazich, které
dovoluji charakterizovat komplexni vicevrstvou prstencovou
strukturu jedinou hodnotou modulu pruznosti. Tato metoda je alter-
nativou standardnich teorii posuzovédni Zelezobetonovych prureza
nebo numerickych metod, které v protikladu k navrzenému analy-
tickému piistupu usiluji o postizeni viech prvki komplexu v jejich
skutecnych parametrech.

TEORIE SPOLUPRACUJICICH PRSTENCU

Algoritmus pro stanoven{ kvazihomogenniho modulu pruznosti kru-
hového nehomogenniho vyztuzniho prstence vychdzi z analytického

INTRODUCTION

Steel-reinforced concrete (SRC) structures of primary linings of
underground workings, tunnels and utility tunnels are today the
most spread form of stabilising a ground environment surrounding
excavated openings. The use of this technology for stabilisation of
excavation is suitable first of all in the conditions of partial stabili-
ty of the ground environment. Partial stability, short-term autosta-
bility of the ground environment is necessary for the installation of
the steel-reinforced concrete lining structure.

Basic components of a steel-reinforced concrete primary lining
structure are shotcrete and two types of steel elements, which are
added to the concrete and help it in fulfilling its stabilisation role.
These elements are steel frames constructed from various types of
beams (lattice, rolled, welded, colliery etc.) and steel mesh.

The steel elements create an immediate stabilisation reaction.
Sprayed concrete integrates steel elements with rock mass. The inte-
gration secures a composite action of the SRC lining structure with
the rock mass, the effective use of both the load-bearing capacity of
the lining structure and the mobilisation of the stability potential of
the rock mass. The sprayed concrete is the cause why the SRC lining
has a variable character following from two conditions. The first one
is objective, associated with the process of setting of concrete mix.
The other one is structural, associated with the installation of SRC
lining, where shotcrete is applied in steps by spraying two or even
several layers. A time lag of 24 hours is usually between the appli-
cations of individual layers. The above-mentioned circumstances are
the cause that the parameters, thus also the load-bearing capacity of
the SRC lining, develop till the moment when the concrete setting is
finished. This feature of the SRC lining is exceptionally important
for the stabilisation of ground environment. The gradual increase in
the SRC concrete lining stiffness makes releasing of stress from the
ground environment possible. The steel elements play the deciding
role after the completion of the excavation and immediately after the
erection of the steel-reinforced concrete primary lining. The mesh
braces the excavation and the steel frames create a stabilisation reac-
tion. The layer of sprayed concrete fulfils the role of perfect packing.
The low stiffness of the SRC lining does not prevent the stress in the
ground around the excavated opening from releasing. At this
moment, the stiffness and load-bearing capacity of the SRC lining is
given by deformational and strength-related parameters of the steel
elements. In this phase, significant releasing of stresses from the
ground environment usually takes place. During the next course of
the process, the hardening shotcrete layer starts to assert itself in the
creation of the stabilisation reaction of the SRC lining. The end of
the growth of the stabilisation reaction of the SRC lining is conditi-
oned by the end of the sprayed concrete hardening process. The wor-
king (deformational) characteristic is given by the development of
stiffness (modulus of elasticity) of the SRC lining cross section. The
proposed method is based on analytic relationships, which allow the
complex multi-layer ring structure to be characterised by a single
value of modulus of elasticity. This method is an alternative to stan-
dard theories on assessing reinforced concrete sections or numerical
methods, which, as opposed to the proposed analytic approach, stri-
ve for involving all elements of the complex using real values of the
parameters.
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Obr. 1 Zdkladni vypocetni schéma
Fig. 1 Basic calculation scheme

modelu pro vypocet napéto-deformacéniho stavu ve vicevrstvém kruho-
vém prstenci, ktery byl formulovdn Buly¢evem (Bulytchtev, 1982).
Tento analyticky model vyuZziva teorii analytickych funkci komplexni
proménné, teorii komplexnich potencidlu a funkce Kolosova.
Algoritmus vychézi z predpokladu, Ze se vnéj§i zatiZeni (normalové
i smykové) prstence prendsi jednotlivymi vrstvami pomoci tzv. preno-
sovych koeficientu, které obecné plynou z podminky spojitosti defor-
maci na jednotlivych kontaktech vrstev vyztuze. Tyto prenosové koefi-
cienty jsou funkcemi tloustky vrstev a pretvarnych charakteristik mate-
ridld vrstev (Poissonovo ¢&islo, modul pruZnosti). Metoda vychdzi
z ndsledujiciho tvaru vnéjsiho zatiZeni (obr. 1):
p=p,=Ppo+ p,cos26
q=4q, =q,sin26
p, — radidlné symetrickd slozka normélového vnéjsiho zatizeni
p, — radidlné nesymetrickd sloZka normdlového vnéjSiho zati-
Zen{
q, — slozka vnéj§iho tangencidlniho zatiZeni.
Napéti p,, q, na jednotlivych kontaktech vrstev jsou definovéna
pomoci prenosovych koeficientd ndsledujicimi vztahy:

P = polk)+ p,(k)cos20
q, = q,(k)sin20

Po(k) =[ﬁko(f)]Po

i=k+]

(Pz(k))= ﬁ(Km(z‘] K,,q(f)] [p]
qZ(k) i=k+l K'#’(i) KW({) q2

kde Ko(i), Kpp(i), Kpgpq(i), Kgp(i) ,Kgq(i), i=1...., n jsou pienoso-
vé koeficienty pres i-tou vrstvu vyztuze (prenosové koeficienty
pres prvni /vnitfni/ vrstvu jsou rovny nule).

Takto vyjaddfenym hodnotdm radidlnich napéti na jednotlivych
kontaktech vrstev pak odpovidaji tangencidlni napéti a posuny na

kontaktech vrstev. Pro radidlné symetrickou sloZzku posunu na
vngjs$im povrchu k-té vrstvy plati vztah:

e ( 2 )(Po(k)dl - polk=1)d5

cr -1

k\ "k
Ry

CknR ’Kkn3_4‘uk (I
k-1

' 2 ]
dl =ck(xk—l)+2.d2 =K‘k+]

Tangencidlni napéti na vnitfnim a vnéj§im obryse vyztuzniho
prstence lze vyjadrit ndsledovneé:
vnitini obrys k-té vrstvy:

o, (kvnitini ) = po(k)m, = po(k =1)m,

COACTING RINGS THEORY

The algorithm for determining a quasi-homogeneous modulus of
elasticity of a circular reinforcing ring is based on an analytical
model for calculating a stress-strain state in a multilayer ring, which
was formulated by Bulytchev (Bulytchev, 1982). This analytical
model uses the theory of analytic functions of a complex variable,
the theory of complex potentials and Kolosov functions. The algo-
rithm is based on the assumption that external loads (normal and
shear ones) acting on the ring are transferred between individual
layers by means of the so-called transfer coefficients, which gene-
rally follow from the condition of continuity of deformations at
individual contacts between reinforcement layers. These transfer
coefficients are functions of the thickness of layers and deformati-
onal characteristics of materials of the layers (Poisson’s ratio, elas-
tic modulus). The method is based on the following form of the
external load (see Fig. 1):

P o= 4 00520
o=, =q,51n20

p, — radially symmetric component of normal external load

p, — radially asymmetric component of normal external load

g, — component of external tangential load.

Stresses P,» 4, on individual contacts between layers are defined
by means of transfer coefficients by the following relationships:

P, = [ |,.|:_| 0 |"'-“|:- |L||\:_'H

o, =i, Lk 152

polk) = ”.‘nl

P 1 N 1)
I_‘_,._|,;||' H_'.A (i) K njn||-.-.a_..|

where Ko(i), Kyp(1), Kpgpq(i), Kgp(i) Kgq(i), i=1,...,n are transfer
coefficients through the ith layer of reinforcement (transfer coeffi-
cients through the first (inner) layer are equal to zero).

Tangential stresses and displacements on contacts between the
layers correspond to the values of radial stresses on individual con-
tacts between layers expressed in this way. The following relations-
hip applies to the radially symmetric component of displacements
on the outer surface of a kth layer:

Rﬁ. j ; ™

:r“i.f. | = 5 I|,””|_£;l.'.f| = Pl - |_Ir.l’1 |

_HF,I,I‘;'\_il

o
i = e K, = 3= [ §]
y 4 i (o]
k h.i i

% ;
r|"I =I.:|:ﬂi_|}+:'rfl =Ar|‘+|

Tangential stresses on the inner and outer contour of the reinfor-
cing ring can be expressed as follows:
inner contour of a kth layer:

a (& dnner) = p & = pulk =1,
outer contour of kth layer:

o (honter) = pol kb = pyl k=1

Obr. 2 Schéma déleni osténi na jednotlivé vrstvy
Fig. 2 Scheme of the division into individual layers
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Obr. 3 Schéma prerozdéleni radidlnich napéti v nehomogennim prstenci
Fig. 3 Scheme of redistribution of radial stresses in an inhomogeneous ring

vnéjsi obrys k-té vrstvy:

0, (kvnéjst) = py(k)m{ = py(k —1)m,

2 c’+1
226 =——Jn = m,,m; =2L,c . (2)
c -1 c -1 c -1 R,

Uvedend vypocetni metodika je zdkladem pro stanoveni kvazi-
homogenniho modulu pruznosti nehomogenniho osténi. Ne-
homogenni osténi s vnitinimi vlozkami z odlisného materidlu
(napf. ocelové vlozky) lze totiz rozdélit na jednotlivé dfl¢i vrstvy,
z nichZ nékteré jsou vrstvy homogenni (tfi vrstvy oznaené 1 na
obr. 2), nékteré jsou nehomogenni s pravidelné se stfidajicimi dil-
¢imi tuhostné odliSnymi oblastmi (vypln, vlozka) (dveé vrstvy
oznacené 2 na obr. 2). Celé toto ostén{ tak muZe byt povaZovano za
specidlni pripad vicevrstvého osténi a pro stanoveni napéto-defor-
macniho stavu lze tedy vychazet z jiZz zminéného algoritmu pro
feSeni vicevrstvych prstencu.

Vypocetni postup pro stanoveni kvazihomogenniho modulu
pruznosti nehomogenniho osténi lze rozdélit do dvou dil¢ich
kroku:

1. stanoveni dil¢tho kvazihomogenniho modulu pruznosti

v jednotlivych dil¢ich nehomogennich vrstvach, ve kterych
jsou instalovdny ocelové vlozky,

2. stanoveni celkového kvazihomogenniho modulu pruznosti

pro cely prstenec osténi.

STANOVENI DILCIHO KVAZIHOMOGENNIHO MODULU
PRUZNOSTI V DILCI NEHOMOGENNI VRSTVE

Tvar pro vyjadreni dil¢iho kvazihomogenniho modulu pruznos-
ti dil¢i nehomogenni vrstvy plyne ze zdkladniho predpokladu, Ze
radidlni posunuti na kontaktnich plochdch jednotlivych vrstev je
identické jak v pripadé kontaktu s vlozkou, tak v pfipadé kontak-
tu s vyplni. Napéti na jednotlivych kontaktech vsak, na rozdil od
posunt, vykazuji nespojity prubéh (obr. 3), v tuziich prvcich
systému (napr. ocelové vlozky) s ur¢itym modulem pruznosti E,
se napéti koncentruji, v poddajnéjsich ¢astech (vypln), charakteri-
zovanych modulem pruznosti o velikosti Ey, jsou napéti nizsi
(Poissonova ¢isla povazujeme v obou materidlech za identickd).
Prumérnd radidlné symetrickd sloZka normdlového napéti p;*
v této nehomogenni vrstve i odpovida stanovovanému dil¢imu
kvazihomogennimu smykovému modulu pruZnosti G*, napéti pa
odpovidajici vlozkdm a napéti p, ve vyplni lze dle vztaha
Fotievové vyjadrit vztahy:

P. =p?(l+p£)~ Ps =Pf(l—pﬁ], h=a+b
a b

wd, al-yx
p=A|1-K,(G")=|, A,,=E—;.
d &
[ X.b"'b
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e+ . 2 R
JM = R, = — A= 2
=l R

The above-mentioned calculation method is the basis for the
determination of the quasi-homogeneous modulus of elasticity of
an inhomogeneous lining. The inhomogeneous lining with internal
inserts made of a different material (e.g. steel components) can be
divided into individual partial layers; some of them are homogene-
ous layers (the three layers marked in Fig. 2 as 1), some of them are
inhomogeneous with regularly alternating partial areas differing in
stiffness (the filling, an insert) (the two layers marked in Fig. 2 as
2). Thus this lining as the whole can be considered to be a special
case of a multilayer lining; it is therefore possible for the determi-
nation of the stress-strain state to start from the above-mentioned
algorithm for solving multilayer rings.

The calculation procedure for the determination of the quasi-
homogeneous modulus of elasticity of an inhomogeneous lining
can be divided into two partial steps:

1) the determination of the quasi-homogeneous modulus of elas-
ticity for individual partial inhomogeneous layers in which
steel inserts are installed

2) the determination of the overall quasi-homogeneous modulus
of elasticity for the entire lining ring

(2}

DETERMINATION OF QUASI-HOMOGENEOUS MODULUS
OF ELASTICITY IN A PARTIAL INHOMOGENEOUS LAYER

The form for expressing the partial quasi-homogeneous modulus
of elasticity of a partial inhomogeneous layer follows from the
basic assumption that radial displacement on contact surfaces bet-
ween individual layers is identical both in the case of the contact
with an insert and in the case of the contact with the filling.
However, stresses at individual contacts, as opposed to displace-
ments, exhibit a discontinuous course (see Fig. 3); stresses are con-
centrated in stiffer elements of the system (e.g. steel inserts) with
a certain modulus of elasticity E,, whilst in more elastic parts (the
filling), which are characterised by modulus of elasticity Ey, the
stresses ale lower (we consider Poisson’s ratios in both materials to
be identical). An average radially symmetric component of normal
stress p;* in this inhomogeneous layer even corresponds to the par-
tial quasi-homogeneous shear modulus of elasticity G*. Stress pa
corresponding to the inserts and the stress p,, in the filling can be
expressed according Fotiev relationships by the following relati-
onships:

' I { 'R
I”.=|rrll+.'l | P=p |—_f?'J h=a+b
1 1r' 1 rl
1
II"=-"||J I—K.,l”! :Irlr | | = i I_/
d 'fry +H
L
. (s / |F ; |’
% (i 21+ ) 2[!+_rrr'

where Ko(G*) is the coefficient of transfer of load through
a partial inhomogeneous layer i corresponding to the quasi-homo-
geneous modulus of elasticity G*and expressions
] : fi
X, =l+p—; X,=l-p-
é b
are redistribution coefficients of average values of radial stresses
between the insert and the filling.
It follows from the basic initial assumption that displacements on
the contact with insert (u,) and the filling material (up) are identi-
cal that:

w (G )+ (G ) =2ulG )

After putting in

' 7

|-|' / =
——— 3 ||+l|'| il||'|rI ‘h-.r” IIJ.II |+
46 (*-1)"'I\ T a J
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G, E, E

==t, G,= G, =——*—,
B e ¢ g
=gy, =u,

kde Ko(G*) je koeficient prenosu zatizeni pres analyzovanou
diléi nehomogenni vrstvu i odpovidajici kvazihomogennimu
modulu pruznosti G*a vyrazy
h h
X,=l+p— X, =l-p—
a b
jsou prerozdélovaci koeficienty prumérnych hodnot radidlnich
napéti mezi vlozkami a vyplni.
Ze zdkladniho vychoziho predpokladu rovnosti posunt na kon-
taktu s vlozkou (u,) i s vyplnovym materidlem (uy) plyne:

u(G,)+u,(G,)= Zu(G’)
Po dosazeni

R, 3 AR R
mp‘.[(l+p;) d, -K,(G )d2]+

R h) N
+—~"4Gh(cz-—|)pi[(]_pg) d| —Ko(G )dz]=
R o

E 2740‘(8 i [d, ~K,(G') d, )

Z predchozi rovnice vyplyva vztah pro uréeni dil¢iho kvaziho-
mogenniho smykového modulu pruznosti G* v dil¢i nehomogen-
ni vrstvé, ktery je vdZzenym pramérem obou moduli G, a Gy
s vahami odpovidajicimi pfi¢nym rozméram a, b tuhostné odlis-
nych oblasti:

. Ga+Gpb

a+b

G JE=2G"(1+p)

Stanoveni celkového kvazihomogenniho modulu pruznosti pro
cely prstenec osténi.
Postup stanoveni celkového kvazihomogenniho modulu pruz-
nosti pro cely vyztuzni prstenec lze charakterizovat ndsledovné:
a) homogenizujeme prvni dvé vnitfni vrstvy vyztuzniho
prstence s vyuzitim podminky, Ze radidlni slozka posunu na
vnéj$im obrysu v poradi druhé vrstvy musi byt identickd jak
v piipad€, 7e uvaZujeme dvouvrstvy systém s rozdilnym
modulem pruzZnosti v kazdé vrstve, tak v pripadé, Ze uvazu-
jeme jednu vrstvu (jeji tlouStka je souctem tlousték obou
dil¢ich vrstev) s kvazihomogennim modulem pruZznosti
G*e,
Vychozi podminka pro radidlni posun na vnéj$im poloméru 2.
vrstvy md tedy tvar:

ty(RyRy.G ™) = uO(Rl.Rz,Gl .Gz)

kde *c
u(R..R,,
0( 072 G")
je radidlni posun odpovidajici jedné vrstv€ s vnitinim polomé-
rem Ry a vnéj§im polomérem R, charakterizované hledanym cel-
kovym kvazihomogennim modulem pruznosti G*¢

uo(R, Ry Gy 'Gz)

je radialni posun odpovidajici dvéma vrstvdm charakterizova-
nym moduly pruZnosti G| a G,

S vyuZitim vztahu (1) pro vyjadfeni hodnot radidlnich posunt
a po tpravé dostdvame tvar celkového kvazihomogenniho smyko-

vého modulu pruznosti
% 2
d] 62 (( l)

G
& -1](41" —KO(GI,Gz)d’Z)

Obr. 4 Etapy provddéni prirezu OCB osténi
Fig. 4 Stages of the execution of a SRC lining cross section

R (k) . |
+ III fie) ||—I|-|-|I|r|"I —.".-“|I'r.:|i.|l.
46, [ —E_| hi | :
R
=: - ? ”rl —I’\..“'. ] i
-l-rr|:l—||l|l [ | 3 |

A relationship for the determination of a partial quasi-homogene-
ous shear modulus of elasticity G* in a partial inhomogeneous layer
Follows from the above equation. It will be a weighted average of
both modules G, and Gy, with the weights corresponding to cross
dimensions a, b of the areas differing in the stiffness:

(O = P o h-_ﬂ" =20 [+ u)
da+b pi

Determination of the overall quasi-homogeneous modulus of
elasticity for the entire lining ring

The procedure of the determination of the overall quasi-homoge-
neous modulus of elasticity for the entire lining ring can be charac-
terised as follows:

a) we homogenise initial two inner layers of the reinforcing ring
using the condition that the radial component of displacement on
the outer contour of the second layer in the sequence of layers
must be identical both in the case that we take into consideration
a double-layer system with differing moduli of elasticity in each
layer and in the case that we take into consideration a single layer
(the thickness of the layer is a sum of thicknesses of the two par-
tial layers) with quasi-homogeneous modulus of elasticity G*c.

The starting condition for the radial displacement on the outer
radius of the 2nd layer has the following pattern:

(R Ry (G ) = .-JHII_HI Ry .G ;:1

where -

iy h'“_flfj A5 )

is the radial displacement corresponding to a single layer with the
inner radius Rq and outer radius Ry, which is characterised by the
overall quasi-homogeneous modulus of elasticity G*¢ being sought,
while

u{il h'!.h': ,{il.l’j: .|

is the radial displacement corresponding to two layers characteri-
sed by moduli of elasticity G| and Gy

Using relationships (1) for expressing the values of radial displa-
cements and after the adaptation we receive the pattern of the ove-
rall quasi-homogeneous shear modulus of elasticity.
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Obr. 5 Zdvislost tvrdnuti betonu v Case
Fig. 5 Time-concrete hardness curve

R R,

E 3 *
d’z =4-4u .di =c (2-4u)+2

Ky(G1,Gy) — koeficient prenosu zatiZeni pres druhou vrstvu

b) po provedeni homogenizace prvnich dvou vnitfnich vrstev
vyztuze zavedeme tuto homogenizovanou vrstvu s tloustkou
rovnou souctu tlouStek obou dilé¢ich vrstev do uvazovaného
vicevrstvého systému a proces homogenizace opakujeme dle
postupu popsaného vyse.

Algoritmus pro stanoveni celkového kvazihomogenniho modulu
pruznosti nehomogenniho prstence osténi lze tedy formulovat
nésledovne:

1. Rozdéleni prstence na uréity pocet vrstev homogennich (typ
vrstev 1) a urcity pocet vrstev nehomogennich (typ vrstev 2).
Omezujicimi podminkami pro toto déleni je to, Ze nesmi
nédsledovat dvé nehomogenni vrstvy bezprostfedné za sebou,
musi byt vZdy oddéleny alespon jednou homogenni vrstvou (i
kdyZ o minimdln{ tloustce).

2. Stanoveni piislu§nych dil¢ich kvazihomogennich modult
pruznosti pro v§echny nehomogenni vrstvy v systému.

3. Ur¢eni celkového kvazihomogenniho modulu pruznosti pro
cely prstenec (metoda postupné homogenizace od vnitinich
vrstev k vnéjSim).

Stanoveni prabéhu tangencidlnich napéti v nehomogennim

vyztuznim prstenci

Na zdkladé stanoveného modulu pruznosti G*¢ homogenizova-
ného prstence lze pak urcit tangencidlni napéti na vnitinim obrysu
Ry a vnéj8§im obrysu R, homogenizovaného prstence dle vztahu (2)
a s vyuzitim pfedpokladu linedrniho prabéhu napéti po vysce celé-
ho homogenizovaného prstence lze pak stanovit tangencidlni napé-
ti O, qh v homogenizovaném prstenci na drovni jednotlivych vrstev
v puvodnim (nehomogenizovaném) vyztuznim prstenci dle nésle-
dujicich vztahu:

na drovni vnitfniho poloméru i-té vrstvy:

RJ’—] = RD

Ru i RO

na vrovni vnejsiho polomeéru i-té vrstvy:

‘Inh(R.-) = Po| My — R=R
R,

(Il'ih(Ri—l) = Po| M =

]

kde
2¢? R

n

— N L‘
ct-1 R,
Podil tangencidlnich napéti 0 odpovidajicich jednotlivym vrst-
vam v nehomogennim vyztuznim prstenci a vySe uvedenych tangen-
cidlnich napéti O'qh v homogenizovaném prstenci udava nezdvisle na

1 =

Obr. 6 Uvodni strana programu HOMO
Fig. 6 Initial page of HOMO program

R, R, "
[ - r_ ol - *_'”I| "r_|:—-|-_r|'|+3.

.‘l.l .I'x”
dy=d4-dudy = (2-4p)+2

Ko(G1.Gp) — coefficient of transfer of load through the second

layer

b) after homogenising the initial two inner layers of the reinfor-
cement we incorporate this homogenised layer with the thick-
ness equal to a sum of thicknesses of both partial layers into
the assumed multilayer system and we repeat the homogenisa-
tion process according to the procedure described above.

Therefore, the algorithm for the determination of the overall

quasi-homogeneous modulus of elasticity of an inhomogeneous
lining ring can be formulated as follows:

1) Dividing the ring into a certain number of layers of homoge-
neous (layer type 2) and certain number of inhomogeneous
layers (layer type 1). There are the following conditions limi-
ting this division: two inhomogeneous layers must not follow
immediately after one another, they must always be separated
at least by one homogeneous layer (even if its thickness is
minimised).

2) Determining respective partial quasi-homogeneous moduli of
elasticity for all inhomogeneous layers in the system.

3) Determining the overall quasi-homogeneous modulus of elas-
ticity for the entire ring (the method of phased homogenisati-
on from inner layers toward outer ones).

Determination of the course of tangential stresses in an inhomo-

geneous reinforcing ring

On the basis of the determined modulus of elasticity G*¢ of the

homogenised ring it is possible to determine tangential stresses on
the inner contour Rgy and outer contour R, of the homogenised ring
according to relationships (2), and, using the assumption that the
course of stress up the height of the entire homogenised ring, it is
possible to determine tangential stresses O'qh in the homogenised
ring at the level of individual layers in the original (non-homogeni-
sed) reinforcing ring, using the following relationships:

at the level of the inner radius of an ith layer:

R_,-R
a, | .|=a"-l”" -— 0
| R =R,

at the level of the outer radius of an ith layer:

" - fl!'“ ‘

a, (R)=p)m, -
| K-

where

The proportion of tangential stresses 0 corresponding to indi-
vidual layers in an inhomogeneous reinforcing ring and the
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Tab. 1 Vysledky vypoctu modulii homogenizovanych priiezii OCB osténi a pierozdélovacich koeficientii tangencidlnich

napéti v prstencich

Table 1 Results of the calculation of moduli of homogenised cross sections of SRC lining and redistribution coefficients

of tangential stresses in the rings

Prstenec Material Parametry
Ring Material Parameters 1 2
1 Ebet. [MPa] 0 0
Beton al 0 0
Shotcrete a2 0 0
2 Ebet. [MPa] 0 0
Beton al 0 0
Shotcrete a2 0 0
ocel *) at 30,031 23,892
steel *) a2 29,989 23,859
8 Ebet. [MPa] 0 0
Beton at 0 0
Shotcrete a2 0 0
4 Ebet. [MPa] 10100 13600
Beton at 1,762 1,830
Shotcrete a2 1,761 1,829
5 Ebet. [MPa] 10100 13600
Beton ai 1,761 1,829
Shotcrete a2 1,762 1,830
ocel *) at 36,543 28,130
steel *) a2 36,551 28,14
6 Ebet. [MPa] 10100 13600
Beton at 1,765 1,832
Shotcrete a2 1,766 1,834
Ehomo. [MPa] 6500 8200

*) ocel — E =210 000 MPa
*) steel - E =210 000 MPa

al - prerozdélovaci koeficient tangencidlnich napéti pro vnitfni vidkna prstence

al — redistribution coefficient of tangential stress of the internal lamina rings

a2 - perozdélovaci koeficient tangenciélnich napéti pro vnéjsi vidkna prstence
a2 - redistribution coefficient of tangential stress of the external lamina rings

vnéj§im zatiZeni p tzv. koeficienty prerozdeleni tangencidlnich
napéti pro jednotlivé vrstvy nehomogenniho vyztuzniho systému.
Tyto koeficienty prerozdéleni tangencidlnich napéti 1ze pak efektiv-
né vyuzit v situacich, kdy jsou k dispozici pouze hodnoty napéti
v homogennim vyztuZznim prstenci (napf. obvykly vystup numeric-
kych modelu, kdy je celd vyztuz modelovdna jako jeden vyztuzni
prstenec s ur¢itou hodnotou homogenizovaného modulu pruznosti).

PRIKLAD

Nisledujici priklad dokumentuje praktickou aplikaci teorie spo-
lupracujicich prstencu pfi stanoveni modulu pruznosti OCB ostén{
a stanoveni stavu napéti v jeho prufezu. Prufez OCB osténf je kon-
struovdn ocelovym piihradovym nosnikem ASTA 95, rozte¢ pruto-
vych rdmu je jeden metr a stifkany beton je aplikovadn postupné, ve
dvou stejné mocnych vrstvdch, s provedenych s Casovym odstupem
12 hodin. Ve vypoctu se neuvazuje s vlivem ocelové miiZoviny.
Vypocet OCB osténi je rozdelen do 5 etap. Kazda etapa odpovida
jedné charakteristické situaci pri vystavbé OCB osténi, viz obr. 4.

Prubéh zdvislosti tvrdnuti stifkaného betonu na Case uvadi graf
na obr. 5. Z tohoto grafu jsou pro dany ¢as tvrdnuti — etapu, odec-
teny aktudlni hodnoty modulu pruZnosti stfikaného betonu.

Prvni etapa fe§i stav na poldtku vystavby konstrukce OCB
osténi, tj. postaveni ocelového rdmu a zapaZeni — ndstrik prvni
vrstvy betonu (1 hod; E;,= 10 100MPa). Druhd etapa, néstrik
druhé vrstvy stiikaného (% den; E{,= 13 600MPa; E,,= 0MPa).
Ve treti (1 den) a &tvrté (2 dny) etapé, vrstvy stifkaného betonu
maji rozdilny modul pruznosti (E;,>E,,.) Posledni, patd etapa
predstavuje situaci, kdy moduly pruZznosti v obou vrstvach si
budou rovny (E;,= E,,) a nebudou se jiz dale zvySovat (po 28
dnech).

Etapa - Stage

above-mentioned tangential
stresses O'qh in a homo-
genised ring denotes, inde-
pendently of external load py),
the so-called coefficient of
redistribution of tangential

8 4 5 stresses for individual layers
13600 15200 20300 fo}r] individual laye_rsfof .the
inhomogeneous reinforcing
0,866 0,893 0,927 system. Subsequently, these
0,865 0,892 0,926 coefficients of redistribution
13600 15200 20300 of tangential stresses can be
0,865 0,892 0,926 used in situations where only
0,864 0,890 0,925 theh values of str.esfses . in
a homogeneous reinforcing
13,355 12,33 9,575 ring are available (e.g. the
13,337 12,31 9,562 usual output of numerical
13600 15200 20300 models, where the entire
0,866 0,892 0,926 reinforcement is modelled as
0,865 0,891 0,926 a single reinforcing ring with
a certain value of the homo-
Lot 800 ALY genised modulus of elastici-
0,926 0,917 0,927 ty).
0,927 0,918 0,926
14600 15600 20300 EXAMPLE
0,927 0,918 0,928 The following example
0,928 0,915 0,929 documents the practical
13,156 12,14 9,437 application of the Theory of
13,159 12,15 9,44 C(.)act.ing Riinghs in tlzle ]deter%
mination of the modulus o
14600 15600 20300 elasticity of the SRC lining
0,929 0,919 0,930 and determination of the state
0,930 0,920 0,931 of stress in the cross section.
15600 17000 22000 The SRC llmng cross section

is reinforced with ASTA 95
steel lattice girder with the
spacing of the girders of 1m;
Shotcrete is applied in steps,
in two layers with identical
thicknesses, which are spray-
ed with a time lag of 12
hours. The effect of steel
mesh is not taken into consideration in the calculation. The calcu-
lation of the SRC lining is divided into 5 stages. Each of the sta-
ges corresponds to one characteristic situation existing during the
course of the construction of the SRC lining (see Fig. 4).

The time-hardness curve is presented in the chart in Fig. 5.
Current values of the modulus of elasticity of the sprayed concre-
te are read for a particular duration of hardening (the stage) from
the chart.

The first stage solves the state at the beginning of the construc-
tion of the SRC lining, i.e. the erection of the steel frame and bra-
cing — application of the first layer of shotcrete (1 hour;
E,,= 10,100MPa). The second stage, the application of the second
layer of shotcrete (1/2 day; E;,= 13,600MPa; E,,= OMPa). In the
third stage (1 day) and fourth stage (2 days) the moduli of elasti-
city of sprayed concrete differ from one another (E;,>E,,). The
last stage, the fifth one, represents a situation when moduli of
elasticity in both layers are identical (E;,= E,,) and will no more
grow (after 28 days).

RESULTS

The calculation of deformational properties and the state of
stress was carried out using HOMO program (see Fig. 6). This
program was developed for the purpose of conducting practical
calculations according to the Theory of Coacting Rings.

Results of the calculations are summarised and presented in
Table 1.

The values of the modulus of elasticity in a homogenised cross
section of an SRC lining stages of the SRC lining construction are

presented in the chart in Fig. 7.
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Obr. 7 Vyvoj modulu pruznosti homogenizovaného prurezu OCB osténi
Fig. 7 Development of a modulus of elasticity of a homogenised SRC lining
cross-section

VYSLEDKY

Vypocet pretvarnych vlastnosti a stavu napéti byl proveden poci-
tacovym programem HOMO (obr. 6). Tento program byl vyvinut
za Gelem provéadéni praktickych vypoctu, podle teorie spolupra-
cujicich prstenca.

Vysledky provedenych vypocta jsou shrnuty a uvedeny v tab. 1.

Hodnoty modulu pruZnosti v homogenizovaném prurezu OCB
osténi v jednotlivych etapdch vystavby OCB osténi uvadi graf na
obr. 7.

Graf na obr. 8 uvddi stav napéti v prufezu OCB osténi pro &tvr-
tou etapu vystavby. Jsou zde zobrazeny prubéhy napéti v homoge-
nizovaném pruafezu a prubéhy napéti ve stifkaném betonu a oceli
vypoétené s pouZitim prislu§nych prerozdélovacich koeficientt
tangencidlnich napéti (a, ay).

ZAVER

Teorie spolupracujicich prstencu a na ni zaloZzend homogenizace
prifezu vytvarii zdkladnu pro exaktni stanoveni pracovni charakte-
ristiky OCB ostén{ a stavu napéti v jeho prufezu, respektujici hete-
rogenni strukturu prufezu, Casovou proménlivost modulu pruznos-
ti stitkaného betonu a etapovitost vystavby.

Stav napéti v OCB osténi v8ak nezavisi jen na jeji konstrukcei, ale
rovné€Z na chovdni horninového prostiedi, které je do zna¢né miry
determinovéno pracovni charakteristikou (vyvojem tuhosti) osténi.

V naSem prikladé se s touto eventualitou neuvazovalo a stav
napéti v prufezu byl stanoven jenom pro jednu dil&{ etapu vystav-
by OCB osténi a predpoklad konstantni hodnoty zatiZen{ osténi.

PredloZzend metoda dovoluje stanovit vyvoj stavu napéti
v pribéhu viech etap vystavby OCB osténi. VyZaduje to viak zna-
lost interakce mezi horninovym prostfedim a osténim, tato interak-
ce je ddna proménlivou tuhosti osténi.
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Fig. 8 Stress distribution in materials, concrete and steel, forming the SRC
lining cross section for the fourth stage

The charts in Fig. 8 present the state of stress in the SRC lining
cross section for the fourth construction stage. They present the
stress distribution in a homogenised cross section and stress distri-
bution in shotcrete and steel, which are calculated using relevant
redistribution coefficients of tangential stresses (al, a2).

CONCLUSION

The Theory of Coacting Rings and the homogenisation of the
cross section based on this theory form a basis for exact determi-
nation of the running characteristic of the SRC lining and the state
of stress in the cross section which respects the heterogeneous
structure of the cross section, the time-varying character of the
modulus of elasticity of shotcrete and the division of construction
into stages.

But the state of stress in the SRC lining depends not only on its
structure but also on the behaviour of the ground environment,
which is to a significant extent determined by the running charac-
teristic (development of stiffness) of the lining.

In our case, this eventuality was not taken into consideration
and the state of stress in the cross section was determined only for
one partial stage of the SRC lining construction and an assumpti-
on of a constant value of the load acting on the lining.

The method presented in this paper makes the determination of
the development of the state of the interaction between the ground
environment and the lining stress during all stages of the SRC
lining construction possible. However, it requires knowledge of
the interaction between the reaction of the lining; this interaction
is given by the variable stiffness of the lining.
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VYZKUM PLYNOPROPUSTNOSTI HORNINOVEHO MASIVU PRO
POTREBY UKLADANI ENERGETICKYCH MEDII

RESEARCH INTO GAS PERMEABILITY OF ROCK MASS FOR THE
NEEDS OF DEPOSITING ENERGY MEDIA

JIRI SVOBODA, JAN SMUTEK

uvoD

Studium plynopropustnosti hornin se tykd nékolika celosvétové
feSenych problematik, zejména podzemniho skladovéni energetickych
médii, zachytdvani a ukldddni oxidu uhli¢itého do podzemi a ukladan{
radioaktivnich odpadi. Velkym nedostatkem u technologii uklddan{
(plynu, odpada) do podzemi je neexistence praktickych metodik pro
ndvrh zpusobu a rozsahu monitorovdni jejich bezpecného provozu.
Bezpecné podzemni ukladani ¢i skladovani latek vyZzaduje dokonalé
monitorovaci systémy mozného tniku téchto ldtek do biosféry. Prostor
mezi geologickym prostfedim, kde se uklddaji (skladuji) ldtky
v podzemi, je od biosféry oddélen nadloznimi vrstvami hornin.
Znalosti procesu pruniku latek témito vrstvami jsou pro ndvrh bezpec-
ného monitorovaciho systému rozhodujici. Ukladanymi latkami jsou
plyny (zemni plyn, vzduch, CO,), proto je tieba zkoumat propustnost
hostitelského prostred{ pro plyny.

V pevnych hornindch dochézi k pohybu tekutin predevsim systémy
ploch nespojitosti (diskontinuitami). Toto horninové prostiedi je neho-
mogenni a anizotropni, a proto jsou pro pochopeni propustnosti
a migrace plynd nezbytné in-situ vyzkumy, experimentdlni méfeni
a fyzikalni modelovani.

Centrum experimentdlni geotechniky (CEG), katedra Stavebni
fakulty CVUT v Praze, se zabyvéa nékolika vyzkumnymi projekty
zamefenymi na studium plynopropustnosti horninového masivu.
V rdmci téchto projektt probihaji in-situ experimenty v Podzemnim
vyukovém stredisku Josef. Toto pracovisté predstavuje svym pestrym
geologickym prostfedim vyborné podminky pro tyto experimenty.

Jednim z hlavnich feSenych projektu je VyuZiti celosvétoveé pouzi-
vanych norskych klasifikaci horninovych masivu pro zvyseni kvality
vstupnich parametrQ pfi ndvrhu monitorovacich systému podzemniho
skladovéni a ukladédni plynu (NORM), ktery tesi vztah mezi plynopro-
pustnosti a horninovymi klasifika¢nimi systémy.

UEF JOSEF

Podzemni vyukové stiedisko Josef (UEF Josef) je pracoviste Centra
experimentdln{ geotechniky, které je provozovano od roku 2007 (obr. 1).
Pracovisté se nachdzi v bezprostiedni blizkosti Slapské prehrady
pobliz obce Celina na P¥ibramsku. UEF Josef slouZi zejména k vyuce

Obr. 1 Podzemni vyukové stredisko Josef (UEF Josef)
Fig. 1 Josef underground educational centre (Josef UEF)

INTRODUCTION

Studies on gas permeability of rock relate to several worldwide-sol-
ved problems, first of all underground storing of energy media, captu-
ring and depositing carbon dioxide in the underground and depositing
radioactive waste. A serious drawback of underground deposition tech-
niques (gases, waste) is the non-existence of practical methodologies
for designing the methods and scope of monitoring the safe operation
of the facilities. Safe underground deposition or storing of substances
requires perfect systems of monitoring potential leaks of these sub-
stances into the biosphere. The space in the geological environment in
which the substances are deposited (stored) in the underground is sepa-
rated from the biosphere by overlaying rock strata. Knowledge of the
process of the penetration of the substances through these strata is
essential for the design of a safe monitoring system. The substances
which are deposited are gases (natural gas, air, CO, gas). It is therefo-
re necessary to examine the gas permeability of the host environment.

In solid rock fluids flow first of all through systems of discontinui-
ty surfaces. This rock environment is inhomogeneous and anisotropic.
For that reason surveys, experimental measurements and physical
modelling are necessary for understanding the gas permeability and
migration.

The Centre of Experimental Geotechnics (CEG) at the Department
of Civil Engineering of the Czech Technical University (CVUT),
Prague, has worked on several research projects focused on studies
into the gas permeability of rock mass. In-situ experiments have been
conducted within the framework of these projects in the Josef
Underground Educational Facility. This working place provides excel-
lent conditions for the experiments owing to its chequered geological
environment.

One of the main projects being dealt with is “Research On The
Validity And Comparability Of Norwegian Rock Mass Classification
Systems for Monitoring of an Underground Gas Storage” (NORM),
which solves relationships between gas permeability and rock mass
classification systems.

JOSEF UEF

The Josef Underground Educational Facility (Josef UEF) is
a working place of the Centre of Experimental Geotechnics, which has
been in operation since 2007 (see Fig. 1). The working place is loca-
ted in the immediate vicinity of Slapy Dam, near the village of Celina,
in the Pribram region. Josef UEF serves first of all to teach students of
the CVUT and other universities and to research activities. The unique
underground working place originated by reopening the spaces of the
Josef Gallery (see Fig. 2), which was driven in the 1980s in the con-
text of the exploration of gold-bearing deposits in this particular area.
The gallery is an extensive underground working with the total length
of galleries of 6018m. Linear survey workings with numerous side
stubs connect to the trunk gallery. The trunk gallery is 1835m long; the
cross-section of adits varies from 14 to 16m? and the overburden
height ranges from 90 to 150m.

The Josef Gallery (see Fig. 3) is found in the Psi Hory Mountains
gold district, in rocks forming the so-called Jilové Belt. The mounta-
ins were penetrated by granitoids of the North-Bohemian Pluton
during the Variscan orogeny [1]. In the Psi Hory Mountains area there
is the Jilové Belt, which is formed by volcanic rocks (basic lava and
acid lava — basalts, andesites, spilites, rhyolites); in the central part of
the area there are sub-volcanic plagiogranites (albite granites); in the
eastern part the area consists of acid to intermediate tuffs with



Obr. 2 Podzemi UEF Josef
Fig. 2 Underground space of Josef UEF

studentd CVUT a jinych univerzit a k vyzkumné &innosti. Unikétn{
podzemni pracovisté vzniklo zprovoznénim prostoru Stoly Josef
(obr. 2), kterd byla vyraZzena v 80. letech 20. stoleti v souvislosti
s pruzkumem zlatonosnych loZisek v této oblasti. Jedna se o rozséhlé
podzemni dilo s celkovou délkou chodeb 6018 m. Na pétefni pru-
zkumnou $tolu navazuji liniovd prazkumnd dila s Cetnymi rozrdzkami.
Délka péteini Stoly je 1835 m, profil $tol je 14 az 16 m2 a vy3ka nadlo-
Z{ se pohybuje od 90 do 150 m.

Stola Josef (obr. 3) se nachdzi v zlatonosném reviru Psi hory
v hornindch tzv. jilovského pdsma, do kterych béhem variského vrds-
néni pronikly granitoidy stfedo¢eského plutonu [1]. V oblasti Psich hor
je jilovsky pés tvoren sopeénymi horninami bazickych a kyselych 1dv
(bazalty, andezity, spility, ryolity) ve stfedni ¢dsti oblasti, subvulkanic-
kymi plagiogranity (albitické Zuly) ve vychodni ¢asti a kyselymi az
intermedidrnimi tufy s polohami bazickych tufu a kyselych a7 bazic-
kych lav. V nadloZi jilovského pdsma lezi vulkanosedimentarni sou-
vrstvi budované prevazné slabé metamorfovanymi tufy a tufitickymi
bridlicemi. Na zdpad¢ zasahuje rudni revir Psi hory jesté do vybézku
amfibolicko-biotitického granodioritu stfedoCeského plutonu.

Vsechny typy hornin jilovského pdsma jsou preménény regiondln{
metamorfézou kadomského stdfi a variskou kontaktni metamorfézou.
Charakteristickym znakem téchto hornin je zachovdani prevdzné asti
puvodnich vulkanickych struktur i pfi vy$8im stupni metamorfézy.
Loziskové oblast je pronikld Zilnymi horninami bazickych aZ interme-
didlnimi porfyru. Jejich mocnost je od nékolika desitek centimetri do
deseti metru.

V UEF Josef jsou zastizeny dva zdkladni geologické ttvary (tufity,
granodiority) s kontaktnimi pfechodovymi zénami mezi nimi, z nichz
kazdy md zcela jinou historii. Tyto utvary se li§i fyzikdlnimi
a materidlovymi vlastnostmi. To poskytuje vysokou flexibilitu pfi
vybéru vhodného mista pro provddéni experimentt v zdvislosti na
podminkdch daného systému, napf. pevnost horniny, mineralogie,
vlastnosti ploch nespojitosti atd.

MERENI PLYNOPROPUSTNOSTI HORNINOVEHO MASIVU

Pro urcovani plynopropustnosti horninovych struktur se pouZivaji
plynové tlakové zkousky. Princip tlakovych zkouSek spocivd
v injektovani plynu do jadrového vrtu ve skalnim masivu a sledovani
zmén vlastnosti jeho proudéni v Case. Jednim z vystupu tlakovych
zkousek je stanoveni koeficientu propustnosti a filtrace horninového
masivu, které definuji jeho propustnost.

Pro d&ely provadéni in-situ testi je vyuZivdno specidlni sestavy
s testovacim zafizenim (obr. 4). Sestava pro méfeni plynopropustnosti
se skldda ze sondy umisténé do jadrového vrtu, pomoci které se do
horninového masivu injektuje plynné médium. Soucdsti sondy je pakr,
ktery zajistuje ut€snéni vrtu, aby nedochdzelo k zpétnym tnikim
plynu kolem sondy. Jako plynného média je pouzivan stlaceny vzduch,
ktery je doddvéan vysokotlakym kompresorem. Vzduch prochdzi ter-
moplastickymi hadicemi z kompresoru do tlakové ldhve, kterd slouz{
jako zasobnik stla¢eného vzduchu, a ddle pres mérici zafizen{ injek-
taZzni sondou do vrtu.

Unikétni méfici zafizeni (obr. 5) bylo pro potfeby CEG vyrobeno na
zakézku. Jedna se o vysokotlaké zafizent, které je zkonstruovano jako
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Obr. 3 Geologickd situace Stoly Josef
Fig. 3 Geological situation of Josef gallery

interbeds of basic tuffs and acid to basic lavas. Volcano-sedimentary
series of strata consisting mainly of weakly metamorphosed tuffs and
tuffitic shales are found on the overburden in the Jilové Belt. In the
west, the ore-bearing district of Psi Hory Mountains expands even to
a spur of amfibiolite-biotite granodiorite of the Central Bohemian
Pluton.

All types of rocks forming the Jilové Belt are metamorphosed as
a result of the Cadomian metamorphosis and the Variscan contact meta-
morphosis. Maintaining a major part of original volcanic structures
even in the case of a higher degree of metamorphosis is a characteristic
feature of these rocks. The deposition area is interspersed with vein
rocks of basic to intermediary geological bodies (tuffites, granodiori-
tes). They are several tens of centimetres to ten metres thick.

Two basic geological units (tuffites, granodiorites) with contact
transition zones between them. are encountered in the Josef UEF. Each
of the units has an absolutely different history. They differ in physical
and material properties. This situation provides high flexibility for
selecting locations suitable for the execution of experiments depen-
ding on conditions of the particular system, e.g. the rock strength,
mineralogy, properties of discontinuity surfaces etc.

MEASUREMENT OF GAS PERMEABILITY OF ROCK MASS

Gas permeability pressure tests are used to determine properties of
rock structures. The principle of the pressure tests is that gas is injec-
ted into a core borehole in the rock mass and changes of properties of
its flow with time are observed. One of outputs of the pressure tests is
the determination of permeability and filtration coefficients for the
rock mass, which define its permeability.

Special sets with testing equipment (see Fig. 4) are used for in-situ
testing. A gas permeability measurement set consists of a probe instal-
led in the borehole through which gas medium is injected into rock
mass. Part of the probe is a packer securing the borehole sealing so that
gas does not escape back though the borehole mouth. Compressed air
supplied by a high-pressure compressor is used as the gas medium.
The air passes through thermoplastic hoses from the compressor to
a pressure cylinder and continues via the measurement unit through the
injection probe into the borehole.

A bespoke unique measurement unit (see Fig. 5) was developed for
the CEG. It is a high-pressure device, which is constructed as a mobile
measurement station with automatic recording of the measured values
of pressure, temperature and volume of the gas. The investigated coef-
ficients can be determined on the basis of the measured parameters. The
unit allows recording of the parameter values at minimum intervals of
two seconds. It is equipped with a pressure control valve, a Coriolis-
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Obr. 4 In-situ testovdni plynopropustnosti
Fig. 4 In situ testing of gas permeability

méfici mobilni stanice s automatickym registrem méfenych hodnot
tlaku, teploty a objemu plynu. Na zdkladé téchto méfenych parametra
je pak mozné stanovit hledané koeficienty. Zatizeni umoznuje zazna-
mendvat hodnoty parametri v minimdlnim ¢asovém rozmezi dvou
sekund. Je vybaveno reguldtorem tlaku, hmotnostnim pratokomérem
Coriolisova typu a kromé prutoku umoziiuje méfeni celkového pro-
teklého mnoZstvi vzduchu.

Testovaci zafizeni umozZnuje provadet tyto druhy zkousek (obr. 6):

e Test CHIT (Constant Head Injection Test) — metodika zkousky

spo¢iva v tlakovani vrtu do dosaZeni maximalniho ustdleného
tlaku pfi konstantnim prutoku vzduchu.

e Test PDT (Pressure Drop Test) — pri zkouSce PDT se vrt natlaku-

je na predepsany tlak a poté se ode&itd pokles tlaku ve vrtu v Case.

e Meéfeni prutoku vzduchu na vystupu z vrtu pii ,,vydechu — tento

typ testu umoznuje srovnat proteklé mnoZstvi vzduchu do vrtu
a vyteklé mnoZzstvi z vrtu.

Plynové tlakové zkousky lze provddét pomoci jednoduchého nebo
dvojitého pakru (obr. 6). V piipadé, kdy je vrt utésnén pomoci jedno-
duchého pakru, je moZné testovat propustnost celého vrtu nebo jeho
Casti v zdvislosti na hloubce umisténi pakru ve vrtu. Pfi pouZiti dvoji-
tého pakru je pak moZné testovat pouze urcity usek, napr. poruchovou
z6nu v masivu.

STANOVENI PLYNOPROPUSTNOSTI

Plynopropustnost masivu je charakterizovana koeficientem propust-
nosti a filtrace. Koeficient propustnosti je geometrickd charakteristika
vyjadfujici miru absolutni propustnosti prostfedi. Uddva se
v jednotkdch m2 a je v idedlnim piipadé konstantou nezdvislou na
povaze propousténého média. Koeficient filtrace (vodivost) vyjadfuje

Obr. 5 MéFici zarizeni
Fig. 5 Measurement unit

type mass flow meter and, in addition to measuring the flow rate, it
allows measuring of the total volume of air supplied to the borehole.

The testing equipment allows conducting of the following tests (see

Fig. 6):

* Constant Head Injection Test (CHIT) — the testing methodology is
that the borehole is pressurised until the maximum stable pressu-
re at constant airflow rate is achieved.

* Pressure Drop Test (PDT) — during a PDT test the borehole is
pressurised to a prescribed pressure and subsequently the pressu-
re dropping with time is recorded.

* Measuring the airflow rate at the exit from the borehole when
“exhausting” — this test type makes the comparison of the volume
of air supplied to the borehole and air passing out from the bore-
hole possible.

The gas permeability pressure tests can be conducted using a single
packer or a double packer (see Fig. 6). In the case of a borehole sealed
by a single packer, it is possible to examine the permeability of the
whole borehole or a part of the borehole, depending on the depth of the
location of the packer in the borehole. When a double packer is used,
it is possible to test only a certain section, for instance a weakness zone
in the rock mass.

DETERMINATION OF GAS PERMEABILITY

Gas permeability of rock mass is characterised by permeability and
filtration coefficients. The permeability coefficient is a geometrical
characteristics expressing the rate of absolute permeability of the envi-
ronment. It is given in m2 units and it is, in an ideal case, a constant
independent of the properties of the fluid seeping through the environ-
ment. The coefficient of filtration (conductivity)
expresses the rate of permeability of the environ-

Celina 1 - 20.11.2009 (L = 3,0 m)
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ment for a fluid with a particular cinematic viscosi-
ty (which approximately embraces the difference

- 20 between fluids and gases); it is given in m/s units.
18 The coefficients being sought are determined on
18 the basis of values of the maximum pressure of gas

in the borehole and the average airflow rate at
14 a steady—state flow. The value of the pressure in the
12

borehole is equal to the sum of the pressure recor-
ded by the measurement unit (the relative pressure)
and the atmospheric pressure.

The determination of the mathematical model for
gas pressure tests to be conducted is based on
Darcy’s Law characterising the flow of liquids (flu-
ids and gases). Various formulas for analytical solu-
tion of the flow distribution in space (Hokr,
Severyn, personal consultation, 25 March 2010)
must be used for the determination of hydraulic
conductivity or permeability from the flow rate
measured at a particular pressure difference, depen-
ding on the geometrical configuration. Several

=
Pritok
Injection rafe [NUmin]

o N & O O

Obr. 6 Pritbéh plynové tlakové zkousky (1. test CHIT, 2. test PDT, 3. prutok na vystupu)

models can be applied to the cases of a steady-state
flow regime.

Fig. 6 Course of pressure gas tests (test I — CHIT; test 2 — PDT; test 3 — airflow rate at the exit)
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miru propustnosti prostfedi pro médium o dané
kinematické viskozité (¢imZ je priblizné i zahrnut
rozdil mezi kapalinami a plyny) a uddvd se
v jednotkdach m/s.

Hledané koeficienty jsou urCovdny na zdklade
hodnot maximélniho tlaku ve vrtu a pramérného ==

prutoku vzduchu pfi ustdleném stavu proudéni. ]
Hodnota tlaku ve vrtu odpovidd souctu tlaku zazna- )
menaného méficim zafizenim (relativni tlak)
a atmosférického tlaku.

Pro stanoveni matematického modelu pro prova-
déné tlakové zkousky plynem se vychdzi z Darcyho |
zakona charakterizujictho proudéni tekutin (kapalin z

Inpakthl veduchu k
s ipfection dvajity paler
ooty macker

T |

a plynt). Pro uréeni vodivosti nebo propustnosti a8
z méfeného prutoku pfi daném tlakovém rozdilu je z
tieba v zdvislosti na geometrickém usporadani pou-
Zit razné vzorce analytického feSeni rozloZeni toku
v prostoru (Hokr, Severyn, osobni konzultace, 25.3.
2010). Pro pripady ustdleného reZimu proudéni je

—————— N == B T

injekini zona
4 vty ! iryection o
bomhode fength

mozné vyuzit nékolik modelu. Prvnim modelem je
referen¢ni pripad popisujictho rovnobézné proudo-
vé pole, napf. v uzavieném vdlci ve sméru jeho osy
nebo v tésné blizkosti vrtu (do hloubky fddové mensi neZ primér vrtu).
Celkovy prutok v diferencidlnim tvaru ve variantich pro ruzné velili-
ny je dan vztahem (1).

K k

Q=SKVh=8S—Vp=S—Vp 1)
124 H

priirez kolmo na smér proudéni [m?]
vodivost [m/s]

koeficient propustnosti [m?]

hustota tekutiny [kg/m’]

dynamickd viskozita tekutiny [kg/m/s=Pa.s]
celkovy priitok [m’/s]

piezometrickd vyska [m]

tlak [Pa].

RS ERSRaE Y
[¢]

Pro plyn plati v diferencidlni formé stejny vztah, ale pro dosazeni
rozdilu tlaku na konkrétnim intervalu (vzdalenosti) je nutno u plynu
zahrnout stlacitelnost. Nejjednodussi aproximaci je vztah vychazejici
ze stavové rovnice idedlntho plynu, ¢imZ do vztahu vstupuje tlak
v druhé mocniné. Na zdkladé toho je mozné analogicky odvodit mode-
ly pro proudéni plynu. Radiélni ,2D* proudéni (vdlcové) vyjadiuje
sbihavé proudové pole kruhové symetrické, tj. do vSech sméru stejné,
vyjadfené v ploSe mezikruZi. Celkovy prutok je ddn rovnici (2). ,,3D*
model popisuje sbihavé proudéni kulové symetrické (do viech sméra
v prostoru stejné), coz idedlné znamend vtla¢eni do kulového otvoru.
Pritok je pak dén vztahem (3).

Alp® k
Q= Lr)’m’_ @)
poIn(2) u
K
A 2
Q=](7P])2_n£ o)
(—=—)Polt
h h
kde:
r polomér vnitiniho kruhu (vrtu)
Ty polomér vnéjsiho kruhu (vzddlenost teoreticky

neovlivnené zony nebo plochy, kde je 7 jiného
divodu zndm tlak, neboli polomér ovlivnéni) [2]
d Jje tloustka 2D modelu (v nasem pripade délka
useku vrtu — injekcni zony)
rozdil tlaku
referencni tlak.

Ap
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Zjednodusené modely proudéni nemusi naprosto presné vystihovat
slozité podminky uvnitf masivu, nicméné pro tcely tohoto vyzkumu
(tedy studium korelace) jsou hodnoty koeficientu pfi uvazovani téchto
modela dostadujici. Skute¢né podminky proudéni v redlném in-situ
prostredi masivu bude pravdépodobné nejlépe vystihovat urcitd kom-
binace téchto zdkladnich modela.

Obr. 7 Systémy injektdZe vzduchu (1. systém jednoduchého pakru, 2. systém dvojitého pakru)
Fig. 7 Air injection systems (1. single packer system, 2. double packer system)

The first model is a reference case describing a parallel flow field,
for example in a closed cylinder, having the direction of its axis or in
close proximity to the borehole (up to the depth greater by an order of
magnitude than the borehole diameter). The total flow rate in the dif-
ferential form, in variants for various quantities, is given by relations-

hip (1).
| 1
O=5KVh=5§ h Vp=15§ h-'\'l,u W
PR H
cross-section perpendicular to the direction of flow [m’]
conductivity [m/s]
coefficient of permeability [m’]
fluid density [kg/m’]
dynamic viscosity of fluid [kg/m/s=Pa.s]
total flow rate [m’/s]
piezometric height [m]
pressure [Pa].

where:

T STROTT I XY

The same relationship applies to gas in a differential form, but it is
necessary for putting the pressure difference within a particular inter-
val (distance) in the case of gases to incorporate compressibility. The
simplest approximation is the relationship starting from the funda-
mental ideal gas equation, where the second power of pressure enters
the equation. Gas flow models can be derived analogically on the basis
of this relationship. Radial 2D flow (cylindrical) expresses
a convergent, circularly symmetric flow field, i.e. a field uniform in all
directions, which is expressed in the area of the annulus. The total flow
rate is given by equation (2). The 3D model describes convergent,
spherically symmetric flow (uniform in all directions in the space),
which ideally represents forcing into a spherical cavity. The flow rate
is then given by relationship (3).

Al p?) I
I:_J = \P ) il (2>
! 8
P Ini | H
fi
AP?) 24k 3)
()= l |
(L _lyPe B
|l| i'"
where:
T radius of inner circle (borehole)
r radius of outer circle (the distance of the theoretically unaf-

fected zone or surface where the pressure is known for anot-
her reason, or the affection radius [2]
d is the thickness of the 2D model (in our case it is the length
of the borehole section — injected zone)
difference between pressures
reference pressure.

Ap
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Obr. 8 Geologické mapovdni
Fig. 8 Geological mapping

Pro vypocet propustnosti byl zvolen kombinovany model, ktery
se skladd z vdlcového proudéni (oblast podél vrtu) a na kazdém
konci vrtu 1/2 kulového zdroje s ruiznymi poloméry ovlivnéni.

VYBER A GEOLOGICKY PRUZKUM MIST PRO TESTOVANI

Pro zkoumdni vlastnosti horninového prostfedi bylo vybrdno
nékolik mist s rdznymi geologickymi poméry. Kazdé misto bylo
detailné geologicky zmapovéano a ndsledné zde byl proveden jad-
rovy vrt pro ucely testovani plynopropustnosti (obr. 8).

V prvni fdzi byly pro potfeby vyzkumu provedeny celkem 4 vrty
dlouhé cca 20 m. Prvni dv& mista se nachézeji v lokalité Celina
(¢4st tvorend vulkanosedimentdrnimi horninami — tufy, tufity). Vrt
oznateny jako Celina 1 se nalézd v misté malo poruseném drobnou
tektonikou (bez vyraznych puklinovych systému a bez pfitomnos-
ti zlomové tektoniky) a vrt Celina 3 v oblasti tektonickych poruch.
Dalsi dva vrty se nachdzeji v oblasti Mokrsko, prvni v grano-
dioritech stredoCeského plutonu v masivnim vyvoji s nevyraznymi
puklinovymi systémy (Mokrsko 1) a zbyvajici na rozhrani dvou
hlavnich geologickych celkt v oblasti.

Soucdsti detailnfho mapovani bylo zkoumdni petrografie hornin,
hydrogeologie a tektoniky. Byla provedena méfeni puklinovych
systému, kdy se zaméfuji a zaznamendvaji sméry a sklony ploch
nespojitosti, vysledky pak byly zobrazeny pomoci tektonogramdu.
Dile byl proveden rozbor vrtnych jader a pruzkum vrtd pomoci
stetoskopické kamery.

Pro ohodnoceni kvality masivu byly pouZity moderni indexové
klasifika¢ni systémy hornin. Jednd se o metody indexi Q, RMR
a RMI. Tyto klasifika¢n{ systémy obsahuji nékteré vstupni infor-
mace popisujici vlastnosti ploch nespojitosti v horninovém masi-
vu, které vyrazné ovliviiuji propustnost hornin.

Simplified models of the flow do not have to give an absolute-
ly precise picture of complicated conditions within the rock mass;
nevertheless, for the purpose of this research (correlation study),
the values of coefficients are sufficiently precise when these
models are taken into consideration. Actual conditions of the flow
through a real in-situ rock mass environment will be probably best
expressed by a certain combination of the above-mentioned basic
models.

A combined model was selected for the determination of per-
meability. It comprises the circular flow (the area along the bore-
hole) and )2 of the spherical source with differing affection radii
at the borehole ends.

SELECTION AND GEOLOGICAL SURVEY OF TESTING
LOCATIONS

Several locations with differing geological conditions were
selected for the examination of rock mass properties. Each locati-
on was geologically mapped in a detailed way and, subsequently,
a core hole was drilled for the purpose of the gas permeability tes-
ting (see Fig. 8).

In the first phase, a total of four about 20m long boreholes were
carried out for the needs of the research. The first two locations
are found in the locality of Celina (a part formed by volcano-sedi-
mentary rocks — tuffs, tuffites). The borehole marked as Celina 1
is found in a location disturbed by minor tectonics (without signi-
ficant joint set and without fault tectonics) and Celina 3 borehole
is in a tectonically faulted area. Other two boreholes are located in
the Mokrsko area, the first of them in massive-development gra-
nodiorites of the Central Bohemian Pluton featuring indistinct
joint set (Mokrsko 1) and the remaining one at the interface bet-
ween two main geological units in the area.

Part of the detailed mapping was the examination of rock petro-
graphy, hydrogeology and tectonics. Measurements of joint set
were carried out, recording strikes and dips of discontinuity sur-
faces; results were represented by means of stereonet. In addition,
an analysis of borehole cores and survey of boreholes by means of
a camera were carried out.

Modern indexing rock mass classification systems were used
for the assessment of rock mass quality, namely the Q system, the
RMR and RMi index systems. These classification systems conta-
in some input information describing properties of discontinuity
surfaces in rock mass, which significantly influence the permea-
bility of rock mass.

ROCK MASS CLASSIFICATION

The rock mass classification systems currently used

for the determination of rock mass quality most of all comprise

the RQD (Rock Quality Designation), Q (Q Method), RMR
(Rock Mass Rating) and RMI (Rock Mass Index) [3]. The RQD-
values are at the same time used as an input parameter for the cal-
culation of the Q and RMR values.

Q-value is a function of six parameters: the RQD, joint set num-
ber, joint roughness number, joint alteration number, joint water
reduction factor, stress reduction factor [4]. Numerical values of
the Q vary from 0.001 (very poor quality rock) to 1000 (very good
rock mass quality, practically unbreakable rock).

A tabular calculator was used for the calculation of the selec-
ted classification systems. The classification systems use similar
input rock mass parameters. For that reason Rock Mass, a Nor-
wegian company, developed a computer spreadsheet where input
parameters of the RMR, Q and RMI-systems are merged together
into one set [5]. This allows rock mass to be assessed using three
systems on the basis of one set of observations. Picture 9 presents
a summary of resultant values of rock mass classification systems
and a verbal assessment of rock mass quality at the first three
locations being examined.

ROCK MASS CLASSIFICATIONS AND GAS PERMEABILITY
One of the NORM project objectives is to verify whether links
between gas permeability of rock mass and rock mass classificati-
on systems do exist. Rock mass classification systems have been
widely used in the context of underground construction design and
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Obr. 9 Hodnoty horninovych klasifikaci a propustnosti pro zkoumand mista
Fig. 9 Values of rock mass classifications and permeability rates for examined locations

HORNINOVE KLASIFIKACE

V soucasné dobé jsou pro urleni kvality skalniho masivu nejvi-
ce pouzivdny klasifikace indexem RQD (Rock Quality Desig-
nation), Q (Q method), RMR (Rock Mass Rating) a RMI (Rock
Mass index) [3]. Index RQD se pouziva zdaroven jako vstupni para-
metr pro vypocet indexii Q a RMR.

Index Q je funkci Sesti parametru: index RQD, po&et puklino-
vych systému, drsnost puklin, zvétrani ploch nespojitosti &i vypl-
ni, faktor vodniho tlaku a podminky tlakového projevu horninové-
ho masivu [4]. Numerické hodnoty Q se pohybuji v rozsahu od
0,001 (velmi nizkd kvalita horniny) do 1000 (velmi dobra skalni
hornina, prakticky nerozpojitelnd).

Pro vypoclet vybranych klasifika¢nich systému bylo vyuZito
vypocetniho tabulkového kalkuldtoru. Klasifika¢ni systémy vyuZzi-
vaji podobnych vstupnich parametra horninového masivu. Norska
spole¢nost RockMass AS proto vyvinula tabulkovy vypocetni
systém, kde jsou vstupni parametry indexa RMR, Q a RMI slou-
Ceny do jednoho souboru [5]. To umoZznuje ohodnotit masiv pomo-
ci tff systéma na zakladé jednoho souboru pozorovéni. Na obr. 9 je
zobrazen prehled vyslednych hodnot horninovych klasifikaci
a slovni ohodnoceni kvality masivu v prvnich tfech zkoumanych
mistech.

there is long-term experience with them. They are focused first of
all on the strength and stability of rock mass; nevertheless, they
also describe the properties of discontinuity surfaces in rocks
which are deciding for rock mass permeability. The advantage of
these classification systems is the fact that the rock mass descrip-
tion is systematic and unified, which makes the comparison bet-
ween various locations easier. For that reason it would be highly
beneficial for the future if relationships were found or correlation
with gas permeability was developed. Similar correlations with
rock mass classifications were already studied and found in the
past, for example correlations with the values of water inflows
into tunnels [6]. Therefore, the project concept is that the rock
environment is described, the gas permeability of the mass is
determined by means of in-situ tests and relationships between
rock mass classifications (or input parameters of the systems desc-
ribing properties of discontinuities) and the gas proofing are
sought.

Average values of the rock mass classifications (indices) and
average permeability values for individual boreholes being exa-
mined (see Fig. 9) and for individual parts of the boreholes (sta-
ges) are compared within the framework of searching for the cor-
relation. Picture 10 presents a comparison of Q index values with
permeability coefficients for the results which have been assessed
till now.

Resultant values of coefficients of permeability in boreholes in
Celina location varied from 10-14 to 10-16 m2 , corresponding in
the order of magnitude to results determined by injection tests car-
ried out in the ALRS research centre, the USA, in fractured tuffs
[7]. The rock mass permeability determined in granodiorites in the
Mokrsko is found within the order of 10-17 m2. For the purpose of
comparison, the permeability values determined during pressure

HORNINOVE KLASIFIKACE A PLYNOPROPUSTNOST

Jednim z dkolu projektu NORM je ovéfit, existuji-li souvislosti
mezi plynopropustnosti horninového masivu a horninovymi klasi-
fikacnimi systémy. Horninové klasifika¢ni systémy jsou Siroce
vyuzivany v souvislosti s ndvrhem podzemnich staveb a jsou
s nimi dlouholeté zkuSenosti. Jsou zaméreny predev§im na pevnost
a stabilitu horninového masivu, nicméné popisuji i vlastnosti ploch
nespojitosti v hornindch, které jsou pro propustnost masivu rozho-
dujici. Vyhodou téchto klasifikacnich systému je,
Ze popis masivu je systematicky a jednotny, coZ

usnadiiuje porovndvani mezi ruznymi lokalitami. Q
Proto by nalezeni souvislosti popf. vytvoreni
korelace s plynopropustnosti bylo v budoucnu 0,0 20 40 6,0 8,0 10,0 12,0
velmi uzite¢né. Obdobné korelace s horninovymi 1,0E-13
klasifikacemi byly jiZz v minulosti studovdny « Calina 1 - " e
a nalezeny, napf. s hodnotami pfitoku vody do ‘E . ot
tunelt [6]. Koncepce projektu tedy spolivé § = 1.0E-14 = Calina 3 . *
v popisu horninového prostredi, stanoveni jeho E :_3_' el g
plynopropustnosti pomoc{ in-situ testi a hledan{ 2 ‘g & Mokrsko 1
vzdjemnych vztaht mezi horninovymi klasifika- E
cemi (popf. jejich vstupnimi parametry popisuji- = E 1,0E-15 - |
cimi vlastnosti diskontinuit) a plynopropustnosti. E 3. P

V ramci hleddni korelace jsou porovndvany 'E
prumérné hodnoty horninovych klasifikaci (inde- § E
xu) s prumérnymi propustnostmi v jednotlivych x E 1,0E-16 A
zkoumanych vrtech (obr. 9), a déle v jednotlivych a
&astech vrtu (etdzich). Na obr. 10 je priklad srov- .y
navéni hodnot indexu Q a koeficienti propustnos- 1,0E-17
ti pro dosud vyhodnocené vysledky.

Vysledné hodnoty koeficientu propustnosti se ve

vrtech na Celin& pohybovaly od 10-14 do 10-16 m?2,
coZ tadov€é odpovidd vysledkim zji§ténych pfi

Obr. 10 Srovndni hodnot indexu Q s koeficienty propustnosti
Fig. 10 Comparison of Q index values with coefficients of permeability
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injek¢nich testech v porusenych tufech ve vyzkumném centru
ALRS v USA [7]. Propustnost masivu v granodioritech v oblasti
Mokrsko se nachézi v fddu 10-17 m2. Pro porovnéni jsou zndmy
hodnoty propustnosti, které byly zjiStény pfi plynovych tlakovych
zkouSkdch provddénych v kavernovém zdsobniku plynu Hdje
u Pfibrami [8]. Ten se nachdzi v obdobné hornin¢, ale v mnohem
vétsich hloubkéch a neporusenych strukturdch. Propustnost masi-
vu zde byla stanovena v rozmez{ od 5.10-17 do 1.10-18 m2. Dile je
zajimavé srovnani s limitujici hodnotami plynopropustnosti nepo-
rusenych granitoidnich hornin zji$ténych pfi laboratornich zkous-
kéch [9]. Koeficienty propustnosti, uréené na vzorcich z riznych
oblasti CR za trojosého stavu napjatosti s ndristem bo¢niho tlaku
od 5 do 30 MPa, se pohybuji v rozsahu od 4.10°!7 (libereckd Zula)
do 9.1020 m2 (pro biotiticky granodiorit z oblasti plynového
zasobniku Héje).

ZAVER

Probihajici vyzkum spoc¢ivd v hleddni korelace mezi vybranymi
klasifikacemi a plynopropustnosti stanovenou pomoci plynovych
tlakovych zkouSek. Nalezeni souvislosti mezi plynopropustnosti
a vlastnostmi horninového masivu popsané pomoci horninovych
klasifika¢nich systému by znaéné zjednodusilo budouci ndvrh pod-
zemnich zdsobnikd plynt a hlubinnych dlozist radioaktivniho
odpadu.

V prvnich fézich byly pro potfeby vyzkumu provedeny celkem
Ctyfi vrty. Testy v téchto vrtech pfinesly velké mnoZstvi relevant-
nich dat, které umoznuji studovat plynopropustnost horninového
masivu. Doposud ziskand data nebyla dostate¢nd k ustaveni zcela
spolehlivé obecné korelace. Ukédzalo se, ze pro tuto korelaci je
tieba ziskat podstatné vice vysledku experimentdlniho méfeni
v ruznych geologickych podminkdch, které by mél poskytnout
pokracujici vyzkum.

Predpokladané vystupy vyzkumu spoéivaji v pochopeni chovani
plyna v redlnych podminkdch horninového prostiedi. Informace
ziskané na zaklad€ in-situ testd budou slouZit jako podklady pro
modelovani migrace plyni horninovym prostiedim a pro ndvrh
metodiky monitorovani podzemnich zdsobniku a tloZist.
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gas testing in the Héje u Pribrami cavern gas storage are known
[8]. The gas storage is found in similar rock mass, but at much
greater depths and in undisturbed structures. In this location the
permeability was determined to be within the range of 5.10-17 to
1.10-18 m2. Comparison with limiting values of the gas permea-
bility of undisturbed granitic rocks determined during laboratory
tests is also interesting [9]. The permeability coefficients which
were determined on samples from various areas of the Czech
Republic at the triaxial state of stress with the side pressure gro-
wing from 5 to 30MPa vary from 4.10-17 m2 (Liberec granite) to
9.10-20 m? (biotite granodiorite from the area of the Hdje gas sto-
rage).

CONCLUSION

The research which is currently in progress searches for
a correlation between the selected classifications and the gas per-
meability determined by means of pressure gas tests. Finding
a connection between gas permeability and the rock mass proper-
ties described by means of rock mass classification systems would
significantly simplify future design of underground gas storage
facilities and facilities for deep geological storage of radioactive
waste.

A total of four boreholes were drilled for the needs of the rese-
arch in the initial phases. The tests which were carried out on
these boreholes provided a great quantity of relevant data, which
make studying of rock mass gas permeability possible. The data
which has been obtained till now has not been sufficient for the
determination of absolutely reliable general correlation. It has tur-
ned out that, for this correlation, it is necessary to gather much
more results of experimental measurements in various geological
conditions, which should be provided by the continuing research.

The anticipated outputs of the research should make understan-
ding of the behaviour of gases in real rock mass conditions pos-
sible. The information obtained on the basis of in-situ tests will be
used as grounds for modelling migration of gases through rock
environment and for proposing a methodology for monitoring
underground storage facilities and repositories.
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ARCHEOLOGICKE VYZKUMY PRI VYSTAVBE KOLEKTOROVE
SITE V HISTORICKEM JADRU BRNA

ARCHAEOLOGICAL SURVEYS DURING THE CONSTRUCTION
OF THE NETWORK OF UTILITY TUNNELS IN THE HISTORIC
CORE OF THE CITY OF BRNO

VACLAV KOLARIK, MAREK PESKA, ANTONIN ZUBEK

uvoD

Archeologické vyzkumy v prostoru historickych jader naSich mést
v soucasnosti predstavuji komplexni systematickou c&innost, kterd
v mést€ Brné probih4 jiz od 80. let!"! a v Praze dokonce jiz od konce
60. let. VEtsi vlna zdjmu o naSe stiedovekd mésta vSak priSla az
s politickymi zménami a celkovym uvolnénim spoleCenské situace
pocdtkem 90. let. Velké mnoZstvi prestaveb a kompletni rekonstrukce
infrastruktury byly doprovdzeny rozsdhlymi zemnimi zdsahy, které
mély za ndsledek ztrdtu cennych informaci o stavebnim, kulturnim
a historickém vyvoji jednotlivych mést. Pro poznani nejstar§iho obdo-
bi (13. a 14. stoleti) jsou archeologické ndlezy hlavnim historickym
pramenem, rozsdhlejsi pisemné zpravy mdme k dispozici az z obdobi
pozdniho stfedovéku (od 15. stoleti), pripadné novovéku. Stavebni
pldny a vyobrazeni mésta pochdzeji prevdzné a7z z novovéku (od 17.
stoleti). Vzhledem ke skute¢nosti, Ze historickd tvar vétSiny nasich mést
se postupné vytricela v celém povéle¢ném obdobi az do roku 1989, a to
prevazné bez jakékoli dokumentace, bylo treba v 90. letech adekvatné
reagovat na dal§i vinu prestaveb. Abychom si do budoucna uchovali
alespon néjakou ¢ast cennych informact, které rychle mizely pod 1Zice-
mi bagru a dalSich stavebnich stroju, pristoupila fada archeologickych
organizaci opravnénych Ministerstvem kultury CR k této &innosti,
k tzv. systematickym vyzkumum historickych méstskych jader. VétSina
staveb tak zacala byt doprovédzena raznou formou archeologického
vyzkumu, at’ uz celoplo$nych vyzkumu uplatiiovanych prevdzné
u novostaveb, piipadné formou dokumentace fezi v rdmci vystavby
a rekonstrukci inZenyrskych siti. Pevnéjsi podporu v této Cinnosti
archeologické organizace ziskaly v evropské legislativeé pfistoupenim
CR k Umluvé o ochrané archeologického dédictvi, tzv. Maltské kon-
vencil?! v z4if roku 2000, kterd byla podepsana 16. ledna 1992 v La
Valetté. V preambuli se mimo jiné konstatuje, Ze ,,archeologické dédic-
tvi je zdkladnim prvkem pro pozndvdni minulosti celého lidstva a Ze toto
evropské dédictvi, jeZ poskytuje doklady o ddvné historii, je vdzné ohro-
Zeno poskozovdnim zpusobenym narustajicim poctem rozvojovych pro-
Jjekni, prirozenymi riziky, tajnymi nebo nevédeckymi vykopdvkami
a nedostatecnou informovanosti verejnosti“. Je zde také fefeno, Ze
potreba chranit archeologické dédictvi by se méla odrdzet v politice
tizemniho plénovén{.l®!

VYZKUMY V HISTORICKEM JADRU BRNA

V ramci historického jddra mésta Brna (HIMB) se zdsluhou dobré
spolupréce s Magistrdtem mésta Brna a jeho dcefinymi organizacemi,
jako jsou: Brnénské komunikace a. s., Technické sit¢ Brno, a. s.,
a Brnénské vodérny a kanalizace, dafi od konce 90. let vSechny staveb-
ni ¢innosti archeologicky zabezpeCovat a z vétsi Césti tak naplnovat
smysl Maltské konvence. Jednim z nejvyznamnéjSich investi¢nich
zdmérd mésta Brna je vystavba sekunddrnich kolektort v HIMB, kterd
byla zahdjena v roce 1992 v ulicich Josefskd—Masarykova. Jednd se
0 liniové podzemni objekty umoznujici vedeni a uklddén{ inZenyrskych
sit pfi zachovdn{ jejich pfistupnosti pro stdlou kontrolu, opravy, tdrz-
bu popiipadé vyménu bez naruseni povrchu komunikaci. Projektovana
hloubka bdze kolektoru jednotlivych raZenych dseka leZi prevaziné
mezi Sesti a sedmi metry od povrchu terénu a vyska nadlozi se pohy-
buje mezi dvéma aZ tfemi metry.*! Vy$ka vyrubu v hlavnich trasich je
mezi 3,2 a4,2 maSitka 2.4 az 3,7 m. Vystavba probihd hornickym zpu-
sobem a délka postupového kroku je priblizné 0,8 m. Souddst{ vlastni-
ho télesa podzemniho kolektoru jsou i rozrazky k jednotlivym domum.

INTRODUCTION

Archaeological surveys in the area of historic cores of our cities
currently constitute a comprehensive systematic activity, which has been
in progress in Brno since the 1980s!!! and in Prague even since the end
of the 1960s. A more significant wave of interest in our medieval cities
emerged later, with political changes and overall relaxing of the social
situation at the beginning of the 1990s. Great quantities of reconstruc-
tions and complete reconstruction of urban infrastructures were accom-
panied by extensive groundwork resulting in the loss of precious infor-
mation about construction-related, cultural and historic development of
individual cities. Archaeological findings are the main historic sources
for gaining knowledge of the oldest period (13t and 14% centuries).
More extensive written records are available only for later periods of the
late Middle Ages (from the 15t century) or the modern period. The
majority of building plans and pictures of cities originated later, in the
modern period (from the 17t century). Taking into consideration the fact
that the historic face of most cities in our country gradually disappeared
during the whole post-war period, till 1989, mostly without any docu-
mentation, it was necessary in the 1990s to adequately respond to anoth-
er wave of reconstruction activities. With the aim of preserving for the
future at leas a part of precious information, which was rapidly disap-
pearing under shovels of excavators and other construction machines,
many archaeological organisations authorised by the Ministry of Culture
of the Czech Republic set about this activity, comprising systematic sur-
veys of historic centres of cities. Various forms of archaeological surveys
started to be applied to the majority of construction projects, ranging
from full-area surveys applied mainly to new constructions or having the
form of documenting cross-sections within the framework of the con-
struction work and reconstruction of utility networks. The organisations
were provided with a firmer support in these activities owing to
European legislation in September 2000, when the CR signed the
Convention on the Protection of the Archaeological Heritage of Europe,
referred to as the Malta Convention®! (La Valetta, 1992). Apart from
other things, it is stated in the preamble that the archaeological heritage
is essential to knowledge of the history of mankind; the European
archaeological heritage, which provides evidence of ancient history, is
seriously threatened with deterioration because of the increasing number
of major planning schemes, natural risks, clandestine or unscientific
excavations and insufficient public awareness” . In addition, it is stated in
this document that the need to protect the archaeological heritage should
be reflected in the town and country planning.!’!

SURVEYS IN THE HISTORIC CORE OF THE CITY

All construction activities within the framework of the historic centre
of the city of Brno (HCCB), owing to good collaboration with the munic-
ipal council of the City of Brno and its daughter companies, e.g. Brnénské
komunikace a.s., Technické sit¢ Brno a.s. and Brnénské vodarny
a kanalizace a.s., have been archaeologically secured since the 1990s,
therefore a major part of the Malta Convention has been successfully
accomplished. One of the most important investment projects of the city
of Brno has been the development of a system of secondary utility tunnels
in the HCCB, which started in Josefskd and Masarykova Streets in 1992.
The utility tunnels are linear underground structures allowing utility net-
works to be installed inside them, with the accessibility for permanent
inspection, repairs, maintenance or replacement purposes maintained
without interfering with the surface of roads. The design depth of the
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Stavbu kolektoru doprovdzi fada
vedlej§ich zemnich zdsahu, jako
jsou t€zni jdmy o rozmérech az 5x7
m, vpusti pro deStovou kanalizaci
(cca 1x1 m), vétraci Sachty, vykopy
pfi zabezpeovani statiky okolnich
budov a prelozky plynového potru-
bi, které neni vedeno kolektorem.
Neékteré kratsi dseky byly hloubeny
z povrchu, napf. na Dominikdnském
namésti.

I. etapa sekunddrni kolektorové
sit€(1992-2001) byla archeologicky
sledovdna nesystematicky a pomérné
nahodile, zahrnovala: 1. stavbu — Jo-
sefskd—Masarykova; 2. stavbu — Jo-
sefskd—Minoritska—Orli; 3. stavbu
— Kapucinské ndmésti—-Kvétin-
arskd; 4. stavbu — Péanskd—Ra-
dnicka; 5. stavbu — Janska; 6. stav-
bu - Janskd-Malinovského na-
mésti. Celkovd délka tseku I. etapy
je 1790 m, coz je asi 32 % predpo-
klddané délky celého systému. U II.
a III. etapy se podarilo realizovat
fddny zdchranny archeologicky
vyzkum !

II. etapa (2003-2005) zahrnova-
la: 7. stavbu — Kobliznd—Postovs-
ka—Kozi; 8. stavbu — Sukova; 10.
stavbu — ndmésti Svobody-sever, vy-
chod; 11. stavbu — ndmésti Svo-
body—zdpad, Zamecnicka; 18. stavbu — Zelny trh—Starobrnénska. Cel-
kova délka tseku II. etapy byla 1651 m, coZ je asi 26 % predpokladané
délky celého systému sekunddrnich kolektoru.

III. etapa (2008-2010) zahrnula 19. stavbu — Veseld—Dominikdnské
namesti. Celkovd délka tseku III. etapy je 205 m, coZ jsou asi 4 % pred-
pokladané délky celého systému. V letech 2009 a 2010 byla také doku-
mentovéna vystavba a rekonstrukce inZenyrskych siti, ¢dste¢né prova-
dénd hornickym zplisobem na Moravském ndmésti, jez méla byt sou-
asti 13. stavby, od které bylo upusténo.

METODIKA A CILE VYZKUMU

Vyzkum provedeny metodou plo$né exkavace byl uplatinovan pouze
v prostoru téZnich Sachet. Preparace situaci probihala po jednotlivych
stratigrafickych jednotkdch (kulturnich vrstvach) aZ na droven intaktni-
ho geologického podlozi. SniZeni svrchni recentni nadloZni vrstvy na
troven archeologického terénu bylo obvykle provedeno mechanizaci.
V jizni ¢dsti mésta (Zelny trh), ve které se podloZi nachdzi cca 0,5 az
1 m pod soucasnym terénem, predchdzel archeologicky vyzkum Sachet
vlastni stavbé. V severni ¢dsti mesta (napr. Koblizn4 ulice) bylo nezbyt-
né nejprve odt€zit cca 1 m, zabezpedit téZni jdmu ocelovym rdmem
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Obr. 2 Pohled na drevéné roubeni studny ze 2. pol. 13. stoleti (10. stavba ko-
lektoru ndmésti Svobody; foto Archaia Brno)
Fig. 2 A view of timbering of a well from 214 half of the 13" century (Lot No.
10 of the utility tunnel in Svobody Square; photo courtesy of Archaia Brno)
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Obr. 1 Aktualizovany plin sité¢ sekunddrnich kolektoru v HJMB. Plin je poskytnuty se souhlasem OTS MMB
a spolecnosti Poyry Environment, a. s.

Fig. I Updated layout of secondary utility tunnels in the HCCB. The layout is presented with the consent of the Brno
Department of Utility Networks and Poyry Environment, a. s.

bases of utility tunnels in individual mined sections ranges mostly from
six to seven metres under the terrain surface and the height of the over-
burden varies between two and three metres.*! The height and width of
the excavated profile on main routes range from 3.2 to 4.2m and 2.4 to
3.7m, respectively. Mining methods have been applied to the construc-
tion, with the excavation round lengths of approximately 0.8m. Part of the
utility tunnel body are stubs heading toward individual buildings. The
utility tunnel construction is attended by numerous groundwork items
associated with the tunnel, e.g. hoisting shafts with the dimensions of 5 x
7.5m, gullies on storm sewers (approximately 1 x 1m), ventilation shafts,
trenches required for underpinning of neighbouring buildings and diver-
sions of the gas pipeline which is not led through the utility tunnel. Some
shorter sections, for example the section in Dominikdnské Square, were
built by the cut-and-cover method.

Stage I of the secondary utility tunnel network (1992-2001) was
archaeologically monitored in a non-systematic and relatively random
way; it comprised the following construction lots: Lot 1 — Josefska Street
— Masarykova Street; lot 2 — Josefskd Street — Minoritskd Street — Orl{
Street; lot 3 — Kapucinské Square — Kvétinarskd Street; lot 4. — Panskd
Street — Radnicka Street; lot 5 — Janska Street; lot 6 — Janska Street —
Malinovského Square. The total length of the sections forming Stage

Obr. 3 Pohled na proraZeny barokni sklep (10. stavba kolektoru ndameésti
Svobody; foto Archaia Brno)

Fig. 3 A view of a Baroque cellar broken through (Lot No. 10 of the utility
tunnel in Svobody Square; photo courtesy of Archaia Brno)
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Obr. 4 Preparace archeologickych situaci z pocdtku 13. stoleti v rdmci 156
pred obchodnim domem centrum na Koblizné ulici (7. stavba kolektoru
Kobliznd—Postovskd—Kozi; foto Archaia Brno)

Fig. 4 Preparation of archaeological situations from the beginning of the
13th century, carried out within the framework of TS6 shaft in front of
Centrum department store in Kobliznd Street (Lot No. 7 of the utility tunnel
KobliZna—Postovskd—-Kozi; photo courtesy of Archaia Brno)
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a postupné snizovat terén az do drovné geologického podloZi, které se
zde nachdzi v hloubce cca 4 m. Tento zpUsob vyzkumu byl kompliko-
vanéjsi, nebot’ vyZadoval tizkou soucinnost se stavbou, kterd zabezpe-
Covala prubézné osazovéni dalsich ocelovych rdmu a torkretdz stén
Sachty. Vyzkum jedné Sachty v obou pfipadech neprekrocil 5 az 10 dni.

Vlastni trasa kolektoru byla podpovrchové razena z téznich Sachet.
Dno razby se nachdzelo v hloubce pfiblizné 6-7 m pod soucasnym
povrchem. Sitka hlavni razby se pohybovala zhruba od 2,5 do 3,5 m,
vyska zhruba okolo 3-3,5 m. RaZba probihala hornickym zpaisobem po
priblizné metrovych tsecich, ruéné nebo pomoci mechanizace. Kromé
hlavn{ trasy kolektoru byly raZeny jeSté rozrazky k jednotlivym domim
a kanalizaCni pfipojky. Jejich $itka se pohybovala okolo 1-2,5 m. Nas{
prvotni snahou bylo kresebné a fotograficky dokumentovat kazdé nové
Celo razby a zpétné i boéni fezy, coz se ve druhém pripadé az na vyjim-
ky nedarilo. RaZba byla sledovéna kazdodenné, v pfipadé pozitivniho
zjistén{ i vicekrét za den. Zpocatku byla dokumentovdna systematicky
kazda situace, pozdéji bylo od dokumentace archeologicky negativnich
situaci upousténo. Pro archeologické prace byly vyuzivany prestivky
na svafinu. Padorysnou dokumentaci odkrytych situaci bylo mozné
porizovat jen ve specifickych pripadech (konstrukce ve stropé nebo
zasahujici pod dno kolektoru, tvar nékterych vykopu). Velmi obtiZny
byl obvykle odbér nélezu a vzorka.

DuleZitou soucdst vyzkumu predstavoval dohled a dokumentace pre-
lozek inzenyrskych siti, pripojek a dalSich vykopu souvisejicich se stav-
bou. Mély rizny tvar a rozméry a dosahovaly riznych hloubek od 0,5 az
4 m. Pouze ve vyjime¢nych pripadech, napr. na Dominikdnském ndmes-
ti, byly nékteré vykopy zkoumany formou plo§ného odkryvu, ktery trval
cca 10 pracovnich dnfi a stavba s témito pracemi dopredu pocitala.

Odhalené situace byly v ndvaznosti na archeologicky vyzkum sledo-
vény i geologicky (Mgr. Lenka Lisa, Ph.D., Geologicky tstav AV CR),
a to véetné odbéru vzorku zemin. Pfedbézné lze konstatovat, Ze byl opa-
kované doloZen prechod terciérni sedimentace do kvartérni. Ta se proje-
vovala po celou dobu raZby spraSovymi sériemi a pohibenymi pudami,
vykazujicimi navic jevy typické pro deluvidlni sedimentaci a kryogenn{
textury.

PrestoZe stavba sekundédrnich kolektora v HIMB byla provddéna pod
souCasnymi komunikacemi a obecné by se mohlo zddt, Ze jde vesmés
0 nezajimavy prostor, ktery byl povétSinou znifen nejruznéj§imi vyko-
py pro inZenyrské sit€ v prubéhu 20. stoleti, vibec tomu tak neni. Na
prelomu 19. a 20. stoleti v dusledku tzv. asanace méstské zdstavby byla
fada ulic rozsitena a pod soucasnou vozovkou zustaly zdklady historic-
ké zédstavby a fada historickych sklept. Pod soucasnymi komunikace-
mi byly jiz od stfedovéku vedeny také nejruznéjsi inzenyrské stavby,
nejstar$i vodovod mdme dokumentovan z obdobi pozdniho stredovéku.
Pod dne$nimi ndméstimi je dodnes dochovana fada zasypanych studni,
kou mame dokumentovany také Stérkovani cest (méstskych komunika-
ci) s Cetnymi drobnymi ndlezy. Vyjimkou nejsou ani situace nejruznéj-
Sich odpadnich jam pochdzejicich prevazné z obdobi pocdtku mésta.
Prostor Moravského ndmésti se navic rozklddd na severnim okraji
mésta a zasahuje do historického predmésti, pod dlazbou jsou zde
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Obr. 5 Dokumentace Fezu stiedovékym souvrstvim — stény TS6 (7. stavba
kolektoru KobliZnd—Postovskd—Kozi; foto Archaia Brno)

Fig. 5 Documentation of a section — a wall of TS6 shaft (Lot No. 7 of the uti-
lity tunnel Kobliznd—Postovskd—Kozi; photo courtesy of Archaia Brno)

I amounts to 1790m, which is approximately 32 per cent of the anticipat-
ed complete system length. As far as stages II and III are concerned,
archaeologists managed to carry out a regular saving archaeological
research.”!

Stage II (2003-2005) comprised: lot 7 — Koblizna Street — Postovska
Street — Kozi Street; lot 8 — Sukova Street; lot 10 — Svobody Square —
North,East; lot 11 — Svobody Square — West, Zdmecnickd Street; lot 18 —
Zelny Trh Square — Starobrnénskd Street. The total length of the Stage IT
tunnel was 1651m, which is about 26 per cent of the anticipated length of
the complete utility tunnels system length.

Stage III (2008-2010) comprised construction lot 19 — Vesela Street
— Dominikanské Square. The total length of the Stage III section is 205m,
which is roughly 4 per cent of the anticipated length of the entire system.
In addition, the construction and reconstruction of utility networks, which
was carried out in Moravské Square partially using mining methods in
2009 and 2010, was documented. The work was planned to be part of
construction lot 13, which was later cancelled.

METHODOLOGY AND OBJECTIVES OF THE SURVEY

The survey using the full-area excavation method was applied only in
the areas of hoisting shafts. Preservation of situations was performed in
individual stratigraphic units (cultural layers) down to the intact geologi-
cal sub-grade level. Lowering of the recent upper cover layer to the archae-
ological terrain level was usually carried out using mechanical equipment.
In the southern part of the city (Zelny Trh Square), in which the sub-grade
is found about 0.5 to 1.0m under the current terrain level, the archaeolog-
ical survey of shafts preceded the construction work itself. In the northern
part of the city (e.g. Kobliznd Street), it was first necessary to excavate an
about 1.0m thick cover, support the hoisting shaft by a steel frame and
lower the terrain in steps, down to the level of the geological sub-grade,
which is found at the depth of about 4.0m in this location. This survey pro-
cedure was more complicated because of the fact that it required close
cooperation with the construction, which carried out continuous installa-
tion of additional steel frames and spraying of concrete on the shaft walls.
In both cases the survey of one shaft did not exceed 5 to 10 days.

The utility tunnel route itself was driven under the surface from hoist-
ing shafts. The excavation bottom was found at the depth of about 6 — 7m
under the existing surface. The width of the excavated cross-section on
the main route varied roughly from 2.5 to 3.5m, the height fluctuated
approximately about 3 — 3.5m. The excavation was carried out using min-
ing methods, approximately in one metre long rounds, manually or by
means of mechanical equipment. In addition to the main tunnel route
excavation, there were short stubs of tunnels toward individual buildings
and tunnels for house services driven. Their width fluctuated about 1 —
2.5m. Our initial effort was to document each new excavation face and,
after the excavation, also the side walls, by drawings and photographs.
Unfortunately, save for some exceptions, attempts to provide the latter
documentation failed. The excavation was monitored daily, even several
times in a day in the case of positive findings. At the beginning, each sit-
uation was documented in a systematic way; later documenting archaeo-
logically negative situations was abandoned. Archaeological work was
carried out during tea breaks. Ground plan documentation of exposed
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Obr. 6 Rekonstrukce pudorysu gotické zdstavby a prubéhu stiedovékého
opevnéni pri Brance na zdkladé poznatku ucinénych v ramci vystavby kolek-
toru (7. stavba a 8. stavba Sukova)

Fig. 6 Reconstruction of the ground plan of Gothical buildings and the lay-
out of Medieval fortification at Branka, carried out on the basis of findings
made during the course of the utility tunnel construction (Lot No. 7 and lot
No. 8 Sukova Street)

konzervovény celé pudorysy zdkladu stredovékych domu a dlouhé
useky nékdejsi mestské fortifikace.
Vlastni archeologicky vyzkum mél nékolik hlavnich cilt:
1. vyzvednuti cennych archeologickych ndlezu (artefaktl) dotéenych
stavbou;
2. topografickou rekonstrukci nékdejsiho pribéhu jednotlivych ulic
a dil¢ich historickych staveb (napr. stfedoveéké branky v ulici
Kobliznd) a bliz§{ osvétleni jejich stavebniho vyvoje;
3. dokumentaci historickych inZenyrskych zafizeni napf. vodovodu
a studni;
4. dokumentaci dprav povrchu stfedovékych komunikaci
a rekonstrukei historického reliéfu mesta.

VYSLEDKY VYZKUMU

Vlastni vyzkum pfinesl velké mnoZstvi dil¢ich vysledka, ze kterych
se budeme snaZit stru¢né a ilustrativné prezentovat pouze malou &dst.

Nejstar$im a nejprekvapivéjsim nédlezem, ktery byl v pribéhu arche-
ologického vyzkumu kolektoru Koblizna ucinén, je kratky dsek (cca
1,5 m) hrotitého prikopu dokumentovaného v sondé 20. Na zdkladé
fragmentu keramiky objevenych v zdsypu lze tento pifkop datovat do
obdob{ mladsi doby kamenné (neolitu), resp. star$tho stupné lidu kul-
tury s moravskou malovanou keramikou (cca 4700 az 4000 pred
Kristem). Nélez je mozné interpretovat jako pozustatek kruhového kul-
tovniho objektu — tzv. rondelu. Je nejsevernéj§im ndlezem svého druhu
na Morave.

Zcela zdsadni byl vyzkum pro osvétleni otdzky mozZné existence
tzv. Méstského potoka, jiz témer sto let predpoklddaného na zdklade
nékolika mdlo historickych indicii. Potok mél téci po Koblizné ulici
a zaniknout nékdy ve 13. ¢i 14. stoleti. Jiz v prabéhu terénni &dsti
vyzkumu byly proti této predstavé vzneseny silné ndmitky a po
dokonceni vSech vétvi razby bylo konstatovéano, Ze hypotéza hledaji-
cf kvartérni vodni tok, ktery by se v téchto mistech doZil vrcholného

Obr. 7 Dominikdnské namésti — TS1, detail novovékého vodovodu 7 pielomu
17. a 18. stoleti (19. stavba Veseld—Dominikdnské ndmésti; foto Archaia Brno)
Fig. 7 Dominikdnské Square -TS1 shaft, a detail of a Early Modern water
line from the end of 17t century (Lot. No. 19 Veseld Street-Dominikdnské
Square; photo courtesy of Archaia Brno)

Obr. 8 Detail spojeni keramickych vodovodnich trubek odkrytych v ramci TSI
(19. stavba Veseld—Dominikdnské namésti; foto Archaia Brno)

Fig. 8 A detail of a joint between clayware water pipes exposed within the fra-
mework of sinking TSI (Lot No. 19 Veseld Street-Dominikdnské Square;
photo courtesy of Archaia Brno)
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Obr. 9 Vydieva roubené studny z 2. pol. 13. stoleti (19. stavba Veseld-
—Dominikdnské ndamésti; foto Archaia Brno)

Fig. 9 Timbering of a well from the 2nd half of the 13th century (Lot No. 19
Veseld Street-Dominikdnské Square; photo courtesy of Archaia Brno)

sttedovéku, nemad ve zji§téné ndlezové situaci prozatim opodstatnént,
a to jak geologické, tak archeologické.

Komplexnim vyzkumem se ndm podafilo upfesnit vyvoj historické
zastavby ulic Sukovy, Koblizné, Postovské, Kozi, Starobrnénské,
namesti Svobody a Zamecnické. V rdmci ulice Sukovy bylo napf.
dokumentovano i hospoddrské zdzemi jedné z méStanskych parcel
reprezentované nékolika odpadnimi jimkami a odpadnimi jamami
z obdobi od 13. do 16. stoleti. Z téchto objektu pochézi fada ndlezu stie-
dovéké keramiky a skla.

V razbich byly také opakované naruSovany sklepy historickych
domi zminénych ulic, které patrné viceméné funguji v téméf nezméne-
né trase od vrcholného stiedovéku. Rada sklepu byla zndmad jiz pred
zapoCetim razby z projektu Sanace podzemi, ktery predchézel vystav-
bé kolektoru, nékteré vSak byly zkoumdny poprvé (napf. namésti
Svobody 10, 13, 16, 19, 20, Mecovd 7, Starobrnénskd 7, 16, Zelny trh
16). Bohuzel prave nejcennéjsi gotické a pozdné gotické sklepy byly
Casto razbou z velké ¢dsti zcela zniceny.

Jednou z kli¢ovych otdzek, na kterou mél vyzkum kolektort
Kobliznd odpovédét, je prubéh méstské hradby a podoba nejstarSich
¢asti opevnéni. Na vychodé uzavirala ulici Kobliznou méstskd hradba,
kterd zde byla nejpozdéji ve 14. stoleti prolomena tzv. méstskou bran-
kou (portula civitatis) poprvé zminénou az roku 1343. Historick4 situ-
ace byla rekonstruovdna na zdkladé archeologického vyzkumu
v prostoru Sachty T6 pred OD Centrum na Koblizné ulici.

Jeden z ucelenéjsich vysledku vyzkumu sekundédrniho kolektoru ndm
prinesl odkryv v prostoru Jakubského ndmésti v miste, kde v 19. stole-
ti stdval ndrozni dum. Prostor pri Usti ulic Kozi, Béhounska a Jezuitska
byl bohuZel postupné zni¢en radou diléich terénnich vykopu, kvili kte-
rym se vSak podafila provést alespon Céaste¢nd rekonstrukce tohoto
mista. Z hlediska historické topografie vime, Ze v téchto mistech staval
dum Jakubské ndm. &. p. 110 —,,Café Spranz*, ktery byl zbouran roku
1907 v souvislosti s asanaci historického jadra Brna. K tomuto domu
existuje historicky pldn, takZe je mozné v kombinaci s vysledky arche-
ologického vyzkumu celou situaci ¢dste¢né rekonstruovat.

V rémci vyzkumu sekunddrnich kolektora bylo dokumentovano
nékolik studni. Tti pochézely ze 13. stoleti a mely dfevénou konstruk-
ci (jedna na Dominikdnském namésti a dv€ na ndmésti Svobody). Tti
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situations could be provided only in specific cases (structures in the
excavation crown or extending under the utility tunnel bottom, geometry
of some trenches). It was usually very difficult for archaeologists to col-
lect findings and samples.

Supervision and documentation of diversions of utility networks, house
services and other trenches associated with the project formed a significant
part of the research. They differed in geometry and dimensions and their
depths varied from 0.5 to 4m. It was only in exceptional cases, e.g. in
Dominikdnské Square, that some trenches were examined in the form of
a full-area exposure, which took approximately ten working days; the con-
struction management had allowed for these activities in advance.

The revealed situations were even monitored from the geological point
of view (Mgr. Lenka Lisd, PhD., the Institute of Geology AS CR), includ-
ing collecting ground samples. It is possible to preliminary state that the
transition of Tertiary sedimentation to Quaternary sedimentation was
repeatedly documented. The latter manifested itself throughout the tunnel
excavation period by loess series and buried soils, which, in addition, exhib-
ited phenomena typical for deluvial sedimentation and cryogenic textures.

Despite the fact that the construction of secondary utility tunnels in
the HCCB was carried out under existing roads and, in general, it could
seem that this space was mostly unattractive because of the fact that it had
been mostly damaged by various trenches for utility networks during the
20t century, the truth was completely different. Many streets were
widened at the turn of the 20t century as a result of the redevelopment of
the urban setting. Foundations of historic buildings and numerous cellars
remained under the today’s road surface. Various utilities were led under
the current roads from the Middle Ages; we have documented the oldest
water pipeline to exist in the late Middle Ages. Several backfilled wells
have been preserved under current squares up to the present time; the old-
est of them date from the 13t century. Road (street) gravelling with
numerous minor findings has been documented in several locations under

.
!

Obr. 10 Odebirdni vzorku vydrevy studny pro dendrochronologickou analyzu
(19. stavba Veseld-Dominikdnské namésti; foto Archaia Brno)
Fig. 10 Collecting samples from well timbering (Lot No. 19 Veseld
Street-Dominikdnské Square; photo courtesy of Archaia Brno)



19. rocnik - €. 4/2010

Obr. 11 Archeologické situace odkryté pri vykopu nadzemni &dsti kolektoru na
Dominikdnském namésti v Brné, vykopy vstupu do dievohlinéného suterénu stre-
dovekého domu (19. stavba Veseldi—Dominikdnské ndamesti; foto Archaia Brno)
Fig. 11 Archaeological situations exposed during the excavation for the
above-ground part of the utility tunnel leading to Dominikdnské Square in
Brno; excavation for the entrance to the timber-loam basement (Lot No. 19
Veseld Street—-Dominikdnské Square; photo courtesy of Archaia Brno)

byly vyzdény z kamenu (v Koblizné a Zdme&nické ulici a na Zelném
trhu). Dal3i studny byly vydfevené. Cést konstrukce unikétné zachova-
né studny z ndmésti Svobody byla peclivé rozebrina, konzervovana
a ndsledn¢ zpét zrekonstruovéana jako expondt, ktery je dnes soucdsti
stdlé vystavy v Muzeu mésta Brna na Spilberku. Vyzvednuti &sti stud-
ny bylo patrné nejvetsi komplikaci, kterou zdchranny archeologicky
vyzkum pii vystavbé sekunddrnich kolektort v HIMB pfinesl. Stavbé
tato situace prinesla nékolikadenni zdrZeni.

V prostoru téZn{ Sachty na Dominikdnském ndmeésti byl dokumento-
van rané novoveky vodovod (17. stoleti), z néhoZz bylo vyzvednuto
nékolik keramickych trubek.

Diky fadé vykopu a preloZek inZenyrskych siti byl upfesnén staveb-
ni vyvoj tzv. Krdlovské kaple zaloZené Ceskym krdlem Viaclavem II.
roku 1297 a charakter zdstavby nékdejsi severni uli¢n{ fronty Rybného
trhu (dne$ni Dominikdnské namésti).

ZAVER

Archeologické vyzkumy doprovdzejici velké inZenyrské stavby
jako sekundérni kolektory se mnohym laikim a technikim mohou
zddt jako zbyte¢né. Cilem naSeho kritkého prispévku bylo poukdzat
na zajimavé vysledky, které tyto vyzkumy pfinesly v uplynulych
sedmi letech v Brné. Chtéli jsme poukdzat hlavné na skute¢nost, Ze
obecnd predstava: ,,na ulici je uz viechno prekopané sitémi a vse je
pouze navazka“ vibec neodpovidéd realit€. Archeologické situace
jsou leckde zachované ve velmi dobrém stavu a zni¢i je aZ zemni
préice souvisejici s vystavbou kolektor. Patrné hlavnim duvodem
urdité nevraZivosti stavar vaci archeologim jsou terminy, piipadné
vynaloZené finanéni prostredky. V obou pripadech to neni nepreko-
natelny problém. Pokud se s pracovniky v oblasti pamétkové péce
spolupracuje jiz ve fazi projektové pripravy, lze harmonogramy

the current roadways. Even the situations of various waste holes which
mostly originated in the city origination period are not exceptional. In
addition, the space of Moravské Square is situated on the northern edge
of the city, extending into the historic suburb. There are complete ground
plans of foundations of medieval buildings and long stretches of former
urban fortification preserved under the cobblestone pavement in this area.

The archaeological survey itself had several main objectives:

1) collecting valuable archaeological findings (artefacts) affected by
the construction;

2) topographical reconstruction of the former routes and locations of
individual streets and partial historic structures (e.g. medieval
gates in Kobliznd Street) and more detailed explanation of their
development;

3) documenting historic utility facilities, e.g. water pipelines and
wells;

4) documenting the design of the surface of medieval roads and
reconstructing the historic relief of the city.

RESEARCH RESULTS

The research itself yielded a large quantity of partial results; we will try
to present only a small portion of them, in a concise and illustrative way.

The oldest and most surprising finding revealed during the course of the
archaeological research for the Kobliznd Street utility tunnel is a short section
(about 1.5m long) of a pronged trench documented in trial hole No. 20. This
trench can be dated, on the basis of clayware fragments discovered in the
backfill, to the Younger Stone Age (the Neolite period) or the older stage of
the people of the Moravian painted ware culture (approximately 4700 to 4000
BC). The finding can be interpreted as remains of a circular cult structure — the
so-called roundel. It is a northernmost finding of its kind in Moravia.

The research was absolutely crucial for the clarification of the issue of
the possible existence of the so-called Town Brook, which has been for
nearly hundred years presumed on the basis of some historic indications.
The brook was assumed to flow along Koblizna Street and disappear some-
time during the 13t or 14th century. It was as early as during the field sur-
vey stage that strong objections were raised against this notion and it was
stated after the completion of all branches of the underground excavation
that the hypothesis seeking a Quaternary water course which would have
existed in the High Middle Ages has, for the time being, no substantiation
in the encountered finding situation, neither in terms of geological non
archaeological findings.

We managed through the comprehensive research to improve the
knowledge of the development of historic buildings on Sukova, Kobliznd,
Postovskd, Kozi, Starobrnénskd and Zamecnickd Streets and Svobody
Square. For instance, as far as Sukova Street is concerned, farming hin-
terland of one of burgher ground plots represented by sumps and waste
holes dated from the 13t to 16th century was documented. Many findings
of medieval clayware and glass were made in these locations.

In addition, the underground excavation activities repeatedly dis-
turbed cellars of historic buildings in the above-mentioned streets, which
have probably been more or less in operation on the route nearly
unchanged since the High Middle Ages. Numerous cellars had been
known even before the excavation started from the project of
Rehabilitation of Underground Spaces, which preceded the utility tunnel
construction project. But some cellars were surveyed for the first time
(e.g. Svobody Square 10, 13, 16, 19, 20, Mecova Street 7, Starobrnénskd
Street 7, 16, Zelny Trh Square 16). Unfortunately, a significant part of the
most valuable Gothic and Late Gothic cellars was often completely
destroyed by the tunnel excavation.

One of crucial questions the research on the utility tunnels in
Koblizna Street was expected to answer is the route of the town wall and
the shape of the oldest parts of the fortification. In the east, Kobliznd
Street was closed by the town wall, which was, not later than the 14t cen-
tury, broken through, forming the so-called Town Gate (portula civitatis),
which was mentioned for the first time in 1343. The historic situation was
reconstructed on the basis of the archaeological survey in the area of shaft
T6 located in front of Centrum department store in KobliZnd Street.

One of the most comprehensive results of the survey for the second-
ary utility tunnel was obtained from the exposure in the area of Jakubské
Square, in the location where a corner building used to stand in the 19th
century. Unfortunately, the space at the mouths of Kozi, Béhounskd and
Jezuitskd Streets was gradually destroyed by many partial excavations,
owing to which, on the other hand, at least partial reconstruction of this
location could be successfully accomplished. From the perspective of his-
torical topography, we know that there was the Jakubské Square No. 110




Obr. 12 Dokumentace pozdnéstredovékého zdkladu vyzdeni méstského priko-
pu v ramci razby kolektoru na Moravském nameésti (foto Archaia Brno)

Fig. 12 Documentation of the Late Medieval foundation of a town-moat wall
carried out within the framework of the excavation of the utility tunnel in
Moravské Square (photo courtesy of Archaia Brno)

stavby prizpusobit zdchrannym archeologickym pracim v terénu.
Ostatné z hlediska Casu jsou nejndronéjsi zemni price souvisejici
s hloubenim téZnich Sachet, jde cca o 5 nejvyse vSak 10 pracovnich
dni. Archeologicky dohled vlastni razby probihd prubézné, tak aby
minimélné naru§il podzemni price. Doufdme, Ze vysledkem dobré
spolupréce stavaru, archeologli a pamétkéfﬁ muZe byt nejen hladky
prabéh vlastnich inZenyrskych staveb, ale i pozndni ¢dsti nasi boha-
té minulosti. A to nenf mdlo.

MGR. VACLAVKOLAI?I'K vkolarik @archaiabrno.cz,
MGR. MAREK PESKA mpeska@archaiabrno.cz,
MGR. ANTONIN ZUBEK azubek@archaiabrno.cz,
ARCHAIA BRNO, 0. p. s.

Recenzoval: doc. Ing. Vladislav Hordk, CSc.

LITERATURA / REFERENCES

¢. 4/2010

19. rocnik -

building “Café Spranz” in this location, which was torn down in 1907 in
the context of the rehabilitation of the historic core of the city of Brno.
A historical drawing of this building exists; therefore, it is possible in
combination with results of the archaeological survey to partially recon-
struct the whole situation.

Several wells were documented within the framework of the research
for the secondary utility tunnels. The structures of three of them, origi-
nating in the 13t century, were made of timber (one in Dominikénské
Square and two in Svobody Square). Three were lined with masonry (in
Kobliznd and Zdmecnickd Streets and in Zelny Trh Square). Other wells
were provided with timbering. Part of the structure of a uniquely pre-
served well from Svobody Square was carefully dismantled, conserved
and subsequently again reconstructed as an exhibit, which is currently
part of a permanent exhibition in the Brno City Museum on Spilberk Hill.
Lifting of parts of the well was probably the most serious complication
the saving archaeological survey brought about during the construction of
secondary utility tunnels in the HCCB. As far as the construction work is
concerned, this situation caused a several days’ delay.

An Early Modern Era water pipeline (the 17th century) was docu-
mented in the area of the hoisting shaft in Dominikdnské Square. Several
earthenware tubes were collected from the pipeline.

The building development of the so-called Royal Chapel, which was
founded by Czech king Wenceslas II in 1297, and the character of build-
ings in the former northern frontage of Rybny Trh Square (today’s
Dominikdnské Square) were clarified owing to the numerous tranches for
utility networks and their diversions.

CONCLUSION

Archaeological surveys accompanying large civil engineering proj-
ects such as secondary utility tunnels may seem to many lay persons and
technicians to be unnecessary. The objective of our short paper was to
point out the interesting results yielded by these surveys during the past
seven years in Brno. We wished to advert first of all to the fact that the
general notion that “everything in the streets was dug over during the
work on utility networks, therefore everything is only man-made ground”
does not at all correspond to the reality. Archaeological situations are in
various locations in very good condition. They are destroyed only during
the groundwork associated with the construction of utility tunnels.
Probably the main cause of certain animosity of builders towards archae-
ologists is the deadlines or financial means invested in their operations. In
both cases this is not an insurmountable problem. If builders collaborate
with workers employed in the area of care of historical monuments as
early as the designing stage, construction schedules can be adapted to sav-
ing archaeological operations in the field. Besides, from the aspect of
time, the most demanding groundwork is the sinking of hoisting shafts; it
takes about 5 working days, never more than 10 days. Archaeological
supervision over tunnel excavation itself is carried out continuously in
a way reducing disruption of underground work to a minimum level. We
believe that good collaboration between builders, archaeologists and con-
servationists can result not only in a smooth course of the construction
work itself but also in improving the knowledge of our chequered histo-
ry. It is therefore worth our efforts.
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FOTOREPORTAZ Z VYSTAVBY TUNELOVEHO KOMPLEXU BLANKA
(STAV K 11/2010)

PICTURE REPORT ON THE CONSTRUCTION OF THE BLANKA COMPLEX
OF TUNNELS (As OF 11/2010)

i
= =1 B

- LT T

|
|

Obr. 1 Zajisteni stavebni jamy Patockova pro hloubené tunely SAT 2B
Fig. 1 Stabilisation of the Patockova Street construction trench for SAT 2B
cut and cover tunnels
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Obr. 3 Portdl vzduchotechnického kandlu v jaimé Myslbekova
Fig. 3 Ventilation duct portal in the Myslbekova construction pit

Fig. 2 The Myslbekova Street construction pit and the construction site for
Patockova Street cut-and-cover tunnels

Obr. 4 Stavebni jama Myslbekova a stavenisté hloubenych tuneli Patockova
Fig. 4 The Prasny Most construction pit
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Obr. 5 Priprava k zahdjeni raZby severniho tunelu Brusnice z jamy Prasny most Obr. 6 Rozplet vjezdové rampy 2 a jizniho tunelu u Hradcanské
Fig. 5 Preparations for commencing the excavation of the northern tube of Fig. 6 Bifurcation of the exit ramp No. 2 and the southern tunnel tube near
the Brusnice tunnel from the Prasny Most construction pit Hradcanskd station

Obr. 7 Vystavba jiZznich ramp kiizovatky U Vorliku
Fig. 7 Construction of southern ramps of the U Vorliku grade-separated

Obr. 8 Definitivni osténi v misté napojeni strojovny vzduchotechniky a TGC4
. A Fig. 8 The final lining at the connection of the ventilation plant cavern and the ser-
intersection vice centre TGC 4

Obr. 10 Klasickd a klenbovd konstrukce jizniho hloubeného tunelu v Troji
Obr. 9 RazZba vzduchotechnického kandlu 04 pod Letnou Fig. 10 Classical structure and vaulted structure of the southern cut-and-
Fig. 9 Excavation of the Ventilation Duct 04 under Letnd cover tunnel in Troja
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FOTOREPORTAZ ZE SLAVNOSTNIHO OTEVRENI SILNICNIHO
OKRUHU KOLEM PRAHY STAVEB 512, 513 A 514

PICTURE REPORT OF THE INAUGURATION OF PRAGUE CITY RING
ROAD SECTION COMPRISING LOTS 512, 513 AND 514

Obr. 1 Pohled od portilu Komorany stavby 513
Fig. 1 A view from the Komorany portal, Lot 513

Obr. 2 Estakdda spojujici tunely staveb 513 a 514
Fig. 2 The viaduct connecting tunnels forming construction lots 513 and 514

Obr. 4 Pohled do udoli
Fig. 4 A view of the Vitava River valley

Obr. 6 Odména stavbaium za Styileté isili — Cocka a soda
Fig. 6 Reward for the builders for the four-year endeavour - lentils and soda water

Obr. 3 Architektonické ztvarnéni portdlu tunelu stavby 514
Fig. 3 Architectural design for tunnel portals, Lot 514

Obr. 5 Zahdjeni provozu za ucasti prezidenta republiky Viclava Klause,
ministra dopravy Vita Bdrty a primdtora Pavla Béma

Fig. 5 Opening to traffic event, in the presence of Mr. Vdclav Klaus, the
President of the Czech Republic, Mr. Vit Bdrta, Minister of transport, and Mr.
Pavel Bém, Lord Mayor of the City of Prague
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Obr. 7 Slavnostni prestriZeni pdsky
Fig. 7 Celebratory cutting the tape
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

10 LET CENY AKADEMIKA QUIDA ZARUBY PRO MLADE INZENYRSKE GEOLOGY A GEOTECHNIKY
10TH ANNIVERSARY OF PRESENTING QUIDO ZARUBA AWARDS FOR YOUNG ENGINEERING

GEOLOGISTS AND GEOTECHNICIANS

The Quido Zaruba Award is intended for young engineering geo-
logists and geotechnicians, to be presented for the most valuable and
interesting projects in the area of practice and research in the fields
of Soil Mechanics, Rock Mechanics, Engineering Geology,
Underground Construction, Foundation Engineering, Geotechnical
and Engineering-Geological Survey, and Environmental
Geotechnics. Candidates for the award must not exceed the age limit
of 36 years during the year for which the award is presented.

The award is presented by two Czech professional companies
acting in the field of engineering geology and geotechnics: the
Czech Association of Engineering Geologists and ARCADIS
Geotechnika, a.s., which, at the same time, guarantees and co-ordi-
nates the activities aimed toward the award and even sponsors the
award. Since 2009 the Slovak Association of Engineering
Geologists has joined the above-mentioned organisations.

The Award is presented annually on the occasion of the geotech-
nical seminar “Prague Geotechnical Days” for the best project in the
industry in the preceding year.

Academician Quido Zaruba was the founder of the new branch of
engineering geology in the 1920s, in the then Czechoslovakia. In
addition, he was a founding member of the IAEG, the International
Association for Engineering Geology and the first president of this
association.

Cena akademika Quido Zaruby je ur€ena pro mladé inZenyrské
geology a geotechniky za nejhodnotnéjs$i a nejzajimavéjsi préce
z oblasti praxe a vyzkumu v oborech Mechanika zemin, Mechanika
hornin, InZenyrskd geologie, Podzemni stavby, Zaklddani staveb,
Geotechnicky a Inzenyrskogeologicky prizkum a Environmentalni
geotechnika. Kandiddti na cenu nesmi v roce, za ktery se cena udé-
luje, prekrocit vékovou hranici 36 let.

Cenu udéluji obé Ceské profesni spolecnosti, plisobici v oboru inZe-
nyrské geologie a geotechniky CAIG a CGtS a spole¢nost ARCADIS
Geotechnika, a. s., kterd zdroven &innost sméfujici k vyhldSeni ceny
garantuje, koordinuje a cenu i sponzoruje. Od roku 2009 se k nim pri-
pojila i Slovenska asociace inZenyrskych geolog SAIG.

Cena se udéluje kazdoro¢né u prileZitosti geotechnického semi-
nare ,,Prazské geotechnické dny“ za nejlep$i praci v oboru
v predchézejicim roce.

Cena pozustava z:

1) Diplomu

2) Medaile akademika Q. Zaruby

3) Sponzorovéni dcasti na mezindrodni konferenci souvisejici se

zaméfenim ocenéného specialisty

S iniciativou zaloZit cenu akademika Quida Zdruby pri§la v roce
1999 Stavebni geologie Geotechnika, a. s., kterd se jako firma
k odkazu profesora Quida Zaruby, jeho pojeti inZenyrské geologie,
dnes bychom fekli geotechniky, hldsi. Pro tuto myslenku nasla pod-
poru jak profesnich organizaci, tak akademickych pracovist, kde se
inZenyrskd geologie a geotechnika predndsi.

STAVEBNI A BANSKA
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Poradi Cena za rok Jméno nositele
1 2001 Ing. Jan Novotny, CSc.
2 2002 Ing. Marian Marschalko, Ph.D.
3 2003 Ing. Lumir Mica, Ph.D.
4 2004 Ing. Alexandr Butovi¢, Ph.D.
5 2005 RNDr. Radovan Chmelar, Ph.D.
6 2006 Mgr. Lucie Bohdtkova
7 2007 RNDr. David Masin, M.Phil., Ph.D.
Praha
8 2008 RNDr. Marek Laho, Ph.D.
9 2009 Mgr. Jan Najser

Zaméstnavatel

Ustav mechaniky 5

a struktury hornin AV CR
VS Biiiskd, TU Ostrava

Ustav geotechniky,
Stavebni fakulta VUT Brno

SATRA, s. r. 0., Praha

PUDIS, a. s., Praha

Stavebni geologie
- Geotechnika, a. s.

Prirodovédecka fakulta UK,

Prirodovédecka fakulta,
Univerzita Komenského Bratislava

Pfirodovédeckd fakulta, UK Praha

Nizev ocenéné prace

Analyza vlivu vody na stabilitu svahu
v jilovitych hornindch

Projekt Fondu rozvoje vysokych skol
— FRVS 415 F 1 — InZenyrskd geologie
— vyukovy CD-ROM

Chovani vyztuZenych zemin

v podkladnich vrstvach

Projekt a fizeni pruzkumné $toly

pro tunel Krdlovska obora

Hodnoceni horninového masivu

pri aplikaci NRTM v poruchovych zénach
tunelu Mréazovka v Praze

Silnice 1/35, tunel Hiebed

— sanace sesuvu

Vyvoj hypoplastickych konstitu¢nich
modelt pro nestandardni geomateridly

Inzinierskogeologicky atlas
hornin Slovenska

Modelling of Lumpy Clay Fills

Za prdce predloZené v roce 2007 bylo navic v roce 2008 udeéleno zvldstni ocenéni komise panu Ing. Danielu Jirdsko za prdci ,,Vliv propustnych reaktivnich

bariér na proudeni podzemni vody*.

Smyslem ceny je udrzovat v poveédomi odborné verejnosti profesni
odkaz akademika Quida Zéruby, ktery zdsadnim zpusobem ovlivnil
vyvoj nejen Ceské a slovenské, ale i evropské inZenyrské geologie.
Dal3im divodem je motivovat mladé geotechniky a inZenyrské geology
k péstovan{ a dal§imu rozvoji tohoto krasného oboru.

Vyhodnoceni ceny provadi nezdvisld komise sloZend ze zdstupcu:
Ceské geotechnické spolecnosti, Ceské asociace inZenyrskych geolo-
gli, Katedry geotechniky Stavebni fakulty CVUT Praha, Ustavu hyd-
rogeologie a inZenyrské geologie, Prirodovédecké fakulty UK
v Praze, Ustavu geotechniky Stavebni fakulty VUT Brno, Katedry
geotechniky a podzemniho stavitelstvi FAST VSB Ostrava,
Slovenské asociace inzenyrskych geologt, Katedry geotechniky VUT
Bratislava a sponzora a organizdtora ARCADIS-Geotechnika, a. s.

Pravidla pro udileni cen jsou uvedena na webové strance
spolecnosti ARCADIS, kterd zaStitu a spoluorganizaci ceny od
své predchudkyné, Stavebni geologie Geotechniky prevzala
(www.arcadisgt.cz)

Kdo byl akademik Quido Zaruba?

ZkuSenym pracovnikim v oboru inZenyrské geologie a geo-
techniky to jisté neni tfeba pripominat. Pro mladsi kolegy vSak
bude stru¢nd pripominka této velké osobnosti eskoslovenské apli-
kované védy, s mimorddnym mezindrodnim vyznamem, jisté pri-
hodna.

Quido Zaruba byl ve dvacdtych letech minulého stoleti
v tehdej$im Ceskoslovensku zakladatelem nového oboru inZenyrska
geologie a i zaklddajicim ¢lenem mezindrodni spole¢nosti pro inze-
nyrskou geologii TAEG a jejim prvnim prezidentem.

Systematicky se zacala péstovat inZenyrskd geologie pravé ve
firme otce Q. Zaruby, kterd byla zaloZena jesté pred koncem 19.

stoleti. Quido Zdruba byl povéfen v této firmé v roce 1926 zalozit
sondovaci oddéleni. To mélo hned zpocéitku jasné definovanou
ndpln — zjistovéani geologickych poméra a zejména vlastnosti skal-
nich hornin a zemin a fesit problémy vznikajici jako dusledek zdsa-
hu inZenyrského dila do pfirozeného stavu horninového masivu
véetné vyuzivani zemin a hornin jako stavebniho materidlu.

Jesté v roce 1926 zajistilo sondovaci pracovisté 5 velkych pru-
zkumnych akei. Z nich nejvyznamnéjsi byl napriklad pruzkum pro
budovu Tabdkové rezie ve Slezské ulici na Vinohradech. Z roku
1927 1ze uvést pruzkum pro Stdtni galerii na Kampé a z dal§iho roku
pak pruzkumy pro velkou budovu Dopravnich podniki na nabrezi
Vltavy v HoleSovicich, prazkum pro budovu Nejvyssiho kontrolni-
ho dradu na Letné (dnes Ministerstvo vnitra) a pro budovu
Technického muzea rovnéz na Letné. Firma i mlady Quido Zaruba
se v té dobé téz ucastnili budovani velkych tunelovych staveb na
Slovensku.

Po roce 1948 bylo po zndrodnéni toto pracovisté zaclenéno jako
celek se v§emi odbornymi pracovniky do nové vytvorené celostdtni
projekéni organizace nazvané o néco pozdéji Stavoprojekt. Z ného
pak pozdéji vznikla zndma Stavebni geologie, predchudkyné dnes$ni
firmy ARCADIS-Geotechnika, a. s.

Sam Quido Zaruba byl v roce 1945 povolan na CVUT Praha, aby
zde znovuzfidil geologicky dstav na Fakulté inZenyrského stavitel-
stvi. V nasledujicim roce uz byl jmenovdn fadnym profesorem
a poté i vedoucim katedry geologie a zaklddani staveb. Od té doby
zdsadné ovliviioval vyvoj nové discipliny inZenyrské geologie
v celém Ceskoslovensku i v Evropé.
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Q. Zaruba profesné ovlivnil, dd se fici Ze vychoval, celou novou
generaci inZenyrskych geologu. InZzenyrskd geologie byla v té dobé
nucena reagovat na vysledky védecko-technického pokroku ve staveb-
nictvi a na jeho nebyvaly rozvoj. Quido Zdruba této priznivé okolnos-
ti pIné vyuzil. InZenyrska geologie se stala dulezitym multidisciplinar-
nim oborem a i diky nému jim zastala dodnes.

Quido Zéruba tehdy razil mySlenku, Ze vystupem Setfeni inZenyr-
skych geologli nemuZze byt pouze geologicky profil s vyznaenim
zdkladnich vlastnost{ pfitomnych zemin a hornin, ale Ze je tfeba stu-
dovat a predvidat i deformaéni odezvu horninového masivu na razné
varianty inZenyrskych zdsaha do jeho puvodniho stavu. Trval na tom,
Ze to vyZzaduje i aplikaci novych geotechnickych specializaci, jako je
mechanika zemin, mechanika hornin, laboratorni i polni zkusebnic-
tvi, monitoring, petrografie, stavebni geofyzika a v neposledni fadé
i matematické modelovani chovdni zemin a hornin za ruznych
podminek.

Soucasné Quido Zéruba vzdy zdurazioval, Ze i pii rozvoji inzenyr-
ského pristupu zaloZeného na rozvoji téchto novych disciplin nikdy
nelze ztratit ze zietele apriorni pochopeni pifrodnich procesu, které
vzdy predurcuji vlastnosti zemin i hornin a jejich budouci odezvu na
zménu puvodnich podminek v dusledku budovéni inzenyrského dila.

Tento jeho puvodni vklad do inZenyrské geologie a geotechniky
vzdy byl a stédle bude aktudlni.

To vSe vedlo k rozhodnuti, Ze spolecnost Stavebni geologie-
Geotechnika, dnes ARCADIS-Geotechnika, iniciovala zaloZeni ceny
akademika Quida Zaruby, kterd md vyznam mySlenek zakladatele
tohoto oboru pfipominat a ddle podporovat rozvoj inZenyrské geologie
a geotechniky.

Rekapitulace dosavadnich nositelii ceny

cen. Rychly pohled na seznam nositeli cen muze kazdého presvédcit,
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7e dnes jde o jiZz vesmés zndmé osobnosti oboru geotechnika ¢&i inZe-
nyrské geologie. SoutéZe se zicastnila i fada mladych specialista pra-
cujicich v oblasti tunelovych staveb.

Za préce predloZené v roce 2007 bylo navic v roce 2008 udéleno
zvlastni ocenéni komise panu Ing. Danielu Jirdsko za préci ,,V1iv pro-
pustnych reaktivnich bariér na proudéni podzemni vody*.

V roce 2008 bylo udéleno zvldstni uznani Ing. Janu Korejéikovi
z Metroprojektu za zpracovdni geotechnické problematiky v projektu
razené Casti prodlouzeni trasy metra ,,A“ a Ing. Vdclavu Racanskému
ze spolecnosti Keller — specidlni zakldddni za komplexni zpracovani
pravidel navrhovan{ tryskové injektdze.

Zarubova cena pro rok 2010

Organizdtorfi ceny spole¢né vyzyvaji vSechny ty, ktefi spliuji pod-
minky pro udéleni ceny za prace vypracované nebo prezentované
v roce 2010, aby si své nominace peclivé pripravili a s predstihem
je predlozili v terminu a ve formé predepsané pravidly soutéze, to
je nejpozdéji do 15. 4. 2011.

Vyzyvaji i zkuSené matadory oboru, aby v souladu s pravidly ceny
dali ndvrh nominaci svych mladsich kolegt v§ude tam, kde se domni-
vaji, Ze jde o kvalitn{ a zajimavé price.

V desétém jubilejnim roce soutéZe, kdy chceme zv14st pripomenout
nejen osobnost a zakladatele oboru Quido Zdruby, ale i klicovy
vyznam geotechniky a inZenyrské geologie pro dnes$ni inZenyrské
stavby, bude platit olympijské:

,.Neni diileZité zvitézit, ale ziicastnit se.

Komise pro udileni ceny proto ofekdva Cetné prihlasky i mladych
specialisti z oboru tunelovych a podzemnich staveb.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz, ARCADIS Geotechnika, a. s.

DOKONCENI RAZEB PRODLOUZENI LINKY CISLO 4 PARIZSKEHO METRA METODOU OBVODOVEHO

VRUBU S PREDKLENBOU

COMPLETION OF PARIS METRO LINE 4 EXTENSION EXCAVATION USING A MECHANICAL

PRE-CUTTING METHOD

The excavation of the Paris Metro Line 4 extension was success-
fully completed in November 2010, using the Perforex technique
(a mechanical pre-cutting method). The route passed across the
centre of the southern region of the city, through a layer of limes-
tones with relics of underground mining and under a very shallow
overburden (4 — 12m high). The excavated cross-sectional area was
70m?2 and the total length of the section was 900m, with 440m of
this length driven by the Perforex Technique.
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V listopadu 2010 byla tspésné dokoncena razba prodlouZeni
linky ¢&islo 4 metra v Pafizi. Razba byla realizovdna metodou
Perforex (metoda obvodového vrubu s predklenbou). Trasa proché-
zela centrem jizni &asti mésta (plocha &elby 70 m2, celkova délka
useku 900 m, z toho bylo 440 m vyrazeno metodou Perforex) vrst-
vou védpencu s relikty podzemniho dobyvani a pod velmi malou
vyskou nadlozi (mocnost nadlozi 4-12 m), viz obr. 1.

Metoda razby byla vybrdna kvuli jejimu minimédlnimu vlivu na
povrh a nadzemni zdstavbu. Razba podesla mimo jiné vnitini méstsky
okruh (Boulevard péripherique — Sestipruhd dalnice) s vyskou nadlo-
7i 4,5 m. Pozorovand sedani nepresihla hodnotu 8 mm, viz obr. 2.

BOULEVARD PERIPHERIQUE

Obr. 1 Schéma trasy
Fig. 1 Route layout

TLIES

Obr. 2 PFi¢ny rez — podchod vnitiniho méstského okruhu
Fig. 2 Cross-section — passage under the inner circle road
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Zajimavosti je, Ze byl pouZit vrubovaci stroj, ktery byl puvodné
dodan na stavbu tunelu Bfezno v roce 2004 (po zédvalu z kvétna
2003), ale nemohl zde byt nasazen. Pro stavbu v PafiZi bylo pouze
nutné dodat novy nosny oblouk stroje, aby odpovidal jiné geomet-
rii vyrubu tunelu parizského metra, viz obr. 3).

Vrubovaci stroj provedl 162 predkleneb s prumérnou rychlosti
postupu 10 m/tyden (to znamend 3 predklenby a sekunddrni osténi
v délce 10 m tydné; sekundarni osténi bylo provddéno tésné za
Celbou ve vzdalenosti 25 az 50 m). Celkovd doba razby byla 18
mésict. Po celou dobu razby nebyl zaznamenén Zddny vétsi defor-
madni problém na primédrnim osténi, povrchu terénu nebo na nad-
zemni zdstavbe.

Pro vice informaci je moZno navstivit www strdnky projektu:
http://extension-reseau.ratp.fr/m4/index .html.

B. BIZON, T. EBERMANN, tomas.ebermann@gmail.com,
Bec Freres SA

Obr. 3 Vrubovaci stroj
Fig. 3 Pre-vault tunnelling machine

ORIGINALNI AUTOMATICKY KONTINUALNI MONITORING OSTENI JABLUNKOVSKEHO TUNELU
ORIGINAL AUTOMATIC CONTINUAL MONITORING OF JABLUNKOV TUNNEL LINING

Part of the construction of the modern railway corridor passing
across the Jablunkov Pass at the northeastern end of the Czech
Republic is the reconstruction to the Jablunkov railway tunnel. Two
single-rail tunnels were driven in this location at the end of the 19th
century. Today they reached the end of their lives. The Jablunkov 2
tunnel (1917) is being reconstructed to a double-lane tunnel. The
Jablunkov 1 tunnel (1870) will maintain traffic running throughout the
reconstruction period.

In November 2009 the primary lining collapsed and the tunnel No. 2
caved in at the length of about 100m. After the collapse, significant
displacements of points stabilised in the stone masonry lining of Tunnel
No.1 were identified by standard convergence measurements in measu-
rement stations adjacent to the location where newly built Tunnel No. 2
collapsed. In addition, uncertainty developed regarding the safety of the
operating Tunnel No.1, which was enormously trafficked.

For that reason, ARCADIS Geotechnika, a.s., designed an automa-
tic, continual monitoring system of the operating Tunnel No.1, which
made uninterrupted surveillance over the stability of the stone mason-
ry lining possible without the need for a surveyor to enter the tunnel.

Rekonstrukce Zelezni¢niho tunelu Jablunkov je soucdsti stavby
modernizace Zelezni¢ntho koridoru prochdzejictho Jablunkovskym
prasmykem. Zde byly na konci 19. stoleti vyrazeny dva jednokolejné
tunely, které v dne$ni dobé dospély ke konci svych Zivotnosti.
Jablunkovsky tunel ¢. 2 (1917) je prestrojovdn na dvoukolejny.
V jablunkovském tunelu ¢. 1 (1870) je po celou dobu prestavby tune-
lu €. 2 zachovdn provoz.

V listopadu 2009 doslo ke kolapsu primarniho osténi a zdvalu tunelu
&. 2 v délce cca 100 m. Poté byly standardnim konvergenénim mefenim
zjistény vyrazné posuny sledovanych bodu stabilizovanych
v kamenném osténi tunelu €. 1 v méficich profilech priléhajicich k mistu
propadu nové budovaného tunelu €. 2. Proto musel byt provoz v tunelu
¢. 1 na deset dnu pro veskerou dopravu zcela zastaven s naslednymi
obrovskymi Skodami vyplyvajicimi z prerusené nakladni dopravy.

Kromé toho vznikla nejistota o bezpe¢nosti provozu dopravné
enormné zatiZzeného tunelu ¢. 1.

ARCADIS Geotechnika proto navrhla automaticky kontinudlni moni-
toring provozovaného tunelu ¢. 1, ktery by umoznoval nepretrzity dohled
nad stabilitou kamenného osténi, bez nutnosti vstupu geodeta do tunelu.
Vedouci likvidace havirie (dle vyhlisky CBU ¢&. 55/1996 Sb.) tento
ndvrh prijal a zdvaznym prikazem jej ur¢il jako jednu ze zdkladnich pod-
minek obnoveni vlakového provozu.

Nové vybudovany monitorovaci systém je zaloZen na instalaci geode-
tické totdlni stanice firmy LEICA TCA2003 a obsluzné IT techniky
primo v tunelu. V osténi jsou sledované body osazeny koutovymi odraz-
nymi hranoly (3 profily étyfbodové, 7 profilu pétibodovych). Nezbytnou

souddsti je elektrickd pripojka a zajisténi datového prenosu (internetové
pripojeni). Totdlni stanice je fizend programem APS-WIN. Z procedur
programu APS-WIN je vyuzita funkce ¢asovéni a exportu skupiny mére-
nych veli¢in jedné etapy. Transformace méfenych veli¢in v lokdlnim
systému sledovdni a jejich export do databdzového systému kanceldre
monitoringu (db BARAB) je feSena v programech vlastni provenience.
Do databdzového systému BARAB jsou exportovany souradnice sledo-
vanych bodu a relativni vzddlenosti mezi definovanymi body jednotli-
vych konvergen&nich profild.

Kontinudlni méfeni bylo spusténo dne 24. 11. 2009 v 18:00 a do 19.
12. 2009 probihalo v pulhodinovych intervalech. Do 27. 12. 2009 byl
pak nastaven hodinovy interval opakovanych méfeni, v soucasnosti je
interval méfeni dvouhodinovy.

Meéfeno je celkem 147 zprostredkujicich veli¢in (tj. vodorovny thel,
vertikdlni tdhel a Sikmd délka).

Stabilita osténi je kontrolovdna jednak prostfednictvim vyvoje sloZek
vektoru prostorové zmény sledovanych bodu (tj. seddni, pri¢né a podéIné
slozky) promitnutych do roviny konvergenéniho profilu s pocdtkem
v poloze uréené nulovym méfenim a zménou relativnich délek mezi defi-
novanymi body jednotlivych konvergenénich profilt.

Vysledky méreni jednotlivych etap jsou pro zdcastnénou verejnost
prezentovany v grafech ve formétu Casovych fad prostfednictvim data-
bazového portdlu BARAB. Pro fesitele tkolu je vytvoren pristup
k datam pres aplikace EXCEL.

V prubéhu provozu méfictho systému bylo nutno vyporadat se se
tfemi problémy.

Potreba stdlé persondlni kontroly vyvoje méfenych veliCin, vyskyt
odlehlych méfeni zpusobenych prijezdem vlakui a veliky objem dat
pusobici tézkopéadnost jejich prezentace.

Pro feSeni prvniho problému, tj. nutnost stdlé kontroly, byl ucinén
pokus vyuzit statistické metody pro automatickou detekci zmeny trendu
vyvoje sledovanych veli¢in. Byly osloveny tfi pracovi§té zabyvajici se
statistikou o pomoc pfi feSeni problému. Ukdzalo se, Ze zaddni sméfuje
do oblasti zdkladniho vyzkumu, nebot’ souasné metody statistické pre-
jimky fesi jen problém kontroly konstantnich veli¢in, feSeni tedy nebylo
nalezeno.

Vlastn{ ndvrhy feSeni dokazaly pokryt jen piipady, kdy dochézelo ke
zméndm trendu vyvoje, pro body nevykazujici pohyb bylo feseni nesta-
bilni. Zustala tedy povinnost denni kontroly dat.

Na jare roku 2010 bylo v databazovém systému BARAB archivovano
jiz cca 500 000 relaci. Pro rychlejsi odezvu db serveru bylo upusténo od
prezentace vSech relaci a namisto nich jsou prezentovany pouze denni
praméry. Pfi vypoctu dennich praiméra jsou detekovéna odlehld mérent
a jako takova nejsou do vysledku zahrnuta. Tak se urychlila odezva db

serveru a zklidnily grafy ¢asovych fad prezentovanych dat.



Zavér

Systém automatického kontinudlntho monitoringu kamenného osténi pro-
vozovaného tunelu Jablunkov €. 1 je v této dob€ v nepretrzité Cinnosti témer
10 mésict. Umoznil bezpe¢né provozovani dopravy v tunelu, ktery se nacha-
zi v bezprostiedni blizkosti zkolabované tunelové konstrukce tunelu ¢. 2.

Vybudovdni tohoto méfeni si vyzddalo jak operativni vyfeSeni
nékolika specidlnich technickych problému v oblasti vlastniho méfe-
ni, tak i vyhodnocovéni ziskanych vysledka.

THE NATM PREDECESSOR?

Our TUNEL journal does not have to be always strictly serious. This
is why we take the liberty of offering the readers a picture documen-
ting that Karel Matzner, our long-standing colleague and past secreta-
ry of the Czech Tunnelling Association, discovered remains of the
New Antique Tunnelling Method in Antalya, Turkey. It was probably
the oldest predecessor of the today’s New Austrian Tunnelling Method.

ING. MILOSLAV NOVOTNY,
Secretary of the CzTA ITA-AITES

PREDCHUDCE NRTM?

Nas casopis Tunel nemusi byt vzdy jen vdzné seri6zni. Proto si
&tendifim dovolujeme nabidnout obrdzek, ktery dokumentuje, Ze
n4$ kolega a dlouholety sekretdi Ceské tunelafské asociace Ing.
Karel Matzner v turecké Anatolii objevil pozustatky Nové antické
tunelovaci metody, kterd byla ziejmé nejstar$i pfedchudkyni dnes
pouzivané Nové rakouské tunelovaci metody.

ING. MILOSLAV NOVOTNY,
sekretdr CzTA ITA-AITES
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Automaticky kontinudlni monitoring provozovaného tunelu bude
i sou¢dsti komplexniho monitoringu pri dostavbé tunelu havarované-

vy

ho tunelu ¢&. 2, kterd zacne v nejbliz§{ dobé.

ING. OTA JANDEJSEK, jandejsek@arcadisgt.cz,
ING. TOMAS MIKOLASEK,
mikolasek@arcadisgt.cz,

ARCADIS Geotechnika, a. s

Obr. Novd antickd tunelovaci metoda — objev Ing. Karla Matznera
Fig. The New Antique Tunnelling Method — discovered by Mr. Karel Matzner

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

7. AKOUSKY TUNELARSKY DEN A 59. GEOMECHANICKE KOLOKVIUM V SALZBURGU
7TH AUSTRIAN TUNNEL DAY AND 59™H GEOMECHANICAL COLLOQUIUM IN SALZBURG

The paper informs about the 7th Austrian Tunnel Day and 59th
Geomechanical Colloquium. The two events were held on 14th
through 16th  October 2010 in Salzburg, with an excursion to the
Bosruck tunnel held the following day, on Saturday the 17th October.

Ve stfedu 6. 10. 2010 se uskute¢nil 7. Rakousky tunelovy den.
Nejprve byly predneseny prispevky o nékterych realizovanych stav-
béch. Pfednaska o tunelech na ddlnici M6 v Madarsku zahrnovala
i propad obou tunelovych trub a ndslednou sanaci havdrie pomoci
tryskové injektdZe. Zméhéni zdavalu bylo provedeno v relativné krat-
kém cCasovém tseku, coZ umoZznilo dodrzeni terminu vystavby.

Prednédska o rekonstrukcich tuneld zahrnovala i 10 minut dlouhy
film z vystavby tunelu pomoci NRTM z roku 1962, ktery mél v sdle
znacny ohlas.

Vyraznéjsi diskusi vyvolala predndska o tolerancich tunelového
osteni.

Odpoledni ¢dst byla nazvéna ,,NRTM — kam krd¢i§? a zaméfila se
zejména na legislativu souvisejici s vystavbou tunelt pomoci NRTM.
Prednasky podnitily mnoho reakei, z prezentovanych ndzoru bylo
patrné, Ze jednim z hlavnich problému rakouského tuneldfstvi je pre-
bujeld byrokracie vyZadujici velké mnozstvi dokumenta. Mezi déast-
niky panovala shoda, Ze by investofi i dodavatelé méli zalit pracovat
na tzv. odzbrojeni (sniZeni mnozstvi pozadované dokumentace).
Vecer po prvnim dni se konal raut na salcburské pevnosti nad méstem,
kam byli ucastnici dopraveni lanovkou.

59. Geomechanické kolokvium bylo zahdjeno ve Ctvrtek 7. 10.
2010. Prvni dopoledne bylo vénovéano vlivu pohybu (vykyvu) hladiny
podzemni vody (HPV). Velmi zajimava byla prezentace o tunelu
Gothard a vlivu snizeni HPV na prehrady na povrchu. Vliv sniZeni
HPV razbou tunelu se muze projevit seddnim terénu, a tim vyvolat
deformace prehradniho télesa. Z prednasky bylo patrné, Ze predikce

vlivu razby na relativné vzdalené prehrady véetné opatfeni pro ome-
zeni deformaci jsou znacné obtizné, ve dvou obdobnych pripadech
musely byt prijaty naprosto odli$né koncepty omezeni vlivu razby na
prehrady.

Odpoledne bylo vénovéano razbdm pomoci plnoprofilovych tune-
lovacich stroju. K nejzajimavej$im patfila predndska o razbé pru-
zkumné Stoly Brennerského bdzového tunelu, kde doslo na tseku
s paralelni poruchovou zénou k vyraznym poruchdm segmentového
osténi, coZ vyvolalo potrebu obtiZznych dodateCnych sanaci osténi.

Dopoledne v pétek 8. 10. 2010 bylo zaméfeno na razby tunelu
v geotechnickych podminkdch s bobtnavymi projevy masivu.
Z prednasek bylo patrné, Ze uvedené podminky zpusobily na mnoha
stavbdch zna¢né obtize, ohledné pri¢in bobtndni je fada nejasnosti,
mezi odborniky nepanuje shoda na vhodnosti jednotlivych feSeni.
Obecné jsou v danych pomérech uplatnovany dva zdkladni koncepty
sekundédrniho osténi: velmi tuhé osténi kruhového tvaru nebo osténi
umoznujici deformace masivu stlaCitelnou vrstvou umisténou pod
spodni klenbou tunelu.

Odpoledne bylo vénovdno vyuZiti geotermdlni energie.
K nejzajimavéj§im patfil prispévek o vyuZiti teplé vody z tunelu
Lotschberg, kde byla predepsdna maximalni teplota vody vytékajici
z tunelu (vzhledem k pritomnosti ryb v fece u portalu). SniZeni teploty
vody vytékajici z tunelu bylo vyfeSeno prosperujici rybi farmou, kterd
zahrnovala i péstovéni tropickych plodin. Zna¢nou polemiku vyvolal
probihajici vyzkumny projekt, ktery se zabyva ziskdvdnim energie sni-
Zovanim teploty horninového masivu v hloubce cca 5-6 km.

Vice tdaju o konferenci lze nalézt na webové strance Rakouské
spolecnosti pro geomechaniku www.oegg.at

DOC. ING. MATOUS HILAR, PhD., hilar@d2-consult.cz,
D2 Consult Prague, s. r. o.
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EXKURZE NA RAZBU DRUHE TUNELOVE TROUBY DALNICNIHO TUNELU BOSRUCK

K tunelarskému svatku, kterym rakousky tunelarsky den
a 59. geomechanické kolokvium v Salzburgu bezesporu je,
patii kazdoro¢né exkurze na zajimavou stavbu. Ani letos tomu
nebylo jinak a exkurze zamirila v sobotu 9. 10. 2010 na razbu
druhé tunelové trouby délni¢niho tunelu Bosruck. Tunel je
soucdsti dalnice A9, kterd spojuje mesta Linec a Gratz a mit{
ddle na jih do Slovinska. Ze se jednd o mimofddnou stavbu
v extrémné slozitych geotechnickych podminkéch, kterd urci-
té stoji za vidéni, popisuje nasledujici historicky prehled
i popis technického feSeni.

HISTORIE

Historie tunelovdni pod masivem Bosrucku sahd do roku
1901, kdy byla zahdjena vystavba 4766 m dlouhého jednoko-
lejného Zelezni¢niho tunelu. Ta trvala az do roku 1906
a geotechnické podminky pro tuneldfe pripravily nejedno
nemilé prekvapeni. Razbu provdzely cetné pruvaly vod az
o pritocich 1100 1/s. Pfi prvnim obrovském pruvalu vod doslo
v roce 1902 ke zménée dodavatelské firmy a cisafskou Stdtn{
spravu Zeleznic vystridala italskd firma Zaterande & Co. Ani
této firmé se smula nevyhnula a roce 1905 pfi dal§im obrov-
ském pravalu vod doprovdzeném vybuchem metanu zahynulo
14 tuneldru. Negativni vliv tunelovani na reZim podzemnich
vod vedl k dplnému vyschnuti potoka u méstecka Spital am
Pyhrn, ktery byl oblibenym vyletnim mistem. Komplikace
vSak provdzely tunel i po uvedeni do provozu a negativni
vlivy horninového tlaku, prisaku vody a koufe z parnich
lokomotiv si vyzddaly rekonstrukeci, ktera trvala od roku 1963
az do roku 1965.

VYSTAVBA PRVNIHO TUBUSU DALNICNIHO TUNELU

ZkuSenosti z vystavby Zelezni¢niho tunelu vedly pred
vystavbou ddlni¢niho tunelu k rozhodnuti vyrazit v predstihu
odvodnovaci a vétraci $tolu. Jeji vystavba zapocala v roce
1978 a opét ji provazely pruvaly vod a metanu, tentokrat s jiz
mens{ intenzitou 300 1/s. RaZzba byla ukoncena v roce 1980
a jeSté v tomtéZ roce zacala razba prvni (vychodni) tunelové
trouby 5500 m dlouhého tunelu, ktery je soucasti dalnice A9.
Tunel smérem od severu k jihu prochdzi nejprve tzv.
Liskovym pohofim (Haselgebirge), které je tvofeno prevdzné
bridlicemi, dolomity, anhydrity a slinovci. Pak prechazi do
pdsma vdpencu a dolomitu a nasledné opét do pdsma oznaco-
vaného jako ,,Haselgebirge. Smérem jihu se geotechnické
pomeéry zlepSuji a tunel prochdzi pdsmem tvorenym piskovci,
jilovci a slinovci. Razba od severu probihala bez vétSich kom-
plikaci a se sotva mefitelnymi deformacemi vyrubu. Mésic po
prichodu kaloty problematickym pasmem anhydrita se vSak
na primarnim osténi zaCaly objevovat prvni poruchy a nértst
deformaci nebylo mozné zastavit ani po dalich opatfenich.
Deformace se uplné zastavily az po vestavéni definitivniho
osténi. Jak se pozdéji ukdzalo, ani zveétSenim odporu vestav-
bou definitivniho osténi se problém zcela nevyiesil. Tunel byl
uveden do provozu v roce 1983 a jiz v roce 1994 bylo nutné
provést sanacni prdce, a to nejen v provozované tunelové
troubé, ale i v odvodnovaci a vétraci Stole. Vlivem zvySeného
horninového tlaku dochdzelo v provozovaném tunelu
k praskani desek mezistropu. ale také k poSkozeni boc¢nich
drendzi v poruchové zéné ve stanieni TM 600, které vedlo
k dal$imu zvodnéni pocvy tunelu. Vzhledem k zdvaznosti
poruch byl navrzen v problematickych tsecich geomonito-
ring, jehoz vysledky budou slouzit jako podklad pro navrh
sanaci.

DEFINITIVNI OSTENI TL. 700 mm

e o ashany

, VYPLROVY BETON C16/20 |

SPOONI KLENBA TL. 1000 mm
BETON C35:40

Obr. 1 PFi¢ny fez v tiseku bobtnavych hornin
Fig. 1: Cross-section for the swelling ground stretch

EXKURZE NA STAVBE DRUHEHO TUBUSU DALNICNIHO
TUNELU

Vystavba druhé tunelové trouby zacala v roce 2009 a vlastni
razba byla zahdjena v lednu 2010. V dobé exkurze bylo
v horSich geotechnickych podminkdch od severniho portalu
vyrazeno cca 900 m tunelu. Na jizni strané byla poloha Celby
cca 1300 m od portdlu. Profil ddlni¢niho tunelu je standardné
navrzen pro $irku mezi obrubniky 7,5 m a vzhledem k jeho
délce je vybaven nouzovymi zdlivy. Prijezdny prufez umoZziu-
je prujezd vozidlam do vysky 5,7 m. V misté tla¢ivych hornin
prechazi podkovovity tvar tunelu na kruhovy a tloustka defini-
tivniho osténi z betonu C35/45 se zvétsuje ze 300 mm na 700
mm, pri¢emz tloustka spodni klenby je min. 1 m (viz obr. 1).
Hydroizolaéni félie tloustky 3 mm je navrzena po celém obvo-
dé tunelu jako tlakovd. Pfi projektovani byly zohlednény
vSechny doposud ziskané vysledky a zkuSenosti. Mimorddna

Obr. 2 Kompenzaéni elementy v primdrnim osténi
Fig. 2 Compensation elements in primary lining




Obr. 3 Upravend pocva v tiseku s bobtnavymi horninami
Fig. 3 Modified invert in the section passing through swelling ground

Obr. 5 Primdrni osténi tunelové propojky
Fig. 5 Primary lining of tunnel cross passage

Obr. 6 Celba v misté zdlivu pFi razbé od jihu
Fig. 6 Excavation face in the lay-by location when driving from the south
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Obr. 4 Cepy pro napojeni vyztunych ramu
Fig. 4 Reinforcing frames connecting pins

pozornost je vénovédna zejména pruchodu problematickym
pasmem ,,Haselgebirge“. Vzhledem k citlivosti horninového
masivu na vodu, kterd zpusobuje bobtndni anhydritu, hraje
zdsadni roli dokonalé odvodnéni a minimalizace pouZiti tech-
nologické vody. Vrtdni pro trhaci préce a kotveni proto probi-
héa bez vodniho vyplachu a pouziva se pouze vyplach vzdu-
chem. Vzhledem k oc¢ekdvanym deformacim vyrubu byly do
osténi navrzeny kompenzacni elementy, které jsme méli moz-
nost vidét i na tunelech Strengen, nebo Tauern (viz obr. 2).
Pii prichodu problematickym udsekem se vSak oekdvané
deformace neprojevily a od dal§tho osazovdni kompenzacnich

elementa bylo upusténo. Pfi exkurzi v tomto dseku nés zaujala
perfektné upravend a absolutné suchd pocva tunelu (viz obr. 3).
Kli¢em k uspéchu pfi razbé v tak sloZitych geotechnickych pod-
minkdch je technologicka kdzen a sehranost osadky na ¢elbé. Ta
se projevuje mimo jiné i vysokym pracovnim nasazenim.




19. rocnik - €. 4/2010

Obr. 7 Vétraci a odvodnovaci $tola s definitivnim osténim
Fig. 7 Ventilation and drainage gallery with a final lining

Pramérné je na tunelu za 24 hodin vyraZzeno 6 zabéru délky 1,7
m, pri¢emz rekord je 8 zdbéru za 24 hodin. Kromé zru¢nosti
tuneldia prispivaji k vysokému vykonu i promyslené detaily
zjednodusujici praci. K nim patii napr. detail napojeni vyztuz-
nych rdmu primédrniho osténi mezi kalotou a jadrem. Zatimco
ramy v kaloté jsou klasicky spojovdny Sroubovanymi spoji,
které zndme i z naSich tuneld, styk rdimu mezi kalotou a jadrem
zajiStuje pouze Cep, ktery umoznuje po nasazeni ramu
s protikusem rychlé upnuti pomoci ocelového klinu. Princip
napojeni je zfejmy z obr. 4. Obdobny zpusob napojovan{ rdmu
jsme pozdéji videli na exkurzi CzTA na tunelech Lichtenholz
a Kulch v SRN. K razbé druhé tunelové trouby patii i tunelové
propojky, které spojuji nové raZeny tunel s tunelem provozo-
vanym. Pohled do jedné z nich je zndzornén na obr. 5.
Provizorni sténa z hobry a jednoduché dvere na konci oddélu-
ji propojku od provozovaného tunelu.

Po prohlidce Eelby na severni strané tunelu jsme prejeli na
jizni portal a prohlédli si méné problematickou jizni Cast
tunelu, kde prdaveé probihalo rozsifeni standardniho profilu
tunelu na nouzovy zaliv. Sitka vozovky je v misté zalivu zvét-
$ena o 3,8 m. Stabilni ¢elbu v misté kiiZeni nouzového zdlivu
s tunelovou propojkou ukazuje obr. 6. Z néj je patrné, jaky

Obr. 9 Bezpecny prostor v propojce do $toly
Fig. 9 Safe space in the passage to the gallery

Obr. 8 Vétraci a odvodriovaci $tola ve stiikaném betonu
Fig. 8 Ventilation and drainage gallery lined with shotcrete

vyznam kladou rakousti tuneldfi kotveni a preciznimu prova-
déni priméarniho osténi. To ma plnou tloustku jiz ve druhém
zabéru od Celby. Ve druhém zédbéru od Celby je také provede-
no plnohodnotné zakotveni kaloty. Hlavy kotev nejsou zastfi-
kdny do osténi a jejich vizualni kontrola umoznuje podle
deformace plechu sledovat, jak je kotva namédhéna.

Po ndvstéveé obou Celeb pokracovala exkurze navstévou vet-
raci a odvodnovaci §toly. Ta je Caste¢né zajiSténa pouze pri-
madrnim osténim ze stiikaného betonu, dste¢né monolitickym
osténim. Pohled do Stoly zajisténé monolitickym osténim
ukazuje obr. 7. Stola je s provozovanym tunelem spojena
tunelovymi propojkami a slouZzi zaroven jako tnikova cesta.
Jednou takovou propojkou udstici do nouzového zalivu jsme se
také do Stoly dostali. Propojka stejné jako navazujici tdsek
vétraci a odvodnovaci §toly byly zajiStény pouze primarnim
osténim. Obr. 8 ukazuje pohled do §toly a vpravo odboc¢ku do
tunelové propojky. Propojka je od Stoly a nouzového zalivu
oddélena pozarné odolnymi dvermi s panikovym kovanim a je
pretlakové vétrdna. Prostor propojky slouZi jako ¢ekaci pro-
stor a pripadny néav$tévnik je informovéan prostrednictvim
tabule vpravo prede dvefmi (viz obr. 9), Ze se nachdzi
v bezpecném prostoru a zdchranné slozky jiz k nému miri.
S dispedinkem tunelu muZe hovofit po stisknuti tladitka tele-
fonem.

REKONSTRUKCE PRVNIHO TUBUSU

Po uvedeni druhé tunelové trouby do provozu bude prvni
tunelovd trouba uzaviena a obdobné, jako v pripadé tunelu
Tauern, bude provedena rozsahla rekonstrukce a modernizace
vybaveni tunelu. Opravy tunelu predpoklddaji v urCitych use-
cich vybourani definitivniho osténi a jeho plnou ndhradu
novym. V takovém pripadé bude mozné posoudit kvalitu pri-
marniho osténi ve znaéné agresivnim prostredi po 30 letech
od néstriku, nebot’,,Haselgebirge* obsahuje kromé uvedenych
hornin i vysoky podil soli. Exkurze spojend s geomecha-
nickym kolokviem méla tradi¢né vysokou odbornou tdroven
a umoznila ziskat informace o zajimavé tunelové stavbé neda-
leko nasich hranic. Nezbyva, nez se tésit na jubilejni 60. geo-
mechanické kolokvium, které se kond v Salzburgu na podzim
pristiho roku.

Ing. LIBOR MARIK, libor.marik@ikpce.com,
IKP Consulting Engineers, s. r. o.
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ORGANIZACE PRIPRAVY A STAVBY TUNELU Z POHLEDU INVESTORA

TUNNELLERS’ AFTERNOON 2/2010

ORGANISATION OF PREPARATION AND CONSTRUCTION OF TUNNELS FROM PROJECT OWNER'S POINT OF VIEW

The second seminar organised by the ITA-AITES Czech
Tunnelling Association was held in Prague on Wednesday the 29th
September 2010 under the title of Tunnellers’ Afternoon. The
seminar was focused on the organisation of preparation and con-
struction of tunnels from project owner’s point of view.

The first speech was delivered by Mr. Ian Williams, Great
Britain; his lecture was focused on the approach of British clients
to the implementation of underground construction projects. The
second lecture was delivered by Ing. Lubomir Hrnicidr, technolo-
gy director of Vdhostav a.s. The lecture dealt with the investment
project preparation of PPPs in Slovakia. A lecture presented by the
Roads and Motorways Directorate of the CR was read by
Ing. FrantiSek Boubelik; it was focused on experience gained
during the operation of the Panenskd and Libouchec tunnels on the
D8 motorway. The last lecture was read by Mr. Laszlo Frigyik,
technology director of Eurometro Kft., who is currently in charge
of the construction of Line 4 of Budapest metro. In his lecture he
presented the Line 4 design, including the construction technology.

Ve stfedu 29. 9. 2010 se uskute¢nilo v Masarykové koleji
v Praze leto$ni druhé Tuneldrské odpoledne, které bylo zaméreno
na organizaci pripravy a stavby tuneld z pohledu investora.
Z puvodné pldnovanych predndSek byla zruSena prednédska
prof. Lothara Martaka o diskusi mezi investorem, geotechnickym
konzultantem a mistnimi obyvateli pfi vystavbé metra, ddle byla
také zruSena prednaska Ing. Josefa Kutila o vystavbe tunelového
komplexu Blanka. Vzhledem ke zruSenym predndskdm byla do
programu dodateCné zarazena prednaska pana Laszlo Frigyika
o zkuSenostech z vystavby trasy 4 budapestského metra, ddle byl
pan Ian Williams poZddédn o prodlouZeni své prednésky.

Prvnim fe¢nikem byl pan Ian Williams z Velké Britanie, jeho
predndska byla zaméfena na pristup britskych investoru
k realizaci podzemnich staveb. Na zacdtku prezentace byla pred-
stavena situace ve Velké Britdnii v 80. a 90. letech minulého stole-
ti, kdy cena a as vystavby britskych tunelu zpravidla vyrazné pre-
kraCovaly puvodni pldn, na Eurotunelu doslo k sedmi obétem na
Zivotech, pfi vystavbé tunelu Heathrow doSlo v roce 1994
k rozsdhlé havdrii. Negativni postoj investori a vefejnosti
k podzemnim stavbam vedl k vyraznym zméndam, které se tykaly
zejména legislativy (smluvni vztahy, kontrolni mechanismy,

Obr. 2 O pFipravé PPP projektii na Slovensku promluvil Ing. Lubomir
Hrnididr, technicky reditel Vihostavu, a. s.

Fig. 2 The preparation of PPPs in Slovakia was the topic of the lecture
delivered by Ing. Lubomir Hrnicidr, technology director of Vdhostay a. s.

Obr. 1 Pan Ian Williams hovoril o zkuSenostech britskych investoru pFi
pripravé tunelovych staveb

Fig. 1 Mr. Ian Williams spoke about experience gained by British clients
during the preparation of tunnelling projects

bezpelnost price, fizeni rizik, atd.) a které ve vysledku vedly
k vyraznému zlepSeni situace. Nésledné byl predstaven projekt
tunelti pro novy termindl 5 na letisti Heathrow, na kterém se pan
Tan Williams podilel jako feditel stavby ze strany investora (Spo-
leénost BAA plc. — vlastnik sedmi britskych letist). Byly probra-
ny aspekty relativné netradi¢ni smlouvy Gcastnika vystavby (T5
Agreement), ve které jsou jednotlivi dcastnici motivovani
k efektivni spolupréci. Byl probran zpusob préce s riziky na dané
stavb€, byl zminén zpusob pfistupu k bezpe&nosti vystavby, zpu-
sob pristupu k minimalizaci seddni nadloZi, byly probrdny inova-
tivni technologie aplikované na stavbé (metoda Lasershell, dudl-
ni zeminovy a pneumaticky §tit, atd.).

Druhou predndsku prednesl Ing. Lubomir Hrnicidr, technicky
reditel spolecnosti Vdhostav, a. s. Predndska se tykala investorské
pripravy PPP projektu na Slovensku, kterd je zna&né ovlivnéna
fadou zmén, ke kterym béhem pripravy doslo.

Treti prednaska Ing. Milana Majera ze stavebni spravy Plzen
SZDC, s. 0., byla zaméfena na pripravu a vystavbu feskych Ze-
lezni¢nich tunelu. V piednaice byl proveden prehled provozova-
nych a pfipravovanych Zelezni¢nich tuneld v CR a byl probrin
zpusob financovani téchto staveb. Ndsledné byl pomérné oteviené
prezentovan soucasny pristup k pripravé a vystavbé téchto staveb,
pri¢emz byly zduraznény hlavni problémy véetné moznosti jejich
zlepSeni.

Vzhledem k zahraniéni cesté Ing. Jana Kroupy byla prednaska
RSD prezentovdna Ing. FrantiSkem Boubelikem, prednédska byla
zaméfena na zkuSenosti s provozem dalni¢nich tunelu Panenska
a Libouchec na dalnici D8.

Posledni prednéasku prezentoval pan Laszlo Frigyik, technicky
reditel spole¢nosti Eurometro Kft., ktery md v soucasnosti na sta-
rosti vystavbu trasy 4 budapesStského metra. Pfednaska byla zamé-
fena na projekt trasy 4 véetné technologie vystavby (mechanizo-
vané a konvencni razby, hloubené stanice pomoci milanskych
stén), byl prezentovédn zpusob spoluprdce investora, dodavatele
a projektanta na dané stavbé, ndsledné byla uvedena rizika
a problémy béhem vystavby (pokles historické budovy univerzity,
propady nadloZi, atd.) v€etné zpusobu jejich feseni.

DOC. ING. MATOUS HILAR, Ph.D., hilar@d2-consult.cz,
D2 CONSULT PRAGUE,s.r. o.
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VYUZITI GEOTERMALNI ENERGIE PRI VYSTAVBE TUNELU
USE OF GEOTHERMAL ENERGY IN TUNNEL CONSTRUCTION INDUSTRY

The ITA-AITES Czech Tunnelling Association, in collaboration
with Reahau AG + Co, held a technical seminar on Thursday the
21st October 2010, the topic of which was the use of geothermal
energy in the tunnel construction industry. The opening lecture was
delivered by Mr. Petr Klima (Rehau s. r. 0.), who dedicated his pre-
sentation to systems and materials used by his company when
using the benefits of ground temperature. Two lectures of Mr.
Daniel Gottschalk (Rehau AG + Co) followed, focused on oppor-
tunities to use geothermal energy in tunnels. In his second lecture
he informed about an experimental section of the Jenbach tunnel
on a high-speed railway route in the Inn river valley, Austria,
where energy segments are installed.

Ceskd tuneldiskd asociace ITA-AITES ve spoluprici s firmou
Reahau AG + Co usporddaly ve Ctvrtek 21. fijna 2010 v Praze
odborny semindf, jehoZ tématem bylo vyuziti geotermalni energie
pri vystavbé tuneld. Uvodni prednasku prednesl pan Petr Klima
(Rehau, s. 1. 0.), ktery se zaméfil na systémy a materidly pouZiva-
né firmou pri vyuziti zemniho tepla. Prezentoval systémovou tech-
niku RAUGEO pii zfizovéni hloubkovych sond, plo$nych kolekto-
ru, helix sond a koaxidlnich sond.

Pan Daniel Gottschalk (Rehau AG + Co) se pak ve dvou pred-
naskdch zaméfil na moznosti vyuZziti geotermdlni energie v tune-
lech. V prvni informoval o materidlu PE-Xa, ktery se vyuzivd jako
potrubi pro vedeni média, ndsledné popsal konstrukci energetic-
kych segmentu (Zelezobetonové segmenty se zabudovanymi smyc-
kami potrubi pro osténi tuneld montované za tunelovacimi stroji)
véetné spojovdni potrubi mezi jednotlivymi segmenty.

V druhé prednédsce popsal pripravu a realizaci pokusného tseku
se zabudovanymi energetickymi segmenty na tunelu Jenbach na
trase vysokorychlostni Zeleznice v idoli Innu v Rakousku. Teplem
odebiranym tepelnym Cerpadlem z pokusného dseku bude vytdpé-
na provozni budova mistni zillertdlské Zeleznice. Soucasné zde
budou probihat méreni potfebnd k vyhodnoceni d¢innosti a k zis-
kén{ dat pro budouci projekty.

Seminére se zicastnilo pres 40 osob. Simultanni preklad obéta-
vé zajistil Ing. Libor Mafik.

ING. MILOSLAV NOVOTNY,
novotny@metrostav.cz, sekretdr CzTA ITA-AITES

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
TUNELY NA ST. 513 A 514 UVEDENY DO PROVOZU

Dulezitd soucdst rychlostniho okruhu kolem Prahy byla
uvedena do provozu 20. zafi 2010. Jde o dsek okruhu, ktery
dokoncil propojeni mezi dédlnicemi D1 (Praha—-Brno) a D5
Praha—Plzen. Soudésti dseku jsou i tunely ddlni¢niho charak-
teru Komorany (dl. pres 1900 m) a Slivenec (dl. vice neZ

1600 m).

TUNELOVY KOMPLEX BLANKA NA MO V PRAZE

Dne 28. 9. 2010 na stavbé meéstského okruhu mezi verej-
nosti zazitého pod ndzvem Blanka probéhl Den otevienych

Obr. 1 Tunel Blanka — Den otevienych dveri: Pohled do strojovny vzducho-
techniky
Fig. 1 Community open day: A view into the ventilation plant cavern

THE CZECH REPUBLIC

TUNNELS IN CONSTRUCTION LOTS 513 AND 514
INAUGURATED

An important part of the express road ring around Prague was
opened to traffic on 20 September 2010. This ring road section
finished the connection route between the D1 motorway
(Prague — Brno) and D5 motorway (Prague — Plzen). Parts of
this section are the Komorany (over 1,900m long) and Slivenec
(over 1,600m long) motorway-type tunnels.

MYSLBEKOVA-PELC-TYROLKA SECTION OF THE CITY
CIRCLE ROAD

A community open day was held on 28 September 2010 at the
construction sites of the City Circle Road section known to the

Obr. 2 Tunel Blanka — Den otevienych dveri: Pohled z STT pres propojku
¢.13 do JIT
Fig. 2 Community open day: A view from the NTT, through cross passage No.

13, into the STT



dveri. Prazané méli podle svého Casu a ndlady moznost zvolit
nékterou ze tif poradateli peclivé pripravenych prohlidkovych
tras, které prochdzely vSemi jiZ vyraZzenymi prostorami tune-
lového komplexu. Zajem byl obrovsky a konecny vysledek
kolem 16 000 navstévnika vletné jejich vesmés spokojenych
vyrazi ve tvafich potvrzuji prospéSnost a dspéSnost takto
porddané akce.

TUNEL SPEJCHAR-PELC-TYROLKA (KRALOVSKA
OBORA)

V Cervenci byla dokoncéena razba dna tfipruhového tunelu
JTT, v srpnu pak razba dna tfipruhového tunelu STT a v fijnu
dvoupruhového tunelu STT. Tim byly dokonceny vSechny
razby JTT v délce 22234 m a STT v délce 2230,3 m.

Soucasné pokracuji razby dispozi¢né slozité &lenénych
vzduchotechnickych objekti. Koncem &ervence byla dokon-
¢ena razba kaloty vzduchotechnického kandlu SO 9021.08
a v srpnu i jeho dna v celkové délce 80,8 m. V srpnu bylo
dotéZeno dno strojovny vzduchotechniky (SO 9021.05) v celé
délce 1234 m. Na zdkladé méreni deformaci osténi byla
potom tato strojovna preventivné dokotvena 355 kusy radial-
nich svorniki IBO R32 dl. 12 m. V fijnu byla dokondena
i razba vzduchotechnického kandlu SO 9021.07 prordazkou do
svislé vétraci Sachty S09021.09, kterd byla vyhloubena
v predstihu. Ze strojovny vzduchotechniky se v souc¢asné dobé
razi jeSté propojovaci kandly SO 9021.04 o celkové délce
133 m, které podchédzeji pod obéma jiZz vyraZenymi tunely
STT a JTT.

V soubéhu s razbami je provddéno i definitivni osténi.
K dneSnimu dni je zabetonovano 1658 m spodni klenby (140
sekci) a 1427 m horni klenby (120 sekci) dvoupruhového
tunelu JTT, 740 m spodni klenby (63 sekci) a 168 m horni
klenby (14 sekci) dvoupruhového tunelu STT. Na definitiv-
nim osténi tfipruhového tunelu JTT z Letné je k dneSnimu dni
zabetonovano 396 m spodni klenby (40 sekci) a 155 m horni
klenby (15 sekci). Dédle jsou provedeny definitivni betonové
konstrukce spodni klenby tii tunelovych propojek, technolo-
gického centra TGC 4 (SO 9021.06) a podzemni trafostanice
TGC 5 (SO 9021.19).

Dne 14. 10. 2010 byla v technologické propojce ¢. 18 tspés-
né provedena za Gcasti TDI a TSK zkouska stfikaného betonu
pro definitivni osténi pfi pouziti féliové izolace. Na zdkladé
vyhodnoceni této zkousky bude rozhodnuto o pripadné reali-
zaci definitivniho osténi ze stfikaného betonu i u ostatnich
propojek v raZzenych tunelech.

Vystavba probihd v souladu s aktualizovanym HMG stavby,
a to i pres tydenni odstdvku zpusobenou pripravami na Den
otevrenych dvefi, ktery se konal 28. 9. 2010.

TUNEL MYSLBEKOVA-PRASNY MOST (BRUSNICE)

Po mimorddné uddlosti v Cervenci 2010 jiz byla splnéna
vétsina podminek nutnych pro obnoveni razeb a praci na vét-
§iné pracovist’ tunelu Brusnice potfebnych a smérujicich
k dokonceni dila.

V soucasné dobé (listopad 2010) se dokoncéuje sanace zava-

s w2

lené a zbylé casti nadlozi STT, kterou provadi Zakladani sta-
veb, a. s. Po revizi RDS byla v z&fi zhotovena propojka ¢. 1
mezi JTT a STT v délce 21 m, a tim mohly byt zahdjeny prace
na zhotoveni prvnich 140 m definitivniho osténi STT.
Nasledné byl vyrazen vzduchotechnicky tunel v délce 114 m
s prorazkou do vétraci jamy v listopadu 2010. V JTT byla
obnovena razba s vertikdlnim ¢lenénim Celby a ze stavajictho

staniceni cca 380 m bylo vyraZeno jiZz prvnich 10 m . Ve sta-
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public under the name of Blanka. Depending on their time and
mood, Prague citizens had the option of one of three visit rou-
tes meticulously prepared by the organisers, which passed
through all spaces of the complex of tunnels where the excava-
tion had been finished. The interest was immense and the final
result of about 16,000 visitors, including mostly satisfied
expressions of their faces, has proved how useful and success-
ful such events are.

THE SPEJCHAR - PELC-TYROLKA TUNNEL (KRALOVSKA
OBORA)

July 2010 saw the completion of the excavation of the invert
of the triple-lane STT. The excavation of the invert of the trip-
le-lane NTT and double-lane NTT tunnels was finished in
August and October, respectively. This means that all headings
in the 2,223.4m long STT and 2,230.3m long NTT have been
completed.

The excavation of spaces for ventilation structures, which are
complicated in terms of their layouts, has continued. The exca-
vation of SO 9021.08 ventilation duct top heading was finished
at the end of July, whilst the excavation of its bottom at the total
length of 80.8m was completed in August. The ventilation plant
cavern bottom excavation (SO 9021.05) at the total length of
123.4m was finished in August. Subsequently, based on measu-
rements of deformations of the lining, this ventilation plant
cavern was additionally, preventively supported by 355 radial
IBO R32 rock bolts, 12m long. The excavation of SO 9021.07
ventilation duct was also completed by breaking through into
SO 9021.09 vertical ventilation shaft in October (the shaft had
been sunk in advance). Connecting ducts SO 9021.04 at the
total length of 133.0m, passing under both previously comple-
ted NTT and STT tunnels, are currently being driven from the
ventilation plant cavern.

The final lining is being erected in parallel with the excavati-
on. At present, the casting of 1,658m of the invert (140 casting
blocks) and 1,427m of upper vault (120 blocks) of the double-
lane STT has been completed, as well as 740m of the invert (63
blocks) and 168m of the upper vault (14 blocks) of the double-
lane NTT. At present, the concrete final lining of the triple-lane
STT from Letnd has been completed in the invert and upper
vault at the lengths of 396m (40 blocks) and 155m (15 blocks),
respectively. In addition, final concrete invert structures have
been completed in three cross passages, the TGC 4 equipment
centre (SO 9021.06) and the TGC 5 transformer station (SO
9021.19).

Trial spraying of concrete on the waterproofing membrane to
be used as the final lining was successfully performed on 14th
October 2010 in service cross-passage No. 18, at the presence
of site supervisors and TSK (Prague road administration). The
decision about the possible application of the shotcrete final
lining even in the other cross passages connecting the mined
tunnels will be made on the basis of the assessment of the trial.

The construction proceeds in line with the updated construc-
tion schedule, despite a week’s interruption required for the pre-
paration of the Community Open Day, which took place on 28th
September 2010.

MYSLBEKOVA-PRASNY MOST (BRUSNICE) TUNNEL

After the extraordinary event in July 2010, the majority of
conditions necessary for restarting the excavation and work on
the majority of working places in the Brusnice tunnel necessary
for the completion of the works were fulfilled.

Currently (November 2010) Zakladani Staveb a. s. is finis-
hing the stabilisation of the collapsed part and the remaining
part of the NTT overburden. The excavation of the 21m long
cross passage No. 1 between the STT and NTT was completed
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vebni jadmé Pragny most potom probihaji pripravné prace pro
zah4jeni protirazby v STT.

PRODLOUZENI TRASY PRAZSKEHO METRA VA

Od slavnostniho zahdjeni razeb v cervnu 2010 se prace
v podzemi rozvijeji v souladu s uzavienym HMG stavby.

Firma Metrostav a. s. ddle pokracuje v razbé pristupového
tunelu do stanice Petfiny. Z jeji celkové délky jsou dokonCe-
ny jiz prvni dvé dil&{ &asti, tj. vlastni Stola Markéta v délce
220 m a potom i §tola strojovny hlavniho vétrani délky 93 m.
Zahajuje se razba posledni tfeti Casti a tou je razba obratové-
ho tunelu o délce 178 m. Dokonceni celého pristupového
tunelu v obsahu vSech tif ¢asti je planovano ke konci letosni-
ho roku. Razby probihaji v technologické tfidé raznosti IV
pod hladinou spodni vody pfi zastiZzeni horninového rozhrani
bélohorskych piskoveu a jiloveu.

Firma Hochtief, a. s., po vyrazeni pristupového tunelu
Katerina postupuje dédle v razbé smerem do stanice Motol, kde
pomoci technologie NRTM vyrazila vice nezZ 150 m tratovych
tuneld. Soucasné dokonéila posledni prevdzku montdZni Sach-
ty v hloubce cca 30 m. Pomoci této Sachty bude na jare roku
2011 firma Metrostav a. s. montovat v podzemi svuj prvnf
stroj EPBS.

Zbyvajici razené stanice Veleslavin a Cerveny vrch na sviij
Cas zatim Cekaji a doposud jsou v rezimu pripravnych praci
a realizace pristupovych cest do vlastnich stanic.

DALNICE D8 - 805 — LOVOSICE-REHLOVICE

Po tunelu Prackovice i tunel Radej¢in po prekondni vSech
legislativnich prekdzek hldsi dokonceni razeb obou tunelo-
vych trub. Razby byly dokonleny v srpnu 2010 a od z&fi tak
muZe probihat dprava primarniho osténi tunelu potfebnd pro
zahdjeni praci na definitivni obezdivce.

Mezitim byly zahdjeny prdace na betondzich definitivniho
osténi v dseku hloubenych tuneld a dalsi dokonovaci prédce.

TUNELY VMO DOBROVSKEHO

Po dokoncenych razbdch se na obou tunelovych rourdch jiz
také dokoncuji betonédze definitivniho osténi, betonaZe mezi-
stropu a z tunelové roury TI také betondz tunelovych spojek 1
a 2. Tunelové spojky 3 a 4, které se betonovaly z tunelové
roury TII, jsou jiZ dokon&ené. Na tunelové roufe TII se pri-
pravuje betondZ chodniku, obrubnikt a odvodiiovacich Zlabu.
Tunelovou rouru TII realizuje firma Subterra, a. s., tunelovou
rouru TI potom firma OHL ZS.

Vyvoj poklesové kotliny na obou rourdch je stdle v souladu
s ocekdvanim projektu a vzhledem k ukoncenym razbdm
a realizaci definitivni obezdivky se zacina ustalovat.

TUNELY NA ZELEZNICNI TRATI PRAHA-CESKE
BUDEJOVICE

Usek Votice-Bene$ov u Prahy

Z nejdelsiho z péti tunelu tohoto projektu Zahradnického
tunelu chybi vyrazit jesté asi 200 m v opéfi s predpokladem
dokonceni vSech raZzeb do konce roku 2010. Subterra, a. s., jiz
také zahdjila betondZe podkladnich pdsu pro definitivni obe-
zdivku a betona? hloubené &4sti tunelu. Unikova $achta toho-
to tunelu je dokoncena v betonu véetné izolace a zalatkem
roku 2011 se za¢ne montovat jeji vystrojeni véetné schodiste.

Jiz vyrazeny Olbramovicky tunel bude do konce roku vybe-

tonovany v hloubené ¢&ésti (deset dvanédctimetrovych bloku)

in September, after the revision of the detailed design, thus the
work on casting of the initial 140m of the NTT final lining
could start. The excavation of the 114m long ventilation tunnel
was subsequently completed by breaking through into the ven-
tilation shaft in November 2010. As far as the STT is concerned,
the excavation using the vertical sequence was renewed; initial
10m of the excavation from the current chainage of approxima-
tely 380m were completed. Operations required for the prepara-
tion of the counter-heading in the NTT are underway in the
Prasny Most construction pit.

METRO LINE A EXTENSION

Since the groundbreaking ceremony held in June 2010, the
underground works have proceeded in compliance with the con-
tractual schedule.

Metrostav a. s. further continues to drive an access gallery to
Petfiny station. Of the total length of the gallery, initial two
parts (220m long Markéta Gallery and a 93m long gallery for
the main ventilation plant) have been completed. The excavati-
on of the last part, the third one, consisting of a 178m long tun-
nel for a dead-end tail track is being started. The completion of
the entire access gallery within the scope comprising all of the
three parts is scheduled for the end of 2010. The excavation pas-
ses through rock mass categorised as excavation support class
IV, under the water table level, with the interface between Bila
Hora Sandstones a claystones encountered.

After completing Katefina access gallery excavation,
Hochtief a.s. proceeds toward Motol station; it has completed
the excavation of over 150m of running tunnels. At the same
time, it finished the work on the last waler in the assembly
shaft, at the depth of about 30m. Metrostav a. s. will use this
shaft in the spring of 2011 for assembling its first EPB TBM in
the underground.

The remaining mined stations, Veleslavin and Cerven)’/ Vrch,
are still waiting for their time. They are still in the regime of
enabling works and constructing access roads to the stations.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

After the Prackovice tunnel, even the Radej¢in tunnel repor-
ted that all legislative obstacles have been overcome and the
excavation of both tunnel tubes has been completed. The exca-
vation was finished in August 2010, therefore it is possible from
September to carry out finishing of the primary lining required
for commencing the work on the final lining.

The work on casting of the final concrete lining in the cut-
and-cover section and other finishing work started in the mean-
time.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

After the completion of the excavation, the following work
items are being completed in both tunnel tubes: casting of the
final lining, casting of the suspended slab, and casting of linings
in cross passages 1 and 2 proceeding from Tunnel I. Cross pas-
sages 3 and 4, where concrete casting was carried out from
Tunnel II, have been completed. Casting of walkways, curbs
and drainage ducts in Tunnel II is under preparation. Tunnel
tube TII is carried out by Subterra a.s., while tunnel tube TI is
built by OHL ZS.

The settlement trough above both tunnel tubes still corres-
ponds with the design assumptions and, owing to the fact that
the excavation and installation of the final lining has been com-

pleted, it starts to get stabilised.



a nasledné bude zahdjena betondz definitivni obezdivky raze-
né &asti (tficet dvandctimetrovych bloku).

Na tunelu Tomice I probihaji razby z obou portalu soudas-
né. Celkem je v kaloté vyraZeno z obou stran 131 m z celkové
délky razené casti tunelu 217 m. Na druhou stranu tunel
Tomice II se na zahdjeni raZeb teprve pripravuje. Stavebni
jama v portdlové &éasti je vyhloubena na uroven kaloty
a v jedendctém meésici se bude provadét ivodni mikropiloto-
vy destnik. Po ném budou i zde zahédjeny razby.

Préace na vSech vySe zminénych razenych tunelech provadi
firma Subterra, a. s.

Vystavba v Ceské republice nejdel$iho hloubeného Zeleznié-
niho tunelu Votice délky 590 m pokracuje soubeéhem hloubeni
stavebni jamy, poklddky boc¢nich drendZi, montdZe samonosné
vyztuZe a betondze osténi z betonu odolného proti prasakim.
Price postupuji od vyjezdového prazského portdlu smérem
k vjezdovému budéjovickému portdlu. Z celkového objemu
zemnich praci 150 000 m> vyt&Zila firma Hochtief do konce
ffjna 85 000 m3 prevazné granitickych hornin riizného stupné
zvétrani. Svahovand stavebni jdma o maximdlni hloubce 20 m
je az na uroven zdkladové spary tunelu vytéZena a zajiSt€na
v tseku stani¢eni TM 410 az TM 590.

Patky osténi jsou od prazského portdlu vybetonovany
v délce 100 m a na 70 m jiZ probéhla montdZ samonosné
vyztuze (obr. 3). Pro blok betondze délky 10 m se vyztuzZova-
ni provadi z prutové vyztuze o celkové hmotnosti 18 t/blok.
Tento zpusob vyztuZovéani zndme spiSe z raZenych tuneld, ale
v pfipadé Votického tunelu jej bylo nutné nasadit z davodu
optimélniho ¢asového vyuziti oboustranného pojizdného bed-
néni. Pfi dobé montdZze vyztuze 3 dny/blok by pri klasickém
vyztuzovani na formé dochazelo k zdsadnim Casovym ztra-
tdm. Vzhledem k planované betondzi v zimnim obdobi pred-
poklada zhotovitel pro zmirnéni teplotniho Soku po odbedné-
ni pouZit klimatiza&ni viz.

ZELEZNICNI TUNEL JABLUNKOV C. 2

Tunel Jablunkov stdle ¢eka na svoji druhou prileZitost.
V listopadu 2010 to bude jiz rok od data vzniku mimoradné
udélosti a od té doby azZ doposud se ¢eka na rozhodnuti inves-
tora o dal$Sim postupu vystavby.

TUNELY NA ZELEZNICNI TRATI PRAHA - PLZEN
Tunel Osek v useku Beroun - Zbiroh

Vystavba hloubeného dvoukolejného Zelezni¢niho tunelu
Osek délky 324 m, ktery je veden v oblouku o poloméru

Obr. 3 Samonosnd vyztuZ hloubeného Votického tunelu
Fig. 3: Self-supporting reinforcement of the Votice cut-and-cover tunnel
structure
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TUNNELS ON VOTICE -~ BENESOV U PRAHY SECTION
OF PRAGUE - CESKE BUDEJOVICE RAILWAY LINE

Of the longest of the five tunnels contained in this project, the
Zahradnice tunnel, remaining about 200m of the bench excava-
tion is to be completed. All excavation operations are expected
to be completed by the end of 2010. In addition, Subterra
a.s. has started casting of blinding concrete for the final lining
and casting of the cut-and-cover part of the tunnel.

The tunnel escape shaft concrete structure has been finished,
including the waterproofing; the fit out including a staircase
installation will start at the beginning of 2011.

As far as the Olbramovice tunnel is concerned, where the tun-
nel excavation was completed before, concrete casting in the
cut-and-cover section (ten twelve metres long blocks) will be
finished by the end of 2010; subsequently casting of the final
lining in the mined tunnel section will commence (thirty twel-
ve-metre blocks).

The excavation of the Tomice tunnel is underway, proceeding
from both portals concurrently. In total, 131m of the total exca-
vation length of the mined part amounting to 217m have been
completed (from both sides).

On the other hand, the TCE II tunnel is only now being pre-
pared for the start of excavations. The excavation of the con-
struction pit in the portal section has reached the level of the
top heading; the initial umbrella support will be installed in
November. The excavation in this section will start subsequ-
ently.

The work on all of the above-mentioned mined tunnels is car-
ried out by Subterra, a. s.

The construction of the longest cut-and-cover tunnel in the
Czech Republic, the 590m long Votice tunnel, continues by
excavating the construction trench concurrently with laying
side drains, installing self-supporting reinforcement and casting
of the lining using water seepage resistant concrete. The work
proceeds from the exit (Prague) portal toward the entrance
(Budéjovice) portal. Of the total volume of earthmoving of
150,000m3, Hochtief completed excavation of 85,000m3 of
mostly granitic rock with different degrees of weathering till the
end of October. The excavation of the sloped construction
trench with the maximum depth of 20m has reached the foun-
dation base level and got stabilised throughout the length of the
section between chainages TM 410 and TM 590. Casting of
concrete footings has been completed at the length of 100m
from the Prague portal; self-supporting reinforcement has been
installed on the footings at the length of 70m (see Fig. 3). One
10m long casting block is reinforced using 18 metric tons of
steel bar reinforcement in total. This reinforcement installation
system is known rather from mined tunnels but, in the case of
the Votice tunnel, its application was necessary with respect to
the requirement for optimising the use of the double-sided tra-
velling formwork. In the case of the classical technique of
installing reinforcement on formwork taking 3 days per block,
significant losses of time would have originated. Taking into
consideration the fact that the concrete casting operations are
planned for the winter season, the contractor assumes that
a travelling gantry securing thermal insulation along the lining
circumference will be used after stripping the form to mitigate
the temperature shock.

JABLUNKOV NO.2 RAILWAY TUNNEL

The Jablunkov tunnel is still waiting for the second chance. In
November, it will have been a year since the tunnel collapse
happened; since that time the contractor has been waiting for
client’s decision about the next progress of the construction.
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Obr. 4 Tunel Osek — stavebni jama a montdz vyztuZe falesného primdrniho osténi
Fig. 4 Construction trench and installation of reinforcement of the false pri-
mary lining

747,805 m (v ose tunelu), je v soucasné dobe pred dokonce-
nim. Probihaji zavére¢né prace na bednéni plzenského porta-
lu a v nejbliz§ich dnech probéhne jeho betonaz. Dile se
dokoncuji price na zpétném zdsypu konstrukce tunelu, mon-
tdze kabelovodu a betondZe pochozi stezky. Ve vrcholu je
Zelezobetonova konstrukce tunelu presypand o 1,0 m.

Priace na tunelu zahdjila jako pfimy zhotovitel spole¢nost
HOCHTIEF CZ, a. s., hloubenim stavebni jamy v poloviné
z4fi 2009, celkovy objem vykopt &ini 52 000 m3. Svahy sta-
vebni jdmy byly aZ na droven zdkladové spary tunelu zajiste-
ny stifkanym betonem vyztuZzenym ocelovymi sitémi
a hrebiky. Nejvetsi hloubka stavebni jamy je 13 m. Osténi
tunelu je (mimo portdlovych pésu) provedeno jako dvouplds-
tové s mezilehlou féliovou izolaci. Vnéjsi osténi délky 300 m
(falesné primdrni osténi) slouzi jako ztracené bednéni
a ochrana izolace proti vodé (viz obr. 4). Primarn{ osténi je ze
stfikaného betonu C20/25 tl. 300 mm, vyztuZeného ocelovy-
mi prihradovymi ramy a sitémi. Vnéjsi osténi je provedeno na
roz§itené zakladové pasy pro definitivni osténi. Po provedeni
faleSného primdrniho osténi probeéhl ndsledny pracovni
postup jako pri provdadéni raZzeného tunelu, tj. provedeni hyd-
roizola¢niho souvrstvi, montaz vyztuze definitivniho (sekun-
ddrniho) osténi a betondz definitivniho osténi pomoci bedni-
ciho vozu. (viz obr. 5). Definitivni (sekundérni) osténi je
z monolitického Zelezobetonu C25/30, minimélni tloustky
350 mm. Portdlové tunelové pasy se Sikmymi cely jsou pro-
vedeny do oboustranného bednéni, tloustka osténi je mini-
mdlné 500 mm. Tunel je rozdélen na 25 tunelovych pasu
a dva portdlové udseky. Tunelovy pas ma délku 12 m
a hmotnost ulozené vyztuze do jednoho tunelového pasu je
cca 11 t. V kazdém druhém tunelovém pdasu je po obou stra-
ndch proveden zdchranny vyklenek. BetondZe definitivniho
osténi byly zahdjeny 31. 5. 2010 a dokoncen{ se predpoklada
16. 11. 2010. Celkem bude uloZeno do definitivniho osténi
3.565 m3 betonové smési.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.,

ING. LIBOR MARIK , libor.marik@ikpce.com,

IKP CONSULTING ENGINEERS, s.r. 0o

Obr. 5 Tunel Osek — Bednici vuz a definitivni osténi
Fig. 5 Travelling formwork and the final lining

TUNNELS ON PRAGUE-PLZEN RAILWAY LINE
The Osek tunnel in the Beroun-zbiroh track section

The construction of the 324m long cut-and-cover, double-lane
Osek railway tunnel, which is in a 747.805m-radius curve (the
tunnel centre line), is currently before completion. Finishing
work is underway on the formwork for the Plzen portal structu-
re and, the casting of the concrete structure will start shortly. In
addition, the work on the tunnel backfill, installation of cable
ducts and casting of the concrete walkway is being finished.
The reinforced concrete structure is covered with 1m-thick
earth layer.

The work on the tunnel was started by HOCHTIEF CZ a.s.,
the main contractor, by excavating the construction trench in
mid September 2009; the total excavation volume amounts to
52,000m3. The slopes of the construction trench were stabilised
by shotcrete, steel mesh and dowels up to the tunnel base level.
The greatest depth of the construction trench is 13m. The tunnel
lining (with the exception of portal blocks) is a two-shell struc-
ture with an intermediate waterproofing membrane. The exter-
nal lining (a false primary lining along a 300m long section) is
used as a sacrificial form and protection of the waterproofing
membrane (see Fig. 4). The primary lining is in C20/25 shotc-
rete reinforced with steel lattice girders and mesh. The external
lining is cast on widened footings. When the false primary
lining had been completed, the following work procedure, simi-
lar to the construction of a mined tunnel, took place: applicati-
on of the waterproofing layers, installation of concrete reinfor-
cement of the final lining and casting of the final lining using
a traveller form (see Fig. 5). The final (secondary) lining is in
cast-in-situ C25/30 concrete with the minimum thickness of
350mm. The tunnel portal blocks with slanted ends are con-
structed using double-sided formwork; the minimum thickness
of the lining is 500mm. The tunnel is divided into 25 tunnel
blocks and two portal sections. Each tunnel block is 12m long;
the weight of concrete reinforcement in one block is about 11t.
A rescue recess is found in every other tunnel block on both
sides. The casting of the final lining started on 31 May 2010;
the completion is planned for 16 November 2010. In total,
3.565 m3 of concrete will be required for the final lining.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.,

ING. LIBOR MAIéfK, libor.marik@ikpce.com,

IKP CONSULTING ENGINEERS, s. r. 0



SLOVENSKA REPUBLIKA

REKONSTRUKCIA TUNELA POD HRADOM
V BRATISLAVE

Prevddzka elektrickovej trate v rekonStruovanom Tuneli
pod Hradom zacala 2. septembra 2010. Hoci boli stavebné
prace ukoncené uz v maji, kolauda¢né procediry zabrali nie-
kolko tyzdnov. Tunel diiky 792 m bol vybudovany a otvoreny
v roku 1949 ako cestny, ale od prvej komplexnej rekonstruk-
cie v roku 1983 sluzi elektrickovej doprave. RekonStruovany
tunel sa prezentuje tiplne novou kolajovou tratou so zvr§kom
typu pevnd jazdna drdha, zdsobovacie potrubie vodovodu DN
800 je umiestnené pod zemou v technickom kandli a podstatne
zvySend bola aj uroven bezpeCnosti prevadzky v tuneli.
Investorom rekons$trukcie bol Dopravny podnik Bratislava,
a. s., projektantom Terraprojekt, a. s., Bratislava a zhotovi-
telom Zdruzenie pre elektricku pod hradom tvorené firmami
OHL ZS, a. s., Skanska BS, a. s., a Trnavsk4 stavebn4 spoloc¢-
nost, a. s.

TUNEL TURECKY VRCH

Dna 10. novembra 2010 sa uskutoénila prva prerdzka tune-
lovej riry Zelezni¢ného tunela Turecky vrch. PrerdZkou boli
spojené useky tunela razené od severného portédlu a od tniko-
vej Stolne. Prerdzka medzi razenym dsekom od juzného porta-
lu a od unikovej $tolne bude nasledovat’ v druhej polovici
novembra. Od juZného portdlu zdroven zacali betonédze defi-
nitivnych spodnych klenieb tunela. Sekunddrne ostenie tunela
by sa malo zacat' budovat'v jarnych mesiacoch budiceho roku.
Tunel diiky 1775 m je sucastou Zelezni¢ného useku Nové
Mesto nad Vahom-Zlatovce na trati Bratislava—Zilina.
Investorom stavby st Zeleznice Slovenskej republiky
a zhotovitelom zdruzZenie vedené spolo¢nostou OHL 7S.a.s.,
a ¢lenmi zdruzenia su Skanska BS, a. s., Vahostav — Sk, a. s.,
Doprastav, a. s., a Eltra, spol. s r. 0.

PPP PROJEKTY NA VYSTAVBU DIALNIC

Na konci augusta 2010 ozndmilo Ministerstvo dopravy SR
zanik koncesnej zmluvy pre prvy balik projektov verejnosu-
kromného partnerstva na vystavbu a prevadzku dialnic PPP
D1 Dubna Skala—Turany, Turany—Hubova, Hubovéa-Ivach-
nova, Janovce—Jablonov a Fricovce—Svinia s tunelmi Rojkov
(1,8 km), Havran (2,8 km), Cebrat (2,0 km) a Sibenik (0.6
km). Pre viaceré z uvedenych dialni¢nych dsekov zdroven
oznamilo, Ze ich v najblizZSom obdobi zacne obstardvat Stan-
dardnou metédou s financovanim zo Stdtneho rozpoctu
a eurofondov.

Pre treti balik PPP, vystavbu a prevadzku dialnice D1
v useku HriCovské Podhradie—-Dubna Skala, Ministerstvo
dopravy naopak prediiilo termin na finan¢né uzatvorenie pro-
jektu, priCom ozndmilo, Ze by sa hlavné stavebné prace mohli
zacat’ v prvej polovici roku 2011. Koncesiondrom projektu je
spolo¢nost’ Zilinska dialnica, s. r. 0., zaloZen4 spolo¢nostami
Hochtief PPP Solutions, Alpine Bau, Western Carpathians
Motorway Investors Company a FCC Construccién. Stcastou
dseku budd aj tunely Zilina (0,6 km), Ov&iarsko (2,3 km)
a Visnové (7,5 km). V ramci pripravnych prac boli v priebehu
tohto roku vybudované oba portdlové zdrezy tunela Ovciarsko
a zapadny portdl tunela Visnové.

ING. MILOSLAV FRANKOVSKY,
Jfrankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.
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THE SLOVAK REPUBLIC

RECONSTRUCTION OF THE TUNNEL UNDER
THE BRATISLAVA CASTLE

The reconstructed Tunnel under the Castle was opened to
tram traffic on 2nd September 2010. Despite the fact that the
construction work was finished as long ago as May, the occu-
pation permit issuance procedures took several weeks. The
792m long tunnel was constructed and inaugurated in 1949 as
a road tunnel, but it has served to carrying tram traffic since the
first comprehensive reconstruction in 1983. The reconstructed
tunnel presents itself by a completely new slab-type rail track;
a DN 800mm water supply line is located in a buried technical
duct and the level of operational safety in the tunnel was signi-
ficantly increased. The client was Dopravny podnik Bratislava
a.s., the designer was Terraprojekt a.s. Bratislava and the con-
tractor was the Consortium for Tram under the Castle, consis-
ting of OHL 7S, a.s., Skanska BS a.s. and Trnavsk4 stavebna
spoloc¢nost’a.s.

TURECKY HILL TUNNEL

The first breakthrough of the first tube of the Turecky Hill rail
tunnel took place on 10th November 2010. The breakthrough
connected the sections of the tunnel which had been driven
from the northern portal and from the escape gallery. The bre-
akthrough between the sections mined from the southern portal
and from the escape gallery will follow in the second half of
November. At the same time casting of the final invert concrete
structures started from the southern portal. The erection of the
secondary tunnel lining should start in the spring of 2011. The
1,775m long tunnel is part of the railway track section between
Nové Mesto nad Vahom and Zlatovce on the Bratislava — Zili-
na rail line. The client is Zeleznice Slovenskej republiky
(Slovak Railways) and the contractor is a consortium consisting
of OHL ZS a. s. (the leader), Skanska BS, a. s., Vahostav Sk,
a. s., Doprastav, a. s. and Eltra, spol. s r. 0.

PPP PROJECTS FOR THE DEVELOPMENT
OF MOTORWAYS

At the end of August 2010, the Ministry of Transport of the
SR announced the discharge of the concession contract for the
first package of public-private partnership projects for the con-
struction and operation of the D1 motorway sections Dubnd
Skala - Turany, Turany - Hubové, Hubov4 - Ivachnov4d, Jdnovce
- Jablonov and Fricovce — Svinia, containing the Rojkov (1.8
km), Havran (2.8 km), Cebrat’ (2.0 km) and Sibenik (0.6 km)
tunnels. At the same time, the ministry announced that it would
start to procure contracts for some of the above-mentioned
motorway sections using the standard procedure of funding
from the state budget and Euro Funds.

On the other hand, the Ministry of transport postponed the dead-
line for financial closing of the third PPP package comprising the
construction and operation of the D1 motorway section between
Hricovské Podhradie and Dubnd Skala, announcing that the main
construction operations could commence in the first half of 2011.
The project concessionaire is Zilinskd dialnica s.r.o. (Zilina
Motorway), which is a company founded by Hochtief PPP
Solutions, Alpine Bau, Western Carpathians Motorway Investors
Company and FCC Construccién. The Zilina (0.6 km), Ov&iarsko
(2.3 km) and Visnové (7.5 km) tunnels will be parts of the motor-
way section. Both construction trenches for portals of the
Ovdiarisko tunnel and the western portal of the ViSnové tunnel
were constructed within the framework of enabling works.

ING. MILOSLAV FRANKOVSKY,,
frankovsky@terraprojekt.sk, TERRAPROJEKT, a. s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

KTERY SILNICNI TUNEL JE V CESKE REPUBLICE NEJKRATSI?
WHICH ROAD TUNNEL IS THE SHORTEST IN THE CZECH REPUBLIC

The shortest tunnel in the Czech Republic and possibly even in
Europe was opened to traffic in 1914. During the course of the con-
struction of a road near the village of Lazany the builders encounte-
red a sandstone rock called Mnich. They decided to overcome this
natural obstacle by carving a gate through it in the shape of a poin-
ted Gothic vault. This is how a 4m long and 4.9m high tunnel origi-
nated. Owing to the tunnel a relatively valuable natural monument
was preserved.

Pokud se zabyvdme podzemnimi stavbami, v§imdme si vétSinou
takovych, které predstavuji v ur€itém meritku jistd superlativa — jsou
nejvetsi vyrazenym profilem, délkou ¢i objemem, maji nejmensi, pii-
padné nejvetsi nadloZi, jsou nejslozitéjsi s ohledem na geotechnické
podminky pro vystavbu a podobné. Pfi shromaZdovani podkladi pro
publikaci Podzemni stavitelstvi v Ceské republice jsme se setkali se
zajimavym fenoménem v podobé naseho nejkratSiho tunelu. Tento
tunel pres své stari (zprovoznén roku 1914) neni v tunelarském poveé-
domi obecné zndm. Jde o pouhé 4 metry dlouhy silni¢ni tunel mezi
obcemi LaZany a Liboovice v Ceském réji, ktery je znalciim mistni
krajiny zndmy spiSe pod turistickym oznacenim ,,Pekarova bréna‘“.

Pii vystavbé silnice (I1[/27926) pod vesnici Lazany tu stavitelé
narazili na piskovcovou skdlu zvanou Mnich. Rozhodli se tuto pri-
rodni prekdzku prekonat vytesdanim prijezdu ve tvaru lomené gotic-
ké klenby. Pozdéji tato neobyCejna stavba, kombinujici dilo prirody
a lidskych rukou, ziskala jméno Pekarova brdna podle turistické
stezky z hradu Kost na Valdstejn, kterd vedla pravé po silni¢ce pro-
chézejici timto tunelem. Oznaceni neni odvozeno od femesla, ale
odkazuje na jméno zndmého Eeského historika PhDr. Josefa Pekare
(1870-1937), ktery mél prave tuto stezku ve velké oblibe.

Pozoruhodné je i vyhlidka, pfistupnd po schodisti vytesaném do
skély spolu s tunelem. Po nékolika mdlo schodech je mozné se cel-
kem pohodIné dostat na horni partie skalniho bloku, kterd slouzi
jako prirozend rozhledna (dnes z&4sti zakrytd stromy).

Z pohledu podzemniho stavitelstvi je Pekarova brdna spiSe
usmévné dilo. Tunel délky 4 m a svétlé vysSky 4,9 m vSak zajistil
zachovani pomérné cenné prirodni pamadtky a je plnohodnotnou sou-
&asti evidence prisluiné SUS. Diky tomu je moZné nejkrat§im tune-
lem nejen v Ceské republice, ale i v celé Evropd.

ING. PAVEL SOUREK, JAKUB KARLICEK,
SATRA, spol. s r. o.
Foto | Photo: Jakub Karlicek
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ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
wwWw.ita-aites.cz

ODBORNY ZAJEZD CESKE TUNELARSKE ASOCIACE ITA-AITES DO NEMECKA

VE DNECH 13.-16. 10. 2010

TECHNICAL EXCURSION OF THE ITA-AITES CZECH TUNNELLING ASSOCIATION TO GERMANY

FROM 13™ THROUGH 16™H OCTOBER 2010

The ITA-AITES Czech Tunnelling Association organi-
ses as a tradition annual excursions to construction sites
abroad, which are usually combined with an away mee-
ting of the Editorial Board. This year, on 13th to 16th
October, the technical excursion headed toward Germany.
It was attended by 46 persons. On Thursday the 14th
October 2010 they visited the Lichtenholz and Kulf tun-
nels on the ongoing construction of the Enensfeld — Erfurt
section of the high-speed rail line which will connect
Munich and Berlin.

Friday was dedicated to a visit to the Herrenknecht pro-
duction plant in Schwanau, where the excursion partici-
pants could see, in a partially assembled condition, the
first of the two Earth Pressure Balance TBMs which are
intended for the construction of the Prague metro Line
A extension.

Two extraordinary events took place during the course
of the trip: In Chile, 33 miners were one by one rescued
after being trapped for 67 days at a depth of about 700m
in the San Esteban mine; in Switzerland the first tube of
the Gotthard base tunnel broke through. The breakt-
hrough took place during the course of the visit of the
excursion participants in the Herrenknecht company pre-
mises, where they could watch a live broadcast of the
Herrenknecht-manufactured TBM breaking through into
a cavern filled with guests invited to this tunnelling event
of worldwide importance.

Vsichni to zndme, nékdy se to stane a ani nevime jak.
Stane se, Ze nds zahrne proud negativnich nebo pozitiv-
nich udélosti v jednu chvili, na jednom misté. A presné to
se ndm, ucastnikim odborného zdjezdu do Némecka,
stalo pravé ve dnech 13.-16. 10. 2010. Jelikoz svata
Barbora nad ndmi v tu chvili jisté drzela svoji ochrannou
ruku, tak ndm umoZnila proZit velmi pozitivni prubéh
nasi cesty a jejiho odborného programu.

S podzimem kazdého roku kond redakéni rada casopisu
Tunel své vyjezdni zaseddni. Letos bylo spojeno
s odbornym zdjezdem ¢&lent Ceské tuneldfské asociace
ITA-AITES do Némecka na stavbu tunell na trase vyso-
korychlostni Zeleznice a do tovarny na vyrobu §tita firmy
Herrenknecht AG ve Schwanau pobliZ Ryna. Soucdsti
programu byla také kratka prohlidka historického centra
mésta Strasburk ve Francii v den navratu do Ceské repub-
liky. Cesty se zucastnilo 46 osob v&etné dvou kolegu ze
Slovenska, ktefi jsou ¢leny redakéni rady.

Samoziejme z vySe uvedeného nevyplyva asi nic mimo-
fadného, co by mohlo opravnovat k oslavné fuze na pod-
zemni stavitelstvi, ale presto posudte spolu s ndmi, zda

Obr. 1 Zdchrannd kapsle pro chilské horniky
Fig. I Rescue capsule for the Chilean miners

k takovému nadSeni a oslavé, v posledni dobé v naSich
podminkdch téZce zkouSené profese, mohl byt duvod.

ZACHRANA HORNIKU V CHILE

V soubehu s nasi cestou vrcholila zachrannd akce, jejiz
usili vedlo k zdchrané 33 hornika uvéznénych po dobu 67
dna v hloubce pfiblizné 700 m v médéném a zlatém dole
San Esteban na severu Chile. Zpravy o kazdém nové
zachranéném kolegovi plynule vylepSovaly na$i cestovni
nédladu. Kone¢ny vysledek zdchrany vSech v podzemi zdva-
lem uvéznénych horniku je kolosdlni a v soudobé historii
dulnich ¢innosti pravdépodobné nema obdoby (obr. 1).

NAVSTEVA TUNELU KULCH A LICHTENHOLZ NA STAVBE
VYSOKORYCHLOSTNI ZELEZNICE EBENSFELD-ERFURT

To bylo tunelarské pohlazeni. Oba tunely jsou soucdsti
obrovského projektu vysokorychlostni Zeleznice propoju-
jici mésta Berlin a Norimberk a v Sir§im evropském
méfitku Skandindvii s Itdlii. Podrobnosti o této stavbé
a na$i exkurzi na oba tunely najdete nize v prispevku,
ktery pripravil Ing. Libor Marik.

Na tunelu Kulch, praveé na den nasi ndavstévy, probihala
slavnostni zardzka, jejiz soucdsti byla i ekumenickd
bohosluzba s posvécenim soSky sv. Barbory (obr. 2).
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Obr. 2 Ekumenickd bohosluzba pri svéceni sv. Barbory
Fig. 2 Ecumenical worship service during the consecration of Saint Barbara
Statuette

Na slavnost véetné prislusného rautu jsme byli od naseho
hostitele firmy Hochtief pozvéni. No, neméli jsme $tésti?

NAVSTEVA VYROBNIHO ZAVODU FIRMY
HERRENKNECHT AG VE SCHWANNAU

Na zédkladé spolupréce s firmou Herrenknecht na projektu
prodlouZeni trasy A prazského metra, kam tato firma doda-
va dva zeminové $tity (EPBS), ndm bylo umoZnéno nahléd-
nout do kuchyné této jisté svétové firmy.

Ve velmi pratelské atmosfére jsme méli moZnost vidét
obrovské rozméry vlastniho vyrobniho zdvodu, kde pan
Martin Herrenknecht z jednomuZzné firmy vybudoval za
nckolik desitek let moznd nejuispesnéjsi firmu svého druhu
na svete. Videli jsme napr. jiz smontovany §tit uréeny pro
stavbu v dzerbajdzanském Baku (obr. 3).

Tre$niCkou na dortu byla i prilezitost uvideét z&asti jiz
sestaveny prvni Stit pro nas prazsky projekt (obr. 4). Na
volném prostranstvi pred vyrobni halou probihala také
montaz tunelovaciho stroje s nejvétsSim profilem
v soucasnosti — 15 550 mm!! Celkovd hmotnost stroje bude

Obr. 3 TBM ¢ 6 m pFipraveny pro Baku (AzerbajdZin)
Fig. 3 TBM ¢ 6.0m prepared for Baku (Russia)

3800 t a jeho prikon &ini 15 600 kW. Je uréen pro tunely
Sparvo dlouhé 2494 m a 2431 m na dalnici mezi Florencif
a Bolognou (obr. 5).

V dalsi ¢asti programu jsme vyslechli nekolik velmi zaji-
mavych prezentaci naSich hostiteld o soucasnych i budoucich
mozZznostech vyuZiti strojnich technologii pro podzemnf stavi-

telstvi (obr. 6).

PRORAZKA NEJDELSIHO ZELEZNICNHO TUNELU
SVETA POD PRUSMYKEM SV. GOTHARDA

Po 11 letech tvrdé prace na razbdch gothardského bazové-
ho tunelu posunulo sveétové tunelédrstvi svoji metu zase o kus
dél. Délka 57 km vyrazeného Zelezni¢niho tunelu urcuje
hodnotu nového svétového rekordu v oboru podzemnich sta-
veb. Na razbdch gothardského tunelu se podilely obé tradic-
ni technologie TBM i NRTM.

Nemuze byt jinak, neZ Ze na tomto unikdtnim projektu
spolupracuji také svétové firmy a v mezi nimi i Herren-
knecht. A tak jsme zase m¢li $tésti, protoZe jsme byli ve
spravnou chvili na spravném misté. V rdmci prezentaci

Obr. 4 Uéastnici exkurze pied smontovanou &isti EPBS o ¢ 6 m uréeného

pro Prahu
Fig. 4 Excursion participants in front of the assembled part of the 6.0m
diameter EPB TBM being prepared for Prague

Fig. 5 Assembly of the largest, 15.55m diameter TBM manufactured for Italy



Obr. 6 Uéastnici p¥i prezentacich firmy Herrenknecht
Fig. 6 Excursion participants at Herrenknecht company presentations

odbornikt firmy Herrenknecht jsme mohli sledovat satelitni
primy prenos ze slavnostni prorazky prvniho gothardského
tunelu (obr. 7), i kdyZ pravda, ne ve zcela dobré kvalité.

PROHLIDKA MESTA STRASBURK

Zéavéreéna sobotnédopoledni prohlidka malebné historic-
kého mésta Strasburk potom byla dal§im bonusem, i kdyz
kratkym, pro vSechny zucastnéné. Pohled na dominantn{
katedralu stejné jako prochazka malebnymi ulickami mésta
jenom uzavrely paletu dobrych pocita a nic na tom nemoh-
lo zménit ani v tu chvili lehce destivé pocasi.
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*‘ L r . AR "k 2
Obr. 7 Slavnostni prordzZka Tunelu Gothard dne 15. 10. 2010
Fig. 7 The Gotthard tunnel breakthrough celebration on 15th October 2010

ZAVER

Nevim, zda po preéteni této zprdvy muZete a budete
s nami dcastniky sdilet stejné nadSeni, ale véfte, Ze pro nds
cesta znamenala posloupnost zdzitku, které pozitivné nabi-
jeji. Tato nové ziskand pridand hodnota byla také kvalitativ-
né tiidéna a do naSich mysli prubézné ukldddna béhem
vecernich vzdjemnych vymén ndzoru, poznatku a dojmu.

Zdaf buh!

ING. BORIS S'EBESTA, sebesta@metrostav.cz ,
METROSTAYV a. s.

EXKURZE DO TUNELU LICHTENFELS A KULCH NA TRATI EBENSFELD-ERFURT

Drive, nez se budeme blize vénovat navstivenym tune-
lam, pfibliZime si tratovy tsek jako celek. Vzhledem
k technické ndro¢nosti a mnozstvi staveb urcité stoji za
pozornost. Jednd se o ¢ast vyznamného vysokorychlostni-
ho spojeni Berlin—-Mnichov, které by mélo po dokonéeni
vSech planovanych staveb zkratit dobu jizdy z 8 hodin
(vychozi stav v roce 1992) na 4 hodiny. Z Sir§iho hlediska
tvori trasa soucdst transevropské spojnice z Itdlie do
Skandindvie.

Projektovdani i vystavba probihd v rdmci projektu
Deutsche Einheit Schiene Nr. 8, ktery reaguje na nutnost
vybudovani dopravni infrastruktury po sjednoceni
Némecka. Trasa je navrZzena pro rychlost 300 km/h
a krom¢ osobni dopravy se pocitd i s dopravou nakladni.
Tomu odpovidaji i ndvrhové parametry jako minimdln{
polomér smérového oblouku 3700 m a maximdlni sklon
12,5 %o. Na tseku prevlada pevnd jizdni drdha. Vyjimku
tvori pouze predjizdné koleje a napojeni na stavajici traté,
kde je pouzito $térkové loZe. Vysledna trasa byla vybrdana
ze tii variant, které probihaly koridorem $itky cca 20 km.

Tuneléfe viak na trase zaujme pod&et tunelu a jejich cel-
kova délka. Pri délce tseku 107 km vede v tomto tunelar-
ském rdji 41 km trasy pod zemi v celkem 22 tunelech.
K nejdel$im patfi tunely Blessberg (8314 m) a Silberberg

(7391 m), nejkrats$i tunel Behringen méd délku 463 m.
Nezavisle na délce jsou vSechny tunely navrzeny jako
dvoukolejné s osovou vzdalenosti koleji 4,7 m a raZeny
jsou konvenéné pomoci NRTM. Pokud k tunelim pfipo-
&teme i 29 mostu o celkové délce 12 km zjistime, Ze vice
nez 50 % trasy tvori inZenyrské objekty. To je rekordni
pocet v ramci vSech nové budovanych vysokorychlostnich
useku Zeleznice v SRN. Kritériem pro vedeni trasy
v tunelu nebo na mosté, platnym podle smérnice
Némeckych drah DB 863 pro vysokorychlostni traté, je
hloubka zafezu 20 m, resp. vySka ndspu 15 m. Tam, kde by
doslo k prekroceni téchto hrani¢nich hodnot, je trat vede-
na v tunelu, resp. na mosteé.

Tunely Kulch (1331 m) a Lichtenholz (931 m) razi sdru-
zeni NBS Lichtenfels tvofené firmami Hochtief
Construction AG, Alpine Untertagebau GmbH a Beton-
und Monierbau. Investorem je DB Netz AG. Ke spolec-
nym parametrim obou tunelu patfi plocha vyrubu 170 m2,
svétld plocha nad drovni temene kolejnice 101 m2, osova
vzdélenost koleji 4,7 m a pouziti pevné jizdni drédhy.
V pripadé tunelu Kulch je vzhledem k jeho délce vétsi nez
1 km navrzena v souladu se smérnici TSI SRT tnikova
Stola délky 145 m, kterd navazuje na schodiStovou Sachtu
hloubky 14 m dstici na povrch tzemi. Nahodné maji oba
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Obr. 8 Portdlovy zdrez tunelu Kulch a stabilizace svahu
Fig. 8 The Kulch tunnel pre-portal open cut and slope stabilisation

tunely spole¢nou i maximdlni vySku nadloZzi 27 m, coz je
hodnota typickd i pro nase tunely. Razba tuneld zac¢ind pri
vySce nadlozi 7 m, priCemz hloubené tunely se omezuji
pouze na portalovy blok betonaze a trasa tunelu okamzité
prechdzi do zdrezu.

Predportdlové zarezy prekvapily svou velikosti, a to nejen
hloubkou, ale i délkou a zpusobem ochrany proti erozi. Na
svazich je v rostlé zeminé provedeno zazubeni, které je
ndsledné vyplnéno vrstvou Stérkopisku frakce 0/32. Na tuto
vrstvu je pak provedena konecnd tprava z vrstvy lomového
kameniva frakce 0/100 tloustky 1 m (obr. 8).

Relativné mald vyska nadloZi u obou tunelu avizuje slo-
7ité geotechnické poméry. V pripadé tunelu Kulch procha-
zi trasa jilovci a slinovci spodni jury, do tunelu
Lichtenholz zasahuji kromé hornin spodni jury i horniny

svrchniho a stfedniho triasu. Zastizené prachovce a jilovce
pri styku s vodou bobtnaji, coZ komplikuje jak vlastni
razbu, tak zejména dimenzovdani definitivniho osténi. Pri
navstévé tunelu Lichtenholz nas zhotovitel informoval, Ze
razba probihd v horSich neZ v soutéZi avizovanych geo-
technickych podminkdch a pro zajisténi stability vyrubu
byly pfi horizontdlnim ¢lenéni vyrubu pouZzity mikropilo-
tové deStniky délky 12 m provadéné s rozte¢i 35 cm
a presahem 4 m. Stabilitu Celby zajiStovaly 12 m dlouhé
kotvy a prokotveny a stfikanym betonem zpevnény Celbo-
vy klin (obr. 9). Celbové kotvy s tinosnosti 200 kN jsou
v poCtu 12 ks instalovdny v kazdém tretim zdbéru.
V kaloté byla pouZzita do€asnd spodni klenba ze stfikané-
ho betonu C25/30 tloustky 200 mm se dvéma vrstvami sit{
Q188. S jeji dostateCnou tinosnosti souvisi i vzepéti 1,9 m

Obr. 9 Celba tunelu Lichtenholz v slogitjch geotechnickych podminkdch

Fig. 9 The Lichtenholz tunnel excavation face in complicated geotechnical conditions




Obr. 10 Ukldddni sv. Barbory na portdl tunelu Kulch
Fig. 10 Installation of Saint Barbara statuette in the Kulch tunnel portal
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Obr. 11 Zahdjeni razby tunelu Kulch patronkou tunelu
Fig. 11 Commencement of the Kulch tunnel excavation by the tunnel patron

Obr. 12 Uéastnici exkurze pred portdlem tunelu Lichtenholz
Fig. 12 Excursion participants in front of the Lichtenholz tunnel

a zejména propojeni s primarnim osténim pomoci masivni-
ho sty¢niku ze stfikaného betonu a vyztuznych siti. Pro
dodate¢né napojenti siti kaloty a opéri tunelu byly nad styc-
nikem ponechédny nezastiikané sité, coz je patrné z obr. 9.
Razbu tunelu Lichtenholz provazeji i pritoky vody, které
zhorSuji stabilitu Celby. Prvni ze dvou skupin ulastniku
exkurze tak byla svédkem lokélniho nadvylomu ve vrcholu
kaloty. Druhd skupina za cca 1,5 hodiny po vytvoreni nad-
vyrubu jiz vid€la jen siti a stfikanym betonem zaji§t€nou
celbu.

V dobé néavstévy se na portile tunelu Kulch konalo osazeni
sosky svaté Barbory (obr. 10) a symbolické zahdjeni razby
patronkou tunelu pani Petrou Platzgummer-Martin, vicepre-
zidentkou vlady spolkové zemé Horn{ Franky (obr. 11). Diky
tomu se slavnosti i€astnila fada vyznamnych hosti, ke kterym
patfil i garant projekéniho feSeni — prof. Dr.-Ing. Walter
Wittke z firmy WBI GmbH.

Organizétori exkurze z firem
Hochtief a Alpine pozvali pana
profesora na debatu s jejimi
ucastniky, ¢imz se dozvedéli
nejen mnoho podrobnosti o geo-
technickych podminkach a tech-
nickém feSeni tunelu, ale prede-
vS§im mohli na dand témata dis-
kutovat. K razbé tunelu v bobt-
navych hornindch lze pristupo-
vat dvéma zpusoby. V prvnim
pripadé se mezi horninou a de-
finitivnim osténim ponecha kom-
penzacni vrstva, kterd umoznuje
deformaci a omezuje zvysSovani
tlaku na osténi. Ve druhém pripa-
dé je bobtnani horniny kladen
zvySenou tuhosti osténi odpor,
ktery omezuje deformacni proje-
vy bobtndni. U tuneld Kulch
a Lichtenholz preferuje prof. Wit-
tke druhy pristup, coZ vede k ma-
sivnimu a silné vyztuZenému
definitivnimu osténi, kde tloustka horni klenby dosahuje
min. 60 cm a spodni klenby az 75 cm. Vzhledem k tomu, Ze
bobtnaci tlaky nejsou tak vysoké jako napr. u sadrovce, je
navrzeny systém efektivni a komplikace s projevy bobtnani
pfi provozu se neocekdvaji.

Béhem vystavby probihd kromé standardniho geomonito-
ringu i laserové skenovani povrchu vyrubu, primarniho
i definitivniho osténi.

Na obrazku ¢. 12 je zachycena jedna ze dvou skupin
ucastniku exkurze v&etné naSeho pruvodce pana Dietera
Schopfa z firmy Alpine Untertagebau. Organizaci na stavbé
zajistil a predndsku o tunelech prednesl pan Dipl.-
Ing. Andreas Boettscher z firmy HOCHTIEF Construction
AG, za coz mu patii dik vSech ulastniku exkurze.

ING. LIBOR MARfK, libor.marik@ikpce.com,
IKP Consulting Engineers, s. r. o.
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TUNELARSKE DOPOLEDNE 3/2010
TUNNELLERS' AFTERNOON 3/2010

The third and last half-day seminar that is usually organised by
the ITA-AITES Czech Tunnelling Committee under the title of
Tunnellers’ Afternoon was this time held in Ostrava on 24th
November 2010. The seminar was focused on collapses of
underground structures, with a sub-topic of benefits of explora-
tory workings. The special topic attracted nearly 130 attendees,
who heard 8 lectures with great interest.

Treti a posledni pldenni seminaf, ktery obvykle poradd Ceskd
tunelédrskd asociace ITA-AITES pod ndzvem Tuneldfské odpoled-
ne, se konal tentokrdat v Ostravé dopoledne 24. listopadu 2010.
Jeho tématem byly havdrie podzemnich staveb a podtématem pfi-
nos prizkumnych dél.

Téma to bylo atraktivni, jak ukdzal vysoky polet tdastnika,
kterych bylo ke 130. Tento pocet vysoce prekrocil kapacitu sdlu
v Ustavu geoniky Akademie véd Ceské republiky, takZe néktefi
sledovali prednasky u televize umisténé v predsdli.

Ucastniky nejprve privital feditel hostitelské organizace
prof. RNDr. Radim Blaheta, CSc. Vlastni jedndni zahgjil
a moderoval prof. Ing. Jifi Bartdk, DrSc., z Fakulty stavebni
CVUT v Praze.

Predneseny byly nésledujici prispévky:

1. prof. Ing. Josef Aldorf, DrSc., Ing. Luk4s ]v)uriﬁ, Ph.D., VSB

TU Ostrava
Havarie podzemnich staveb — pri€iny, ovliviujici fakto-
ry, strué¢ny prehled

2. prof. Ing. Josef Aldorf, VSB TU Ostrava

Havarie na stavbé Jablunkovského tunelu
3. Ing. Radko Bucek, Ph.D., Mott MacDonald, s. r. o.
Havarie stanice Pinheiros na stavbé metra v Sao Paulu
4. Ing. Petr Koni&ek, Ph.D., Ustav geoniky AV CR
Horské otresy a jejich vliv na dulni chodby

5. Ing. Alexandr Butovi¢, Ph.D., Satra, s. r. 0.

Havarie pri razbé tunelu Kralovska obora na tunelovém
komplexu Blanka v Praze

Zhodnoceni vysledku ziskanych z pruzkumné $toly ve
vztahu k razbé vlastniho tunelu

Pohled na uéastniky semindre pri projevu prof. RNDr. Radima Blahety, CSc.

6. Ing. Martin Srb, D2 — Constult Prague, s. 1. 0.
Pruzkumné $toly a havarie tunela

7. prof. Ing. Jifi Bartdk, DrSc., FSv CVUT
Mimoradna udalost pri razbé kolektoru Vodickova
v Praze 1

8. doc. Ing. Vesely Ph.D.,
Ing. Kostohryz, Arcadis Geotechnika, a. s.
Nedostate¢nost geotechnickych pruzkumu pro tunely.
Pri¢iny — reSeni

Rozsypal, Ing. Jandejsek,

Uroveli viech predndiek byla vysokd a poutala pozornost
vSech tcastniku aZ do ukon&eni tuneldiského dopoledne, které se
protahlo o vice nez 1,5 hod.

Doufdme, Ze se podafi vSechny prezentace umistit na webové
stranky asociace.

ING. MILOSLAV NOVOTNY , sekretdr CzTA ITA-AITES,
ita-aites @metrostav.cz

Pozvanka na odborny semindr Olsanka 2011

ARCADIS Geotechnika, a. s. porddd spole¢né s Ceskou silni¢n{ spole¢nosti
dne 23. 2. 2011 jiz 15. odborny geotechnicky semindf, ktery se uskute¢ni v kongresovém centru hotelu Olsanka v Praze 3.
Hlavnim tématem semindfe budou

Druhotné a recyklované materidly v zemnim télese pozemnich komunikaci

Semindr je uréen pfedev$im projektantim inzenyrskych a dopravnich staveb, pracovnikim investorskych organizaci
a zhotovitelskych stavebnich firem, inZenyrskym geologtim i geotechnickym speaahstum Semindf je zafazen do projektu
celozivotniho vzdéldvini CKAIT a je hodnocen jednim kreditnim bodem. Soucésti semindte bude doprovodn4 vystavka odbornych firem.

Na semindfi bude Ig)rednescno osm piispévki véetné predndsky
¢ a 4drzbé pozemnich komunikaci ve Spojeném krélovstvi,
kterou pfednese britsky odbornik Dr. J. Murray Reid z laboratofe TRL Limited.

Pozvanky véetné zdvaznych piihldsek budou rozesiliny béhem ledna 2011.
Vice informaci najdete na www.arcadisgt.cz

Trvale udrZitelny rozvoj pfi vystavl

Pozvanka na 16. mezinarodni seminaf
IPEVNOVANI, TESNENI A KOTVENi HORNINOVEHO MASIVU A STAVEBNICH KONSTRUKCi 2011

Seminaf se kond pod zastitou Ceské tunelaiské asociace ITA-AITES ve dnech 10. - 11. Gnora 2011 v nové aule VSB-TU Ostrava, Ti. 17. listopadu 15,
Ostrava - Poruba. Pofadatelem seminaie jsou VSB-TU Ostrava, fakulta stavebni, katedra geotechniky a podzemniho stavitelstvi, a Minova Bohemia s. . o.

Dalsi informace Ize ziskat na adrese: hana.sedlarova@vsb.cz




NOVE WEBOVE STRANKY ITA-AITES

Ctenafim &asopisu Tunel doporuujeme, aby si dobie pro-
hlédli podstatné rozsifené webové strainky Mezindrodni tune-
larské asociace ITA-AITES. Stranky jsou rozdéleny na dvé
casti.

Corporate Website jsou zaméfeny na ¢innost asociace a obsa-
huji informace zamérené na ¢leny asociace a technické infor-
mace pro tunelové odborniky. Naleznete zde odborné clanky,
dokumenty, novinky o aktivitdch asociace a jejich ¢lenu i pre-
hled pfipravovanych odbornych akci, jako jsou seminére, kon-
ference apod., porddané nebo sponzorované (podporované)
ITA-AITES.
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Information Website se snazi oslovit i $ir$i verejnost. V této
¢asti 1ze predevsim najit odpovédi na otdzky, jak a pro¢ vyuZi-
vat podzemi (HOW to go underground, WHY going underg-
round and the USE of underground space). Jsou zde ale také
umistény praktické a technické informace a predev§im bohatd
galerie Ci jakdsi databdze podzemnich staveb (Case histories).
Ta zahrnuje i ¢dsti vénovand historii podzemnich staveb a bu-
doucim vyznamnym projektim, jako je napr. brennersky bazo-
vy tunel nebo Cross Rail v Londyneé.

ING. MILOSLAV NOVOTNY, sekretire CzTA ITA-AITES

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.sta-ita-aites.sk

SEMINARE K AKTUALNYM OTAZKAM PRIPRAVY A VYSTAVBY TUNELOV
SEMINARS ON TOPICAL ISSUES OF PLANNING AND IMPLEMENTATION OF TUNNELLING PROJECTS

A seminar on topical issues of planning and implementing
tunnelling projects was held on 28th September 2010 on the pre-
mises of Doprastav a. s. Bratislava, within the framework of tech-
nical activities of the Slovak Tunnelling Association (STA).
Seminar lectures were delivered by Prof. Dr. - Ing. Alfred Haack,
STUVA, Koln, Germany, Dipl.-Ing. Martin Bosshard,
Basler&Hofmann Ingenieure AG, Esslingen, Switzerland and
Dr. — Ing. Karin Béppler, Herrenknecht AG, Schwanau, Germany.

The “Mining regulations and their application to practice”
seminar was held in Jazero Hotel at Viniany Lake on 30th
September and 1st October 2010. The event was organised by
the Slovak Mining Association — the basic unit working at the
Regional Bureau of Mines in KoSice, in collaboration with the
BERG Faculty (Doc.Ing.Juraj Durove, CSc.) of the Technical
University in KoSice.

V ramci odbornej Cinnosti Slovenskej tunelarskej asociacie
(STA) sa dna 28. 9. 2010 na Doprastave, a. s., Bratislava usku-
to¢nil seminar k aktualnym otazkam pripravy a vystavby
tunelov. Na semindri boli prednesené prednasky:

1. Vystavba severo-juznej trasy metra v Koline n. Rynom

a zdval z 3. marca 2009 — prvé zavery

prof. Dr.-Ing. Alfred Haack, STUVA, Kolin, Nemecko
2. Prechod Zeleznice pod Dunajom v Bratislave na eurépskom

Zelezni¢nom koridore Vieden—Bratislava: MoZnosti razenia

tunelov metédou TBM

Dr.-Ing. Karin Bippler, Herrenknecht AG., Schwanau, Ne-

mecko
3. Manazment rizik a prekonavanie mimoriadnych situdcii pri

razeni dlhého tunela metédou TBM na priklade Zelezni¢ného
prepojenia v Ziirichu

Dipl.-Ing. Martin Bosshard, zdstupca predsedu predstavenstva

Basler&Hofmann Ingenieure, Planer und Berater AG,

Esslingen, Svajéiarsko

Semindra sa zucastnilo 40 zastupcov firiem zdruZenych
v STA. Utastnici semindra si so zdujmom vypoculi prednasky
k aktudlnym témam prednesené na vysokej odbornej
a profesiondlnej udrovni. Semindr zorganizovala spolo¢nost’
Basler&Hofmann Slovakia, s. r .0., za vydatnej pomoci pana
doc. Ing. Kolomana V. Ratkovského, CSc.

Obr. 1 PredndSajiici a ticastnici semindru v Bratislave

V dnioch 30. septembra a 1. oktébra 2010 sa konal v Hoteli Jazero
na Vinianskom Jazere seminar Banské predpisy a ich aplikacia
v praxi, ktory zorganizovala Slovenskd banicka spolocnost’ —
zédkladnd organizacia pri Obvodnom banskom trade v KoSiciach
v spoluprdci s Fakultou BERG (doc. Ing. Juraj Durove, CSc.)
Technickej univerzity v KoSiciach. Na seminari bolo pritomnych
viac ako 70 dcastnikov z roznych banskych a tuneldrskych firiem
a inStitdcii prevazne z vychodného Slovenska. Do programu tohto
semindra boli zaradené aj predndSky zahrani¢nych hosti
s predndskami, ktoré boli prednesené 28. 9. 2010 v Bratislave.
Ucastnici semindra vysoko hodnotili vystipenie zahrani¢nych
hosti a organizdtori semindra vyslovili prosbu o ich ucast’
s aktualnymi predndskami na seminaroch aj v budicnosti.

Prof. Dr.-Ing. Alfred Haack, ktory nielen na uvedenych semi-
naroch, ale Casto aj v minulosti prispel svojimi predndSkami
k zvySovaniu technickej urovne slovenskych tuneldrov, sa
v tomto obdobf{ (15. 10. 2010) doZil vyznamného Zivotného jubi-
lea 70 rokov. Pri tejto prilezitosti mu aj slovenska tunelarska
obec vin3uje pevné zdravie a mnoho dalsich tvorivych dspechov.

ING. STEFAN CHOMA,
BASLER&HOFMANN SLOVAKIA, s. r. o.



