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Podzemné stavby - vystavba a rekonstrukcia
Cestné, dialnicné, Zelezni¢né tunely, podzemné hydroelektrarne, prieskumné a unikové Stolne, velkopriestorové podzemné
diela, podzemné objekty pre vodohospodarske stavby a iné.

InZinierske stavby - vystavba a rekonstrukcia
Kanalizacie, COV, vodovody, vodojemy, protipovodiové ochranné opatrenia, skladky TKO,
revitalizacie verejnych priestranstiev a namesti a iné.

Nase stavby menia vas svet ...
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Vazeni Citatelia Casopisu Tunel,

dostava sa vam do ruik prvé tohtorocné vydanie, ktoré nadvizuje na dvadsatSestrocnu historiu vyddvania
Casopisu, ktory dlhé roky oboznamuje odbornt verejnost’s poznatkami z oblasti podzemného stavitelstva.

V aktudlnom cisle st viaceré zaujimavé ¢lanky z rdéznych svetovych regiénov, ktoré si venované
projektom spolo¢nosti SAMSON PRAHA spol. s r.0. a TuCon, a. s.

Prvy ¢lanok vis zavedie do Gruzinska, kde sa SKODA PRAHA, a. s. v spoluprici so spolonostou
SAMSON PRAHA spol. s r.o. podiela na vystavbe vodnej elektrarne na rieke Mtkvari, v zloZitom
vysokohorskom prostredi, v ulohe technického dozoru stavby na strane investora a geotechnického
dozoru. Obozndmia nds s podrobnou geolégiou dotknutého tzemia, s ktorou sa stretdvaji pri razeni
9,7 km tunela pomocou TBM.

Druhy ¢ldnok od spolo¢nosti SAMSON PRAHA spol. s r.o. je venovany razeniu 60 m dlhej $tdlne teplovodu pod ru$nou
krizovatkou v Prahe, kde firma vykondvala geotechnicky monitoring. Citatelov oboznamuje s komplikdciami, s ktorymi sa
stretli pri jej vystavbe.

V poslednom ¢lanku opisuje spolo¢nost’ problematiku projektovych a prieskumnych prac v prostredi starych banskych
diel, s moznostou ich vyuZzitia. V tomto ¢lanku ide o dlozisko rddioaktivneho odpadu Richard nad mestom Litomérice. Autor
nds oboznamuje aj s histériou vyuZitia tohto starého banského diela za poslednych sto rokov.

Dalgie publikované ¢lanky su od spolo¢nosti TuCon, a. s., z ktorych sa dozvieme o skisenostiach spolo¢nosti pri budova-
ni tunelov v zahrani&i, konkrétne Zelezniéného tunela De Champel vo Svajéiarsku a cestnych tunelov Oberau a Rosenstein
v Nemecku.

V zdvere Casopisu nechybaju pravidelne sa opakujiice rubriky, ako si Zo sveta podzemnych stavieb alebo Spravy z tune-
larskych konferencii.

Citatelom prajem prijemné chvile stravené s ¢asopisom Tunel. Zaroveii si vis dovolujem pozvat na pripravovani konfe-
renciu Tunely a Podzemné stavby 2018, ktora sa uskuto&ni v méji v Ziline.

SONA MASAROVICOVA,
¢lenka redakcnej rady

Dear TUNEL journal readers,

You are getting this year’s first issue of the journal, building on the twenty six-year history of its publishing, informing
the professional public about new knowledge from the field of underground construction.

There are several interesting papers from various regions of the world in the current issue, which are dedicated to projects
implemented by the company of SAMSON PRAHA spol. s r.0. and TuCon, a. s.

The first paper will take you to Georgia, where SKODA PRAHA, a. s., in collaboration with SAMSON PRAHA spol.
s r.0. participate in the construction of a hydropower plant on the river Mtkvari in a complicated Alpine environment in the
role of the Project Engineer for the project owner and the geotechnical supervisor. It will inform you in detail about the geo-
logy in the area of operations, which the company encounters during the excavation of a 9.7km long tunnel using a TBM.

The second paper by SAMSON PRAHA spol. s r.o. is dedicated to the excavation of a 60m long gallery for a hot-water
pipeline under a busy intersection in Prague, where the company carried out geotechnical monitoring. It acquaints the rea-
ders with the complications they encountered during the work.

In the last paper, the company describes the problems of designing work and exploratory activities in the environment of
abandoned mine workings and possibilities of their use. This particular paper informs about the Richard repository of low-
level radioactive waste above the town of Litomérice. The author even acquaints us with the history of the use of the aban-
doned mine working during the past hundred years.

Other published papers are by the company of TuCon, a. s. We will learn from them about the company experience with
constructing tunnels abroad, concretely the De Champel tunnel in Switzerland and the Oberau and Rosenstein road tunnels
in Germany.

Regularly repeating columns, such as The world of underground construction or News from tunnelling conferences, are
not missing in the journal conclusion. .

I wish the readers to enjoy pleasant moments spent with TUNEL journal. At the same time I invite you to the Tunnels and
Underground Construction 2018 Conference, which will take place in Zilina in May.

SONA MASAROVICOVA,
Member of Editorial Board




VAZENI CTENARI A PRIZNIVCI
CASOPISU TUNEL,

je mi velkou ctf, i ostatnfm kolegim, Ze ndm byla déna prile-
Zitost prezentovat nasi spolecnost a oslovit vés prostrednictvim
Casopisu Tunel. Je to pro nds i svym zpasobem symbolické, Ze
v tomto roce nase spolecnost slavi 25. vyroci od svého zaloze-
ni. SAMSON PRAHA, spol. s r.0. se v poslednich letech rozvi-
nula do inZenyrsko-dodavatelské a konzultaéni spolecnosti
zaméfujici se nejen na dopravni a podzemni stavby, ale i na
pozemni{ stavby a geodézii. Poskytujeme komplexni sluzby
pocinajici pruzkumnou &innosti pres projektovou pifpravu, technicky dozor az
po realizaci mensich staveb na izemf nejen Ceské republiky, ale i v zahranici.

Jsme multidisciplindrni spole¢nosti, ale s ohledem na zaméfeni Casopisu
Tunel se nebudu rozepisovat o vsech ¢innostech a sluzbach nasi spolecnosti,
ale zamérim se pouze na vybrané, které tematicky souviseji. Jiz hezkou fadku
let rozvijime celou $kdlu Cinnosti, které miZeme v podzemnim stavitelstvi
nabidnout. Vybudované projektové oddéleni se mimo jiné zabyvéd navrhové-
nim podzemnich staveb, od zdméru projektu az po realizaéni dokumentace sta-
veb, jsme napf. autory projekti Stola pod Zeleznini trati pro horkovod ve
Vysocanech nebo dokumentace Vnitini vybaveni propojek Zelezni¢niho tune-
lu Ejpovice. Provadime inZenyrskogeologické, hydrogeologické a geotechnic-
ké pruzkumy pro vSechny stupné projektovych dokumentaci. Jeden z téchto
pruzkumu je pro tunel Vinohrady v Brné, kde jsme se jako ¢len ,,Sdruzeni
Tunel Vinohrady — GTP pruzkum* podileli na prazkumnych pracich. V lon-
ském roce jsme jiz pokraovali samostatné v prizkumu a monitoringu poten-
cidlnf svahové deformace v priportdlové oblasti pro 1/42 Brno, VMO tunel
Vinohrady. TéZitém pruzkumnych praci byla realizace tf inklinometricky
vystrojenych vrtl periodicky méfenych, doplnénych geofyzikdlnim a karotdZ-
nim pruzkumem. Jsme dodavatelem komplexniho geotechnického monitorin-
gu v prubéhu vSech etap vystavby. Jak geodetickd, tak geotechnickd méfeni
realizujeme vlastnimi kapacitami. Vysledky jsou poté prezentovény v infor-
macnim systému ,,CUBULA®. Disponujeme kvalifikovanymi odborniky
a experty, kteff jsou schopni realizovat kontrolni, supervizni a konzultantskou
Cinnost pri provadéni tunelovych ¢asti stavby, jako napr. v minulosti pro SOKP
513 a 514 pro investora RSD CR.

Aktudlné provadime predstihovy geotechnicky monitoring pro stavbu D3
03101 Usilné — Hod&jovice vetné hloubeného tunelu Pohtirka o délce
999,5 m a jeho odvodnéni prevdzné raZenou kanalizaci DN1000 o délce
918 m. V rdmci dspeésné podané nabidky ve ,,Sdruzeni D8 0805 — GTM* je
na$fm dkolem realizace vSech geodetickych 3D méfeni po dobu zéruky dila.
V dané oblasti sesuvného tizemi na D8 se jiZ pohybujeme fadu let. Mame zde
vybudovanou obséhlou sit’stabilizovanych bod pro presnd geodetickd méfe-
ni. Specializujeme se také na budovani mikrositi pro mostni objekty.

Spole¢nost SAMSON PRAHA, spol. s r.0. je plné nezédvisld organizace
s vlastnim kapitalem, jsme schopni klientim a partnerim nabidnout kom-
plexni sluzby prostiednictvim tymu zkuSenych odborniku. Je pro nés také
vyhodou, Ze nase spolecnost disponuje jak vlastnim pistrojovym vybavenim,
tak technickym a strojnim zdzemim v&etné kolovych vrtnych souprav. Veiim,
7e v dnesni dobé ekonomického rustu prijdou opét Casy velkych podzemnich
projektt nejen v hlavnim mésté Praze, ale i v dalSich koutech nasi vlasti.
Samozrejmé to zavisi na odvaze, schopnostech a ochot¢ nasich volenych poli-
tickych zdstupct prosazovat ambicizni projekty.

V tomto vydani ¢asopisu Tunel jsme pro vds pripravili celkem tii prispévky.
Hlavni je vénovén projektu vystavby vodni elektrdrny na fece Mtkvari pobliz
mésta Akhaltsikhe v Gruzii, kde puisobi nasi experti v roli technického dozoru na
strané investora a geotechnického dohledu ve spolupréci s firmou SKODA
PRAHA, a. s. Nsleduje razba $toly teplovodu pod rusnou prazskou kfizovat-
kou, kde jsme provadéli geotechnicky monitoring stavby Stoly. Posledn{ ¢lanek
jsme veénovali projektu pro uvolnéni komor k ukliddni RAO se zabezpeCenim
pracovni komunikace chodbou v dilnim komplexu Richard v severozdpadn{
Casti Litomefic.

Zéavérem bych rdd podékoval svym kolegtim, partnerim
a Ceské tuneldiské asociaci za jejich préci a dovolte mi
popit vim mnoho dspéchl v pracovnim i osobnim Zivote,
zdravy rozum a $tastnou volbu pri obtiznych rozhodnutich.

Zdar bah!
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DEAR READERS AND TUNEL
JOURNAL SYMPATHISERS,

It is a great honour for me and other colleagues that we are given
the opportunity to present our company and speak to you through
TUNEL journal. It is symbolic for us in its own way that this year our
company celebrates the 25t anniversary of its foundation. SAMSON
PRAHA, spol. s 1. 0. has developed in recent years into an enginee-
ring supply and consultancy company focusing itself not only on tran-
sport-related and underground construction, but also on building and
land surveying. We provide comprehensive services starting from
exploration through project preparation, engineering supervision, up to realisation of
smaller construction projects not only in the Czech Republic but also abroad.

We are a multidisciplinary company but, with respect to the focus of TUNEL journal,
[ am not going to expand on all activities and services provided by our company. I will only
focus on the selected, thematically related ones. It has already been a long time for which
we have been developing a whole range of activities we can offer in the field of underg-
round construction. The designing department we have established engages itself in desig-
ning underground structures, starting from conceptual design up to detailed design docu-
mentation; we are, for example, authors of designs for The gallery for hot water pipeline
under a railway track in VysoCany or the documentation for the Internal equipment of cross
passages between the Ejpovice tunnel tubes. We carry out engineering geological surveys,
hydrogeological surveys and geotechnical investigations for all degrees of design docu-
mentations. One of these explorations was for the Vinohrady tunnel in Brno, where we par-
ticipated as a member of the consortium ,,SdruZeni Tunel Vinohrady — GTP prizkum* in
exploratory operations. Last year we continued independently in exploring and monitoring
potential slope deformations in the pre-portal area for the /42 road Brno project, the
Vinohrady tunnel on the Large City Ring Road in Brno. The centre of gravity of the explo-
ration lied in the realisation of three boreholes with periodically measured inclinometers
installed in them, complemented by geophysical and borehole survey. We are a contractor
for comprehensive geotechnical monitoring during the course of all construction stages. We
realise land surveying and geotechnical measurements using our own capacities. The results
are subsequently presented in the ,, CUBULA" information system. We have got qualified
professionals and experts at our disposal, who are capable of realising checking, supervi-
sing and consulting work in the process of carrying out tunnel parts of a project, such as for
example, in the past for the Prague City Ring Road sections 513 and 514 for the Road and
Motorway Directory of the Czech Republic, the project owner.

Currently we carry out advanced geotechnical monitoring for the D3 motorway
construction project section 0310/1 Usilné — Hod&jovice, including the 995.5m long
Pohurka cut-and-cover tunnel and its drainage by a 918m long, mostly mined
DN1000 sewer. Our task within the framework of the successful tender in the con-
sortium ,,Sdruzeni D8 0805 — GTM* is to realise all land surveying 3D measurements
during the defects liability period. We have operated in the particular area of the land-
sliding area on the D8 motorway for many years. We have got an extensive network
of stabilised points for precision land surveying measurements built there. We also
specialise ourselves in building micronets for bridge structures.

The company of SAMSON PRAHA, spol. s 1. 0. is a fully independent organisation
with its own capital. We are able to offer comprehensive services to our partners through
a team of experienced professionals. The fact that our company has got its own instru-
mentation, both the technical and mechanical background including wheeled drilling rigs,
is also an advantage for us. I believe that the times of large underground construction pro-
jects will come again in the current time of economic growth, not only in the capital city
of Prague but also in other places of our country. Of course, it depends on the bravery, abi-
lities and willingness of our elected representatives to enforce ambitious projects.

In this TUNEL journal issue, we prepared three papers for you. The main paper is
dedicated to the construction of a hydropower plant on the river Mtkvari near the town
of Akhaltsikhe in Georgia, where our experts work in the role of the Project Engineer
for the project owner and geotechnical supervisor in collaboration with SKODA
PRAHA, a.s. The excavation of a gallery for a hot-water pipeline under a busy Prague
intersection follows. We carried out geotechnical monitoring on this gallery construc-
tion site. The last paper of ours is dedicated to a project for clearing the RAW dispo-
sal chambers with ensuring an operating route through a gallery in the Richard mining
complex in the north-western part of the town of Litomérice.

To conclude, I would like to thank my colleagues, partners and
the Czech Tunnelling Association for their work. Let me to wish
you many successes in your working and personal lives, sanity and
lucky choice in making difficult decisions.

God speed you!

ING. MARCEL RUCKL

jednatel a majitel spole¢nosti SAMSON PRAHA, spol. s r.o0.
Executive head and owner of SAMSON PRAHA, spol. s r.o.
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VAZENA ODBORNA VEREJNOST,
VAZENI CITATELIA,

na tivod chcem srde¢ne pozdravit' vSetkych Citate-
Tov Casopisu Tunel.

Vsetkych nds tesi, Ze sa vystavba tunelov na
Slovensku po dlhom obdobi nec¢innosti a mnohych
slov skuto¢ne rozbehla. Dnes sme svedkami toho,
Ze aj u nas dokdzeme postavit’ narocné tunelové
stavby. Chcel by som vSak upozornit’ na kvalitu
realizovanych prac a na dodrziavanie plianovaného casu
vystavby. Mdm moznost'vidiet'a porovndvat droven pripravy
stavieb a pristup investorov a zhotovitelov k vystavbe tune-
lov u nas a v zahranic¢i. Je zardZajice, ako sa na Slovensku
lahko menia pravidlda a podmienky nastavené do verejnej
sitaZe s podmienkami, ktoré investor v Case realizdcie od
zhotovitela vyZaduje. Kvalitné vykonanie prac je mozné len
za predpokladu dostatocne dobre pripravenej stavby zo stra-
ny investora a odborného a naro¢ného pristupu stavebného
dozoru na dodrziavanie kvality prace a planovaného Casu
vystavby.

Zial, na Slovensku sme ¢asto svedkami predlZovania doby
vystavby z dévodu neschopnosti zainteresovanych pripravit
vSetku potrebni dokumentaciu k stavbe tak, aby prace mohli
zaCat’ bez zbytocnych prietahov uZ na zaciatku realizicie.
Potom je snaha vsetkych zainteresovanych dobehnit strateny
¢as mnohokrét aj na dkor kvality a ¢o povazujem za horSie, aj
na ukor bezpecnosti vykondvanych prac. Vystavbe tunelov sa
venujem uZ mnoho rokov a dovolim si tvrdit, Ze ak stavba
nedostane to, ¢o ma dostat’, ak sa neimerne Setri na nakladoch
a je jedno, ¢i je to na pracovnikoch, strojoch alebo materiali,
urcite sa to negativne prejavi na kvalite pric, a tym aj na cel-
kovej zivotnosti diela.

Preto si myslim, Ze dozrel Cas, aby sa nasi investori zaca-
li spravat’ ako zodpovedni spravcovia verejnych prostried-
kov a doésledne dozerali na to, aby vSetky procesy stavby
boli riadené efektivne. To znamend, Ze uz v Case pripravy
verejnej sitaZe musia byt pripravené vsetky potrebné doku-
menty a povolenia. Nemalo by sa stat, Ze po ukonceni verej-
ného obstardvania a vybere zhotovitela sa zisti, Ze nadm
chyba napriklad EIA a stavba musi od samého zaciatku
improvizovat a stracat’ drahocenny Cas, ktory sa uz len tazko
dobieha.

Myslim si, Ze nepiSem ni¢ nové. Nedostatky vo verejnom
obstardvani a samotnej realizacii prac vidia vSetci zaintereso-
vani, avSak pevne verim, Ze sa kompetentni na Slovensku
sdstredia na napravu nezdravého stavu v naSom stavebnictve
a na jeho rozvoj a kultivaciu.

bakujem Ceskej tuneldrskej asocidcii a Slovenskej tunelar-
skej asocidcii za prilezitost mat’ ivodné slovo v Cisle, ktoré je
venované prezentacii spolo¢nosti TuCon. Difam, Ze toto ¢islo
casopisu prinesie ¢itatefom mnoho podnetnych a zaujimavych
informdcii.

Zdar Boh!

TuHel

DEAR PROFESSIONAL PUBLIC,
DEAR READERS,

We all are pleased that the process of developing tun-
nels in Slovakia has really started, after the long period
of inactivity and lots of words. Today we are witnessing
the fact that even in our country we are capable of car-
rying out complex tunnel structures. Nevertheless,
I would like to highlight the quality of the realised work
and observance of planned construction deadlines.
I have the opportunity to observe and compare the level of planning
of projects and the approach of project owners and contractors to
the construction of tunnels in our country and abroad. It is surpri-
sing how easy it is in Slovakia to change the rules and conditions
set in public tenders in comparison with those required by project
owners of contractors at the time of the works implementation.
Good quality construction work is possible only under the conditi-
on that the project is properly planned by its owner and the appro-
ach of the resident engineer regarding adhering to the works quali-
ty and the planned duration of the construction is highly professio-
nal and demanding.

Unfortunately, in Slovakia, we have often witnessed the exten-
sion of construction time due to the inability of the parties invol-
ved to prepare all documents required for the construction works,
to be able to start without unnecessary delays already at the begin-
ning of the realisation. Subsequently, all the parties involved stri-
ve to catch up with the delays, many times at the expense of qua-
lity, even at the expense of construction work safety, which fact
I consider to be worse. I have been working on the construction of
tunnels for many years and I daresay that if a construction project
in not provided with what it is entitled to, if saving on costs, no
matter whether reached on workers, machines or materials, is ina-
dequately high, it certainly negatively influences the quality of
works, thus also the overall durability of the structure.

For that reason I suppose that the time has come for project
owners to start to behave as responsible administrators of public
funds and consistently oversee that all construction processes are
managed effectively. It means that all required documents and per-
mits have to be prepared already during the preparation of public
tenders. It should not happen that it is found after the conclusion of
the process of procurement that, for example, the EIA is missed and
the project has to improvise from the very beginning and lose pre-
cious time, for which it can be already difficult to catch up with.

I think that what I am writing is not at all new. Shortcomings in the pro-
curement and the realisation of projects can be seen by all stakeholders.
But I firmly believe that competent authorities and persons in Slovakia
will concentrate on correcting the unhealthy state in our construction
industry and on the development and cultivation of the industry.

I thank the Czech Tunnelling Association and the Slovak
Tunnelling Association for the opportunity to have the introducto-
ry word in the journal issue dedicated to the presentation of
TuCon, a. s. I hope that this issue will bring a lot of inspiring and
interesting information.

God speed!

e G/

ING. JOZEF HRIC

predseda predstavenstva a generalny riaditel TuCon, a. s.
Chairman of the Board of Directors and Chief Executive Officer of TuCon, a. s.
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RAZBA TBM TUNELU VODNI ELEKTRARNY V GRUZII S CESKOU UCASTI
TBM DRIVING OF A TUNNEL FOR HYDROPOWER PLANT IN GEORGIA
WITH CZECH PARTICIPATION

PETR JAKES, LEOS VALIGURSKY, MARCEL RUCKL, SIMONA POHORILJAK

ABSTRAKT

SKODA PRAHA a.s. v tésné spoluprdci se spolecnosti SAMSON PRAHA, spol. s r.o., se v roli technického dozoru na strané investora
a geotechnického dohledu podili na vystavbé vodni elektrdrny o vykonu 53 MW na rece Mtkvari o spddu 100 m. Vystavba je provddéna
v horském prostredi v nadmorské vysce 1016 m n. m. pobliZ okresniho mésta Akhaltsikhe, které je centrem regionu Samcche-DZavachetie
v Gruzii. Jednd se o elektrdrnu pokryvajici odberové Spicky, s vodni nddrZi, tlakovym privadécem se dvéma soustrojimi, kde md kazdé

soustroji vertikdlni Francisovu turbinu a generdtor.

ABSTRACT

SKODA PRAHA Jjoint-stock company, in close collaboration with SAMSON PRAHA, Inc., participates in the role of the Project Engineer for the
project owner and geotechnical supervisor in the construction of a 53MW hydropower plant on the Mtkvari river with the fall of 100m. The pro-
Ject is being implemented in a mountainous environment at the altitude of 1016m a.s 1., near the district town of Akhaltsikhe, which is the centre
of the Samcche-DZavachetie region in Georgia. The hydropower plant covers peaks in power consumption. It comprises a water reservoir, a high-
pressure water supply tunnel with two power generating sets, where each set has got a vertical Francis turbine and a generator.

POPIS PROJEKTU

Pro situovéni elektrarny, tj. prehradni nddrZe (prehrady
a zdtopové oblasti) a umisténi strojovny, byl vyuZit prirozeny
oblouk toku feky Mtkvari, obtékajici a prordzejici horsky hrbet
(obr. 1, 2, 3). Tlakovy privadeé¢ (tunel) ma projektovanou

iy
rzanzenr stavemste
By site arrangement
g M et
eleklrarna power pla

planovana stola
planned gaIIery

LAY rovnavaci komora : e
| sﬂrge chamber podchozr stola
5 PP, 5 underpassrng gallery |

llakévy tunel hrgh pressure
water supply tunnel

ot e Il
podchozr Stola
junderpassrng gallery

& docasna Stola
-:"""temporary gallery

et

b hIadrna10150mn m.
{lye \vater surface level 1015.0m a.s.l.

N.L i Yok - s

Obr. 1 Situace zdjmové oblasti s umisténim tunelu
Fig. 1 Map of the area of interest with the tunnel location marked in it

PROJECT DESCRIPTION

A natural bend of the Ntkvari river, flowing around and bre-
aking through a mountain ridge (see Figures 1, 2, 3), was used
for the location of the power plant, i.e. the dam reservoir (the
dam and the flood-prone area) and the turbine house. The
design length of the high-pressure water supply tunnel (inter-
nal diameter of 5.26m) amounts to 9.6km. The total height of
the surge chamber preventing water hammering is 84m. It con-
sists of a Sm-diameter and 46m deep shaft with a 20m-diame-
ter and 38m deep circular chamber located above it. An inde-
pendent 3m-diameter penstock leads from the tunnel to each
turbine. The dam is designed as an earthfill structure with clay
seal and a 12m-wide spillway at the upper part of the reservo-
ir. The height of the dam measured from the dam base amounts
to 27m. The crest of the dam is located at the altitude of 1016m
a.s.l. The reservoir is 2.5km long and the total volume amounts
to 6.13 million m3. The external substation is placed next to
the river. The 220kV power line is 2.7km long.

Dam structure

The dam is designed as an earthfill dam structure. The desig-
ner preferred the construction of a 675m long dam crossing
twice the bed of the river Mtkvari. This solution was probably
adopted because of the necessity for diverting an interstate
road, which is led along the crown of the dam with respect to
unfavourable morphologic conditions. The higher wing of the
dam is designed as a filtration structure, i.e. a leaking structu-
re; its main function is to be a load-bearing structure carrying
the road. The downstream lower dam is designed as an earth-
stone fill structure with internal clay sealing.

The material of the stabilisation parts of the dam body con-
sists of loose rock with the 10—500mm fraction of grain-size,
sandy coarse-grained gravel and boulders up to 400mm in dia-
meter. The central clay-based sealing core formed by clayey
loam, which is the product of weathering of local argillite
excavated from a landslide above the body of the higher dam
and from the flood-prone area. Sand fraction is deficient in the
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Obr. 2 Vys$$i kridlo sypané prehradni hrdze
Fig. 2 The higher wing of the earthfill dam

délku 9,6 km s vnitinim prumérem 5,26 metru. Vyrovnavaci
komora proti vodnimu rdzu md celkovou vysku 84 m. Sestava
ze Sachty pruméru 5 m, hloubky 46 m a nad ni situované kru-
hové komory o pruméru 20 m, hloubky 38 m. Z tunelu vede
pro kazdou turbinu samostatny ptivadé¢ o priméru 3 m. Hrédz
je sypanad s jilovym tésnénim a s prelivem horni ¢asti nadrze
Sirokym 12 m. Vyska prehrady od paty hrédze je 27 m. Koruna
hraze je umisténa v 1016 m n. m. Rezervoar ma délku 2,5 km
a celkovy objem &inf 6,13 mil. m3. Venkovni rozvodna je
umisténa vedle feky. Vedeni 220 kV je dlouhé 2,7 km.
Piehradni hraz

Téleso prehrady je navrzeno jako sypand zemni hréaz.
Projektant uprednostnil vystavbu 675 m dlouhé hraze, preti-
najici koryto feky Mtkvari hned dvakrat. K tomuto feSeni se
pravdépodobné pristoupilo z davodu nutnosti prevedeni mezi-
statni komunikace, kterd je, vzhledem k nepfiznivym morfo-
logickym pomérum, vedena po temeni hraze. Vy$si kiidlo
hrdze je filtracni, tj. netésnéné, a jeho hlavni funkei je nosnd
konstrukce silnice. Po proudu niz§i hraz je navrzena jako
zemito-kamenitd sypand, s vnitrnim jilovym tésnénim.

Materidlem stabilizaCnich partii télesa hrdze je skalni sypa-
nina ve frakci 10500 mm, pis¢ity hrubozrnny $térk a valou-
ny do frakce 400 mm. Jilové tésnici jadro je stfedové, tvorené
jilovitou hlinou — zvétralinou mistnich argilitt, téZenou ze
sesuvu nad télesem vysSi hrdze a ze zdtopové oblasti. Piskova
frakce je v mistnich pomérech deficitni, pro¢eZ je ziskdvana
drcenim $térku. Ten se v dostateéném mnozstvi nachdzi v alu-
vidlnich sedimentech recentnich i starSich, situovanych na
temeni ostrohu meandru. Ze stejného materidlu se produkuje
i Stérkova drt frakce 0-70 mm, kterd je pouzivana jako druhd
prechodovd mezivrstva mezi jadrem hrdze a stabilizacnimi
partiemi.

Zemniky pro ziskani suroviny pro stavbu hraze byly vyhle-
dany v bezprostfednim okoli stavby. Problematickym fakto-
rem jsou v dané oblasti seismika a predev§im sesuvné proce-
sy. Celd fada sesuvi se nachdzi nad brehy zdtopové oblasti ¢i
dokonce v bezprostiedni blizkosti vy$siho kriidla hréze,
a proto budou vyzadovat stabilizacni opatreni. Byly zjiSteény
i sesuvy, které jsou v soucasnosti aktivni. Po naplnéni nadrze
se ofekdvd dalsi vyznamnd aktivace sesuvu s oZivenim pohy-
bu nestabilnich svahi. Zna¢nd seismickd aktivita oblasti je
dokumentovdna historickymi zdznamy.

Vyznamnou soucdsti vystavby hraze je zrizeni té€snici clony
v podlozi hraze. U té se, vzhledem k redlnym podminkdm, uva-
Zuje o zméné konstrukéntho pojeti od projektem doporu¢ované
klasické tlakové injektdZze k jilocementové podzemni sténé

Obr. 3 Nizsi, tesnéné kridlo prehrady
Fig. 3 The lower, sealed wing of the dam

local conditions. It is therefore obtained by crushing gravel.
Gravel is found in a sufficient amount in recent and older allu-
vial sediments located at the top of the promontory in the
meander. Crushed gravel fraction 0—70mm, which is used as
the second intermediate transition layer between the dam core
and the stabilisation parts, is produced from the same material.

Borrow pits required for obtaining material for the construc-
tion of the dam were sought in the immediate surroundings of
the construction site. The problematic factor in the particular
area comprises the seismic and, first of all, land sliding pro-
cesses. Many landslides exist above the banks of the flood-
prone area or even in the intermediate vicinity of the higher
wing of the dam. For that reason they will require stabilisation
measures. Even currently active landslides were detected.
Other significant activation of landslides with reactivation of
instable slopes is expected after the dam reservoir is filled with
water. The considerable seismic activity of the area is docu-
mented by historical records.

The construction of a sealing diaphragm in the dam base is
an important part of the dam construction. With respect to the
real conditions, a change in the structural concept of the diap-
hragm is under consideration. The classical pressure injection
of grout recommended by the design would be changed to
a 1500mm thick clay-cement diaphragm wall. Even jet grou-
ting has been taken into account, but this idea will probably be
abandoned with respect to the prevailing presence of boulders
with the sizes reaching up to 40cm.

Development of the tunnel excavation method

The original design assumed the tunnel realisation carried
out using a conventional method with a standard set of mecha-
nical equipment. This method was applied to the excavation of
the initial ca 300m length of the tunnel. But the excavation
advance rate was too low with respect to the required deadline
for the completion (2 years after the excavation commence-
ment). For that reason the project owner decided to have the
original design reworked and use the offer made by the com-
pany of Herrenknecht to supply a refurbished tunnel boring
machine — a double shield hard rock TBM.

GEOLOGY

The tunnel is being driven through folded rock of the
Eocene-age volcano-sedimentary complex. The area of the
Lesser Caucasus, the Samcche-DzZavachetie region, in which
the area of interest is located, is just characterised by the pre-
valence or nearly exclusive occurrence of such rock types. The
rock was folded in an Alpine-type process in the Pyrenees



tloustky 1500 mm. Zvazovéna byla i tryskova injektaz, od které
bude zifejmé upusténo, vzhledem k hojnému az prevazujicimu
zastoupen{ valount o velikosti dosahujici az 40 cm.
Vyvoj zpisobu provadéni tunelu

Puvodni projekt predpoklddal realizaci tunelu konvenénim
zpusobem s pomoci standardni strojni sestavy. Timto zpuso-
bem bylo také vyraZeno prvnich cca 300 m tunelu. Postup
razicich praci v8ak byl prili§ pomaly vzhledem k pozadované-
mu terminu dokonceni za dva roky od zahdjeni razeb. Proto se
investor rozhodl tento puvodni ndvrh prepracovat a vyuZit
nabidky spole¢nosti Herrenknecht na dodavku repasovaného
tunelovaciho stroje TBM double shield hard rock.

GEOLOGIE

Tunel se razi zvrasnénymi horninami vulkanosedimentérni-
ho komplexu eocenniho stari. Oblast Malého Kavkazu — regi-
on Samcche-Dzavachetie, ve kterém se zdjmové tzemi roz-
prostird, se vyznacuje prave prevladanim ¢i az témér vyhrad-
nim vyskytem takovychto hornin. Horniny byly zvrdsnény
alpinotypné v pyrenejské fdzi alpinské orogeneze. Vul-
kanismus vrdsnéni Cdste¢né predchdzel jako inicidlni, Cdstec-
né probihal jako synorogenni. Chemismus vulkanismu je ves-
més andeziticky. Horniny jiné neZ vulkanické ¢i vulkanosedi-
mentarni geneze se v oblasti prakticky nenachdzeji.
Sedimentace se déli v nejhrubéjsim pohledu na dvé déle
popsané faze.

Na bordZomském spodnoeocennim flySovém komplexu
(v zajmovém tuzemi nevychazejicim) spociva stfednéeocenni
komplex tvofeny prevazné vulkanickymi, masivnimi a tlusteé
vrstevnatymi tufitickymi aglomeraty/vulkanickymi brekcie-
mi, tufy i andezitovymi ldvovymi prikrovy s propléstky (tufi-
tickych) piskovca a prachovcu, tedy pravdépodobné popelo-
vych a piskovych tufu, moZnd ale do zna¢né miry geneticky
spise tufitd. Andezity tvori piikrovy s ndznaky hrubé sloupo-
vité odlu¢nosti, mistné maji charakter subakvatickych vyleva
— polstarovych lav.

Svrchni eocén je reprezentovan prevazné prachovci s pro-
pléastky piskovcu a tufa. Zdrojem jejich materidlu jsou nepo-
chybné opét bud pfimo sope¢né popely, nebo zvétraliny viech
druhu vulkanickych hornin. Hornindm tohoto sedimentarniho
komplexu patrné odpovidaji ve valné vétSiné tzv. argility
(ruskéd/sovétskd terminologie), ve kterych probihd razba
naprosto prevazujici délky tunelu. Ty lze popsat jako tmavé
Sedé, proménlivé zpevnéné homogenni, zietelné nebo skryté
laminované, vizudlné masivni jilovitoprachovité horniny —
jilovité prachovce nebo prachovité jilovce, sedimentované
v obrovskych mocnostech. Vrstvy a laminy (prachovitéjsi ¢i
pisCit€jsi) jsou mocnosti od nékolika mm do nekolika m.
Nezridka jsou argility/prachovce vépnité — svétleji Sedé barvy.
Mivaji piscitejsi proplastky nebo dokonce proplastky ,,mast-
nych® tmavé Sedych jila. Ty pusobi vdzné geotechnické obti-
Ze, viz niZe.

Geneticky jsou argility pravdépodobné produktem sedimen-
tace zvétralin popelovych tufi nebo pfeplavenych zvétralin
ostatnich vulkanoklastik v jezernim/mofském prostredi. Z pru-
behu a rovnomérnosti vrstev je patrné, Ze jde o tercierni sedi-
mentaci, kterd probihala ve zna¢né rozlehlych a relativné klid-
nych vodnich prostredich, umoznujicich vznik velmi moc-
nych, rovnomérné vrstevnatych a laminovanych sedimentu.
Panve byly pravdépodobné oddéleny ,,0strovy” s mohutnou
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phase of the Alpine orogenesis. Volcanism partially preceded
the folding as the initial phenomenon, partially developing as
a synorogenic process. The chemistry of the volcanism is
mostly andesitic. We encounter virtually no other rock types
than volcanic or volcano-sedimentary genesis rock types in the
area. In the roughest terms, the sedimentation process is divi-
ded into two phases described below.

A Middle-Eocene complex lies on the Borjomi Lower-
Eocene flysh complex (not cropping in the area of interest).
The complex is formed mostly by volcanic, massive breccias
and heavy-bedded tuffitic agglomerates /volcanic breccias, tuff
and andesite lava overthrust sheets with (tuffitic) sandstone
and siltstone intercalations (probably ash and sandstone tuffs,
possibly genetically to a large extent rather tuffites. The ande-
sites create nappes with marks of roughly columnar jointing,
locally with the character of sub-aquatic effusion — pillow
lavas.

The Upper Eocene is represented mainly by siltstone with
sandstone and tuff intercalations. The source of this material
undoubtedly lies again directly in volcanic ash or in products
of weathering of all types of volcanic rock. The so-called argil-
lite (Russian/Soviet terminology), through which the majority
of the tunnel length is driven, probably corresponds in the vast
majority to rock types of this sedimentary complex. It can be
described as dark grey, variably solidified, homogeneous, with
visible or hidden lamination, visually massive clayey-silty
rock — clayey siltstone or silty claystone, sedimented in very
thick beds. The thickness of the layers and laminas (more silty
or more sandy) ranges from several centimetres to several met-
res. The argillite/siltstone is often calcareous — lighter grey
colour. The beds often contain more sandy intercalations or
even “greasy” dark grey clay intercalations. They cause seri-
ous geotechnical difficulties, see below.

Genetically, the argillite is probably a product of sedimenta-
tion of products of weathering of ash tuff or redeposited pro-
ducts of weathering of other volcaniclastic rock types in the
lacustrine/marine environment. It is obvious from the course
of the layers and their uniformity that it is the Tertiary sedi-
mentation, which continued in significantly large and relative-
ly still water environments allowing for the origination of very
thick, regularly bedded and laminated sediments. The basins
were probably separated by “isles” with massive subaerial vol-
canogene, mostly volcaniclastic sedimentation. But overall,
argillite rock types are visually homogeneous, forming very
massive series of strata.

These rock types are encountered along the tunnel route
(layers dipping ca 45° in the direction of the tunnel excavati-
on) at a many kilometre length. A certain role is played by tec-
tonic repetition of beds following from the folding or overt-
hrust tectonics.

The overall thickness of the Middle and Late Miocene is sta-
ted at 1100m. The fact that these sediments form nearly the
whole ten-kilometre length of the mined tunnel, where the dip
of layers about 45° prevails, gives evidence of the tectonic
repetition of the folding.

The Late Miocene up to the Medium Pliocene is represented
by dolerite and andesitic lava/intrusive bodies and their pyroc-
lastics. The generally mentioned thickness exceeds 300m.

There are tuffites, tuffs, tuffitic breccias /agglomerates of
andesitic volcanism with andesitic overthrust bodies — lavas
with quasi-columnar jointing there, locally with the character
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subaerickou vulkanogenni, prevazné vulkanoklastickou sedi-
mentaci. Souhrnné jsou ale argility horninami vizualné homo-
gennimi, tvoricimi velmi masivni souvrstvi.

V trase tunelu se tyto horniny vyskytuji (pri upadédni vrstev
cca 45° ve sméru razby) v mnohakilometrové délce. Jistou
roli hraje tektonické opakovani vrstevniho sledu, plynouci ze
zvrdsnéni, pripadné ndsunové tektoniky.

Uhrnnd mocnost stfedniho a svrchniho miocénu je uddvéna
1100 m. Skute¢nost, Ze tyto sedimenty tvori bezmadla celou,
témér desetikilometrovou délku razeného tunelu, pric¢emz pre-
vazuje sklon vrstev okolo 45°, vypovidd o tektonickém opa-
kovani vrasnéni.

Svrchni miocén aZ stiedni pliocén je reprezentovan dolerity
a andezitickymi ldvami/intruzivnimi télesy a jejich pyroklas-
tiky. Zminovand mocnost je pres 300 m. Jedna se o tufity,
tufy, tufitické brekcie/agomerdty andezitického vulkanismu
s andezitovymi prikrovovymi teélesy — ldvami s kvazisloupo-
vitou odlu¢nosti, misty s charakterem polstarovych lav, s Zil-
nymi proniky t€Siniti, mistné i vychozy/télesy andezitickych
porfyriti. Lokdlni jsou polohy rozsivkovych laminovanych
silicitd. V okoli Zil & podkladu lavovych vylevu se nalézaji
kontaktn{ rohovce vzniklé pravé vétSinou z argilitd.

Oligocén a spodni miocén je ve zdejsi oblasti pravdépodob-
né hidtem, vzhledem k tomu, Ze ve stratigrafickych tabulkdch
neni zminovan. Bylo by logické, Ze tufitické sedimenty vzni-
kaly pravé v obdobi nejsilnéjsi eroze, a mohou tudiz mit
z velké Cdsti prave toto starf.

V mnoha geologickych profilech bylo zaznamenano rychlé
stiidéan{ tufitu, popelovych (prachovitych) i pis¢itych, lokdlné
jemné laminovanych, pravdépodobné rozsivkovych, kfemi-
tych horizontd (limnokvarciti) bélavé, rizové a nahnédlé
barvy, chaotickych laharovych sedimentu a nejruznéjsich dis-
kordantnich prechodu do terigennich subaerickych pyroklas-
tik nebo i prikrovovych ldvovych vylevi. Vylevy jsou lokdl-
né subakvatické s charakterem polstarovych lav. V trase tune-
lu nicméné naprosto prevazuji ,,argility*.

Geotechnické viastnosti hornin

Pozndmka: Pro geotechnickou klasifikaci pevnosti hornin
byl pouZit standard doporuceny asociaci ISRM (1981), kde je
odlisnd Skdla trid (RO aZ R6) od tiid pevnosti pouZivanych
v CR.

Geotechnickymi vlastnostmi spadaji nejvice zastoupené
argility (jilovité prachovce, prachovité jilovce) pod poloskal-
ni horniny R2 az R3, lokédlné€ dokonce proloZené proplastkami
zajimavych tmavé Sedych ,mastnych® jiloveu tiidy R1, dost
mozna tektonicky/kinematicky pozménénych (anchimetamor-
fovanych). Tufitické piskovce jsou naopak horniny tfidy R4,
moznd i vy$si, prekvapivé pevné a houzevnaté, modravé Sedé
barvy. Specifikem argilitd je jejich rychlé zvétravani za pri-
stupu vzduchu, kdy se na odvalu rozpadaji béhem nékolika
dnu. To zpusobuje jisté nebezpeli v pripadé nedostatedné kva-
litné provedené vyplnové injektdZe za rubem segmentd.
Doprovodnym jevem vétréni argilitu je vznik sddrovce.

V argilitech je razba velmi snadnd a rychld. Vyrub tunelu je
pri véasné instalaci osténi a vyplnové injektdzi stabilni.
Deformace vyrubu jsou v téchto tsecich malé.

Vzhledem k jilovcovité povaze a tedy jisté plasti¢nosti
hornin jsou pukliny seviené a hornina vcelku pusobi jako
nepropustnd. K pritokum do tunelu skrze takovéto hornino-
vé prostredi prakticky nedochdzi. Je to zpusobeno také tim,
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of cushion lavas, with venous intrusions of teschenit, locally
even outcrops /bodies of andesitic porphyrites. Local layers of
kieselguhr laminated silicate occur locally. Contact hornfels
originating from argillites are encountered in the vicinity of
veins or of the basement of lava effusions.

The Oligocene and Early Miocene is probably a hiatus in the
local area with respect to the fact that it is not mentioned in
stratigraphic tables. It would be logical that tuffitic sediments
originated just during the period of strongest erosion, and for
that reason their age could be mostly derived from it.

Rapid alternation of tuffites, ash (silty) and sandy, locally
finely laminated, probably kieselguhr-type, quartzose horizons
(limnoquartzite), whitish, pink and brownish, chaotic lahar
sediments and various discordant transitions to terrigenous
subaerial pyroclastics or even overthrust lava effusions were
recorded in many geologic profiles. The effusions are locally
subaquatic with the character of cushion lavas. Nevertheless,
“argillites” totally prevail along the tunnel route.
Geotechnical properties of rock

Note: The geotechnical classification is American — ISRM
(1981) Rock Characterization Testing and Monitoring. Brown,
E., Ed., Pergamon Press, Oxford, 211 p.

By their geotechnical properties, the most represented argil-
lites (clayey siltstone, silty claystone) come under semi-rock
classes R2 up to R3, locally even containing intercalations for-
med by interesting dark-grey “greasy” claystone class R1,
quite possibly tectonically/kinematically altered (anchimeta-
morphosed). Just opposite, the tuffitic sandstone is classified
as R4, possibly even higher. It is surprisingly strong, resilient;
the colour is bluish grey. A specific property of argillite is the
rapid weathering in the presence of air, causing the disintegra-
tion on stockpiles during several days. It poses certain danger
in the case of insufficient quality of backgrouting (grouting
behind lining segments). The origination of gypsum is an
accompanying phenomenon of the weathering of argillites.

Driving tunnels through argillites is very easy and quick.
Tunnel excavation is stable when the lining and back grouting
is carried out timely. Excavation deformations in those secti-
ons are small.

With respect to the claystone-like nature, therefore certain
plasticity of rock, fissures are tight and the rock acts as imper-
meable mass. Inflows into the tunnel through such the rock
environment virtually do not occur. It is also caused by the
fact that surface weathering products of argillite are formed
by a mantle of low permeability clayey loams, which does not
allow for more significant infiltration of rain. Storm water is
mostly evacuated through erosion ravines (ovrags) i.e. in the
form of surface run off. However, even quartziferous parts or
parts indurated by firing on contact with volcanic bodies,
veins and intrusive beds exist. In these cases it is already rock
classified as R4, stronger and significantly brittle, often crus-
hed and saturated with water. In such the places water and
crushed rock breakouts into the tunnel and excavation instabi-
lity occurred.

On the contrary, “greasy” claystone intercalations with the
paraffin stickiness, giving the impression of steatite additions,
occurred during the tunnel excavation. Their strength is at the
limit of R1-RO soils. The plasticity of these parts has still cau-
sed serious problems for the excavation advance. The squee-
zing property of the intercalations causes significant plastic




7e povrchové zvétraliny argilitu tvori plast’ jilovitych hlin
s malou propustnosti nedovolujicich vyznamnéjsi infiltraci
srazek. Srdzky jsou vétSinou odvddény eroznimi strZzemi
(ovragy) povrchovym odtokem. Existuji ale i partie prokfe-
menélé nebo zpevnéné vypdlenim na kontaktu s vulkanicky-
mi telesy, Zilami a vrstevnimi intruzivnimi télesy. V téchto
pripadech se jiZ jednd o horninu tfidy R4, pevnéjsi a znac¢né
kfehkou, namnoze podrcenou a zvodnélou. V takovych mis-
tech dochdzelo k privalim vody a drti horniny do tunelu
a k nestabilité vyrubu.

Pri raZeni tunelu se vyskytovaly naopak ,,mastné® jilovcové
propldstky parafinové mazlavosti vzbuzujici dojem pritom-
nosti primési mastku. Jejich pevnost je na hranici zemin R1-
RO. Plasticita té€chto partii dosud ¢ini velké potiZe pri postupu
razby. Tlacivost propldstku zpusobuje vyznamné plastické
deformace — ztzeni konvergence profilu tunelu azZ o 10 cm.

Dolerity, té3inity a ruzné druhy andeziti nachdzejici se
v trase tunelu jsou pevnymi horninami tfidy RS az R6. Ty se
projevuji abrazivitou na rozpojovacich dlatech stroje a vyka-
zuji znacnou prasnost pri razbé. Nejpodstatnéjsi je ale jejich
puklinova propustnost, kterd pfi zvodnéni nadlozi opakované
zpusobuje pruvaly vody a horninového materiélu k hlavé stro-
je TBM a do stroje. Tim dochézi ke vzniku kaveren, kominu-
jicich do vysky i pres 15 m. Kaverny je nutné nésledné plom-
bovat vypliovym betonem.

Takto komplikované podminky se vSak vyskytly v dosavad-
nim prabéhu raZeb nastésti pouze omezené. Ke vzniku kave-
ren pak, na zatim vyrazené délce tunelu, doslo ve dvou pripa-
dech na dsecich dlouhych cca 30 m.

Geomorfologické charakteristiky terénu a pozice tunelu

Kromé ,,mékkého* erozné-denudaéniho charakteru terénu,
roz¢lenéného mnohymi vyraznymi eroznimi ryhami a sesuvy
v mékkych, snadno erodovatelnych argilitech jako nejvyraz-
néjsi morfologicky/reliéfotvorny prvek v ose tunelové razby,
vystupuje vyraznd kuesta (geomorfologicky termin, oznacujici
asymetricky vrchol hory nebo hiebenu, tvoreného mirné uklo-
nénymi vrstvami odolnych hornin (do 7°), které se stiidaji
s vrstvami méné odolnych hornin) s dklonem vrstev 30° k SZ.
Tunel ji proraZi téméf kolmo. Tato kuesta miiZe byt bud elem
mozného presmyku, nebo projevem inverzniho reliéfu. Diky
Clenitosti reliéfu jsou udseky tunelu v riznych hloubkéch. Pod
hfebenem kuesty je tunel v hloubce cca 300 m, v prachodu pod
nejhlubsi erozni ryhou (ovragem) je hloubka jen cca 28 m.
Zvrasnéni argilitu se morfologicky projevuje minimélné.
Tektonika — geologicka struktura oblasti

Jak bylo feceno, zdjmova oblast je interpretovana jako dil-
¢ifm zvrasnénim postizend soucdst antiklinoria bez vyznamnéj-
Sich prvku disjunktivni tektoniky. Podle tektonickych méfeni
v tunelu, ale i podle dopliikového geologického mapovani ma
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deformations — increasing the tunnel profile convergence by
up to 10cm.

Dolerite, teschenit and various kinds of andesite existing
along the tunnel route are hard rock types, classes R5 to R6.
They manifest themselves by abrasivity on cutting tools of the
machine and exhibit significant rate of airborne dust during the
excavation. But their fissure permeability is most substantial.
When the overburden is saturated with water, it repeatedly
causes water and rock material flowing to the TBM cutterhead
and inside the machine. As a result, caverns develop reaching
the height even over 15m. The caverns have to be subsequent-
ly packed with backfill concrete.

Fortunately, so complicated conditions were encountered
during the previous excavation only to a limited extent.
Caverns in the so far excavated tunnel length originated only
in two cases, in ca 30m long sections.

Geomorphological characteristics of terrain
and the tunnel location

Apart from the “soft” erosion-denudation character of the
terrain, which is divided by many significant erosion ravines
and landslides in weak, easy to erode argillite, a significant
cuesta (a geomorphological term marking an asymmetric peak
of a mountain or a ridge formed by slightly dipping (up to 7°)
layers of durable rock, alternating with layers of less durable
rock), dipping NW at 30°, rises as the most distinct morpholo-
gical/relief-forming element on the tunnel excavation centre
line. The tunnel breaks through it nearly perpendicularly. This
cuesta can be either the front end of a possible overthrust or
a manifestation of an inverse relief. Owing to the dissected
relief, the tunnel sections are at various depths. Under the
cuesta ridge, the tunnel is at the depth of ca 300m; at the pas-
sage under the deepest erosion ravine (the ovrag) the depth is
only ca 28m. The folding of argillites manifests itself morpho-
logically only minimally.

Tectonics — geological structure of the area

As mentioned above, the area of interest is interpreted as
a part of an anticlinorium affected by partial folding, without
more significant elements of disjunctive faulting. According to
tectonic measurements inside the tunnel, but also according to
complementary mapping, it has rather the monoclinal charac-
ter with the prevalent NNW trend of strata, probably with britt-
le tectonics, manifesting itself by the overthrust, see the cutout
from the geological section in Fig. 4. It is possible to agree
with the opinion that it may be the northern wing of a mega-
anticline.

With respect to the not too detailed geological probing of the
area and availability of geological maps of only smaller scales,
the knowledge obtained from the complementary geological
mapping and from the documentation of the tunnel excavation
itself partially differs from assumptions. Nevertheless, even
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Obr. 4 Podélny geologicky rez
Fig. 4 Longitudinal geological section
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Obr. 5 Celo vyznamné kuesty, tunel prordzi kuestu kolmo v bezprostiednim
okoli obce Rustavi (na obrdzku nahore)

Fig.5 Front end of the important questa, the tunnel breaks through the ques-
ta perpendicularly in the immediate vicinity of the village of Rustavi (at the
top of the picture)

vSak charakter spiSe monoklindlni, s prevazujicim tklonem
vrstev k SSZ, s pravdépodobnou kiehkou tektonikou, projevu-
jici se presmykem, viz vysek geologického fezu na obr. 4.
S tim, Ze se muZe jednat o severni kiidlo megaantiklindly, lze
souhlasit.

Vzhledem k ne prili§ podrobné geologické prosondovanosti
tuzemi a dostupnosti geologickych map pouze mensich méri-
tek, se poznatky ziskané z doplnkového geologického mapo-
vani a z dokumentace samotné razby ¢aste¢né 1isi od predpo-
kladt. Nicméné ani nové ziskané informace neumoZiuji
detailni jednoznacnou interpretaci geologické struktury. Jde
spise o strukturni hypotézy. K hypotéze o tom, Ze razba pro-
chdzela ve zna¢ném tseku poruSenou zénou nasunové plochy
presmyku, prispély obtize, které se v téchto mistech objevily
(viz zminénd mylonitizace a tlacivost). Morfologicky pro sub-
horizontélni presmyk svéd¢i poloha kuesty (se sklonem cca
30°) k SZ (obr. 5).

Alternativou subhorizontdlniho pfesmyku, projevujiciho se
vySe zminénou kuestou, muZe byt i inverzni reliéf, ponechd-
vajici morfologicky vystupovat jedno rameno antiklindly jako
kuestu. Tim ovSem neni dobre vysvétlena tektonickd poruse-
nost zastizend razbou prave pod kuestou.

Zakladni geologickd mapa ukazuje pro predmétnou oblast
v VSV pokraCovani kuesty geologicky presmyk se strmym
dklonem k jihu. Morfologické pozorovani a poznatky z doku-
mentace postupu razby by hovorily spiSe pro presmyk s mir-
nym uklonem k severu a ndsunem severnich mas na masy jiz-
néji poloZzené. Tento ndsun by probihal ¢aste¢né po vrstevnich
plochéch, ¢aste¢né zrejme po zvinénych plochdch novotvore-
nych s moznym vlekem vrstev a pripadnou digitaci (obr. 6).

7 dokumentovanych geologickych projevu v tunelu pro tento
ndsun hovori narazeni mylonitizované zony charakteru sypké
kamenitopisCité zeminy a naraZeni ,,rozklouzanych* (vySe zmi-
novanych) jiloveu s velmi vyraznymi tektonickymi ,,zrcadélky.

V prvni ¢tvrtiné razby tunelu byla prorazena zéna s vysky-
tem mastkové bridlice, indikujici kontakt bazaltické dajky
s vapnitym prachovcem (argilitem), v zéné subvertikdlniho
zlomu. Germanotypni tektonika je tedy rovnéZ pritomna.

RAZBA TBM

Postup razby je pravidelné dokumentovan mistnimi geology
dodavatele. Pristupnost ¢elby je velmi omezend. Strukturné-tek-
tonickd méfeni jsou velmi problematickd. Horninovy typ je
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the newly obtained information does not allow for detailed
unambiguous interpretation of the geological structure. It is
rather the case of structural hypotheses. The problems which
appeared (see the above-mentioned mylonitisation and the
squeezing property) contributed to the hypothesis that the tun-
nel excavation passed along a significant section disturbed by
an overthrust plane. Morphologically, the NW position of the
cuesta (dipping at ca 30°) (see Fig. 5) gives evidence of a sub-
horizontal overthrust.

Even the inverse relief, letting one shoulder of the anticline
rise as the above-mentioned cuesta, may be an alternative of the
sub-horizontal overthrust manifesting itself by the cuesta. But
the tectonic disturbance encountered by the tunnel excavation
just under the cuesta is not well explained by the hypothesis.

The basic geological map for the particular area in the ENE
continuation of the cuesta shows a geological overthrust dip-
ping steeply south. The morphological observation and the
knowledge obtained from the documentation of the excavation
process would rather suggest an overthrust moderately dipping
north and the northern masses slipping over the masses lying
more southerly. This overthrust would proceed partially along
bedding planes and partially, obviously, along newly develo-
ped folded surfaces, with the possible dragging of the strata
and possible digitations (see Fig. 6).

Encountering the mylonitised zone with the character of
loose stony-sandy soil and encountering the above-mentioned
“greasy” claystone with highly marked faulting polishes is
a documented geological manifestation speaking up for this
overthrust.

A zone with the occurrence of steatite shale, indicating
a contact of the basalt dajka with calcareous limestone (argil-
lite) in the sub-vertical fault zone was driven through in the
first quarter of the tunnel excavation. It means that German
type faulting is also present.

TBM TUNNELLING

The tunnel excavation advance is regularly documented by
contractor’s local geologists. The access to the excavation face
is very limited. Tectonic and sedimetological measurements
are very problematic. The ground type is observed continually
on the belt conveyor. Apart from the ground type, the bedding,
degree of tectonic disturbance, other structural elements and,
of course, saturation with water are observed during visits to
the excavation heading.

Tunnel excavation advancing

The excavation mostly passes through dry and little crushed
argillite, where the advance is relatively smooth and very fast
— rates up to 30m per day (20 lining rings). Problems were
encountered when the water-bearing brittle rock forming an
aquifer between impermeable argillite layers were tapped. In
those locations groundwater and crushed rock broke out into
the machine space. Another very problematic section was
encountered when the excavation arrived at a crushed zone fil-
led with tectonic mylonite (probably the above-mentioned
fault/overthrust zone). Caverns developed and even “daylight”
collapses occurred in these sections. But after some time the
crushed zone disappeared from the excavation profile. A little
later, the tunnel excavation got to squeezing manifestations
caused by highly plastic claystone intercalations in the argilli-
te. Very pronounced faulting polishes, slickensides, are visible
in the claystone. They are situated both along and across the
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Obr. 6 Uéelovi geologickd mapa
Fig. 6 Purpose-made geological map

sledovédn prubézné pri odvozu na dopravniku. Pfi ndv§tévach
Celby se sleduje krom¢€ horninového typu i vrstevnatost, mira
tektonického poruseni, dalsi strukturni prvky a samozrejmé
zvodnéni.

Postup razby

Razba prevazné prochdzi v suchych a mélo drcenych argili-
tech, kdy je pribéh pomérné hladky a velmi rychly — az 30 m
(20 prstenct) za den. Problémy nastaly prfi naraZeni zvodné-
lIych kiehkych hornin, které jsou zvodni mezi nepropustnymi
argilitovymi vrstvami. Tam dochdzelo k privalim podzemni
vody a horninové drti do stroje. DalSim velmi problematic-
kym tdsekem bylo naraZeni drcené zony vyplnéné tektonickym
mylonitem, pravdépodobné zény zlomu/presmyku (viz vyse).
Zde dochazelo ke vzniku kaveren a dokonce vykominovani
k povrchu. Tato drcend zéna vSak po néjakém Case z profilu
razby vymizela. O néco ddle se raZzba tunelu dostala do tlaci-
vych projevi zpusobenych silné plastickymi jilovcovymi pro-
plastky v argilitech. V jilovcich jsou patrny velmi zfetelné
ohlazy tzv. tektonickd zrcadla. Tyto jsou situovany jak po vrs-
tevnich plochdch, tak i napfi¢ nimi. Je patrné tektonické pro-
hnéteni. Je moZné, Ze se jednd o pokracovani zoény presmyku,
ndsunové plochy, kterd si nasla nejmekéi/nejslabsi plochy stfi-
hu. Dokladd to pravdépodobnost razby napfi¢ vyznamnou
geologickou poruchou (jednou z dil¢ich ndsunovych ploch).

Z povrchového mapovani je patrny vychoz smykovych
ploch, podrceni a piekoceni vrstev v tpatich svaht nad vesni-
ci Rustavi.
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bedding planes. Tectonic kneading is obvious. It is possible
that it is the continuation of the overthrust zone, which found
the softest/weakest shearing planes. It is the evidence that the
excavation runs crosswise an important geological fault (one
of the partial overthrust planes).

An outcrop of shear planes, crushing and inverted strata at
the bases of slopes above the village of Rustavi are obvious
from the mapping.

Effects during the course of tunnelling
- geotechnical conditions

The occurrence of semi-rock or disintegrated weak rock
represents significant problems for the tunnel excavation using
the double-shield-type Herrenknecht S-674 TBM. In some
locations the strength drops to class R1 or even down to RO
(according to ISRM 1981). In such the conditions, ground
starts to exert pressure on the TBM and the tunnel lining and
the cutting effectiveness drops to a minimum.

The fissure-type saturation of brittle rock types lying betwe-
en impermeable argillite layers represents other complications.
It caused water and crushed rock breakouts into the machine
space. The crushed zone with the character of mylonitic sandy
soil also caused breakouts and development of caverns.

Certain problems had to be overcome even in the locations
where the TBM drove through an inhomogeneous environ-
ment, where the excavation profile comprised a hard volcanic
vein — basalt (dark andesite) on one side and semi-rock argilli-
te on the opposite side. It caused mechanical failures of the
hydraulic cutterhead extension system. The whole section had
to be driven through in the single shield mode.

Basic technical data on the tunnel

The tunnel excavation diameter is 6m, the tunnel length
amounts to ca 9.7km. The horizontal alignment is nearly stra-
ight; the vertical alignment is inclined at 0.5%. The tunnel is
driven from the future power plant in an uphill gradient.

The lower ca 300m long section of the tunnel was driven
conventionally using blasting and a roadheader. The excavati-
on was temporarily supported only with a thin layer of shotc-
rete and, in selected locations, in addition with welded mesh
and frames from steel H-sections. Welded steel lining forming
a pressure tube will be in addition installed into the final cast-
in-place tunnel lining in this section. This tube will pass into
the high-pressure penstock behind the tunnel, through which
water is supplied to turbines.

A 46m deep shaft with a 38m deep subsurface surge cham-
ber above it is designed at the distance of ca 200m from the
portal.

Launching the TBM from a completely
excavated tunnel section

During the assembly of the TBM in front of the tunnel por-
tal, the TBM was gradually shifted into the in advance exca-
vated tunnel part, as described above. After the completion, the
machine was moved in steps along a reinforced concrete cra-
dle up to the end of the above-mentioned 300m long section
excavated in advance, where the full-face TBM excavation and
installation of tunnel lining consisting of reinforced concrete
segments commenced (see Figures 7, 8, 9 and 10).
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Efekty pfi tunelovani — geotechnické poméry

Pro razbu strojem TBM Herrenknecht S-674, ktery je typu
double shield, predstavuje vyskyt poloskalnich nebo rozruse-
nych mékkych hornin zna¢né obtize. V nekterych mistech
pevnost hornin klesd ke tfidé R1 nebo az na RO (dle ISRM
1981). V takovych podminkdch horniny zacinaji tlacit na Stit
i tunelové osténi a feznd ucinnost hlavy klesd na minimum.

Puklinové zvodnéni kiehkych hornin lezicich mezi poloha-
mi nepropustného argilitu predstavuje dal§i komplikaci a zpu-
sobilo pruvaly vody a horninové drti do stroje. Drcend zéna
charakteru mylonitické pis¢ité zeminy rovnéZ pusobila prava-
ly a kavernovani.

Jisté problémy byly prekondvdny i v mistech, kde §tit razil
v nehomogennim prostredi — v profilu tvofeném z jedné stra-
ny tvrdou vulkanickou Zilou — ¢edi¢em (tmavym andezitem)
a z druhé strany poloskalnim argilitem. To zpusobilo mecha-
nické poruchy na hydraulickém systému vysuvu fezné hlavy
stitu. Usek musel byt proraZzen v modu single shield.
Zakladni technické tidaje tunelu

Primér vyrubu tunelu je 6 m, délka tunelu cca 9,7 km.
Smérové je tunel témer v primé linii, vyskoveé ma sklon 0,5 %.
Razba tunelu probihd dovrchné od budouci elektrdrny.

Dolni dsek tunelu v délce cca 300 m byl vyraZen konvencné
pomoci trhacich praci a tunelové frézy. Vyrub je doCasné zajis-
tén pouze slabou vrstvou stiikaného betonu a ve vybranych mis-
tech navic s vyztuZnymi sitémi a rdmy z ocelovych I-profila. Do
definitivniho monolitického tunelového osténi bude v tomto
useku instalovano jesté ocelové svarované oplasténi, které tvor{
tlakové potrubi. To plynule prejde v konstrukci tlakového priva-
déce za tunelem, kterym je voda privadéna na turbiny.

Ve vzdalenosti cca 200 m od portélu je nad tunelem navrze-
na Sachta hloubky 46 m a nad ni podpovrchova komora proti
vodnimu razu hlubokd 38 m.

Zahajeni razby TBM ve vyraZzeném tunelu

Pfi montazi TBM pred portdlem tunelu byl postupné zasou-
van do predem vyrazené Cdsti tunelu, jak bylo popsdno vyse.
Po kompletaci stroje byl stroj postupnymi posuny po Zelezo-
betonové kolébce dopraven na konec zminéného 300 m dlou-
hého predem vyraZeného useku, kde zacalo raZeni Stitem

plnym profilem s montazi tunelového osténi z Zelezobetono-
vych dilcu (obr. 7, 8, 9, 10).
Technické rfeSeni tunelu a postup razby TBM

Usek tunelu od 9,700 km aZ k hornimu portélu u vtokového
objektu v 0,000 km je raZen tunelovacim strojem TBM doub-
le shield hard rock. Kruhové osténi je montovano z Zelezobe-
tonovych segmentd (5+1). Sty¢na spédra jednotlivych prstenca

Obr. 7 Pohled na razici hlavu
Fig. 7 A view of the cutter head

Technical solution to the tunnel and the TBM
excavation procedure

The tunnel section from the chainage of 9.700 km up to the
upper portal at the intake structure at chainage 0.000 km is
being driven by a double shield hard rock TBM. The circular
lining is assembled from reinforced concrete segments (5+1).
The circumferential joints between individual lining rings are
not designed to be conical. The machine is guided only by irre-
gular squeezing of the rubber sealing between segments of the
rings. Muck is hauled from the tunnel on a conveyor belt;
lining segments are transported on rail-mounted flat cars each
carrying segments for 2 rings. Pea gravel and cement for the
primary and secondary grouting is also transported on rails.
Dry grouting mixture is mixed with water later, on the TBM
trailing gear.

The lining is 250mm thick; one ring is 1.5m long. The inner
diameter of the tunnel lining rings is 5.26m. The shield diame-
ter is 5.49m, the cutter head diameter ranges from 6.02m to
6.09m, depending on the chosen cutting tools. The intermedi-
ate space between segments and the excavation is being filled
with grout (backgrouting). The tunnel is designed as a pressu-
re resisting structure for the maximum 10bar pressure.

After initial complications, the TBM excavation commenced
in June 2016. With its best performance, the contractor reached
the excavation rate up to 900m per month, 500m per month as
the average. As of the time of writing the paper, ca 6000m of
excavation had been completed.

Solution to the exit portal (water intake structure)

The exit portal for the TBM is currently in the phase of
adjusting the design. The design counts on receiving the TBM
in a small portal pit, where it will be dismantled in steps toget-
her with the trailing gear. After lifting them up from the pit, the
individual parts of the machine will be transported to the sto-
rage area. The reason for this complicated and time intensive
dismantling operation lies in the limited spatial conditions,
which do not allow for pulling the entire machine out of the
tunnel. The set will again be pulled along the reinforced conc-
rete cradle. When the dismantling of the machine in front of
the portal is finished, an intake structure will be constructed in
front of the portal as a water inlet into the tunnel.

TBM

As described in detail above, the TBM is of the double-shield
hard rock type supplied by the company of Herrenknecht (see
Figures 11 and 12). Owing to its technical solution the machi-
ne excavates the tunnel and concurrently installs the tunnel
lining. In this way the time when the machine does not excavate

Obr. 8 Postupnd montdz stroje a jeho zasouvdni do tunelu
Fig. 8 Stepwise assembly of the machine and shifting it into the tunnel




Obr. 9 Pohled na ndavés TBM
Fig. 9 A view of the TBM trailing gear

osténi neni navrzena koénickd. Stroj je veden pouze nerovno-
mérnym sviranim gumového tésnéni mezi segmenty prstence.
Doprava rubaniny z tunelu je zajiStovdana dopravnikovym
pdsem, segmenty osténi se dopravuji kolejovou drdzkou, pri-
gemz se na vlaku z plo§inovych vozu vezou vZdy dilce pro 2
prstence. Po kolejich se dopravuje také kacirek a cement pro
primarni i sekundérni injektaz. Injektdzni smés se michd s pri-
ddvanim vody az na ndavésu tunelovaciho stroje.

Tloustka osténi je 250 mm, délka jednoho prstence je 1,5 m.
Vnitini prumér krouzku tunelového osténi je 5,26 m. Prumeér
Stitu je 5,94, prumér fezné hlavy je v zdvislosti na zvolenych
feznych nastrojich od 6,02 do 6,09 m. Mezilehly prostor mezi
segmenty a vyrubem je vypliovén vyplnovou injektdzi. Tunel
je navrZen jako tlakovy pro maximdln{ tlak 10 bar.

Razba TBM byla zahdjena po dvodnich komplikacich v Cerv-
nu 2016. Svym nejlepSim vykonem dodavatel dosdhl az 900
m/mésic, prumérné pak 500 m/mésic. V dobé psani ¢lanku
bylo vyraZeno cca 6000 m.

ResSeni vyjezdového portalu (vtok do tunelu)

Vyjezdovy portdl pro TBM je v soucasné dobé ve fazi ladé-
ni projektového feSeni. Navrh pocitd s vyjetim TBM do malé
portdlové jamy, kde probéhne postupnd demontaz stroje vcet-
né jeho technologickych ndvésu. Po vytazeni z jamy budou
jednotlivé Casti stroje prepraveny do skladovaciho prostoru.
Duvodem pro tuto komplikovanou a ¢asové ndro¢nou demon-
taz jsou omezené prostorové podminky, které nedovoli vyjet
celym strojem z tunelu. Vyjizdét se bude opét na zelezobeto-
novou kolébku. Po rozebrani stroje bude pred portalem zbu-
dovan natokovy objekt jako vpust vody do tunelu.

TBM

Jak je popséno detailné vySe, jednd se o typ stroje TBM
double shield hard rock dodany spolecnosti Herrenknecht
(obr. 11, 12). Diky svému technickému reSeni stroj soucasné
razi i montuje osténi tunelu. Tak je minimalizovén Cas, kdy
stroj nerazi (jinak je tomu u razby strojem single shield). Tim
je podstatné urychlen pracovni cyklus stroje.

Rezné hlava stroje je navrzena pro pevné horninové pro-
stredi (hard rock) tak, jak predpokldadalo zadani projektu.
V pripadé nepredvidanych geotechnickych podminek bliZi-
cich se charakteristikdm zemin se jiZ vSak opakované proka-
zalo, 7¢ muZe dochdzet k obtiZnym situacim vyZadujicim
sana¢ni opatfeni na ¢elbé vyrubu.

Segmenty jsou osazovany do pozic v prstenci erektorem,
ktery je na tomto stroji mechanicky, nikoliv vakuovy.
Segmentové jefdby funguji na principu mechanickych zamku.
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Obr. 10 Provddeni vypliiové injektdZe — Cdst cementace
Fig. 10 Execution of back grouting — cementation

the tunnel is minimised (it is different in the case of tunnel exca-
vation using a single-shielded machine). Thanks to this design
the working cycle of the machine is substantially accelerated.
The cuter head of the machine is designed for hard rock
environment, as the project tender documents assumed. On the
other hand, it has been repeatedly proved that difficult situati-
ons requiring stabilisation measures at the excavation face
may occur in the case of encountering unpredictable geotech-
nical conditions approximating the characteristics of soil.
Lining segments are placed into their positions within the
lining ring using an erector, which is of the mechanical type on
this machine, not vacuum-assisted. Segment-lifting cranes

Obr. 11 Popis TBM
Fig. 11 TBM description

BERRCNMNEENT AG | GTILITY TUNNELLING | TRAFFIC TUSNCLLNG

CUTTING TOOLS.
DisCs

Double Disc Cutters in the Center
I Number: 4
I Size 17"

Face and Gauge Disc Cutters
I Number 31
1 Size 18°

Obr. 12 Popis Feznych ndstroju
Fig. 12 Description of cutting tools




27. rocnik - €. 1/2018

| ¥

Obr. 13 Plnéni segmentovych forem
Fig. 13 Filling the segment moulds

Segmentovy podavaé pak je klasicky hydraulicky. Navés za
Stitem sestdvd z dvandcti portdlu a pasového dopravniku a je
délky 175 m. Pripocte-li se k tomu délka Stitové Casti, meri
stroj témér 200 m.
Segmenty

Tunelové segmenty jsou vyrdbény zhotovitelem pfimo v mis-
t€ stavby. Vyrobna segmenti je vybavena sedmi sety forem
s technologii proparovani. Tim je urychlovan proces zrani Cer-
stvého betonu. Zhotovitel je tak schopen kaZdou dvanéctihodi-
novou sménu vyrobit jednu plnou varku 42 segmentu, coZ pre-
stavuje sedm kompletnich prstencu (obr. 13, 14).

ZAVER

SKODA PRAHA as., jako tradi¢ni eskd inZenyrsko-dodava-
telskd spole&nost investi¢nich celku v energetice na kli¢, v tomto
projektu vystupuje jako inZenyr investora. Technicky konzultant
SAMSON PRAHA, spol. s r.0. byl vybrain SKODOU PRAHA,
diky své specializaci na podzemni stavby a geologii, pro spolu-
praci v misté vystavby elektrarny v Gruzii. V soucasné dobé
tym SAMSON PRAHA, spol. s 1.0. v misté sestdvd z péti pra-
covnikd, a to experta na raZbu tunelu, geologa, senior inZenyra
dozorujiciho stavebni ¢dst, specialistu dohliZejictho na hydro-
mechanického dodavatele a specialistu kontrolujiciho kvalitu
dodéavanych praci. SKODA PRAHA a.s. poskytuje veskerou
podporu pro ¢innost SAMSON PRAHA, spol. s r.o. v misté.
Takto sestaveny tym je tak platnym ¢lenem tymu investora, kte-
rému se dari udrzet prijatelnou kvalitu provadénych praci
v souladu s projektovou dokumentaci, vetné Casového planu
definovaného ve smlouviach s jednotlivymi dodavateli.
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Obr. 14 Proparovaci zkouska
Fig. 14 Steam curing test

work on the principle of mechanical locks. The segment erec-
tor is classical, hydraulic. The trailing gear consists of twelve
portals and a belt conveyor; it is 175m long. If we add the
length of the shielded part, the machine is nearly 200m long.

Lining segments

Tunnel lining segments are produced by the contractor direct-
ly on site. The segment casting yard is equipped with seven
moulds with the steam curing equipment. The process of curing
green concrete is accelerated in this way. The contractor is the-
refore capable of producing one complete set of 42 segments,
which represents seven complete rings (see Figures 13 and 14).

CONCLUSION

SKODA PRAHA joint-stock company, a traditional Czech
engineering company delivering turnkey investment units for
power generating industry, acts in this project in the position of
the engineer for the project owner. Owing to its specialisation
for underground construction and geology, SAMSON
PRAHA, Ltd. was chosen by SKODA PPRAHA for the positi-
on of the technical consultant for the collaboration in the loca-
tion of the power plant construction in Georgia. At present, the
SAMSON PRAHA, Ltd. team consists of five workers, name-
ly a tunnel excavation expert, a geologist, a senior engineer
supervising the civil engineering part, a specialist overseeing
the hydromechanical contractor and a specialist checking the
quality of the work being supplied. SKODA PRAHA provides
all support for the SAMSON PRAHA, Ltd. activity on site.
The team assembled in this way is therefore a valid member of
project owner’s team succeeding in maintaining acceptable
quality of the works in compliance with the design documen-
tation, including the construction schedule defined in the con-
tracts with individual contractors.
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RAZBA STOLY TEPLOVODU POD RUSNOU PRAZSKOU KRIZOVATKOU
A KOMPLIKACE BEHEM VYSTAVBY

EXCAVATION OF A GALLERY FOR A HEAT DUCT UNDER A BUSY
PRAGUE INTERSECTION; COMPLICATIONS DURING CONSTRUCTION

OTAKAR HASIK, VIT JANOS

ABSTRAKT

Pro vedeni ocelového potrubi teplovodu byla realizovdna podzemni Stola pod rusnou kriZovatkou s tramvajovymi tratémi
v prazskych HoleSovicich. Stola podkovitého priirezu zajisténd ramy z ocelové diilni vyztuze, paznicemi union a stiikanym beto-
nem méla plochu vyrubu 8,9 m? a délku 60 m. Stola propojuje dvé svislé Sachty hloubky cca 10 m. Razba byla zahdjena ve skal-
nim podloZi tvoreném bridlicemi souvrstvi libenského a postupné se pribliZovala horizontu pokryvnych vrstev, které tvori ster-
ky a pisky. Geologické sledovdni pri razbé upresnilo polohu a propustnost tohoto vyrazné zvodnélého prostredi terasovych sedi-
mentu Vitavy. Z tohoto diivodu byly zvaZovdny tii varianty moZnosti, jak bezpené postupovat ddl a jak adekvdiné sniZit rizika
pri razbé. Prispevek se bude podrobné zabyvat komplikacemi pri razbé stoly a hloubeni Sachet v ndroénych geologickych pod-
minkdch.

ABSTRACT

An underground gallery for a steel heat duct was carried out under a busy intersection with tramway tracks in the district of
Holesovice, Prague. The excavation of the horseshoe shaped profile gallery was supported with steel colliery arches, UNION
steel lagging and sprayed concrete. The excavated cross-sectional area and the length of the gallery amounted to 8.9m? and 60m,
respectively. The gallery interconnects two ca 10m deep vertical shafts. The excavation started in the bedrock formed by the
Liben formation shale and gradually moved closer to the overlying horizon formed by gravel and sand. Geological monitoring
during the course of the underground excavation refined the location and permeability of this significantly water-bearing envi-
ronment formed by terrace sediments of the river Vitava. It was the reason why three variants of the possibilities of safe proce-
eding ahead and adequate reducing the risks during excavation were taken into consideration. The paper will deal in detail with
complications encountered during the course of the gallery excavation and sinking the shafts in difficult geologic conditions.

UvoD

Stavba tepelného napdjeCe podchdzi kiizovatku frekventova-
nych ulic Partyzanskd — Na Zatorach pobliZ nového Trojského
mostu v HoleSovicich (obr. 1). Nad Stolou je kfizovatka tramvajo-
vych trati. Podél chodniku stoji stard tffpodlazni budova s restau-
raci. Zhotovitelem dila byla spole¢nost Prominecon a.s., spolec-
nost SAMSON PRAHA, spol. s r.o. provadela geotechnicky
monitoring.

Vystavba Stoly délky 60 m a dvou svislych Sachet (obr. 2) byla
podle projektu i pii realizaci provadéna konvenénim zpusobem od

Obr. 1 KiiZovatka Partyzdnskd — Na Zdtordch pod niZ probéhla raZba $toly
Fig. 1 Intersection between Partyzdnskd and Na Zdtordch streets, under
which the gallery excavation passed

INTRODUCTION

The construction of the heat duct passes under the intersection bet-
ween busy Partyzdnskd — Na Zatordch streets near the new Troja
bridge in the municipal district of HoleSovice (see Fig. 1). An inter-
section of tramway tracks is above the gallery. An old three-storey
building with a restaurant stands along the pavement. The works
were carried out by Prominecon a. s.; SAMSON PRAHA, limited
liability company, conducted geotechnical monitoring.

The construction of the 60m long gallery and two vertical shafts
(see Fig. 2) was carried out according to the design as well as during
the realisation using a conventional method from March 2015 to
April 2016. The operations were suspended for the complications
described below from June 2015 to September 2015. At the begin-
ning of the excavation, the gallery was driven on a down gradient
from S1 hoisting shaft to S2 shaft at a gradient of ca 2%o. The galle-
ry alignment is straight, connecting to the vertical shafts. Muck was
transported horizontally manually, using a muck car running on rails.
Vertical transport to a container placed on the surface was provided
by a crane. Soil and rock was disintegrated during shaft-sinking and
gallery excavation operations mechanically using a mini-excavator
and hand-held picks without blasting.

The excavation of the gallery and shafts was supported with a pri-
mary lining with steel colliery frames. Vertical sheeting and steel
sheet forepoling was installed behind the frames. Horizontal sheeting
additionally covered with shotcrete and welded mesh was used in
slightly weathered to fresh Liben shale. The basic ground plan of
both the start and target hoisting shafts was a square 4300/4300mm.
The horseshoe shaped profile gallery in the mined gallery section is
3080mm wide and 2750mm high. The final liners of the gallery and
vertical shafts were designed to be from water-retaining reinforced
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Obr. 2 Situace $toly s vyznadenim bodu geodeticky mérenych na povrchu

Fig. 2 Gallery situation with points measured by surveyors on the surface
marked in it

brezna 2015 do dubna 2016, pfitom byla raZba preruSena z duvo-
du dale uvedenych komplikaci od ¢ervna 2015 do zaif 2015. Stola
byla z diivodu nedostatku prostoru u Sachty S2 v poéitku stavby
razena tpadné z t&Zni Sachty S1 k Sachté S2 ve sklonu cca 2 %o.
Trasa Stoly je pfimd a navazuje na svislé Sachty. Vodorovna dopra-
va rubaniny byla ru¢ni pomoci vozu na kolejich. Svisld doprava
do pristaveného kontejneru na povrchu byla zaji§téna jefdbem.
Rozpojovani zemin a hornin pti hloubeni $achet i raZeni $toly bylo
provadéno strojné minirypadlem a rucni sbijeckou bez pouZiti
trhacich praci.

Stola i $achty byly zajistény primarnim osténim s ramy z ocelo-
vé dulni vyztuZe. Za rdmy se upevnovaly zdtazné nebo hnané oce-
lové paziny. V navétralych az zdravych libenskych bridlicich se
pouZilo priloZné paZeni, které bylo dostate¢né zastiikané betonem
s vyztuznymi sitémi. TéZni startovaci i koncovd Sachta mély
zékladni &tvercovy pudorys 4300/4300 mm. Stola podkovitého
tvaru je v razeném profilu Sirokd 3080 mm, vysoka 2750 mm.
Definitivni osténi Stoly a svislych Sachet bylo navrZeno z vodone-
propustného Zelezobetonu a muselo byt vodoté€sné proti pronikan{

podzemni vody. Nebyla navrzena hydroizolace. Podzemni voda je
agresivni na beton.

TuHel

concrete. It had to be impermeable for penetration of ground water.

No waterproofing system was designed. The groundwater has got
a corrosive effect on concrete.

GEOLOGIC STRUCTURE

Geologic conditions in the area of interest can be in general cha-
racterised as complicated for a mined working.
Bedrock

The Pre-Quaternary bedrock through which the excavation was
realised is formed by the Ordovician rock types of the Barrandian
Synclinorium. From the lithologic point of view, it is the Liben for-
mation belonging to the Lower Beroun Formation. The monotone
facies are formed by clayey shale with a weak silty or sandy addition
and scales of mica. The black to black-grey colour is caused by
imperfect oxidisation at the bottom of the sedimentation basin.
Laminated bedding (thickness of layers of 2-20mm), thinly tabular
bedding (20-60mm) and tabular bedding (60-200mm) was encoun-
tered. The near-surface weathering is usual for the older Ordovician
sediments in the area of Prague, including the Liben formation sedi-
ments. It manifests itself mainly by lower up to significantly lower
rock strength and coated discontinuities. The degree of weathering
decreases with the growing depth.

Superficial deposits

The superficial deposits lying on the bedrock are formed by terra-
ce fluvial sediments of the Vltava valley terrace. It is a relatively
thick layer mainly consisting of purely graded S2 SP sand and well
graded S1 SW sand; it can even contain layers of S3 S-F sand with
addition of fine-graded soil. According to additional survey, compact
sandy gravel classes G1 GW, G2 GP and G3 G-F with very high per-
meability for water predominate in the lower part of the terrace. The
thickness of the sediment layer ranges from 4 to 14m.

Man-made ground overlying the terrace sediments are mainly for-
med by dug soils and rubble.

COMPLICATIONS DURING EXCAVATION

The original design assumed the excavation of the gallery and sin-
king two about 10m deep vertical shafts.

The problem-free sinking of the S1start shaft and the excavation of
initial meters of the gallery towards shaft S2 did not signal the later
complications which virtually made the safe continuation of the exca-
vation according to the originally proposed solution impossible. The
horizontal cored boreholes ahead of the excavation face (see Fig. 3)
were carried out within the framework of the geotechnical monitoring
conducted concurrently with the progressing excavation. The second
borehole encountered significantly water-bearing terrace sediments,
which were attended by uninterrupted high water inflows from the
borehole (10L/s flew from the DN 76mm borehole). The course of the
interface between shale and gravel-sand forming the terrace and the
groundwater table level were refined by additional survey boreholes —
angled upward from the excavation face and vertical one at S2 shaft.
The gallery excavation would have encountered this interface as early
as at chainage 30 m and would have continued through an environ-
ment formed by heavily permeable gravel and sand, under the ground-
water table. A pumping test in the hydrology borehole confirmed that
the communication between this aquifer and water in river Vltava is
probable. For that reason the possibility of lowering the groundwater
table to a safe level under the level of the gallery was not an option.
The mining designer suspended the next excavation and the project
owner was forced to solve the new situation.

Excavation options for elimination of risks

The project owner, in collaboration with the contractor, developed
several variants on securing the excavation of the gallery eliminating
the originating risks, in particular the three possible methods presen-

ted below:




GEOLOGICKA STAVBA

Vseobecné lze geologické poméry zajmového dzemi charakte-
rizovat jako slozité pro razené dilo.

Skalni podkiad

Predkvartérni skalni podklad, v némz bylo dilo realizovéno, je
tvoren horninami ordoviku barrandienského synklinoria. Z litolo-
gického hlediska jde o libeniské souvrstvi ndlezejici ke spodnimu
berounu. Zastizena monoténni facie je tvorena jilovitymi bridlice-
mi se slabou prachovitou ¢i piséitou primési a Supinkami slid.
Jejich Cernd az CernoSedd barva je zpusobena nedokonalym pro-
kysli¢enim pfi dné sedimentacni panve. Vrstevnatost byla zazna-
mendna laminovand (mocnost vrstev 2-20 mm), tence deskovita
(20—60 mm) a deskovita (60—200 mm). Pro ordovické i starsi sedi-
menty v oblasti Prahy, véetné sedimentu libeniského souvrstvi, je
obvyklé pripovrchové zvétrani, které se zejména projevuje nizsi
az vyrazné niz§i pevnosti horniny a povlaky limonitu na diskonti-
nuitdch. S rostouci hloubkou se stupen zvétrani snizuje.

Pokryvné (tvary

Na skalnim podloZi lezici pokryvné ttvary jsou tvorené teraso-
vymi fluvidlnimi sedimenty ddolni vitavské terasy. Jde o pomérné
mocnou vrstvu, kterou prevazne tvori pisek $patné zrnény S2 SP
a pisek dobre zrnény S1 SW a muZe obsahovat i polohy pisku
s primési jemnozrnné zeminy S3 S-F. Ve spodni &dsti terasy podle
dodate¢ného pruzkumu prevazuje $térk piscity, ulehly, tiidy Gl
GW, G2 GP a G3 G-F s velmi vysokou propustnosti pro vodu.
Mocnost sedimentt se pohybuje v rozmezi 4 a7 14 m.

Navazky uloZené nad terasovymi sedimenty jsou prevazné tvo-
feny prekopanymi zeminami a stavebnim rumem.

KOMPLIKACE PRI RAZBE

Pavodni ndvrh predpoklddal razbu §toly ze dvou svislych Sachet
hlubokych priblizné 10 m.

Bezproblémové vyhlouben startovaci $achty S1 i razba prvnich
metrti §toly smérem k $achté S2 nenaznalovaly pozdéjsi kompli-
kace, které prakticky znemozZnily bezpecné pokraCovani razby
v puvodné navrZzeném feleni. V rdmci geotechnického monitorin-
gu byly s postupem razby provadény projektem predepsané hori-
zontdlni jadrové predvrty (obr. 3). Druhym predvrtem byly zasti-
Zeny vyrazné zvodnélé terasové sedimenty, coZ bylo provazeno
neustdvajicimi vysokymi pritoky z vrtu (z vrtu DN 76 mm vyté-
kalo 10 1/s). Dal§imi pruzkumnymi vrty — §ikmo nahoru z Celby
a svislym u Sachty S2 — byl upiesnén priibéh rozhrani mezi bidli-
cemi a $terkopisky terasy a droven hladiny podzemni vody. Razba
Stoly by toto rozhrani zastihla uz ve staniceni 30 m a ddle by
pokracovala v prostedi silné propustnych §térka a pisku pod hla-
dinou podzemni vody. Cerpaci zkouska v hydrovrtu potvrdila
pravdépodobnou komunikaci této zvodné s vodou v fece Vltavé.
Nepripadala tedy v dvahu moZnost sniZzeni urovné hladiny pod-
zemni vody na bezpe¢nou vysku pod troven $toly, bansky projek-
tant dal$i razbu zastavil a investor byl nucen vzniklou situaci resit.
Varianty razby pro eliminaci rizik

Investor, ve spolupraci se zhotovitelem, vypracoval nekolik
variant zabezpeceni razby Stoly s eliminaci vzniklych rizik a to
zejména niZe uvedené tfi moZné zpusoby:

Zabezpeceni tryskovou injektazi (TT)

Zabezpeceni tryskovou injektdZ{ bylo uvaZovano ve dvou pod-
variantdch. Prvni moZnost byla horizontélni TI ze Stoly a ze Sach-
ty $2 v&etné nékolika mistnich zainjektovani Gelby (prepazky).

Druha moznost byla vertikalni TI z povrchu, tato varianta se ale
ani nerozpracovala z divodu velkého mnoZstvi inZenyrskych siti
pod povrchem a komplikaci pfi omezeni dopravy.
Zainjektovani celého (resp. zvétSeného) prurezu vyrubu

V této varianté by bylo nutno zainjektovat (zpevnit) horninu
v celém (resp. zvétSeném) prafezu vyrubu Stoly vhodnym médi-
em, odzkouSenym materidlem, ktery by stmelil §térkopisek a sou-
Casné€ zabranil piitokim vody.
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prechod silné zvétralé bfidlice do piscitych Stérkd
transition of heavily weathered shale to sandy gravel
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Obr. 3 Vrtné jadro horizontdlniho predvrtu J2, silné porusend ordovickd brid-
lice prechdzi do hrubozrnnych piséitych Stérku

Fig. 3 Borehole core from the horizontal borehole J2 carried out ahead of
excavation face; heavily disturbed Ordovician shale passes to coarse-grained
sandy gravel

Stabilisation by jet grouting (JG)

Stabilisation by jet grouting was taken into consideration in two
sub-variants. The first option lied in horizontal JG carried out from
the gallery and from shaft S2, including several local injection of
grout into the excavation face (a partition).

The other option lied in vertical JG from the terrain surface. But
this sub-variant was not further developed with respect to the large
number of utility networks under the surface a complications during
traffic restrictions.

Injecting grout into the whole (respectively enlarged)
excavation profile

In this variant it was necessary to inject grout (to reinforce) into the
ground within the whole (respectively enlarged) profile of the galle-
ry excavation using a suitable medium, a tried out material which
would cement the gravel-sand and at the same time prevent water
inflows.

Changing the vertical alignment of the excavation of the
remaining part of the gallery to run through stable ground

This change would mean sinking an 8.5m deep shaft ahead of the
excavation face from the so far excavated gallery (working name
“staple shaft”) and continue to excavate the gallery at that level (“the
lower gallery™) to shaft S2 safely under the level of the interface bet-
ween gravel-sand and shale, with the whole profile excavated
through the bedrock. The design for shaft S2 with the new level of
the gallery bottom would be also changed adequately.

(In the mining terminology, the staple shaft means a shaft vertical-
ly interconnecting mine levels of an underground mine and not
having its mouth on the surface.)

This variant (see Fig. 4) was chosen by the project owner for reali-
sation with respect to the cost lowest of all above-mentioned options.

Continuation of excavation

The engineering-geological conditions greatly complicated even
the excavation of the “lower gallery” through the environment formed
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by rock (see Fig. 5). Up to the chainage 21.5m,
S the excavation was carried out from the staple
shaft in the direction of shaft §2, where it was
complicated by a steep dip of the layers toward

5
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S2 the excavated space and large groundwater
inflows (rates even exceeding 50L/s). The
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Ordovician shale is usually considered to be very
little permeable, only with fissure permeability
and communicating with a contingent aquifer in
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the overlying formations only in a limited way, as
the experience from other underground excavati-
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on through similar geologic conditions shows.
The abnormal groundwater inflows to the underg-
round excavation were probably caused by a com-
bination of several factors. The majority of the
excavation was carried out under the over-deepe-
ned Vltava bed. The river probably eroded the less

Obr. 4 Schéma nového reSeni razby $toly
Fig. 4 Chart of the new solution to the gallery excavation

Zména vyskového vedeni razby zbyvajici ¢asti Stoly
ve stabilni horniné

Tato zména by znamenala z dosud vyrazené Stoly pred Celbou
vyhloubit svislou Sachtu hlubokou 8.5 m (do niz$tho patra) s pra-
covnim ndzvem ,,§ibik* a v této tirovni pokracovat se Stolou (,,spod-
ni §tola“) do Sachty S2 bezpe&né pod tirovni rozhrani §térkopiski
a bridlice, tedy celym profilem ve skalnim podloZi. Adekvatné by se
zménil i ndvrh Sachty $2 s dnem v nové tirovni poévy §toly.

(V hornické terminologii se Sibikem rozumi Sachta, kterd verti-
kélné propojuje dulni patra hlubinného dolu a nemd vytsténi na
povrch.)

Tato varianta (obr. 4) byla investorem vybrand k realizaci vzhle-
dem k nejnizsi cené ze viech vySe uvedenych ndvrhu.
Pokradovani razby

InZenyrskogeologické podminky silné komplikovaly i razbu
,»spodni Stoly* v prostiedi skalnich hornin (obr. 5). Razba byla do
stani¢eni 21,5 m realizovédna z $ibiku smérem k §2, kde byla kom-
plikovéana strmym tklonem vrstev smeérem do vyrubu a znaénymi
pritoky podzemni vody (i vice nez 50 1/s). Ordovické bridlice jsou
obvykle povazovany za velmi malo propustné s pouze puklinovou
propustnosti a jen omezené komunikujici s pripadnou zvodni
v nadloZnich dtvarech, jak ukazuji zkuSenosti z jinych podzem-
nich dél v obdobnych geologickych pomérech. Abnormalni pfito-
ky vody do podzemniho dila byly pravdépodobné zpusobeny
kombinaci nékolika faktorli. VEti ¢dst razby byla provddéna
v misté pod prehloubenym korytem Vltavy. Reka pravdépodobné
erodovala méné odolné zvétralé partie pri povrchu bridlic. Ty jsou
tvofeny jilovitou zeminou s velmi malou propustnosti obvykle
znesnadnujici komunikaci mezi puklinovou zvodni v bfidlicich
a pripadnou zvodni v jejich nadloZi. Strmé uklonéné vrstvy brid-
lic umoznily pfitoky vody po téchto prevazujicich a prubéznych
diskontinuitdch a zpasobovaly nestabilitu dila, kdy hrozilo vyjiz-
dénf bloka hornin do vytéZeného prostoru.

Velké pritoky vody rovnéz zkomplikovaly hloubeni Sachty $2
(obr. 6). Hladina podzemni vody byla zastiZena v terasovych pis-
cich a Stércich v hloubce necelych 7 m, dalsi hloubeni bylo mozné
az po puvodné nepldnované realizaci tryskovych injektdZ{ kolem
obvodu Sachty. Po dohloubeni do bridlic skalntho podloZi (zde hra-
nice v hloubce 12 m, obr. 7) a pod patu tryskovych injektazi doslo
k vyjeti bloku horniny po strmé uklonénych vrstvach z prostoru
pod a za sloupy tryskové injektdZe s ndslednym pruvalem vody do
Sachty a jejim rychlym nastoupanim o nékolik metri na troven
hladiny podzemni vody. Odhadovand velikost pfitoku presdhla 100
I/s. Pfi nasledném nepretrzitém Cerpani tohoto i vétsiho mnoZstvi
vody se po nékolika dnech podarilo sniZit hladinu podzemni vody
v okolnich vrtech pouze o 1,8 m a vznikld kaverna musela byt

resistant weathered parts at the surface of the

shale layer. They are formed by clayey soil with

very low permeability, which usually makes the
communication between a fissure aquifer in shale and a contingent
difficult aquifer in its cover difficult. The steeply dipping shale layers
allowed for groundwater inflows along the prevailing and persistent
discontinuities and caused the instability of the excavation, where the
sliding of rock blocks into the excavated space posed a threat.

The large groundwater inflows in addition complicated the sinking
of shaft S2 (see Fig. 6). The water table was encountered in terrace
sand and gravel at the depth of nearly 7m. The shaft sinking work
could continue only after the originally unplanned realisation of jet
grouting around the shaft circumference. When the excavation rea-
ched the shale bedrock (in that location at the depth of 12m, see Fig.
7) and the level under the bottom of the jet grouting, a block of rock
slipped from the space under and behind the jet grouted columns
along the steeply dipping layers. Inrush of water into the shaft follo-
wed and the water surface level rapidly rose several meters, up to the
water table level. The estimated inflow rate exceeded 100L/s. During
several days of the subsequent continuous pumping of this and even
greater amount of water, the water table level in adjacent boreholes
was lowered only by 1.8m and the reconnaissance of the originated
cavern and its filling had to be carried out by divers. Additional che-
mical grouting into the space under the jet grouted columns had to be
carried out before the final level of the shaft bottom was reached.

The remaining section of the lower gallery was driven from
shaft S2.

Obr. 5 Razba spodni Stoly
Fig. 5 Excavation of the lower gallery




Obr. 6 Silné pritoky do Sachty §2v
Fig. 6 Strong inflows into shaft S2

rekognoskovéana a tamponovana potdpéci. Pred dohloubenim Sach-
ty na kone¢nou troven bylo nutno prostor pod tryskovymi injekta-
Zemi doinjektovat chemickou injektazi.

Zbyvajici Gsek spodni toly byl raZen od Sachty S2.

VLIV RAZBY NA OKOLNI PROSTREDI

V ramci geotechnického monitoringu byl mimo jiné zjistovan
vliv razby na okolni prostfedi s dirazem na niveladni méfeni pokle-
st kolejnic tramvajovych trati, povrchu terénu a blizkého objektu
Partyzanskd 218/5. Naklony sloupt trakéniho vedeni tramvajovych
trati byly sledovany trigonometricky. Pfes vSechny vySe uvedené
problémy pfi razbé lze vysledky téchto meteni oznadit za priznivé.
Poklesy nedosahly predpoklddanych hodnot a zpravidla se pohybo-
valy do 4 mm s maximem 5 mm. Nebyly zjiStény Zzadné poklesy
objektu Partyzdnskd 218/5 a ndklony sloupu trakéniho vedeni se
pohybovaly pod trovni presnosti trigonometrického méfeni.

ZAVER

Puvodni feSent §toly vychézelo ze zkuSenosti z raZby obdobnych dél
v Praze, kdy zpravidla bylo mozné hladinu podzemni vody tG¢inné sni-
7it, protoZe voda se nachdzela v ohrani¢eném kolektoru. Za téchto pod-
minek by i v popsaném pripadé byla razba bezpecné proveditelnd.
Zaznamenané vyrazné pritoky podzemni vody z terasovych sedimen-
ta byly vSak natolik velké, Ze bylo nutné zvolit bezpecné technické
fesent, které by eliminovalo rizika v husté obydlené oblasti.

Geotechnicky monitoring vyrazné prispél k feSeni problematic-
ké situace razby. Byl zvolen modifikovany postup razby, ktery
uvazoval se zménou vyskového vedeni ve stfedni ¢asti Stoly, jeho
snizenim az do skalniho podlozi. Je nutné poznamenat, Ze
i v tomto prostredi skalniho podloZi nebyla nasledujici razba
lehkd, nebot’ ji zt€Zzovaly silné pritoky podzemni vody z prubéz-
nych otevienych puklin horninového masivu, které ndsledné zpu-
sobovaly vyjizdéni bloka hornin do vyt€Zzeného prostoru.
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Mgr. VIT JANOS, janos@samsonpraha.cz
SAMSON PRAHA, spol. s r.o.
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Ing. Karel Franczyk
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Obr. 7 Prechod ze §térkit na bdzi terasovych sedimentu do zdravych bridlic
v Sachté S2
Fig. 7 Transition from gravel at the base of terrace sediments to fresh shale
in shaft S2

EXCAVATION INFLUENCE ON SURROUNDING
ENVIRONMENT

Among other things, the geotechnical monitoring examined the
influence of excavation on the surrounding environment, with stress
placed on surveying the subsidence of tramway track rails, the terra-
in surface and the near building No. 218/5 in Partyzédnska street. The
tilt of tramway overhead catenary posts was monitored trigonometri-
cally. Despite all of the above-mentioned problems encountered
during the excavation, the results of the measurements can be consi-
dered as favourable. Settlement values did not reach the expected
levels and usually fluctuated up to 4mm, with the maximum of Smm.
No settlement of building No. 218/5 in Partyzanska street was detec-
ted and the tilt of overhead catenary posts stayed under the level of
trigonometric measurement accuracy.

CONCLUSION

The original solution to the gallery excavation was based on the
experience from the excavation of similar workings in Prague, where
it was usually possible to lower the water table effectively because
water was located in a bounded aquifer. Under these conditions, the
excavation could have been safely carried out even in the case descri-
bed above. However, the significant inflows of groundwater from ter-
race sediments were so large that it was necessary to choose a safe
technical solution, which would eliminate risks in the densely develo-
ped area.

Geotechnical monitoring significantly contributed to the solution to
the problematic excavation situation. A modified excavation procedu-
re was selected, assuming a change in the vertical alignment in the
middle part of the gallery, lowering it down into the bedrock. It is
necessary to note that even in this environment the following excava-
tion was not easy because it was made difficult by strong groundwater
inflows from persistent open fissures in the ground massif, which sub-
sequently caused slipping of ground blocks into the excavated space.
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ULOZISTE RADIOAKTIVNIHO ODPADU RICHARD - ROZSIRENI KAPACITY
VYUZITIM STARYCH DULNICH DEL
RADIOACTIVE WASTE REPOSITORY RICHARD - EXPANSION
OF CAPACITY BY USING OLD MINE WORKINGS

JIRI CINKA

ABSTRAKT

Prispévek popisuje problematiku projektovych a prizkumnych praci v prostiedi starych diilnich dél, neboli ,,starin“, s cilem adap-
tovat dulni prostory pro ndsledné vyuZiti. Adaptact starych dulnich dél dojde v tomto pripadé k rozSireni uklddact kapacity soucas-
ného loZisté nizkoaktivnich radioaktivnich odpadii ,,URAO Richard“ nad méstem LitoméFice. Staré dilni prostory urcené pro
ndsledné vyuZiti prosly za poslednich bezmdla 100 let zajimavym historickym vyvojem, ktery bylo nutné zmapovat a zohlednit pri
projektovych pracich. Ndvrh zajisténi a vprava podzemi zohlednuje historické, geologické, geotechnické, statické a technologické
aspekty jako podklad pro moderni postupy dnesniho podzemniho stavitelstvi.

ABSTRACT

The paper describes the problems of design and exploratory work in the environment of old mine workings, or “abandoned wor-
kings”, with the aim of adapting mine spaces for subsequent use. In this particular case, by adapting old mine workings; the storage
capacity of the existing “URAO Richard” repository of low-level radioactive waste above the town of Litomé¥ice will be expanded.
The old mine spaces intended for subsequent use have undergone interesting historical development over the past nearly 100 years,
which required mapping and taking into consideration when designing. The design for securing and adapting the underground takes
into account the historical, geological, geotechnical, structural and technological aspects as a basis for modern procedures used by

the current underground construction industry.

POPIS LOKALITY

Dulni komplex Richard leZi v severozdpadni ¢asti katastral-
niho Uzemi mésta Litomefic (obr. 1). Pod vrchem kopce
Bidnice se zde nachdzi rozsihly systém dalnich chodeb vznik-
ly tézbou vdpence pro potfeby stavebnictvi. V jeho stredni
¢asti pojmenované za 2. svétové vdlky jako ,Richard II* je
v soucasnosti provozovano tlozisté nizkoaktivnich radioaktiv-
nich odpadu (déle jiz jen dlozisté RAO). TéZbou vdpence zde
vznikla postupné od poloviny 19. stoleti rozsdhld sit’ chodeb
a komor dosahujici svou délkou nékolika desitek km a plochu
nékolika ha. Vétsina téchto prostor je stale v soucasnosti pri-
stupnd a kromé jiz zminéného tloziste¢ RAO nevyuzivana.

Ukladaji se zde tzv. instituciondlni odpady, které vznikaji ve
zdravotnictvi, pramyslu, zemédélstvi & vyzkumu. UloZenim
se rozumi jejich trvald izolace od Zivotniho prostfedi bez
umyslu odpad znovu vyjmout. Nejednd se v zadném pripadé
o vyhorelé palivo z jadernych elektraren. Odpad je ulozen do
100litrového nerezového sudu, ten do 200litrového sudu.
Meziprostor je vyplnén betonem a poté je sud uzavien vikem
a opatfen specidlnim ndtérem a oznacen. Takto upraveny sud
je nazyvan obalovym souborem (ddle jiz jen OS).

HISTORIE DOBYVANI

Prvni zminka o tézbé vapence v Litoméficich je jiz ze Sedesa-
tych let 19. stoleti. Veétsim producentem cementu a vdpna
v 19. stoleti byly totiZ severni Cechy, nez dnes daleko znamé&jsi
barrandienskd oblast. Jen v okoli Teplic pracovalo v té dobé
20 vapenek. Kridové jilové vapence s obsahem 65-90 % CaCO;
se zde tézily podzemnim zpusobem na nékolika mistech.
Nejvétsim ,,gigantem* podzemni t€zby viak byl dul pod vrchem
Bidnice. LozZisko Litoméfice je tvoreno polohou jilovitého
vapence obsahujicitho 70-85 % CaCOs, které je cca 3 km dlou-
hé a cca 1,5 km Siroké. TéZena poloha jilovitého vapence je sub-
horizontdlné uloZend a 3—5 m mocnd. NadloZi této vdpencové

LOCALITY DESCRIPTION

Richard mining complex lies in the north-western part of the
cadastral district of Litoméfice (see Fig. 1). Under the surface
of Bidnice hill, there is an extensive system of galleries which
originated by the extraction of limestone for the needs of con-
struction industry. The repository of low-level radioactive
waste (hereinafter referred to as the RAW repository) is today
operated in its central part, which was named “Richard I11”
during Second World War. As a result of the lime extraction, an
extensive network of galleries and chambers with the length
reaching several tens of kilometres and area of several hecta-
res has gradually originated here since the half of the 19th cen-
tury. The majority of those spaces are still currently accessible
and, with the exception of the above-mentioned RAW reposi-
tory, unused.

The so-called institutional waste, produced in the field of
healthcare, industry, agriculture or research, is disposed here.
The disposal means permanent isolation from the environ-
ment, without intending to remove the waste again. In no case
is the spent fuel from nuclear power plants in question. The
waste is deposited in a 100 litre stainless steel barrel and this
barrel is placed into a 200 litre barrel. The intermediate space
is filled with concrete and, subsequently, the barrel is closed
with a lid, provided with special coating and marked. The bar-
rel treated in this way is called a waste package (hereinafter
referred to as WP).

HISTORY OF MINING

The first mention of the extraction of limestone in
Litomérice is dated as early as the 1860s. The reason is the fact
that Northern Bohemia was a larger producer of cement and
lime in the 19th century than the today much more popular
Barrandian area. Twenty lime kilns worked only in the
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Obr. 1 Rozsah celého dilniho systému v ramci Sirsiho okoli (priumét na povrch) 1 — oblast, kterd je predmétem adaptace, 2 — &dst dolu Richard I11., 3 — &dst dolu
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Fig. 1 Extent of the entire mine system within the wider surroundings (projection to the surface) 1 — area subjected to adaptation; 2 — part of Richard III mine;

3 — part of Richard II mine — current RAW repository; 4 — part of Richard I mine

polohy je aZ k povrchu tvoreno Sedymi slinovci v celkem mono-
ténnim vyvoji. PodloZi je tvofeno rovnéZ turonskymi slinovci,
které jsou vSak vyrazné jilovitéjsi a misty prechazeji az do vap-
nitych jiloveu. Vépencové poloha je tvorena nékolika vrstvami
masivntho vdpence o priblizné metrové mocnosti oddélené
drobnymi vrstvickami slinovce.

Prvni zminky o tézbé pod Bidnici se objevuji okolo roku
1860. Dnes se lze jen dohadovat, jak probihala tézba v pocat-
cich. N¢které informace o pozdé€jsi t€Zbé se objevuji v knize
Lomy, lomarstvi I. (Hédjek, 1925). Prvotni téZba probihala na
povrchu Bidnice povrchovym lomovym zpusobem, teprve aZz
kdyz skryvka dosdhla zna¢né mocnosti, zacalo se s hloubenim
pod previsy podeprenymi ochrannymi pilifi a postupnym raze-
nim chodeb a komor. Podle analogie s jinymi lokalitami se
predpoklada, ze byl vdpenec zpocdtku z Celby rué¢né vylamo-
vén. Pro tento ucel byl do mékéich podloZnich jiloveu a sli-
novcu vytvoren zarez a do tohoto vybraného prostoru byl pod-
statné tvrdsi vdpenec sbijen. Teprve v pozd€jSich dobéch byly
jednotlivé desky vdpence odspodu navrtdvany a pomoci cerné-
ho stfelného prachu sestrelovany. Pouzivaly se ruéni pakové
vrtacky se Sroubovou vrtnou ty¢i zakoncenou vrtdkem zvanym
,rybina“. Vrtdno bylo do hloubky max. 1 m. Zpocitku byl
natéZzeny material vyvazen pomoci dievénych ru¢nich kolecek,
pozdéji se v dole objevily stdje pro koné, ktefi vyvazeli naru-
bany materidl ke kruhovym pecim umisténym pred dolem.

Pod Bidnici se t€Zil vapenec hlubinnym zptusobem na tiech
mistech. Nejsevernéji téZila vapenec mald firma ,,Kalkbruch
Lopata“. Stfedni ¢ast byla téZena firmou ,,Kalkbruch Josef

surroundings of the town of Teplice. Cretaceous clayey lime
with the content of 65-90% of CaCO; was extracted in this
area by underground mining in several locations. The largest
“giant” of underground extraction was the mine under Bidnice
hill. The Litomérice deposit is formed by a layer of clayey
limestone containing 70-85% of CaCO3, which is ca 3km long
and ca 1.5km wide. The layer of the clayey limestone being
extracted is bedded sub-horizontally and is 3—-5m thick. The
overburden of this limestone layer is formed up to the surface
by generally monotone evolution grey marlstone. The underly-
ing bed is formed by Turonian marlstone, which is however
significantly more clayey and locally passes even to calcareous
mudstone. The limestone layer is formed by several layers of
massive limestone about one metre thick, which are separated
by thin layers of marlstone.

The first mentions of mining under Bidnice hill appeared
about 1860. Today it is only possible to guess on how mining
proceeded in the beginning. Some information about the later
mining is contained in the book Lomy, lomarstvi I. (Hijek,
1925). Initially, limestone was extracted on the surface of
Bidnice hill using the open cast mining system. It was only
when the overburden reached significant height that miners
started to excavate limestone under overhangs supported by
protective pillars, and gradually excavate galleries and cham-
bers. It is assumed by analogy with other localities that limes-
tone was in the beginning broken out of the excavation face by
hand. This was the reason why a cut was carried out into the
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Horing*. Jizni a zdroven nejrozsédhlejsi oblast t€Zby patrila
akciové spolecnosti ,Leitmeritzer Kalk und Ziegelwerke
A. G.“, kterd tu tézila vdpenec asi po 80 let, azZ do roku 1943.
Tézba probihala pilifovym zpusobem v chodbdch Sirokych
3-5 m a vysokych 2-3 m, jejichZ bezpecnostni zajisténi odpo-
vidalo t¢émto malym rozmérum. Tyto tfi oblasti téZby odpovi-
daji pozdéjsSimu rozdéleni stavby podzemni tovarny na
Richard I., Richard II. a Richard III.

V zimé 1943 po vyhlaseni totdlni valky se uskuteCnila v Ne-
mecku, ale i v okolnich zemich, rozsahld patraci akce s cilem
objevit vhodnd mista pro budovani podzemnich tovaren. A tak
byly také objeveny vdpencové doly u Litoméfic. TéZzba byla
okamZité zastavena a na podzim roku 1943 se rozjizdi obrovsky
stavebni projekt s krycim ndzvem ,,Richard“ (pravé z této doby
pochézi soucasné pojmenovani dolu a jeho ¢ésti). Ackoli se v té
dobé upravovaly pro podzemni vyrobu i jiné prostory v ¢eskych
zemich (jeskynni prostory v Moravském krasu, Ceském krasu
atd.), zddné nedosahovaly ani zlomkem takovych rozméru jako
projekt ,,Richard*. Némecké pusobeni lze v kostce charakteri-
zovat jako upravovani a rozsirovani uz diive existujicich cho-
deb, vybudovéani dopravnich tras, poloZeni inZenyrskych siti
a na povrchu vybudovani rozsahlé dopravni a obsluzné infra-
struktury. Do prdce bylo nasazeno 1200 civilnich zaméstnanct
véetné lidi tzv. totdln¢ nasazenych. Déle zde pracovalo nékolik
tisic vézna (asi 4000 denné), a to jak z blizkého koncentraéniho
tdbora v Tereziné (asi 4 km jihovychodné odtud), tak i véznové
z mensiho litoméfického koncentraéniho tdbora, pobocky kon-
centra¢niho tdbora Flossenbiirg. Koncentracnim tdborem
Litoméfice proslo asi 18 000 véznu uréenych na vystavbu tovér-
ny. Je odhadovano, Ze nejméné 4500 véznu se nikdy nedockalo
konce vilky.

CAST RICHARD II. - DNESNi ULOZISTE RAO

Oznaceni Richard II. dnes nese stfedni ¢ast dolového pole
téZend puvodné firmou ,,Kalkbruch Josef Horing*. Tato &ast
podzemi byla v letech 1943-1945 upravovana stejn¢ jako
¢asti Richard I. a Richard III. Pod kryci firmou Kalkspat zde
méla byt rozbéhnuta vyroba elektrotechnické pobocky berlin-
ské dratovny ,,Osram®. Pro nedostatek materidlu a pracovnich
sil byl termin dokonceni neustdle oddalovan. Firma ,,Osram*
nicméné do posledni chvile pokracovala s dovozem strojniho
zafizeni. Zv1astni pozornost byla vénovana tpravé budoucich
hal v podzemi. Nekteré haly mély byt obloZeny impregnova-
nym dfevem a také vrstva betonu na podlahdch méla byt
pokryta dal§imi ochrannymi hmotami. V dubnu 1945 byly
nékteré haly v Richardu II. dokonceny, ale firma ,,Osram® zde
vyrobu nikdy nezahdjila.

Na pocatku 60. let byla tato lokalita vytipovéna jako dlozis-
té radioaktivnich odpadi o nizké aktivité. Nikdy nepouZzivané
podzemni tovérni haly v rizném stadiu dokondéeni se k tomu
vyloZené nabizely. Velmi priznivd zde byla i geologickd situ-
ace. V nadloZi i podloZi dulnich chodeb se nachdzeji stabilni
nepropustné vrstvy slinoved. Na zdkladé projektu, ktery
vypracoval "Chemoprojekt", zapocaly ,,Banské stavby Most*
s tpravou podzemnich prostor pro provoz budouciho dloZisté.
Nejprve byl vyzmahan zavaleny hlavni vchod, ktery byl néko-
lik let po vdlce z bezpe&nostnich davodu sestielen, a vybudo-
véano zajisténi hlavni dopravni komunikace. Zaji§téni (vyztu-
Zenf) budouciho dlozisté vychdzelo prevdzné ze systému pou-
zitého ve vdle¢ném obdobi. Zajisténi chodeb v dne$nim ulo-
7isti se tak sklddd z Zzelezobetonovych rdmu, doplnénych
v pristropi Zelezobetonovymi pazinami a zakldadkou (obr. 2).

TuHel

softer underlying mudstone and marlstone and the significant-
ly harder limestone was hewed down to the space of the cut. It
was only in later times that holes were drilled into individual
slabs from the bottom for blasting the slabs down using black
gunpowder. Hand drills and screw drill rods ending with bits
called “dovetail” were used. The drill holes were 1m deep as
the maximum. In the beginning, the excavated material was
hauled using wooden hand-held barrows. Stables for horses
moving the excavated material to circular furnaces located in
front of the mines appeared later inside the mines.

Under Bidnice hill, limestone was extracted underground at
three locations. Small “Kalkbruch — Lopata” firm extracted
limestone at the northernmost location. The middle part was
mined by “Kalkbruch Josef Horing” firm. The southern mining
area, which was the largest one, belonged to “Leitmeritzer
Kalk und Ziegelwerke A. G.” firm, which had been extracting
limestone in this location for about 80 years, until 1943. The
breast-and-pillar method was applied. The galleries were 3—5m
wide and 2-3m high. The excavation safety system correspon-
ded to the small dimensions. The above-mentioned three
mining areas correspond to the later division of the constructi-
on of the underground factory into “Richard I, Richard II and
Richard III” mines.

In the winter of 1943, after the declaration of total war, an
extensive search was organised in Germany and neighbouring
countries with the aim of finding locations suitable for develo-
ping underground factories. The limestone mines at LitoméTice
were found during that event. Mining activities were immedi-
ately terminated and, in the autumn of 1943, a huge construc-
tion project started under the code name “Richard” (this is just
the time during which the current name of the mine and its
parts originated). Even though other spaces in Czech lands
were being adapted for the underground production (cave spa-
ces in the Moravian Karst, Czech Karst etc.), none of them rea-
ched a fraction of the sizes of the “Richard” project. The
German activities can be in a nutshell characterised as adap-
ting and expanding the previously existing galleries, building
transport routes, laying utility networks and, on the surface,
developing an extensive transport and service infrastructure.
About 1200 civil employees, including the so-called totally
deployed persons, were put to work. In addition, several thou-
sands of prisoners (about 4000 a day) from the near concent-
ration camp existing in the town of Terezin (about 4km south-
east of the construction site) and prisoners from a smaller
Litomeérice concentration camp (a branch of the Flossenbiirg
concentration camp) worked there. About 18,000 prisoners
assigned to build the factory passed through the Litomérice
concentration camp. It is estimated that at least 4500 prisoners
had never seen the end of the war.

PART RICHARD Il = CURRENT RAW REPOSITORY

The designation Richard II today belongs to the middle part
of the mining area, which was originally administered by
“Kalkbruch Josef Horing”. In 1943-1945, this part of the
underground was subjected to the same adaptation as parts
Richard I and Richard III. The intention was that the producti-
on of “Osram”, an electrotechnical branch of the Berlin-based
wire works, would start there under the cover firm name
Kalkspat. Due to the lack of material and work forces, the
completion deadline was permanently postponed. Never-
theless, “Osram” firm continued until the last moment to tran-
sport mechanical equipment to the site. Special attention was




Obr. 2 Pohled do provozovaného iloZisté RAO Richard a uklidacich komor
Fig. 2 A view down the operating Richard RAW repository and disposal
chambers

Na nékterych mistech vSak jiz byla hornina jak ve stropech,
tak v bocich mezi ramy stabilizovdna modernéj$im systémem
zajisténi (kombinace vyztuzného pletiva, injektovanych svor-
nika a stifkaného betonu). Ve vétSin€ prostor byly zhotoveny
znovu betonové podlahy vcetné drendzniho systému.
Zavaleny komin v zadni ¢dsti dolu Richard II. se nepodarilo
vydistit, proto byl pro vétrani dlozisté realizovan vétraci vrt.

V neprovozovanych a nezaji§ténych prostorach casti
Richard II., které sousedi s tlozi$tém, lze vidét stavebni upra-
vy z véle¢ného obdobi v rizném stadiu rozpracovanosti. Na
pocvach lezi po nedokoncenych stavebnich tdpravach znacné
mnozstvi neodklizené horniny. V drtivé vét§in€ se nejedna
0 horninu napadanou vlivem pfirozeného stdrnuti dulniho
dila, nybrz o horninu sestfelenou nebo opadanou tésné po hor-
nickych pribirkdch, kterymi se chodby rozsifovaly pro potre-
by podzemni tovarny (obr. 3).

Tyto prace vykondvaly za vdlky totdlné nasazené hornické
Cety z Mostecka, ale i z Némecka. Na nékolika mistech asti
dolu Richard II. se dochovaly puvodni chodby z predvéle&né-
ho obdobi (t€Zba fy Kalkbruch Josef Horing) o malém prufe-
zu. Tato ¢ast dolového pole byla pristupnd tzv. vchodem F, coz
je i dnes hlavni pristupova cesta do provozovaného dloziste.

STRUCNY POPIS RESENI

Hlavni dopravni chodba v prostoru stafin s odbocujicimi
komorami bude postupné od svého zdpadniho konce opatrena

|
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Obr. 3 Pohled do starych rozsirenych a nezajisténych chodeb dolu Richard I1.
Fig. 3 A view down the old expanded and unsupported galleries of Richard I1
mine
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paid to the design of the future underground halls. Some halls
were to be clad with impregnated wood and also the concrete
layer on the floors was to be covered with additional protecti-
ve materials. In April 1945, some halls in Richard II were com-
pleted; nevertheless, “Osram” had never started the production
there.

At the beginning of the 1960s, this locality was tipped as
a repository of low-level radioactive waste. The never used
underground factory halls in the low stage of completion
downright offered themselves for that purpose. Even the geo-
logical situation was very favourable in that location. Stable
impermeable marlstone layers are both in the overburden and
the basement of the mine galleries. “Banské stavby Most”
company started to modify the underground spaces for the ope-
ration of the future repository on the basis of a design suppli-
ed by the “Chemoprojekt” designing office. In the beginning,
the collapsed main entrance, which was blasted down several
years after the war for safety reasons, was vacated and exca-
vation support was installed along the main transport route.
The excavation support for the future repository was based
mainly on the system used during the war. The excavation sup-
port in the galleries in the current repository consists of rein-
forced concrete frames supplemented in the top heading by
reinforced concrete lagging slabs and packing (see Fig. 2).

In some places the rock in the roofs and side walls between
the frames was stabilised using a more modern support system
(combination of welded mesh, grouted rock bolts and sprayed
concrete). Concrete floors including a drainage system were
again carried out in the majority of the spaces. Attempts to
clean up the collapsed shaft in the rear part of the Richard II
mine failed. For that reason a ventilation borehole was carried
out for the repository ventilation.

In the unused and unsupported excavation spaces of the Richard
IT part adjoining the repository, it is possible to see construction
work from the war period found at various stages of completion.
Significant amount of rubble lies on the bottoms after unfinished
construction work. In the overwhelming majority the rubble did
not fall down due to natural ageing of the mine working. It is the
rock blasted down or flaked off just after the ripping carried out
for the needs of the underground factory (see Fig. 3).

This work was carried out during the war by totally deploy-
ed mining crews from the area of the town of Most, but also
from Germany. Original small-profile galleries from the pre-
war period were preserved in several places of the Richard II
mine (mining by Kalkbruch Josef Horing). This part of the
mining area was accessible through Entrance F, which is today
the main access route to the operating repository.

BRIEF DESIGN DESCRIPTION

The main underground haulage passage in the area of old
workings with branching chambers will be provided in steps
from its western end with continual excavation support (rock
bolts and sprayed concrete reinforced with welded mesh). The
support will be installed in several predefined sections into
which the particular spaces of the galleries and chambers are
divided. The excavation support consisting of rock bolts and
sprayed concrete will be always installed throughout the secti-
on length, including low protective walls on the sides protec-
ting the basement marlstone against weathering. After one sec-
tion is finished, the work can commence on the following sec-
tion, from which material will be shifted to the spaces of the
already finished sections. The length of a technology step of
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provozované ulozisté RAO
RAW repository operated

Obr. 4 Rozsah soucasné adaptace, situace cdsti dolu Richard I1.
Fig. 4 Extent of the current adaptation, layout of a part of Richard Il mine

kontinudlnim zajisténim vyrubu (svorniky a stiikany beton vyz-
tuzeny sitémi). Zajistovaci prace budou provadény v nékolika
vymezenych sekcich, do kterych jsou predmétné prostory cho-
deb a komor rozdéleny. Prace na zajiSténi vyrubu svorniky
a stifkanym betonem budou vZdy kompletné provedeny v celé
sekci v&etné bo¢nich ochrannych betonovych zidek proti zvét-
ravani podlozniho slinovce. Po dokonceni jedné sekce mohou
byt zahdjeny prdce na ndsledné sekci, odkud bude materidl pre-
souvan do prostor sekci jiZ dokoncenych. Délka technologické-
ho kroku zajistovani, ktery je projektem pro jednotlivé sekce
predepsén, vychdzi z vysledku statickych vypoctu a geotech-
nickych podkladi (mechanika hornin, strukturni analyza)
a bude v rozmezi 1,5-2,5 m. Postupné bude takto zajistén cely
predmétny prostor.

Stavajici komory v prostoru stafin budou obtrhédny tak, aby
jejich profil splioval pozadavky na minimdlni pruchozi pro-
fil. V zajisténych chodbdch a komordch budou na nékterych
mistech vybudovdny Zelezobetonové rdmy a prepazky.
Prepédzky jsou Zelezobetonové stény, které zcela oddéluji pro-
stor chodeb od prostoru novych uklddacich komor.

Po dokonceni praci na zaji$téni vyrubu a ostatnich staveb-
nich konstrukcich budou namontovana silnoprouda a slabo-
proudd zarizeni a zafizeni méfeni a regulace (obr. 4).

GEOLOGICKA STAVBA

Zajmové uzemi je tvoreno kifdovymi sedimentarnimi horni-
nami stari cenoman — senon, které ve vzdéalen¢j$im okoli oje-
din€le prordzeji terciérni vulkanické horniny. UloZzist¢ RAO

s w2

se nachazi v poloze jilovitych vapencta spodni ¢4sti svrchniho
turonu. Prumérnd mocnost slinovcd nadloZi dloZzisté je cca
50-68 m a mocnost slinovet podloZi dloZisté je také cca 50 m.
Podlozi kfidy je tvofeno prekambrickymi metamorfovanymi
horninami a permokarbonskymi sedimenty. Kvarterni pokryv
je tvoren jilovitymi eluvidlné deluvidlnimi hlinami a lokalné
sutémi.

Cely dulni komplex je v souCasnosti suchy. Pfitoky ¢&i pru-
saky po puklindch se v podzemi nevyskytuji.

V prostoru posuzovanych dulnich chodeb se vyskytuji tfi
kvalitativné odli§né typy hornin. RozloZeni jednotlivych hor-
ninovych typt v souasném prufezu dopravni chodby uréené
k sanaci je vyznacCeno na obr. 5. Schematicky jsou vyznaceny

the installation of the support is prescribed by the design for
individual sections. It is based on results of structural calcula-
tions and geotechnical source documents (rock mechanics,
structural analysis) and will vary within a range of 1.5-2.5m.
The entire space in question will be provided in steps with
excavation support.

The existing chambers in the area of old workings will be sca-
led so that their profiles meet the requirements for the minimum
pavement clearance profile. Reinforced concrete frames and par-
titions will be built in some places in the galleries and chambers
where the excavation support has already been finished. The par-
titions are reinforced concrete walls completely separating the
space of galleries from the space of new disposal chambers.

After the work on the excavation support and other structures is
finished, heavy-current and weak-current equipment and instru-
mentation and control equipment will be installed (see Fig. 4).

GEOLOGICAL STRUCTURE

The area of interest is formed by cretaceous sedimentary rock
types of the Cenomanian — Senonian age, sporadically broken
through by Tertiary volcanic rocks in the more distant surroun-
dings. The RW repository is located in the layer of clayey limes-
tone of the lower part of the Upper Turonian sequence. The ave-
rage thickness of the marlstone forming the repository overbur-
den is ca 50-68m and the thickness of marlstone in the basement
of the repository is also ca 50m. The base of the Cretaceous
layer is formed by Pre-Cambrian metamorphosed rock types and
Permian-Carboniferous sediments. The Quaternary cover is for-
med by clayey eluvial-deluvial loams and local rubble.

The entire mining complex is currently dry. Inflows or see-
page along the fissures are not encountered in the underground.

There are three qualitatively different rock types in the area
of the mine galleries being assessed. The distribution of indi-
vidual rock types within the current cross-section through an
underground haulage passage intended for rehabilitation is
shown in Fig. 5. Even the basic existing systems of disconti-
nuity surfaces conditioning the stability of the excavated ope-
ning are schematically marked in it. They are formed by sub-

horizontal bedding planes and sub-vertical fissure systems.
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i zdkladni pritomné systémy ploch
nespojitosti, které podminuji stabilitu ==
otevieného vylomu. Jedna se o sub-
horizontdln{ vrstevni plochy a subver- B e o)
tikdIni puklinové systémy.

Pro zji§téni zdkladnich geotechnic-
kych vlastnosti prostredi, ve kterém
se nachdzi soucasné ulozisté, byl pro-
veden uceleny soubor laboratornich
zkouSek mechaniky hornin. Pro tento
ucel byly v podzemi odebrany velké
kusy horniny, z nichZ byly v laborato-
fi vyfezdny vzorky pro jednotlivé
zkousky. V tabulce 1 jsou uvedeny
hodnoty pevnosti a pretvarnosti hor-
ninového masivu odvozené z labora-
tornich zkousek.

vrstevnatost 80/5°
[ 7o -- - [~ _bedding 80/5°

prirez chodbou €. 1
(rozsifeny a nezajistény vyrub)
gallery No. 1 cross-section (enlarged and
unsupported excavation)

VLIV STRUKTURNI STAVBY NA

STABILITU VYRUBU

Stabilita vyrubu ve skalnich horni-
ndch v menS$ich hloubkdch pod povr-
chem je podminéna vyhradné systé-
my prirozenych odluénych ploch,
které jsou misty vyrazného oslabeni
pevnosti skalnitho masivu. V prostoru

nadlozni slinovec
overlying marlstone

vapenec, tézena poloha BT R A =

limestone, extraction layer — -/ - plochy nespojitosti
VTR -+t L. discontinuity surfaces
podlozni jilovity slinovec az jilovec I

underlying clayey marlstone to claystone

[ = |

Obr. 5 Geologickd stavba v prostoru adaptovanych dulnich chodeb
Fig. 5 Geologic structure in the area of adapted mine galleries

sanované dopravni chodby 1 a prileh-
lych rozrazek se nejcasteji vyskytuji
tfi hlavni systémy ploch odlu¢nosti.
Hlavnim dominantnim systémem je vrstevnatost, ktera ve sklonu 5—
8° upada k severovychodu, a 2 nejéetnéjsi puklinové systémy. Jedna
se o tyto generelni sméry sklont diskontinuit: 80/5° — vrstevnatost
(Cetnost 0,3-0,8 m), 200/87° — puklinovy systém (Cetnost 0,10—
0,50 m), 280/70° — puklinovy systém (Cetnost 0,20-0,60 m).

Tyto odlu¢né plochy vymezuji ve skalnim masivu pevné
bloky, které se mohou dostat do pohybu do volného prostoru
ucinkem vlastni tihy, pfipadné dal$ich sil.

Primarné nejkriti¢téj$i bloky jsou rohy stropni klenby neza-
jisténého a rozsifeného vyrubu a ddle nékteré ¢dsti mezichod-
bovych pilifa, jak je vidét na obr. 6.

Tab. 1 Geotechnické parametry horninového masivu

A comprehensive set of laboratory rock mechanics tests was con-
ducted with the objective to determine basic geotechnical properti-
es of the environment in which the current repository is located.
Large pieces of rock were taken in the underground for that purpo-
se. Specimens were cut out from them in the laboratory for indivi-
dual testing. The values of rock mass strength and deformation
derived from the laboratory tests are presented in the table below.

INFLUENCE OF ROCK STRUCTURE ON EXCAVATION
STABILITY

The stability of excavation in hard rock at smaller depths
under the surface is solely conditioned by systems of natural

Table 1 Geotechnical parameters of the rock mass

parametr 1.slinovec | 2.vépenec | 3.slinovec parameter 1. overlaying | 2. limestone in | 3. underlying
nadlozni | loziskova poloha|  podiozni marlstone | deposit location |  marlstone

pevnost 0, (MPa) 9 19 10 unconfined o, (MPa) 9 19 10

v prostém tlaku (6-12) (17-22) (5-15) compressive strength (6-12) (17-22) (5-15)

modul petvarnosti  Ey (MPa) 1180 6220 1990 modulus of Eg (MPa) 1180 6220 1990
(1106-1290) | (5460-6654) | (1 710-2248) deformation (1106-1290) | (5460-6 654) | (1710-2 248)

modul pruznosti E (MPa) 1600 7600 2800 modulus of E (MPa) 1600 7600 2800
(1520-1800) | (6850-8065) | (2450-3070) elasticity (1520-1800) | (6850-8 065) | (2 450-3 070)

Poissonovo &islo v (1) 0,20 0,18 0,20 Poisson’s ratio v (1) 0.20 0.18 0.20

thel . . , . angle of ., . . .

vnitfniho tfeni ¢ () 31 82 el internal friction o () 31 5 31

pocateni pevnost initial strength

(smykova pevnost T, (MPa) 13 2,7 1,1 (shear strength T (MPa) 1.3 2.7 1.1

pfi nulovém at zero

normalovém namahan) normal loading)




Obr. 6 Strukturni analyza, vymezeni kritickych bloku
Fig. 6 Structural analysis, delimitation of critical blocks

Po opadu zbytku vdpencové lavice je na mnoha mistech
strop roz§ifeného vyrubu tvofen subhorizontdlni kontaktni
vrstevni plochou s nadloznimi slinovci. V prostredi sedimen-
tarnich hornin s deskovitou odlu¢nosti je pak strop tvoren
deskami nadloZnich slinovcu. Pfi zna¢ném rozpéti nezajisté-
ného vyrubu ($itka az 12 m) a Cetnosti subvertikédlnich dis-
kontinuit 0,5-2 m pak dochdzi na nékterych mistech k prolo-
menf stropni slinovcové desky a k tendenci zarovnat strop do
prirozené horninové klenby. Hornina v z6né odlehéeni pod
prirozenou horninovou klenbou drz{ ve sténach prevazné vli-
vem soudrzZnosti, kterou predstavuji smykové parametry na
plochach nespojitosti. Desky horniny uvolnujici se ze stropu
maji mocnost 0,5-2 m. Vy$ka odleh&ené zény pri Sifce vyru-
bu 12 m muZe dosdhnout a7 5 m. Nad touto zénou neni jiZ
hornina vyznamné ovlivnénd otevienym vyrubem a strukturn{

joint surfaces, which are the locations of significant reduction
of the rock mass strength. Three main systems of joint surfa-
ces most frequently exist in the space of gallery No. 1 and the
adjacent gallery stubs being rehabilitated. The main domina-
ting system is represented by the bedding descending north-
east at the gradient of 5-8° and 2 most frequent fissure sys-
tems. There are the following general trends/dips: 80/5° — bed-
ding (frequency 0.3-0.8 m), 200/87° — fissure system (frequ-
ency 0.10-0.50m) and 280/70° — fissure system (frequency
0.20-0.60 m).

Those joint surfaces delimit compact blocks in the rock mas-
sif which can get moving into the free space due to their own
weight or other forces.

Primarily most critical are the corners (rock wedges) above the
sides of the vault of the unsupported and expanded excavation

vysvetlivky explanations

4 ] 12 16

Skéla barevné hypsometrie — mocnost nadlozi v m
colour hypsometry range — overburden thickness in m

20 24 28 322 3 40 44 48 252

izolinie mocnosti nadlozi
overburden thickness isolines

ekvidistance izolinii mocnosti
nadlozi 2 m

equidistance of isolines for 2m
thick overburden

vrstevnice contour lines

ekvidistance vrstevnic 2 m
2m equidistance of contour
lines

~ RICHARDII

Obr. 7 Izolinie mocnosti nadloZi nad zdjmovou cdsti podzemi

Fig. 7 Isolines for the overburden thickness above the underground part of interest
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Obr. 8 Pohled do chodby ¢. 32 (soucasny stav)
Fig. 8 A view down gallery No. 32 (current conditions)

nestabilita se zde jiZ neprojevuje, nebot’ hornina je seviena
puvodni napjatosti.

MOCNOST NADLOZI

Na obr. 7 jsou zndzornény barevné izolinie mocnosti nadlo-
71 nad ¢&asti Richard II. vytvofeného v rdmci geodetického
zaméreni. Ve vysvétlivkdch je uvedena $kdla barevné hypso-
metrie (mocnost nadlozi v m). Ekvidistance izolinii mocnosti
nadloZi je 2 m.

Z tohoto geodetického grafického zpracovani vyplyva, Ze
mocnost nadlozi nad prostorem, ktery je predmétem tohoto
projektu, je 48—68 m.

PODROBNA PASPORTIZACE STARYCH DULNICH DEL

Pro podrobné poznéni stavu starych dalnich dél v soused-
stvi uloziste (urenych k adaptaci) byla provedena jejich
podrobnd pasportizace a fotodokumentace.

Pasportizace se soustfedila na zméfeni rozméri dulnich
chodeb, mnoZstvi suté a napadavek na po¢vach, $itku mezi-
chodbovych pilitt, na predispozici pro poruseni vlivem struk-
turni stavby, prusaky, sklon polvy, betonové konstrukce
z 2. sv. valky a jiné udaje, které ddvaji celkovy obraz o stavu
dulniho dila.

Na obr. 8 je pohled do jedné z rozraZzek. Chodba byla rozsi-
fena za 2. sv. valky. Na po&vé lezi neodklizend sut. Boky dul-
niho dila jsou tvofeny polohou vapence, subhorizontalni strop

Obr. 9 Nedokoncené zajisténi v chodbeé 15/5
Fig. 9 Unfinished excavation support in gallery 15/5
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and some parts of pillars between galleries, as shown in the pic-
tures attached (see Fig. 6).

After the flaking of the remains of the limestone bank is
finished, the roof of the expanded excavation is formed in
many places by a sub-horizontal contact bedding plane with
overlaying marlstone. The roof in the environment formed by
sedimentary rock types with tabular jointing is formed by pla-
tes of overlying marlstone. At the significant span of the
unsupported excavation (the width up to 12m) and the frequ-
ency of sub-vertical discontinuities of 0.5-2m, the marlstone
roof plate occasionally falls down, with a tendency for the roof
to assume the contour of the natural rock arch. The rock in the
zone of relaxation under the natural rock arch is kept in side
walls mainly due to cohesion, which is given by the shear para-
meters of discontinuity surfaces. The rock tables being relea-
sed from the roof are 0.5-2m thick. The height of the zone of
relaxation at the excavation width of 12m can reach up to Sm.
Above this zone, rock is no more significantly influenced by
the excavated opening and the structural instability no more
manifests itself here because the rock is squeezed by the origi-
nal state of stress.

OVERBURDEN THICKNESS

Fig. 7 presents colour isolines for the thickness of the over-
burden above a part of Richard II, which were created within
the framework of topographical survey. The colour hypsomet-
ry range (overburden thickness in m) is presented in explana-
tory notes. The equidistance of isolines for the overburden
thickness is 2m.

It follows from this graphic processing that the thickness of
the overburden above the space dealt with by this design is
48—68m.

DETAILED CONDITION SURVEY OF OLD MINE
WORKINGS

Detailed condition survey and photodocumentation was con-
ducted for the purpose of obtaining detailed knowledge of the
condition of old mine workings in the neighbourhood of the
repository (intended for adaptation).

The condition survey was concentrated on measuring the
dimensions of mine galleries, the amount of rubble and mate-
rials fallen on the bottoms, the width of pillars between galle-
ries, the predisposition towards failure due to the rock mass
structure, seepage, the gradient of the bottom, concrete struc-
tures from World War II and other data providing the overall
picture of the mine working condition.

A view inside one of the gallery side stubs is presented in
Fig. 8. The gallery was expanded during WWII. Unremoved
rubble lies at the bottom. The side walls of the mine working
are formed by a layer of limestone; the sub-horizontal roof is
formed by a contact bedding plane between limestone and
overlying marlstone.

Fig. 9 shows an incomplete reinforced concrete frame from
1945, with a geologically conditioned overbreak developed
above it. Rock released from side walls and the roof lies at the
bottom.

Partially unstripped reinforced concrete frames from 1945
can be seen in Fig. 10. The depth of cutting into the basement
clayey marlstone within the framework of the expansion work
can be seen in the left part of the picture. The clayey marlsto-
ne is exposed here up to the height of 1.5m. It is subject to very
rapid weathering, volumetric changes and quarrying.
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Obr. 10 Dopravni chodba ¢&. 1 smérem k iloZisti RAO

Fig. 10 Underground haulage passage No. 1 in the direction of the RAW
repository

je tvoren kontaktni vrstevni plochou mezi vapenci a nadloZni-
mi slinovci.

Na obr. 9 je nedokonceny Zelezobetonovy rdm z roku 1945
nad nimZ se vytvoril znaény geologicky podminény nadvy-
lom. Na po¢vé lezi hornina uvolnénd ze stén a stropu.

Na obr. 10 jsou vidét jesté ¢dste¢né neodbednéné Zelezobe-
tonové ramy z roku 1945. V levé casti snimku je patrné
k jakému zahloubeni do podloZnich jilovitych slinovct zde
v rdmci roz§irovacich praci doslo. Tyto jilovité slinovce jsou

CONSTRUCTION PROCEDURE AND TECHOLOGY

The basic work steps can be summed up in the following
points:
e ensuring safety of work in chambers;

e removing loosened rock, old supporting structures and
rubble;

e installing definitive excavation support;

e installing continual support of side walls and roofs of gal-
leries and chambers;

e constructing support frames (in the locations of obstacles
and intersections of disposal chambers with the underg-
round haulage passage);

e carrying out floors in galleries and disposal chambers, inc-
luding drainage.

The temporary excavation support will be realised to adhere
to the conditions of safety at work. It will also be installed
during the course of the work designed to ensure the final sta-
bility of excavated openings. Bigger and instable blocks of
rock will be broken into smaller pieces. Additional excavation
support will be installed concurrently with vacating and level-
ling the bottom required for the work and operation of mecha-
nical equipment. The main stabilisation element will comprise
4-8m long groutable glassfibre plastic rock bolts/anchors and
sprayed concrete reinforced with welded mesh, which will be
installed to the extent that reliably ensures permanent stability

and safety of work operations. Rubble will be removed in
advance lengths adequate to the geotechnical situation and the
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Obr. 11 Ukdzka II. technologické tridy zajisténi

Fig. 11 Example of excavation support class 11




zde obnaZeny na vySku az 1,5 m. Podléhaji rychle zvétrani,
objemovym zméndm a rozpadaji se na stripky.

POSTUP A TECHNOLOGIE VYSTAVBY

Zékladni pracovni kroky lze shrnout do téchto bodu:

e zajiSténi bezpeCnosti prace v komorach;

e odstranéni uvolnéné horniny a starych podpérnych struk-

tur a suti;

e instalace definitivniho vyztuZeni;

e zajiSténi stén a stropu chodeb a komor kontinudlni vyztuZi;

¢ vybudovdan{ podpérnych rdmu — pasu (v mistech prepazek

a pruniku uklddacich komor s transportni chodbou);

e zhotoveni podlah v chodbach a uklddacich komorich

véetné drendzniho systému.

Docasné zajisténi vyrubu bude realizovdno pro dodrZeni
podminek bezpec¢nosti prace a rovnéz béhem provadéni defi-
nitivniho zabezpeleni stability vyrubu. Vét$i a nestabilni
bloky horniny budou rozbity na mensi kusy. Soucasné s uvol-
novanim a zarovnavdnim pocvy pro praci a manipulaci
s mechanizmy bude provadéno dal$i zajisténi vyrubu. Hlavni
stabilizaéni prvky budou tvorit sklolamindtové injektované
svorniky/kotvy dl. 4-8 m a stiikany beton vyztuZeny sitémi
v rozsahu, ktery spolehlivé zajisti trvalou stabilitu a bezpec-
nost praci. Odstranéni suti bude provadéno v délkovych zdbe-
rech odpovidajicich geotechnické situaci a technologickému
schématu zajisténi. V pripadé nebezpecnych &dsti vyrubu
bude na vhodnych mistech provedeno podchyceni vyklinova-
nymi stojkami a provedeno zesileni ndroZnich pilifu stiika-
nym betonem vyztuzenym sitémi. Detaily jednotlivych dil-
¢ich pracovnich operaci bude nutno upresnovat a odsouhlasit
na pravidelnych kontrolnich poraddch na stavbé podle skutec-
né zastizenych podminek v dole.

SCHEMATA ZAJISTENI VYRUBU A OSTATNI
KONSTRUKCE

Vzhledem k vyskytu vice typu dalnich dél byla navrZena geo-
metrickd schémata zajiSténi vyrubu vcetné jejich rozmisténi
v feSeném dulnim prostoru. Schémata zajisténi vyrubu jsou
navrZena jako technologické tfidy pro charakteristické prufezy
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technology scheme of the support. In the case of dangerous
parts of the excavation, underpinning will be carried out with
the props tightened with wedges; corner pillars will be strengt-
hened with sprayed concrete reinforced with welded mesh.
Details of individual work operations will have to be refined
and approved at regular control meetings on site according to
actually encountered conditions in the mine.

EXCAVATION SUPPORT SCHEMES AND OTHER
STRUCTURES

With respect to the occurrence of several types of mine wor-
kings, geometric schemes of excavation support and their posi-
tions in the mine space being solved were designed. The sche-
mes are designed as excavation support classes for characte-
ristic cross-sections of the mine working. They take into
account the dimensions of the mine working, the state of
stress, the representation of rock types and rock structure (dis-
continuity surfaces) in particular locations. They differ in the
positions, lengths, types of rock bolts/anchors and other struc-
tural elements forming the final shotcrete lining.

The following 3 excavation support classes were designed:

Excavation support class I — applicable to cross-sections of
mine galleries or chambers ca 4-5m wide and 3-3.5m high;

Excavation support class II — applicable to cross-sections of
mine galleries or chambers ca 5-7m wide and 3.5-4m high
(see Fig. 11);

Excavation support class III — applicable to cross-sections of
mine galleries or chambers ca 7-10m wide or wider and
4—4 .5m high in the current condition

The following criteria were determined for each excavation
support class:

e the length of the block to be provided with support;

¢ the method of moving the rubble and removing instable

blocks from the excavation periphery;

e adjustment of the excavation in the area of the bottom to

the prescribed geometry and level,

¢ application of stabilisation shotcrete;
installation and anchoring of welded mesh around excava-
tion circumference;

svornik sklolaminatovy,

@25, dl. 4-8m

glassfibre reinforced plastic rock bolt,
@25, length 4-8m

stavajici obrys vyrubu
existing excavation contour
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Obr. 12 Vyklizeni a zajisténi nejSirSich vyrubu
Fig. 12 Emptying and supporting the widest excavated openings
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dalniho dila a zohlednuji rozméry dualniho dila, napétovy stav,
zastoupeni horninovych typu a strukturni stavbu (plochy nespo-
jitosti) v daném misté. Li§i se rozmisténim, délkou a typem
kotevnich vyztuzi a ostatnich konstruk&nich prvku, které tvori
definitivni osténi ze stiikaného betonu.

Navrzeny byly 3 technologické tfidy:

I. technologicka tfida plati pro profil dulnich chodeb nebo

komor s §itkou cca 4—5 m a vySkou 3-3,5 m;
II. technologicka tiida plati pro profil dalnich chodeb nebo
komor s §ifkou cca 5-7 m a vySkou 3,5-4 m (obr. 11);
II1. technologicka tfida plati pro profil dalnich chodeb nebo
komor s §itkou cca 7-10 m, pripadné vice a vyskou
4-4.5 m ve stavajicim stavu.

Pro kazdou technologickou tfidu byla stanovena tato kri-
téria:

e délka zajisStovaného pasu;

e zpusob premisténi suti a zaliSténi vyrubu od nestabilnich

bloku;

e tprava vyrubu v prostoru podlahy do predepsaného tvaru

a urovné;

e stabilizaéni ndstrik stfikaného betonu;

e montdZ a ukotveni ocelovych siti po obvodu vyrubu;

e vrtdni, osazeni a aktivace svorniku nejpozdéji o 1 zdbér

zpét;

¢ dostrikani betonu na plnou tloustku 15-20 cm nejpozd¢ji

o dva zdbéry zpét.

Na obr. 12 je zachycen stav v jednom z nejméné priznivych
profili dulniho dila. Jednd se o chodbu puvodné mensiho
prufezu roz$ifenou ve vile¢ném obdobi na komoru Sirokou
cca 10—11 m a vysokou cca 4-4,5 m. Nezajistény vyrub se
vlivem strukturni nestability dorovnal do obdélnikového pra-
fezu. Levy obrazek je soucasny stav pred sanaci. Vyska napa-
ddvky a suti na po&vé zabird témér polovinu prufezu dialniho
dila. Pravy obrdazek zobrazuje budouci stav — vyrub je po
celém obvodu opatfen kontinudlnim zajisténim. Z duvodu
velmi nepriznivého tvaru bude nutné prokotvit vrstvy sedi-
mentdrni horniny svorniky o délce aZ 8 m.

Vznik geologicky podminéného nadvyrubu se v zdjmovém
prostoru predpoklddd predevsim vlivem strukturni stavby.
Béhem zaciStovani vyrubu (obtrhdni) ¢i rozsifovacich praci
muZe vlivem strukturni nestability dojit k vypadnuti bloku
horniny ze stropu a stén vyrubu. Pak bude vyrub stabilizovéan
dodateénym kotvenim a stabilizadnimi néstfiky betonem,
nebo specidlni konsolidacni smési, pfipadné se postupnym
stiikdnim betonu provede betonova plomba.

Na nekterych mistech bude zvySena trvald stabilita tran-
sportnich chodeb a uklddacich komor pomoci podpérnych
Zelezobetonovych ramu, resp. klenebnich past. Budou vybu-
dovdny v mistech nérozi praniku uklddacich komor do
dopravni chodby 1 a v misté pozdéjsich Zelezobetonovych
prepdzek mezi komorami s RAO, kde budou tvofit rdm pro
tyto mezistény. Tloustka rdmu bude cca 0,6—1 m. ProtoZe pre-
pazky musi byt schopné prevzit zatiZeni horninou z nadloz-
nich vrstev, musi byt vybudovani podpérnych rdmu a spodni
vrstvy provedeno tak, aby podpérné ramy byly v pfimém
kontaktu s nadloZim i podloZnim slinovcem. Po obvodu rdmu
bude do masivu provedena mélkd ,,nika“ cca 30 cm, pro zava-
zéni rdmu do horniny. Zavédzani rdmu ve sténdch a stropé
bude provedeno prostfednictvim kotevnich trnt do horniny
z armovaci vyztuze. Obnazené spodni ¢dsti chodeb tvorené
jilovitym slinovcem se sklonem k objemovym zméndm
a podléhajici pri kontaktu s vodou nebo vzduSnou vlhkosti
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e drilling for, insertion and activation of rock bolts and their
number at least one excavation round back;

e completion of the application of shotcrete to reach full
thickness of 15-20cm, at the latest two excavation rounds
back.

The Fig. 12 shows the condition in one of the least favou-
rable sections through the mine working. It is a gallery with
the originally smaller cross-section, which was expanded
during the war period to a chamber ca 10—11m wide and ca 4—
4.5m high. The unsupported excavation cross-section changed
into a rectangle due to structural instability. The left picture
shows the current condition before rehabilitation. The thick-
ness of the layer of materials fallen on the bottom and rubble
occupies nearly half of the mine working cross-section. The
other picture shows the future condition — the excavated ope-
ning is provided with continual support throughout its cir-
cumference. Because of the unfavourable geometry it will be
necessary to stabilise the layers of sedimentary rock by up to
8m long rock bolts.

It is expected that geologically conditioned overbreaks will
originate in the space of interest first of all due to the rock mass
structure. During the course of the excavation scaling or the
expansion of excavation, rock blocks can fall from the excava-
tion roof and side walls due to structural instability. In such
a case, the excavation will be stabilised by additional anchoring
and stabilisation shotcrete, or by a special consolidation mixtu-
re, or the cavity will be filled in steps with shotcrete.

In some places the permanent stability of the haulage passa-
ges and disposal chambers will be increased by reinforced
concrete supporting frames or, as the case may be, narrow
vaults. They will be constructed in the locations of corners at
the penetration of disposal chambers into underground haula-
ge passage No. 1 and in the locations of later reinforced conc-
rete partitions between chambers containing the RAW, where
they will form a frame for intermediate walls. The frames will
be ca 0.6—1m thick. Because of the fact that the partitions have
to be capable of taking over the load exerted by the rock from
the overlying layers, the supporting frames and the lower layer
have to be in direct contact with the overburden as well as the
underlying marlstone. A shallow niche, ca 30cm deep, along
the frame circumference will be carried out for keying the
frame into rock mass. The frame will be keyed into the side
walls and the roof with concrete reinforcement anchoring bars
stuck into the rock mass. The exposed lower parts of the galle-
ries formed by clayey marlstone, tending to volumetric chan-
ges, rapidly degrading upon contact with water or airborne
humidity, will be covered with a ca 30cm thick concrete recep-
tion wall

The bottom of the system of galleries and chambers will be
levelled and covered with a gravel layer so that the safety at
work is ensured. The bottom will subsequently be covered
with a levelling concrete layer. A trench will be cut in the
middle of the bottom of the chambers and tubes of the future
drainage will be embedded in concrete cast into the trench.

WORK PROCEDURE IN SECTIONS

The procedure of work during the realisation of this project
is determined first of all by the necessity for depositing the
material removed from the galleries and chambers being pro-
vided with support in the underground space of the mine. The
space in question was divided into several work sections with
similar volumes of work, where the process of the installation
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adaptovana dopravni chodba €. 1
adapted gallery No. 1

zajisténé odkladaci komory
stabilised disposal chambers

nezajisténé stafiny
unsupported abandoned workings

definitivné zajisténé a pfipravené nové ukladaci kapacity
definitively stabilised and prepared new disposal chambers =

Obr. 13 Situace navrieného stavu v ¢édsti Richard I1.
Fig. 13 Layout of the designed state in the Richard II part

rychlé degradaci budou opatfeny betonovou prizdivkou
o tloustce cca 30 cm.

Pro pristup a zajisténi bezpecnosti priace bude dno systému
chodeb a komor vyrovndno a zakryto vrstvou Stérku.
Nasledne bude dno pokryto vyrovnavaci vrstvou betonu.
Uprostied dna komor budou do prohloubené ryhy zabetono-
védna trubni vedeni prubézné budouci drendze.

POSTUP PRACI V SEKCICH

Postup praci pri realizaci tohoto projektu je uréovén prede-
v§im nutnosti vyklizeny materidl ze zajiStovanych chodeb
a komor docasn¢ ukldadat do podzemniho prostoru stavby.
Predmétny prostor byl rozdélen do nékolika pracovnich sekci
o podobném objemu praci, pro které bude proces zajiStovani
a zpristupnéni probihat vzdy po ucelenych ¢innostech tak, aby
pro prace v sekcich ndsledujicich byly chodba a komory pred-
chozi sekce jiz zajistény. To znamend, Ze postupné od prvni
sekce ze zdpadniho konce sanované oblasti budou zajiStovany
v predepsanych technologickych krocich sekce kompletné
vzdy celé vcetné provedeni bo¢nich ochrannych betonovych
zidek. Do takto vyztuzené sekce bude umistovdn materidl
z dal$iho nésledného zajistovaného dseku.

Rozpojovani horniny bude provddéno mechanickymi pro-
sttedky bez pouZiti trhacich praci. Zpusob rozpojovéan{
zohlednuje vliv na stabilitu vyrubu, dodrzovani pozadova-
nych toleranci vyrubu a snahu o minimalizaci pfipadné tvor-
by nadmérnych nadvyrubu v&etné omezeni danych podminka-
mi v dole. NedotéZend vrstva ve dné se odtézi aZ pred betona-
71 podkladnich betond pro vyztuZ opérnych patek a pred
pokldddnim konstruk¢nich vrstev pod podlahu.

of support and making the spaces accessible will proceed in
cohesive sets of activities so that the support in the gallery and
chambers of the preceding section is finished before starting
the work in the next section. It means that the support in the
sections will be carried out in prescribed technology steps
completely, starting from the first section from the western end
of the area being rehabilitated, always including the construc-
tion of protective concrete side walls. Material from the next
section being provided with the support will be placed into the
section supported in the above-mentioned way.

Rock will be disintegrated using mechanical equipment wit-
hout the application of blasting. The disintegration method
takes into account the influence on the excavation stability,
maintaining the required excavation tolerances and the effort
for minimising the potential development of excessive overb-
reaks, including restrictions following from the conditions
existing in the mine. The rock layer remaining to be excavated
at the bottom will be excavated just before the blinding conc-
rete under the concrete reinforcement of the footings is cast
and the structural layers under the floor are placed.

MATERIALS USED AND OTHER TECHNOLOGIES

Wet concrete mixture will be used for the shotcrete applied
to the lining as a standard. Dry concrete mixture will be used
only for filling overbreaks. Shotcrete as the primary support
ensuring the excavation stability, but at the same time forming
final structures, will, together with the other support elements
(welded mesh and groutable glassfibre plastic rock bolts) ensu-
re permanent static stability of the galleries and chambers. The
rock in the relaxed zone in the vicinity of the excavation will
be stabilised with rock bolts connecting it to the undisturbed
massif. Groutable anchoring rods from glass fibres bound
together with polyester or epoxy resin will be used. The rock
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POUZITE MATERIALY A OSTATNI TECHNOLOGIE

Pro néstrik osténi se bude standardné pouZivat mokra beto-
novd smés. Suchd betonova smés se pouzije pouze pro vypl-
néni nadvylomu. Stiikany beton jakoZto primdrni zajiStén{
stability vyrubu, ale souCasné i definitivni konstrukce, bude
zajiStovat spolu s ostatnimi vyztuznymi prvky (ocelové
vyztuzné sité a sklolamindtové injektované svorniky) trvalou
statickou stabilitu chodeb a komor.

Pro prichyceni odlehené zény horniny v okoli vyrubu
k neporuSenému masivu bude hornina prokotvena radidlni
svornikovou vyztuzi. Pouzity budou injek¢ni kotevni tyce
vyrobené ze skelnych vldken spojenych polyesterovou, nebo
epoxidovou pryskyfici. Délky kotevni vyztuze budou od 3 do
8 m. Jejich rozmisténi pro vymezené charakteristické typy
vyrubu je ddno ,schématy zajisténi”. Soucdsti technologie
kotveni pomoci sklolamindtovych kotevnich ty¢i je injektdz
instalovanych prvka. Tim dojde ke spolupusobeni kotevnich
prvku s horninou a k jejich uchycen{ v horniné. PouZita bude
rychle reagujici, nenapénujici, dvouslozkova elastifikovana
organicko-minerdln{ injekéni pryskyfice s dobrou prilnavosti
i na mokrém povrchu. Navrzeny zpusob aktivace svornika
s vylou€enim mokrych procest minimalizuje riziko degrada-
ce vrstvy slinovcu tvoficich strop podzemniho dila.

Do vrstvy stiikaného betonu je navrZzena ve vSech sché-
matech zaji§téni vyrubu vyztuzna sit KARI QI188A
@ 6/150x6/150. Veskeré pouzité typy stavebnich materidla
budou podrobeny kontrolnim a prukaznim zkouSkam.

Béhem vystavby je navrZen saci zpusob separdtniho vétréni.
Odvod prachu a zneci§ténych vétru bude realizovdn pomoci
stavajiciho radidlniho vysokotlakého ventildtoru, ktery je umis-
tén pobliZ v provozovaném dlozisti RAO a lutnovy tah je vyve-
den do stavajiciho vétractho vrtu D 800 mm. Délka sactho lut-
nového tahu je 370 m. Pfivod Cerstvych vétru z povrchu bude
pres dopravni Stolu v provozovaném ulozisti RAO. Prostory
a zafizeni provozovatele ulozisté dotcené realizaci se provizor-
né zakryji a ostatni Stoly tdloZist€¢ RAO se oddé€li vétrnymi hra-
zemi.

GEOTECHNICKY MONITORING
A OSTATNI INSTALACE V PODZEMI

Soucdsti zajiStovacich praci v podzemi bude geotechnicky
monitoring. Pro méfeni deformaci vyrubu bude pouZita geo-
detickd metoda. Systém méfeni bude spodivat ve vytvoreni
méfickych profild z pevnych bodu, jejichZ posun v Case bude
béhem stavebnich praci sledovdn a vyhodnocovén.

ZAVER

Po dokonceni adaptace této ¢dsti podzemi dojde ke zpro-
voznéni chodby 1 jako dal$i nové dopravni cesty (obr. 13),
déle k zajisténi odkladacich komor (svétle modrd) a k vybu-
dovani novych uklddacich kapacit (zelend barva) v definitivni
podobé. Adaptované prostory budou na zdvér opatieny osveét-
lenim, telefonnimi rozvody, kamerovym systémem a prvky
méreni a regulace. V nové zajiSténych prostorach bude i nadé-
le pouzivdn saci zpasob separdtniho vétrani do stavajiciho
vétraciho vrtu.

Projekt sanace a adaptace starych nevyuZzivanych dulnich
dél v sousedstvi provozovaného ulozisté RAO je velmi efek-
tivni zpusob, jak tyto ,stafiny“ vyuZit a minimalizovat tak
ndklady na vybudovani novych bezpecnych uklddacich
prostor. Ve spojeni s fungujici infrastrukturou na povrchu

TuHel

bolts will be 3 up to 8m long. The spacing of the rock bolts is
prescribed by “bolting patterns” designed for individual cha-
racteristic excavation types. Injecting grout into the installed
glassfibre reinforced plastic anchoring rods is part of the tech-
nology. In this way the composite action of the anchoring ele-
ments with the rock mass develops and the rods are fixed in the
rock mass. Rapid reacting, non foaming two-component elas-
tified organomineral grouting resin with good bonding even to
a wet surface will be used. The method proposed for the acti-
vation of rock bolts with the wet processes excluded minimi-
ses the risk of the degradation of the marlstone layer forming
the roof of the underground working.

Welded mesh KARI Q188A @ 6/150x6/150 is designed to
reinforce the shotcrete layer in all excavation support schemes.
All types of building materials to be used will be subjected to
control tests and preconstruction tests.

An extraction system of separate ventilation is designed to
be used during the course of the construction. Dust and pollu-
ted air will be evacuated by means of the existing high-pressu-
re radial fan, which is located near the operating RAW reposi-
tory; the air duct is connected to the existing D800Omm venti-
lation borehole. The air extraction duct is 370m long. Fresh air
will be supplied from the surface through the underground
haulage passage in the operating RAW repository. The spaces
and equipment of the repository operator which will be affec-
ted by the realisation will be temporarily covered and the other
galleries of the RAW repository will be separated by air dams.

GEOTECHNICAL MONITORING AND OTHER
UNDERGROUND INSTALLATIONS

Geotechnical monitoring will also be part of the excavation
support operations. Excavation deformations will be measured
using the topographic survey method. The measurement sys-
tem will lie in establishing measurement profiles consisting of
fixed survey points. Their displacement will be monitored and
assessed during the construction operations.

CONCLUSION

When the adaptation of this part of the underground is finis-
hed, gallery No. 1 will be put into operation as another new
transport route (see Fig. 13), the disposal chambers will be sta-
bilised (light-blue) and new disposal capacities will be built
(green) in the definitive form. In the end, the adapted spaces
will be provided with lighting, telephone installations, a came-
ra system and instrumentation and control elements. The use of
the ventilation system driving extracted air into the existing
ventilation borehole will continue even in the newly stabilised
spaces.

The project of rehabilitation and adaptation of old unused
mine workings in the neighbourhood of the operating RAW
repository is a very effective way of using the old workings,
thus minimising the costs of developing new safe disposal spa-
ces. In connection with the functioning infrastructure on the
surface and the favourable geological situation this is the best
possible solution for this locality.

In comparison with classical new underground excavation,
the adaptation of old mine workings brings a number of chan-
ges. The redistribution of stress due to opening free spaces by
the excavation is not solved here. Underpinning of the defor-
ming rock massif by excavation support elements and continu-
al monitoring of this development is also not solved. In this
location the redistribution of stresses took place and the state




a priznivou geologickou situaci se jedna v této lokalité o nej-
lepsi mozné reSeni.

Adaptace starych dulnich dél pfindsi oproti klasické nové
razbé v podzemi celou fadu zmén. Nefes{ se zde prerozdéle-
ni napjatosti vlivem otevieni volného prostoru razbou. Neresi
se podchyceni deformujictho se horninového masivu prvky
zajisténi za neustdlého sledovani tohoto vyvoje. Zde uz k pre-
rozde¢leni napjatosti a dosazeni rovnovazného stavu doslo jiz
pred dlouhymi desitkami let. Vyrub dokonce prosel procesem
dlouhodobého dotvarovani vlivem strukturni nestability
a zvétravani. Redi se zde viak zajiiténi takovych tvart vyrubu,
které nebyly navrzeny a vypoltem ovéreny. Vstupuje se do uz
danych geometrickych podminek. Hektické rozsifovani pod-
zemnich chodeb trhacimi pracemi na zavér 2. sv. valky, prova-
déné za kazdou cenu s cilem ziskat rozsdahlé podzemni prosto-
ry pro vdle¢nou vyrobu, Slo za logiku a empirické zkuSenosti
puvodnich té€7Zafu, ktefi se drzeli pouze v prostoru vdpencové
lavice. Vzhledem k nasazeni véznu z koncentraénich tdboru
zde lidsky Zivot a bezpe¢nost nemély zadnou vahu. Nezbylo
nic jiného, nez se s timto vysledkem vyporadat a pochopit,
pro¢ tomu tak je. Navrzené technické feSeni definuje, co je
nutné pri zajisténi bezpecnosti a dlouhodobé stability vyrubu
odstranit a co zustane ve viceméné puvodnim tvaru.

Téma je popisované predevsim z pohledu geotechnika, ktery
hraje u podobnych ndvrha nezastupitelnou roli. Mezi duleZity-
mi vstupnimi parametry, které ovliviuji v soucasnosti stav
a stabilitu vyrubu, je kromé mocnosti nadlozi a mechanickych
vlastnosti jiz zminénd ,,strukturni stavba®, tedy orientace, Cet-
nost a charakter ploch nespojitosti. Cilem geotechnické ,,meto-
dy kritického bloku‘ je stanovit strukturnim méfenim dosah
nestabilnich bloku za profil vyrubu a stanovit kubaturu horni-
ny, kterou je nutné dodateCnym vyztuZenim zajistit proti
vypadnuti. Této discipliné se dnes Casto pri pripravé podzem-
nich staveb nevénuje dostate¢nd pozornost. Metoda kritického
bloku zde hrdla kromé statického vypo&tu dualeZitou roli pro
ndvrh prokotveni masivu svornikovou vyztuzi.

Bude zajimavé sledovat, s jakymi jevy se stavebni a sanac-
ni ¢innost v historickém podzemi setkd. Potencidl pro adapta-
ci dalsich nevyuZzivanych chodeb v dalnim systému Richard
je obrovsky a nelze nic jiného, neZ jen doporucit, aby se pla-
novani a koncepce ukldddni RAO na této lokalité ubirala
timto smérem. Proto budou zkuSenosti ziskané pri realizaci
neocenitelné pri bezpecném a ekonomickém ndvrhu dal$iho
pripadného roz§ifovani podzemniho tdloZziste.

Ing. JIRI CINKA, cinka@samsonpraha.cz,
SAMSON PRAHA, spol. s r.o.

Recenzovali Reviewed: Ing. Libor Marik,
Ing. Viladimir Prajzler
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of equilibrium was achieved long decades ago. The excavation
even underwent the process of long-term creep due to structu-
ral instability and weathering. On the other hand, geometries
of excavated openings which were not designed and verified
by calculations are solved here. The already given conditions
are entered. Hectic expanding of underground galleries using
blasting processes at the end of WWII, which was carried out
at any cost with the objective to obtain large underground spa-
ces for war production, went beyond the logics and empiric
experience of original mining company-founders, who stuck
only in the area of the limestone bank. With respect to the dep-
loyment of prisoners from concentration camps, human lives
and safety were worthless. There was nothing left but to cope
with this result and understand why it was so. The designed
technical solution defines what has to be removed to ensure
safety and long-term stability of the excavation and what will
remain in a more or less original condition.

The theme is described mainly from the point of view of
a geotechnician, who plays an irreplaceable role in the cases of
similar designs. Among important input parameters influen-
cing the current condition and stability of the excavation there
is, apart from the overburden thickness and mechanical pro-
perties, the above-mentioned rock mass “structure”, i.e. the
orientation, frequency and character of discontinuity surfaces.
The objective of the geotechnical Critical Block Method” is
to determine, using structural measurements, the reach of
instable blocks beyond the excavation profile and the volume
of the rock which has to be secured against falling by additio-
nal reinforcing. This discipline is often paid insufficient atten-
tion during the preparation of underground construction. In
addition to the role in structural analysis, the Critical Block
Method played a role important for the design of anchoring the
rock massif with rock bolts.

It will be interesting to observe which phenomena will the
construction and rehabilitation activities in the historic underg-
round encounter. The potential for the adaptation of other unu-
sed galleries in the Richard mine system is great and there is
nothing more than to recommend that the planning and the
concept of disposing the RAW in this locality should proceed
in this direction. For that reason the experience obtained
during the realisation will be invaluable for safe and economic
design for the possible next expansion of the underground
repository.

Ing. JIRI éINKA, cinka@samsonpraha.cz,
SAMSON PRAHA, spol. s r.o.
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VYSTAVBA ZELEZNICNEHO TUNELA DE CHAMPEL, SVAJCIARSKO
DE CHAMPEL RAILWAY TUNNEL CONSTRUCTION, SWITZERLAND

OLIVER HORVATH

ABSTRAKT

Vystavba tunela de Champel v Zeneve bola zacatd na jar v roku 2014 a je siicastou projektu novej dvojkolajovej Zeleznicnej
trate CEVA, spdjajiicej hlavnii Zenevskii Zeleznicni stanicu Cornavin s pohranicnym franciizskym mestom Annemasse. Trat' md
celkovii diZku 16 km a velkd Cast tunelovych objektov s profilom 106—128 m? bola razend v hustej mestskej zdstavbe s nizkym
nadloZim. Geologické prostredie tvorili wurmské morény a Strk, ¢o spolu s malym prekrytim vyzZadovalo komplikovanii raziacu
metodu. Principom razenia bolo zabezpecenie predpolia axidlnymi kotvami v celbe a ochrannym ddZdnikom z ocelovych riir
v klenbe s ndslednou injektdZou, s ocelovou oblitkovou vystuZou a striekanym betonom. Ndrocnym podmienkam bol prispdso-
beny aj vykonny vrtny stroj Soilmec, Specidlne vyvinuty na vitanie ddZdnikov v nesidrinych hornindch. Zamestnanci spoloc-
nosti TuCon, a. s. vyrazili 670 m z najdlhSieho iiseku etapy projektu 25.11 v celkovej diZke 928 m, zdpadne od stanice Gare
Eaux Vives, smerom k budiicej stanici Hopital. Cely projekt md byt odovzdany do uZivania v decembri 2019.

ABSTRACT

The construction of the tunnel de Champel in Geneva commenced in the spring of 2014. It is part of the project for a new doub-
le-track railway line CEVA connecting Cornavin, the main Geneva railway station, with the French town of Annemasse. The total
length of the rail line amounts to 16km. A major part of tunnels with cross-sections ranging from 106—128m? were driven through
a high-density urban development, under a low overburden. The geologic environment was formed by Wurmian moraines and
gravel. This fact and the low overburden required a complicated excavation method to be used. The excavation principle lied in
stabilising the face-advance core with axial anchors and installing canopy tube pre-support over the top heading followed by
grouting, lattice girders and shotcrete. A high-performance drill rig Soilmec was adapted to the difficult conditions. It was spe-
cially developed for drilling into cohesionless ground for canopy tubes. TuCon, a. s. employees excavated 670m of the longest
section of 25.11 project stage at the total length of 928m, west of Gare Eaux Vives station, in the direction of the future Hopital
station. The entire project is to be put into service in December 2019.

ovobp INTRODUCTION

Viac ako storocnd tvaha o Zelezni¢nom prepojeni SvajCiarskej The over one-hundred-year idea of the rail link between
Zenevy a franciizskeho Annemasse dostala zelent az v roku 2011. Swiss Geneva and French Annemasse got a go-ahead as late as
Svoj ndzov projekt CEVA ziskal spojenim zaciato¢nych pismen 2011. The CEVA project name originated by connecting initi-
dolezitych uzlov, ktoré ma po ukonceni prepojit: Cornavin — Eaux al letters of the important nodes to be linked after the comple-
Vives — Annemasse (obr. 1). Projekt ma byt zrealizovany za 72 tion: Cornavin — Eaux Vives — Annemasse (see Fig. 1). The
mesiacov pri celkovej dizke trate 16 km. Vybudované budd dva project at the total rail track length of 16km is to be realised in

Obr. 1 Trasa projektu CEVA
Fig. 1 CEVA project route




Obr. 2 Vitacia siprava Soilmec ST 120
Fig. 2 Soilmec ST 120 drill rig

nové tunely de Champel a de Pinchat v stihrnnej dizke 3,7 km, dva
nové mosty a pit’ zastavok, z toho dve podzemné stanice. Po ukon-
¢enf a spusteni do prevadzky bude v dosahu do 500 m od zastavok
CEVA pracovat alebo byvat 240 tisic obyvatelov. Medzi Cornavin
a Annemasse bude premdvat’ Sest’ vlakov za hodinu v kazdom
smere, ¢o vyrazne odlah¢i prehustend automobilovi dopravu
v Zeneve a zjednodusi dochddzanie do prace z franciizskej pohra-
ni¢nej oblasti.

Objednavatelom je Svajciarska federdlna Zelezni¢na spolo¢nost’
SBB-CFF-FFS. Spolo¢nost’ TuCon, a. s. realizovala price pre
zhotovitela stavby Marti Tunnelbau AG, ktord buduje dva tune-
lové dseky tunela de Champel: Val d”Arve (503 m) a Eaux Vives
(928 m).

PROCES VYSTAVBY

Prvé raziace price zacali na tseku Val d”Arve na jar 2014.
Pripravné price na razeni z protilahlého portdlu Eaux Vives sa
zatali v mdji 2014 a prvy zédber sa uskuto¢nil dna 7. augusta 2014.
Zhotovitel stanovil ako raziacu metddu tunela razenie na plny pro-
fil pod ochrannym ddZdnikom. Vzhladom na umiestnenie stavby
v hustej mestskej zdstavbe bola pracovnd doba objedndvatelom sta-
novend od pondelka do piatku v ¢ase 06:00-22:00. Na vitanie dazd-
nika bola zakipend nové vitacia siprava Soilmec ST-120, ktord
bola uvedena do prevadzky v lete 2014 (obr. 2). Stprava je schop-
nd vitat'horizontdlne vrty aZ vo vyske 10 m a lafeta moZe mat'vrtné
ty¢e dlzky az 20 m. Rozdiel oproti klasickéj vrtacej siprave je ten,
ze vrtné kladivo je stcastou vrtnej tyCe (ako prvy kus) a je pohdna-
né stlaCenym vzduchom pri tlaku cca 17 bar.

Pre tdvodné etapy dlzky 10 m bol stanoveny dvojity ochranny
dazdnik zo 73 ks ocelovych rdr dlzky 15 m a priemere 139,7 mm.
Vitacie prace boli komplikované rozdelenim elby na dve geolo-
gicky odlisné Casti (obr. 3):

* spodnt Cast’(cca 75 %) tvoril Strk — wurmské morény;

e vrchni Cast’(cca 25 %) tvoril il.

Mechanické vlastnosti a rozpojitelnost’ tychto hornin vyzadovali
pouzitie ré6znych typov vrtnych koruniek a cit operdtorov pre ich
spravnu volbu a zvolenie optimalneho pritlaku pri vitani. Sdcastou
zabezpecenia Celby bolo aj inStalovanie sklolamindtovych kotiev
dlzky 20 m, typ FLY 55. Kotvy sa instalovali tak, Ze sa lafetou vita-
cej sipravy Soilmec ST-120 navrtal 20 m dlhy vrt, vystuZeny oce-
lovou chranickou (ocelova rira rovnakého priemeru D 139,7 mm
ako pre dazdnik), ktord sa nasledne z vrtu vytiahla a do nezapaZze-
ného vrtu sa okamzite ruc¢ne zatlacila sklolaminatové kotva. Systém
zainjektovanych axidlnych kotiev bol dostatocne spolahlivy, aby
udrZal Eelbu stabilnd, aj ked sa obnaZila na plny profil. V priebehu
vitacich prac prebiehala paralelne injektdZ — najskor kotiev v Celbe
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Obr. 3 Rozdelenie geologickych vrstiev
Fig. 3 Division of geologic layers

72 months. The construction will comprise two new tunnels,
de Champel and de Pinchat, at the aggregate length of 3.7km,
two new bridges and five intermediate stations, two of them
underground. After the project is completed and brought into
service, 240 thousand residents will work or dwell within
500m of the CEVA stations. Six trains per hour will be opera-
ted between Cornavin and Annemasse in each direction. It
will significantly ease the overloaded vehicular traffic in
Geneva and will simplify commuting to work from the French
border area.

The project is owned by Swiss Federal Railways, SBB-CFF-
FFS. The company of TuCon, a. s. carried out the work for the
contractor, Marti Tunnelbau AG, which builds two sections of
the tunnel de Champel: Val d"Arve (503m) and Eaux Vives
(928m).

CONSTRUCTION PROCESS

Initial tunnelling operations started in the Val d”Arve secti-
on in the spring of 2014. The preparations for driving the tun-
nel from the opposite portal, Eaux Vives, commenced in May
2014 and the initial excavation round was carried out on 7th
August 2014. The contractor prescribed the following tunnel
excavation method: full-face excavation under the protection
of canopy tube pre-support. With respect to the fact that the
construction site is located within a high-density urban deve-
lopment, the working days were limited by the contractor from
Monday through to Friday, from 06:00 to 22:00 hours. A new
drill rig Soilmec ST-120 was purchased for drilling for the
canopy tubes. It was brought into service in the summer of
2014 (see Fig. 2). The drill rig is capable of drilling horizontal
holes up to the height of 10m above the bottom. Drill rods up
to 20m long can be used. The difference from a classical drill
rig is that the drifter is part of the drill rod (as the initial piece)
and is driven by compressed air at the pressure of 17bar.

The initial 10m-long stages of the tunnel excavation were to
be carried out under the protection of double pre-support con-
sisting of 73 pieces of 15m long, 139.7mm diameter steel
tubes. The drilling operations were complicated by the divisi-
on of the excavation face into two geologically different parts
(see Fig. 3):

 the lower part (ca 75%) formed by gravel — the Wurmian

moraines;

¢ the upper part (ca 25%) formed by clay.
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Obr. 4 Injektdzne cerpadlo Hiny
Fig. 4 Hiny grouting pump

a potom ddZdnika. Na injektdZ sa pouZzivalo injektdZne Cerpadlo
Hiny $vajciarskej vyroby (obr. 4).

Na zabranenie prieniku injektdZnej zmesi na povrch, ktory bol
len 8 m nad stropom tunela, bol stanoveny limitny injek¢ny tlak pre
kotvy 10 barov a pre ddZdnik 5 barov.

Povrch nad droviiou tunela bol neustile monitorovany sietou
meracskych bodov, pretoZe pohyby nadlozia nastdvali hlavne pocas
vitacich préc. V priebehu raziacich prac bol tunel monitorovany systé-
mom piatich radidlnych kovergencnych bodov umiestnenych pribliz-
ne kazdych 10 m, tj. v kazdej etape postupu. Okrem toho objedndva-
tel' nariadil sporadicky inStaldciu inklinometra a extensometra.

S vylomovymi pracami, realizovanymi hydraulickym pdsovym
rypadlom Liebherr 936 (obr. 5) s nakladanim na dumpre Belloli M
3227, sa zacalo vzdy az po zainjektovani kotiev a ddZdnika.

Najprv bola oddelend Cast’tvorend Strkom a materidl dopraveny
na medzisklddku. Potom sa odtazil osobitne ilovity materidl
a dopravil sa na oddelené miesto na medzisklddke. K znecisteniu
Strku nesmelo dojst,, pretoZe ten sa po recyklacii pouzival na vyro-
bu striekaného betonu. Z vlastnych zdrojov, tzn. z razenia, tak
bolo pokrytych az 90 % jeho potreby. Dlzka zdberu bola najprv
projektom stanovend na 1 m, s rezervou cca 0,5 m na zaloZenie
ocelovych oblikov. Po obnazeni vylomu sa ocelovy oblik zaistil
bezpecnostnou vrstvou strickaného beténu s ocelovym vldknom
C25/30 (E 1000) hribky 7 cm, aplikovanym striekacim robotom
Meyco Potenza.

Ocelova oblikova vystuz sa skladala z 5 oblikovych a 2 rov-
nych priehradovych nosnikov, rohovych prvkov a spodnej klenby

Obr. 5 Vylom tunela v stmelenych Strkoch
Fig. 5 Tunnel excavation through compacted gravel

TuHel

Mechanical properties and breaking characteristic of these
ground types required the use of various types of drill bits, ope-
rators having sense for proper selection of the bits and optimum
drilling thrust. The installation of 20m long FLY 55 glass fibre
reinforced plastic anchors was part of the excavation face sup-
port. The anchors were installed by drilling 20m long holes
using the boom of the Soilmec ST-120 drill rig. The drill holes
were reinforced with steel casings (steel tubes with the diameter
D 139.7mm, identical with the diameter of the canopy tubes).
The casing tubes were subsequently pulled out of the boreholes
and glass fibre reinforced plastic anchors were immediately pus-
hed into the uncased boreholes. The system of grouted axial
anchors was sufficiently reliable for maintaining the excavation
face stability even when the full profile is exposed. Grouting
operations continued during the drilling — first for anchors into
the face and later for the canopy tubes. Swiss production Hény
grouting pump was used for grouting (see Fig. 4).

The grouting pressure limits of 10 bars, respectively 5 bars,
were prescribed for the anchors and canopy tubes to prevent
the grouting mixture ingress to the surface, which was only 8m
above the tunnel roof.

The terrain surface above the tunnel was continuously moni-
tored by a network of survey points since the movement of the
overburden occurred mainly during the drilling operations.
During the course of the tunnel excavation, the tunnel was
monitored by a system of five radial convergence points instal-
led approximately every 10m, i.e. at each excavation advance
stage. In addition, the contractor ordered sporadic installation
of an inclinometer and extensometer.

The excavation was carried out using a Liebherr 936 hyd-
raulic tracked excavator (see Fig. 5) loading the muck on
Belloni M 3227 dumpers. The work always started only after
the completion of filling the holes for the axial anchors and
canopy anchors with grout.

First, the part of the muck consisting of gravel was separa-
ted and the material was transported to an intermediate stock-
pile. Subsequently the clayey material was loaded and tran-
sported to a separate place on the intermediate stockpile.
Polluting the gravel was not allowed because it was, after
recycling, used for the production of shotcrete. In this way up
to 90% of the need for gravel were covered from construction
own sources, i.e. from the excavation. The length of the exca-
vation advance per round of 1m with a reserve of ca 0.5m for
setting the steel arches was in the beginning prescribed by the
design. After exposing the excavation, the steel arch was sta-
bilised with a 7cm thick safety layer of shotcrete reinforced
with steel wires C25/30 (E 1000). The shotcrete was applied
using a Meyco Potenza spraying robot.

The supporting steel arches consisted of 5 lattice arches and
two straight lattice girders, corner elements and the invert was
reinforced with HEB 200 (later HEB 260) steel sections. The
whole set was assembled in situ, directly at the excavation
face. It was the most risky work operation. After assembling
and surveying the arch, the whole excavation round was stabi-
lised with ca 18m3 of C25/30 (E 700) shotcrete. In this way, 10
excavation rounds were carried out and, after the completion
of the last round, the excavation face was covered with an
additional 5cm thick reinforcing layer of shotcrete.

Using this technology procedure, working a 2 shift operati-
on, ca 20m of full-face excavation was carried out per month.

In December 2014, a serious worksite accident happened.
A worker moving close to the excavation face was hit with
a piece of shotcrete and clay released from the already stabilised
lining. The project owner suspended the excavation operations
and the whole process was subjected to a thorough examination.




Obr. 6 Instaldcia priehradovych oblitkov v klenbe
Fig. 6 Installation of lattice arches in the upper vault

z profilu HEB 200 (neskér HEB 260). Cely komplet sa montoval
,in situ®, teda priamo na mieste vylomu, ¢o predstavovalo najrizi-
kovejSiu pracovnud operdciu. Po osadeni a zameran{ oblika sa cely
zdber vyplnil striekanym beténom C25/30 (E 700) v mnoZstve cca
18 m’. Takto sa vyhotovilo 10 ziberov a po poslednom bola &elba
zastriekand dodatocnou speviiujiicou vrstvou beténu v hribke 5 cm.

Tymto technologickym postupom sa vyrazilo cca 20 m mesacne
v plnom profile pri 2zmennej prevadzke.

V decembri 2014 doslo k vaZznemu pracovnému tirazu, ked bol pra-
covnik pohybujtci sa v blizkosti Celby zasiahnuty uvolnenym kusom
striekaného beténu a ilu zo zaisteného ostenia. Objedndvatel’ poza-
stavil raziace prace a cely technologicky postup presiel dokladnou
reviziou. Po viac ako dvojmesacnej prestiavke sa raziace prace znova
rozbehli. Bol zmeneny postup vylomu celby z jednej etapy na dve:

1. vylom a zabezpecenie hornej Casti klenby (obr. 6);

2. vylom a zabezpecenie spodnej klenby (obr. 7) s odstupom

3-5m.

Obr. 7 Instaldcia vdlcovanych profilov v spodnej klenbe
Fig. 7 Installation of a rolled-steel section in the invert

The excavation resumed after an over 2 months long interrupti-
on. The face excavation sequence was changed from one stage to
two stages:

1. excavation and installation of support of the upper part

of the vault (see Fig. 6);
2. excavation and installation of support of the invert (see
Fig. 7) back at the distance of 3—5m.

The invert was worked on at a distance of 3—5m behind the
completed upper vault, therefore workers did not move under
the unsupported upper part of the excavation. At the same
time, the waiting time for hardening of the safety application
of shotcrete on the vault was extended to 30 minutes and
nobody was allowed to move during that time under the exca-
vation vault covered with shotcrete.

Geological conditions changed concurrently with the change
in the excavation technology — the clay layer rose up to the
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Fig. 8 Tunnel excavation sequence under the canopy tube pre-support
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Tab. 1 Sumdr vyrazenych metrov na tuneli de Champel
Table 1 Summary of the excavated sections of the tunnel de Champel

Usek tunela metraz etapy vystrojovacia trieda  zaistenie ¢elby odstup klenba dizka zaberu
(TM) (m) protiklenba (m) (m)

tunnel section length stages excavation excavation face distance between upper  excavation round
(TM) (m) support class support vault and invert (m) length (m)

0-10 10 201 2A ® 0 1,00

10-80 70 202-208 2C ® 0 1,00

80-250 170 209-221 2C ® 3,0-5,0 1,00

250-270 20 222-223 2C-125 G 2,5-3,75 1,25

270-670 400 224-79 1B-125 b 2,5-3,75 1,25

spolu together 670

Vysvetlenie tabulky: e Cislovanie etdp bolo od 201 do 257 a nasledne od 88 do 79.
Vystrojovacia trieda 2A platila len pre tivodnu etapu 201 a odliSovala sa od ostatnych planovanou vysokotlakou tryskovou injektazou, tzv.
jettingom™. Objedndvatel v§ak kvoli nizkemu nadloZiu tito injektaz zrusil.

dazdnik a oznacenie b je pre jednoduchy dazdnik.

Oznacenie vystrojovacej triedy 2C resp. 1B sa odvija od spdsobu zaistenia ¢elby (tvaru ochranného ddzdnika). Pismeno ¢ znamena dvojity

Table explanation: ¢ The stages were numbered from 201 to 257 and subsequently from 88 to 79.

Excavation support class 2A was applicable only to the initial stage No. 201 and differed from the other stages in the planned high-pres-

sure jet grouting, the so-called “jetting”. The client, however, cancelled this grouting with respect to the low overburden.

The designation of excavation support class 2C, respectively 1B, is based on the system of the excavation face support (the shape of the

protective tube canopy). Letter ¢ means the double canopy and designation b is for a simple canopy.

Medzi klenbou a spodnou klenbou bol odstup 3-5 m, takZe pra-
covnici sa nepohybovali pod hornou, nezabezpecenou ¢astou vylo-
mu. Zdroven bola Cakacia doba na vytvrdnutie bezpeénostného
néstreku klenby prediienz’i na 30 mindt a v tom Case sa nesmel pod
zastriekanym vylomom nikto pohybovat.

Stcasne, so zmenou technoldgie razenia, sa zmenili aj geologic-
ké pomery — flova vrstva vystipila do nadloZia a cely profil tunela
tak bol v takmer homogénnom S$trku. V dosledku toho, a zdroven
v snahe skratit’ dobu razenia, bol technologicky postup upraveny
v priebehu etdp 222-224 takto:

 zdvojeny ddzdnik bol zmeneny na jednoduchy s poctom rir 51;

¢ znizil sa poCet kotiev na 41;

¢ 10m etapa sa rozdelila na § zdberov, tj. dizka zéberu sa ZVysi-

lana 1,25 m (obr. 8);
e zvySend dizka zdberu bola kompenzovand pouZitim masivnej-
Sieho profilu ocelovej vystuze protiklenby z profilu HEB 260;

¢ odstup medzi klenbou a protiklenbou sa zmenil na 2,5-3,75 m.

Zmenou technoldgie sa razenie urychlilo a priemerny postup sa
tym zvysil na cca 24 m za mesiac.

Touto techmoldgiou prace pokracovali aZ do celkového preraze-
nia tunela, ktoré sa uskutoc¢nilo 8. jina 2017.

ZAVER

Stavba Zelezni¢ného tunela de Champel overila schopnosti
naSich razicov pri razeni v zlozitych geologickych podmienkach
bez pouzitia trhacich prac a umoznila im ziskat skiisenosti s pouZi-
tim vynimo¢ného vitacieho stroja Soilmec ST 120.

Ing. OLIVER HORVATH,
oliver.horvath@tucon.sk, TuCon, a. s.

Recenzovali Reviewed: Ing. Jdn Kusnir,
Ing. Robert Zwilling

LITERATURA / REFERENCES

overburden and the whole tunnel profile was driven through
nearly homogeneous gravel. As a result, and at the same time in
an effort to reduce the excavation time, the technology procedu-
re was modified during stages 222224 as follows:

 the double canopy tube pre-support was changed to sing-
le one with 51 tubes;

e the number of anchors was changed to 41;

e the 10m long stage was divided into 8 excavation rounds,
i.e. the excavation advance length was increased to 1.25m
(see Fig. 8);

* the increased length of the excavation round was com-
pensated for by using a more massive HEB 260 steel sec-
tion for the invert;

* the distance between the upper vault and invert was chan-
ged to 2.5-3.75m.

Owing to the changed technology the excavation rate was
accelerated and the average advance rate increased to ca 24m
per month.

Using this technology, the excavation continued until the
overall breakthrough of the tunnel, which took place on 8th
June 2017.

CONCLUSION

The construction of the railway tunnel de Champel verified
the ability of our miners in the process of driving tunnels in
complicated geologic conditions without blasting. It allowed
them to obtain experience with the use of the exceptional
Soilmec ST 120 drill rig.

Ing. OLIVER HORVATH,
oliver.horvath@tucon.sk, TuCon, a. s.
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CESTNY TUNEL OBERAU, NEMECKO
OBERAU ROAD TUNNEL, GERMANY

IGOR SCHNIERER

ABSTRAKT

Pripravné prdce na nemeckom cestnom tuneli Oberau, ktory je siicastou obchvatu obce Oberau v oblasti horného Bavorska, prebiehaji
uz od septembra 2015 a podla predbeZného odhadu vystavba bude trvat aZ do polovice roka 2020. Takmer trojkilometrovy dvojriirovy tunel

bude na severnom portdli zaéfnat’hibenym lisekom v dizke 140 m

v obdlnikovom profile, na ktory nadvdzuje 2,80 km dlhy usek klenbo-

vého profilu razeny banskym spésobom. Z hladiska realizdcie obzvldst ndrocni cast predstavuje razenie v useku udolia Gieflenbach, kde
tunel prechddza rozvolnenymi kamennymi vrstvami kvartéru s minimdlnym nadloZim o hriibke 7 metrov. Ukoncenie vystavby a oficidlne
otvorenie dialnicného iiseku s budiicim najdlhsim dvojrirovym tunelom Bavorska je napldnované na koniec roku 2021 .

ABSTRACT

The preparation work on the German road tunnel Oberau, which

is part of the road by-pass of the village of Oberau in the area of Upper

Bavaria, has been continuing since September 2015. According to a preliminary estimate, the construction will last until mid-2020. The
nearly three-kilometre twin-tube tunnel will begin at the northern portal by a 140m long cut-and-cover section with a rectangular cross-
section. It will be followed by a 2.80km long section with a vaulted cross-section, which will be excavated using mining methods. From
the aspect of the realisation especially difficult part is represented by tunnel excavation in the Giefsenbach valley section, where the tun-
nel passes through loose Quaternary rock strata under the minimum overburden 7 metres thick. The end of the construction and the offi-
cial inauguration of the motorway section containing the longest twin-tube tunnel in Bavaria is planned for the end of 2021.

ovoD

S cielom odlahenia intenzivnej automobilovej premdavky
v tdseku Oberau-Garmisch sa zaciatkom 80. rokov minulého sto-
roCia zacalo s planovanim vystavby dialni¢ného tseku
v Loisach§skom tudoli, medzi obcou Eschenlohe a strediskom
Garmisch-Partenkirchen. Na konci dialnice A95 a na dalSom
useku Statnej cesty sa doprava zaéina zhustovat obzvlast'v lyziar-
skej sez6ne pocas vikendov a prazdnin, ked je komunikécia zablo-
kovand turistami v dizke aj niekolko kilometrov. Doteraz sa na
tejto trase podarilo zrealizovat’ obchvat obce Farchant s dialnic-
nym tunelom ,,Farchant* (2390 m), ktory je zdroven najdlh$im
dvojrirovym tunelom Bavorska. Pre tisek okolo obce Oberau boli

INTRODUCTION
With the aim of easing the intense vehicular traffic in the
Oberau-Garmisch section, the planning of the construction of
the motorway section in the Loisach river valley between the
village of Eschenlohe and the Garmisch-Partenkirchen centre
commenced at the beginning of the 1980s. The traffic at the
end of the A95 motorway and the following section of the
national road begins to become busier especially during the
ski season on weekends and during holidays, when the road is
blocked by tourists even at the length of several kilometres.
So far a by-pass road around the village of Farchant (2390m)
was successfully realised on this route. This tunnel is at the
same time the longest twin-tube tunnel in Bavaria. Various
variants of the alignment were propo-

@
é‘\g

BA2: obchvat Oberau
BA2: Oberau by-pass road

L
B inkn’
a7~ | Eschenlohe (,

sed for the section around the village of
Q, Oberau. At the beginning of 2010, the
Upper Bavarian government adopted
the zoning and planning decision to
develop a 4.2km long by-pass road, for
the most part designed as an underg-
round working. The project came to the

=
7

: BA3: Eschenlohe — Oberau

=3 s tunelom Auerberg

; BA3: Eschenlohe — Oberau
with Auerberg tunnel

— .

BA1: obchvat Farchant s tunelom Farchant
v prevadzke od roku 2000 BA1: Farchant by-pass L
road with Farchant tunnel operated since 2000

fore with the candidacy of Munich and
Garmisch-Partenkirchen for winter
Olympic Games 2018. The preparation
work was accelerated so that it was
possible to open the section to traffic
exactly on the occasion of the opening
of the games in the autumn of 2018.
After the candidacy failure, the project,
for which prequalification invitations
had at that time been released, was sus-
pended. Independently of it, preparati-
on work on the rehabilitation of a for-
mer landfill of waste in the area of the

’-'““'-"* Saroreney Coeatf ~ . .
i 7 2 connection of the Oberau-Nord traffic
T & — - e ; artery commenced at the end of 2011.
s Sanuisch: = After the construction approval for
= Partenkirchen » # bp

- X the construction of the by-pass road

Obr. 1 B2, vystavba 4priidovej Stdtnej cesty, Eschenlohe — Garmisch-Partenkirchen
Fig. 1 B2, construction of 4-lane national road, Eschenlohe — Garmisch-Partenkirchen

was issued in 2014, the preparation
work on the tunnel commenced. The
preparation has been continuing since
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navrhnuté rdzne varianty trasy. Zaciatkom roka 2010 vlada horné-
ho Bavorska prijala tdzemné rozhodnutie vybudovat’ obchvat
v dlzke 4,2 km z vicSej Casti naprojektovany ako podzemné dielo.
S kandidatirou Mnichova a Garmisch-Partenkirchenu na zimné
olympijské hry 2018 sa projekt dostal do popredia a pripravné
prace sa urychlili, aby bolo mozné odovzdat’ dsek do uZivania
presne k otvoreniu hier na jesen 2018. Po netspe$nej kandidatire
bol uz v tom ¢ase vypisany projekt pozastaveny. Nezdvisle na tom
zacali koncom roka 2011 pripravné prace na sandcii byvalej sklad-
ky odpadu v oblasti napojenia dopravnej tepny Oberau-Nord.

Po tom, ako bolo v roku 2014 vydané stavebné povolenie na
vystavbu obchvatu, sa ndsledne zacalo s pripravnymi pracami na
tuneli. Tie prebiehaji uz od septembra 2015 a podla predbezného
odhadu bude vystavba trvat’ az do polovice roka 2020. Z hladiska
realizdcie obzvlast ndrocnu Cast’ predstavuje razenie v dseku cez
tdolie Giellenbach, kde tunel prechddza rozvolhenymi kamennymi
vrstvami kvartéru s minimidlnym nadloZim hribky 7 m. Pred-
pokladané ukoncenie vystavby a oficidlne otvorenie obchvatu
s budicim najdlh§im dvojrirovym tunelom Bavorska pripadd na
koniec roka 2021.

VSEOBECNE INFORMACIE

Statna cesta B2 s dizkou 845 km je najdlhSia a zdroven jedna
z najstarSich Statnych ciest Nemecka. Prechddza od Berlina, cez
Lipsko, Norimberg, Augsburg a Mnichov az po Mittenwald. JuZne
od Eschenlohe vytvara pokracovanie tam konciacej dialnice A95
od Mnichova do Garmisch-Partenkirchenu (obr. 1). V oblasti
Oberau sa pripdja k Stdtnej ceste B23, prichddzajicej od
Schongau. Dennd intenzita v tomto dseku predstavuje 26 000
vozidiel, maximd vikendovej premavky su eSte vyssie.

So Stvorpridovym obchvatom obce Oberau, spolocne so Stvor-
pridovym obchvatom Farchant a pldnovanym Stvorpridovym
obchvatom Eschenlohe vznikne hodnotné cestné spojenie od A95
do Garmisch-Partenkirchenu, ktoré zvysi bezpeCnost’ a odlahci
prejazd cez obec Oberau.

Obchvat dlhy 4,2 km sa zacina na severe napojenim na cestu
B23 po jej prekladke z obce.

Bezprostredne po pripojeni Oberau-Nord zaCina dvojrirovy
tunel Oberau dlzky takmer 3 km, ktory obchddza obec zo zapad-
nej strany.

Celkové ndklady na obchvat obce Oberau predstavuji 210 mil.
eur, z toho 140 mil. eur pripadd na tunel a obsluzné objekty. Na
vybavenie tunela je odhadovanych dal$ich 20 mil. eur.

Trasa prechadza cez chranend krajinni oblast, cez viaceré chra-
nené vtacie izemia a vodné nddrZe, sliZiace ako zdsobdrne pitnej
vody pre Mnichov — hlavné mesto spolkovej krajiny Bavorsko.
Vsetky tieto faktory sa museli pri planovani trasy zohladnit'a preto
nevyhovoval tunelovy obchvat vychodnou trasou cez chrdnené
tzemie Loisachtal ako mozna alternativa (obr. 2).

VYSTAVBA

Uz v priebehu roku 2011 za zacalo s pripravnymi pracami na
sandcii byvalej sklddky odpadu v mieste napojenia tseku Oberau-
Nord. Vystavba tunela prebieha od roku 2015 a ukoncenie sa plé-
nuje do konca roka 2020. Nasledne budi pokracovat’ prace na
technologickom vybaveni tunela. Paralelne s vystavbou tunela
bude prebiehat’ od roku 2018 vystavba obsluznych objektov na
severnom a juznom portéli a vystavba pripojok a mostnych tsekov
s napojenim na $tatnu cestu B2.

Celkové dokoncenie obchvatu obce Oberau je napldnované na
koniec roka 2021.

STAVEBNE DIELO — TUNEL

1.1 Zakladné udaje

Jadrom celého obchvatu je takmer 3 km dlhy dvojrirovy tunel
(obr. 3). Obe tunelové riry maji dva jazdné pruhy s obojstrannymi
ntidzovymi chodnikmi. Sirka vozovky medzi obrubnikmi je 7,5 m.

September 2015 and, according to a preliminary estimation,
the construction will last until the middle of 2020. From the
aspect of the realisation, an exceptionally difficult part is
represented by the tunnel excavation in the section crossing
the GieBlenbach valley, where the tunnel passes through loose
Quaternary stone layers under the minimal overburden only
7m thick. The completion of the construction and official ope-
ning of the by-pass road with the future longest twin-tube tun-
nel in Bavaria to traffic is expected at the end of 2021.

GENERAL INFORMATION

The B2 national road with its length of 845km is the lon-
gest and at the same time one of oldest national roads in
Germany. It runs from Berlin via Leipzig, Nuremberg,
Augsburg and Munich up to Mittenwald. South of
Eschenlohe it creates the continuation of the A95 motorway
from Munich to Garmisch-Partenkircen, ending at that place
(see Fig. 1). In the area of Oberau it links the B23 national
road coming from Schongau. The daily traffic flow volume in
this section amounts to 26,000 vehicles; maximums of wee-
kend traffic are even higher.

The development of the four-lane by-pass road around the
village of Oberau, together with the four-lane by-pass of
Farchant and the planned four-lane bypass of Eschenlohe will
give rise to a valuable road connection from the A95 to
Garmisch-Partenkirchen, which will increase safety and will
remove the burden of traffic through the village of Oberau.

The 4.2km long by-pass road begins in the north by conne-
cting to the B23 road after its relocation outside the village.

The nearly 3km long twin-tube Oberau tunnel begins imme-
diately after the Oberau-Nord connection. It bypasses the vil-
lage from the west.

The total cost of the Oberau village by-pass amounts to 210
million Euros; of this amount, 140 million Euros are attribu-
table to the tunnel and service structures. Additional 20 milli-
on Euros are estimated for the tunnel equipment.

The route passes across a protected landscape area, several
protected bird areas and water reservoirs used as sources of
drinking water for the capital of the federal state Bavaria,
Munich. All of these factors had to be taken into account in
planning of the alignment. This was the reason why the tunnel
by-bass following the advantageous route across the
Loisachtal protected landscape area was unsuitable as a pos-
sible alternative (see Fig. 2).

CONSTRUCTION

It was already in 2011 that preparation work on the rehabili-
tation of a former refuse dump in the location of the Oberau-
Nord section connection commenced. The tunnel construction
has been continuing since 2015 and the completion is planned
for the end of 2020. The work on the tunnel equipment will fol-
low. The construction of service structures at the northern and
southern portals and the construction of entry and exit slip
roads and bridge sections connecting to the B2 national road
will proceed in parallel with the tunnel construction from 2018.

The overall completion of the by-pass road around the vil-
lage of Oberau is planned for the end of 2021.

TUNNEL CONSTRUCTION WORK
1.1 Basic data

The core of the entire by-pass road is represented by the
nearly 3km long, twin-tube tunnel (see Fig. 3). Both tunnel
tubes contain two traffic lanes with emergency walkways on
both sides. The roadway kerb-to-kerb width is 7.5m. Slotted
drains on the shoulders are designed for safe evacuation of
flammable liquids. The distance between the centres of the
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Strbinové Zzlaby. Osovd vzdialenost’ tunelovych rir je v priemere
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seba vzdialené max. 300 m. Oproti prejazdnym tunelovym chod-
bam na portdlovych tsekoch sa nachddzaji nidzové zalivy. Vo
vzdialenosti max. 150 m od seba sa nachddzaji SOS vyklenky,
ktoré su integrované na vonkajsej strane tunelovej riry v sekundar-
nom osteni. Zrychlovacie a spomalovacie pruhy v mieste privadza-
¢a Oberau-Nord zasahuji 200 m do tunela a vyZadovali si rozsire-
nie profilu o 3,5 metra.

V Standardnom profile (obr. 4) razeného tseku su tunelové riry
vyhotovené v dvoch osteniach. Pod otvorenou klenbovou konst-
rukciou s vonkaj$im primdrnym ostenim z armovaného striekané-
ho beténu je vnitorné sekunddrne
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tunnel tubes is 40m on average. The tunnel tubes are inter-
connected by five cross passages for persons and five cross
passages for vehicles. They are spaced at 300m as the maxi-
mum. Emergency lay-bys are located at the mouths of the
cross passages passable for vehicles at the portal sections.
Emergency call niches are located at intervals of 150m as the
maximum. They are integrated in the secondary lining on the
outer side of the tunnel tube. The acceleration and decelerati-
on lanes in the location of the Oberau-Nord slip road reach
200m into the tunnel and required increasing the profile width
by 3.5 metre.

In the standard profile of the mined section, the tunnel tubes
are provided with two liners. Under the open vault structure

ostenie z prevazne prostého monolitic-
kého beténu.

V geologicky nepriaznivych tse-
koch je profil so spodnou klenbou, s
uzavretym hydroizola¢nym systémom
proti tlakovej vode posobiacej z horni-
nového masivu a sekundérne ostenie je
plne vystuZené. Betondz sekunddarneho
ostenia (hr. od 30 do 70 cm) sa realizu-
je pomocou debniaceho voza. Stan-
dardnd dlzka bloku je 10 m, v nidzo-
vych zélivoch 8 m. Hlbeny tsek sa tak-
tiez Ciastocne nachddza v oblasti s pod- l

juzny portal

zemnou vodou a je zhotoveny kon- southern portal

venéne z vodotesného betonu.

1.2 Geologické podmienky

Pre prieskum geologickych podmie-
nok boli pocas projektovania tunela
preskimané rozsiahle oblasti odkry-
vov. Hrani¢né podmienky tykajice sa

tunel Oberau (dl. 2910/2990 m)
Oberau tunnel (2910/2990m long)

<\_§§\

severny portal
northern portal

geoldgie a hydroldgie st velmi odlisné.
Juzna a severnd Cast’ tunela je
z velkej Casti v madlo priepustnej

Obr. 3 Clenenie tunela
Fig. 3 Tunnel division
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Strbinovy odvodriovaci Zlab,
beténovy prefabrikat C30/37
slotted drainage trough, pre-
cast concrete C30/37

boéné tunelova drenaz
DN300
tunnel lateral drainage
DN300

oot

fire pipeline DN150 | 0.7 L0,6N

poziarny vodovod DN150

vypliiovy betén C16/20

L0, RS |
infill concrete C16/20

Cerpacie potrubie DN80
pumping pipeline DN80

primarne ostenie, striekany betén C35/30,
vystuzené D=10-25 cm

primary lining, shotcrete C35/30, reinforced
THK=10-25cm

hydroizolatny pas 2 mm na ochrannej vrstve
waterproofing membrane sheet 2mm

drendzne zberné potrubie DN400 drainage collecting pipeline DN400

zberné potrubie vozovky DN400 roadway drainage pipeline DN400

on protective layer

sekundarne ostenie betén C30/37,
vystuZené/nevystuzené D=30/35 cm
tunnel final lining C30/37,
reinforced/non-reinforced THK=30/35cm

chodnik, Zelezobetén C25/30, b=1 m
walkway, reinforced concrete C25/30, 1m wide

betdnova vrstva 26 cm
concrete layer 26cm thick
asfalt 10 cm
asphalt 10cm thick

| protindmrazova vrstva > 34 cm
frost protection layer > 34cm

Obr. 4 Vzorovy priecny rez tunela
Fig. 4 Typical tunnel cross-section

pevnej hornine (vdpenec a dolomit), v tzv. Raiblerovych vrstvach
a v hlavnych vrstviach dolomitu do 75 m pod prirodzenou hladinou
spodnej vody. V tychto oblastiach je tunel prekryty az 120 m vrst-
vou nadlozia (obr. 5).

V strednej Casti prechddza tunel pod oblastou s minimalnym prek-
rytim len 7 m. NadloZie v tomto tseku je tvorené rozvolnenymi
kamennymi vrstvami (Strkom) tdolia Gieflenbach. Pre zarazenie
portalovych Casti a hiben}’/ch usekov bolo v prvom rade nevyhnutné

with the external primary lining from reinforced shotcrete, the
inner secondary lining is mostly from unreinforced cast-in-
situ concrete.

In geologically unfavourable conditions, the secondary
lining in the fully reinforced closed profile is provided with
a closed waterproofing system protecting against high-pres-
sure water acting from the ground massif. The 30 to 70cm
thick secondary lining concrete is cast behind travelling
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Obr. 5 Geologicky pozdizny rez
Fig. 5 Geological longitudinal section




Obr. 6 Raziace prdce v oblasti Giefienbach (delené otvdranie celby)
Fig. 6 Tunnel excavation operations in the Gieflenbach area (sequential
excavation)

zabezpeCit zaistenie svahov. Komplikované zaistenie z dovodu roz-
volhenych hornin oddialilo zaciatok raziacich prac. DoleZitym fak-
torom, ktory neocakdvane skomplikoval priebeh raziacich préc,
bolo zistenie pritomnosti chemického prvku tdlium v hornine.
VytaZend hornina sa musela separovat'na sklddke a laborat6rne sa
skiimal obsah uvedeného prvku, ¢o vyznamne ovplyvnilo postup
raziacich pric a vyZiadalo si zvySené ndklady na odvoz a separd-
ciu vhodnych skladok.

1.3 Razenie tunela

Razenie tunela v oblasti kompaktného horninového masivu
prebieha vrtno-trhacimi pracami. V oblasti tvorenej rozvolneny-
mi kamennymi vrstvami sa pouZiva mechanicky sposob rozpo-
jovania horniny strojnymi zariadeniami (napr. tunelovy bager).
Docasné zaistenie vylomu prebieha za pomoci kotiev, ihiel, oblu-
kovej vystuZe, sietoviny a striekaného betonu podla Novej rakis-
kej tunelovacej metédy (NRTM). V prvom pracovnom postupe
sa realizuje vyrub hornej Casti profilu v kalote (obr. 6). Nasledne
prebieha vylom strednej Casti a spodnej Casti profilu.

Dlzka zaberu je zavisla od geologickych podmienok a velkosti
profilu, pohybuje sa v rozmedzi 1,0 az 4,4 metra. So Styrmi zdber-
mi pri razeni v Standardnom profile je mozné docielit’ priemernd
rychlost’denného postupu 10 m. Nahromadend voda z horninové-
ho masivu musi byt az do realizdcie sekunddrneho ostenia provi-
z6érne odklonend hlavne v oblasti rozvolhenych horninovych vrs-
tiev v udoli Giellenbach, kde je neustdle vysoky pritok vody.

1.4 Razenie v oblasti GieBenbach

Asi najvicSie ndroky na razenie boli pocas vystavby na prib-
lizne 600 m useku cez rozvolnené kamenné vrstvy v uddoli
Gieflenbach. V aluvidlnych ddolnych ndnosoch a v natesno ulo-
Zenych Strkovych vrstvdch bolo k zaisteniu stability nevyhnutné
pouZitie dodato¢nych vystrojovacich prvkov — viacvrstvého ihlo-
vého ddZdnika s dlZzkou 8 m so zaistenim Celby kotvami (obr. 7).
V najhorsich geologickych podmienkach (oblast'razenia v oblas-
ti Gieenbach) bolo hlavnym predpokladom uzatvéranie celého
profilu vyrubu s realizdciou docasného ostenia (,,docasnd
vypli*), ktoré sa potom odstrafiovali v dal§ich krokoch vystavby
(pri razeni Strosse). Do¢asnd vypln tzv. ,,Protiklenba kaloty* — sa
vyuZzivala na spomalenie deformécii ¢iastkového vyrubu (kalo-
ty). PouZitie doCasnej protiklenby (aj tzv. dno kaloty) bolo zai-
stené striekanym beténom o hribke 30 cm a jednou vrstvou sie-
tovej vystuze.

Dodato¢ne bolo z dovodu zamedzenia neZiaduceho poklesu
nadloZia v niektorych dsekoch potrebné rozdelenie Celby na pilot-
nd stropnd $tolnu, razend v predstihu a za nou nasledujiicimi
postrannymi kalotami. V obzvlast' naro¢nych geologickych podmi-
enkach (napr. vo vrstvdch rie¢neho Strku) boli potrebné dodatocné
opatrenia, ako napriklad spevnenie predpolia injektdZou, alebo
delend otvédrka celby. Okrem obmedzujicich podmienok pocas
razenia v ddoli Gielenbach mo6ze hladina spodnej vody, ktord sa
nachddza pod troviiou dna tunela, pocas vydatnych dazdov neoca-
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tunnel formwork. The standard block length is 10m, in
emergency lay-bys the blocks are 8m long. The cut-and-
cover tunnel section is also partially located in an area
with ground water and is carried out conventionally from
water resistant concrete.
1.2 Geological conditions

Large areas of outcrops were investigated during the work
on the tunnel design for the purpose of surveying the geologi-
cal conditions. The boundary conditions regarding geology
and hydrology are very different.

The southern and northern parts of the tunnel are largely
from little permeable solid rock (limestone and dolomite), in
the so-called Raibler formation and in the main dolomite stra-
ta, down to the depth of 75m under the natural groundwater
table. In these areas the tunnel is covered by up to 120m thick
overburden (see Fig. 5).

In the central part, the tunnel passes under an area with the
minimum overburden thickness of only 7 metres. The over-
burden in this section is formed by loose stone layers (gravel)
of the GieBlenbach valley. For commencing the excavation of
the portal parts and cut-and cover sections it was first of all
necessary to stabilise the slopes. The complicated work on the
stabilisation due to the loose rock delayed the beginning of the
tunnel excavation. The detection of the presence of the che-
mical element thallium in the ground was an important factor
unexpectedly complicating the course of the tunnel excavati-
on. The excavated ground had to be separated on a stockpile
and the content of the element had to be examined in a labo-
ratory. It significantly affected the tunnel excavation rate and
even required increased cost of the removal and separation on
suitable stockpiles.

1.3 Tunnel excavation

The tunnel in the area of compact rock mass is driven using
the drill-and-blast technique. The mechanical disintegration
method using mechanical equipment (e.g. a tunnel excavator)
is used in the area formed by loose stone layers. The tempora-
ry excavation support is provided by anchors, spiles, lattice
arches, welded mesh and shotcrete according to the New
Austrian Tunnelling Method (NATM). In the first working
phase, the upper part of the excavation, the top heading, is car-
ried out (see Fig. 6). The core and bottom excavation follows.

The excavation advance length depends on geological con-
ditions and the dimensions of the profile. It varies between 1.0
and 4.4 metres. With four rounds of excavation in the standard
profile it is possible to achieve the average daily rate of 10m.
Accumulated water from the ground massif has to be diverted
until the completion of the secondary lining, first of all in the
area of loose ground strata in the GieBenbach valley, where
the water inflow rate is permanently high. .

1.4 Tunnel excavation in the GieBenbach area

Probably the greatest demands for the tunnel excavation had
to be coped with during the construction of a 600m long sec-
tion across the loose stone layer in the Gielenbach valley. In
the river valley alluvial deposits and in the tightly deposited
gravel layers it was necessary to apply additional support ele-
ments to ensure excavation stability — an 8m long multi-layer
spiling umbrella and anchors stabilising the excavation face
(see Fig. 7). In the worst geological conditions (the tunnel
excavation in the Gieenbach area), the main assumption was
that the whole profile was closed and the temporary lining was
installed. The lining was subsequently removed (during the
excavation of the bench). The temporary lining, the so-called
“top heading invert” was used for reducing the rate of defor-
mations of the partial excavation. The temporary invert (the so
called bottom) was stabilised by a 30cm thick layer of shotc-
rete and one layer of welded mesh.
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Obr. 7 Postup razenia v oblasti Giefienbach (8 m ddZdnik — Tubespile R51)

Fig. 7 Tunnel excavation procedure in the Giefienbach area (8m long umbrella — Tubespile R51)

kédvane stdpnut’az o niekolko metrov po tdroven kaloty. Pre zabez-
pecenie stavby proti zaplaveniu, pripadne zabrdneniu nekontrolo-
vatelného pritoku cez ¢elbu sa podnikli rozsiahle opatrenia v oblas-
ti vodného hospodarstva, napr. z povrchu vitané 45 m hlboké stud-
ne. Cerpacie zariadenie je nadimenzované na vykon Cerpania az
3000 I/s. Prevddzka zariadenia na Cerpanie vody prebieha na zdkla-
de vyhodnotenia merani z monitorovacich zariadeni. Ako recipient
sliZi pocas razenia krizujici potok GieBenbach.

Tunel prechddza v dlzke 300 m popod obytné a prevadzkové
budovy a obecnu infrastruktiru (cesty, inZinierske siete). Na
zdklade velmi nizkeho nadloZia tunela sa predpokladd sadanie
terénu s hodnotami aZ 5 cm. Na zabrdnenie Skoddm je pldnova-
né vyrovnavacie zdvihanie budov, pri ktorom sa zo Siestich
Sachiet, rozmiestnenych medzi stropom klenby tunela a zdklad-
mi budovy, navftaji polia vejarovitého tvaru. V nich si osadené
manzetové riry, cez ktoré sa v odstupnovanych krokoch, v zavis-
losti od postupu razenia, injektuje horninové prostredie cemen-
tovou suspenziou postupu (obr. 8, 9, 10). Tato velmi komplexna
technoldgia prebieha za pomoci zabudovanych inklinometrov
a merani sadania terénu a objektov. Prostrednictvom injektdZe

It was additionally necessary for preventing undesirable sett-
lement in some sections to divide the excavation face into
a pilot crown drift driven in advance and the following top hea-
ding side-wall drifts. Additional measures, for example
strengthening the face-advance core by grouting or sequential
excavation of the face, were required in especially difficult
geological conditions. Apart from the restricting conditions
during the tunnel excavation in the Gieflenbach valley, the
water table located under the tunnel bottom level may unex-
pectedly rise even several metres up to the top heading level.
Extensive measures from the field of water management, for
example 45m deep wells bored from the surface, were imple-
mented with the aim of securing the construction against inun-
dation or preventing uncontrollable inflow through the excava-
tion face. The pumping equipment is designed for the pumping
rate up to 3000L/s. The operation of the water pumping equip-
ment depends on the assessment of measurements provided by
the monitoring sensors. The route crossing the Giellenbach
brook is used as the recipient during the excavation.
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Obr. 8 Schéma Sdcht pre kompenzacnii injektaZ
Fig. 8 Layout of shafts for compensation grouting




Obr. 11 Zastavané iizemie Giefienbach nad tunelom (Firma Langmatz —
injektdzne Sachty a odvodriovacie potrubie)

Fig. 11 Developed Giefienbach area above the tunnel (Langmatz company —
shafts for injecting grout and a drainage pipeline)

cementovou suspenziou sa dosiahlo zdvihnutie podtunelovaného
objektu (vyrobnej haly firmy Langmatz — obr. 11) az 0 3,5 cm pri
pouZiti viac ako 2 000 000 litrov suspenzie.

ZAVER

_ Realizdciou obchvatu Oberau sa dopravné podmienky na
Stitnej ceste B2 v Loisachtal medzi obcami Eschenlohe
a Garmisch-Partenkirchen vyrazne zlepSia. Nosnym objektom
tohto 4,2 km dlhého tseku v cene 210 mil. eur je tunel Oberau,
ktory po dokonceni svojou dlzkou takmer 3 km nahradi tunel
Farchant na pozicii najdlhSieho cestného tunela v Bavorsku.
Dokoncenie obchvatu a jeho odovzdanie do prevadzky je napla-
nované na koniec roka 2021.

Ing. IGOR SCHNIERER, igor.schnierer@tucon.sk,
TuCon, a. s.

Recenzovali Reviewed: Ing. Sonia Masarovicovd,
Ing. Jozef Frankovsky
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Obr. 10 Realizdcia injektdZnych prdc v oblasti Giefenbach ( hibené Sachty
a vitanie injektdznych vrtov)

Fig. 10 Realisation of grouting in the Giefenbach area (sunk shafts and dril-
ling of grouting holes)

The tunnel runs at the length of 300m under residential and
operational buildings and general infrastructure (roads, utility
networks). With respect to the very low overburden, the sur-
face settlement is expected to reach up to Scm. Compensating
lifting of buildings is planned for preventing damage. Fan-
shaped fields of boreholes will be carried out from six shafts
distributed between the tunnel vaulted roof and foundations of
buildings. Tube-a-manchettes are inserted in the boreholes
and cement suspension is injected through them into the
ground environment in graded steps, depending on the tunnel
excavation advance (see Figures 8, 9, 10). This highly com-
plex technology is implemented with the help of inclinometers
installed in the ground and surveying the terrain and buil-
dings. Lifting of a structure crossed under by the tunnel
(Langmatz company’s production shop — see Fig. 11) by up to
3.5cm was managed by injecting over 2,000,000 litres of
cement suspension grout.

CONCLUSION

The traffic conditions on the B2 national road in Loisachtal
between the village of Eschenlohe and the Garmisch-
Partenkirchen centre will be significantly improved by the
realisation of the Oberau by-pass road. The Oberau tunnel is
the main structure of this 4.2km long section with the cost of
210 million Euros. After its completion this nearly 3km long
tunnel will replace the Farchant tunnel in the position of the
longest road tunnel in Bavaria. The completion of the by-pass
road and opening it to traffic is planned for the end of 2021.

Ing. IGOR SCHNIERER, igor.schnierer@tucon.sk,
TuCon, a. s.

[1] BREITKOPF, M. Tunneldurchbruch Oberau ist geschafft [online]. 2017 [cit. 21.11.2017]. Dostupné na internete
<https://www.br.de/nachrichten/oberbayern/inhalt/tunneldurchbruch-oberau-steht-unmittelbar-bevor-100.html>

[2] BRINKMANN, T. Tunnel Oberau: Das Bier zum Durchbruch zahlt Dobrindt [online]. 2017 [cit. 20.11.2017].
Dostupné na internete <https://www.merkur.de/lokales/garmisch-partenkirchen/oberau-ort60590/tunnel-oberau-bier-

zum-durchbruch-zahlt-alexander-dobrindt-8796915 .html>

[3] JAZBEC, A. Tunnel Oberau "B2 neu, Sprengung!" [online]. 2017 [cit. 20.11.2017]. Dostupné na internete
<https://www kreisbote.de/lokales/garmisch-partenkirchen/tunnel-oberau-neu-sprengung-8461829.html>
[4] Projektova dokumentacia k stavbe ,,Statna cesta Bundesstrale 2 (B2) Miinchen — Garmisch-Partenkirchen, obchvat

obce Oberau, Tunel Oberau*, Nemecko




27. rocnik - €. 172018

PROJEKT VYSTAVBY CESTNEHO TUNELA ROSENSTEIN, NEMECKO
ROSENSTEIN ROAD TUNNEL CONSTRUCTION PROJECT IN GERMANY

LUBOS PODOLEC

ABSTRAKT

V prispevku je predstavend vystavba dvojrirového cestného tunela v centrdlnej casti Stuttgartu, hlavného mesta nemeckej
spolkovej krajiny Bddensko-Wiirttembersko. Potreba vystavby projektu vznikla 7 dévodu zloZitej dopravnej situdcie.

ABSTRACT

This paper introduces the construction of a double-tube road tunnel in the central part of Stuttgart, the capital of the
Baden-Wiirttemberg federal state of Germany. The need for the project development originated because of a complicated

traffic situation.

ovop

V meste Stuttgart, v ktorom Zije 630 tis. obyvatelov, (v admi-
nistrativnej oblasti Stuttgart Zije 2,7 mil. obyvatelov a v celej
metropolitnej oblasti Stuttgart az 5,4 mil obyvatelov), je vyso-
ko rozvinutd priemyselnd infraStruktdra. Svoje vyrobné zdvody
tu maju spolocnosti, ako si Daimler AG (Mercedes Benz),
Porsche, Bosch, Hewlett-Packard, IBM a mnohé daliie, ¢omu
zodpovedd aj stupen automobilovej premdvky. Podla spolo¢-
nosti TomTom (svetovy vyrobca autonavigicii) v Ziadnom
inom nemeckom meste nestoja Iudia v dopravnych zdpchach
tak Casto a tak dlho ako v Stuttgarte. Niekolkokilometrové
dopravné kolény st na dennom poriadku. V roku 2015 v nich
stravili vodici v tomto meste priemerne 73 hodin. V celoeurép-
skom porovnani indexu dopravnych zdpch sa Stuttgart spolu
s Rimom nachddzajd na 5. mieste a medzi nemeckymi mestami
prave Stuttgart so svojim indexom 29 % jednoznacne vedie.

Mesto Stuttgart rozhodlo rie§it’ nednosnid dopravnu situdciu
v jednom z kritickych miest na cestdch B10 a B14 v blizkosti
zoologickej zdhrady Wilhelma, kde hustd kazdodennd premav-
ka a vysoky pocet navstevnikov ZOO (obr. 1) mnohokrat tplne
zablokovali frekventovanu cestu B10/14 na Neckartalstra3e.
Vybudovanim nového tunela Rosenstein, ktory obide krizovat-
ku ulic Pragstrae a Neckartalstrae, dojde k vyraznému odlah-
Ceniu dopravy.

Obr. 1 KaZdodennd dopravnd situdcia na mieste vystavby projektu — ulica
Neckartalstrafe

Fig. 1 Daily traffic situation on the project construction site — Nec-
kartalstrafle street

INTRODUCTION

A highly developed industrial infrastructure exists in the
city of Stuttgart with a population of 630 thousand (a popula-
tion of 2.7 million living in the Stuttgart administrative regi-
on and up to 5.4 million in the whole Stuttgart metropolitan
region). Companies, such as for example Daimler AG
(Mercedes Benz), Porsche, Bosch, Hewlett-Packard, IBM and
many others, have got their manufacturing plants in the city
and the degree of vehicular traffic corresponds to this fact.
According to TomTom company, a global producer of car
navigation technology, in no other German city do people get
stuck in traffic jams so often and long as in Stuttgart. Several
kilometres long traffic columns are on a daily occurrence. In
2015, drivers spent 73 hours on average in traffic jams. In
a Europe-wide comparison, Stuttgart and Rome rank 5th and
among German cities it is Stuttgart that clearly leads with its
index of 29%.

The City of Stuttgart decided to solve the unbearable traffic
situation in one of critical places on the B10 and B14 roads in
the vicinity of Wilhelma ZOO, where the high-density daily
traffic flow and the high number of the ZOO visitors (see Fig. 1)
have many times completely blocked the busy road B10/14 on
NeckartalstraBle street. By constructing the new tunnel,
Rosenstein, which will bypass the intersection between
Pragstrale and Neckartalstraf3e streets, the traffic flow will be
significantly reduced.

BASIC PROJECT DATA

Projectowner ...................... City of Stuttgart
Total length . ...... ... ... ... . . . ... ... . ... 2x1300m
Cut-and-cover part length .. ................... 550m
Mined partlength .. .... ... .. ... ... . ... 750m
Volume of excavation in the mined part . . ... .. 175,000m?
Volume of excavation

in the cut-and-cover part . ................ ca 130,000m?
Volume of shotcrete . ...................... 35,000m*
Surface area of newroads ................ ca 50,300m>
Surface area of new pavements ............. ca 1,800m*

Construction time . ....................... ca 6 years
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Obr. 2 Situdcia projektu tunela Rosenstein
Fig. 2 Layout of Rosenstein tunnel project

ZAKLADNE UDAJE O PROJEKTE

Investor . .......... ... i mesto Stuttgart
Celkovadlzka ............................ 2x1300 m
Dlzka hlbenej Casti .. ......... ... ... ... 550 m
Dlzka Casti razenej banskym sposobom ........... 750 m
Objem vytaZzenej horniny razenej Casti . . . . . cca 175 000 m*
Objem vytaZenej horniny hlbenej asti . ...cca 130 000 m’
Objem striekaného beténu . .............. cca 35 000 m’
Plocha novychciest .................... cca 50 300 m*
Plocha novych chodnikov . ......... ... .. cca 1 800 m*
Doba vystavby ........ ... ... . cca 6 rokov

CHARAKTERISTIKA PROJEKTU

Celému projektu predchddzal v rokoch 2007-2010 intenzivny
prieskum na odhalenie nevybuchnutej municie, pretoZe miesto
vystavby sa nachadza na tzemi bombardovanom spojencami
pocas 2. svetovej vojny. Prieskum uskuto¢nila spolo¢nost
KMBD (Kampfmittelbeseitigungsdienst Baden-Wiirtemberg),
ktorej sa podarilo v priestoroch parku Rosenstein v smere trasy
budiceho tunela odhalit’a zneskodnit' desiatky trhavych a fosfo-
rovych — termitovych zdpalnych bomb.

Tunel Rosenstein je dvojrirovy cestny tunel, ktory pre-
chddza z vicSej Casti pod parkom Rosenstein a z menSej Casti
popod zoologicki zdhradu Wilhelma a bude slizit ako
dopravné prepojenie medzi mestskymi cCastami Stuttgart-
Zufenhausen a Stuttgart-Ost s napojenim na minerdlne kupe-
le Leuze (obr. 2).

Z ddvodu obmedzeného priestoru na zariadenie staveniska sa
muselo pristipit ku vyrazeniu 40 m dlhej pristupovej §tdlne
(obr. 3) z autobusového parkoviska ZOO Wilhelma. Nésledne
sa z tejto pristupovej $tdlne vyrazila kalotovd cast' juznej
a severnej tunelovej rudry, najskér smerom ku ulici
NeckartalstraBe/a ndsledne smerom ku ulici Pragstrafle (obr. 4,
5, 6) Celkova dlzka tunela je 1300 m, z ¢oho 750 m bolo raze-
nych banskym spdsobom. V pozdlznom smere od zdpadu na
vychod m4 tunel sklon +4 %. Definitivny profil tunela m4 Sirku
10,38 m a vysku 9,42 m. Vyrubové plocha m4 velkost' 110 m?2,

PROJECT CHARACTERISTICS

The work on the entire project was preceded in 2007-2010
by an intense survey project to locate unexploded ammunition
because the location of the construction lies in an area bom-
bed by the allies during World War II. The survey was carri-
ed out by the company of KMBD (Kampfmittelbe-
seitigungsdienst Baden-Wiirtemberg), which managed to find
and defuse tens of explosive bombs and white phosphorus —
termite incendiary bombs in the area of Rosenstein Park, in
the direction of the route of the future tunnel.

The Rosenstein is a double-tube road tunnel with the major part
running under the Rosenstein Park and a smaller part under the
Wilhelma zoological park. It will provide traffic link between the
Stuttgart-Zufenhausen and Stuttgart-Ost urban districts, with
a connection to the Leuze mineral baths (see Fig. 2).

= et . By - i3 T et
Obr. 3 Celkovd stiesnend plocha zariadenia staveniska s portdlom pristupovej
Stolne na byvalom autobusovom parkovisku ZOO Wilhelma

Fig. 3 The overall confined area of the construction site facilities with the
portal of the access tunnel on the former ZOO Wilhelma bus parking lot
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Obr. 4 Zacatie razenia pristupovej §tolne
Fig. 4 The beginning of driving the access tunnel

v mieste nidzového zdlivu 145 m2. Obe tunelové riry sd vzd-
jomne spojené Styrmi Unikovymi chodbami vo vzdialenosti
priblizne 165 m od seba. Unikove chodby €. 1, 3 a 4 st uréné
vyhradne pre evakudciu oséb. Unikové chodba &. 2, ktord sa
nachddza medzi nidzovymi zdlivmi, je urend taktieZ pre pre-
jazd vozidiel zachrannych zloziek. Dva 55 m dlhé nddzové
zalivy sa nachddzaju priblizne v strede tunela. Primédrne oste-
nie tunela je zo striekaného beténu a definitivne ostenie zo
Zelezobeténu. V tuneli, priblizne s odstupom 150 m, sa
nachddza celkovo 12 poZiarnych vyklenkov a 12 vyklenkov
pre SOS volania. Dalej sa v tuneli nachadzaji 3 vyklenky pre
obsluhu ventildtorov a 4 vyklenky so svetelnou signalizaciou.
V staniceni od km 0+543.,959 po km 0+650,500 (juzna tunelo-
va rdra) a od km 0+552,019 po km 0+647,600 (severnd tune-
lovd rdra) sa nachddza v tuneli 16 vyklenkov pre geotermdlnu
technoldgiu urcent na vykurovanie, alebo chladenie priesto-
rov so zvieratami v zoologickej zdhrade Wilhelma, ¢im by sa
malo ro¢ne uSetrit’ viac ako 200 ton CO,. Na zlepsSenie odve-
denia pouzitého vzduchu sa vo vicSej Casti tunela vybuduje
Zelezobeténovy medzistrop, ktory je napojeny na ventilatoro-
v vetraciu Sachtu, ktord je umiestnend v technickp-riadiacom
centre na ulici Pragstrale. Tunel sa nachddza v hlbke od 6 m
do 20 m pod povrchom. Sticastou projektu je aj naro¢nd pre-
klddka elektrickovych trati, vystavba novej elektrickovej
zastavky priamo pred ZOO Wilhelma, preklddka ciest
B10/B14, demontdZ dreveného mosta ponad rieku Neckar,
vystavba novych ciest a chodnikov, vystavba do¢asného auto-
busového parkoviska a preklddka kanalizécii.

GEOLOGICKE PODMIENKY

Cely tunel sa nachddza v triasovych horninovych formdacidch
vapencov, ilov, flovcov, pieskovcov a bridlic s velmi nizkou
pevnostou. Zo strany ulice Pragstrafie sa cca od tm 650 objavi-
la formdcia nestabilnych hornin s obsahom sddrovca, ¢o malo
zna¢ny dopad na vrtné price s pouZzitim vodného vyplachu.
Hribka nadloZia 5-6 m zo strany ulice Pragstrale predstavo-
vala zvysené riziko raziacich prac s ohladom na hroziaci zaval.
Priblizne na stanieni tm O aZ tm 400 zo strany ulice
Neckartalstrale sa nachddzali v oblasti po¢vy a lavice silno
zvodnené horniny tzv. Bochinger horizont a porézne vdpence
(Zellenkalke), ktoré boli tiez znac¢ne rizikové pre raziace prace.
Z tohto ddvodu bolo nevyhnutné vodonosné horninové vrstvy
v predstihu utesnit’ cemento-bentonitovou injektdZou (obr. 7, 8),
aby sa zamedzilo priesakom vody do tunela.

Konvergencie nadloZia pocas razenia kaloty dosahovali v pri-
emere hodnoty 1 aZz 3 cm. Tieto hodnoty sa po ndslednom vyra-
zeni lavice navysili na vyslednych 4 az 5 cm.

Tunel sa nachddza v ochrannej zéne lie¢ivych pramenov
Stuttgart-Bad Cannstatt a Stuttgart-Berg, preto bolo potrebné

Obr. 5 Otvdranie kaloty severnej tunelovej riry p
CAT 328D

Fig. 5 Opening the excavation of the northern tunnel tube top heading using
CAT 328D tunnel excavator

ou tunelového bdgra

With respect to the limited space available for construction
site facilities, it was necessary to proceed to driving a 40m
long access tunnel (see Fig. 3) starting at the Wilhelma ZOO
bus parking. The top heading parts of the southern and nort-
hern tunnel tubes were subsequently excavated from the
access tunnel, first in the direction of Neckartalstral3e street
and then in the direction of Pragstrafle street (see Figures 4, 5,
6). The total tunnel length amounts to 1300m, of which the
length of 750m was driven by mining methods. The west-east
longitudinal gradient of the tunnel is +4%. The final tunnel
cross-section is 10.38m wide and 9.42m high. The excavated
cross-sectional area amounts to 110m2, at the emergency lay-
by to 145m?. The two tunnel tubes are interconnected by four
escape cross passages spaced approximately at 165m. Escape
cross passages No. 1, 3 and 4 are intended solely for the eva-
cuation of persons. Escape passage No. 2, which is located
between the emergency lay-bys, is in addition designed for
the passage of vehicles of rescue units. Two 55m long emer-
gency lay-bys are located approximately in the middle of the
tunnel. The primary lining of the tunnel is from sprayed conc-
rete and the final lining is from reinforced concrete. There are
in total 12 fire equipment recesses and 12 SOS niches in the
tunnel, approximately at intervals of 150m. In addition, 3
recesses for operators of fans and 4 niches for traffic light sig-
nals are in the tunnel. There are 16 recesses for geothermal
equipment at chainage from km 04543.959 to km 0+650.500

Obr. 6 VystuZovanie prieniku severnej tunelovej riry s pristupovou §télriou
Fig. 6 Installation of concrete reinforcement at the intersection between the

northern tunnel tube and the access tunnel
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venovat’ problematike utesnenia zvySenu pozornost. TaktieZ
bolo nevyhnutné zamedzit poCas razenia tunela akémukolvek
prenikaniu ropnych ldtok do podzemnej vody, ktord bola vyuZi-
vand priamo v zoologickej zdhrade Wilhelma a jej kontamina-
cia by mala katastrofdlne ndsledky pre faunu a fléru zoologic-
kej zahrady.

PROCES VYSTAVBY

Z dovodu obmedzenych priestorovych pomerov sa pristipi-
lo k vystavbe tunela Rosenstein aZ po vyrazeni cca 40 m dlhej
pristupovej §tdlne. Tunel sa razil metédou NRTM, ktord cie-
lene a vedome vyuZiva nosné vlastnosti horninového masivu
s cielom optimalizovat proces razenia a zabezpecenia vyrubu
a minimalizovat's tym spojené ekonomické naklady (obr. 9).

Vzhladom na geologicku Struktiru horninového masivu,
v ktorom sa tunel razil (horniny s nizkou pevnostou), sa na raze-
nie pouZil tunelovy bager CAT 328 D. Odtazba z tunela na med-
ziskladku v priestoroch staveniska sa realizovala pomocou nakla-
dacov Toro 501 D, Liebherr 566 a CAT 966 K. Z dovodu nizkej
kapacity medziskladky boli kladené zvySené naroky na logisti-

ku odtazby pomocou ndkladnych dut, ktoré museli zvladnut’

hustd premavku v Stuttgarte. Po rozpojeni horniny a jej odtaze-
ni nasledovala faza zabezpecenia stability vyrubu konstrukciou
zo striekaného beténu, zvaranych sieti Q257A/Q335A a prie-
hradovych nosnikov (obr. 10). Vyrub bol zaisteny ochrannym
dazdnikom s 4 m dlhymi IBO ihlami typu R32 L alebo nardza-
nymi 4 m dlhymi ocelfovymi ihlami @ 36 mm. Na radidlne kot-
venie vyrubu sa pouzili IBO svorniky typu R32 L o dizke 4 m.
V oblasti prechodu tunela popod ZOO Wilhelma sa na zaistenie
vylomu pouzival ochranny dazdnik z ocelovych mikropil6t
diiky 15 m, @ 11430 mm a @ 139,70 mm. Na vitanie ihiel,
kotiev a mikropil6tového ddzdnika sa pouzival dvojlafetovy
vrtny voz Atlas-Copco E2C (tab. 1).

Proces razenia tunela Rosenstein prebehol v obdobi marec
2015 az april 2017.

Obr. 8 Geologickd stavba juznej tunelovej riiry — kalota
Fig. 8 Geologic structure along the southern tunnel tube — top heading

(the southern tunnel tube) and from km 0+552.019 to km
0+647.600 (the northern tunnel tube) in the tunnel. The equ-
ipment is designed for heating or cooling of rooms for animals
in the Wilhelma zoological garden. This system should annu-
ally save over 200 tonnes of CO,. A reinforced concrete inter-
mediate deck connected to the ventilation shaft equipped with
fans will be built in a major part of the tunnel for enhancing
the evacuation of the polluted air. The shaft is located in the
technical-management centre in Pragstrae street. The tunnel
lies at the depth ranging from 6m to 20m under the terrain sur-
face. The project in addition comprises the exacting relocati-
on of tramway tracks, construction of a new tramway stop
directly in front of ZOO Wilhelma, relocation of the B10/B14
roads, dismantling of a wooden bridge over the river Neckar,
construction of new roads and pavements, construction of
a temporary bus parking and relocation of sewers.

GEOLOGIC CONDITIONS

The whole tunnel is located in Triassic ground formations
formed by limestone, clay, mudstone, sandstone and very low
strength shale. A formation of instable ground types with con-
tent of gypsum appeared from the side of Pragstrafie street,
approximately from the tunnel chainage m 650. This fact sig-
nificantly affected the drilling operations using flushing with
water. The overburden thickness of 5-6m from the side of
Pragstralle street posed an increased risk to the tunnel exca-
vation operations with respect to the danger of the excavation
collapse. Heavily water-bearing ground, the so-called
Bochinger horizon, and porous limestone (Zellenkalke) were
located in the area of the bottom and bench approximately at
tunnel chainage m 0-400 from the side of Neckartalstrafie
street. They were also significantly dangerous for the tunnel
excavation operations. It was for that reason necessary to seal
the water-bearing ground layers in advance by cement-bento-
nite grouting (see Figures 7, 8), so that the seeping of water
into the tunnel was prevented.

The overburden convergence values during the course of
the top heading excavation reached 1 to 3cm on average.
These values increased after the subsequent excavation of the
bench to final 4 to Scm.

The tunnel is located within the protected zone of Stuttgart-
Bad Cannstatt and Stuttgart-Berg healing springs. For that
reason the problem of sealing required increased attention. It
was in addition necessary to prevent the penetration of petro-
leum substances into ground water, which was used directly in
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Obr. 9 Vzorovy priecny rez tunelovej riry
Fig. 9 Typical cross-section through the tunnel tube

Obr. 10 Juznd tunelovd rira — zaistovanie vyrubu obliikovym priehradovym
nosnikom

Fig. 10 Southern tunnel tube — excavation support using an arched lattice
girder

the Wilhelma zoological garden. Its contamination would
have had catastrophic consequences for the fauna and flora of
the zoological garden.

CONSTRUCTION PROCESS

Because of limited space conditions, the Rosenstein tunnel
excavation commenced only after the excavation of a 40m
long access tunnel had been finished. The Rosenstein tunnel
was driven using the NATM, which purposefully and wilfully
utilises the load-bearing properties of rock mass with the
objective to optimise the excavation process and the excavati-
on support and to minimise economic costs associated with it
(see Fig. 9).

CAT 328 D tunnel excavator was used for the tunnel exca-
vation, taking into consideration the geology structure of the
ground massif through which the tunnel was driven (low-
strength rock types). The muck was loaded and removed from
the tunnel and stored on an intermediate stockpile using Toro
501 D, Liebherr 566 and CAT 966 K loaders. Because of the




Tabulka 1 Porovnanie vyrubovych tried v oboch tunelovych rirach
Table 1 Comparison of excavation support classes in both tunnel tubes

juzna tunelova rira southern tunnel tube
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low capacity of the intermediate
stockpile, increased demands were
placed on the logistics of transport by

= = - —— - - trucks, which had to cope with the
staqlcenle vyrybova dizka zatlyeru hrub’ka striek. typ' ) intensity of traffic in Stuttgart. After
chainage trieda excavation beténu shot- KARI sieti h d disinteeration and removal
excavation support round length | crete thickness KARI the groun £ .
(tm) class (m) (cm) mesh type of rr}gck, th‘e phase olf ensuring the
stability of excavation followed,
0,00 10,50 7AK-2-1 1,00 30 Q335A using shotcrete, welded mesh
10,50 69,80 BA-K-1 1,20 25 Q257 A Q257A/Q335A and lattice girders
69,80 88,80 7AK-1 1,00 30 Q257 A (see Fig. 10). The excavated space
88,80 390,50 B6A-K-3 1,20 25 Q257 A was secured by canopy pre-support
390,50 451,90 6A-U-1 1,20 30 Q257 A consisting of 4m long R32 L-type
451,90 467,20 6A-K-1 1,20 25 Q257 A IBO spiles or 4m long, @ 36mm steel
467,20 482,80 6A-K-3 1,20 25 Q257 A spiles driven into the face. Radial
482,80 527,20 6A-K-1 1,20 25 Q257 A anchoring of the excavated opening
527,20 530,20 TAK-1 1,20 30 Q257 A was carried out using 4m long, R32 L-
530,20 742,20 7AK-2-1 1,00 25 Q257 A type IBO rock bolts. Canopy tube pre-
severna tunelova rira northern tunnel tube support using 15m long steel tubes
- @ 114.30 mm and @ 139.70 mm was
starliiéenie vvrybové dizka zél?eru hrﬁt{ka striek. typ_ ) used for the excavation support in the
chainage ttl:leda ) exca:jthlor;h betto:]hl! T(hm' KA;A;:"“ area of the passage of the tunnel under
excavation suppo round leng crete thickness . ) - .
& m | e e (00 M D
0,00 10,80 7A-K-2-1 1,00 30 Q335 A carried out using an Atlas-Copco E2C
10,80 70,80 6AK-1 1,20 25 Q257 A twin-boom drill rig (table 1).
70,80 89,20 7AK-1 1,00 30 Q257 A The Rosenstein tunnel excavation
89,20 144,40 6A-K-1 1,20 25 Q257 A continued from March 2015 through
144,40 370,80 BA-K-3 120 25 Q257 A to April 2017.
370,80 434,40 6A-U-1 1,20 30 Q257 A
434,40 515,40 6A-K-1 1,20 25 Q257 A CONCLUSION
il S0 TAK:1 1,20 30 Q257 A To solve the overall traffic situati-
517,40 e (sl HE & Q2 on, the City of Stuttgart plans to build
63km of road and rail tunnels. Of this
ZAVER length, 13km have already been com-

Mesto Stuttgart planuje na vyrieSenie celkovej dopravnej situ-
dcie vybudovat’ 63 km cestnych a Zelezni¢nych tunelov, z ¢oho
sa uz zrealizovalo alebo je zatial vo vystavbe 13 km.

RieSenie dopravného prepojenia ciest B10 a B14 vystavbou tunela
Rosenstein sa javi ako najSetrnejsi zdsah do prirodného prostredia
parku Rosenstein a zoologickej a botanickej zdhrady Wilhelma s ohla-
dom na ochranu lie¢ivych minerdlnych pramenov kiipelov Leuze.
Projekt taktieZ citlivo riesi moZnost bezproblémového priameho napo-
jenia cyklotras a ciest pre peSich na Rosensteinpark a ZOO Wilhelma.
Naklady projektu sa pohybuju na drovni 96 mil. eur bez DPH. Projekt
bude uvedeny do prevddzky zaciatkom roku 2020.

Ing. LUBOS PODOLEC, lubos.podolec@tucon.sk,
TuCon, a. s.

Recenzovali Reviewed: Ing. Viktoria Chomovd,
Ing. Miloslav Frankovsky

LITERATURA / REFERENCES

pleted or are under construction.

The solution to the transportation link between the B10 and
B14 roads by the construction of the Rosenstein tunnel appe-
ars to be the most considerate intervention into the natural
environment of the Rosenstein park and the Wilhelma zoolo-
gical garden and botanic garden taking into consideration the
protection of healing mineral springs of the Leuze bath. The
project in addition sensitively solves the possibility of troub-
le-free direct connection of cycling routes and pedestrian rou-
tes to the Rosensteinpark and the ZOO Wilhelma. The project
cost fluctuates about 96 million Euros without VAT. The pro-
ject will be inaugurated at the beginning of 2020.

Ing. LUBOS PODOLEC, lubos.podolec@tucon. sk,
TuCon, a. s.

[1] Bauprojekt Rosensteintunnel [online]. 2017 [cit. 21.11.2017]. Dostupné na internete < http://www.stuttgart.de/rosensteintunnel/>

[2] Stuttgart bleibt Stau-Hauptstadt [online]. 2015

[cit. 20.11.2017]. Dostupné na internete <http://www.stuttgarter-

nachrichten.de/inhalt.tomtom-verkehrsindex-2014-stuttgart-bleibt-stau-hauptstadt.df52d478-b621-43d1-a6bl-

47687872545 html>

DURCHDENWALD, T. Staus sind donnerstags besonders lang [online]. 2016 [cit. 20.11.2017]. Dostupné na internete

<http://www.stuttgarter-zeitung.de/inhalt.tomtom-verkehrsanalyse-fuer-stuttgart-staus-sind-donnerstags-besonders-lang.5a3e8933-

6e6b-4351-beda-72cedbebfc32 . html>

STAUgart statt Stuttgart [online]. 2014 [cit. 20.11.2017]. Dostupné na internete < http://www.bild.de/auto/auto-news/stau/tomtom-

ranking-stau-stadt-deutschland-stuttgart-36228824 .bild.html#fromWall >
[5] Projektovd dokumentdcia B10 Rosensteintunnel, Stuttgart 2014

http://www.stuttgart.de/rosensteintunnel///item/show/565055




27. rocnik - €. 1/2018

Tuel

FOTOREPORTAZ Z VYSTAVBY KOLEKTORU HLAVKUV MOST

PICTURE REPORT FROM CONSTRUCTION OF HLAVKUV
BRIDGE UTILITY TUNNEL

FOTO / PHOTO VLADIMIR DINDA

Obr. 1 Sachta J102 - dohloubeni dojezdu $plhavého vytahu

Fig. 1 Shaft J102 — completion of the excavation of the shaft pit for the mast
climbing lift
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Obr. 3 Kolektorovd trasa J102-TK103 — montdZ armatury kleneb
Fig. 3 Utility tunnel route J102-]J103 — installation of reinforcement of vaults
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Obr. 5 Kolektorovd trasa J102-J101 — provddeni definitivniho osténi kleneb
z pohledu pres bednici formu

Fig. 5 Utility tunnel route J102-J101 - installation of final lining of vaults
viewed over the formwork

Obr. 2 Technickd komora TK 101 — provddeni definitivniho osténi a injektd-
Ze primdrniho osténi

Fig. 2 Technical chamber TK 101 — installation of final lining and back grou-
ting behind primary lining

Obr. 4 Kolektorovd trasa J102-]J101 — primdrni osténi kolektoru k Sachté J102
Fig. 4 Utility tunnel route J102-J101 — primary utility tunnel lining toward
shaft J102

Obr. 6 Sachta J101 - primdrni osténi
Fig. 6 Shaft J101 — primary lining
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FOTOREPORTAZ Z OTVORENIA TUNELU POVAZSKY CHLMEC
PICTURE REPORT FROM OPENING OF POVAZSKY CHLMEC TUNNEL

Dria 2. 12. 2017 bol sldvnostne uvedeny do uzivania tunel Povaisky Chlmec ako sticast’dialhicného tiseku D3 Zilina (Strdzov) - Zilina (Brodno).
The ceremonial opening to traffic of the Povazsky Chlmec tunnel, a part of the Zilina (StrdZov) — Zilina (Brodno) section of the D3 motorway,
to traffic was held on 2" December 2017.
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16. ro¢nik mezinarodni konference

GEOTECHNIKA 2018

konana u pfileZitosti vyznamného Zivotniho jubilea
prof. Ing. Josefa Aldorfa, DrSc.

18.-19. 10. 2018
Horsky hotel Solan, Bzové 339, 756 05 Karolinka

Konference je organizovdana Katedrou geotechniky a podzemniho stavitelstvi Fakulty stavebni
V3B-TU Ostrava a kond se pod zastitou Ceské tunelaiské asociace ITA-AITES

Hlavni témata konference

e Nové technologie a materidly v geotechnickém, podzemnim a hornickém stavitelstvi

e Pokrokové metody zakladani staveb a progresivni zakladové konstrukce

e  Aktudlni geotechnické problémy podzemniho a dopravniho stavitelstvi

e Environmentalni geotechnika a hydrogeologie (svahové poruchy a sesuvy, vysypky, zaplavovana tzemi,
protipovodiiové hraze, odkaliité, uloZisté jaderného odpadu, 3ifeni kontaminant)

e Energeticka geotechnika (problematika geotermalni energie, energetické geotechnické konstrukce,

zasobniky energetickych produktl apod.)

®  Geotechnicky monitoring a rizikova analyza v geotechnice
e Vybrané problémy inZenyrské geologie, geomechaniky a geofyziky v geotechnice a podzemnim

stavitelstvi
e Vyuka geotechniky na vysokych skolach

Ucastnicky poplatek

e Poplatek za acast na konferenci je pfi vfasné registraci do 30. 4. 2018 3.700,- Ké vé. DPH
(€ 140), 4.200,- KE (€ 155) pfi platbé do 31. 8. 2018.

Kontaktni osoba

Hana Sedlafova, T: +420 597 321 943, E: hana.sedlarova@vsb.cz
Bliz3i informace ziskdte na adrese: http://www.fast.vsb.cz/geotechnika

ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

B Zmrazovani pri razbé tunelu Albula II ve Svycarsku

O rozhodnuti Zelezni¢ni spolecnosti Rhitische Bahn vybu-
dovat nedaleko od sv. Morice soubézné s vice nez 100 let sta-
rym 5864 m dlouhym tunelem Albula I novy Zelezni¢ni tunel
Albula II misto sloZité a za provozu provadéné rekonstrukce
starého tunelu, jsme informovali v Tunelu ¢. 3/2015. Navic
by se pri rekonstrukci musely velmi sloZité a nakladné vybu-
dovat tinikové cesty, které u starého tunelu zcela chybély. Pri
stavbé nového tunelu se z néj vyrazi do starého tunelu pro-
pojky a po jeho uvedeni do provozu se stary tunel upravi na
dnikovou cestu.

Velkou vyhodou pfi projektovani a stavbé nového tunelu
byla geologickd dokumentace vyhotovend pri razbé tunelu
Albula I i pfi jeho stavbé ziskané zkuSenosti. Tehdy totiZ razi-
¢i narazili na 150 m dlouhou poruchovou zdénu, jejiz jedna
¢ast byla vyplnéna zvodnélym na prach podrcenym dolomi-
tem, ktery se provalil pod velkym tlakem do vyrubu.

Porucha se nachazi asi 1300 m od severniho portdlu, kde za
prevazujicimi bfidlicemi ndsleduje méné mocnd vrstva dolo-
mitu, kterd sousedi se Zulovym masivem, ve kterém se smé-
rem k jihu razily vice neZ tfi ¢tvrtiny tunelu. Bylo jasné, Ze
porucha vznikla tektonickymi posuny, kdy doslo k treni dolo-
mitu o masiv tvrdé Zuly.

Pruchod poruchou stavbu tenkrat zdrzel o 15 mésicu.

Prekonani této poruchové zény bylo klicovym problémem
i pri stavbé tunelu Albula II. V no¢nich prestavkach provozu
Zeleznice byl ze starého tunelu vyrazen v Zulovém masivu
v misté¢ budouci propojky pristup k planované trase nového
tunelu a ndsledné zde byla vyrubdna kaverna pro pruzkumné
a dal8i priace. Z vyhodnoceni dvou vodorovnych jddrovych
vrtu vyplynuly ndsledujici zdvéry.

Poruchu, kterd Sikmo upadd ve sméru razby, lze rozdélit na
tri ¢asti. Ve sméru od kaverny je nutné nejprve projit na délce
asi 20 m zvodnénym dolomitickym praskem, pak asi 90 m
dvéma sekcemi celkem pevného dolomitu prostoupeného
drobnymi krasovymi dutinami. Pak uz nasleduji bridlice.

Pfi zvlddéani poruchy pri stavbé tunelu Albula I doslo k vel-
kému sniZeni hladiny podzemni vody v nadloZ{ tunelu. Jedna
z podminek pro stavbu nového tunelu stanovila zdkaz jejiho
dal$tho poklesu.

Zvazovany byly dvé varianty opatfeni pro prekondni poru-
chy: injektdZ nebo zmrazovdni. Z pruzkumu a laboratornich
zkousek vyplynulo, Ze sekce zvodnéného dolomitického pras-
ku se zainjektovat neda. Bylo proto rozhodnuto vyuzit tech-
nologii zmrazovani.

Definitivni pri¢ny profil tunelu v tomto dseku mé vejcity
tvar s vnitinimi svétlymi rozméry 5,77x7,56 m. Osténi bude
dvoupldstové s mezilehlou izolaci, tloustka vnejSiho (primar-
niho) silné vyztuZeného osténi je navrzena 65 cm, tloustka
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vnitfniho bude 60 cm. Vyrub md maximdlni vn&j$i rozméry
8,17x10,06 m.

Na zikladé vypoctu bylo stanoveno, Ze okolo teoretického
vyrubu bude zmraZen horninovy prstenec tloustky 2.5 m
s vnej$imi rozmeéry cca 13x15 m. Délka zmrazovaného tseku
bude 60 m od pracovni kaverny, pfi¢emz méreno na vrcholu
obdlky 17 m bude v mylonitické hornin€, 20 m ve zvodnélém
dolomitickém prdSku a 23 m v dolomitu. Podminkou bylo,
aby i spodni ¢dst zmrazeného prstence dostate¢né zasahovala
do dolomitu.

Celkem se vcetné kontrolnich a také nékolika drendznich
vrtu v ose razeného profilu provedlo 122 vrti. Mrazici smés
tvoril solny roztok, jehoZ pracovni teplota byla minimalné
-35° C.

Razba poruchou byla zahdjena po tfech mésicich zmrazova-
ni pomoci dulniho bagru vybaveného také impaktorem. Po
kazdém zédbéru byl ihned zahdjen nastrik vyztuzeného primar-
niho osténi s cilem zabranit deformacim zmraZzeného prsten-
ce. Na projektovanou tloustku 65 c¢cm muselo byt primarni
osténi dostiikdno do 7 dnu od data vyrubu konkrétniho zabé-
ru. RaZeny profil mél plochu 65 m?, prumérny postup byl
0,7 m/den.

Dokonceni tunelu Albula II se predpokladd v roce 2018.

Pozn.: Vrele doporucuji zakoupit tridenni Swisspas a vydat
se na okruzni jizdu z Churu, pres Disentis, Andermatt, tunel
Furka, Zermatt, Brig, Simplonsky tunel, Domodossolu,
Centovalli, Locarno, Lugano, kolem Lago di Como do Tirana,
pres sedlo Bernina, kolem sv. Morice do tunelu Albula
a podél horniho Rynu zpét do Churu. UZasné putovdni!

B Nejhlubsi podvodni silniéni tunel na svété prorazen

Na dulezité silnici vedouci po zdpadnim pobreZi Norska byl
mezi mesty Solbakk a Tau prorazen 7980 m dlouhy tunel,
ktery je nejhlubS§im podvodnim tunelem na svété. Prorazka
jeho prvni trouby se odehréla 26. fijna 2017, razba druhé trou-
by ma byt ukoncena v lednu 2018. Tunely maji bézny pri¢ny
profil 68 m2, v kazdém budou dva jizdni pruhy. Propojek je
celkem 16 s profily od 17 m? do 41 m2. Na trase byly vyraZe-
ny vedle dvou kaveren s profilem az 308 m? také erpaci sta-
nice, sedimentacni nadrZe a technické niky.

Ctyfi roky trvajici razby probihaly v ruldch metodou drill
and blast. Primdrn{ osténi tvofil stfikany beton a svorniky,
v pripadé potreby bylo zesileno sitémi a prihradovymi ramy.
Na vodonepropustnou membrdnu je provadéno definitivni
ostén{ opet ze strikaného betonu.

B Pokrok v pripravé stavby druhé trouby
Gotthardského automobilového tunelu

O stavbé druhé trouby Gotthardského automobilového
tunelu rozhodli celkem tésné SvycarSti voli¢i v referendu
v tdnoru 2016 (viz Mozaika v Tunelu ¢. 3/2016). Vysledek
referenda umoznil plné rozbéhnuti pripravy, ¢ehoz dusled-
kem bylo, Ze Svycarsky parlament mohl na své schuzi 25.
fijna 2017 schvdlit generdlni projekt stavby (general pro-
ject), takZe Svycarsky Federdlni silni¢ni urad (obdoba naSe-
ho RSD) pokracuje v zajistovani dal$iho stupné dokumenta-
ce, ktery by mél byt na jare roku 2018 predloZen ke schvale-
ni Federalnimu ministerstvu pro Zivotni prostfedi, dopravu,
energetiku a spoje.

Pri stavbé, kterd zacne nejdrive v roce 2020, budou vyuZi-
ty portdly pripravené pri stavbé prvni trouby na obou jejich

vers v

koncich, rovnéZ se vyuZziji Ctyfi stdvajici ventilaéni Sachty

a samozrejmé znalost geotechnickych podminek zdokumen-
tovanych pri stavb€ prvni trouby.

Uvedeni do provozu druhé trouby se predpokldda v roce
2027, pak bude ndsledovat rekonstrukce prvni trouby a pro-
voz v obou troubach by mél byt zahdjen v roce 2030.

Jesté je vhodné pripomenout, 7e ruznymi opatfenimi,
z nichz podstatné je, Ze v kazdé troubé bude provoz omezen
jen na jeden jizni pruh, ma byt zajisténo neprekroceni soucas-
né provozni kapacity tunelu, coZ je 1000 vozidel za hodinu
v kazdém sméru.

B Zahijeni raZeb tunelu Albvorland

Na nové vysokorychlostni trati Stuttgart — Ulm byla v f{jnu
2017 slavnostné zahdjena razba dvoutrubového 8176 m dlou-
hého tunelu Albvorland, ktery po dokonceni bude desdtym
nejdel$im némeckym Zelezni¢nim tunelem. Tunel byl soucas-
né poslednim, ktery ¢ekal na zahdjeni praci.

Jeho razbu zajistuji dva zeminové §tity (EPBs) o praméru
10,82 m a délce 120 m. Délka razby se predpokldadd 18 mési-
cu prfi planovaném prumérném dennim postupu 20 m/den.
Segmenty definitivniho osténi budou mit tlousStku 45 cm
a nové vyvinuty tésnici profil zajistujici vodotésnost spoju pri
vySce hladiny podzemni vody nad tunelem az 45 m. Propojky
obou trub budou budovany po 500 m.

Je mimoradné, Ze z celé délky trasy budou polovinu tvorit

vvvvvv

pres udoli Fils mezi tunely Bossler a Steinbiihl, ktery je s vys-

kou 85 m tretim nejvy$sim Zelezni¢nim mostem v Némecku.

B Stavba vysokorychlostni Zeleznice Stuttgart — Ulm:
kriZeni s délnici A8

Na ndhorni planiné §vabskych Alb v prakticky nejvy$$im
bodé celé trasy podchazi nova dvojkolejnd trat’ pod ostrym
thlem délnici A8. V misté kiizeni se buduje 377 m dlouhy
hloubeny dvojkolejny tunel a pro jeho stavbu se musela pro-
vizorné prelozit ¢dst trasy ddlnice.

Zelezobetonova ramova konstrukce svétlé vysky 7,55 m ma
dno a stény tl. 1 m a tloustka stropu je 1,3 m. Asi 190 m kon-
strukce bude vystaveno zatizeni ddlnici A8 a provozem na ni.
V této Casti je ramova konstrukce rozdélena na dve poloviny
sttedovou nosnou sténou, ¢imZ jsou vytvoreny dva jednoko-
lejné tubusy vnitini $itky 8,09 m. Ve zbytku délky tubus nema
stfedni nosnou sténu, je tedy dvojkolejny s vnitinimi rozméry
15,51x7,55 m.

Hlavnim problémem vystavby byly zkrasovatélé polohy
véapencu pod dnem stavebni jamy. Dvé fdze pruzkumu ndsle-
dovaly po jejim vykopani (na jejich bocich i ve dné€ byly kra-
sové jevy pri zemnich pracich zastiZzeny): nejprve se provadél
nepfimy geofyzikélni seismicky a gravimetricky pruzkum,
pak ndsledoval pfimy prizkum pomoci jadrovych a bezjadro-
vych vrta.

Ukolem prizkumnych praci byla identifikace krasovych
prostor, jejichZ prumér rostl s hloubkou pod zédkladovou spé-
rou. Pozadovalo se, aby v hloubce 0,0 az —2,0 m byly objeve-
ny dutiny s prumérem nad 1,5 m; od —2,0 do —6,0 m dutiny pr.
pres 2,5 m; od —6,0 do —-10,0 m dutiny pr. pres 50 m
a v hloubce pres —10,0 m dutiny vétsi nez 10,0 m.

Zaplnéni dutin bylo provadéno podle specidlné zpracova-

nych pokynu.
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B Razby posledni tunelové sekce bazového tunelu B Postupné dokoncovani rakouské dalnice A9
Semmering (SBT) zahéjeny Rakouskd ddlnice A9 (Pyhrn Autobahn) se mozna d4, ale jen
V Tunelu ¢. 4/2016 jsme informovali, Ze v kvétnu 2016 byly trochu, srovnat s nekone&nym dokontovanim dalnic v Ceské
zahdjeny prdce na tieti a posledni ¢dsti SBT, kterou je tunel republice. Dost dlouho trvalo, nez v roce 2004 byla délnice A9
Grautschenhof délky 7 km. Soucdsti piipravnych praci bylo v celé své délce od odboceni z Al u krizovatky Voralpenkreuz

vyhloubeni dvou Sachet, ze kterych budou probihat razby na obé prijezdnd aZ k slovinské hranici, byt v nékterych dsecich byla
strany pomoci tunelovych bagri s vyuZitim trhacich praci.

Hloubka téchto Sachet je 1000 m, nikoliv 100 m, jak bylo chyb-
né uvedeno v Mozaice v Tunelu 4/2016, za coZ se omlouvam.
RaZby ze dna Sachet byly zahdjeny 30. ¢ervna 2017.

provozovéana obousmeérné v jednom dalni¢nim pruhu.
To stdle plati v hornim Rakousku u tzv. fetézu tunelu Klaus
a ve Styrsku, kde tunel Gleinalm je stale je§té provozovén obou-
smérné€. Nicméné i v téchto usecich price vyrazné pokrodily.
Od roku 2014 se stavi tunely Spering (2,9 km) a Falkenstein

Ing. Tomas Ebermann, Ph.D., pohotove informoval v Tunelu (0,75 km) a od kvétna 2015 tunely Klauser (2,2 km) a Traunfried
€. 4/2017 o kolapsu vychodni trouby tunelu Rastatt jiz vyrazené

pod dulezitou Zeleznici vedouci podél Ryna mezi Karlsruhe
a méstem Baden-Baden. Kolaps zcela zastavil na uvedené Zelez-
nici provoz. V osobni doprave bylo preruseno 70 ddlkovych a 50
regiondlnich spoju denné. Jejich provoz byl zaji§tovan pomoci
az 70 autobusu, které denné prevazely priblizné 3000 cestujicich
mezi Rastattem a Baden-Badenem. Pro cca 200 ndkladnich
vlaku, které tudy denné projiZdi, se rychle musely najit objizdné
trasy v Casti Francie priléhajici k Rynu a na némeckém uzemi
vychodné od Ryna.

V nadlozi tunelu se po demontdzi poskozeného Zelezni¢niho
svrsku a dalSich sanacnich pracich vybudovala v trase Zeleznice
120 m dlouhé a 1 m vysok4 zelezobetonov4 deska, na kterou se rdna stard a provedena nova vozovka, kompletné bude sanovan

B Jes$té k mimoradné udalosti na tunelu Rastatt

(0,45 km) pattici do zminéného fetézu tuneli nazvaného podle
blizkého méstecka Klaus. Dokoneny a uvedeny do provozu
spole¢né s nékolika mosty byly v zafi 2017. Ndsledn¢ se uzavrel
priléhajici stary tsek délnice, aby na ném mohly probéhnout
nutné opravy a rekonstrukce, coZ se tykéd predevsim puvodnich
tunelu. Provedeni téchto renovaci by mélo skonit v zdvéru roku
2018 a nésledné by mohl byt zahdjen normaélni ddlni¢ni provoz.

Puvodni tunel Gleinalm dlouhy 8,3 km je v provozu od roku
1978. Soubézné vyrazend druhd trouba byla uvedena do obou-
smerného provozu v ervenci 2017, coz umoznilo zahdjit v polo-
viné zari 2017 rozsdhlou renovaci staré trouby. V ni bude vybou-

nasledné provedl Zelezni¢ni svrSek. Soudasné byla v misté mezistrop a instalovény zcela nové zabezpecovaci systémy. Obé

budouci razby zapadni trouby pod Zeleznicni trati provedena trouby propoji 34 tinikovych cest, z nichZ 8 bude prijezdnych

obdobn4 Zelezobetonovd deska. pro vozidla zdchrandft a hasi¢a. Provoz renovované trouby by
Pfi sanacnich pracich byl betonem vyplnén dsek vychodni mohl byt zahdjen koncem roku 2019.

trouby pod Zelezni¢nim télesem v délce 160 m, pri¢emz byl Tehdy by nastal dlouho ocekdvany okamZik — celd trasa A9 by

zabetonovdn i razici stroj. Jak uvedl Ing. Ebermann, pri této byla provozovédna v normdlnim dédlni¢nim provozu.

sanaci bylo spotfebovino 10 500 m? betonu. B Vysokorychlostni Zeleznice Norimberk — Berlin v plném

Rozhodnuti investora o zpusobu znovuprovedeni ¢asti
vychodniho tunelu pod trati neni dosud zndmé.

provozu

Némecky parlament vzdpéti po sjednoceni obou &dsti

W Stavba posledni Casti tunelu Koralm zahajena Némecka odhlasoval v roce 1991 spojeni Norimberku

s Berlinem vysokorychlostni Zeleznici. Projekt byl nazvédn
Dopravni stavba némeckého sjednoceni. Z 500 km dlouhé trasy
se upravilo pro vysokorychlostni provoz 270 km stdvajicich trati

Stavba tunelu Untersammelsdorf délky 665 m, ktery je
posledni ze Sesti tuneli na dseku mezi Mittlernem a Alt-
hofenem, byla zahdjena 7. Cervence 2017. Jedna se ale o nej-
vétsi geotechnikou vyzvu na celém tunelu Koralm. Hloubeny
tunel Untersammelsdorf vétSinou prochdzi jemnozrnnymi mofr-
skymi jily, pod kterymi se nachdzeji vrstvy ledovcovych sedi-
mentu a morén. Teprve pod nimi je pevné skalni podloZi tvore-
né fylity.

Proto muselo byt nejprve provedeno 1000 pilot délky az 38 m
a 6000 sloupt tryskové injektdZe zakonlenych u skalniho
podloZzi.

a na 230 km byla vybudovéna zcela novd trasa. Stavba byla
zahdjena v roce 1996 a dv¢ jeji Cdsti byly uvedeny do provozu
v roce 2006 a v roce 2015. Vysokorychlostni provoz v celé délce
500 km byl zahdjen 10. prosince 2017.

Jednotlivé useky trasy jsou vybudovany pro provozni rychlost
200, 230 a 300 km/hod. Pro nejvyssi z téchto rychlosti jsou pri-
praveny nové dseky: Ebensfeld — Erfurt (dl. 107 km) a Erfurt —
Lipsko (dl. 123 km).

Usek Ebensfeld — Erfurt, na jeho stavbu vedl pred lety odborny

M

zdjezd poradany CzTA, md nejvyssi podil ,,umelych® staveb. Ty

B Prorazka tunelu Ulriken u Bergenu

O postupu razeb tohoto 7688 m dlouhého tunelu (jeho razend
Cast md 6896 m), ktery ma zdvojndsobit kapacitu duleZité trat€
u priistavu Bergen, jsme informovali v Mozaice v Tunelu
¢.4/2016. Jeho prorazka byla mohutné oslavena 29. srpna 2017.
Pozvéno bylo 1000 hostu a asi 250 tis. lidi mohlo sledovat pra-
nik griper TBM poslednim 1,5 m tvrdé skdly pomoci televize

tvoii skoro polovinu trasy — 29 mostu celkové délky 12 km a 22
tunelu s celkovou délkou 41 km, z nichZ nejdels{ tunel Blessberg
ma 8,3 km. Je to v souasnosti treti nejdelsi némecky Zelezni¢ni
tunel. Tunely jsou dvojkolejné a maji pevnou jizdni drahu.

nebo na internetu. Na trase Erfurt — Lipsko jsou tfi dvojtrubové tunely také
Pfi razbé, kterd byla zahdjena v lednu 2016, si stroj Gsp&$né | S pevnou jizdni drdhou: tunel Finne (dl. 6970 m) raZeny dvéma

poradil s horninami o pevnosti v tlaku i pfes 300 MPa. Tunel | razicimi stroji a tunely Bibra (dl. 6466 m) a Ostrerberg (dl. 2082

Ulriken je prvnim Zelezniénim tunelem v Norsku, ktery byl | m) razené NRTM.

raZen razicim strojem a ten byl soucasné svym pramérem 9,3 m

nejvet§im strojem, ktery byl kdy v Norsku nasazen. Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz




14. rocnik - €. 2/2005

TuHel

ZPRAVY Z TUNELARSKYCH KONFERENCI NEWS FROM TUNNELLING CONFERENCES

TUNELARSKE ODPOLEDNE 4/2017
TUNNEL AFTERNOON 4/2017

The Tunnel Afternoon 4/2017 topic was focused on the
Ejpovice tunnel. An excursion to this construction site, where
the tunnel boring machine was just being disassembled,
waterproofing layers were being installed, the final lining
was being installed in the cross passages and preparations for
internal tunnel structures were underway, was organised for
interested persons in the morning. Milan Majer presented the
topic Project owner’s experience from the realisation of a con-
struction project. Kamil Strobl continued with the topic
Modernisation of Rokycany — Plzen rail track from the per-
spective of The State Fund for Transport Infrastructure
(SFDI). In the third lecture named Necessity for client’s
supervision engineer in the process of the realisation of an
underground working Lubor Smid spoke about client’s super-
vision engineer on the Ejpovice tunnel construction site. Jif{
Velebil prepared a lecture on Technical solution to selected
parts of the construction (the mined northern tunnel, cut-and-
cover sections, final structures). Stefan Ivor introduced The
use of experience from the excavation of the Southern tunnel
tube for the excavation of the Northern tunnel tube using the
TBM technology. Pavel Vizda presented an interesting topic
Divergence of assumed and really encountered geotechnical
conditions. Tomas Ebermann dedicated himself to Interesting
results of geotechnical monitoring, i.e. the terrain settlement
in a low overburden section, application of an automatic
monitoring system for measuring deformations, geophysical
verification of the homogeneity of the tunnel overburden and
hydrogeological monitoring.

Posledni Tunelarské odpoledne roku 2017 se uskute¢nilo ve
stredu 8. listopadu na téma Tunel Ejpovice. V dopolednich
hodinédch byla pro zdjemce uspordddna exkurze na tuto stavbu,
celkem 22 zdjemcu mélo moznost vidét rozebirani tunelovaci-
ho stroje Viktorie (obr. 1), realizaci vodotésnych izolac{ a defi-
nitivniho osténi tunelovych propojek a upravy pro realizaci
vnitinich konstrukei tunelu. Vzhledem k tomu, Ze se stroj jiz
nachdzel mimo samotnou tunelovou troubu, byla daleko zre-
telng¢jsi jeho velikost.

Odpoledni c¢ast zahdjil predseda CzTA Ing. Ivan Hrdina.
Poukdzal na to, Ze prordzkou tunelu Ejpovice skoncily razby
velkych rozméra v celé Ceské republice a Ze Ize jen doufat, Ze
tato neradostnd situace v dohledné dobé skonéi. Déle se jiZ ujal
moderovani Ing. Alexandr Butovi¢ (SATRA, spol. s r.0.), ktery
celé Tunelarské odpoledne pripravil po odborné strance.

Jako prvni vystoupil Ing. Milan Majer (SZDC, s. 0.) s téma-
tem ZkuSenosti investora pri realizaci stavby. Uvedl data
o zdkladnich ddajich stavby, o jeji dlouholeté priprave, dopadu
zmény technologie, roli technického dozoru investora, geo-
technickém monitoringu a geotechnickém konzultantovi i radé
monitoringu.

Ing. Kamil Strobl, Ph.D. (SFDI) pokracoval tématem
Modernizace trati Rokycany — Plzen z pohledu SFDI. Popsal
financovani dopravni infrastruktury v letech 2010-2016,
Cerpdni prostredka v roce 2017 a nastinil klicové informace
rozpoctu na rok 2018. Ukdzal piehled projekti SZDC v stied-
nédobém horizontu a dotkl se i otdzky supervize staveb.

Autor Vojta Pruska Author Vojta Pruka
Obr. 1 Exkurze na tunely Ejpovcice, rozebirany tunelovaci stroj

Fig. 1 An excursion to Ejpovice tunnel, the disassembled tunnel boring
machine

Ve treti predndSce s ndzvem Nezbytnost TDI pri realizaci
podzemniho dila Ing. Lubor Smid (Sdruzeni INZ, a.s.,
SATRA, spol. s r.0.) hovoril o technickém dozoru investora na
stavbé tunelu Ejpovice, ktery probihal v letech 2014-2017.
Zjednodusen¢ feceno, jeho tkolem je sledovat ,.as, penize
a kvalitu“. Zminil slozeni tymu TDI i z hlediska profesniho
zastoupeni a zkuSenosti, které 1ze vyuzit v budoucnu na dal-
Sich stavbach.

Ing. Jiri Velebil (METROPROJEKT Praha a.s.) pripravil
prednasku na téma Technické reseni vybranych ¢dsti stavby
(raZeny severni tunel, hloubené tiseky, definitivni konstrukce).
Popsal jednotlivé stavebni objekty, tunelové propojky, techno-
logickou Sachtu, vjezdovy a vyjezdovy portdl a dalsi.

Ing. Stefan Ivor (Metrostav a.s.) predstavil VyuZiti zkusenos-
ti z razby jizniho tunelu pro razbu tunelu severniho pomoci
technologie TBM. Nejprve shrnul poznatky z razeb jizniho
tunelu. Zvladnuti komplikaci pfi jeho razbé pomohlo prijmout
takova opareni, diky nimZ ndsledné probéhly razby druhého
tubusu témér bez problému a v krat$im Case.

Mgr. Pavel Vizda (GEOtest, a.s.) uvedl zajimavé téma
Rozdilnost predpoklddanych a skutecné zastiZenych geotech-
nickych podminek. Razba probihala v obtiZznych geotechnic-
kych podminkéch, kdy byly velké rozdily mezi predpoklada-
nymi a skute¢né zastizenymi podminkami.

Posledni prednaSejici Ing. Tomd$ Ebermann, Ph.D.,
(GEOtest, a.s.) se vénoval Zajimavym vysledkim geotechnic-
kého monitoringu, tj. sedani terénu v dseku nizkého nadloZi,
nasazeni automatického monitorovaciho systému pro méreni
deformaci, geofyzikdlni ovéfovani homogenity nadloZzi tunelu
a hydrogeologicky monitoring.

Celkem se Tuneldrského odpoledne zicastnilo asi 90 poslu-
chau. VSechny prezentace jsou umistény na webovych strédn-
kach CzTA www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
CzTA ITA-AITES, z. s.




ZELEZNICNI MOSTY A TUNELY 2018
RAILWAY BRIDGES AND TUNNELS 2018

The already 23'd annual conference Railway Bridges and
Tunnels 2018 was held on 18th January 2018 in the congress
hall of OlSanka hotel. As in previous years, even this year the
conference was divided into three blocks, where block No. 1
and block No. 3 were dedicated to bridges and block No. 2
dealt with tunnels. The total of six technical lectures were pre-
sented in the tunnelling block No. 2. Jifi Patzdk shared with
the audience the experience from the reconstruction of the
Alter-Kaiser-Wilheim tunnel in Germany. Jdn Ku$nir presen-
ted construction operations in progress on the portals of the
Diel and Milochov tunnels within the framework of upgrading
the railway track in the Pichov — PovaZzska Bystrica section.
Michal Uhrin explained for the audience the importance of
a document called “the GBR” or the Geotechnical Baseline
Report, which is unknown in our region but is frequently used
abroad. In the fourth lecture of the tunnel construction part,
Radek Vicar dealt with the diagnostics of the passing space in
railway tunnels. The paper by Bohuslav Kucera followed. It
was dedicated to regulations on the protection of bridge and
tunnel structures against effects of stray currents. The block
dedicated to tunnels was ended by Pavel Bulejko by his pre-
sentation of technically very elegantly solved realisations of
grade-separated intersections on railway tracks using pre-cast
structures.

Dne 18. ledna 2018 se v kongresovém sdlu hotelu OlSanka
konal jiZz 23. roénik konference Zelezniéni mosty a tunely.
Stejné jako v predchozich roénicich byla i letos konference
rozdélena do tif bloku, kde 1. a III. blok byl vénovdn mostim
a II. blok se zabyval tunely. V II. tunelarském bloku bylo pre-
zentovano celkem Sest odbornych prednédsek.

Prvni predndsku mél pan Ing. Jifi Patzdk ze spol. Subterra,
a.s., ktery se s posluchaci podélil o zkuSenosti z rekonstrukce
tunelu Alter — Kaiser — Wilheim v Némecku.
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Druhd predndska byla rovnéZ ze stavebni praxe. Pan
Ing. Jan Kusnir se spol. REMING CONSULT, a.s. prezento-
val stavebni prdce probihajici na portdlech tunelu Diel
a Milochov v rdmci modernizace Zelezniéni traté¢ na tseku
Pichov — Povazska Bystrica.

Ve treti prednasce pan Ing. Michal Uhrin ze spol. SUDOP
PRAHA a.s. osvétlil poslucha¢im vyznam v naSem regionu
neznamého, zato v zahrani¢i hojné vyuzivaného dokumentu,
zvaného ,,GBR" neboli Geotechnical Baseline Report.

Ve étvrté prednasce tuneldrské ¢asti se pan Ing. Radek Vicar
ze SZDC, s.0. zabyval diagnostikou prostorové priichodnosti
Zelezni¢nich tuneld. Ve své predndSce shrnul nejruznéjsi
metody méreni, od historickych aZ po ty nejmodernéjsi, pou-
Zivané v soucasnosti.

Nasledoval prispévek pana Ing. Bohuslava Kucery ze spo-
le¢nosti JEKU, s.r.o. vénovany, pro Zelezni¢ni stavby velmi
dulezité oblasti a sice, predpisum pro ochranu mostnich
a tunelovych staveb pred G&inky bludnych proudu.

Tuneldfsky blok zakon¢il pan Ing. Pavel Bulejko ze spol.
ABM Mosty s.r.o. s prezentaci technicky velmi elegantné
feSenych realizaci mimotrovnového kfiZzeni na Zelezni¢nich
tratich, s vyuzitim prefabrikovanych konstrukci.

Ackoli tato konference nepatii z hlediska podzemniho sta-
vitelstvi k nejvyznamnéj$im udalostem roku, za dlouhd 1éta
pordddni se jiz stala tradi¢énim mistem setkdvani milovnika
Zeleznice z tad sprdvcu, investoru, projektantu a stavitelu,
ktefi tak maji moZnost predat si své odborné zkuSenosti zis-
kané v oblasti Zelezni¢nich mostu a tuneld.

Ing. TOMAS ZITKO, CEng MICE, EUR ING
SUDOP PRAHA a.s.

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

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Po ukonceni raZeb tunelovacim strojem jménem Viktorka
zaldtkem fijna lonského roku probihaly do konce roku 2017
na projektu Ejpovickych tunelu razi¢ské prdce jiz jen na
propojkach obou tunelovych trub. Bylo to konkrétné na pro-
pojkach ¢. 7 a 8, které se nachdzeji v prostredi zdravych spi-
litd dosahujicich pevnosti v tlaku az 280 MPa. Jejich razba
probihala podle zdsad NRTM. Rozpojovani horniny bylo
provadéno pomoci trhacich praci. Soufasné s raZbou
poslednich propojek bylo v ostatnich propojkach realizova-
no jejich definitivni osténi. To je navrZzeno z lit€ého betonu
uklddaného do formy, a to s vyjimkou propojky ¢. 8, ktera
bude vystrojena definitivnim osténim ze strikaného dratko-
betonu. V jizni tunelové troubé jsou jiz také provadény

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY — PLZEN RAILWAY
TRACK SECTION

After the completion of the excavation using the tunnel
boring machine named Viktorka at the beginning of October
2017, tunnel excavation work on the Ejpovice tunnels pro-
ject continued only on cross passages between the two tun-
nel tubes. Concretely, the work was carried out on cross
passages No. 7 and 8, which are located in the environment
formed by fresh spilite with the compressive strength rea-
ching up to 280MPa. The excavation of the cross passages
was carried out using the principles of the NATM. Rock was
disintegrated by blasting. The final lining was being reali-
sed in the other cross passages, concurrently with the exca-
vation of the last cross passages. Concrete cast in situ
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price spojené s betondzi chodniku v&etné kabelovodu
a pozarniho sluchovodu.

Vyznamny objem praci tvorily v poslednich mésicich lon-
ského roku demontdze technologického vystrojeni severniho
tunelu tehdy potfebného pro provadéni razeb, byly a jsou to
napriklad demontéaze konstrukei pasového dopravniku a pre-
devsim pak demontdz vlastniho tunelovaciho stroje. Po dora-
Zeni byly nejdiive oddéleny jeho Stitovd a zdvésova Cast.
Stitova &ast byla potom nésledné na provizornich stojkéch
vyzvednuta, podbetonovéna a premisténa na predem pripra-
vené betonové pésy. Po téchto pasech byla pomoci hydraulic-
kych tdhel premisténa na zdvére¢nou pozici pro demontéz.
Dily zdvésové Casti byly pak samostatné demontovédny po
jednotlivych vozicich pred samotnym portdlem severniho
tunelu.

Zaverem lze konstatovat, Ze vSechny tyto i ostatni prace
(obr. 1) probihaji podle aktudlniho harmonogramu stavby.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz

KOLEKTOR HLAVKUV MOST

Stavbu provadi sdruZeni firem Subterra a.s. a HOCHTIEF
CZ a.s. Zadavatelem stavby je Magistrat hl. m. Prahy. Jednd
se o novostavbu kolektoru razeného (s pouzitim trhacich
praci a mechanického rozpojovani) i hloubeného (s kruho-
vym profilem hloubeni do 8 m), s technickymi a kabelovymi
komorami a odbo&nou vétvi na Stvanickém ostrové. Novy
kolektor bude propojen se stavajicimi kolektory na nébre-
7i L. Svobody (NLS), resp. na severnim predmosti Hlavkova
mostu (SPHM). Celkova délka raZenych dseku (hlavni trasa
a komory) je cca 416 m, souhrnnd hloubka ¢tyf Sachet je pri-
blizn€ 130 m (obr. 2).

Na zacatku roku 2017 byly zahdjeny raZzby. Jako prvni
v lednu technickd komora TK103, v tinoru hlavni kolektoro-
va trasa a na konci brezna technickd komora TKI101.
Postupné se razby na hlavni kolektorové trase provadely na
trech Celbach soucasné a byly kompletné dokoncéeny 30. 9.
2017. Po jejich dokonéeni nasledovalo vy¢isténi protikleneb
a profilace primarniho osténi. Soucasné se provadéla instala-
ce organizovanych svodu, injektdZe primarniho osténi a mon-
taze mezilehlych izolaci. Nasledné byly v fijnu zahdjeny
prace na definitivnim osténi, konkrétné¢ armovani, montaz

Autor Vladimir Dinda Author Vladimir Dinda

Obr. 2 Kolektor Hldavkitv most
Fig. 2 Hlavkuy bridge utility tunnel

Autor Vojta Pruska Author Vojta Pruska
Obr. 1 Provddéni hydroizolaci v propojkdch tunelu Ejpovice

Fig. 1 Installation of waterproofing in crosscuts of Ejpovice tunnels
behind formwork is designed for the cross passages, with the
exception of the excavation of cross passage No. 8, which
will be supported with final lining from steel fibre reinforced
shotcrete. In the southern tunnel tube, the work on concrete
walkways including cable ducts and the dry fire water main
is already also underway.

Disassembly of the technical equipment of the northern
tunnel tube which was at that time necessary for the executi-
on of the excavation, for example the disassembly of the belt
conveyor structures and, first of all, disassembly of the tun-
nel boring machine itself formed a significant volume of
work in the last months of the past year. After the completi-
on of the tunnel excavation, the shield part was detached first
and the trailing gear followed. The shield part was subsequ-
ently lifted on temporary props, concrete was cast under it
and the shield was moved on concrete plinths prepared in
advance. It was moved along the plinths to the final position
for the disassembly, using hydraulic pulling rods. The com-
ponents of the trailing gear were subsequently disassembled
car-by-car in front of the northern tunnel tube portal.

In conclusion it is possible to say that all these operations
as well as other operations (Fig. 1) are proceeding in com-
pliance with the current construction schedule.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz

HLAVKUV BRIDGE UTILITY TUNNEL

The construction is carried out by a consortium consis-
ting of Subterra s. s. and HOCHTIEF CZ a. s. The employ-
er is the Prague City Hall. It is a new construction of a uti-
lity tunnel carried out both by mining methods (using blas-
ting and mechanical disintegration) and cut-and-cover
(with a circular cross-section at the depth of up to 8m), with
technical and cablem chambers and a branch on Stvanice
Island. The new utility tunnel will be interconnected with
existing utility tunnels e. The total length of the mined sec-
tions (the main route and chambers) amounts to ca 416m.
The aggregated length of the four shafts reaches approxi-
mately 130m (Fig. 2).

The tunnel excavation operations started at the begin-
ning of 2017. The excavation of the technical chamber
TK103 started first, in January, the excavation of the



bednéni a betonaZ v useku hlavni trasy mezi Sachtami J101
a J102.

V soucasné dobé (polovina ledna 2018) jsou dokonceny
price na instalaci mezilehlé izolace v hlavni kolektorové
trase a v Sachté J104, a provadi se betondz protikleneb a kle-
neb, kdy je nyni zabetonovédno 30 protikleneb a 15 kleneb
z celkového poctu 48. Soucasné probihaji betonaze trvalé
vyztuze v Sachté J104 a technické komore TK101 a dokon-
Cuji se prace na definitivnim napojeni na stdvajici kolektory
NLS a SPHM.

Pocatkem ledna 2018 byly dadle zahdjeny prace na montaZzi
plynovodu DNS500 v c&dsti mezi Sachtami J101 a J102,
postupné bude montdz pokratovat smeérem k Sachté J104.
V linii za montdZz{ plynovodu budou postupné montovany
koleje S18 v podlaze a ocelové konstrukce v kolektoru. Po
dokonceni definitivnich obezdivek hl. kolektorové trasy se
budou realizovat definitivni konstrukce na jednotlivych
Sachtdach. Nasledovat bude opét montaz plynovodu a ocelo-
vych konstrukei a ddle prace spojené se zajisténim provozu
v kolektoru, jako jsou napr. osvétleni a el. vybaveni, provoz-
ni telefon, vodorovna doprava apod. V konecné fazi budou
vybudovdny technologické objekty (Cerpaci stanice, Splhavy
vytah, pomocné fidici stanovisté a méreni a regulace) a defi-
nitivni Gpravy povrchia dotéenych stavbou, tj. nové asfaltové
povrchy a upravy zelen¢. Konecny termin preddni stavby je
31.10.2018.

Ing. VACLAV DOHNALEK, Subterra a.s.,
Ing. RADEK KOZUBIK, HOCHTIEF CZ a. s.

SLOVENSKA REPUBLIKA
TUNELY NA DIALNICNEJ SIETI

Tunely Ovéiarsko a Zilina

Na tseku D1 Hricovské Podhradie — Lietavskd Lucka
s dizkou 13,2 km sa nachadzaji dva dialni¢né dvojrirové
tunely: Ov&iarsko a Zilina.

Tunel Ov&iarsko s dizkou 2367 m sa zadal razit
12.9.2014.

Sekunddrne ostenie severnej tunelovej riry (STR) bolo
dokoncené v oktdbri 2017 spolu s hiben}’/mi Castami. Nasledne
sa celd technolégia presunula do juznej tunelovej riry (JTR)
a sekundarne ostenie pokracovalo v oboch smeroch.

Na JTR sekunddrne ostenie bolo ukoncené zaciatkom
decembra 2017. V sicasnosti prebieha demontdZ debniacej
zostavy a vozikov. Rovnako je kompletne zrealizované aj
sekunddrne ostenie na vSetkych dsmich prie¢nych prepojeni-
ach medzi STR a JTR.

Momentélne pokracujui prace na vnutornych konstrukciach
STR a JTR (obrubniky, §trbinové Zlaby, poziarny vodovod,
vyplnové a spadové betény dna tunela). Stbezne sa realizuji
priace na inZinierskych sietiach a budovédch v predportélo-
vych Castiach ZP a VP (kdblové Sachty, kabelovody, havarij-
nd nadrz, prevadzkové budovy, poziarna nadrz, kanalizacia
poziarneho vodovodu, drendZne odvodnenie, odvodnenie
vozovky) a na definitivnych dpravidch ZP a VP (obkladové
a oporné mury).

Tunel Zilina je 687 m dlhy dvojrirovy tunel na stavbe D1
Hricovské Podhradie — Lietavskd Lucka. Sldvnostné prera-
zenie JTR bolo 5. 12.2016 a STR 9. 2. 2017.
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main utility tunnel route followed in February and the
technical chamber TK101 excavation at the end of
March. The excavation on the main excavation tunnel
route was gradually carried out concurrently at three hea-
dings. It was completely finished on 30th September
2017. After the completion, clearing of inverts and profi-
ling of the primary lining followed. The installation of
the organised water collection system, grouting behind
the primary lining and installation of intermediate
waterproofing were carried out at the same time.
Subsequently, in October, the work commenced on the
final lining, concretely the installation of concrete rein-
forcement, assembly of formwork and casting concrete in
the main route section between shafts J101 and J102.

At the moment (mid-January 2018), the installation of
intermediate waterproofing on the main utility tunnel route
and shaft J104 has been finished and concreting of inverts
and vaults is underway. Till now, concreting of 30 inverts
and 15 vaults out of the total of 48 has been finished. At the
same time, the casting of permanent concrete lining is in
progress in shaft J104 and technical chamber TK101; the
work on the definitive connection to existing utility tunne-
Is on the L. Svobody Embankment and the utility tunnel on
the northern HoleSovice-side head of the Hlavkav Bridge is
under completion.

At the beginning of January 2018, the work commenced
on the installation of a DN500 gas pipeline between shafts
J101 and J102. The installation will gradually continue in
the direction of shaft J104. In the line behind the installati-
on of the gas pipeline, rails S18 will be gradually installed
on the floor and steel structures will be installed in the uti-
lity tunnel. After the completion of final linings along the
main utility tunnel route, final structures will be realised in
individual shafts. The installation of the gas pipeline and
steel structures, as well as operations associated with secu-
ring the operation in the utility tunnel, for example lighting,
and electrical equipment, service telephone, horizontal
transport etc. will again follow. In the final phase, technical
structures will be carried out (a pumping station, mast clim-
bing lift, the auxiliary control station and the instrumentati-
on and control system) and final surfaces affected by the
construction, e.g. new asphalt surfaces and the care of pub-
lic greenery, will be carried out. The final deadline for the
construction handover is 31st October 2018.

Ing. VACLAV DOHNALEK, Subterra a.s.,
Ing. RADEK KOZUBIK, HOCHTIEF CZ a. s.

THE SLOVAK REPUBLIC
TUNNELS ON MOTORWAY NETWORK

ov¢iarsko and Zilina tunnels

There are two twin-tube motorway tunnels on the 13.2km
long Hricovské Podhradie — Lietavskd Licka section of the
D1 motorway: the Ové&iarsko and the Zilina.

The excavation of the Ovciarsko tunnel with the length of
2367m commenced on 12th September 2014.

The secondary lining of the northern tunnel tube (NTT)
was finished in October 2017, together with cut-and-cover
parts. Subsequently the whole technology was moved to the
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Na oboch tunelovych rirach je uz ukoncené aj sekundarne
ostenie tunela na razenej aj hibenej Casti, taktieZ aj na priec-
nych prepojeniach.

V stucasnom obdobi sa v oboch tunelovych rirach prebie-
haji dokoncovacie betondrske prace (poklddka obrubnikov,
montaz Strbinovych zlabov, odvodnenie vozovky). Na pred-
portalovych oblastiach sa realizuji préace, ktoré su nevyhnut-
né pre stavebnu pripravenost na zaciatok betondze cemento-
beténového krytu vozovky v oboch tunelovych rdrach (beto-
naz kéablovych Sacht a kabelovodov, betondz zdkladovej
dosky na osadenie havarijnej nadrZe pre odvodnenie vozov-
ky tunela, zdklady obkladovych murov definitivnej dpravy
portélov).

Zacinaju sa prace na technologickom vybaveni tunela,
najmé osvetlenia v JTR.

Priamym zhotovitelom tunela je ZdruZenie spolo¢nosti
Doprastav, a.s. Bratislava a Metrostav a.s.

Tunel Cebrat

Sucastou dialni¢ného useku D1 Hubova — Ivachnova je
dvojrirovy tunel Cebrat (1994 m).

V uplynulych mesiacoch boli diagnostikované rozsiahle
problémy so stabilitou tzemia na zdpadnom portdli tunela
Cebrat’ a nadvizujicom tseku dialnice, ktoré si vyzaduji
rozsiahle zmeny v technickom rieseni. Z tohto doévodu su aj
k 29. 1. 2018 este stdle prace na tomto tuneli pozastavené.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS,
a.s., a Vahostav — SK, a.s.

Tunel Povazsky Chimec

Dvojrirovy dialhi¢ny tunel Povazsky Chlmec (juzZna tune-
lova rira 2186,5 m, severnd tunelova rira 2249 m) je sucas-
tou dialni¢ného tuseku, ktory tvori juhozdpadny obchvat
mesta Zilina D3 Zilina (StrdaZov) — Zilina (Brodno).

Dna 2. 12. 2017 bol spoloénym prestrihnutim pasky slav-
nostne spusteny do prevadzky tunel Povazsky Chlmec vrata-
ne prilahlych objektov a casti stavby (estakdda cez
Hricovsku priehradu a most cez rieku Kysuca) napojenia na
existujicu cestnu siet.

Tunel a jeho technologické vybavenie spiﬁa najvyssie kva-
litativne a bezpecnostné kritéria.

Zhotovitelom stavby je zdruzenie Eurovia a.s., HOCHTIEF
CZ a.s. a Stavby mostov Slovakia, a.s.

Tunel Visitové

V druhej polovici roku 2017 prebiehala a za¢iatkom roku
2018 pokracuje aj vystavba najdlhsieho slovenského dialnic-
ného tunela Visiiové s dizkou 7537 m. Tunel je sucastou
useku dialnice D1 Lietavska Liucka — Visnové — Dubna Skala
a jeho zhotovitelom je zdruzenie firiem Salini Impregilo
S.p.A a Duha, a.s.

V janudri 2018 prebieha razenie od oboch portdalov
v oboch tunelovych ridrach. Od zdpadného portalu je na
konci janudra vyrazenych 2770 m STR a 2481 m JTR. Od
vychodného portdlu je v celkovo priaznivejSich geologic-
kych podmienkach vyrazenych 3537 m STR a 3469 m JTR.
Spolu je teda po 33 mesiacoch razenia vyrazenych 12 258 m
¢ize viac ako 80 % diiky razenych tunelovych rdr. Zaroven
s razenim tunelovych rir prebieha aj razenie priecnych pre-
pojeni, pri¢om v sti¢asnosti je prerazenych 23 priec¢nych pre-
pojeni z celkového poctu 29. Celkova dizka vyrazenych
vodorovnych diel na tuneli ViSnové zahrnujica tunelové

southern tunnel tube (STT) and the installation of the secon-
dary lining proceeded in both directions.

The secondary lining in the STT was completed at the
beginning of December 2017. The formwork set and the car-
riages are currently being disassembled. The secondary
lining in all eight cross passages between the NTT and STT
has also been finished.

At the moment the work proceeds on internal structures in
the NTT and STT (kerbs, slotted drain pipes, fire main, mass
fill concrete and sloped concrete on the bottom). The work
on the utility networks and buildings in the pre-portal parts
of the WP and EP (cable shafts, cable ducts, emergency
reservoir, operational buildings, fire protection reservoir, fire
main drainage, drainage, roadway drainage) and on finishes
in the WP and EP (cladding and retaining walls) is being rea-
lised concurrently.

The Zilina tunnel is a 687m long twin-tube tunnel on the
Hri¢ovské Podhradie — Lietavska Lucka section of the D1
motorway. The STT and NTT breakthrough ceremony took
place on 5th December 2016 and 9th February 2017, respec-
tively.

The secondary tunnel lining in both tunnel tubes as well as
in cross passages has already been finished.

Finishing concrete casting operations (laying of kerbs,
installation of slotted drain pipes, roadway drainage) are cur-
rently in progress. In the pre-portal areas, operations unavo-
idable for the completion of structures required for commen-
cing the casting of the concrete roadway cover in both tun-
nel tubes (concreting cable shafts and cable ducts, concre-
ting the base slab for the placement of the emergency tank
for drainage of the tunnel roadway, foundations for cladding
walls for finishing the portals.

The work on the technology equipment of the tunnel, first
of all the lighting in the STT, has started.

The direct contractor for the tunnel is a consortium consis-
ting of Doprastav, a. s. Bratislava and Metrostav a.s.

Cebrat tunnel

The 1994m long twin-tube Cebrat’ tunnel is part of the
Hubova — Ivachnova section of the D1 motorway.

Extensive problems with the stability of the area at the
western portal of the Cebrat’tunnel and the following section
of the motorway have been diagnosed in recent months.
They require major changes in the technical solution. For
that reason the work on this tunnel has still be suspended
(even as of 29th January 2018).

The contractor is a consortium consisting of OHL 7S,
a. s. and Vahostav — SK, a. s.

Povazsky Chimec tunnel

The Povazsky Chlmec twin-tube motorway tunnel (the
southern tunnel tube 2186.5m long, the northern tunnel tube
2249m long) is part of the D3 motorway section forming the
south-western by-pass of the town of Zilina, Zilina (StrdZov)
— Zilina (Brodno).

On 2nd December 2017, the Povazsky Chlmec tunnel, inc-
luding adjacent structures and a part of the construction of
the connection to the existing road network (a viaduct over
the HriCov dam and a bridge over the river Kysuca) were

opened to traffic by ceremonial joint cutting of the ribbon.



rury, prieéne prepojenia a nové dseky odvodnovacej $tolne
uz predstavuje takmer 14 km, ¢im prekondva sucet dizok
vSetkych vodorovnych diel vyrazenych v rdmci vystavby
tunelov Polana, Svr¢inovec, Povazsky Chlmec, Ovciarsko
a Zilina.

V sibehu s razenim prebieha tiez betondz sekunddrneho
ostenia od oboch portdlov, pri¢om je na konci janudra 2018
ukoncenych celkom 4,7 km hornej klenby, ¢o uz predstavuje
takmer tretinu diiky tunelovych rur. Pokracuje tieZ vystavba
vetracej Sachty betondzami definitivneho ostenia a razenim
vetracieho kandlu spdjajiceho Sachtu a tunelové rury.

Zhotovitelom stavby je zdruZenie firiem Salini Impregilo
S.p.A a Duha, as.

Ing. MILAN MAJERC‘iK, milan.majercik@ndsas.sk,
NDS a.s.

TUNELY NA MODERNIZOVANEJ ZELEZNICNEJ TRATI

Tunel Diel

Tunel Diel prechddza masivom vrchu Diel, ktory tvori
centrdlnu ¢ast' meandru rieky Vah. Tunel dlhy 1081,7 metrov
bude razeny v masive popod kipele Nimnica. Zdapadny por-
tdl je situovany na okraji obce Nimnica, vychodny portél
(obr. 3) bude zrealizovany v tizemi lesa nad cestou druhej tri-
edy 1I/507, ktord vedie z Pichova so Povazskej Bystrice po
pravom brehu priehrady. Tunel Diel bude mat tnikovi §t6l-
nu, ktora bude ustit'do priestoru vychodného portalu.

Zapadny portél tunela je doCasne ukonceny. Je zdkladnou
pre prace prebiehajice v tunelovej rire. Postup razenia tunela

Obr. 3 Tunel Diel, vychodny portdl
Fig. 3 Diel tunnel, eastern portal
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The tunnel and its technical equipment meet the highest
quality and safety criteria.

The contractor is a consortium consisting of Eurovia a. s.,
Hochtief a. s. and Stavby mostov Slovakia, a. s.

Visiiové tunnel

The construction of the Visnové tunnel, the longest
Slovakian motorway tunnel (7537m long) proceeded in the
second half of 2017 and continues at the beginning of 2018.
The tunnel is part of the Lietavskd Licka — Visnové — Dubna
Skala section of the D1 motorway. The contractor is a con-
sortium consisting of Salini Impregilo S.p.A and Diuha, a .s.

In January 2018, the excavation proceeds from both por-
tals in both tunnel tubes. From the western portal, the exca-
vation of 2770m and 2481m of the NTT and STT, respecti-
vely, was finished. From the eastern portal, the excavation of
3537m and 3469m of the NTT and STT, respectively, was
finished in generally more favourable geological conditions.
It means that together, the excavation of 12,258m, i.e. 80%
of the length of the mined tunnel tubes, has been finished
after 33 months of then work. The excavation of cross pas-
sages proceeds concurrently with the excavation of the tun-
nel tubes. At present, the excavation of 23 cross passages of
the total number of 29 has been finished. The total length of
the completely excavated horizontal workings on the
Visnové tunnel comprising the tunnel tubes, cross passages
and new sections of the drainage gallery already represents
nearly 14km. It exceeds the summary of the lengths of all
horizontal workings excavated within the framework of the
construction of the Polana, Svréinovec, Povazsky Chlmec,
Ovéiarsko and Zilina tunnels.

Concreting of the secondary lining proceeds from both
portals concurrently with the excavation. As of the end of
January 2018, 4.7km of the upper vault, representing nearly
one third of the length of the tunnel tubes, have been com-
pleted. The construction of the ventilation shaft continues by
concreting the final lining and driving a ventilation duct lin-
king the shaft and the tunnel tubes.

The contractor is a consortium consisting of Salini
Impregilo S.p.A and Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk

TUNNELS ON THE MODERNISED RAILWAY LINE

Diel tunnel

The Diel tunnel passes through the Diel hill massif forming
a central part of a meander of the river Vah. The 1081.7 metres
long tunnel will be driven through the massif under Nimnica
spa. The western portal is located at the edge of the municipali-
ty of Nimnica; the eastern portal (Fig. 3) will be located in the
area of a forest above the II/507 secondary road leading from
Pichov to PovaZzskd Bystrica, along the right-hand bank of the
dam reservoir. The Diel tunnel will have an escape gallery,
which will have its mouth in the area of the eastern portal.

The work on the western tunnel portal has been temporarily
suspended. It is a base for the work being carried out in the
tunnel tube. The tunnel excavation proceeds continually.
A certain section is excavated in the top heading and the exca-
vation of the bench and bottom follows subsequently.
Approximately from tunnel chainage m 120, the excavation
technique moved to the application of blasting and excavation
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Fig. 4 Milochov tunnel, western portal

prebieha kontinudlne. Vyrazi sa urcity usek v kalote, nasled-
ne sa doberie stupen a dno. Zhruba od tunelmetra 120 sa pre-
$lo na trhavinové razenie a postupne sa preslo do vystrojo-
vacej triedy €. 3. K ddtumu 19. 1. 2018 bolo vyrazenych 254
metrov tunela a po strdnke geoldgie razenie prebiehalo
v zdravom f{lovci triedy R3.

Na vychodnom portdli sa dokoncuje vystavba pristupovej
komunikécie zdvere¢nymi troviiami gabiénového oporného
muru. Zaroven prebehla aktualizacia projektovej dokumen-
tdcie na spresnené geologické podmienky a zhotovitel sa pri-
pravuje na zaciatok hibenia portédlovej oblasti.

Tunel Milochov

Na preklenutie dpédtia vrchu Stavnd, juZne od miestnej
casti Horny Milochov mestskej Casti Milochov mesta
Povazska Bystrica, je navrhnuty novy tunel Milochov.
Projektovana dizka tunela je 1861 metrov. Tunel bude mat’
jednu dnikovd $tdlnu.

Zipadny portdl tunela (obr. 4) sa pred Vianocami podarilo
dokoncit' a pripravit'na zapocatie razenia. V polovici janudra
2018 sa zacalo razit’ pod ochranou mikropil6tového dazdni-
ka na delent &elbu (kalotu, stupen, dno). K ddtumu 19. 1.
2018 bolo vyrazenych prvych 7.5 metra a geologicku sklad-
bu tvorili zvetrané a tektonicky poruSené ilovce s blokmi
zvetranych pieskovcov.

Na vychodnom portdli (obr. 5) bola dokoncena realizicia
spevnenia podlozia tryskovou injektdzou. Takto spevnené
podloZie v smere budiceho tunela umoznilo ukotvit' roznasa-
cie prahy na Celnej stene portdlovej jamy a td sa ndsledne
vyhibila a7 na troven dna. Dalej bol pred zagiatkom razenia
navitany mikropilétovy ddzdnik. Z dovodu prostredia tvore-
ného plastickymi {lmi sa prepracovala projektovd dokumen-
tdcia na razenie tunela od portdlu do vzdialenosti asi 200 m.
Statickymi vypoctami sa urcila potreba rozdelenia profilu na
Ciastkové Celby.

Celd stavbu realizuje zdruZenie Nimnica zloZené zo spo-
lo¢nosti Doprastav — TSS Grade — SUBTERRA — EZ Praha.
Tunel Diel bude realizovat’ spolo¢nost TUBAU, a.s. a tunel
Milochov spolo¢nost’Subterra a.s. Generdlnym projektantom
pre investora Zeleznice Slovenskej republiky je spolo¢nost’
REMING CONSULT a.s.

Ing. JAN KUngR, kusnir@reming.sk,
REMING CONSULT a.s.

Obr. 5 Tunel Milochov, vychodny portdl
Fig. 5 Milochoy tunnel, eastern portal

support class No. 3 started to be used. As of 19th January
2018, 254m of the tunnel excavation have been finished. As
far as geology is concerned, the excavation proceeded through
fresh claystone class R3.

At the eastern portal, the construction of the access road is
being completed by final levels of a gabion retaining wall. At
the same time, the design documentation was upgraded
according to refined geological conditions and the contractor
is preparing for starting the excavation in the portal area.
Milochov tunnel

The new Milochov tunnel is designed to cross the bottom
of Stavna hill, south of the local part Horny Milochov of
Milochov, the municipal district of the town of Povazskd
Bystrica. The design length of the tunnel amounts to 1861
metres. The tunnel will have one escape gallery.

The contractor managed to finish the western tunnel portal
(Fig. 4) before Christmas and prepare it for the commence-
ment of the tunnel excavation. The excavation under the pro-
tection of canopy tube pre-support commenced in the midd-
le of January, using the excavation sequence consisting of
top heading, bench and bottom. As of 19th January 2018, ini-
tial 7.5 metres of the excavation had been finished. The geo-
logy was formed by weathered and tectonically disturbed
claystone with blocks of weathered sandstone.

At the eastern portal (Fig. 5), the realisation of strengthening
of the sub-grade by jet grouting has been finished. The sub-gra-
ded strengthened in this way in the direction of the future tunnel
allowed us to anchor the walers on the front wall of the portal pit.
The pit was subsequently excavated down to the bottom level.
Further on, drilling for the canopy tube pre-support was finished
prior to the beginning of the tunnel excavation. The design docu-
mentation for driving the tunnel from the portal up to the distan-
ce of about 200m was reworked with respect to the geologic
environment formed by plastic clay. Structural analyses determi-
ned the necessity for sequential excavation of the profile.

The whole project has been realised by the Nimnica consor-
tium, consisting of the companies of Doprastav — TSS Grade
— SUBTERRA — EZ Praha. The Diel tunnel will be realised by
TUBAU, a. s. and the Milochov tunnel will be carried out by
Subterra a.s. The general designer for the project owner,
Slovak Republic’s Railways, is REMING CONSULT a. s.

Ing. JAN KUSNfR, kusnir@reming.sk,
REMING CONSULT a. s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

155 LET OD UVEDENI LONDYNSKEHO METRA DO PROVOZU
155 YEARS SINCE BRINGING LONDON METRO INTO SERVICE

The construction of the London metro (the Underground or
Tube) was started in 1860 by a firm registered in the
Commercial Register under the name of METROPOLITAN by
constructing a 6km long section between Bishop Road (today
the Paddington station) and Farrington Street. With respect to
the steam engine operation and the limited capacity of the
stack ventilation system, the vertical alignment of the tunnels
was designed at a small depth (6 to 8 metres). The double-
track horseshoe shaped profile tunnels were bricked up on
wooden scaffolding in pits excavated in the street space and
were backfilled after completion. The first metro line in the
world, with wooden cars pulled by a locomotive, was inaugu-
rated with great success on 10th January 1863 — 38,000 visitors
used the Underground on the first day of the operation, 25,000
passengers on average used it subsequently. In the following
years this subsurface variant of the London metro was further
intensely expanded. Only the start of electrification of the
Underground allowed for the construction of the deep variant
of the London Underground with pairs of 3.6m-diameter sing-
le-track tunnels and specially modified trains.

Roku 1825 zahdjil anglicky strojnik George Stephenson
vefejny provoz parniho vlaku na trati mezi Stocktonem
a Darlingtonem. Nové vynalezené vdlcované kolejnice (1825)
se plné osvédCily, po zdvodu lokomotiv (1829) byla vitézna
Stephensonova parni lokomotiva Rocket vybrdna k pouZivini
pro pravidelny provoz. V roce 1830 se objevila na trati
Manchester — Liverpool predzvést budouci podzemni drahy,
nebot’ byl otevien prvni Zelezni¢ni tunel na trati s parnim pro-
vozem (tunel Edge Hill, dl. 1066 m). V londynském Crystal
Palace se konala v roce 1851 prvni svétova prumyslové vysta-
va, na niz byla moznost vystavby podzemni drdhy poprvé verej-
né zminéna. Rokem 1859 vstoupila do historie méstské dopravy
parni tramvaj (New York, Londyn, Boston a dal${ mésta).

Obr. 2 Porovndni velikosti vozu podpovrchové (vpravo) a hlubinné (vlevo)
dopravy

Fig. 2 Comparison of the sizes of cars for subsurface tunnels (for the right)
and deep tunnels (for the left)

Obr. 1 Typ puvodnich tunelu metra vybudovanych firmou METROPOLITAN
v letech 1860 aZ 1863

Fig. 1 The type of original Underground tunnelscarried out by the firm of
METROPOLITAN from 1860 to 1863

Na povrchovych tratich byla vyzkousena rada zdsadnich véci
potrebnych k zahdjeni provozu podzemni drdhy — parni loko-
motivy s potfebnym vykonem, osobni vozy, vdlcované kolejni-
ce a jejich upevnovani, tprava pldné, signalni zafizen...

Stavbu londynského metra zahdjila v roce 1860 firma zapsana
v obchodnim rejstfiku pod ndizvem METROPOLITAN budova-
nim 6 km dlouhého tseku mezi Bishop Road (dnes Paddington
Station) a Farrington Street. Vzhledem k parostrojnimu provozu
a k omezenym moznostek kominového vétrani byla niveleta
tunelu vedena v malé hloubce (6 az 8 metrt). V hloubenych
jamdch v uli¢nim prostoru byly na dfevénych skruzich vyzdiva-
ny dvoukolejné tunely podkovovitého tvaru, které byly po
dokonéeni zasypdny. Prvni linie metra na svété, s drevénymi
vagony taZzenymi parni lokomotivou, byla s velkym tspéchem
uvedena do provozu 10. 1. 1863. Prvni den provozu vyuZilo
metro 38 000 navstévnikd, pak v pruméru denné 25 000 cestuji-
cich (obr. 1). V dalSich letech byla tato podpovrchova varianta
londynského metra déle intenzivne roz§ifovana. Teprve zahdjeni
elektrifikace podzemni drdhy v roce 1890 umoZnilo vystavbu
hlubinné varianty londynského metra (tube) s dvojicemi jedno-
kolejnych tuneld o priméru pouhych 3,6 m, se specidlné uprave-
nymi soupravami (obr. 2).

Velmi zajimavd je souvislost 1. linie metra s legenddrnim
TemzZzskym tunelem (Thames tunnel), ktery vybudoval pod
fekou, v bahnitopisCitych nédplavech, stavitel Marc Isambard
Brunel pomoci prvniho tuneldrského §titu. TemZsky tunel byl
po fadé obtizi a prodlev s velkou sldvou otevien v roce 1843
(25. brezna 2018 bude mit 175 vyrodi) , kdy tento prvni tunel
pod Temzi navStivila i krdlovna Viktorie a princ Albert.
Temzsky tunel slouZil zpocatku jen jako tunel pro pési a stal
se na vice nez 20 let velkou turistickou atrakei. V roce 1865
byl koupen spolec¢nosti East Railway, kterd do tunelu v roce
1869 zavedla Zeleznicni dopravu na trati East London Line,
zaClenéné nasledné do systému metra. Legenddrni Brunelav
tunel, ktery pfedznamenal pozdé€jsi éru raZeni tuneld plnopro-
filovymi tunelovacimi stroji, slouzi v podpovrchové varianté
londynské podzemni drdhy dodnes.

prof. Ing. JIRI BARTAK, DrSc.
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POHLEDNICE S ZELEZNICNIMI TUNELY V RAKOUSKU |
PICTURE POSTCARDS WITH RAILWAY TUNNELS IN AUSTRIA |

A number of picture postcards showing railway tunnels loca-
ted in Austria were already presented in previous issues of
TUNEL journal. This part of the series fluently continues with
this programme. With respect to the complex morphology of the
territory and the today already long history of the development
of railways in Austrian lands, we encounter many picture post-
cards especially presenting, among other things, railway tunnels.
It at the same time confirms a quip well known in technical circ-
les, which says that “the Austrians love tunnels”!

Jiz v predchozich ¢&islech ¢asopisu TUNEL byla uvedena rada
pohlednic s Zelezni¢nimi tunely nachdzejicimi se v Rakousku.
Tento dil serialu plynule pokracuje v tomto programu. S ohle-
dem na slozitou morfologii izemi a na dnes jiz dlouhou historii

|
|
|
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Obr. I Tunel Hochsteg a Planspitze 2117 m. Gesiuse. 4174 C. Ledermann jr.
Wien I. Fleschmarkt 12. 1902. [sbirka autori]

Na pohlednici je vychodni portdl tunelu od nddraZi Hieflau. V pozadi se tyci Stit
hory Planspitze, dominanty ndrodniho parku Gesduse. Trat sleduje v bezpro-
stfedni blizkosti tok Feky EnZe (Enns), zde prolamujict pravé oblast Gesdiuse.
Fig. 1 Hochsteg and Planspitze tunnels 2117m. Gesduse. 4174 C. Ledermann
jr. Wien I. Fleschmarkt 12. 1902. [authors’ collection]

The picture postcard show the eastern portal of the tunnel viewed from the
Hieflau railway station. The shield of the Planspitze mountain, a dominant of
the Gesdiuse national park, rises in the background. The track follows the flow
of the Enns river in the immediate vicinity, breaking through the Gesduse regi-
on in this location.

vyvoje Zeleznice se v rakouskych zemich setkdvame se znacnou
fadou pohlednic zobrazujicich, mimo jiné, pravé Zelezni¢ni
tunely. Soucasné to potvrzuje i bonmot zndmy v technickych
kruzich, ktery fika, Ze ,,RakusSané maji tunely radi*!

TUNEL HOCHSTEG

Tunel Hochsteg je jednokolejny tunel dI. 121 m. Nachdzi se
ve Styrsku na En7ské dréze (Ennstalbahn) vedené tdolim feky
EnZe (Enns) — obr. 1 az 3. Tato Zeleznice byla puvodné soudds-
ti Rudolfovy drdhy, vystavéné pod jménem korunniho prince
v 1. 1868 az 1873. V té dobé $lo v Rakousku, vedle drahy
Semmeringské na vychodé a Brennerské na zdpade¢, o treti seve-
rojizni Zelezniéni prechod Alp. V r. 1884 byla, tato ptuvodné
soukromd, drdha zndrodnéna. Dnes je elektrifikovand.

Tunel Hochsteg se naléza v tratovém dseku Amstetten — Bis-
chofshofen (€. trati 102 01). [1, 2]

TUNEL RATTENBERG

Dvoukolejny tunel Rattenberg, dlouhy 182,29 m, se naléza na
tratovém useku ¢. 101 04 Worgl hl. n. — Innsbruck hl. n. Jedna
se o jeden ze dvou tunelu elektrifikované hlavni trati spojujici
Kufstein (pfi hranici s SRN) s Innsbruckem (a ddle do Itélie).
Tato Zeleznice byla jako prvni zdpadorakouskd stavénd od
r. 1853, s otevrenim 24. 11. 1858. Tunel Rattenberg se nachazi
mezi stanicemi Rattenberg-Kramsach a Brixlegg — obr. 4. [1, 3]

TUNELY ,NA STENE 1" A _NA STENE 2"

Oba jednokolejné elektrifikované tunely se nachdzeji na
Mittenwaldské draze, spojujici Innsbruck Wbf. a Scharnitz (trat
¢. 351 01). Struénd historie a vedeni predmétné Zeleznice byly
v tomto seridlu jiZz popsdny v cCasopisu TUNEL ¢. 4/2014

Obr. 2 Tunel Hochsteg a Planspitze. Ferd. V. Kleinmayr, Klagenfurt 1910.
Kolorovanad fotografie. 1907. [sbirka autorii]

Za pozornost stoji osoba v obleku odpocivajici na okraji kolejového loZe nad
rekou EnZi. Jde patrné o dobového vyletnika do parku Gesdiuse... Pohlednice
Je na rubu i lici popsand 30 hustymi Fddky (tuzkou, kurentem) dobového sdéle-
ni adresdtovi.

Fig. 2 Hochsteg and Planspitze tunnels. Ferd. V. Kleinmayr, Klagenfurt
1910. Coloured photo. 1907. [authors’ collection]

The person in suit relaxing on the edge of the track bed above the Enns river is
worth the attention. It is probably a contemporary sightseer heading to the
Gesduse park. The picture postcard is covered with writing both on the obver-
se and reverse by 30 dense lines of a contemporary information to the addres-
see (written with a pencil, with running hand).




Obr. 3 Krdsné zelené Styrsko. Gesiiuse, tunel Hochsteg s Planspitze 2117 m. Jizda divo-
kou a romantickou krajinou tidoli Enns mezi Admontem (vstup do Gesdiuse) a Hieflau
(vystup z Gesiiuse). Gesiiuse je pro kazdého nadhernym zdZitkem. Cosy-Verlag. Alfred
Griindler, A-5013 Salzburg, Miinchener Bundesstr. 156. 1976. [sbirka autoru]

Na tiseku Zeleznice, dlouhém 22,8 km, prochdzejicim ndrodnim parkem Gesdiuse je 5
krdtkyich tunelii a 7 galerit, a to o celkové délce priblizné jednoho kilometru.

Fig. 3 Beautiful green Styria. Gesiiuse, Hochsteg tunnel with Planspitze 2117m.
A ride through the wild and romantic landscape of the Enns river valley between
Admont (entrance to Gesiuse) and Hieflau (exit from Gesduse). Gesduse is a great
experience for anybody. Cosy-Verlag. Alfred Griindler, A-501 3 Salzburg,
Miinchener Bundesstr. 156. 1976. [authors’ collection]

There are 5 short tunnels and 7 rock protection galleries at the aggregate length of

approximately one kilometre in the 22.8km long railway section running across the
Gesdiuse national park.
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Obr. 5 Mittenwaldskd drdha. Martinswandfunel. Purger & Co. Miinchen.
Frank-Verlag Graz 110-50. 1930. [sbirka autorii]

Oproti tvrzeni popisky na pohlednici se nejednd o Martinswandtunnel, nybrz,
jak to také potvrzuje ndpis nad zdklenkem objektu, jde o tunel ,Na sténe 1
(An der Wand-Tunnel 1). Zobrazen je jeho vychodni portdl.

Fig. 5 Mittenwald railway. Martinswandtunel. Purger & Co. Miinchen.
Frank-Verlag Graz 110-50. 1930. [authors’ collection]

Against the assertion of the caption in the picture postcard, this is not the
Martinswandtunnel; it is, as even confirmed by the inscription above the dis-
charging arch of the structure, the “On the wall No. 1” tunnel (An der Wand-
Tunnel 1). Its eastern portal is in the picture.
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Obr. 4 Rattenberg na Innu. Tirolsko. Verlag Innsbruck, Innstrafie
3. Aufnahme Sepp Kirchner. 1955. [sbirka autorii]

Na obrdzku je predstaveno malé historické mésto Rattenberg, leZici na Fece Inn.
Vpravo je historizujici jihozdpadni portdl tunelu Rattenberg od stavédla Brixlegg
2. Tunel prochdzi skalnim ostrohem, na kterém se nachdzi hrad z 10. stol.

Fig. 4 Rattenberg on Inn river. Tyrol. Verlag Innsbruck, Innstrafe 3.
Aufnahme Sepp Kirchner. 1955. [authors® collection]

The picture introduces Rattenberg, a small historic town lying on the Inn river.
Pictured right, there is a historicising south-western portal of the Rattenberg
tunnel from the Brixlegg 2 interlocking facility. The tunnel passes rhmugh
a rock promontory with a castle from the 10th century standing its top.

a¢. 1/2016, a to v souvislosti s pohlednicemi zobrazujicimi tune-
ly Martinswand 2 a Vorberg IV. Pro struéné pripomenuti: Draha
byla postavena v 1. 1910 az 1912, kdyZ od samého po¢atku mela
zésadni vliv na standardy provozu elektrickych vlaka ve stfedni
Evropé.

Tunel pojmenovany ,,Na sténé 1° (An der Wand-Tunnel 1) —
obr. 5 — je dlouhy 109,50 m, tunel ,,Na sténé 2* (An der Wand-
Tunnel 2) — obr. 6 — je potom dlouhy 202,43 m.

Tunely ,,Na sténé 1“ a ,,Na stén¢ 2 jsou vedeny znamou
,»Martinovou sténou“ (Martinswand) nad fekou Inn. Od
toho lze odvodit i jejich, ne zcela standardni, pojmenovani.
Mezi stanicemi Martinswand a Hochzirl se na tratovém
dseku dl. 5,5 km, vedle dvou pfedmétnych tuneli, nachdzi
4 dal3f a také 1 galerie. Celkova délka podzemnich objekta

Mittenmald-Bakn, Tunnel an der Wand Ne. I
1204 m. L) wud Paischeriofel,

. p B S

Obr. 6 Mittenwaldska driha. Tunel ,Na stené ¢. II“ 204 m n. m. s obei
Patscherkofel. Purger & Co. Miinchen. Photochromiekarte Nr. 12616.
Kolorovand fotografie. Cca 1914. [sbirka autorii]

Na pohlednici je zdpadni portdl tunelu. Obec Patscherkofel se rozklddd vpra-
vo, hluboko dole, v Sirokém udoli ieky Inn.

Fig. 6 Mittenwald railway. The “On the wall No. 2* tunnel 204m a.s.l., with
the village of Patscherkofel. Purger & Co. Munich. Coloured Ppicture card
No. 12616. ca 1914. [authors* collection]

The western portal of the tunnel is in the picture postcard. The village of
Patscherkofel lies on the right side, deep down, in a wide Inn river valley.
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zde potom ¢&ini 2,82 km, coz je 51 % délky prislusné pasa-
ze. [1,4]

doc. Ing. VLADISLAV HORAK, CSc.,

Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY
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DALSI KROK K UNIVERZALNIMU TM, ANEB ,BUDE TO STACIT"?
ANOTHER STEP TO A UNIVERSAL TM, OR ,WILL IT DO"?

A dream of many sellers of TMs (Tunnel Machines) is to
offer one universal machine capable of coping with all pit-
falls of planned tunnels. A dream of many tunnellers is to
own such a machine and excavate tunnels with it rashly. This
paper is focused on the technical aspect of combining vari-
ous types of TMs and overshadows the possibilities of chan-
ging the sizes. Traditionally, the manufacturers did not cud-
gel their brains about terminology, therefore similar techno-
logies have different names. Herrenknecht calls combined
machines Multi-mode TBMs and adds a description of the
particular combination to them. Robbins approached it sys-
temically with the “Crossover TBMs” set. Crossover is abb-
reviated to X, in combinations XRE, XSE, XRS.

Snem mnoha prodejci TM (tunelovaci stroj, Tunnel
Machine) je nabizet jeden univerzdlni stroj schopny zvlad-
nout veSkeré zaludnosti planovanych tuneli. Snem mnoha
raziCu je takovy stroj vlastnit a razit s nim ,hlava nehlava“.
Tento ¢lanek se zaméruje na technickou stranku kombinova-
ni riiznych typti TM a upozaduje moZnosti zmény velikosti.
S terminologii si vyrobci tradi¢n¢ neldmali hlavu, takze
obdobné technologie maji rozlicné ndzvy. Herrenknecht
kombinované stroje nazyva Multi-mode TBM a doplnuje
k nim popisek dané kombinace. Systémové to pojal Robbins
s kolekcf ,,Crossover TBMs*“. Crossover, zkrdcené X, v kom-
binacich XRE, XSE, XRS.

CROSSOVER TBM - XRE/KOMBINOVANY TBM
S JEDNODUCHYM STITEM A ZEMINOVYM STITEM

Pravdépodobné nejznamé;jsi kombinaci plnoprofilovych
razicich stroju je TM pro skalni a zeminové podminky. Stroj
mad pro odtézbu jak Snekovy, tak i pdsovy dopravnik. Ve skal-
nim médu razeb je do odtéZovaci komory (v misté hlavni
podélné osy tunelu) prodlouzen pasovy dopravnik. Pro razbu
v zeminovych podminkdch se pdsovy dopravnik vysune
z odtézovaci komory a odtézbu zajistuje Snekovy dopravnik.

TM se hodi pro zeminové podminky s nizkou propustnosti,
v kombinaci se skalnimi podminkami. Ukdzkou muZe byt
stroj S-799 od Herrenknechtu, se kterym Metrostav vyrazil
8,2 km Ejpovického tunelu. V poddni firmy Robbins je tato
sestava zndzornénd na obr. 1.

Odvaznym feSenim je pro kombinovany stroj (skalni s jed-
noduchym Stitem/zeminovy) pouziti pouze Snekového
dopravniku umisténého v hlavni, podélné ose stroje. Ten
transportuje rubaninu jak v reZimu zeminového Stitu, tak
i v rezimu skalnich raZeb. Snekovy dopravnik je rozdélen do
dvou ¢&astf, kvali moznému vyskytu metanu, hermeticky spo-
jenych (obr. 2). Nasledny transport rubaniny tunelem se
zpravidla resi pasovym dopravnikem.

Zdroj The Robbins Company Source The Robbins Company

Obr. 1 Kombinovany TM pro skalni a zeminové podminky

Fig. 1 Combined TM for hard rock and earth conditions




27. rocnik - €. 1/2018

Zdroj The Robbins Company Source The Robbins Company

Obr. 2 XRE pro uhelny dul Grosvenor
Fig. 2 XRE for the Grosvenor coal mine

TM byl pouZit pro razbu dvou pfistupovych tunelt v uhel-
ném dole Grosvenor v Austrdlii. Razby probihaly v piscich,
jilu, uhli, ale také v piskovci a ¢edici s pevnosti do 120 MPa
UCS. Tento stroj je natolik zajimavy, Ze se k nému vratime
v nékterém dal§im &isle.

CROSSOVER TBM — XSE / KOMBINOVANY
TM BENTONITOVY SE ZEMINOVYM STITEM

Crossover TBM XSE kombinuje bentonitovy stroj se
zeminovym. Do odtéZovaci komory je priveden jak bentoni-
tovy systém pro odtézbu, tak i Snekovy dopravnik (obr. 3),
coz vyrazné zkracuje ¢as potfebny pro zménu médu. Ovsem
pro transport rubaniny na povrch se musi tunel vystrojit jak
pasovym dopravnikem, tak i sestavou potrubi pro bentonit.

TM je idedlni pro razby v zeminéch, téméf bez ohledu na
jejich propustnost a pritomnost podzemni vody, s presahem do
poloskalnich zemin. Razby mohou probihat v reZimu zemino-
vého stroje, odtézba je fizena $nekovym dopravnikem. Pri
prechodu do zemin s vy$§i propustnosti, pripadné s vyraznéj-
§im vyskytem dulnich vod, Ize prejit do reZimu bentonitového
stroje a odtézbu rubaniny (fizeni protitlaku) realizovat pomo-
ci bentonitové suspenze. Celd odtéZovaci komora je vyplnéna
suspenzi a raZba muiZe pokrafovat i ve ztiZenych geologic-
kych podminkach. Pri zlepSeni podminek lze prejit do levnéj-
Sich razeb zeminového médu. Hodi se pro razbu v zastavéné
oblasti, a to pro moZnost precizni prace s protitlakem na elbé,
coz vede k minimalizovan{ rizika seddni povrchu.

VARIABLE DENSITY TBM/KOMBINOVANY
TM BENTONITOVY A ZEMINOVY STIT

Sjednoceni transportu rubaniny Vv tunelu ukézal
Herrenknecht u své technologie ,,Variable density machine®

Zdroj The Robbins Company Source The Robbins Company
Obr. 3 Kombinovany TM bentonitovy se zeminovym Stitem
Fig. 3 Combined bentonite and EPB TM

(obr. 4). Ve Stitové Casti stroje md také bentonitovy systém
kombinovany se zeminovym, ale na rozdil od XSE firmy
Robbins sjednocuje transport rubaniny do ,,rozplavovaci jed-
notky“. V té se i rubanina ze $Snekového dopravniku smicha-
va s bentonitem (rozplavuje), aby byla nédsledné transporto-
vdna potrubim aZz na povrch. Vyhodami jsou jednak jeden
transportni systém pro rubaninu v tunelu a rychla zména
modu raZzeb. Nevyhodou je, Ze i rubanina z razeb v zemino-
vém modu musi projit ndkladnym separacnim systémem
bentonitového recykla¢niho hospodarstvi.

MODIFIKOVANA REZNA HLAVA

Pro kombinované stroje je nutné vyvinout i kombinova-
nou feznou hlavu. Pfi jejim ndvrhu se ¢asto musi feSit pro-
tichudné pozadavky. Napiiklad poZadavky na maximalni
otevreni u bentonitového médu s o poznani mensim otevre-
nim pro zeminovy mdéd a s tim souvisejici problémy se zale-
povanim prostupu lepivymi jemnozrnnymi d&asticemi.
Pripadn¢ velké procento otevreni pro zeminovy méd nepo-
skytuje dostatek prostoru pro uloZeni velkého poctu vali-
vych dléat (pro skalni méd), sniZzuje celkovou tuhost hlavy
a pri razbé ve skalnim mddu jsou vétsi prostupy na Skodu
a musi se zaslepit. Ndzornou ukdzkou je feznd hlava osmi-
metrového stroje firmy Robbins, kombinujici razby ve skal-
nim a zeminovém maddu (obr. 5). U adaptace pro skalni mod
razeb nejsou zndzornény pridavné konstrukce na zadni stra-
né fezné hlavy.

K lepSimu vyporaddvéni se se zménami geologie poméha
unifikované ukotveni (lizko) feznych ndstroju. Diky nim lze
jednoduse vymeénit valivd dldta do skalnich podminek, s fez-

nymi zuby pro

zeminy. Pripadné
Ize ukotveni na-
vrhnout tak, aby
bylo mozZno osa-
dit i valivd dlata
s vétsim prumé-
rem, vyskytnou-
li se na Celb€ hor-
niny s vyssi pev-

P
Zdroj 1t AG Source HerrenkmechiaG ~ NOStL.

Obr. 4 Kombinovany TM bentonitovy se zeminovym Stitem s rozplavovaci jednotkou

Fig. 4 Bentonite TM combined with an EPB TBM with an earth dilution unit
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Obr. 5 Reznd hlava pro zeminovy a skalni méd raZeb, a) zeminovy méd s 35% otevienim a rotaci v obou smérech, b) skalni méd s 8% otevienim a rotaci pouze

ve sméru hodinovych rucicek

Fig. 5 Cutterhead for EPB and hard rock excavation modes, a) EPB mode with 35% opening and rotation in both directions b) hard rock mode with 8% ope-

ning and only clockwise rotation

ZAVER

Kombinovani typu TM je dozajista budoucnost mechanizo-
vanych razeb, kdy po boku &istokrevnych specidli zamére-
nych na jeden typ raZeb budou stit i kombinované stroje pro
,.geologicky pestré projekty. Vyrobci tunelovacich stroju uz
reSi kombinaci technologickych protipélu: bentonitového

a skalniho Stitu — Crossover TBM XRS. Cas ukdze, zda
budou kombinované stroje jen doplikem ,,specidlu®, anebo
cestou k univerzdlnimu razicimu stroji.

Ing. FILIP SCHIFFAUER, ¢len pracovni skupiny
pro mechanizované tunelovdni

ZPRAVODAIJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

wwWw.ita-aites.cz

CINNOST SEKCE TUNELY €SS V ROCE 2017

Cinnost Sekce tunely CSS v preddvani nejnovéjsich infor-
maci tykajicich se tunelovych dsekt pozemnich komunikac{
pokracovala v roce 2017 obvyklou formou ctvrtletnich jed-
néni, organizovanim &lanka a zprav v &asopisu CSS Silniéni
obzor a organizovanim spoluprice na &innostech CSS.

Na breznovém jednani Sekce u spolecnosti Satra s.r.o. byli
jeho dcastnici informovani o zkuSenostech z vice nez dvou-
letého provozovani tunelu Blanka MO Praha véetné zkuse-
nosti ze cviceni IZS v tomto tunelu v roce 2016, dale o kon-
cepci a zahdjeni vystavby Multifunkéniho centra tohoto
tunelu, o projektové pripravé tunelu Homole ddlnice D35
a o duvodech a pribéhu vymény kamerového vybaveni
v tunelech staveb 513 a 515 PraZzského dalni¢niho okruhu.

Cervnové jednani Sekce bylo uspofdddno u spole&nosti
Subetrra a.s. a prineslo jeho téastnikum informace o zahra-
ni¢nich aktivitdch této spolecnosti na vystavbé tunelu dal-
ni¢niho obchvatu mésta Stockholm, o ukonéeni pruzkum-
nych praci na tunelu Radlické radidly v Praze, informace
o projektu silni¢niho tunelu Pohurka ddlnice D3 a o dokon-
¢ovani vystavby na tunelech stavby PovdZsky Chlmec na
Slovensku.

Jedndni Sekce v zari bylo usporadano na provoznim tdseku
RSD v Praze. Utastnici jednani byli podrobné sezndmeni se
soucasnym organizovanim provozovéni a GdrZby tunelu sil-
nic a dalnic ve sprave RSD a o daliim postupu pripravy
podéni Z4dosti investora RSD o vydani tizemniho rozhodnu-
ti na vystavbu stredoceského useku dédlnice D3.

Prosincové jednani Sekce bylo tradi¢né usporadano u spolec-
nosti Metroprojekt Praha. Jednani bylo informovano o ¢innostech
zastupci CSS ve Vyboru D5 spolecnosti PIARC a jednéni jeho
pracovnich skupin, o vysledcich zkuSebniho provozu tunelt
Prackovice a Radejc¢in ddlnice D8, o ndvrhu a prvnich zkuSenos-
tech z provozovéni gardzi Letnd a o ndvrhu nového zpusobu hod-
noceni klasifikace prostiedi v tunelech pozemnich komunikaci.

Sekce v prubéhu roku opakované spolupracovala na &in-
nostech spoluprace v ramci CSS a CzTA, zejména v radé
Casopisu Silni¢ni obzor a pfi prezentaci souc¢asnych informa-
ci o tunelech silnic na Silni¢ni konferenci 2017 v Brné.

Bieznové jednani 2018 Sekce tunely CSS bude organizo-
vano u spole¢nosti Satra s.r.o.

Ing. JIRI SMOLIK
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