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Vazené Ctenarky a vazeni Ctenari Casopisu TUNEL,

chvili jsem véhal, zda pouZit toto osloveni, zda nepouzit v souladu s nejnovéjsimi ,,hyperkorektnimi* trendy osloveni napf.
,.vazené Ctendf'stvo®, ale nakonec jsem se rozhodl byt radéji konzervativni a neurdzet vétSinu z vas.

Dostavd se ndm do rukou posledni ¢islo nasSeho casopisu v letoSnim ponékud zvlaStnim roce, poznamenaném zejména
negativnimi krizovymi jevy — neuvéfitelnou inflaci, jesté méné uvéfitelnymi cenami energii a stavebnich materidli a ponékud
chaotickou, a ne pfili§ srozumitelnou predikci vyvoje ve vSech resortech, véetné téch ndmi pozorné sledovanych, tedy téch,
obsahujicich podzemni stavby.

Tentokriat je Cislo casopisu TUNEL 4/2022 sponzorované spole¢nostmi SG Geotechnika a.s. a GEOCONSULT, spol. s r.o.
a autofi piispévkl se vénuji zejména zahranicnim stavbam a projektim. Je to ddno jednak mezindrodnim piisobenim obou
sponzorskych spolecnosti, ale bohuZel i tim, Ze domdci tunelafska scéna toho pfili§ k psani a prezentovani nenabizi. CoZ bylo
patrné jiz i v minulém ¢isle naSeho Casopisu. Zejména prvni ¢lanek tohoto ¢isla Ing. Radka Bernarda, Ph.D., popisujici razbu
tunelu Rohtang v Himalaji je velmi exoticky. Takika desetikilometrovy obousmérny tunel si asi dnes neumime u nas v Evropé predstavit, ne Ze by zde
takové nebyly, ale to uZ je spiSe neopakovatelna historie. Nebo Ze by naopak blizka budoucnost? Nechejme se prekvapit. Oproti tomu dalsi ¢lanek t¢hoz
autora o razenych velkoprofilovych stanicich metra v Torontu prezentuje tspés$ny spolecny ,.tah na branku‘ projektanta, investora i zhotovitele v boji
s nepiiznivymi a ménicimi se geologickymi podminkami, coZ neni v nasich podminkach pfili§ obvyklé. Casto, ne-li vZdy, jsou takové snahy Gsp&sné
drceny neskutecné rozbujelou administrativou jak v pfipravé, tak pfi realizaci. Ne-li pfikladem, tak urcité¢ vyznamnym mementem pro investory, jak
probihaji obvykle sanace, je piispévek o sanaci starého tunelu cisate Viléma (Alter Kaiser-Wilhelm-Tunnel). Clanek jednoznacné potvrzuje zkuSenosti
ze sanaci téchto podzemnich dél. Podrobny a dikladny prizkum je prvni podminkou dspé$né sanace, jakékoliv Setfeni nebo omezovani ve fazich
pruzkumu se béhem sanace vraci vZdy jako bumerang v podobé¢ Casovych zdrzeni a finan¢nich vicendkladt. Stéle se o tom piSe, stile se to potvrzuje
a stale se to presto opakuje, skoro to vypada, jako by se nikdo nechtél poucit. Piimo ,,TBM koncert* pak pfedstavuje prezentace razeb protipovodiiového
systému Arroyo Vega v Buenos Aires.

Na zavér se jako obvykle miZeme potéSit trochou historie z nekone¢ného seridlu historickych pohlednic a informaci k nim ziskanych. Troufam si
tvrdit, Ze tento seridl, aZ bude dokoncen, by si zaslouzil samostatné knizni vydani a urcité by to nebyla néjaka tenoucka knizZecka. Na druhou stranu by
bylo ale $koda tuto jiZ neodmyslitelnou soucast naseho ¢asopisu uzavirat. Doslova mravenci prace autord je prosté hodna obdivu.

Dovolim si jednu alegorickou poznamku na zaveér, resp. jakési motto, prolinajici se téméf vSemi ¢lanky v tomto Cisle, a to citit neznamého autora (?)
uvedeny na historickém pivnim tidcku v podzemni restauraci ve Stole Hagerbach (CH), ktery zni ndsledovné: ,,Theorie ist, wenn man alles weiss und
Nichts funktioniert. Praxis ist, wenn alles funktioniert und keiner weiss warum.* Prekladu asi netfeba, ono to tak v té nasi tunelafiné obvykle byva.
Preji hezké pocteni.

Ing. VLASTIMIL HORAK,
¢len redakéni rady

Dear readers of TUNEL journal, Ladies and Gentlemen,

I hesitated for a while whether to use this address, whether not to use, in line with the latest ,,hypercorrect trends, the address only e.g. ,,dear readers*,
but in the end I decided to be conservative and not to insult most of you.

We are getting our hands on the last issue of our journal in this rather strange year, marked mainly by negative crisis phenomena — unbelievable
inflation, even less believable prices of energy and building materials, and somewhat chaotic and not very understandable predictions of development
in all sectors, including those closely monitored by us, i.e. those involving underground construction.

This issue of the TUNEL 4/2022 journal is sponsored by SG Geotechnika a.s. and GEOCONSULT, spol. s r.0. and the authors of the papers focus
mainly on foreign construction and projects abroad. This is due to the international activities of both sponsoring companies, but unfortunately also to
the fact that the domestic tunnelling scene does not offer much to write and present.

Which was already obvious in the last issue of our journal. Especially the first paper of this issue by Ing. Radek Bernard, Ph.D., describing the ex-
cavation of the Rohtang tunnel in the Himalayas is very exotic. We probably cannot imagine an almost ten-kilometre long, bidirectional tunnel here in
Europe today, not that there are not any here, but that is already rather unrepeatable history. Or, on the contrary, the near future? Let us get surprised.
In contrast, another paper by the same author about mined large-profile metro stations in Toronto presents a successful joint ,,move on the goal* of the
designer, project owner and contractor in the fight against adverse and variable geological conditions, which is not very common in our conditions. Fre-
quently, if not always, such efforts are successfully crushed by an incredibly rampant administration in both preparation and construction phases. If not
an example, then certainly an important reminder for project owners of how renovations usually take place is the paper on the rehabilitation of the old
Kaiser Wilhelm tunnel (Alter Kaiser-Wilhelm-Tunnel). The paper clearly confirms the experience from the rehabilitation of these underground works.
A detailed and thorough survey is the first condition for a successful rehabilitation, any saving or limitation in the phases of the survey always returns as
a boomerang during the rehabilitation in the form of time delays and additional financial costs. It‘s still being written about, it‘s still being confirmed,
and it is still being repeated, it is almost as if no one wants to learn. The ,,TBM concert™ is then represented by the presentation of the excavation for the
Arroyo Vega flood-prevention system in Buenos Aires.

At the end, as usual, we can enjoy a bit of history from the endless series of historic postcards and the information obtained for them. I dare say that
this series, when finished, would deserve a separate book edition, and it would certainly not be some thin little book. On the other hand, it would be a
shame to close this inseparable part of our journal. The painstaking work of the authors is simply worthy of admiration.

I will allow myself one allegorical remark at the end, or a kind of motto, intertwined in almost all articles in this issue, namely a quotation by an
unknown author (?) on a historical beer coaster in the underground restaurant in the Hagerbach tunnel (CH), which reads as follows: ,,Theorie ist, wenn
man alles weiss und Nichts funktioniert. Praxis ist, wenn alles funktioniert und keiner weiss warum.* Translation is probably not needed, that is usually
how it is in our tunnelling industry. I wish you a nice reading.

Ing. VLASTIMIL HORAK,
Editorial Board Member




VAZENE KOLEGYNE A KOLEGOVE, CTENARI
CASOPISU TUNEL,

piSu tento Gvodnik v roce 2022, kdy se po pritazich
provazejicich soutéze, jak na vystavbu, tak na monito-
ring, kone¢né podafilo spustit vystavbu metra [.D v Pra-
ze, a to konkrétné dsek Pankrac — Olbrachtova.

Nase firma SG Geotechnika a.s. jako vedouci tcast-
nik spolecnosti Krtek D monitoring, jejiz spole¢niky
jsou firmy Inset s.r.o., Geo-Tec GS a.s. a PUDIS a.s.,
uspéla v soutéZi na komplexni geotechnicky monitoring
a pasportizaci vySe uvedené Casti metra [.D a mohli jsme zahajit
praci v ndmi tak preferovaném oboru podzemniho stavitelstvi. Je
to po delsi dobé konecné dalsi klasicka tunelova dopravni stavba
na tzemi Ceské republiky.

O nedostatku podzemnich staveb v nasi republice svédci i fakt,
Ze jsme umistili do tohoto ¢isla ¢asopisu Tunel dva ¢lanky od na-
Seho kolegy Ing. Radka Bernarda, Ph.D. o dozoru pfi razbé nové
trasy metra Eglinton v Torontu a pfi razbé hlubokého tunelu Roh-
tang v Himadlaji, protoze nebylo co z nasich ¢eskych vod nového
prezentovat.

V soucasné dobé (fijen 2022) probiha soutéZ na pokracovani
vystavby metra I.D ze stanice Olbrachtova do stanice Nové Dvo-
ry, a tim ndm svita nadéje, Ze pobéZi v nasledujicich letech dvé
velké dopravni stavby v méstském intravilanu a Ze se vrati razba
metodou TBM opét na tizemi nasi republiky, a to po dlouhé dobé
4 let po dokonceni Ejpovického tunelu. Aby se tento ivodnik ne-
nesl zcela v pesimistickém duchu, miZeme si fict, Ze mame pred
sebou dalsi chystané podzemni stavby, a to tfeba tunel Homole na
D35, ktery se pravé soutéZi a méli bychom znét snad jiZ brzo vi-
téze. Formou PPP projektu se pfipravuje budouci nejdelsi silni¢ni
tunel Détfichov s délkou 3 983 m opét na D35 na useku z Opa-
tovce do Starého Mésta. Pro tento tunel délala naSe spolecnost
SG Geotechnika a.s. podrobny a dopliikovy inZenyrskogeologicky
prizkum. Kromé silnic by se mély také dat do pohybu tunelové
stavby planované na Zeleznici, a to vystavba dvou tuneld (Choty-
¢anského a Hosinského) na trati Nemanice — Sevétin formou PPP,
coz by byla prvni stavba na Zeleznici financovana a realizovana
timto zpsobem. V rdmci rozvoje a modernizace Zeleznic jsou
v pripravé jeSté dals$i podzemni stavby, véetné jiZ mnohokrat zmi-
novaného tunelu Barrandov na trati 3. tranzitniho koridoru, a sice
v Casti z Prahy do Berouna, kde by se v pripad¢ realizace jednalo
pii jeho délce 24,7 km urité o nejdeli tunel na izemi CR. Nelze
nezminit i tunel KruSnohorsky, pfeshrani¢ni projekt na trase No-
vého Zelezni¢niho spojeni z DraZzdan do Prahy v tseku Heidenau
— Usti nad Labem.

Z ptredchazejiciho vyctu je tedy vidét, Ze snad bude co pfipravo-
vat a stavet a doufam, Ze v nasledujicich letech budeme mit moz-
nost dale dokazovat, Ze Ceské podzemni stavitelstvi je na vysoké
drovni a je schopno fesit i ty nejslozitéjsi ukoly oboru. Je to pro
nds dilezité i proto, abychom mohli vychovavat a Skolit novou
generaci geotechnikil a inZenyrii pro podzemni stavitelstvi a mohli
tak pokracovat v dlouhé tradici, kterou tento obor
v nasi zemi ma.

S hornickym Zdar Bih vim vSem a ¢eskému tu-
nelovému stavebnictvi zvlast pieji vSe nej-
lepsi, mnoho tspécht a hodné podzemnich
staveb.

S o

MGR. LUCIE BOHATKOVA
Clenka predstavenstva a obchodni
Feditelka SG Geotechnika a.s.

Member of the Board of Directors
and Chief Marketing Officer
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DEAR COLLEAGUES, TUNEL JOURNAL
READERS, LADIES AND GENTLEMEN,

I am writing this editorial in 2022, when, after delays
accompanying the tenders for both construction and
monitoring, the construction of the ID metro in Prague has
finally started, namely the Pankrac — Olbrachtova section.

Our company SG Geotechnika a.s. as a leading
participant of the company Krtek D Monitoring, whose
partners are the companies of Inset s.r.o., Geo-Tec GS a.s.
and PUDIS a.s., succeeded in the tender for comprehensive
geotechnical monitoring and condition surveys for the
above-mentioned part of the ID metro line, and we were able to start
work on the underground construction branch preferred by us. After a
long time, it is finally another classic tunnel construction for transport
on the territory of the Czech Republic.

The lack of underground structures in our country is also evidenced
by the fact that we have included two papers in this issue of TUNEL
journal by our colleague Ing. Radek Bernard Ph.D. on supervision
during the excavation for the new Eglinton subway line in Toronto and
during the excavation of the Rohtang deep tunnel in the Himalayas,
because there was nothing new to present from our Czech waters.

At the moment (October 2022), a competition is underway
for the continuation of the construction of the ID metro line from
Olbrachtova station to Nové Dvory station, and this gives us hope
that in the coming years two large transport-related structures will
be running in the urban area of the city and that TBM excavation
will return to the territory of our Republic, after a long period of
4 years after the completion of the Ejpovice Tunnel. So that this
editorial is not held in a completely pessimistic spirit, we can say that
we have other underground construction projects ahead of us, such
as the Homole tunnel on the D35 motorway, which is currently in
the tendering phase and we should hopefully know the winner soon.
The future longest road tunnel Détfichov with a length of 3,983m is
being prepared again on the D35 on the section between Opatovce
and Staré Mésto, again in the form of a PPP project. For this
tunnel, our company SG Geotechnika a.s. carried out a detailed and
complementary engineering geological survey. In addition to roads,
tunnel construction projects planned for railways should also be put
into motion, namely the construction of two tunnels (Chotycany and
Hosin) on the Nemanice — Sevétin track, in the form of PPP, which
would be the first railway construction project funded and carried out
in this way. As part of the development and modernisation of railways,
further underground construction projects are being prepared,
including the already mentioned Barrandov tunnel on the route of the
3rd transit corridor, namely in the part from Prague to Beroun, where,
in case of the construction, its length would be 24.7km, certainly the
longest tunnel in the Czech Republic. I cannot fail to mention the
Krusnohorsky tunnel, a cross-border project on the route of the New
Railway Connection from Dresden to Prague in the Heidenau — Usti
nad Labem section.

It can be seen from the previous list that there will hopefully be
something to prepare and build, and I hope that in the coming years
we will have the opportunity to further prove that Czech underground
construction industry is at a high level and is capable of solving
even the most complex tasks of the field. It is also
important for us even so that we can educate and train
a new generation of geotechnicians and engineers for
underground construction and thus continue the long
tradition this field has in our country.

With miner’s God speed you, I wish you all
and the Czech tunnel construction industry in
particular all the best, much success and many
underground construction projects.

of SG Geotechnika a.s.
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MILE DAMY, VAZENI PANI,
CITATELIA CASOPISU TUNEL,
je mi ctou sa vam prihovorit v mene spolocnosti GEO-
CONSULT, spol. s r. 0. a tieZ v mene svojom pri prile-
Zitosti bliZiaceho sa okrihleho jubilea nasej spolo¢nosti.
Spolo¢nost GEOCONSULT, spol. s r.o. formalne
vznikla 20. 10. 1992 a k 1. marcu 1993 doslo k prebra-
tiu Technicko-projektovej spravy stavebnej spolocnosti
Doprastav, ktora bola zaloZena v roku 1958, ¢im zacalo
redlne pdsobenie nasej spoloc¢nosti.
Sme sicastou holdingu GEOCONSULT Holding ZT
GmbH, so sidlom v Salzburgu a pobockami vo Viedni, Berline,
Argentine, Cile, Turecku, Indii a Singapure.
Zaoberame sa pripravou projektovej dokumenticie cestnych sta-
vieb vritane mostov, tunelov, inZinierskych a geotechnickych kon-
Strukcii, vodohospodarskych stavieb a tiez prekladok inZinierskych
sieti.
Od aprila 2009 nasa spolocnost zaviedla integrovany manaZzérsky
systém, ktory spliia poZiadavky medzinirodnych noriem ISO 9001
systém manazérstva kvality, [ISO 14001 systém environmentilneho
manaZzérstva a ISO 45001 systém manazérstva BOZP.
Spolocnost pocas tridsiatich rokov svojej existencie prispela k bu-
dovaniu dopravnej infraStruktiry na Slovensku, bola priekopnikom
pri pouZziti geosyntetickych materidlov na nosné konstrukéné vrstvy
cestnych komunikacii a pri zlepSovani podloZia pod zemnymi tele-
sami.
Ako prvi na Slovensku sme navrhli a v rdmci poradenskej ¢in-
nosti sme sa podielali na realizcii rekonStrukcie mosta v Dolnom
Kubine s dodato¢ne lepenou externou vystuzou z uhlikovych lamiel.
Na stavbe Nova Bystrica — Oravska Lesna v tazkych geologickych,
klimatickych a terénnych podmienkach sme navrhli a zrealizovali
unikétnu konstrukciu ocelovej skruze a zemného prostredia o rozpiti
22 m a mnohé dalSie.
Nase projekty ziskali vyznamné ocenenia, ako napriklad:
¢ Projekt a realizacia dialnice D1 Skala — NemsSova — ocenenie
Ministerstva Zivotného prostredia SR ,,Stavba roka 1999

e Projekt a realizdcia dialnice D61 Hornd Streda — Nové Mesto
nad Vdhom — nomindcia vedeckej rady Americkej asocidcie sta-
vebnych inZinierov medzi 4 najlepSie stavebné diela roku 2001
v kategorii ,,InZinierske stavby*.

* Projekt a realizicia dialnice D1 Hri¢ovské Podhradie — Zilina,
Strazov — ,,Stavba roka 2009°.

Spolo¢nost sa vyraznou mierou podielala na projektovej priprave
a realizacii dialni¢nych tsekov dialnice D1 a dialnice D3 v okoli
Ziliny.

Vypracovali sme projektovii dokumentéciu obchvatu Sale, po-
dielali sme sa na vypracovani dokumentacie rychlostnej cesty R4
— severného obchvatu PreSova a mnohych dalSich projektoch.

V sucasnosti nasa spolocnost spolupracuje pri realizacii stavieb
dialnice D1 Hubova — Ivachnovd, rychlostnej cesty R3 Tvrdosin —
Niznd, prividzaca dialnice D3 Zilina (Brodno) — Kysucké Nové
Mesto a realizacii rekonstrukcii ciest.

Tiez pripravujeme projektové dokumentéicie pre rekonstrukcie
ciest vratane mostov a ostatnych inZinierskych konstrukcii, projekto-
vé dokumentacie cyklotras, vodovodov, kanalizacii a inych inZinier-
skych konstrukeii.

Napriek zlozitému obdobiu, ktoré momentalne vSetci
preZivame, sa snazime zanechat pozitivnu stopu, za ¢o
patri vdaka vSetkym naSim spolupracovnikom a part-
nerom.

Zaverom by som si dovolil popriat vSetkym vela
osobnych a pracovnych tspechov a te-

§im sa na spolupréacu pri buddcich zau-
jimavych projektoch.

Tuel

DEAR LADIES AND GENTLEMEN,
READERS OF TUNNEL JOURNAL,

itismy honour to speak to you on behalf of GEOCONSULT,
spol. s r. 0. and also on my own behalf on the occasion of the
approaching round jubilee of our company.

GEOCONSULT, spol. s r.o. was formally founded on
October 20, 1992, and on March 1, 1993, the Technical
and Project Management of the Doprastav construction
company, which was founded in 1958, was taken over, which
marked the beginning of the real operation of our company.

We are part of the GEOCONSULT Holding ZT GmbH,
with headquarters in Salzburg and branches in Vienna, Berlin, Argentina,
Chile, Turkey, India and Singapore.

We deal with the preparation of design documents for road
construction projects, including bridges, tunnels, engineering and
geotechnical construction, water management structures and also
relocations of utility networks.

Since April 2009, our company has implemented an integrated
management system that meets the requirements of international
standards ISO 9001 quality management system, ISO 14001
environmental management system and ISO 45001 health and safety
management system.

During the thirty years of its existence, the company contributed to
the development of infrastructure in Slovakia, was a pioneer in the use
of geosynthetic materials for the load-bearing structural layers of roads
and in the improvement of the subgrade under road beds.

We were the first in Slovakia to design and, as part of our consulting
activities, we participated in the reconstruction of a bridge in Dolny
Kubin with additionally glued on external reinforcement made from
carbon lamellas. On the Nové Bystrica — Oravska Lesna construction
site, in difficult geological, climatic and terrain conditions, we designed
and carried out a unique structure of a steel centering and earth
environment with a span of 22m and many others.

Our designs have won significant awards, such as:

* The design and construction of motorway D1 Skala — NemSovd —

award of the Slovak Ministry of the Environment “Construction of
the Year 1999”.

* The design and construction of the motorway D61 Horna Streda
— Nové Mesto nad Vahom — nomination of the scientific council
of the American Association of Civil Engineers among the 4
best construction works of 2001 in the category “Engineering
construction”.

e The design and construction of the D1 motorway Hricovské

Podhradie — Zilina, StraZov — “Construction of the year 2009”.

The company significantly participated in design preparation and
construction of motorway sections of motorway D1 and motorway D3
in the vicinity of Zilina.

We developed the design documents for the Sala bypass, participated
in the development of the documents for the R4 fast highway — the
northern bypass of PreSov and many other designs.

Currently, our company collaborates on the construction of the D1
Hubové — Ivachnova motorway, the R3 Tvrdosin — Nizna fast highway,
the D3 Zilina (Brodno) — Kysucké Nové Mesto slip road, and the work
on reconstruction of roads.

We also prepare design documents for the reconstruction of roads,
including bridges and other civil engineering structures, design
documents for cycle ways, water pipelines, sewers and other civil
engineering structures.

Despite the difficult period we are all going through
at the moment, we are trying to leave a positive trace,
for which we owe first of all to all our collaborators and
partners.

In conclusion, I would like to wish everyone a lot of
personal and professional success and I
look forward to collaboration on future
interesting projects.

ING. LUBOS ROJKO, PHD.
konatel spolo¢nosti GEOCONSULT, spol. s . o.
executive director of GEOCONSULT, spol. s r. o.
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ZKUSENOSTI Z RAZEB V KOMPLIKOVANYCH GEOLOGICKYCH
PODMINKACH V HIMALAJI - RAZBA TUNELU ROHTANG, INDIE
EXPERIENCES DURING TUNNELLING IN EXTREME GROUND
CONDITIONS IN THE HIMALAYAS — EXCAVATION OF ROHTANG
TUNNEL, INDIA

RADEK BERNARD

ABSTRAKT

Jednotubusovy dvouproudy, 9,02 km dlouhy, ddlnicni tunel Rohtang v Himdlaji byl otevien v Fijnu 2020. Byl postaven ve vysce témér
3 100 m n. m. Tento tunel, ktery je stdle jednim z nejdelsich ddlnicnich tunelii na svété v takové vysce, je také zndmy svymi sloZitymi a nd-
rocnymi geotechnickymi podminkami, které zpiisobily znacné zpoZdeni pri dokonceni stavby. Nakonec stavebni prdce trvaly asi 10 let, tj.
od konce roku 2010 do podzimu roku 2020. Tunel Rohtang md z obranného hlediska strategicky vyznam, protoZe md zajistovat spojent
mezi Manali a Keylong, a to za kazdého pocasi. Tento strategicky projekt byl postaven s cilem vyhnout se nebezpecné cesté pres priismyk
Rohtang ve vySce priblizné 4 000 m n. m. Nové spojeni zkracuje ddlnici Manali — Leh (NH 21) asi o 50 km a mélo by v budoucnu po cely
rok zajistovat trasu mezi statem Himachal Pradesh a svazovymi vizemimi v DZammii a KaSmiru, jakmile budou na této trase dokonceny
dalsi tunely.

ABSTRACT

The 9.02km long, single tube, two-lane bi-directional Rohtang Highway Tunnel through the Himalayas was finally opened on the
October 2020. It was constructed at an elevation near 3.100m above the sea level. This tunnel, which is still one of the longest highway
tunnel of the World at such altitude, is also known by its complex and challenging geotechnical conditions, which unfortunately caused
significant delays for the completion of the construction. Finally construction works takes approx. 10 years from the start of 2010 till the
end — autumn 2020. Rohtang tunnel is of strategic importance from defence point of view as it shall provide an all-weather connectivity
between Manali and Keylong. This strategic project was built to avoid the dangerous route over the Rohtang Pass at approximately 4000m
above the sea level. The new link shortens the Manali-Leh Highway (NH 21) by about 50km and should provide a route between Himachal
Pradesh State and the union territories in Jammu and Kashmir over the whole year in the future, once further tunnels on this route will be
completed.

1. UvoD 1.

Uvodem stoji za to sdélit skuteénost 7e pri vystavbé tunelu za-

vvvvvv

INTRODUCTION

At the start, it is worth stating the fact, that during the construction

of the tunnel, Czech engineers left an indelible mark on this project,
koz v tymu supervize pisobili mimo autora v pozici ,,Senior Tunnel

Engineer* postupné Ing. Lukas Kunc, Ing. Jan Korej¢ik a nakonec
Ing. Petr Mitrenga.
Tunel Rohtang (béhem inaugurace/otevieni premiérem Indie mu
byl pridan novy nazev — Atal Tunel) je dalni¢ni
" 4

because in addition to the author in the position of "Senior Tunnel
Engineer", the supervision team also included Ing. Luk4s Kunc, Ing.
Jan Korejc¢ik and finally Ing. Peter Mitrenga.

The Rohtang Tunnel (during inauguration/opening by Prime

tunel nachdzejici se ve vychodni ¢asti Hima-

-
laje v severoindickém stit¢ Himachal Pradesh :

| -H

v A1 _ nova trasa pfes tunel Rohtang/Atal: ‘-.-F
(obr. 1).. Tunel byl razer.l z obou pf)nalu meto o e T 7
dou Drill and Blast s aplikaci prvki NRTM [1]. | new route via Rohtang/Atal tunnel: cuts .
Z jizniho portalu, pobliz Manali, probihala raz- = stortle loumey 2y Tealli Hours | Sy f
. X P 2 " e = W
ba prakticky celoro¢né a ze severniho portalu, T l
L. . tunel Rohtang/Atal . | stard trasa pries prismyk Rohtang: spatne
mezi Sissu a Khoksar (Lahaul & Spiti Valley), Rohtana/Atal tunnl A | silnice se silnym provozem, prejezd trva
v o1os o . . ontang/Atal tunne 5 hodin old route via Rohtang pass: bad
vZdy jen zhruba pul roku (v letnich sezonach). - -\‘ E roads with heavy traffic, takes 5 hours to
Organizace pohrani¢nich komunikaci indic- LI0Ssover . =
| prismyk Rohtang

kého ministerstva obrany (BRO), specializujici -
se na vystavbu, provoz a udrzbu silnic a mostil
v naro¢nych piihrani¢nich terénech, ma cely
projekt na starosti jako zadavatel a posléze
jako spravce. Projekt byl postaven podle zdsad

¢ervené knihy FIDIC. Zakazku ziskal spolecny

*| Rohtang pass ]

tunel Rohtang/Atal umoziiuje cestujicim snadny
pristup k tdoli Lahaul & Spiti Rohtang/Atal tunnel
gives trekkers easy access to Lahaul & Spiti

podnik indické stavebni spole¢nosti AFCONS
a rakousky STRABAG. Projekt tunelu vypra-
covala firma SMEC International (Austréalie)

zdroj: https //www linkedin.com soune https: //www lmkedm com
Obr. 1 Zkrdceni ddlnice NH 21 tunelem Rohtang/Atal mezi Manali a Sissu, ddle Keylong

Fig. 1 Shortcut of the Highway NH 21 by Rohtang/Atal Tunnel between Manali and Sissu, further to
Keylong
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Tuel

osa tunelu
tunnel axis

0sa vozovky ‘ |
road axis 1
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200 mm tlusta zakladova deska
(beton C40)
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(C40 concrete)

Obr. 2 Pricny Fez ddlnicnim tunelem Rohtang s iinikovou chodbou (def. osténi)
Fig. 2 Cross section of Rohtang highway tunnel with excape route

a byl ovéfovan sdruZzenim 3G (Rakousko) a VAYAMTECH (Indie).
Stavebni dozor zajistovalo sdruzeni D2 Consult International (Ra-
kousko) a ICT-PEMS (Indie), kde v roli lidra supervize pracoval
zhruba tfi roky autor tohoto pfispévku.

Tunel Rohtang je jednotubusovy, jak je zndzornéno na obr. 2, se
dvéma 4 m Sirokymi jizdnimi pruhy, chodniky a nouzovou unikovou
chodbou umisténou pod konstrukci vozovky. Chodba z prefabrikati,
3,6 m Sirokd a 2,25 m vysoka, spojuje oba portalové prostory a je
ptistupnd kazdych 500 m po schodisti ve vyklencich tunelu.

Tunel ma tvar podkovy se svétlym typizovanym prafezem 75,9 m?,
ktery je rozsifeny v iseku poruchové zony Seri Nallah prohloubenim
dna (v délce 587,5 m). Oddéleny prostor pro nouzové vétrani s od-
vadénim koutovych zplodin v pripadé poZaru je umistén v pristropi
tunelu. Osténi tunelu je dvouplastové s mezilehlou hydroizola¢ni
membranou instalovanou pouze ve zminlovaném tseku Seri Nallah.
Zbytek tunelu je podle navrhu projektanta t€snén bobtnavymi pasy
instalovanymi v konstruk¢nich sparach. Podzemni voda je odvadéna
podélnym drendznim potrubim. Primérni osténi je tvoreno v techno-
logickych tridach I. az III. (RC 1. az RC III.) stiikanym dratkobeto-
nem bez piihradovych ocelovych nosniku a siti v kombinaci s kot-
venim, v technologickych tfidach IV. az VII. (RC IV. az RC VIL.)
stitkanym betonem se sitémi a prihradovymi nosniky. Samozavrtné
svorniky nebo svorniky Swellex byly pouZity pro radidlni kotveni
a podle potreby také jako jehlovy destnik v oblasti pristropi. Sekun-
déarni osténi bylo budovano z prostého litého betonu, vyjma tseku
poruchové zény Seri Nallah a v mistech velkych vyklenkt, kde byl
pouzit vyztuZeny beton.

1.1 Zakladni viastnosti projektu

* nadmorskd vySka dna na jiZznim portdlu 3055 mn. m.

* nadmorskd vySka dna na severnim portdlu 3 080 m n. m.

e typické plocha prifezu 75,9 m?

¢ podélny sklon 0,5 %, vzestupné z obou
portala

zdroj: vykres projektové dokumentace source: project design

Minister of India has been added a new name to it — Atal Tunnel)
is a highway tunnel located in the eastern part of Himalayas in the
North Indian state of Himachal Pradesh (see Fig. 1). The tunnel
was excavated from both directions by the Drill and Blast method
with application of the NATM philosophy. From the South Portal,
near to Manali, practically all-round year and from the North Portal,
between Sissu and Khoksar (Lahaul & Spiti Valley) only approx.
half year (summer season).

The Border Roads Organisation (BRO), an organisation of the
Defence Ministry specialising in road and bridge construction,
operation and maintenance in difficult terrains close to borders, is
overall in-charge of the project as a Client/Employer. The project
was constructed by FIDIC principles according to the Red book.
The Contract was awarded to a joint venture of AFCONS, an Indian
construction company and STRABAG (Austria). The design of the
tunnel was provided by a Design Consultant SMEC International
(Australia) and proof checked by a joint venture of 3G (Austria) and
VAYAMTECH (India). Construction supervision was ensured by a
joint venture of D2 Consult International (Austria) and ICT-PEMS
(India) acting as an Engineer. The author of this paper worked as a
leader of the supervison for 3 years on this project.

The Rohtang tunnel is single tube as shown at Fig. 2, with two 4m
wide bi-directional lanes, walkways and emergency egress channel
located below the road structure 3.6m wide and 2.25m high precast
escape channel, which connects both portal areas is accessible every
500m through stairs in niches.

The tunnel is horseshoe shaped with completed regular cross
section of 75.9m?, and increased at the section of Seri Nallah fault
zone constructed with deep invert (587.5m long). Separated smoke
duct is located at tunnel crown area allowing emergency ventilation.
The tunnel lining is double shell with intermediate waterproofing
membrane installed only in Seri Nallah section. The rest of the tunnel
is sealed within construction joints by swelling tapes. Groundwater is
collected by longitudinal drainage pipes. Primary support consists of
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2. GEOLOGICKE POMERY

Tunel Rohtang se nachdzi ve VyS§im Himalaji asi 100 km jiZné&
od orogenetické zony Indus Suture (pas Indus Tsangpo Ophiolite).
Samotny projekt je situovan v horském masivu pod sedlem Rohtang,
ktery je na severu ohranicen tdolim feky Chandra a na jihu tdolim
feky Beas. JiZni a severni portal tunelu je umistén v nadmoiské vys-
ce 3055 m a 3080 m. Tato oblast je na vrcholech po vétSinu roku
pokryta snéhem, niZe je tvofena Udolimi a Udolnimi svahy s hus-
tou vegetaci. Seri Nallah je vyznamny tok, ktery kiiZi trasu tunelu
nad zmiflovanou poruchovou zénou zastizenou v tunelu a pfipoju-
je se k fece Beas Kund asi 1,8 km po proudu od jizniho portélu.
ZastiZeny horninovy masiv [2] je tvofen prevdzné rulou vykazujici
anatexi a migmatizaci v podloZi infrakambrickych (neoproterozoic-
kych) sedimentd. NadloZni sedimentarni formace a jeji metamorfo-
vand bazalni ¢ast se napojuje na krystalické podloZzi a tvoii oblast
zakladni ¢asti prikrovu Salkhala. Obecny smér vrstev téchto zvras-
nénych a tektonicky porusenych hornin je SZ-JV. Generelné byly
v horninovém masivu zastiZzeny tfi hlavni systémy diskontinuit
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shotcrete or steel fibre-reinforced shotcrete lining with lattice girders
and wire meshes (in technological classes L. to III. without lattice
girders). Self-drilling and/or Swellex rock bolts were used for radial
rock bolting, spiles in the crown area as required. Final lining was
made of cast-in-situ plain concrete, except Seri Nallah section and
locations around large niches, where reinforced concrete was used.

1.1 Basic features of the project

* Invert elevation at south portal ~ 3,055m asl.

* Invert elevation at north portal ~ 3,080m asl.

* Regular cross sectional area 75.9m?

* General slope 0.5%, ascending from both
portals

¢ Finished dimension approx. 12m wide at tunnel
road level

modified horse shoe
cast in situ concrete
at tunnel crown, above

* Tunnel shape
* Concrete final lining
* Smoke duct

carriageway

e Drainage system collect seepage water on
side walls

* Roadway 8m wide with two lanes
(1m walkway)

Tab. 1 Klasifikace tunelu z prizkumu podle vysky nadloZi [2]
Table 1 Classification of tunnel based on overburden height [2]

X . ~ S A R Usek Segment Vyska nadlozi (m) Overburden height (m)
plus jeden systém nahodily. Hlavnimi litologickymi horninovymi | 027300 010300
jednotkami jsou fyliticky kifemenec, kvarcitovy fylit, migmatiticka p
. imi jsou fyliticky kfemenec, vy YL miema I 30142600 301 to 600
rula, fylity a biotitické slidové bridlice. Podélny geologicky profil ;
s L opa . < R e Il 601 az 900 601 to 900
tunelu z projek¢ni faze je zndzornén na obr. 3. Maximdlni nadloZi m 901 221200 901 1o 1.200
tunelu dosahuje 1860 m ve staniceni zhruba 6000, jak je zndzornéno avz ol
na obr. 3. NejsloZit&jsi a nejkomplikovan&jsi geologické podminky v 1201 a2 1500 1.201 t0 1.500
byly zastiZzeny v mocné poruchové zoné Seri Nallah, ve staniceni Vi >1500 >1.500
geologie oblasti regional geology
nadmorska vyska [m] symbol symbol popis description
altitude [m] . ; . , .
5000 _ — — stopa dominantniho souboru zlomd trace of dominant regional fracture set
4900 —| interpretace zény vysokého tektonického poruseni interpretative zone of high fracture/shattering
4800 — interpretované hranice ruly/migmatitu interpreted limits of gneiss/migmatite
4700 —
4600 o interpretované hranice bfidlice interpreted limits of schist
4500 —| —_—— 0saVvozovky road axis
4400 = bfidlice s poruchovymi zénami, riizny stupen zvétrani
4300 —| shale with fault zones, varying degrees of weathering
4200 zlomova struktura Seri Nallah
= metamorfované horniny, ruly, kfemenné kvarcity, fylity, rizné zvétralé e . SeriNallah fault structure
4100 — metamorphic rocks, gneisses, quartz quartzites, phyllites, 2 £ —
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Obr. 3 Podélny geologicky profil z projektové dokumentace
Fig. 3 Longitudinal geological profile from design
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1900 az 2450 s maximélnim nadlo-
zim do 300 m, umisténé pod nevel-
kym tdolim feky Seri Nallah, jak je
uvedeno vyse. Razby tunelu Rohtang
byly projektem rozdéleny do Sesti
usekd, a to na zakladé vysky nadlozi
jako hlavniho parametru pro opérny
systém (tab. 1).

3. TUNELOVACI PRACE

Tunel byl raZzen s horizontdlnim
Clenénim cCelby. Vyrub tunelu byl
rozdélen na kalotu a opéfi. Aby bylo
dosazeno co nejrychlejsiho proraZeni
tunelu, byla hlavni priorita dana razbé
kaloty. V pripad¢ jakéhokoli omezeni
stroji nebo pracovnich sil byly proto
vSechny dostupné zdroje presunuty
do kaloty, a to i za cenu preruSeni
praci na razbé opéfi. Proto byla razba
opéfi po prorazeni kaloty ve zpoZdéni
vice nez 1 km, a to v obou smérech
razby. Vzhledem k celkové délce
razby tunelu téméf 9 km, s pfistupy
pouze ze dvou portéld, bylo jasné, ze
spravné planovani a organizace vSech razeb spolu s efektivni logis-
tikou byly klicovym faktorem pro harmonogram vystavby tunelu.

Zafizeni staveni$té na jiznim portdlu je na obr. 4. Stavenisté po-
skytlo nezévislé pracovni plochy pro vSechny hlavni stavebni akti-
vity v celém tunelu, které zahrnovaly razbu kaloty, razbu déleného
opéii, odvodnéni hlavniho tunelu a betonaz zakladové desky, beto-
naz betonovych zarodka (spodni Casti definitivniho osténi mirné nad
urovni vozovky), montaz prefabrikované konstrukce nouzové uni-
kové chodby, betonaz druhého zérodku a zasypové prace az na uro-
ven vozovky, montaz kabelovodu a betondZ chodniki, betonaz horni

zdroj: autor source: author

Obr. 4 Pohled na zarizeni stavenisté tunelu Rohtang u jizniho portdlu — vice nez 3000 m nad morem
Fig. 4 Rohtang construction site at the South Portal — more than 3000m above the see level

2. GEOLOGICAL SITUATION

The Rohtang tunnel is situated in Higher Himalaya and about
100km south of Indus Suture Zone (Indus Tsangpo Ophiolite belt).
The project is situated in the mountains under the Rohtang ridge,
which is bound by the valey of Chandra river in the north, and in
the south by the valey of Beas river. The South and North portal of
tunnels are at elevation 3055m and 3080m respectively. The area is
always covered by snow on the top with valleys and valley slopes
having thick cover of vegetation. Seri Nallah is a significant stream

zlomova struktura Chandra Kothi
Chandra Kothi structure

sklon 0,5 %
slope 0.5%

sklon 0,5 %
slope 0.5%

severni portal
north portal

CH 9039.70




zdroj: autor source: author
Obr. 5 Stav vozovky na vrcholu Rohtang béhem kontroly priijezdnosti s klientem
Fig. 5 Road condition on the Rohtang Top during inspection with client prior
road opening

klenby definitivniho osténi, vyztuZeni a betonaz stropni desky pro
ventilacni komoru. Kromé toho probéhly dalsi prace na tunelovych
vyklencich a na obou portdlech tunelu. Nasledné byla dokoncena
konstrukce vozovky a instalovany veskeré technologie.

Prorazka tunelu Rohtang se nakonec uskutec¢nila zhruba po sedmi
letech od zahdjeni praci, tj. 15. fijna 2017 piimo ve stani¢eni 5000 m.
Oficidlni oslavy se ztucastnilo mnoho vyznamnych hosti v Cele s in-
dickou ministryni obrany, ktefi vyzdvihli dileZitost tohoto tunelo-
vého projektu. ProraZeni kaloty pfineslo mnoho vyhod pro zbytek
stavebnich praci v tunelu, zejména s ohledem na zna¢nou délku tu-
nelu a omezeny pristup k severnimu portélu. Za prvé byly vSechny
stavebni prace severniho portalu zpfistupnény proraZenym tune-
lem z jihu, coZ umoZznilo v pfipadé potieby pfimy prisun materidlu
z hlavniho stavenis$té u jizniho portalu. Je tfeba poznamenat, Ze jizni
portél byl po celou dobu vystavby pristupnéjsi a méné ovlivnény kli-
matickymi podminkami neZ portal severni. Toto logistické spojeni
bylo tspésné vyuzivano predevsim v zimnim obdobi, kdy byl pre-
rusen, Ci pozd€ji vyznamné omezen provoz stavenisté od severniho
portalu. Na obr. 5 je vidét vyska snéhové pokryvky na vrcholu sedla
Rohtang ve druhé poloving kvétna roku 2015 pri kontrole podminek
prujezdnosti vozovky inZenyrem supervize se zastupcem investora.
Samotna prordzka tedy umoznila pokracovat v betondzi a dalSich
stavebnich operacich v tunelu bez omezeni v zimnim obdobi od roku
2017. Na druhou stranu zna¢ny nartst dopravy uvniti tunelu naruso-
val ostatni razici prace, zejména v poruchové z6né Seri Nallah a na
opéii. Dal§im pozitivnim pfinosem byla skute¢nost, Ze po prorazce
bylo vytvofeno piirozené vétrani v tunelu, takZe kompletni provi-
zorni vétrani v tunelu mohlo byt odstranéno. To umoZznilo zahéjeni
vsech reprofilacnich praci na primarnim osténi a pokracovani dalSich
razicich praci na opéii a v poruchové zoné Seri Nallah, kde velko-
pramérové vétraci lutny zabiraly témér cely prufez tunelu. Navic
diky pfirozenému vétrani klesla teplota uvnitf tunelu z ptivodnich az
36 °C na Celbé tunelu témér na polovinu.

3.1 Detailni postup razby tunelu z jizniho portalu
Vystavba tunelu z jizniho portdlu byla zahdjena razbou kaloty
v srpnu 2010 jiz vySe uvedenou metodou Drill and Blast. V prvnich
letech vystavby méla razba kaloty predstih vice nez 1 000 m pied
opéfim. Do stanieni 1900 se béhem prvnich 18 mésict vyskyto-
valy pfevazné kvarcitické bridlice s pasy fylitickych kvarcita a fyli-
ty s obéasnymi proplastky uhli¢itych fyliti. Zadné velké problémy
se pfi zacatku razby z jizniho portdlu do stani¢eni 1900 neobjevily,
kromé drobného odkapévani vody a obasného vypadavani mensich
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which crosses the alignment and joins Beas Kund nala at about
1.8km downstream of the south portal site.

This zone has the elements of mantled gneiss exhibiting anataxis
and migmatization and underlies the Infra cambrian sediments. The
overlying sedimentary sequence and its metamorphosed basal part
are welded to the crystalline basement and it forms the root zone
area of the Salkhala Nappe. The general srike of foliation of these
folded and faulted mountains is NW-SE. In general were usually
encountered three major joints and one random joint. The main
lithological rock units are Phyllitic quartzite, Quartzitic Phyllite,
Migmatitic gneiss, Phyllites and Biotite Mica Schist. Geological
profile is shown at Fig. 3.

Maximum overburden of the tunnel reaches 1860m near Ch.
(chainage) 6000, which is shown at Fig. 3. The most complex and
complicated geological condition was found in Seri Nallah fault
zone within Ch. 1900 to 2450 with maximum overburden 300m
located under small river valley as written above. The tunnel drive of
Rohtang Tunnel was divided by design into six segments, based on
the overburden depth primarily for the support system, see Table 1.

3. TUNNELLING WORKS

The tunnel was excavated with horizontal excavation sequence.
Tunnel face was divided into top heading and bench. To reach
breakthrough of the tunnel as soon as possible, the highest priority
was given to the top heading excavation. Therefore, in case of any
machinery or labour reduction, all available resources were shifted to
the top heading face, even at the cost of interruption benching works.
That is why bench was excavated after breakthrough more than
1km behind the top heading. Taking into account the total length
of almost 9km accessible only from two portals, it was clear that
proper planning and organization of all tunnelling works together
with effective logistic was a key factor for construction schedule of
the tunnel. Construction sit on the South Portal you can see on the
Fig. 3. That means independent working areas for all tunnelling main
works throughout the tunnel, which included top heading excavation,
half sided bench excavation, main tunnel drainage and concreting of
base slab, concreting of first kicker (lower part of final lining slightly
above the road level), installation of pre-cast emergency egress
structure, concreting of second kicker and backfilling works up to the
road level, installation of cable ducts and concreting of walkways,
concreting of final arch lining, reinforcement and concreting of
ventilation slab. In addition, there were other independent works
on tunnel niches and on both tunnel portals. Construction of road
structure and E&M works had to be completed afterwards.

The Rohtang tunnel breakthrough was finally reached after
7 years from beginning of works on 15" of October 2017, directly
at Ch. 5000km. Official celebration event was participated by many
important guests, headed by the Defence Minister of India that
showed the most importance of this tunnel project. Breakthrough of
the top heading brought many advantages for the rest of tunnelling
works, especially with respect to a considerable length of the tunnel
and limited access to the north portal. Firstly, all north portal works
became accessible through the tunnel from south, which enabled
in case of need direct material supply from large construction
site near south portal. It must be noted that south portal was more
accessible and less affected by weather/climate condition than north
portal. This logistic connection was successfully used mainly during
winter period when operation of north portal construction site was
significantly limited. You can see on the Fig. 5 snow condition
at Rohtang Top at the second half of May on the year of 2015. It
means breakthrough finally enabled to continue concreting works
in full swing during winter period. On the other hand, considerable
increasing of the traffic inside the tunnel was disturbing the rest of
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horninovych blokd, které zhotovitel bez probléma zvladl. Kdyz raz-
ba tunelu ve své své jizni ¢asti dosahla na zacatku roku 2012 stani-
Ceni zhruba 1900, byla zastiZena nepfizniva tektonickd poruchova
z6na, tvorend jilem s drobnymi pravouhlymi tlomky kfemennych
bridlic, nasycena vodou. Tato tektonicka porucha byla velmi nepfiz-
nivé orientovana pod thlem 10° Sikmo k ose tunelu. Po¢ate¢ni piitok
vody byl zaznamenan na urovni 2-2,5 1/s. Existence velké porucho-
vé zony zvané Seri Nallah byla néasledné potvrzena razbou v useku
nékolika set metrti. Hodnota indexu kvality horninového masivu dle
klasifikace Q Cinila tedy pouze cca 0,5, coZ znamena ,,velmi Spatné‘
podminky pro razbu. V souladu s tim byla okamZit€ zesilena vyztuz
z pfiznivéjSich horninovych tiid na RC 6, pozdéji dokonce na RC 7
(nejhorsi technologicka tiida podle projektu). V tab. 2 je rozdéleni
navrzenych technologickych tfid RC ve vazbé na hodnoty indexu
kvality horninového masivu dle klasifikace Q.

Od staniceni 1911 do staniceni 1918 byly pozorovany velké de-
formace primdrniho osténi. Béhem 24 hodin se ve stfikaném beto-
nu primédrniho osténi objevily znac¢né trhliny s evidovanou §itkou
50 mm az 300 mm. Prudce se zvySily i deformace primarniho osténi
a presahly hodnotu 500 mm. Okamzité proto byla pfijata nezbytna
opatieni k zabranéni ziiceni primarniho osténi ¢i jakékoliv jiné s tim
spojené mimoradné situaci.

Tab. 2 Klasifikace tunelu na zdkladé hodnoty Q podle ndvrhu projektanta

Gislo . Hodnota indexu ’ )
Fadku Stav horniny kvality horninového Trida razby RC
masivu Q

1. dobra >10 1

2. vyhovujici 4-10 2

3. Spatna 1-4 3

4. velmi $patna 0,4-1 4

5. extrémné Spatna 0,1-0,4 5

6. vyjime¢né Spatna 0,001-0,01 6 nebo 7

Od staniceni 1904 do staniceni 2049 se zastizené horniny vyzna-
Covaly vysokym tektonickym porusenim. Rozli¢né zvétralé kvar-
zitové fylity mély fadu poruchovych zén podél a napiic¢ plochami
vrstevnatosti. S probihajicimi razbami se geologie v profilu tunelu
pomalu ménila ze skalni horniny na vysoce porusenou, rozvolnénou
horninu (skoro charakteru zeminy). Tfida razby se zménila z RC 1
s hodnotou Q ~ 20 (jak bylo stanoveno v zaddvaci dokumentaci) nej-
prve na RC 6 pozdéji na RC 7 s indexem kvality horninového masivu
Q vyrazné mensim neZ 1.
bylo pfekondni poruchové zény Seri Nallah s mnoha velkymi prito-
ky podzemni vody a Castym vyjetim a privalem uvolnéného zvodné-
1ého zeminového materidlu do prostoru tunelu. Byla pouZita kombi-
nace nékolika opatfeni: instalace odvodnovacich/drenaznich trubek,
jedno- a vicestupiiova injektaZ s pouzitim ocelovych trubek i svor-
nikd, sekvencni razba s délenim kaloty pri té€Zbé na malé Casti s oka-
mZitym zajisténim stifkanym betonem, sit€émi a svorniky, jednotradé/
dvouradé mikropilotové destniky (MPD), docasnd spodni protiklen-
ba v kaloté, apod. Pilotni tunel a chemickd injektdZ polyuretanem
(PU) zde byly taktéz pouzity, ovsem bez tispéchu. V celé oblasti po-
pisované poruchy Seri Nallah bylo instalovano celkem 42 mikropi-
lotovych destniki s jednou nebo dvéma radami injektovanych trubek
adélkou 9, 12 nebo 15 m. Ty mély pramér zprvu 76 mm, pak 87 mm,
pozdé&ji v nejkritictéjsi oblasti 114 mm.

V dubnu 2012 byl ve stani¢eni 2049 pozorovan nahly silny piitok
vody zhruba ve stfedu Celby. Pocate¢ni pfitok byl odhadnut na zhru-
ba 5 /s a béhem nasledujicich ¢tyf hodin se zvysil na 30 I/s. Poté
nasledoval prvni velky kolaps na celbé, ktery mél pocatek v oblasti

Tuel

tunnelling works, mainly in Seri Nallah fault zone and benching
stretches. Secondly, after the breakthrough natural tunnel ventilation
was created, so all tunnel ventilation ducts could be removed. It
enabled start of all re-profiling works and further excavation works in
Seri Nallah fault zone, where huge ventilation ducts occupied almost
all cross section. Moreover, due to natural ventilation, temperature
inside the tunnel dropped from 36°C at the tunnel face to nearly
natural temperature from outside.

3.1 Tunnel excavation from South Portal in detail

Tunnel construction from South Portal started by top heading
excavation in August 2010, using mentioned Drill and Blast method.
Top heading excavation had more than 1.000m advance to bench at
the beginning. Predominantly quarzitic schists with bands of phyllitic
quartzites and phyllites with occasional seams of carbonaceous
phyllites were encountered till Ch. (chainage) 1900 during the first 18
months. No major problems occurred during initial drive from South
portal to Ch. 1900, except for minor dripping of water and occasional
wedge failures, which were easily managed by the Contractor. When
tunnel excavation reached approx. Ch. 1900, adverse shear zone,
consisting of clay with minor rectangular fragments of quarzitic
schists, charged with water was encountered 10° oblique to the tunnel
axis from western side of excavated face at beginning of year 2012.
Initial water inflow of 2-2.5L/s was recorded. The fact of that shear,
later very big fault zone called Seri Nallah, was confirmed for several
hundred meters. The Q value of rock excavated determination was
only around 0.5 indicating “Very Poor” rock condition. Accordingly,
the rock support was immediately changed from more favourable
rock classes to RC 6, later RC 7 (the worst designed RC). You can
see in Table 2 how Q values were divided and proposed RC at this
project according design.

From Ch. 1911 to Ch. 1918 large deformation of primary support
system was observed. Within 24 hours significant cracks were
developed in the shotcrete of the primary lining, widths between
50mm and 300mm were noticed. Deformations of primary lining
also sharply increased and exceeded the amount of 500mm.
Immediately necessary measures were taken to prevent the collapse
of primary lining.

Table 2 Classification of Tunnel based on Q value according design

Sﬁg‘:’“ Condition In situ“Q”-value | Excavation RC
1. good > 10 1
2. fair 4-10 2
3. poor 1-4 3
4. very poor 0.4-1 4
5 extremely poor 0.1-0.4 5
6. exceptionally poor 0.001-0.01 6or7

From Ch. 1904 to Ch. 2049, the encountered rock condition
featured highly jointed and sheared variously weathered quarzitic
phyllites with a number of shear seams along and across the bedding
planes. With ongoing excavation, geology slowly changed along the
Tunnel profile from rock to highly fractured, loose rock, (nearly soil
condition). Rock condition changed from RC 1 with Q value ~ 20 (as
determined/predicted in the tender document) to RC 6 (or later even
RC 7) with Q value distinctly less than 1.

As already mentioned, the most difficult part of south drive was
overcoming of Seri Nallah fault zone with many large water inflows
and frequent ingresses of loose river borne material inside the tunnel.
Several types of remedial actions were implemented: dewatering
pipes installation, single and multistage grouting using rock bolts,
sequentional excavation with top heading division into small panels



vrcholu klenby tunelu. Vyplaveny material sestaval z ilomki hor-
niny ve tvaru nepravidelnych kostek o velikosti od 1 do 5 cm. Tato
mimofadna udalost méla za nasledek vytvoreni rozmérmého nadvy-
lomu v pravé strané horni klenby tunelu. Objem vyplaveného mate-
ridlu byl odhadnut az na 300 m®.

Podle geologickych studii a predpokladd projektu mél tunel s nej-
vétsi pravdépodobnosti prekrocit poruchovou zénu Seri Nallah po-
bliz staniceni 2200. Tyto predpovédi vSak také naznaCovaly, Ze 1ze
ocekdvat roz§ifeni vlivu této poruchové zény na razbu. Vzhledem
k velmi malému dhlu mezi osou tunelu a smérem samotné porucho-
vé zony bylo mozné predpokladat drivéjsi ovlivnéni vyrubu pii po-
stupu razby tunelu.

Povrchova studie geologickych jevil a jejich korelace s geologic-
kymi jevy vyskytujicimi se v Grovni tunelu (stani¢eni 2049) naznaci-
la, Ze tento problém ovSem nesouvisi pouze s poruchou Seri Nallah,
ale vznikl pfedev§im v disledku jiné tektonické linie protinajici tu-
nel v této oblasti. Toto tvrzeni je také v souladu se skutecnosti, Ze
podle studii provedenych dfive, je zlom Seri Nallah kontaktem mezi
kvarcitickymi/fylitickymi bfidlicemi a magmatickymi horninami.

Po stabilizaci Celby tunelu doslo k dals§imu velkému kolapsu pri
razbé tunelu ve staniceni 2076 dne 7. zaii 2012. Drceny horninovy
materidl smichany s vodou a bahnem o objemu az 1000 m* zaplnil
tunel a vytvoril dalsi velky nadvylom v oblasti stropu tunelu. Geo-
logicky profil tohoto tiseku naznaCoval, Ze okolni skalni masiv byl
svou povahou heterogenni sestavajici predevsim ze stiidajicich se
past stiedné aZ tence spojenych s fadou poruchovych zén o tloust-
ce od 0,1 do 2 m. Pro stabilizaci oblasti byla provedena kontaktni
a vypliova injektaZ od staniceni 2048 do 2071 s 6 m dlouhymi sa-
mozavrtnymi svorniky po obvodu tunelu (mezi 10. az 2. hodinou).
Celkova spotfeba injektdZzni hmoty (cement a mikrocement) tehdy
dosédhla cca 135 tun. Déle bylo v uvedeném useku tunelu provede-
no priazkumné jadrové vrtani s diamantovou vrtnou korunkou (Ctyfi
vrty o délce 15 az 30 m). Interpretace jadrového vrtani ukazala, Ze
pranikem poruchové zony vznikla nad tunelem zdéna rozvolnéného
horninového masivu, coZ spolu s velkym mnozstvim vody prispé-
lo k vyplaveni horninového materidlu. B€hem tohoto Setfeni nebyla
identifikovana Zadna velka dutina. Po priichodu razby tunelu v useku
mezi staniCenim 2049 do 2085 s podporou dvojitych mikropiloto-
vych destniktl byly podminky raZeni tunelu i nadale obtizné. To po-
tvrzuje skutecnost, Ze vystavba dalSich 406 m tunelu (mezi stanice-
nim 2049 a 2455) trvala vice nez tfi a pil roku.

Pritomnost této podrcené a vodou nasycené vyplné poruchové
z6ny Seri Nallah ve vysoce nestabilnich geotechnickych podmin-
kach vedla k vytvoreni rozvolnéné zony nad klenbou tunelu, ktera se
s dal§im postupem razeb pomalu presouvala na levou stranu. V 1ét¢
2014 se pritok vody do profilu tunelu zvysil na zhruba 85 1/s a po-
catkem roku 2015 celkovy pfitok vody v oblasti celby kaloty dosahl
100 1/s, coz vedlo k velkému a castému vyplavovani materidlu na
Celbé tunelu, které bylo nutné fesit jiz uvedenymi zajisStovacimi opat-
fenimi. Také zde byla zaznamenana zména sloZeni hornin/zemin.
Vysoce tektonicky poruSend hornina, kterd se objevila na zacatku
useku Seri Nallah, pomalu ustupovala fi¢nimu materidlu (RBM) —
tedy CasteCné zaoblenym ulomkdm hornin rdzného ptvodu, které se
pravdépodobné skrz poruchovou zénu dostaly do vyrubu tunelu az
z Tiéni akumulace feky Seri Nallah, jez pficné prochdzi v nadlozi
tunelu. Obr. 6 ukazuje situaci ve staniceni 2390 z konce srpna 2014.
Toho dne se do tunelu provalilo obrovské mnozstvi sypkého materi-
alu s vodou z levé strany kaloty.

Pro stabilizaci oblasti pfistropi a levé strany tunelu v celém tse-
ku Seri Nallah byly instalovany nejprve mikropilotové deStniky
o priméru 76 mm, poté o priméru 89 mm, které neunesly zatizeni
narusenym skalnim masivem a selhaly. Poté byly instalovany dest-
niky s trubkami o priméru 114 mm, které rovnéz 100% zpiisobem
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and immediate support using shotcrete, wire meshes and rock bolts,
single/double pipe roofing, temporary invert of top heading. Pilot
tunnel and PU grouting were also used with no success. A total of 42
pipe roof umbrellas with single or double rows and length between
9, 12 or 15m were installed within Seri Nallah fault zone. The pipes
diameters were in the begging 76mm, then 87mm, and later in the
most critical area 114mm.

In April 2012, at Ch. 2049, a sudden heavy inflow of water was
observed at the centre of the face. The initial discharge was estimated
with approx. 5L/s and during the coming four hours, water inflow
increased to 30L/s. That rapid increase of water flow was then
followed by a blowout of material from the crown area. The washed
out material consisted of pieces of rock, rectangular in shape ranging
in size from 1 to Scm. This washout resulted in the formation of a
cavity/loose zone on right side of the crown of tunnel profile. The
volume of slurry washed out was estimated with up to 300m?>.

As per the predictions of the geological studies and reports of the
project should most probably have crossed the Seri Nallah Fault
Zone near Ch. 2200. However, these predictions also indicated that
extensions of the fault zone could be expected and further that due
to the very shallow dipping angle of the geological formations and
the fault zone itself, earlier influence on the tunnel construction could
be assumed. The surface study of the geological features and their
correlations with geological features encountered at Tunnel level (Ch.
2049) indicated that this problem was not related to the Seri Nallah
fault, but was reflected due to another lineament crossing the tunnel
alignment at this location. This statement is also in agreement with
the fact that as per studies undertaken earlier, Seri Nallah fault is the
contact between quarzitic/phyllitic schist and the magmatic rocks.

After stabilisation of the tunnel face, another major blowout
occurred during tunnel construction at Ch. 2076 on 7" September
of 2012. Crushed material mixed with water and slurry of about
1.000m?* filled the tunnel from the crown area, creating another
cavity/loose zone. The geological profile of that section indicated
that the surrounding rock massif was heterogeneous in nature and
mainly consisting of alternating bands of moderately to thinly
jointed with a number of shear zones varying in thickness from
0.1 to 2m. To stabilise the area, contact and cavity grouting was
executed at Ch. 2048 to Ch. 2071 with 6m long self-drilling rock
bolts around the tunnel periphery (between 10 to 2 o” clock). The
total consume grout (cement and microcement) was about 135 tons.
After stabilization core drilling was carried out by using a diamond
core drilling machine (4 boreholes 15 to 30m long). Interpretation of
core drilling indicated that the zone of dilated rock mass was created

zdroj: autor source: author
Obr. 6 Vyplaveni materidlu v kaloté tunelu ve staniceni 2390 ze dne 30. 8. 2014
Fig. 6 Material washed out at Ch. 2390 dated 30/08/2014
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Obr 7 Provddéni dvoufadého destniku o priméru 114 mm ve staniceni 2413 az 2445
Fig. 7 Installation of double pipe roof umbrella with dia 114 mm at the stretch of Ch. 2413 to 2445

nezajistily bezpe¢né budovani primarniho osténi a na nékterych
usecich selhaly. Nakonec byly v kritické oblasti poruchové zony in-
stalovany dvoufadé destniky s trubkami o priméru 114 mm, 15 m
dlouhymi a perforovanymi, v¢etné instalovanych drenaznich trubek
o priméru 76 mm s predstihem na délku 24 m od staniceni 2413
az do 2445, jak je ndzorné uvedeno na obr. 7. Perforované trubky
byly pouZzity za icelem maximalniho odvodnéni oblasti pred celbou
a pro efektivni proces injektaZe okolniho masivu v podobé vrtanych
mikropilotovych destnikt. Pfi vrtani a instalaci jednotlivych trubek
jednoradych i dvojitych deStnikd byl vZdy navrZen presny postup in-
jektazi, aby se docililo co nejvyssi ac¢innosti. Nejvyssi pfitok 102 I/s
vody byl pozorovén od staniceni 2403 a déle az do konce useku po-
ruchové zony Seri Nallah. Zacatkem roku 2016 byl kone¢né zastizen
neporuseny skalni horninovy masiv, a tak mohly razby kaloty pokra-
Covat bé€Znym tempem aZ do zmifiované prorazky.

3.2 Detailni popis razby tunelu ze severniho portalu

Razba tunelu ze severniho portalu byla znacné odlisna od portilu
jizniho. Nadlozi zde bylo mnohem vyssi a razba prochazela vétsi-
nu tohoto dseku pevnym skalnim masivem. Klimatické podminky
umoZziovaly praci max. Sest aZ sedm mésicll v roce, v zdvislosti na
urovni snéhové pokryvky.

Razby ze severu se setkaly s vysokymi horskymi tlaky znimy-
mi z razeb alpskych tunel ¢i hlubokych dolt. Jednalo se prede-
v§im o tzv. odprysky (z anglictiny bursting) a déle tla¢ivé podminky
(squeezing), které se projevovaly béhem razby s nadlozim dosahuji-
cim vysky téméf 1,9 km [4]. To zptsobilo velké konvergence presa-
hujicich nékdy i 20 cm a rozséhlé trhliny v primarnim osténi. Vlivem
opozdéného uvoliovani napéti horninového masivu se konvergence
ustalovaly velmi pomalu, s ustdlenim deformaci profilu obvykle vice
nez 100 m za Celbou vyrubu tunelu. Velmi dileZité bylo tudiZ sprav-
né naCasovani kotveni okolniho horninového masivu. Doplnéné kot-
veni oproti projektové dokumentaci (Swellex) kolmo na vrstevnatost
horniny bylo pravidelné pouZivino ihned po aplikaci prvni vrstvy
primarniho osténi, za ucelem eliminace vysokych konvergenci na
primdrnim osténi. Primarni osténi vykazovalo vyrazné trhliny pfi
razbé v subhorizontdlné uloZenych migmatizovanych rulach, které

Tuel

above the tunnel by the intersection
of shear zone, which together with
the high amount of water resulted by
flowing conditions of the rock material.
No major cavity was found during that
investigation. After passing the tunnel
section between Ch. 2049 to Ch. 2085
with heavy support by double pipe
roof umbrellas, tunnelling conditions
continued to be still difficult. Con-
struction of the upcoming 406m tunnel
meters (between Ch. 2049 and Ch.
2455) took more than 3 and half years.

The presence of three weak and
water bearing Seri Nallah fault in
highly sheared rock resulted in the
formation of dilated material zone
above the crown of the tunnel, which
was slowly shifting to the left side the
further tunnel excavation continued. In
summer 2014 water inflow to tunnel
profile increased approx. to 85L/s and
beginning of year 2015 the total water
inflow in the face area reached 100L/s,
resulting in a lot of material wash out
occurred at the tunnel face, which had
to be solved by mentioned remedy actions. Also, a change of material
composition was noticed. The highly fractured and shared material
that was encountered in the beginning of the Seri Nallah fault slowly
gave way to so called river borne material (RBM), at least partially
rounded rock fragments of different origin not necessarily related to
the rock at or close to the tunnel face. Fig. 6 shows the situation at
Ch. 2390. That day huge volume of loose material with water came
to the tunnel by excavation from left side of Top heading.

To stabilise the crown area and left side firstly 76mm dia, then
89mm dia pipe roofing were carried out, which unfortunately could
not undertake the load of disturbed rock massif and it failed. Then
114mm dia pipe roofing installed and it has also failed at some pipe
roof stretches. Finally double layer skin to skin pipe roof 114mm dia,
15m long perforated pipes, including 76mm dia drainage pipes up to
length 24m were installed at critical area from Ch. 2413 till Ch. 2445
as shown on the Fig. 7. Perforated pipes of pipe umbrella were
of course used for maximum dewatering of the area adead of the
tunnelling face, and for optimal grouting procedures of surrounding
massif. During drilling and installation of pipe umbrellas, single
layered or double layered, a detailed procedure of grouting was
proposed to achieve the highest effectiveness. The highest inflow
102L/s of water was observed from Ch. 2403 onwards till passing
the Seri Nallah fault Zone. At the start of the year 2016 regular rock
massif was finally encountered.

zdroj: autor source: author

3.2 Tunnel excavation from North Portal in detail

Tunnel excavation from North Portal (NP) was found much
different compared to the South. The overburden was much higher
and tunnel drive went through hard rock formation for the most part
of that stretch. Weather conditions allowed working during procedure
max. 6 to 7 months per year, depending on the snowfall.

North drive included rock bursting and squeezing condition during
excavation with overburden reaching almost 1.9km, caused large
convergences over 20cm and extensive cracks of primary lining. Due
to delayed release of rock mass stress, convergences were decreasing
very slowly till stabilization of profile usually more than 100m behind
the tunnel face. Additional rock bolting (Swellex) perpendicular to




zdroj: autor source: author
Obr. 8 Jedna ryha pro regulaci napéti v primdrnim osténi za celem kaloty,
Cervenec 2017
Fig. 8 One row of Slot in the primary lining behind tunnel face of the Top
Heading, July of 2017

se stfidaly s pasy tence f6liovanych slidovych bridlic, zapadajicich
do Celby tunelu v oblasti vysokého nadloZzi. V této Casti projektu byla
pouZita strategie s mezerou ve stifkaném osténi jako jedno z feSeni.
Dutivodem byly trhliny ve stfikaném betonu priméarniho osténi, kte-
ré vznikaly za Celem tunelu kaloty se zpoZdénim zhruba 10-15 m
v pristropi kaloty. Konvergence se ustalovaly cca 100 az 130 m za
¢elbou tunelu.

Za ucelem eliminace obtiZznych napéfo-deformacnich podminek
zde byly prevazné pouzity zminéné mezery za tcelem redukce na-
péti v primdrnim osténi. Mezery primarniho osténi mély Sitku cca
50 cm a byly tvofeny pouze jednou vrstvou siti a tenkou vrstvou sti-
kaného betonu. Toto opatieni umoZznilo horninovému masivu uvolnit
napéti tim, Ze tolerovalo vyvoj deformaci v této mezefe, a tim za-
brénilo systematickému poskozovani priméarniho osténi. Mezery pro
uvolnéni napéti mély nicméné negativni dopad na piihradové nosni-
ky, které se deformovaly a narusily tim celistvost priméarniho osténi,
s ¢imZ tunelovi inZenyfi doptedu pocitali. Nezddoucim a obCasnym
jevem v takovychto podminkéch byl fakt, Ze pfi extrémni deformaci
ptihradovych nosnikl praskla i skofepina stitkaného betonu. Tento
negativni efekt doprovizeny zvySenym deformacnim chovanim pri-
marniho osténi byl obvykle eliminovan pouzitim jiného opatfeni. To
znamena, pokud vyse uvedené mezery nezajistily dostatecné zajiste-
ni primdrniho osténi, inZenyrsky dozor nafidil pouzit tzv. regulatory
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zdroj: autor source: author
Obr. 10 Rocni postupy razby kaloty
Fig. 10 Top heading excavation yearly progress
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zdroj: autor source: author
Obr. 9 Dvé fady LSC, jedna fada LSC umisténa pobliZ cela kaloty, ¢ervenec
2015
Fig. 9 Two rows of LSC, then one row of LSC close to tunnel face of Top
Heading, July of 2015

the rock foliation was regularly used immediately after application
first layer of primary lining to reduce convergences. Proper timing
of rock bolting was very important as well. Primary lining showed
significantly cracking, while excavating through subhorizontally
laid migmatite gneisses with alternate bands of thinly foliated mica
schist, dipping in tunnel drive direction with high overburden. Slots
as one optional solution were used at this part of the project. The
reason was that shotcrete cracking in the primary lining developed
behind the tunnel face of the Top Heading with a delay of approx.
10-15m in the crown, between 12 o’clock and 1 o’clock position.
The convergencies in monitoring profiles were stabilized approx.
100 to 130m behind the tunnel face [4].

To overcome the difficult stress conditions, mentioned slots were
predominantly used with positive reaction of the primary lining.
Slots are actually gap of a primary lining with width of approx.
50cm, with only 1 layer of wire mesh and thin layer of shotcrete.
This tool enabled the rock mass to release stress by allowing
deformations through closing of the gap and preventing damages of
the primary lining. Having slots to get stress release had nevertheless
negative effect on lattice girders, which deformed, and disturbed
the integrity of the primary lining, which was however expected
by the tunnel engineers. Unwelcome and occasional feature in
such conditions was the fact, that during extreme deformation of
the lattice girders the shotcrete shell cracked at same time. Such
negative effect accompanied by an increased deformation behavior
of the primary lining was usually eliminated by using another tool
of our Himalayan tunneling. So, when above mentioned slots did
not ensure sufficient primary lining, the Engineer instructed to use
lining stress controllers (LSC), which could ensure the shotcrete
shell integrity, but it was more expensive instrument. One row of the
Slot in the primary ling located approximately at 1 o’clock is shown
on Fig. 8. Successful utilization of LSC, even in two rows, under
overburden about 1.800m can be seen at Fig. 9.

According to Table 2, tunnelling condition were usually classified
as “Fair” or “Poor” there and the rock formations composed of
high grade of metamorphic migmatite. The variation of migmatite
includes micaceous gneiss, magmatic schist or phyllites with a
significant proportion of quartzite.

Following chart on Fig. 10 summarizes yearly progress of top
heading excavation from both portals till the breakthrough. After 10
years of hard-won progress, the completed tunnel was opened to the
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napéti v osténi (z anglitiny Lining
Stress Controllers — LSC), které
mély zajistit integritu stitkaného be-
tonu, coZ bylo samozfejmé vyrazné
drazsi opatfeni. Jedna fada mezer
v primdrnim osténi umisténd pfi-
blizné€ na 1. hodin€ je zndzornéna na
obr. 8. Usp&sné vyuziti LSC, dokon-
ce ve dvou fadach pod nadloZim cca
1800 m, je na obr. 9.

Podle tab. 2 byly podminky razeni
obvykle klasifikovany jako ,,vyho-
vujici“ nebo ,Spatné“ a horninovy
masiv se sklddal z vysoce kvalitniho
pevného migmatitu. Variace migma-
titu zahrnovaly slidnaté ruly, magma-
tické bridlice nebo fylity s vyznam-
nym podilem kiemence.

Graf na obr. 10 shrnuje ro¢ni po-
stup razby kaloty od zahdjeni razeb
od obou portalit az po prorazku. Po
10 letech problematické stavby byl
tunel zprovoznén dne 3. fijna 2020.
Jizni portél tunelu den pied otevienim je vidét na obr. 11.

4. ZAVER

Mladé himalajské pohoii se slozitou geologii a komplikovanymi
geotechnickymi podminkami pfi vystavbé tunelt prakticky vzdy
prekvapi. Z pfikladl tunelu Rohtang je ziejmé, Ze nejen peclivy,
ale také co nejpodrobnéjsi geologicky prizkum je nutny pred a bé-
hem realizace projektu za pozornosti vSech stran podilejicich se na
projektu. Jedna se o dodavatele, inzenyrsky dozor, projektanta a ob-
jednatele. Pouze spolecné usili vSech uvedenych stran ve vSech fa-
zich projektu (studie proveditelnosti [3], projek¢ni feSeni, realizace)
poskytne potiebnou flexibilitu stavebniho procesu, ktera umoziuje
okamZitou reakci na ménici se geologické a geotechnické podmin-
ky. VSichni tcastnici tohoto projektu se zaslouZili o to, Ze silni¢ni
tunel Rohtang/Atal byl zhruba po 10 letech vystavby, na podzim
roku 2020 zprovoznén.

Jistou prestiz a jedineCnost dodala tomuto projektu i nasleduji-
ci skutecnost. Na celosvétové konferenci mezindrodni organizace
FIDIC, konané od 11. do 13. 9. 2022 v Zenev&, byl tento projekt
ocenén v kategorii ,,Vynikajici projekt roku velkych rozméra‘.

Ing. RADEK BERNARD, Ph.D.,
radek.bernard@geotechnika.cz, SG Geotechnika a.s.

Recenzoval Reviewed: Ing. Martin Srb, Ph.D.
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zdroj: Syamal Barman source: Syamal Barman
Obr. 11 Jizni portdl tunelu Atal (piivodni ndzev Rohtang), jeden den pred oficidlnim otevienim
Fig. 11 The South Portal of the Atal Tunnel, one day prior official opening

traffic on 3 October of 2020. South Portal of the tunnel, the day
before opening, can be seen on Fig. 11.

4. CONCLUSION

The young Himalayan Mountains with their complex geology and
complex geotechnical conditions do always hold surprises during
tunnel construction. From the examples of Rohtang Tunnel shown in
this article, it is clear that not only careful and as detailed as possible
geological investigations are required prior and during the execution
of the project, but the same also needs to be done with concentrated
attention of all parties involved in the project, namely Contractor,
Engineer, Designer and Client. Only combined efforts throughout
all different project stages (Feasibility study, Design, Execution
and Implementation) will provide the necessary flexibility of the
construction process that allows instant and immediate reaction to
changing geological and geotechnical conditions. The all parties of
this project are definitely happy that Rohtang/Atal Tunnel was finally
opened approx. after 10 years in the Autumn 2020.

The following fact added a certain prestige and uniqueness to this
project. At the global conference of the international organization
FIDIC, held from 11 to 13 September 2022 in Geneva, this project
was awarded in the category “Outstanding Large Project of the Year”.
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VYZKUM HYDRAULICKYCH A MIGRACNICH VLASTNOST{
KRYSTALINICKYCH HORNIN V CESKE REPUBLICE
INVESTIGATION INTO HYDRAULIC AND MIGRATION PROPERTIES
OF CRYSTALLINE ROCKS IN THE CZECH REPUBLIC

KAREL SOSNA, MILAN ZUNA, LIBOR GVOZDIK, ONDREJ SVAGERA, JAN SMUTEK

ABSTRAKT

Prispévek se zaméruje na laboratorni a in-situ zkouSky v podzemi, jejichZ hlavnim cilem je popis puklinové sité a studium jejich vzdjemné
propojenosti. Prispévek prezentuje vysledky dvou projektit realizovanych v podzemni laboratori Josef (CVUT) a v Podzemnim vyzkumném
pracovisti (PVP) Bukov (SURAO). Monitoring ve Stole Josef v rozrdZce JP-57 probihal za pouZiti strunovych piezometrii izolovanych ve
vrtech pneumatickymi trojitymi pakry. Cilem praci bylo studium prirozeného tlaku podzemni vody a provedeni a vyhodnoceni vodnich
tlakovych zkouSek a stopovacich zkousek. Celkem bylo realizovdno 19 neaktivnich a dvé aktivni stopovact zkousky. PouZiti radioaktivnich
stopovadii v horninovém prostiedi bylo pilotnim experimentem tohoto typu méveni v CR. Pro popis horninové matrice byla pouZita metoda
identifikace Cetnosti, propojenosti a délky mikrotrhlin v horninovych vzorcich pomoci aplikace fluorescencni pryskyrice a konfokdlniho
mikroskopu. V rdmci projektu v PVP Bukov byly konstruovdny ctyrpakrové systémy, které se vyuZivaji k monitoringu tlakii v puklindch,
realizaci hydraulickych a stopovacich zkousek.

ABSTRACT

The paper focuses on laboratory and in-situ underground tests, the main objective of which is the description of the fissure network and
the study of the interconnection of fissures. The paper presents the results of two projects executed in the Josef Underground Laboratory
(the Czech Technical University) and in the Bukov Underground Research Facility (URF) (SURAO). Monitoring in the Josef gallery in
the JP-57 gallery side stub was carried out using vibrating wire piezometers isolated in the boreholes by pneumatic triple packers. The
objective of the works was to study the natural pressure of ground water and conduct and evaluate water pressure tests and tracer tests.
A total of 19 inactive and 2 active tracer tests were carried out. The use of radioactive tracers in the rock environment was a pilot experiment
of this type of measurement in the Czech Republic. To describe the rock matrix, a method was applied used to identify the frequency,
connection and length of microcracks in rock samples using fluorescent resin and a confocal microscope. As part of the project at the
Bukov URF, quadruple packer systems were constructed, which are used to monitor pressures in fractures, conduct hydraulic and tracer
tests.

uvob

Hlavnim cilem projektu ,, Pfenos hodnot migracnich PArametrii
granitickych hornin z Mlkroméritka do Redlného méritka horni-
nového masivu*“(PAMIRe) bylo stanovit miru reprodukovatelnosti
vystupt laboratorniho studia transportnich procest stopovacli v po-
rovnani s vysledky experimentu vét§tho méfitka (dm), nésledné ji
implementovat do redlnych podminek granitickych hornin (experi-
ment in-situ) a do modeld vyhodnocujicich migraci radionuklidti do
horniny. Jednim z vystupt projektu bylo zavedeni metodiky pouziti
radioaktivnich stopovacii v horninovém prostiedi jako pilotni expe-
riment tohoto typu v CR. Pro popis horninového prostfedi a vytvo-
feni modelu poérového prostoru horninové matrice byla mimo jiné
pouZzita metoda identifikace Cetnosti, propojenosti a velikosti péra
v horninovych vzorcich (pomoci kombinace aplikace fluorescencni
pryskyfice a konfokalniho mikroskopu).

Dalsi projekt ,, Vyzkum puklinové konektivity v PVP Bukov* je
zaméfen na vyzkumné-vyvojové prace vedouci k ziskani informaci
o rychlosti a charakteru toku podzemni vody, konektivité puklinovych
siti a v obecné roviné pak na metodiku a zpracovani geologickych
a hydrogeologickych Discrete Fracture Network (DFN) modelt.

In-situ migracni experimenty zaméfené na studium puklin a trans-
portnich parametrii krystalickych hornin v rdmci hledani vhodného
horninového prostfedi pro hlubinné uloZisté radioaktivniho odpadu
jsou popisovany napt. ve [1] a [2] Leuggern borehole, [3] projekt
Fracture system flow test, [4] experiment TRUE-1, [5] projekt TRUE
Block scale nebo [6] Baseline Conditions at Olkiluoto.

INTRODUCTION

The main objective of “The transfer of granitic rock migration
parameters from microscale to real scale in the rock massive
(PAMIRe)” project was to determine the degree of reproducibility
of the results of the laboratory study on tracer transport processes
in comparison with the results of a larger-scale experiment (dm),
then implement it into the real conditions of granitic rocks (in-situ
experiment) and into models evaluating the migration of radionuclides
into the rock. One of the outputs of the project was the introduction of
the methodology of using radioactive tracers in the rock environment
as a pilot experiment of this type in the Czech Republic. To describe
the rock environment and create a model of the pore space of the
rock matrix, the method of identifying the frequency, connectivity
and size of pores in rock matrix (using a combination of fluorescent
resin application and a confocal microscope) was used, in addition
to other things.

Another project “Research of fracture connectivity at the Bukov
URF” is focused on research and development work leading to
obtaining information on the rate and character of groundwater
flow, the connectivity of fracture networks and, in general, on the
methodology and preparation of the Discrete Fracture Network
(DEN) geological and hydrogeological models.

The in-situ migration experiments focused on the study of
fractures and transport parameters of crystalline rocks as part of
the search for a suitable rock environment for a deep geological
radioactive waste repository are described, for example, in [1]
and [2] Leuggern borehole, [3] Fracture system flow project test,
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VIZUALIZACE MIKROPOROVEHO PROSTORU POMOCI
KONFOKALNi MIKROSKOPIE

Hlavnim cilem praci bylo zjiSténi charakteru pérového prostoru.
Za tim ucelem byly vyrobeny neleSténé vybrusy horninovych vzorki
sdzavského tonalitu tloustky 200 mm odebranych v podzemni labo-
ratori Josef. DalSim cilem praci bylo zji$téni, které minerdly jsou
porusené siti mikrotrhlin. Pro studium v prochdzejicim svétle byly
vyrobeny lesténé vybrusy o tloustce 40 mm.

Ze snimkd (obr. 1, 2) je patrné, Ze makroskopicky viditelné vyho-
jené pukliny funguji jako preferencni zény proudéni kapalin horni-
novou matrici. Puklinova sit horninové matrice je nepriibézna a tvoii
izolované enklavy. Ve vybrusech byly sledovany tfi typy mikrotrhlin,
ato:

e transgranularni (napfic zrny);

* intergranuldrni (na rozhrani zrn);

* intragranuldrni (uvnitf zrn).

Mikrotrhliny porusuji vSechny hlavni horninotvorné mineraly, a to
plagioklasy, kifemen a biotit.

Obr. 1 Detail propojené a husté mikropuklinové sité tvorici vyhojenou pukli-
nu, snimek v plose vybrusu (nahore vlevo) a vertikdlni rezy vybrusem (vpravo
a dole)

Fig. 1 Detail of the interconnected and dense microcrack network forming
a healed crack; picture in the plane of the rock slice (top left) and vertical
sections through the rock slice (right and bottom)

plagioklas

(intragranularni)
Plagioclasse
(Intragranular)

i T L biotit
| transgranularni . (intragranularni)

Transgranular 38 Biotite
L e e, (Intragranular)
Obr. 2 Vybrus 1,5x3 mm, intragranuldrni trhlina v plagioklasu (vlevo), trans-
granuldrni trhlina uprostied, intragranuldrni trhlina v biotitu (vpravo)
Fig. 2 Rock slice 1.5x3mm, intragranular crack in plagioclase (left), trans-
granular crack in the middle, intragranular crack in biotite (right)

TuNel

[4] TRUE-1 experiment, [5] TRUE Block scale project or [6]
Baseline Conditions at Olkiluoto.

VISUALISATION OF MICROPORE SPACE USING CONFOCAL
MICROSCOPY

The main goal of the work was to determine the nature of the
pore space. For this purpose, 200mm thick unpolished rock slices
of Sazava tonalite taken in the Josef Underground Laboratory were
produced. The main goal of the work was to determine the nature of
the pore space. Another objective of the work was to find out which
minerals are broken by a network of microfractures. Polished rock
slices with a thickness of 40mm were made for the study in passing
light.

From the pictures (Figures 1, 2) itis evident that the macroscopically
visible healed fractures function as preferential zones of fluid flow
through the rock matrix. The fracture network of the rock matrix
is discontinuous and forms isolated enclaves. Three types of
microfractures were observed in the rock slices, namely:

e transgranular (across grains);

* intergranular (on interfaces of grains);

e intragranular (inside grains).

Microfractures disturb all major rock-forming minerals, namely
plagioclase, quartz, and biotite.

MONITORING OF GROUNDWATER PRESSURE IN JOSEF
GALLERY

Groundwater pressure was monitored in the JP-57 side stub of the
Josef gallery during the project. Monitoring was carried out using
vibrating wire piezometers isolated in boreholes by pneumatic triple
packers (see Fig. 3). The objective of the work was to determine the
natural pressure of groundwater, the influence of water-pressure tests
and tracer tests on this pressure.

Multipackers at the levels where the fractures were monitored
were equipped with polyamide seals (see Fig. 4), which reduce the
volume of water in the tested sections. The reason for the installation
of the seals was the subsequent improvement of the balance of tracer
tests, or reducing the volume of water in which the tracer in the
borehole can mix. By installing these seals, the volume of the level
in borehole PA1 was reduced from 4,898dm?to 1.727dm’, in well
PA2 from 3,292dm? to 1.808dm?.

The results of groundwater pressure monitoring in boreholes PA 1
and PA2 using triple pneumatic packers pressurised with water in
2016 (see Fig. 5) show that the pressure in the conductive fracture
sections 2.05-3.52m and 2.43-3.49m fluctuates about 63kPa when

Obr. 3 Multipakry PA1 (nahore) a PA2 (dole)
Fig. 3 Multipackers PA1 (top) and PA2 (bottom)

Obr. 4 Tésnéni z polyamidu v etdZich monitorujicich puklinu
Fig. 4 Polyamide seal a at levels monitoring the crack




MONITORING TLAKU PODZENMNI VODY VE STOLE JOSEF

V rozrazce JP-57 Stoly Josef byl v pribéhu projektu sledovan tlak
podzemni vody. Monitoring probihal pomoci strunovych piezome-
tri izolovanych ve vrtech pneumatickymi trojitymi pakry (obr. 3).
Cilem praci bylo zjiSténi pfirozeného tlaku podzemni vody, vlivu
vodnich tlakovych zkousek a stopovacich zkousek na tento tlak.

Multipakry byly v etazich monitorujicich puklinu vystrojeny tés-
nénimi z polyamidu (obr. 4), které zmensuji objem vody v testova-
nych dsecich. Diivodem instalace té€snéni bylo nésledné zlepSeni
bilance stopovacich zkousek, resp. zmenSeni objemu vody, v némz
se stopovac ve vrtu mize misit. Instalaci téchto ucpavek byl objem
etaZe ve vrtu PA1 zmenSen z 4,898 dm? na 1,727 dm’, ve vrtu PA2
73,292 dm® na 1,808 dm?>.

Vysledky monitoringu tlaku podzemni vody ve vrtech PA1 a PA2
pomoci trojitych pneumatickych pakri, tlakovanych pomoci vody
v roce 2016 (obr. 5) ukazuji, Ze tlak v dsecich vodivé pukliny 2,05—
3,52 m a 2,43-3,49 m se pii zavienych usecich pohybuje okolo
63 kPa. Pfi obou otevfenych tsecich je tlak okolo 25 kPa (data z lis-
topadu 2016) nebo 5 (PA2) a 15 (PA1) kPa (data z prosince 2016).
Data ze zacétku prosince 2016 jsou ovlivnéna probihajicimi stopo-
vacimi zkouSkami.

STOPOVACI ZKOUSKY VE STOLE JOSEF

Hlavnim vystupem stopovacich zkousek byly prinikové kiivky
(obr. 6). Jejich priibéh znazornovaly zmény vodivosti roztoku za-
znamenané béhem testu, které byly prepocteny na koncentrace sto-
povaci latky. Jako neaktivni stopovace byly testovany roztoky NaCl
(v koncentracich 0,1M; 0,05M; 0,01M), KI (v koncentraci 0,01M).
Podle jejich tvaru lze posuzovat vlastnosti prostiedi, jako je napt.
disperze &astic. Cim je k¥ivka pozvolngj¥i, tim je rozptyleni (neboli
disperze) Castic stopovace VEtsi.

V rozrazce SP-47 ve vrtech PA1 a PA2 v intervalech s otevie-
nou puklinou byly v roce 2016 vyhodnoceny tii stopovaci zkous-
ky s chloridem sodnym. Pfi testech byly zkouSeny predevsim rizné
moZnosti zapojeni vstupt a vystupt pro validaci modelu, razné kon-
centrace stopovace, systémy méfeni a odbéru vzorkd. V roce 2017
bylo realizovano dalSich dvacet jedna stopovacich zkousek.
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the sections are closed. When both sections are open, the pressure
is around 25kPa (data from November 2016) or SkPa (PA2) and
15kPa (PA1) (data from December 2016). The data from the
beginning of December 2016 is affected by ongoing tracer tests.

TRACER TESTS IN JOSEF GALLERY

Intersection curves (see Fig. 6) were the main output of the tracer
tests. Their course was demonstrated by the changes in the solution
conductivity recorded during the test, which were converted into
tracer concentrations. NaCl solutions (in concentrations of 0.1M,
0.05M, 0.01M), KI solutions (in concentration of 0.01M) were
tested as inactive tracers. According to the shape of the curves, the
properties of the environment, such as particle dispersion, can be
assessed. The slower the curve gradient, the greater the dispersion
of the tracer particles.

Three sodium chloride tracer tests were assessed in 2016 in the
SP-47 side stub in boreholes PA1 and PA2 in the open fracture
intervals. Various options for integration of inputs and outputs for
model validation, different tracer concentrations, measurement and
sampling systems were tested during the tests. In 2017, other twenty
one tracking tests were carried out.

The results of the tracking tests were assessed using the Qtracer2
program [7].

The following parameters were entered into the Qtracer2 program:

» amount of injected tracer;

* tracer injection pulse duration;

¢ flow rate;

* radial distance of the sampling station;

* trajectory curvature correction;

* time and concentration.

The amount of tracer injected was calculated from the duration
of the tracer injection pulse, the flow rate in the injection section
and the tracer concentration. The radial distance was calculated by
summing the length of the fracture between boreholes PA1 and PA2
(0.7m) and the length of open injection sections in boreholes PA1
(1.47m) and PA2 (1.06m). The trajectory curvature correction was
left at 1.5, which is an empirical value obtained from a large number
of tracing tests performed by the author of the Qtracer2 program.
The determined time was corrected by the values of the time required
for the tracer solution to be transported from the measurement point
at the entrance to the system in the side stub

to the injection point in the tested interval in

—— PA12,05-352m —— PA22,43-3,49m == tlak barometr pressure barometer the injection borehole, and to the contrary,

=il | r 2 for its transport from the collection point

80 4 ? 'r e L 15 in the tested interval in the receiving

t] L borehole to the measurement place in the

0 e yl e ' Y e Fer st | e P 18 s A gallery side stub. This delay due to the test

g 60 i,--—i;fl 3 ; L 05 § instrumentation, which distorts t.he studied

n ] E ] ° water flow through the fracture in the rock

z 50 + i T 00 2 massif, was calculated from the values of

= o 4 il | : L o5 ; the volume of the injection hoses and the

£ |j | | | ! _ < flow rates in the injection and receiving
£ % - + £ i & L0 B boreholes.
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and protection of the rock environment.

Obr. 5 Monitoring tlaku v tiseku na pukliné v PA1 a PA2 pomoci multipakrii véetné méfeni atmosférického

tlaku

Fig. 5 Monitoring of pressure on a crack in PAI and PA2 using micropackers, including measurement

of atmospheric pressure

As part of the preparation, there was active
communication with the representatives
of the State Office for Nuclear Safety
(SUJB) and, based on the interim results,
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Vysledky stopovacich zkousek byly vy-
hodnoceny pomoci programu Qtracer2 [7].
Do programu Qtracer2 byly zadany na-
sledujici parametry: 0,05
* mnoZstvi injektovaného stopovace;
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hy byla ponechdna 1,5, coZ je empiricka
hodnota ziskana z velkého mnozstvi sto-

Obr. 6 Prinikové kiivky stopovacich zkousek s NaCl

Fig. 6 Intersection curves of tracer tests using NaCl

povacich zkouSek realizovanych autorem

programu Qtracer2. Zjistény Cas byl opra-

ven o hodnoty doby, kterou roztok stopovace potiebuje k svému
transportu od méficiho mista na vstupu do systému v rozrazce
k mistu injekce v testovaném intervalu ve vrtu injekénim, a na-
opak k svému transportu od mista jimani v testovaném interva-
lu ve vrtu jimacim do méficiho mista v rozrazce. Toto zpozdéni
vlivem instrumentace zkousky, které zkresluje studované proudé-
ni vody v puklin€ v horninovém masivu, bylo vypocteno z hod-
not objemu injek¢nich hadicek a pratoki v injekénim a jimacim
vrtu.

Cilem vySe uvedenych testli bylo ladéni a pfiprava na aktivni
experiment za pouziti stopovace tritia *H. Prace s radioaktivnimi
stopovaci je specifickou ¢innosti a vyzaduje dikladnou pfipravu
a planovani s ohledem na bezpecnost prace a ochranu horninového
prostfedi. V ramci pfipravy probihala aktivni komunikace se zé-
stupci Statniho diadu pro jadernou bezpe&nost (SUJB) a na zdklade
prubéznych vysledki probihal vyvoj poZzadavkl a byl modifikovan
experiment s cilem maximalizovat ndvratnost stopovace, minima-
lizovat vstupni aktivitu a nasledné minimalizovat aktivitu a objem
vystupniho roztoku. Duraz byl proto dan v prvni fad€ na co nej-
vys§i navratnost stopovace. V pribéhu experimentl se ukazalo, Ze
na ndvratnost ma zdsadni vliv koncentrace stopovafe v gramech
na litr. Cim byl roztok koncentrovanéjsi, tim navratnost klesala.
Z toho divodu byl volen roztok koncentrace 0,01M NaCl. Dalsi
vliv na ndvratnost méla doba injektdze. Testy s dobou injektaze
1 minuta, kdy bylo injektovdno pouze velmi malé mnoZstvi stopo-
vace, mély velmi nizkou navratnost. Dale bylo proto injektovdno
10 minut.

Z vyse uvedenych testl s poradovymi Cisly 4, 5, 8, 9, 10, 12, 18,
19, 21, 22, kdy byly testovany riizné kombinace vstupnich a vystup-
nich intervalll na pakrech, déle vyplyva:

e pomalé a nizké vrcholy (extrémy) jsou u testd, kdyZ je na vystu-

pu PA1 v hloubce 2,38 m, nebo kdyZ se injektuje obéma vrty;

e je-li na vystupu PA1 v hloubce 3,2 m, je zkouska rychlejsi.

Z téchto divodi byla jako findlni konfigurace pro aktivni stopo-
vaci zkousku vybrana PA2 v hloubce 2,82 m (IN) — PA1 v hloubce
3,20 m (OUT) (obr.7).

V rozrazce JP-57 ve vrtech PA1 a PA2 v intervalech s otevie-
nou puklinou byly v roce 2017 vyhodnoceny dvé stopovaci zkous-
ky s tritiem (°*H) pfipraveném v 0,01M NaCl. Aktivita stopovace

the requirements were developed and the experiment was modified
with the aim of maximising the return of the tracer, minimising
the entrance activity and subsequently minimising the activity and
volume of the output solution. The emphasis was therefore placed
primarily on the highest possible return of the tracer. In the course
of the experiments, it became clear that the concentration of the
tracer in grams per litre has a major influence on the recovery rate.
The more concentrated the solution, the lower the return. For that
reason, a solution with a concentration of 0.01M NaCl was chosen.
The duration of injection had another influence on the return.
Tests with injection duration of 1 minute, where only a very small
amount of tracer was injected, had a very low recovery rate. For
that reason, the subsequent injection lasted for 10 minutes.

It further follows from the above tests with serial numbers 4, 5, 8,
9, 10, 12, 18, 19, 21, 22, where different combinations of input and
output intervals were tested on packers:

* slow and low peaks (extremes) are in the tests when the hose
outlet in PA1 is at a depth of 2.38m, or when injecting is carried
out through both boreholes;

* when the hose outlet in PA 1 is at a depth of 3.2m, the test is
quicker.

For these reasons, the configuration PA2 at a depth of 2.82m (IN) —
PAT1 at a depth of 3.20m (OUT) was chosen as the final configuration
for the active tracer test (see Fig. 7).

Two tracer tests with tritium (*H) prepared in 0.01M NaCl were
assessed in 2017 in the SP-47 side stub in boreholes PA1 and PA2
in the open-fracture intervals. The tracer activity was 2 MBq.L"!,
application duration was 10min, injection flow rate was Qin
50ml.min”'. The *H activity was measured by liquid scintillation
spectrometry (Liquid Scintillation Counting — LSC) using a Hidex
300 SL instrument (manufactured by Hidex Oy). In order to monitor
the continuous progress of the test, tracer *H was prepared in 0.01M
NaCl and the conductivity was measured using conductometers
manufactured by WTW. The measured results of the *H activity of
both tests were consistent, and a close correlation of the courses of
both tests, measured both by checking measurement underground
(using the LSC Triathler instrument, manufactured by Hidex Oy),
and in the laboratory using the Hidex 300 SL instrument, was
observed. Subsequently, the tracer tests and penetration curves were
assessed using Qtracer2. The first tracer appearance (*H) took around
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4:15min with a time of the appearance
of maximum concentration around
15:15min. It follows from the results

PA2 e (see Fig. 8) that the active tracer
i flowed through the fracture faster
i-220 than the salt solution. The time of
5_240 first appearance (*H) is by 10 to 30
| seconds earlier. The other parameters
| 260 are similar. It would therefore be
i . advisable to carry out any prospective
280§ further test without the salt solution,
i-soo which can slow down the blending

- | of the tracer mixture with water at

il PP the location. The transport model
i was compiled in the MT3DMS
;30 program (manufactured by The
|

University of Alabama) based on a
verified hydraulic model developed
1380 in the MODFLOW2000 program
(manufactured by the U.S. Geological
Survey). An important part of the

Obr. 7 Rez horninovym prostiedim a detail multipakrového systému s vykreslenim vstupni (IN) a vystupni
(OUT) hadicky; tucné modre jsou v Fezu vyznaceny pukliny zjisténé ve vrtu akustickym a optickym skenerem,

&drkované riuzové je vyznacen priibéh vodivé pukliny zadané v modelu

Fig. 7 Rock environment cross section and a detail of multipacker system with inlet (IN) and outlet (OUT) hoses
rendered; fractures identified in the borehole by an acoustic and optical scanner are marked deep blue in the
section, the course of the conductive fracture entered in the model is marked in dashed pink

byla 2 MBq.I"!, doba aplikace byla 10 min, injektazni prutok byl
Qin 50 ml. min'. Méfeni aktivity *H bylo provadéno metodou
kapalinové scintilacni spektrometrie (Liquid Scintillation Count-
ing — LSC, kapalinovy scintila¢ni spektrometr) na pfistroji Hidex
300 SL (vyrobce Hidex Oy). Aby bylo mozné sledovani konti-
nuédlniho pribéhu zkousky, byl stopovaé *H pfipraven do 0,01M
NaCl a bylo provedeno méfeni vodivosti pomoci konduktomet-
ra vyrobce WTW. Naméiené vysledky aktivity *H obou zkousek
byly konzistentni a byla sledovand tésnd korelace priibéhii obou
zkouSek méfenych jak kontrolnim méfenim v podzemi (zafizenim
LSC Triathler, vyrobce Hidex Oy), tak v laboratofi na pristroji
Hidex 300 SL. Nasledné bylo provedeno vyhodnoceni stopova-
cich zkousek a priinikovych kfivek pomoci Qtracer2. Cas prvniho
objeveni stopovace (*H) byl kolem 4:15 min s ¢asem maximalni
koncentrace kolem 15:15 min. Z vysledkt

evaluation of the active experiments
was also the assessment of the
overall balance of the experiment,
which documents the recovery of
the injected amount of tracer in
the outlet water. According to the
assumption and according to the results obtained during the tests
with an inactive tracer, the migration of *H in the fracture is also
influenced dominantly by advection and is directed by the hydraulic
gradient to the exit borehole PA 1. Source solution *H recoveries were
around 95% in the tracer experiments, with the subsequent flushing
included, tracer recovery rates were up to around 99% for both
experiments

MONITORING OF GROUNDWATER PRESSUE
IN BUKOV URF

The project was performed in test chamber 2 in the underground
research facility located in the former RoZnd mine. The objective of
the work was to determine the natural pressure of the groundwater
and the mutual interconnection of the fracture system.

vyplyva (obr. 8), Ze aktivni stopovac prou- 0,06
dil oproti roztoku soli puklinou rychleji.
Cas prvniho objeveni CH) je o 10 aZ 30
vtefin dfive. Ostatni parametry jsou ob-
dobné. Pripadnou dalsi zkousku by proto
bylo vhodné realizovat bez roztoku soli,
ktery miiZe miseni smési stopovace s vo-
dou na lokalit¢ zpomalovat. Transportni
model byl sestaven v programu MT3DMS
(vyrobce The University of Alabama) na
podkladé verifikovaného hydraulického
modelu realizovaného v programu MOD-
FLOW2000 (vyrobce U.S. Geological
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Obr. 8 Prinikové kiivky aktivnich stopovacich zkousek s tritiem, aktivita mérena v CPM (counts per minute)
Fig. 8 Intersection curves of active tracer tests with tritium; activity measured in CPM (counts per minute)
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¢em je i migrace *H v pukliné ovlivnéna
dominantné advekci a usmérnéna hydrau-
lickym gradientem sméfujicim do vystup-
niho vrtu PA1l. Névratnosti zdrojového
roztoku *H se pii stopovacich zkouskach
pohybovaly kolem 95 %, se zapoctenim
nasledného vyplachu se ndvratnost stopo-
vace pohybovala az kolem 99 % pro oba
experimenty.

MONITORING TLAKU PODZEMNI
VODY V PVP BUKOV

Projekt byl realizovan ve zkusebni komo-
fe 2 v podzemnim vyzkumném pracovisti
umisténém v byvalém dole Roznd. Cilem
praci bylo zjisténi prirozeného tlaku pod-
zemni vody a vzdjemného propojeni pukli-
nového systému.

Multipakrovy systém do vrti S-27, S-31
a S-36 se sklada z nasledujicich kompo-
nent:

¢ 4x nerezového pakru;

e 4x tlakové prichodky;

¢ nerezovych trubek.

Pod kaZzdym pakrem je umisténa tlakova prichodka, kterd obsa-
huje ¢tyfi vyvody. Toto feSeni umoZiiuje v testované etdzi soucas-
né méfit tlak podzemni vody a vzorkovat vodu ze dvou riznych
mist, piipadné jednou trubickou tlakovat a druhou nasavat a umoz-
nit tak cirkulaci vody. Posledni vyvod slouzi k vedeni tlakovani
dalsiho pakru. V této konfiguraci jsou jednotlivé pakry tlakovany
samostatné. Pakry jsou spojeny do kolony pomoci nerezovych tru-
bek vnéjsiho priméru 42 mm. Spoj je feSen navafenym Sroubenim
tésnénym pomoci plochého teflonového té€snéni. Tlakovani pakra
je zajisténo pomoci polyamidovych trubicek vnéjsiho a vnitiniho
pruméru 6 a 3 mm (do 100 bar). InjektdZ mezi pakry je osazena
polyamidovymi hadi¢kami vnéjsiho a vnitfniho priméru 6 a 4 mm
(do 58 bar).

U vrta byly instalovany kontrolni a ovladaci panely multipakro-

——

Obr. 9 Kontrolni a ovlddaci panely multipakrii ve vrtech v PVP Bukov
Fig. 9 Checking and control panels of multipackers in boreholes in the Bukov URF

The multipacker system for boreholes S-27, S-31 and S-36 consists
of the following components:

* 4x stainless steel packers;

* 4x pressure-resisting sleeves;

e stainless steel tubes.

A pressure-resisting sleeve containing four outlets is under each
packer. This solution allows for simultaneous measuring of the
groundwater pressure at the tested level and for sampling water from
two different places, or pressurising through one tube and sucking
through the other, thus enabling water circulation. The last outlet
serves to guide the pressurisation process to the next packer. In this
configuration, the individual packers are pressurised separately. The
packers are connected to form the column using stainless steel tubes
with an outer diameter of 42mm. The joint is solved as a union joint
welded to the pipe and a flat teflon seal. The pressurisation of the
packers is ensured by means of polyamide tubes with outer and
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Obr. 10 Monitoring tlakii podzemni vody ve vrtech v PVP Bukov
Fig. 10 Monitoring of groundwater pressures in boreholes in Bukov URF
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vych systému, které obsahuji zakonceni tlakovych rozvodi z pakra
(obr. 9). Panely obsahuji:
* 4x manometr pro monitorovani tlaku v jednotlivych pak-
rech;
* méfici dstfednu pro Ctyfi piezometry pro monitorovani tlaku
v testovanych intervalech vrtu;

inner diameters of 6 and 3mm, respectively, (up to 100bar). Injecting
between packers is carried out through polyamide hoses with the
outer and inner diameter of 6 an 4mm, respectively (up to 58bar).
Checking and control panels of multipacker systems were installed
at the boreholes. The systems contain the termination of the pressure
distribution lines from the packers (see Fig. 9). The panels contain:
* 4x pressure gauge for monitoring the pressure in individual

 zafizeni zajiStujici délkovy prenos dat (RELAY) pro méfici

astrednu;

* 5x kohout pro injektaz v testovanych intervalech vrtu.

Tlakovani pakrd je zajiSténo vodou pomoci expanzni nadoby. * equipment ensuring remote transfer of data (RELAY) for the
K monitoringu tlaka slouzi vibra¢ni strunové piezometry s prime-

packers;
borehole intervals;

measurement central;

rem 11 mm a rozsahem 7 bar. Ke zmenseni mrtvého objemu vrti * 5x cock for injecting in the borehole intervals being tested

Tab. 1 Monitoring tlakii podzemni vody v PVP Bukov

Datum

Cinnost

Pozorovani

13.-15.10.2020

instalace pakru do vrtu S-27

narust tlakl v testovanych intervalech na hodnoty 60 az 320 kPa

12.-2.7.11.2020

vrtné préace na vrtu S-31

pokles tlakl v testovanych intervalech na hodnoty 60 az 270 kPa po navrtani struktury 23. 11.
v hloubce cca 41,5 m

8.-12.3.2021 vodni tlakové zkousky ve vrtu S-31 narUst tlaku v testovanych intervalech na hodnoty 60 az 360 kPa

» g i nardst tlakid v testovanych intervalech na hodnoty 60 az 360 kPa ve vrtu S-27 a 110 az 530 kPa
24.-26.3.2021 instalace pakru do vrtu S-31 ve vrtu S-31

» . y pokles tlaki v testovanych intervalech na hodnoty 50 az 380 kPa po navrtani struktury 20. 5.
12.-29. 5. 2021 vrtné préace na vrtu S-36 v hloubce cca 36,0 m
15.-18. 6. 2021 vodni tlakové zkousky ve vrtu S-31 narUst tlaku v testovanych intervalech na hodnoty 60 az 650 kPa

29.6.-17.8.2021

instalace mechanického pakru
do pfipovrchové zdny vrtu S-36

nardst tlakd v testovanych intervalech na hodnoty 60 az 320 kPa ve vrtu S-27 a 110 aZ 440 kPa
ve vrtu S-31

12.-14.10. 2021

instalace multipakru do vrtu S-36

narGst tlakd v testovanych intervalech na hodnoty 60 aZ 370 kPa ve vrtu S-27, 110 az 550 kPa
ve vrtu S-31 a 90 az 580 kPa ve vrtu S-36

instalace dvojitého pakru

narist tlakd v testovanych intervalech na hodnoty 70 a 380 kPa ve vrtu S-8, u ostatnich vrtd

AT do vrtu S-8 mirny nardst tlakd

14.-15.12.2021 | otevieni 2. intervalu ve vrtu S-31 pritok 0,9 I.min"", nejvy$$i pokles tlaku u S-36 3. interval
18.-25. 1. 2022 otevfeni 3. intervalu ve vrtu S-36 pritok 0,9 .min"', nejvy$si pokles tlaku u S-31 2. interval
14.-23.2. 2022 otevfeni 3. intervalu ve vrtu S-27 Erg;?:tr?fgr? ilhrtrgp\}glgevyrazne poklesy aki
23.2.-8.3.2022 | otevieni 2. intervalu ve vrtu S-27 pritok 0,03 I.min"', nejvy$si pokles tlaku u S-27 1. interval
8.-16.3.2022 otevfeni 1. intervalu ve vrtu S-36 priitok 0,08 I.min"", nejvy$3i pokles tlaku u S-31 1. interval
16.-22. 3. 2022 otevfeni 1. intervalu ve vrtu S-31 prlitok 0,5 .min"', nejvy$si pokles tlaku u S-36 1. interval

22.3.-20.4.2022

Table 1 Monitoring of groundwater pressures in Bukov URF

otevreni 2. intervalu ve vrtu S-36

pritok 0,3 .min"', nejvy$si pokles tlaku u S-36 3. interval

Date Activity Observations
13-15/10/2020 installation of multipacker pressure increase in the tested intervals to values
into borehole S-27 of 60 to 320kPa

12-2/7/11. 2020

drilling operations on borehole S-31

pressure drop in the tested intervals to values of 60 to 270kPa after drilling into the structure
on 11 November at a depth of approx. 41.5m

8-12/3/2021

water pressure tests in borehole S-31

pressure increase in the tested intervals to values of 60 to 360kPa

24-26/3/2021 installation of multipacker pressure increase in the tested intervals to values of 60 to 360kPa in borehole S-27
into borehole S-31 and 110 to 530kPa in borehole S-31
12-29/5/2021 drilling operations on borehole S-36 pressure drop in the tested intervals to values of 50 to 380kPa after drilling into the structure

on 20 May at the depth of approx. 36.0m

15-18/6/2021

water pressure tests in borehole S-31

pressure increase in the tested intervals to values of 60 to 650kPa

29/6-17/8/2021

installation of mechanical packer into
near-surface zone of borehole S-36

pressure increase in the tested intervals to values of 60 to 320kPa in borehole S-27
and 110 to 440kPa in borehole S-31

12-14/10/2021

installation of multipacker
into borehole S-36

pressure increase in the tested intervals to values of 60 to 370kPa in borehole S-27,
110 to 550kPa in borehole S-31 and 90 to 580kPa in borehole S-36

23/11/2021

installation of double packer
into borehole S-8

pressure increase in the tested intervals to values of 70 to 380kPa in borehole S-8;
moderate increase the other boreholes

14-15/12/2021

opening 2™ interval in borehole S-31

flow rate of 0.9L.min"", greatest pressure drop at borehole S-31 3“interval

18-25/1/2022 opening 3“interval in borehole S-36 flow rate of 0.9L.min"", greatest pressure drop at borehole S-31 2"interval
14-23/2/2022 opening 3“interval in borehole S-27 flow rate of 0.05L.min", insignificant pressure drops in the other intervals
23-28/3/2022 opening 2™ interval in borehole S-27 flow rate of 0.03L.min", greatest pressure drop at S-27 1! interval
8-16/3/2022 opening 1interval in borehole S-36 flow rate of 0.08L.min", greatest pressure drop at S-31 1% interval
16-22/3/2022 opening 1interval in borehole S-31 flow rate of 0.5L.min", greatest pressure drop at S-36 1 interval

22/3-20/4/2022

opening 2" interval in borehole S-36

flow rate of 0.3L.min"", greatest pressure drop at S-36 3" interval

* measurement central for monitoring pressure in the tested
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byla v méfenych intervalech s vyraznou puklinou pouZzita polyami-
dova vypli.

Monitoring tlaku podzemni vody z roku 2021 a 2022 (obr. 10)
ukazuje, Ze ve spodnich etazich vrta je tlak az téméf 600 kPa. Po-
drobnéji jsou jednotlivé C¢innosti v PVP Bukov zachyceny v tabulce
1. Jednotlivé vrcholy jsou reakci na vrtani nasledujiciho vrtu. Po-
klesy tlaku jsou zptsobeny otevienim kohoutu vzorkovéni v daném
useku. Tyto testy byly realizovany za Gelem zjiSténi vzajemného
tlakového propojeni jednotlivych intervali. Z predbéZnych vysled-
ki vyplyva, Ze puklinovy systém lokalizovany v hloubce 40,5 az
45,5 m ve vrtu S-31 je vyznamné propojen s tsekem v hloubce 34,5
az 37,5 m ve vrtu S-36.

ZAVER

Multipakrové (3- a7 4ndsobné) systémy jsou v Ceské republice
uspésné pouzivany k monitoringu tlaku podzemni vody v ramci in-
-situ experimenttl, které se zaméfuji na studium hydrodynamickych
a migracnich parametri puklinovych systému krystalinickych hor-
nin v souvislosti s hlubinnym ukldddnim radioaktivniho odpadu.
V tomto prostiedi byl realizovan pilotni experiment s vyuZitim ra-
dioaktivniho stopovace.

V ramci mikroméritka je tspéSné pouZivana metoda identifikace
Cetnosti, propojenosti a velikosti pérd ve vybrusech horninovych

vzorkil pomoci kombinace aplikace fluorescencni pryskyfice a kon-
fokalniho mikroskopu.
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,, Prenos hodnot migracnich PArametrii granitickych hornin z MI-
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Tuel

Pressurisation of the packers is ensured by water using an
expansion vessel. Vibrating string piezometers with a diameter of
11mm and a pressure range of 7bar are used to monitor pressures. To
reduce the dead volume of the boreholes, polyamide filling was used
in the measured intervals with a significant crack.

Groundwater pressure monitoring from 2021 and 2022 (see
Fig. 10) shows that the pressure in the lower levels of the boreholes is
nearly up to 600kPa. In more detail, the individual activities in URF
Bukov are presented in Table 1. The individual peaks are a reaction
to the drilling for the next borehole. The drops in pressure are caused
by the opening of the sampling cock in the given section. These tests
were conducted for the purpose of determining the mutual pressure
interconnection between the individual intervals. The preliminary
results show that the fracture system located at a depth of 40.5 to
45.5m in borehole S-31 is significantly connected with the section at
a depth of 34.5 to 37.5m in borehole S-36.

CONCLUSION

Multipacker systems (3- to 4-fold) are successfully used in the
Czech Republic to monitor groundwater pressure as part of in-situ
experiments, which focus on the study of hydrodynamic and migration
parameters of fracture systems of crystalline rocks in connection
with the deep disposal of radioactive waste. A pilot experiment using
a radioactive tracer was carried out in this environment.

The method of identifying the frequency, connectivity and size of
pores in rock sample slices using a combination of the application
of fluorescent resin and a confocal microscope is successfully used
within the microscale.
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DOZOR PRI RAZBE STANIC NOVE TRASY METRA EGLINTON
V TORONTU
SUPERVISION DURING THE EXCAVATION OF THE NEW EGLINTON
SUBWAY LINE STATIONS IN TORONTO

RADEK BERNARD

ABSTRAKT

Nové budovand linka metra v Torontu s ndzvem ,, Eglinton Crosstown Light Rail Project* s délkou zhruba 19 km a projektovanymi 25
stanicemi podchdzi ve velké cdsti zdpadovychodni ulici Eglinton. Vétsina tj. 22 stanic byla budovdna hloubenim ¢i vystavbou na povrchu
a nebyla smluvné zahrnuta do supervize raZenych stanic. Tuto supervizi vykondvala spolecnost Dr. Sauer & Partners, u které béhem ra-
zicich praci piisobil autor cldnku. Tri raZené stanice byly budovdny ve sloZitych geologickych podminkdch (pisky, jily a silty) s vyraznym
ovlivnénim hladiny podzemni vody, nejednalo se o jednoduchy iikol realizovat tyto stanice v intravildnu mésta pod rusnou pdterni méstskou
komunikact a zdstavbou. Ndvrh raZenych stanic zahrnoval rovnéZ vybudovdni velkych pristupovych tunelit umisténych v heterogennim,
vodonosném prostredi. Riizné numerické analyzy projektanta raZenych stanic byly pouZity k simulaci postupnych krokii vystavby. Ddle byly
pouZity pokrocilé materidlové modely, které zohledriovaly nelinedrni chovdni jak zemin, tak konstrukcnich prvkii. Konecnym produktem byl
optimalizovany ndvrh osténi tunelii ze strikaného betonu vyztuZeného syntetickymi vidkny, bez prihradovych nosnikii, ktery byl do realizace
stavby ispésné implementovdn na poZadavek zhotovitele jiz v prvnich mésicich vystavby popisovaného projektu.

ABSTRACT

The subway line in Toronto, named ,, Eglinton Crosstown Light Rail Project*, with a length of about 19km and 25 stations designed on
it, being newly built, passes largely under the west-east heading Eglinton Street. The majority, i.e. 22 stations, were built as cut-and-cover
or at-grade structures and were not contractually included in the supervision over mined stations. This supervision was carried out by
Dr. Sauer & Partners, where the author of the paper worked during the mining operations. Three mined stations were built in complex
geological conditions (sands, clays and silts) with a significant influence on the water table, therefore it was not a simple task to build
these stations in the urban area, under a busy arterial thoroughfare and buildings. The design of the mined stations also included the
construction of large access tunnels located in a heterogeneous, water-bearing environment. Several numerical analyses conducted by
the designer of the mined stations were used to simulate the successive construction steps. Then advanced material models were used that
took into account the non-linear behaviour of both the soils and structural elements. The final product was an optimised design of the
tunnel lining made of sprayed concrete reinforced with synthetic fibres, without lattice girders, which was successfully incorporated in the
construction at the request of the contractor already in the first months of the work on the project being described.

1. UvoD

Prvni etapa vystavby uvedené trasy metra byla zahdjena mecha-
nizovanou razbou trafovych tuneli pomoci plnoprofilovych tunelo-
vacich strojii v zaii 2013, nejprve zdpadni ¢ast dvéma tunelovaci-
mi stroji, posléze vychodni ¢ast dalSimi dvéma tunelovacimi stroji,
a byla dokoncena v prosinci roku 2016. AZ posléze byla zahdjena
priprava vystavby hloubenych a razenych stanic. Cely projekt této
nové trasy metra byl vysoutéZen podle principt ,,Design & Build®,
(,,Vyprojektuj & Postav*), kdy investor predava odpoveédnost za rea-
lizaci projektu stavby zhotoviteli a zajiStuje pouze ¢innosti kontrolni
a smluvni. Zahdjeni stavby druhé etapy raZenych stanic bylo prove-
deno hloubenim pfistupové Sachty ke stanici Laird na podzim roku
2017 [1].

2. ZAKLADNI INFORMACE O PROJEKTU

Investorem stavby je vladni organizace Metrolinx pusobici v To-
rontu. Hlavnim dodavatelem stavby je mezinirodni sdruZeni né-
kolika spolec¢nosti pod ndzvem Crosslinx Transit Solutions (CTS).
Toto konsorcium je tvorfeno Ctyfmi prednimi firmami v dopravni
infrastruktute. Jedna se o ACS-Dragados, Aecon, EllisDon a SNC-
-Lavalin. Skupina Crosslinx Transit Solutions se dale déli na Cast
stavebni (CTSC) a ¢ést projek¢ni (CTSD). Projekeni ¢ést zpracovala
projekt stavby této trasy vyjma primarniho osténi raZenych stanic.
Dale si CTS objednala projek¢ni prace a supervizi pri vystavbé raze-

1. INTRODUCTION

The first stage of the construction of the above-mentioned subway
route started by the mechanical excavation of running tunnels using
full-profile tunnel boring machines (TBMs) in September 2013,
first the western part with two tunnel boring machines, then the
eastern part with another two tunnel boring machines, and was
completed in December 2016. Only later did the preparation for
the construction of cut-and-cover and mined stations begin. The
entire project of this new subway route was tendered according to
the ,,Design & Build* principles, where the project owner transfers
the responsibility for the work on the construction project to the
contractor and only provides supervisory and contractual activities.
The second stage of the construction of the mined stations started
by excavating the access shaft to the Laird station in the autumn of
2017 [1].

2. BASIC INFORMATION ON THE PROJECT

The project owner is Metrolinx, a governmental organisation
operating in Toronto. An international consortium of several
companies called Crosslinx Transit Solutions (CTS) is the main
contractor. This consortium is made up of four leading companies
in the transport infrastructure, namely ACS-Dragados, Aecon,
EllisDon and SNC-Lavalin. The Crosslinx Transit Solutions
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stavba lehkého metra Eglinton Crosstown
Eglinton Crosstown LRT project

u group is further divided into
the construction part (CTSC)
and the designing part (CTSD).
The designing part prepared
the design for the construction
of this subway line, with the
exception of the primary lining of
the mined stations. Furthermore,
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the experienced Austrian con-
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this article worked with. The
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Obr. 1 Novd trasa metra Eglinton
Fig. 1 New Eglinton subway line

nych stanic od zkuSené rakouské konzultacni spolecnosti Dr. Sauer
& Partners, u které pusobil autor tohoto ¢lanku. Hlavnim dodava-
telem Casti razenych stanic po stavebni strance byla Spanélska spo-
lecnost ACS-Dragados ve spojeni s kanadskou spolecnosti Aecon
(management). Cela druhd etapa tohoto projektu byla vysoutéZena
za 8,4 mld. CADS$.

Jak jiz bylo uvedeno, kompletni trasa nové linky metra spadajici
pod ,,Light Rail Transit“ (LRT) je dlouha 19 km a bude obsluho-
vana pomoci 25 stanic jak na povrchu, tak i v podzemi. Pivodni
termin zahdjeni provozu na této lince byl stanoven na konec roku
2022. Ukonceni razeb jednotlivych razenych stanic bylo realizovano
prakticky v planovaném terminu (pfelom rokd 2019 a 2020), takze
nebyl diivod k ¢asovému posunu zprovoznéni této trasy.

Text se ddle bude vénovat pouze podzemnim stanicim. Na obr. 1 je
zobrazena celd trasa nové linky LTR s oznacenim tii raZenych stanic.
Jedna se o stanice Laird, Avenue a Oakwood.

Pro ucelenou piedstavu je na obr. 2 uvedena soucasna sit linek
LRT v Torontu i s vyznac¢enim budouci linky Eglinton (modra ¢ar-
kovana Cara).

Délka kazdé z téchto tfi raZenych

greaterregion/proj .aspx
company Aecon (management)
was the main contractor for the
civil engineering parts of mined
stations. The tender for the entire second stage of this project was
won for CAD$8.4 billion.

As already mentioned above, the complete route of the new metro
line falling under the ,,Light Rail Transit* (LRT) is 19km long and
will be served by 25 stations both on the surface and underground.
The original deadline for the commissioning of this line was set for
the end of 2022. The excavation of individual mined stations was
finished practically on the planned date (end of 2019 and beginning
of 2020), so there was no reason to postpone the commissioning of
this route.

The text will be further dedicated only to underground stations.
Fig. 1 shows the entire route of the new LRT line with three mined
stations, Laird, Avenue and Oakwood, marked on it (blue dashed
line).

For a comprehensive idea, the Fig. 2 shows the current network
of LRT lines in Toronto with the future Eglinton line marked in it.

The length of each of these three mined underground stations
reaches roughly 500m; the total length of the underground route
will exceed 10km of the 19km designed [1].

podzemnich stanic dosahuje zhruba
500 m; celkova délka trasy v podzemi
bude presahovat 10 km z projektova-

Heghmy dgf =

nych 19 km [1]. . -
D . ": ] Hes s Buen, Camiew @ i P, m“n a’f‘
3. ZPUSOB RAZBY STANIC iy R : e

METODOU SEM

Razba téchto stanic probihala sek-
ven¢ni tunelovaci metodou (oznaco-
vana jako SEM) na principu v CR
velmi dobfe zndmé observacni meto-
dy NRTM (Nové rakouska tunelovaci
metoda). SEM je konvencni tunelova-
ci metoda pouZzivana pifevazné v Se-
verni Americe (USA a Kanada) pro
razbu mélce budovanych tunelt ve
méstech. Kazda raZend stanice méla
v dobé budovani primérniho a sekun-
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pomoci hloubenych Sachet. Hloubené
Sachty byly vybaveny vzdy leznym

Obr. 2 Soucasnd sit provozovaného metra (LRT) v Torontu
Fig. 2 Current network of the operating subway (LRT) in Toronto
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Obr. 3 Celkovy vyrub Cross Cut s rozfdazovdanim postupu razby z projektu
Fig. 3 Total Cross Cut with excavation sequences according to the design
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zdroj: vykres projektové dokumentace [2] source: design drawing [2]
Obr. 4 Celkovy vyrub Cross Cut s detailnim rozclenénim postupu razby
z projektu
Fig. 4 Total Cross Cut with excavation sequences according to the design

oddélenim pro pristup osob (schody s podestami) a stabilnim jera-
bem pro zdsobovani materidlem. Ze Sachet byly budovany samotné
pristupy do stanice pro naslednou razbu dil¢ich stanicnich vyrubi.
Tato rozmérna podzemni dila se nazyvala ,,Cross Cut™ (plocha az
220 m?), a ,,Access Adit*. V CR by se daly nazvat piistupovymi tu-
nely, které byly nasledné rozfarany do boka. Profil a zplisob razby
pfistupovych tunelii jsou schematicky znidzornény na obr. 3, 4 [2].
Profil téchto pristupovych podzemnich dél byl navrzen proto tak
rozmérny, aby dostatecné a bezpecné zajistil rozfarani jednotlivych
dil¢ich tunelt raZenych stanic na ob€ projektované strany, tj. ve smé-
ru vychodnim a zadpadnim (ve sméru jiz hotovych tratovych tunelt).

Zakladni pristup z povrchu do kazdé razené stanice byl tedy zajis-
tén vzdy pomoci dvou Sachet, jeZ byly od sebe vzdaleny stovky metrQ
a byly umistény pobliZ obou koncti stanice. Tato pfistupova hloubena
dila se nazyvala ,Main Shaft a ,Secondary Shaft”. Jak rozmérné
pfistupové tunely ze Sachet, tak i samotné stani¢ni tunely byly pfi

zdroj: vykres projektové dokumentace [2] source: design drawing [2]

3. DRIVING STATIONS USING SEM METHOD

The Stations were driven using the sequential excavation method
(hereinafter referred to as SEM) based on the principle of the NATM
observational method (the New Austrian Tunnelling Method),
which is very well known in the Czech Republic. The SEM is a
conventional tunnelling method used mainly in North America (the
USA and Canada) for the excavation of urban tunnels at shallow
depths. Each mined station had two access points from the surface
at the time of the construction of the primary and secondary linings,
through shafts sunk from the surface. The shafts were always
equipped with a ladder compartment for the access of people (stairs
with landings) and a stable crane for supplying materials. Access
galleries to the station itself for the subsequent partial station
excavation steps were built from the shafts. These large underground
workings were called “Cross Cuts” (area up to 220m?) and “Access
Adit”. In the Czech Republic, we could call them access tunnels.
Subsequently, the excavation proceeded from their ends to both
sides of the station tunnel. The profile and method of excavation
of access tunnels is shown schematically in Figures 3 and 4 [2].
The profile of these underground access workings was designed in
such a way that it sufficiently and safely ensured the excavation
of the side stubs for the partial tunnels of the mined stations in the
designed directions, i.e. in the eastern and western directions (in the
direction of the already completed running tunnels).

The basic access from the surface to each mined station was
therefore always ensured by means of two shafts, which were
hundreds of meters apart and were located near both ends of the
station. These access workings were called ,,Main Shaft“ and
»Secondary Shaft”. The excavation sequence of both the large
access tunnels from the shafts and the station tunnels themselves
was divided vertically and horizontally during excavation. The
thickness of the overburden of the tunnels usually reached about
20m. The author of this paper worked at the two more complex
stations, Oakwood and Avenue, where in terms of geology,
mainly sands predominated; only occasionally clays or silts were
encountered for a short time in partial excavation steps. Only at
the Laird station was the soil environment made up of stiff to
hard clays in a larger volume. For that reason, the excavation in
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razbé Clenény vertikalnim i horizontdlnim zplisobem a jejich nadlozi
vétSinou dosahovalo zhruba 20 m. Autor tohoto pfispévku piisobil na
obou sloZzitéjSich stanicich Oakwood a Avenue, kde prevazovaly po
geologické strance predevsim pisky, jen obCasné byly v dil¢im vy-
rubu kratkodobé zastizeny jily Ci silty. Pouze ve stanici Laird bylo
zeminové prostiedi tvofeno ve v&tSim objemu tuhymi aZ pevnymi jily.
Proto byla razba ve dvou prvné jmenovanych stanicich provadéna vy-
hradné pod ochranou mikropilotovych destnika (ddle MPD), pouze
ve stanici Laird se rozhodovalo o vyuziti predstihového zajisténi na
zdkladg stability zastizenych zemin. V kvalitnich jilech byla razba re-
alizovana bez MPD. Velkou vyhodou mechanizované razby tratovych
tunelii pred vlastnim budovanim stanic byla ta skute¢nost, Ze hladina
podzemni vody ovliviiovala razbu pfistupovych i stani¢nich tuneld
aZ pri razbach spodni klenby, jelikoZ strojné vyraZené tratové tunely
diky vodonepropustnému segmentovému osténi zabranily v hornich
Castech jiz vyraZzenych tunelti nepfiznivému vlivu podzemni vody.
I tak raZba dna, predevsim v pristupovych tunelech v prostiedi piski,
vyZadovala velmi ndroc¢nou pfipravu a nakonec predstavovala i ob-
tiZznou realizaci. Proto pro odvodnéni raZenych (i hloubenych) stanic
byla zhotovitelem stavby najata specializovana kanadska spolecnost
W1I Group Canada, kterd zajiStovala kompletni odvodnéni razenych
usekll v misté stanice v predstihu pied razbou. PouzZity systém spoci-
val predevsim ve vybudovani Cerpacich stanic a odvodniovacich vrta,
vcetné piezometrd pro sledovani hladiny podzemni vody.

Na obr. 5 je uvedeno predpokladané zastoupeni zemin ve stanici
Avenue ze situace zpracované projektantem (majoritni podil v raZe-
nych ¢éstech predstavovaly pisky s margindlnim zastoupenim jila ¢i
silth), které se béhem razeb potvrdilo [2].

Pri samotné razbé vSech tii stanic byla zajisténa jak geologicka
sluzba, tak i komplexni geotechnicky monitoring (vice v kapito-
le 4). Tyto Cinnosti provadéli odborni zastupci zhotovitele razeb Ci
subdodavatelské organizace. VSechny prislusné vystupy posléze
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the two first-named stations was carried out exclusively under the
protection of canopy tube pre-support (hereafter CTP) alias Pipe
Roof Umbrella, only in the Laird station it was decided to use
advance support based on the stability of the soils encountered.
In good-quality clays, the excavation proceeded without CTP. A
big advantage of the mechanised excavation of running tunnels
before the actual construction of stations was the fact that the
water table only affected the excavation of the access and station
tunnels during the excavation of the invert, as mechanically
excavated running tunnels prevented the upper parts of the already
completely excavated tunnels from being adversely affected by
groundwater thanks to the impervious segmental lining. Even so,
excavation of the bottom, especially in access tunnels in a sandy
environment, required very demanding preparation and ultimately
represented a difficult execution. For that reason, the construction
contractor hired a specialised Canadian company, WJ Group
Canada, for ensuring complete drainage of mined sections in the
locations of stations in advance of excavation. The system used
consisted mainly of pumping stations and drainage wells, including
piezometers for monitoring the water table.

Fig. 5 shows the representation of soils at the Avenue station
assumed on the basis of the situation prepared by the designer (the
majority of the mined parts was formed by sands with a marginal
representation of clays or silts), which was confirmed during the
excavation [2].

Both the geological service and comprehensive geotechnical
monitoring were ensured during the actual excavation for all
three stations (more in chapter 4). These activities were carried
out by professional representatives of the mining contractor
or subcontracting organisations. All relevant outputs were
subsequently assessed by the supervision team, which proposed

povrch surface
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zdroj: vykres projektové dokumentace [2] source: design drawing [2]

Obr. 5 Geologicky profil stanice Avenue pri rozraZeni 7 Access Adit z projekéni dokumentace
Fig. 5 Geological profile through the Avenue station at the excavation opening from the Access Adit according to design




vyhodnocoval tym supervize, ktery
navrhoval dalsi postup razeb vcetné
pripadnych dodatecnych opatieni ve
smyslu observacni metody, pokud
byla zapotiebi.

Dulezitd zména, kterd byla na
Ceské prostfedi velmi nestandardni
zménou projektu raZenych stanic, se
odehréla jesté pred zapojenim autora
¢lanku do tymu supervize. Zhotovitel
stavby totiz pozadal svého projektan-
ta 0 zménu primarniho osténi vSech
razenych konstrukci, z divodu na-
ro¢né instalace navrZenych tézkych
prihradovych Zeber na lehci prvky.
Projekéni tym spolecnosti Dr. Sauer
& Partners poté opravdu piipravil na
zakladé modelovych vypocti zcela
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zdroj: vykres projektové dokumentace [2] source: design drawing [2]
Obr. 6 Pri¢ny profil raZené stanice Avenue s oznac¢enim diléich vyrubii a pozice tunelii raZenych tunelovacimi stroji
Fig. 6 Avenue station cross-section with partial excavation sequences and positions of tunnels driven by TBMs

odlisny navrh jednodussiho a odleh-

¢eného primarniho osténi vSech typti razeb v jednotlivych stanicich.
Projektant tedy naplnil zadani zhotovitele razeb, ovSem zéaroven
vzrostly naroky na ¢innost jeho inspektorti pfi nepfetrZitém provozu
v podzemi. Mimo jiné pii zaucovani a kontrole méné zkusenych osa-
dek zhotovitele. Do procesu instalace primarniho osténi totiZ vstou-
pila fada detaild, které musely byt provedeny kvalitn€, aby nedoslo
k nezadoucim mimotradnym udélostem. Jednalo se napf. o instalaci
vyztuZe v podobé rizné tvarovanych ocelovych prutd vkladanych
mezi jednotlivé dil¢i vyruby stani¢niho tunelu. Pedstavovaly tak da-
lezity vyztuzny a propojovaci prvek primarniho osténi ze stitkaného
vlaknobetonu o tloustce 350/450 mm. Primdrni osténi dle nového

the next excavation procedure, including any additional measures
in terms of the observational method, if needed.

An important change, which was a very non-standard in the
design of mined stations in the Czech environment, took place even
before the author of the article joined the supervision team. The
construction contractor asked his designer to replace the elements
of the primary lining of all the mined structures with lighter ones
due to the difficult installation of the heavy lattice girders designed.
The design team of Dr. Sauer & Partners then really prepared, based
on model calculations, a completely different design of a simpler
and lighter primary lining for all excavation types in individual
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zdroj: ISM Supervize source: MIS Supervision

Obr. 7 Situacni schéma postupu raZeb s vykreslenymi liniemi vlivu razeb na povrchu
Fig. 7 Layout of excavation advance steps with excavation influence on the surface drawn in it
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navrhu tvorily dvé vrstvy stiikaného vlaknobetonu bez vyztuznych
siti, coz zhotovitel uvital.

Na obr. 6 je zobrazen pricny profil budouci kaverny pro prostor
nastupisté ve stanici Avenue, v profilu bézné razené kaverny. Z ob-
razku je zfejmé, jak postupovala razba bocnich tunelti rozdélena na
kalotu, opéfi a spodni klenbu. Tloustka primarniho osténi na strané
docasnych konstrukei, které byly po dokonceni vyrubu stfedni ¢as-
ti tunelu odstranény, byla navrZzena 350 mm a tloustka primarniho
osténi po obvodu kompletniho vyrubu stanice byla projektantem na-
vrzena 450 mm [2].

Velmi daleZitym pozadavkem projektanta a podminkou tinosnosti
primarniho osténi bylo dodrZovani odstupu zprvu razenych bo¢nich
tuneltl a nasledné razeného stiedového tunelu, coZ je barevné zna-
zornéno na obr. 7. Na obrazku jsou vedle postupti uvedeny i instru-
mentované monitorovaci prvky na povrchu, které byly sledovany
obdobné jako v CR podle postupii raZeb.

Obr. 8 predstavuje jiZz zmifiovany zpiisob napojovéani vyztuznych
prvki mezi dil¢imi vyruby bo¢nich tunelq, tj. pouziti ,,U-bars“ a ,,L-
-Bars® [2].

Obr. 9 ukazuje pouZiti vyztuznych prvki mezi kalotou a opéfim
(ocelové pruty v profilu ,,U*) v levé horni ¢asti a vyztuZeni pruty
v profilu ,,L.* pro zajisténi docasné spodni klenby béhem pojezdu
téZkych mechanismti. Na tomto obrdzku ze stanice Avenue je vidét
1 dal$i podpirné opatieni navrzené supervizi. Jednalo se o hnané
ocelové pazeni realizované po obou bocich opéfi, zhruba v hornich
2/3 vysky dil¢iho vyrubu (tj. 10 aZ 11 hnanych jehel s rozteci max.
200 mm). Toto opatieni bylo navrZeno a Gispésné pouZito proti vypa-
davéani mélo vlhkych az suchych piskli (omezeni nadvylomu).

Cely tento proces na kazdé z raZzenych stanic vrcholové zajistoval,
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stations. The designer therefore fulfilled the order of the mining
contractor, but at the same time the demands on the activities of
its inspectors during continuous underground operation increased.
Among other things, during the training of and checking on the
contractor‘s less experienced crews. The process of installing the
primary lining included a number of details that had to be carried
out in good quality in order to avoid any unwanted emergencies.
This involved, for example, the installation of reinforcement
in the form of variously shaped steel rods inserted between
individual partial excavation walls of the station tunnel. They thus
represented an important reinforcing and connecting element of
the 350/450mm thick fibre reinforced shotcrete primary lining.
According to the new design, the primary lining consisted of two
layers of fibre reinforced shotcrete without reinforcing mesh,
which was welcomed by the contractor.

Fig. 6 shows the cross-section of the future cavern for the platform
area in Avenue station, with the profile designed for a common
mined cavern. It is obvious from the picture how the excavation
of the side drifts, divided into the top heading, bench and invert
sequences, progressed. The thickness of 350mm of the primary
lining on the side of the temporary structures, which were removed
after the completion of the excavation of the central part of the
tunnel, was designed, and the thickness of 450mm was designed
by the designer for the primary lining around the circumference of
the complete excavation of the station [2].

A very important requirement of the designer and a condition
for the load-bearing capacity of the primary lining was compliance
with the distance between the initially carried out side drifts and
the subsequently excavated central tunnel, which is shown in

colour in Fig. 7. In addition to the procedures,

—
profily U 700/300/700 10M/250
U-bars 700/300/700 10M/250
= profily L
. 850/850
9 15M/200
e L-bars
a1
Hiaz
profily U 700/175/700 10M/25
U-bars 700/175/700 10M/250
lip
700/300/700 10M/250 ) '
700/300/700 10M/250 profily L 1000/1000 15M/200
L-bars 1000/1000 15M/200
profily U
700/175/700
10M/250
U-bars
iy

the picture also shows elements monitored on
the surface, which were monitored similarly
to the Czech Republic according to mining
procedures.

The Fig. 8 represents the above-mentioned
method of connecting the reinforcing
elements between the partial side drifts, i.e.
the use of ,,U-bars* and ,,L-Bars* [2].

The Fig. 9 shows the use of reinforcing
elements between the top heading and the
bench (,,U* profile steel bars) in the upper left
part and the reinforcement with ,,L.*“ profile
bars in the temporary invert during the travel
of heavy mechanisms. This picture taken
from the Avenue station also shows another
support measure proposed by the supervision.
It lied in steel forepoling installed on both
sides of the bench, roughly in the upper 2/3
of the height of the partial excavation (i.e.
10 to 11 driven spiles at a maximum spacing
of 200mm). This measure was designed and
successfully used to prevent dry sands from
falling out (prevention of overbreaks).

This entire process at each of the mined
stations was top-level secured, supervised by
the SEM tunnel engineer (the position of the
author of this article), who was responsible
for the correct process of installation of the
primary lining and communicated daily

profily U
700/300/700
10M/250
U-bars

kaverna cavern
patni ¢éra springline

profily U
700/300/700

10M/250
U-bars

zdroj: vykres projektové dokumentace [2] source: design drawing [2]

Obr. 8 Detail zpiisobu napojovdni vyztuZnych prvki primdrniho osténi z projektu

Fig. 8 Detail of the system of connecting reinforcing elements of the primary lining according to the design

with the SEM construction manager on the
contractor‘s side. The SEM tunnel engineer
was the head of the supervision team at one




Obr. 9 Realizace vyztuZovdni a zajistovdni dilc¢iho vyrubu boc¢niho tunelu
Fig. 9 Installation of reinforcement and support of the side drift

dozoroval a za spravny proces budovani primarniho osténi zodpovi-
dal SEM tunelovy inZenyr (pozice autora tohoto ¢lanku), ktery den-
né komunikoval se SEM stavebnim manaZerem na strané zhotovite-
le. SEM tunelovy inZenyr vedl tym supervize na jedné stanici. Ten
se dale sklddal z geotechnického inZenyra, v piipad€ potfeby SEM
pomocného inZenyra a zhruba 8 aZ 10 SEM tunelovych inspektort,
ktefi dikladné kontrolovali postup pii realizaci dil¢ich vyrubl na
dennich a nocnich sménach, a to ve skupiné minimalné dvou osob,
podle rozsahu a Clenitosti vyrubti v daném Case.

Obr. 10 zachycuje detail pfipraveny SEM tunelovym inZenyrem
pro SEM tunelové inspektory za u€elem spravného procesu realizace
vyztuznych prvkl ve spodni ¢asti invertu bo¢niho tunelu, dalezitych
pro napojeni dil¢ich vyrubt stanicnich tuneld. Kazdy SEM tunelo-
vy inspektor byl na kazdou svoji sménu vybaven popisem piesné-
ho postupu razicich praci provadénych na jim dozorovaném tuseku,
véetné piipadnych zmén ¢i dodate¢nych opatfeni, kterd se kazdy den
dopoledne projednala pii SEM tunelové poradé mezi odpovédnymi
zastupci supervize a zhotovitele. Z tohoto jednani vznikl v pribe-
hu denni smény dokument — zdpis distribuovany SEM tunelovym
inZenyrem vSem zucastnénym strandm. Tento dokument, s ndzvem
»SEM MoM Report™ (v Cestiné ,,zapis z jednani*), byl odsouhlasen
pred jeho vyddnim SEM stavebnim manaZerem.

Dohodnuty zptisob postupu pro kazdou razenou dil¢i ¢ast tunelu
byl denné v grafické podobé, s barevnym zvyraznénim, pfiloZen ke
zminénému zdpisu. Schvaleny zpisob musely osadky zhotovitele
dodrzovat a inspektori supervize kontrolovat. Ukazka schematické-
ho vystupu pro razbu jedné sekce (kaplicky) pod MPD ve stanici
Avenue je na obr. 11.

Kazda sekce (kaplicka) dil¢iho tunelu pod ochrannym mikropi-
lotovym destnikem byla dlouhda 14,5 m a byla nejprve raZena se
stiidavym postupem v kaloté a opéfi, jak je uvedeno na obr. 11. AZ
po vyrazeni n€kolika sekci byla uzaviena spodni klenba vyrubu.
V predstihu instalovany MPD pro jednotlivou sekci dosahoval, aZ na
vyjimky, délky 18 m.
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station. The team consisted of a
geotechnical engineer, if necessary
an SEM assistant engineer and
approximately 8 to 10 SEM tunnel
inspectors, who thoroughly checked
on the progress of partial excavation
sequences on day and night shifts,
in groups of at least two people,
depending on the extent and
segmentation of the excavation in
given time.

The next Fig. 10 shows a detail
prepared by the SEM tunnel engineer
for the SEM tunnel inspectors
for the purpose of ensuring the
correct process of installation of
the reinforcement elements in the
lower part of the invert of the side
drift, which are important for the
connection of partial excavation of
the station tunnels. For each shift,
each SEM tunnel inspector was
equipped with a description of the
exact progress of the excavation
carried out on the section he
supervised, including any changes
or additional measures which were
discussed every morning at the
SEM tunnel meeting between the
responsible representatives of the supervision and the contractor.
During the day shift, a document — minutes originated from
this meeting was distributed by the SEM tunnel engineer to all
interested parties. This document, entitled ,,SEM MoM Report*
(in Czech ,,minutes of the meeting*) was approved by the SEM
construction manager before its release.

The excavation procedure agreed for each mined part of the
tunnel was attached daily in graphic form, with colour highlighting,
to the above-mentioned report. The approved procedure had to be
followed by the contractor‘s crews and be checked by supervising
inspectors. An example of the schematic output for the excavation
of one section under the canopy tube pre-support in the Avenue
station is in Fig. 11.

Each section of the partial excavation under the canopy tube pre-
support was 14.5m long and was first excavated in an alternating
process in the top heading and bench as shown in Fig. 11. Only
after the excavation of several sections had been finished, the invert
was closed. With some exception, the length of the canopy tube
pre-support installed for one section reached 18m.

Excavation of partial tunnels proceeded mostly according to
the assumptions and according to the design prepared in detail.
Of course, from time to time, in case of problematic situations,
it was necessary to prepare additional measures in terms of the
observational method. It was the primary task for the SEM tunnel
engineer, who, after the approval of representatives from the
designing office, applied the accepted changes to the following
procedure. The contractor accepted it in almost 100% of cases.
At the beginning of 2019, preparations for the construction of the
secondary lining of the station tunnel started in Laird station by
installing a waterproofing membrane. Similarly, in the summer of
2019, after the completion of the excavation operations in the Avenue
station, the installation of the waterproofing membrane started, so
the author of this paper was able to leave this project before its final

zdroj: autor source: author
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Obr. 10 Pracovni skica predepsané instalace vyztuZnych prvkii v invertu pro iicely napojovdni
Fig. 10 Schema of prescribed installation of reinforcing elements for the purpose of connecting

Tuel

completion, according to the contract
with the temporary employer. Fig. 12
shows the situation after the removal
of the temporary walls and before the
completion of the excavation of this
station tunnel [1].

4. SUPERVISION TEAM
AND GEOTECHNICAL
MONITORING

As already mentioned above,
the supervision team provided
comprehensive supervision during
the construction of the primary lining
of the three mined stations, including
the assessment of geotechnical
monitoring (for this, this subject
prepared the detailed design and
provided author’s  supervision).
This supervision, which was carried
out for the mining contractor, did
not include supervision nor design
solutions during the construction
of the final lining. The supervision
team consisted mainly of experts
from advanced tunnelling coun-
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Obr. 11 Grafické schéma postupu v kaloté a opéii bocniho tunelu v redukované kaverné
Fig. 11 Graphic chart of procedure in top heading and bench of the side drift in the reduced cavern

zdroj: autor source: author
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Obr. 12 Stanic¢ni tunel ve stanici Avenue po odstranéni Cdsti doCasnych stén
Fig. 12 The station tunnel in Aveune station after removing temporary walls

Razby dil¢ich tunelG postupovaly vétSinou podle piedpoklada
a podle detailné rozpracovaného projektu. Samoziejme ¢as od Casu,
v pfipadé problematickych situaci, bylo ve smyslu observacni me-
tody zapotiebi pripravit dodatecCnd opatfeni, coZ bylo prvoradym
ukolem SEM tunelového inZenyra, ktery po odsouhlaseni zastupct
z projekeni kancelare aplikoval prijaté zmeény do dalSiho postupu,
jenz zhotovitel takika ve 100 % pripadi akceptoval. Na zac¢atku roku
2019 byla zahdjena ve stanici Laird pfiprava na budovani sekundar-
niho osténi stani¢niho tunelu instalaci izolacni vodotésné membrany.

complemented by engineers with
experience gained in Great Britain
or the Czech Republic. Fig. 13
shows a diagram of this team with
a hierarchy of individual positions.
The SEM tunnel engineer had the
greatest supervisory responsibility
at each mined station. The tunnel
engineer instructed the contractor in
the next procedure according to the
design and prepared for each specific
excavation section a valid document
with a detailed description of the
primary support (the so-called RESS

“Required Excavation Support
Sheet”), which sufficiently specified
the method statement for the given
excavation section.

The comprehensive approach
of the supervision team has built
up such a credit for virtually the
entire period of the primary lining
construction that the contractor’s
managers fully respected it and were
grateful that the tunnel specialists
from Central Europe were educating
the contractor’s Spanish-speaking
crews in a positive way. Part of this
cooperation was also regular monthly or quarterly training with
presentations (“Lesson Learned”) on how to proceed effectively
and with good quality during excavation, prepared by supervision
for contractor’s managers and blue-collar professions.

The geotechnical monitoring of the mined stations was very well
organised and carried out on this project. The supervision team had
access to the monitoring information system (hereafter MIS) and
its managers could use a similar and detailed MIS of the mining
contractor. Both systems were solved similarly to construction sites

zdroj: autor source: author
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Obr. 13 Organigram supervize na tiech raZenych stanicich
Fig. 13 Organisation chart of supervision at three mined stations

zdroj: autor a tym DSP source: author and Final Design team
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Podobné bylo v 1ét€ 2019, po dokonceni razeb ve stanici Avenue, pfi-
stoupeno k instalaci izolaci, a tak autor ¢lanku mohl podle smlouvy
s doCasnym zaméstnavatelem opustit tento projekt pred jeho defini-
tivnim dokoncenim. Na obr. 12 je ziejma situace po odstranéni do-
Casnych stén a pred dokoncenim razeb tohoto stani¢niho tunelu [1].

4. TYM SUPERVIZE A GEOTECHNICKY MONITORING

Jak jiz bylo vySe uvedeno, tym supervize zajisfoval komplex-
ni dozor pii budovani primarniho osténi tif raZenych stanic véetné
vyhodnocovani geotechnického monitoringu (k tomu tento subjekt
zpracoval realizacni dokumentaci a zajiStoval autorsky dozor). Ten-
to dozor realizovany pro zhotovitele raZeb jiz nezahrnoval supervizi
ani projek¢ni feSeni pii budovani definitivniho osténi. Tym supervize
se sklddal pfedevSim z odbornikl z tunelafsky vyspélych zemi (Ra-
kousko a Némecko), doplnény inZenyry se zkusenostmi z Velké Bri-
tanie nebo CR. Na obr. 13 je zobrazeno schéma tohoto tymu s hie-
rarchii jednotlivych pozic. Nejvetsi odpovédnost ze strany supervize
na kazdé raZené stanici mél SEM tunelovy inZenyr. Ten instruoval
zhotovitele v dal$sim postupu podle

TuNel

in the Czech Republic (i.e. the MIS clearly presented the results
of the proposed monitoring methods to the interested contractual
parties with a map interface).

As previously shown, the situation of excavation and monitoring
elements from the MIS supervision map is presented in Fig. 7. The
clearly processed reports from the supervision inspectors from each
shift, including photo documentation, were a certain superstructure
in comparison with the organisation of the construction of tunnel
structures in the Czech Republic. These brief reports of the
supervision team were issued by each individual inspector and were
uploaded in a system from which the recorded information could
be printed or digitally processed at any time and thus reported to
the contractual partners of the supervision.

Each such report offered the possibility for looking back for the
necessary information about the specific procedure, how the partial
excavation was carried out and whether there were any doubts
on the part of the supervisor or poor quality work on the part of
the contractor. It was therefore one of the tools ordered by the

projektu a pripravoval pro kazdy spe-
cificky usek razby platny dokument
s detailnim popisem primarniho zajis-
téni (tzv. RESS — ,,Required Excava-
tion Support Sheet), ktery dostatec-
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Obr. 14 Graf méreni seddni bodu na povrchu v zoné ovlivnéni bliZici se varovnému stavu
Fig. 14 Surface settlemen graph in the affected zone approaching the alert level




supervize byly vydavany kazdym jednotlivym inspektorem a byly
po kazdé sméné ukladany do systému, z kterého se mohly evidované
informace kdykoliv vytisknout ¢i digitaln€ zpracovat a reportovat tak
smluvnim partneriim supervize.

Kazda takova zprava nabizela moZnost i zpétné dohledat potieb-
nou informaci o konkrétnim postupu, jakym zptsobem byl dany dil-
¢i vyrub realizovan a jestli nedoslo k jistym pochybnostem ze strany
supervize nebo pfimo nekvalitnimu provedeni ze strany zhotovitele.
Byl to tak jeden z ndstroji objednany managementem zhotovitele
pusobit na své osadky vzdélavacim zptisobem.

Hlavni SEM tunelovy inZenyr supervize na kazdé razené stani-
ci tak mél hned na zacéatku ranni smény duleZity podklad k dennim
SEM poraddm. K tomu obdrZel od geotechnického inZenyra super-
vize pred dennim zaseddnim prehledny podklad o detailnich vysled-
cich monitoringu k jednotlivym postuptim dil¢ich vyrubd. VSechny
tyto materidly tudiz slouZily k pravidelnému vyhodnocovéni reakce
zeminového prostiedi na budované primarni osténi stanicnich tune-
4. Na dennich poradach zodpovédnych SEM inZenyri byl odsou-
hlasen dalsi postup na vsech realizovanych celbdch, pripadné byla
prijata opatfeni, jak eliminovat predvidatelna rizika projektu.

Na obr. 14 je ukazka grafického zobrazeni vysledki nivela¢niho
méfeni na povrchu v momenté, kdy se méfeni bodu priblizilo k va-
rovnému stavu. V takovémto piipadé¢ SEM tunelovy inZenyr super-
vize po dohodé se SEM tunelovym manaZerem zhotovitele svolal
»Monitoring Review Meeting* vSech stran (vCetné zéastupce AD).
Zde bylo prezentovano vyhodnoceni dané problematiky a pfijata
spolecnd preventivni opatieni. Takovychto situaci fesil autor ¢lanku
za necelych 12 mésict svého puisobeni na projektu v fadu jedno-
tek (méné neZ pét). Za celou dobu razeb vSech tii stanic se neudéla
7adn4d mimoradna situace, kterd by vyznamné ohrozila jak samotné
razby, mechanizaci ¢i osadky vystavby v podzemi, pripadné objekty
na povrchu [1].

5. ZAVER

Pro autora ¢lanku, jenz se pri své predchozi praxi stretaval prede-
v§im s vystavbou tunell v horninovém prostfedi (vyjma dorazby tu-
nelu Bfezno u Chomutova), bylo ro¢ni kanadské pasobeni u rakous-
ké konzultacni a projek¢ni spolec¢nosti velmi zajimavé a prospésné.

Zpusob realizace razenych stanic v prostiedi piskt a jilt ovlivné-
nych podzemni vodou byl nelehkou vyzvou pro vSechny zaintereso-
vané strany. Jednalo se o vystavbu pomérné rozsahlych podzemnich
prostor s nizkym nadloZim v centru metropole.

Pred svoji ucasti na tomto projektu by si autor prispévku, zvykly
spiSe na konzervativn&jsi pfistup projektantl, neumél predstavit,
jak lze zakomponovat pozadavky investora ¢i zhotovitele do vy-
stavby projektu. NejduleZitéjsi pro vSechny ziucastnéné je ovsem
skutecnost, ze vystavba popisované ¢asti projektu (tedy vybudo-
vani primarniho osténi raZenych stanic) byla Gspésna a bezpecné
provadéna, coz potvrdily jiz provedené testovaci jizdy vlakovych
souprav vybudovanymi stanicemi.

Ing. RADEK BERNARD, Ph.D.,
radek.bernard@geotechnika.cz,
SG Geotechnika a.s.

Recenzoval Reviewed: Ing. Ermin Stehlik
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contractor‘s management to influence its crews in an educational
way.

At the start of the morning shift, the chief SEM tunnel supervision
engineer at each mining station had an important basis for the daily
SEM meetings. In addition, before the daily meeting, he received
a clear document on the detailed results of the monitoring of the
individual partial excavation sequences from the supervising
geotechnical engineer. All these materials therefore served to
regularly assess the response of the soil environment to the primary
lining of the station tunnels under construction. At the daily
meetings of the responsible SEM engineers, a further procedure
was agreed for all the excavation faces underway, or measures were
taken to eliminate the foreseeable risks of the project.

Fig. 14 shows an example of the graphical representation of
the results of the levelling measurement on the surface at the
moment when the point measurement value approached the alert
level. In such a case, the SEM tunnel supervision engineer, in
agreement with the contractor’s SEM tunnel manager, summoned
a “Monitoring Review Meeting” of all parties (including the
consulting engineer’s representative). Here the assessment of the
given issue was presented and joint preventive measures were
adopted. The number of such situations author of the paper dealt
with in less than 12 months of his work on the project was in the
order of units (less than five). During the entire excavation period
of all three stations, no extraordinary situation occurred that would
significantly threaten the excavation itself, the mechanisation
or construction crews underground, or the objects on the
surface [1].

5. CONCLUSION

For the author of the paper, who during his previous experience
mainly dealt with the construction of tunnels in hard rock
environment (with the exception of the completion of the
excavation of the Bfezno tunnel near Chomutov), the one-year
Canadian work with the Austrian consulting and design company
was very interesting and beneficial.

The method of constructing mined stations in an environment
formed by sands and clays affected by groundwater was a difficult
challenge for all interested parties. It involved the construction of
relatively large underground spaces with a low overburden in the
centre of the urban metropolis.

Before participating in this project, the author of the paper, who
accustomed himself to a more conservative approach of designers,
could not have imagined how the project owner‘s requirements
could be incorporated into the construction process. However,
the most important thing for all participants is the fact that the
construction of the above described part of the project (i.e. the
construction of the primary lining of the mined stations) was
successful and carried out safely, which fact was confirmed by trial
runs of train sets through the completed stations.

Ing. RADEK BERNARD, Ph.D.,
radek.bernard@geotechnika.cz,
SG Geotechnika a.s.

[1] BERNARD, R. Razba nové trasy metra v prostredi piskii a jilit v Torontu v Kanadé. Tunelarské odpoledne 1/2019, Zahrani¢ni

tunelové projekty III., Praha, zafi 2019.

[2] LAUBBICHLER, J. Construction Drawings of Design. Underground Excavated Station of Eglinton Crosstown Light Rail Project

in Toronto. Dr. Sauer & Partners, 2017 to 2019.
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TuNel

STARY TUNEL CISARA WILHELMA - REKONSTRUKCIA
130-ROCNEHO ZELEZNICNEHO TUNELA
THE OLD EMPEROR WILHELM TUNNEL - RECONSTRUCTION
OF A 130-YEAR-OLD RAILWAY TUNNEL

GERNOT JEDLITSCHKA, LUBOS ROJKO

ABSTRAKT

Cldnok sa venuje ndvrhu rekonstrukcie 130 rokov starého Zeleznicného tunela z pohladu projektanta, pricom sa zameriava najmd na
filozofiu posiidenia pévodného murovaného ostenia z lomového kameria, ndvrh sekunddrneho betonového ostenia a ndvrh kombinovaného

drendZneho systému tunela.

ABSTRACT

The article deals with the design of the reconstruction of a 130-year-old railway tunnel from the designer’s point of view, focusing in
particular on the philosophy of the assessment of the original masonry lining made of quarry stone, the design of the secondary concrete

lining and the design of the combined drainage system of the tunnel.

1 UvOD

Stary tunel cisira Wilhelma (Alter Keiser Wilhelm Tunnel —
AKWT) je 4,2 km dlhy dvojkolajny Zelezni¢ny tunel na trati
Koblenz — Perl Nemecko. Tunel sa zacal stavat v roku 1875 a bol
uvedeny do prevadzky v roku 1879. Vzhladom na zvySujtcu sa in-
tenzitu dopravy boli v tuneli zrealizované viaceré stavebné upravy
a sanacné prace, avsak po 130 rokoch prevadzky bolo ostenie staré-
ho tunela v stave, ktory si vyziadal jeho kompletni sanaciu. Kedze
nebolo moZné prerusit premavku na Zeleznicnej trati, bol najskor
vybudovany paralelny jednokolajny tunel nazvany novy tunel cisa-
ra Wilhelma (NKWT) a nasledne bolo mozné zrekonstruovat stary
tunel.

Na tito tému bolo napisanych viacero ¢lankov, napriklad [1]
alebo [2], v ktorych je detailne popisand histdria starého tunela,
vystavba nového tunela a detaily sanacnych préc na starom tuneli.
Tento ¢lanok sa zameriava na prvky navrhu sanécie starého tunela,
ktory vypracovala spolo¢nost Geoconsult Salzburg.

2 HLAVNA MYSLIENKA

Sandcia AKWT predstavovala vybudovanie nového vodotesného
Zelezobetonového ostenia vo vnutri pdvodného tunela s kamennou
obmurovkou. Minimdlna hribka nového ostenia bola navrhnuta na
40 cm. Sucastou stavebnych dprav bola tiez tprava nivelety, pri-
¢om bola hlava kolajnice zniZend o cca 20 cm a zaroven bolo dno
tunela prehibené o cca 1,5 m, ¢im vznikol dostatocny priestor na
vybudovanie Zelezobeténovej protiklenby a nasledné vybudovanie
pevnej jazdnej dréhy. TaktieZ bol existujici drendzny systém tune-
la nahradeny novym. Oba historické portaly, ktoré su pamiatkovo
chranenymi objektmi, boli zresStaurované.

Rekonstrukéné prace AKWT obsahovali tieto hlavné dlohy:

* demontédz vsetkych tunelovych instalacii (nadzemné rozvody,
bezpecnostné a telekomunikacné instalacie, poZiarne rozvody,
odvodnovaci systém atd.) vratane kolajového zvrsku a kolajo-
vého 167ka;

e reprofilaciu niektorych asekov, kde boli v minulosti realizova-
né sanacné prace pomocou vystuZeného striekaného beténu;

¢ injektaz vyplne za pdvodnym murovanym ostenim na zvysenie
stability pri realizacii reprofilaénych prac;

1 INTRODUCTION

The Old Kaiser Wilhelm Tunnel (Alter Kaiser Wilhelm Tunnel
— AKWT) is a 4.2km long double-track railway tunnel on the
Koblenz — Perl line in Germany. Construction of the tunnel began
in 1875 and the tunnel was opened to traffic in 1879. Due to the
increasing intensity of traffic, several construction modifications
and rehabilitation operations were carried out in the tunnel, but
after 130 years of operation, the lining of the old tunnel was in a
condition that required complete rehabilitation. Since it was not
possible to interrupt the traffic on the railway line, a parallel single-
track tunnel called the New Kaiser Wilhelm Tunnel (NKWT) was
first built and then the old tunnel could be reconstructed.

Several papers have been written on this topic, for example [1]
or [2], in which the history of the old tunnel, the construction of
the new tunnel and the details of the rehabilitation work on the old
tunnel are described in detail. This paper focuses on the design
elements of the rehabilitation of the old tunnel developed by
Geoconsult Salzburg.

2 MAIN IDEA

The rehabilitation of the NKWT represented the construction
of a new waterproof reinforced concrete lining inside the original
tunnel with a masonry lining. The minimum thickness of 40cm was
proposed for the new lining. Part of the construction improvements
was also the adjustment of the vertical alignment, whereby the top
of the rail was lowered by approximately 20cm and at the same
time the bottom of the tunnel was deepened by approximately
1.5m, which created sufficient space for the construction of a
reinforced concrete invert and the subsequent construction of a
slab track. Even the existing drainage system of the tunnel was
replaced with a new one. Both historic portals, which are heritage
designated structures, have been restored.

The NKWT reconstruction work included the following main
tasks:

 dismantling of all tunnel installations (overhead distribution,

safety and telecommunication installations, fire water

distribution, drainage system, etc.) including the trackwork
and trackbed;
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vystuznd sietf Q188A .
wire mesh Q188A

ds,, = 10,0 cm striekany beton
ds_, = 10.0cm shotcrete

vnltorné ostenie

drendzna vrstva

* reprofiling of some sections where rehabilitation
was carried out in the past using reinforced
shotcrete;

e backgrouting behind the original masonry
lining to increase stability during the reprofiling
operations;

* modification of the profile of the masonry lining

allowing for the subsequent construction of the

internal reinforced concrete lining (minimum
thickness: 40cm);

connection of eight cross passages to the NKWT,

the passages were built during the work on the

contract VP02, the internal lining had already
been finished along about 2/3 of the length of
each passage from that time;

* building niches for trolley wire tensioning;

» excavation for the invert along the entire length
of the tunnel with primary lining, installation of a
new drainage system and subsequent construction
of reinforced concrete lining;

premenné
variable

Obr. 1 Prierez ostenim, vystrojovacia trieda A10
Fig. 1 Lining cross-section, excavation support class A10

upravu profilu murovaného ostenia umoznujicu naslednu re-

alizaciu vnutorného Zelezobeténového ostenia (minimélna

hribka 40 cm);

* napojenie 0smich prie¢nych prepojeni na NKWT, prepojenia
boli vybudované pri realizécii zdkazky VP02, vnitorné ostenie
bolo z tej doby vybudované uZ z cca 2/3 dizky kazdého prepo-
jenia;

* vybudovanie vyklenkov na napinanie trolejového vedenia;

razenie spodnej klenby v celej dizke tunela s primarnym os-

tenim, inStaldciou nového drendzneho systému a néslednym
budovanim Zelezobeténového ostenia;

zasyp vyklenkov starej konStrukcie tunela;

¢ betonaZ vnitorného ostenia;

uzatvorenie 6,5 m medzery medzi historickym severnym por-

tdlom a novo ,,vybudovanym* portalom;

zachovanie historickych portalov.

3 MUROVANE A BETONOVE OSTENIE

Jednou z klucovych otazok pri vypracovani realizacnej doku-
menticie bolo zabezpeCenie stability zostavajiceho murovaného
ostenia pri profila¢nych pracach.

3.1 Vystrojovacie triedy

Pre profilovacie a vystrojovacie prace boli definované styri rozne
vystrojovacie triedy razenia (A0, A5, A10 a A15). Vystrojovacie
triedy sa liSili v:

e hrubke striekaného beténu (5 az 15 cm), pricom bol v kazdej

triede navrhnuty uzatvaraci nastrek hrubky 5 cm;

* pouZiti vystuzZe zo zvaranych sieti Q188A;

 obmedzeniami v dizke zdberu (neobmedzené do 0,8 m).

Na obr. 1 je zndzornend trieda A10 s 10 cm striekanym beténom,
jednou vrstvou zvaranych sieti a dizkou zaberu 0,8 m.

Pouzitie jednotlivych vystrojovacich tried bolo volené na zakla-
de vyhodnotenia nasledovnych kritérii (pozri tiez Tab. 1):

* umiestnenie v tuneli (strop/bo¢na stena);

e kvalita kamenného muriva;

* rozmery v pozdlZnom smere a smere po obvode ostenia;

e velkost podprofilu.

¢ backfill of recesses in the old tunnel structure;
* concreting of internal lining;
e closing the 6.5m gap between the historic
northern portal and the newly "built" portal;
e preservation of historic portals.

3 MASONRY AND CONCRETE LININGS

One of the key issues in the development of the detailed design
was ensuring the stability of the remaining masonry lining during
the profiling work.

3.1 Excavation support classes

For profiling and excavation support, four different support
classes (A0, A5, A10 and A15) were defined. The support classes
differed in:

* the thickness of the sprayed concrete layer (5 to 15cm), while

a 5cm thick closing spray was designed for each class;

* the use of Q188A welded mesh as reinforcement;

* restrictions on the length of the advance (unlimited to 0.8m).

Fig. 1 shows class A10 with 10cm thick shotcrete, one layer of
welded mesh and an advance length of 0.8m.

The use of individual support classes was chosen based on the
assessment of the following criteria (see also Table 1):

e location in the tunnel (roof/side wall);

* quality of stone masonry;

* dimensions in the longitudinal direction and around the

circumference of the lining;

 dimensions of partial profile.

For cases with a partial profile thickness greater than 40cm,
a special class was designed for reprofiling using lattice arches,
welded mesh and shotcrete.

3.2 Classification of masonry condition
The lining was divided into three categories (Table 2).

3.3 Structural analysis of rubble stone lining

The main aspect of the structural design of the rehabilitation
operations was the assessment of the state of stress in the lining.
The following four input parameters are critical for the structural
assessment of masonry lining:

e state of initial stress in the masonry lining built 130 years ago

with gravel-stone backfill;
e actual lining thickness;
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Tab. 1 Aplikacnd matica pre bocnii stenu

Podprofil
Kvalita _ Rozmer Hodnota (v cm)
P°Tg1']z“e po ‘Em?de <0 | <20 | <30
Dobra <25 <3,0 A0 A0
Stredna <25 <30 A0 A0
Zla <25 <30 A0 A5
Dobra <25 >3,0 A0 A0 A0
Stredna <25 >3,0 A0 A0 A5
213 <25 > 3,0 A5 A5 A5
Dobra 2,5<x<4 >3,0 A0 A0 A5
Stredna 2,5<x<4 >3,0 A0 A5 A5
214 2,5<x<4 > 3,0 A5 A5 A10
Dobra >4,0 >3,0 A0 A5 A5
Stredna > 4,0 >3,0 A0 A5 A10
Z14 >4,0 >3,0 A5 A5 A10
Tab. 2 Klasifikdcia stavu murovaného ostenia
Dobry ostenie v dobrom stave
Stredny Ciastone odlupujuca sa alebo chybajica Skarovacia malta
Zly odlupujuca sa alebo chybajuca Skarovacia malta

Pre pripady s hribkou podprofilu vic¢Sou ako 40 cm bola navr-
hnuté $pecidlna trieda pre reprofilaciu pouZitim priehradovych ob-
lukovych nosnikov, zvaranych sieti a striekaného beténu.

3.2 Klasifikacia stavu murovaného ostenia
Ostenie bolo rozdelené do troch kategoérii (Tab. 2).

3.3 Staticky vypocet ostenia z lomového kamena

Hlavnym aspektom konStrukéného ndvrhu sanac¢nych prac bolo
postidenie stavu napitia v osteni. Styri rozhodujice vstupné para-
metre pre statické posidenie murovaného ostenia su:

e stav pociato¢ného napitia v murovanom osteni postavenom

pred 130 rokmi so Strkovo-kamennym zdsypom;

¢ skuto¢na hrabka ostenia;

e kvalita ostenia a prislu$né pevnostné parametre;

 spravanie/vplyv zdsypu.

K dispozicii bolo velmi mélo informdcii o postupe vystavby,
historii zatazenia a vplyve zdsypu a mozného prenosu zataZenia
medzi horninovym masivom a ostenim. Existoval dokonca naznak
obmedzeného prenosu zataZenia medzi murovanym ostenim a hor-
ninovym masivom. Po zohladneni vsetkych tychto podmienok sa
dospelo k zaveru, Ze pouzitie metédy konecnych prvkov na postde-
nie napéitosti ostenia nie je vhodné. Preto sa pouZili zjednoduSené
analytické postupy (podla Erdmann-Duddeck a Barlow), na zaklade
ktorych boli stanovené pociato¢né norméalové sily v osteni v zavis-
losti od vysky nadloZia a parametrov horninového prostredia.

Za ucelom zistenia skuto¢nych hribok murovaného ostenia bol
pocas pripravy vyberového konania realizovany vrtny prieskum
a dokumentacia z prieskumnych vrtov bola poskytnutd spolu so
sutaznymi podkladmi ako podklad pre vypracovanie realizacnej
dokumentacie.

Dokumentéciu tvorili protokoly zo 76 vrtov v 38 sekciach tunela,
ktoré slizili na postidenie hribky a kvality ostenia, parametrov vy-
plne a polohy zédkladov. Tieto informacie boli pdvodne pouzité ako
podklad pre statické posudenie murovaného ostenia pocCas sanac-
nych pric. Na zaklade vysledkov vrtného prieskumu sa v navr-
hu uvazovalo s hribkou murovaného ostenia medzi 60 a 90 cm.

Tuel

Table 1 Application matrix for side wall

Partial profile
ol Dimensions Value (in cm)
ualit i
" | ongiuginat | Zodcr |y |
[m] [m]
Good <25 <3.0 A0 A0
Medium <2.5 <3.0 A0 A0
Poor <25 <3.0 A0 A5
Good <25 >3.0 A0 A0 A0
Medium <25 >3.0 A0 A0 A5
Poor <25 >3.0 A5 A5 A5
Good 2.5<x<4 >3.0 A0 A0 A5
Medium 2.5<x<4 >3.0 A0 A5 A5
Poor 2.5<x<4 >3.0 A5 A5 A10
Good >4.0 >3.0 A0 A5 A5
Medium >4.0 >3.0 A0 A5 A10
Poor >4.0 >3.0 A5 A5 A10
Table 2 Classification of lining masonry condition
Good lining in good condition
Medium | partially spalling or missing mortar in joints
Poor spalling or missing mortar in joints

* lining quality and relevant strength-related parameters;

¢ behaviour/influence of backfill.

Very little information was available on the construction
progress, load history and effect of backfill and possible load
transfer between rock mass and lining. There was even an
indication of limited load transfer between the masonry lining
and the rock mass. After taking into account all these conditions,
it was concluded that the use of the finite element method is not
appropriate for assessing the stress in the lining. For that reason,
simplified analytical procedures (according to Erdmann-Duddeck
and Barlow) were used, on the basis of which the initial normal
forces in the lining were determined depending on the height of the
overburden and the parameters of the rock environment.

In order to determine the actual thickness of the masonry lining,
a drilling survey was carried out during the preparation of the
tender process, and the documents from the exploratory drilling
were provided together with the tender documents as a basis for the
development of the final design.

The documents comprised of logs from 76 boreholes in 38 sections
of the tunnel, which were used to assess the thickness and quality
of the lining, the parameters of the filling and the position of the
foundations. This information was originally used as a basis for the
structural assessment of the masonry lining during the rehabilitation
operations. Based on the results of the exploratory drilling, the
proposal considered a wall thickness between 60 and 90cm. Injecting
a cement mixture into the filling was supposed to strengthen the
filling layer and thus increase the overall stability of the lining.
During the verification of the success of the grouting work, it was
found that the thickness of the masonry was significantly smaller in
several sections than originally thought. The thickness of the lining
locally varied only between 30 and 50cm. As part of the subsequent
extensive survey, 252 boreholes in 76 sections of the tunnel were
carried out and assessed. Additional samples of masonry and filling
were taken and tested. Based on the test results of the taken samples
of masonry and filling, the characteristic compressive strength of the
masonry increased from 6MPa to 12.5MPa (see Table 3). A partial
safety factor y=1.5 was used in the calculations.




Injektaz vyplne cementovou zmesou mala spevnit vypliiovi vrstvu
a zvysit tak celkovu stabilitu ostenia. Pocas overovania tspeSnosti
injektdznych préc sa zistilo, Ze hridbka muriva bola na niekolkych
usekoch vyrazne menSia, ako sa pdvodne predpokladalo. Hrabka
ostenia sa lokdlne pohybovala len medzi 30 a 50 cm. V ramci na-
sledného rozsiahleho prieskumu bolo zrealizovanych a vyhodnote-
nych 252 vrtov v 76 sekcidch tunela. TaktieZ boli odobraté a otesto-
vané dalSie vzorky muriva a vyplne. Na zdklade vysledkov skisok
z odobratych vzoriek muriva a vyplne sa zvySila charakteristicka
pevnost muriva v tlaku zo 6 MPa na 12,5 MPa (Tab. 3). Pri vypoc-
toch bol pouZity parcidlny sucinitel bezpecnosti y=1,5.

Tab. 3 Ndvrhové hodnoty pevnosti muriva v tlaku

Kvalita Sucinitel f, f,
12,5

Dobra 100 % 8,3

Stredna 75 % 6,3

Zla 50 % 42

Na zéklade novych poznatkov o hriibke ostenia bol znovu pre-
vereny navrh. Vo vSetkych usekoch, kde hribka ostenia neposta-
Covala na prenesenie doCasnych zafaZeni a redistribiciu napétia
pri profilovacich pracach, sa uvazovalo s injektdZou zasypu. Boli
zrealizované posudenia muriva, aby sa zvaZzili najpravdepodobnej-
Sie situdcie pocas profilovacich prac:

* murivo (plny prierez);

* murivo so zniZenou hribkou pocas/po profilovacich pracach;

* murivo so zniZenou hrubkou a injektovanou vyplilou, ak je to

vhodné;

* murivo so zniZenou hribkou a injektovanou vypliou s redistri-

buciou zatazenia (napr. vyklenky), ak je to vhodné.

3.4 Vnutorné betonové ostenie

Pre Zelezobeténové vnitorné ostenie s navrhovanou hribkou
40 cm bol zvoleny beton triedy C30/37-WU (XC4/XF1/XA1/WF)
(podla EN 206-1). NazvySenie poZiarnej odolnosti boli do betonove;j
zmesi pridané monofilné polypropylénové (PP) vldkna — 2 kg/m3.
Dizka dilata¢ného bloku bola 10 m. Medzi uzatvaraciu vrstvu strie-
kaného bet6nu a beténové ostenie bola vloZend separacna fdlia.

Aby sa umoznilo presakovanie vody po obvode ostenia, boli kaz-
dych 10 m navrhnuté drendZne pasy z nopovej folie Sirky 1,0 m.
Ostenie bolo navrhnuté jednak pre Standardné pripady zataZenia
(vlastna hmotnost, zemné zataZenie, plny tlak vody (3 bar), teplota
leto/zima, atd.), ako aj pre tepelné zatazenie poziarom. Pre pripad
poziarneho zataZenia bola pouzitd krivka ndrastu teploty v Case
podla nemeckych predpisov ,,Poziadavky na poZiarnu bezpecnost
a civilni ochranu pri vystavbe a prevadzke Zelezni¢nych tunelov
a jej parametre su uvedené v tab. 4.

Tab. 4 Casovo-teplotnd koreldcia pre tepelné zataZenie

Trvanie poziaru [min] 0 5 60 170
Teplota [°C] 0%) 1200 1200 0%)
*) tepelny nérast voéi okolitej teplote

3.5 Navrh razenia spodnej kienby

Prehibenie spodnej klenby m4 za nasledok podkopanie zdkladov
murovaného podkovitého ostenia o cca 1 m.

Na zéklade popisanych geologickych podmienok boli povodne
pre razenie a zaistenie prehibenej spodnej klenby navrhnuté $tyri

vystrojovacie triedy S4.1 az S4.4.

31. rocnik - €. 4/2022

Table 3 Design values of compressive strength of masonry

Quality Coefficient f, f,
12.5

Good 100% 8.3

Medium 75% 6.3

Poor 50% 4.2

The design was checked again on the basis of new knowledge about
the thickness of the lining. Backfilling was considered for all sections
where the lining thickness was not sufficient to transfer temporary
loads and redistribute stress during the profiling operations. Masonry
assessments were carried out to consider the most likely situations
during profiling work:

* masonry (full cross-section);

e masonry with reduced thickness during/after profiling
operations;
* masonry with reduced thickness and grouted filling, if
appropriate;

e masonry with reduced thickness and grouted filling with
redistribution of loading (e.g. recesses), if appropriate.

3.4 Internal concrete lining

C30/37-WU (XC4/XF1/XA1/WF) class concrete (according to
EN 206-1) was chosen for the reinforced concrete inner lining with
a designed thickness of 40cm. Monofilament polypropylene (PP)
fibres — 2kg/m3 — were added to the concrete mixture to increase
fire resistance. The length of the expansion block was set at 10m.
A separation membrane was inserted between the closing layer of
sprayed concrete and the concrete lining.

In order to allow water to seep around the perimeter of the
lining, drainage strips made of 1.0m wide dimpled sheet membrane
strips were designed every 10m. The lining was designed both for
standard loading cases (own weight, earth load, full water pressure
(3 bar), summer/winter temperature, etc.) as well as for fire load.
For the case of fire load, the temperature rise curve over time was
used according to the German regulations ,,Requirements for fire
safety and civil protection during the construction and operation of
railway tunnels* and its parameters are listed in Table 4.

Table 4 Time-temperature correlation for thermal load
Fire duration [min] 0 5 60 170
Temperature [°C] 0%) 1200 1200 0%)
*) temperature increase relative to the ambient temperature

3.5 Invert excavation design

The deepening for the invert has the effect of undermining
the foundations of the horseshoe-shaped masonry lining by
approximately 1m.

Based on the described geological conditions, four support
classes S4.1 to S4.4 were originally designed for the excavation
and stabilisation of the deepened invert.

As part of the assessment of geotechnical conditions, undisturbed/
suitable rock, disturbed rock, faults or fault zones were assessed.

Individual support classes differed in:

¢ shotcrete thickness (15 to 25c¢m);

e application of reinforcement from welded mesh (Q188A) —

one or two layers;

* limitation of advance step length (15m to 3m).

Figures 2 a) and b) show support class S4.3 with a 20cm thick
shotcrete layer, with two layers of welded mesh and an advance
length of Sm.
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V ramci posudzovania geotechnickych podmienok sa vyhod- Verification of the stability of the invert excavation was based on
the critical shear surfaces, taking into account the estimated loading
at the level of the lining foundations, the prevailing geological
conditions and the geometry of the excavation.

nocovala nenaruSend/vhodna hornina, naruSend hornina, poruchy
nebo poruchové zony.

Jednotlivé vystrojovacie triedy sa liSili v:

¢ hribke strickaného beténu (15 az 25 cm);

e aplikacii vystuze zo zvaranych sieti (Q188A) — jedna alebo

3.6 Invert excavation - required structural changes
during construction
After a more detailed evaluation of the results of the survey,
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Y another excavation support class S4.5 was proposed to secure a

* obmedzeni dizky zaberu (15 m az 3 m). section with a length of approximately 80m, where the invert had
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Obr. 2 a) Priecny profil ostenia, b) prierez hornou klenbou, vystrojovacia trieda S4.3
Fig. 2 a) Lining cross-section, b) upper vault cross-section, excavation support class S4.3




Overenie stability razenia spodnej klenby vychadzalo z kritic-
kych Smykovych ploch, pricom bolo zohladnené odhadované zata-
Zenie na urovni zakladov ostenia, prevladajice geologické pomery
a geometria vykopu.

3.6 Razenie spodnej kienby - poZadované konstruk¢né
Zmeny pocas vystavby

Po podrobnejSom vyhodnoteni vysledkov z prieskumu bola na-
vrhnutd dalSia vystrojovacia trieda S4.5 na zabezpecenie tseku
o dizke cca 80 m, kde uZ v minulosti (pravdepodobne pocas prehl-
bovania dna kvdli elektrifikdcii) bola vybudovana protiklenba.

Razenie sa zacalo pri portali Cochem (sever), podla predpokla-
danych geotechnickych pomerov s triedou S4.4 s dlzkou ziberu
3 m. Po vyrazeni cca 300 m sa situdcia vyrazne zmenila, pricom
zaklady existujiceho ostenia boli cca 1 m vysSie, ako bolo uvede-
né v poskytnutej dokumentécii. Toto znamenalo podstatni zmenu
oproti predpokladanému nédvrhu a takyto stav nebol naprojektova-
ny. Prace museli byt zastavené az do prehodnotenia novej situacie
a nového statického postudenia. Nésledne bola navrhnuté séria vy-
strojovacich tried na zaistenie rdznych moZnych drovni zdkladov
ostenia. To v kombindcii s geologickymi podmienkami v ramci
predmetného useku znamenalo navySenie o devit dodato¢nych
vystrojovacich tried (S4.6A-I). Maximalny vyskovy rozdiel, s kto-
rym sa uvazovalo v novom ndvrhu, bola troven zdkladov ostenia
cca 65 cm nad hlavou kolajnice (TOR). Takéto poloha zodpoveda
zmene drovne zdkladov o cca 1,5 m. V novonavrhnutych vystrojo-
vacich triedach bola minimdalna hribka striekaného beténu 20 cm
s dvomi vrstvami sieti. Hlavnym rozdielom bol névrh jedného ale-
bo dvoch radov samozavitacich svornikov IBO R51 dizky 4 m s ro-
znaSacimi nosnikmi.

Pouzitie svornikov vo vystrojovacich triedach bolo velkou zme-
nou a ovplyvnilo postup vystavby vo vSetkych aspektoch od rozpo-
jovania az po zabudovavanie vystrojovacich prvkov. Svorniky boli
zabudované vopred, ¢o umoZznilo zvicsit dizku zéberov na 10 m.
Razenie prebiehalo mechanicky pomocou tunelovych bagrov.

4 SEVERNY PORTAL

Historicky severny portdl je situovany cca 6,5 m pred portalom
pre razenie, kde boli v 30. rokoch inStalované pradové ventilatory
na zlepSenie vetrania tunela. Docasna nosna konstrukcia (ocelové
zapory a vzpery) bola na portali aplikovana uZ pocas vystavby tu-
nela AKWT.

Zvlastnu pozornost bolo potrebné venovat konstrukcii budova-
nej v otvorenej stavebnej jame, ktord tito medzeru uzavrela a za-
Clenila historicki konstrukciu do nového ostenia tunela. Vzpery
preto museli byt demontované a premiestnené na severnu stranu,
aby bolo mozné napojit ostenie tunela na historicku stavbu. Aby sa
predislo prenosu napitia zdsypu a zemného zataZenia na portalo-
vi konStrukciu, musela byt pridana dalSia deliaca stena na zadnej
strane portalu.

DB (Deutsche Bahn) pre tento pripad uzavrel zmluvu so Spe-
cializovanym konzultantom pre starostlivost o historické objekty,
ktory sa ako nezavisly konzultant a posudzovatel vyjadroval ku
vSetkym navrhom suvisiacich s historickym portdlom.

5 DRENAZNY SYSTEM

Povodny drendzny systém AKWT predstavoval koncept dréno-
vaného tunela. Podzemna voda presakovala cez murované ostenie
do tunela a odvddzala sa k severnému portalu Cochem. Povodne
navrhovanym konceptom sanovaného tunela bol vodotesny tunel,
pricom sekundarne ostenie bolo navrhnuté pre maximalny vodny

tlak 3 bary s tlakovo riadenym systémom umoziujicim uvolnenie
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The excavation started at the Cochem portal (north), according to
the assumed geotechnical conditions with class S4.4 and a length
of 3m. After completion of about 300m long section, the situation
changed significantly, while the foundations of the existing lining
were approximately 1m higher than it was stated in the provided
documents. This meant a significant change compared to the
assumed proposal, and such a situation was not designed. The work
had to be suspended until the new situation was reassessed and a
new structural assessment was carried out. Subsequently, a series
of excavation support classes were designed to provide different
possible levels of the foundations of the lining. This, combined
with the geological conditions within the section in question,
meant an increase by nine additional support classes (S4.6A-1).
The maximum height difference considered in the new design was
the level of the foundations of the lining ca 65cm above the top
of the rail (TOR). Such a position corresponds to a change in the
foundation level by ca 1.5m. In the newly designed support classes,
the minimum thickness of the sprayed concrete was 20cm with two
layers of mesh. The main difference lay in the design of one or two
rows of 4m long IBO R51 self-drilling bolts with spreader beams.

The use of bolts in the support classes was a big change and
affected the construction process in all aspects from rock breaking to
building support elements in. The bolts were built in advance, which
made it possible to increase the length of the advance rounds to 10m.
Excavation was carried out mechanically using tunnel excavators.

4 NORTHERN PORTAL

The historic northern portal is located ca 6.5m in front of the
excavation portal, where jet fans were installed in the 1930s to
improve tunnel ventilation. The temporary supporting structure
(steel soldier beams and struts) was already applied at the portal
during the construction of the AKWT tunnel.

Special attention had to be paid to the structure built in the
open construction pit, which closed this gap and incorporated the
historic structure into the new tunnel lining. Therefore, the struts
had to be dismantled and relocated to the north side, so that the
lining of the tunnel could be connected to the historic building. In
order to prevent transfer of backfill pressure and earth load on the
portal structure, another dividing wall had to be added at the rear
side of the portal.

DB (Deutsche Bahn) for this case contracted a specialist
consultant for the care of historic objects, who acted as an
independent consultant and gave his opinion as an assessor to all
proposals related to the historic portal.

5 DRAINAGE SYSTEM

The concept of the original AKWT drainage system was that of
a drained tunnel. Groundwater seeped through the masonry lining
into the tunnel and was diverted to the northern Cochem portal.
The originally proposed concept of the tunnel to be rehabilitated
was that of a waterproof tunnel, while the secondary lining was
designed for a maximum water pressure of 3 bars with a pressure-
control system allowing for the release of excess pressure and
the subsequent release of water through the portals. However,
there was concern that changing the AKWT from a fully drained
tunnel to a watertight system would have an adverse effect on
the hydrogeological conditions in the tunnel surroundings, The
decision was ultimately adopted for the AKWT to maintain the
waterproof internal concrete lining, but to allow groundwater to
seep into the tunnel through drainage in the invert and divert it
either north or south. Based on this, the tunnel was divided into
three sections (see Table 5).
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prebytoc¢ného tlaku a nasledné vypustenie vody cez portaly. Vznik-
la vSak obava, ze zmena AKWT z plne odvodneného tunela na vo-
dotesny systém bude mat nepriaznivy vplyv na hydrogeologické
pomery v okoli tunela. Pre AKWT bolo nakoniec prijaté rozhod-
nutie zachovat vodotesné vnitorné beténové ostenie, ale umoznit
podzemnej vode vsakovat do tunela cez drendZ v spodnej klenbe
a tito odvadzat bud smerom na sever alebo smerom na juh. Na
zaklade toho bol tunel rozdeleny na tri Gseky (tab. 5).

Tab. 5 Odvodnené/vodotesné casti tunela

od Do Dizka
Typ [km] [km] [m]
Odvodnené 484+26 49,0+07 581
na sever ’ !
Odvodnené
o 49,0407 52,4498 3,491
Vodotesné 52,4+98 52,6+23 125

Vyskovy rozdiel medzi severnym a juznym portidlom je cca
13,7 m. Pre odvadzanie vody smerom k juznému, vyssie poloZe-
nému, portdlu znamend, Ze drendZzne potrubie v spodnej klenbe,
ktoré zberd podzemnu vodu pridiacu smerom k tunelu, musi byt
natlakované tak, aby voda vytekala na juZnom portéli pri atmo-
sférickom tlaku. Maximalny tlak v systéme je cca 1,5 baru. Obr. 3
zobrazuje usporiadanie drenizneho potrubia. PozdiZne drenizne
potrubie v protiklenbe zhromazduje vodu, ktora pridi cez zbernd
Sachtu a priecne vytlacné potrubie do zberného potrubia smerom
k portalu. V systéme su zabudované preplachovacie potrubia, ktoré
sliZia na jeho tdrzbu.

Tento koncept zabranil vyraznej zmene existujuiceho rezimu
prideniu podzemnych vdd v okoli tunela po€as sanacnych prac
a predislo sa tieZ navySeniu vodného tlaku na ostenie po ukonceni
stavebnych préac.

Pre zvySenie drendZnej kapacity bola medzi murivom a vnutor-
nym ostenim smerom k drendZnemu potrubiu v spodnej klenbe
vloZend drendZna vrstva radidlne pokryvajica cely obvod sanova-
ného tunela.

Podzemna voda sa do drendzneho potrubia dostiva cez pukliny
v horninovom masive, dalej presakuje cez preinjektovanu vrstvu,
zasyp, kamenné murivo, striekany beton a drendznu vrstvu.

Najvicsou nevyhodou kazdého drendZneho systému je riziko
zanaSania usadeninami. Uzavrety systém bez privodu cerstvého
vzduchu vyrazne obmedzuje potencial vzniku usadenin, aj ked po-
uzité cementové konStrukéné materidly (zalievka, striekany betén
atd.) sa mo6zu vymyvat vodou presakujicou do drendZneho potru-
bia. Systém sa preto povazuje za nendro¢ny na udrzbu.

6 KONSTRUKCNE PRACE

6.1 Reprofilacné prace

Vo vSeobecnosti bol profil dvojkolajného tunela dostato¢ne
velky, aby umoznil zabudovanie nového vnutorného beténového
ostenia bez nutnosti odstrafiovania existujiceho muriva. Teoreticky
profil bol porovnany s vysledkami merania pomocou tunelového
skenera, na zdklade ¢oho sa stanovil rozsah hribky ostenia.

Na zaciatku spracovania realizacnej dokumentacie bola na zakla-
de navrhu zhotovitela Subterra a.s. optimalizovana findlna geomet-
ria ostenia tunela. Prierez klenby bol zniZeny o cca 22 cm v po-
rovnani s ndvrhom z verejnej sitaze — pri zachovani Standardného
prejazdného profilu (GC podla Ril 853) a pri zohladneni navrhove;j
rychlosti v, =160 km/h. Toto viedlo k vyraznému zniZeniu objemu
profilacie a tym aj k zvySeniu hribky zostavajiceho murovaného

zdroj source: © SIMONA AG (2015)
Obr. 3 3D pohlad na drendZny systém tunela — schema, 1 — zberny hriadel,
2 — priecne vypistacie potrubie, 3 — pripojenie k pr vému potrubiu,
4 — splachovacie potrubie, 5 — pozdlina inverznd drend?
Fig. 3 3D view of drainage system — chart, 1 — collector shaft, 2 — transverse
discharge pipeline, 3 — connection to transfer pipeline, 4 — flushing pipeline,
5 — longitudinal inverse drainage

Table 5 Drained/waterproof tunnel parts

e ol | gm |
Drained north 48.4+26 49.0+07 581
Drained south 49.0+07 52.4+98 3,491

Waterproof 52.4+98 52.6+23 125

The level difference between the northern and southern portals is ca
13.7m. To evacuate water towards the southern, higher portal means
that the drainage pipeline in the invert, which collects the groundwater
flowing in the direction of the tunnel, has to be pressurised so that
water flows out at the southern portal under atmospheric pressure.
The maximum pressure in the system is about 1.5bar. Fig. 3 shows
the arrangement of the drainage pipeline: A longitudinal drainage
pipeline in the invert collects the water that flows through the
collection shaft and the transverse discharge pipeline sends it into
the collection pipeline, towards the portal. Flushing pipelines used
for its maintenance are built into the system.

This concept prevented a significant change in the existing
groundwater flow regime in the surroundings of the tunnel during
rehabilitation operations and also prevented an increase in water
pressure on the lining after the completion of construction work.

In order to increase the drainage capacity, a drainage layer radially
covering the entire circumference of the tunnel being rehabilitated
was inserted between the masonry and the internal lining in the
direction of the drainage pipeline in the invert. Groundwater enters
the drainage pipeline through cracks in the rock mass, then seeps
through the grouted layer, backfill, stone masonry, sprayed concrete
and the drainage layer.

The biggest disadvantage of any drainage system is the risk
of clogging with deposits. A closed system with no fresh air
supply greatly reduces the potential for development of deposits,
even though the cementitious construction materials used (grout,
shotcrete, etc.) can be washed out by water seeping into the
drainage pipeline. The system is therefore considered to be low
maintenance.




ostenia, ¢o viedlo k zvySeniu stability ostenia poCas pric a tym aj
zvySeniu bezpec¢nosti pracovnikov.

V tsekoch tunela s najmensou hribkou pdvodného muriva bola
zrealizovand reprofilacia. V podstate iSlo o kompletnd vymenu
existujuceho murovaného ostenia (obr. 4). V tomto pripade bola
di7ka kazdého zaberu obmedzena na 0,8 m. Pre zabezpecenie sta-
bility existujicej kamennej klenby pocas reprofilacnych prac bolo
murivo radidlne narezané do hibky 0,4 m pilou s diamantovym ko-
tucom prispdsobenym profilu tunela (obr. 5). Nasledne boli zabu-
dované svorniky, priehradové nosniky, siete a striekany beton.

6.2 Injektazne prace

Povodny navrh umoziioval spevnenie a stabilizaciu zasypu ce-
mentovou injektdZou — najmi v oblastiach, kde bolo treba pri re-
profilizacnych pracach odstranit vacsiu Cast povodného muriva.
Tykalo sa to najmé tsekov v blizkosti portdlov, ale aj miest priec-
nych prepojeni. Po zacati vrtnych injektaznych prac na severnom
portéli sa zistilo, Ze hrubka muriva bola na niekolkych tsekoch
podstatne mensia, ako sa povodne uvadzalo v dokumentacii pries-
kumnych vrtov, ktora bola stucastou stutaznych podkladov. V ramci
nasledného komplexného prieskumu boli zistené skuto¢né hrub-
ky a kvalita muriva v celej dizke tunela. Po spracovani zistenych
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6 CONSTRUCTION WORK

6.1 Reprofiling operations

In general, the profile of the double-track tunnel was large enough
to allow for the installation of a new internal concrete lining without
the need for removing the existing masonry. The theoretical profile
was comparable with the results of measurements using a tunnel
scanner, based on which the range of the lining thickness was
determined.

At the beginning of the work on the detailed design, based on the
proposal of the contractor, Subterra a.s. optimised the final tunnel
lining geometry. The cross-section of the vault was lowered by
ca 22cm compared to the proposal from the public tender — while
maintaining the standard clearance profile (GC according to Ril 853)
and taking into account the design speed of v =160km/h. This led to
a significant reduction in the volume of the profiling work and thus
also to an increase in the thickness of the remaining masonry lining,
which led to an increase in the stability of the lining during the work
and thus also to an increase in safety of workers.

Reprofiling was carried out in the sections of the tunnel with
the smallest thickness of the original masonry. In essence, it was a
complete replacement of the existing masonry lining (see Fig. 4). In
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Obr. 4 a) Priecny profil spodnej ¢asti ostenia, b) prierez spodnou klenbou, vystrojovacia trieda S4.3
Fig. 4 a) Cross-section through lower part of the lining, b) invert cross-section, excavation support class S4.3
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vysledkov pomocou statickych vypoctov sa rozsiril rozsah apli-
kacie injektaZnych prac pre zaistenie stability pri reprofilovacich
pracach ako aj pri zniZenej hribke muriva. Injektovalo sa priblizne
20 % dizky tunela, hlavne v blizkosti severného a juzného portilu,
v miestach prie¢nych prepojeni a vyklenkov. InjektdZne prace na-
koniec trvali osem mesiacov, pri¢om bolo pouzitych cca 6 200 m?
injektdZneho materialu.

7 ZAVER

Aj ked sa v pripravnych fazach projektu vynaloZilo znacné usi-
lie na postudenie skutocného stavu (hribka, rozsah, kvalita, pevnost)
existujiceho murovaného ostenia, pocas vystavby boli zistené nové
zasadné skutoCnosti, ktoré si vyziadali realizaciu dodatocnych pries-
kumnych prac a nové konstruk¢éné navrhy a postudenie novoziste-
nych skutocnosti. Toto v kone¢nom dosledku viedlo k oneskoreniu
vystavby a navySeniu stavebnych ndkladov. Uvedené skiisenosti eSte
viac zddraziiuju potrebu a dolezitost kvalitnej projektovej pripravy
vratane realizicie dostato¢nych prieskumov, ¢o mdZe byt v pripade
rekonstrukcii sice narocné, ale v kone¢nom dosledku povedie k efek-
tivnemu ndvrhu bez nutnosti zmien projektu pocas realizécie.

Dipl.-Ing. GERNOT JEDLITSCHKA,
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Obr. 5 Prerezdvanie ostenia kotiicovou diamantovou pilou prispésobenou na pouZitie v tuneli
Fig. 5 Cutting through the lining with diamond disc cutter accommodated to the use in tunnel
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this case, the length of each advance step was limited
to 0.8m. To ensure the stability of the existing stone
masonry vault during the reprofiling operations, the
masonry was radially cut down to a depth of 0.4m with
a saw with a diamond disc adapted to the profile of the
tunnel (see Fig. 5). Subsequently, bolts, lattice girders,
mesh and shotcrete were built in.

6.2 Grouting operations

The original design made it possible to strengthen
and stabilise the backfill by cementitious grouting —
especially in areas where a larger part of the original
masonry had to be removed during the reprofiling
work. This mainly concerned the sections near the
portals, but also the places of cross passages. After
the start of drilling and grouting work at the northern
portal, it was found that the thickness of the masonry
was significantly smaller in several sections than it was
originally stated in the documents of the exploratory
boreholes, which were part of the tender documents.
As part of the subsequent comprehensive survey, the
actual thicknesses and quality of the masonry were
determined along the entire length of the tunnel. After
processing the obtained results using structural analyses, the range of
application of grouting operations was expanded to ensure stability
during reprofiling works as well as in the case when the thickness of
the masonry was reduced. Approximately 20% of the length of the
tunnel was grouted, mainly near the northern and southern portals,
in the places of cross passages and recesses. In the end, the grouting
operations lasted eight months, while ca 6.200m* of grouting
material were used.

7 CONCLUSION

Even though considerable efforts were made in the preparatory
stages of the design to assess the actual condition (thickness,
extent, quality, strength) of the existing masonry lining, new
fundamental facts were discovered during the construction, which
required additional survey work and new construction proposals
and assessment of the newly discovered facts. This ultimately led
to construction delays and increased construction costs. The above
experience emphasises even more the need and importance of high-
quality design preparation, including sufficient surveys, which may
be difficult in the case of reconstruction, but will ultimately lead to
an effective design without the need for changes to the design during
construction.
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INOVACIE POUZITE PRI NAVRHOVANI A VYSTAVBE
PROTIPOVODNOVEHO TUNELA ARROYO VEGA
INNOVATIONS APPLIED TO THE DESIGN AND CONSTRUCTION
OF THE ARROYO VEGA FLOOD PREVENTION TUNNEL

AGUSTIN JUAN GUASTAVINO, BRUNO A. VICENTE, R. SOLA

ABSTRAKT

Cielom tohto ¢ldnku je prezentovat skiisenosti a inovdcie implementované v projekte protipovodiiového tunela ,,Segundo Emisario del
Arroyo Vega“, ktory je sucastou hlavného pldnu hydraulického manaZmentu mesta Buenos Aires. Prdce zahriali realizdciu 8,4 km dlhého
tunela na odlahcenie existujiicej kanalizacnej siete. Trasa tunela vedie husto obyvanym vizemim s vyznamnou infrastruktiirou, ako si dve
linky metra, tri Zeleznicné trate a hlavny zdsobovaci tunel na pitni vodu. Vsetky tunelové uiseky sa nachddzaju zvicsa v pevnych silito-
vych zemindch, s nadloZim od 15 do 25 m. Spodnd pozdlina cast tunela bola realizovand EPB $titom s priemerom 6,1 m, spistanym zo
Sachty s priemerom 35 m, kde tlak podzemnej vody dosahoval hodnotu aZ 200 kPa. Prerazenie steny Sachty sa uskutocnilo cez podzemnii
stenu s vodotesnou plastickou membrdnou, ¢o prispelo k bezpecnému spusteniu razenia. Hornd pozdlina cast tunela s priemerom 2,85 m
bola vybudovand pomocou technologie mikrotunelovania (pretldcanie) realizovaného zo Sdacht v oboch smeroch. Aby sa umoznil prietok
vody z existujiiceho systému cez komory na odklonenie toku do nového odlahcovacieho tunela, boli v tuneli vytvorené otvory s plochou
4az 7 m.

ABSTRACT

The objective of this article is to present the experience and innovations implemented in the “Segundo Emisario del Arroyo Vega” flood
prevention tunnel project, which is part of the hydraulic management master plan of the city of Buenos Aires. The works included the
construction of an 8.4km long tunnel designed to relieve the existing sewage network. The tunnel route runs through a densely populated
area with significant infrastructure such as two subway lines, three railway lines and a main drinking water supply tunnel. All tunnel
sections are mostly located in solid siltstone, with an overburden of 15 to 25m. The lower longitudinal part of the tunnel was carried out by
an EPB shield with a diameter of 6. Im, which was lowered down a shaft with a diameter of 35m, where the groundwater pressure reached a
value of up to 200kPa. The breaking through the shaft wall was carried out through a diaphragm wall with a waterproof plastic membrane,
which contributed to the safe start of the excavation. The upper longitudinal part of the tunnel with a diameter of 2.85m was built using
a microtunnelling technique (Pipe Jacking) carried out from shafts in both directions. To allow flowing of water from the existing system
through flow diversion chambers into the new relief tunnel, 4 to 7m? openings were created in the tunnel.

1. UvoD

Povodie Vega (obr. 1) sa rozprestiera v meste Buenos Aires.
Mesto ma rozlohu 203 km?, z ¢oho priblizne 17 km? patri do tejto
kotliny vratane Stvrti Villa Devoto, Agronomia, Parque Chas, Villa
Ortuzar, Villa Urquiza, Coghlan, Belgrano a Colegiales.

Projekt ,,Segundo Emisario del Arroyo Vega*“ je sucastou hlav-
ného planu hydraulického manaZmentu mesta Buenos Aires [1].
Tento hlavny plan bol vypracovany v dosledku Castych a tazkych
zaplav, ktoré postihli mesto v rokoch 1985 az 2001 az dvanastkrat,
pricom vsetky sposobili straty na Tudskych Zivotoch a tiez velké
materidlne Skody. Stavebnd zdkazka zahffiala realiziciu tunela
v dizke 8,4 km na odlah&enie existujicej kanalizacnej siete a tieZ
suvisiace prace. Stavebné price realizovalo zdruZenie Cartello-
ne-Roggio-Supercemento. Spolo¢nost Geoconsult Buenos Aires
vypracovala realizacnd dokumenticiu a vykondvala monitoring
pocas vystavby. Tunel sa nachddza v oblasti s vysokou hustotou
obyvatelstva a s dolezitou infrastruktirou, ako si dve podzemné
linky metra (B a D), tri Zelezni¢né trate a tunel na zasobovanie
pitnou vodou. Aby sa prediSlo rieSeniu kolizii s vySSie uvedenou
infrastruktirou, bol v diZke takmer 6 km navrhnuty relativne hl-
boky tunel s nadloZim medzi 15 a 25 m. Spolo¢nost JV Contractor
zrealizovala tento tunel pomocou EPB S§titu s priemerom 6,1 m,
ktory zacal razenie zo Startovacej Sachty s priemerom 35 m. Sach-

ta sa nachddza na pobreZi ,,Rio de la Plata“ pred vnitroStatnym
letiskom v Buenos Aires. Tato Sachta bola v zaverecnej faze upra-

1. INTRODUCTION

The Vega watershed (see Fig. 1) extends over the city of Buenos
Aires. The city has an area of 203km?, of which approximately
17km? belongs to this basin, including the quarters of Villa Devoto,
Agronomia, Parque Chas, Villa Ortdzar, Villa Urquiza, Coghlan,
Belgrano and Colegiales.

The “Segundo Emisario del Arroyo Vega” project is part of the
Hydraulic Management Master Plan of the City of Buenos Aires
[1]. This master plan was developed as a result of frequent and
severe floods, which hit the city up to 12 times between 1985
and 2001 and all of which caused loss of human life as well as
major material damage. The company of Geoconsult Buenos
Aires prepared the detailed design (design of means and methods)
and carried out monitoring during construction. The construction
work was carried out by the Cartellone-Roggio-Supercemento
joint venture. The tunnel is located in an area with high population
density and important infrastructure such as two underground
subway lines (B and D), three railway lines and a tunnel supplying
drinking water to the city. In order to avoid the solution to collisions
with the above-mentioned infrastructure, a relatively deep tunnel
with an overburden depth ranging from 15 to 25m was designed
along a length of almost 6km. The company of JV Contractor
constructed this tunnel using a 6.1m diameter EPB shield, which
started excavation from a 35m-diameter launching shaft. The shaft
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is located on the coast of the “Rio
de la Plata” in front of the Buenos
Aires National Airport. This shaft
design was modified in the final
phase to serve as an outlet shaft
and allow the tunnel to be drained
during its maintenance.

The related work consisted
of the construction of five flow
diversion  chambers, including
their connection to the
tunnel. These chambers serve to
discharge water from the existing
system into the new relief tunnel
through built-in overflows. Among
the connecting tunnels, the most
important is the “Ramal Elcano”
with an inner diameter of 3.0m and
a length of 450m, excavated using a
conventional method.
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2. GEOTECHNICAL

Obr. 1 Povodia mesta Buenos Aires ([1])
Fig. 1 Buenos Aires city catchment area ([1])

vend tak, aby slizila ako vytokova Sachta a umoziiovala vypuste-
nie tunela pri jeho udrzbe.

Stvisiace prace predstavovali vystavbu piatich komor na pre-
smerovanie toku vratane ich napojeni na hlavny tunel. Tieto komo-
ry slizia na vypustanie vody z existujiceho systému do nového od-
lahcovacieho tunela cez zabudované prepady. V ramci spojovacich
S$tolni je najddlezitejSia ,,Ramal Elcano* s vnitornym priemerom
3,0 m a dizkou 450 m, razena konvenénou metddou.

2. GEOTECHNICKE PODMIENKY LOKALITY

Ako opisal Nufiez (1986) [2], podla geotechnickych charakteris-
tik zakladového podloZia sa dd mesto Buenos Aires rozdelit na dve
hlavné zony. Prva pokryva hlavnd centralnu oblast mesta. V hor-
nych etapach predstavuje sedimenty patriace do pleistocénu. Tieto
sedimenty zahffiaju slinité a ilovité zeminy, vopred spevnené vysy-
chanim, s vrstvami alebo SoSovkami stmelenych zemin s vipenatou
impregnéciou. Celkova hribka tychto sedi-
mentov je asi 25 az 45 m; tito Cast je miestne

CONDITIONS IN THE
LOCALITY

As described by Nufiez (1986)
[2], according to the geotechnical
characteristics of the basement ground, the city of Buenos
Aires can be divided into two main zones. The first covers the
main central area of the city. In the upper stages, it represents
sediments belonging to the Pleistocene. These sediments include
marlaceous and clayey soils, preconsolidated by desiccation, with
layers or lenses of cemented soils with calcium impregnation. The
total thickness of these sediment layers amounts to about 25 to
45m; this part is locally called the “Pampeano” formation. The
second one, located along the coast of the ,,Rio de la Plata* and
the ,,Riachuelo* valley, presents soft deposits of clays and plastic
loamy soils or medium sandy soils, which are called “Post-
Pampeano” — a formation belonging to the Holocene. Under these
formations, fine and dense “Puelche” sands, corresponding to
the Pliocene Epoch, were found. In these sands there is an about
10m thick layer of plastic clayey siltstone or siltstone, which is
a very plastic soil. This greenish-gray or bluish clay is very stiff

Table 1 Geotechnical parameters

nazyvand formacia ,, Pampeano “. Druhd, ktord | pa.oniater Layer

sa nachddza pozdiz pobreZia ,,Rio de la Pla- Symbol Description PP PS PM PI Pu Pa
ta* a udolia ,,Riachuelo*, predstavuje mikké Y KN/ unit weight 17 19 19 19 1 17
ndnosy flov a plastickych flovitych zemin ale- =5 5™ effeciive cohesion intercept 0o |10 [ [2 [ oo
bo stredne piesocnaté pddy, ktoré st nazyva- effective angle

né ,, Post-Pampeano“ — formécia patriaca do @[ of internal friction 27 29 32 31 35 25
holocénu. Pod tymito dvoma formaciami sa g « [MPa] | modulus of deformation 115 | 100 | 270 | 195 | 260 | 85
nalli jemné a husté piesky ,, Puelche*, ktoré E_r[MPa] |oedometric modulus 40 35 90 65 90 30
zodpovedajit obdobiu pliocénu. V tychto pies- "¢ w\Pa] [ modulus from drained triaxialtest | 40 | 35 | 90 | 65 | 90 | 30
koch sa nachédza vrstva plastickych ilovitych  Tgep coefficient of pre-consolidation 1 2 3 3 - | 12
siltoveov alebo siltoveov, €o je velmi plastic- - “yq 1 coefficient of earth pressure atrest | 0.5 | 0.7 | 08 | 07 | 04 | 05
k4 zemina, s mocnostou priblizne 10 m. Ten- K [m/day] permeabilty 005 | 09 09 | 001 10 _

to zelenoSedy alebo modrasty il je velmi tuhy
a vo vseobecnosti normdlne konsolidovany
zataZenim od najmocnejSich vrstiev formacie
,, Pampeano “. Geotechnické parametre vrstiev
opisanych vysSie su uvedené v tab. 1.

Explanatory note:

PP: Post-Pampeano
PM: Middle Pampeano
Pu: Puelche

PS: Upper Pampeano
PI: Lower Pampeano
Pa: Paranaense or blue clays




Tab. 1 Geotechnické parametre
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and generally normally consolidated by

Parameter Vrstva loading induced by the thickest beds of the

Symbol Popis PP PS PM Pl Pu Pa “Pampeano” formation. The geotechnical

y[kN/m3] objemova tiaz 17 19 19 19 21 17 parameters of the layers described above are

c'[kPa] efektivna stdrznost 0 10 30 20 0 0 listed in Table 1.

D[] efektivny uhol vnatorného trenia 27 29 32 31 35 25

E, [MPa] | deformaény modul 115 | 100 | 270 | 195 | 260 | g5 > SHAFTFORLOWERING THE EPB

Enmref [MPa] oedometrick)'/ modul 40 35 90 65 90 30 3.1 General description

E.“ [MPa] gnd?/%ﬂnzer:jxsli{]né?y 40 35 90 65 90 30 Work began with the construction of a

OCR[]___| stéinitel prekonsolidcie 1 | 2 | 38 | 8 | - | 12 mainshaftwithanintemal diameter of 35m.

KoL suinitel zemného takuvpokoji | 05 | 07 | 08 | 07 | 04 | o5  “hich serves as an outlet shaft discharging

Kmidef] | priepustnost 005 | 09 | 09 | 001 | 10 | - Waterinto the “Rio de fa Plaw through a
discharge duct. Its structural diaphragm walls

Vysveivky: were made using an underground cutter and

PP: Post-Pampeano PS: horné Pampeano
PM: stredné Pampeano  PI: doiné Pampeano
Pu: Puelche Pa: Paranaense alebo modré ily

3. SACHTA PRE SPUSTENIE EPB STiTU

3.1 VSeobecny popis

Prace sa zacali budovanim hlavnej Sachty s vnitornym prieme-
rom 35 m, ktord slizi ako vytokova Sachta vypustajica vodu do
. Rio de la Plata“ cez vypustaci kanal. Jej konstrukéné podzemné
steny boli zhotovené podzemnou frézou a su 1,20 m hrubé a tak-
mer 60 m hlboké. Zakladova doska ma hribku 1,00 m, pricom
vniitorn4 hibka Sachty je priblizne 26,50 m. Konstrukéné podzem-
né steny prenikaji do takzvanych modrych ilov a izoluju tak pies-
ky ,, Puelche* a zabezpe€uju vodotesnost vo vnutri Sachty a tym
aj stabilitu dna Sachty, kedZe piesky

are 1.20m thick and almost 60m deep. The
base plate is 1.00m thick, while the internal
depth of the shaft amounts approximately
to 26.50m. The structural diaphragm walls
penetrate the so-called blue clays and thus
isolate the “Puelche” sands and ensure watertightness inside
the shaft and thus also the stability of the shaft bottom, since
the “Puelche” sands are a mighty water-bearing layer. In the
tender, the lower level of the structural diaphragm walls was set
at —=51.00m, but due to the variability of the level of the blue clay
interface detected by new exploration wells, the diaphragm wall
was deepened down to the level of —=56.00m (see Fig. 2). Before
the start of the excavation, the shaft was drained, which made
it possible to carry out the excavation in relatively dry soil. The
excavation of the shaft was completed in January 2018, then the
construction of the lower base plate was carried out and finally, in

»Puelche™ si mocnou vodonosnou podzemna stena podzemna stena vytokovy kanal

vrstvou. V tendri bola spodnd droven diaphragm wall diaphragm wall outlet channel

konstrukénych podzemnych stien m]

stanovena na —51,00 m, ale vzhla- 5.00

dom na variabilitu Grovne rozhrania podzemné stena post-pampeano

modrych ilov zisteni pomocou no- Zp'aSt%?;‘;’t‘ig \ : 0.00

vych prleskumnycl} vrtov bola po- diaphragm wall \ o pATRRaTo TopeT DA 5.00

dzemna stena prehlbend na drovenl ]

—-56,00 m (obr. 2). Pred za¢iatkom -10.00

vykopu bola Sachta odvodnena, ¢o 15.00

umoznilo realizovat vykop v rela- T

tivne suchej zemine. Vykop Sachty o~ -20.00

bol ukondeny v janudri 2018, potom k 4 S~ 25,00

sa uskutocnila realizdcia spodnej za- tunel razeny EPB = o

kladovej dosky a nakoniec, v marci £ tunel -30.00

2018, bol zmontovany oporny ram

pre spustenie EPB (obr. 3). puelches puelches 3500

3.2 Konstrukéné usporiadanie -40.00

lamiel podzemnych stien 45.00

Vzhladom na zna¢nu hlbku pod-

zemnych stien potrebnych na dosia- -50.00

hnutie polohy modrych ilov, bolo 5500

potrebné zabezpecit zvislost steno-

vych lamiel. V kruhovych Sachtiach -60.00

budovanych pomocou podzemne;j 6500

frézy maju sekundarne lamely Casto '

vonkajsie odchylky v dosledku kli-
nového efektu vytvaraného primar-

Obr. 2 Geologicky profil Startovacej Sachty
Fig. 2 Stratigraphic profile of a launching shaft
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March 2018, the support frame for
launching the EPB was assembled
(see Fig. 3).

3.2 Structural
arrangement of
lamellas of retaining
walls
Due to the considerable depth
of the retaining walls needed for
reaching the layer of the blue

clays, it was necessary to ensure
the verticality of the wall lamellas.
In circular shafts built using an
underground cutter, the secondary
lamellas have often external
deviations due to the wedge effect
created by the primary blades
during the cutting process, which
reduces the contact area between
the lamellas, which both increases
the compressive contact stress

= - I .
—- and at the same time threatens the

Obr. 3 EPB §tit vo vniitri Sachty so Startovacim rdmom

Fig. 3 EPB shield inside the shaft with launching frame watert‘lghtness ) of t_he. structure.
To mitigate this deviation, a new

orimarny panel arrangement of the wall lamellas
primary panel was proposed so that the secondary

sekundarny panel lamellas were created by parallel
secondary panel

cutting of the primary lamellas (see
Fig. 4).

The contact areas between the
lamellas were maximised through
parallel joints between the primary
and secondary lamellas, as a facet
geometry had to be achieved
within the primary lamellas (they
were carried out in three advance
steps), which still increased the
compressive stress. When this
geometry was used, practically

Obr. 4 Prijaty ndvrh usporiadania stenovych lamiel Sachty (primdrne steny zelené, sekunddrne steny ruzové) no deviations were detected,
Fig. 4 Accepted proposal for arrangement of shaft wall lamellas (primary walls green, secondary walls pink) which significantly improved the

nymi lamelami pocas procesu frézovania, co zmenSuje kontaktni

K o . L. ; i Startovacia $achta odtokovy kanal
plochu medzi lamelami, ¢im sa jednak zvySuje tlakové kontaktné launch shaft outlet channel
napitie, a zaroven ohrozuje vodotesnost konstrukcie. Na zmier-
nenie tejto odchylky bolo navrhnuté nové usporiadanie stenovych odok

Zarodot

lamiel tak, Ze sekundarne lamely boli vytvorené paralelnym frézo- 2 plastbeténu
vanim primarnych lamiel (obr. 4). plasictucl?tnucrﬁﬁ
Kontaktné plochy medzi lamelami boli maximalizované pros-
trednictvom paralelnych spojov medzi primarnymi a sekundérny-
mi lamelami, kedZe v rdmci primdrnych lamiel sa musi dosiah-
nut fazetova geometria (boli vykonané v troch zdberoch), o aj
tak zvySilo tlakové napitie. Pri pouZiti tejto geometrie neboli
zistené prakticky Ziadne odchylky, ¢im sa vyrazne zlepsila vo-
dotesnost Sachty po celej jej vyske a tym sa zvysila jej celkova
bezpecnost.

wnel EPBCL. ¥

- - o
@ EPB tunnel C.L.

O T TN

10.60

20.00

3.3 Navrh startu razenia

Navrh predstavoval vybudovanie zarodku s vodotesnou kon- Obr. 5 Pédorys Startovacej Sachty
Strukénou podzemnou stenou pri Startovacej Sachte, ¢im sa zabra- Fig. 5 Launching shaft ground plan
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Obr. 6 Zdber z otvdrania steny Sachty
Fig. 6 Snapshot from opening of a shaft wall

nilo vniknutiu vody pocas prerazenia steny Sachty. Tento navrh
nahradil povodné rieSenie z vyberového konania, ktoré predpo-
kladalo vybudovanie vyrubu Startovacieho useku technoldgiou
tryskovej injektaZze. Toto rieSenie bolo navrhnuté po nedavnych
nedspesSnych aplikaciach tryskovej injektdZze vo formaciach ako
,, Pampeano* a ,, Puelche . Zarodok bol zhotoveny z plastbetonu
a mal vndtornd diZku priblizne 17 m pre umiestnenie EPB titu
plus troch segmentovych obkladovych prstencov (obr. 5).

Po odvodneni vniitra plastbeténoveho zarodku umoznila tito
konstrukcia ru¢né demolacné prace v stene Sachty bez pritomnos-
ti vody (obr. 6). Demolécia prebiehala v troch etapach a pocas
kazdej etapy bol vybudovany vyrub zaisteny striekanym beténom.
To umoznilo Start EPB Stitu bez potreby pouZitia po¢iatocného
tesnenia a bez tlaku vody, bez potreby pouzitia reznych nastrojov
na demoldaciu konstrukénej podzemnej steny.

Na overenie stability ¢elby bol vytvoreny priestorovy nume-
ricky model pomocou metédy konecnych prvkov v programe
PLAXIS 3D s pouzitim konstitutivneho modelu ,, Vytvrdzujiica
zemina s malou deformacnou tuhostou*“ (Hardening soil — small,
HS-small), pre vsetky geotechnické parametre.

3.4 Monitorovanie pocas vystavby

Projekt monitorovania raziacej Sachty zahfiial inStalaciu mera-
cich bodov povrchového sadania, inklinometrov a piezometrov.
Hladina podzemnej vody vo vnitri Sachty sa udrziavala medzi —30
a —32 m, pricom sa Cerpali velmi malé pritoky (priblizne 1,2 I/s),
¢o dokazovalo, Ze spodna tesniaca vrstva z modrého ilu bola ucin-
ni a ze hibka votknutia konstrukénych podzemnych stien v tejto
pddnej vrstve bola dostato¢nd. Rovnako bola udrziavana hladina
podzemnej vody vo vndtri Sachty v cca —32,00 m, kym nebola
plastovd membrana prerazend EPB S$titom.

4. TUNNEL POD ULICOU LA PAMPA RAZENY EPB
STiTOM
4.1 VSeobecny popis

Prva Cast hlavného odlah¢ovacieho tunela bola razena technold-
giou EPB §titu s priemerom 6,1 m strojom pomenovanym ,, Elisa .

watertightness of the shaft along its
entire height and thereby its global
safety increased.

3.3 Proposal for EPB driving
commencement

The proposal was to build a starter
tunnel with a waterproof structural
diaphragm wall near the launching
shaft, which prevented the ingress of
water during the penetration through
the shaft wall. This proposal replaced
the original solution from the tender
proceedings, which assumed the
excavation of the launching section
using the jet grouting technique.
This solution was proposed after
recent unsuccessful jet grouting
applications in formations such as
“Pampeano” and “Puelche”. The
starter tunnel was carried out in
plastic concrete and had an internal
length of approximately 17m to
accommodate the EPB shield plus three segmental cladding rings
(see Fig. 5).

After the interior of the plastic concrete starter tunnel was
drained, this structure allowed for manual demolition work in
the shaft wall without the presence of water (see Fig. 6). The
demolition took place at three stages, and during each stage an
excavation was carried out and was stabilised by sprayed concrete.
This allowed for the start of the EPB shield without the need for
using an initial sealing and without water pressure, without the
need for using cutting tools to demolish the structural diaphragm
wall.

To verify the stability of the excavation face, a spatial numerical
model was developed using the finite element method in the
PLAXIS 3D program using the “Hardening soil — small (HS-Small
deformation stiffness)” constitutive model for all geotechnical
parameters.

3.4 Monitoring during construction

The excavation shaft monitoring design included the installation
of surface settlement measurement points, inclinometers and
piezometers. The water table level inside the shaft was maintained
between —30 and —32m, with very low inflow rates (approximately
1.2L/s) being pumped, demonstrating that the lower blue clay
sealing layer was effective and that the depth of embedment of the
structural retaining walls in this soil layer was sufficient. Likewise,
the water table inside the shaft was maintained at approximately
-32.00m until the plastic membrane was broken through by the
EPB shield.

4. TUNNEL UNDER LA PAMPA STREET DRIVING USING
EPB SHIELD

4.1 General description

The first part of the main relief tunnel was driven using the
EPB shielding technique using a machine named “Elisa” with
a diameter of 6.1m. The tunnel excavation commenced in April
2018 and was completed at the end of June 2019. The total length
of the mined tunnel represents 5,900m.
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Razenie tunela zacalo v aprili 2018 o ) ! ,
« . tunel razeny EPB $tolia Elcano razend NRTM hladina podzemnej vody
a bolo ukonc¢ené koncom jina 2019. (dokumentécia Elcano branch NATM tunnel water table
Celkova di7ka razeného tunela pred- tunel trasy B Ergéiﬁgﬁaef'“ préc) tunel trasy D
stavuje 5900 m. V B line tunnel /7(final design ) /— Dline tunnel [m]
25.00
Pred zacatim stavebnych pric \ / / /
bolo rozhodnuté zmenit niveletu tu- \ 20.00
nela navrhnutd v sutaznych podkla- 15.00
doch, pri¢om bola snzjlha ¢o najviac R 10.00
sa vyhnuat vrstvam pieskov ,, Puel-
che*, kedZze uprava tychto pieskov @m / >00
pri pouziti EPB S§titu je podstatne ol 0.00
[
komplikovanejSia ako pri zeminach i l = 500
| y :
,, Pampeano ““. Touto zmenou sa tie w7 1000
vyhlo zmieSanym geotechnickym h = Za ’
. i LN ? 2
pomerom takmer v celej dizke ra- Vo === . z -15.00
zenia. Niveleta tunela bola upravena iV/A o\ 4 _--::::::}:1:-_: < / ~20.00
v n B8 oF-—--Si- === ——meae
tak, aby bola celba EPB Stitu prevaz- K \'i s 00
ne situovand medzi spodnou vrstvou \ / ° e G N /f”\ e T S S I '
formacie ,, Pampeano“ a prechodom NG \ ?v ~30.00
k pieskom ,, Puelche“ (obr. 7, popis @ @ @ @ @ @ @ @
vrstiev pozri obr. 2). tunel razeny EPB .
. (sutazné podklady) tunel pre pitnt vodu @ 4,20 m
S touto novou niveletou sa nad- EPB tunnel potable water tunnel @ 4.20m
lozie pohybovalo medzi 20 a 30 m, (tender design )

pricom vyska hladiny podzemne;j
vody sa pohybovala od 14 do 29 m
vzhladom na os tunela. Hlavnymi
faktormi, ktoré stanovili okrajové podmienky pre navrh nivelety,
bola poloha zdsobovacieho tunela pitnej vody $titnej spolo¢nosti
AYSA a trasy metra D a B.

Upravil sa aj ndvrh smerového vedenia zo sutaznych podkla-
dov tak, aby sa vyhlo oblikom s polomerom 200 m na zaciatku
razeného tunela, ¢o predstavovalo minimalnu hodnotu polomeru
pre pouzity EPB §tit. Tato zmena mala tieZ prakticky vyznam, na-
kolko umoznila vykondavat rozbeh stroja a zaskolenie personalu
v relativne priamom tseku (oblik s polomerom 1 000 m). Pri no-
vonavrhnutom smerovom vedeni bol minimalny polomer obliika
v celom tuneli 600 m, pricom minimélny polomer pre navrhnuté
segmentové ostenie predstavoval 235 m.

4.2 Navrh segmentového ostenia
Segmentové ostenie bolo upravené po fize vyberového kona-
nia tak, aby sa vyrie§ilo niekolko

Obr. 7 PozdlZny profil s upravenou niveletou tunela razeného EPB §titom
Fig. 7 Vertical alignment of EPB shield driven tunnel

Before starting the construction work, it was decided to modify
the level of the tunnel proposed in the tender, while trying to

’

avoid layers of “Puelche” sands as much as possible, since
the modification of these sands when using the EPB shield is
significantly more complicated than in the case of “Pampeano”
This modification also avoided mixed geotechnical
conditions along almost the entire length of the tunnel excavation.
The tunnel alignment was modified so that the face of the EPB
shield was mostly situated between the bottom layer of the
“Pampeano” formation and the transition to the “Puelche” sands
(see Fig. 7; for description of the layers see Fig. 2).

With this new alignment, the overburden varied between 20
and 30m, while the height of the water table level ranged from

soils.

14 to 29m, relative to the tunnel axis centre line. With this new

konstrukénych problémov identi-
fikovanych v tendrovom projekte.
Tendrovy ndvrh zahriial 5+1, pravo-
lavé prstencové usporiadanie seg-
mentov, ktoré umoznovalo iba dve
mozné relativne polohy segmentov,
¢o vyrazne obmedzovalo moznosti
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obvodova $kéra
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zmeny a korekcie smerového vede-

nia tunela.
Bolo navrhnuté univerzalne uspo-
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®

riadanie segmentov 6+0, ktoré malo
vyhodu pouZitia jediného prstenca

[ o]

na vytvorenie lubovolnej trasy so
Siestimi moZznymi relativnymi po-

, 1500 , 1500
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lohami segmentov. Toto usporiada-
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nie prinieslo vyhody aj z pohladu

vyroby segmentov, kedZe vSetky

segmenty mali priblizne rovnaky

Obr. 8 Usporiadanie seg tového prstenca 6+0 (rozvinuty pohlad)
Fig. 8 Segmental ring 6+0 configuration (developed view)




objem, aj ked kazdy mal inid geometriu, ¢o umoznilo optimaliza-
ciu vyrobnych procesov. Prstenec pozostaval z lichobeznikového
uzatvaracieho segmentu nazyvaného ,, protikliic*, ktory sa uklada
ako prvy, zo Styroch segmentov v tvare rovnobeznika a dalSieho
lichobeznikového segmentu nazyvaného ,, klii¢“, ktory bol uloze-
ny ako posledny. Usporiadanie segmentovych prstencov je mozné
vidiet na obr. 8. Jedna nevyhoda tohto usporiadania bola dana taz-
kostami s uloZenim ,, kliicového “ segmentu. Pre prechod z povod-
ného usporiadania 5+1 na konfigurciu 6+0 bolo potrebné prediZit
zadny §tit stroja a zdvih hydraulickych valcov vzhladom na to, Ze
prstenec 5+1 mozZno namontovat s va¢$im presahom medzi seg-
mentmi ako prstenec 6+0.

KedZe bol navrhnuty univerzalny typ prstenca, ,, kliicovy“ seg-
ment mohol byt v akejkolvek polohe, ¢o znamen4, Ze prstenec by
sa dal zlozit zhora nadol. Z tohto dévodu bolo potrebné overit, ¢i
segment ,, protikliica “ dokaze preniest napétia od vlastnej tiaze pri
jeho konzolovom pdsobeni.

Okrem toho bolo navrhnuté pouZitie Specidlnych konekto-
rov v obvodovych spojoch a vodiacich ty¢i v radidlnych spo-
joch namiesto typickych montaznych skrutiek (pozri detail spoja
—obr. 9 a 10). S tymto neskrutkovanym segmentovym ostenim
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alignment, the overburden height varied between 20 and 30m,
while the water table level ranged from 14 to 29m relative to the
tunnel centre line. The main factors that determined the boundary
conditions for the alignment design were the location of the
drinking water supply tunnel owned by the AYSA, state company,
and the D and B subway lines.

The design of the directional alignment from the tender was also
modified in order to avoid curves with a radius of 200m at the
beginning of the mined tunnel, which represented the minimum
value of the radius for the EPB shield used. This change was also
of practical importance, as it made the start-up of the machine and
the training of personnel possible in a relatively straight section (a
curve with aradius of 1,000m). With the newly designed directional
alignment, the minimum radius of the curve on the entire tunnel
was 600m, while the minimum radius for the designed segmental
cladding was 235m.

4.2 Segmental lining design
The segmental lining was modified after the tendering stage to

resolve several structural problems identified in the tender design.
The tender design included a 5+1, right-left ring arrangement of

the segments, which allowed only two possible relative positions of
the segments, which greatly limited

the possibilities of changing and
‘ ‘ von?ajéfilfc‘ correcting the directional alignment
| | outer face
| | ‘ of the tunnel.
tesniaci pasik I NN b a— A universal 6+0 segment arran-
EPDM ! x | i ) .
EPDM gasket < ‘ gement was proposed which had
I e ais | he ad f usi ingle ri
o~ the advantage of using a single ring
! ; ol ‘ to create any route alignment with
‘ > ‘ six possible relative positions of
! Y = | e segments. This arrangement also
F o & ‘F brought benefits even from the point
| 2 o, of view of segment production, as
Qvggiafa 4%8 | N o / i \ggiéxcE t}tlgo all segments had approximately the
, L= ! N nosna rimsa k . , L=
guidingrod - bearing ledge | | quiding rod same volume, even though each had
030, L=400 | \ & \ N 030, L=400 a different geometry, which made
: i <L the optimisation of production
N . .
| | JAJ!Q processes  possible. The ring
‘ ‘ vnutornfyll'c‘ consisted of a trapezoidal closing
- - - e Bt segment called the “counter-
O.br. 9Rad.lall?y's170.] segmentoy ostenia key” which was placed first, four
Fig. 9 Radial joint in segmental lining parallelogram-shaped segments and
another trapezoidal segment called
tesmaci;%ﬁﬁ | | tesmac;;%as;; ng(:rjéf; ng | lsjgtmnutia the “key” which was placed last.
EPDM gasket | | EPDM gasket ,m:4 /W The arrangement of the segmental
|~ Jﬁ RN i rings can be seen in Fig. 8. One
i B 9 system ‘ disadvantage of this arrangement
i B ‘ was given by the difficulty in storing
— NN . ~
| ... T 20 ! the “key” segment. For passing from
| 2 2 |

the original 5+1 arrangement to the
6+0 configuration, it was necessary
to extend the rear shield of the

poC] -

I
I
'
I

vnutorny lic J‘A‘ 12

inner face

! ‘ - , machine as well as the stroke of the
| I rozngSaci varkis | hydraulic cylinders due to the fact
| ‘ ZataZenia (stlaceny .
| ‘ 3 o2mm) | that the 5+1 ring can be mounted
| 1 load distribution pad :

m-comprebsed) with greater overlaps between the

segments than the 6+0 ring.
As a universal type of ring was

Obr. 10 PozdlZny spoj segmentov ostenia
Fig. 10 Longitudinal joint in segmental lining

designed, the “key” segment could
be in any position, meaning the ring
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bola snaha zniZit drsnost spdsobe-
ni po vybrati skrutiek. Toto bola
hlavna inovicia pre kanalizacné
tunely so segmentovym ostenim
v Argentine.

Vodotesnost v spojoch segmen-
tového ostenia bola zabezpeCena
EPDM (etylén-propylén-diénovy kau-

¢uk skupiny M) tesneniami. Bolo
pouzité kotvené tesnenie inStalo-
vané priamo vo vnutri segmentove;j
formy pred betondZou, ¢o v sku-
tocnosti usetrilo krok vo vyrobnom
cykle. Ich hlavnd nevyhoda spoci-
vala v tom, Ze kotvy vytvéraju osla-
benie povrchu, ktory moze spdsobit
odlomenie rohu segmentu pri stlace-
ni tesnenia.

4.3 Navrh otvorov

Obr. 11 Docasné vniitorné spoje segmentov

Fig. 11 Temporary internal joints between segments

Pre tri prepojenia existujice;j siete
s tunelom razenym EPB Stitom sa
v tendri predpokladala realizécia Sa-
chiet vybudovanych pomocou podzemnych stien so spodnou tes-
niacou clonou zhotovenou tryskovou injektdZou pred prechodom
EPB stitu. Cez tieto Sachty mali byt prerazené tunely razené EPB
Stitom a ndsledne by sa vo vniitri vykonali spojovacie prace. Taky-
to navrh predpokladal realizaciu ,, Spinavych prdc“ v husto obyva-
nej oblasti. Zvoleny pristup sa li5il od tendrového projektu tym, Ze
bolo navrhnuté spojenie tunela razeného EPB Stitom s existujicou
siefou pomocou prepojovacich $t6lni, o minimalizovalo rusivé
vplyvy a prace na povrchu. Prepojovacie §tdlne boli zrealizované
aZ po vyrazeni tunela EPB Stitom.

Pre analyzu tunela razeného EPB S§titom s otvorom a na navrh
beténového goliera a jeho spojenia so segmentmi bol vytvoreny
3D konstrukény model s pouzitim vypoctového systému SAP2000
[4].

Segmenty boli modelované ako vloZené Skrupiny a spojenia me-
dzi susednymi segmentmi boli modelované prostrednictvom roz-
nych typov pruzin. Mechanické vlastnosti tychto pruZin boli de-

finované s ohladom na to, ¢i i§lo o radidlny alebo obvodovy spoj.

#

Obr. 12 Vykop nad tunelom razenym EPB §titom
Fig. 12 Excavation above EPB shield driven tunnel

could be assembled from top to bottom. For this reason, it was
necessary to verify whether the “counter-key” segment could
transfer stresses induced by its own weight during its cantilever
action.

In addition, the use of special connectors in circumferential
joints and guide rods in radial joints instead of typical assembly
bolts was proposed (see a joint detail — Figures 9 and 10). With
this non-bolted segmental lining, an effort was made to reduce
the roughness caused after removing the bolts. This was a main
innovation for sewer tunnels with segmental lining in Argentina.

Watertightness in the joints of the segmental lining was ensured
by EPDM (ethylene-propylene-diene rubber group M) seals. An
anchored seal installed directly inside the segment form prior to
the placement of concrete was used, effectively saving a step in the
production cycle. Their main disadvantage was that the anchors
create weak spots in the surface that can cause a corner of the
segment to break off when the seal is compressed.

Obr. 13 Vystuz goliera a spojovacie tyce
Fig. 13 Collar reinforcement and tie rods




Na zabezpecenie stability tunela pocas realizicie betonove-
ho goliera (obr. 11) boli pred razenim EPB S§titom nad tunelom
umiestnené medzi segmentmi doCasné vnitorné ocelové spoje.

V etapich vykopu aZ do dosiahnutia trovne klenby tunela raze-
ného EPB S§titom musela galéria nad tunelom preniest dodato¢né
napitia, kedZe zvisld spojovacia konstrukcia eSte nebola zreali-
zovand. Tato okolnost bola zohladnend vo faze navrhu. Razenie
a betondz goliera prebiehali v dvoch etapach. Obr. 12 znazornu-
je vykop pre prvi polovicu goliera, zaroveni je na obrazku dobre
pozorovatelnd modro sfarbend vyplii dutin medzi segmentovym
ostenim a zeminou. Po vykope boli do segmentov vyvitané otvory
pre osadenie spojovacich ty¢i spinajicich segmenty s betonovym
golierom, na ¢o boli pouzité tyce DY WIDAG s priemerom 32 mm
(obr. 13). Po vybeténovani prvej polovice goliera sa zrealizoval
vykop druhej etapy a ndsledne sa vybetonoval zvySok goliera. Na-
koniec boli zrealizované vrty pre rezanie segmentov diamantovym
drotom.

4.4 Sledovanie prevadzkovych parametrov EPB Stitu
a monitorovanie pocas vystavhy

Obr. 14 zobrazuje priebeh razenia v ¢ase. MoZno pozorovat, Ze
od osadenia prstenca ¢. 275 (31. 7. 2018) je rychlost osadzania
prstencov prakticky konstantna (priblizne 12,7 prstencov za den).
Jedind vynimka bola zaznamenand na prstenci ¢. 1957, ¢o bolo
zapric¢inené preruSenim prac medzi Vianocami a Novym rokom.
V tomto grafe su tieZ zndzornené datumy, kedy doslo ku krizo-
vaniu so $iestimi vyznamnymi infraStruktirnymi stavbami v trase
tunela. Priemerny faktor vyuzitia EPB S§titu sa pohyboval okolo
35 %, pricom Cas razenia bol 20 az 25 mintt a ¢as montaze prs-
tenca 25 az 30 mindt.

KriZenie pod metrom linky B bolo najtesnejSie so vzdialenostou
iba 2,50 m medzi korunou tunela razeného EPB §titom a spodnou
stranou tunela linky B. Bol vytvoreny 3D numericky model na
vyhodnotenie vplyvov razenia tunela EPB Stitom na tunel metra.
Tento model simuloval postupnost kazdého kroku stroja a fazy
inStaldcie prstencov. Porovnali sa vysledky 3D modelu s tdajmi
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4.3 Designh of openings

For the three connections of the existing network with the tunnel
driven by the EPB shield, the tender documents envisaged the
construction of shafts built using diaphragm walls with a lower
sealing curtain made by jet grouting before the passage of the
EPB shield. EPB shield tunnels were to be driven through these
shafts, and then connection operations would be carried out inside.
Such a proposal assumed “dirty works” in a densely populated
area. The approach chosen differed from the tender design. It
proposed that the tunnel driven by the EPB shield be connected to
the existing network using connecting galleries, which minimised
disturbance and work on the surface. The connecting galleries
were carried out only after the EPB shield broke the tunnel
through.

A 3D construction model was developed using the SAP2000
computing system [4] for the analysis of the EPB-driven tunnel
with an opening and for the design of the concrete collar and its
connection with the segments.

The segments were modelled as inserted shells and the
connections between adjacent segments were modelled by way
of different types of springs. The mechanical properties of these
springs were defined with regard to whether it was a radial or
circumferential joint.

To ensure the stability of the tunnel during the installation of the
concrete collar (see Fig. 11), temporary internal steel connections
were placed between the segments before the EPB shield drove
above the tunnel.

At the stages of excavation up to reaching the vault level of
the tunnel driven by the EPB shield, a gallery above the tunnel
had to transfer additional stresses, since the vertical connecting
structure had not yet been carried out. This circumstance was
taken into account in the design phase. Excavation and concreting
of the collar took place at two stages. Fig. 12 shows the excavation
for the first half of the collar, at the same time the blue-coloured
filling of the cavities between the segmental lining and the
ground is clearly visible. After the

postup razenia excavation progress
3.8.2019

excavation, holes were drilled into
the segments for installation of

4.1.2019

5.8.2019

4.2.2018

o

6.12.2018

datum date

tie rods connecting the segments
with the concrete collar, for which
DYWIDAG rods with a diameter
of 32mm were used (see Fig. 13).
After completion of concreting the
first half of the collar, the excavation

¢islo prstenca ring number

postup razenia excavation progress

1 - kriZzenie s zel. trafou Belgrano (15.8.2018) 1 - Belgrano railway line crossing (15. 8.2018)

2 — kriZenie s tratou Mitre-Tigre (8. 11.2018) 2 — Mitre-Tigre railway line crossing (8. 11.2018)

3 - krizenie s tunelom na pitn vodu (9. 11.2018) 3 — potable water tunnel crossing (9. 11.2018)
4 —kriZenie s trasou metra D (15.1.2019) 4 - Metro D line crossing (15. 1.2019)

5 — krizenie s tratou Mitre-Suarez (19.2.2019) 5 — Mitre-Suarez railway line crossing 19.2.2019)
6 — krizenie s trasou metra B (26. 6.2019) 6 — Metro B line crossing (26. 6.2019)

]
i I
) 1
i i
7.11.2018 u ' ! )
b . i for the second stage was carried out
8.8.2018 : : : : and then the rest of the collar was
9.6.2018 [ u I [ [ concreted. Finally, boreholes were
i n 1 NE h . .
10.8.2018 1 " EI |H i carried out for cutting the segments
I n I I . . .
9.1.2018 L L 1 L with a diamond wire.
© 2 8 83 8 8 83 B B8 8 83 B B8 8 8 B 8 - .
8§ B R S d B K 2 94 B K 8 9 B 2 4.4 Monitoring of operational

parameters of the EPB
shield and monitoring
during construction
Fig. 14 shows the course of
excavation with time. The only
exception was recorded on ring
No. 1957; it was caused by the

Obr. 14 Graf priebehu razenia (prstenec) vs. cas
Fig. 14 Excavation course graph (ring) versus time

interruption of work between
Christmas and the New Year. This



31. rocnik - €. 4/2022

z monitorovania tunela razeného EPB $titom. Vo v§eobecnosti boli
namerané velmi malé deformacie, podobné tym, ktoré predpove-
dal 3D numericky model.

5. TUNEL POD NUEVA YORK A ULICOU BALLIVIAN

5.1 Vseobecny popis

Horna pozdiZna Gast hlavného odlah&ovacieho tunela s prieme-
rom 2,4 m a dizkou 2 400 m prechddza cez ,, Medium Pampeano “
(pevné, vysoko stmelené silty a ily). Tento Gsek ma menSie nad-
lozie, od 10 do 12 m. Vzhladom na pomer nadloZia k priemeru
tunela ho v§ak moZno klasifikovat ako hlboky tunel. Hladina pod-
zemnej vody sa pohybovala medzi 4 a 9 m vzhladom k osi tunela.
Doélezitu ulohu pri navrhu a realizécii hralo zohladnenie existuju-
cej kanaliza¢nej stoky ,, Arroyo Vega“ 1, ktora vedie paralelne nad
tymto tunelom.

Pre budovanie tohto tunela bola navrhnutd technolégia mik-
rotunelovania (pretlaCanie) namiesto konvencnej metody navr-
hovanej v sttaznych podkladoch. Konven¢ny postup navrhnuty
v sutaznych podkladoch, vyzadoval budovanie do¢asnych staveb-
nych jam kazdych 120-150 m, ako aj vybudovanie odvodiiovacej
$tolne pozdl? tunela. Okrem toho by tieto stavebné jamy muse-
li byt umiestnené v tzkych ulickdch s mnoZstvom existujicich
podpovrchovych sieti, ako si plynové potrubia, kanalizacia atd.
Pri pouzitej technol6gii mikrotunelovania sa pocet stavebnych
jam redukoval na takmer polovicu pdvodne odhadovanych sta-

Tuel

graph also shows the dates when the six major infrastructure
structures on the tunnel route were crossed. The average factor of
the EPB shield utilisation was around 35%, with the excavation
time ranging from 20 to 25 minutes and a ring assembly time from
25 to 30 minutes.

The crossing under the B subway line was the tightest with a
distance of only 2.50m between the crown of the EPB shield driven
tunnel and the underside of the B line tunnel. A 3D numerical
model was developed to evaluate the impact of the EPB shield
tunnel excavation on the subway tunnel. This model simulated the
sequence of each machine step and ring installation phases. The
results of the 3D model were compared with the data from the
monitoring of the tunnel driven by the EPB shield. In general, very
small deformations were measured, similar to those predicted by
the 3D numerical model.

5. TUNNEL UNDER NUEVA YORK AND BALLIVIAN
STREET

5.1 General description
The upper longitudinal section of the main relief tunnel was
2.4m in diameter and 2,400m long, passing through the “Medium
Pampeano” (stiff, highly cemented silts and clays). This section
has a smaller overburden, from 10 to 12m. However, due to the
ratio of the overburden thickness to the diameter of the tunnel, it
can be classified as a deep tunnel. The water table level ranged
from 4 to 9m relative to the axis of

5.70

(8irka razenia
excavation width)

the tunnel. An important role in the
design and construction was played

trovet ferénu by the consideration of the existing
surface level sewer “Arroyo Vega” 1, which runs

parallel above this tunnel.

15.39

Microtunnelling technique (Pipe
Jacking) was designed for the
construction of this tunnel instead of
the conventional method proposed
in the tender documents. The
conventional procedure, as proposed
tender design, required
construction of temporary
construction pits every 120-150m,
as well as the construction of a

montézna $tolfia in the
assembly addid the

Startovaci ram

{hrust frame drainage gallery along the tunnel. In

addition, these construction pits had
to be located in narrow alleys with a
lot of existing subsurface networks,

oporna stena
pre pretlak

thrust wall

/ such as gas pipes, sewers, etc. With
the  microtunnelling  technique
used, the number of construction

pits was reduced to almost half of

the originally estimated pits. In
this way, the contractor tried to

I 2.79

reduce the scope of work on the
surface and increase the safety of

zbernd nadrz

wet well

the work. Three launching pits
and four target pits were designed
to complete the six stages using
an AVN microtunnelling machine

Obr. 15 Vertikdlny rez Startovacou Sachtou
Fig. 15 Vertical section through launching shaft

(Herrenknecht — machine  type),
optimising the tunnelling distances.




vebnych jam. Tymto sa zhotovitel snaZil znizZit rozsah pric na
povrchu a zvysit bezpecnost prac. Boli navrhnuté tri Startovacie
jamy a Styri cielové jamy na dokoncenie Siestich etdp s mikrotu-
nelovacim strojom AVN (typ stroja firmy Herrenknecht), ¢im sa
optimalizovali vzdialenosti razenia tunela. Prefabrikované bet6-
nové riiry mali vonkajsi priemer 2,8 m, dizku 3 m a hriibku 20 cm.
Ruary boli navrhnuté s typom spoja ,,zvon a cap*, kde vodotes-
nost bola zabezpecend klinovym elastomérnym tesnenim s klz-
nym kruzkom. Vykopové prace sa zacali v auguste 2018 a skoncili
v auguste 2019.

5.2 Navrh obojsmernych raziacich sacht

Raziace Sachty na mikrotunelovanie mali Specidlny dizajn. Po
prvé kvoli obmedzenému priestoru, ktory bol k dispozicii kvoli
pritomnosti prekazok, a po druhé, pretoZe bolo potrebné spus-
tit mikrotunelovacim strojom AVN v oboch smeroch z kaZdej
raziacej Sachty. Aby bola dodrzana vzdialenost od povrchu co
najnizsie, bola Sachta dimenzovana tak, aby umoziiovala spuste-
nie mikrotunelovacieho stroja AVN a na buducej trovni tunela
bol vytvoreny priestor na montaz strojov z dvoch §tdlni dlhych
3 m v smere dovrchnom a ipadnom (obr. 15). TaktieZ bola pre
Start stroja v opacnom smere navrhnutd pritlacna stena s kruho-
vym otvorom. Na prenesenie excentrického zataZenia od hyd-
raulickych lisov do beténu opornej steny bol navrhnuty ocelovy
ram.

Pomocou 3D numerickej analyzy sa simulovala realizcia razia-
cej Sachty s cielom overit Ginosnost zeminy za predsunutou stenou
a vyhodnotit vplyv na existujtci kanalizacny zberaC pocas vystav-
by. Model konecnych prvkov bol vytvoreny v PLAXIS 3D [3]
pomocou HS-Small konstitutivneho modelu pre vSetky zeminy.
Navrh vystuZe opornej steny bol realizovany v systéme SAP2000
s pouzitim pritového modelu. Tento postup bol zvoleny z dovo-
du znacnej hribky konstrukcie a pdsobeniu velkého ststredeného
zataZenia od lisov, €o viedlo k predpokladu neplatnosti Bernoulli-
Navierovej hypotézy.

5.3 Sledovanie prevadzkovych parametrov
mikrotunelovacieho stroja AVN

Pocas prevadzky stroja AVN boli zaznamenavané: tlak v lisoch,
rychlost rezacej hlavy, krdtiaci moment a parametre rychlosti
postupu razenia. Tab. 2 zobrazuje priemerné hodnoty niektorych
z tychto parametrov pre jednotlivé dseky.

Tab. 2 Stredné prevddzkové parametre stroja AVN

Usek Parameter
5 rychlost | otacky
2 o dizka cas postupu | raziacej
(m) (dni) (3mrary/ | hlavy
den) (rpm)
PL1 PR1 438 61 2,4 4.2
PL1 PR2 435 35 4.1 45
PL2 PR2 468 42 3,7 43
PL2 PR3 420 42 318 44
PL3 PR4 471 41 3,8 45
PL3 PR3 114 8 48 45

Zatazenie bolo odhadnuté podla Hough&Milligan [5]. Ako
uvadzaja autori: ,, V sudrinych zemindch budi sily od zataZenia
Celby relativne nizke v zdvislosti od rozpojitelnosti a taZitelnosti
zeminy. “ Podobne: ,, Sily od trenia si v stabilnom vyvrte funkciou

hmotnosti rir (W) a koeficientu trenia na lokdlnom rozhrani (W).
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The pre-cast concrete tubes had an outer diameter of 2.8m, a
length of 3m and a thickness of 20cm. The pipes were designed
with a ,bell and pin“ joint type, where watertightness was
ensured by a wedge-shaped elastomeric seal with a sliding ring.
Excavation operations began in August 2018 and ended in August
2019.

5.2 Design of bi-directional shafts

The design of shafts for microtunnelling was special. Firstly,
because of the limited space that was available due to the presence
of obstacles and secondly, because it was necessary to launch
the AVN microtunnelling machine in both directions from each
excavation shaft. In order to keep the distance from the surface as
short as possible, the shaft was dimensioned in such a way as to
allow the AVN microtunnelling machine to be lowered, and at the
future level of the tunnel, a space was created for the assembly of
the machines in two tunnels 3m long on the up and down gradient
(see Fig. 15). A thrust wall with a circular hole was also designed
for launching the machine in the opposite direction. A steel frame
was designed for transferring the eccentric load from the hydraulic
presses to the concrete of the thrust wall.

With the help of 3D numerical analysis, the construction of
the excavation shaft was simulated in order to verify the bearing
capacity of the soil behind the forward-shifted wall and to evaluate
the impact on the existing collector sewer during construction. A
finite element model was created in PLAXIS 3D [3] using the
HS-Small constitutive model for all soils. The reinforcement of
the retaining wall was design in the SAP2000 system using a bar
model. This procedure was chosen with respect to the significant
thickness of the structure and the effect of a large concentrated
load induced by the presses, which led to the assumption that the
Bernoulli-Navier hypothesis was invalid.

5.3 Monitoring of operational parameters of the AVN
microtunnelling machine
During the operation of the AVN machine, the following
parameters were recorded: pressure in the thrust cylinders,
rotation speed of the cutterhead, torque and speed parameters of
the excavation advance rate. Table 2 displays the average values of
some of these parameters for individual sections.

Table 2 Mean operational parameters of the AVN machine

Section Parameter
. advance cutter

from to length (m) 3;“ 2 rate (3m tril:ﬁdsr?:&

(days) tube/day) (I’pl?’l)
PL1 PR1 438 61 2.4 4.2
PL1 PR2 435 85 4.1 4.5
PL2 PR2 468 42 3.7 4.3
PL2 PR3 420 42 3.3 4.4
PL3 PR4 471 4 3.8 4.5
PL3 PR3 114 8 4.8 4.5

The load was estimated according to Hough&Milligan [5]. As
the authors state: “In cohesive soils, the forces from the loading
of the excavation face will be relatively low depending on the
breaking characteristic and workability of the soil.” Similarly:
“Frictional forces in a stable borehole are a function of the tube
weight (W) and the coefficient of friction at the local interface
(W).” To take local deviations into consideration, this value was
increased by 25% (see equation 1):
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Pre zohladnenie lokdlnych odchyliek bola tato hodnota zvysSena
0 25 % (pozri rovnicu 1):

F=125W tan(3) =
= 1,25:(40,8 kN/m)-tan(0,8-30°) = 22,4 kN/m. (1)

6. ZAVER

V tomto ¢lanku boli prezentované najdoleZitejSie geotechnické
vyzvy spojené s realizaciou protipovodiiového tunela Arroyo Vega.
Bol opisany navrh spustacej Sachty EPB Stitu, ktorej geometria
stenovych lamiel viedla k optimélnej vodotesnosti. Najmé navr-
hnuté rieSenie prerazenia steny Sachty, vyuZivajice plastbetonovy
zarodok, sa v geotechnickych podmienkach mesta Buenos Aires
ukédzalo ako jednoduché a tspeSné. Dosiahol sa bezpecny Start
EPB Sstitu bez pritomnosti podzemnej vody a bez opotrebovania
reznych néstrojov.

V stvislosti s ndvrhom tunela razeného EPB $titom sa podrobne
rozpracovalo prijaté rieSenie vyhotovenia otvorov, ktoré umoziu-
ju pritok vody z existujucej siete. Toto rieSenie bolo sice zlozi-
té vzhladom na pouZitie segmentov bez spojovacich prvkov, no
bolo tc¢inné a vyhlo sa vSetkym problémom spojenych s vykopom
otvorenej stavebnej jamy, ¢im sa eliminovala pritomnost zablate-
ného staveniska v husto obyvanej oblasti. PouZitie mikrotunelo-
vania v usekoch povodne navrhovanych konvenénym sposobom
minimalizovalo vplyv stavebnych prac na povrch tizemia a pris-
pelo tieZ k zvysSeniu bezpecnosti prace. Tento ¢lanok tieZ popisuje
rieSenie obojsmernych raziacich Sacht, ktoré boli najvicsou vy-
zvou v tejto oblasti. Toto rieSenie si vyZadovalo presné umiest-
nenie rdr na konci kazdého useku, zrovnané s pritlacnou stenou
tak, aby bolo moZné osadenie rozperného rdmu a spustenie razenia
v opacnom smere. Tymto navrhom sa dosiahlo najlepSie rieSenie
z pohladu minimalizicie vplyvu stavebnych prac na povrch uze-
mia a zaroveni sa vyhlo premiestiiovaniu zariadenia staveniska pre
kazdy usek razenia vo vysoko obyvanej oblasti.

Taktiez boli prezentované najrelevantnejsie vysledky monitoro-
vacieho systému implementovaného v jednotlivych tsekoch.

AGUSTIN JUAN GUASTAVINO,
agustavino@cartellone.com.ar,

José Cartellone Construcciones Civiles SA, Buenos Aires,
BRUNO A. VICENTE,

bvicente@geoconsultba.com.ar,

R. SOLA,

rsola@geoconsultba.com.ar,

Geoconsult Buenos Aires, Argentina

Recenzoval Reviewed: Ing. Miloslav Frankovsky

LITERATURA / REFERENCES

Tuel

F=1.25W tan(d) =
=1.25-(40.8kN/m)-tan(0.8-30°) = 22.4kN/m . (1)

6. CONCLUSION

In this paper, the most important geotechnical challenges
associated with the construction of the Arroyo Vega flood
prevention tunnel were presented. The design of the EPB shield
launching shaft and the geometry of the wall lamellas leading
to optimal watertightness was described in it. In particular, the
proposed solution for breaking through the shaft wall, using
plastic concrete seed, proved to be simple and successful in the
geotechnical conditions of the city of Buenos Aires. In particular,
the proposed solution for breaking through the shaft wall, using
plastic concrete starter tunnel, proved to be simple and successful
in the geotechnical conditions of the city of Buenos Aires. A safe
start of the EPB shield was achieved without the presence of ground
water and without wear of the cutting tools.

In connection with the design of the tunnel driven by the EPB
shield, the adopted solution for the creation of openings that allow
the inflow of water from the existing network was elaborated in
detail. Although this solution was complex due to the use of segments
without fastening elements, it was effective and avoided all the
problems associated with the excavation of an open construction
pit, thus eliminating the presence of a muddy construction site in a
densely populated area. The application of microtunnelling in the
sections originally proposed to be excavated in a conventional way,
minimised the impact of construction operations on the surface of
the territory and also contributed to increasing safety at work. This
paper also describes the solution to bi-directional excavation shafts,
which were the biggest challenge in the area. This solution required
the precise positioning of the tubes at the end of each section, flush
with the thrust wall so that it was possible to fit the spreader frame
and start the excavation in the opposite direction. Thanks to this
proposal, the best solution was achieved from the point of view of
minimising the impact of construction work on the surface of the
territory and at the same time it avoided the necessity for relocation
of construction site equipment for each section of excavation in a
highly populated area.

In addition, the most relevant results of the monitoring system
implemented in individual sections were also presented.
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VLASTNOSTI HORNINOVEHO MASIVU NEOZBYTNE PRO NAVRH
PODZEMNICH KRYTU
ROCK MASS PROPERTIES REQUIRED FOR DESICN
OF UNDERGROUND SHELTERS

VERONIKA PAVELCOVA, ALEXANDER KRAVCOV, JIRI STOLLER, PETR KUBECEK

ABSTRAKT

PrFi zvaZovdni méritka zkoumdni horninového masivu pro reSeni konkrétniho problému je nutné zohlednit strukturu horninového
masivu a rozmér podzemniho objektu. Pokud je struktura v rdmci posuzovaného méritka masivu homogenni, lze pri reSeni vyuZit kla-
sické teorie pruznosti. U kvazihomogenniho masivu je treba zohlednit heterogenity geomechanickych viastnosti horninového masivu
a pro reSeni pouZit napr. teorii Kolosova—Muskhelishviliho. V tomto pripadé je zohlednéni pevnostnich charakteristik hornin spojeno
se statistickymi charakteristikami uvaZovanymi pri laboratornich zkouskdch vlastnosti hornin. Tento postup miiZe byt vhodny pri
vybéru horninového masivu, ktery by mohl byt dostatecny pro rozhodovdni o umisténi krytit pro ochranu civilniho obyvatelstva pred

licinky jadernych zbrani.

ABSTRACT

When considering the scale of investigation of a rock massif to solve a specific problem, it is necessary to take into account the
structure of the rock massif and the size of the underground structure. If the structure is homogeneous within the scale of the massif
under consideration, the classical theory of elasticity can be applied to the solution. In the case of a quasi-homogeneous massif, the
heterogeneity of the geomechanical properties of the rock mass must be taken into account and, for example, the Kolosov—Mskhelish-
vili theory should be used for the solution. In this case, the taking into account the strength characteristics of rocks is connected with
the statistical characteristics taken into consideration during laboratory tests of rock properties. This procedure may be suitable for
selecting a rock mass that could be sufficient for the process of deciding on the location of civil defence shelters designed to protect
the population from the effects of nuclear weapons.

CHARAKTERISTIKA MASIVU

Struktura horninového masivu je ddna tvarem, velikosti a pro-
storovym usporaddnim horninovych téles a blokii omezenych dis-
kontinuitami, které mohou mit rizny charakter i riznou genezi.
Pti posuzovani konkrétniho problému je dilezity vztah mezi mé-
fitkem zkoumani a méfitkem nehomogenity, ktery urcuje kvaziho-
mogenni celek. V zasadé plati, Ze méfitko zkoumani je dano pfi-
tomnosti diskontinuit urcitého fadu, které se nachazeji v objemu
horninového masivu potfebného k posouzeni feSeného problému
[1, 2]. Za konven¢ni hranici kvazihomogenity se povaZuje situace,
kdy nehomogenity nabyvaji statisticky vyznamnou hodnotu az pfi
10x vétsim rozméru zkoumaného objektu (vzorku, plochy ap.).

A:

Obr. 1 Definice Fdadu horninového masivu v zdvislosti na méritku masivu
a Fddu diskontinuit

Fig. 1 Definition of the order of the rock massif depending on the scale of the
massif and the order of discontinuities

CHARACTERISTICS OF THE MASSIF

The structure of the rock massif is determined by the shape, size
and spatial arrangement of rock bodies and blocks bounded by
discontinuities, which can have a different character and different
genesis. The relationship between the scale of investigation and
the scale of inhomogeneity that determines the quasi-homogeneous
whole is important when assessing a particular problem. In
principle, the scale of the investigation is determined by the
presence of discontinuities of a certain order, which are found in
the volume of the rock massif needed for assessing the problem
being solved [1, 2]. A situation where inhomogeneities assume a
statistically significant value up to 10 times the size of the structure
being investigated (sample, surface, etc.) is considered to be the
conventional boundary of quasi-homogeneity.

The classical theory according to Kolosov—Muskhelishvili [3]
was used to determine the stress in the rock massif depending on
the scale and order of the discontinuities.

Fig. 1 shows a diagram of the arrangement of the rock massif
dependingonthescaleofinvestigationand the scaleofinhomogeneity
(the order of discontinuities). In the massif being considered, two
categories of structural elements can be distinguished: a’, b’, ¢’, d’
and a”, b”, ¢”, d” formed by discontinuities of the first or second
order. If the scale of the investigated area in the problem being
considered is A1, then the properties of the field with elements a’,
b’, ¢’, d’, i.e. the first-order field, must be taken into account for
this problem. If the field scale is increased to A2, then a second-
order field with structural elements a’, b’, ¢’, d’ and a”, b”, ¢, d”
must be taken into consideration.
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K urceni napéti horninového masivu v zdvislosti na méfitku
a fadu diskontinuit byla pouZita klasicka teorie podle Kolosova—
Muskhelishviliho [3].

Obr. 1 ukazuje schéma usporddani horninového masivu v zavis-
losti na méfitku zkoumani a méfitku nehomogenity (fadu diskon-
tinuit). V uvazovaném masivu lze rozliSit dvé kategorie struktur-
nich prvka: a‘, b*, ¢, d* a a“, b*, ¢, d* tvorené diskontinuitami
prvniho, resp. druhého fadu. Pokud je méfitko zkoumané oblasti
v uvaZovaném problému A, je tfeba pro tento problém zohlednit
vlastnosti pole s prvky a‘, b‘, ¢, d*, tj. pole prvniho fadu. Pokud se
méfitko pole zvétSina A, pak je tieba uvazovat pole druhého fadu
se strukturnimi prvky a‘, b, c‘, d*ia“, b, c¢*, d*.

Je tfeba uvaZovat situaci, kterd ukazuje nutnost rozdéleni me-
chanickych vlastnosti materidlu na piikladu pole druhého fadu
(obr. 1). Pro zjednoduseni se bere velikost strukturniho prvku prv-
niho fadu za rovnou a X a X a, velikost druhého prvku sloZeného
z n prvkil prvniho fadu uspotfadanych v jedné fadé za na x na x na.

Pro cely prvek druhého fadu (jako celek) je podle klasické teorie
pruznosti objemova potencidlni energie A objemu daného prvku
od vlivu zatiZeni P definovana pomoci n prvki prvého radu [4]:

oe 1
AT e W
kde:
A objemova potencidlni energie,
o normélova napéti v prvku druhého tadu,
& pretvoreni prvku druhého fadu,
P, zatiZeni i-tého prvku prvého fadu,
n  pocet prvkil prvého fadu,
a, délka ,hrany* i-tého strukturniho prvku prvého fddu v jed-

né rade,
délka ,.hrany* strukturniho prvku prvniho fadu.

Moy

Pak na objemu prvku druhého fadu V = na’ bude prace vnéjsich
sil nasledujici:
1 n n
W, =—->Rlna-33a |
n 1 1

Primérné energie ACp pii plsobeni sily rozloZené na prvky prv-
niho fadu je definovéna jako

A, Yr(a-a)
S Sl 3)

@)

A

kde:
A, objemova potencidlni energie i-tého prvku prvého fadu.

n 2n a

Prace vnéjsich sil na i-ty prvek prvniho fadu
W.=P (a-a). “4)

Skute¢nd prace vnéjsich sil na pruzné posuny soustavy druhého
fadu slozené z prvki prvniho fddu bude tedy nasledujici

y L
w, =22 [R(a-a)]. ©)
1
Podle (2) plati, Ze
W, =AYV, (6

Tuel

Itis necessary to take into consideration a situation that shows the
necessity of dividing the mechanical properties of the material using
the example of a second-order field (see Fig. 1). For simplification,
we take the size of the structural element of the first order as equal
to a x a x a and the size of the second element composed of n first
order elements arranged in one row as na X na X na.

For the entire second order element (as a whole), according to
the classical theory of elasticity, the volumetric potential energy A
of the volume of the given element induced by the influence of the
load P is defined using n first order elements[4]:

ﬁziiR(na_ia)

A= —,
2 2n a

(1)
where:

volumetric potential energy,

normal stress in second order element,

second order element strain,

load on i-th first order element,

number of first order elements,

length of “edge” of i-th first order structural element in one
row,

a length of “edge” of first order element.

SIS

QI M

Then, for the volume of the second order element V = na’, the
work of the external forces will be as follows:

1 n n
W, =53 p(ma-Sa |
1 1

The average energy A under the action of a force broken into
first-order elements is defined as

YA, SR(a-a)
_ 1 _ -1 . . 3)

2

A

n 2n a
where:
A, volumetric potential energy of i-th first order element

Work of external forces falling upon i-th first order element

W.=P (a—a). “4)

The actual work of external forces falling upon the elastic
displacements of a second-order system composed of first-order
elements will therefore be as follows

’ 1 1
w, =X [R(a-a)]. 5)
1
It applies according to (2) that
W, =AV, 6)
where:

V' second order element volume,
A, average energy under the action of a force broken into first
order elements.

The result is:

W, =W, (7

The potential energy of the massif formed by individual
structural elements is therefore the sum of average values, not the
total potential energy of individual elements.

The difference between the actual work of the second-order




kde:
\%4 objem prvku druhého tadu,
A primérna energie pifi plsobeni sily rozloZzené na prvky

p
prvniho radu.

Vysledkem je:
W, =W, ™

Potencidlni energie masivu jednotlivych konstruk¢nich prvki
je tedy souctem pramérnych hodnot, nikoliv celkovou potencialni
energii jednotlivych prvki.

Rozdil mezi skute¢nou praci masivu druhého radu a praci vypo-
¢tenou pro masiv jako celek bude tim mensi, ¢im mensi je variacni
koeficient pruznych vlastnosti, tj. kdyZ je rozdil maly

AM=A A, (8)

Pokud je varia¢ni koeficient deformac¢nich vlastnosti prvki prv-
niho fadu minimalni (roven nule), pak podle (2) a (5)

W, =W, = 2P(a-3). ©)

kde:
P zatiZeni prvku druhého radu.

Cim vice je masiv tvoren heterogennimi prvky (strukturng), tim
veétsi vyznam ma zohlednéni variability vlastnosti jednotlivych
prvka masivu. Masiv sloZzeny z viceméné homogennich prvki Ize
klasifikovat jako homogenni.

ZkuSenosti s umistovanim krytd v hlubinnych dolech ukazuji,
Ze je tfeba provéfit stabilitu podminek pro bezpec¢nost ukryvanych
osob v pomérné velkém poctu chodeb vedenych z kazdé jednotlivé
Sachty.

Z analyzy faktord ovliviiujicich napéti horninového masivu
v okoli dilni chodby vyplyv4, Ze s ohledem na navrhovani kryta
s danymi parametry seizmického zatiZeni se jako nejefektivné;si
metoda hodnoceni stability chodeb jevi vypocet mezni hloubky
v skalnim masivu v zavislosti na pevnostnich vlastnostech hornin.

Mezni hloubku H, (m), v niZ je zachovana stabilita hornin na
obvodu dilni chodby, 1ze urcit feSenim rovnice mezni rovnovahy

(8]
(R, — 04 )0,0102

H im = . ’ (9)
™ 107 p(K, + KK, )(cos’ @ - K,sin’ )

kde

R poZzadovand pevnost horniny v tlaku (kPa),

0,.. ckvivalentni statické zatiZeni zplsobené seismickymi

vlnami (kPa),

p  hustota hornin (kg/m?),

K, koeficient koncentrace napéti od pisobeni vertikalniho tla-
ku horninového masivu,

K koeficient koncentrace napéti od pisobeni horizontalniho
tlaku horninového masivu,

o uhel sklonu chodby od vodorovné (°),

K koeficient boc¢niho tlaku v klidu.

Seizmické zatiZeni

O-sratic = [(IakUL‘z + O.sttatic : 0,0102)(008206 + I(OSinza)jI +
+1,U_(sin*a + K cos’a)] K, +

+K, (0, U+1,U +0 . 0,0102)Kq , 11

swstatic
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massif and the work calculated for the massif as a whole will
be smaller the smaller the coefficient of variation of the elastic
properties, i.e. when the difference is small

A=A -A. @®)

If the coefficient of variation of the deformational properties of
the first-order elements is minimal (equal to zero), then according
to (2) and (5)

W, =W, =~ P(a-a). ©)

where:
P second order loading.

The more the massif consists of heterogeneous elements
(structurally), the more important it is to take into account the
variability of the properties of the individual elements of the
massif. A massif composed of more or less homogeneous elements
can be classified as homogeneous.

Experience with the placement of shelters in deep mines shows
that it is necessary to check the stability of the conditions for the
safety of sheltered persons in a relatively large number of corridors
leading from each individual shaft.

It follows from the analysis of the factors affecting the stress
in the rock massif in the surroundings of the mine corridor, that
with regard to the design of shelters with the given seismic load
parameters, the calculation of the limiting depth in the rock
massif depending on the strength properties of the rocks appears
to be the most effective method of evaluating the stability of the
corridors.

The limiting depth H_(m) at which the stability of the rocks
on the circumference of the mine corridor is maintained can be
determined by solving the limit equilibrium equation [8].

(R, — 04 )0,0102

im = - > 9
107 p(K, + KoK, )(cos’ o - Ky sin® ar) (
where
R_ required compressive strength of rock (kPa),
0, .. equivalentstatic loading imposed by seismic waves (kPa),

p  rock density (kg/m?),
, stress concentration factor due to action of rock mass vertical
pressure,
K stress concentration factor due to action of rock mass
horizontal pressure,
o angle of corridor inclination from horizontal (°),

K coefficient of lateral pressure at rest.

Seismic loading

meric = [(IakUz'j + (jxw.xmti(' ’ 0’01 02)((:082“ + K()Sinza)] +
+1,U_ (sin*a + K cos*a)] Kp +

+ KO ([ukUz':+ Y U:\‘+ 0, ’ 0’0102)1(4/ ’ (1 1)

ak ™ ¢ swstatic

where:

I, acoustic impedance of rock in the massif (kgm™s™),

U, U, vertical and horizontal components of particle velocity
(m/s),

equivalent static load induced by pressure wave —

shock wave pressure (kPa).

swstatic

The effectiveness of the calculation method is achieved by
solving the problem under the conditions of the extent of changes
in the strength and elasticity properties of rocks for different mines.
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Tab. 1 Zdvislost mezi pevnosti horniny v tlaku a akustickou impedanci horniny

Tuel

The complex calculation of the

Pozadovana pevnost horniny v tlaku A, (MPa) 5 10 20 39 78 118 | 157 change in H,  values is dependent
Akustickd impedance hornin /_, (kgm™s-10°) 2 36 | 57 | 98 | 159 | 175 | 192 on the strength of the rock and
is carried out with regard to the
Table 1 Dependence between compressive strength of rock and acoustic impedance of rock relationship between the mechanical
Required compressive strength of rock R_ (MPa) 5 10 20 39 78 118 | 157 and acoustic properties and the
Acoustic impedance of rocks Iak (kgm‘zs"-106) 2 3.6 5.7 9.8 15.9 17.5 19.2 speciﬁc properties of the geo]ogica]

structure of the given place.

kde: RESULTS

I, akustickd impedance horniny v masivu (kgm?s™),
U.,U, vertikalni a horizontalni slozky rychlosti ¢astic (m/s),
o ekvivalentni statické zatiZeni tlakovou vinou — tlak ra-

swstatic
zové viny (kPa).

Efektivita metody vypoctu je dosaZena feSenim problému za
podminek rozsahu zmény pevnostnich a pruznostnich vlastnosti
hornin pro rizné doly. Komplexni vypocet zmény hodnot H,  je
zavisly na pevnosti horniny a je proveden s ohledem na vztah mezi
mechanickymi a akustickymi vlastnostmi a specifickymi vlast-
nostmi geologické struktury daného mista.

VYSLEDKY

Po shrnuti vysledkt z experimentélnich studii akustickych a me-
chanickych vlastnosti hornin ve vzorcich [5] a implementaci zis-
kanych dat do podminek dulnich dél byla zjisténa zavislost mezi
pevnosti horniny v tlaku a akustickou impedanci horniny v masi-
vu, kterou lze vyuZit pfi komplexnich vypoctech mezni rovnovahy
(tab. 1).

Pro tento vypocet lze s dostatecnou pfesnosti uvazovat hustotu
hornin jako stfedni hodnotu této veli¢iny v podminkédch studova-
ného dolu.

Koeficient bo¢niho tlaku v klidu K = f(v) v€tSinou nezavisi na
pevnosti a dalSich vlastnostech hornin, i kdyz nékteré kategorie
hornin vykazuji pravidelny pokles Poissonova Cisla v s rostouci
pevnosti horniny. Horniny, které maji tendenci k uvoliiovani napéti,
se zkoumaji zvlast z hlediska vlivu bocnich tlaki. V souvislosti
s tim jsou provedeny samostatné vypocty pro fadu koeficientd v
a K, vCetné jejich variacniho rozpéti.

U ddlnich chodeb se sklonem do 20° se thel sklonu o ve vy-
poctech povazuje za 0, protoze ma na konecné vysledky vypoctu
zanedbatelny vliv.

Charakter piisobeni seismickych vin v horninovém masivu zavi-
si na geologické stavb€ oblasti a predevsim na tloustce & svrchni
(pokryvné) vrstvy ze zemin. Napéti zplsobend seismickym za-
tizenim pfi tloustce svrchni vrstvy pokryvi A, < 15 m zlstavaji
neménna s rostouci hloubkou, pfi hodnotéch /2, > 15 m seizmic-
k4 napéti klesaji s rostouci hloubkou v disledku utlumu tlaku ve
vertikdlnim sméru.

Pro i, < 15 m se vertikdlni a horizontélni slozka rychlosti Cdstic
(U_,U,) pro uvedenou tiidu ukrytl povaZzuje za stabilni hodnotu
nezavisle na hloubce diilniho dila H a tyto slozky jsou si navzajem
rovny. Pro pfipad A, > 15 m se hodnota U_ méni v zdvislosti na
hloubce H. Z analytického rozboru vyplyva, Ze zatizeni zpisobené
seismickou vlnou ¢ . je rovnéZ proménnou veli¢inou zavislou
na hloubce H. S ohledem na definovana specifika ucinki seismic-
kych vln je tfeba provést vypocet v nasledujicim poradi. Nejprve se
ur¢i hodnota H, bez ohledu na zménu zatiZeni v disledku tlakové
viny o, ..V piipadé h; < 15 m se hodnota U_ rovnd U . Poté
diky H, lze ziskat hodnoty o aU_ v hloubce H=H, . Verti-
kalni a horizontalni tlak rdzové viny lze ziskat ze vzorce

swstatic

After summarizing the results of experimental studies of the
acoustic and mechanical properties of rocks in the specimens [5]
and implementing the obtained data into the conditions of mine
shafts, the dependence between the compressive strength of the
rock and the acoustic impedance of the rock in the massif was
found, which can be used in complex limit equilibrium calculations
(see Table 1).

For this calculation, the rock density can be considered with
sufficient accuracy as the mean value of this quantity in the
conditions of the mine being studied.

The coefficient of lateral pressure at rest K = f(v) mostly does
not depend on the strength and other properties of rocks, although
some rock categories exhibit regular decreasing in Poisson’s ratio
with increasing rock strength. Rocks tending to releasing stress are
examined separately from the point of view of the effect of lateral
pressures. In connection with this, separate calculations are made
for a number of coefficients v and K, including their interquartile
range.

For mine corridors sloping up to 20°, the slope angle « is
considered to be 0 in the calculations, as it has a negligible effect
on the final calculation results.

The nature of the action of seismic waves in a rock massif
depends on the geological structure of the area and, above all,
on the thickness h, of the upper (overlying) soil layer. Stresses
caused by seismic loads at a thickness of the upper layer of covers
hy < 15m remain unchanged with increasing depth; at values
h, > 15m seismic stresses decrease with increasing depth due to
pressure attenuation in the vertical direction.

For h, < 15m, the vertical and horizontal components (U{_Z, U,)
of the particle velocity for the specified class of shelters are
considered to be stable values regardless of the depth H of the mine
shaft, and these components are equal to each other. In the case
h, > 15m, the value changes depending on the depth H. It follows
from the analysis, that the load induced by the seismic wave is also
a variable quantity dependent on the depth H. Taking into account
the defined specifics of the effects of seismic waves, the calculation
must be performed in the following order. First, the value H is
determined regardless of the load change caused by the pressure
wave 0 . In the case of i) < 15m the value U, is equal to U_.
Then, thanks to H_, it is possible to obtain values o, and U(.z
at depth H = H_. The vertical and horizontal pressures induced by

swstatic
the shock wave can be obtained from the formula

o.=1,U_[kPa] (12)
and

o,.=1,U_[kPa], (13)
where:

I, acoustic impedance of rock in the massif (kgm™s™),

U, U, vertical and horizontal components of particle velocity
(m/s).




o, =1,U_(kPa) (12)
a

o,=1,U_(kPa), (13)
kde:

I, akustickd impedance horniny v masivu (kgm™s™),

U, U, vertikilni a horizontalni slozky rychlosti Castic (m/s).

Zkoumani Casovych a linedrnich charakteristik vin ukazuje, Ze
v podminkéch chodby (komory) maji napéti zpisobena seismic-
kymi vlnami kvazistaticky charakter. V nékterych pripadech délka
viny (A = 200 m) pfesahuje rozméry prifezu chodby. Teoreticky

i prakticky bylo prokazano, Ze s %2 4 (B - rozpéti chodby/ko-

mory) je dynamicky soucinitel napjatosti roven statickému, nebo
jej prevySuje maximéalné o 10 %. Kromé toho kvazistaticky cha-
rakter seizmického napéti neméni pevnostni charakteristiky hornin
na rozdil od statického napéti. V tomto ptipadé se koeficient dyna-
mického zpevnéni hornin blizi hodnoté 1 (koeficient dynamického
zpevnéni udava rozdily meze kluzu a meze pevnosti namétenych
statickou a dynamickou zkouskou pfi dané rychlosti zatéZovani).

Mimoradna slozitost mechanického modelu vyvoje zatéZovani
horninového masivu s ohledem na jeho rizné zény a fady diskon-
tinuit, stejn¢ jako prakticka nemoznost pfimého posouzeni vlast-
nosti hornin v téchto masivech, vedla k metoddm umoziujicim
odhadnout proces zatéZovéani horninového masivu podle stavu na-
pjatosti hornin tvoficich horninovy masiv.

Soucasné s vyvojem a zdokonalovanim metod a pfistroji pro
méfeni v riznych mistech horninového masivu bylo provede-
no velké mnozstvi méfeni napjatosti v nejriznéjSich horninach
a v riznych geologickych podminkach, v hloubkach od povrchu
az do 1000 m v dolech, lomech a v zakladech vodnich staveb
[6, 7]. Byl zkoumén stav napjatosti v tzv. neporuSenych hornino-
vych masivech a v zénach odtéZovani v blizkosti pfirozenych nebo
umeélych vychozi. Dnes je k dispozici fada metod pro hodnoceni
napjatosti hornin v masivech. DosaZené vysledky v této oblasti
byly podrobné shrnuty v [8, 9].

Pfi urCovani napjatosti v horninovém masivu se vzdy uvazuji
gravitacni napéti, tj. tthové sily nadloZnich vrstev. Ve skutecnosti
mohou stav napjatosti ovlivnit dalSi faktory (napf. zbytkova napé-
ti, horotvorna ¢innost v minulosti apod.). Tato napéti 1ze odhad-
nout podle projevli masivu pfi prizkumu ¢i stavbé (a také zhruba
i podle geologické stavby izemi). Riizné metody pro zjiSténi sta-
vu napjatosti s diirazem na zbytkova napéti jsou uvedeny napf.
v [10]. Je nutné zdiraznit, Ze stanoveni napéti v horninovém ma-
sivu pfimym méfenim (metody deformacni, odlehcovaci apod.)
neni vZdy mozné a metody vyuZivajici matematické modely (in-
verzni vypocet) jsou velice citlivé na stanoveni vstupnich para-
metrd. Z tohoto divodu se pfi ur€ovéani vlastnosti horninového
masivu pro navrh podzemnich krytil ¢asto uvaZuje jen gravitacni
stav napéti.

ZAVER

Pro umisténi kryti pro ochranu civilniho obyvatelstva lze vyu-
Zit i dulni dila. Pro vyhodnoceni vhodnosti horninového prostredi
v uvazovaném umisténi krytu se vSak vyskytuje vice problém.
Jednak je to vlastni zohlednéni struktury horninového masivu
a rozméru krytu (podzemniho objektu), vlastnosti hornin, zpisob

provadeéni dilniho dila a predikce stability pro uvaZovana static-
ka a seizmickd zatiZeni. Tyto vlivy je moZné zohlednit mnoha
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Examination of the time and linear characteristics of the waves
shows that in the conditions of the corridor (chamber) the stresses
induced by the seismic waves have a quasi-static character. In some
cases, the wave length (A > 200m) exceeds the cross-sectional
dimensions of the corridor. It has been proved theoretically and

practically that with % 2 4 (B —corridor/chamber maximum width)

the dynamic stress factor is equal to the static one, or exceeds
it by a maximum of 10%. In addition, the quasi-static nature of
seismic stress does not change the strength characteristics of
rocks, as opposed to static stress. In this case, the coefficient of
dynamic hardening of rocks approaches the value 1 (the coefficient
of dynamic hardening indicates the differences between the yield
strength and the strength limit measured by static and dynamic
tests at a given loading rate).

The extraordinary complexity of the mechanical model of the
development of the loading acting on a rock massif with regard
to its various zones and orders of discontinuities, as well as the
practical impossibility of directly assessing the properties of rocks
in these massifs, led to methods allowing to estimate the process of
loading acting on a rock massif according to the state of stress of
the rocks forming the rock massif.

Simultaneously with the development and improvement of
methods and instruments for measurements in different places
of the rock massif, a large number of stress measurements were
carried out in various rocks and in various geological conditions,
at depths ranging from the surface up to 1000m in mines, quarries
and in the foundations of hydraulic structures [6, 7]. The state of
stress was investigated in so-called intact rock massifs and in zones
near natural or artificial outcrops affected by excavation. Today,
a number of methods are available for evaluating the stress in
rocks forming the massifs. The results achieved in this area were
summarised in detail in [8, 9].

When determining the stress in a rock massif, the gravitational
stresses, i.e. the gravitational forces induced by the overlying
layers, are always taken into account. In fact, other factors can
affect the state of stress (e.g. residual stresses, orogenic activity
in the past, etc.). These stresses can be estimated according to the
manifestations of the massif during exploration or construction
(and also roughly according to the geological structure of the
area). Various methods used for determining the state of stress
with an emphasis on residual stresses are presented, for example,
in [10]. It is necessary to emphasise that determining the stress
in the rock massif using direct measurements (deformational
methods, unloading methods, etc.) is not always possible and
methods using mathematical models (inverse calculation) are very
sensitive to the determination of input parameters. For this reason,
only the gravitational state of stress is taken into consideration
when determining the properties of the rock mass for the design of
underground shelters.

CONCLUSION

Mine workings can also be used for placing civil defence
shelters. In order to evaluate the suitability of the rock environment
in the location of the cover under consideration, however, we
are faced with several problems. On the one hand, there are the
consideration of the structure of the rock massif and the size of
the shelter (underground structure), the properties of the rocks,
the method of carrying out the mining work and the prediction
of stability for the static and seismic loads under consideration
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metodami, nicméné béZné pouzivané hypotézy o hydrostatickém
stavu napjatosti a gravitacnich sildch nelze povaZovat za dosta-
te¢né a uspokojivé, protoZe nemusi byt pro danou lokalitu experi-
mentdlné€ potvrzeny. Numerické modelovani je z hlediska casové
ndrocnosti i vazby na specidlni software v pfipadé rychlého uréeni
prvka kritické infrastruktury nepraktické. Jako vhodny se jevi po-
stup zohledniujici pevnost horninového masivu na zdkladé popisu
vlastnosti diskontinuitniho masivu a vlastnosti hornin. Clanek po-
psal vhodny postup vypoctu mezni hloubky, v nizZ je zachovana
stabilita hornin na obvodu dilni chodby v zavislosti na akustické
impedanci hornin. Tento postup se jevi jako uc¢innd metoda hod-
noceni stability ddlnich chodeb pro kryty slouZici pro ochranu ci-
vilniho obyvatelstva.
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there. These effects can be taken into account by many methods,
however, the commonly used hypotheses about the hydrostatic
state of stress and gravitational forces cannot be considered
sufficient and satisfactory, as they may not be experimentally
confirmed for a given location. Numerical modelling is impractical
in terms of time consumption and the need for special software in
the case of quick determination of critical infrastructure elements.
A procedure that takes into account the strength of the rock massif
based on the description of the properties of the discontinuous
massif and the properties of the rocks appears to be suitable. The
paper described a suitable procedure for calculating the limit depth
at which rock stability is maintained on the circumference of the
mine corridor, depending on the acoustic impedance of the rocks.
This procedure appears to be an effective method of evaluating the
stability of mine corridors for shelters used to protect the civilian
population.
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FOTOREPORTAZ Z VYSTAVBY TRASY D METRA V PRAZE V USEKU
STANIC PANKRAC - OLBRACHTOVA
PICTURE REPORT FROM CONSTRUCTION OF METRO LINE D
IN PRAGUE IN THE SECTION BETWEEN PANKRAC — OLBRACHTOVA
STATIONS

foto Vladimir Dinda photo Vladimir Dinda
Obr. 1 Dvoukolejny tratovy tunel Pankrdc — Olbrachtova, pohled na celbu
smérem ke stanici Olbrachtova
Fig. 1 Pankrdc — Olbrachtova double-track running tunnel, excavation face
viewed in the direction of Olbrachtova station

Jfoto Andrej PodluZansky photo Andrej Podluzansky
Obr. 3 Spousteéni vrtaciho vozu Epiroc E2C do Sachty na stavenisti PAD1
Fig. 3 Lowering the Epiroc E2C drilling rig down the shaft on PADI construc-
tion site

foto Viclav Andél photo Viclav Andél
Obr. 5 Pohled na celbu zastizenou béhem razby patni §toly stanice Pankrdc D
Fig. 5 A view of the excavation face encountered during excavation of the toe
gallery for Pankrdc D station

foto Vladimir Dinda photo Vladimir Dinda
Obr. 2 Dvoukolejny tratovy tunel Pankrdc — Olbrachtova, pohled proti sméru
razby tunelu k Sachté na stavenisti VO-OL
Fig. 2 Pankrdc — Olbrachtova double-track running tunnel, viewed against the
direction of tunnel excavation towards the shaft on construction site VO-OL

foto Andrej PodluZansky photo Andrej PodluzZansky
Obr. 4 Celba pristupové §toly do stanice Pankrdc
Fig. 4 Excavation face of access gallery to Pankrdc station

foto Viclav Andél photo Viclav Andél
Obr. 6 Méreni konvergenci na patni §tole stanice Pankrdc D
Fig. 6 Measurement of convergences on the toe gallery for Pankrdc D station
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FOTOREPORTAZ Z DOKONCOVANE STAVBY ,PRODLOUZENI
TRAMVAJOVE TRATI KE KAMPUSU MU V BRNE — BOHUNICICH"

- - v

— ZARI 2022
PICTURE REPORT FROM CONSTRUCTION “EXTENSION OF TRAM

TRACK TO CAMPUS IN BRNO -

BOHUNICE" BEING FINISHED

— SEPTEMBER 2022

ZHOTOVITEL SPOLECNOST , TRAMVAJOVA TRAT KAMPUS — FIRESTA + METROSTAV” (FOTO ONDREJ HORT, ARCHIV SPOLECNOSTI
SPRAVCE STAVBY PRO TT KAMPUS - INFRAM A.S., DOPRAVOPOROJEKT BRNO A.S., INVIN S.R.0. A BRNENSKE KOMUNIKACE A.S.)
CONTRACTOR THE COMPANY OF ,CAMPUS TRAM TRACK — FIRESTA + METROSTAV” (PHOTO ONDREJ HORT, ARCHIVES OF COMPANY
OF CONSTRUCTION ADMINISTRATOR FOR TT CAMPUS - INFRAM A.S., DOPRAVOPROJEKT BRNO A.S., INVIN S.R.O.

AND BRNENSKE KOMUNIKACE A.S.)

Obr. 1 Pohled na vjezdovy (jiZni) portdl a prilehlé opérné zdi, probihaji
dokoncovaci prdace a obnova mistni komunikace

Fig. 1 View of the entrance (southern) portal and adjacent retaining walls,
finishing work and restoration of local road are underway

e . -
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Obr. 2 Pohled 7 tunelu na misto rozpletu piivodni a nové trati pred vjezdovym
portdlem

Fig. 2 View from the tunnel to the bifurcation of the original and new tracks
in front of the entrance portal

Obr. 3 Cist tunelu vedend v podzemnich sténdch s dokoncenou pevnou jizdni
drdhou

Fig. 3 Part of the tunnel running between diaphragm walls with a completed
slab track

Obr. 5 Pohled z cdsti tunelu pod ulici Jihlavskd, vlevo dvojice prijezdnych koleji
pred konecnou zastavkou Nemocnice Bohunice, vpravo dvojice odstavnych koleji
Fig. 5 View from the part of the tunnel under Jihlavskd Street, for the left a pair
of through tracks in front of the final stop Nemocnice Bohunice, for the right a
pair of stabling tracks

Obr. 4 Pohled na dokoncovanou stanici Zdpadni brdana
Fig. 4 View of the Zdpadni Brdna station being finished

Obr. 6 Pohled na vyjezdovy (severni) portdl se soSkou svaté Barbory
Fig. 6 View of the exit (northern) portal with St. Barbara statuette
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3 STAVIV
NA ODBORNGST

Jsme stavebni firma s ¢eskym a mezinarodnim know-how. Realizujeme technologicky narocné projekty v oblasti
pozemniho i dopravniho stavitelstvi. Na Cesky a slovensky trh pfinaSime nejmodernéjsi technologické postupy

v oblastech vystavby, inZenyringu i novych smluvnich modell. Zaméfujeme se zejména na ty segmenty trhu, ve
kterych mUzeme vyuzit svou odbornost. Diky tomu pfinasime stabilni pracovni mista a generujeme dlouhodobé

udrzitelny zisk. Dbame na bezpecnost prace, ale i profesni rozvoj a spokojeny osobni Zivot nasich zaméstnancu.

HOCHTIEF




There‘s plenty to build
Je na ¢cem stavet

Our success is based on the expertise, Nas uspéch stoji na odbornosti,
dedication and skills of hundreds of nasazeni a dovednostech stovek lidi
people from different professions. On their rdznych profesi. Na jejich solidnosti,
credibility, reliability and loyalty. On their spolehlivosti a loajalité. Na odvaze
courage to innovate and the ability to use inovovat a schopnosti vyuzivat nové
new technologies. We have plenty to build on. technologie. Mame na ¢em stavét.

www.metrostav.cz

MeTRESTaU (£)(©)(a] (in]




Vystavba silniéniho tunelu Kramer, Némecko
Construction of Kramer road tunnel, Germany

www.subterra.cz

Nedrzime se pri zemi
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BeMo Tunnelling
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Based on our tradition, expertise, courage and will for innovation

we deliver successful tunnZT'projects worldwide since 1964

www.bemo.net
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See the future

of mining from a
new perspective

United. Inspired.

Underground work means everything to us. We're in this for Partner of Conference
the thrill of solving the real problem. For the adventure and Underground Construction
energy found in new perspectives. The new Boomer M20 Prague 2023
is the world'’s first face drill rig with protected hydraulics,

electronics and sensors. A true development rig that

°
doesn't stop for anything. This is the answer if you want e E pl roc

changes underground.

WWww.epiroc.com/boomerm20
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Work on progress.
Jsme motorem
stavebnictvi
budoucnosti.

Spole¢nost STRABAG a.s., Clen skupiny STRABAG SE,
patfi k pfednim stavebnim spole¢nostem na eském trhu.
Svou ¢innosti pokryvame vSechny obory stavebnictvi od po-
zemniho stavitelstvi, pfes dopravni a mostni stavitelstvi az po
specidlni zakladani a podzemni stavby. Mame pobocky na
celém tzemi Ceské republiky. Sazime na nejnovéjsi techno-
logie a digitalizaci, ktera je pro nas synonymem transpa-
rentnosti.

Vérime, ze kliCovym faktorem Uspéchu je vysoka profesio-
nalita nasich pracovnikd, jejich nadSeni pro spolecny cil

a schopnost spoluprace. S odhodlanim a presvédcenim
pracujeme na budovani udrzitelngjsi budoucnosti.

Partner konference Podzemni stavby Praha 2023

www.strabag.cz

STRABAG a.s.
Kadirkova 982/4,
158 00 Praha 5 — Jinonice

STRABAG

WORK ON PROGRESS

@@@Te C G S“ GeoTec-GS, a.s., Chmelova 2920/6, 106 00 Praha 10

+420 271 750 709, obchod@geotec-gs.cz, www.geotec-gs.cz

+ Geotechnika

« InZenyrskogeologické a hydrogeologické
prizkumy

« Stavebnétechnické prizkumy

«  GT monitoring liniovych, inZenyrskych,
pozemnich a podzemnich staveb

+  Modelovéni 3D v BIM

+ Polni zkousky a méreni

Dozory na stavbach




NOVE BEDNEN| Z CGESKE REPUBLIKY PRO VYSTAVBY TUNELU

Mnozi si pod nazvem OSTROJ vybavi predevsim dilni stroje pro dobyvani uhli v podzemi. Mélo dotéenych
vsak Vi, ze my v opavském OSTROJi jsme se rozhodli zaméfit i na stroje pro podzemni stavitelstvi. OSTROJ ma velké
zku$enosti z mnoha dold, a to nejen uhelnych. Léta zkusenosti ve vyrob¢ dulnich stroji davaji predpoklad pro zvladnuti
jakéhokoliv tématu. Specializovany tym konstruktérit OSTROJe vyfesil nemalo extrémnich pozadavki zdkaznik, jako
napiiklad dobyvani strmych sloji s plné mechanizovanym dobyvacim komplexem v Turecku.

Vzhledem k tomu, jak se méni pohled Evropy na dobyvani uhli, museli jsme v OSTROJi zacit fesit 1 vyrobu pro
jind odvétvi, a to napiiklad pro stavitelstvi. OSTROJ vyrobil 34 metri dlouhou zaskokovou klapku pro rozsahlou
modernizaci Vodniho dila Gabéikovo. V historii strojirenské divize opavského OSTROJe §lo 0 rekordni zakazku.
Modernizaci nejvétsich plavebnich komor na Slovensku realizuje stavebni spole¢nost Metrostav, pro kterou byla klapka
vyrobena.

Protoze OSTROJ ma nejvice zkuSenosti s vyrobou stroji pro praci v podzemi, zamétili jsme se na
zkonstruovani pojizdného ocelového bednéni pro zhotovovani sekundarniho osténi tuneld. Spojili jsme se s odborniky
z praxe a pripravili navrh bednéni tak, abychom jej mohli vzdy upravit podle pozadavki zakaznika. Nasim hlavnim cilem
je vyrabét a nabizet bednéni na miru v co nejvyssi kvalité pouzitych materiala tak i s vyuzitim modernich vyrobnich
technologii. Cilem OSTROJ je dodavat kompletni vybaveni pro betonaz tunelt s dlouhou Zivotnosti. OSTROJ se tak
hodla zafadit mezi ptedni vyrobce tohoto zatizeni v Evropé.

Hmotnost zafizenf

Délka (dle vykresu)

Sitka (dle vykresu)

Vyska (dle vykresu)

Max. uklon

Délka bednént

Pracovni napéti
Frekvence

Pracovni tlak hydraulického systému
Vélec zvedaci

Vélec diagonalni

Valec bocni (sklopny)
Valec posuvny

Ovladani

Pocet vibra¢nich motor(
Rozvod betonu

dle projektu

dle projektu

dle projektu

dle projektu

5%

max. 12m

400V

50 Hz

160 bar
220/110/800 mm
160/100/1100 mm
125/70/700 mm
80/60/160 mm
Manuélni / Radiové a manudlni
dle projektu

DN 125

RAILDISTANCE &260
S350

Ll

OSTROJ a.s.

divize DulIni a pramyslové technologie

T: +420 553 872 234
M: +420 737 231 021
TéSinska 1586/66 746 01 Opava
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Pojizdné ocelové bednéni pro sekunddrni osténi tunelii

OSTROJ ZB 10/12

Nase spolecnost nabizi vyrobu pojizdného ocelového bednéni OSTROJ] ZB 10/12 pro realizaci

sekunddrniho osténi tunelil

Ocelové bednéni vyrobime vzdy pro konkrétni projekt vystavby tunelu ve smyslu poZadovaného pricného

profilu a délky bloku. Pouzité bednéni po ukonceni vystavby tunelu bude mozné znovu pouZit i v jinych tunelech
po konstrukcnich vipravdch obdlky (zména tvaru geometrie bednéni, zména Sitky a vysky nosné

konstrukce). K ocelovému bednéni OSTROJ ZB 10/12 vyrobime vsechna ostatni potiebna bednéni na

zdkladé pozadavku projektu (bednéni vyklenkii, propojovacich chodeb mezi tubusy tunelu, propojovacich
chodeb unikového vychodu a spodni protiklenby)
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS
MOZAIKA ZE SVETA PODZEMNICH STAVEB

B ZvySeni kapacity severniho pripojeni na brennersky Ukolem pldnu je vyfesit soucasnou vycerpanou kapacitu do-
bazovy tunel pravni infrastruktury, kterd zpsobuje i vysoké environmentdlni

Némecké drahy (DB) zvysi kapacitu severniho pfipojeni ze znecisténi.
sméru na brennersky bazovy tunel. Zminénych osm tunelovych projekti:

Na konci ledna 2022 DB zadala spolecnosti Obermeyer * tunel Marselis — 2 km dlouhy tunel, ktery bude soudasti nové
Infrastruktur zakdzku na projektovou piipravu nové Zelezni¢ni komunikace zaji$tujici pfimé propojeni dalnice E45 a nejvét-
trati mezi mésty Innleiten a Kirnstein. Nova trat zvysi doprav- §im danskym kontejnerovym pfistavem Aarhus;
ni kapacitu tseku ze sméru od Mnichova k hranici s Rakouskem e tieti kiizeni Limfjordu pomoci 600 m dlouhého naplavované-
u Kufsteinu. V konsorciu se spole¢nosti Obermeyer bude praco- ho tunelu budovaného v ramci 20 km dlouhé nové &tyfprou-
vat Amberg Engineering. dové dalnice;

Mezistatni dohodu o vystavbé této trati uzavreli ministti dopra- * rozifeni tunelu u pfistavu Nordhavn — vybuduje se novy
vy Bakouska a Némecka v roce 2012. 1,4 km dlouhy tunel, ktery bude slouZit i pro novou urbaniza-

Usek nové trati bude piiblizné 25 km dlouhy a povede vychod- ci v prilehlé &asti Kodang;
né od Rosenheimu. Jeho soucasti budou dva tunely — Ringelfeld « dal3imi tunelovymi projekty jsou: Kattegat, Velje fjord, Maly

s délkou 5,5 km bude kratsi nez 13 km dlouhy tunel Steinkirchen,
ktery bude po dokonceni nejdelSim némeckym tunelem.

Belt, spojeni Fyn — Als a kodarnské tunely souvisejici s vy-
chodni okruzni komunikaci a s rozSifenim metra.

B Prvni usek londynského kabelového tunelu je vyrazen
V jizni ¢asti Londyna od jihovychodu na jihozapad se od Cer-
vence 2021 pracuje na stavbé tunelu pro kabely vysokého napéti.

B Nejhlubsi némecka stanice na S-Bahnu bude mnichovska
stanice Marienhof
e o i ) V mnichovské aglomeraci Zije 6 miliont obyvatel a jejich pocet
Cellzol p lanova'na delkaetunelu p 20 et el w9 7 Illomies déle roste, protoZe region se rozviji a zvétSuji se v ném pracovni
50 m. Tunel s vnitfnim primérem 3 m bude mit segmentové osté- g B (T = A0 - : =
) ; N LT o e ; prileZitosti. Tim roste pocet pracovniku, ktefi do Mnichova denné
ni. Stavba je rozdé€lena na pét iseku, z nichz prvni délky 6,7 kmje | . .. ...
jiz vyraZzen. ZaslouZil se o to EPBS dodany firmou Herrenknecht,
ktery se nyni presune na razbu dalsiho useku.
Na dalSich tsecich jiZ razi dalsi tfi tunelovaci stroje, dva EPBS

napor na hlavni patef dopravy, kterou je mnichovsky S-Bahn.
Tyka se to pfedevsim 11,3 km dlouhé linky €. 1, kterd byla uve-
dena do provozu v roce 1973 a ktera v tunelu jede v délce 4,3 km
pod centrem Mnichova. Linka byla navrzena pro 250 000 ces-
tujicich denné, ale v soucasnosti ji vyuziva 850 000 cestujicich

od firmy Herreknecht a otevieny §tit od firmy Lovat.

Bl Razba nového automobilového tunelu Silvertown
pod Temzi

Na vychodé Londyna byla zahdjena montéz Stitu Herrenknecht
o priméru 11,91 m, ktery by mél razit novy automobilovy tunel
pod Temzi. Tunel bude dvoutroubovy a zasadnim zpisobem pri-
sp&je ke zrychleni a zkapacitnéni autobusové dopravy mezi mést-
skymi ¢tvrtémi na pravém a levém biehu feky.

Montéaz Stitu probihd ve startovaci Sachté, ve které svislou

za den. Proto se prakticky rovnobézné s linkou ¢. 1 buduje nova
10 km dlouha linka, z ¢ehoz je 7 km v tunelu. Na ni se metodou
cut and cover stavi 41 m hluboka stanice Mariehof. Situovana je
blizko namésti Marienplatz jednu stanici od hlavniho mnichov-
ského nadrazi.

Tratové tunely nové linky leZi pod hustou méstskou zastavbou
v centru Mnichova a podchazeji stivajici tunely dfive vybudova-

dopravu obstardvd mobilni Sestsettunovy jefdb. Aby dopravil nych linek metra. Soucasti stavby jsou také propojovaci tunely na

vSechny casti Stitu do Sachty, musi vykonat dvacet spousStécich existujic linky ¢. 3 2{6' ) )
operaci. MontaZ by méla byt dokon&ena koncem tfetiho Gtvrtleti Podminky stavby jsou opravdu obtiZené, at se jednd o slozité
roku 2022 geotechnické poméry, nebo stisnéné podminky v centru mésta.

Drobnou zajimavosti je jméno Jill, které bylo ddno §titu. Toto Pfistup do stanice a vlastni stanice lezi pod hladinou podzemni

kiestni jméno nosila prvni Zena, kter4 se stala v Londyn& fidickou vody. Proto staveni§té velikosti fotbalového hristé je po obvodu

autobusu. Za volant autobusu usedla v roce 1974. v délce 320 m zajiSténo podzemnimi sténami zasahujicimi do
Posledni automobilovy tunel podchézejici TemZi byl postaven | hloubky 54 m (méfeno od irovné hladiny podzemni vody). Jejich
pred tiiceti lety. 110 lamel ma tloustku 1,5 m a Sitku 2,5 m.
Pro odvodnéni hornin ve stavebni jamé bylo do hloubky cca
B Dinsky Plan 2035 pro rozvoj infrastruktury zahrnuje 60 m instalovdno 130 cerpacich studni. Pfiblizné v poloviné
osm velkych podzemnich projektu roku 2022 byla dokoncena prvni etapa odvodniovani, do které pa-
V &ervnu roku 2021 schvalily d4nsk4 vlada a vétSina politic- | tfilo také odvodnéni dvou vodonosnych horizontd. Za podzem-
kych stran v parlamentu infrastrukturni rozvojovy Plan 2035 ve ni sténou se osadilo 15 Cerpacich studni, které i zde maji sniZit
finan¢nim objemu 22 biliond eur, z ¢ehoZ na rozvoj dopravni in- | hladinu podzemni vody, a tim sniZit statické namahani podzemni
frastruktury bude vénovano 14,2 biliond eur. V tom je obsazeno stény béhem provadéni stavebnich konstrukei.
ne méné nez osm tunelovych projektd v rdmci uprav stavajicich Prvni stani¢ni Zelezobetonova deska v tzv. drovni O byla jiz
siti i v ramci budovani novych useku silnic i Zeleznic. vybetonovana a pod ni se provedl vykop na troveni —1 (kvéten



31. rocnik - €. 4/2022

2022). Zde se pripravuje betondz druhé desky, pod ni probéhne
vykop a znovu betondz.

Desky ale musi byt podepreny. V ptdorysu stavebni jamy se
proto instalovalo 50 pilifi, které ponesou Zelezobetonové desky
v dobé provadéni stavebnich konstrukci. Pilife byly dodavany na
staveni$té v dilech, které se zde spojuji a zasouvaji do hloubky 61
az 68 m (méfeno opét od hladiny podzemni vody).

Vychodné a zapadné od stavebni jamy jsou planovany kom-
penzacni injektaZe k zabranéni poklest zakladt ptilehlych budov.

Zelezobetonové desky maji tloustku 1,20 m a provadgji se
v riznych drovnich. Po dokonceni podzemnich stén byla prove-
dena betonaZ celé prvni desky v udrovni 0, samoziejmé s vyne-
chanim otvort potfebnych pro provadéni praci v nizsich drovnich
a pro vedeni potfebnych docasnych siti.

Nastupistni tunely, které prekracuji obvod zajisteéné stavebni
jamy vychodné i zdpadné&, budou na urovni —5 m raZeny konvenc-
né pod pietlakem vzduchu 1,0 bar.

B Prvni prorazka na bazovém tunelu Semmering

Dva stavebni useky prvni trouby na vyse zminéném tunelu —
Gostritz a Froschnitzgraben — byly poprvé propojeny v Cervnu
2022. Konvenc¢né razeny tunel Gostritz byl proraZen do tunelu
Froschnitzgraben, ktery byl raZen pomoci TBM. Tento stroj bude
nyni demontovan. Prordzka druhé trouby se také blizi.

Z celkové délky 27,5 km dvoutrubového tunelu Semmering
bylo do srpna 2022 vyraZeno 24 km.

Vnitini dokoncujici prace byly zahajeny v roce 2020, sekun-
darni betonové osténi bylo zatim vybetonovano v 7 km tunelu.

B Dalsi dilezité milniky byly dosaZeny na stavbé tunelu
pod morskou tizinou Fehmarn

V poloviné kvétna 2022 byly dokonceny na danské strané pri-
pravné prace, predevsim stavebni jama, pro budovani tunelové-
ho portalu. Obdobné priace na némecké strané budou zahdjeny
v roce 2023.

Préce na hloubeni stavebnich jam umisténych na danské strané
(suchych dokt) pro betonaz 89 tunelovych elementti délky 217 m
a hmotnosti 73 500 tun byly zahdjeny v roce 2021. BetonaZ bude
probihat v Sesti 33 m vysokych halach, které vytvoii pro kvalitu
betonovych elementt stabilni podminky. Je to nutné i proto, Ze
Zivotnost tunelu je planovana na 120 let.

Prvni element by mél byt betonovan v roce 2024. Pulka vyko-
povych praci pro 18 km dlouhy tunel byla jiZ dokon¢ena koncem
kvétna 2022.

Po zprovoznéni tunelu v ném budou vlaky jezdit rychlosti az
200 km/hod a auta rychlosti maximalné 110 km/ hod. Vlaky bu-
dou pouzivat dva jednosmérné tunely a auta celkem Ctyfi jizdni
pruhy.

TuNel

B Hruba stavba koralmského tunelu byla dokoncena

Na korutanské strané byla hrubd stavba koralmského tunelu
dokoncena koncem kvétna roku 2022. Od toho okamZiku bylo
moZzno v celém 33 km dlouhém tunelu provadét prace na vnitinim
vybaveni. Po dokonceni tunelového dna se zapocalo s instalaci
prefabrikovanych desek pevné jizdni drdhy. Jedna deska o délce
5 m aSifce 2,1 m vazi vice nez 5 tun. Do nich budou upeviiovany
sekce kolejnic délky 120 m, souc¢asné budou provadéna protivib-
racni a protihlukové opatfeni. Nasledovat bude instalace trakcni-
ho vedeni a zabezpeCovacich systémil.

B Zahajeni razby jizniho pristupového tunelu na stavbé
druhé trouby gotthardského automobilového tunelu

Na obou koncich druhé trouby gotthardského tunelu musi byt
nejprve vyrazeny pristupové tunely. Oba sméfuji k poruchovym
z6nam, které nelze razit pomoci TBM a musi se vyrazit konvenc-
ni metodou.

Slavnostni zahdjeni razby pristupového tunelu u jizniho konce
druhé trouby se konalo 9. ¢ervna 2022 u obce Airolo. Razbu pro-
vede jednoduchy stit o priméru 7,4 m, pro ktery bylo pfiprave-
no 80 m klasicky vyrazeného startovaciho tunelu. Ten byl razen
v nesoudrznych horninidch za pomoci mikropilotového destniku
a tryskové injektaze, jejiz rozsah byl vétsi, nez se ocekavalo.

Stit razici piistupovy tunel bude smé&fovat k severu aZ k poru-
chové zéné Guspis, kterd je od portalu Ariolo vzdalena asi 5 km.
Zo6na bude nasledné prorazena a zajiSténa, aby Stit o priméru
12,6 m, ktery bude razit hlavni tunel, proSel touto poruchovou
z6nou bez problémad.

V budoucnu, az se druhd trouba uvede do provozu, bude pristu-
povy tunel slouZit pro ventilaci a odvod drendznich vod.

B Rozsireni hydroelektrarenské soustavy Kiichtai
v Rakousku

Jednim z klicovych elementli roz§ifeni hydroelektrarenské
soustavy Kiichtai je 25 km dlouhy tunelovy vodni pfivadéc. Ten
bude do nové vodni nadrZe Kiichtai privadét vodu ze stubaiské-
ho a o6tztalského udoli. Privadé¢ bude raZen pomoci TBM, jehoZ
fezna hlava je osazena 28 valivymi dlaty a v zavislosti na geo-
technickych podminkéch se bude otacet az desetkrat za minutu.
Thned za feznou hlavou se osadi dnové prefabrikaty. Pro odtéZeni
rubaniny z Celby je instalovan dopravnikovy pas.

Vykon stroje, ktery byl uveden do provozu kolem poloviny
roku 2022, se predpokladd az 40 m/den. Doba razby tunelového
privadéce zabere tii aZ Ctyfi roky.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

VYSTAVBA TUNELU NA RYCHLOSTNI SILNICI M85, V. ETAPA, BECSI DOMB, MADARSKO
CONSTRUCTION OF TUNNELS ON FAST HIGHWAY M85, V™ PHASE, BECSI DOMB, HUNGARY

In the northwestern part of Hungary, two tubes of double-lane
motorway tunnels, each ca 800m long, are being built at the fifth
stage near the town of Sopron. The contractor for the construc-
tion of these tunnels is the consortium formed by the companies
of Subterra — Raab Kft, Domper Kft and Pannon Doprastav Kft.

V severozapadni ¢asti Madarska, smérem k rakouskym hrani-
cim a hlavnimu méstu Rakouska Vidni se u mésta Soproii stavi
v ramci paté etapy dva tubusy dvoupruhovych délni¢nich tunelq,
kazdy o délce cca 800 m.

Dodavatelem téchto tuneltl je sdruZeni firem Subterra — Raab
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vozy a vlastnimi kapacitami firem
ze sdruzeni. Byla timto definitivné
odmitnuta varianta realizace se-
kundarniho osténi poddodavatelem
sdruZeni.

Celkem vazi bednici vozy 140 tun,

délka bedniciho vozu je 12,5 m, pro
vlastni betondZ disponuji 28 otvory
ve tfech drovnich a 78 ks vibratort.
Celd sestava bude jesté¢ doplnéna
samozifejmé Sestimetrovou ploSi-
nou pro montd7 izolace a jak je
jiz zminéno vySe i 12,5m ploSinou
pro montaz vyztuze a plo§inou pro
osetfovani betonu po odsunuti bed-
nictho vozu.

Predpoklada se betonaz tfi bloka
sekundarniho osténi za tyden, se za-
hajenim betondzi koncem fijna pfi-

padné zacatkem listopadu.

Obr. 1 Viiz na montdz ocelové armatury
Fig. 1 Movable scaffold for assembly of steel reinforcement

Kft, Domper Kft a Pannon Dopra-
stav Kft.

Stavba tunelu ve videniském kop-
ci u mésta Soproit se dostala do
dalsi dalezité faze. Na konci Cervna
leto$niho roku byly dokonceny raz-
by v jiznim tunelu, prace na razbich
severniho tunelu déle probihaji. Na
severnim tunelu se nyni realizuji
razby z obou stran konvencnim
zpusobem metodou NRTM, zbyva
dokoncit razby v délce 250 m. Pred-
poklada se dokonceni téchto razeb
na obou pracovistich do konce led-
na 2023.

V pribéhu razicich praci byly
upfesnény i podklady pro zhoto-
veni sekundarniho osténi tuneld.
Na zdklad€ té€chto podkladli byla
zpracovana a ndsledné objednate-

Obr. 2 Armatura protiklenby
Fig. 2 Invert reinforcement

lem a dotéenymi organy schvalena
realizaCni projektovd dokumentace, pravé pro vystavbu tohoto
sekundarniho osténi.

Byla tak i zahdjena betondZ sekundarniho Zelezobetonového
osténi (obr. 1 a 2), jiz dokoncCena betonaz protiklenby v severnim
tunelu v ¢asti od vychodniho portalu (k prvni propojce mezi tune-
lovymi troubami), tak aby mohla byt definitivni konstrukce této
¢asti pouzivana k odvozu rubaniny z tunelu.

I na jiznim tunelu probiha betonaz protiklenby tloustky 35 cm,
v poloviné fijna 2022 probihala betonaz protikleby ¢. 11 a 12.
V tomto mésici byla zahdjena montaZ hydroizolace, poté co
byla provedena profilace této tunelové trouby. U vychodniho
portdlu zaroveni probihd montdZ bednicicho vozu (dodavatel

z Turecka) a ploSiny pro realizaci vyztuze. V definitivnim na-
sazeni budou na stavbé probihat betondZe se dvéma bednicimi

Pro presné usazeni chranicek

a dalsiho vybaveni tunelt pted za-

hajenim betondzi se s Uspéchem pouzivd metoda BIM, kterou

se sdruzeni rozhodlo vyuZit jak z hlediska inovace stavebnich
postupt, tak i z pohledu provozovani tunelti budoucim spravcem
stavby.

Zatizeni celého tunelu bude zodpovidat systém SCADA, u kte-
rého pravé probihd programovani v t€sné soucinnosti s budou-
cim provozovatelem — pfedpokladame, Ze prvni testy probéhnou
zacatkem pfistiho roku ovSem zatim jen na serverech v ,,labora-
tornich" podminkéach.

Ing. JAN FRANTL,
Jfrantl@subterra.cz,

Ing. GERGELY BOLCSKEI,
Gergely.Bolcskei@subterraraab.hu
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ZPRAVY 2 TUNELARSKYCH KONFERENCI

WTC 2022 V KODANI
WTC 2022 IN COPENHAGEN

The World Tunnel Congress (WTC) took place in Copenhagen,
Denmark from 2 to 8 September 2022. The first part of the congress
was the so-called Training Session; these courses included the
topics of sustainability, innovative use of underground space,
floated-in tunnels and mechanised tunnelling. The second part
of the congress was opened with plenary lectures, the so-called
keynote lectures and a lecture in honour of Sir Alan Muir-Wood
(founding president of ITA). This year‘s Muir-Wood lecture was
delivered by Mr. Tom Melbye from Normet on the topic “Wet-
mix Sprayed Concrete: A modern support method in Tunnelling
and mining”. The congress program also included several
technical sections: the BIM, contractual relationships practice,
conventional tunnelling, design, groundwater inflow control,
mechanised tunnelling, cut-and-cover tunnels, operation and
maintenance, operational safety of underground structures and
floated-in tunnels. The last part of the congress was the possibility
of taking an excursion to, for example, the construction of the
M4 subway line in Copenhagen, or to the construction site
of the Fehrmanbelt floated-in tunnel. As part of the General
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foto Ing. Hdimz photo Ing. Hrdina
Obr. 1 Upoutdvka na konferenci PS Praha 2023 na WTC 2022
Fig. 1 Blurb about PS Prague 2023 conference published at WTC 2022 Con-
ference

TuNel

NEWS FROM TUNNELLING CONFERENCES

Assembly of the International Tunnelling Association (ITA),
the new Executive Council of the Association (Ex-Co) and the
new ITA President Prof. Arnold Dix from Australia were elected.
ITA Young Members also had their general meeting where new
management members were elected. Alex Nowak La Flor from
Brazil was elected chairman of the group of young tunnellers
within the ITA.

Svétova tunelarska konference (WTC) se uskutecnila tento rok
v Kodani v Dansku mezi 2. a 8. zafim. Konference byla rozd¢le-
na do n€kolika Casti. Prvni ¢asti byla tzv. Training session, ktera
se zaméruje na rozvijeni znalosti Gcastnik formou kurzt. Sekce
kurzti obsahovaly nasledujici témata: udrzitelnost, inovativni vy-
uziti podzemniho prostoru, naplavované tunely a mechanizované
tunelovani.

Druhéd cast konference s hlavnimi bloky prednéasek trvala
tfi dny. Tato ¢ast byla oteviena plenarnimi prednaSkami, tzv.
keynote lectures a pfednaSkou na pocest sira Alana Muir-Woo-
da (zdkladajiciho prezidenta ITA). Leto$ni Muir-Wood lecture
mél tu Cest pfednést pan Tom Melbye z firmy Normet na téma
,, Wet-mix Sprayed Concrete: A modern support method in
Tunnelling and mining“. V prednaSce byl shrnut dosavadni vy-
voj technologie stfikaného betonu. Autor v predndsce jmenoval
zakladni faktory pro uspésnou aplikaci stfikaného betonu: trvan-
livost stfikaného betonu, vykonné vybaveni pro jeho aplikaci,
vySkoleny persondl a navrh betonu na zdkladé modernich spe-
cifikaci. Ve své predndsce zminil, Ze pfi pouZiti osténi ze stiika-
ného betonu je jeho nizkoemisni provedeni ve vysledku levné;jsi
nez tradicni (,,A low carbon solution is a cheaper solution than
traditional“). Tvrzeni doplnil otdzkou, pro¢ to levnéjsi reSeni
tedy nevyuzivat? Budoucnost stfikaného betonu pak vidi v na-
hrazeni cementu geopolymery a v redukci pouZividni ocelové
vyztuZe.

Na programu konference bylo nékolik technickych sekci: BIM,
praxe smluvnich vztahd, konvencni tunelovani, projektovani, kon-
trola pritoktt podzemni vody, mechanizované tunelovani, hlou-
bené tunely, provoz a udrzba, provozni bezpecnost podzemnich
staveb a naplavované tunely. V ramci technickych sekci pak vy-
stoupili dva zastupci z CR. Jiii Hor¢i¢ka z Metrostav Norge pred-
nesl prezentaci na téma ,, Metro in Stockholm — Rock splitting me-
thod . Dile pak Zdenék Zizka z METROPROJEKTU Praha a.s.
prezentoval dvé ptednasky s nazvy: ,,Route selection for a rail-
way tunnel in the centre of Prague a ,,Recommendations for effi-
cient face support in slurry shield Tunnelling .

Posledni c¢asti konference byla moznost absolvovéani exkurze
napf. na vystavbu metra M4 v Kodani, které jiZ bylo skoro hotové,
nebo na stavenisté Fehrmanbeltského naplavovaného tunelu.

V ramci valného shromaZzdéni Mezinarodni tunelarské aso-
ciace (ITA) byla zvolend nova vykonna rada asociace (Ex-Co)
a jeji novy prezident. Novym prezidentem se stal prof. Arnold
Dix z Australie. Prof. Dix komentoval svou agendu v Cele ITA
nasledovné: ,,ITA urychluje svou reakci na vyzvy klimatické
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nouze a udrZitelnosti prostrednictvim svych publikaci, komuni- ITA Young members méli rovnéz své valné shromazdéni, kde
kace, vyuky, vyvoje produktit a programii spoluprdce. Vytvdrime | byli zvoleni novi ¢lenové vedeni. Predsedou skupiny mladych
prvni ndstroj pro indexovdni udrZitelnosti na svété specidlné ur- tunelara v ramci ITA byl zvolen Alex Nowak La Flor z Brazi-
ceny pro podzemni stavby, dokonce pldnujeme vytvorit i novy typ lie. Young Members méli v ramci konference vycélenénou vlast-
kontraktii pro zhotoveni podzemnich staveb zohlediiujici tyto as- | ni technickou sekci, kterd byla doplnéna spoleCenskym ve-
pekty. NesnaZime se pouze obhajovat vyssi vhodnost podzemnich Cerem.

feSeni celit mnoha nejnaléhavéjsim spolecenskym, ekonomickym Navstéva Kodané byla zajimava nejen z profesniho tunelar-
a ekologickym vyzvdm lidstva — vytvdrime prdvni a administra- | ského hlediska, ale i z hlediska moZnosti vidét dopravni systém

tivni ndstroje, abychom to mohli uskutecnit jesté udrZitelnéjsim moderniho mésta. Multimodalni systém vefejné dopravy v Ko-
zpiisobem. “ Cilem k dosaZeni trvalé udrZzitelnosti podzemnich | dani zejména se zapojenim cyklistiky je podle mého nazoru
staveb s ohledem na klima je podle mého nazoru zejména jejich v praxi velmi efektivni. Zavérem bych chtél podékovat spolec-
zjednoduseni a s tim souvisejici zlevnéni s redukci pouZiti ener- nosti METROPROJEKT Praha a.s., kterd mi umoZnila tc¢ast na
geticky narocnych materiélii. Tyto aspekty by mély byt modernim | konferenci.

ndvrhem podzemni stavby do budoucna co nejvice akcentovany.
Zv1asté v dobg, kdy je tfeba hledat na viech frontach tspory a sta- Dr.-Ing. ZDENEK ZIZKA,
vebni materidl je drahy, se jedna o ,,win-win* feSeni. METROPROJEKT Praha a.s.

TUNELARSKE ODPOLEDNE 3/2022
TUNNEL AFTERNOON 3/2022

The third Tunnel Afternoon in 2022 took place on Wednesday, pfedstavil zajimavé informace z pohledu stavebniho dozoru pro-
September 14, 2022 in the Metrostav Group Education Centre. vadénych rekonstrukci péti Zeleznicnich tuneld. Nejnarocnéjsi je

The theme was Reconstruction of railway tunnels. During the | rekonstrukce jednokolejného tunelu Blanensky €. 8/2, ktery byl
seminar, several lectures were given — introduction to the topic — | postaven v letech 1988-1992 prstencovou metodou. Problémem
Reconstruction of railway tunnels in the Czech Republic — basic | byly mj. prisaky do tunelu a zaledfiovéni (jako ostatné u vétSiny
information of the operator, then the reconstructions already zminénych rekonstrukci).

carried out were presented — Podhradsky tunnel, further on tunnels Po prestdvce vystoupili opét zastupci spolecnosti AMBERG
in the Adamov — Blansko section, railway tunnels — foreign | Engineering Brno, a.s. s dal§i zajimavou pfednaskou — Rekon-
practice, tunnel Arosa, Switzerland. Then attention was paid to the strukce Zelezni¢nich tuneli — zahrani¢ni praxe, tunel Arosa,
upcoming reconstruction of the tunnels on the Tanvald — Kofenov Svycarsko. Ing. Vlastimil Hordk popsal hlavni divody sanace
line and the Dolnolucansky tunnel. Almost all presentations can be 7elezniCnich tuneld ve Svycarsku, klasické metody rekonstrukei,
found at www.ita-aites.cz. zvétSovani profilu za provozu, moznosti prefabrikace. Dile byla
pozornost jiZ vénovana tunelu Arosa, pribéh rekonstrukce tohoto
Treti Tunelarské odpoledne roku 2022 se uskutecnilo ve stiedu tunelu predstavila Ing. Veronika Koci¢kova.

14. zari 2022 v Centru vzdélavani Skupiny Metrostav. Tématem Ing. Martin Svoboda (SAGASTA s.r.0.) prezentoval PFipravo-

byly Rekonstrukce Zelezni¢nich tuneli. vanou rekonstrukci tunelt na trati Tanvald — Kofenov. Plano-
Uvodni pfednasku pfipravila a on-line piednesla Ing. Hana vané opravy budou zahrnovat celkem &tyfi tunely — Zdarsky, De-

Ponczova (Sprz’iva Zeleznic, s.0.) na téma Rekonstrukce Zeleznic- sensky, Dolnopolubensky a Polubensky. U viech byli poslucha¢i

nich tunelii v CR - zakladni informace provozovatele. Shrnula | gezndmeni se zjisténym stavem a navrzenymi opatienimi.

tunely, které jsou v siti Spravy Zeleznic — podle stavebniho stavu, Posledni prednasku prichystal (spolu se svym kolegou Ing. Li-

typu osténi a stafi. Vénovala se podrobnéji popisu Harrachovské- | porem Maiikem) také Ing. Martin Svoboda (SAGASTA s.r.0.) na
ho, Domasovského, Jivovského, Pavlovického a Sedlejovického | (¢ma PFipravovana kompletni rekonstrukce Dolnolu¢anského
tunelu — jejich probehlé rekonstrukci. V dalsi Casti popsala Ze- | tunelu. Opét popsal zakladni informace a poZadavky na technic-
lezni¢ni tunely, které pravé prochéazeji rekonstrukci — Blanenské ké feSeni, vysledky stavebné-technického prizkumu, piehled na-
tunely, Déc¢insky tunel. Zhodnotila feSeni rekonstrukci, G¢innost vrZenych variant, vypoiadéni se s pozadavkem na zajisténi elek-
jednotlivych postuptl pii rekonstrukcich. trifikace a dalsi.

Nésledovala pfednaska Ing. Alice Zittové (AMBERG Enginee- Podé&kovéni patii viem piednasejicim i prof. Ing. Matousi Hila-
ring Brno, a.s.) Rekonstrukce Podhradského tunelu. Uvedla rovi, Ph.D. (3G Consulting Engineers s.r.0. a FSv CVUT), kter)’/
zakladni informace, projektové, pripravné a prizkumné prace,
hlavni cile a rozsah rekonstrukce.

pfednasky zorganizoval (spolu s Ing. Liborem Matikem a Ing.
Jakubem Noskem, Ph.D.) a celé Tunelarské odpoledne modero-
val. Na misté se zucastnilo okolo 30 lidi. Tunelarské odpoledne
bylo moZné jiz tradi¢né sledovat on-line, celkem se ptipojil témért
dvojnasobek dalSich posluchaci. Témér vSechny prezentace lze
nalézt na www.ita-aites.cz.

Dalsi blok pfednasek byl nazvany Rekonstrukce tuneli v dse-
ku Adamov - Blansko. Ing. Petr Kécal (Sprava Zeleznic, s.0.) za-
mefil pozornost na rekonstrukci tohoto tseku z hlediska investo-
ra, Ing. Jifi Umlauf (AMBERG Engineering Brno, a.s.) z hlediska
projektanta (pfednaSku pfipravil spolu s kolegou Ing. Lumirem
Klisem), Ing. Tomas Just (OHLA ZS, a.s.) z pohledu zhotovi- Ing. MARKETA PRUSKOVA, Ph.D.,
tele a Ing. Jakub Nosek, Ph.D. (3G Consulting Engineers s.r.0.) CzTA ITA-AITES, z. s.
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KONFERENCE GEOTECHNIKA 2022
GEOTECHNICAL CONFERENCE 2022

On 15-16 September 2022,
the traditional conference Geo-
technics 2022 was held in Beskydy
Mountains again after two years.
This year’s 18" conference was
organised by the Department of
Geotechnics of the Faculty of Civil
Engineering VSB-TU Ostrava and
Minova Bohemia s.r.o.

Ve dnech 15.-16. 9. 2022 se
konala v Beskydech opét po dvou
letech tradi¢ni konference Geo-
technika 2022. Leto$ni 18. ro¢nik
konference nebyl organizovin
pouze Katedrou geotechniky Fa-
kulty stavebni VSB-TU Ostrava,
jako tomu bylo dfive, ale spolu-
organizitorem byla i firma Mi-
nova Bohemia s.r.o. Dlvodem
této zmény bylo letosni propojeni
konference s tematikou semindre
zamétfeného na zpeviiovani, tésné-
ni a kotveni horninového masivu
a stavebnich konstrukci, ktery oba partnefi dlouhodobé organi-
zovali spole¢né v unorovém terminu a ktery v poslednich tfech
letech nemohl byt z diivodu protiepidemiologickych opatfeni re-
alizovan.

Konference se ucastnilo cca 100 ucastnikl z fad zastupct Ces-
kych a slovenskych firem, vysokych Skol i dalSich akademickych
pracoviSt. V tvodu konference zastupci stavebnich fakult v Os-
travé a Praze prezentovali zaméfeni svych pedagogickych i vé-
deckovyzkumnych aktivit. Nasledoval blok prednasek vénovany
problematice geotechnického a inZenyrskogeologického prazku-
mu, ve kterém vyvolal diskusi zejména prispévek doc. Rozsypala,
vénovany kontextu prizkumui s Eurokédem 7. Jako jiz tradi¢né
byl zajimavy pfispévek prof. Hully ze Slovenské technické uni-
verzity, zaméfeny na problematiku zakladani vysokych budov
v Bratislavé. Pro ¢eské geotechniky netradi¢ni pohled na problé-
my geotechnika na stavbach letist v Senegalu prednesl zastupce
firmy SAFETY PRO s.r.o0. Tato firma pfipravila rovnéz prispévek
zaméfeny na chemickou tpravu podlozi pro vystavbu haly s vyu-
zitim smésného pojiva Geosol. Vybrané inovativni geotechnické
konstrukce a systémy pouzivané v Evropé predstavil prispévek
firmy Maccaferri Central Europe. V odpoledni ¢asti programu
zaznély pod vedenim zdstupci firmy Minova Bohemia s.r.o.
pfispévky zaméfené na realizaci a vysledky pokusnych horni-
novych injektdzi stanice metra Pankric D (METROPROJEKT
Praha a.s.), na pouZiti syntetickych pryskyfic pfi stabilizaci pod-
lozi dopravnich staveb (Minova Bohemia s.r.o0.), zajisténi vyko-
pové jamy MVE Papous¢i skdla (Minova Bohemia s.r.o). Malou
hydraulickou vrtaci soupravu pro instalaci zavrtavacich kotev
pfedstavil ve svém prispévku Ing. Pasterndk z firmy INGSTAV
GV s.r.o. Ucastniky zaujal i prispévek piedneseny Ing. Lacinou
zaméfeny na vyuziti kombinace tyCovych a pramencovych kotev

Obr. 1 Konference Geotechnika 2022
Fig. 1 Geotechnical Conference 2022

TuNel

pro zajisténi skalnich svahi na stavbé velkého méstského okruhu
v Brné€. Propojeni praxe a akademického vyzkumu dokumentoval
piispévek autorského kolektivu z VSB-TU Ostrava zabyvajici se
navrhem metod detekce dopadu do zachytnych plotl s vyuzitim
metody strojového uceni. Jedinym pfispévkem s hornickou pro-
blematikou byl piispévek piedneseny Ing. Cadou (Minova Bohe-
mia s.r.o. a Diamo s.p.) vénovany aktudlni problematice spojené
s bezpecnou a efektivni t€Zbou karbonského plynu pfi pripravé
technické likvidace Dolu Paskov.

V ramci patecniho jednani konference zaznély prispévky zame-
fené na svahové nestability na podkrusnohorské Zeleznici (Sprava
Zeleznic), na trati Horni Lide¢ — Valasska Polanka (Sprava Zelez-
nic), na useku dalnice D1 v iseku Hubova — Ivachnova na Sloven-
sku (AMBERG ENGINEERING Brno, a.s.).

Zaveérecnd ast konference byla vénovéana problémim spojenym
s vystavbou a rekonstrukcemi tuneld. Zastupci firmy AMBERG
ENGINEERING Brno a.s. prezentovali prispévek vénovany vy-
branym problémim spojenym s rekonstrukci Novohradského
tunelu na trase Brno — Ceskéa Tfebova (podchazeni vodovodu,
zajis$téni nestabilniho portalového svahu a ndvrh klenby sekun-
darniho osténi z prostého betonu), firma Subterra a.s. pfipravila
piispévek zaméfeny na rekonstrukci ¢tyf Blanenskych Zeleznic-
nich tuneld, firma SATRA spol. s r.o. pak prezentovala posouzeni
vlivu zastavby nad tunelem Mrazovka. Problémy spojené s vy-
stavbou tunelu Kramer v obtiZznych geologickych podminkéch
silné zvodnélého sesuvného pdsma prezentovali zastupci firmy
Subterra a.s. Projekénim feSenim Némcického tunelu, véetné
problematiky aerodynamickych efektd a odolnosti vici a¢inkim
pozéru, se zabyval prispévek pfedneseny zastupkyni firmy MET-
ROPROJEKT Praha a.s. Pfispévek autorského kolektivu CVUT
se vénoval vyuziti informaci ziskdvanych v rdmci vSech fazi
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zivotniho cyklu tunelu od projektu az po jeho provozovani s cilem | technickém monitoringu, na optimalizaci vrtaného tepelného vy-
snaz§i identifikace pfi¢in moZnych vad a omezeni rizika jejich | méniku, na termomechanické zatiZeni energetické piloty a poru-
vzniku. chy zemniho télesa Zelezni¢ni trati.

Chovanim kfehkych hornin a stanovenim z6n poruSeni v okoli Tésime se, Ze se za dva roky opét setkame v krasném prostiedi
tuneld indukovanych jejich razbou se zabyval jak ptispévek Mgr. Beskyd a budeme mit opét moznost vyménit si své zkusSenosti
Sysala z Ustavu geoniky AV CR Ostrava, tak i poster zpracovany a poznatky z feSeni mnohdy velmi komplikovanych geotechnic-

kolektivem autorti z Katedry geotechniky a podzemniho stavitel- kych probléma.

stvi Fakulty stavebni VSB-TU Ostrava. Kolektiv vy$e uvedené

katedry pripravil rovnéZ posterové prezentace zaméfené na expe- doc. RNDr. EVA HRUBESOVA, Ph.D.,
rimentalni stanoveni modulu smykové deformace mezi zeminou eva.hrubesova@ysb.cz,
a plastém mikropiloty, na vyuziti optovlaknovych systému v geo- Fakulta stavebni, VSB-TU Ostrava

XVI. HYDROGEOLOGICKY A IV. INZENYRSKOGEOLOGICKY KONGRES
XVI™ HYDROGEOLOGICAL AND IV™ ENGINEERING GEOLOGICAL CONGRESS

The sixteenth hydrogeological and fourth engineering Sekce nerdmovala Cisté technicka témata, pozornost byla véno-
geological congress took place in Usti nad Labem from September | vana i otdzkdm legislativnim, profesni etiky a dal§iho smé&fovani
6 to 9, 2022. The meeting took place in the modern premises of | geologickych a hydrogeologickych asociaci.
the Jan Evangelista Purkyné University campus. The event was Predana byla téz profesni ocenéni za celozZivotni pfinos — v in-
organised by the Czech Association of Hydrogeologists and Zenyrské geologii byly Cenou akademika Quida Zaruby ocenény
the Czech Association of Engineering Geologists. The event | AnnaAbramcukova a Jitka Dvofdkova, v hydrogeologii si odnesli
was attended by more than 340 professionals from the Czech Cenu profesora Oty Hynie Zbynék Hrkal, Vojtéch KnéZek, Fran-
Republic and Slovakia. There were almost 100 oral presentations tiSek Pastuszek, Josef Slavik a Daniel Smutek.
in 14 sections and around 20 posters were presented. During the Soucésti odborného programu byly i exkurze. InZenyrskoge-
congress, technical topics were discussed, attention was also paid | ologickd méla za cil sesuv Stadice. (Po 54 letech tak doSlo na-
to legislative issues, professional ethics and further direction | plnéni cile svétového Geologického kongresu konaného v srpnu
of geological and hydrogeological associations. Excursions 1968 v Ceskoslovensku, kde byla pravé tato exkurze naplino-
were also part of the professional program. The goal of the véana, le¢ invaze vojsk Varavské smlouvy to zhatila.) Uastnici
engineering geological excursion was the Stadice landslide. | hydrogeologické exkurze navStivili koupaliSt¢ Brnd s geoter-
The hydrogeological excursion to the Brnd swimming pool mélni vodou a vyznamné vodirenské zdroje Velké Zernoseky
with geothermal water and important water resources of Velké a Vlastislav.

Zernoseky and Vlastislav. The next meeting of hydrogeologists Na zavér setkdni hydrogeologli a inZenyrskych geologt pfija-
and engineering geologists is scheduled for 2026. li jeho ucastnici spole¢nou Deklaraci, v niZ upozoriiuji na neu-
spokojivy stav oborl aplikované geologie a apeluji na potiebu
Ve dnech 6. a7 9. z4ii 2022 probéhl v Usti nad Labem $estnacty zvysit kvalitu geologickych praci, na nutnost zlepSit a rozsifit

hydrogeologicky a Ctvrty inZenyrskogeologicky kongres. Setka- vychovu mladé generace v aplikované geologii na vysokych
ni se konalo v modernich prostordch kampusu Univerzity Jana | Skoldch. Dale vyzyvaji k uZsi spolupréci s ostatnimi profesnimi
Evangelisty Purkyné. Akci porddaly Ceska asociace hydrogeolo- | organizacemi a Ministerstvem Zivotniho prostiedi. Kone¢nym
gt a Ceskd asociace inZenyrskych geologli pod z4stitou fedite- cilem by mélo byt vytvoreni profesni komory geologii, obdoby
le Ceské geologické sluzby Zdetika Venery a feditele Vyzkum- Ceské komory autorizovanych inZenyrii a technikli ¢innych ve

ného ustavu vodohospodarského T. G. Masaryka, v.v.i. Toméise vystavbe.
Urbana. Kompletni informace o obou kongresech, v¢. prispévka, pre-
Posledni kongresy probéhly v roce 2017 a letos bylo na vSech zentaci a textu Deklarace jsou k dispozici na webu https://hgig.cz.

ucastnicich patrné, jak moc jsou radi, Ze se mohou opét potkat Dalsi setkani hydrogeologl a inZenyrskych geologli je napla-
a odborné i Cisté lidsky diskutovat. novano na rok 2026.

Akce se ziidastnilo vice nez 340 odbornikii z Ceské republiky
a Slovenska. Zaznélo bezmala 100 ustnich ptispévku ve 14 sek- TOMAS EBERMANN,
cich. Dale bylo prezentovano okolo 20 postert. GEOtest, a.s., clen redakcni rady

KONFERENCE O BEZVYKOPOVYCH TECHNOLOGIICH
TRENCHLESS TECHNOLOGY CONFERENCE

On September 13 and 14, 2022, the 27" Trenchless Technology companies and 130 participants from the Czech Republic,
Conference was held in Lou¢nd nad Desnou under the auspices Slovakia and Poland. More than 12 companies presented their
of the mayor. The conference was attended by more than 20 services at the exhibition, which was part of the conference.
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Ve dnech 13. a 14. zafi 2022 se v Louc¢né nad Desnou konala
pod zastitou starostky 27. Konference o bezvykopovych tech-
nologiich. Konference se zicastnilo vice nez 20 firem a 130
tcastnikd z Ceské republiky, Slovenska a Polska. Na vystavé,
ktera byla soucasti konference, své sluzby prezentovalo vice nez
12 firem.

Prvni den konference bylo prezentovdno celkem 10 prispév-
ki, mezi kterymi byly i pfispévky na téma mikrotunelovani at
jiz v Ostravé, anebo v Ceskych Budé&jovicich. Prednasejici z fad

Tuel

spravcu siti (BVK) prezentovali velmi zajimavé zkuSenosti spo-
jené s provozovanim jejich infrastruktury v Brné.

Zavérem prvniho dne se konala valnd hromada Spole¢nosti
pro bezvykopové technologie, druhy den byl vyhrazen pro velmi
zajimavou odbornou exkurzi na precerpavaci elektrarnu Dlouhé
strané, jejiz horni nadrZ a cely podzemni raZzeny komplex patii
k ,,perlam* ¢eského stavebnictvi.

Ing. FRANTL JAN, jfrantl@subterra.cz

AKTUALITY 2 PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS IN UNDERGROUND CONSTRUCTION IN THE CZECH REPUBLIC
AND SLOVAK REPUBLIC

CESKA REPUBLIKA
METRO D — NOVA LINKA PRAZSKEHO METRA

Stavba prvniho provozniho tuseku prazského metra I.D Pankrac
— Olbrachtova se stavebni délkou 1296 m a dvéma raZenymi stani-
cemi md od svého zahdjeni v dubnu 2022 rdzné pokroceno. Uspés-
ny vyvoj realizace projektu totiZ miiZzeme pozorovat a dokladovat
hned v nékolika jeho segmentech.

V legislativni ¢asti vydalo prislusné Ministerstvo dopravy final-
ni rozhodnuti se zamitnutim odvolani Pankridcké spolecnosti na
vydani chybéjiciho stavebniho povoleni ve véci zfizeni zafizeni
staveniSté pro vystavbu stanice Olbrachtova, tim tak mohlo toto
stavebni povoleni nabyt v srpnu pravni moci a stanice Olbrachtova

tak i plnou volnost pro plné rozvinuti prislu$né stavebni ¢innosti.

Na povrchu je dnes na mnoha stavebnich plochich zfetelné
viditelna ¢ila stavebni aktivita, kde napiiklad uspé$né probihaji

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The construction of the first operational section of the Prague
metro ID Pankridc — Olbrachtova with a construction length of
1,296m and two mined stations has made significant progress
since its start in April 2022. We can observe and document the
successful development of the project in several of its segments.

In the legislative part, the competent Ministry of Transport issued
a final decision rejecting the Pankracka Spolecnost z.s. appeal for
the issuance of the missing building permit in the matter of the
establishment of construction site facilities for the construction of
the Olbrachtova station, thus this construction permit could acquire
legal force in August and the Olbrachtova station thus obtain full
freedom for full development of the relevant construction activity.

On the surface, active construction work is clearly visible on

many construction sites today,

Obr. 1 Pfiprava pro preventivni zajisténi mostni konstrukce z diivodu probihajicich razeb
Fig. 1 Preparation for preventative stabilisation of the bridge structure due to ongoing excavation

where, for example, the necessary
relocation of a number of engineering
networks or the excavation of shafts
or construction pits are successfully
underway, where piles and strutted
sheeting of the future northern
concourse as well as the relevant
hoisting shaft have already been
completed at the Olbrachtova station.
A special operation was the
preventive stabilisation of the
bridge structure in Ulice 5. Kvétna
Street using steel structures, due
to the excavations taking place
underground here (see Fig. 1).

The main activity taking place on
the surface in the site arrangement
areas 1s, however,
supporting excavations taking place
underground. We are happy that, as
of today, the scope and volume of
the currently finished excavation
continue to be  successfully
expanded (see Fig. 2).

activities for




potfebné prelozky fady inZenyrskych siti nebo hloubeni Sachet ¢i
stavebnich jam, kde u stanice Olbrachtova byly jiz takto komplet-
né provedeny piloty a zdporové pazeni budouciho vestibulu sever
a také pfislusné t€zni jamy.

Specialni operaci pak bylo provedeni preventivniho zajiSténi
mostni konstrukce v Ulici 5. kvétna pomoci ocelovych konstrukei,
a to z divodu v podzemi zde probihajicich razeb (obr. 1).

Hlavni ¢innosti probihajici na povrchu v plochéch zafizeni sta-
venisté je ovSem podpora pro zajisténi raZeb probihajicich v pod-
zemi. Méame radost, Ze rozsah a objem soucasné provadénych ra-
Zeb se k dneSnimu datu i nadale uspésné rozsifuje (obr. 2).

Ze stavenist¢ PADI1b bylo k fijnu tohoto roku vyraZeno cca
130 m plného profilu pfistupové Stoly do stanice Pankrac vcetné
provadéni ucelové volenych prizkumnych vrtl (obr. 3).

Z tézni Sachty staveni$t¢ VOOL umisténé priblizné v poloviné
mezistani¢niho useku bylo vyraZzeno smérem ke stanici Pankrac
cca 125 m a smérem ke stanici Olbrachtova cca 90 m budouciho
dvoukolejného tunelu (obr. 4).

Dobrym predpokladem pro naplnéni realizacniho cile a uvedeni
do provozu celého tseku metra z Pankrace do Pisnice je probiha-
jici vybérové fizeni na zhotovitele stavby a dodavatele geomoni-
toringu stavebni ¢asti useku Olbrachtova (mimo) — Nové Dvory
v¢. tratovych tunelt z Pisnice projektu Metro D. Podle zadani za-
davatele stavby by mély byt nabidky zhotoviteli podany do konce
roku 2022.

JiZ soucasné provadéné price na useku Pankrac — Olbrachtova
realizacnim sdruzenim firem Subterra — Hochtief — Strabag pod
dohledem technického dozoru spolecnosti InZenyring dopravnich
staveb a.s. zadavatele stavby Dopravniho podniku hl. m. Prahy se
tedy Uspésné rozvijeji a doufejme, Ze tomu tak bude i nadéle. Takze
jiZ tradi¢né a na zaver prispévku projektu Metro D, zdaf bih!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

Obr. 3 Provddeni raZeb pristupové Stoly do stanice Pankrdc
Fig. 3 Excavation of access gallery to Pankrdc station
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Obr. 2 TéZni Sachta slouZici k podpore zde provddénych razeb
Fig. 2 Hoisting shaft used for supporting the excavation being carried out in
this place

From the construction site PAD1b, ca 130m of the full profile
of the access tunnel to the Pankrdc station was excavated by
October of this year, including drilling
of exploratory boreholes selected on
purpose (see Fig. 3).

From the mining shaft of the VOOL
construction site located approximately
in the middle of the inter-station section,
about 125m of the future double-
track tunnel have been excavated in
the direction of the Pankrdc station
and about 90m in the direction of the
Olbrachtova station (see Fig. 4)

A good prerequisite for the
fulfilment of the construction goal and
the commissioning of the entire metro
section from Pankrac to Pisnice is the
ongoing tender process for selection
of the construction contractor and
supplier of geomonitoring for the civil
engineering part of the Olbrachtova
(with the exeption) — Nové Dvory
section, including the running tunnels
from Pisnice of the Metro D project.
According to the specifications of the
contracting authority, the contractors*
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Obr. 4 Provddéni raZeb cdsti profilu budouciho dvoukolejného tunelu
Fig. 4 Excavation of a part of a future double-track tunnel

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Biko$

Price na stavbe useku rychlostnej cesty R4 PreSov, severny ob-
chvat, I. etapa pokracuju v silade so zmluvnym harmonogramom.
Stcastou tseku je dvojrirovy tunel Biko§ dizky 1155 m.

Stavebné prace v tuneli BikoS su v oktdébri 2022 prakticky ukon-
¢ené betondzou krytu vozovky a nitermi stien tunela. Montaze
technologického vybavenia v tunelovych rirach zaénu zaciatkom
novembra, v priebehu novembra bude na montdz technologického
vybavenia odovzdany aj objekt technologickej centraly.

Zhotovitelom stavby je zdruzZenie spolo¢nosti Vdhostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej
uvedenie do prevadzky sa ocakéva v juli 2023.

Tunel Cebrat

Price na vystavbe tunela Cebrat boli po niekolkomesaénom
preruseni obnovené v mesiaci september. V juznej tunelovej rire
je v polovici oktébra zo strany vychodného portalu vyrazenych
3602 m, zo strany zdpadného portdlu je vyrazenych 12 m pod
mikropilotovym ddZdnikom (obr. 5), na prerazenie v kalote teda
zostava poslednych 20 m. Z oboch cCelieb sa razi vo vystrojova-
cej triede 7 s mikropilotovym ddzdnikom. Stupen a protiklenba
su dotiahnuté ku kalote na ¢o najblizZSiu vzdialenost. V juZnej rire
boli tieZ obnovené prace na sekunddrnom osteni, betonazi hornych
klenieb (obr. 6).

V severnej tunelovej rire je vyrazenych 3527 m, zatial sa razi
zo strany vychodného portélu, ostdva este 91 m na prerazenie. Ra-
zenie zo zdpadného portdlu sa rozbehne aZ po prerazeni juznej
tunelovej riry. Opétovny rozbeh betondze sekundarneho ostenia
v severnej tunelovej rire sa pripravuje.

Tunel Cebrat s dizkou 3,6 km je sti¢astou tiseku dialnice D1 Hu-
bova — Ivachnova. Zhotovitelom stavby je zdruZenie spolocnosti
OHLA 78, a.s., a Vahostav-SK, a.s.

bids should be submitted by the end
of 2022.

The work already being carried
out on the Pankrdc — Olbrachtova
section by the construction con-
sortium of the companies Subterra
— Hochtief — Strabag under the
technical conducted
by the technical supervision of
InZenyring dopravnich staveb a.s. of
the Prague Public Transit Company
Inc., the contracting authority, are
therefore developing successfully
and we hope that this will continue
to be the case. So, traditionally and
at the end of the Metro D project,
God speed!

supervision

Ing. BORIS SEBESTA,
borissebesta61@gmail.com,
Ing. MICHAL SERAK,
serak@idspraha.cz

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Bikos tunnel

Work on the construction of the R4 fast highway section PreSov,
northern bypass, stage I continues in accordance with the contractual
schedule. The 1155m long Bikos double-tube tunnel is part of the
section.

Civil engineering operations in the Biko$ tunnel were practically
completed in October 2022 with the concreting of the road cover
and painting of the tunnel walls. Installation of the tunnel equipment
in the tunnel tubes will start at the beginning of November; during
November the object of the technical centre will also be handed over
for the installation of the technical equipment.

The construction contractor is the consortium formed by the
companies of Vahostav-SK, a.s. and TuCon, a.s. The estimated
completion of the fast highway and its commissioning is expected
in July 2023.

Cebrat tunnel

Work on the construction of the Cebrat tunnel was resumed in
September after a several-month interruption. In the southern tunnel
tube, 3602m were driven from the eastern portal side in mid-October,
12m were driven from the western portal side under the canopy tube
pre-support (see Fig. 5), so the last 20m remain to be driven in the
top heading. Both excavation faces are driven in support class 7
with a canopy tube pre-support. The bench and invert are kept at the
closest possible distance from the top heading. In the southern tube,
work has also been renewed on the secondary lining and concreting
of the upper vaults (see Fig. 6).

In the northern tunnel tube, 3,527m of excavation have been
completed; so far the excavation proceeds from the eastern portal
side and 91m remain to the southern tunnel tube breakthrough. The
restart of concreting of the secondary lining in the northern tunnel
tube is being prepared.

The Cebrat tunnel with a length of 3.6km is part of the the
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Hubova — Ivachnova section of the
DI motorway. The
contractor is consortium formed by
the companies of OHLA 7S, as.,
and Vahostav-SK, a.s.

construction

Visiové tunnel

The Visiové tunnel with the
total length of 7450m is part of the
Lietavska Lucka — Visnové — Dubna
Skala section of the D1 motorway
and the ,SKANSKA-VISNOVE*
consortium is the contractor for
the construction. During October
2022, work on the installation of the
primary and secondary linings in the
tunnel tubes (see Fig. 7) and the cross
passages will be completed in the
tunnel.

A total of 5 form travellers were
deployed it the ViSiové tunnel (3
smaller ones without an intermediate

Obr. 6 Debniaci voz pre sekunddrne ostenie v juznej tunelovej riire tunela Cebrat
Fig. 6 Tunnel form traveller for secondary lining in the southern tube of the Cebrat tunnel

Tunel VisSihoveé

Tunel Visiiové s dizkou 7450 m je stcastou tseku dialnice D1
Lietavskd Lucka — Dubné Skala a jeho zhotovitelom je zdruZenie
.SKANSKA-VISNOVE®. V priebehu oktébra 2022 sa na tuneli
ukoncuju prace na realizédcii primarneho a sekunddrneho ostenia
v tunelovych rdrach (obr. 7) a aj priecnych prepojeniach.

Celkovo bolo na tuneli Visiiové nasadenych 5 debniacich vo-
zikov (3 menSie bez medzistropu a 2 vicSie s medzistropom).
Z tohto po¢tu momentélne pracuju uz len dva vicsie voziky s me-
dzistropom na vychodnom portali tunela. Jeden debniaci voz bol
demontovany.

deck and 2 larger ones with an
intermediate deck). Of this number,
only two larger traveller forms with
a deck are currently working at the
eastern portal of the tunnel. One
formwork has been dismantled.

On the installation of the secondary
lining in the emergency bays, work
is being completed on the last 4 of
the total number of 20 bays. In the
emergency bays NZ-3J and NZ-3S,
the secondary lining is being carried
out using a slipform system in three
steps — 2x side wall and the bay upper
vault itself.

The grouting of the top of the upper
vault continues on the finished blocks
of the secondary lining. The grouting
of the top of the vault is finished at
85% of the total length of the tunnel
tubes. On the secondary lining, work
further continues on concreting the
nib for the pavement cover plates,
repair and finishing work, work on the
repairs of the secondary lining surface
and on the rehabilitation of the upper
vault blocks. Work is being prepared
for the placing of slotted drain pipes.

Work is in full swing on concreting the sub-grade in both tunnel
tubes. About 53,000m? of muck were removed from the tunnel and
about 15,000m® of tunnel mass fill concrete were placed. These
operations require precise planning of the logistics of the work
in the tunnel so that the construction schedule of the other tunnel
objects is not disturbed. In the northern tunnel tube, repair work
also continues on the external side drainage.

Atthe western portal of the tunnel, a utility tunnel has been carried
out, including its backfilling (see Fig. 8), the entrance staircase to
the utility tunnel is under construction, and the construction of cable
shafts KZS1 and KZS2 is being prepared. The thermal insulation of
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Na realizdcii sekundarneho
ostenia nuddzovych zalivov sa
ukoncuji prace na poslednych
4 7 celkového poctu 20. V nidzo-
vych zélivoch NZ-3J a NZ-3S sa
sekundarne ostenie realizuje po-
suvnym systémovym debnenim
v troch krokoch — 2x bo¢na stena
a samotnd klenba zélivu.

Na hotovych blokoch sekundér-
neho ostenia pokracuje injektdz
vrchlika hornej klenby. Hotova
injektaz vrchlika je na 85 % cel-
kovej dizky tunelovych rir. Na
sekundarnom osteni dalej prebie-
haji prace na beténovani ozubu
pre zékrytové dosky chodnikov,
opravné a dokoncovacie prace,
prace na vyspraveni povrchu se-
kunddrneho ostenia a na sana-
ciach blokov hornych Kklenieb.
Pripravuju sa prace na pokladku
Strbinovych Zlabov.

Naplno bezia prace na betonazi
podkladnej vrstvy plane vozov-
ky v oboch tunelovych ritrach.
Z tunela sa podarilo vyviest cca
53 000 m® rdbaniny a bolo zre-
alizovanych cca 15 000 m?® vy-
pliového beténu. Tieto prace si
vyZaduju precizne pldnovanie lo-
gistiky pric v tuneli tak, aby nebol
naruSeny harmonogram vystavby
ostatnych tunelovych objektov.
V severnej tunelovej rire pokra-
¢uju opravné prace aj na bocnej
rubovej drendZi.

Na z4dpadnom portéli tunela sa
zrealizoval kolektor vratane jeho
presypania (obr. 8), realizuje sa
vstupné schodisko do kolektora
a pripravuje sa realizacia kablo-
vych $acht KZS1 a KZS2. Pre-
vadzkovo-technologicky  objekt
(PTO) na zdpadnom portali je
tepelne zaizolovany vratane fa-
sddy a prace pokracuju vo vnutri
objektu na povrchovych tpravach
stien a na realizacii elektroinstalacie objektu. Na portalovych
stenach sa realizuje definitivny obklad. Na vychodnom porta-
li je pred severnou tunelovou rirou vybudovany kolektor a pra-
ce pokracuju na stavbe prevadzkovo-technologického objektu
(PTO).

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s.,
Ing. ROBERT ZWILLING, Skanska SK a.s.

Obr. 7 Realizdcia sekunddrneho ostenia v tuneli Vistiové
Fig. 7 Installation of secondary lining in the Visiiové tunnel

Obr. 8 Dokoncovacie prdce na zdsype kolektora na zdpadnom portdli tunela Visiiové
Fig. 8 Finishing work on the backfill of the utility tunnel at the western portal of the Visiiové tunnel

the operations and equipment control building at the western portal
has been finished, including the facade, and work continues inside
the building on the surface finishes of the walls and the electrical
installations in the building. Definitive cladding is being carried
out on the portal walls. A utility duct has been built at the eastern
portal in front of the northern tunnel tube, and work continues on
the construction of the operations and equipment control building.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s.,
Ing. ROBERT ZWILLING, Skanska SK a.s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

KORESPONDENCNI LISTEK ZE STAVBY KARAWANKENBAHN
CORRESPONDENCE CARD FROM THE KARAWANKENBAHN CONSTRUCTION

From time to time, a collector manages to acquire a small but
all the more interesting curiosity related to the object of his in-
terest. Such a thing is also the correspondence card sent in De-
cember 1903 from Rosenbachthal — a village at the northern
entrance to the (then under construction) Karawanken tunnel
in Carinthia — to Vienna. Despite a very brief message (which
could also be on the format of the simplest postal stationary)
written with an ordinary pencil, far from ideal conditions pre-
vailing on the construction sites of the (state owned) railways
in Austria-Hungary are illustrated in an interesting and per-
haps even actionable way on this correspondence card, and
please, still at the beginning of the 20™ century — see Figures 1
and 2.

Sbeérateli se ¢as od ¢asu podafii ziskat drobnou, ale o to zajima-
v¢j$i kuriozitu souvisejici s pfedmétem jeho zajmu. Takovou véci
je 1 korespondenéni listek zaslany v prosinci roku 1903 z Rosen-
bachthalu — vesnice pfi severnim vstupu do (tehdy rozestavéného)
tunelu Karawanken v Korutanech — do Vidné.

[Zeleznice Vilach — Rosenbach (a dale tunelem Karawanken
k Jesenici ve Slovinsku) je soucasti Karawankenbahn, jednoko-
lejné elektrifikované hlavni Zeleznice v Rakouskych Korutanech.
Dréha byla piivodné postavena predevsim pro spojeni Salzburgu
s hlavnim rakouskym piistavem v Terstu. Stavba byla zahdjena
1901, provoz pak 30. 9. 1906. Jednim z podstatnych objektt této
zeleznice je 7 976,50 m dlouhy tunel Karawanken, o kterém se
v seridlu o tunelovych pohlednicich psalo v ¢asopisu Tunel jiz
v €. 1/2016 a 3/2018 — viz].

Pies velmi struéné sdéleni (jaké by také na formatu nejprostsi
postovni celiny mohlo byt) napsané obycejnou tuzkou, se na tom-
to korespondencnim listku zajimavym a snad az akénim zpuso-
bem ilustruji zdaleka ne idedlni poméry panujici na stavbach (stat-

nich!) zeleznic v Rakousko-Uhersku, a to prosim jesté poc¢atkem
XX. stoleti — obr. 1 a 2.

Jako adresat je zde uvedeny:
we ialsc
Na druhé strané listku autor sdéluje:
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Obr. 1 Avers korespondencniho listku (poStovni celiny s nati§ténou zndmkou
hodnoty 5 hal.) s adresou a razitkem podaciho postovniho vifadu v Rosenbach-
thalu ze dne 12. 12. 1903) [sbirka autora].

Fig. 1 Obverse of a correspondence card (postal stationery with a printed
stamp of the value of 5 hal.) with the address and stamp of the postal office in
Rosenbachthal dated 12/12/1903) [author ‘s collection].

Obr. 2 Revers téhoz korespondencniho listku, se sdélenim napsanym tuzkou.
Fig. 2 The reverse of the same correspondence card, with a message written
in pencil.



31. rocnik - €. 4/2022

O dalsich osudech strojviidce Petra KokeSe neni nic znamo.
Tedy ani to, zda mu §vagr pravnik Felix Zitny skute¢né opatfil
pozadovany laciny revolver k obrané pied zlotfilymi Italy (snad
baraby?). Ziejmé je, ze s matetskym jazykem byl ponékud na $ti-
ru, a Iépe na tom nebyl ani jeho kolega, ktery se ujal funkce pisare.
Psani patrn¢ vibec nebylo jeho silnou strankou. To vsak k vyko-
navani strojnické profese nebylo zfejmé zapotiebi... A pro dnes-
niho ¢tenare kratického sdéleni na korespondencnim listku zusta-

Tuel

vaji jeste, vedle podivu nad nebezpecimi, kterd hrozila pradédtim
z Ceskych zemi na stavbach Zeleznic a tuneltt v R-U, dvé drobné
zahady. Tou prvni je to, jak se tato marginalni postovni zasilka
mohla viibec zachovat pfes délku 1 a Y4 stoleti? Tou druhou je pak
to, co se proboha miize skryvat pod vyrazem ,,Uberzinfram?

doc. Ing. VLADISLAV HORAK, CSc.
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Jiz piiblizn€ jen pll roku zbyvd do kondni dal§iho ro¢niku
nasi konference ,,Podzemni stavby Praha 2023“. Z ptihlasenych
abstraktll je patrné, Ze i tento ro¢nik bude z technického hledis-
ka velmi zajimavy. Opétovné se podafilo zajistit ucast mnoha
zahrani¢nich odbornik, ktefi budou prezentovat velmi zajimava
témata tykajici se navrhu, provadéni a provozovani podzemnich
staveb nebo smluvnich podminek. S ohledem na aktualni vyvoj ve
stavebnictvi bude vénovana velkd pozornost problematice BIM.
Soucésti konference budou tradi¢né i spolecensky vecer v klasteru
Bfevnov a technické exkurze na zajimavé podzemni stavby v Ces-
ké republice (metro D, Rudolfova Stola apod.). Blizsi informace
obdrzite ve 2. oznameni, které bude distribuovano elektronickou
formou jesté v pribéhu tohoto roku.

Tésime se na zajimavé prednasky a prijemna setkani.

doc. Ing. ALEXANDR BUTOVIC, Ph.D.,
predseda pripravného vyboru,

prof. Ing. MATOUS HILAR, Ph.D.,
predseda védecké rady

Only about half a year remains until the next year of our
conference “Underground Constructions Prague 2023 begins.
It is clear from the submitted abstracts that this year will also be
very interesting from a technical point of view. Once again, we
managed to secure the participation of many foreign professionals
who will present very interesting themes related to the design,
construction and operation of underground construction projects
or contractual conditions. With regard to current developments
in the construction industry, a lot of attention will be paid to the
issue of the BIM. Traditionally, the conference will also include a
gala dinner in the Bfevnov monastery and technical excursions to
interesting underground structures in the Czech Republic (metro D,
Rudolf*s gallery, etc.). You will receive more detailed information
in the announcement No. 2, which will be distributed electronically
later this year.

We look forward to interesting lectures and pleasant meetings.

doc. Ing. ALEXANDR BUTOVIC, Ph.D.,
Head of Steering Committee,

prof. Ing. MATOUS HILAR, Ph.D.,
Head of Scientific Council

UNDERGROUND
CONSTRUCTION

MAY 23-31, 2023
PRAGUE

WWwWWw.ucprague.com




CASOPIS CESKE TUNELARSKE ASOCIACE A SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA-RITES
MAGAZINE OF THE CZECH TUNNELLING ASSOCIATION AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES

Casopis vydavaji spoleéné Ceska tunelarské asociace ITA-AITES
a Slovenska tunelarska asociacia ITA-AITES.
Je zaméren na podzemni stavby z hlediska jejich vyzkumu, vyvoje,
projektovani a realizace.

Vychazi ¢tvrtletné v eském/slovenském a anglickém jazyce
v rozsahu minimalné 64 celobarevnych stran nadkladem 1200 vytiskd.

Vice informaci na: www.ita-aites.cz

Redakce casopisu Tunel pieje vsem svym ¢tenaiiim jen to nejlepsi do roku 2023.
The editorial staff of TUNEL journal wishes all its readers the very best in 2023.

Pohlednice s pranim k novému roku 1931, Némecko.
New Year‘s greeting card 1931, Germany.
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