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Vazené Ctenarky a Ctenari,

tivodem mi dovolte, abych své priivodni slovo zahdjil cititem Alberta Einsteina, ktery k4, Ze ,,Cas je jen iluze.*
Tato citace mi poslouZi jako osli mulistek a umozni kratce se ohlédnout zpét za dosavadni historii ¢asopisu Tunel.
Ne, nejde o zadnou oslavu jeho kulatého vyroci, to jen pravé letos a zcela standardné prochazi jiz 32. rokem svého
novodobého Zivota, a i tato skute¢nost mé svoji vypovidajici hodnotu, zejména diky velké mire kvality a stability
naseho Casopisu. Puvod a zaklad svych jistot nachazi v peclivé a systematické praci vSech dosavadnich redakénich
rad, kam totiZ vzpominky pamétnika sahaji, jejich sloZeni bylo vZdy d€lné, odborné, ale hlavné ve svém zakladé
velmi pratelské, coz nasemu Casopisu umoZziiovalo a umoziuje uspésSné Zit a prosperovat.

I naSe soucasna redak¢ni rada se snazi tuto tradici udrzovat, a tim i dale prodluZovat a zkvalitiiovat Zivotni drahu
Casopisu. Pfikladem mohou byt i nové upravend pravidla pro vznik a prachod publikovanych ¢lanka redakéni radou,
kde zejména ztotoZnéni pozice recenzenta a garanta do jedné osoby a posileni tymu o obsahového korektora, se zd4, Ze jiz pfinaseji své
ovoce.

Pri Einsteinové relativité casu vime, Ze se také jiz v roce 2024 bude volit a sestavovat nova redakcni rada pro novou ¢asovou periodu,
takZe 1 ji pfi této prileZitosti popfejme neméné Uspésny Zivotni cyklus s ¢asopisem Tunel.

Samotny obsah naseho aktudlniho ¢isla je vénovan spolecnostem AMBERG Engineering Brno a SG Geotechnika, které ve své odbor-
nosti jisté nalezi k tomu nejlep$imu, co nase ¢eska kotlina nabizi. Dikazem toho jsou i obéma spolec¢nostmi prezentované obsahove zajima-
vé ¢lanky. Spole¢nost AMBERG vsadila na témata jako jsou rekonstrukce Zelezni¢nich tunelti v Cechach a novostavby kabelového tunelu
ve Skandinavii, oboji zejména z pohledu projektanta. Spole¢nost Geotechnika potom zvolila témata jako jsou popis prizkumnych praci na
déalni¢nim tunelu Détfichov, popis inZenyrskogeologickych podminek pfi razbé trasy metra D v mezistani¢énim useku Pankrac—Olbrachtova
¢i popis praci pii zajistovani historického cinového dolu Jeronym ve Slavkovském lese.

Cislo, které pravé drzite ve svych rukach, je poslednim leto$niho roku, vychazi v mésici, kdy nds ¢ek4 i nékolika vyznamnych a popular-
nich svatkd. Prvni je samoziejmé svata Barborka, patronka vSech a v§eho dobrého v podzemi, nasleduje oblibeny Mikulas a vse uzaviraji
vano¢ni svitky s neopakovatelnym Stédrym dnem a tradi¢nim Silvestrem.

Vazeni Ctenari, dovolte mi zavérem poprat Vam ke vSem jmenovanym svatkim vSechno nejlepsi, samou radost, snad i kapku toho tspé-
chu, a kdyz to jen trochu pijde, tak i prizen a sounalezitost s nasim ¢asopisem Tunel.

Ing. BORIS SEBESTA,
predseda redakéni rady

Dear readers,

let me begin my introduction with a quote from Albert Einstein, who says that “Time is just an illusion”. This quote will serve as
a donkey’s bridge and will allow me to briefly look back at the history of the Tunel magazine so far. No, it is not a celebration of its
round anniversary, it is just this year and quite normally that it is going through the 32" year of its modern life, and even this fact has its
informative value, especially thanks to the high level of quality and stability of our journal. It finds the origin and basis of its certainty in
the careful and systematic work of all previous editorial boards, as far as where the memories of the witnesses go, their composition has
always been labourable, professional, but above all very friendly in its basis, which has enabled our journal to live and prosper successfully.

Our current editorial board is also trying to maintain this tradition and thus further extend and improve the life of the journal. An example
of this can be the newly modified rules for the creation and passage of published articles through the editorial board, where in particular
merging the position of the reviewer and guarantor into one person and at the same time or, on the contrary, strengthening the person of the
language proofreader by the person of the content proofreader, seems to be already bearing fruit.

Given Einstein’s relativity of time, we know that a new editorial board for a new period of time will also be elected and assembled in
2024, so let’s take this opportunity to wish it an equally successful life cycle with the Tunel journal.

The content of our current issue is dedicated to the companies of AMBERG Engineering Brno and SG Geotechnika, which certainly are
among the best that our Czech conditions have to offer in terms of their expertise. This is also evidenced by the interesting articles presented
by both companies. AMBERG Engineering has focused on topics such as the reconstruction of railway tunnels in the Czech Republic and
a new cable tunnel construction in Scandinavia, namely from the designer’s point of view. The Geotechnika company then chose topics
such as the description of the exploratory work on the Détfichov motorway tunnel, the description of the engineering-geological conditions
during the excavation of the metro line D tunnels between the Pankrac—Olbrachtova stations and the description of the work on securing
the historic Jeronym tin mine in the Slavkov Forest.

The journal issue you are currently holding in your hands is the last of this year, it is published in a month when we are also facing
several important and popular holidays. The first is, of course, St. Barbara, the patron saint of all people and everything good underground,
followed by the popular St. Nicholas, and everything closes with the Christmas holidays with the unforgettable Christmas Eve and the
traditional New Year’s Eve.

Dear readers, let me conclude by wishing you all the best on all the above-mentioned holidays, all joy, perhaps even a drop of success,
and if at all possible, also favour and friendly relationships with our Tunel journal.

Ing. BORIS SEBESTA,
Chairman of the Editorial Board




VAZENI CTENARI!

Spole¢nost AMBERG Engineering Brno, a.s., se mize
tficet let uspéSného pusobeni na trhu projektovani tunell
a podzemnich staveb. Stejné vyro¢i slavim i j4 osobné jako
jeden z prvnich zaméstnanct. Dovolim si pouze kratce zmi-
nit historii vzniku firmy.

Akciova spolecnost AMBERG Engineering Brno, a.s.,
byla zaloZena v zafi 1993 jako prvni zahrani¢ni filidlka
Svycarské spolecnosti AMBERG ENGINEERING AG
(pGivodné AMBERG INGENIEURBURO AG) a stala se
tak soucdsti skupiny firem AMBERG Group AG. Ta dnes
vlastni skupinu projekénich a inZenyrskych kancelati AMBERG
ENGINEERING, AMBERG LOGLAY AG, AMBERG TECHNOLO-
GIES AG a Versuchsstollen Hagerbach AG. Z toho zminénda AMBERG
ENGINEERING pfedstavuje nékolik samostatnych filidlek a kancelari
v riiznych zemich svéta (Svycarsko, Rakousko, Némecko, Francie, Ces-
ko, Slovensko, Spanélsko, Norsko a Indie). Celosvétové zaméstnava
AMBERG Group pres 400 lidi. Souc¢ésti nasi brnénské kancelare je rov-
néz softwarové oddéleni, které se zabyva vyhradné vyvojem software
pro méfeni v podzemi. VEtSiné ¢tenaiti nemusim predstavovat Amberg
Rail, Amberg Tunnel, Tunnel Seismic Prediction (TSP), TunnelMap
a dalsi SW, kterézto byly vyvinuty a odzkousSeny pravé v Brné.

Dovolim si zminit i jednu zajimavost, pro¢ byla prvni zahrani¢ni fi-
lialka zaloZena pravé v Ceské republice. Dr. Rudolf Amberg (+1995),
otec dnesniho majitele AMBERG Group pana Felixe Amberga a za-
kladatel $vycarské spolecnosti AMBERG INGENIEURBURO AG,
mél totiZ nesmirné rad ¢eské pivo. Netroufdm si tvrdit, Ze to byl hlav-
ni diivod pro zaloZeni zahrani¢ni filidlky v Ceské republice, ale jeden
z divodi urcité.

Ale zpét k brnénské kancelari. Jadrem kazdé inZenyrské kancelare
a tzv. rodinnym stifibrem, o které je nutné obzvlast pecovat, jsou jedno-
znacné erudovani zaméstnanci. Za dobu nasi existence se u nas vystfi-
dalo na pozicich projektantti celkem 61 inZenyrd, v drtivé vétsin€ absol-
ventd brnénské stavebni fakulty. Aktualni pocet zaméstnancu piesahuje
¢islovku padesat. Vzhledem k na$i pomérné tzké specializaci na tune-
ly a podzemni stavby pfedstavuje AMBERG Engineering Brno, a.s.,
s dvaceti projektanty tunelafi jednu z nejvysSich koncentraci tuneld-
i v jedné projekéni kancelafi v Ceské i Slovenské republice. Takové
mnoZstvi se samozfejmé nemuZe uZivit na naSem malém ceském trhu,
takZe vyznamnou ¢ast naSich zakazek predstavuji zahrani¢ni projekty.
Lze jmenovat Brennersky bazovy tunel, bdzovy tunel Semmering a dal-
§1 vyznamné tunely ve Svédsku a Némecku.

Po celou dobu ptsobeni na trhu cilené budujeme svoje renomé
v oblasti sanaci tunell a dalSich podzemnich liniovych staveb. Prvni
vlastovkou byl navrh rekonstrukce Zelezni¢niho tunelu Novohradské-
ho, tedy tunelu ¢islo 8/1 na trati Brno—Blansko, a to jiz v letech 1994
az 1995. Tehdy nerealizovana sanace dle naSeho projektu probéhla az
v roce 2022. Celkem bylo u AMBERG Engineering Brno, a.s., k dnes-
nimu dni vyprojektovano a nasledné realizovdno 25 sanaci a rekon-
strukci Zelezni¢nich tunelt v ramci Ceské republiky a vice jak deset
sanaci tunel@l v zahrani¢i (pfevazné Zelezni¢ni tunely ve Svycarsku
a Némecku). V oblasti sanaci primarni kolektorové sité¢ v Brné jsme
se stali prakticky dvornim projektantem sanaci Sachet a chodeb, kdy
vétsina projekti vznikla pravé v nasi kancelafi.

Bohuzel si musim opét, jako pred péti lety, kdy jsem psal tivodnik
u pfilezitosti naseho 25. vyrodi, postéZovat, Ze trend tbytku novych
inZenyrt projektantli v naSem oboru se nezastavil, ale naopak jeSté
zrychlil. KdyZ vidim pocty absolventtl technickych skol v poslednich
letech, zejména stavebnich fakult a prfedev§im geotechniky, je mi do-
cela smutno.

Zavérem bych chtél vyslovit podékovani vSem soucas-
nym i byvalym zaméstnanciim nasi spole¢nosti a rovnéz
koleglim z ostatnich filidlek AMBERG Group, bez nichz
bychom dnes nebyli tam, kde jsme, a tim, kdo jsme.
A soucasné si prat, aby dal§i ptisobeni firmy AMBERG
Engineering Brno, a.s., bylo
nejméné tak uspés$né, jako
téch tficet let uplynulych.

Zdar Buh.

Ing. VLASTIMIL HORAK,
predseda predstavenstva AMBERG Engineering Brno, a.s.
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DEAR READERS,

This year, AMBERG Engineering Brno, a.s., can be ranked
among companies that have already had behind thirty years of
successful operation in the market of tunnel and underground
construction. I personally celebrate the same anniversary as
one of the first employees. Let me just briefly mention the
history of the company ‘s origins.

AMBERG Engineering Brno, a.s., was founded in Sep-
tember 1993 as the first foreign subsidiary of the Swiss com-
pany AMBERG ENGINEERING AG (formerly AMBERG
INGENIEURBURO AG) and thus became part of the
AMBERG Group AG. Today, the company owns the group of
design and engineering offices AMBERG ENGINEERING, AMBERG
LOGLAY AG, AMBERG TECHNOLOGIES AG and Versuchsstollen
Hagerbach AG. Of these, the abov mentioned AMBERG ENGINEERING
represents several independent branches and offices in various countries
of the world (Switzerland, Austria, Germany, France, Czech Republic,
Slovakia, Spain, Norway and India). The AMBERG Group employs more
than 400 people worldwide. Our Brno office also includes a software
department, which deals exclusively with the development of software for
measurements in the underground. I don‘t need to introduce Amberg Rail,
Amberg Tunnel, Tunnel Seismic Prediction (TSP), TunnelMap and other
SW that have been developed and tested in Brno.

I would also like to mention one interesting fact why the first foreign
branch was established in the Czech Republic. Dr. Rudolf Amberg (+1995),
the father of the current owner of the AMBERG Group, Mr. Felix Amberg,
and the founder of the Swiss company AMBERG INGENIEURBURO AG,
was extremely fond of Czech beer. I don‘t dare to say that this was the main
reason for establishing a foreign branch in the Czech Republic, but it was
certainly one of the reasons.

But back to the Brno office. The core of every engineering office
and the so-called family silver, which must be taken care of, are clearly
knowledgeable employees. Over the course of our existence, a total of 61
engineers have held the positions of designers, the vast majority of whom
are graduates of the Faculty of Civil Engineering in Brno. The current
number of employees exceeds fifty. With respect to our relatively narrow
specialisation in tunnels and underground construction projects, AMBERG
Engineering Brno, a.s., with twenty tunnellers, represents one of the
highest concentrations of tunnellers in one design office in the Czech and
Slovak Republics. Of course, such a large number cannot make a living
on our small Czech market, so a significant part of our orders are foreign
projects. It is possible to name the Brenner Base Tunnel, the Semmering
Base Tunnel and other important tunnels in Sweden and Germany.

Throughout the time of our activity on the market, we have been
purposefully building our reputation in the field of tunnel rehabilitation and
other underground line constructions. The first swallow was the proposal
for the reconstruction of the Novohradsky railway tunnel, i.e. tunnel No. 8/1
on the Brno-Blansko line, in 1994 and 1995. The rehabilitation according
to our design, which was not implemented at that time, did not take place
until 2022. To date, AMBERG Engineering Brno, a.s. has designed and
subsequently implemented 25 rehabilitation and reconstruction designs
for railway tunnels in the Czech Republic and more than ten tunnel
rehabilitation designs abroad (mainly railway tunnels in Switzerland
and Germany). In the field of rehabilitation of the primary utility tunnels
network in Brno, we have practically become the main designer of the
rehabilitation of shafts and corridors, where most of the designs originated
in our office.

Unfortunately, I have to complain again, as I did five years ago, when
I wrote an editorial on the occasion of our 25™ anniversary, that the trend of
the diminishing of the number of new engineers and designers in our field
has not stopped, but has accelerated. When I see the number of graduates
of technical schools in recent years, especially at the faculties of civil
engineering and especially at geotechnics, I feel quite sad.

To conclude, I would like to express my thanks to all
P current and former employees of our company, as well as
/ colleagues from other branches of the AMBERG Group,
without whom we would not be where we are today and who
we are. At the same time, we wish that the further activities
of AMBERG Engineering
Brno, a.s. will be at least as
successful as during the past

thirty years.

God speed you.

Chairman of the Board of Directors of AMBERG Engineering Brno, a.s.
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VAZENE KOLEGYNE A KOLEGOVE, CTENARI
CASOPISU TUNEL,

seSel se rok s rokem a mam tu Cest ¢i pfileZitost napsat
dal§i Uvodnik za nasi spolecnost SG Geotechnika a.s.,
do nami oblibeného ¢asopisu Tunel.

V minulém roce jsem vénovala Uvodnik vyctu bé-
Zicich a pripravovanych podzemnich staveb na tzemi
Ceské republiky. KdyZ si jej dnes pfectu, je mi trochu
smutno. Ano, povedlo se rozbéhnout vystavbu metra I.D
v Praze v dseku stanic Pankrac—Olbrachtova a my tomu-
to useku a jeho inZenyrskogeologickym pomériim vénujeme jeden
Clanek v tomto Cisle Casopisu. Bohuzel se vSak nepovedlo roz-
beéhnout usek nésledujici ze stanice Olbrachtova do stanice Nové
Dvory, kde zahdjeni jeho vystavby bylo planovano na 1éto 2023.
Projekt se dostal, ostatné tak jako i soutéZ na provedeni komplex-
niho geotechnického monitoringu a pasportizace pro tento usek,
na Ufad pro hospodéiskou soutéz a jeho vystavba a monitoring tak
pravdépodobné do konce roku 2023 nebude zah4jena.

Podobné skoncil i dal§i vyznamny projekt, a to inZzenyrskogeolo-
gicky priizkum na tizemi Ceské republiky pro tunel Krusnohorsky,
coZ je preshrani¢ni projekt na trase Nového Zelezni¢niho spojeni
z Drazdan do Prahy v tseku Heidenau — Usti nad Labem. I zde
byla vefejnd soutéz na provedeni vrtnych praci a zkousek poslana
k Utadu pro hospodaiskou soutéZ.

DalSim pfipadem posunu realizace je i budouci zatim nejdelsi
silni¢ni tunel Détfichov s délkou 3 983 m na D35 na useku z Opa-
tovce do Starého Mésta. Pro néj délala naSe spolecnost podrobny
a doplitkovy inZenyrskogeologicky prizkum. Tunel by se mél sta-
vét formou PPP projektu, ale pfiprava a béh soutéze touto formou
je zdlouhavy proces, takZe je mozné, Ze se tunel nezacne stavét ani
v roce 2024.

Aby vSe nevyznélo jen negativné, tak jsem potéSena, Ze se nase-
mu SdruZeni podaftilo uspét a ziskat zakazku na podrobny geotech-
nicky prizkum pro novostavbu trati Praha—Smichov—Beroun. Te-
rénni prace na prizkumu budou zahdjeny v listopadu 2023 a bude
se jednat o velice naro¢nou ¢innost s vrty hlubokymi az 160 m. Na
tuto praci se tésime nejen jako geologové, ale i tuneléfi a prejeme
si, aby projekt tohoto téméf 25 km dlouhého tunelu byl doveden
az do realizace. Pokud se nam prace bude dafit, miZete na téma
geotechnickych podminek tohoto budouciho tunelu v geologicky
pestrém a atraktivnim prostiedi jadra Barrandienu a Ceského krasu
ocekavat ¢lanek v nékterém z dalSich cisel tohoto Casopisu, a to
v roce 2024 ¢i zkraje roku 2025.

Nevim, jestli je optimismus na mistg, ale ze strany ministerstva
dopravy dostavame ujisténi, Ze penize na piipravu slozitych infra-
strukturnich staveb budou. Jestli se jejich sliby naplni, budeme mit
i v budoucnu co pfipravovat a stavét a doufam, Ze v nasledujicich
letech budeme mit moZnost dale dokazovat, Ze Ceské podzemni
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ukoly tohoto oboru. Je to pro nas dilezité i proto, abychom moh-
li vychovévat a Skolit novou generaci geotechnikt
a inZenyrt pro podzemni stavitelstvi, ktefi by tak
mohli pokracovat v dlouhé tradici, kterou tento obor
v nasi zemi ma.

S hornickym Zdatr Bih Vam vSem a Ceské-
mu tunelovému stavebnictvi zvIlast preji vse
nejlepsi, mnoho uspéchl a hodné krasnych
podzemnich staveb.

S o

MGR. LUCIE BOHATKOVA

Clenka predstavenstva a obchodni
Feditelka SG Geotechnika a.s.

Member of the Board of Directors

Tuel

DEAR COLLEAGUES, READERS OF TUNNEL
JOURNAL,

a year has come and gone and I have the honour or
opportunity to write another editorial on behalf of our
company SG Geotechnika a.s. for our favourite Tunel
journal.

Last year, I devoted my editorial to a list of ongoing and
upcoming underground construction projects in the Czech
Republic. Reading this editorial from 2022 today makes
me a little sad. Yes, the construction of the ID Prague metro
line section between the Pankric and Olbrachtova stations
has successfully started and we are dedicating a paper to this section
and its engineering and geological conditions in this issue of Tunel
journal. Unfortunately, however, the attempt to start the construction of
the following section from Olbrachtova station to Nové Dvory station,
the start of which was planned for the summer of 2023, has failed.
The project, as well as the tender for the comprehensive geotechnical
monitoring and condition survey of properties for this section, was
moved to the Competition Office and the construction and monitoring
will probably not start until the end of 2023.

Another important project, namely the engineering geological
survey in the Czech Republic for the Erzgebirge Tunnel, a cross-
border project on the route of the New Rail Link from Dresden to
Prague in the Heidenau — Usti nad Labem section, has also finished
similarly. Here too, the tender for the drilling and testing work was
sent to the Competition Authority.

Another case of postponement is the future, for the time being the
longest, road tunnel, the Détfichov tunnel with a length of 3,983m
on the D35 motorway section from Opatovec to Staré Mésto. For
this tunnel, our company carried out a detailed and complementary
engineering geological survey. The tunnel should be built as a PPP
project, but the preparation and course of the PPP tender is a lengthy
process, so it is possible that the tunnel construction will not be started
even in 2024.

In order not to make everything sound only negative, [ am pleased that
our consortium managed to succeed and win a contract for a detailed
geotechnical survey for the new construction of the Prague — Smichov
— Beroun rail line. The field work on the survey will start in November
2023 and will be very demanding with boreholes up to 160m deep.
We are looking forward to this work, not only as geologists but also
as tunnellers, and we wish to see the project of this almost 25km long
tunnel through to the completion of the construction. If our work is
successful, you can expect an article on the geotechnical conditions of
this future tunnel in the geologically varied and attractive environment
of the core of the Barrandian and the Bohemian Karst in a future issue
of this journal in 2024 or early 2025.

I don’t know whether the optimism is justified, but we are receiving
assurances from the Ministry of Transport that there will be funds
for the preparation of complex infrastructure construction projects.
If their promises are fulfilled, we will continue to have something
to prepare and build in the future, and I hope that in the coming
years we will be able to continue to prove that Czech underground
construction is at a high level and is capable of solving even the most
complex tasks in this field. It is also important for us to be able to
educate and train a new generation of geotechnical
and underground construction engineers capable of
continuing the long tradition of this field in our country.
With miners’ God Speed You, I wish you all and the
Czech tunnel construction industry in particular
all the best, much success and many beautiful
underground construction projects.

and commercial Director
of SG Geotechnika a.s.
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REKONSTRUKCE DECINSKEHO A LOUBSKEHO TUNELU
RECONSTRUCTION OF THE DECINSKY AND LOUBSKY TUNNELS

JAROSLAV LACINA, LENKA KOCI, LUMIR KLIS

ABSTRAKT

Cldnek popisuje projektovou pripravu a zkuSenosti 7 realizace rekonstrukce dvou Zeleznicnich tunelii. Décinsky tunel je na hlavni trati
Kolin—VSetaty—Décin. Loubsky tunel, leZici na sousedni trati, jmenovanou trat podchdzi cca 100 m pred vjezdovym portdlem Décinského
tunelu. Hlavni trat byla v letech 2021-2023 optimalizovdna. Décinsky tunel proSel ndrocnou rekonstrukct, spocivajici predevsim ve vymeé-
né pivodni klenby hloubené Cdsti a zamezeni prisakit v celém tunelu. Loubsky tunel musel byt rekonstruovdn vzhledem k nepristupnosti
pri provozu trasy Kolin—Vsetaty—Décin. Béhem jeho fungovdni doslo k vyznamnému poskozeni klenby pricnou trhlinou v misté kriZend.
Pradveé toto posSkozeni bylo nutno sanovat.

ABSTRACT

The article describes project preparation and experience from the reconstruction of two railway tunnels. The Décinsky Tunnel is on the
main line Kolin—VSetaty—Décin. The Loubsky tunnel, located on the neighboring track, passes under the named track approx. 100m in
front the entrance portal of the Décinsky Tunnel. The main line was optimized in 2021-2023. The Décinsky Tunnel underwent an extensive
reconstruction, consisting primarily of the replacement of the original vault in cut and cover part of the tunnel and the waterproofing in the
entire tunnel. The Loubsky tunnel had to be reconstructed due to the inaccessibility of the Kolin—VSetaty—Décin route. During its operation,

the vault was significantly damaged by a transverse crack at the point of crossing. The damage had to be repaired.

uvoD
Rekonstrukce uvedenych tunelli byla soucasti celkové obnovy
trati v tseku D&in vychod — D&&in — Prostiedni Zleb. Décinsky

v

tunel je pfimo na hlavni trati Kolin—VSetaty—DéCin. Loubsky tu-
nel na celostatni trati DéCin vychod — DéCin Loubi, sméfujici do
décinského ndkladniho pfistavu, hlavni trasu podchézi cca 100 m
pfed vjezdovym portilem Dé€inského tunelu.

Samotna rekonstrukce tuneldi probihala v letech 2021-2022.

Zkusebni provoz byl zahdjen 23. 2. 2023.

DECINSKY TUNEL

Décinsky tunel byl vybudovan jako dvoukolejny v roce 1874.
Podle aktudlniho zaméfeni je skutecna délka tunelové trouby
400,20 m. Do roku 1968 byl provozovan jako dvojkolejny, v le-
tech 1968—1971 probéhla jeho generalni rekonstrukce, od té doby
je provozovén jako jednokolejny. V roce 1986 byla provedena
elektrifikace trati.

Podle dil¢ich informaci z archivnich podklada [1] a na zakladé
vysledkt prizkumnych praci 1ze usuzovat, Ze tunel byl vybudo-
van jako hloubeny ve stavebni jamé v délce cca 120 m a dale jako
razeny. Nadlozi v hloubené ¢asti ma vysku cca 0,2-7,4 m, maxi-
madlni vySka nadloZi v raZené Casti je cca 41 m. V hloubené ¢asti
tunel kiizi ulici U Stielnice, v razené ¢asti pak silnici I/62 na ulici
Loubské.

Tunelovou troubu tvoii celkem 53 past. Zdivo kleneb je pie-
vazné z piskovcovych kvadrt, ¢ast past v razené ¢asti je pak z ci-
helného zdiva. V pasech P1 az TP27 a TP49 aZz P2 byl cely po-
vrch osténi prekryt sanacni vrstvou stfikaného betonu, v pasech
TP28 az TP36 pouze v klenbé. Stikané betony byly realizovany
v ramci rekonstrukce v letech 1968—1971. Konstrukce portéla je
plvodni zdéna, z piskovcovych kvadri.

Pred rekonstrukci byla prostorova prichodnost podle loZné
miry UIC GC s elektrizaénim nastavcem nevyhovujici. Cilem
rekonstrukce bylo, mimo jiné, dosaZeni prostorové priichodnosti

dle této normy i s elektrizacnim nastavcem.

INTRODUCTION

The reconstruction of the mentioned tunnels was part of the
overall renewal of the line in the section Décin vychod — Décin —
Prostiedni Zleb. The D&&insky Tunnel is directly on the main line
Kolin—Vsetaty—DéCin. The Loubsky tunnel on the national line
Décin vychod — DéCin Loubi, heading to the DéCin cargo port,
passes the main route approx. 100m before the entrance portal of
the DéCinsky Tunnel.

The reconstruction of the tunnels itself took place in 2021-2022.
Trial operation was started on February 23, 2023.

DECINSKY TUNNEL

The Décinsky Tunnel was built as a double-track tunnel in 1874.
According to the current alignment, the actual length of the tunnel
tunnel is 400.20m. It was operated as a double-track until 1968, in
the years 1968—1971 it underwent a general reconstruction, since
then it has been operated as a single-track. In 1986, the line was
electrified.

According to partial information from archival documents [1]
and based on the results of investigation, it can be concluded
that a length of approx. 120m of the tunnel was built as cut
and cover in a construction pit, and the remaining part was
excavated underground. The overburden height of the cut and
cover part is approx. 0.2—7.4m, the maximum overburden height
of the underground excavation part is approx. 41m. The cut and
cover tunnel crosses U Strelnice Street, and in the bored tunnel
underpasses 1/62 road at Loubské Street.

The tunnel tube consists of a total of 53 sections. The masonry
of the vault is mainly made of sandstone blocks, part of the
sections in the bored part is made of bricks. In sections P1 to
TP27 and TP49 to P2, the entire surface of the lining was covered
with a protection layer of sprayed concrete, in sections TP28
to TP36 only in the vault. Shotcrete was installed as part of the
reconstruction in 1968—-1971. The portals structure is originally
a masonry made of sandstone blocks.
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GEOLOGICKE A HYDROGEOLOGICKE POMERY

Zajmovym uzemim prochdzi od severozapadu k jihovychodu
hlavni poruchova linie dé¢inského zlomového pole, za kterou
jsou smérem k jihozapadu, tedy do hloubené ¢asti tunelu, ulozeny
svrchnokiidové slinovce. Tato dislokace probihd dle historickych
pramend [1] pravdépodobné v tseku s mimofadné zkracenymi tu-
nelovymi pasy a protiklenbou v TP14 az TP17. Hloubena ¢ast byla
dle archivnich podkladt zasypéana piskem s jilem. PodloZi hloube-
né Casti je dle archivnich podkladii tvofeno tuhym jilovcem; vrt-
nym priazkumem [2] byl ovéfen jilovec, siln€ az zcela zvétraly R6
(v opéfe mezi pasy TP12/13), pod protiklenbou degradovany na
piscitou hlinu F3. Prechodova cast s protiklenbou v pasech TP14
az TP20 byla dle archivnich podkladd raZena v tuhém jilovci (az
slinovci). Zbyvajici Gsek tunelu v pasech TP21 aZ P2 byl dle ar-
chivnich podkladt razen v piskovci s lokdlnimi pritoky podzemni
vody. V pase TP6 pritéka do tunelu z pravé strany bezejmenna
vodoteC z prostoru jimani prebytkli podchycenych prameni pitné
vody ze Stoli¢né hory, kterou tunel prochazi. Jde o prameny slou-
Zici jako zdroj pitné vody pro mésto Décin.

PRUZKUMNE PRACE

V ramci projektové piipravy rekonstrukce trati byl proveden
Ze v hloubené Casti nebyla pred zasypanim provedena hydroizo-
lace tunelové klenby. Pfi rekonstrukci v letech 1968—1971 byl lic
klenby uzavfen vrstvou stifkaného betonu a ¢astecné bylo zdivo
proinjektovdno cementem. Tim bylo znemoZnéno prosychani zdi-
va zevnitf. Piskovcové zdivo klenby v hloubené ¢asti bylo vlivem
prosakujici vody degradované, mélo vyrazné sniZenou pevnost.
V ramci realizovaného vrtného prizkumu [2] byly provedeny
vrty do klenby ve vSech tunelovych pasech hloubené ¢asti tune-
lu. Ve vrtnych jadrech byly zjistény polohy rozpadlého piskovce;
z odebranych vzorki méla velka ¢ast pevnost v tlaku mensi nez
10 MPa. V nékterych ¢astech klenby chybélo pojivo mezi kameny
(obr. 1).

REKONSTRUKCE PUVODNI HLOUBENE CASTI TUNELU

V pasech, ve kterych byla prizkumem zjisténa nizkd pevnost
kamennych kvadra zdiva (vétsSinou 4 az 15 MPa), byla provedena
vymeéna klenby. Jedné se o pasy P1 az TP12. Pivodni kamenna
klenba byla vybourdna a nahrazena Zelezobetonovou konstruk-
ci, vyména byla provadéna z otevieného vykopu, kterému pied-
chazely zajisfovaci prace v tunelu
a stabilizace prostiedi okolo tune-
lové trouby tak, aby bylo moZno
zachovat pavodni opéry v tuseku
vymeény.

Zajisténi stavebni jamy bylo pro-
vedeno v dseku s mélkym nadlo-
Zim kotvenymi pilotovymi sténami.
Ty byly tvofeny vrtanymi pilotami
@900 mmal4dmd. 15myv tr-
valém provedeni, kotvenymi do-
Casnymi predpjatymi pramencovy-
mi kotvami délky (celkova délka/
délka korene) 15/7 m vlevo tunelu
a 13/5 m vpravo tunelu. Rozte¢ ko-
tev byla shodné 2,8 m. Potfebné za-
ru¢ené kotevni sily se pohybovaly
v rozmezi 365 az 380 kN.

- T

Obr. 1 Rozpad kamenné obezdivky —
Fig. 1 Disintegration of the stone wall — detail of part of the probe in TP12
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Before the reconstruction, the structure gauge according to the
UIC GC loading gauge with the pantograph was unsatisfactory.
The goal of the reconstruction was, among other things, to comply
with the structure gauge according to this standard even with the
pantograph.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The main fault line of the D&Cin fault field passes through the
area of interest from northwest to southeast, behind which the
Upper Cretaceous marls are deposited towards the southwest, i.e.
into the cut and cover part of the tunnel. According to historical
sources [1], this shear zone is probably running in the area with
exceptionally shortened tunnel sections and a vault in TP14 to
TP17. According to archival documents, the cut and cover part
was covered with sand and clay. According to archival documents,
the subsoil of the cut and cover part is made of stiff claystone; the
borehole investigation [2] confirmed the R6 claystone, strongly
to completely weathered (in the abutment between the sections
TP12/13), degraded to sandy loam F3 under the invert vault.
According to the archival documents, the transition part with
the invert vault in sections TP14 to TP20 was excavated in hard
claystone (or even a marl). According to archival documents,
the remaining section of the tunnel in sections TP21 to P2 was
excavated in sandstone with local groundwater inflows. In the
section TP6, an unnamed watercourse flows into the tunnel from
the right side from the area of overflown drinking water springs
from the Stolicnd mountain, through which the tunnel passes.
These springs are the source of drinking water for the city of
Décin.

INVESTIGATION WORKS

An investigation of the tunnel [3], [4] and [5] was carried out
as part of the project preparation of the track reconstruction. The
most serious finding was the fact that the tunnel vault was not
waterproofed in the cut and cover part before backfilling. During
the reconstruction in 1968—1971, the inner face of the vault was
sprayed with a layer of concrete and the masonry was partially
injected with cement. This prevented the masonry from drying
out from the inside. The sandstone masonry of the vault in the
cut and cover part degraded due to seeping water, and its strength
was significantly reduced. As part of the borehole investigation
[2], boreholes were drilled into the vault in all tunnel sections of

detail ¢dsti sondy v TP12
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Ve zbyvajici ¢asti hloubeného tu-
nelu s nadlozim klenby vysSky cca
3,5 az 7 m byla kotvend pilotova
sténa s pilotami délky 12 m ukon-
¢ena pfiblizné ve vrchliku klenby.
Kotveni bylo navrZeno Sestipra-
mencovymi kotvami délky 25/12 m
v rozteCi 2,8 m. Potfebna zaruCena
kotevni sila byla 885 kN. Na korunu
pilot navazovalo zajiSté€ni horni ¢as-
ti stavebni jamy kotvenym svahem.
Vzhledem k velikosti sil, které bylo
tfeba prenést, byly navrzeny tyCové
samozavrtné prvky priméru 32, 38
a 51 mm, kotvené pres kotevni pra-
hy v lici stavebni jamy. Délka kotev
byla 6-12 m podle intenzity zatiZe-
ni. Povrch lice stavebni jamy byl po-
sléze opatfen ochrannou vrstvou ze
stitkaného betonu tl. 200-250 mm.

Ponechané opéry v tunelu byly
prikotveny trvalymi dvoupramen-
covymi kotvami délky 12/4 m, si-
tuovanymi mezi pilotami. Kotveni
probihalo pfes monolitické kotev-
ni bloky rozmérit min. 1,2 x 1,2 x
0,26 m s osou kotveni ve vysce cca
2 m nad osou nové koleje. Celkem
bylo provedeno 146 prvki. Potfebné

1"

Obr. 2 Rozeprent tunelu pred bourdnim klenby

sily v kotvach v dseku s malym nad- Fig. 2 Bracing the tunnel before demolishing the vault

lozim byly 220 kN, v dseku s vys-
$im nadloZim pak 110 aZ 140 kN.

Pred zahdjenim zemnich praci nad tunelem bylo kromé pii-
kotveni opér provedeno rozepfeni tunelu ve vysce cca 0,6 m pod
bouranou ¢asti klenby pro zajisténi stability konzoly tunelové obe-
zdivky (kterd po vybourdni klenby zlstala stat). Rozepfeni bylo

the cut and cover part of the tunnel. The positions of disintegrated
sandstone were found in the drill cores; of the samples taken,
a large part had a compressive strength of less than 10MPa. In
some parts of the vault, the binder between the stones was missing
(Fig. 1).
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Obr. 3 Vzorovy pri¢ny fez tunelem v hloubeném tseku s vyménou klenby

Fig. 3 Typical cross-section of the tunnel in the cut and cover section with the vault replacement
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realizovano spolecné s bednénim nové klenby. To slouzilo po dobu
vystavby jako ochrana bedniciho systému pied poskozenim bou-
ranym materidlem a v hluboké ¢asti stavebni jamy v tuseku TP8 az
TP12 i jako podpora stavajici klenby po dobu zajiSténi stavebni
jamy (obr. 2). Rozepfeni a bednéni bylo provedeno systémovymi
prvky bednéni PERI. Jednalo se o vodorovné prvky VARIOKIT
v rozte¢i 1,25 m, podepfené dvéma véZemi stejného systému.
Vzpéra byla podpirnymi véZemi zajiSténa proti vyboceni ve vSech
smérech. Vzpérné elementy byly opfeny do osténi pres roznaSeci
ocelové prahy z vélcovanych profild. Pfipustné sily v rozpérach
byly stanoveny hodnotou 170 kN. Timto zpisobem byla nahra-
zena puvodné navrhovand klasickd vydreva tunelu ze statického
posudku zadavaci dokumentace.

Nova zelezobetonova klenba byla navrZzena v pfi¢cném rozsa-
hu, vymezeném thlem 120°. Jeji tlouStka byla shodnd s primeér-
nou tloustkou ptivodni kamenné klenby 800 mm, obr. 3. Klen-
ba byla spojena s pivodnimi opérami pomoci dvojice ocelovych
trntt @ R20 délky 500 mm v rozte¢i 330 mm na chemickou kotvu
v tésnéné pracovni spare. Systém vodotésné izolace byl navrZen
v pfiméfené mife v souladu s TNZ 73 6280 (Technickd norma
Zeleznic). Jako ochrana proti stékajici vodé byla provedena pruz-
na hydroizola¢ni stfikand membrana MasterSeal (vyrobce SIKA)
tl. 2 aZ 5 mm. Byla nanaSena pfimo na rub nové klenby. Zakonce-
ni vodotésné vrstvy v pricném sméru bylo provedeno aZ na sténé
zajisténi stavebni jdmy cca 800 mm nad trovni vykopu za rubem
klenby (obr. 4). V podélném sméru byla hydroizolace zakoncena
na zacatku useku na rubu portdlové st€ny na vyrovnavaci vrstvé
stiikaného betonu. Ochrana membréany byla provedena jako tvrda
ve smyslu TNZ 73 6280 vrstvou stifkaného betonu tl. min. 50 mm
s jednou vrstvou vyztuzné ocelové sité.

Odvodnéni staveni jamy pro vyménu klenby bylo provedeno
v trvalé upravé. Jednalo se o dvé postranni drendzni stoky, umis-
téné nalevo i napravo od nové tunelové klenby v nejniZsim misté
stavebni jamy u stdvajiciho kamenného osténi. Stoky jsou v celé
délce vyspadovany shodné se sklonem klenby tunelu smérem
k vyjezdovému portalu a v km 458,278 jsou pies osténi tunelu
zaustény do odvodnovacich stok uvnitf tunelu (jsou rovnéz zna-
zornény na obr. 3).

RECONSTRUCTION OF THE ORIGINAL CUT AND COVER
PART OF THE TUNNEL

In the sections where the investigation revealed low strength
of the masonry stone blocks (mostly 4 to 15MPa), the vault was
replaced. These are sections P1 to TP12. The original stone vault
was demolished and replaced by a reinforced concrete structure,
the replacement was carried out from an open cut, which was
preceded by support of the tunnel and stabilization of the area
around the tunnel tube so that it was possible to preserve the
original supports in the reconstructed section.

In the section with a shallow overburden the construction pit
was retained with anchored pile walls. These were formed by
permanent drilled piles @ 900mm with spacing of 1.4m, and
length of 15m, anchored with temporary prestressed strand
anchors 15/7m long (total length/root length) on the left side of
the tunnel and 13/5m on the right side of the tunnel. The distance
between the anchors was exactly 2.8m. The design anchor forces
ranged from 365 to 380kN.

In the remaining part of the excavated tunnel with an overburden
height of approximately 3.5 to 7m above the vault, the anchored
pile wall with piles 12m long ended approximately at the top of
the vault. The six strands anchors were designed to the length
25/12m with a spacing of 2.8m. The required design anchoring
force was 885kN. The upper part of the construction pit above
the piles heads was retained by anchored sloped terrain. "The
forces magnitudes required installation of self-drilling bolts
with a diameter of 32, 38 and 51mm, drilled through anchoring
waling beams in the construction pit. The length of the anchors
was 6—12m depending on the load magnitude. The surface of the
construction pit was then protected with a shotcrete layer with
thickness of 200-250mm.

The abutments of the tunnel were anchored by two permanent
anchors with a length of 12/4m, located between the piles.
The anchoring ran through monolithic anchoring blocks with
dimensions of min. 1.2 x 1.2 x 0.26m with the axis of anchorage
at a height of approx. 2m above the axis of the new track. A total
of 146 anchors were drilled. The required forces in the anchors in
the section with a small overburden were 220kN, in the section
with a higher overburden it was 110
to 140kN.

Before starting earthworks above
the tunnel, in addition to anchoring
the abutments, the tunnel was braced
at a height of approx. 0.6m below
the demolished part of the vault to
ensure the stability of the tunnel
lining (which remained standing
after the vault was demolished). The
bracing was carried out together
with the formwork of the new vault.
This served during the construction
period as protection of the
formwork system against damage
by the demolished material and in
the deep part of the construction pit
in the section TP8 to TP12 also as
support for the existing vault for the
time of retaining the construction

Obr. 4 Rubovd stitkand hydroizolacni membrdna nové klenby tunelu
Fig. 4 Back side sprayed waterproofing membrane of the new tunnel vault

pit (Fig. 2). Bracing and formwork
was carried out by PERI formwork
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STATICKY VYPOCET VYMENY KLENBY V HLOUBENE
CASTI TUNELU

Staticky vypocet byl proveden numericky pomoci deformacni
metody v programu Plaxis2D (vyrobce Bentley Systems). Takto
overeny byly dva useky, jeden s nizkym nadlozim a druhy s vys-
$im nadlozim. Byl pouzity rovinny 2D model, ktery zohledriuje
metrovy vysek tunelu, tzn. vS§echny parametry prvki jsou elimino-
vané na béZny metr. Pro modelovani horninového prostiedi tunelu
a pilot byly pouzité plosné prvky s vlozenymi pruty o velmi nizké
pevnosti, a to z divodu zobrazeni vnitfnich sil v prvcich. Kotvy
a rozpérnd ramova a prihradové konstrukce byly modelované po-
moci prutli. Pro vypocet se pouZil postup podle CSN EN 1997-1
Eurokéd 7: Navrhovéni geotechnickych konstrukei — Cast 1 Obec-
nd pravidla, navrhovy pfistup 2. Pro navrh a statické posouzeni
bylo stéZejni okrajovou podminkou dodrZeni piipustné excentri-
city vnitinich sil v kamenném osténi, ktera musela byt podle CSN
EN 1996-1-1 Eurokéd 6: Navrhovani zdénych konstrukei — Cést
1-1: Obecnd pravidla pro vyztuZzené a nevyztuZené zdéné kon-
strukce mensi jak 1/6 tloustky konstrukce.

V numerickém modelu byly zeminy modelovidny pomoci 15 uz-
lovych prvku. Jako materialovy model byl pouZzit model Harde-
ning soil (izotropni zpevnéni). Jednalo se o elasto-plasticky kon-
stitu¢ni model s dvojitym objemovym a smykovym zpevnénim.
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system elements. These were horizontal VARIOKIT elements at
a spacing of 1.25m, supported by two shoring towers of the same
system. The bracing was secured against buckling in all directions
by shoring towers. The bracing elements were leaned against in
the lining through rolled steel beams. The permissible forces in
the bracing were set at 170kN. In this way, the originally proposed
classic timber support tunnel construction of the tender static
calculation documentation was replaced.

The new reinforced concrete vault was designed in transverse
section defined by an angle of 120°. Its thickness was the same
as the average thickness of the original stone vault of 800mm,
Fig. 3. The vault was connected to the original abutments by
means of a pair of @ R20 chemically anchored steel bolts of length
500mm at a spacing of 330mm to a in a waterproofed construction
joint. The waterproofing system was designed to a reasonable
extent in accordance with TNZ 73 6280 (Technical Standard
for Railways). As protection against running water, a flexible
waterproofing sprayed membrane MasterSeal (manufactured
by SIKA) with a thickness of 2 to Smm. It was applied directly
to the back of the new vault. The termination of the waterproof
layer in the transverse direction was carried out up to the retaining
wall of the construction pit approx. 800mm above the level of the
excavation behind the back of the vault (Fig. 4). In the longitudinal

ocelové rozpéra a stojky
steel brace and props
SB1.0,2-0,25m
shotcrete thickness 0.2-0.25m
kot. prah, 0,6 x 0,85 m Yn
anchor waler beam, 0.6 x 0.85m
6-P kotva, dl. 25/12m a 2,8 m
6-strand anchor, length 25/12m spacing 2.8m

D3

A B A TV R

anchor waler beam,
0.4 x1.2m

2-strand anchor, length 12/4m
spacing 1.4m

steel reinforced concrete pile 900mm,
spacing 1.4m, length 12m

ZB klenba
steel reinforced concrete vault
dfevéna vydreva — bednéni
timber bracing and formwork
kot. prah, 0,6 x 0,85 m D1
anchor waler beam, 0.6 x 0.85m
4-etaze hiebiku, @ 2,0 m
4 levels of nailing, spacing 2.0m

anchor waler beam,
04x1.2m

6-strand anchor, length 25/12m

original abutment spacing 2.8m

2-strand anchor, length 12/4m
spacing 1.4m

Obr. 5 Model konecnych prvkii Fezu ¢. 2 v km 458,275 (vysoké nadlozi), popis zajisténi a geologické podminky
Fig. 5 Finite element model of section No. 2 at km 458.275 (high overburden), description of support and geological conditions

Tab. 1 Legenda k obr. 5 — geologické podminky

Ys stavajécgniiarl‘syypove F1 jil's vysokou plasticitou
G pisek s pfimési jemnozrnné

D1 jil pisCity F2 zeminy

D2 | jil se stfedni plasticitou | F3 pisek hlinity

Tab. 1 Legend to Fig. 5 — geological conditions

Ys existing backfill soil F1 clay with high plasticity
sand with an admixture
2 sandy clay - of fine-grained soil
clay with medium
D2 lasticity 8 loamy sand

piskovec/slinovec zcela zvétraly
charakteru jilu s vysokou
plasticitou

D3 | pisek hlinity az jilovity | K1

completely weathered sandstone/
marl of clay character with high
plasticity

D3 loamy to clayey sand K1

Ko piskovec/slinovec zvétraly/
navétraly

Ko completely weathered/
weathered sandstone/marlstone
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Jako kritérium poruseni byla pouZzita Mohr-Coulombova podmin-
ka poruseni definovdna pevnostnimi parametry.

Zeminy s propustnosti mensi nez 10® m.s' byly modelovany
jako nedrénované — Undrained A (s vyuZitim parametri tuhosti
a pevnosti). Efektivni parametry tuhosti byly doplnény o objemo-
vy modul vody kw, rozlisuji se efektivni a totdlni drahy napéti.
Ostatni zeminy byly modelovany jako odvodnéné.

Betonové prvky a stavajici osténi byly modelovany linearné.
Vypocet zohlediioval vSechny faze vystavby a jako nejkritiCtéj-
§i pro dodrZeni excentricity se z nich ukdzaly dvé — faze pfi de-
molici ¢asti klenby a poté faze odbednéni nové ¢asti klenby. Obé
prekracovaly povolenou excentricitu, a proto projektant musel
navrhnout potfebna opatieni. Pfi rozpojovani klenby se ukazalo
dalezité pouziti pevného a nepoddajného podskruzeni. Byla na-
vrzena tuhd ramova ocelova konstrukce nesouci dievénou prihra-
dovou podpérnou konstrukci podskruZeni, na které byly uloZené
vyklinované fosny. Tato konstrukce méla za tikol co nejpevné;ji
a s co mozna nejmensimi deformacemi podepirat kamenné oste-
ni. Toto opatieni se prokdzalo jako velmi efektivni k udrZeni ex-
centricity vnitfnich sil v osténi v pozadovanych mezich. Pro fazi
odbednéni naopak hral velmi vyznamnou roli ucinek zemnich
tlakd na tunel. S ohledem na geologické podminky byly zemni
tlaky ptsobici na hloubeny tunel ¢aste¢né eliminované navrZzenou
vnéjsi kotvenou pilotovou sténou. Toto opatfeni se ukdzalo jako
nedostatecné a nepomohlo ani zvySeni kotevni sily, nebot kotvy
byly z realiza¢nich divodl umisténé v koruné pilot a nedokaza-
ly vyznamné ovlivnit deformace pilotové stény o nékolik metrt
nize, v misté opé€fi tunelu. Projektant musel pro redukci defor-
maci, a tim 1 vnitfnich sil, navrhnout uvnitf tunelu v misté opéfi
dodatecné kotevni bloky s kotvami (obr. 5) a aZ na zaklad€ jejich
provedeni se podafilo redukovat vnitini sily v kamenném osténi
hloubeného tunelu tak, aby excentricita byla v povolenych mezich
a nedoslo k poruseni spar zdiva a tim i ovlivnéni inosnosti celého
osténi.

SANACNI PRACE V PUVODNI RAZENE CASTI TUNELU

Po ocisténi povrchu kamenného i betonového osténi vysokotla-
kym vodnim paprskem byla provedena sanace zbyvajicich (tj. po-
nechanych, nenahrazovanych) ¢asti tunelového osténi v rozsahu:

e Stiikana hydroizola¢ni membrana v usecich s povrchovou
vrstvou stiikaného betonu tam, kde byly podrobnym paspor-
tem osténi zjistény bud aktivni plochy zamokfeni, nebo stopy
po priasacich a degradace povrchu betonu. Ochrana membra-
ny byla provedena vrstvou stfikaného betonu tl. 50 mm.

* Rekonstrukce a obnoveni ptivodnich svodnic, zfizenych pfi
generalni opravé tunelu v letech 1968—1971. V tseku s novou
klenbou byly obnoveny svodnice v ponechanych ¢astech opér
vpravo i vlevo. Hloubka svodnice je dle provedenych sond
cca 330 a7z 400 mm od povrchu stfikaného betonu, Sitka 200
a7z 250 mm. Svodnice maji navrzen pojistny injektazni systém
za pouZiti polyuretanové pryskyfice.

e InjektaZe — byly provedeny dva typy injektdZzi podle ucelu.
Vapennd injektdZ (navrzend specidlné pro nasdkavy typ ka-
mene tvofici osténi) pro vyplnéni prazdnych spar ve zdivu
klenby v zacatku raZeného useku tunelu. Pro utésnéni prasa-
kt v tunelu, injektaZ trhlin a dotésnéni svodnic byla pouZita
jednoslozkova polyuretanova pryskyfice.

e Sesiti trhlin — bylo provedeno v portidlovych oblastech. Oba
portdlové pasy byly vzdjemné seSity vyztuhami z nerezové
helikalni Sroubovicové vyztuze. V piipadé vjezdového portéd-
lu, ktery byl poSkozen staticky velmi vyznamnymi trhlinami,
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direction, the waterproofing was finished at the beginning of the
section on the back side of the portal wall on a leveling layer of
sprayed concrete. In the sense of TNZ 73 6280, the membrane
was protected as “stiff” with a sprayed concrete layer of S0mm
minimum thickness with one layer of reinforcing steel mesh.

The permanent drainage of the construction pit for the
replacement of the vault was carried out. It was formed by two
side drainage drains, located to the left and right of the new tunnel
vault in the lowest point of the construction pit near the existing
stone lining. The drains are sloped along their entire length in
parallel with the slope of the tunnel vault towards the exit portal,
and at km 458.278 they exit through the tunnel lining into the
drains inside the tunnel (they are also shown in Fig. 3).

STATIC CALCULATION OF VAULT REPLACEMENT IN THE
CUT AND COVER PART OF THE TUNNEL

The static calculation was performed by numerically analysis
using the deformation method in the Plaxis2D program
(manufactured by Bentley Systems). Two sections were verified
in this way, one with a low overburden and the other with a
higher overburden. A planar 2D model was used, which takes into
account one meter-long section of the tunnel. For the modeling of
the rock environment of the tunnel and piles, planar elements with
inserted beam elements of very low strength were used, in order
to display the internal forces in the elements. The anchors, and
the bracing frame and lattice structure were modeled using beam
elements. For the calculation, the procedure according to CSN EN
1997-1 Eurocode 7: Designing geotechnical structures — Part 1
General rules, design approach 2 was used. For the design and
static assessment, the key design criterion was compliance with
the permissible eccentricity of internal forces in the stone lining,
which had to be less than 1/6 of the thickness of the structure
according to CSN EN 1996-1-1 Eurocode 6: Design of masonry
structures — Part 1-1: General rules for reinforced and unreinforced
masonry structures.

In the numerical model, the soil was modeled using 15 nodes
elements. The Hardening soil model (isotropic hardening) was
used as the material model. It was an elasto-plastic constitutive
model with dual volume and shear strengthening. The Mohr-
Coulomb failure condition defined by strength parameters was
used as the failure criterion.

Soils with permeability less than 10®m.s! were modeled as
undrained — Undrained A (using stiffness and strength parameters).
The effective stiffness parameters were supplemented with the
volume modulus of water kw, the effective and total stress paths
were distinguished. The other soils were modeled as drained.

The concrete elements and the existing lining used linear
relationships. The calculation took into account all phases of the
construction, and two of them turned out to be the most critical
for complying with the eccentricity criterion — the phase during
the demolition of part of the vault and then the phase of removing
the formwork of the new part of the vault. Both exceeded the
permitted eccentricity, and therefore the designer had to propose
the necessary measures. When demolishing part of the vault, the
use of a strong and non-yielding shoring proved to be important.
A rigid frame steel structure was designed, supporting a wooden
lattice shoring structure, on which the timber planks were fixed by
wedging. The task of this structure was to support the stone lining
as firmly as possible and with as little deformation as possible. This
measure has proven to be very effective in keeping the eccentricity
of the internal forces in the lining within the required limits. On
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bylo provedeno jednak sesSiti vyztuzi do Sikmych vrti v poctu
2 ks / 1 zdici kamen pod dhlem cca 40° od trhliny, jednak
sediti klenby v celém pii¢ném profilu pfi€nymi vyztuhami ve
vyfezanych drazkach.

* Spérovani piskovcového zdiva pamatkarskou sparovaci mal-
tou.

* Hydrofobni impregnace povrchové zvétralych zdicich kame-
nl osténi tunelu.

ODVODNENI V TUNELU

Pfi vystavbé tunelu byla v jeho ose vybudovana stfedova zdé-
nd (kamennd) tunelova stoka ctvercového profilu cca 40/40 cm,
vyspadovana k vyjezdovému portdlu, s vyusténim volné do Stér-
kového loze. Stoka byla v pribéhu sanacnich praci v letech 1968—
1971 castecné znepriichodnéna a nahrazena postrannimi stokami
z betonovych trub, v soucasnosti rovnéz nefunkénimi. V pase TP6
vpravo pritéka do tunelu v opéfe vodote¢ — puvodni potucek, sté-
kajici z pramenné oblasti Stoli¢na hora, zatrubnény pfi vystavbé
vodovodu v letech 1900 a 1913.

Odvodnéni v tunelu bylo navrZeno sttedovou drendZzi a postran-
nimi stokami. Divodem pro ndvrh tohoto systému byla nutnost
odvedeni Ctyi druhli vod z tunelu. Jedna se jednak o vody des-
tové, prosdklé Zelezni¢nim svr§kem, které stékaji z projiZzdéjicich
vlakovych souprav, vody podzemni ze svodnic za rubem osténi,
vody podzemni nezachycené sana¢nimi opatfenimi a také o vodu
ze zatrubnéné vodotece.
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the contrary, the effect of earth pressures on the tunnel played a
very significant role for the formwork removal phase. Considering
the geological conditions, the earth pressures acting on the cut and
cover tunnel were partially eliminated by the designed external
anchored pile wall. This measure turned out to be insufficient and
even increasing the anchoring force did not help, as the anchors
were placed at the piles heads for practical reasons and could not
significantly affect the deformations of the pile wall a few meters
below, at the abutments level. In order to reduce deformations, and
thus internal forces, the designer had to design additional anchor
blocks with anchors inside the tunnel at the abutment level (Fig. 5)
and only their installation led to reduction of the internal forces in
the stone lining of the cut and cover tunnel so that the eccentricity
stayed within the permitted limits and there was no damage to the
joints of the masonry and thereby the load-bearing capacity of the
entire lining was positively affected.

REMEDIATION WORK IN THE ORIGINAL BORED TUNNEL
SECTION

After cleaning the surface of the stone and concrete lining with
a high-pressure water jet, the remaining (i.e. left in place, not
replaced) parts of the tunnel lining were remediated to the extent
of:

* Sprayed waterproofing membrane in sections with a surface
layer of sprayed concrete, where either actively wet areas
or traces of seepage and degradation of the concrete surface
were detected by a detailed investigation of the lining. The

membrane was protected by a layer

geodeticky bod cca 0,5 m

pod hranou stfikaného betonu
survey point ca 0.5m

below sprayed concrete edge

geodeticky bod cca 0,5 m pod hranou

stifkaného betonu
survey point ca 0.5m
below sprayed concrete edge

of sprayed concrete with a thickness

of 50mm.

e Reconstruction and restoration
of the original drain
channels, installed during the

wall
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general repair of the tunnel
in 1968-1971. In the section
with the new vault, the drain
channels were restored in the
remaining parts of the right
and left abutments. According
to the probes, the depth of the
drain channels is approx. 330
to 400mm from the surface of
the sprayed concrete, the width
is 200 to 250mm. The drain
channels included a designed
safety injection system using
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grouting (designed specifically
for the absorbent type of stone
forming the lining) to fill hollow
joints in the vault masonry at the
beginning of the bored tunnel
section. A one-component poly-
urethane resin was used to seal
leaks in the tunnel, inject cracks
and seal drain channels.

Obr. 6 Schéma méfenych prvki v ramci monitoringu stavby
Fig. 6 Scheme of measurements within the framework of construction monitoring

* Tying of cracks — was done in the
portal areas. Both portal sections
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Obr. 7 Pohled do hloubené cdsti Décinského tunelu po rekonstrukci

Fig. 7 View of the cut and cover part of the Décinsky Tunnel after reconstruction

MONITORING PO DOBU VYSTAVBY

Jelikoz se jednalo o mimotradné sloZitou stavbu v nepfiznivych
geologickych podminkéch, byly zfizeny dva sdruzené méfici pro-
fily v km cca 458,220 a 458,260. V uvedenych fezech byla prove-
dena méfeni na konstrukcich v rozsahu zifejmém z obr. 6:

e Inklinometrické méfeni v pilotdch. Inklinometry byly osaze-

ny do armokoS$t pred betonazi pilot.

e Meéfeni deformaci pilotovych stén na osazenych geodetickych
bodech. Pripustné deformace pilotovych stén byly stanoveny
na 15 mm.

e Méfeni deformaci kotvenych svahi na geodetickych bodech,
osazenych cca 0,5 m pod horni hranu stfikaného betonu. Pfi-
pustné deformace byly stanoveny na 40 mm.

e Méfeni kotevnich sil na kotviach na osazenych dynamomet-
rech.

e Meéfeni deformaci kotevnich blokd v tunelu — celkem sedm
profild. Pripustné deformace byly stanoveny pouze 4 mm.
Tato méfeni nebyla z divodu nepfistupnosti profild realizo-
vana béhem vystavby, byla doplnéna v pribéhu odstranovani
rozpér pro kontrolu deformaci béhem aktivace nové klenby.

e Meéfeni sil v rozpérach — celkem sedm profila. Sily byly mé-
feny kontinudlné tenzometry. JelikoZ by ptipadné prekroce-
ni sil v rozpérach mélo za nésledek nebezpeci havdérie, byly

were tied to each other with reinforcements made of
stainless steel helical bars. In the case of the entrance portal,
whose static integrity was threatened by extensive cracks,
reinforcement was tied to inclined drillholes in the number
of 2pcs/1 masonry stone at an angle of approx. 40° from the
crack direction, and the vault was tied in the entire transverse
profile with transverse reinforcement in cut grooves.

¢ Infilling joints of sandstone masonry with monument pre-
servation authority approved mortar.

* Hydrophobic impregnation of surface weathered masonry
stones of the tunnel lining.

TUNNEL DRAINAGE

During the construction of the tunnel, a central masonry (stone)
tunnel drain with a square profile of approx. 40/40cm was built
in the tunnel axis, sloping down to the exit portal, with a free
discharge into the gravel bed. In the course of remediation works in
the years 1968—1971, the drain was partially blocked and replaced
by lateral drains made of concrete pipes, which are also currently
non-functional. In the section TP6 on the right side, a watercourse
flows into the tunnel in the abutment; the original stream, flowing
from the spring area of Stoli¢na hora, which was piped in during
the construction of the water supply in 1900 and 1913.




vysledky méfeni s definovanymi kritickymi silami napojeny
na varovny systém stavby.
e Meéfeni vyvoje §itky trhlin v klenbé vjezdového portélu.
Vysledky méfeni prokazaly spravnost navrhu. VétSina naméie-
nych hodnot byla na drovni 50-80 % predpokladanych hodnot.
Me¢feni provadéla firma INSET s.r.o.
Na obr. 7 je pohled do hloubené ¢asti tunelu po jeho rekonstruk-
ci.

SANACE LOUBSKEHO TUNELU

Loubsky tunel dl. 124,0 m byl vybudovan v roce 1893 a byl
proveden v oteviené stavebni jamé. Plvodni ¢ast délky 41,50 m
od vjezdového portdlu je vedena pod Zelezni¢ni trati Dé¢in — Pro-
stiedni Zleb, kterd je se segmentovou klenbou tunelu prakticky
v kontaktu. Zbytek dl. 82,50 m byl dostavén v souvislosti s budo-
véanim silnice I/62 v roce 1943 a je veden pod silni¢ni komunikaci
a dale smérem do pristavu. Tunelova trouba je délena na Sest pasu.
Predmétem sanace byla pouze plivodni klenbova cCast pod trati,
kterou tvofi jediny pas TP1.

Kamennd klenba z piskovcovych kvadra tloustky 60 cm je opie-
na do dvou masivnich svislych opér rovnéz z kamenného zdiva.
Tloustka opér je 2 m a je konstantni po celé vysce. Tunelova spod-
ni klenba mé proménnou tloustku 50 az 100 cm. Klenba byla pro-
vedena bez izolace.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Dle dostupnych historickych informaci byl tunel v jizni Casti
razen ve Zlutych jilech a jilovitych piscich prechéazejicich smérem
k zékladové spafe v Sedé jilovce. O podrobnéjSich charakteristi-
kach zastizenych vrstev se nezachovaly dalsi informace. Vzhledem
k malé vzdalenosti od Décinského tunelu a poloze jizné od décin-
ského zlomového pole 1ze predpokladat, Ze zde byly zastiZeny po-
lohy zcela zvétralych az rozloZenych slinovci aZ jilovcd charakte-
ru jilu s vysokou plasticitou, pravdépodobné konzistence tuhé az

pevné.

Obr. 8 Pohled na izolovany rub klenby Loubského tunelu
Fig. 8 View of the waterproofed back side of the Loubsky tunnel vault
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Drainage in the tunnel was designed with central drainage
and side drains. The reason for the design of this system was the
necessity to remove four types of water from the tunnel. These
include rainwater, water soaked into the railway top, which comes
from passing trains, groundwater from drain channels behind the
lining, groundwater not restrained by waterproofing measures, and
also water from the piped watercourse.

MONITORING DURING CONSTRUCTION

As it was an extremely complex construction in unfavorable
geological conditions, two combined measuring profiles were
established at km approx. 458.220 and 458.260. In the those
sections, measurements were made on structures in the range
shown in Fig. 6:

¢ Inclinometric measurement in piles. The inclinometers were
installed in the steel reinforcement cages before the piles were
concreted.

* Measurement of deformations of pile walls by geodetic points.
Permissible deformations of the pile walls were set at 15Smm.

* Measurement of deformations of anchored slopes by geodetic
points, placed approx. 0.5m below the upper edge of the
sprayed concrete. Permissible deformations were set at 40mm.

* Measurement of anchor forces on anchors by dynamometers.

* Measurement of deformations of anchor blocks in the tunnel
— a total of seven profiles. Permissible deformations were
set at only 4mm. These measurements were not carried out
during construction due to the inaccessibility of the profiles,
they were performed during the removal of bracing to check
deformations during the activation of the new vault.

* Measurement of forces in bracing — a total of seven profiles.
Forces were measured continuously with strain gauges. Since
any excess of the forces in the bracing would result in the
risk of an accident, the measurement results with defined
force limits monitoring was connected to the construction site
warning system.
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Obr. 9 Pohled na portdl Loubského tunelu po rekonstrukci
Fig. 9 View of the Loubsky tunnel portal after reconstruction

PRUZKUMNE PRACE

V ramci projektové piipravy probéhl stavebné-technicky pri-
zkum. Bylo konstatovano, Ze portilové zdivo ma zvétralé spéro-
véani s hojnym vyskytem néletovych dievin. Ve zdivu byla zjisténa
jedna vyrazna trhlina v kameni zdiva, zakrytové desky byly Cas-
teCn¢ zni¢ené a nahrazené betonem. Tunelova klenba i obé opéry
byly porusené staticky vyznamnou trhlinou v misté kiiZeni tunelu
s hlavni trati Kolin—Vsetaty—DéCin (viz Gvod).

SANACNI PRACE

Kromé spéarovani drobnych zvétralych ploch bylo hlavnim sa-
nacnim zdsahem seSiti vyrazné pricné praskliny klenby. Sesiti
klenby bylo provedeno vyztuhami z nerezové helikélni Sroubo-
vicové vyztuze vkladané a lepené do draZek, vyfrézovanych do
lice klenby. Opéry tloustky 2 m byly seSity Sikmymi vyztuhami
z helikalni vyztuze do vrti délky 1,2 m a nasledné zainjektovany
(slepeny) silové spojujici injektazi (pro zvySeni soudrznosti vy-
ztuh a klenby).

Po odtéZeni povrchu klenby bylo zjiSténo, Ze pri¢nd trhlina,

* Monitoring of the cracks width in the vault of the entrance

portal.

The measurement results proved the design accuracy. Most of the
measured values were at the level of 50-80% of the predicted values.
The monitoring was carried out by the company INSET s.r.o.

Shows a view of the cut and cover tunnel after its reconstruction.

REMEDIATION OF THE LOUBSKY TUNNEL

Loubsky tunnel, length 124.0m, was built in 1893 and was
constructed in an open construction pit. The original part of 41.50m
from the entrance portal is led under the railway line DéCin —
Prostiedni Zleb, which is practically in contact with the segmental
vault of the tunnel. The rest of the length 82.50m was completed
in connection with the construction of the 1/62 road in 1943 and is
led under the road and further towards the port. The tunnel tube is
divided into six sections. The subject of remediation was only the
original invert vault part under the track, which consists of a single
TP1 section.

The stone vault made of sandstone blocks with a thickness of
60cm is connected to two massive vertical abutments, also made
of stone masonry. The thickness of the abutments is 2m and is
constant along the entire height. The tunnel invert vault has a
variable thickness of 50 to 100m. The vault was constructed
without waterproofing.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

According to available historical information, the tunnel in the
southern part was excavated in yellow clays and clayey sands
changing in gray claystone towards the tunnel foundation base.
No further information has been preserved about the more detailed
characteristics of the encountered layers. Due to the proximity
to the Déc¢insky tunnel and the position south of the Dé&Cin fault
zone, it can be assumed that layers of completely weathered to
decomposed siltstones and claystones of a clay character with
high plasticity, probably of a stiff to solid consistency were there
encountered.

INVESTIGATION WORKS

As part of the project preparation, a construction survey was
carried out. It was noted that the portal masonry has weathered
joints with an abundant occurrence of invasive tree roots. One
extensive crack was found in the masonry, the cover slabs were
partially destroyed and replaced with concrete. The tunnel vault
and both abutments were broken by a crack at the intersection

of the tunnel with the main Kolin—VSetaty—DéCin line (see
introduction) which was significant for static integrity.

REMEDIATION WORK

In addition to the patching of small weathered areas, the main
remedial intervention was the tying of a significant transverse crack
in the vault. The tying of the vault was done with reinforcement
made of stainless-steel helical bars inserted and glued into grooves
cut into the face of the vault. The abutments with a thickness of
2m were tied with angled reinforcement from helical bars inserted
in 1.2m long boreholes which were subsequently injected (glued)
with force-resilient grout (to increase the cohesion between the
reinforcements and the vault).

After removing the surface of the vault, it was found that the
transverse crack, visible in its face, is continuous through the entire
thickness of the vault. In addition, longitudinal cracks were also
noted on the back side in the transition area of the vault to the




viditelna v jejim lici, je pribézna pres celou tloustku klenby. Kro-
me toho byly na rubu zaznamenany podélné trhliny také v oblasti
pfechodu klenby do opéry. Délka trhlin byla podle zaméfeni cca
22,9 m. Podle vysledkt priazkumnych vrtd zasahovaly tyto trhliny
min. do hloubky zdiva tunelu 0,5 m a byly patrné i na lici nosného
zdiva opér. Jednalo se o trhliny mezi nosnym zdivem klenby a vy-
pliovym zdivem nad opé€rou. Rubova Cast pficné statické trhliny
byla seSita Sikmymi vyztuhami z helikalni vyztuze do vrta délky
cca 600 mm a nésledné zainjektovana (slepena) silové spojuji-
ci injektdzi (pro zvyseni soudrznosti vyztuze a klenby). Stejnou
hmotou byly injektovany i podélné trhliny, a to pomoci vrti délky
cca l m.

Hydroizolace klenby byla provedena z rubu pruznou hydroizo-
la¢ni stfikanou membranou MasterSeal 345 (vyrobce SIKA) tl. 3
az 6 mm (obr. 8). Ochrana vodotésné vrstvy byla provedena jako
tvrda ve smyslu TNZ 73 6280 vrstvou stifkaného betonu tl. min.
50 mm s jednou vrstvou kompozitni vyztuzné sité¢ z cediCovych
prutt 3 x 100/3 x 100 mm. Soucasti ochrany proti pronikajici vodé
bylo také odvedeni podzemnich vod z prostoru nad sanovanym
stropem tunelu. Byly provedeny dvé postranni drendzni stoky DN
150, které byly zaustény do projektovanych Sachet svodného po-
trubi Zelezni¢niho svrsku.

Portalové zdivo bylo rozebrano, poskozené kameny a fimsové
desky vyménény a nasledné bylo provedeno prezdéni na vapen-
nou zdici a sparovaci pamdatkarskou maltu. Z divodu nedostatku
prostoru pro osazeni vSech stavajicich i nové navrZzenych inZenyr-
skych siti nad tunelem a v oblasti kolem tvodnich partii portalo-
vych kiidel bylo nutno zvysit zemni téleso zpétného zasypu sta-
vebni jamy nad tunelem. Z tohoto diivodu byla stavajici portalova
kridla délky cca 33 m zvySena o cca 1 m tak, aby navazovala na
poprsni zed portalu. NavySeni bylo provedeno z fddkového zdiva
stejnych rozméri, jako je stavajici. Zdivo bylo oSetfeno hydrofob-
nim transparentnim natérem (obr. 9).

ZAVER

Stavba probihala dle projektu pfi tplné vyluce. Narocnost na-
vrzené rekonstrukce vyZadovala uzkou soucinnost projektanta,
stavebnich firem, feSitele monitoringu a dozoru stavby. Je nutno
konstatovat, Ze i pres velmi slozité sanacni zasahy zde prakticky
nedochdzi k zddnym vyznamnym prasakim, které by ohrozZovaly
bezpecnost provozu, ani k nadmérnym deformacim novych kon-

strukci. Autofi projektu proto divodné predpokladaji, Ze oba tune-
ly budou spolehlivé slouZzit svému tcelu dalSich 150 let.
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abutment. According to the survey, the length of the cracks was
approx. 22.9m. According to the results of exploratory drilling,
these cracks reached to a minimum depth of 0.5m in the tunnel
masonry and were also visible on the face of the abutments
masonry. These were cracks between the load-bearing masonry of
the vault and the infill masonry above the abutment. The back side
of the transverse crack was tied with angled reinforcement from
the helical bars in the drillholes with a length of approx. 600mm
which were subsequently injected (glued) with force-resilient grout
(to increase the cohesion between the reinforcement and the vault).
Longitudinal cracks were also injected with the same grout, using
boreholes approx. Im long.

The waterproofing of the vault was carried out on the back side
with a flexible sprayed waterproofing membrane MasterSeal 345
(manufactured by SIKA) thickness 3 to 6mm, Fig. No. 8. The
waterproof layer was protected as “stiff”, in the sense of TNZ 73
6280, with a layer of sprayed concrete tl. min. 50mm with one layer
of composite reinforcing mesh of basalt rebars 3 x 100/3 x 100mm.
Part of the protection against seeping water was also groundwater
drainage from the area above the renovated tunnel roof. 2 lateral
drains of DN 150 were built, which discharged into the manholes
of the railway top drainage.

The portal masonry was dismantled, the damaged stones and
cornice slabs were replaced, and then the re-masoned with lime
masonry and jointing mortar as approved by monument preservation
authority. Due to the lack of space for installing all existing and
newly designed engineering utilities above the tunnel and in the
area around the portal wings, it was necessary to raise the backfill
earth body of the construction pit above the tunnel. For this reason,
the existing portal wings of approx. 33m in length were increased
in height by approx. 1m so that they were connected to the head
wall of the portal. The additional wings height was built from stone
masonry of the same dimensions as the existing one. The masonry
was treated with a hydrophobic transparent coating (Fig. 9).

CONCLUSION

The construction was carried out according to the project
with suspended train traffic. The complexity of the proposed
reconstruction required the close cooperation of the designer,
construction companies, and the monitoring and construction
supervision. It must be stated that, despite the very complex
remediation interventions, there are practically no significant
leaks that would threaten the safety of operation, nor excessive
deformations of the new constructions. The authors of the project
therefore reasonably assume that both tunnels will reliably serve
their purpose for the next 150 years.

Ing. JAROSLAV LACINA, jlacina@amberg.cz,
Ing. LENKA KOCI, lkoci@amberg.cz,

Ing. LUMIR KLIS, Iklis@amberg.cz,
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TuNel

TUNEL ANNEBERG-SKANSTULL
ANNEBERG-SKANSTULL TUNNEL

JIR[ UMLAUF, JAN VESELY

ABSTRAKT

Spolecnost Amberg Engineering piisobi na skandindvském trhu od roku 2010 a béhem této doby se podilela na radé vyznamnych pro-
Jjektii. Jednim z nich je kabelovy tunel Anneberg—Skanstull, ktery propoji severni a jizni ¢dst mésta Stockholm a pomiiZe posilit prenosovou
soustavu v metropoli. Tunel je raZen otevienym TBM do pevnych hornin (Gripper TBM), tj. technologii, kterd je ve Skandindvii nasazovdna
Jjen ziidka. Tento ¢ldnek poddvd zdkladni prehled o projektu a zamértuje se na aspekty, které ho odlisuji od podobnych projektii ve stredni

Evropé.

ABSTRACT

Amberg Engineering has been active in the Scandinavian market since 2010 and has participated in a number of important projects
during that time. One of them is the Anneberg—Skanstull cable tunnel, which will connect the northern and southern parts of the city of
Stockholm and help strengthen the transmission system in the metropolis. The tunnel is driven by an open TBM in hard rock (Gripper
TBM), i.e. a technology that is rarely used in Scandinavia. This article provides a basic overview of the project and focuses on aspects that

distinguish it from similar projects in Central Europe.

1 UvOD

Rostouci poptavka po stabilnich dodavkach elektrické energie
vyZaduje posileni stavajici prenosové soustavy, coZ v kombinaci
s rostouci cenou pozemkil vede v mnoha evropskych méstech k na-
hrazovani nadzemnich vedeni podzemnimi. Hlavni mé&sto Svédska
neni vyjimkou. Mistni provozovatel pfenosové soustavy, spole¢nost
Svenska kraftnit, realizuje v stockholmské metropolitni oblasti fadu
projektd, které maji poptavku po elektrické energii uspokojit. Jednim
z nich je kabelovy tunel Anneberg—Skanstull.

Spolecnost Amberg Engineering se na tomto projektu podili od
roku 2019 jako projektant zajisténi tunelu a TBM konzultant. V sou-
Casné dobe, kdy se projekt nachdzi v realizacni fazi, je spolecnost

1 INTRODUCTION

The growing demand for stable electric power supply requires
strengthening of the existing transmission system, which,
in combination with the rising cost of land, is leading to the
replacement of overhead lines by underground lines in many
European cities. The capital of Sweden is no exception. The
local transmission system operator, Svenska kraftniit, is realizing
a number of projects in the Stockholm metropolitan area to meet
the demand for electricity. One of them is the Anneberg—Skanstull
cable tunnel.

Amberg Engineering has been involved in this project since
2019 as a tunnel support designer and TBM consultant. Currently,

zodpovédna za analyzu dat zaznamenanych
TBM v pribéhu razby tunelu. Tento ¢ldnek
predklada obecny piehled o stavbé, uvadi po-
znatky z projek¢ni faze a strucné shrnuje zkuse-
nosti z faze realizacni.

2 TUNEL ANNEBERG-SKANSTULL

Tunel Anneberg—Skanstull je tunel pro
400 kV elektrické vedeni razeny ve Svédské
metropoli Stockholm. Tunel spojuje severni
rozvodnu Anneberg v obci Danderyd s jiZni
rozvodnou Skanstull, ktera se bude nachizet
v stockholmské ¢tvrti Sodermalm. Mimo jiné
budovy a reziden¢ni oblasti tunel podchazi pod
vyznamnou nemocnici v Danderyd, Stock-
holmskou univerzitou a Kralovskym technolo-
gickym institutem.

Planovana délka tunelu je 13,4 km a razba
se provadi pomoci otevieného Gripper TBM.
Pro vétrani, odvadéni tepla generovaného ka-
bely vysokého napéti a Cerpani podzemni vody
je navrzeno celkem Sest Sachet. V zavislosti
na hloubce a geologickych podminkach jsou
Sachty hloubeny bud metodou Drill and Blast,
nebo metodou Raise Boring. Situace stavby je
schematicky zobrazena na obr. 1 a ilustrovany
podélny profil na obr. 2.

i rozvodna Anneberg station Anneberg

i
Danderyd

Sachta Mérby shaft Morby

$achta _Stock.sundet shaft Stocksundet

Lidingd

Sachta Frescati shaft Frescafi

$achta Stadsgérd;kajen
'\\ shaft Stadsgardskajen

e e T LRI
/ . L rozvodna Skanstull station Skanstull

Sachta Skanstull shait Skanstull
1 =

zdroj: Svenska kraftndt source: Svenska kraftndt
Obr. 1 Schematicky situacni pldn
Fig. 1 Schematic situation plan

when the project is in the construction phase,
the company is responsible for analyzing the
data recorded by the TBM during the tunnel
excavation. This article presents a general
overview of the construction, presents findings
from the design phase and briefly summarizes
the experience from the construction phase.

2 ANNEBERG-SKANSTULL TUNNEL

The Anneberg—Skanstull tunnel is a 400kV
power line tunnel excavated in the Swedish
capital Stockholm. The tunnel connects the
northern substation Anneberg station in the
municipality of Danderyd with the southern
substation Skanstull, which will be located
in Stockholm’s Sédermalm district. Among
other buildings and residential areas, the
tunnel passes under the prominent hospital
in Danderyd, Stockholm University and the
Royal Institute of Technology.

The planned length of the tunnel is 13.4km
and excavation is carried out using an open
Gripper TBM. A total of six shafts are designed
for ventilation, removal of heat generated by
high voltage cables and groundwater pumping.
Depending on the depth and geological
conditions, shafts are excavated either by
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Sachta Mérby Sachta Frescati Sachta Skanstull
Annenberg shaft Morby Sachta Stocksundet shaft Frescati $achta Stadsgardskajen shaft Skanstull
Annenberg hl.70 m shaft Stocksundet hl.34m  zachta KTH shaft Stadsgardskajen hl.47m
dpt. 70m hl.82m dpt.34m  ghaft KTH hl.97m dpt. 47m
dpt. 82m hl.82 m dpt. 97m
dpt. 82m

Obr. 2 Schematicky podélny rez
Fig. 2 Schematic longitudinal section

Tab. 1 Klicové informace o projektu
Tab. 1 Key project information

Umisténi stavby Stockholm, Svédsko

Construction location Stockholm, Sweden

Tunelovaci metoda otevieny Gripper TBM

Tunneling method Open Gripper TBM

Celkova délka tunelu 13,4 km

Total length of the tunnel 13.4km

Pramér tunelu 5m

Tunnel diameter 5m

Geologie 2ula, rula, metabazit

Geology granite, gneiss, metabasite
sdruzeni Hochtief —

Zhotovitel Implenia

Contractor Hochtief — Implenia Joint

Venture
Zahéajeni razby Unor 2020
Start of excavation February 2020

2.1 Geologické podminky

Miniméalni skalni nadloZi tunelu je 16 m, celkové nadlozi vcetné
kvartérnich pokryvii se pohybuje v rozmezi 20 az 120 m. Geologické
podminky jsou na stfedoevropské poméry mimoradné pfiznivé. Hor-
ninové prostredi je tvofeno prevazné masivni Zulou, rulou nebo me-
tabazitem. Dle geologického priizkumu je masiv na vice nez 85 %
trasy tunelu hodnocen indexem GSI > 60.

Poruchové zoény jsou charakterizovany alterovanymi a tektonicky
poruSenymi horninami s hodnocenim GSI < 37. Predikovany jsou
gickymi podminkami bude tunel prochdzet ve staniceni 11+460 —
114575, kde razba podchézi panev Baltského mote. Tato oblast je
nazyvana Strommen a vyznacCuje se siln¢ rozpukanymi a alterova-
nymi horninami s diskontinuitami vyplnénymi objemové nestalymi
jily. Fotografie vynosu vrtného jadra z prizkumného vrtu v této ob-
lasti je uvedena na obr. 3.

2.2 Tunelovaci stroj

Tunelovaci stroj vyrobeny spolecnosti Herrenknecht byl v souladu
s ucelem tunelu pojmenovéan Elektra. Hlavni ¢ast stroje ma délku
23,5 m, hmotnost 355 tun a sklada se z fezné hlavy, kratké ochranné
obalky, vrtné soupravy a dvojce radialnich lisi. Za nim nasleduje
naveés — 16 vagonu s podplirnymi systémy o celkové délce pribliz-
né 220 m. Logistiku a zasobovani materidlem zajistuje viceucelové
vozidlo na pneumatikéch, specidlné navrZzené pro stisnény prostor

razeného tunelu a tunelovaciho stroje.
Razici hlava tvofend jednim segmentem je osazena 28 fezny-
mi disky o priméru 48 cm, z nichZ kazdy ma hmotnost pfriblizné

zdroj: Svenska kraftndt source: Svenska kraftndt

the Drill and Blast method or by the Raise Boring method. The
situation of the construction site is shown schematically in Fig. 1
and the illustrated longitudinal profile in Fig. 2.

2.1 Geological conditions

The minimum rock cover of the tunnel is 16m, the total overburden
including Quaternary covers ranges from 20 to 120m. Geological
conditions are extremely favorable compared to Central European
standards. The rock consists mainly of massive granite, gneiss or
metabasite. According to the geological survey more than 85% of
the rock along the tunnel route is rated with a GSI index > 60.

Fault zones are characterized by metamorphic and tectonically
fractured rocks with a GSI < 37. They are predicted to be
approximately 4% of the total length of the tunnel. The tunnel
will pass through the most demanding geological conditions at
stationing 11+460 — 11+575, where the excavation runs under the
Baltic Sea basin. This area is called Strommen and is characterized
by highly fractured and metamorphosed rocks with discontinuities
filled with volumetrically unstable clays. A photo of the rock core
from an exploratory borehole in this area is shown in Fig. 3.

2.2 Tunneling machine

The tunneling machine manufactured by Herrenknecht was
named Elektra in accordance with the purpose of the tunnel. The
main body of the machine is 23.5m long, weighs 355 tons and
consists of a cutting head, a short shield, a drill rig and a pair of
radial grippers. It is followed by a trailing gantries — 16 wagons
with support systems with a total length of approximately 220m.

Tab. 2 Kli¢ovd technickd data TBM
Tab. 2 TBM key technical data

Vyrobce Herrenknecht
Manufacturer Herrenknecht
Nazev TBM Elektra

Name TBM Elektra
Jmenovity primér (s novymi feznymi disky) 5,03 m
Nominal diameter (with new cutting discs) 5.03m
Teoreticka rychlost postupu 200 mm/min
Theoretical advance speed 200mm/min
Hlavni pohon 2100 kW (6 x 350 kW)
Main drive 2,100kW (6 x 350kW)
Rychlost 0-12 otacek za minutu
Cutterhead speed 0-12rpm
Maximalni kroutici moment 3159 kNm
Maximum torque 3,159kNm
Celkova délka (s navésem) cca 240 m

Total length (with gantries) approx. 240m
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180 kg. Pro ochranu fezné hlavy a persondlu pfed moznym padem
horninovych blok je instalovana 6 m dlouha ochranna obalka (tzv.
finger shield — viz obr. 4). Spodni ¢ast obalky je teleskopicka a slouzi
jako posuvna rozpéra, kterd pomaha stabilizovat stroj proti vibracim
pfi razbé.

Rozpérny systém je tvofen dvojici radidlnich listi, kterymi se stroj
pfes pritlacné desky opira o stény tunelu. Ve vhodnych geologickych
podminkidch muze systém vyvinout pritlacnou silu az 14,25 MN
a rozpérnou silu 36 MN. Maximalni délka jednoho zabéru je 2 m.

Stroj umoziuje instalovat zajisténi vyrubu ve dvou oblastech, L1
aL2. Oblast L1 se nachazi pfimo za razici hlavou a ochrannou obal-
kou, tedy priblizné ve vzdélenosti 6 m za celbou. V tomto tseku je
TBM vybaveno vrtnou soupravou pro osazeni svornikl a realizaci
prazkumnych a injektaznich vrtd. Déle se zde nachdzi také erektor
pro montazZ KARI siti a ocelovych raml ze zakruZenych vélcova-
nych profila. Instalace stitkaného betonu v oblasti L1 je mozna pou-
ze manudaln€. V oblasti L2, priblizné 26 m za Celbou tunelu je osazen
roboticky systém pro instalaci stiikaného betonu s integrovanym
sbéracem spadu. Systém umoziuje automatické nanaseni stiikaného
betonu v rozmezi mezi 8 a 4 hodinou, na délce 6 m. Obég oblasti jsou
znazornény na obr. 4.

2.3 TBM Elektra vs. Nobel

Ve vlasti slavného Alfreda Nobela, vynalezce dynamitu, se tunelo-
vaci stroje stale pouZzivaji jen zfidka. Tradi¢ni metoda Drill and Blast
je obvykle uprednostiiovana kvuli své flexibilit€ a v priznivé skandi-
navské geologii také vysoké produktivité. Pro tento typ projektu je
vSak razba pomoci TBM vhodnou alternativou a byla zvolena z na-
sledujicich davodu:

¢ Rubanina je pfepravovana pomoci pasového dopravniku, diky
¢emuz odpada nutnost razit ptistupové tunely. Rubanina se z do-
pravniku nakldda ptimo na ndkladni automobily ve startovaci
kaverné Anneberg, ¢imz se eliminuje prasnost a negativni do-
pady spojené s prepravou vytéZeného materidlu pfes centrum
mésta.

e Tunel je raZen pod husté obydlenou oblasti, kde legislativa sta-
novuje prisné limity hluku a vibraci. Zde je vyhodou TBM rych-
lejsi postup razby, coZ vede ke sniZeni hlukové zatéZe obyvatel.

e Razba pomoci TBM eliminuje seismické ucinky spojené s tr-

budovy na povrchu.

2.4 Hlavni vyzvy projektu

Vyjimecna kvalita horninového masivu je pro razbu prizniva
z hlediska mechaniky hornin. Extrémni tvrdost, v kombinaci s pev-
nosti v tlaku presahujici 200 MPa, jde ruku v ruce s vysokou ab-
razivitou. To sniZuje rychlost postupu a klade zvySené naroky na
fezné disky.

Tyto geologické podminky jsou také velmi piiznivé pro pienos
razbou zpusobenych vibraci a hluku do konstrukci na povrchu. Pris-
né limity vyZaduji rozsdhly akusticky monitoring a omezeni pracov-
ni doby pfi razb€ pod husté obydlenymi oblastmi.

Vzhledem k pouZité technologii razby tunelu a mistnim zvyk-
lostem neni tunel navrZen s vodotésnym osténim. Pfitoky vody do
tunelu jsou omezeny pouze piedstihovou injektdzi. Mistni organy
ochrany Zivotniho prostfedi stanovily relativné prisné limity na ku-
mulativni pfitok vody do tunelu, coZ v kombinaci s vysokym hydro-
statickym tlakem (aZ 12 bar) ¢ini injektdZ znan€ narocnou.

Obr. 3 Vrtné jdadro - oblast Strommen
Fig. 3 Drill core — Strommen area

Logistics and material supply is provided by a multi-purpose
vehicle on tires, specially designed for the confined space of the
driven tunnel and the tunneling machine.

The cutterhead consisting of one segment is equipped with
28 cutting discs with a diameter of 48cm, each of which has
a weight of approximately 180kg. A 6m long protective envelope
(so-called finger shield — see Fig. 4) is installed to protect the
cutting head and personnel from the possible rock fall. The lower
part of the envelope is telescopic and serves as a sliding shoe that
helps to stabilize the machine against vibrations during excavation.

The bracing system consists of a pair of radial grippers, with
which the machine braces against the tunnel walls via gripper
shoes. In suitable geological conditions, the system can develop
a thrust force of up to 14.25MN and a bracing force of 36MN. The
maximum length of one stroke is 2m.

The machine allows to install excavation support in two
locations, L1 and L2. The L1 location is located directly behind
the cutterhead and protective envelope, i.e. approximately 6m
behind the face. In this section, the TBM is equipped with a drill
rig for the installation of bolts and for the drilling of exploratory
and grouting boreholes. There is also an erector for the assembly
of wire meshes and curved frames made of steel rolled profiles.
Only manual installation of shotcrete in the L1 location is possible.
In the L2 location, approximately 26m behind the tunnel face,
a robotic system for the installation of shotcrete with an integrated
shotcrete rebound collector is installed. The system enables the
automatic application of sprayed concrete between 8 and 4 o’clock,
over a length of 6m. Both locations are shown in Fig. 4.

2.3 TBM Elektra vs. Nobel

In the homeland of the famous Alfred Nobel, the inventor of
dynamite, tunneling machines are still rarely used. The traditional
Drill and Blast method is usually preferred due to its flexibility
and also high productivity, in the favorable Scandinavian geology.
However, TBM excavation is a suitable alternative for this type of
project and was chosen for the following reasons:

e The muck is transported using a belt conveyor, which
eliminates the need to excavate access tunnels. The muck is
loaded from the conveyor directly onto trucks in the Anneberg
start-up cavern, thereby eliminating the dust and negative
impacts associated with the transport of excavated material
through the city center.

* The tunnel is excavated under a densely populated area where
legislation sets strict noise and vibration limits. Here, the
advantage of the TBM is the faster mining progress, which

leads to a reduction in the noise burden of residents.
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razici hlava a ochranna obalka
cutter head and finger shield

oblast L1

radialni lisy

L1 area grippers

Obr. 4 Cdsti TBM L1 a L2
Fig. 4 TBM work locations LI and L2

3 ZAJISTENI TUNELU

V realiza¢ni fazi projektu byl optimalizovan navrh zajisténi tunelu
tak, aby byla zohlednéna specifika konkrétniho tunelovaciho stroje.
Celkem bylo navrzeno nasledujicich pét technologickych tfid:

e SCI(GSI 100-60) — Zadné systematické zajiSténi, pouze kotve-

ni potencidlné nestabilnich bloka svorniky;

e SCII (GSI 59-45) — v oblasti L1: svorniky v rastru 2,2 x 1,5 m,
KARI sit D5 75 x 75, v oblasti L2: 50 mm stfikaného betonu na
180°;

e SCIII (GSI 44-30) — v oblasti L1: svorniky v rastru 2,2 x 1,0 m,
KARI sit D5 75 x 75, v oblasti L2: 100 mm stifikaného betonu
na 220°;

e SCIV (GSI29-20) - v oblasti L1: svorniky v rastru 2,2 x 1,0 m,
KARI sit D5 75 x 75 a ram UPN 140 na 110°, v oblasti L2:
100 mm stfikaného betonu na 220°;

e SCV (GSI 19-10) — v oblasti L1: svorniky v rastru 2,2 x 1,0 m,
KARI sit D5 75 x 75 a ram HEA 160 na 360°, v oblasti L.2:
200 mm stikaného betonu na 360°.

Navrh zajisténi tunelu musi zohlednit omezeni dand konstrukci
TBM. Zejména komplikovanou manudlni aplikaci stfikaného betonu
v oblasti L1, které je tfeba se v idedlnim piipad€ vyhnout. Proto jsou
v oblasti L1 jako primarni zajisténi instalovany KARI sité¢ kotvené

* TBM excavation eliminates the seismic effects associated with
blasting. The method causes less disturbance and is safer for
sensitive buildings on the surface.

2.4 The main challenges of the project

The exceptional quality of the rock mass is favorable for excavation
from the point of view of rock mechanics. However, extreme
hardness, combined with compressive strength exceeding 200MPa,
goes hand in hand with high abrasiveness. This reduces the advance
rate and has increased demands on the cutting discs.

The geological conditions also allow propagation of excavation-
induced vibrations and noise to structures on the surface. Strict
limits require extensive acoustic monitoring and working time
restrictions when excavating under densely populated areas.

Due to the tunnel excavation technology used and local
customs, the tunnel is not designed with a waterproof lining. Water
inflows into the tunnel are controlled only by pre-grouting. Local
environmental protection authorities have set relatively strict limits
on the cumulative inflow of water into the tunnel, which combined
with high hydrostatic pressure (up to 12 bar) makes grouting quite
challenging.

3 TUNNEL SUPPORT

In the construction phase of the project, the

kopulovity injektazni adaptér
dome-shaped grouting adapter

matice
nut

télo svorniku opatfené zavitem pro upnuti
matice a hmozdiny

rock bolt with threads for mounting

of expansion shell and nut

polyethylenova manzeta
polyethylen sleeve

design of tunnel support was optimized to take
into account the tunneling machine specifics.
The following five technology classes were
proposed:
e SC I (GSI 100-60) — no systematic sup-
port, only bolting of potentially unstable

expanzni
hmozdina blocks;
e e SC II (GSI 59-45) — in location L1: bolts

in grid 2.2 x 1.5m, wire mesh D5 75 x 75,
in location L2: 50mm shotcrete at 180°;

e SC III (GSI 44-30) — in location L1: bolts
in grid 2.2 x 1.0m, wire mesh D5 75 x 75,
in location L2: 100mm shotcrete at 220°;

kotevni deska
plate

e SC IV (GSI 29-20) — in location L1: bolts

zdroj: DSI Underground source: DSI Underground

Obr. 5 CT svornik
Fig. 5 CT bolt

in grid 2.2 x 1.0m, wire mesh D5 75 x 75
and frame UPN 140 at 110°, in location
L2: 100mm of shotcrete at 220°;
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svorniky. V zavislosti na rastru svornikd mtize KARI sit D5 75 x 75
stabilizovat horninovy blok o tize az 15 kN a tim eliminovat dalsi
rozvoliiovani horninového masivu v blizkosti vyrubu [1]. V nepfizni-
vych geologickych podminkéch (technologické tfidy SCIV a SC V)
jsou sité¢ kombinovany s ocelovymi ramy ze zakruzenych vélcova-
nych profild UPN 140 a HEA 160.

Specifické pozadavky jsou kladeny také na svorniky. Svornik
musi byt unosny ihned po instalaci, zaroven ale musi byt dostate¢né
ochranén proti korozi, aby byla garantovana jeho funkce po celou
dobu Zivotnosti tunelu. To vede k pouZiti kombinovanych CT svor-
nikd. Svornik je ihned po instalaci v oblasti L1 ukotven mechanicky
pomoci expanzni hmozdinky. Pozdéji se v oblasti L2 svornik injek-
tuje pomoci injektazniho adaptéru. Dale je svornik opatfen polyethy-
lenovou manzetou, ktera spolecné s cementovou zélivkou poskytuje
dostate¢nou protikorozni ochranu. CT svornik je zobrazen na obr. 5.

4 STATICKE VYPOCTY

Globdlni stabilita tunelu byla ovéfena 2D numerickou analyzou.
Kazda technologickd tiida byla ovéfend pro odpovidajici geotech-
nické parametry, minimédlni nebo maximalni nadlozZi a gravitacni
nebo zméfenou priméarni napjatost. Kazda tfida tedy byla posouzena
celkem Ctyfmi numerickymi vypocty.

V kvalitnich skandindvskych horninach ale neni kolaps tunelu
v disledku velkych deformaci a vyCerpani inosnosti zajisténi vyru-
bu pfili§ Casty. Pravdépodobné&jsim zptisobem poruseni je vypadnuti
nestabilniho horninového bloku z klenby nebo opéfi tunelu. Uvolné-
ni jednoho bloku pak muzZe vést k postupnému rozvolnéni hornino-
vého masivu v okoli vyrubu, naruseni nosného horninového prstence
a celkové ztraté stability.

Kinematicka stabilita potencidlné nestabilnich blokl vzniklych
nepriznivou orientaci diskontinuit byla ovéfena analyzou v software
UnWedge (Rocscience). Kazda technologicka tfida byla ovéfena
v oblasti L1, tedy s doCasnym zajisténim, a v oblasti L2 s instalo-
vanym findlnim zajiSténim. Pfi posouzeni findlniho zajiSténi byly
konzervativné zanedbany ucinky primarnich napéti, které maji na
nestabilni blok priznivy tcinek. Na obr. 6 je jako ptiklad vystupu
z analyzy uvedeno posouzeni technologické tfidy SC III v oblasti L1,
tedy se zahrnutym vlivem priméarnich napéti.

5 POSTUP RAZBY TUNELU

V dobé psani tohoto ¢lanku byla vyraZzena vice neZ polovina tu-
nelu (7,3 km v Cervenci 2023). Pro koordinaci vSech zainteresova-
nych osob je kazdé dva tydny poradan tzv. ,,production meeting*,

zdroj: Herrenknecht source: Herrenknecht

e SCV (GSI 19-10) — in location L1: bolts in grid 2.2 x 1.0m,
wire mesh D5 75 x 75 and HEA 160 frame at 360°, in location
L2: 200mm of shotcrete at 360°.

The tunnel support design must take into account the limitations
imposed by the TBM structure. In particular, the complicated
manual application of shotcrete in the L1 location, which should
be avoided. Therefore, bolted wire meshes are installed in the L1
location as primary support. Depending on the grid of the bolts,
wire mesh D5 75 x 75 can stabilize a rock block weighing up to
I5kN and thus eliminate further rock loosening in the vicinity of
excavation [1].

In unfavorable geological conditions (support classes SC IV and
SC V), the meshes are combined with round frames from steel rolled
profiles UPN 140 and HEA 160.

Specific requirements are also placed on bolts. The bolt must be
load-bearing immediately after installation, but at the same time it
must be sufficiently protected against corrosion in order to guarantee
its function throughout the lifetime of the tunnel. This leads to the
use of combination CT bolts. Immediately after installation, the
bolt is mechanically anchored in the L1 location using an expansion
shell. Later, in the L2 location, the bolt is injected using an injection
adapter. Furthermore, the bolt is equipped with a polyethylene
sleeve, which, together with the cement grout, provides sufficient
anti-corrosion protection. The CT bolt is shown in Fig. 5.

4 STATIC CALCULATIONS

The global stability of the tunnel was verified by 2D numerical
analysis. Each support class was verified for the corresponding
geotechnical parameters, minimum or maximum overburden and
geostatical or measured primary stresses. Therefore, each class was
verified with a total of four numerical calculations.

However, in high-quality Scandinavian rocks, tunnel collapse
due to large deformations or by exceeding the support bearing
capacity is not very common. A more likely failure mode is the
fall of an unstable rock block from a tunnel vault or abutment. The
loosening of one block can then lead to the gradual loosening of
the rock mass around the excavation, disruption of the rock arching
and a total loss of stability.

The kinematic stability of potentially unstable blocks created
by the unfavorable orientation of discontinuities was verified
by analysis in the UnWedge software (Rocscience). For each
technology class, the primary support was verified in the L1
location, and the final support in the L2 location. The impact of
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insitu stress, which have a favorable influence
on the rock block stability, was conservatively
neglected in the verification of the final
support. Fig. 6 shows the verification of
technology class SC III in the L1 location as
an example of the analysis output, i.e. with
the insitu stress included.

horni levy blok [4]
upper left wedge [4]

stupen stability: 2,068
FS:2.068

objem: 6,735 m?
volume: 6.735m?

hmotnost: 0,178 MN
weight: 0.178MN

vyska vrcholu: 3,32 m
apex height: 3.32m

5 TUNNELING ADVANCE

At the time of writing this paper, more than
half of the tunnel has been driven (7.3km
by July 2023). For the coordination of all
interested parties, a so-called “production
meeting” is held every two weeks, which is
similar to the monitoring board known in
Czech tunnel construction. At these meetings,
hydrogeological and acoustic monitoring,
grouting and measurement of water inflows
into the tunnel and, last but not least, also

spodni pravy blok [5]
lower right wedge [5]
stupen stability: stabilni
FS: stable

objem: 6,724 m?
volume: 6.724m?

hmotnost: 0,178 MN
weight: 0.178MN

vyska vrcholu: 3,32 m
apex height: 3.32m

Obr. 6 Kinematickd stabilita horninového bloku
Fig. 6 Kinematic stability of a rock block

coZ je obdoba rady monitoringu znamé z ceskych tunelovych staveb.
Na téchto schiizkach se diskutuje hydrogeologicky a akusticky mo-
nitoring, injektaz a méfeni pritoki vody do tunelu a v neposledni
fadé také instalované zajiSténi tunelu v kontextu dat zaznamenanych
v prubéhu razby TBM.

V nasledujici ¢asti ptispévku jsou stru¢né shrnuty postiehy projek-
tanta z realizacni faze dila.

5.1 Injektaz a opatieni pro omezeni pFitoki do tunelu

Vétsina budov ve Stockholmu a blizkém okoli je zaloZena na
vrstvach mofskych jili, kde i maly pokles pérovych tlaki mtze
vyvolat vyznamné sedani s disledky na infrastrukturu a budovy
na povrchu. Aby se t€émto negativnim dopadim vystavby tunelu
zabrénilo, jsou mistnimi orgdny ochrany Zivotniho prostiedi sta-
noveny limity pro kumulativni pfitok vody do tunelu. DodrZovani
téchto limith je kontrolovano jak v pribéhu vystavby, tak po celou
Zivotnost tunelu.

Dlouhodoby limit kumulativniho pritoku je stanoven v priméru
10 I/min na 100 m tunelu a li8i se v zavislosti na lokalni mife rizi-
ka. Jedna se o pomérné piisny pozadavek, jehoz vysledkem je témér
suchy tunel. Aby byly tyto pozadavky splnény, realizuji se kazdych
15 m véjite predstihové injektdze do predpoli Celby (tzv. ,,pre-grou-
ting"). Délka injektaZnich vrtd je az 25 m a injektaz se fidi podle
Casovych, pratokovych a tlakovych kritérii na zakladé pozZadované
injektazni tfidy. V mistech, kde ptedstihova injektaZ nepostacuje pro
splnéni limitd, je realizovana dodate¢nd injektdz za TBM (tzv. ,,post-
grouting®).

InjektaZe jsou ve Skandindvii samostatnym oborem a na jejich na-
vrhu a realizaci se podili tymy vysoce specializovanych inzenyru.
Jednd se tedy o komplikovanou problematiku, jejiZ rozsah by vydal
na samostatny ¢lanek.

5.2 Pruzkumné vrty a vodni tlakové zkousky

Kazdych 18 metril raZby se pomoci vrtné soupravy osazené v L1
provadi 25 m dlouhé rozbihavé dovrchni vrty pod tihlem 5,5°. Tyto
vrty slouZi k provadéni vodnich tlakovych zkouSek a zdroven také
k predikci vlastnosti horninového masivu.

Béhem vrtani jsou pomoci systému MWD (,,Measure While Dri-
lling*) zaznamendvané jeho parametry, jako rychlost oticky nebo
pritlak. Nasledné jsou tato data interpretovana a analyzovana. Z dat

the installed tunnel support are discussed in
the context of the data recorded during TBM
excavation.
In the following, the designer’s observations of the construction
phase are briefly summarized.

5.1 Grouting and measures to limit inflows into the
tunnel

Most of the buildings in and around Stockholm are founded on
layers of marine clays, where even a small drop in pore pressures
can cause significant settlement with consequences for infrastructure
and buildings on the surface. To prevent these negative impacts of
tunnel construction, local environmental protection authorities set
limits for the cumulative inflow of water into the tunnel. Adherence
to these limits is checked both during construction and throughout
the lifetime of the tunnel.

The long-term cumulative inflow limit is set at an average of 10L/
min per 100m tunnel and varies depending on the local level of risk.
This is a fairly strict requirement, resulting in an almost dry tunnel.
In order to meet these requirements, fan-shaped grouting is carried
out every 15m in the forefield of the face (so-called “pre-grouting”).
The length of the grouting boreholes is up to 25m and the grouting is
controlled by the time, flow and pressure criteria in correspondence
to required grouting class. In places where pre-grouting is not
sufficient to meet the limits, additional grouting behind the TBM
(so-called “post-grouting”) is realized.

Grouting is a separate profession field in Scandinavia, and teams
of highly specialized engineers participate in grouting design and
construction. It is therefore a complex issue, the scope of which
would require a separate publication.

5.2 Exploratory boreholes and water pressure tests

Every 18 meters of excavation, 25m long boreholes at an angle of
5.5¢ are performed using a drill rig installed in L1. These boreholes
serve to perform water pressure tests and at the same time to predict
the properties of the rock mass.

During drilling, its parameters such as penetration, revolutions or
pressure are recorded using the MWD (“Measure While Drilling”)
system. Subsequently, these data are interpreted and analyzed. From
the data obtained from at least four boreholes, a geological forecast
for the next approximately 20m of excavation is compiled on the
basis of empirical relationships and criteria. On an ongoing basis,
the forecasts are compared with the actually encountered geology,
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ziskanych z minimalné Ctyf vrtd je pak na zakladé empirickych vzta-
ha a kritérii sestavena geologickd progndza pro dalSich priblizné
20 m razby. Priibézné jsou progndzy zpétné porovnavany se sku-
tecné zastizenou geologii, vztahy a kritéria jsou tak kalibrovany pro
dosazeni co nejpresnéjsich prognoz.

Vodni tlakové zkousky se provadi v jedné etdzi ut€snénim vrtu jed-
noduchym obturatorem v hloubce 8 m. Dle vysledkt zkousky je pak
stanovena nebo upresnéna injektazni tfida.

Data jsou na TBM v pribéhu razby zaznamendvana kazdych
20 sekund a jsou pfistupna v realném Case prostiednictvim aplikace
Tunneling Process Control od spolec¢nosti Tunnelsoft. Vyhodnoco-
vany jsou predevsim nasledujici parametry:

e rychlost postupu [mm/min];

e penetrace [mm/ot];

¢ kroutici moment [MN/m];

e pfitlak [MN].

Zakladni predstavu o geologickych podminkach lze ziskat pou-
hym pozorovanim hodnot pfitlaku razici hlavy. K poklesu pfitlaku
obvykle dochazi, kdyZ TBM prochazi poruchovou zénou. Pro pres-
néjsi a komplexnéjsi odhad zastizené geologie se vSak vyuZivaji na-
sledujici parametry:

e jednoosa pevnost v tlaku [MPa], ur¢ena dle empirického Geh-

ringova modelu [2];

* specificka penetrace [mm/kN*rev], na zakladé [3];

e faktor kroutictho momentu [-], stanoveny na zakladé¢ [4].

Oteviend konstrukce TBM umoZiiuje vizudlni kontrolu lice vyru-
bu a podrobnou geologickou dokumentaci razby. Kvalitni geologic-
ka dokumentace je s vyhodou pouZita k nalezeni korelace mezi vyse
uvedenymi parametry a zastizenou geologii a k definovani meznich
a varovnych hodnot. Pro dosaZeni co nejrelevantnéjsi vysledka je
vSak nutné pravidelnd kalibrace a kritické zhodnoceni empiricky vy-
poctenych parametra.

6 ZAVER

Pod méstem Stockholm se pomoci otevieného Gripper TBM razi
kabelovy tunel, ktery mistni prezdivaji ,,dalnice pro elektfinu‘. Tato
pro Svédsko netradi¢ni tunelovaci metoda prokdzala svou vhodnost
pro tento typ projektu navzdory vyzvam, které predstavuji napriklad
prisné limity pfitoku vody do tunelu nebo extrémné pevné horniny.

Razba tunelu probihd bez vyraznéjsich technickych problému
a s velky dirazem na bezpecnost prace a ochranu zdravi pracovni-
ki. To je krasné vystiZzeno sloganem na plakatech rozmisténych po
staveniSti: ,,Safety first ...and then as fast as possible to Skanstull*.
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relationships and criteria are thus calibrated to achieve the most
precise forecasts.

Water pressure tests are performed at one stage by sealing the
borehole with a single obturator at a depth of 8m. The grouting class
is then determined or refined according to the test results.

The machine records the data every 20 seconds during excavation
which can be accessed in real-time via Tunnelsoft’s Tunneling
Process Control application. The following parameters are mainly
evaluated:

* advance speed [mm/min];

* penetration [mm/rev];

e torque [MN/m];

e thrust force [MN].

A basic idea of the geological conditions can be obtained simply
by observing the data values of the cutterhead. A drop in the
thrust usually occurs when the TBM passes through a fault zone.
However, the following parameters are used for a more accurate and
comprehensive estimate of the geology encountered:

* uniaxial compressive strength [MPa], determined according to

the empirical Gehring model [2];

* specific penetration [mm/kN*rev], based on [3];

e torque factor [-], based on [4].

The open structure of the TBM allows visual inspection of the
excavation face and detailed geological documentation of the
excavation. High-quality geological documentation is preferably used
to find the correlation between the above parameters and the geology
encountered and to define limit and warning values. However, in
order to achieve the most relevant results, regular calibration and
critical evaluation of empirically calculated parameters is necessary.

6 CONCLUSION

Under the city of Stockholm, a cable tunnel is being excavated
using an open Gripper TBM, which the locals call the “highway for
electricity”. This tunneling method, which is unusual for Sweden,
proved its suitability for this type of project despite the challenges
posed by, for example, strict limits on water inflow into the tunnel or
extremely hard rock.

Excavation of the tunnel takes place without significant technical
problems and with great emphasis on occupational safety and health
protection of workers. This is beautifully captured by the slogan on
the posters spread around the construction site: “Safety first ...and
then as fast as possible to Skanstull”.
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PRUZKUMNE PRACE V TRASE PROJEKTOVANEHO
TUNELU DETRICHOV
EXPLORATORY OPERATIONS ALONG THE DETRICHOV TUNNEL
ROUTE UNDER DESIGN

PETR MAZAC, PAVEL KLIMA, PETRA JAKUBOVA

ABSTRAKT

Cldnek priblizuje problematiku priizkumu pro vedeni tunelu Détiichov pres Hiebecovsky hibet, tvoreny chemicky zvétralymi permskymi
horninami a tremi kiidovymi souvrstvimi s vyskytem uhelnych vrstev i specifickym kostickovym rozpadem slinovcii jizerského souvrstvi.
V ¢ldanku jsou popsdny zdkladni projektované parametry tunelu Détrichov, strucné charakterizovdna jednotlivd zastiZend souvrstvi a objas-
néna potreba geotechnického rozdéleni tunelu na trindct kvazihomogennich celkii a Sestndct dilcich usekii. V nékterych cdstech se cldnek
zabyvd také geotechnickymi vlastnostmi hornin a celého horninového masivu, véetné hydrogeologické problematiky. Pro ni maji velky
vyznam hlavné iiloZné poméry sedimentii, charakter puklinové sité, a predevsim pak pritomnost zlomovych struktur. Poznatky vychdzeji
z doplitujiciho priizkumu, ktery pro projektovany tunel Détrichov realizovala spolecnost SG Geotechnika a.s. v letech 2021 aZ 2023.

ABSTRACT

The paper presents the problems of exploration for the Détrichov tunnel through the Hrebec ridge, formed by chemically weathered
Permian rock and three Cretaceous formations with the occurrence of coal seams and specific cubic disintegration of the Iser River
formation marlite. The paper describes the basic design parameters of the Détrichov tunnel, briefly characterises the individual formations
encountered and explains the need for geotechnical division of the tunnel into thirteen quasi-homogeneous units and sixteen sub-sections.
In parts, the paper also deals with the geotechnical properties of rock types and the whole rock massif, including hydrogeological issues.
The mode of sediment deposition conditions, the nature of the joint network, and especially the presence of fault structures are of great
importance. The findings are based on a supplementary survey carried out by SG Geotechnika a.s. for the Détrichov tunnel under design

between 2021 and 2023.

1. UvoD

Délnice D35 bude po svém dokonceni tvorit severni spojeni
Cech a Moravy a poskytne (spolu s dalnici D11) alternativu k dal-
nici D1, v soucasnosti pretizené. Jednim z usekit D35 je také pro-
jektovany usek Opatovec — Staré Mésto s tunelem Détfichov. Tunel
klesa z 514 m n. m. smérem na vychod do 439 m n. m. s nejvyssi
vySkou nadloZi 173 m v oblasti komplexu lesnich porostli Mla-
déjovského vrchu (647 m n. m.), ktery je soucasti tzv. HiebeCov-
ského hibetu. Jednd se morfologicky o kuestu (asymetricky vrchol
hory nebo hiebenu, tvofeného mirné uklonénymi vrstvami odol-
nych hornin), se strmym svahem obracenym k vychodu a v tylové
¢asti kuesty s mirné uklonénym svahem orientovanym k zapadu.
V cele kuesty vystupuji kiidové sedimenty turonu a cenomanu, na
jejim upati pak sedimenty permu orlické panve. Tylova ¢ast kuesty
presné kopiruje tiklon kiidovych vrstev.

Jedna se o dalni¢ni tunel o délce 3987,5 m obsahujici dvé tune-
lové trouby, kazdou o §ifce vozovky 8 m se sméroveé rozdélenym
provozem. Kategorie tunelu dle CSN 73 7507, ¢1. 4.2.5, piip. TP98
kap. 2 je TA a navrhova kategorie dalnice D26,0/130 (ve smyslu
CSN 73 6101, Tabulka 4). Metoda vystavby tunelu je kombinova-
nd. Sklada se z tseku razeného, provadéného konvencni cyklickou
razbou Novou rakouskou tunelovaci metodou (NRTM), a navazuji-
cich hloubenych portalovych Casti.

Razena cast tunelu bude realizovana dle zasad NRTM ve sloZi-
tych geologickych a geotechnickych podminkach (tektonické po-
ruchy, nizké nadloZi v pfiportilovych oblastech, pfitomnost malo

unosnych hornin). Hloubené tdseky tunelu, o celkové délce cca
250 m, navazuji z obou stran na raZenou ¢ést tunelu a konc¢i vy-
usténim do Pardubického portalu (s prilehlym hloubenym tsekem

1. INTRODUCTION

When completed, the D35 motorway will form the northern link
between Bohemia and Moravia and will provide (together with
the D11 motorway) an alternative to the D1 motorway, which is
currently congested. One of the D35 sections is also the planned
Opatovec — Staré Mésto section containing the Détfichov tunnel.
The tunnel descends from 514m a.s.l. towards the east to 439m
a.s.l. with the greatest overburden height of 173m in the area of the
Miladéjovsky Hill forest complex (647m a.s.l.), which is part of the
so-called Hrebec ridge. It is morphologically a cuesta (asymmetrical
mountain peak or ridge formed by slightly inclined layers of resistant
rock), with a steep slope facing east and a slightly inclined slope in
the rear part of the west-facing cuesta.

At the head of the cuesta there are the Cretaceous sediments of
the Turonian and Cenomanian periods, and at its foot, the Permian
sediments of the Adler River Basin. The tail part of the cuesta exactly
follows the dip of the Cretaceous strata.

The tunnel is a 3987.5m long motorway structure containing two
tunnel tubes, each 8m wide, with directionally divided traffic. The
tunnel category according to CSN 73 7507 standard, Article 4.2.5, or
Technical Specifications TP98, Chapter 2, is the TA and the design
category of the motorway is D26.0/130 (according to CSN 73 6101,
Table 4). The tunnel construction method is combined. It consists of
a mined section, carried out by conventional cyclic system using the
New Austrian Tunnelling Method (NATM), and subsequent cut-and-
cover portal sections.

The mined part of the tunnel will be constructed according to the
NATM principles in complex geological and geotechnical conditions
(tectonic faults, low overburden in the near-portal areas, presence
of low bearing capacity rock types). The cut-and-cover sections of
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délky 162,5 m HT2), resp. do olomouckého portalu (s hloubenym
usekem délky 87,5 m HT16).

Tunel Détrichov je projektovan na patkach, s otevienym (dest-
nikovym) hydroizola¢nim systémem a podélnou drendzi. Tunel
je v prevazné délce navrZzen podkovovitého tvaru, tzn. bez spodni
klenby; spodni klenba je navrZena pouze v silné zvétralych nebo
tektonicky poruSenych oblastech.

Razba tunell je navrZena od obou portald. ProtoZe razba na olo-
mouckém portalu bude provddéna proti sméru staniceni, je zavede-
no pojmenovani ,,severni* a ,,jizni* tunelova trouba.

2. PROJEKTOVANE PARAMETRY TUNELU

2.1 RaZena ¢ast

Vyska priijezdniho profilu je navrzena 4,80 m (dle CSN 73 7507,
kap. 8.2.2), svétld podjezdnd vyska v tunelu min. 4,95 m. V prevdzné
délce tunelu je pricny profil vyrubu podkovovity a v kritickych ob-
lastech s protiklenbou (napf. ve zvétralych a tektonicky porusenych
oblastech). Svétla plocha typického prirezu vyrubu TT je cca cca
93 m>

U tuneld je navrZzeno dvouplastové osténi (primérni a sekundérni),
s mezilehlou foliovou izolaci (deStnikovy systém). Primérni osténi
bude standardné provadéno ze stfikaného betonu vyztuzeného oce-
lovymi svafovanymi sitémi a piihradovymi oblouky z betonarské
vyztuze a systémovym kotvenim horninovymi svorniky. Zajisténi
kaloty v TTV 5b je doplnéno o rozsifené paty opéii kaloty a deStni-
ky z IBO svornikti (v portalové varianté oznacované jako TTV 5b-P
s mikropilotovym deStnikem). TTV 5a a TTV 5b je navic feSena ve
varianté s protiklenbou (oznacena jako TTV 5a-O, resp. TTV 5b-0).

Sekundarni osténi je navrZzeno z monolitického Zelezobetonu
(eventudlné muZe byt provedeno z prostého betonu, pokud se pro-
kaze dostatecnd tnosnost ve skutecné zastizeném geologickém pro-
stfedi). Osténi bude betonovano do ocelového posuvného bednéni
(bedniciho vozu) po jednotlivych betonaznich blocich. Kazdy blok
bude betonovén ve dvou krocich, nejprve zakladové patky (eventudl-
né spodni klenba) a aZ poté vlastni klenba tunelu.

2.2 Hloubené casti

Vnitini lic osténi hloubenych tsekll plynule navazuje na raze-
nou &ast tunelu. Osténi je Zelezobetonové (ZB) monolitické, pod-
kovovitého tvaru, v obou usecich ulozené na zakladovych pasech.
Predpoklada se betonaZ s vyuZzitim posuvného ocelového bednéni
(bedniciho vozu) po jednotlivych blocich. Betonaz probiha ve dvou
krocich, nejprve se vybetonuji pribézné zakladové patky a az poté
vlastni klenba tunelu.

Tloustka osténi ve vrcholu klenby je 600 mm a smérem k zakla-
dovym patkdm se postupné rozsifuje. Zakladové patky jsou vysoké
700 mm.

Vodonepropustnost hloubenych tsekt je primarné zajisténa hyd-
roizolacni folii uloZzenou na vnéjsim lici tunelového osténi. Mimo
to jsou pri¢né spary mezi ZB bloky t&€snény vnitinimi sparovymi
pasy instalovanymi do sty¢nych ploch, pfiblizné 300 mm od vniti-
niho lice osténi [4].

2.3 Tunelové propojky

V SO 09-601 Tunel Détfichov jsou navrzeny tii typy propojek.
Jednd se o tunelové propojky pro pési (9 ks), tunelové propojky
prijezdné (4 ks) a tunelové propojky technologické (2 ks).

Priichozi prostor tunelové propojky pro pési je Siroky min. 2,0 m
s vySkou min. 2,4 m. Tunelova propojka priijjezdna je min. 6,0 m Si-
rokd s vyznacenymi nouzovymi pruhy po obou strandch min. §itky
0,75 m. Technologické tunelové propojky jsou navrzeny ve stejném
profilu jako ty prijezdné [4].
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the tunnel, with a total length of approx. 250m, connect on both
sides to the mined part of the tunnel and end at the Pardubice portal
with an adjacent 162.5m long cut-and-cover section (HT?2), or at the
Olomouc portal with an 87.5m long cut-and-cover section (HT16).

The Détrichov tunnel is designed to be founded on footings, with
an open (umbrella) waterproofing system and longitudinal drainage.
The horseshoe shape is designed for the majority of the tunnel
length, i.e. without an invert; the invert is designed only in heavily
weathered or tectonically faulted areas.

Tunnelling is proposed to proceed from both portals. Since the
excavation at the Olomouc portal will proceed against the direction
of the chainage, the names ,,north* and ,,south® tunnel tubes are
introduced.

2. TUNNEL DESIGN PARAMETERS

2.1 Mined part

The clearance profile is designed to be 4.80m high (according
to CSN 73 7507, ch. 8.2.2), the vertical clearance in the tunnel
is at least 4.95m high. In majority of the tunnel length, the cross-
section of the excavation is horseshoe-shaped and in critical areas
with an invert (e.g. in weathered and tectonically faulted areas).
The clearance area of a typical TT excavation cross-section is
approximately 93m?>.

The tunnels are designed with double-shell lining (primary and
secondary liners), with intermediate waterproofing membrane
(an umbrella system). The primary lining will be carried out in
a standard way using shotcrete reinforced with welded steel mesh
and lattice girders made from concrete reinforcement and an
anchoring system with rock bolts. The top heading support in the
TTV 5b rock mass class is supplemented by the extended width
of the bench abutment and umbrellas made using IBO rockbolts
(in the portal variant referred to as TTV 5b-P with the micropile
umbrella). In the TTV 5a and TTV 5b classes it is in addition solved
in a variant with an invert (marked as TTV 5a-O, resp. TTV 5b-0).

The monolithic reinforced concrete is proposed for the secondary
lining (it can be made of plain concrete if sufficient load-bearing
capacity is proven in the actually encountered geological
environment). The lining will be concreted using steel sliding
formwork (formwork traveller) in individual concrete blocks. Each
block will be concreted in two steps, first the footings (possibly the
invert) and then the tunnel vault itself.

2.2 Cut-and-cover parts

The inner face of the lining of the cut-and-cover sections is
smoothly connected to the mined part of the tunnel. The horseshoe-
shaped lining is made of monolithic reinforced concrete (RC), in
both sections placed on strip footings. Sliding formwork (formwork
traveller) is planned for individual blocks. The concreting is carried
out in two steps, first the continuous footings are concreted and
then the tunnel vault itself.

The lining at the top of the vault is 600mm thick and thickness
gradually increases towards the footings. The footings are 700mm
high.

The waterproofing capacity of the cut-and-cover sections is
primarily ensured by a waterproofing membrane installed on the
outer face of the tunnel lining. In addition, the transverse joints
between the reinforced concrete blocks are sealed with internal
waterstops installed on the contact surfaces, approximately 300mm

from the inner face of the lining [4].




2.4 Nouzové zalivy

V tunelu Détfichov jsou navrZzeny nouzové zalivy splilujici poza-
davky CSN 73 7507. Jsou vzdy feSeny v ramci péti 12,5 m dlouhych
betondznich blokti sekundarniho osténi s tim, Ze vZdy ve tfetim beto-
naznim bloku je umistén vstup do prijezdné tunelové propojky [4].

3. VYMEZENI GEOTYPU V TRASE TUNELU

V ramci podrobného geotechnického prizkumu bylo provedeno
22 ks jadrovych vrtd do hloubky 40 az 185 m. U olomouckého por-
talu byly realizovany Ctyfi nové inklinometrické a dva vsakovaci
vrty. Hydrogeologickych vrtl s odizolovanymi kolektory vod bylo
vystrojeno celkem 16 ks o hloubce 30 az 140 m s vystroji o pra-
méru 125 mm. Ve vybranych inZenyrskogeologickych vrtech byl
proveden soubor karotdZnich méfeni a v hydrogeologickych vrtech
byly realizovany hydrodynamické zkousky. Doplitkovou informaci
tvorilo 10 ks pficnych a jeden podélny geofyzikélni profil.

Timto prazkumem bylo potvrzeno, Ze trasa tunelu povede sedi-
mentdrnimi horninami permu a svrchni kiidy prekrytymi smérem
do nadlozi mladsimi kvartérnimi uloZeninami.

Vymezeni jednotlivych geotechnickych typil je pfevzaté z vy-
sledkit podrobného geotechnického prizkumu [3] a respektuje
systém nazvoslovi CSN 73 6133, ale v zasadé se opird o statigra-
fické a genetické hledisko. Prvotni rozdéleni statigrafické vyme-
zuje skupinu kvartérnich zemin, kifidovych a permskych hornin

Tab. 1 Rozdéleni zastiZenych souvrstvi v ndvaznosti na geotechnické typy
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2.3 Tunnel cross passages

Three types of cross passages are designed for the SO 09-601
Détfichov tunnel. There will be pedestrian cross passages there,
vehicular cross passages and service cross passages.

The minimum space of a cross passage passable for pedestrians
is 2.0m wide and 2.4m high. The tunnel cross passage for vehicles
is 6.0m wide as a minimum, with emergency lanes marked on both
sides. The service cross passage profile design is identical with that
of the vehicular ones.

2.4 Emergency lay-bys

Emergency lay-bys meeting requirements of the CSN 73 7507
standard are proposed for the Détfichov tunnel. They are always
designed within the framework of five 12.5m long concreting
blocks of the secondary lining, with the entrance to the vehicular
cross passage placed in the third concreting block.

3. DEFINITION OF GEOTYPES ON THE TUNNEL ROUTE

As part of the detailed geotechnical survey, 22 cored boreholes
were drilled to a depth of 40 to 185m. Four new inclinometer
boreholes and two absorbing holes were drilled at the Olomouc
portal. A total of 16 boreholes with isolated aquifers were drilled
down to the depth of 30 to 140m, with a 125mm-diameter casing.
A set of logging measurements was performed in selected engi-
neering geological boreholes and hydrodynamic tests were carried

Symbol Zarazeni
Souvrstvi Stratigrafické zafazeni | Litologicka charakteristika Geneze goty u geotypu
geolyPU | die trid (x)
i o vapnité glaukonitické piskovce a vapnité prachovce I - 5.x(p, S)
Jizerské gﬁggn.’ turon * na bazi tmavé-Sedg, kostkové rozpadavé slinovce (mocnost SrT;%rilpnrgétlagunarm Kj
vrstvy 3040 m) y 6.X()
. g kida — * jilovec/prachovec — spongiliticky slinovec/prachovec — vapnity | marinni/ lagunarni
BElE e e spodni — stfedni turon piskovec (mocnost vrstvy 60-70 m) sedimenty iy 5x(p, 8)
Kfida — * glaukonitické jilovitoprachovité piskovce (stfedné az
Korycanské - hrubozrnné) (mocnost 5-10 m) mélkomorské prostredi Kp 7.X(p)
* na bazi jemnozrnné kiemenné piskovce (mocnost 1-5 m)
Perucké kfida — o piscitojilovité sedimenty lagunérni/ estuariové K 5.x(s)
cenoman * polohy uhelnych slojek prostredi P 6.x(j)

, * pod bazi kfidy arkdzové piskovce odbarvené do béla az L Ps 7%
FUGIHE perm — saxonské stfi | _béloseda (dusledek kaolinického zvétravani) SLEHE D (] -
uloZeniny - o s - sedimenty

* Cervenohnédé, stfedné-hrubozrnné piskovce Pc 7.X
Poznamka: x = 1 (eluvium; t¥. R6 dle CSN 73 6133); x = 2: tf. R5; x = 3: tf. R4; x = 4: tf. R3; x = 5: /. R2;
symbol za tfidou = p — piskovce; s — prachovce; j — jilovce, slinovce
Table 1 Distribution of encountered strata in relation to geotechnical types
. . Geotype
Formation fgi‘;ﬁ{f&?ﬂ,ﬁa' Lithological characteristics Genesis %;ﬂ%‘;f classifica-
tion (x)
* calcareous glauconitic sandstone and calcareous siltstone : 5.x(p, S)
Cretaceous - : : : : marina/ lagoonal '
Iser . : * on dark grey base, cubically breaking marlite (30-40m thick : K
Middle Turonian strata) sediments 6.x()
Cretaceous - . . _ :
715 o o claystone/siltstone — spongolithic marlite/siltstone — marina/ lagoonal
Bl e %SmrianMMdle calcareous sandstone (60-70m thick strata) sediments L 5x(p.s)
T ¢ glauconitic clayey-silty sandstone (medium to coarse grained) shallow see environ-
Korycany Cenomanian (5—1 Om thICK) _ ment Kp 7.x(p)
* on finely grained quartzose sandstone base (1-5m thick)
e Cretaceous — * sandy clayey sediments lagoonal/estuarine K 5.x(s)
Cenomanian ¢ coal interbeds environment P 6.x(j)
: * arcose sandstone decoloured to white to white-grey under , , Ps 7x
ggrg‘éﬁg Permian — Saxon age Cretaceous base (consequence of kaolinic weathering) tsiré?;téﬁlsma””a :
P * reddish brown, medium-coarse grained sandstone Pc 7.x

Note: x = 1 (eluvium; class R6 according to CSN 73 6133); x = 2: class R5; x = 3: class R4; x = 4: class R3; x = 5: class R2;

symbol behind class = p — sandstone; s — siltstone; j — claystone, marlite
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(viz symbol geotypu v tab. 1). Podrobnéjsi roz¢lenéni do geotech-
nickych podtypt se pak opird i o fyzikdlné-mechanické vlastnosti
zemin a hornin. U zemin se jedna pfedev§im o zrnitost a u hornin
pak o litologii, genezi (5.X — jemnozrnné piskovce a prachovce;
6.X — slinovce a jilovce; 7.X — stfedné az hrubozrnné piskovce)
a pevnost horniny (X.1 az X.5, odpovida tf. R6 azZ R2).

Skalni podloZi zajmové oblasti je kiidového a permského stari.
Jednotliva souvrstvi jsou popsana v tab. 1, a to ve sledu od nej-
mlad$ich (vrchnich) vrstev po nejstarsi (spodni) vrstvy. Souvrstvi
vykazuji mirny sklon k zapadu.

4. ROZDELENI TRASY DO KVAZIHOMOGENNICH CELKU

Cel4 trasa tunelu Détfichov byla v rdmci zpracovani doplitujicitho
geotechnického prizkumu roz¢lenéna na zakladé ziskanych poznat-
ki do zcela novych tfinacti kvazihomogennich celkd, viz tab. 2. Je-
denact z nich spada do razené Casti tunelu (¢lenéni dle podrobného
pruzkumu na dseky oznacené RT3 az RT15) a dva nalezi hloubenym
usekim tunelu (oznaceny HT2 a HT'16).

Kazdy kvazihomogenni celek zahrnuje jeden aZ dva useky (RT)
z podrobného prizkumu, pficemz hranice usekd bud odpovidaji
podrobnému prizkumu, nebo jsou mirné posunuté (obr. 1). Pouze
samotny usek RT6 byl rozdélen na dvé Casti kvili zaClenéni celku
KHC-4 mezi dvé ¢asti celku KHC-3.

Z tab. 2 vyplyvd, Ze dle indexu RMR je horninovy masiv hod-
nocen v celé délce jako uspokojivy (III. tfida klasifikace podle
Bieniawského, 1989).

Horniny tfidy IV. (slabé horniny, index RMR 32 az 40) se vysky-
tuji v kvazihomogennich celcich KHC-7, KHC-8 a KHC-11. Jedna
se o horniny peruckych vrstev (geotyp Kp6j), kaoliniticky zvétralou
svrchni ¢dst permu pod uhelnymi peruckymi vrstvami (Ps7.0) a zvé-
tralé horniny permskych piskovct t. RS, dle CSN 73 6133 (Ps7.2
aPc7.2).

Nejlepsi kvalitu hornin dle indexu RMR vykazuji kiidové horniny

out in hydrogeological boreholes. Additional information consisted
of 10 transverse profiles and one longitudinal geophysical profile.

This survey confirmed that the tunnel route will run through
sedimentary rock types of the Permian and Upper Cretaceous periods,
overlain by younger Quaternary deposits towards the overburden.

The definition of the individual geotechnical types is taken over
from the results of a detailed geotechnical survey [3] and respects
the nomenclature system of the CSN 73 6133 standard, but is
essentially based on statigraphic and genetic aspects. The primary
statigraphic division defines a group of Quaternary soils, Cretaceous
and Permian rock types (see the geotype symbol in Table 1). A more
detailed division into geotechnical subtypes is also based on the
physical-mechanical properties of soils and rock types. For soils it
is mainly the grain size, and for rock types it is the character (5.X
— fine-grained sandstone and siltstone; 6.X — marlite and claystone;
7.X — medium- to coarse-grained sandstone) and the strength of the
rock (X.1 to X.5, corresponding to classes R6 to R2).

The bedrock of the area of interest is from Cretaceous and Permian
period. The individual formations are described in the following
Table 1, in the sequence running from the youngest (upper)
formations to the oldest (lower) formations. The formations show
a slight westward dip.

4. DIVISION OF THE ROUTE INTO QUASI-
HOMOGENEOUS UNITS

The whole route of the Détfichov tunnel was divided into thirteen
new quasi-homogeneous units based on the obtained knowledge,
see Table 2. Eleven of them belong to the mined part of the tunnel
(subdivided according to the detailed survey into sections marked
RT3 to RT15) and two of them belong to the cut-and-cover sections
of the tunnel (marked HT2 and HT16).

Each quasi-homogeneous unit includes one or two sections

Tab. 2 Rozdéleni tunelovych trub do kvazihomogennich celkii podle vysledkii geotechnického prizkumu
Table 2 Division of tunnel tubes into quasi-homogeneous units according to the results of the geotechnical survey

STT JTT
Kvazihomogenni Index RMR NTT STT
celek RMR index Oznadeni Gseku | Délka dseku Staniceni TT Délka tiseku Staniéeni TT
Quasi-homogeneous Section marking | Section length Chainage TT Section length Chainage TT
unit i ;
(Blenaws. 1969 ] ] ] ]
HT2 - HT2 162 0-162 162 0-162
KHC-1 58 RT3 312 162-474 300 162-462
(Hos % i 406 474-881 400 462-862
RT5 249 881-1130 226 862-1089
KHC-3 53 RT6a 294 1130-1424 311 1089-1400
KHC-4 52 RT6b 113 1424-1537 142 1400-1542
KHC-3 52 RT7 87 1537-1625 70 1542-1612
RT8a 250 1625-1875 262 1612-1875
KHC-5 60 RT8b 236 1875-2111 229 1875-2104
RT9 94 2111-2205 85 2104-2189
KHC-6 53 RT10a 172 2205-2378 162 2189-2352
KHC-7 42 RT10b 201 2378-2579 208 2352-2560
KHC-8 47 RT11 170 2579-2749 189 2560-2749
KHC-9 48 RT12 217 2749-2965 213 2749-2962
KHC-10 51 RT13 308 2965-3274 312 2962-3275
RT14 459 3274-3733 482 3275-3757
KHC-11 44 RT15 166 3733-3900 143 3757-3900
HT16 - HT16 87 3900-3987 87 3900-3987
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HG Useky tunelu

ligs ]
e~

ket_]

piskovce (p) az prachovce (s) jizerského souvrstvi
sandstone (p) to siltstone (s) of Iser formation

slinovce az jilovce (j) jizerského souvrstvi
marlite to claystone (j) of Iser formation

piskovce (p) az prachovce (s) bélohorského souvrstvi
sandstone (p) to siltstone (s) of Bila Hora formation

kaolonicky zvétralé piskovce permu
kaolonically weathered sandstone of Permian formation

zelenavésedé arkazové piskovce permu- )
greenish-grey arkose sandstone of Permian formation

rudohnédé arkazové piskovce permu
reddish-brown arkose sandstone of Permian formation

glaukonitické hrubozrnné piskovce (p) koycanskych vrstev
glakonitic coarse grained sandstone (p) of Korycany formation

jilovee az prachovce s uhel. slojkami (j) peruckych vrstev
claystone to siltstone with coal seams (j) of Peruc formation

HG tunnel sections L I, . IV, V. Wi VL.
HG kolektory m
HG aquifers Ch Ca Ca Ca izol.-BIC B B
7 AL,
eas === Pardubice
GO0
Hikelova
dolina
575 Hikel's valley /
—— /
550 ' i
525
] )
500
4TS5
50 ==
420
0.0 0.5 10 1.5 i
Useky tunelu
tunnel sections  HTZ RT3 RT4 RTS RT6a RT&b | RT7 RT8a RTH
index RMR RMR index 58 g4 LX) RZ &2 G0
Quasthomogemeous ni KHCA KHC-2 KHC3 | KHC4 kHe KHC-5
LEGENDA LEGEND

Obr. 1 Podélny geologicky Fez tunelem Détfichov s vyznacenim geotechnickych iisekii trasy, kvazihomogennich celkii a hydrogeologickych isekii raZené Cdsti
Fig. 1 Longitudinal geological section through the Détrichov tunnel with geotechnical sections of the route, quasi-homogeneous units and hydrogeological

sections of the mined part marked in it

v usecich RTS (KHC-2; prachovce v jizerském souvrstvi), RT8b
a RT9 (KHC-5; prachovce v bélohorském souvrstvi), kde jsou horni-
ny hodnoceny jako dobré (II. tfida, index RMR 61 az 63).

5. VLASTNOSTI HORNIN A HORNINOVEHO MASIVU

5.1. Rozpojitelnost horninového masivu pii razbé
a abrazivnost masivu

Z hlediska rozpojitelnosti hornin bude nejnaro¢néjsi ¢ast razby
probihat v kifidovych prachovcich a piskovcich jizerského a bé-
lohorského souvrstvi tf. R2 (dle CSN 73 6133), kterymi trasa tu-
nelu prochazi ve své zapadni Casti priblizné na dvou kilometrech.
U téchto hornin se primérna pevnost v prostém tlaku pohybuje
okolo 72 MPa, co? je fadi dle CSN 73 6133 do:

(RTs) from the detailed survey, with section boundaries either
corresponding to the detailed survey or slightly offset (see Fig. 1).
Only the RT6 section itself has been split into two parts due to the
inclusion of the KHC-4 unit between two parts of the KHC-3 unit.

It follows from Table 2 that according to the RMR index, the
rock massif is rated as satisfactory throughout its length (Class III
according to Bieniawski, 1989).

Class IV rock types (weak rock, RMR index 32 to 40) occure
in quasi-homogeneous units KHC-7, KHC-8 and KHC-11. These
are the rock types of the Peruc strata (geotype Kp6j), the kaolinic
weathered upper part of the Permian formation beneath the coal-
bearing Peruc strata (Ps7.0), and the weathered rock types of the
Permian sandstone of the class RS, according to CSN 73 6133
standard (Ps7.2 and Pc7.2).
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TufHel

Vil X, X X X, Xl

XV, XV, AL XV
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i o | Bhem. i

53 42 47 48
KHC-G KHC-T KHC-8 KHC-9

Hrebe¢ Ridge

parm

T,

Olomouc

575

475

450

420

5 a4
KHC-10 KHC-11

povrch skalniho podlozi kfidy / permu
bedrock surface (Cretaceous/Permian)

rozhrani mezi horninovymi podtypy dle pevnosti a zvétrani
interface between rock sub-types according to strength and
weathering

rozhrani mezi podtypy kfidovych / permskych hornin
interface between rock sub-types of Cretaceous /Permian rock

rozhrani mezi geotechnicky zasadné odliSnymi geotypy
interface between geotechnically fundamentally differing geotypes

rozhrani mezi souvrstvimi kfidovych hornin
interface between formations of Cretaceous rock

s smm P1E0POKIadaNA tektonicka porucha, vyznamnéjsi puklinova porucha
anticipated tectonic fault, significant fissure fault,

max. zji$téna hladina podzemni vody v pfislu$ném kolektoru podzemnich vod:
max identified groundwater table in respective aquifer:

- v jizerském souvrstvi
- in Iser formation

- v bélohorském souvrstvi
- in Bil& Hora formation

- v perucko-korycanském souvrstvi
- in Peruc-Korycany formation

- v permskych horninach
-in Permian rock

a.Il. tfidy rozpojitelnosti a téZitelnosti, pokud stfedni hustota
diskontinuit je < 150 mm;

b.III. tfidy rozpojitelnosti a té€Zitelnosti, pokud stfedni hustota
diskontinuit je > 150 mm.

Zde se jiz tedy jedna o velmi obtiZné rozpojitelné a t€Zitelné mate-
ridly. Je pravdépodobné, Ze k rozpojovani takto pevnych hornin bude
misty nezbytné pouzit trhaci prace. Pii nutnosti jejich vylouceni je
pak tfeba pocitat s nasazenim t€Zkych rozpojovacich mechanismi
(rozryvace, té¢zZké rypadla atp.) a zdrovei i s velmi vysokou pracnosti.

Na useku cca 1,3 km (TT 2600 az 3900) raZenych tunelt bude raz-
ba probihat ve sndze rozpojitelnych permskych piskovcich ve tfidach
R4 a R3 s t&Zitelnosti ve tiidach I-II podle aktudlni CSN 73 6133.

Z hlediska razby a rozpojitelnosti hornin bude specifickym tse-
kem (RT10b/KHC-7, délky cca 210 m, viz obr. 1 a tab. 3) pfechod
pfes perucko-korycanské souvrstvi, kde se soucasné nachazi horni-
ny vysokych pevnosti (Kp5.4p) a také malo Gnosné uhelné slojky
(Kp6.3j).

The best rock quality according to the RMR index is exhibited by
the Cretaceous rock types in sections RT5 (KHC-2; siltstone in the
Iser Formation), RT8b and RT9 (KHC-5; siltstone in the Bila Hora
Formation), where the rock is rated as good (Class II, RMR index
61 to 63).

5. ROCK AND ROCK MASSIF PROPERTIES

5.1 Breaking characteristic of the rock massif during
mining and abrasiveness of the massif

In terms of the breaking characteristic of the rock, the most
demanding part of the excavation will take place in the class
R2 Cretaceous siltstone and sandstone of the Iser and Bild Hora
Formations (according to CSN 73 6133), through which the tunnel
route passes in its western part for approximately two kilometres. The
average unconfined compressive strength of these rock types varies
around 72MPa, which classifies them according to CSN 73 6133 as:
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Tab. 3 Geotechnické vlastnosti horninového masivu (zpracovdno pomoci programu RockLab)
Table 3 Geotechnical properties of the rock mass (processed using RockLab program)

Parametry hornino-
M°?J7§zummb vého prostiedi
Hoek-Brown klasifikace (vstupni parametry) a!amert,r ) (vystupni parametry)
Hoek-Brown classification (entry parameters) P U Rock environment
» Mohr-Coulomb
2 : parameters
2t (exit parameters) | (o harameters)
@ =]
o w {= [ — =
-3 | 30 5= 2~ i) = =
> D 2o 52 (S — = |22% 8 c oSS | S=E= T = e =
£S | 32 | 88 |5 2E| 3T |s=ic 57 | 288 |8:| - g e (g E
_gg & = S |a E‘E o= |gTE2 (I} S EL £ES _0o a = € &
< S S B2—=—E— £ Sesgl TBE 28| SES == A
8% | ° £E82 8% |§&2a £% | 225|328 | 88 |cwe 1 |2EEE|SESE
LE 8Zcs| Ez (Exsi 23 | 585 | BSE| 32 |cMa| o1 |g5558858
S z £5 w2 |E€EL8| B |222| 855 2 > 5 |3 g
e T 388 |8seEX 23 SE2 | =8 ® ° 18 5
£ c< - S o =< o o s < O ® = T
3 2 o 32QE 56 | a0 2= £ = o
o S = a3 P @il e = =
< = GO =)
KHC-1 RT3 Kj5s 79 23,9 9 85 0,7 17775 | tunnels 400 57 2,95 2625
KHC-2 RT4 Ki5p 59 23,1 12 55 0,7 20355 | tunnels 355 54 2,20 3000
RT5 Kj5s 70 23,3 9 55 0,7 14000 | tunnels 490 49 2,61 2070
RT7 Kj6j 30 23,7 7 40 0,7 11850 | tunnels 200 31 0,35 690
KHC-3 RT6a Kj6j 42 23,7 7 40 0,7 12180 | tunnels 220 35 0,49 710
RT6a Kb5s 61 23,3 9 50 0,7 12810 | tunnels 390 44 1,56 1375
RT7 Kb5s 70 23,4 9 50 0,7 14700 | tunnels 435 45 1,79 1580
KHC-4 | RT6b | Kb5p 73 23,0 10 85 0,7 16790 | tunnels 555 48 2,73 2480
RT8a Kb5p 64 22,8 11 55 0,7 17600 | tunnels 485 49 2,39 2600
KHC-5 | RT8b | Kb5s 79 23,6 9 55 0,7 21330 | tunnels 605 47 2,95 3150
RT9 Kb5s 87 23,9 9 60 0,7 25926 | tunnels 885 48 4,72 5200
KHC-6 | RT10a Kb5s 74 24,0 9 55 0,7 15540 | tunnels 620 45 2,76 2295
Kp7p 12 23,5 14 35 0,7 4080 tunnels 170 26 0,09 185
Kp7p 12 23,3 14 35 0,7 3600 tunnels 180 26 0,09 160
KHC-7 | RT10b | Kp6j 16 21,7 9 35 0,7 5840 tunnels 165 25 0,12 260
Ps7.2 47 22,5 16 35 0,7 2070 tunnels 130 20 0,04 95
kHe-s | RTH1 Ps7.0 41 23,1 15 30 0,7 1805 tunnels 110 17 0,02 65
Ps7.3 8,0 23,3 17 35 0,7 3520 tunnels 180 24 0,06 160
KHC-9 | RT12 | Ps7.3 9,4 23,2 17 38 0,7 3570 tunnels 220 25 0,09 185
KHC-10 RT13 | Pc7.3 12,5 22,8 17 43 0,7 31215 tunnels 295 29 0,19 225
RT14 | Pc7.3 10,5 23,0 17 40 0,7 3780 tunnels 190 30 0,12 220
KHC-11 | RT15 |Pc7.3/72| 7,5 23,0 17 40 0,7 2100 tunnels 65 39 0,09 125

Z hlediska miry opotifebeni pracovniho nastroje je duleZité za-
tfidéni jednotlivych horninovych materiali na trase nejen podle
pevnosti horninové hmoty, ale i podle parametrii abrazivnosti. Dle
GTP jsou piskovce bélohorského souvrstvi (Kb) tf. R2 (0,78-1,12)
a rudohnédé piskovce permu (Pc) tf. R3 a R4 (0,90-1,49), v nichz
se bude prevazné razit, klasifikovany podle CAI jako horniny
s nizkou az stfedni abrazivnosti. Nejnizsi abrazivnost (0,72) vy-
kazuji slinovce jizerského souvrstvi (geotyp Kj6) v km cca 1,1
az 1,3 a 1,5 az 1,6 km a nejvyssi (1,13-1,58) pak glaukonitic-
ké piskovce korycanskych vrstev (geotyp Kp7) v cca km 2,25 az
2,45.

5.2. Diskontinuity horninového masivu a index RQD

V horninovém masivu tvoreném sedimentarnimi horninami pre-
vazuji diskontinuity souvisejici s vrstevnatosti. Tyto diskontinuity
vykazuji uhel sklonu obvykle 4 az 20 stupnd. Ostatni sklony dis-
kontinuit se pohybuji prevazné od 43° do 82°.

Vzdalenost (rozte¢) diskontinuit spojend s vrstevnatosti je pod-
statné mensi nez vzdalenost ostatnich puklin. NiZe uvadéné hod-
noty plati pro dseky vrtného jadra, kde doSlo k prvnimu zizna-
mu o poruSeni horniny a zahrnuje i vyplnéné pukliny. VétSinou se

a. Cuttability and workability classes II if the mean spacing of

discontinuities is < 150mm;

b. Cuttability and workability classes III if the mean spacing of

discontinuities is > 150mm.

Here, therefore, we are already dealing with materials very
difficult to dissolve and excavate. It is likely that blasting will
be necessary in places to dissolve such hard rock types. If it is
necessary to exclude it, the use of heavy breaking mechanisms
(rippers, heavy excavators, etc.) must be taken into account, as well
as very high workload.

In the approx. 1.3km section (TT 2600 to 3900) of the mined
tunnels, the tunnels will be driven through easily dissoluble
Permian sandstone in classes R4 and R3 with the workability in
classes I-II according to the current CSN 73 6133 standard.

A specific section (RT10b/KHC-7, length approx. 210m, see
Fig.1 and Table 3) will be a transition through the Peruc-Korycany
Formation, where high strength rock types (Kp5.4p) and low
bearing capacity coal seams (Kp6.3j) are found at the same time.

From the point of view of the degree of the wear of the working
tool, it is important to classify the individual rock materials on
the route not only according to the strength of the rock mass, but
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Obr. 2 Rozsah hodnot indexu RQOD (%) zjisténych v jednotlivych tisecich
Fig. 2 The range of ROD index values (%) found in individual sections

vzdalenost diskontinuit pohybuje v rozmezi hodnot 9 az 110 cm,
v mistech vyraznéjsiho poruseni pak 5 az 35 cm.

Dokumentované vrtné jadro bylo hodnoceno dle indexu RQD.
V kiidovych horninach se RQD pohybovalo obvykle od 74 do 95 %,
v perucko-korycanském souvrstvi se RQD od 65 do 94 %, v perm-
skych horninach od 71 az 90 %, ptricemz v porusenych zénach 10
az45 %.

Na krabicovém grafu (obr. 2) je vidét rozloZeni indexu RQD v jed-
notlivych tsecich tunelu. Nejmensi poruseni horniny bylo zazname-
nano v usecich RTS (KHC-2), RT8b a RT9 (oba v kvazihomogen-
nim celku KHC-5) a nejvétsi pak v tsecich RT6b (KHC-4), RT10b
(KHC-7) a RT15 (KHC-11), tj. pfi prostupu perucko-korycanskym
souvrstvim a na konci raZzené casti tunelu v permskych horninich.
Lehce podprimérné jsou pak useky RT10a (KHC-6; perucko-kory-
canské a baze bélohorského souvrstvi), RT3 (KHC-1; zacatek razené
Casti tunelu) a RT12 (KHC-9) v permu.

also according to the abrasiveness parameters. According to the
GTP, the sandstone of the Bilda Hora Formation (Kb) is of class R2
(0.78-1.12) and reddish-brown sandstone from Permian period
(Pc) cl. R3 and R4 (0.90-1.49), which will be predominantly
excavated, are classified according to CAI as rock with low to
medium abrasiveness. The lowest abrasiveness (0.72) is exhibited
by the Iser formation claystone (geotype Kj6) at km 1.1 to 1.3
and 1.5 to 1.6 and the highest (1.13 to 1.58) by the glauconitic
sandstone of the Korycany strata (geotype Kp7) at km 2.25 to 2.45.

5.2 Discontinuities of rock massif and RQD index

In the rock massif composed of sedimentary rock types,
discontinuities related to the layering predominate. These dis-
continuities exhibit a dip angle of 4 to 20 degrees. The other dipping
angles of the discontinuities range mainly from 43° to 82°.

The distance (spacing) between the discontinuities associated with
the layering is much smaller than the spacing of the other fissures.
The values reported below are for the sections of the drill core where
the first record of rock faulting occurred and include also filled
fissures. In most cases, the spacing between discontinuities ranges
from 9 to 110cm, and from 5 to 35cm in areas of more pronounced
faulting.

The documented drill core was evaluated according to the RQD
index. In Cretaceous rock types, RQD typically ranged from 74 to
95%, with RQD ranging from 65 to 94% in the Peruc-Korycany
Formation and 71 to 90% in Permian rock types, with 10 to 45% in
faulted zones.

The box plot (Fig. 2) shows the distribution of the RQD index
in each tunnel section. The smallest degree of rock faulting was
recorded in sections RT5 (KHC-2), RT8b and RT9 (both in the quasi-
homogeneous unit KHC-5) and the largest in sections RT6b (KHC-
4), RT10b (KHC-7) and RT15 (KHC-11), i.e. at the permeation
through the Peruc-Korycany Formation and at the end of the mined
part of the tunnel in Permian rock. Slightly below average are
sections RT'10a (KHC-6; Peruc—Korycany and base of the Bild Hora
Formations), RT3 (KHC-1; the beginning of the mined part of the
tunnel) and RT12 (KHC-9) in the Permian Formation.

The Cretaceous formations are dominated by sub-horizontal
discontinuities (layering) dipping generally ca 30° to the west.

Obr. 3 RuZicovy diagram sméri puklin v jizerském souvrstvi (KHC-1 az 3)
Fig. 3 Rose plot diagram of the directions of fissures in the Iser Formation
(KHC-1 to 3)

Obr. 4 Ruzicovy diagram smérii puklin v bélohorském souvrstvi (KHC-5)
Obr. 4 Rose plot diagram of the directions of fissures in the Bild Hora Forma-
tion (KHC-5)



V kiidovych souvrstvich prevazuji subhorizontalni diskontinuity
(vrstevnatost) s uklonem do cca 30° upadajici generaln¢ k zapadu.
Hlavni systém ostatnich diskontinuit (puklin) upada na JV (140-
153°) pod thly 70-82°, druhy na SZ (298-313°) pod uhly 48-70°
a teti rozptyleny k VSV (58-88°) pod tihly 64—84° (obr. 3).

V bélohorském souvrstvi hlavni systém puklin (obr. 4) upada na
SV az VSV (48-82°) pod thly 50-82°, druhy podruzny na SSZ
(320-331°) pod thly 72-89°a tieti na ZJZ (226-247°) pod thly
69-80°.

V perucko-korycanském souvrstvi hlavni systém puklin upada na
SZ (309-336°) pod tihly 63-89°, druhy na J az JV (140-171°) pod
uhly 54-87°.

V permskych hornindch prevazuji subhorizontdlni diskontinuity
(vrstevnatost) bez zjevné prevazujictho sméru uklonu. Hlavni sys-
tém puklin upada na SV az VSV (37-74°) pod thly 32-53°. Dalsi
systémy puklin jsou Siroce rozptylené upadajici na JV (129-138°)
pod thly 43-70°a upadajici na J az JZ (182-212°) pod thly 52-61°.
5.3 Tektonické poruseni masivu

Na zékladé€ provedenych vrti a geofyzikalniho prizkumu se pied-
pokladd, Ze souvisly prabéh litologickych rozhrani je v nékolika
usecich preruSen tektonickymi poruchami. Tyto tseky jsou zndzor-
nény v podélném fezu (obr. 1). V ramci dopliiujiciho prizkumu bylo
v oblasti Hikelovy doliny ve stani¢eni cca TT 1473 aZ 1898 m inter-
pretovéano porusené pasmo, které je v tseku 1448 az 1673 m dopro-
vazeno snizenymi seismickymi rychlostmi z méfeni mélké refrakcni
seismiky (MRS). U usti Hikelovy doliny jsou v Détfichové hojné
pramenné vyvéry. Nejvetsi poruseni hornin (seismické rychlosti ko-
lem 1000 m-s*), které by mohlo odpovidat tektonickym porucham,
bylo zaznamendno kolem stani¢eni stavby TT 1453 m, 1498 m;
1608 m; 1653 m, 1883 m a kolem 2148 m. Mezi stani¢enim TT 2110
az 2200 m, ktera odpovidaji useku RT9, se nachazi kra kiidovych
hornin (obr. 1).

Projevy kiehké tektoniky jsou Casté v rigidnich kiidovych vrst-
vach, zejména ve spongilitickych vdpnitych prachovcich a vapnitych
piskovcich turonu. Jsou tu patrné mikropukliny, pukliny mineralizo-
vané kalcitem a limonitem i pukliny otevfené (trhliny). V nékolika
vrtech byly zjistény projevy drceni, tektonické brekcie tmelené kal-
citem (vrty v TT 1900 m, 2020 m, 2300 m a TT 2555 m).

5.4 Geotechnické parametry hornin

Na grafu (obr. 5) je vynesen tzv. modulovy pomér (Deere—Miler,
1966) — pomér deformacnich modulii a pevnosti v jednoosém tla-
ku u zkouSenych hornin. Z grafu vyplyva, Ze u kiidovych jilovct/
slinovct jizerského souvrstvi (geotyp Kj6) leZi vynesené body v ob-
lasti plastického charakteru poruSeni hornin (pomér je pod hranici
hodnoty 1 : 200).

Zastizené kiidové prachovce (pfedev§im z bélohorského souvrst-
vi) 1ze charakterizovat jako horniny stfedné plastické az plastické
(pomér je v intervalu vétSinou mezi 1:150 az 1:410) s mistnimi vy-
kyvy do kfehkého chovani.

Piskovce perucko-korycanského souvrstvi a hornin z permu jsou
na pomezi stfedné plastického a plastického charakteru poruseni
hornin (pomér je na hranici hodnoty 1:200, 1:140 az 1:290).

U jilovet a prachovell perucko-korycanského souvrstvi pak uka-
zuji vysledky zkousSek na kiehky zpiisob poruseni (pomér je 1:560
az 1:1200).

Doporucené charakteristické hodnoty geomechanickych paramet-
1y, které jsou uvedeny v pasportech doplitujiciho prazkumu pro jed-
notlivé kvazihomogenni celky, vychazi z Hoek—Brownovych kritérii
poruseni (z roku 2002) pro skalni masivy. Vysledné geomechanické
parametry horninového masivu E_, ¢, ¢ ; byly ziskdny pomoci pro-

gramu RockLab V1.031. Vstupnimi parametry tohoto programu jsou
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The main system of other discontinuities (fissures) dips to the SE
(140-153°) at angles of 70-82°, the second one dips to the NW
(298-313°) at angles of 48—70°, and the third one is dispersed to the
ENE (58-88°) at angles of 64—-84° (Fig. 3).

In the Bila Hora Formation, the main fissure system (Fig. 4) dips
to the NE to ENE (48-82°) at angles of 50-82°, the second minor
system to the NNW (320-331°) at angles of 72-89°, and the third
one to the WSW (226-247°) at angles of 69-80°.

In the Peruc-Korycany Formation, the main fissure system dips to
the NW (309-336°) at angles of 63—89°, the second one to the S up
to SE (140-171°) at angles of 54-87°.

Sub-horizontal discontinuities (layering) prevail in the Permian
rock types without an apparently predominant dip direction. The
main fissure system dips to the NE to ENE (37-74°) at angles of
32-53°.Other fracture systems are widely scattered, dipping to the
SE (129-138°) at angles of 43-70° and to the SW (182-212°) at
angles of 52-61°. Other fissure systems are widely scattered, dipping
to the SE (129-138°) at angles of 43-70° and to the S up to SW
(182-212°) at angles of 52-61°.

5.3 Tectonic faulting of the massif

Based on the drilling and geophysical survey, it is assumed that
the continuous course of the lithological interfaces is interrupted
in several sections by tectonic faults. These sections are shown
in the longitudinal section (Fig. 1). As part of the supplementary
survey, a faulted zone was interpreted in the Hikel Valley area at
approximately TT 1473 to 1898m, which is accompanied by
reduced seismic velocities from shallow refraction seismic survey
(SRS) measurements in the section between 1448 and 1673m. At
the mouth of the Hikel Valley there are abundant spring boils in
Détfichov. The largest rock faulting (seismic velocities around
1000ms™), which could correspond to tectonic faults, were recorded
around the TT 1453m, 1498m; 1608m; 1653m, 1883m and around
2148m. Between chainages TT 2110 and 2200m, which correspond
to section RT9, there is a block of Cretaceous rock (Fig.1).

Manifestations of brittle tectonics are frequent in the rigid
Cretaceous formation, especially in the spongolitic calcareous
siltstone and calcareous sandstone of the Turonian Period. Micro-
fissures, fissures mineralised with calcite and limonite and open
fissures (fractures) are visible. Several boreholes showed evidence
of crushing and tectonic breccias cemented by calcite (boreholes at
TT 1900m, 2020m, 2300m and TT 2555m).

5.4 Geotechnical parameters of rock types

The so-called modulus ratio (Deere-Miler,1966) — the ratio of the
modulus of deformation and uniaxial compressive strengths of the
tested rock is plotted in the graph (Fig. 5). It follows from the graph
that for the Cretaceous claystone/siltstone of the Iser Formation
(geotype Kj6), the plotted points lie in the area of the plastic character
of the rock faulting (the ratio is below the value of 1:200).

The encountered Cretaceous siltstone (mainly from the Bilad
Hora Formation) can be characterised as moderately plastic to
plastic rock (the ratio is mostly between 1:150 and 1:410) with
local fluctuations to brittle behaviour.

The sandstone of the Peruc-Korycany Formation and Permian
rock types are on the borderline between the moderately plastic and
plastic nature of the rock faulting (the ratio is on the borderline of
1:200, 1:140 to 1:290)

For the claystone and siltstone of the Peruc-Korycany Formation,
the test results indicate a brittle failure mode (the ratio is 1:560 az
1:1200).

The recommended characteristic values of geomechanical
parameters, which are given in the passports of the supplementary
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Obr. 5 Diagram podle Deer—Millera (1966)
Obr. 5 Diagram according to Deer—Miller (1966)

pevnost v prostém tlaku horninového materialu, index GSI, materia-
lovy parametr ,,mi‘ pro typ horniny, ,,D* — faktor poruseni (naruseni)
vlivem zasahu stavebni ¢innosti a dale se zadava aplikace pro druh
vypoctu, tiha horniny a hloubka tunelu pod povrchem. Prehledné
jsou takto ziskané hodnoty parametrd hornin uvedené v tab. 3.

Stanovené deformacni parametry horninového prostfedi jsou
v trovni tunelu fadové lepsi v jizerském a bélohorském souvrstvi
nez v permskych horninach a perucko-korycanském souvrstvi kiidy.
Oslabeny usek v kiidovém souvrstvi se nachdzi v kvazihomogennich
celcich KHC-3 a KHC-6 az KHC-7. V oblasti vyskytu permskych
hornin se oslabeny tusek vyskytuje v KHC-8 a KHC-11. Jednd se
Castecné o useky cca km 1,1 az 1,6 a predevsim pak o km 2,3 az 2,8
a3,7az3.9.

6. HYDROGEOLOGICKE POMERY TUNELU

Oblast tustecké synklindly (hydrogeologicky rajon 4232) je cha-
rakterizovana hydrogeologickym multikolektorovym panevnim sys-
témem, v némz je definovano nékolik hydrogeologickych kolektort.
V tzemi tunelu Détfichov Ize v kiidovych sedimentech vy¢lenit ko-
lektory A, B a kolektor C, ktery se rozd€luje vrstvou slinovct a vap-
nitych prachovci na subkolektory Ca a Cb (kalianasové piskovce).

Geologickym obrazem kolektoru A je celé perucko-korycanské
souvrstvi, kde se vyskytuji piskovce glaukonitické i jemnozrnné
a hrubozrnné kiemenné piskovce. Kolektor B je interpretovén v ce-
1ém bélohorském souvrstvi s vyjimkou jeho baze [1]. Ve vrtech geo-
technického prizkumu jsou jak ve svrchni, tak i ve spodni Casti bé-
lohorského souvrstvi dokumentovany oteviené puklinové systémy.
Podle hydrokarotaZe je ustalend hladina podzemni vody dokumento-
véana ve svrchni Casti souvrstvi. Podzemni voda se pohybuje smérem
dolt a mizi v puklindch spodni ¢asti bélohorského souvrstvi. Poruse-
ny slinovcovy izolator na bazi jizerského souvrstvi byl identifikovan
v TT 2890 az 3250 m, tj. mimo dosah mozného ovlivnéni tunelu.

Subkolektor Ca zahrnuje celou stfedni ¢ast jizerského souvrstvi
(tzv. pasmo VIII ve starsi geologické literature) a patrné i smouho-
vité véapnité piscité prachovce v bezprostfednim podloZi pdsma VIIL
Dokladem této skutecnosti je piitomnost otevienych puklin a zén
alterace hornin oxid-hydroxidy Zeleza podle puklin a pfitomnost
soustfednych kruht (tzv. liesegangovych kruhil) Zelezitych oxid-
-hydroxidu. Infiltrani oblast subkolektoru Ca je Siroka a projevuje
se silnou alteraci sedimentil, predevsim silnou dekalcifikaci a tvor-
bou mikrokaveren.

The values of rock parameters
obtained in this way are summarized
in Table 3.

The deformation parameters of the
rock environment determined at the level of the tunnel are better
in the order of magnitude than in Permian rock types and the Iser
and Bila Hora formations. The weakened section in the Cretaceous
formation is located in the quasi-homogeneous units KHC-3
and KHC-6 to KHC-7. In the Permian rock occurrence area, the
weakened section occurs in KHC-8 and KHC-11. These are partly
the sections at km 1.1 to 1.6 and mainly km 2.3 to 2.8 and 3.7.

6. HYDROGEOLOGICAL CONDITIONS OF THE TUNNEL

The area of the Usti nad Labem Syncline (hydrogeological
district 4232) is characterised by a hydrogeological multi-aquifer
basin system in which several hydrogeological aquifers are defined.
In the area of the Détfichov tunnel it is possible to distinguish in
the Cretaceous sediments the A and B aquifers and the C aquifer,
which is divided by a layer of marlite and calcareous siltstone into
the Ca and Cb (kaliana sandstone) sub-aquifers.

The entire Peruc-Korycany Formation, where glauconitic
sandstone as well as fine-grained and coarse-grained quartzose
sandstone occur is the geological picture of the A aquifer. The B
aquifer is interpreted throughout the entire Bilda Hora Formation with
the exception of its base [1]. Open fissure systems are documented in
the geotechnical survey boreholes in both the upper and lower parts
of the Bild Hora Formation. According to the hydrological logging,
a steady groundwater table is documented in the upper part of the
formation. Groundwater moves downwards and disappears in the
fissures of the lower part of the Bild Hora Formation. The disturbed
Iser marlite isolator was identified at TT 2890 to 3250m, i.e. outside
the range of the possible influence on the tunnel.

Sub-aquifer Ca includes the whole central part of the Iser
Formation (the so-called Zone VIII in older geological literature)
and probably also the streaked calcareous sandy siltstone in the
immediate sub-aquifer of Zone VIII. Evidence of this fact is
the presence of open fissures and zones of rock alteration of by
iron oxide-hydroxides along to the fissures and the presence
of concentric rings (so-called liesegang rings) of iron oxide-
hydroxides. The infiltration area of the Ca sub-aquifer is wide and
manifests itself by alteration of the sediments, especially strong
decalcification and formation of micro-caverns.

Sub-aquifer Cb was encountered in boreholes west of chainage
TT 850m. It is separated from the sub-aquifer Ca by an about

10-15m thick layer of marlite and calcareous siltstone.



Subkolektor Cb byl zjistén ve vrtech zdpadné od stani¢eni TT
850 m. Od subkolektoru Ca jej déli vrstva slinovcl a vapnitych pra-
chovcll mocna kolem 10-15 m.

Monitoringem hladin vod jednotlivych kolektort v 16 nové zbu-
dovanych hydrogeologickych vrtech a z hydrodynamickych zkousek
vyplynulo, Ze reZim vod je podobny v jizerském a bélohorském sou-
vrstvi oproti perucko-korycanskému souvrstvi, které ma zase podob-
ny rezim s podzemni vodou v hluboko uloZenych piskovcich permu
(v tseku prekrytém kiidovymi horninami). Vykreslené hladiny vod
v jednotlivych kolektorech na obr. 1 jsou maximalni zjiSténé.

Tunel byl rozdélen do 17 hydrogeologickych tusekid (HG I. az
XVIL.) s ohledem na rozliSeni zastiZenych kolektort a izolatori a na
vyskyt hladiny podzemni vody pod poc¢vou tunelu, v tunelu a nad
stropem tunelu (obr. 1). Jizerské souvrstvi vykazuje z hydrodyna-
mickych zkouSek hydraulickou vodivost k = 1,8-107 a7 3,7-10"° m/s,
bélohorské souvrstvi 3,6 az 9,6:107 m/s, perucko-korycanské sou-
vrstvi 2,0 az 3,2-107 m/s, perm (pod kiidovymi uloZeninami) 1,0 aZ
3,5-10® m/s a perm na tpati svahu 2,8 az 7,5-10 m/s.

Nejvyssi pritoky do tunelu 0,3 az 0,4 1/s na 10 m tunelu se oceka-
vaji v useku IV. (TT 900 az 1100), kde tunel prochazi spodni ¢asti
kolektoru jizerského souvrstvi nad izoldtorem slinovet (GT tsek
RTS/KHC-2). Déle se pak v useku X. (TT 2360 az 2430), kde tunel
prochazi perucko-korycanskym souvrstvim (GT tsek RT10b/KHC-
7), oCekavaji pfitoky 0,13 az 0,2 I/s na 10 m tunelu. Pfitoky 0,045
a7 0,12 1/s na 10 m tunelu se ocekévaji v usecich III. (kolektor C),
VII. (kolektor B), IX. a XI. (kolektory B, A), XV. a XVIL (perm).
Nejnizsi pritoky (0,0016 az 0,023 I/s na 10 m) se ocekdvaji na za-
¢atku tunelu do TT 560, déle v tsecich V. a VL. s vyskytem izolatoru
B/C, v useku permskych hornin se sevienymi puklinami XIII. a XIV.
a u severni tunelové trouby, kde hladina podzemni vody je pod poc-
vou tunelu (dsek XVI.).

7. ZAVER

Prizkumné prace dopliujiciho geotechnického prizkumu pro
tunel Détfichov vyznamné rozsifily geologické informace o vy-
voji a charakteru hranic litostratigrafickych jednotek jak v kiidé,
tak i v permu a prispély tak vyznamné k interpretaci tektoniky
zdjmového uzemi a k pochopeni vztahu geologickych struktur
a hydrogeologickych poméra. Je nyni zcela zfejmé, Ze razba tunelu
Détfichov bude prochazet heterogennimi litologiemi, tektonicky
poruSenym tzemim s protiklonnym zapaddnim kiidovych vrstev
vici pribéhu tunelu. RovnéZ z hlediska hydrogeologie bude tunel
prochézet ptinejmensim tfemi horninovymi prostiedimi s funkci
hydrogeologickych kolektora.
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The monitoring of the water table levels of individual aquifers in
16 newly carried out hydrogeological boreholes and hydrodynamic
tests showed that the water regime is similar in the Iser and Bila
Hora aquifers compared to the Peruc-Korycany aquifer, where
in turn, a similar groundwater regime exists in the deep-seated
Permian sandstone (in the section overlain by Cretaceous rock).
The plotted water table levels in the individual aquifers in Fig. 1
are the maximum levels observed.

The plotted water table levels in the individual aquifers in
Figure 1 are the maximum levels observed. Hydrodynamic tests
show hydraulic conductivity k = 1.8-107 to 3.7-10°m/s for the Iser
Formation, 3.6 to 9.6-107m/s for the Bilda Hora Formation, 2.0 to
3.2:10"m/s for the Peruc-Korycany Formation, 1.0 to 3.5-10%m/s
for the Permian Formation (under the Cretaceous deposits) and 2.8
to 7.5-10°m/s for the Permian Formation at the foot of the slope.

The highest rates of inflows to the tunnel of 0.3 to 0.4L/s per
10m of tunnel are expected in Section IV (TT 900 to 1100), where
the tunnel passes through the lower part of the Iser aquifer above
the marlite isolator (GT section RT5/KHC-2). Furthermore, inflow
rates of 0.13 to 0.2L/s per 10m of tunnel are expected in section
X (TT 2360 to 2430), where the tunnel passes through the Peruc-
Korycany Formation (GT section RT10b/KHC-7). Inflow rates of
0.045 to 0.12L /s per 10m of tunnel are expected in sections III
(aquifer C), VII (aquifer B), IX and XI (aquifers B, A), XV and
XVII (Permian).The lowest inflow ratess (0.0016 to 0.023L/s per
10m) are expected at the beginning of the tunnel up to TT 560, then
in sections V and VI with the occurrence of the B/C isolator, in the
section of Permian rock with tight fractures XIII and XIV and in
the northern tunnel tube, where the water table level is below the
tunnel bottom (section XVI).

7. CONCLUSION

The exploratory operations of the supplementary geotechnical
survey for the Détfichov tunnel significantly expanded the geological
information on the development and character of the boundaries
of lithostratigraphic units both in the Cretaceous and Permian
formations and thus contributed significantly to the interpretation
of the tectonics of the area of interest and to the understanding of
the relationship between geological structures and hydrogeological
conditions. It is now fully obvious that the Détfichov tunnel will
pass through heterogeneous lithologies, a tectonically faulted
area with an anticlinal dipping of Cretaceous layers in relation to
the tunnel course. Also in terms of hydrogeology, the tunnel will
pass through at least three rock environments with the function of
hydrogeological aquifers.
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INZENYRSKOGEOLOGICKE PODMINKY VYSTAVBY NOVE TRASY
METRA 1.D V USEKU MEZI STANICEMI PANKRAC A OLBRACHTOVA
ENGINEERING AND GEOLOGICAL CONDITIONS FOR THE
CONSTRUCTION OF THE NEW METRO LINE L.D IN THE SECTION
BETWEEN PANKRAC AND OLBRACHTOVA STATIONS

JIRI TLAMSA, JAN ZEMANEK

ABSTRAKT

Usek nové budované trasy praZského metra 1D v prostiedi a okoli stanic Pankrdc a Olbrachtova predstavuje nejndrocnéjsi cdst této
podzemni stavby jak kviili sloZitému projektovému reseni a predpokldadanym geotechnickym podminkdm raZby, tak i rizikiim spojenym
s negativnim ovlivnénim okolni zdstavby a prilehlych objektii trasy metra C. RaZby na mezistanicnim useku byly zahdjeny v priibéhu
mésice dubna 2022 a navdzaly na dokonceny soubor doplitkovych geologickych priizkumnych pract iseku VO-OL a PAD4, které poskytly
potiebné podklady k optimalizaci projektu vystavby. V priitbéhu vice jak roku a pul béZici vystavby je sdruZenim KRTEK D (sdruZent firem
SG Geotechnika, INSET, GeoTec GS, a PUDIS) provddéna cinnost komplexniho geotechnického monitoringu, jehoZ nedilnou soucdsti je
i inZenyrskogeologickd dokumentace zastiZenych pomérii pri provddenych raZbdch [1].

ABSTRACT

The section of the newly constructed Prague metro line I.D in the environment and surroundings of the Pankrdc and Olbrachtova stations
represents the most challenging part of this underground construction due to the complex design solution and the expected geotechnical
conditions of the excavation, as well as the risks associated with the negative impact on the surrounding buildings and adjacent objects of
the metro line C. Tunnelling operations in the interstation section section commenced during the month of April 2022 and followed on from
the completed package of supplementary geological exploration work on the VO-OL and PAD4 sections, which provided the necessary
background to optimise the construction design. During more than a year and a half of construction operations, the KRTEK D consortium
(formed by the companies of SG Geotechnika, INSET, GeoTec GS, and PUDIS) is carrying out comprehensive geotechnical monitoring, an
integral part of which is the engineering geological documentation of the conditions encountered during the progressing excavation [1].

ZAKLADNI UDAJE O PROJEKTU VYSTAVBY METRA 1.D

Prvni provozni tusek nové linky metra D (oznaceny 1.D) zahr-
nuje 10 stanic a jeho celkova délka je zhruba 10,6 km. Zacina na
Vinohradech prestupni stanici s linkou A Namésti Miru, pokracuje
pres Nusle (stanice Namésti bratii Synki) a Pankrac (stanice Pan-
kréac s prestupem na metro C, stanice Olbrachtova) a déle do Krcée
(stanice Nadrazi Kr¢), LibuSe (stanice Nové Dvory a Libus) a Pis-
nice (stanice Pisnice), kde bude soucasné vybudované nové depo.
S vyjimkou stanice Nadrazi Kr¢ je celd trasa podzemni. Dopravné

Yexe

nejpotiebnéjsi etapou projektu vystavby trasy I.D je usek Pankrac

BASIC DATA ON THE METRO ID PROJECT DEVELOPMENT

The first operational section of the new metro line D (designated
ID) includes 10 stations and its total length is approximately
10.6km. It starts in Vinohrady by an interchange station for
interchanging with line A at Namésti Miru square, continues via
the Nusle district (Nameésti Bratfi Synku station) and Pankrac
district (Pankréc station with a transfer to metro C and Olbrachtova
station) and then to Kr¢ district (Nadrazi Kr¢ station), LibuSe
district (Nové Dvory and Libu§ stations) and Pisnice district
(Pisnice station), where a new depot will be built at the same

o

\\jednokolejné tunely
single-track tunnels

stanice Olbrachtova
Olbrachtova station

dvoukolejny tunel
double-track tunnels

Stola VZT / odstavny tunel /
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VO-OL shaft C-D link
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Pankrac station

stabling tunnel
spojka C-D

Obr. 1 Situace tiseku metra 1.D mezi stanicemi Pankrdc a Olbrachtova
Fig. 1 Plan of metro ID section between Pankrdc and Olbrachtova stations




— Depo Pisnice. Predevsim v oblasti prestupni stanice Pankrac
a pokracovani trasy metra ve sméru ke stanici Olbrachtova piedsta-
vuje komplex razenych tunelll velmi sloZity stavebni projekt — jak
vzhledem k naro¢nosti samotné konstrukce, tak i s ohledem na slo-
Zité inZenyrskogeologické poméry a vyznamna geotechnickd rizika
spojend s negativnim ovlivnénim okolni zastavby, inZenyrskych siti
a stavajicich objektl trasy metra C. Kromé dvoukolejnych a jed-
nokolejnych tratovych tunell se zde nachazi také velky rozplet do
odstavného tunelu, umisténého vné trasy metra na vychodni strané
pfimo pod stdvajici nadzemni vicepodlazni budovou. Na opacné
strang, opét vné trasy metra, je déle situovana razena jednokolejna
spojka mezi trasami D a C, kterd je pfed stanici Olbrachtova zaus-
téna do pravého jednokolejného tratového tunelu (obr. 1). Tratovy
usek mezi jednolodni stanici Pankrdc a dvoulodni stanici Olbrach-
tova je tak povaZovan za jednu ze stavebné nejsloZzitéjSich ¢asti celé
nové projektované trasy metra D.

RAZBY NA MEZISTANICNiM USEKU METRA

Razby jednotlivych tunelt na useku mezi stanicemi Pankrac
a Olbrachtova byly zahdjeny v pribéhu mésice dubna 2022 z Sachty
VO-OL, ktera byla spole¢né s priizkumnou $tolou, vedenou az do
jiZni Casti stanice Pankrac, realizovana v ramci dopliujicich geolo-
gickych prizkumnych praci provadénych v obdobi cerven 2020 az
listopad 2021 [2], [3]. Pfed zahdjenim samotné vystavby predmeét-
ného useku metra poskytl prizkum dopliiujici informace o celkové
geologické stavbé tzemi, véetné vyskytu intruzivnich vulkanickych
téles a oblasti vyznamného tektonického poruSeni horninového
masivu, a také umoznil upfesnit fyzikalni a mechanické parametry
vyclenénych geotechnickych typli zemin a hornin v prostoru budou-
cich razeb. Na zakladé vystupt doplitujiciho geologického prizku-
mu byla upfesnéna realiza¢ni dokumentace vystavby jednotlivych
stavebnich objekti.

Po vice nez roce a pul od zahéjeni vystavby byl v tomto mezista-
ni¢nim useku (obr. 1) vyrazen cely dvoukolejny a oba jednokolejné
tratové tunely mezi Sachtou VO-OL a stanici Olbrachtova. Dale byla
vyhloubena Sachta a tunel strojovny VZT, tunelové propojky mezi
jednokolejnymi tunely a témér polovina spojky C-D. V soucasnosti
probiha razba stani¢nich tunelt a severni propojky stanice Olbrach-
tova a razba pravé Casti dvoukolejného tunelu ve sméru ke stanici
Pankric. Nésledn€ bude po dokonceni zlepSeni charakteristik hor-
ninového masivu sanacnimi injektaZzemi zahdjena razba rozpletu
dvoukolejného tunelu a odstavného tunelu.

INZENYRSKOGEOLOGICKE A GEOTECHNICKE PODMINKY
RAZEB

Predkvartérni podklad je v useku raZeb mezi stanicemi Pankrac

a Olbrachtova tvorfen prevazné nejmladSimi horninami ordoviku
v podobé kosovského, kralovodvorského a bohdaleckého souvrstvi.
V prostoru jizné od Sachty VO-OL se pak v prostiedi bohdaleckych
bridlic (obr. 2) vyskytuje také mensi intruzivni té€leso minety. Tato
variska intruze je pravdépodobné karbonského stifi. V dosavadnim
pribéhu razeb mezistani¢niho tseku pak byly zastizeny pouze hor-
niny bohdaleckého souvrstvi. Razby v prostiedi kralovodvorského
a kosovského souvrstvi budou probihat v severni ¢asti spojky C-D,
dvoukolejném tunelu a rozpletu do odstavného tunelu bliZe ke stanici
Pankrac. Horniny ordovického podloZi jsou v celém tzemi prekryty
kvartérnimi sedimenty v podob¢ fluvidlnich a antropogennich ulo-
Zenin. Fluvialni sedimenty tvofi materiél vyssich terasovych stupit
Vltavy v prostoru pankracké plosiny (pankracka terasa) s mocnos-
ti nejCastéji v rozmezi 5 aZz 8 m. Jako materidl teras zde prevazu-
ji hlinité pisky az piscité hliny, pisky s kolisajicim podilem Stérku
a piscCité Stérky s valouny o velikosti do 15 az 20 cm. Antropogenni
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time. With the exception of Nadrazi Kr¢ station, the entire route is
under the ground. In terms of transport the most necessary is the
section Pankrac — Depot Pisnice. transport-necessary stage of the
ID line construction project. Particularly in the area of the Pankrac
interchange station and the continuation of the metro line in the
direction of Olbrachtova station, the complex of mined tunnels
represents a very complicated construction design — both due to
the complexity of the construction itself, as well as with regard
to the complicated engineering and geological conditions and the
significant geotechnical risks associated with the negative impact
on the surrounding buildings, utilities and existing objects along the
metro C line. Apart from the double-track and single-track tunnels,
there is also a large bifurcation chamber leading to a stabling tunnel
located outside the metro line on the east side, directly under the
existing above-ground multi-storey building. On the opposite side,
again outside the metro line, there is further a mined single-track
linking tunnel between lines D and C, which is connected to the
right-hand single-track tunnel before Olbrachtova station (Fig. 1).
The section between the one-vault Pankrac station and the 2-vault
Olbrachtova station is thus considered one of the most structurally
complex parts of the entire newly designed metro line D.

MINING ON THE INTERSTATION SECTION OF METRO

The driving of the individual tunnels on the section between
Pankréac and Olbrachtova stations was started in April 2022 from the
VO-OL shaft, which together with the exploratory gallery leading
to the southern part of Pankriac station was carried out within
the framework of additional geological exploration operations
carried out in the period from June 2020 to November 2021 [2],
[3]. Prior to the commencement of the construction of the metro
section itself, the survey provided additional information on the
overall geological structure of the area, including the occurrence
of intrusive volcanic bodies and areas of significant tectonic
faulting of the rock massif, and also allowed to specify the physical
and mechanical parameters of the selected geotechnical soil and
rock types in the area of future excavation. On the basis of the
outputs of the supplementary geological survey, the detailed design
documentation for the construction of individual construction
objects was refined.

After more than a year and a half since the start of construction,
excavation of the entire double-track and both single-track tunnels
between the VO-OL shaft and the Olbrachtova station was finished.
in this intermediate section (Fig. 1). Furthermore, the shaft and
tunnel of the HVAC machine room, tunnel cross passages between
single-track tunnels and almost half of the C-D link were excavated.
Currently, the station tunnels and the northern link of Olbrachtova
station are being driven and the right-hand part of the double-
track tunnel in the direction to Pankrac station is being excavated.
Subsequently, after completion of the improvement of the rock
mass characteristics by remedial grouting, the excavation of the
double-track tunnel and the bifurcation chamber on the double-
track tunnel and the stabling tunnel will start.

ENGINEERING GEOLOGICAL AND GEOTECHNICAL
CONDITIONS OF EXCAVATION

The pre-Quaternary bedrock in the section of excavation
between the Pankrdc and Olbrachtova stations consists mainly
of the youngest Ordovician rock types in the form of the Kosov,
Kralav Dvir and Bohdalec Formations. In the area of the VO-
OL shaft there is also a smaller intrusive body of a minette in
the Bohdalec shale. The area south of this Variscan intrusion is
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Obr. 2 Bohdalecké bridlice s trilobitem rodu Phacopidina z hloubeni Sachty
VO-OL

Fig. 2 Bohdalec shale with a trilobit of genus Phacopidine from the sinking
of shaft VO-OL

uloZeniny predstavuji lokdlni terénni Upravy a zasypy vykopu sta-
vebnich jam, které vznikaly v pribéhu vystavby mésta, napt. zasyp
hloubené stanice metra Pankrac C (dfive Mladeznicka). Jejich vy-
skyt, materidlové sloZeni a mocnost jsou znacné proménlivé.

Bridlice bohdaleckého souvrstvi jsou jilovitoprachovité, tmaveé
Sedé az SedocCerné, slabé slidnaté (obr. 3). V hloubce razeb jednot-
livych tuneld jsou z hlediska stupné zvétrani zdravé. V tektonicky
neporuSeném stavu odpovidaji pevnostni tfidé R4, v silnéji pracho-
vitych polohach az R4-R3. V horniné je dobfe patrnd deskovitd az
lavicovita vrstevnatost. Horninovy masiv je mimo poruchova pasma
a okoli vyznamné&jSich zlom slabé az stfedné rozpukany, nepravidel-
né prostoupeny zpravidla tfemi aZ ¢tyfmi zadkladnimi extenznimi sys-
témy puklin, které jsou prevazné ¢aste¢né pribézné, rovinné, hladké,
seviené, Casto s bélavymi povlaky sadrovce. Orientace vrstevnich
ploch je, zejména vzhledem k vysky-
tu fady tektonickych poruch, v rdmci
celého vyrazeného tiseku znacné pro-
ménlivad. Z hlediska geotechnickych
podminek razeb predstavuji neporu-
Sené bridlice bohdaleckého souvrstvi
pomérné vhodné horninové prostiedi
s dobrou stabilitou nezajiSténého vy-
rubu, pfiznivymi pevnostnimi i de-
formacnimi charakteristikami horni-
nového masivu a také minimalnimi
pfitoky podzemni vody.

V celém useku raZzeb mezi Sachtou
VO-OL a stanici Olbrachtova byly
v monoténnim prostiedi jilovitopra-
chovitych bfidlic nepravidelné zasti-
Zeny deskovité az lavicovité polohy
prachovctl, vépnitych piskovcl az
pisCitych vapenct spadajicich pod
tzv. polyteichovou facii bohdalecké-
ho souvrstvi. Podil téchto vyraznéji
pevnéjsich hornin se na jednotlivych
Celbach pohyboval do max. 20 %.
Vyznam téchto poloh z hlediska geo-
technickych podminek razeb spociva

vvvvvv

nosti, tak zejména v existenci fady

Tuel

probably of Carboniferous age. Only rock types of the Bohdalec
Formation have been encountered in the course of the excavation
of the intermediate section so far. Tunnelling in the environment
of the Kraliv Dvir and Kosov formations will take place in
the northern part of the C-D linking tunnel, the double-track
tunnel and the bifurcation chamber leading to the stabling tunnel
closer to Pankréc station. The Ordovician bedrock is overlain by
Quaternary sediments in the form of fluvial and anthropogenic
deposits throughout the area. Fluvial sediments form the material
of the higher terrace stages of the Vltava River in the area of the
Pankrac Plateau (Pankrac Terrace) with a thickness most often
in the range of 5 to 8m. The terrace material is dominated by
loamy sands to sandy clays, sands with varying proportions of
gravel and sandy gravels with boulders up to 15 to 20cm in size.
Anthropogenic deposits represent local terrain modifications and
backfilling of excavation of construction pits that were created
during the development of the city, e.g. backfilling of the cut-
and-cover metro station Pankrac C (formerly Mladeznickd). Their
occurrence, material composition and strength are highly variable.

The shale of the Bohdalec Formation is clay-silty, dark grey to
grey-black, slightly micaceous (Fig. 3). it is fresh in terms of the
degree of weathering at the depth of the individual tunnels. In the
tectonically intact state they correspond to strength class R4, in the
more heavily silty positions up to R4-R3. Platy to tabular bedding
is clearly visible in the rock. Outside fault zones and around major
faults, the rock mass is weakly to moderately fractured, irregularly
permeated with generally 3 to 4 basic extensional fracture systems,
which are mostly semi-continuous, planar, smooth, tight, often
with whitish gypsum coatings. The orientation of the bedding
planes, especially due to the occurrence of a number of tectonic
faults, is highly variable throughout the entire mined section.
From the point of view of geotechnical conditions of mining, the
undisturbed shales of the Bohdalec Formation represent a relatively
suitable rock environment with good stability of the unsupported

Obr. 3 Zdravé bridlice bohdaleckého souvrstvi na ¢elbé pravého jednokolejného tunelu
Fig. 3 Fresh shale of the Bohdalec formation at the heading of the right-hand single-track tunnel




Obr. 4 Lavicovité polohy piskovcii polyteichové facie v prostiedi bridlic zastiZe-
né pri razbé dvoukolejného tunelu

Fig. 4 Tabular layers of sandstone polyteich facia in the environment of shales,
encountered during excavation of double-track tunnel

otevienych puklin a s tim spojenych intenzivnich pfitokd podzemni
vody do vyrubu (obr. 4). V okoli téchto poloh je pak vyraznéji mek-
¢i bridlice také Casto silné podrcena.

Z hlediska tektonického poruseni jsou v horninovém masivu boh-
daleckého souvrstvi Casto patrné stiiZzné pukliny s charakteristicky-
mi ohlazy, ryhovanim a bélavymi povlaky sadrovce. Témér v celém
vyrazeném mezistanicnim diseku byly zastiZeny rovnéz cetné tekto-
nické poruchy a poruchova pasma raznych smértt a mocnosti (od
prvnich decimetrli az po vice jak 10 aZ 15 m). V té€chto poruchich
i jejich blizkém okoli je hornina silné rozpukand, s etnymi ohlazy
na tilomcich, Casto provrasnénd, s nizsi pevnosti R5-R4, misty az sil-
né€ podrcend v jilovitou zeminu nebo drobné stiipky s pevnosti R5—
R6. Z hlediska podminek razeb tseky s velkym podilem tektonicky
porusené horniny pfedstavuji oslabené oblasti horninového masivu
s vyrazné horSimi pevnostnimi a pie-

tvarnymi vlastnostmi. Rovnéz stabili-
ta nezajisténého vyrubu je v piipadé
silného tektonického poruseni znacné
snizena. Kombinace nékolika nepfiz-
nivé orientovanych stfiznych puklin
s vyhlazenym povrchem pak muiZe
predstavovat velké riziko vyjizdéni
vétSich horninovych bloki z cela vy-
rubu nebo vzniku geologicky podmi-
nénych nadvyloma (obr. 5). Vyznam-
né poruchové pasmo bylo zastiZeno
rovné€z pii hloubeni pristupové Sachty
stanice Olbrachtova a nasledném za-
hédjeni razeb severni propojky a es-
kalatorového tunelu. V pfipadé této
Sachty byly téméf v celém rozsahu
zastizeny vyhradné silné rozpukané
a podrcené bridlice, v ¢etnych polo-
hach az charakteru jilovité zeminy
s drobnymi tlomky (obr. 6).

V oblasti jizné od Sachty VO-OL
bylo pfi razbé dvoukolejného tune-
lu, prilehlé Stoly VZT a spojky C-D,
zastizeno masivni variské intruzivni
téleso karbonské minety. Tato horni-
na je svétle az tmavé Sed4, s vysokou

% . i
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excavation, favourable strength and deformation characteristics of
the rock mass and also minimum groundwater inflows.

In the whole section of the excavation between the VO-OL,
the shaft and the Olbrachtova station, platy to tabular beds
of siltstone were irregularly encountered in the monotonous
environment formed by clayey-silty shale, calcareous sandstone
to sandy limestone belonging to the so-called polyteich facie of
the Bohdalec Formation. The proportion of this more solid rock at
individual headings was up to a maximum of 20%. The importance
of these beds in terms of the geotechnical conditions of excavation
lies both in their more difficult breaking characteristic and, in
particular, in the existence of a number of open fissures and the
intense inflows of groundwater into the excavation associated with
them (Figure 4). In the vicinity of these layers, the much softer
shale is also often heavily crushed.

In terms of tectonic faulting, shear fissures with characteristic
polishes, striations and whitish coatings of gypsum are often visible
in the rock mass of the Bohdalec Formation. Numerous tectonic
faults and fault zones of various directions and thicknesses (from
the first decimetres to more than 10 to 15m) were also observed
in almost the entire mined interstation section. In these faults
and their vicinity, the rock is strongly fractured, with numerous
polishes on the fragments, often folded, with lower strengths R5—
R4, in places heavily crushed with clayey soil or small shards with
strengths R5-R6. In terms of the mining conditions, sections with
a large proportion of tectonically faulted rock represent weakened
areas of the rock mass with significantly worse strength and stress-
strain properties. The stability of an unsupported excavation is also
significantly reduced in the event of strong tectonic faulting. The
combination of several unfavourably oriented shear fissures with
a polished surface can then pose a high risk of larger rock blocks
moving out of the excavation face or a failure of the geologically
determined overburden (Figure 5). A significant fault zone was
also encountered during the excavation of the Olbrachtova station

Obr. 5 Bridlice bohdaleckého souvrstvi se silnym tektonickym poruSenim na celbé levého jednokolejného tunelu
Fig. 5 Bohdalec formation shale with heavy tectonic faulting at the heading of the left-hand single-track tunnel
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Obr. 6 Hloubeni Sachty stanice Olbrachtova v poruchové zoné
Fig. 6 Sinking of Olbrachtova station shaft in fault zone

pevnosti R3-R2, pfevaZzné nepravidelné slabé rozpukana (pukliny
rovné i zvinéné, s drsnym povrchem, oteviené s Zelezitymi povlaky
na povrchu nebo vyhojené kalcitem). Na kontaktu s minetou jsou
okolni vyrazné¢ mék¢i bridlice v padsmu o mocnosti zhruba 1,0 az
3,0 m siln€ podrcené v drobné ulomky s velmi nizkou pevnosti R5—
R6 (obr. 7 a 8). V tseku tunell s vyskytem intruze minety byly geo-
technické podminky razeb, kromé podrceni okolnich bridlic, zhor-
Sené jak obtiznou rozpojitelnosti horniny, tak i Castymi pfitoky
podzemni vody vdzanymi na oteviené pukliny v mineté.

GEOTECHNICKY MONITORING RAZEB

V ramci geotechnického monitoringu razeb je provadéna
standardni inZenyrskogeologickd a geotechnickd dokumenta-
ce nezajisténé Casti vyrubu. V ramci této ¢innosti jsou zazname-
ndvany jednak inZenyrskogeologické a hydrogeologické uda-
je dulezité z hlediska geotechnickych podminek razby, jednak

Obr. 7 Intruze télesa masivni minety pri razbé dvoukolejného tunelu
Fig. 7 Intrusion of a massive minette body during excavation of double-track tunnel

Tuel

access shaft and the subsequent commencement of excavation of
the northern link tunnel and the escalator tunnel. In the case of this
shaft, heavily fractured and crushed shales, in numerous layers up
to the character of clayey soil with small fragments (Figure 6),
were encountered in the whole extent of the excavation,

In the area south of the VO-OL shaft, a massive Variscan
intrusive body of a Carboniferous minette was encountered during
the excavation of the double-track tunnel, the adjacent ventilation
adit and the C-D link tunnel. This rock is light to dark grey, with
a high strength of R3—R2, mostly irregularly moderately jointed
(both straight and undulating joints, with a rough surface, open
with iron coatings on the surface or healed with calcite). On the
contact with the minette, the surrounding much weaker shale in
a zone approximately 1.0 to 3.0m thick is heavily crushed into
small fragments with very low strength R5-R6 (Figures. 7 and
8). In the section of tunnels with the occurrence of the minette
intrusion, the geotechnical conditions of the excavation, in addition
to the crushing of the surrounding shale, were aggravated both by
the difficult breaking characteristic of the rock and the frequent
inflows of groundwater bound to open joints in the minette.

GEOTECHNICAL MONITORING OF TUNNEL EXCAVATION

Standard engineering geological and geotechnical docu-
mentation of the unsupported part of the excavation is carried
out as part of the geotechnical monitoring of the excavation. This
activity records both engineering geological and hydrogeological
data relevant to the geotechnical conditions of the excavation
and data related to the technology and implementation of the
excavation itself. The description of the rock mass is carried out
to enable its evaluation according to the tunnel classification
systems used (mainly QTS). Within this activity, both engineering
geological and hydrogeological data relevant to the geotechnical
conditions of the excavation and data related to the technology
and execution of the excavation itself is recorded. The description
of the rock mass is carried out to enable its evaluation according
to the classification systems used by
tunnellers (mainly QTS). The output
of the excavation documentation
are geotechnical passports with
a graphic and text record of the
established facts as well as a fo-
recast and recommendation for
further action. From the point of
view of excavation technology,
in addition to the requirements of
the design and the results of other
geotechnical monitoring activities,
the outputs of the geological do-
cumentation are used to select the
appropriate excavation support class
both in terms of its overall safety
and the construction

economy.
The evaluation of the encountered
mining conditions of individual
tunnels is also used to interpret the
results of geotechnical monitoring
measurements such as convergence
of excavated spaces, extensometer
and inclinometer measurements in
boreholes or surface levelling in the
settlement trough section.
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Obr. 8 Pricny inZenyrskogeologicky Fez v prostoru raZeb s intruzi minety
Fig. 8 Engineering geological cross-section in the area of mining with intrusion of minette

CONCLUSION
ZAVER The development of the new metro line ID in Prague in the
Vystavba nové trasy metra [.D v Praze, v tseku mezi stanicemi section between Pankrdc and Olbrachtova stations, together
Pankrac a Olbrachtova, je spolecné s predchozi etapou geologic- with the previous stage of geological survey operations, is
kych prizkumnych praci z hlediska inZenyrské geologie a geotech- certainly an interesting and valuable experience from the point

niky jisté zajimavou a cennou zkuSenosti. V dosavadnim pribéhu | of view of engineering geology and geotechnics. In the course
razeb jednotlivych stavebnich objektd tohoto mezistani¢niho tseku of the excavation for the individual construction objects in this
bylo zastizeno horninové prostfedi bohdaleckého souvrstvi s velmi intermediate station section, the rock environment of the Bohdalec
variabilnimi podminkami razby od zdravych neporuSenych biidlic | Formation with highly variable excavation conditions was
pres oblasti s vyskytem vyrazné pevnéjSich a vodonosnych poloh encountered, ranging from fresh intact shale through areas with

polyteichové facie, oblasti se silnym tektonickym poruSenim hor- | the occurrence of significantly stronger and water-bearing layers of
ninového masivu az po seky razeb s priniky masivnich vulkanic- | the polyteich facies, areas with heavy tectonic faulting of the rock
kych hornin. Tyto skute¢nosti potvrzuji velky vyznam v piedsti- mass to sections of excavation with penetration of massive volcanic

hu provadénych geologickych prizkumnych praci pro upfesnéni | rock. These facts confirm the great importance of geological survey
piedpokladanych podminek razby a také geologické dokumentace | operations carried out in advance to specify the anticipated mining
razeb pro jeji adaptaci na skutecné zastiZené podminky. conditions and also the geological documentation of the mining to

_ adapt it to the conditions actually encountered.
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ZAJISTOVANI HISTORICKEHO DOLU JERONYM
Z POHLEDU GEOTECHNIKA
REMEDIATION OF THE HISTORICAL JERONYM MINE
FROM GEOTECHNICAL POINT OF VIEW

MARTIN SEFRNA

ABSTRAKT

Diil Jeronym v Cisté ve Slavkovském lese se nachdzi v loZiskovém trojithelniku Horni Slavkov — Krdsno — Cistd, kde byl v minulosti pred-
métem teZby cin. Vydobyté komory, propojovaci chodbice a pristupovd dulni dila ohroZuji nejen stabilitu povrchu, ale rovnéZ i silnici 11/210
Krdsno—Sokolov, v jejimZ podloZi se nachdzeji. Jednd se o historickd dulni dila, k nimZ pitvodni mapovd dokumentace zcela chybi. JiZ
v dobé objevu, v roce 1982 pri jejich propadu, byla vzhledem k historickému vyznamu, zachovdni kulturniho dédictvi lidu a svédectvi jeho
déjin odmitnuta varianta likvidace téchto diilnich dél v podloZi komunikace a bylo rozhodnuto o jejich zachovdni a zajisténi tak, aby byla
udrZena nejen stabilita silnice, ale i viastnich podzemnich historickych objektii pro jejich pripadné zpristupneéni a vyuZiti v budoucnosti.
Od té doby na lokalité probihaji systematické zajistovaci prdce kritickych cdsti dolu ohroZujicich stabilitu povrchu, a to vetné nezajisté-
nych zdvalit a zatdpéjicich se prostor. S vyuZitim tradicnich i modernich geotechnickych metod a postupii zde probihaji stabilizacni prdce
povrchu, historického podzemi a pristupovych diilnich dél.

ABSTRACT

The Jeronym mine in Cistd in Slavkovsky les is located in the ore deposit triangle Horni Slavkov — Krdsno — Cistd, where tin ore was
mined in the past. Excavated chambers, connecting corridors and access galleries threaten not only the stability of the surface, but also the
road 11/210 Krdsno—Sokolov. These are historical mining works for which the original map documentation is completely missing. Already
at the time of the discovery, in 1982 when they collapsed, due to their historical significance, the preservation of the cultural heritage of
the people and the testimony of their history, the option of liquidating these mine works under the road was rejected, and it was decided to
preserve and remediate them in such a way that stability would be maintained of not only of the road but also of the underground historic
structures for making them accessible and for their utilization in the future. Since then, systematic work has been carried out on the site to
stabilize critical parts of the mine that threatened the stability of the surface, including unremediated collapses and areas that are being
flooded. With the use of traditional and modern geotechnical methods and procedures, stabilization of the surface, historical underground

and access mine galleries is taking place there.

UVOD, STRUCNA CHARAKTERISTIKA

Lokalita se nachdzi 6 km od mésta Krasno ve sméru na Sokolov.
Dulni dila dolu Jeronym byla vyrazena prevazné v 16. stoleti v dobé
nejvétsiho rozmachu tézby cinovych rud na nasem tzemi (obr. 1).
TeZba zde probihala podstatné dfive, jiz od 13. stoleti ryZovanim se-
kundérnich loZisek cinu, neZ naSi predci presli k t€Zb& primarnich
lozisek. Stafi podzemnich komor je prokdzano z datace vydfevy
do 15. a 16. stoleti. TéZba zde probihala s prestdvkami v pribéhu
400 let a posledni prace zde souvisi s ovéfovanim bilancnich zasob
na Sn-W rudy ve druhé poloviné 20. stoleti.

Komplexy dalnich dél dolu Jeronym jsou vyrazeny v endokontaktu
krusnohorskych Zul masivku Krudum, v jeho jizni ¢asti pri kontaktu
s nadloZnimi biotitickymi a dvojslidnymi pararulami riizn€ intenziv-
né migmatitizovanymi a granitizovanymi. Tvofeny jsou vydobytymi
komorami propojenymi chodbicemi vyraZenymi v biotitické Zule ve
sklonu loziska 20 az 45° k jihu (obr. 2 a 3). S povrchem komunikuji
prostiednictvim zavalll vydobytych komor nebo Sachtic. Mocnost
nadloZi ¢ini na vychozu loZiska 2,0 m, v drovni odvodiniovaci Stoly
a7 50 m. Zuly jsou riizné alterované, postizené postmagmatickymi
pfeménami (sericitizace, hematitizace, greisenizace), puklinovym
systémem horninového masivu, tektonickymi poruchami a Zilnymi
strukturami. Pfedmétem téZby byl impregnovany kasiterit v grei-
senizovanych Zulach (metasomatické zrudnéni), podfizené drobné
zilky a sledované Zilné struktury. Zrudnéné zony v Zulach (greiseny)
tvoti v piikontaktni z6né nékolik paralelnich poloh, které byly pred-
meétem exploatace a predurcovaly zptsob rozfarani loZiska (obr. 3),

INTRODUCTION, BRIEF CHARACTERISTICS

The location is 6km from the town of Krasno in the direction
of Sokolov. The Jeronym mine was excavated mainly in the 16"
century during the period of the greatest expansion of tin ore mining
in our territory (Fig. 1). Mining took place here much earlier,
already from the 13" century by panning of tin secondary deposits,
before our ancestors moved on to mining primary deposits. The
age of the underground chambers is proven from the dating of the
old timber to the 15" and 16™ centuries. Mining took place here
with interruptions over the course of 400 years, and the last works
here are related to the verification of reserves of Sn-W ores in the
second half of the 20" century.

The Jeronym mine complex is excavated at contact with the
Krusné Hory granites of the Krudum massif, in its southern part
at the contact with the overlying biotite and two-mica paragneis,
variously migmatized and granitized. They are formed by excavated
chambers connected by corridors excavated in biotite granite
at an inclination of 20 to 45° to the south (Figs. 2 and 3). They
communicate with the surface through the collapse of excavated
chambers or shafts. At the deposit outcrop, the thickness of the
overburden is 2.0m, up to 50m at the level of the drainage gallery.
The granites are variously altered, affected by post-magmatic
transformations (sericitization, hematitization, greisenization),
fracture system of the rock mass, tectonic disturbances and vein
structures. The object of mining was impregnated cassiterite
in greisenized granites (metasomatic ore), subordinate small
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komplex SDDI - oblast | starych dulnich dél, objevenych 1982 a zpfistupnénych vefejnosti 2013
SDDI complex —area | of old mine workings discovered in 1982 and made accessible in 2013

komplex SDDII - oblast Il starych dllnich dél, objevenych 2014 a zpfistupnénych vefejnosti 2023
SDDII complex — area Il of old mine workings discovered in 2014 and made accessible in 2023

komplex SDDIII - oblast Il starych dilnich dél, objevenych 2014 a zpfistupnénych 2023 tzv. adrenalinovou trasou

SDDIIl complex — area lll of old mine workings discovered in 2014 and made accessible in 2023 so-called adrenaline educational tour
komplex SDDIV - oblast IV starych duinich dél, objevenych 2015, otevfenych novou tpadnici 2016, dosud nepfistupné

SDDIV complex — area IV of old mine workings discovered in 2015 and made accessible through inclined shaft in 2016

komplex ODD - oblast opusténych dilnich dél, znamych ve 20. stoleti, stara dila dot¢ena novymi prizkumy na cin, nepfistupné vefejnosti
ODD complex — area of abandoned mine workings, knownn in 20" century, old mine workings affected by new exploration for tin
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Obr. 1 Schéma podzemi dolu Jeronym
Fig. 1 Scheme of the Jeronym mine

tzn. nepravidelné komorové dobyvéni s ponechanymi mezikomoro-
vymi pilifi kritickych parametra.

Poté co byla vycerpana sekundérni loZiska Sn rud (ryZoviste), byli
nasi predchtdci nuceni hledat primérni lozisko na jeho vychozu,
které téZili nejprve povrchovym zptsobem — odfez, lom, povrchové
dobyvky, nasledné zptisobem hlubinnym. Postupné se zahlubovali
do horninového masivu k loZisku prostfednictvim slednych tipadnic
(chodbic), svislych néleznych a téZnich Sachet (pinek) a horizon-
talnich prazkumnych $tol. Tyto sledné chodby a vyhledavaci Stoly
byly vyraZeny ru¢nim zpusobem, pouze pomoci mlatku a Zelizka
v usporném profilu az 0,6 x 1,2 m (8 x v). Pfi ovéfeni zrudnéni byly
tyto chodbice a Stoly rozsifeny pro tézbu uzitkové slozky rozptylené
v horninovém masivu az do soucasné podoby vytéZenych komor tzv.
Sitenim (obr. 4). K rozpojovani bylo pouZito v nejstarSich ¢astech
podzemi pouze mlatku a Zelizka, v té¢Zebnich komorach se kromé
toho uplatnila kombinace s Zarovou metodou sdzeni ohné (obr. 2, 4)
[1]. V nové objevenych castech dolu byly v roce 2022 zpozorovany na
sténach a strop€ chodbic ru¢né vrtané maloprofilové vyvrty s jilovou

zdroj: SG Geotechnika, Olisar P. 2023 source: SG Geotechnika, Olisar P. 2023

veins and main vein structures. Mineralized zones in granites
(greisen) form several parallel positions in the near-contact
zone, which were the subject of exploitation and determined the
way stoping the deposit (Fig. 3), i.e. irregular room-and pillar
mining.

After the secondary Sn ore deposits (panning fields) were
exhausted, our predecessors were forced to look for the primary
deposit at its outcrop, which they excavated first in open-pit mining
— cutting, quarrying, strip mining, then by underground mining.
They gradually excavated into the rock mass to the deposit through
winzes (corridors), vertical prospect and winding shafts (pinkas)
and horizontal exploratory galleries. These winzes and exploratory
galleries were excavated by hand mining using only a hammer and
iron in an economical profile of up to 0.6 x 1.2m (w x h). During
the verification of the mineralization, these corridors and galleries
were widened for the extraction of the utility component scattered
in the rock mass up to the current shape of the mined chambers
by the so-called corridors expansion (Fig. 4). In the oldest parts of
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Obr. 2 Priklad rozfdrdni loZiska, komorové dobyvdni s navazujicimi dulnimi dily
Fig. 2 An example of deposit mining, chamber mining with subsequent mine workings

foto Pribil M. photo Pribil M.

Obr. 3 Vytézend zrudnénd poloha, SDDII
Fig. 3 Excavated mineralized deposits, SDDII

Tuel

the underground, only a hammer and iron were used
for rock disintegration, in addition, a combination
with the fire-setting was used in the mining chambers
(Fig. 2, 4) [1]. In newly discovered parts of the mine,
hand-drilled small-profile boreholes with a clay plug
and traces of gunpowder were observed on the walls
and ceiling of the corridors in 2022. This is a unique
preserved place of transition from manual excavation
to blasting. Blasting works with black powder were
commissioned for the first time in the world in 1627
in Bansk4 Stiavnica and marked a significant change
in the mining and mining process. They were not fully
used until the 18" century [source: National Technical
Museum Prague]. Based on a series of observations
in the mine, it can be assumed that not all collapses
were created by exceeding the strength parameters
of the chamber pillars of critical dimensions, but the
caving method was also applied here.

METHODS OF UNDERGROUND SURVEY

As a result of the fire of the town of Cista
(Lauterbach, since 1551 the royal mining town)
in 1772, no written materials about the historic
mine have been preserved, except for a part of the
abandoned mine workings (ODD), where verification
of Sn-W ore reserves took place in the 1960s. In
the course of the remediation works, it is therefore
necessary to carry out a systematic survey of the
extent of underground excavations — the opening of
the deposit and to continuously update the newly
emerging map documentation with new discoveries
(Fig. 1). In addition to classic geodetic methods
supplemented by speleological procedures, laser 3D
scanning methods of accessible mine shafts have
recently been applied, especially when designing the
drainage of flooded parts of the mine (Fig. 5), when
remediating rock collapses and connecting individual
underground spaces separated by collapses (sections,

ucpéavkou a stopami po stielném prachu. Jedna se o dochované uni- | cubature, break-out polygons, 3D models). The creation of the
katni misto prechodu z ru¢niho rozpojovéani na rozpojovani pomoci necessary purposeful longitudinal sections in relation to the surface
trhacich praci. Trhaci prace ¢ernym prachem byly poprvé na svét€ | proved to be crucial during the excavation work of the old shafts
komisiondlng provedeny roku 1627 v Banské Stiavnici a znamenaly and their connection to the underground mines and corridors

vyznamnou zménu v procesu razby a dobyvani. Plné
se vyuzivaly az v 18. stoleti [zdroj: Narodni technické
muzeum Praha]. Na zdkladé fady pozorovani v dole
lze predpokladat, Ze ne vSechny blokovité zavaly zde
vznikly ptekrocenim pevnostnich parametrii ponecha-
nych mezikomorovych pilifa kritickych rozméru, ale
byla zde uplatnéna i dobyvaci metoda t¢Zby na zdval.

METODY PRUZKUMU PODZEMI

V disledku pozaru mésta Cistd (Lauterbach, od
roku 1551 krélovské horni mésto) v roce 1772, nejsou
dochovény zadné pisemné materidly k historickému
dolu, vyjma casti opusténého dilniho dila (ODD),
kde probihalo v 60. letech ovéfovani bilanc¢nich za-
sob Sn-W rud. V pribéhu zajistovacich praci je tak
nezbytné provadét systematicky prizkum rozsahu
poddolovani — rozfarani loZiska a nove vznikajici ma-

S

Joto Pribil M. photo Pribil M.

povou dokumentaci prab&zné aktualizovat S nOVYMi  py. 4 Komorové dobyvdni tzv. Sifenim
objevy (obr.1). Kromé klasickych geodetickych metod  Fig. 4 Chamber stoping by so-called “corridors expansion”




navrzeny odvodriovaci vrt, délka cca 40 m
designed drainage borehole, length approx. 40m

zdroj: SG Geotechnika source: SG Geotechnika
Obr. 5 Ndvrh odvodriovaciho vrtu mezi komplexy I a 11, svisly pohled na model ziskany 3D skenovdnim
Fig. 5 Design of the drainage borehole between complexes I and II, vertical view of the model obtained by 3D

scanning

doplnénych speleologickymi postupy jsou v posledni dobé uplat-
novany metody laserového 3D scanovéni pristupnych dalnich dél,
a to zejména pri navrhovani a projektovani odvodnéni zatapéjicich
se Casti dolu (obr. 5), pii zmahani zavald a propojovani jednotlivych
podzemnich objekti oddélenych pravé zavaly (fezy, kubatura, pro-
razkové polygony, 3D modely). Tvorba nezbytnych ucelovych po-
délnych fezl ve vztahu k povrchu se pfi zmahacich pracich starych
Sachet a jejich napojeni na podzemni dobyvky a chodbice vyrazené
ve vice drovnich ukézala jako klicova. V souCasné dobé se pracuje
na vyuziti jednotlivych prostorovych 3D modelt podzemi pro vyhle-
davani ptivodnich propojeni, dnes nepfistupnych, mezi jednotlivymi
objekty bez nutnosti razit nova dila v historickém dole. V roce 2008
byl dil prohldsen za narodni kulturni pamatku (NKP) diil Jeronym
a veSkeré price zde probihaji pod dohledem Narodniho pamétkové-
ho tstavu (NPU) v Lokti.

Z nepfimych prizkumnych metod byl v roce 2021 aplikovan
soubor geofyzikalnich metod pro ovéfeni stavu podlozi komunika-
ce a planované modernizace silnice 11/210. Nasazena byla zejména
elektrickd odporova tomografie, mélka refrakcni seismika, georadar
a mikrogravimetrie (obr. 6). Pro vyhledavani zasypanych starych
Sachet se osvédcCily sondy dynamické penetrace, které byly vyuzi-
ty rovnéZ i k ovéfeni typu a kvality zasypt Sachty, stanoveni jejich
hloubky a k pfesné lokalizaci profilu pro zaloZeni tivodniho ramu pfi
jejich zmahani. K podrobnému priizkumu pak byly pouZity pfimé
metody ovéfeni geotechnického stavu dilnich dél a okolniho hor-
ninového masivu — fyzickd prohlidka, plnoprofilové vrty a prace
provadéné hornickym zptsobem, to vse s geotechnickym dozorem
a prubéznym posuzovanim stability masivu [2], [3]. Nedilnou sou-
Casti byl geotechnicky monitoring uplatnény do stavajicich dilnich
dél — konvergencni méfeni v komorach, strunové deformetry v me-
zikomorovych pilifich, tlakové podusky mezi nové budovanymi
podpérnymi pilifi a stavajicim vyrubem, 2D a 3D dilatometry na
puklinach, tyCové extenzometry ve vrtech. Pfi zmdhani zavali mezi
jednotlivymi komplexy byly nasazeny v ramci observacni metody
strunové dilatometry na puklinich mezikomorového pilife s online
prenosem naméfené deformace pro fizeni postupu a zptisobu zajisto-
vani zavalu a zajisténi stability nadloZi komor. Na povrchu se uplat-
nily metody presné nivelace povrchu komunikace.
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excavated at several levels. Currently,
work is being done on the use of
individual spatial 3D models of the
underground to search for original
connections, today
between individual spaces without
the need to excavate new openings in
the historic mine. In 2008, the mine
was declared a national cultural
monument (NKP) Jeronym mine,
and all work is carried out here
under the supervision of the National
Monument Institute (NPU) in Loket.

Of the indirect survey methods,
a set of geophysical methods was
applied in 2021 to verify the state
of the subsoil of the road and the
planned modernization of road
1I/210. In particular, electrical re-
sistivity tomography, shallow seis-
mic refraction, georadar and micro-
gravimetry were used (Fig. 0).
Dynamic penetration probes have
proven themselves for the search of filled-in old shafts, which
were also used to verify the type and quality of the shaft backfills,
determine their depth and to precisely locate the shaft profile for
placing the initial frame during their excavation. Direct methods
of verifying the geotechnical condition of the mine and the
surrounding rock mass were then used for the detailed survey —
physical inspection, borehole drilling and work carried out in
a mining manner, all with geotechnical supervision and continuous
assessment of the rock stability [2], [3]. An integral part of
investigation was geotechnical monitoring which was applied to
existing mine shafts — convergence measurements in chambers,
string deformers in chamber pillars, pressure load cells between the
newly built support pillars and the existing excavation walls, 2D
and 3D dilatometers in fissures, rod extensometers in boreholes.
When coping with collapses between individual mine complexes,
string dilatometers were installed as part of the observation method
of the cracks in the chamber pillar with online transmission of the
measured deformation to control the progress and the method of
collapse stabilization and ensuring the stability of the overburden
above the chambers. On the surface, methods of precise leveling of
the road surface were applied.

komplex SDDI| SIS
SDDII complex NI

inaccessible,

RENEWED MINE ACCESSES

Old shaft by the road location

One of the restored and remediated historical shafts is the Stara
Jama discovered during the excavation of the Nova Jama shaft as part
of ensuring the second entrance to the underground complex (Fig. 1).
The remediation of the cave-in in a chamber led to the discovery of
the Stard Jama shaft, located approximately 7m from the shoulder
of road II/210 Sokolov—Krasno. After carrying out exploration work
on the surface and underground, the remediation documentation of
the mouth and body of the shaft was prepared, taking into account
the historical origin and in accordance with the procedures of the
16™ century, supplemented by modern reinforcement methods. The
mouth of the shaft was lined with local stone to a depth of 5.0m, the
shaft body was supported with stone walls in places of the collapse
initiation. The equipment of the pit is wooden with a mining and
climbing areas with wooden ladders (Fig. 7). The depth is 24m, while
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Obr. 6 Vysledky geofyzikdlniho prizkumu podloZi silnice, poddolovdni
Fig. 6 Results of the geophysical survey of road subsoil, undermining

OBNOVENA PRISTUPOVA DULNI DILA

Stara Sachta u silnice

Jednou z obnovenych a zajisténych historickych Sachet je Stara
jéma objevena pri hloubeni Nové jamy v ramci zajisténi druhého
vstupu do podzemniho komplexu (obr. 1). Zmahanim zavalu v ko-
mofte doslo k objevu Staré jamy nachdzejici se cca 7 m od krajnice
silnice 1I/210 Sokolov—Krasno. Po provedeni prizkumnych praci
na povrchu a v podzemi byla zpracovana dokumentace zajisté-
ni ohlubné a stvolu jamy s piihlédnutim k historickému pavodu
a v souladu s postupy 16. stoleti, doplnénymi modernimi sanac-
nimi metodami. Ohlubenl jadmy byla vyzdéna z mistniho kamene
do hloubky 5,0 m, stvol jamy byl zajistén kamennou obezdivkou
v mistech navazujictho zavalu. Vystroj jamy je dfevéna s téZnim
a leznym oddélenim s dievénymi Zebiiky (obr. 7). Hloubka ¢ini
24 m, pficemz profil pfi povrchu je rozméra 2,5 x 1,5 m a smérem
do hloubky k navazujici komote se postupné zmenSuje na 1,2 x
0,8 m. Zachovéni piivodniho profilu znamenalo pfizplsobeni vy-
stroje jamy skuteCnym rozmérdm. Ze stvolu je vyraZzeno nékolik
pruzkumnych rozraZzek v tsporném profilu zakoncenych celbou,
pficemz v intervalu 8,0 aZ 12,5 m navazuje stvol na zavalenou ko-
moru komunikujici s povrchem. Kromé kamenné vyzdivky stény
jamy byl zéval komory zabezpecen stabiliza¢ni sténou z mikropilot
po celé vychodni a jizni sténé€, v poctu 14 ks, v délce 16 m, kotve-
nych v pevné pocvé komory v délce 2 az 3 m. Mikropiloty a zaval
byly stabilizovany cementovou injek¢ni smési s fizenou spotfebou.

zdroj: SG Geotechnika source: SG Geotechnika

the profile at the surface is 2.5 x 1.5m and gradually decreases with
the depth to 1.2 x 0.8m towards the chamber connection. Preserving
the original profile meant adapting the shaft equipment to the actual
dimensions. Several exploratory galleries of an economical size are
excavated from the shaft, while at an interval of 8.0 to 12.5m, the
shaft connects to a caved-in chamber which communicates with the
surface. In addition to the stone lining of the shaft wall, the caved-in
chamber was remediated by a stabilizing wall of micropiles along
the entire eastern and southern walls, with 14 pieces, 16m long,
embedded in the solid ground of the chamber bottom for a length
of 2 to 3m. The micro-piles and the cave-in were stabilized with a
cement injection mixture with controlled consumption volume. The
body and the mouth of the shaft were stabilized as well as the subsoil
of the road in the zone of influence.

Collapse of the old shaft SDDII (KS1)

In the fall of 2017, the surface above the historic mine complex
discovered in 2014 and documented in the following years (old
mine shafts (SDD), area II) collapsed. The sinkhole, 5.0m in
diameter and 2.0m deep, was subject to further exploration using
dynamic penetration probes and one exploratory borehole. The
results verified the existence of a vertical mine shaft 56m deep.
According to the newly compiled underground documentation,
this shaft provides access to ore extractions at least at three depth
levels representing mined-out mineralized positions. Subsequently,
remediation work began in the sinkhole in order to stabilize and




Obr. 7 Stard Sachta u silnice po vystrojeni v duchu 16. stoleti
Fig. 7 An old shaft by the road after being supported by the methods of the
16" century

Stvol a ohlubeii jamy byly stabilizovany a podloZi silnice v pAsmu
vlivu bylo zajisténo.

Propad staré Sachty SDDII (KS1)

Na podzim roku 2017 doslo k propadu povrchu nad komplexem
historickych dtlnich dél objevenych roku 2014 a v nasledujicich
letech zdokumentovanych (starych dilnich dél (SDD), oblast II).
Propad o priméru 5,0 m a hloubce 2,0 m byl podroben dal§imu pri-
zkumu pomoci sond dynamické penetrace a jednim plnoprofilovym
vrtem. Vysledky ovéfily existenci svislého dilniho dila hlubokého
56 m. Dle nové provedené dokumentace podzemi toto dilo zpfistup-
nuje dobyvky miniméalné ve tfech hloubkovych tGrovnich reprezentu-
jicich vydobyté zrudnéné polohy. Nasledné zapocaly zmahaci prace
v propadu za tcelem jeho stabilizace a obnoveni historické Sachty
(pracovné oznacené KS1). Geotechnicky prizkum potvrdil velmi
slozité geotechnické poméry (zavalové prostiedi) s neurcitou polo-
hou profilu Sachty. Projekt navrhl vyzméhéni propadu Sachty v pro-
filu 2,6 x 1,6 m pomoci hnaného pazeni union, s leznym a t€Znim
oddélenim, zavésenou ocelovou dilni vyztuzi K21 v kroku 1,0 m na
ohlubiiovém ramu. Ten je zabudovan v armované betonové ohlubrio-
vé desce o rozmérech 6,0 x 5,0 m, tloustky 0,55 m, zalozené 2,0 m
pod stavajici drovni terénu, tedy pod trychtyfem propadu. Predpo-
kladem bylo realizovat prizkumné dilo za icelem ovéfeni geotech-
nickych pomért propadu, pivodni Sachty a skute¢né hloubky skal-
niho masivu v misté. Sachty v okoli zastihuji skalni masiv vét§inou
do hloubky 5,0 m. Ve skalnim masivu mélo byt pokracovano v duchu
postupt 16. stoleti dievénou vyztuzi kotvenou ve stavajicim horni-
novém masivu.

V pribéhu praci se zjistilo, Ze jizni sténa od hloubky 11 m je
tvorena skalnim masivem pivodni jamy. Pro dosazZeni této hloub-
ky jiz bylo nezbytné zavalovy zeminovy materidl za paZenim (ze-
mina G3/S3-GS5 s balvany) lokalné stabilizovat chemickou injektazi
polyuretany. Ve 14 m se objevil i jihovychodni roh pivodni jamy.
Severni a zdpadni bok jamy stéle tvofil zdvalovy material. Zacalo
tedy dochazet k nerovnomémému seddni povrchu Zelezobetonové
desky ohlubné 25 a7z 40 mm (obr. 8). Na zdkladé doporuceni stati-
ka byla provedena opatieni spocivajici v odleh¢eni zatiZeni od dilni
vyztuZe. Severni sténa a severozdpadni roh jamy byly podchyceny
v hloubce 13 m vysokopevnostnim vazacim fetézem G10-16 zakot-
venym na povrchu v betonovém bloku. V kombinaci s odlehcova-
cimi vénci byly spodni rdmy vyztuZe opfeny o injek¢ni zavrtavaci
tyCe R32/250, zakotvené a zainjektované do stavajiciho horninového
masivu [5]. Po realizaci téchto opatfeni se pokracovalo v hloubeni
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restore the historic shaft (labeled KS1). The geotechnical survey
confirmed very complex geotechnical conditions (collapse area)
with an undetermined position of the shaft profile. The project
proposed to restore collapsed shaft by excavating a profile of 2.6 x
1.6m supported by steel-sheet forepoling (Union sheets), with
a climbing and mining section, U-channel mine support steel ribs
K21 suspended on a shaft mouth frame in a round length of 1.0m.
The frame is built in a reinforced concrete slab with dimensions
of 6.0 x 5.0m, thickness of 0.55m, embedded 2.0m below the
existing ground level, i.e. below the sinkhole funnel. The premise
was to carry out survey work in order to verify the geotechnical
conditions of the sinkhole, the original shaft and the actual depth of
the bedrock at the site. The shafts in the vicinity enter the rock mass
mostly to a depth of 5.0m. In the rock mass it was to be continued
in the spirit of the 16™ century procedures with wooden timber
embedded in the existing rock mass.

In the course of works, it was discovered that the southern wall
from a depth of 11m is formed by the rock mass of the original
shaft. In order to achieve this depth, it was already necessary to
locally stabilize the backfill material behind the lagging (G3/S3-
G5 of gneiss character with boulders) by chemical injection of
polyurethane. At 14m, the southeast corner of the original shaft
was also encountered. The north and west sides of the shaft were
still made up of collapsed material. Therefore, uneven settlement of
the surface of the reinforced concrete slab with a depression of 25
to 40mm began to occur (Fig. 8). Based on the recommendations
of a structural engineer, measures were taken to relieve the load
from the steel rib support. The north wall and northwest corner of
the shaft were underpinned at a depth of 13m with a high-strength
G10-16 tie chain anchored to the surface by a concrete block. In
combination with relief rings, the lower steel support ribs were
supported by injected borehole bars R32/250, anchored and injected
into the existing rock mass [5]. After the executing these measures,
excavation of the pit continued. At 16m, the southwestern corner of
the original pit also began to show up.

At the beginning of October, after heavy rains, work had to be
stopped when a depth of 20m was reached. Excessive vertical
uneven deformation of the horizontal steel ribs from a depth
of 40m (+24mm, +41mm), breakage of 3 hinges at the place
of the bolt of the friction coupling of the mining section on the
north wall and significant bulging of the hinges towards the shaft
between the depths of 5 to 13m. During the development of the
design and the constuction of the necessary measures, unsuitable
climatic conditions with new precipitations contributed to the
further development of deformation (+14mm, +23mm) and rupture
of the fourth hinge as well. Total deformation reached 63mm on
the southern and 104mm on the northern wall. The course of the
deformation is evident from the graph of the depression settlement
monitoring (Fig. 8). At the end of October, remedial work was
started according to the design of the structural engineer —
strengthening and supplementing the hinges of the horizontal steel
ribs along the entire depth of the shaft, adding steel spacers in the
corners between the horizontal steel ribs against uneven settlement
and strengthening with vertical waling beams along the entire
height of the shaft by mine channel steel ribs K21 in the mining
section (Fig. 9).

In the course of works and thanks to favorable climatic
conditions, the trend of the deformation development of was
mitigated. The development resumed after the pit was deepened
to a depth of 23m, where there was the planned connection to the
collapsed crosspassage and the adjacent mined-out chambers of the
Jeronym mine complex. Monitoring carried out at the shaft mouth
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monitoring ohlubné jamy - svislé deformace
monitoring of the shaft mouth - vertical deformation
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Obr. 8 Monitoring seddni ohlubné staré Sachty KS1
Fig. 8 Subsidence monitoring of shaft mouth of the old shaft KS1

jémy. V 16 m se zacal objevovat i jihozédpadni roh ptivodni jamy.
Zacéatkem fijna, po vydatnych destich, musely byt prace pri dosazeni
hloubky 20 m zastaveny. Byly zjistény nadmérné svislé nerovnomeér-
né deformace vodorovnych rami dilni vyztuZe od hloubky 4,0 m
(+24 mm, +41 mm), pietrzeni 3 ks zavést v misté Sroubu tfmenové
spojKy té€Zniho oddéleni na severni sténé a misty vyrazné vybouleni
zavésti smérem do jamy mezi 5. aZ 13. m. V pribéhu zpracovani
navrhu sanace a realizace nezbytnych opatieni prispély nevhodné
klimatické poméry novymi srdzkami k dal$imu rozvoji deformaci
(+14 mm, 423 mm) a pretrZeni i Ctvrtého zavésu. Celkové defor-
mace dosdhly 63 mm na jizni a 104 mm na severni sténé. Prubch
deformace je ziejmy z grafu provadéného monitoringu sedani ohlub-
né (obr. 8). Na konci fijna byly zahdjeny sanacni prace dle navrhu
statika — zesileni a dopInéni zavésti vodorovnych ramu po celé vysce
jémy, doplnéni ocelovych rozpér v rozich mezi vodorovnymi ramy
proti nerovnomérnému sedani a zesileni svislymi prevazkami po celé
vysce jamy dilnim profilem K21 v téZnim oddéleni (obr. 9). V pri-
béhu sanacnich praci a diky pfiznivym klimatickym pomériim doslo
ke zmirnéni trendu vyvoje deformaci. K jejich rozvoji opét doslo po
prohloubeni jdmy na hloubku 23 m, do mist planovaného napoje-
ni zavalené propojky a navazujicich vydobytych komor komplexu
dolu Jeronym. Monitoring provadény na ohlubni jamy i v nasledu-
jicim obdobi prokézal svislé deformace dilni vyztuze v zavislosti
na srazkéach a tani sné¢hové pokryvky (obr. 8). Z tohoto diivodu byly
v nasledujicich letech realizovany sanacni stabiliza¢ni injektaze za-
valového materidlu z povrchu, prohloubeni jamy do urovné skalni-
ho masivu a stabilizace stvolu jamy trvalou vyztuZi ze Zelezobeto-
nu s odleh¢ovacim véncem kotvenym svorniky v urovni ovéfeného
skalniho masivu [5]. Dnes jsou tyto prace dokonceny. Betonovy
povrch tvori strukturdlni matrice ve vzoru dievo. Jama je rozdéle-
na na lezné a téZni oddé€leni, vybavena dievénymi Zebriky a povaly.
Zavalena propojka do navazujicich komor je vyzméahana hornickym
zpusobem a zajiSténa primdrni i trvalou vyztuZi v misté napojeni na
jamu. V prabéhu hloubeni bylo vyuzito sond dynamické penetrace
k ovéfovani zavalu jamy na jejim dné€ a vyhledani skalniho masivu
pro zakotveni trvalé vyztuze jamy (obr. 10). Pfi ndvrhu zmahani pro-
pojky se vyuzilo laserového 3D scanovani propojovanych objektl
pro projekt a pro stanoveni potfebného vykazu vymér. Jdma dnes
slouzi k vétrani zpristupnéného komplexu podzemnich prostor, do-
pravé materidlu do podzemi, odtéZovani zavalového materidlu z na-
vazujicich podzemnich prostor, provadéni prizkumu a v neposledni
fadé€, v pripadé potieby, jako inikova cesta pro navstévniky podzemi
v dobé turistické sezony.

zdroj: SG Geotechnika source: SG Geotechnika

in the following period also demonstrated vertical deformation
of the mine steel ribs reinforcement depending on precipitation
and melting of the snow cover (Fig. 8). For this reason, in the
following years, stabilization grouting of the collapsed material
was performed from the surface, deepening of the shaft to the level
of bedrock, and stabilization of the shaft with permanent reinforced
concrete lining with a support collar anchored with bolts at the level
of the confirmed rock level were realized [5]. Today these works
are completed. The concrete surface has imprint of a wood pattern.
The pit is divided into climbing and mining sections, equipped
with wooden ladders and timber wood. The collapsed crosspassage
connected to the chambers is mined and supported with primary
and permanent lining at connection to the shaft. During excavation,
a dynamic penetration probe was used to verify bottom level of
the collapse and to locate the rock mass for anchoring the shaft
permanent lining (Fig. 10). During the design of the crosspasage
remediation, laser 3D scan of the connected mined spaces was
used to determine the necessary dimensions. Today, the shaft is
used to ventilate the accessible complex of underground spaces, to
transport material underground, to muck collapsed material from
adjacent underground spaces, to carry out research and finally, if
necessary, to serve as an escape route for underground visitors
during the tourist season.

Obr. 9 Zmdhdni staré Sachty v propadu, stav po sanaci vyztuze KS1
Fig. 9 Remediation of the old shaft in the collapsed area, situation after
remediation of the KS1 support




Tézni Sachta SDDIII (KS2)

V rdmci mezindrodni spoluprice Cesko-bavorského geoparku
vznikl projekt Zula a voda [4], ktery se zamé&fil na cile propojeni
jednotlivych komplexd dolu stavajicimi nepriichodnymi koridory
v zulovém masivu postiZzeném zavaly. Z predchozich prizkumi byly
znamy a zmapovany komplexy SDDII, SDDIII a objeven propojo-
vaci koridor v délce 80 m (na obr. 1 je jiz sou¢asti SDDIII). Je tvofen
dvéma prizkumnymi Stolami dsporného profilu, Zilnou a tizkou do-
byvkou, zdvalem staré Sachty a dvéma zavaly na kfiZeni stol a chod-
bice s navazujici zavalenou komorou. Klicové pro zpfistupnéni
a zajisténi tohoto spojovaciho koridoru bylo vyzmahéni a obnoveni
staré Sachty (pracovné oznafené KS2), kterd se nachazela piimo na
trase v misté zalomeni a v poloviné vzdalenosti spojovaciho korido-
ru. Predstavovala idedlni polohu pro t€Zni Sachtu (dopravu materialu
a odtéZovani zavali z trasy). Na povrchu byla jeji poloha rovnéz vy-
hodna pro snadny pfistup techniky a odklizu vytéZeného materidlu
mezi povrchovymi dobyvkami a ostatnimi pinkami.

Sondy dynamické penetrace poslouZily k ovéfeni Sachty, trych-
tyfovitého tvaru v zoné zvétrani, presného profilu jamy, charakte-
ru zasypu/zavalu a samotné hloubky. Na zakladé téchto vysledka
byl vytyéen tvodni ohlubfiovy rdm a vytvoreny piedpoklady pro
zajisténi ohlubné. Vzhledem k historické hodnoté a vhodnym geo-
technickym podminkdm byly zvoleny hornické postupy 16. stoleti
s drevénou vyztuZzi a vystroji jamy s leznym a t€Znim oddélenim do
kone¢né hloubky 19 m [1]. Profil plivodni jadmy na povrchu ¢inil
2,4 x 2,2 m, svétly profil vystrojeni 1,7 x 1,2 m. Dfevéna vyztuz je
kotvend v plivodnich nebo v nové vytvorenych kapsach horninového
masivu. Pivodni profil Sachty je smérem do hloubky nepravidelny
a zmenSuje se. VyraZen je v navétralé a alterované Zule. Ramy jsou
osazeny v nepravidelnych intervalech na vhodnych mistech s tpra-
vou pro lazka. V prvni poloviné jamy nebylo pouZito paZeni, vyjma
ohlubné (obr. 11). Ta je na usti v misté trychtyfovitého tvaru plné
zapaZena foSnami do hloubky 3,0 m a zajiSténa betonem s vyztuZi.
Do masivu je kotvend svorniky ve tfech radach. V druhé poloving
hloubky Sachty se jiZ nachézi rozfarani do navazujicich komor sever-
nim a severovychodnim smérem, které byly ze 2/3 zaplnény zavaly
komunikujicimi misty s povrchem. Sachta se v mist& komory rozsi-
fila na 4 a7z 5 m a zajitovani zavalu v pribéhu hloubeni pfedstavo-
valo technicky a Casovy problém. Zmahani probihalo v kroku 0,8
az 1,0 m za pomoci ru¢né predrdZenych jehel nebo jejich zardZenim
sbijecimi kladivy v rozte¢i 10 az 15 cm vzhledem k piscito-balva-
nitému charakteru zévalu. Ocelové jehly byly stabilizovany v celé
$ifi komory rovnymi profily dilni vyztuze K21, zakotvené v bocich

Obr. 11 Stvol staré Sachty po vyzmdhdni a vystrojeni v duchu 16. stoleti, KS2
Fig. 11 Old shaft after remediation and equipment restoration by the mehtods
of the 16" century, KS2
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Obr. 10 Priizkumné sondy dynamické penetrace v jamé KS1
Fig. 10 Exploration probes of dynamic penetration in the KS1 shaft

Mining shaft SDDIII (KS2)

As part of the international cooperation of the Czech-Bavarian
Geopark, the Granite and Water project [4] was created, which
focused on connecting individual mine spaces through existing
impassable corridors in the granite massif affected by collapses.
From previous surveys, the SDDII, SDDIII complexes were known
and mapped, and an 80m long connecting corridor was discovered
(in Fig.1, it is already part of SDDIII). It is made up of two
exploratory galleries of an economical profile, a narrow vein stope,
collapsed old shaft and two collapses at the crossing of galleries
and a corridor connected to caved-in chamber. The key to making
this connecting corridor accessible and safe was the recovery
and restoration of the old shaft (designated KS2), which was
located directly on the route at the point of the bend and halfway
through the connecting corridor. It represented an ideal location
for a mining shaft (transportation of material and removal of muck
from the route). Its surface location was also advantageous for easy
access of equipment and removal of excavated material between
surface extraction pits.

Dynamic penetration probes were used to verify the shaft, the
funnel shape in the weathering zone, the exact profile of the shaft,
the nature of the backfill/collapsed material and the depth. Based
on these results, the initial support frame at the shaft mouth was
laid out and prerequisites for remedying the shaft top were created.
Due to the historical value and suitable geotechnical conditions,
16™ century mining methods were chosen with wooden support and
shaft equipment with climbing and mining sections to a final depth
of 19m [1]. The profile of the original shaft on the surface was 2.4 x
2.2m, the clearance profile was 1.7 x 1.2m. The wooden support is
anchored in the original or newly created pockets of the rock mass.
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jamy do vytesanych lizek opatienych svorniky a betonovou mazani-
nou. Sténa jamy v misté zavalu byla dodate¢né zapaZena dfevénymi
foSnami za nove osazené dfevéné ramy dalni vyztuze. Nasledné byly
vyzmdhdny jamové zavaly ve sméru spojovacich koridort a jadma
mohla byt vyuzita k jejich obnové do pivodniho profilu, ve sméru
do komplexu SDDIII v délce 40 m a ve sméru do komplexu SDDII
v délce 20 m. V soucasné dobé jama slouZi k pfirozenému odvétra-
ni jednotlivych komplexti, dopravé materidlu, odt€Zovani rubaniny
z podzemi a v sezoné k vystupu navstévnikil podzemi z tzv. adrena-
linové naucné prohlidkové trasy.

SPOJOVACI KORIDORY MEZI KOMPLEXY DOLU

Prizkumné prace v podzemi objevily potiebné propojky mezi
komplexy dilnich dél bez nutnosti raZzby novych spojeni v histo-
rickém dole a tim znehodnoceni narodni kulturni pamatky. Kom-
plex starych dilnich dél SDDI byl objeven v roce 1982, SDDII
v 1ét€ 2014 a SDDIII na podzim 2014 (obr. 1). Jsou oddé€leny zava-
ly nebo kombinaci zavald a tvofeny nestabilnimi ¢i neprichodny-
mi prizkumnymi dily dspornych profili vzniklych pfi vyhledavani
zrudnénych poloh. Komplex SDDI byl nové zajiSfovan prevazné
dozdivanim, pfizdivinim stavajicich porusenych nebo zeslabenych
mezikomorovych pilifd kritickych parametri a vystavbou novych
podpérnych kamennych piliid podfaranych horninovych bloku. Pfi
odtéZzovani zavall a splavenych sedimentli v komorach byl pfi jejich
odlehcovani vyuZit monitoring vyrubu komor a jejich mezikomoro-
vych pilifd. Zaroven bylo feSeno zatdpéni spodnich ¢asti dolu po-
vrchovou vodou prosakujici skrze zavaly komunikujici s povrchem.
Komplex SDDI je pro navstévniky dolu zpfistupnén novou Stolou
a Sachtou od roku 2013.

Komplex SDDII byl objeven pii vyzmahani jedné z tsporné vy-
razenych prizkumnych Stol. Vede z komory, v niZ bylo nésledné
objeveno dievéné potrubi pro Cerpani dilnich vod a hloubégji na sté-
né geodetickd znacka Stufa 1629 (letopocet postupu praci v dole).
Nevyhovujici profil spojovaci chodby 0,7 m? vysky 1,2 m a Sife
0,6 m vedl ke vzniku projektu pro nalezeni a vybudovani nového
vyhovujiciho spojeni. Existovalo pouze jediné feSeni, a to vyzmdha-
ni starého zavalu propadu tzv. Velké pinky. Na povrchu se projevuje
trychtyfovitym propadem o piidorysnych rozmérech 22,0 x 15,0 m
a hloubce 5,0 m. Vhodné misto ke zmahani zévalu bylo vytipova-
no v okrajové ¢asti komory s alespon jednou pevnou skalni sténou,
o kterou se zaprely a do ni ukotvily uzaviené ramy dilni ocelové
vyztuZze K21 lichobéZznikového profilu. Za pomoci predraZeného
paZzeni union bylo mozZné zaval oddé€lit od budovaného priichoziho
koridoru profilu 3,6 m* Krok vystavby dulni vyztuZe byl stanoven
na 0,8 m s plnym paZenim Celby foSnami v horizontalnim ¢lenéni,
tzv. délenymi ¢ilky. Zméhani zavalu probihalo v hloubce cca 30 m.
PrestoZe bylo nacasovano na cerven, do obdobi s vhodnymi klima-
tickymi poméry, doSlo v patek po deStich a opuSténi pracovisté ke
ztekuceni jilovito-pis¢itého materidlu ze zavalu v nadloZi a k jeho
preteCeni pres zapaZenou Celbu do jiz vyzmdhaného tseku v obje-
mu 12 m?. Ziskané zkuSenosti byly zapracovany do technologického
postupu zmahdani s dirazem na kvalitni a stabilni zapaZeni Celby, ze-
jména v horni ¢asti a zaji$téni proti destrukci pfi pfivalu ztekucenych
materialll zavalu. V pribéhu provadéni praci a zmahani zévalu byl
zajistén kontinualni geotechnicky monitoring pfilehlého poruseného
a zeslabeného mezikomorového pilife, ktery mél byt jednostranné
odleh¢en v disledku odtézeni zavalu v mocnosti az 2,5 m. Na odluc-
nych trhlindch mezikomorového pilife byly osazeny strunové dilato-
metry s online pfenosem na webovou aplikaci. V soucasné dobé je
spojovaci koridor mezi komplexy SDDI a II zajistén dilni ocelovou
vyztuzi s ocelovymi pazinami union a slouZi k prohlidkdm navazu-
jicich dtlnich del.
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The original profile of the shaft is irregular and decreases in depth.
It is excavated in weathered and altered granite. Frames are fitted
at irregular intervals in suitable bedding locations. Support was not
used in the first half of the shaft, except for the shaft mouth (Fig. 11).
The shaft mouth is in a funnel-shaped area, and it is fully braced
with wood lagging to a depth. 3.0m and supported with reinforced
concrete. It is anchored to the rock with bolts in three rows. In the
second half of the shaft depth, there is already a passage into the
chambers in the north and northeast direction, which were 2/3 filled
with collapsed material and in places sinkholes communicated
with the surface. The shaft widened to 4 to Sm at the chamber, and
remedying the collapse during excavation represented a technical
and time-consuming problem. Excavation took place in steps of 0.8
to 1.0m with the help of spiles driven manually or with pneumatic
hammers at a spacing of 10 to 15cm due to the sandy-boulder
nature of the collapsed material.

The spiles were supported across the entire width of the chamber
by straight steel channel ribs K21, embedded in the sides of the
shaft into carved-out pockets equipped with bolts and concrete
mortar. The wall of the shaft at the collapse site was additionally
braced with wooden lagging behind the newly installed wooden
frames. Subsequently, the shaft collapsed sites in the direction of
the connecting corridors were excavated and the shaft could be
used for restoration to the original profile, in the direction of the
SDDIII complex in a length of 40m and in the direction of the
SDDII complex in a length of 20m. Currently, the shaft is used
for natural ventilation of the individual complexes, transport of
material, mucking from the underground and, in season, for the
ascent of underground visitors from the so-called adrenaline
educational tour.

CONNECTING CORRIDORS BETWEEN MINE COMPLEXES

Exploration work in the underground discovered the necessary
links between the mine complexes without the need to excavate new
connections in the historic mine and thereby devalue the national
cultural monument. The old mine complex SDDI was discovered in
1982, SDDII in summer 2014 and SDDIII in autumn 2014 (Fig. 1).
They are separated by collapses or by a combination of collapses
and are formed by unstable or impassable exploratory galleries
of economical profiles created during the search for mineralized
deposits. The SDDI complex was newly remediated mainly by
adding masonry to existing broken or weakened chamber pillars
of critical parameters and by construction of new supporting stone
pillars made of rock blocks. Monitoring of the chambers walls and
their pillars was used during mucking of the collapsed material and
floated sediments in the chambers. At the same time, the flooding
of the lower parts of the mine by surface water seeping through
the collapses and communicating with the surface was solved. The
SDDI complex has been accessible to mine visitors through a new
tunnel and shaft since 2013.

The SDDII complex was discovered while excavating one of the
exploratory galleries. It leads from the chamber, in which a wooden
pipe for pumping mine water was subsequently discovered, and
deeper on the wall, a geodetic mark of 1629 (date of work progress
in the mine). The unsatisfactory profile of the exploratory gallery of
0.7m?, height 1.2m and width 0.6m led to a project task to find and
build a new suitable connection. There was only one solution, and
that was to reclaim the old sinkhole of the so-called Velkd Pinka. On
the surface, it manifests itself as a funnel-shaped depression with
plan dimensions of 22.0 x 15.0m and a depth of 5.0m. A suitable
place to remediate the collapse was selected in the peripheral part
of the chamber with at least one solid rock wall, against which




O propojovacim koridoru SDDII-III byla jiZ zminka pfi obnové
t€Zni Sachty. Po vyzméhani a zajisténi tfi zavald v trase a obnoveni
profild usporné vyrazenych chodeb je dnes zakomponovéan do né-
vStévnické adrenalinové trasy, kterd prochazi nedot¢enymi historic-
kymi dtlnimi dily z 15.—16. stoleti a zpristupniuje komplex SDDIII

objeveny v roce 2014 a zpfistupnény v roce 2023.

OBNOVENiI ODVODNOVACIHO KORIDORU
A ODVODNOVACICH STOL

Jednim ze soucasnych cili projektu na dole Jeronym je zajiste-
ni kontrolovaného odtoku dilnich vod ze zatépéjicich se Casti dolu
a obnova druhé, nové objevené, odvodnovaci Stoly Barbora. V pr-
vém piipadé se jednd o komory a chodby zatdpégjici se v disledku
prusakt povrchovych srazkovych vod zévaly do podzemi. Vyrazena
dila ve sklonu loZiska zde vytvaii prirozeny drendzni systém s aku-
mulaci vod v nejniz8ich ¢astech dolu bez zajiSt€ného gravitatniho
odtoku. Kromé prizkumu podzemi a nepropustnych zavali, s hleda-
nim pfirozené cesty odtoku, je navrZena a schvalena varianta malo-
profilového upadniho odvodiovaciho vrtu mezi komorou komplexu
SDDI a komorou komplexu SDDII v délce cca 40 m (obr. 5). Ta
je prusaky skrze zavaly napojena na stavajici funkéni odvodnovaci
Stolu vyusténou do mistni vodotece. K ndvrhu feSeni tak naro¢né-
ho tkolu ve slozitych podminkach dolu bylo vyuZito laserového 3D
scanovani zajmovych prostor, které poslouZi i pro nasledné vytyceni
a nasmérovani vrtnych praci.

V druhém piipadé se jedna o obnovu zcela nepfistupné a nezndmé
odvodiovaci Stoly Barbora, postiZzené na trase velkym mnoZzstvim

Obr. 12 Stav odvodriovaci Stoly Barbora pred obnovou
Fig. 12 The state of the Barbora drainage gallery before remediation
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the steel ribs K21 forming a trapezoidal profile could be braced or
embedded into. With the help of steel-sheet forepoling pre-installed
by hammering ahead of excavation face, it was possible to separate
the cave-in from the current excavation of a corridor of the 3.6m?
profile. The excavation round length and the ribs spacing was set
at 0.8m and the excavation face was horizontally divided and each
opening was fully supported by wooden lagging. The collapse
remediation took place at a depth of approx. 30m.

Although works were planned for June, a period with suitable
climatic conditions, on Friday, after the rains and workers leaving
the workplace, the clayey-sandy material from the collapse in the
overburden liquefied and overflowed through the face support with
avolume of 12m? into the already reclaimed section. The experience
gained in this way was incorporated into the technological process
of remediation, with an emphasis on high-quality excavation
face stabilization, especially at the roof, and protection against
failure in the event of an inflow of liquefied collapse materials.
During the execution of the works and the collapse remediation,
continuous geotechnical monitoring of the adjacent broken and
weakened chamber pillar was ensured, which was supposed to be
unilaterally unloaded due to the removal of the caved-in material
up to a height of 2.5m. String dilatometers were installed onto the
separation cracks of the chamber pillar with online transmission
to the web application. Currently, the connecting corridor between
the SDDI and II complexes is supported by mine steel ribs with
steel-sheet lagging and is used for inspections of the adjacent mine
spaces.

The SDDII-III connecting corridor was already mentioned
during the remediation of the mining shaft. After excavating and
remedying three cave-ins in the route and restoring the profiles
of the excavated corridors, today it is included in the visitor’s
adrenaline route, which passes through untouched historical
mining parts from the 15" and 16" centuries, and makes available
the SDDIII complex, which was discovered in 2014 and made
accessible in 2023.

RESTORATION OF THE DRAINAGE CORRIDOR AND DRAINAGE
GALLERIES

One of the current goals of the Jeronym mine project is to ensure
the controlled drainage of mine waters from the flooded parts
of the mine and the restoration of the second, newly discovered
Barbora drainage gallery. In the first case, these are the chambers
and corridors that get flooded as a result of seepage of surface
rainwater, which seeps into the underground through cave-ins.
Excavations in a slope of the ore deposit form a natural drainage
system with accumulation of water in the lowest parts of the
mine without possibility of gravity drainage. In addition to the
exploration of the underground and impermeable sinkholes, with
the search for a natural drainage path, a variant of a small-profile
drainage borehole between the chamber of the SDDI complex and
the chamber of the SDDII complex with a length of about 40m is
designed and approved (Fig. 5). This is connected through seeping
sinkholes to the existing functional drainage gallery that discharges
into the local watercourse. Laser 3D scanning of areas of interest
was used to propose a solution for such a demanding task in the
complex conditions of the mine, which will also be used for the
subsequent layout and directing of drilling work.

In the second case, it concerns the remediation of the completely
inaccessible and unknown Barbora drainage gallery, affected by
a big number of large or small cave-ins along the route (Fig. 12).
The gallery is excavated in the overlying gneiss and its length is
expected to be approx. 450m. In previous years, its entrance was
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vétsich ¢i mensich z4vali (obr. 12). Stola je vyraZena v nadloZnich
rulach a jeji délka se predpoklada cca 450 m. V predchozich letech
bylo provedeno zajisténi jejiho usti, zajistén gravitacni odtok vyté-
kajicich dilnich vod pred Stolou osazenim odvodiiovaciho potrubi
DN 250 v délce 60 m, uloZeného v hloubce 2,5 az 5,0 m, a obnove-
na tvodni ¢ast Stoly v délce 40 m. V soucasné dobé probihaji prace
na zajiSténi vyrubu uvodni Casti Stoly ve vytipovanych kritickych
usecich, priprava na vyzmahani navazujiciho zavalu a zajiStovaci
prace v misté nové vybudované Sachtice v propadu Stoly s 10 m
mocnym nadloZim dotéenym antropogenni ¢innosti.
ZAVER

Dl Jeronym je historickou ukazkou hornické prace naSich pred-
ki z obdobi 15.—17. stoleti nedotéené novodobou téZbou. Jednd se
o unikétni a jedine¢ny komplex dtlnich d€l dokumentujicich zpi-
sob dobyvani (obr. 2 az 4), prizkumu a fizeni t€Zby v 16. stoleti,
znamé predevsim ze souhrnného dila Georgia Agricoly vydaného
v roce 1556. Dil je otevien klasickymi stfedoveékymi Sachticemi
s obdélnikovym profilem, s pokracovanim tklonnymi a horizon-
talnimi chodbicemi a komorami s mnoha drobné&jS$imi dalnimi
dily rtznych funkci a vyznamu az do nejnizsiho t€Zebniho hori-
zontu napojeného na odvodiovaci $tolu v délce pres 400 m. Pro
vysoky stupeni zachovani ptivodni hornické prace a jedinecnost
uchovani historického dolu jako celku ptedstavuje dil Jeronym
unikatni montanni pamétku reprezentujici evropskou hornickou
kulturu stfedovéku. Pfistup k zachrané a zajiSténi historického
dolu je témito skutenostmi vyznamné ovlivnén a zvolené po-
stupy v maximélni mozné mite akceptuji postupy 16. stoleti. Ve
vyjimecnych pfipadech jsou voleny moderni metody zajiSténi
a materialy, jejichZ nasazeni je nezbytné pro zachranu konkrétniho
dila, splnéni ucelu v redlnych podminkéch a zajisténi bezpecnosti
provadéni.

V kvétnu roku 2023 byl vefejnosti zpifistupnén komplex SDDII
a ve formé adrenalinové trasy i komplex SDDIII. Podzemi histo-
rického dolu je rovnéZz vyuzivano Hasi¢skym zichrannym sborem
Karlovarského kraje pro cviceni zdchrannych zasahii ve Spatné pri-
stupném prostoru. SlouZi jako podzemni vyzkumné pracovisté pro
vysoké Skoly a védecké instituce, véetné Narodniho pamatkového
ustavu v Lokti, ktery zde provadi archeologicky vyzkum a priizkum
montdnniho charakteru. Pro banské zachranare je to vhodnd cvicna
lokalita osvojovani banskych zachrannych postupti a zasahii v auten-
tickém hornickém prostiedi.

Na lokalité¢ budou nadéle pokracovat zajiStovaci prace charakte-
ru obnovy odvodiiovaci Stoly, zajiSténi gravitacniho odtoku dilnich
vod, vCetné zajisténi vybranych kritickych ¢asti dolu.

Ing. MARTIN SEFRNA,
Martin.Sefrna@geotechnika.cz, SG Geotechnika a.s.
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remediated, and the mine waters gravity draining by installing
a DN250 drainage pipe in a length of 60m, laid at a depth of 2.5
to 5.0m, and the front part of the gallery with a length of 40m has
been restored. Work is currently underway to stabilize excavated
walls of the entrance part of the gallery in selected critical
sections, and to prepare for coping with adjacent collapse and for
remediating work at the site of the newly built shaft in the gallery
cave-in under a 10m thick overburden affected by anthropogenic
activity.

CONCLUSION

The Jeronym Mine is a historical example of the mining work
of our ancestors from the 15"-17™ centuries untouched by modern
mining methods. It is a unique mine complex documenting the
method of mining (Fig. 2 to 4), exploration and management of
mining in the 16th century, known mainly from the comprehensive
work of Georgia Agricola published in 1556. The mine is opened
by classic medieval shafts with a rectangular profile, and includes
inclined and horizontal corridors and chambers with many smaller
mine parts of various functions and significance up to the lowest
mining horizon connected to a drainage gallery over 400m long.
The Jeronym mine represents a unique monument representing the
European mining culture of the Middle Ages thanks to the high
degree of preservation and the preservation uniqueness of the
historic mine. The approach to safeguarding and remediation of
the historic mine is significantly influenced by these facts, and the
chosen procedures use the procedures of the 16™ century as much
as possible. In exceptional cases, modern support methods and
materials are chosen, whose utilization is necessary for preservation
of specific parts, and for ensuring the safety of remediation in real
conditions.

In May 2023, the SDDII complex and, in the form of an
adrenaline route, also the SDDIII complex were made available
to the public. The underground of the historic mine is also used
by the Fire and Rescue Service of the Karlovy Vary region for
practicing rescue interventions in hard-to-reach areas. It serves
as an underground research facility for universities and scientific
institutions, including the National Monument Institute in Loket,
which conducts archaeological research and mining exploration.
For mine rescuers, it is a suitable training location for mastering
mine rescue procedures and interventions in an authentic mining
environment.

At the locality, remediating work for the restoration of the
drainage gallery, ensuring the gravity drainage of mine waters,
including the stability of selected critical parts of the mine, will
continue.

Ing. MARTIN SEFRNA,
Martin.Sefrna@geotechnika.cz, SG Geotechnika a.s.
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FOTOREPORTAZ 20O SLAVNOSTNEHO OTVORENIA
RYCHLOSTNEJ CESTY R4 PRESOV, SEVERNY OBCHVAT, I. ETAPA,
S TUNELOM BIKOS DNA 25. SEPTEMBRA 2023
PICTURE REPORT FROM THE OPENING CEREMONY
OF THE FAST HIGHWAY R4 PRESOV, NORTHERN BYPASS, STAGE I,
WITH THE BIKOS TUNNEL ON 25 SEPTEMBER 2023

ZDROJE FOTOGRAFI(: ARCHIV TUCON, A. S. / PHOTO SOURCES: ARCHIVE OF TUCON, A. S.
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Obr. 1 Usek rychlostnej cesty pred severnym portdlom tunela Biko§ Obr. 2 Pohlad dovniitra tunela v mieste niidzového zdlivu
Fig. 1 Fast highway section in front of the northern portal of the Bikos tunnel Fig. 2 A view down the tunnel in the location of emergency lay-by

Obr. 3 Sldvnostné otvorenie . etapy severného obchvatu mesta PreSov Obr. 4 Strihanie pdsky pred portdlom tunela
Fig. 3 Opening ceremony of PreSov northern bypass, stage I Fig. 4 Tape cutting in front of tunnel portal

| . - ey T
E " e e e e W \ u
Obr. 5 Severny portdl tunela Obr. 6 Rychlostnd cesta v tiseku pred juZnym portdlom
Fig. 5 Northern portal of the tunnel Fig. 6 Fast highway section in front of southern portal
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FOTOREPORTAZ 2 WS[AVBY TUNELU POHURKA
PICTURE REPORT FROM POHURKA TUNNEL CONSTRUCTION

FOTO ING. MARIAN FAKTOR A ING. PAVEL RUZICKA, PH.D. / PHOTO ING. MARIAN FAKTOR END ING. PAVEL RUZICKA, PH.D.
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Obr. 1 Pohled na jizni portdl tunelu Pohiirka (aktudlni stav) Obr. 2 Pohled na severni portdl tunelu Pohiirka (aktudlni stav)
Fig. 1 A view of the Pohiirka tunnel southern portal (current state) Fig. 2 A view of the Pohiirka tunnel northern portal (current state)
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Obr. 3 Bednéni stiredni délici stény a stropni desky Obr. 4 VyztuZ spodni desky
Fig. 3 Central dividing wall and floor slab Formwork Fig. 4 Reinforcement of bottom slab
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Obr. 5 Budouci propojeni tunelovych trub Obr. 6 Vyplii prostoru mezi konstrukci tunelu a §tétovnicemi popilkobetonem
Fig. 5 Future cross passage between tunnel tubes Fig. 6 Filling of space between tunnel structure and sheetpiles with cinder
concrete
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

SEDMDESATILETE VYROCI OTEVRENI LETENSKEHO TUNELU )
SEVENTY-YEAR ANNIVERSARY OF THE OPENING OF THE LETNA TUNNEL

On 26 September 1953, the 423m long Letna tunnel was opened.
It became the second Prague road tunnel after the VySehrad tunnel.
The Letn4 portal on the northern side of the tunnel was located in
Nad Stolou street, where a 160m long ramp was built, while the
southern portal on the Vltava river embankment was directed to
the Sverma bridge, today the Stefanik bridge. The Letna tunnel
was largely constructed in Ordovician shale using the classical
Austrian System. There were two extremely complicated places
on the tunnel route. In the southern part, the tunnel collided with
one of the five shafts from which the historic Rudolf’s Gallery was
dug at the end of the 16™ century, providing water for the ponds in
the then Royal Game Preserve (today’s Stromovka Park).

In the northern part of the tunnel, its route passed under the
building of the agricultural museum, whose foundations had to
be stabilised by a structurally very demanding construction of
reinforced concrete underpinning beams. In 2002, the Letna
tunnel underwent reconstruction, during which the original granite
cobblestone pavement was removed and the lighting on the walls
was replaced by fluorescent lighting in the tunnel vault. A high
quality safety system connected to a central control room was also
installed to monitor the traffic situation, accidents and increased

temperatures in the event of a fire. The flood in 2002 caused

archiv autora author’s archive

Obr. 1 Otevreni Letenského tunelu 26. zdri 1953
Fig. 1 Letnd tunnel opening on 26 september 1953
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Obr. 2 Trasa Letenského tunelu
Fig. 2 Letnd tunnel route

a significant growth in deformations in the area of the base of the
southern slope of the of Letné plain, which resulted in cracks in
the tunnel lining. The proposed rehabilitation measure consisted
of a 70cm thick reinforced concrete portal wall into which the
heads of very long six-strand anchors with a capacity of 840kN
were embedded. The rehabilitation of the portal, which was
carried out between October and December 2002, reliably ensures
the permanent stability of the southern slope of the Letna plain.

Prvnim prazskym silnicnim tunelem byl pouhych 35 m dlou-
hy Vysehradsky tunel propojujici Nové Mésto s Podolim od roku
1904. Az témér po padesati letech, 26. zari 1953, byl otevien dru-
hy tunel — Letensky, od jehoZ slavnostniho otevieni uplynulo ne-
davno sedmdesat let (obr. 1).

Prvni dva dny mohli tunel vyuzivat jen chodci, poté byl umoz-
nén i automobilovy provoz. O stavbé této dilezité komunikace
propojujici Letnou a Nové Mésto jednaly tfady od prvni poloviny
20. stoleti, k jiz zcela zapomenutym povrchovym feSenim patii
realizace lanové drahy z obdobi VSeobecné vystavy v roce 1891
a jezdici schody z 30. let minulého stoleti. PfisluSnymi ufady (ma-
gistratem a ministerstvem vetejnych praci) byl uprednostnén na-
vrh na realizaci podzemni stavby, ten vSak byl nékolikrat ménén,
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Obr. 3 (a) Vydreva plného vylomu, (b) skruZ pro zdeéni klenby
Fig. 3 (a) Timbering of full excavation, (b) scaffolding for vault bricklaying
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Obr. 4 Pivodni vykres pricného rezu — typ 2
Fig. 4 Original drawing of the cross-section — type 2

vypustén byl napt. zamér vést tunelem tramvajovou trat. Konecny
projekt byl vytvoren v druhé poloving 40. let 20. stoleti.

Trasa Letenského tunelu v délce 423 m byla navrZena Castec-
né v pfimé, se dvéma protismérnymi oblouky o poloméru 100
a 169 m u portald, s niveletou ve sklonu 5,5 %. Letensky portal na
severni stran& tunelu byl situovan do ulice Nad Stolou, v niZ byla
vybudovana 160 m dlouhd rampa, jizni portal u vltavského nébrezi
byl nasmérovan na Svermiv most, dnes Stefanikiv (obr. 2).

Razba Letenského tunelu byla v ordovickych bfidlicich z pod-
statné Casti realizovana klasickou Rakouskou soustavou pouZivaji-
ci jako docasné zajisténi vyrubti vydfevu. Vydfeva plného vylomu
je znazornéna na obr. 3a, véetné skruze pro zdéni klenby (obr. 3b).
Definitivni osténi tunelu s vnitini Sitkou 10,3 m a vyskou 6,5 m
(obr. 4) bylo vytvoreno opérami z monolitického betonu, nosna
horni klenba byla vyzdéna z betonovych klendki vahy cca 90 kg.
V Casti tunelu byla provedena vnitini meziklenba vytvérejici pro-
stor pro nucené vétrani tunelu (instalace ventilatorti probéhla az
tfinéct let po otevieni tunelu, v roce 1966). Lic definitivniho osténi
byl obloZen svétlymi keramickymi dlazdicemi.

V trase tunelu byla dv€ mimorddné komplikovand mista. V jiZni
c¢asti doslo pri razbé€ ke kolizi s jednou z péti Sachet, z nichZ byla
na konci 16. stoleti razena historickd Rudolfova §tola zajistujici
napdjeni jezirek v tehdejsi Kralovské obore (dneSni Stromovce).
Cast Sachty, ktera je na uméleckém planu Rudolfovy Stoly ozna-
Cena jako Ctvrtd (el quarto), musela byt vybourdna a zbytek byl
zaslepen. V severni ¢asti tunelu prochézela jeho trasa pod budovou
zemédélského muzea, jehoz zaklady musely byt zajistény staveb-
né velmi narocnou konstrukci Zelezobetonovych podchycovacich
nosnika (obr. 5).

V roce 2002 proSel Letensky tunel rekonstrukci, pfi niZ byla
z vozovky odstranéna pivodni dlazba z Zulovych kostek a osvét-
leni na sténach bylo nahrazeno zafivkovym osvétlenim v klenbé
tunelu. Instalovan byl také kvalitni bezpecnostni systém napoje-
ny na centrdlni dispecink monitorujici dopravni situaci, nehody
a zvySenou teplotu pfi vzniku poZaru.

Povodeii v roce 2002 vyvolala vyrazny nartst deformaci v ob-
lasti paty svahu jizni strané Letenské plané, které se na osténi tu-
nelu projevily trhlinami. NavrZzené sana¢ni opatieni bylo tvoreno
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Obr. 5 Podchyceni budovy zemédélského muzea Zelezobetonovymi nosniky
Fig. 5 Underpinning of Museum of Agriculture with reinforced concrete beam

portilovou Zelezobetonovou sténou tloustky 70 cm, do niZ byly
zapu$tény hlavy velmi dlouhych Sestipramencovych kotev s tinos-
nosti 840 kN. Predpjaté kotvy v poc¢tu 8 ks na kazdé strané por-
talu maji délku 45 m a kotfen dl. 16 m upnuty do zdravé horniny

archiv Zakldddni staveb, a.s. Zakldddni Stveb, a.s. archive
Obr. 6 Sanace jizniho portdlu po povodni v roce 2002
Fig. 6 Stabilisation of southern portal after the flood in 2002

(obr. 6). Sanace portélu, kterd byla provedena v fijnu aZ prosinci
2002, spolehlivé zajistuje trvalou stabilitu jiZniho svahu letenské
plané.

prof. Ing. JIRI BARTAK, DrSc.

CYKLISTICKY TUNEL V NORSKEM BERGENU JE OTEVREN
THE CYCLE TUNNEL IN BERGEN, NORWAY IS OPEN

Basic information about the planned long cycle tunnel in Bergen
was presented in TUNNEL No. 2/2023 in the section From the world
of underground construction under the title A long tunnel opens for
cyclists. It is now possible to supplement the knowledge of this
remarkable tunnel with some information and photos related to the
start of operation in the Fyllingsdalen cycle tunnel during 2023.

Zakladni informace o piipravovaném dlouhém cyklotunelu v Ber-
genu byly uvedeny v TUNELU ¢&. 2/2023 v rubrice Ze svéta podzem-
nich staveb pod ndzvem Otevira se dlouhy tunel pro cyklisty. Nyni
je mozno doplnit védomosti o tomto pozoruhodném tunelu o nékolik
informaci a fotografii souvisejicich se zahdjenim provozu v cyklotu-
nelu Fyllingsdalen v pribéhu roku 2023 (obr. 1). Jak jiz bylo v mi-
nulém ¢lanku zminéno, vedeni mésta pfijalo v ramci snahy omezit
trvaly nartist automobilové dopravy rozhodnuti investovat 300 mi-
liond norskych korun (28 milionti dolart, tj. cca 670 milioni K¢) na
cyklotunel, a to formou rozSifeni podzemni tunikové cesty paralelné
situovaného stejnojmenného tunelu povrchové rychlodrahy.

Obr. 1 Ndvstévnici v odpocivadle uprostred cyklotunelu pri jeho otevieni
Fig. I The tunnel opening — visitors at the rest area in the middle of the cycle
tunnel

Obr. 2 Obdivovatelé cyklotunelu Fyllingsdalen
Fig. 2 Fyllingsdalen cycle tunnel admirers

Obr. 3 Cyklisticky provoz v novém tunelu
Fig. 3 Cycling traffic in the new tunnel
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Obr. 4 Soucdsti cyklostezky je tunel Kronstad s délkou 473 m
Fig. 4 The 473m long Kronstadt tunnel is also part of the cycle path

Tunel Fyllingsdalen je s délkou 2,9 km
podstatnou ¢asti nové 7,8 km dlouhé cyk-
lostezky vedouci z jihu do centra Bergenu.
Témer tiikilometrova stezka je v tunelu
prevazné v pfimé, s mirnymi oblouky u jiz-
niho i severniho portalu. Vedle velkoryse
dimenzované cyklostezky pro oba sméry je
mirné vyvySeny modry chodnik, vyrobeny
ze smési obvyklé na béZeckych tratich. Pod
klenbou tunelu jsou umisténa svétla, kterd
maji po délce tunelu rizné duhové barvy
(obr. 2, 3).

V severni Casti cyklostezky je jeSté tunel
Kronstad dlouhy 473 m (obr. 4), situovany
a vybudovany v souvislosti s prestavbou
Zelezni¢niho koridoru. Cyklista z méstské
oblasti Fyllingsdalen nyni projizdi obéma
tunely na cesté do centra mésta. Nicméné
ziejmé dlouhodobé zakonzervovani cyk-
lostezky v centru mésta bez propojeni do
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Obr. 5 Informativné-propagacni panely v cyklotunelu Fyllingsdalen
Fig. 5 Informative and promotional panels in the Fyllingsdalen cycle tunnel
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severni Casti mésta je kritizovano jak cyklisty, tak odborniky na
udrZitelnou automobilitu a klimatickymi aktivisty. Je skute¢nos-
ti, Ze od severu dosud do centra Zadna cyklisticka stezka nevede,
nicméné vedeni mésta planuje do roku 2030 jejich sit podstatné
roz§ifit.

Uvedend investice umoZnila vybudovat mimotadné kvalitni stez-
ku pro cyklisty a chodce, jejiz vyuZiti rychle vzrista a spolu s mést-
skou rychlodrahou by méla zajistit preferenci oproti automobilové
dopravé (obr. 5). V soucasnosti vyuziva denné stezku v tunelu 600
polovi¢ni pocet chodcti a bézcl. U cyklistického provozu se ocekéava
beéhem Casu vyrazny nartst na vice nez 2000 cyklisti denné, coz by
mélo umoznit redukci automobilové dopravy v Bergenu.

Zpracoval

prof. Ing. JIRI BARTAK, DrSc.

Podklad: Scoop-it ITA-AITES# October 2023,

David Zipper: Secrets of the World” s Coolest Bike Tunnel
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OMEZENI PROVO2U V GOTTHARDSKYCH TUNELECH
TRAFFIC RESTRICTIONS IN THE GOTTHARD TUNNELS

Nehoda v Gotthardském bazovém tunelu

Gotthardsky bazovy tunel, s délkou pres 57 kilometri nejdelsi Ze-
lezni¢ni tunel na svété, je klicovou soucasti rozvoje Svycarské Ze-
leznicni sité nazvané BAHN 2050. Tunelem denné projede asi 300
vlaki a loni se jim prepravilo 19 milionu tun zboZi (tj. asi 60 procent
Zelezni¢ni nékladni dopravy skrze Alpy).

Ve &tvrtek 10. srpna 2023 v 12:50 SEC doglo v tunelu k nehodg
ndkladniho vlaku tvofeného tficeti ndkladnimi vozy a dvéma hna-
cimi vozidly. Sestnict ndkladnich vagonil vykolejilo u podzemni
vyhybny Faido, ktera se pouZziva i pro prejezdy mezi obéma tunelo-
vymi troubami. Pfi nehodé nebyl nikdo zranén, nicméné skody jsou
znacné — zniceno bylo takika osm kilometrti Zelezni¢niho svrsku
(vCetné samotné vyhybky) a vazné poskozeno 20 000 betonovych
prazct. Nekolik vagont je tak zniCeno, Ze se musi demontovat v tu-

nelu. Soucasné s odklizenim trosek planuji Svycarské stitni drahy
(SBB) opravu poskozenych Zelezni¢nich zafizeni, kterd potrvd prav-
dépodobné do konce roku 2023. SBB zvetejnily tii snimky, Svycar-

skd média vSak prinesla i dal$i zabéry z nehody (naptiklad server
Blick.ch).

Od 23. srpna tunelem opét projizdi ndkladni vlaky, ale jen po
jedné koleji, a tedy ve snizené kapacité. Pro osobni dopravu bude
pravdépodobné uzavien po né€kolik mésict, nebot pii jednokolej-
ném provozu by v pfipadé vzniklého problému nebylo mozné do-
drzet evakuacni trasy. Soupravy s cestujicimi proto budou muset
pouzit tzv. stary Gotthardsky tunel (trasa Curych—Mildn ma vsak
0 30 % mensi kapacitu mist pro cestujici, a navic prodlouzi spoj
0 40 minut).

SBB uvedly, Ze by obnovovaci prace mély pokracovat az do konce
roku 2023. Celkovou situaci zhorSuje i to, Ze na dal$im vlakovém
spojeni do Italie pres Simplonsky tunel jsou az do 10. zari kvuli praci
na italské Zelezni¢ni siti vlaky Eurocity nahrazeny autobusy mezi
Domodossolou a Milanem.

Problémy v Gotthardském silni¢énim tunelu

V nedéli 10. zafi byl v obou smérech uzavien Gotthardsky sil-
ni¢ni tunel, ktery byl postaven v roce 1980. Federalni silni¢ni
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urad (FEDRO) oznamil, Ze kratce po 16:00 na vozovku zatim
z neznamych pficin spadly pobliZ severniho portdlu tunelu kusy
betonu, naStésti se nikomu nic nestalo. Prvotni kontrola odhalila
25 metrt dlouhou prasklinu ve stropé. Pfedpoklada se, Ze pri¢inou

poskozeni je zvySené zatizeni osténi od pohybu horského masi-

ZPRAVY Z TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 1/2023
TUNNEL AFTERNOON 1/2023

The first Tunnel Afternoon was held on September 13, 2023,
the topic was Design Preparation of Long Railway Tunnels. The
introductory lecture was delivered by Prof. Ing. Matous Hilar,
Ph.D., (3G Consulting Engineers, s.r.o. and FSv CTU) on the topic
Overview of the world’s longest railway tunnels. This was followed
by a lecture by RNDr. Tomas Svoboda, Ph.D., (3G Consulting
Engineers, s.r.0.) Experience from the construction of the Austrian
Koralm and Semmering tunnels. The third lecture was entitled
Preparation of the Erzgebirge Tunnel from the Client’s Perspective,
prepared by Ing. Petr Provaznik and Ing. Pavel Hruska (Railway
Administration, s.0.). It was continued by Ing. Roman Sabata
(ILF Consulting Engineers, s.r.0.) with the topic Design Preparation
of the Erzgebirge Tunnel. Mgr. Jifi Zmitko (3G Consulting
Engineers, s.r.0.) delivered a lecture entitled Geological conditions
and exploration of the Erzgebirge Tunnel. Next, attention was
focused on the second major project — the Beroun tunnel. The
session was opened by Ing. Marcela Domanickd (Railway
administration, s.0.) with a lecture on the preparation of the Beroun
tunnel from the client’s point of view. It continued with Ing. Michal
Uhrin (SUDOP PRAHA a.s.), presented the Technical Solution for
the Beroun Tunnel. Dr.-Ing. Zdenék Zizka (METROPROJEKT
Praha, a.s.) described the Mechanised Tunnelling and Karst Risks
of the Beroun Tunnel. The last lecture on Risk Analysis and Safety
of Beroun Tunnel Operation was divided into two parts, shared
by Ing. Jan RoZek (AMBERG Engineering Brno, a.s.) and Ing.
Miloslav Frankovsky (DOPRAVOPROJEKT, a.s.).

V letoSnim roce se prvni Tunelarské odpoledne konalo aZ ve stre-
du 13. zafi 2023, protoZe prvni polovina roku byla pln€ v€novina
ptipravé konference PS 2023. Tématem byla Projektova priprava
dlouhych Zelezni¢nich tuneli.

Uvodni piednasku ptednes] prof. Ing. Matou§ Hilar, Ph.D., (3G
Consulting Engineers, s.r.0., a FSv CVUT) na téma Piehled nej-
delsich svétovych Zelezni¢nich tunelii, nejprve hovoril o tunelech
v provozu, z nichZ nejdelsi je Gotthardsky bazovy tunel s délkou
57 km, zprovoznény v roce 2016. Poté pokracoval popisem dlou-
hych tunelil ve vystavbé, kde svoji délkou 64 km vede Brennersky
bazovy. Treti kategorii byly pripravované dlouhé Zeleznicni tunely,
zde je zatim nejdelsi tunel pod pralivem Bohai délky 123 km, Ize
tam zafadit i pfipravované ¢eské tunely Krusnohorsky (27-30 km)
a Berounsky (26 km).

Nasledovala prednaSka RNDr. TomdSe Svobody, Ph.D.,
(3G Consulting Engineers, s.r.o.) ZkuSenosti z vystavby rakous-
kych tuneli Koralm a Semmering. Délka obou tuneld se pohy-
buje okolo 30 km, tudiz zkuSenosti z jejich vystavby lze vyuzit pfi
pripravé obdobnych projektii v CR. RaZby obou tunelii probihaly
konven¢né (NRTM) i mechanizované (TBM).

vu. Tunel byl znovu otevien v patek 25. zafi a rychlostni limit
byl z bezpecnostnich diivodi sniZzen na 60 km/h namisto béznych
80 km/h.

doc. Dr. Ing. JAN PRUSKA

NEWS FROM TUNNELLING CONFERENCES

Treti pfednaska nesla nazev Priprava Krusnohorského tunelu
z pohledu investora, pripravili ji Ing. Petr Provaznik a Ing. Pavel
Hruska (Sprava Zeleznic, s.0.). Tento projekt ma za cil zvySeni ka-
pacity stavajici sit€, zkraceni cestovnich dob, podporu regioni, sni-
Zeni dopadt dopravy na Zivotni prostiedi atd. V jeho ramci probiha
mezinarodni spoluprace mezi Némeckem a Ceskou republikou a je
pripravovana mezistatni smlouva pro tento projekt. Spole¢nost DB
Netz zpracovala dvé varianty trasy a dokoncila terénni geologické
a environmentalni prazkumy.

Potom se ujal slova Ing. Roman Sabata (ILF Consulting Engi-
neers, s.r.0.), vénoval se Projektové pripravé Krusnohorského
tunelu. Popsal navrhové parametry, projektované varianty (Castec-
ny a kompletni tunel), profil tunelu, propojky, usporadani, varianty
evakuacniho a zachranného mista, bezpecnostni koncepci a mnohé
dalsi skutecnosti.

Mgr. Jifi Zmitko (3G Consulting Engineers, s.r.0.) mél posledni
prednasku k tomuto tématu s nazvem Geologické poméry a pri-
zkum Krusnohorského tunelu. Piestavil podélny geologicky fez,
rizikové oblasti razby v ramci celé trasy, probihajici vrtné prace,
projekt geologickych praci a geofyzikalni méreni.

Po prestavce se jiz pozornost soustiedila na druhy vyznamny
projekt — Berounsky tunel. Blok zahéjila Ing. Marcela Domanicka
(Sprava Zeleznic, s.0.) s pfednaskou Priprava Berounského tu-
nelu z pohledu investora. V prednasce byl predstaven dosavadni
pribéh a organizace pripravy a predpokladand umisténi jednotli-
vych zafizeni stavenist véetné odvozu rubaniny. Nakonec byl zmi-
nén aktudlni stav a predpokladany budouci postup.

Pokracoval Ing. Michal Uhrin (SUDOP PRAHA a.s.), pfedsta-
vil Technické reSeni Berounského tunelu. Popsal pfipravovanou
trasu, zdkladni parametry, koncept pfi zahdjeni projektu, pouZiti
tunelovacich strojl, umisténi zafizeni staveni$t vcetné Sachet ve
Slivenci a Tachlovicich, ¢lenéni a zptisob razeb, podzemni rozple-
ty, propojky atd.

Dr.-Ing. Zdenék Zizka (METROPROJEKT Praha, a.s.) popsal
Mechanizované razby a krasova rizika Berounského tunelu,
sezndmil posluchace s volbou zpiisobu razeb, vzorovym pficnym
fezem mechanizovanych raZeb, geotechnickymi podminkami s vé-
penci nachylnymi ke krasovym jeviim, pozadavky na tunelovaci
stroje, recyklaci rubaniny, prizkumem a riziky krasovych oblasti
a strategii razby v nich.

Posledni pfednaska o Rizikové analyze a bezpe¢nosti provo-
zu Berounského tunelu byla rozdélena na dvé ¢asti. Nejprve Ing.
Jan RoZek (AMBERG Engineering Brno, a.s.) informoval o sta-
vebné-technickém feSeni, bezpe¢nostnim konceptu tunelu, poZar-
né-bezpecnostnim fesSenim, projektu vétrani a rizikové analyze
provozu tunelu. Jako posledni vystoupil Ing. Miloslav Frankovsky
(DOPRAVOPROIJEKT, a.s.), ktery podrobnéji rozebral analyzu




TuNel

rizik — kvantitativni hodnoceni rizik, vysledky simulace pozéru
a nasledné evakuace pasazéru.

Podékovani patii vS§em prednasejicim i prof. Hilarovi, ktery ko-
ordinoval pfipravu programu a celé Tunelafské odpoledne mode-
roval. Na misté se zicastnilo pres 60 lidi. Tunelarské odpoledne

27. SVETOVY SILNICNi KONGRES V PRAZE
27™ WORLD ROAD CONGRESS IN PRAGUE

From 2 to 6 October 2023, the 27" World Road Congress
organised by the International Road Association PIARC
took place at the Prague Congress Centre. In total, over 4000
delegates from more than 120 countries took part in this event,
and 300 exhibitors presented themselves as part of the extensive
exhibition. Manufacturers, suppliers of equipment and services,
consultants, representatives of the state administration, schools
and other organisations focused on road transport took advantage
of the opportunity to present themselves at this professional
forum. The congress also welcomed top representatives of
major global professional, economic and financial entities. The
prestige of this event was underlined by the presence of several
ministers of the participating countries, including the Czech and
Slovak Republics, who presented their visions of the present and
future of roads and road transport. As part of the congress, more
than 50 specialised seminars and workshops were held, which
presented the latest trends and technologies in the field. The central
topic of the contributions and exhibitors was the sustainability
and safety of road construction and road transport, associated in
particular with the use of secondary materials, CO, reduction,
the digitisation process, the development of autonomous vehicles
and electromobility. A part of the professional programme
was also devoted to the issue of tunnels as an essential part of
transport.

Ve dnech 2.-6. fijna 2023 se v Kongresovém centru Praha konal
27. ro¢nik Svétového silni¢niho kongresu organizovany mezina-
rodni silni¢ni asociaci PIARC. Celkem se této akce ucastnilo pres
4000 delegatii z vice nez 120 zemi svéta, v ramci rozsahlé vystavy
se predstavilo 300 vystavovateld. MoZnosti prezentace na tomto
odborném foéru vyuzili vyrobci, dodavatelé zarizeni a sluzZeb, po-
radci, zastupci statni spravy, skol a dalsich organizaci zaméfenych
do oblasti silni¢ni dopravy. Kongres pfivital rovnéZz vrcholné pied-
stavitele vyznamnych svétovych profesnich, ekonomickych i fi-
nancnich subjektl. Prestiz této akce byla podtrzena i pritomnosti
nékolika ministrd zucastnénych zemi, vcetné Ceské a Slovenské
republiky, ktefi predstavili své vize soucasnosti i budoucnosti silnic
a silni¢ni dopravy.

V ramci kongresu probéhlo vice nez 50 specializovanych semi-
narti a workshopt, které predstavily nejnovéjsi trendy a technolo-
gie z oboru. Ustfednim nosnym motivem piispévki i vystavovateli
byla udrZitelnost a bezpecnost silni¢niho stavitelstvi a silni¢ni do-
pravy, spojend zejména s vyuzitim druhotnych material®, redukci
CO,, procesem digitalizace, rozvojem autonomnich vozidel a elek-
tromobilitou.

Cast odborného programu byla vénovina i problematice tu-
nell, jakozto neodmyslitelné soucasti dopravy. V této oblasti
byly prezentoviny vysledky c¢innosti technické komise TC4.4 —
Provoz a bezpecnost silnicnich tunelt v obdobi 2020-2023.
Nejvice rezonovala témata souvisejici se zlepSenim jejich odol-

nosti a Zivotnosti, s vlivem novych technologii pohonu na jejich
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bylo mozné jiz tradi¢né sledovat on-line, celkem se pripojilo vice

jak 70 dalsich posluchacu. Témér vSechny prezentace 1ze nalézt na
www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,

CzTA ITA-AITES, z. s.

provoz a bezpecnost a s digitalizaci jejich navrhu a také s postu-
py pfi udrzbé a provozu silné dopravné zatiZenych mést-
skych tuneld. Ugastnici byli rovnéZ informovéni o softwaru
DG-QRAM zaméfeném na vyhodnoceni rizika transportu ne-
bezpecného nédkladu v silnicnich tunelech, vyvijeném ve spolu-
praci PIARC a Organizace pro ekonomickou spolupraci a rozvoj
OECD.

V ramci sekce €. 5 Tunely byl pod vedenim Mgr. FrantiSka Raine-
raz RSD CR pfipraven blok prednasek tykajici se provozu a tidrzby
tuneld. Prvni pfednaska Ing. AleSe Lebla z firmy ConSalt se tykala
problematiky agresivity prostfedi v silni¢nich a ddlni¢nich tunelech
s ohledem na degradaci stavebnich konstrukei a technologického
vybaveni tunelu, vlivu ovzdusi v tunelech na zdravi d¢astnikd pro-
vozu i udrzby tuneld. Tematicky pak navazala prednaska Ing. Libora
Marika z firmy SAGASTA, ktera se tykala problematiky vad tune-
lového osténi, jejich dokumentace v ramci prohlidek, vyhodnoco-
véani pasportizace osténi a moznosti zjiStovani pficin vad a poruch.
Bylo poukazano na dileZitost sbéru a archivace dat v Zivotnim cyk-
lu tunelu potiebnych pro posouzeni zavaznosti vady a navrhu zpu-
sobu sanace. Tato problematika je v souc¢asné dob¢ feSena v ramci
projektu TACR CK02000175 Zvyseni spolehlivosti a Zivotnosti
osténi tuneli vyuzitim informa¢nich modeld a novych pfistupt, je-
ho? fegitelem je Fakulta stavebni CVUT v Praze. Dalsi prednasku
si pro ucastniky kongresu pripravil Ing. Rudolf Prochidzka z firmy
POWERDYNAX a Dipl.-Ing. Franz Graf z firmy Joaneum
Research z Rakouska. Jejich prezentace se tykala identifikace
mimoradnych udélosti pomoci Akustického detekéniho systé-
mu, ktery zvySuje vyrazn€ bezpecnost tunelu pomoci strojové
Al analyzy zvuku v celé tunelové troubé. Je schopen identifiko-
vat nebezpecné situace dle jejich zvukové stopy, lokalizovat mis-
to incidentu a také kategorizovat jeho druh. Unikétni vlastnosti je
kratky reak¢ni Cas v fadu zlomku sekundy, extrémné nizky pocet
faleSnych poplachil a necitlivost na zménu okolniho prostiedi.
V soucasné dobé je nasazen na ca 130 km tuneltt v Evropé vcet-
né¢ CR. Tématem posledniho piispévku tunelafského bloku byly
zkuSenosti s provozovanim slovenskych dalni¢nich tuneld, o kte-
ré se s posluchaci z pohledu bezpecnostniho technika pro tune-
ly podélil zastupce Narodnej dialni¢nej spolocnosti Ing. Jaroslav
Strba.

K podpore zdjmu mladych lidi o technické vzdélavani a pro-
fesni zaméteni na oblast dopravy byly v ramci kongresu rovnéz
usporadany aktivity pro studenty stfednich a vysokych $kol, ktefi
se Ucastnili kongresového jednédni, workshopt, setkali se s vysta-
vovateli, méli moznost vyzkouset si nové technologie a diskutovat
i se zastupci Ceskych a slovenskych technickych vysokych skol. Ti
vyuzili tohoto svétového odborného féra k propagaci svych studij-
nich programi formou informacnich stanka.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
VSB-TU Ostrava,
Ing. LIBOR MARIK, SAGASTA, s.r.o.
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28. NARODNI KONFERENCE O BEZVYKOPOVYCH TECHNOLOGIICH NO-DIG
28™ NATIONAL CONFERENCE ON TRENCHLESS TECHNOLOGIES NO-DIG

NO-DIG
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Obr. 1 Predndska Ing. Michala Prenosila o realizaci vrtit pod provozovanou
Zeleznicni trati v Praze Na Balabence

Fig. 1 Ing. Michal Prenosil's lecture on the performance of boreholes under
the operating rail track in Prague Balabenka

On September 19 and 20, 2023, the 28" NO-DIG Tabor 2023
annual national conference on trenchless technologies took place in
Tabor in South Bohemia. More than 20 papers were presented during
the conference. The participants could also discuss them at a social
party, where a very interesting excursion to the Tabor underground
was also discussed. A total of 193 experts from the Czech Republic,
Germany, Finland and Poland participated, representing a total of
101 companies and institutions.

Ve dnech 19. a 20. z4fi 2023 se v Tabore v jiznich Cechach ko-
nal 28. ro¢nik ndrodni konference o bezvykopovych technologiich
NO-DIG Tabor 2023. Konference byla zahdjena predsedou Spolec-
nosti pro bezvykopové technologie p. Loveckym, spolecné se staros-
tou mésta Tabor p. Pavlikem.

Uvodni piispévek prednesl p. Tomanec z Vodarenské spole¢nos-
ti Taborsko a propojil v ném historii tdborského podzemi s ¢innosti
Vodarenské spolecnosti. V dalSich zdarilych prednaskéach rezonova-
lo téma spojeni bezvykopovych technologii s tématem udrzitelnosti
a uhlikové stopy, které se tykala mj. pfednaska prof. Kociho na téma
sledovéni uhlikové stopy a jejiho diisledku pro stavebnictvi.

POZARNI BEZPECNOST TUNELU 2023
TUNNEL FIRE SAFETY 2023

On 21/09/2023 and 22/09/2023, the 11" edition of the international
conference Tunnel Fire Safety was held under the auspices of the
Road and Motorway Directorate of the Czech Republic and the Na-
tional Motorway Society, a. s. It was organised by the Ostrava-based
company K.B.K. fire, s.r.o. The main topics of all lectures were safety
equipment, fire equipment and events in tunnels, especially road tunnels.
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Obr. 2 Vystavba kabelovodii metodou horizontdlniho priklepového vrtdni
v Praze na Balabence

Fig. 2 Construction of cable ducts using the horizontal percussion drilling
method in Prague Balabenka

Zastupce SdruZeni vodovodii a kanalizaci CR p. Trachtulec pak
toto téma prezentoval na pfikladu centralniho vytapéni mést a obci,
kde napriklad v Némecku chtéji do roku 2045 pfipojit na dalkové
teplo 40 % obyvatel, tedy tolik, kolik je jich pfipojeno v soucasné
dobg v CR.

Mezi dalsi zajimavé predndsky lze zaradit prispévek p. Moucky
na téma archeologickych rizik pri bezvykopovych technologiich,
prispévek p. Prenosila na téma horizontalniho priklepového vrtani
(obr. 1 a 2), prednasku p. Sodomky na téma protlakll v Zel. stanici
Pardubice anebo velmi zajimavou prednasku p. Chladka tykajici se
¢innosti pyrotechnika na stavbeé.

V ramci celé konference bylo predneseno vice nez 20 prispévkd,
o kterych mohli jeji tiastnici diskutovat i na spole¢enském vecirku,
kde se probirala i velmi zajimavé exkurze do tdborského podzemi.

Konference se zicastnilo celkem 193 odbornika z CR, Némecka,
Finska a Polska, ktefi zastupovali celkem 101 firem a instituci. Své
sluzby a vyrobky na vystavnich stancich predstavilo celkem 23 fi-
rem.

Ing. JAN FRANTL,
mistopredseda RR

Ve dnech 21. 09. 2023 a 22. 09. 2023 se konal tradi¢ni, jiz
11. rocnik mezinidrodni konference Pozarni bezpecnost tuneld
pod zastitou RSD CR a NDS, a. s. Pofadatelem je ostravskd firma
K.B.K. fire, s. r. 0. Mistem konani byl i tentokrat aredl PROSPER
GOLF RESORT CELADNA, ktery se jiZz pomalu stavé tradici. Jak
jiz z nazvu konference vyplyvd, hlavnim tématem vSech prednasek




jsou bezpecnostni vybaveni, technologickd zafizeni a udélosti
v tunelech, predevsim silni¢nich.

Toto téma je v odbornych tunelédrskych kruzich Casto diskutova-
no. Nazory nejsou jednotné, zejména v otazce, zda je bezpecnostni
vybaveni ¢eskych a slovenskych tunel optimalni, nebo naopak pie-
dimenzované a vede k nepfiméfenym investicnim a provoznim na-
kladim na zafizeni, kterd ani nejsou vyuzivana, resp. jejich efektivita
z hlediska bezpecnosti je spise spornd. Kazdoroc¢ni diskuze se vede
zejména kolem liniovych hlasic¢i pozaru v tunelech, které jsou jako
témér jedina piipustnd moznost z hlediska pozarnich predpist moz-
né. Pfitom v drtivé vétSiné mimoradnych udalosti v tunelech je poZér
mnohem dfive detekovén jinymi zafizenimi, napf. videodetekci, kou-
fovymi hlasic¢i apod. Problém je pouze v certifikaci a zarazeni téchto
,jinych* technologickych prvki a zafizeni do kategorie poZarné bez-
pecnostnich zatizeni. CoZ se nedaif jiz dlouha 1éta a svétlo na konci
tunelu neni v této otizce stale viditelné. DalSim zdvaznym tématem
byl rovnéz Casto diskutovany zplisob fizeni provozu, spravy a tudrzby
a také jednotlivé dispecinky, které nejsou v CR ani SR centralné fize-
né a jednotné. Prakticky témér co tunel, to origindl. K tomu je nutné
zminit je§té zimér RSD CR, budovat vicero tuneli na dalnicich D11
a D35 systémem PPP, coZ miZe zplsoby fizeni, spravy a udrzby jes-
té vice diverzifikovat. Dalsi specifickou entitou jsou méstské tunely
v Praze, které predpisim a dikci RSD CR nemusi tpIn& podléhat
a jsou tak trosku statem ve staté. Tomuto tématu a budouci struk-
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tufe spravy a udrzby tunell se vénoval ve své prednasce zejména
Mgr. FrantiSek Rainer z odboru 12400 v souvislosti s pfechodem
RSD CR na stdtni podnik od roku 2024.

Na konferenci jsou kazdoro¢né obsazeny piednasky o zkusenos-
tech HZS CR i SR ze skuteénych redlnych zdsahii v tunelech, coZ
jsou informace, ke kterym se ¢loveék i z nasi branze béZné€ nedostane.

Konference se pravideln& tcastni pres 200 lidi z Ceské i Sloven-
ské republiky, mé vZdy bohaty kulturni a doprovodny program. Le-
toSnim prekvapenim a obohacenim bylo vystoupeni Lvicat SDH
Klimkovice. Nesmirné mild ukazka zasahu hasi¢l pfi riznych mi-
motadnych udélostech predvadénd détmi ve véku od tii do Sesti let,
samoziejme v plné hasi¢ské zbroji a vybavé. Kdo dosud nevidél,
tomu viele doporucuji najit si néjaké jejich vystoupeni na videu na
kandle Youtube. A jelikoZ se konference kona v golfovém prostredi,
m¢éli Gcastnici moznost zdarma (!) absolvovat budto kurz ,,Golfové
akademie*, nebo po dohodé i néjakou ,,tiru po jamkach*.

Sbornik prednések v digitalni podobé na USB flash disku je pouze
pro ucastniky, bohuZel neni zvefejnén na webu poradatele. Snad se
to do pristé zméni, a i ostatni, na konferenci nezucastnéni, si bu-
dou moci zajimavé prednasky stdhnout a precist. V ptipadé zajmu
o letos$ni prednasky se zdjemci mohou obrétit pfimo na mne nebo
organizatora — viz téZ www.kbkfire.cz.

Ing. VLASTIMIL HORAK
AMBERG Engineering Brno, a.s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D — NOVA LINKA PRAZSKEHO METRA

Vlastni realizace trasy metra I.D v useku Pankrdc—Olbrachtova
trva od data predani staveniSté mezi objednatelem a zhotovitelem
z brezna 2022 k dneSnimu datu psani této aktuality v zari 2023
jiz 18 mésict. Zde se hodi pripomenout, Ze se jedna o stavebni
usek délky 1296 m, jehoZ soucasti jsou dvé razené stanice Pankrac
a Olbrachtova, raZeny mezistani¢ni dsek a také raZeny propojovaci
tunel k jiZ provozované trase metra C.
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Obr. 1 Pohled na razby obratovych koleji stanice Pankrdc
Fig. 1 A view of excavation for turn-back tracks of Pankrdc station

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The actual construction of the ID metro line in the Pankrac—
Olbrachtova section has taken 18 months from the date of the
handover of the construction site between the client and the
contractor in March 2022 to the date of writing this news in
September 2023. It is worth mentioning here that this is a 1296m
long construction section, which includes two mined stations
Pankriac and Olbrachtova, a mined interstation section and also
a mined linking tunnel to the already operating metro
line C.

In a year and a half of diligent and hard work, many
sections of this project have already been successfully
advanced. The Pankric station area is slowly reaching
its optimum level of development both underground
and on the surface. In the underground, tunnels for the
turn-back tracks are being driven behind the station
itself, and the excavation of a total of approximately
210m of the tunnels has been finished at all four active
workplaces (Figure 1). From the other side of the
station, the left-hand top heading of the Pankréc station
is being excavated, and about 85m of the excavation is
finished. On the more visible side, i.e. on the surface,
the existing bridge in 5. kvétna street has got into the
zone of possible affecting by the excavation and for
this reason daily measurements were started here as
part of the safety monitoring; a little farther on, in the
area of OC Arkady shopping centre, the relocation
of the hot water pipeline was completed and put into
operation.



32. rotnik - €. 4/2023

Za rok a pul pilné a usilovné price se po-
dafilo ispéSné postoupit jiZ na mnoha use-
cich tohoto projektu. Oblast stanice Pankrac
se jak v podzemi, tak i na povrchu pomalu
dostava do mozného optima své rozpracova-
nosti. V podzemi se za vlastni stanici na obé
stany razi obratové koleje a v celkovém sou-
¢tu vSech Ctyf aktivnich pracovist je z nich
vyrazeno cca 210 m (obr. 1). Z druhé strany
stanice se pak razi levd kalota stanice Pan-
kréc, z které je vyraZeno cca 85 m. Na té vi-
ditelngjsi strané, tedy na povrchu, se stavajici
most v ulici 5. kvétna dostal do zé6ny mozné-
ho ovlivnéni razbou a z toho divodu zde bylo
v ramci provadéni bezpecnostniho monito-
ringu zahdjeno denni méfeni, o kousek dal,
v oblasti OC Arkady, byla potom dokoncena
a zprovoznéna pielozka horkovodu.

V mezistani¢nim tratovém tuseku byly jiz
kompletné dokonceny razby obou jedno-
kolejnych tuneld vcetné rozpletu do spojky
C-D. Celba spojky se v dobé& psani piisp&vku
nachdzela na kété 257 m z celkovych 468 m. Prace jsou taktéz
provadény v casti dvoukolejného tunelu v blizkosti rozpletu do
odstavného tunelu. Ve strojovné vzduchotechniky jiz byly zaha-
jeny prace na zhotoveni hydroizola¢niho souvrstvi a definitivniho
osténi.

Dvoulodni stanice Olbrachtova se v soucasné dobé ve svych
razbach rozviji zédkladné dvéma sméry, a to po vyhloubeni pfi-
stupové Sachty ze svého stfedu, kde byly zahdjeny razby levého
a pravého stani¢niho tunelu, a ze severni strany z jednokolejnych
tuneld, kde bylo v souctu obou té€chto stani¢nich tunell vyrazeno
jiz cca 150 m (obr. 2).

O dalSim pfipravovaném tseku, Olbrachtova (mimo) — Nové
dvory v¢. tratovych tunel z Pisnice trasy Metra D, mame nové
zpravy, a to dvojiho druhu. Ty prvni, pozitivni fikaji, Ze vybéro-
vé fizeni na zhotovitele tohoto dseku bylo zadavatelem ukonceno.
K t€m druhym, negativnim patfi skutecnost, Ze k rozhodnuti za-
davatele byly nékterymi uchazeci podany namitky, které budou
pravdépodobné uplatnény i u UOHS. Soubé&zné vedené vybérové
fizeni na zhotovitele monitoringu a pasportu pro pfedmétny tsek
m4 jiZ tuto anabazi véetné posouzeni u UOHS za sebou a piislusny
zhotovitel tak jiz mohl byt vybran.

Celkové tedy s pfihlédnutim k vySe uvedenym informacim mi-
Zeme konstatovat, Ze se k dnesSku projekt Metra D nachézi ve dvou
polohéch, té prvni, realizacni se dafi a té druhé, soutézni tak aplné
nikoliv. Véfme tedy, Ze dal§i potfebnd rozhodnuti se budou dafit
uzavirat v€as a Ze déle plynouci Cas se tak nestane redlnou hroz-
bou naseho projektu. TakZe jako jiz tradi¢né a na zavér — at se daff,
zdaf bih!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

TUNEL POHURKA - DALNICE D3 USEK ,USILNE -
HODEJOVICE"

Tunel Pohtrka je 999,5 m dlouhy délni¢ni tunel na délnici D3,
na obchvatu Ceskych Budg&jovic v tseku ,,Usilné—Hod&jovice*.

Obr. 2 Pohled na razby stani¢niho tunelu stanice Olbrachtova
Fig. 2 A view of excavation of Olbrachtova station tunnel

In the interstation running section, the excavation of both
single-track tunnels has been completed, including the bifurcation
to the C-D linking tunnel. The excavation face of the C-D link is
currently found at the distance of 257m from the total of 468m.
Work is also being carried out in the section of the double-track
tunnel near the bifurcation to the stabling tunnel. Work has already
started on the waterproofing layers and the final lining in the
ventilation plant.

The excavation of the Olbrachtova double-vault station is
currently developing in two basic directions, namely after the
sinking of the access shaft from the station middle, where the
excavation of the left-hand and right-hand station tunnels has
started, and from the northern side from the single-track tunnels,
where in the total of both station tunnels, about 150m have already
been excavated (Figure 2).

About another section under preparation, Olbrachtova (excep-
ting) — Nové Dvory, including the running tunnels from Pisnice
station on the Metro D line, we have new news of two kinds.
The first, positive ones say that the tender for the contractor of
this section has been ended by the contracting authority. The
second, negative ones include the fact that some bidders have
filed objections to the contracting authority’s decision, which
will probably be filed with the Office for the Protection of
Competition. The concurrent tender proceedings for the contractor
for the monitoring and passport for the section in question have
already passed through this process, including the assessment by
the Office for the Protection of Competition, and the respective
contractor could have already been selected.

Overall, taking into account the above information, we can
conclude that the Metro D project is in two positions as of today,
the first one, the construction one, is successful, and the second
one, the tendering one, is not so successful. Let’s hope that the
other necessary decisions will be concluded in time and that the
longer passage of time will not become a real threat to our project.
So, as usual and in conclusion — God speed you!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz




Byl velmi diskutovany jiz ve fazi projektové pfipravy a jeho do-
kumentace doznala v ¢ase znacnych zmén, které byly provedeny
davno predtim, nez vibec byl zahdjen proces vybéru zhotovitele
stavby.

Vysledna zadavaci dokumentace predpokladala, Ze tunel bude
vyhotoven s vyuZitim nosnych bo¢nich podzemnich stén a stre-
dové nosné podzemni stény, na které bude napojena horni stropni
deska, pod jejiz ochranou se tunel vyrazi a dobetonuje se jeho
spodni Zelezobetonovd deska. Obdobny princip vystavby byl
provadén na nékterych tsecich méstského tunelového komplexu
Blanka v Praze.

Bohuzel se zde, kvuli situovani tunelu do prakticky rovinatého
prostiedi, vyznamné pfitomnosti podzemnich vod (pfes tunel do-
konce prechdzi potok a jedna ze stén tunelu tvoii jakousi retenc-
ni bariéru v piipadé velkych vod tak, aby ochranila ¢ast Ceskych
Budé&jovic pred povodnémi) a sloZitym inZenyrsko-geologickym
pomérum, pfi zacatku realizace po odzkouseni lamel podzemnich
stén ukdzalo, Ze toto feseni neni proveditelné. Zadavaci dokumen-
tace, za kterou je odpovédny zadavatel stavby, se tedy opét musela
vyznamné prepracovat a na zdkladé nové zadavaci dokumentace
byla dopracovdna i nova realizacni dokumentace stavby. Tento
proces vyvolal pomérné dlouhé zdrZeni vystavby (pres dva roky)
a ma tak vyznamny dopad jak na ¢as samotné vystavby a otevieni
dotceného tuseku, tak také na pivodné stanovené naklady stavby,
protoZe, jak je obecné znamo, po pandemii covid-19 a vlivem val-
ky na Ukrajin€ ceny stavebnich materialti skokové narostly. I ge-
nerélni feditel Reditelstvi silnic a dalnic (RSD) oznadil tunel za

Nové teseni spociva v tom, Ze pivodni podzemni stény, které
zaroven tvorily findlni Zelezobetonovou konstrukci tunelu, byly
nahrazeny paZenim stavebni jdmy za pomoci Stétovnic a v nich
je provadéna zelezobetonova konstrukce tunelu, ktera je komplet-
né izolovana proti u¢inkiim podzemnich vod. Zaroveri i hloubeni
stavebni jamy je realizovdno z povrchu, a nikoliv pod ochranou
stropni desky tak, jak bylo uvaZovano v pfipadé pouZiti podzem-
nich stén. V soucasné dobé je stavba ve velké fazi rozpracovanos-
ti, spodni desky jsou prakticky hotové, dokoncuji se jiz pomérné
malé tseky bocnich a stfedovych stén a provadi se betonaz strop-
nich desek. Vystavba probiha pod velkym ¢asovym tlakem vyvije-
nym na zhotovitele stavby a jeho poddodavateld, ktefi se na stavbé
podili, a to kvili nové stanovenému terminu uvedeni stavby do
provozu. Bohuzel cely proces vystavby je velice Casto kompliko-
van sloZitymi procesy kontrol i schvalovanim pouzitych materiald.
Nepomahaji ani nékteré ze zucastnénych stran, které mnohdy
svoji technickou neznalosti a trvanim na nepochopitelnych pod-
minkéch vystavbu brzdi, dokonce ji i né€kolikrat pferusily. Jakmile
bude dokoncena hrubad stavba tunelu, zacne se pracovat na techno-
logickém vybaveni a jeho zapojeni do provozné-technologického
objektu, ktery je situovan na severnim portalu tunelu Pohiirka.

Ing. PAVEL RUZICKA, Ph.D., HOCHTIEF CZ, a. s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Biko$ a Okruhliak
25. septembra 2023 bol slavnostne uvedeny do prevadzky
usek rychlostnej cesty R4 Severny obchvat PreSova, 1. etapa dlhy
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POHURKA TUNNEL - D3 MOTORWAY SECTION
,USILNE - HODEJOVICE"

The Pohirka tunnel is a 999.5m long motorway tunnel on
the D3 motorway, on the bypass of Ceské Bud&jovice in the
“Usilné—Hodg&jovice” section. It was highly debated already in
the design preparation phase and its documentation has undergone
significant changes over time. They were made long before the
process of selecting a construction contractor was even started.
The final tender documentation expected that the tunnel would be
constructed using load-bearing diaphragm side walls and a central
load-bearing diaphragm wall, to which the upper floor slab would
be connected, under the protection of which the tunnel would be
driven and its lower reinforced concrete slab would be completed.
A similar construction principle was applied in some sections of
the Blanka urban tunnel complex in Prague.

Unfortunately, due to the tunnel’s location in a virtually flat
environment, the significant presence of groundwater (a stream
even runs across the tunnel and one of the tunnel walls forms a kind
of retention barrier in case of high water to protect part of Ceské
Budéjovice from floods) and the complex engineering-geological
conditions, it turned out that this solution was not feasible at the
beginning of the construction, after testing the diaphragm wall
lamellae. Therefore, the tender documentation, for which the
construction contractor is responsible, had to be significantly
revised again. The new construction documentation was completed
on the basis of the new tender documentation. This process has
caused a relatively long delay in construction work (over two years)
and has thus had a significant impact on both the construction time
and the opening of the section concerned and on the originally
specified construction costs because, as is well known, the prices
of construction materials have risen sharply following the covid-19
pandemic and the impact of the war in Ukraine. Even the CEO of
the Road and Motorway Directorate (RSD) described the tunnel as
the most challenging construction on the Czech motorway network
at the moment.

The new solution consists in the fact that the original diaphragm
walls, which also formed the final reinforced concrete structure of
the tunnel, have been replaced by the sheet piling of the construction
pit and the reinforced concrete structure of the tunnel, which is
completely insulated against the effects of ground water, is carried
out under their protection. At the same time, the excavation of the
construction pit is also carried out from the surface and not under
the protection of the floor slab as was planned in the case of the
use of diaphragm walls. At present, the construction is in a very
advanced stage, the bottom slabs are practically finished, relatively
small sections of the side and central walls are being completed and
the floor slabs are being concreted. The construction is under great
time pressure on the construction contractor and its subcontractors
participating in the construction due to the newly set commissioning
date. Unfortunately, the whole construction process is very often
complicated by complex inspection processes and approvals of
the materials used. As soon as the rough structure of the tunnel
is completed, work will begin on the mechanical and electrical
equipment and its integration into the operation and services
building located at the northern portal of the Pohtirka tunnel.

Ing. PAVEL RUZICKA, Ph.D.,
HOCHTIEF CZ, a. s.
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Obr. 3 Mimotiroviiovd kriZovatka pred severnym portdlom tunela Bikos

Fig. 3 Grade separated intersection before the northern portal of the Bikos tunnel

4,3 km. Jeho sicasfou je aj tunel Bikos dizky 1,16 km (obr. 3).
Stavebnii ¢ast tunela realizovala spolo¢nost TuCon a.s. Zilina ako
¢len ZdruZenia spoloc¢nosti Vahostav-SK, a.s. a TuCon, a.s., ktoré
je zhotovitelom stavby. Tunel sa razil od jina 2020 a oficidlne ho
prerazili v maji 2021.

Po otvoreni prvej etapy sa konalo aj slavnostné poklepanie za-
kladného kametia druhej etapy obchvatu, ktord bude mat dizku
10,2 km a jej sucastou bude tunel Okruhliak dizky 1,8 kilomet-
ra. Tunel Okruhliak dotvori po dokonceni spolu s tunelom Bikos
a s tunelom PreSov na dialnici D1 trojicu preSovskych tunelov bu-
dovanych v ramci systému obchvatov mesta PreSov.

Tunel Cebrat
Sucastou useku dialnice D1 Hubovéa-Ivachnova tvoriaceho
obchvat mesta RuZomberok je aj tunel Cebrat s dizkou 3,6 km.

Obr. 4 Betondz niidzového zdlivu NZ2 v tuneli Cebrat
Fig. 4 Concreting of emergency lay-by NZ2 in the Cebrat tunnel

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Bikos and Okruhliak tunnels

On September 25, 2023, the 4.3km long section of the R4
Northern Bypass of the town of PreSov was put into operation.
It also includes the 1.16km long Biko$ tunnel (Fig. 3). The
construction part of the tunnel was carried out by TuCon a.s. Zilina
as a member of the consortium of Vahostav-SK, a.s. and TuCon,
a.s., which is the contractor for the construction. The tunnel has
been excavated since June 2020 and was officially broken through
in May 2021.

After the opening of the first stage, there was also a ceremonial
tapping the foundation stone of the second stage of the bypass,
which will be 10.2km long and will include the 1.8km long
Okruhliak tunnel. After completion, the Okruhliak tunnel, together
with the Biko$ tunnel and the PreSov tunnel on the D1 motorway,
will complete the trio of PreSov tunnels built as part of the Presov
bypass system.

Cebrat tunnel

Part of the Hubova—Ivachnova section of the DI motorway
forming the bypass of the town of RuZomberok is also the Cebrat
tunnel with a length of 3.6km. The contractor for the construction
is the consortium of OHLA Z8S, a.s. and Vihostav-SK, a.s.

In October 2023, work on concreting the final concrete structures
of both tunnel tubes is nearing completion (Fig. 4). In the southern
tunnel tube, 292 blocks of the upper vault of the mined and cut-
and-cover tunnels are already completed, in the northern tunnel
tube 251 blocks of the upper vault are finished. In total, 543 blocks
of the upper vault are completed, which represents 92% of the
length of the tunnel. In six cross passages, the secondary lining
is fully completed, in the others the foundation structures are




TuNel

Zhotovitelom stavby je zdru-
Zenie spolo¢nosti OHLA ZS,
a.s., a Vahostav-SK, a.s.

V oktobri 2023 sa ku koncu
bliZia prace na betonazi defini-
tivnych betéonovych konstruk-
cii oboch tunelovych rir (obr.
4). V juZnej tunelovej rire je
uz hotovych 292 blokov horne;j
klenby razeného a hibenych
tunelov, v severnej tunelovej
rure je hotovych 251 blokov
hornej klenby. Spolu je teda
hotovych 543 blokov hornej
klenby, ¢o predstavuje 92 %
dizky tunela. V Siestich prieé-
nych prepojeniach je tplne
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dokoncené sekundarne oste-
nie, v ostatnych si hotové
zakladové konstrukcie. Na vy-
chodnom portali (obr. 5) sa intenzivne pracuje na vystavbe budo-
vy technologickej centrdly. V jej predpoli sa pripravuju Sachty pre
poziarny vodovod a kéblové Sachty.

Ocakdva sa, 7e dialni¢ny dsek Hubova-Ivachnova s tunelom Ce-
brat bude dokonceny a odovzdany verejnosti na pouZivanie v roku
2025.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s.

Fig. 5 Cut-and-cover tunnels at the eastern portal of the Cebrat tunnel

finished. On the eastern portal (Fig. 5), intense work is underway
on the construction of the technical services building. In the front
zone of the building, manholes for fire water supply line and cable
shafts are being prepared.

It is expected that the Hubovd-Ivachnovd motorway section
with the Cebrat tunnel will be completed and handed over to the
public for use in 2025.

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY — OPET NA SKOK ZA VELKOU LOUZI
PICTURE POSTCARDS WITH TUNNELS - AGAIN BRIEFLY OVER THE OCEAN

Picture postcards with tunnels across the Atlantic are presented
for several times in the series. And it is certainly no coincidence
that these are tunnels that can be found in the largest states in the
Americas — the USA, Canada and Brazil. In terms of function, the
tunnels presented here are mainly for motor vehicles, i.e. road or
urban tunnels. One is for a railroad and is located on a very in-
teresting track, and the last one (but first in the text) depicts an
almost educationally remarkable node of urban rail tunnels in the
largest urban conurbation in the USA.

Jiz po nékolikété jsou v seridlu prezentovany pohlednice s tune-
ly za Atlantikem. A zajisté neni ndhodou, Ze jde o tunely, které
lze nalézt v nejvétsich statech obou Amerik — v USA, Kanadé
a Brazilii. Co do funkce jsou zde prezentovany prevazné tunely pro
motorova vozidla, tj. silni¢ni, resp. méstské. Jeden je Zelezni¢ni
anachdzi se na velice zajimavé trati a posledni (v textu vSak prvni)
polozka zobrazuje az edukacnim zplUsobem pozoruhodny uzel
tuneltt méstské drahy v nejvetsi méstské aglomeraci USA.

KFiZovatka tunell podzemni drahy v New Yorku

Soucasti dopravni struktury sidelni aglomerace New York je, ve-
dle velké fady dalSich objekti, také dvojice tunelt pojmenovanych
Uptown Hudson Tubes. Prevadéji vlaky dopravniho systému

PATH (Port Authority Trans-Hudson) od Manhattanu v N. Y. City
na vychodé do Jersey City v New Jersey na zapad¢, pres zasadni
prekazku, kterou predstavuje feka Hudson.

Historie podzemni drdhy v nejvétsim mésté USA je inzenyrsky
a podnikatelsky spletitd. Prekondni Hudsonu bylo na potadu
dne jiz od 70. let 19. stol. Zvazovala se varianta mostl i tuneli.
Rozhodly penize, a proto zvitézily tunely, které oproti mostim
potfebovaly jen tfetinovy zdbor pozemkil. Pokusy o realizaci,
zahdjené v roce 1874, ale narazily na vazné technické, financni
a pravni prekazky. RaZeni s pretlakem vzduchu (ale bez Stitu) bylo
nakonec po pritrzi do tunelu v roce 1880 a zahubé dvou desitek
pracovnikil zastaveno. Uspésné prekonani feky podzemni drahou
se pak vaze az k pocatku 20. stol. Prace byly obnoveny 1904,
prorazeno bylo 1906 a uvedeni do provozu pfislo na fadu 27. 11.
1910. Oba tunely jsou jednokolejné, standardniho rozchodu, @ 5,6
az 5,9 m, délka se udava 4 442 m.

V Jersey City vystupuji tunely na zdpadnim biehu feky,
priblizn€ na drovni 15. ulice, a usti do odvazné koncipované
podzemni mimouroviiové kfiZovatky, umoznujici vést vlakové
soupravy z N. Y. na vychodé k terminalu Hoboken na severu nebo
na jih k termindlu Erie (nyni stanice Newport) — obr. 1. Ve svizel-
nych geologickych pomérech pod fekou byly pfi stavbé nasazené
pneumatické Stity s tubingovym osténim. Vystavba pfibfeznich
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Hudson and Manhattan Tube,
Mew York City.

Iy Hrwwn Bros. N, ¥

Obr. 1 Hudsonské a Manhattanské tunelové trouby. New York City. Predstava
malife. © by Brown Bros., N.Y. The American Art Publishing Co. N.Y. City.
1909 [sbirka autorii].

Po prekondni teky Hudson (vpravo) vstupuji Uptown Hudson Tubes (z N. Y.
a zpét) do vychodniho kesonu ¢. 1 (z a do Hobokenu, Jersey City a Newarku).
Tunely v kesonu ¢. 2 (vlevo, v pozadi) projizdéji viaky z a do Hobokenu, Jersey
City a Newarku. JiZni keson ¢. 3 realizuje tunely z a do N. Y., Newarku, Jersey
City a Erie.

Fig. 1 Hudson and Manhattan tunnel tubes. New York City. A painter’s idea.
© by Brown Bros., N.Y. The American Art Publishing Co. N.Y. City. 1909
[authors' collection].

After crossing the Hudson River (right), the Uptown Hudson Tubes (to and from
N.Y.) enter East Caisson No. 1 (to and from Hoboken, Jersey City and Newark).
Tunnels in Caisson No. 2 (left, background) carry trains to and from Hoboken,
Jersey City and Newark. South Caisson No. 3 carries tunnels to and from N.Y.,
Newark, Jersey City and Erie.

rampovych usekl probihala konvenénimi postupy s rozpojovanim
horniny trhavinou a vSechny tfi konce rozpletu pak byly vybu-
dované jako dvoupodlazni ZB kesony.

V soucCasnosti se uvadi NY Subway jako 4. nejvytiZené;jsi
mestska draha na svété, s celkem 469 stanicemi a cca 5 a Y
mil. cestujicich denné€ [1]. Hudsonské tunely byly v roce 1978
prohlaseny za Narodni kulturni pamatku inZenyrského stavitelstvi

[2].

Tunel Cave Rock u jezera Tahoe v Nevadeé

Asi2mil. letstaré ledovcové jezero Tahoe se rozklada v Sierra Ne-
vadé, na hranici Kalifornie a Nevady. Pro oba stéty je to predevsim
prvotfidni celorocni turistickd atrakce, je domovem vSemoznych

sportll a na nevadské strané také kasin. Starou jednopruhovou
a dopravné obtiznou pristupovou trasu zvanou Lincoln Highway
nahradila ve 20. letech 20. stol. US Route 50. Ta na vychodnim
brehu, 24 m nad hladinou jezera, prekonava dvéma tunelovymi
troubami vyrazny vulkanicky ttvar a soucasné posvatné misto in-
dianského kmene Washoe (obr. 2). Na jizni strané jsou ve skale
jeskyné, které ji daly jméno — Cave Rock (cave = angl. jeskyné,
rock = angl. skala).

Prvni, kratky, tunel byl prorazeny v roce 1931, druhy nasledoval
az 1957, s rozsitenim US Route 50 na Ctyfi pruhy, a to za vice
nez 450 000 $ (v dnesni parit€ cca 5 mil. $). Zapadni tunelova
trouba méla pivodné délku toliko 47 m a nebyla vyzdéna. Vy-

CAVE ROCK

LAKE TAHOE

Obr. 2 Legenddrni skdla Cave na vychodnim brehu jezera Tahoe. © 1989 Reno
— Tahoe Speciality, Inc. Box 451 Tahoe City, CA. 95730. Photo By: Melbourne
A. Robison. 1989 [sbirka autorii].

Na letecké fotogratfii je dobre videét jizni portdl mladsiho a delsiho tunelu, zatim-
co vlevo od néj se skryvd ve stinu portdl starého krdtkého tunelu.

Fig. 2 Legendary Cave Rock on Lake Tahoe’s east shore. © 1989 Reno —
Tahoe Specialities Inc. Box 451 Tahoe City, CA. 95730. Photo By: Melbourne
A. Robison. 1989 [authors' collection].

In the aerial photograph, the southern portal of the younger and longer tunnel is
clearly visible, while the portal of the old short tunnel is hidden in the shadows
on the left side.

chodni tubus, od pocatku vybaveny betonovou vyztuzi, je dlouhy
120 m.

Po skalnim sesuvu v roce 2015 byl star$i tunel na severni stra-
né doplnény ochrannou galerii, a pfedev§im opatieny ¢astecnou
betonovou obezdivkou, kterd jej prodlouzila o 18 m. Obnova




zahrnovala v obou tunelech také nové osvétleni a znacky na porta-
lech, upozornujici na cyklisty nebo led v tunelu [3].

Tunel Marys Rock na Vyhlidkové cesté €. 47 ve Virginii
Narodnim parkem Shenandoah ve Virginii vede malebnd vy-

hlidkova silnice (Skyline Drive) ¢. 47. Jednou z mnoha prekazek

trasy v pohofi Blue Ridge Mountains je 1 071 m vysoka hora,

TUMNMNEL ON SKYLINE DRIVE
= i —

- |

Fig. 3 Skyline Drive Tunnel No. 47. Shenandoah National Park. VA. Tunel na
Vyhlidkové silnici (Skyline Drive) ¢. 47. Ndrodni park Shenandoah. VA.
Kolorovand fotografie. Pub. By A. J. Simonpietri, Jr. Front Roayal, Virginia.
1951 [sbirka autorii].

Na pohlednici je vstup do tunelu od severu. Patrny je i (v dobé porizeni snimku)
dosud nevyzdény profil.

Obr. 3 Skyline Drive Tunnel No. 47. Shenandoah National Park. VA. Colou-
red photograph. Pub. By A. J. Simonpietri, Jr. Front Roayal, Virginia. 1951
[authors' collection].

The postcard presents the entrance to the tunnel from the north. Also visible
(at the time the picture was taken) is the until then unlined profile.

pojmenovand Mary's Rock (téZ Marys Rock — Mariina ska-
la). Prochazi ji jediny automobilovy tunel parku, 200 m dlouhy,
dvouproudy, pii svétlé vySce pouhych 3,86 m. Byl prorazeny
v lednu 1932, po tfech mésicich nepfetrZité prace pracovnikil
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tzv. Civilian Conservation Corps (CCC). Slo o stitni organiza-
ci, kterd pro zmirnéni dopadi Velké hospodarské krize mezi lety
1933-42 dala praci v rdmci vefejnych projektd vice nez 3 mil.
nezaméstnanym.

Tunel piivodné postradal jakoukoliv obezdivku, coZ dodnes pla-
ti pro oba portély (obr. 3).

Vzhledem k potizim s vyvéry vody do tunelu a tvofenim ram-
pouchtl v zimé bylo mezi ervencem 1958 a dubnem 1959 insta-
lovano betonové osténi. Vysledky tohoto opatfeni jsou nicméné
dlouhodobé hodnoceny jako ,,omezené‘ [4].

Stary tunel v SoSonském kafionu ve Wyomingu

Buffalo Bill Dam je betonova hrdz a vodni dilo (VD) na fece
Shoshone ve Wyomingu. Vybudovani prehrady a vyuZiti vody pro
zurodnéni okolni pidy bylo velkou vizi slavné postavy Divokého
zapadu Williama ,,Buffalo Billa® Codyho. Ten zalozil i nedaleké
meésto Cody a poskytl velkou ¢ast pozemkd pro VD, které proto
od roku 1946 nese jeho jméno. Hraz vysoka 99 m, postavena v le-

(o~

tech 1905-10, byla v dobé dokonceni dokonce nejvyssi na své-

Bals. FOEET Tummily 18 BHOl=oNE CARTDS

Obr 4 Prvni tunel v SoSonském karionu. Published by J. L. Robbins Co.,
Spokane, Wash. Kolorovand fotografie. 1910 [sbirka autorii].

Levy breh Shoshone River, vychodni vstup do starého tunelu — proti proudu reky.
Fig. 4 The first tunnel in the Shoshone canyon. Published by J. L. Robbins
Co., Spokane, Wash. Coloured photography. 1910 [authors' collection].
Left-hand bank of the Shoshone River, east entrance to the old tunnel —
upriver.

t€. Od roku 1973 je VD Narodni historickou stavebni pamatkou
a okoli pfehradniho jezera bylo vyhldSené Stdtnim parkem Buffalo
Billa.

Hovofi-li se pak o ,,tunelech v Sosonském kationu®, je tfeba roz-

liit tfi entity:

* Na obr. 4 je stary kratky skalni tunel na tzké vozové cesté
vstupujici od vychodu do katfionu, ptivodem z doby dobyvéani
Divokého zapadu a stavby VD.

e V letech 1937-39 byl vyraZeny 4,5 km dlouhy irigacni
Shoshone Canyon Tunnel. Jeho stavba se potykala s velmi
komplikovanou geologii zpusobenou geotermalnimi vlivy,
s vyvéry sirovodiku z hory (pfi¢emZ zahynuli dva razici)
a nutnosti prekonat tunelem az 21 m dlouhou jeskyni.

e Vroce 1960 byly, s odsunem tzv. Yellowstone Highway (US
20/14/16) od Shoshone River, otevieny od mésta Cody k pre-
hradé tfi tunely — jsou 81,4; 59,7 a 976,1 m dlouhé, obousmér-
né a maji pro kazdy smér jen jeden jizdni pruh. Oba kratké
jsou vyzdéné zcela, dlouhy tunel (ktery je soucasné nejdel$im
ve Wyomingu) jen ¢astecné [5, 6].
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China Bar tunel v Britské Kolumbii

Karon feky Fraser se tdhne v B. C. v délce 270 km, od Yale
az k soutoku s fekou Chilcotin. Jeho jizni ¢ast je viibec hlavnim
dopravnim koridorem z pobiezi do vnitrozemi. SloZité prirodni
podminky zde musi Zeleznice i silnice prekondvat fadou tunelt
(napt. Kanadska pacifickd Zeleznice jich zde provozuje jen v tse-
ku Yale—Lytton 30, z nich nejdel$i ma 2,4 km).

Dalni¢ni tunely v kafionu Fraser mezi Yale a Boston Bar byly
vyrazené jako soucdst projektu Trans-Canada Highway. Je jich
sedm, a to od jihu k severu: Yale (dlouhy 286 m, dokonceny 1963),
Saddle Rock (146 m, 1958), Sailor Bar (292 m, 1959), Alexandra
(290 m, 1964), Hell’s Gate (57 m, 1960), Ferrabee (300 m, 1964)
a China Bar (610 m, 1961).
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Obr. 5 Pobli Boston Bar, Britskd Kolumbie. China Bar Tunnel, dlouhy 637 m
(2 090 stop), je jednim z tunelii a mostit — modernich zdzraku, které nahradi-
ly zrddnou stezku pritkopnikii do Frazer Canyonu. Photo-Right — Dorse Mc
Taggart. Dist. By ,,Scenes by Dorse“2403 Trinity St., Vancouver, B.C. Po 1961
[sbirka autorii].

Piisobivy severni portdl dvoupruhového a obousmérného tunelu. Dobre je patr-
né vyrazné rozpukdni jinak kvalitni skalni horniny, v niZ byl tunel vyraZeny. Dnes
Jje povrch skdly nad portdlem porostly hustou mladinou.

Fig. 5 Near Boston Bar, B. C. China Bar Tunnel, 2.090 feet long, is one of
the modern miracles of tunnel and bridge that have replaced the treacherous
pioneer trail up the Frazer Canyon. Photo-Right — Dorse McTaggart. Dist.
By ,,Scenes by Dorse‘“ 2403 Trinity St., Vancouver, B.C. After 1961 [authors'
collection].

The impressive northern portal of the double-lane, bi-directional tunnel. The
otherwise high quality rock in which the tunnel was excavated is clearly visible.
Today, the rock surface above the portal is covered with dense young forest.

Tunel China Bar (obr. 5) je z nich tedy nejdelsi. Pojmeno-
vany je po naleziSti zlata na fece Fraser, ze kterého poté, co je
pro nevynosnost opustili bili prospektofi, naopak velmi zbohatli
Citiané.

Pritomnost: Ze sedmi tunelti v kanionu Fraser pouze nejkratsi
Hell’s Gate neni osvétleny a jen nejdelsi China Bar je vybaveny
vétranim. Zvlastni pozornost je v tunelech China Bar a Alexan-
dra vé€novana cyklistim — ti automaticky aktivuji pred vjezdem do
tuneld Zluta vystrazna svétla nad silnici (obr. 5); stejny systém je
pripraveny i pro tunel Ferrabee [7, 8].

Tunel N6vo v Rio de Janeiro

Tzv. Tanel Novo (Cesky Novy) na obr. 6 se nalézd ve més-
t& a staté¢ stejného jména — v Rio de Janeiro. Prorazi v délce
250 m kopec Morro da Babildnia a propojuje diive oddélené
¢tvrti mésta: Botafogo, Urca, Leme a Copacabana. Jde v poradi
— po tunelech Tunel Velho (1891) a Rio Comprido — Laranjeiras
(1887) — o treti tunel postaveny v Riu. Tento podzemni objekt,

a predevsim jeho pojmenovani, odrazi spletity politicky a hospo-
darsky vyvoj nejznaméjsiho mésta Brazilie, véetné charakteristic-
ké mistni lidové reflexe. PfinejmensSim je pozoruhodné, Ze tunel
se jednak oficialn€ jmenuje jinak a Ze nejde o tunel jeden, ale jsou
dva.

Stavba prvni trouby probihala od roku 1904, oteviena byla
v dubnu 1906, a to pod oficidlnim jménem Tinel Carioca; daleko
pouzivangjsi vSak bylo lidové Tinel do Leme nebo Tinel Novo
(to jako kontrast k tunelu Velho, viibbec prvnimu, ktery spojil Bo-
tafogo s Copacabanou, a proto také lidové znamému jako tunel
Stary). V roce 1937 pak byl Ttnel Carioca pfejmenovan na dnes-
ni Tunel Engenheiro Coelho Cintra, podle vyznamného inZeny-
ra a otce myslenky prorazeni hory a umoznéni rozvoje izolova-
nych ¢tvrti mésta. Od pocétku byla tunelem vedena také tramvaj.
V roce 1941 byla pivodni svétla Sitka 10 m upravena na dnesnich
16 m.

Obr. 6 Brazilsky turismus — Rio de Janeiro — GB. Kostel sv. Terezie a vstup
do tunelu Novo. Sta. Tereza Church and Tunel Noévo entrance. © mercator
® impresso no Brazil — grdficos brunner ltda. — c. p. 21.029 sdo paulo. Cca
1960 [sbirka autorii].

Na pohlednici se severnimi portdly tunelu(it) je vlevo od portdlii také kostel San-
ta Tereza ve stylu Art deco. Pozornost si zaslouZi také velkorysy profil tunelii se
tremi jizdnimi pruhy a postrannimi chodniky, a rovnéZ mohutnd skdla nad portd-
lovou Fimsou. Pozn.: JiZ jen za lehce kuriozni lze povaZovat také to, Ze nékdy se
tento tunel (k ostatnim jméniim) nazyvd rovnéz Tiunel Prado Junior:

Fig. 6 Brasilian tourism — Rio de Janeiro — GB. St. Theresa Church and
entrance to St. Tereza Church and the Névo tunnel entrance. © mercator
® impresso no Brazil — grdficos brunner ltda. — c. p. 21.029 sdao paulo. Cca
1960 [authors' collection].

The postcard with the northern portals of the tunnel(s) also shows the Art Deco
Santa Teresa Church to the left of the portals. Also noteworthy is the generous
profile of the tunnels with three lanes and side walkways, as well as the massive
rock above the portal ledge. Note: It is also only slightly curious that this tunnel
is sometimes also called (among other names) the Tiinel Prado Junior.

Mezi lety 1946 a 1949 pak probihala dostavba druhé trouby,
ktera od roku 1951 nese jméno svého stavitele Tunel Engenheiro
Marques Porto.

Jako technickd zajimavost se uvadi, Ze Tunel Engenheiro
Coelho Cintra byl prvni ve mésté, ktery mél od dubna 2012 insta-
lovano LED osvétleni. [9]

Tunel €. 5 na trati Paranagua-Curitiba

Trat tzkého rozchodu 1 000 mm spojuje pfistav Paranagua na
pobrezi Atlantiku s méstem Curitiba na nahorni ploSiné Parana,
kdyZ protina nejvétsi dochovanou ¢ast biotopu tzv. Atlantického




Tuel

lesa v Brazilii. Zeleznice byla vybudovani Belgi¢any mezi lety
1880-1885 a ve své dobé patfila mezi nejodvaznéjsi inZzenyrska
dila svéta. Na stavbé pracovalo pres devét tisic délnikd, kteti muse-
li prekonat zaplavované tizemi s bazinami, a predev§im nésledu-
jici strmé stoupani do cile. Nékteré prameny udavaji, Ze pritom
vice neZ polovina z nich zemfela, a to jak kvili obecné Spatnym
pracovnim podminkam, tak predev§im nemocem, zejména

malarii.
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Obr. 7 Usek Zeleznice Paranagud — Curitiba. Foto Postal Colombo, Saé Paulo.
1960 [sbirka autorii].

Na pohlednici je videét viezdovy (vychodni) portdl tunelu, s obloukem mostniho
objektu tzv. Carvalho viaduktu, ktery na tunel velmi elegantné navazuje.

Fig. 7 Paranagud — Curitiba railway track section. Photo Postal Colombo, Saé
Paulo. 1960 [authors' collection].

The postcard shows the entrance (eastern) portal of the tunnel, with the arch of

the bridge structure called Carvalho viaduct, which connects to the tunnel very
elegantly.

Trat je dlouhd 110 km a nachazi se na ni 41 mosta a viadukta
a 13 tunelt (téch pivodné bylo 14). Nejdelsi tunel ¢. 13 je se svy-
mi 457 m jedinym v pfimé, a nachézi se symbolicky v nejvysSSim
bodé trati (952 m. n. m).

Tunel €. 5 v km 60,800 (obr. 7) je dlouhy 133 m, a na rozdil
od ostatnich tunelti ma bo¢ni okno do volného terénu. Pivodnim
zamérem projektu zde bylo postavit delsi tunel v oblouku, ale
béhem stavby se c¢ast stropu zfitila. Geologicka studie posléze
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doporucila udrzZet smér trasy odstfelenim stény od hory a misto
uzavieného tunelu zfidit viadukt lokdlné neseny péti pilifi
vyzdénymi do stény. Proto kdyZ dnes vlak projizdi timto mistem,
nevidi cestujici Zddnou mostovku, a to udajné pfinasi pocit po-
hybu vlaku vzduchem...

V soucasnosti je Zeleznice vyznamnym dopravnim spojenim
produkénich oblasti Parana s pristavem Paranagud, s kazdodennimi
nakladnimi vlaky. Osobni doprava neni provozovdna, s vyjim-
kou turistického specidlu spol. Serra Verde Express a jizda mezi
Curitiba a Paranagua pres Serra do Mar je povazovana za jednu

N7

z nejkrasnéjsich na svété [10, 11].

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. MILAN MAJER,
Ing. RICHARD SVOBODA, Ph.D.
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VYROCI

ANNIVERSARIES

AMBERG ENGINEERING BRNO, A. S., SLAVI 30 LET NA CESKEM TRHU
AMBERG ENGINEERING BRNO, A. S., CELEBRATES 30 YEARS IN CZECH MARKET

Dne 13. 09. 2023 tomu bylo
jiz 30 let, co byla firma AM-
BERG Engineering Brno, a.s.,
zapsdna do Obchodniho rejs-
tifku Ceské republiky. Zac4t-
ky nebyly lehké a bez pomoci
matefské firmy AMBERG EN-
GINEERING AG Svycarsko
by to tehdy ani neslo. Zacinali
jsme v péti lidech — feditel, se-
kretarka a ucetni v jedné osobg,
jeden IT specialista a dva pro-
jektanti. Dulezity byl zejména
ten IT specialista a souc¢asné znalec Autocadu (spise tehdy jen osoba
Autocad ovladajici), ktery ty dva projektanty kreslit v Autocadu na-

ow 09

talni zpracovani vykrest v Autocadu, tedy zadna kreslici prkna, ktera
byla v té dobé jesté¢ naprostym standardem ve vétSiné projekcnich
kancelafi. A presto se tehdy zcela nezndmé a zacinajici firmé s mi-
nimem zaméstnanci a minimem referenci na ¢eském trhu podafilo
ziskat pilotni projekt — Pisarecky tunel a rovnou v tehdy nepfili§ ob-
vyklém rozsahu — projekt pro stavebni povoleni, ziskani stavebniho
povoleni a nasledné realizacni dokumentace, autorsky dozor na stav-
bé, technickd podpora zhotoviteli, ktery nemél s NRTM pfili§ zku-
Senosti, projekt a realizace méfeni v podzemi i na povrchu (dnes se
tomu fika monitoring) a nakonec dokumentace skute¢ného provedeni
stavby a provozni dokumentace. A to v§echno pro jednoho zadavate-
le, kterym byl zhotovitel stavby, sdruZeni firem Dopravni stavby, a. s.,
a Subterra, a.s. Dnes se tomu moderné fika ,,Project and Build*.

Od té doby jsme se ponekud rozrostli, pocet zaméstnanct prekrocil
¢islovku 50 a dovolim si napsat, Ze na c¢eském trhu a , tunelarském
piseCku‘ jsme neprehlédnutelni. Vice o firmé si muze Ctenai precist
rovnéz v ivodniku tohoto Cisla.

U pfilezitosti 10. vyroci zaloZeni jsme nechali odlit malé sosky sv.
Barbory, které obdrZelo mnoho naSich obchodnich i osobnich partne-
ru a pratel. Mozna ji néktefi z Ctenara jesté maji. Pro 30. vyroci jsme
pro zménu zvolili pamétni medaili — viz obr. 1.

Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a. s.

ROZLOUCENI

ZA ING. JANEM yl-'\CLA’VI'KEM
FOR ING. JAN VACLAVIK

Dne 14. zéafi 2023 zemfel ve véku
nedozitych 90 let vyznacny Ccesky
autorizovany stavebni inZenyr se za-
méfenim na projektovani podzem-
nich staveb Ing. Jan Vaclavik, muj
celozivotni pracovni kolega. Studium
na Vysoké Skole stavitelstvi Fakulté
inzenyrského stavitelstvi v Brné — od-
bor vodohospodarsky ukoncil v roce
1956. V témZe roce nastoupil do Ate-
lieru 6 zvl&stnich a podzemnich staveb

Obr. 1 Pamétni medaile spolecnosti k 30. vyroci jejiho vzniku
Fig. 1 Commemorative medal of the company on the occasion
of the 30™ anniversary of its establishment

On 13/09/2023, it has been 30 years since
AMBERG Engineering Brno, a.., was
registered in the Commercial Register of the
Czech Republic. The beginnings were not easy
and without the help of the parent company
AMBERG ENGINEERING AG Switzerland
it would not have been possible at that time.
We started with five people — a director,
a secretary and an accountant in one person,
one IT specialist and two designers. Especially
important was the IT specialist and at the same
time an Autocad expert (or rather just a person
mastering Autocad at that time), who taught the
two designers to draw in Autocad. As early as 1993, our office used
exclusively digital processing of drawings in Autocad, i.e. no drawing
boards, which were still an absolute standard in most design offices
at that time. And yet, at that time, a completely unknown and start-up
company with a minimum of employees and a minimum of references
on the Czech market, managed to obtain a pilot design for the Pisarky
tunnel and, to a very unusual extent at the time, a final design, and
subsequently detailed design documentation, author’s supervision on
the construction site, technical support for the contractor who did not
have much experience with the NATM, design and implementation
of measurements, both underground and on the surface (today this is
called monitoring) and finally as-built documentation and operational
documentation. And all of this for one client, which was the contractor,
a consortium of companies Dopravni stavby, a.s., and Subterra, a.s.
Today, it’s called “Design and Build” in a modern way.

Since then, we have grown somewhat, the number of employees
has exceeded 50 and I dare say that we are unmissable on the Czech
market and the “tunnel construction market”. The reader can also
read more about the company in the editorial of this Tunel issue.

On the occasion of the 10 anniversary of founding, we had small
statuettes of St. Barbara cast, which were received by many of our
business and personal partners and friends. Maybe some of the
readers still have it. For the 30™ anniversary, to change the custom,
we have chosen a commemorative medal — see Fig. 1.

Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a. s.

LAST FAREWELL

On 14 September 2023, the distinguished Czech chartered civil
engineer with a focus on the design of underground structures
Ing. Jan Vaclavik, my lifelong work colleague died at the age
of almost 90 years. He completed his studies at the University
of Civil Engineering, Faculty of Civil Engineering in Brno —
Department of Water Management in 1956. In the same year, he
joined Atelier 6 of Special and Underground Structures of VPU (the
Military Design Institute) as a designer of the water management
group. Over the next few years, he expanded his specialisation to
include the fields necessary to ensure the operation of underground

structures, especially air conditioning, refrigeration, power supply



Vojenského projektového ustavu jako projektant vodohospodarské
skupiny. V pribéhu nékolika dalSich let rozsitil svoji specializaci o
obory nezbytné pro zajisténi provozu podzemnich staveb zejména
vzduchotechniky, chlazeni, zasobovani el. energii a fizeni technolo-
gickych systéma. Stal se vedoucim technologické skupiny a pozdé&ji
hlavnim specialistou ustavu v oboru ochrannych staveb. Po rozhod-
nuti Ministerstva vnitra CSSR, v sedmdesatych letech minulého
stoleti, realizovat vystavbu dalSich tras praZského metra A a B jako
stavby dvouucelové spliiujici poZadavky dopravni i civilni ochrany
byl Ing. Jan Véclavik spoluautorem koncepce ochranného systému
metra a zaroven hlavnim inZzenyrem nékolika technologickych center
tohoto systému.

V roce 1994 ukondil sviij pracovni pomér ve VPU a nastoupil do
mladé spole¢nosti SATRA, spol. s r.0. ke svym byvalym spolupra-
covnikiim z Atelieru 6. Bylo to v dob¢€, kdy spolecnost ziskala za-
kazku na projekt technologického vybaveni Strahovského automo-
bilového tunelu. Vzhledem k tomu, Ze podle pivodniho navrhu bylo
nutno fesit fadu provoznich souborti jako dvoutcelové (tzn. vyuZi-
vané jak v rezimu dopravnim, tak ochranném) bylo nezbytné, aby
Ing. Jan Viclavik rozsifil své znalosti o specifika technologického
vybaveni automobilovych tuneli, které dale vyuzil v dalSich zakaz-
kach spolecnosti SATRA, tunelech v severozapadni ¢asti Méstského
okruhu Zlichov, Mrazovka a Tunelovém komplexu Blanka. Bylo to
v obdobi, kdy po pozérech v alpskych tunelech dochazelo ke zvy-
Seni pozadavkll na bezpecnost tuneld, jejich prostorového i kon-
struk¢niho fesent, technologického vybaveni a zptisobu provozovani.
V tomto obdobi se uplatnil jeho inZenyrsky pfistup k praci, aktivita
a spoluprace s Geskymi (CVUT) i zahrani¢nimi odborniky (CETU,
Technicka univerzita v Grazu, Univerzita v Leuvenu), nebot stavajici
normy a predpisy nevyhovovaly novym pozadavkiim a bylo nutné
navrhovat nova funkéni feseni. Ke konci své pracovni kariéry se do-
¢kal 1 naplnéni svého prani — fungujiciho fidictho systému tunelu.
Aktivné se podilel na nivrhu fidiciho systému dopravy jak tunelu
Mrazovka, tak na koordinovaném liniovém fizeni tuneld Zlichov,
Mrazovka a Strahov véetné systémti na navazujicich pozemnich
komunikacich. Na zaslouzeny dichodovy odpocinek odesel az ve
svych osmdesiti letech.

Co napsat na zavér. Ve svych skoro 90 letech odeSel vynikajici
specialista, ktery byl, je a bude spojen s vyznacnymi podzemnimi
stavbami zejména v Praze, které tady budou slouzit naSim potom-
kim jesté hodné dlouhou dobu. Ne kazdému se to postésti. A zaro-
ven odesel ¢lovek, ktery byl pratelsky, otevieny, spolehlivy a empa-
ticky. Mél jsem to $tésti, Ze jsem s nim proZil skoro cely sviij profesni
Zivot a Ze jsem se od n€¢j mnoho naucil. Dékuji.

Cest jeho pamitce.

LUDVIK SAJTAR
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and management of technical equipment systems. He became
the head of the technology group and later the institute‘s main
specialist in the field of protective structures. After the decision of
the Ministry of the Interior of the Czechoslovak Socialist Republic,
in the 1970s, he worked on the construction of other lines of the
Prague metro, A and B, as dual-purpose structures meeting the
requirements of transport and civil protection. Ing. Jan Viclavik was
a co-author of the concept of the metro protection system and was
also the chief engineer of several technical services centres of this
system.

In 1994, he terminated his employment at VPU designing office
and joined the young company SATRA Ltd. with his former
colleagues from Atelier 6. It was at the time when the company won
a contract for the Strahov Automobile Tunnel technical equipment
design. Since according to the original design it was necessary
to solve a number of operational units as dual-purpose ones (i.e.
used both in the transport and protection mode), it was necessary
for Ing. Jan Vaclavik to expand his knowledge of the specifics of
technical equipment of automobile tunnels, which he further used
in other orders won by Satra, tunnels in the northwestern part of the
Zlichov City Circle Road, Mrazovka and Blanka Tunnel Complex.
This was at a time when, following the fires in the Alpine tunnels,
there was an increase in requirements for the safety of tunnels, their
spatial and structural design, technical equipment and method of
operation. During this period, his engineering approach to work,
activity and cooperation with Czech (Czech Technical University,
CTU) and foreign experts (CETU, Technical University of Graz,
University of Leuven) was applied, as the existing standards and
regulations did not meet the new requirements and it was necessary
to design new functional solutions. Towards the end of his working
career, he also got his wish — a functional tunnel control system
— come true. He was actively involved in the design of the traffic
control system of the Mrazovka tunnel as well as in the coordinated
linear control of the Zlichov, Mrazovka and Strahov tunnels,
including systems on the connecting roads. He retired at the age
of eighty.What to write in conclusion. At the age of almost 90, an
outstanding specialist who he was, is and will be associated with
outstanding underground structures, especially in Prague, which
will serve our descendants here for a long time to come, has passed
away. Not everyone will be so lucky. And at the same time, a man
who was friendly, open, reliable and empathetic has passed away.
I was fortunate to have spent almost all my professional life with
him and to have learned a lot from him. Thank you.

Honour his memory.

LUDVIK SAJTAR

ZEMREL BORIS KLEMENT — ZAKLADATEL POBOCKY FIRMY ILF CONSULTING ENGINEERS V CR
BORIS KLEMENT, FOUNDER OF THE ILF CONSULTING ENGINEERS BRANCH

IN THE CZECH REPUBLIC, HAS PASSED AWAY

V patek 25. srpna 2023 ve véku
73 let po kratké nemoci nahle zemrel
Ing. Boris Klement, ktery se do tu-
nelarské komunity v Ceské republice
zapsal jako zakladatel ceské pobocky
firmy ILF Consulting Engineers. Na-
rodil se 17. 4. 1950 ve Vysokém Myté.
Studium oboru konstrukce a dopravni
stavby na Fakulté stavebni CVUT
v Praze tspésné zakoncil v roce 1974.
Nasledné nastoupil do narodniho
podniku SILNICE, kde se po ziska-

On Friday, August 25, 2023, Ing. Boris Klement, who entered the
tunnelling community in the Czech Republic as the founder of the
Czech branch of ILF Consulting Engineers, died suddenly at the age
of 73 after a short illness. He was born on 17.4.1950 in Vysoké Myto.
He successfully completed his studies in the field of engineering and
transport construction at the Faculty of Civil Engineering of the Czech
Technical University in Prague in 1974. Subsequently, he joined the
state-owned company SILNICE (ROADS), where, after obtaining
a license to carry out blasting, he devoted himself to carrying out
firing related to earthworks, especially on-line construction sites.
From 1980 he worked as the head of the destruction centre in Plant
01 of Engineering and Industrial Construction company (IPS), which
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ni opravnéni k provadéni trhacich praci vénoval provadéni odpalt
souvisejicich se zemnimi pracemi zejména na liniovych stavbéach.
Od roku 1980 pracoval jako vedouci stfediska destrukci v zavode 01
InZenyrskych a primyslovych staveb, které bylo v t€ dobé povéreno
asanaci starého Zizkova v oblasti od Bulhara aZ po Olianskou ulici.
Jiz v roce 1981 vSak s rodinou za dramatickych okolnosti emigroval
pres Jugoslavii a Rakousko do Némecka, kde cekal na azyl v Ka-
nadé. Vzhledem k tomu, Ze mladsi syn mél v t€ dobé nastoupit do
prvni tfidy a azyl v Kanad€ byl nejisty, rozhodl se s rodinou ziistat
v Némecku, kde pracoval nejprve manualné na stavbach. Nasledné
nastoupil do nadnarodni spole¢nosti ILF Consulting Engineers Inns-
bruck a pracoval na tunelovych stavbach ve Svycarsku a Némecku.
Po revoluci v roce 1989 se chystal na navrat do vlasti, i kdyZ v té dobé
jesté pracoval jako vedouci kancelare stavebniho dozoru zajiStované-
ho pro Némecké drahy firmou ILF Consulting Engineers. V této roli
odpovidal za kvalitu vystavby Ctyt Zeleznicnich tunelti Stéindelberg,
Rammersberg, Harrbach a Schonrain na spojce Nantenbach na trati
Hanover—Wiirzburg. V roce 1991 zaloZil obchodni zastoupeni firmy
ILF International v Praze a postupné zacal firmu rozvijet ve vSech
oborech potfebnych zejména pro projektovani staveb dopravni in-
frastruktury. Srdcem vSak zlstaval tuneldfem a snaZil se za podpory
rakouskych kolegii své zkusenosti predavat jak investorskym orga-
nizacim, tak stavebnim firmam. To se tykalo napf. projektu prvniho
dalni¢niho tunelu Branisko raZeného pomoci NRTM na Slovensku
nebo tunelu Vepiek jako prvniho Zelezni¢niho tunelu v siti Ceskych
drah raZeného stejnou tunelovaci metodou. V oblasti tuneld se jim
vedena projek¢ni kancelar brzy dostala svym praktickym piistupem
a preciznosti tunelovych projekt zejména do povédomi zhotoviteld.
Vzdy téZce nesl havarie tunell, protoZe si uvédomoval, Ze obor po-
Skozuji a zhorSuji prosazovéni tunelll jako soucasti dopravnich sta-
veb. [ kdyz jeho jednéani mnohdy budilo emoce, jeho cilem vzdy bylo
posunout obor podzemnich staveb na evropskou troven, se kterou
mél osobni zkuSenosti. Ve firmé ILF Consulting Engineers se mu
podarilo shromazdit tym lidi, ktefi byli a jsou ve svych profesich
respektovanymi odborniky a vznikla zde fada pratelstvi, které pretr-
vavaji dodnes. I za to Borisi Klementovi patif dik.

Ing. LIBOR MARIK, SAGASTA s.r.o.,
JAROSLAV ZIKA

at that time was entrusted with the redevelopment of old Zizkov
region in the area from Bulhar Street to Olsanska Street. In 1981,
however, he and his family emigrated under dramatic circumstances
via Yugoslavia and Austria to Germany, where he waited for asylum
in Canada. Since his younger son was about to start first grade at that
time and asylum in Canada was uncertain, he decided to stay with his
family in Germany, where he first worked manually on construction
sites. Subsequently, he joined the multinational company ILF
Consulting Engineers Innsbruck and worked on tunnel construction
sites in Switzerland and Germany. After the revolution in 1989, he
was preparing to return to his homeland, although at that time he
was still working as the head of the construction supervision office
provided for German Railways by ILF Consulting Engineers. In this
role, he was responsible for the quality of the construction of four
railway tunnels Stindelberg, Rammersberg, Harrbach and Schonrain
on the Nantenbach linking track on the Hanover Wiirzburg line. In
1991, he established a sales office of ILF International in Prague
and gradually began to develop the company in all fields necessary
especially for the design of transport infrastructure. However, he
remained a tunneller at heart and tried to pass his experience on to
both investment organisations and construction companies with the
support of his Austrian colleagues. This concerned, for example, the
project of the first motorway tunnel Branisko driven using the NATM
in Slovakia or the Veprek tunnel as the first railway tunnel in the Czech
Railways network to be driven using the same tunnelling method. In
the field of tunnels, the design office led by him soon became known
to contractors with its practical approach and the precision of tunnel
designs. He always took tunnel accidents hard, because he was
aware that the industry was damaged and the promotion of tunnels
as part of transport construction got worsened. Although his actions
often aroused emotions, his goal was always to move the field of
underground construction to the European level, with which he had
personal experience. At ILF Consulting Engineers, he managed to
gather a team of people who were and are respected experts in their
professions, and a number of friendships were formed that persist to
this day. Thanks to Boris Klement even for this.

Ing. LIBOR MARIK, SAGASTA s.r.o.,
JAROSLAV ZIKA

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
wWWwWw.ita-aites.cz

ZPRAVA Z ODBORNEHO ZAJEZDU CESKE TUNELARSKE ASOCIACE DO RAKOUSKA

VE DNECH 11. AZ 14. RiJNA 2023

NEWS FROM THE PROFESSIONAL TOUR OF THE CZECH TUNNELLING ASSOCIATION

TO AUSTRIA FROM 11 TO 14 OCTOBER 2023

After four years, for the first time since 2019, it was possible
to organise and hold a professional tour. The destination was
once again Innsbruck, Austria, and the construction of the nearby
Kiihtai Pumped Storage Power Plant (PVP) (erneuerbare+ Kiihtai,
website — https://www.erneuerbareplus.at/). The construction in
question is an extension of an existing hydropower plant. A second
power plant is being built in addition, on top of the existing upper
reservoir, with a second power plant to increase the total energy
output and retention space, and a network of underground access
and service tunnels.

Po ctyfech letech, poprvé od roku 2019, se podafilo zorganizovat
a usporadat odborny zdjezd. Cilem byl opét rakousky Innsbruck
a stavba nedaleké precerpavaci vodni elektrarny (PVE) Kiihtai (er-
neuerbare* Kiihtai, web — https://www.erneuerbareplus.at/).

Innsbruck je prijemné podhorské mésto s rozvinutou dopravni
infrastrukturou a siti kravinl pfimo v intravilinu mésta. Tato za-
fizeni zasobuji rizolici mistni obyvatele i navstévniky mésta Cer-
stvym mlékem primo od struku. Kde se vSak tato zvifata pasou,
zustalo ucastnikiim zajezdu utajeno.

Stavba, o které je fec, je rozSifenim stivajici vodni elektrarny.
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planovana nédrz a piehrada Kiithai
planed Kithai reservoir and dam

Obr. 1 Celkovy pohled na PVE Kiihtai

Fig. 1 Overall view of the pumped storage power plant Kiihtai
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Obr. 2 Schéma stavby

Fig. 2 Construction site plan

zdroj https://www.erneuerbareplus.at/ source https://www.erneuerbareplus.at/

foto Markéta Pruskovd pho:
Obr. 3 Kaverna strojovny s jiz osazenymi turbinami

Fig. 3 Transformer room cavern with turbines already installed

zdroj https://www.erneuerbareplus.at/ source https://www.erneuerbareplus.at/

arkéta Pruskovd
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K jiz existujici horni nadrzi se buduje
druhd, s druhou elektrarnou pro zvy-
Seni celkového energetického vykonu
a retencniho prostoru a sit podzemnich
pristupovych a obsluznych tunela.

Na obr. 1 je celkovy pohled na tfi
vodni nadrze, tvoricich precerpavajici
elektrarnu Kiihtai — vlevo stavajici hor-
ni nadrz, vpravo budovana druhd horni
nadrz (jeji vizualizace), vpravo dole
dolni nadrz. Schéma stavby je uvedeno
na obr. 2.

Jak je patrné z obr. 2, voda bude do
nové horni nadrze pfivadéna ze Sesti
vodnich zdroji podzemnimi privadéci.
Z nich nejdaleZitéjsi je paterni priva-
dé¢ délky 25 km, raZeny tunelovacim
strojem ALESJA o priméru 4,2 m.
Nazev stroje je akronymem, zkratkou
sloZzenou z prvnich pismen kfestnich
jmen Sesti dam tvoricich tym ucast-
nikii vystavby. Ctendiky a &tenafe baZicich po blizsich infor-
macich autor odkazuje na webovy clanek (https://www.tiwag.
at/unternehmen/ueber-uns/news/erweiterungsprojekt-kuehtai-
tunnelbohrmaschine-alesja-wurde-angedreht/). Dodavatelem stro-
je byla spolecnost CREG — China Railway Engineering Equipment
Group Co., Ltd.

Dalsi podzemni dila tvorici stavbu byla raZzena pomoci Nové ra-
kouské tunelovaci metody. V tuto chvili jsou razby hotovy, probihaji
betonaze definitivnich konstrukei a instalace technologii (obr. 3
ad).

Hraz nové nadrze bude kamenita sypand, se stfedovym jilovym
tésnénim (obr. 5). Vyska télesa hraze Cini 113 m, délka v koru-
né 510 m, nadmorskd vyska koruny je 2 145 m, retencni prostor
33 mil. m?. V puli fijna 2023 je provedena asi 1/3 z celkové vysky
hraze.

Stavebnikem je rakouska spole¢nost TIWAG — Tiroler Wassekraft
AG, ktera provozuje i nékolik dalSich vodnich elektraren v Tyrol-

Fig. 4 Transformer room

Obr. 5 Prehradni profil — budovdni hrdze
Fig. 5 Dam profile — building the dam

foto Markéta Pruskovd photo Markéta Pruskovd

Obr. 4 Kaverna transfomdtorovny

sku. Zhotovitelem stavebnich praci je sdruzeni firem Swietelsky,
Jager a Hans Bodner Baugesellschaft.

Priprava stavby zacala v roce 2006, stavebni prace byly zahdjeny
v roce 2019, uvedeni do provozu se predpoklada v roce 2026.

Samotnou exkurzi vedl a svym poutavym vykladem obohatil pan
Florian Zoller ze sdruzeni spolecnosti Kirchebner Ziviltechniker
a WB Ingenieurbiiro (zajistuji vykon stavebniho dozoru). Po kritké
prednasce v infocentru nasledovala prohlidka prehradniho profilu
a posléze farani do strojovny a transformatorovny. Jedna ze zajima-
vosti vykladu byla, Ze stavba neméla a nema problémy s mistnimi
obyvateli. Siroko daleko je pouze jediné obec a tou je lyZaiské stie-
disko Kiihtai. Pocet jejich stalych obyvatel dosahuje pouze n¢kolika
desitek a polovina z téchto lidi na stavbé pracuje. Razby probihaly
rychle, v pevnych skalnich horninach, za pouziti trhacich praci. To,
Ze stavba leZi vysoko v horach, ale komplikuje zemni prace na hra-
zi — stfedové jilové tésnéni se da provadét jen od jara do podzimu
v obdobi vyssich teplot.

foto Markéta Pruskovd photo Markéta Pruskovd
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Joto Florian Zoller a Markéta Pruskovd photo Florian Zoller and Markéta Pruskovd
Obr. 6 Ucastnici zdjezdu pred jednim z vozidel stavby
Fig. 6 Tour participants before one of the construction vehicles

Zaveérem autor za vSechny ucastniky odborného zdjezdu déku- Zdar Bth na pristim odborném tunelarském zajezdu.
je Liborovi Marikovi za perfektni domluvu a pfipravu exkurze
a Markété Pruskové za skvélé organizacni zajisténi celého zajezdu TOMAS EBERMANN,
(obr. 6). ¢len redakcni rady

- w O

Redakce Casopisu Tunel preje vSem svym Ctenarfum jen to nejlepsi do roku 2024.
The editorial staff of TUNEL journal wishes all its readers the very best in 2024.
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Reprodukce historické pohlednice, kterou poslal dne 30. XII. 1907 p. Johan Wundernitz z Riickersdorfu p. Johanu Mayerovi do Vidné s pranim k Novému roku

1908. Sbirka autori seridlu o tunelovych pohlednicich.
Reproduction of a historical postcard sent on 30 December 1907 by Mr. Johan Wundernitz from Riickersdorf to Mr. Johan Mayer in Vienna with wishes for the

New Year 1908. A collection of the authors of the series on tunnel postcards.
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