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Vazeni a mili ¢tenari, kolegové tunelati,

pred vami ted lezi zcela nové Cislo naSeho, véfim, ze oblibeného, ¢asopisu TUNEL. Pfedem svého tivodniku bych chtél poukazat na
skutecnost, Ze i v tak tunelafsky nepiejici dobé, ano tak malo tunell jako dnes se u néds dlouho nestavélo, jde o ¢islo plné zajimavych,
inspirativnich a pou¢nych ¢lanku. Na vSem $patném je vzdy néco pozitivniho, cozZ potvrzuje trend, kdy nasi kvalitni ¢esti dodavatelé pro
nedostatek prace v rodné zemi tro¢i své zkuSenosti a ambice na je§té doneddvna nedostupnych vyspélych zapadnich trzich. VEfim, Ze o to
efektivngjsi tak bude dalii evoluce vystavby tunelit v Ceské republice, jakmile se podaii ji zah4jit! O tom vSem jsou nasledujici stranky.

V prvé fadeé se svymi prispévky jiz tradi¢né predstavuje spolecnost Subterra a.s., jedna z nejzkusenéjsich ceskych dodavatelskych firem.
Clanky seznamuji tenafe s aktudlnimi realizovanymi projekty z jejiho portfolia, které potvrzuji predchozi Gvahu. Tunely Jirfilla na pro-
dlouZeni stockholmského metra ve Svédsku, Tunel Milochov na modernizované Zelezni¢ni trati Pichov — Zilina na Slovensku, resp. viemi
vasnivymi lyZafi touZebné oc¢ekdvany Tunel Kramer na ddlni¢nim obchvatu lyZarského stfediska Garmisch Partenkirchen v Némecku jsou
nejen zahrani¢ni projekty, ale jsou to také projekty velmi vyznamné a technicky narocné, s ¢imz se mtiZzete podrobné seznamit. Takovou
tfesni¢ku na dortu pak tvoii tramvajovy tunel Zabovieska v Brng, ktery potési tuneldfe statistiky doplnénim jejich seznamu o jeden tunel
vyuZivany v podzemi ne zcela béZnym dopravnim prostfedkem.

Naopak novacek v fadach projekénich kancelafi zabyvajicich se tunely (ne toliko jeho projekcni tym), spolecnost SAGASTA s.r.o., pfedstavuje rekonstrukce
Zelezni¢nich tuneld vybudovanych nagimi progresivnéjsimi predky, do neddvné doby okrajovou ¢4st tunelatské problematiky. Clinky o rekonstrukci Polubenského
tunelu a Dolnolucanského tunelu na trati Liberec — Tanvald — Harrachov dokladaji, Ze i tato problematika je velmi zajimavou technickou vyzvou. Abychom se aspoii
na chvilku vratili k aktudlnim realizacim u nas, je jejich portfolio doplnéno o popis realizace Zvérotického tunelu na IV. Zelezni¢nim koridoru z Prahy do Ceskych
Budégjovic. Ve stinu velkych tunelil z ciziny jde tak trochu o drobny stavebni objekt, nicméné na velmi dulezité trati a pojaty se vsi zodpovédnosti potfebnou pro
zvladnuti technologie hloubeného tunelu.

Aby Ceské tunelafstvi nezlistalo zcela pokorfeno zahraniénimi projekty, obsahuje toto ¢islo i jednu snad se da fici, Ze nejen vizi, ale skute¢né planovany dlouhy ba-
zovy tunel na pripravované vysokorychlostni trati z Prahy do Drazdan. Pfedstaveni tzv. KruSnohorského tunelu je nejen predstaveni zajimavych geologickych poméru,
se kterymi se bude muset vystavba vyporadat, ale piedev§im piedstavenim vysoce ambiciézniho pfeshrani¢niho projektu tunelu s predpokladanou délkou 26 km.
Nezbyva nez doufat, Ze se jeho vystavba rozebéhne co nejdfive, a tak jako uZ tolikrat neziistane jen u snu a plani.

Nechci vSak psét pouze o ndplni ¢asopisu. Za zminku stoji i jedna zdsadni ,,provozni* informace z pozadi pfipravy naseho Casopisu. Po 12 letech se své funkce
predsedy redakéni rady vzdal prof. Ing. Jifi Bartdk, DrSc. Clenem redakéni rady je jiz od roku 1994, Je tieba uvést, Ze pravé on ma lvi podil na vysoké kvalité tohoto
Casopisu, kterd je Casto ocefiovdna i v zahranici. Jeho nepfeberné odborné znalosti, profesni zkusenosti, ale i literdrni vlohy s lidskym pfistupem pomohly ¢asopis vést
lehkou, ale pevnou rukou a za to si zaslouZi velky dik i Gctu. Nastoupit tak na jeho misto pfedstavuje pro nového predsedu Ing. Borise Sebestu velmi nelehky tkol
s velmi vysoko nasazenou latkou. Ke v§em autorim mam proto prosbu, piste i nadale zajimavé ¢lanky a usnadnéte mu tak jeho zodpovédnou ¢innost, tak jako mu ji
svym setrvanim v redak¢ni radé jisté bude usnadniovat i jeji byvaly predseda. Jeho setrvani je pro mé osobné znamkou jistoty kvality a podpory nejen celé redakéni
radé, ale i vam autortim a ¢tenafim. A to je dobry zacatek nové éry, za ktery se opét slusi podékovat.

Ing. PAVEL SOUREK
odborny redaktor a ¢len redakéni rady

Dear readers, tunnel construction colleagues,

a completely new issue of our, I believe popular, TUNEL journal lies now in front of you. In advance of my editorial, I would like to point out the fact
that even in such a time hostile to construction of tunnels, during which we built so few tunnels in our country as we did not for a long time in the history,
the journal issue is full of interesting, inspiring and informative articles. There is always something positive about everything bad, which confirms the
trend where our good quality Czech contractors, due to the lack of work in their home country, capitalise on their experience and ambitions in the hitherto
inaccessible developed western markets. I believe that the further evolution of tunnel construction in the Czech Republic will be all the more effective as
soon as it can be started! The following pages are about all this.

First of all, Subterra a.s., one of the most experienced Czech contractors, has traditionally introduced itself with its contributions. The articles acquaint
readers with the currently under construction projects from its portfolio, which confirm the previous consideration. The Jérfdll tunnels on the extension of
the Stockholm metro in Sweden, the Milochov tunnel on the Pichov — Zilina railway line being modernised in Slovakia, respectively the Kramer Tunnel on
the motorway bypass of the Garmisch Partenkirchen ski resort in Germany, which is eagerly awaited by all passionate skiers, are not only foreign projects,
but they are also very important and technically demanding projects, which you can get acquainted with in detail. The Zabovfesk4 tram tunnel in Brno is
such an icing on the cake. It will please the tunnelers-statistics by adding one tunnel used in the underground by not entirely common means of transport.

On the contrary, a newcomer to the ranks of design offices dealing with tunnels (not only its design team), the SAGASTA s.r.o. company, represents the
reconstruction of railway tunnels built by our more progressive ancestors, which was until recently a marginal part of tunnel construction problems. Articles
on the reconstruction of the Polubensky tunnel and the Luc¢any nad Nisou tunnel on the Liberec — Tanvald — Harrachov line prove that this issue is also a
very interesting technical challenge. In order to return, at least for a moment, to the current construction projects in the Czech Republic, their portfolio is
supplemented by a description of the construction of the Zvérotice tunnel on railway corridor No. 4 from Prague to Ceské Bud&jovice. In the shadow of large
tunnels from abroad, it is a bit of small structure, but located on a very important rail line, which is conceived with all the responsibilities needed to master
the technique of construction of cut-and-cover tunnels.

This journal issue also contains one project, perhaps it can be said that not only a vision, but a really planned long base tunnel on the planned high-speed
railway line from Prague to Dresden, so that the Czech tunnelling industry is not to be completely humiliated by foreign projects. The presentation of the
so-called Ore Mountains tunnel is not only a presentation of interesting geological conditions, which the construction will have to deal with, but above all a
presentation of a highly ambitious cross-border tunnelling project with an expected length of 26km. We can only hope that its construction will start as soon
as possible, and it will not be left to dreams and plans as so many times in the past.

However, I do not want to write only about the content of the journal. The following essential ,,operational* information from the background of the
preparation of our journal is also worth mentioning. After 12 years, Prof. Ing. Jifi Bartdk, DrSc, resigned as Chairman of the Editorial Board. He has been
a member of the editorial board since 1994. It should be noted that he has the lion‘s share of the high quality of this magazine, which is often appreciated
abroad. His inexhaustible professional knowledge, professional experience, but also literary talents with a human approach helped to guide the journal with a
light but firm hand, and he deserves a lot of thanks and respect for that. Taking his place is a very difficult task with a very high standard for the new chairman,
Ing. Boris Sebesta. Therefore, I have a request to all the authors: continue to write interesting articles and make it easier for him to act responsibly, just as
the former chairman of the editorial board, who will certainly make it easier for him by staying on the board. For me personally, his persistence is a sign of
quality assurance and support not only for the entire editorial board, but also for you authors and readers. And this is a good start to a new era, for which it
is appropriate to thank again.

Ing. PAVEL SOUREK
professional editor and member of the editorial board
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VAZENI CTENARI,

v den svatku Petra a Pavla, kterym je 29. Cerven, byla letos
podepsana smlouva na vystavbu prvni ¢asti nové linky prazské-
ho metra v tseku Pankrdc Olbrachtova. Je na ni i jméno nasi
spole¢nosti jako vedouciho tcastnika sdruzeni zhotoviteld.

Subterra méa zkusSenosti s vystavbou metra hned ve dvou
evropskych metropolich — v Praze a Stockholmu. V pfipadé
prazského metra byla do jeho rozSifovani zapojena po vétSinu
obdobi 2000 — 2015. Na posledné budované trase V.A se muze

DEAR READERS,

this year, on the Feast of Saints Peter and Paul, which is June
29, a contract was signed for the construction of the first part
of the new Prague metro line section between the Pankrac —
Olbrachtova stations. It bears the name of our company as the
leading member of the consortium of contractors.

Subterra is experienced in constructing metros in two European
capitals — Prague and Stockholm. In the case of the Prague metro,
it was involved in its extension for the major part of years 2000—
2015. On the most recently built Line V.A, it can boast about its

. . . . very unique work — the Veleslavin three-vault station. The NATM
Veleslavin. V Case a prostoru se zde musely zkombinovat razby excavations had to be combined with the passage of a tunnel

NRTM s prijezdem tunelovaciho stroje. Subterra metro nejen stavéla, ale  poring machine in terms of time and space. Subterra a.s. not only constructed

pfispéla i k jeho obnové po povodnich v roce 2002. the metro, but also contributed to its renovation after the floods in 2002.

Ve Stockholmu vyhréla naSe dcefind spolecnost svou prvni metro-zakéz- In Stockholm, our daughter company won its first contract for metro in
ku v roce 2018. Nyni tam pracuje celkem na Ctyfech projektech, z nichz 2018. It is currently working there on four projects in total, the largest of
nejvetsi zahrnuje kromé tunelového tseku i dvé stanice. S razbami riznymi which includes two stations together with a tunnel section. Thus, we have
metodami i s vybavovanim metra technologiemi a jejich tidrzbou mime great expertise in excavations by various methods and equipping tunnels with
tedy dostatek zkuSenosti. V&im proto, 7e ziskand zakdzka na prvni tsek technologies and their maintenance. I therefore believe that the contract for
nové trasy D nepfinese nic, s &fm bychom si neuméli poradit. the first section of the new Line D does not involve anything that we could

not deal with.

The signing of the contract was a joyful and important message not only for
us and our partners, but I also believe, for the Czech underground construction
industry in general. An old Czech proverb says: “A clear day on the Feast of
Saints Peter and Paul — a good year is certain.” Does it mean that the Czech
tunnelling industry is entering not only a better year, but also whole period?

Podpis smlouvy byl radostnou a vyznamnou zprdvou nejen pro nds a nase
partnery, ale mam za to, Ze i pro ¢eské podzemni stavitelstvi viibec. Staré
prislovi fika: ,,Na Petra a Pavla den jasny a Cisty, rok drodny bude jisty“.
Vstupuje tedy Ceské tunelafstvi nejen do trodnéjsiho roku, ale i celého ob-
dobi? Véfme, Ze ano, nebot za prvnim tsekem budou logicky nésledovat

dalsi a snad nezistane jen u linky D prazského metra. Let’s believe that it is so, because the first section will logically be followed
Projektd, o kterych se mluvi, je vice. At uZ jde o rekonstrukee, tykajici se by others and new underground projects perhaps will not stop with the Line

napiiklad Vinohradskych nebo Nelahozeveskych tunelit nebo nové tunely D of the Prague metro.

projektované v ramci modernizace trati Nemanice — Sevétin nebo dokonce There are more of them that are being considered. They are either

megaprojekty jako jsou tunel Praha — Beroun ¢i Kru$nohorsky tunel o délce reconstruction projects, such as the Vinohrady or Nelahozeves tunnels, or new

26 km na Novém Zelezni¢nim spojeni Drazdany — Praha. I vnitini mést- tunnels designed as part of the modernisation of the Nemanice — Sevétin rail

sky okruh v Praze se bude muset jednou dokoncit a rychlé spojeni z centra line, or even megaprojects such as the Prague — Beroun tunnel or the 26km
long Ore Mountains Tunnel on the New Dresden — Prague Railway Line.

Even the inner ring road in Prague will have to be completed once and the fast
connection between the city centre and the Prague Airport (maybe Kladno)
will have to be built. There is a serious debate about high-speed rail lines, as
if this year’s Olympic Games in Tokyo reminded us that the first Japanese
Shinkansen was brought into service on the high-speed line between Tokyo

meésta na prazské letisté, potazmo do Kladna, jednou vybudovat. O vysoko-
rychlostnich Zeleznicich se zac¢ina vést vazna debata, jako by nam leto$ni
Olympijské hry v Tokiu pfipomnély, Ze prvni japonsky Shinkanzen vyjel na
rychlodrdhu mezi Tokiem a Osakou, u? v roce 1964.

Vratim-li se od tvah o asijském tygru a lepsich ceskych zitfcich zpét

k nasi soucasné realité, musim pfiznat, Ze tunelafina by se v nasi spolecnosti and Osaka in 1964.

stale jeste neobe§lav bez masivni angaZovanosti na projektech v zahranici. Instead of thinking about the Asian tiger and a better tomorrow I would
Nyni konkrétné ve Svédsku — jak jsem jiZ popsal vyse, Némecku, Madarsku rather turn back to our present-day reality. | must admit that tunnelling business
a na Slovensku. Kolacovy graf naSeho celkového vyrobniho programu po- in our company would still not be possible without a massive involvement in
tvrzuje pomér hodnoty projektii v CR ku zahraniéi zhruba pil na pil, aviak projects abroad, specifically in Sweden (as I mentioned above), Germany,
u podzemniho stavitelstvi zahraniéni projekty stale pfevazuji. Svéd¢i o tom Hungary and Slovakia. The pie chart of our whole production programme
také skladba naSich odbornych piispévki uvnitf tohoto ¢isla, v niZ zahranic- confirms the ratio of the value of projects in the Czech Republic to projects
ni projekty stdle jesté prevazuji. Chei véfit, 7e az Subterra piijde v Tuncluna  @broad to be about half and half, but in underground construction projects

abroad still predominate. Our papers in this issue confirm this. I would like to
believe that when Subterra takes its turn in the TUNEL journal next time, it
will be the other way around.

However, this does not mean that we will leave the countries in which we
have laboriously established ourselves. We would just like to fulfil our long-
term strategic vision that projects abroad should complement the domestic
ones and not to replace them. Although doing business abroad is undoubtedly

fadu pfisté, bude tomu uZ naopak.

To vSak neznamend, Ze zemé, v kterych jsme se pracné etablovali, bude-
me opoustét. Radi bychom jen naplnili nasi dlouhodobou strategickou vizi,
Ze pusobeni v zahrani¢i ma dopliiovat to tuzemské, nikoli byt jeho ndhra-

domaci trh dokédze postavit do cesty také mnoha uskali. V soucasné dobé

Je to bezesporu prudké zdraZeni cen materidlil a jejich nedostatek. Situace more difficult for many reasons, the domestic market is also sometimes
na trhu prace neni také pravé riZova, ur¢ité pracovni pozice se obsazuji jen extremely challenging. At present, there is undoubtedly a sharp increase in
velmi t€Zko. Do kosiku obtiZi miZeme nasypat i nékteré, dosud nevidané the costs of materials and their shortage. The situation on the labour market is
praktiky konkurence a obstrukce riznych stézovatelii. Kazda mince ma dvé not the best either, certain jobs are very difficult to fill. What we can also add,
stranky a musime umét zvladat oboje — Cesko i zahranici. are some until now unprecedented practices of competitors and obstructions

Novym vécem se stale u¢ime a nékdy piitom i klopytneme. Do budoucna of various complainants. There are always two sides of every coin and we
se viak divame se zna¢nou davkou optimismu. must be able to handle both the Czech and foreign market.

We keep learning new things and sometimes
stumble. However, we are looking to the future with
great optimism. Subterra a.s. and its subsidiaries have
never expected such a high turnover as this year. We
confirm in this way our company” s slogan: *“ Never
stuck on the ground.”

Subterra se svymi dcefinymi spole¢nostmi jes-
t€ nikdy nepoditala s dosazenim tak vysokého
obratu jako letos. Potvrzujeme tak nase firemni
heslo ,,Nedrzime se pfi zemi.*

ING. ONDREJ FUCHS

predseda predstavenstva a generalni reditel Subterra a.s.
Chairman of the Board of Directors and General Director
of Subterra a.s.
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VAZENI A MILI CTENARI CASOPISU TUNEL,

velice mé t&8i, Ze mam moznost napsat ivodnik do to-
hoto cCasopisu. Radost mam, protoze naSe spolecnost
SAGASTA s.r.o. se po 5 letech od svého vzniku stala jednou
z téch spolecnosti, kterd ma projektovani podzemnich staveb
ve svém portfoliu sluzeb.

Byt osobné jsem ,,silni¢afem*™, mél jsem k navrhovani pod-
zemnich staveb od zacatku své profesni kariéry velice blizko.
Nastoupil jsem totiz do rakousko-némecké konzultacni kan-
celare, kde projekty tunelovych staveb byly bézné, a i mij
prvni , 8éf* a svétob&znik, pan Ing. Ermin Stehlik, patii mezi
vas, tunelare. Prvnimi projekty, na kterych jsem se tak osobné
podilel, byl napiiklad slovensky dalni¢ni tunel Branisko, navrhy alterna-
tivnich tras dalnice D8 pies Ceské stiedohoii nebo prazsky silni¢ni tunel
Mréazovka. Poznal jsem, Ze navrhovéni tunelovych staveb ma sva specifika
a technicky a i ekonomicky tspésné dilo vyzaduje vénovat patfi¢nou po-
zornost jiZ pfi ndvrhu trasy s ohledem na geologické podminky.

Spole¢nost SAGASTA s.r.o. si projektovani dopravnich staveb nese
jiz v samotném nazvu. Malokdo totiz vi, Ze jméno spole¢nosti je sou-
¢asné jménem byvalého Spanélského ministerského predsedy, stavebniho
inZenyra a svobodného zednafe pana Prixedea Matea Sagasty, ktery se
zaslouZil o rozvoj dopravni infrastruktury ve Span&lsku v druhé poloving
19. stoleti. Jeho slovy: ,,Z nasi vile, kamene a oceli vytvofime stavby,
které pretrvaji véky. Tim jsem si jist“, se snazime fidit i my.

JiZ za kratkou historii na§eho tunelaiského oddéleni v SAGASTA s.r.o.
se myslim jiz mame ¢im pochlubit. V soucasnosti tym vedeny kolegou
panem Ing. Liborem Mafikem dokoncuje realizacni dokumentaci na no-
vostavbé Zvérotického tunelu, ktery se nachazi na IV. Zelezni¢nim kori-
doru v tseku Doubi u Tdbora — Sobéslav a mél by byt uveden do provozu
v roce 2022.

Projekt novostavby Zelezni¢niho tunelu navrhujeme i v ramci tzv. za-
okruhovani Letisté Vaclava Havla. V husté Zelezni¢ni siti Ceské republi-
ky se nachazi celd rada tuneld uvedenych do provozu v druhé poloviné
19. a na pocatku 20. stoleti. Spole¢nym jmenovatelem technického stavu
téchto tunell je poskozeny hydroizolacni systém a mnohdy i nevyhovu-
jici prijezdny prurez. Proto jsme se v nasi firmé zaméfili nejen na pro-
jekty novych tuneld, ale i na stale aktualnéjsi rekonstrukce historickych
tunelovych staveb. Tuto problematiku popisuji i dva publikované ¢lanky
o rekonstrukci tunelt Polubensky, Dolnopolubensky, Zd4rsky a Desensky
na tratovém useku Tanvald — Kofenov a kompletni rekonstrukci Dolno-
lucanského tunelu. Pro projektovani a realizaci podzemnich staveb ma
zasadni vyznam i kvalita norem a pfedpist. Proto se bud pfimo, nebo
prostfednictvim aktivni Geasti v Ceské tuneldiské asociaci ITA-AITES
snazime spolupracovat na jejich vzniku nebo revizich. Mtizeme tak kon-
krétné jmenovat zpracovani vzorového listu VL-5 Tunely Ministerstva
dopravy CR nebo spoluprici na revizi normy CSN 73 7507, Technickych
podminek TP 263 Hydroizolace tunelti pozemnich komunikaci, TKP 24
Tunely nebo na revizi smérnice pro dokumentaci staveb pozemnich
komunikaci.

A jak vidim osobné napln této profese do budoucna? V prvni fade¢ si
myslim, %e pocet nové pfipravovanych podzemnich staveb v CR by se
mél do budoucna zvysit. Mam pocit, jako bychom se navrhovani tunelo-
vych staveb v dopravni infrastruktufe bali, pfi¢emz realizace velkolepych
tunelovych projektd na dopravnich cestach patii ve svété ke zcela b&Zné
inzenyrské praxi. Jasnym diikazem mohou byt jiZ provozované nebo pravé
realizované bazové Zeleznicni tunely, ale tfeba i svym rozsahem mensi
projekty, které ale vyznamné prfispivaji k Zivotni pohodé obyvatel mést
a obci. Domnivam se, Ze pfi tvorbé koncepce dopravni infrastruktury ne-
jsme dostatecné odvazni a nase soucasné vize neodpovidaji dlouhodobym
potfebam a moznostem vyuziti podzemi v budoucnosti. Jako bychom ne-
navrhovali dopravni infrastrukturu pro nase potomky a dalsi generace, ale
jen pro sebe samé. Doufdm, Ze se ndm ve spole¢nosti SAGASTA s.r.0. po-
dafi nejen predavat tunelarské femeslo mlad-
§im kolegiim, ale také v nich pfi jejich préci
podnécovat odvahu, invenci a vzkiisit pomalu
mizejici inzenyrsky cit, se kterym zminované
historické tunely nasi pfedkové navrhovali.

Preji tedy ndm vSem, které ochranuje
sv. Barbora, aby naSe femeslo pouze vzkvé-
talo a do budoucnosti hodné zdarilych pod-
zemnich staveb.

ING. JIRi CURDA
jednatel spole¢nosti SAGASTA s.r.o

DEAR READERS OF TUNEL JOURNAL,

I am very pleased to have the opportunity to write an
editorial for this journal. I am happy because our company
SAGASTA s.r.o., 5 years after its establishment, has become one
of those companies that have the design of underground structures
in its portfolio of services.
Although I am personally a ,,road designer*, I have been very
close to designing for underground structures since the beginning
of my professional career. I joined the Austrian-German consulting
office, where tunnel construction projects were common, and my
first ,,boss* and globetrotter, Ing. Ermin Stehlik, belongs among
you, tunnel construction engineers. The first projects in which
I personally participated were, for example, the Slovak motorway tunnel
Branisko, proposals for alternative routes of the D8 motorway through the
Czech Middle Mountains or the Mrazovka road tunnel in Prague. I have learned
that the design for tunnel construction has its specifics and a technically and
economically successful work requires due attention to be paid to the design
of the route with regard to geological conditions.
The company SAGASTA s.r.0. has the design of transport structures already
in the name itself. Few people know that the name of the company is also
the name of the former Spanish Prime Minister, civil engineer and Freemason
Mr. Praxedes Mateo Sagasta, who contributed to the development of transport
infrastructure in Spain in the second half of the 19" century. In his words: “By
our will, stone and steel, we will create structures that will last forever. I’m sure
of that”. We try to live up to it too.
Already in the short history of our tunnelling department in
SAGASTA s.r.0., I think we already have something to be proud of. Currently,
a team led by a colleague Ing. Libor Marik is completing the detailed design
for the new construction of the Zvéroticky tunnel, which is located on the
railway corridor No. 4 in the Doubi u Tdbora — Sobé&slav section and should be
brought into operation in 2022.
We are also designing for the new construction of a railway tunnel also
as part of the incorporation of Vaclav Havel Airport into a railway circle.
In the dense railway network of the Czech Republic there are a number
of tunnels brought into operation in the second half of the 19" and at the
beginning of the 20" century. The common denominator of the technical
condition of these tunnels is a damaged waterproofing system and often an
unsatisfactory clearance profile. For that reason, in our company we focused
not only on the designs for new tunnels, but also on the increasingly growing
requirements for reconstruction of historic tunnel structures. This issue is also
described in two published articles on the reconstruction of the Polubensky,
Dolnopolubensky, Zd4rsky and Desensky tunnels on the Tanvald — Kofenov
line section and the complete reconstruction of the Lucany nad Nisou tunnel.
The quality of standards and regulations is also crucial for the design and
construction of underground structures. Therefore, either directly or through
active participation in the ITA-AITES Czech Tunnelling Association, we try
to cooperate in developing and reviewing them. We can specifically name
the elaboration of the standard sheet VL-5 Tunnels issued by the Ministry
of Transport of the Czech Republic or collaboration on the review of the
CSN 73 7507 standard, Technical specifications TP 263 Waterproofing of road
tunnels, specifications TKP 24 Tunnels or on the review of the directive for
road construction documentation.
And how do I personally see the content of this profession in the future?
First of all, I think that the number of newly prepared underground construction
projects in the Czech Republic should increase in the future. I feel it as if we
are afraid of designing tunnel structures in the transport infrastructure, while
the construction of magnificent tunnels on transport routes is one of the most
common engineering practices in the world. A clear proof can be the already
operated or just finished railway base tunnels, but also smaller projects,
which, however, significantly contribute to the well-being of inhabitants of
towns and municipalities. I believe that we are not brave enough in creating
the concept of transport infrastructure and our current visions do not meet the
long-term needs and possibilities of using the underground in the future. As if
we are not designing transport infrastructure for our descendants and future
generations, but only for ourselves. I hope that at

—  SAGASTA s.ro. we will be able not only to
pass on the tunnelling trade to our younger
colleagues, but also to stimulate in them the
courage, invention and resurrection of the slowly
disappearing engineering feeling with which
our ancestors designed the above-mentioned
historic tunnels.

So I wish all of us who are protected by St.
Barbara that our craft only flourishes and a lot
of successful underground construction projects
appear in the future.

Managing Director of SAGASTA s.r.0
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TUNELY JARFALLA
JARFALLA TUNNELS

PETR MITRENGCA

ABSTRAKT

Béhem realizace projektu FSE209 Tunel Skirholmen — Sdtra pod jezerem Mdlaren, ktery je soucdsti obchvatu metropole Stockholm
(E4 Forbifart Stockholm), spolecnost SBT Sverige AB ziskala dalsi diileZity projekt — tunely Jéirfdlla. Od vinora roku 2020 firma realizuje
prodlouZeni modré linky metra ze stdvajici stanice Akalla do nové stanice Barkarby. Tento cldnek popisuje zahdjeni praci z pristupovych

tunelit Veddesta, Robothojden a Landningsbanan.

ABSTRACT

While constructing FSE209 Tunnels Skdrholmen — Séitra under the Lake Mdlaren, which is a part of the Stockholm city bypass (E4
Forbifart Stockholm), SBT Sverige AB won another important project — Jarfilla tunnel. Since February 2020, the company implements the
contract for the blue metro line extension. The following article is describing the beginning of the works from access tunnels in Veddesta,
Robothdjden and Landningsbanan to the existing end station Akalla and towards the new station Barkarby.

uvop

Ucel prodiouzené trasy metra tunely Jarfilla

Stockholm je jedna z nejrychleji se rozvijejicich metropoli
v Evropé. Populace se zde kazdym rokem zvySuje o cca 35 000
lidi. Z téchto davodl vyvstava pozadavek po moznostech bydleni
a jeho jesté lepsi dostupnosti v lokalitich novych méstskych center.
Stdvajici sit metra momentdln€ prepravuje vice neZ jeden milion
pasazéri kazdy den a s planovanym nartistem populace musi byt
tedy rozSifena do novych lokalit. Jako jedna z deviti planovanych
lokalit méstskd ctvrt Jarfilla patii s méstskym centrem Barkarby-
Jakobsberg na severozapadé Stockholmu k tzemi rozvoje s narus-
tem pracovnich mist. Uzemi, uréené pro bytovou vystavbu, lezi
v okoli novych stanic budouci prodlouzené modré linky metra Bar-
karbystaden a Barkarby. Vystavba je zde naplanovand do etap, které
na sebe plynule navazuji. Zatim posledni IV. etapa vznikd pfimo
v oblasti vzletové drahy byvalého letiSté a na pfilehlych polich. Celé
izemi je ohraniceno stavajici rychlostni komunikaci E18 a Zeleznici,
vesnici Kyrkbyn, obchvatem Forbifart Stockholm a prirodni rezer-
vaci Jarvafiltet. Veddesta je oddélena ¢ast rozvoje v okoli konecné
stanice Barkarby station (obr. 1). V celé oblasti tak vznikne nékolik
bytovych blokil s minimalné 13 000 byty.

Zakladni informace o metru Stockholm

Systém metra ve Stockholmu tvoii tfi podzemni drihy ze-
lené, Cervené a modré linky. V provozu je sedm tras. Prvni byla
oteviena trasa na zelené lince v roce 1950. Dalsi ¢ast Cervené
linky pak v roce 1964 a jako posledni, modré linka, aZ v roce
1976. Posledni prodlouZeni celé sité¢ probéhlo roku 1994 na ze-
lené lince. Nové plany pro rozsifeni stockholmského metra zacaly
v roce 2014 s navaznym podpisem dohod o jednéni rozvoje byd-
leni vroce 2017 s planem postavit ve mésté az 130 000 novych
bytl. V jihovychodni ¢asti Stockholmu se jedna o rozsiteni modré
linky do ¢ésti Nacka a Soderort — propojeni stanice Sofia se stanici
Sockeplan, s kifizenim v dopravnim uzlu Gullmarsplan. Severni
¢ast metra zluté linky bude prodlouZena ze stanice Odenplan do
stanice Arenastaden v ¢4sti Solna. Cést roziifeni modré linky metra
severozapadnim smérem, ze stavajici stanice metra Akalla smérem
do dopravniho uzlu Barkarby vlakové a autobusové stanice, bylo
schvaleno méstskou radou dne 3. bfezna roku 2014 (obr. 2). Pro-
vozovatel Stockholms Lokaltrafik MTR Nordic spravuje vice nez

T

stavajici stanice Akalla \
Akalla existing station

~ nova sténice Barkabystaden -
) | Barkabystaden new station § s

nova stanice Barkaby . 3
Barkaby new station X

e

% N
zdroj: www,jarfalla.se source: www.jarfalla.se

Obr. 1 Schématické zndzornéni rozvoje oblasti u novych stanic Barkarbysta-

den a Barkarby station

Fig. 1 Schematic picture of the development area near new stations — Barkar-

bystaden and Barkarby

INTRODUCTION

Purpose of the extended metro line through the Jarfilla
tunnel

Stockholm is one of the fastest-growing metropolises in Europe.
The population here is growing by about 35,000 people every year.
For these reasons, there is a demand for housing options and their
even better accessibility in the locations of new city centers. The
existing metro network currently carries more than onemillion
passengers every day and must therefore be expanded to new
locations as the population grows. As one of the nine planned sites
the Jarfilla district is part of the Barkarby-Jakobsberg city center
in northwest Stockholm, a job-growing area of development. The
area designated for housing construction lies in the vicinity of
the new stations — Barkarbystaden and Barkarby — of the future
extended blue metro line. The construction here is planned in
stages that follow each other smoothly. So far, the last IV stage is
being developed directly in the old runway area of the airport and
the adjacent fields. The whole area is bordered by the existing E18
motorway and railway, the village of Kyrkbyn, the E4 Forbifart
Stockholm and the Jérvafiltet nature reserve. Veddesta is a separate
part of the development around the Barkarby station (Fig. 1). In
the whole area, several new housing blocks will be developed in
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the nearest future with minimum of

@ Planované depo na trase
13,000 apartments.

prodlouzeni
planned expansion depot

planované prodlouzeni
planned expansion
probihajici prodiouzeni
expansion

probihajici prodiouzeni
expansion

Basic information about the
Stockholm metro

The Stockholm metro system
consists of three green, red and blue
underground lines. There are seven
routes in operation. The first route on
the green line was opened in 1950.
Another part of the red line opened
in 1964 and as the last, blue line,
started in 1976. The last extension of
= the entire network took place in 1994
on the green line. The new plans
for the expansion of the Stockholm
metro began in 2014, followed by a
mutual agreement in 2017 to develop
up to 130,000 new apartments in
the city. In the southeastern part of
Stockholm, an extension of the blue
line to Nacka and Soderort is planned
— connecting the Sofia station with
Sockeplan station at Gullmarsplan.

Obr. 2 Mapa stockholmského metra — linky s vyznacenim oblasti prodlouzeni
Fig. 2 Stockholm metro line map with marking for the extension lines

105 km trati s rozchodem koleje 1435 mm. V provozu je 100 stanic,
z nichZ cca polovina je umisténa v podzemnich prostorach. Stanice
jsou znamé specifickou a unikatni uméleckou vyzdobou s vyuzitim
jak prvku zajisténi béhem razicich praci, tak popf. pfirozeného hor-
ninového prostredi.

Zakladni informace o tunelech Jarfilla

Zadavatelem prodlouZeni metra modré linky, v rdmci projektu
tuneld Jérfdlla, je Region Stockholm — rada hrabstvi Stockholm
(Stockholms ldns landsting — SLL). Spravce stavby pak zajistuje
“Forvaltning for utbyggd tunnelbana” (FUT). Spole¢nost SBT
Sverige AB ziskala “Build Only Contract” v bfeznu roku 2020 pod
nazvem “Main tunnel — Jarfallatunneln” pod ¢islem spravce FUT
4713. Projektantem je sdruZeni firem Ramboll Sverige AB/Tyrens
AB/White Arkitekter. Celkova cena kontraktu je 1,9 mld. SEK.
Prehled zakladnich parametrti projektu je uveden v tab. 1. [1]

zdroj: FUT source: FUT

The northern part of the yellow
metro line will be extended from
Odenplan station to Arenastaden
station in the Solna area. Part of the
blue metro line extension in a northwest, from the existing station
Akalla towards the Barkarby train and bus terminal was approved
by the city council on 3 March 2014 (Fig. 2). Stockholm’s local
traffic MTR Nordic manages more than 105km of lines with a track
gauge of 1,435mm. There are 100 stations in operation, which half
of them are located underground. The stations are well known for
their specific and unique artistic decoration with the use of rock
support elements during the excavation period or natural rock.

Basic information about the Jarfalla tunnel
Region Stockholm — Stockholm County Council (SLL) is the
contracting authority for the extension of the blue metro line, as part
of the Jarfilla tunnel project. The site management then ensured
by the Administration for extended Metro. SBT Sverige AB won
the “Build Only Contract” in March 2020 under the name “Main
tunnel — Jérfilla tunnel” under the project number FUT 4713. The
Designer’s role is the joint venture of Ramboll Sverige AB / Tyrens
AB / White Arkitekter. The total

i T pristupovy tunel
" 14 Robothdjden
access tunnel
Robothdjden

nova stanice Barkabystaden
Barkabystaden new station

nova stanice Barkaby
Barkaby new station

— pistupovy tunel Le{ndingsbanan
access tunnel Landingsbanan

contract price is SEK 1,9 billion. An
overview of the basic parameters of
the project is given in the Table 1.
[1] The route is extended through
3 No. of access tunnels: Veddesta,
Robothojden and Landningsbanan
(Fig. 3).

Veddesta access tunnel
The Veddesta access tunnel is

o located at the very end of the route
and was excavated from a pit about
s 120m long in the period from

autumn 2018 to May 2020. The work

Obr. 3 Podelny profil trasy tunelii Jarfdlla s pristupovymi tunely
Fig. 3 Jarfilla tunnel longitudinal track profile overview with access tunnel

was carried out by SBT Sverige AB
using Drill & Blast method with
pre-grouting of the forefield. The

zdroj: FUT source: FUT
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Tab. 1 Zdkladni informace o projektu
Tab. 1 Project basic features

30. rocnik - €. /2021

Oznaceni Popis Parametry
Name Description Parameters
Tunely Jarfalla

N*15+311 - 19+401 | celkova trasa prodlouzeni metra ze stanice Akalla 4,1 km
Jarfélla tunnel total length of extension from existing Akalla station length 4.1km
N*15+311 - 19+401

Jednokolejné tunely

N15+311 - 17+320

N17+592 - 17+692 | dva jednokolejné tunely v severni a jizni trase ze stanice Akalla do statice 4,6 km

N18+958 — 19+028
Single track tunnels
N15+311 - 17+320
N17+592 — 17+692
N18+958 — 19+028

Barkarbystaden

Barkarbystaden

two single track tunnels in north and south line from station Akalla to station

teoreticky profil vyrubu 32-60 m?
length total 4.6km
theoretical tunnel section profile 32—-60m?

délka 273 m
Stanice Sitka 20,5 m
Barkarbystaden vyska 11,0-17,0 m
N17+319 - 174592 | nova stanice metra se dvéma vstupy s Sifkou nastupisté 12,0 m x 145,0 m teoreticky profil vyrubu 174-330 m?
Barkarbystaden new metro station with two entrances; platform width 12,0m x length 145,0m length 273m
Station width 20.5m

N17+319 - 17+592

height 11,.0-17.0m
theoretical tunnel section profile 174-330m?

Dvoukolejny tunel

N17+692 - 18+958
Double track tunnel
N17+692 - 18+958

dvoukolejny tunel mezi stanicemi Barkarbstaden a Barkarby
double track tunnel between station Barkarbstaden and Barkarby

délka 1,27 km

teoreticky profil vyrubu 72-280 m?

length 1.27km

theoretical tunnel section profile 72—280m?

délka 253 m
Sitka 20,5 m
Stanice Barkarby vyska 11,0-17,0 m
N19+027 - 19+280 | nova stanice metra se dvéma vstupy s Sifkou nastupisté 12,0 m x 145,0 m teoreticky profil vyrubu 174-296 m?
Barkarby Station new metro station with two entrances; platform width 12,0m x length 145,0m length 253m
N19+027 - 19+280 width 20.5m

height 11.0-17.0m
theoretical tunnel section profile 174-296m?

Dojezdové tunely

N19+280 — 19+401
Termination tunnels
N19+280 — 19+401

dva jednokolejné tunely za koncovou stanici Barkarby
two single track tunnels after the Barkarby end station

0,24 km

teoreticky profil vyrubu 32 m2

length total 0,24km

theoretical tunnel section profile 32m?

Servisni tunel

délka 2,112 km
teoreticky profil od 30,4 m?do 125,0 m?

0+00 - 2+112 servisni tunel paralelné v trase dvoukolejného tunelu mezi stanicemi length 2.112km
Service tunnel service tunnel parallel with double track tunnel between stations theoretical tunnel section profile from 30.4m?
0+00 - 2+112 2
t0125.0m
Sachty Sest Sachet podél trasy, ventilace odpadniho vzduchu, tlakové vyrovnavaci a pozarni | primér Sachet 6,6 m
Shafts six of shafts along the line; ventilation, air pressure relieve; fire protection diameter 6.6m
celkem 39 propojek ve stanicich, servisnim tunelu, jednokolejném a dvoukolejném
Propojky tunelu celkova délka 1,021 km
Crosspassages 39 total of crosspassages in stations, service tunnels, single and double total length 1.021km

track tunnels

*Trasa metra ve staniceni severni trasy
*Metro line tracking in north line stationing

ProdlouZzeni trasy je realizovdno pies tfi pristupové tunely —
Veddesta, Robothojden a Landningsbanan (obr. 3).

Piistupovy tunel Veddesta

Pfistupovy tunel Veddesta se nachazi na aplném konci trasy a byl
vyrazen z jamy délky cca 120 m v obdobi od podzimu roku 2018
do kvétna roku 2020. Price provadéla spolecnost SBT Sverige AB
postupem Drill & Blast, s injektazi predpoli celby. Celkova délka
tunelu je 240 m s teoretickym profilem do 90 m? V prabé&hu praci
byl ptivodni kontrakt 4711 dale rozsifen o rozrdzku do servisniho
tunelu jiz v budouci stanici Barkarby (obr. 4).

Béhem realizace stanice a tratovych tunell bude tunel slouZit
k odvozu rubaniny v pfedpokladaném objemu vice nez 170 000 m?>.
Po ukonceni praci na hlavnich tunelech pak bude dale slouZit jako
obsluzny tunel pro pfistup do servisniho tunelu.

total length of the tunnel is 240m with a theoretical profile of up to
90m?2. During the works, the original contract was further extended
by excavation into the service tunnel which was already part of
the future Barkarby station (Fig. 4). During the construction of the
station and track tunnels, the tunnel will be used to remove muck
material in the expected volume of more than 170,000m’. After the
completion of works on the main tunnels, it will continue to serve
as an access tunnel to the service tunnel.

Robothéjden access tunnel

The Robothdjden access tunnel was already excavated for a total
length of 198m before the start of works by SBT Sverige AB at
Barkarbystaden station. The unique access was excavated from the
existing hangar of the Swedish Air Force base after removing and
securing part of the supporting ribs. Prior to the commencement
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pfistupovy tunel Veddesta
access tunnel Veddesta

=
)
ventilaéni $achta VS S 19+136 /| 11

| I ventilation shaft VS S 19+136 |

ventilaéni tunel Vedesta
ventilation tunnel Vedesta

|

servisni tunel Barkaby
service tunnel Barkaby

=
| -

of the work, the lining between the
ribs was reinforced with shotcrete
from the hangar portal itself to the
intersection with the access. The
excavations were carried out using the
Drill & Blast method in downwards
mode in a variable theoretical profile
from 100m? to 160m? in the places
of niches for future sub-objects of
the metro. The access tunnel route
was designed with a breaking in
the left-hand curve and with direct
connection to the service tunnel
in an extended profile from 60m?
to 120m? of the future TvT (from
Swedish “Tvéartunnel”) N 17 + 445
cross-passage between the service
tunnel and the Barkarbystaden station
(Fig. 5). During the construction
of the station and track tunnels, the
tunnel will be used to remove muck

tunelova propojka TvT S 19+162
tunnel crosspassage TvT S 19+162

tunelova propojka TvT S 19+162
tunnel crosspassage TvT S 19+162

zdroj: projektovd dokumentace, autor source: project documentation, author
Obr. 4 Tunel Jirfilla - ilustrace pristupového tunelu Veddesta s rozsirenim praci do servisniho tunelu
Fig. 4 Jarfilla tunnel — Veddesta access tunnel with works expansion towards service tunnel illustration

in the expected volume of more
than 265,000m® and subsequently
as a service tunnel for access to the
service tunnel.

pfistupovy tunel Robothdjden

|I ( access tunnel Robothdjden

ventilaéni $achta VS S 17+468
ventilation shaft VS S 17+468

—
|

| tunelova propojka TvT N 17+445

M’ tunnel crosspassage TvT N 17+445
. R -

e

servisni tunel Barkabystaden
service tunnel Barkabystaden

Landningsbanan access tunnel

The Landingsbanan access tunnel
is situated almost at the beginning
of the route near Kista golf center
and Stockholm city bypass. The
tunnel with a total length of 190m
was excavated from a pit with a
total length of 120m, a width of 12m
and a depth of 18m (Fig. 6). The
transformed theoretical profile of the
tunnel ranges from 60m? in places
of the standard profile and further
increases in the case of niche profiles
up to 100m?. The excavation method
used was like at the access tunnels at
Veddesta and Robothdjden. During
the construction of the track tunnels
will only be used for the removal of
tunnel muck in the expected volume
of more than 138,000m>.

TECHNICAL SITE DESCRIPTION

The Jarfalla tunnel route

zdroj: projektovd dokumentace, autor source: project documentation, author

Obr. 5 Tunel Jirfilla — ilustrace raZeného pristupového tunelu Robothdgjden s fotografii rozrdZky z pivodniho

hangdru

Fig. 5 Jarfilla tunnel — illustration of the Robothdjden access tunnel with junction picture at existing hangar

PFistupovy tunel Robothdjden

Pristupovy tunel Robothdjden byl vyrazen v celkové délce
198 m jiz pred zahdjenim praci SBT Sverige AB na stanici Bar-
karbystaden. Unikatni rozrazka probihala ze stivajiciho hangéru
Svédskych vzdusnych sil po odstranéni a zajisténi ¢asti nosnych
Zeber. Pred zahdjenim praci bylo provedeno zesileni osténi mezi
Zebry stitkanym betonem od samotného portalu hangaru po kiiZeni

The blue metro line extension
is 4.1km long. After the existing
Akalla station, in a densely built-
up part of residential buildings,
the tracks run in a northwesterly
direction in two separate single-track tunnels. The theoretical
profile of the tunnel is 32m? and leads between the northern route
from N15+300 to 17+320. The parallel tunnels are connected by
a total of 17 transverse cross-passages marked as TvT. The route
from N154971 to 164091 (120m) underpass the Stockholm bypass
of the FSE613 project — Akalla tunnels, where the overburden
between the top vault of the track tunnel and the bottom of road
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s rozrazkou. Razby probihaly postupem Drill & Blast upadné
v proménném teoretickém profilu od 100 m? do 160 m? v mistech
vyklenkil pro budouci podobjekty metra. Trasa tunelu byla napro-
jektovéna s rozrazkou v levotoc¢ivém oblouku a napojenim v piimé
do servisniho tunelu v rozsifeném profilu z 60 m? na 120 m? bu-
douci propojky TvT (ze $védstiny Tvértunel) N 17+445 mezi ser-
visnim tunelem a stanici Barkarbystaden (obr. 5). BEhem realizace
stanice a trafovych tunelG bude tunel slouZit k odvozu rubaniny
v predpokldadaném objemu vice nez 265 000 m® a nasledné pak
jako obsluzny tunel pro pristup do servisniho tunelu.

Pristupovy tunel Landingsbanan

Pfistupovy tunel Landingsbanan se nachdzi téméf na uplném
pocatku trasy v blizkosti golfového centra Kista a silni¢niho ob-
chvatu Stockholmu. Tunel o celkové délce 190 m byl vyraZen
tpadné z jamy celkové délky 120 m, Sitky 12 m a hloubky 18 m
(obr. 6). Proménny teoreticky profil tunelu se pohybuje od 60 m?
v mistech standardniho profilu a dale se zvySuje u vyklenkovych
profild az na 100 m* Metoda razby byla obdobnd jako u vstupl
Veddesta a Robothdjden. Béhem realizace tratovych tunelt bude
tunel slouzit jen k odvozu rubaniny v pfedpokladaném objemu vice
nez 138 000 m?.

TECHNICKY POPIS STAVBY

Trasa tunelii Jarfilla

Trasa prodlouZeni metra modré linky je dlouhd 4,1 km. Za
stavajici stanici Akalla, v Casti husté zastavéné obytnymi objek-
ty, vedou koleje severozapadnim smérem ve dvou samostatnych
jednokolejnych tunelech. Teoreticky profil tunelt je 32 m? a vede
mezi stanicenim severni trasy od N15+300 do 17+320. Paralelni
tunely jsou spojeny celkem 17 pricnymi propojkami oznacenymi
jako TvT. Trasa ve stani¢eni od N15+971 do 16+091 (120 m) pod-
chazi trasu obchvatu Stockholmu projektu FSE613 — tunely Akalla,
kde je nadlozi mezi vrchlikem tratového tunelu a pocvou tunelt
sniZzeno az na 5 m. Po prichodu pokracuje trat v jednokolejnych
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tunnel is reduced to Sm. After passing, the line continues in single
track tunnels to the station Barkarbystaden N17+320 — 17+592.
Behind the station, the line then changes from single-track tunnels
to a double-track tunnel with a total length of 1.442km with a
variable theoretical profile from 32 to 203m?. The standard profile
of a double-track tunnel is 61.7m?% In parallel with the double-
track tunnel, runs a service tunnel with a total length of 2.12km
and a theoretical profile from 29.4 to 272m?. The tunnels between
the stations are connected by six cross-passages. The route from
Barkarbystaden station is designed mainly in a curve towards the
Barkarby final station and passes under the densely developed
area of the existing apartment buildings in Barkarbystaden, the
E18 motorway and the Mélarbanan railway. Behind the Barkarby
station, the routes of the northern and southern tracks end in two
line-up track tunnels with a length of 122m. The service tunnel
route ends here by connecting them. The extended route intersects
with a few utility lines and two brooks Igelbidcken and Billstadn.

Geological conditions

Sweden is part of the Fennoscandinavian Shield, an area of
ancient crystalline and metamorphic rocks consolidated over
hundreds of millions of years. The area of interest, Jirfélla is
dominated by sedimentary gneiss and the so-called Stockholm
granite.
Engineering - geological investigation

Geological conditions for project design and assignment were
described based on engineering-geological survey. Due to the
complexity of the project, the forecast was divided into five units
according to the main parts of the project (Tab. 2). The aim of
the survey was to determine the prevailing rock conditions for
determining the expected conditions for tunnel excavation, which
formed the basis for the design and the technical solution of the
project. The engineering-geological survey carried out included
surface mapping of rocks, geological documentation of the bottom
of the Akalla tunnel on a section of 30m, geological documentation

of the 180m long FSE 607 bypass

pfistupovy tunel Landningsbanan
access tunnel Landningsbanan

access tunnel, core boreholes with
a total length exceeding 1,86km,
water loss measurements, seismic
measurements and formed the basis
for processing the prognosis model.

In the model prognosis, the rock
conditions were marked with the
initial letters BD (Berg dominer)

\'-\I | and the number according to
\x_ Aoy A “ | the further division into rock
1 et 8 subsections. Likewise, all major

’ fracture systems are identified by
— the letters SD, except for the area of
transformed episyenite in the north
from the Barkarby station. However,
the orientation of the system is
mainly correlated with the directions
of the main rock formations.
Based on the determination of the
penetration properties of the rock,
the hydrogeological domains with
marking HD were determined. The
fault zones SZ were marked by

zdroj: projektovd dokumentace, autor source: project documentation, author
Obr. 6 Tunel Jarfilla — ilustrace pristupového tunelu Landingsbanan a obrdzek portdlové jamy tunelu
Fig. 6 Jarfdlla Tunnel — illustration of the Landningsbanan access tunnel and a picture of the tunnel entrance

the evaluation of exploratory drill
holes and the results of seismic
measurements. Engineering — geo-
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tunelech az do stanice Barkarbystaden N17+320 — 17+592, kde se
za stanici trat méni z jednokolejnych tuneli na dvoukolejny tunel
o celkové délce 1,442 km s proménnym teoretickym profilem od
32 do 203 m? Standardni profil dvoukolejného tunelu je 61,7 m?.
Paralelné s dvoukolejnym tunelem pak vede tunel servisni o celko-
vé délce 2,12 km a teoretickém profilu od 29,4 do 272 m? Tunely
mezi stanicemi jsou propojeny Sesti propojkami. Trasa ze stanice
Barkarbystaden je naprojektovana prevdzné v oblouku smérem
ke konec¢né stanici Barkarby a prochdzi pod hustou zastavbou
stavajicich bytovych domt ctvrté Barkarbystaden, délnici E18
a Zeleznici Milarbanan. Za stanici Barkarby jsou pak trasy sev-
erni a jizni koleje ukonceny ve dvou dojezdovych jednokolejnych
tunelech v délce 122 m. Trasa servisniho tunelu je zde ukoncena
jejich propojenim. ProdlouZena trasa se kiiZi s fadou inZenyrskych
siti a dvéma vodnimi toky Igelbidcken a Béllstaén.

Geologické pomeéry

Svédsko je souasti Fennoskandindvského $titu, oblasti starych
krystalickych a metamorfovanych hornin, konsolidovanych béhem
stovek miliond let. V zdjmové oblasti Jarfilla dominuji pararuly
a tzv. stockholmska Zula.

Inzenyrskogeologicky prizkum

Geologické podminky pro zpracovani a zadani projektu byly
popsany na zdkladé inzenyrskogeologického priizkumu. Z divodu
sloZitosti projektu byla predpovéd prizkumu rozdélena do péti
celkt podle hlavnich ¢asti projektu (Tab. 2, obr. 7).

Cilem prazkumu, ktery tvofil zaklad pro navrh technické-
ho feSeni projektu, bylo urcit pfevaZujici horninové podminky

Tab. 2 Rozdélent trasy podle tunelovych Cdsti (uvedené staniceni je v km)
Tab. 2 Subdivision of the extension according to the tunnel parts

S-jizni trasa, N-severni trasa,
Tunelova cast od -do od -do
Tunnel part S-south track, N-north track,
from - to from - to
1. Akalla 15+300 — 15+600 15+290 — 15+600
1. Akalla 15+300 — 15+600 15+290 — 15+600

2. Jednokolejné tunely
2. Single track tunnels

15+600 - 17+050
15+600 — 17+050

15+600 - 17+050
15+600 — 17+050

3. Stanice Barkarbystaden
3. Barkarbystaden Station

17+050 - 17+810
17+050 — 17+810

17+050 — 17+810
17+050 — 17+810

4. Dvoukolejné tunely
4. Double track tunnels

17+810 - 18+900
17+810 - 18+900

17+810 - 18+885
17+810 - 18+885

5. Stanice Barkarby
5. Barkarby Station

18+900 - 19+415
184900 — 19+415

18+885 — 19+400
18+885 — 19+400

logical units with predominant properties were also assigned to
the tunnel sections (Fig. 7). Units 1 and 2 show similar geological
and hydrogeological properties, in which sedimentary gneiss
predominates. Unit 3 is composed of sedimentary gneiss in the
western third, while the remaining part is dominated by Stockholm
granite. These parts are separated by a fault zone. Unit 4 is divided
into three subunits: 4-1 where the conditions are not known, 4-2
with an episyenite conversion and deformation zone and 4-3,
where sedimentary gneiss predominates. Unit 4-3 exhibits similar
geological and hydrogeological conditions as unit 5. Unit 5 is
dominated by sedimentary gneiss with similar failure properties
and water permeability parameters. The described rock types were
classified based on the RMRbas classification (Rock Mass Rating)
into four rock classes A (RMR > 75), B (60 <RMR £75),C (45 <
RMR 60) and D (RMR <45) according to which the standard rock
support (A, B, C) and specific requirements (D) are specified. It
is assumed that there is a zone of the rock conditions in the tunnel
route, which consists mainly of episyenite (BD4-2). The original
granite rock was transformed by hydrothermal transformation into
a slightly porous rock of cataclastic structure, which has worse
properties. The RMR classification system is not recommended
for low quality rock and for these reasons the quality of the massis
evaluated using the GSI (Geological Strength Index) nomogram to
estimate its strength. Detailed evaluation is the base for the final
design of grouting procedures and dimensioning of the secondary
lining.

Model forecast of rock conditions

For the optimization and excavation works plan of the Jirfilla
tunnel, the data from the engineering-geological survey was the
basis for the elaboration of an information model for the construction
with a forecast of the rock conditions. The model forecast is a
graphical representation of the conditions for excavation and the
requirements for technical measures (Fig. 8).

The purpose of the model is to graphically represent the various
classes and categories in the form of blocks along the direction
of tunnel excavation. The individual blocks contain data on the
theoretical profile of the tunnel, dimensions, overburden, rock
environment, tunnel width classes, geotechnical categories, fire
protection categories, percentage of excavation equipment classes,
sealing grouting classes, inspection and maintenance classes.
Inspection and maintenance classes are intended for sections with
higher requirements for verification of the quality of built-in items.

For this project, the forecast shows three stages of sealing, pre-
grouting IK1, IK2 and a specific class called IK3. In addition,
where the grouting class is used, the model also includes

hyperlinks to drawings to display

{ 4-2
[ 4-3
5

nova stanice Barkaby
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standard requirements. The given
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stavajici stanice Akalla
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zdroj: Ingenjorsgeologisk prognos source: Ingenjorsgeologisk prognos
Obr. 7 Schematické zndzornéni inZenyrskogeologickych celkii na prodlouZené trase metra
Fig. 7 Schematic representation of engineering — geological units on the extended metro line

then displayed using a pie chart

(Fig. 9).
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pro stanoveni ocekavanych podminek pro razbu. Provedeny
inZenyrskogeologicky prizkum zahrnoval povrchové mapovani
hornin, geologickou dokumentaci dna tunelu Akalla na dseku
30 m, geologické dokumentace pfistupového tunelu obchvatu
FSE 607 v délce 180 m, jadrové vrty v celkové délce vice nez
1860 m, vodni tlakové zkouSky, geofyzikdlni seizmickd méfeni
a tvoril zéklad pro zpracovani modelu progndzy. V modelu prog-
n6zy byly horninové podminky oznaceny pocdteCnimi pismeny
BD (Berg dominer) a ¢islem pak podle dalsiho rozdéleni na horni-
nové podc¢asti. Stejné tak jsou oznaCeny vSechny hlavni puklinové
systémy pismeny SD, s vyjimkou oblasti preménéného episyenitu
severné od stanice Barkarby. Orientace puklinového systému je
vSak prevazné v korelaci se sméry hlavnich horninovych udtvara.
Na zédkladé stanoveni propustnosti horninového masivu byly
ur¢eny hydrogeologické celky s oznacenim HD. Z vyhodnoceni
pruzkumnych vrtd a vysledk@ seizmickych méfeni byl interpe-
tovan prubéh poruchové zény SZ. K tunelovym céastem byly déle
pridéleny inZenyrskogeologické celky s prevazujicimi vlastnostmi
(obr. 7). Celek 1 a 2 vykazuje podobné geologické a hydrogeolog-
ické vlastnosti, ve kterych prevazuje pararula. Celek 3 je v zapadni
tfetiné tvofen pararulou, zatimco ve zbylé Casti dominuje stock-
holmska Zula. Tyto ¢asti jsou oddélené poruchovou zénou. Celek 4
je rozdélen do tfi podcelkii: 4-1 tam, kde nejsou znadmy podminky,
4-2 s episyenitovou konverzni a deformacni zénou a 4-3, kde
prevlada pararula. Celek 4-3 vykazuje podobné geologické a hy-
drogeologické podminky jako celek 5. Celku 5 dominuje para-
rula s podobnymi vlastnostmi poruSeni a parametry propustnosti.
Popsané typy horninového prostiedi byly stanoveny na zdkladé
klasifikace RMR (Rock Mass Rating) do ¢tyf horninovych tfid A
(RMR > 75), B (60 < RMR <75), C (45 < RMR 60) a D (RMR
< 45), podle kterych je urcena standardni mira vyztuZeni (A, B, C)
a specifické pozadavky (D). Pfedpoklada se, Ze se v trase tunelu
vyskytuje zéna horninového prostfedi, které se sklada prevazné
z episyenitu (BD4-2). Pivodni hornina Zula zde byla pfeménéna
hydrotermalni transformaci na mirné porézni horninu kataklastické
struktury, kterd disponuje horSimi vlastnostmi. Klasifika¢ni sys-
tém RMR se nedoporucuje u horninového prostredi nizké kvality
a z téchto diivodi se kvalita masivu hodnoti pomoci nomogramu
GSI (Geological Strength Index) s vyslednym urcenim odhadu
jeho pevnosti a modulu pretvarnosti. Podrobné vyhodnoceni je
podkladem pro konecny ndvrh injektaznich postupli a dimenzo-
véni sekundarniho osténi.

Modelova prognéza
horninového prostiedi

Pro optimalizaci a plan razeb tu-
nelt Jarfalla byly ddaje z inZenyr-
skogeologického prizkumu podkla-
dem pro zpracovani informacniho
modelu stavby s prognézou horni-
nového prostfedi. Modelova prog-
nodza predstavuje grafické znazornéni
podminek pro razbu a pozadavky na
technickd opatieni (obr. 8). Ucelem
modelu je graficky zndzornit rdzné
tiidy a kategorie ve formé blokt podél
sméru razeb tuneltl. Jednotlivé bloky
obsahuji udaje o teoretickém profilu
tunelu, rozméry, nadloZi, horninové
prostredi, tfidy Sitky tunelu, geotech-
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The rock support classes are divided into two categories as
standard and specific with reference to the drawing documentation.
The forecast of the model also shows the requirements for the
course of work according to the conditions of geotechnical
category 3 (GK3) or 2 (GK2). These categories are related to the
conditions for specific geotechnical structures, where technically
complex sections and critical crossings, which are adjacent to
existing excavations and are associated with high risks, are subject
to independent control. This control studies the negative effects of
planned or performed work to minimize the risks associated with,
for example, instability of the excavation, loss of ground, loss of
groundwater, etc. [2]

Technology of excavation works

The Jérfdlla tunnel was designed for the Drill & Blast excavation
method with continuous sealing for pre-grouting of the front of
the tunnel. The excavation method has already been experienced
in Stockholm conditions on many other infrastructure projects.
The excavation itself is preceded by a systematic sealing of the
tunnel forefield around its entire circumference. Boreholes with a
diameter of 64mm and a length of 24m are sealed by low-pressure
grouting at a pressure of 20-35 bar. The pre-injection fans are
repeated every 18m to create an overlap of 6m. Drilling for pre-
grouting is carried out with wheeled three arm boom drilling rigs,
e.g. Sandvik 1132. Grouting is carried out using Atlas Copco
Unigrout and AMV GR103 units with cement-based mixtures in
two mixtures according to the ratio of water and cement V_ = 0.85
and 0.5.

Drilling of the face for blasting works is performed with wheel
drilling rigs from Atlas Copco and Sandvik according to prepared
drilling schemes. Before each start of work, the machine is
navigated by total station and drilling is started six hours after the
end of the pre-grouting works. For blasting works, an explosive
mixed minimum from two components and then mechanically
pumped from the charging platform are used. Blasting works are
performed on the full profile to a maximum length of 5m using a
controlled blast along the contour. The total number of boreholes
in one face varies according to the size of the profile. A direct
break is used with four relief holes with a diameter of 102mm
placed in a vertical and square arrangement (Fig. 10). Detonators
are non-electric bundles connected by a lightning rod, on which
an electric detonator for ignition is placed. Each blast is recorded

ochrany, procentudlni zastoupeni tiid

nické kategorie, kategorie pozarni

zdroj: Ingenjorsgeologisk prognos source: Ingenjiorsgeologisk prognos
Obr. 8 Priklad grafického zndzornéni modelového podkladu prognozy opatieni pri razbé
Fig. 8 Graphical example of model prognose representation
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vyztuZeni vyrubu, tfidy t€snicich injektdzi a tfidy kontrol a udrzby.
Ttidy kontrol a tdrzby jsou ur€eny pro useky s vySSimi poZadavky
na ovéfeni kvality zabudovanych prvka. Pro tento projekt jsou
v prognéze zobrazeny tfi stupné te€snicich injektaZzi nazvané 1K1,
IK2 a specifickd tfida IK3. Kromé toho, kde se tfida injektaze
pouzije, zahrnuje model také hypertextové odkazy na vykresy pro
zobrazeni standardnich pozadavkil. Dany stupei injektaZe mize byt
beéhem realizace upiesnén na zékladé geologickych podminek horni-
nového prostfedi. Stupné predinjektazi se 1isi pfedepsanou maximal-
ni povolenou vzdalenosti konct vrti véjife. Dominujici horninové
prostiedi do vzdalenosti 5 m od teoretického profilu je v prediko-
vanych usecich prezentovdno v riznych odstinech, s oznacenim
pismeny a identifikacnim cCislem. Zastoupeni je poté zobrazeno
pomoci koldcového diagramu (obr. 9). Ttidy vyztuZeni vyrubu jsou
rozdéleny do dvou kategorii jako typové a specifické s odkazem na
vykresovou dokumentaci. V prognéze modelu jsou taktéZ zobrazeny
poZadavky na pribéh praci podle podminek geotechnické katego-
rie 3 (GK3), popitipadé 2 (GK2). Tyto kategorie jsou vztaZeny k pod-
minkdm pro specifické geotechnické konstrukce, kdy technicky
slozité useky a kritické kiiZeni, které sousedi se stavajicimi vyruby
a jsou spojeny s vysokymi riziky, podléhaji nezavislé kontrole. Tato
kontrola studuje negativni G¢inky pldnované nebo provadéné prace,
s cilem minimalizovani rizik spojenych napf. s nestabilitou vyrubu,
poklesem terénu, ztratou podzemnich vod apod. [2]

Technologie razeb

Tunely Jarfilla byly navrzeny pro razbu metodou Drill & Blast,
s kontinualni tésnici injektazi predpoli celby. Metoda razby je ve
stockholmskych podminkéch jiZ ovéfena na mnoha jinych infra-
strukturnich projektech. Samotné razb& predchdzi systematické
tésnéni predpoli tunelu po jeho celém obvodu. Vrty o priméru
64 mm v délce 24 m se tésni pomoci nizkotlaké injektaze tlakem
20-35 bar. Vzniklé tésnici véjife se opakuji kazdych 18 m tak,
aby vzniklo jejich prekryti o 6 m. Vrtné prace pro injektaZe jsou
provadény kolovymi tfilafetovymi vrtacimi vozy, napt. Sandvik
1132. Injektdz probiha pomoci jednotek Atlas Copco Unigrout
aAMYV GR103 smési na bazi cemen-

®A=75<RMR<100
B B=60<RMR<75
C=45<RMR <60

zdroj: Ingenjorsgeologisk prognos source: Ingenjirsgeologisk prognos
Obr. 9 Priklad grafického zndzornéni zastoupeni horninového prostredi
Fig. 9 Graphical example of the rock condition representations

in the AVAnet and UMSAlert system before its execution, which
is remotely connected to monitoring elements for determining the
value of the load by technical seismicity.

The tunnel muck is transported from all access tunnels to the
temporary place in the area east of the village of Kyrkby or to the
Rydbo landfill which is about 30km away. Here, the material is
further processed by crushing into the desired fractions for reuse.

After muck removal, each face is mechanically cleaned from
any loose rocks. Manual finishing is then required from the work
platform.

Tunnel support is based on the requirements from the project
model and the level of support is confirmed or specified based on
encountered geological conditions. The project lists three classes
of the dominant rock environment, A, B and C based on the RMR
classifications and five classes for support according to the span of
the tunnel. The demand for rock support is divided into typical and
specific. It prescribes the thicknesses and extent of application of
shotcrete and the density network of the anchors with lengths from

tu ve dvou zdmésich podle poméru
vody a cementu V_ =0,85a0,5.
Vrtani Celby pro trhaci price se
provadi kolovymi tfilafetovymi vr-
tacimi vozy od firem Atlas Copco
a Sandvik podle predem zpracova-
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(obr. 10). Rozbusky jsou neelektrické
spojované do svazki bleskovici,

zdroj: vjrobni dokumentace razby source: work documeniary

Obr. 10 Priklad vrtného schématu ve staniceni 17+332 celby stanice Barkarbystaden
Fig. 10 Drill plan example of the tunnel face at 17+332 Barkarbystaden station
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na kterou je umisténa elektricka rozbuska pro roznét. Kazdy odstrel
je pred svym provedenim evidovan v systému AVAnet a UMSAlert,
ktery je dalkové napojen na prvky monitoringu pro zjiSténi hod-
noty zatiZeni technickou seizmicitou.

Odvoz rubaniny probiha ze vSech pristupovych tunelil na deponii
v oblasti vychodné od vesnice Kyrkby, pfipadné na 30 km vzdale-
nou deponii Rydbo. Zde se materidl dale zpracovava drcenim
na pozadované frakce k zpétnému vyuziti. Po odvozu rubaniny
je kazdy zabér mechanicky ocistén od volnych kusi horniny
rozvolnéné trhacimi pracemi. Docisténi je pak vyzadovano ruénim
hornickym zptisobem z pracovni plosiny. Zajisténi vyrubu vy-
chézi z pozadavki modelu projektu a mira vyztuZeni je potvrzena,
pripadné doplnéna, na zakladé zastiZenych geologickych pod-
minek. Projekt udava tfi tfidy dominujiciho horninového prostiedi
A, B a C na zdklad€ klasifikaci RMR a pét tiid vyztuZeni podle
Sirky tunelu. Mira vyztuZeni je rozdélena na typovou a specifickou.
Ta predepisuje tloustky a rozsah aplikace stiikaného vlaknobetonu
a hustotu sit¢ kotev délek od 2,4 do 6 m. Specidlni pozadavky
postupu a zajisténi béhem razeb maji dseky geotechnické katego-
rie 3 (GK3), kdy postup sleduje a vyhodnocuje geotechnicka rada
ziizend spravcem stavby (FUT). Cleny rady jsou zdstupci spravce
stavby, projektanta, zhotovitele a nezavislého konzultanta spravce
pro GK3 zo6ny.

RaZba stanice Barkarbystaden (17+050 - 17+810)

Razba stanice zapocala jiznim smérem rozrazkou spojovaciho
tunelu TvT N 17+445. Podle informa¢niho modelu projektu spada
kiiZeni propojky a stanice v tseku S 17+420 — S 17+480 (60 m)
do kategorie 3. V casti kifiZzeni propojky a stanice mezi stanicenim
0+029 — 0+024 byla v pristropi zaznamenana poruchova zéna s jilo-
vymi vyplnémi puklin, jeZ potvrdila podminky pro razbu ve stani-
ci. Proto bylo systematické kotveni provedeno svorniky délky 5 m
spolu se stiikanym betonem tloustky 150 mm. Pro zahdjeni razby
byl ptedepséan specificky postup razby s délenim Celby na “pilot”
a “stross”, kdy je profil tunelu vertikalné roz¢lenén (obr. 11). Smér
razeb pak postupoval jak na vychodni ¢ast Akalla, tak na zapadni
Cast Veddesta. Dalsim prvkem zajisténi byla od staniceni 174463
vyzadovana instalace pfedhanénych jehel délky 5 m s mezerou 1 m,
které byly vrtany pod uhlem 15° s dosaZzenim vzdalenosti konct je-
hel do 0,5 m od teoretického profilu tunelu. Stejny pozadavek byl ap-
likovén od stani¢eni 17+447 — 17+440 opacnym smérem na Akallu.
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2.4 to 6m. The sections of geotechnical category 3 (GK3) have
special requirements for the excavation procedure and support,
where the process is monitored and evaluated by the geotechnical
council established by the Administration for extended Metro.
The members of the council are representatives from the Client,
the Designer, the Contractor and independent consultant for GK3
zones.

Barkarbystaden station (17+050 - 17+810) excavation

The excavation of the station began in a southerly direction with
the opening of the connecting tunnel TvT N 17 + 445. According
to the information model of the project, the junction of the cross-
passage and the station in the section S 17 + 420 — S 17 + 480
(60m) falls into geotechnical category 3. In the tunnel stretch 0 +
029 — 0 + 024 of the junction areas, failure zone with clay fillings,
which confirmed the conditions for excavation in the station, was
observed. Thus, anchors in use were of Sm of length together with
the fiber reinforced shotcrete of thicknesses 150mm. For excavation
start in the station tunnel, a specific excavation procedure was
prescribed with the division of the face into “pilot” and “stross”
when the tunnel profile is vertically divided (Fig. 11). The direction
of the excavations then proceeded both to the eastern part of Akalla
and to its western part of Veddesta. Another additional element of
rock support was introduced from the chainage 17 + 463 to install
pre-driven spiles Sm long with a spacing gap of 1m, drilled at an
angle of 15°, reaching the distance of the spile ends up to 0.5m
from the theoretical profile of the tunnel. The same requirement
was applied from stationing 17 + 447 — 17 + 440 in the opposite
direction to Akalla.

The work in the service tunnel was similar. Firstly, due to the
size of the profile at the intersections with the future ventilation
shaft VS S 17 + 468, but also due to geological conditions and the
presence of predicted weakened zones (Fig. 12).

The work procedure according to GK3 conditions was further
extended from the initial total length of 60m to the station tunnels.
From geology point of view, the rock quality was worse than
predicted which resulted in more support elements to be installed
and thicker shotcrete sprayed. The excavation process reached an
average daily output of 0.56 to 0.64m with a theoretical excavation
of 174m? to 185m?. Since the full start of work in November 2020,
a total of 62,488m> of muck has been excavated from the future

kotveni a stfikany beton podie
geologickych podminek

geologickych podminek
bolts and sprayed concrete based
on geological conditions
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, druhd ¢ast délené celby
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KX XXX X

prvni ¢ast délené celby
first part of face sub-division

fez délené Celby a poZzadavek zajisténi
sub-division face section and support requirements

kotveni a stfikany beton podle

bolts and sprayed concrete based
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Obr. 11 Zndzornéni délené celby a jeji fotografie
Fig. 11 Illustration of the divided tunnel face and picture

zdroj: projektovd dokumentace, autor source: project documentation, author
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V servisnim tunelu probihaly prace
obdobné. Jednak z divodu velikosti
profilu v mistech kiiZeni s budouci
ventila¢ni Sachtou VS S 174468,
ale taktéz z divodu geologickych
podminek a pritomnosti prediko-
vanych oslabenych zén (obr. 12).
Postup praci podle podminek GK3
byl z dvodni celkové délky 60 m dale

174810

SZ14C

17+050

roz$ifen do stani¢nich tuneld. Z geo-
logického hlediska byly podminky
pro razbu horsi nez predikoval mo-
del, coz vyzadovalo instalaci Cetnéjsi
svornikové vyztuze a silngjsi tloustku stifkaného betonu. Postup
razby dosahl primérného denniho vykonu od 0,56 do 0,64 m pri
teoretickém vyrubu od 174 m? do 185 m?. Od plného zahdjeni praci
v listopadu 2020 bylo z budouci stanice Barkarbystaden vytéZeno
k dubnu roku 2021 celkem 62 488 m® rubaniny z postupné az osmi
rozrazek.
ZAVER

SBT Sverige AB realizuje projekt tuneld Jirfilla jiz od roku
2018, kdy byly zahdjeny price na pfistupovém tunelu Veddesta.
V pribéhu kvétna roku 2020 prace plynule navazaly razbou nové
konec¢né stanice Barkarby. V druhé poloviné roku se prace tspésné
roz8ifily ze dvou dal§ich pfistupt raZzbou druhé stanice Barkar-
bystaden a komplikovanou razbou pod stavajicim tunelem Akalla,
jez je soucasti silni¢niho obchvatu Stockholmu. Ke konci mésice
dubna 2021 se podafilo vytéZit vice nez 195 000 m? rubaniny.
Béhem razeb se sleduji enviromentalni dopady a rizika spojena
s realizaci tuneld. Nakladani s podzemnimi vodami se fidi podle
§védskych zakoni, které klient musi plnit pfedkladanim rdznych
pozadavkl zhotoviteli pro jejich monitoring. Projekt je sledovan
Svédskym enviromentilnim tfadem v programu CEEQUAL,
s motivaci dodrzet minimalné 60 % mnozZstvi bodl za moZnost
ziskat finan¢ni bonus. Razba tuneld probiha ¢aste¢né v méstském
prostiedi a vyzaduje tak sledovani fady definovanych rizik, kterd
mohou mit vliv na vysledek celého projektu, zejména na harmono-
gram praci. Kromé toho miize byt nasledné ovlivnén také rozvoj
vystavby bydleni a zpGsobit tak negativni vefejné minéni. Prace
tedy musi byt brany a provadény v pfimé souvislosti s poZadavky
rozvoje oblasti.

Ing. PETR MITRENGA, Ph.D.,
petr.mitrenga@sbtsverige.se,

SBT Sverige AB

Recenzoval Reviewed: Ing. Boris Sebesta
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Obr. 12 Stanice Barkarbystaden — grafické zndzornéni predikovanych zon oslabeni
Fig. 12 Illustration of Barkarbystaden station — prediction of the weakness zones

Barkarbystaden station in April 2021 from gradually up to eight
faces.

CONCLUSION

SBT Sverige AB has been implementing the Jirfilla tunnel
project since 2018, when work began on the Veddesta access
tunnel. During May 2020, the work was smoothly followed by the
excavation of the new Barkarby station. In the second half of the
year, the works were successfully expanded from two other access
tunnels by excavating the second station, Barkarbystaden and by
the complicated excavation under the existing Akalla tunnel, which
is part of the Stockholm bypass road.

By the end of April 2021, more than 195,000m? of tunnel muck
had been taken out. During the excavations, the environmental
impacts and risks associated with the construction of tunnels are
monitored. Groundwater management is governed by Swedish
law, which the client must comply with by submitting various
requirements to the Contractor for their monitoring. The project
is monitored in the CEEQUAL program (Sweden Green Building
Council) with an incentive plan to reach environmental goals set by
the client and to comply with a minimum of 60% of the points for
the possibility of obtaining a financial bonus.

The excavation of tunnels takes place partly in the urban
environment and thus requires the monitoring of several defined
risks. This may affect the result of the entire project, especially
the work schedule. In addition, the development of housing
construction may subsequently be affected and thus cause
negative public opinion. The work must therefore be taken and
carried out in direct connection with the requirements of the area
development.

Ing. PETR MITRENGA, Ph.D.,
petr.mitrenga@sbtsverige.se,
SBT Sverige AB

KEMPEN, H. 4713 Berg — och anliggningsentreprenad Jirfillatunneln, 4713-C42-22-40001. Stockholm: Forvaltning
for utbyggd tunnelbana, Stockholms Léns Landsting, 2019, 241 s.

[2] Ingenjorsgeologisk prognos

PERSSON, T. 4713 Berg — och anldggningsentreprenad Jérfillatunneln, 4713-B41-24-40050. Stockholm: Forvaltning
for utbyggd tunnelbana, Stockholms Léns Landsting, 2020, 96 s.

[3] Bla linje till Barkarby
https://nyatunnelbanan.se/sv/barkarby
[4] Tunnelbana till Barkarby

https://www.jarfalla.se/byggaboochmiljo/stadsutvecklingochdetaljplaner/tu nnelbanan.4.77e36094162b5c8fdfa413d3.html



TuouMHel 30. rocnik - €. 4/2021

TUNEL MILOCHOV — REALIZACE DEFINITIVNIHO OSTENI(
MILOCHOV TUNNEL - IMPLEMENTATION OF FINAL LINING

PETR VELICKA

ABSTRAKT

Doba pokrocila a od minulého cldnku o tunelu Milochov — predpoklad projektu a skutecnost z ¢isla casopisu Tunel 2/2019 ubéhly vice
neZ dva roky. Za tu dobu se vystavba tunelu i celého tiseku modernizace trati pribliZila svému ispésnému konci. V aktudlnim cldnku je
popsdno dokonceni razby a pritbéh provddeni definitivniho osténi tunelu vcetné definitivnich tiprav portdlii. Tunel Milochov je soucdsti
modernizace Zeleznicni traté Piichov — Zilina, urcené pro tratovou rychlost do 160 km/h. Jednd se o dvoukolejny jednotubusovy tunel, jeho
celkovd délka véetné hloubenych portdlovych cdsti je 1861 m. Soucdsti tunelu je i tinikovd Stola délky 266,5 m, kterd je situovdna priblizné
v poloviné tunelu, kolmo k jeho ose a tisti v obci Horny Milochov.

ABSTRACT

Time has progressed and more than two years have passed since the last article on the Milochov tunnel — project assumption and reality
from the issue of Tunel magazine 2/2019. During that time, the construction of the tunnel and the entire section of track modernization
was nearing its successful end. The current article describes the completion of the excavation and the course of the tunnel final lining
construction, including the final modifications of the portals. The Milochov tunnel is part of the modernization of the Piichov — Zilina
railway line, designed for line speeds up to 160km/h. It is a two-track single-tube tunnel, its total length, including the excavated portal
parts, is 1861m.The tunnel also includes an escape gallery 266.5m long, which is situated approximately in the middle of the tunnel,

perpendicular to the tunnel axis and is directed towards the village of Horny Milochov.

uvob

V ramci modernizace Zelezniéni traté Pachov — Zilina, navrZzené
pro tratovou rychlost do 160 km/h, jsou jizZ v reZimu predcasného
uZzivani tfi mostni objekty a tunel Diel. Posledni velky objekt, jehoz
spusténi do rezimu predCasného uzivani je planovano na pielom
roku 2021 a 2022, je tunel Milochov. Zhotovitelem celé stavby je
sdruZeni firem Doprastayv, a.s., Subterra a.s., TSS Grade a.s. a Elek-
trizace Zeleznic Praha a.s. Zhotovitelem stavebni ¢asti tunelu Milo-
chov je Subterra a.s., Divize 1. Generdlnim projektantem stavby je
firma REMING CONSULT a.s.

Tunel Milochov se skldda celkem ze Ctyr hlavnich stavebnich
objekti — vychodni portél, zdpadni portal, tinikova Stola a tunelova
trouba.

Trat prochazi tunelem ve dvou pravych smérovych obloucich
o polomérech 1550 m, respektive 1425 m. Niveleta trat¢ smérem
od zdpadniho portalu stoupa ve sklonu 4,0 %o na cca tretiné délky
tunelu a dale klesa 5,9 %o smérem k vychodnimu portalu.

Celkovd délka tunelu vcetné hloubenych ¢ésti je 1861 m, z toho
raZend ¢ast je dlouhd 1770 m. Hloubend ¢ast z vychodniho portalu
je dlouha 71 m a ze strany zdpadniho portdlu 20 m.

Razba tunelu byla navrzena podle zdsad NRTM. V zévislosti
na interpretaci vysledkt inZenyrskogeologického prizkumu bylo
v zadavaci projektové dokumentaci navrZzeno celkem pét vystro-
jovacich trid (tfidy II, III, IV, Va a Vb), jeZ byly pozd¢ji doplnény
o tfidy Vc a VI. Zptisob razby byl navrzen jako konvencni (cyklic-
ky), se strojnim rozpojovanim horniny, v tvrdsich horninéach s po-
moci trhacich praci.

Definitivni osténi je navrZeno jako Zelezobetonové konstrukce,
realizovana pomoci posuvného bednéni s délkou bloku 10 m. Ra-
Zené a hloubena ¢ast vychodniho portalu tunelu jsou konstrukéné
feSeny dvouplastovym osténim — primdrnim a definitivnim s mezi-
lehlou féliovou hydroizolaci, zapadni portdl je feSen definitivnim

osténim s vnéjsi hydroizolaci v kombinaci féliové PVC izolace
tl. 3 mm a dvoukomponentni stfikané izolace tl. 3 mm.

INTRODUCTION

As part of the modernization of the Pichov — Zilina railway line,
designed for aline speed of up to 160km/h, three bridge structures and
the Diel tunnel are already in early use mode. The last large structure,
the launch of which into the regime of early use is planned for the
turn of 2021 and 2022, is the Milochov tunnel. The contractor of the
whole construction is the joint venture of companies Doprastav, a. s.,
Subterra a. s., TSS Grade a.s. and Elektrizace Zeleznic Praha a.s.
The contractor of the construction part of the Milochov tunnel is
Subterra a. s., Division 1. The general designer of the construction is
the company REMING CONSULT a.s.

The Milochov tunnel consists of a total of four main structures
— the eastern portal, the western portal, the escape gallery and the
mined tunnel tube.

The line passes through the tunnel in two right-turn curves with
radii of 1550m and 1425m, respectively.The track elevation from
the western portal rises at a slope of 4.0%o to about one third of the
length of the tunnel, and further drops by 5.9%o towards the eastern
portal.

The total length of the tunnel, including the open cut parts, is
1861m, of which the mined part is 1770m long. The open cut part
at the eastern portal is 71m long and at the side of the western
portal 20m.

The tunnel excavation was designed according to the NRTM
principles. Depending on the interpretation of the results of the
engineering geological survey, a total of five tunneling classes
(classes II, III, IV, Va and Vb) were proposed in the tender project
documentation, which were later supplemented by classes Vc
and VL

The excavation method was designed as a conventional (cyclic),
with mechanical rock disintegration, in harder rocks with the help
of blasting work.

The final lining is designed as a reinforced concrete structure,
realized by means of sliding formwork with a block length of 10m.
The mined and open cut part of the eastern tunnel portal lined by
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Obr. 1 Slavnostni prordzka tunelu Milochov
Fig. 1 Ceremonial breakthrough of the Milochov tunnel

Plocha svétlého prifezu hotového tunelu po zhotoveni definitiv-
niho osténi je 79,82 m>

PRORAZKA TUNELU A UNIKOVE STOLY

Po prekondni razby v tivodnich 300 m od vychodniho portélu,
kterd si vyZadala doplnéni projektové dokumentace o nové vystro-
jovaci tiidy, které byly popsdny v minulém ¢lanku, pokracovala
razba aZ do svého zdarného konce — prorazky. Ta se uskutecnila
zaCatkem zari 2020 (obr. 1). Slavnostni akce probéhla i za pritom-
nosti ministra dopravy a vystavby SR. JiZ v pfedstihu prob&hla
koncem cervna 2020 prorazka tnikové Stoly. Prevazna délka Stoly
byla vyraZena ve vystrojovaci tfidé Il s minimalnim mnoZstvim
vystrojovacich prvkda.

Projektant dila udélal jesté pred proraZkou podrobnou revizi ge-
ologického mapovani jednotlivych celeb a po jejich prozkoumani
vydal optimalizaci projektové dokumentace pro blokové schéma
zakladovych pési a spodnich kleneb. Po dorazeni celého dila, kdy
bylo geologické mapovani kompletni, vydal zavére¢nou optima-
lizaci, s doplnénim spodni klenby v souhrnné délce 200 m nad
rozsah, ktery byl uren zatfidénymi a vyrazenymi celbami kaloty
a opéfi a pivodnim pozadavkem projektu na protiklenby ve tfidach
Va az VI. Nové byl potom uplatnén pozadavek na provedeni proti-
klenby i v tsecich tiid IV a III.

Optimalizace spodni stavby tunelu ale vychazela z geologického
mapovani ¢eleb nad budouci zdkladovou sparou horni konstrukce,
proto bylo dohodnuto, Ze bude probihat mapovani in situ pfi otevi-
rani vykopu a bude operativné rozhodnuto o zatfidéni zaloZeni na
protiklenbu nebo zdkladovy pas. I pies vSechna opatfeni to zhoto-
viteli pfineslo nemalé komplikace, protoZe s dodate¢nymi proti-
klenbami nepocital a vyrazné to naruSilo organizaci prace v tunelu,
kdy se Casto protiklenby nedaly razit, protoze by jejich provadéni
znemoznilo zdsobovani ostatnich pracovist v celém tunelu.

PRIPRAVA BETONAZE HORNi KLENBY DEFINITIVNIHO
OSTENI

Dokonceni tunelu Milochov se stalo s blizici se prorazkou a na-
sazenim betondZi velice komplikovanym. Hlavnimi problémy byly
mnozstvi pracovist, kterd se navzdjem ovliviiovala, nastaveny har-
monogram, kdy bylo nemyslitelné prace zastavovat a musela kon-
tinudln€ (v rdmci moZnosti) fungovat vSechna pracovisté a nako-
nec samotny fakt, Ze se vSe odehravalo v jedné troubé€ s pfistupem
z jedné nebo druhé strany.

a double-shell lining — the primary and the final with intermediate
sheet waterproofing, the western portal is lined with a final lining
with external waterproofing in combination with sheet PVC
Th. 3mm and two-component sprayed waterproofing th. 3mm.

The clear cross-sectional area of the finished tunnel after the final
lining has been cast is 79.82m?

TUNNEL AND ESCAPE GALLERY BREAKING THROUGH

After overcoming the excavation in the initial 300m from the
eastern portal, which required the addition of new reinforcement
classes to the project documentation, which was described in the
previous article, the excavation continued until its successful end
— breakthrough. This took place at the beginning of September
2020 (Fig. 1). The ceremony also took place in the presence of
the Minister of Transport and Construction of the Slovak Republic.
Already in advance, the escape gallery breakthrough took place
at the end of June 2020. The predominant length of the gallery
was excavated in tunneling class II with a minimum amount of
reinforcement.

The tunnel project designer made a detailed revision of the
geological mapping of individual faces before the breakthrough,
and after examining them, he issued the optimization of the project
documentation of the block scheme of the foundation strips and
invert vaults. After completing the entire work, when the geological
mapping was complete, he issued the final optimization, with the
addition of the lower vault in a total length of 200m above the range,
which was determined by classified and exposed tunnel faces of the
headings and benches, and by the original project requirement for
invert vaults in classes from Va to VI. The requirement to perform
a counter-vault was also newly applied in sections of classes IV
and III.

However, the optimization of the substructure of the tunnel
was based on geological mapping of the faces above the future
foundation joint of the upper structure, so it was agreed that in
situ mapping will take place when opening the excavation and it
will be operationally decided about classification in favor of the
invert vault or the foundation strips. Despite all the measures, this
brought considerable complications to the contractor, because
he did not anticipate additional invert valuts and it significantly
disrupted the organization of work in the tunnel, when often invert
vaults could not be excavated, as their implementation would make
it impossible to supply other workplaces throughout the tunnel.

PREPARATION FOR CONCRETING THE UPPER VAULT
OF FINAL LINING

The completion of the Milochov tunnel has become very
complicated with the impending breakthrough and the deployment
of concreting. The main problems were: The number of
workplaces that influenced each other, the set schedule, in which
it was unthinkable to stop the work, and all the workplaces had to
function continuously (as far as possible) and finally the very fact
that everything took place in one tunnel tube with access from one
side or the other.

Subsoil replacement at the eastern portal

Due to the unfavorable geology at the foundation of the open
cut structures of the eastern portal, the designer proposed the
replacement of the subsoil with plain C12/15 concrete. This section
of the construction became very critical, because in place of the
71m long excavated section, all three service gantries (insulating,
reinforcement and sliding form) had to be assembled before the
concreting of the upper vaults began, so the subsoil was replaced
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Vymeéna podlozi na vychodnim
portalu

Z davodu nepfiznivé geologie
v misté zaloZeni zakladovych kon-
strukci hloubené c¢asti vychodniho
portdlu navrhl projektant vyménu
podloZzi za prosty beton C12/15. Ten-
to usek stavby se stal velice kritic-
kym, protoZe v misté 71 m dlouhého
hloubeného tuseku se musely pred
zahajenim betonazi hornich kleneb
zkompletovat vSechny tfi obsluzné
vozy (izolatérsky, armovaci a posuv-
na forma), takze k vyméné podlozi
se pristoupilo jesté¢ béhem razby tu-
nelu, kterd ale z diivodu koordinaci
praci a pfistupu k médiim byla moz-
nd pouze z vychodniho portélu, pres
usek vymeény podloZi. Projektovana
tloustka vymeény podloZi byla 2 m, pozadavkem bylo ovSem do-
hloubeni se na tnosné podloZzi, které mél schvilit geolog, ale za-
roven nejmensi tloustka vymény nesméla byt méné nez 1 m. Po
dohodé s projektantem bylo umoznéno 10 m dlouhé dilatacni celky
vymeény podloZi na poslednich tfech blocich u dsti tunelu podélné
rozdélit, za podminky propojeni obou polovin pomoci ocelové sva-
fované vyztuZe ve tiech vyskovych trovnich. Toto feseni umozni-
lo zhotoviteli vytvorit logisticky uzel, ktery bylo nutno operativné
st¢hovat, nicméné zajistil plynulé zasobovani tunelu a pokracovani
v razbé bez preruseni.

Po dokonceni vymény podlozi, ktera skoncila pred prorazkou
tunelu, zacaly prace spojené s montazi vozl pro definitivni osténi
tunelu. Vliv na organizaci praci zde hrilo vyskové usporadani —
droven vymény podloZi vici okolnimu terénu, a tim pristupu do
tunelu. Pro stile probihajici razbu byla vytvorfena rampa bokem
tunelu, Ustici t€sné na portale razeného tunelu. Timto krokem bylo
mozno zahdjit montdz vozi — nejprve izolatérského a armovaciho
na predem pripravené koleje. Koleje pro venkovni ¢ast byly smon-
tovany z dilct jefabové drahy, kdy byly kolejnice jiZz pfipevnény
podéIné na betonové prazce. Dalsi komplikace nastala vySkovym
rozdilem 1330 mm mezi Grovni vymény podloZi, na jejiZ drovni se
z diivodu obsluZnosti a bezpecnosti provadéla montdz vozi, a hor-
ni hranou zakladového pasu v tunelu, kam bylo tfeba vozy dostat.
Tento problém byl vyfeSen pomoci kaskadovitého systému jizdni
dréhy pro vozy, jejich nadzvedavani jefabem, podkladani kol a po-
potahovéni smérem do tunelu.

Po prordzce, kdy se zdsobovéni tunelu otoCilo smérem ze za-
padniho portélu, byly venku na vychodnim portale postaveny dva
ze tfi vozl a kompletoval se posledni — posuvnd forma, probihaly
v tunelu pfed vozy prace na betondZi protikleneb. Nejprve bylo po-
tieba odtéZit rubaninu navezenou na primarnim osténi jako jeho
ochrana a zdroven obsluzna komunikace do tunelu, vycistit zakla-
dovou spéru a nasledné provést samotné armovani, bednéni a be-
tondz protikleneb (obr. 2). Protiklenby jsou vyztuZené ocelovou
svarovanou i prutovou vyztuzi a zhotovené z betonu C30/37 XC3,
XD2, C10,2 —Dmax 16. S tim samym betonem, za pouZiti prutové
vyztuze, byly stavény i zakladové pasy. VSechny tyto konstrukce
maji totoZnou pracovni sparu s horni klenbou.

U spodnich konstrukci byl poZadavek na pevnost pfed ndjezdem
betondi'ské formy 80 % konecné piedepsané krychelné pevnosti
pouzitého betonu a pfed najezdem ostatnich vozi minimalné 65 %,
respektive 75 %.

AL I

Obr. 2 Armovdni protiklenby

Fig. 2 Invert vault reinforcement
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during the tunnel excavation which however, due to the coordination
of work and access to the media, was possible only from the
eastern portal, through the subsoil exchange section. The projected
thickness of the subsoil replacement was 2m, but the requirement
was to dig into the load-bearing subsoil, which was to be approved
by a geologist, but at the same time the smallest thickness of the
subgrade should not be less thanlm. Upon agreement with the
designer, it was possible to longitudinally divide the 10m long
dilation joints of the subsoil exchange on the last three blocks at
the mouth of the tunnel, under the conditions of connecting the
two halves by means of steel welded reinforcement in three height
levels. This solution enabled the contractor to create a logistics
node that had to be moved operatively, however, it enabled a
continuous supply of the tunnel and the continuation of excavation
without interruption.

After the completion of the subsoil replacement, which ended
before the tunnel breakthrough, work began on the assembly of the
gantries for the final lining of the tunnel. The work organization
was impacted by the height arrangement — the level of the subsoil
exchange in relation to the surrounding terrain, and thus the access
to the tunnel was impacted. For the ongoing excavation, a ramp
was created along the side of the tunnel, merging closely at the
portal of the mined tunnel. With this step, it was possible to start
the assembly of gantries — first for insulation and reinforcement on
pre-prepared tracks. The tracks for the outdoor part were assembled
from parts of the crane track, when the rails were already attached
longitudinally to the concrete sleepers. Another complication
occurred with a height difference of 1330mm between the level
of the subsoil replacement, at the level of which the wagons were
assembled for serviceability and safety reasons, and the upper edge
of the foundation strip in the tunnel where the wagons had to be
transported. This problem has been solved by using a cascading
track system for cars, lifting them with a crane, underlaying the
wheels and pulling towards the tunnel.

After the breakthrough, when the supply of the tunnel moved
away and was provided from the western portal, two of the three
cars were built outside of the eastern portal and the last one — the
sliding form — was being completed, concreting works of the invert
vaults took place in the tunnel before of the gantries. First, it was
necessary to extract the fill mounted on the primary lining which
served as its protection and which at the same time provided the
service road to the tunnel, clean the foundation base and then perform
the reinforcement, formwork and concreting of the invert vaults
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FaleSné primarni osténi

Po zataZeni vozi do tunelu a zabetonovani druhého bloku v raZzené
Casti dila (prvni blok byl docasné vynechén a betonovan az v ramci
nasledného couvani formy do hloubené ¢asti kvili ochrané hotového
betonu a presahujici hydroizolace pted aplikaci stitkaného betonu)
byla pfed vychodnim portdlem tunelu zahdjena vystavba 70 m dlou-
hého falesného primérniho osténi, které bylo zhotovitelem navrzeno
jako feseni spofici Cas oproti klasickému vnéjSimu bednéni (kontra-
bednéni), které se vétSinou na hloubenych tsecich pouziva.

Jde o konstrukci velmi podobnou primarnimu osténi v tunelu.
Sklada se z piihradovych nosnikil, ocelovych svafovanych siti
8/100/100 na obou straniach nosniku a dopliujici ocelové prutové
vyztuZe. Konstrukce se postupné prostiikdva stifkanym betonem
na findlni tloustku 300 mm. Prihradové nosniky se kotvi do be-
tonu pod zdkladovou desku, v tomto pripadé to bylo v prostoru
vymeény podloZi hloubené ¢asti. Nosniky byly od sebe stavény oso-
vé 1000 mm. Toto feSeni umoznilo provadét betonaz definitivni-
ho osténi klasicky jako v tunelu, bez pouziti venkovniho bednéni
(kontrabednéni). I presto, Ze foliova hydroizolace byla pfi tomto
feSeni pouZita jako v tunelu z vnitini strany primarniho osténi, bylo
drenazni potrubi v hloubené Casti vedeno z vnéjsi strany osténi
a z vnitfni strany bylo u paty konstrukce osazeno drendzni potrubi
DN100, pod kterym byla zakoncena féliova hydroizolace pomoci
trvale pruzného tmelu a nerezové pasoviny. V osové vzdalenosti
5 m bylo toto potrubi pfi¢né napojeno pomoci potrubi DN100 do
venkovniho potrubi DN250. Tim bude odvedena voda stékajici jak
po hydroizolaci hloubené ¢asti, tak voda stékajici zasypem hloube-
né ¢asti mimo tunel.

Pti samotné realizaci bylo tfeba vénovat zvySenou pozornost de-
formacim celé konstrukce a zachovani jejiho tvaru v pozadované
poloze pro betondz definitivniho osténi (obr. 3). Pribéh vystavby
byl pribézné geodeticky monitorovan, a to po postaveni ramu a po
aplikaci kazdé ze dvou vrstev stiikaného betonu. Cela délka kon-
strukce byla stavéna v zafezu, kdy byly nohy obloukii rozepreny
proti okolnimu svahu pomoci ocelovych IBO kotev. Po postaveni

(Fig. 2). The invert vaults are steel reinforced with welded and rebar
reinforcement and made of concrete C30 / 37 XC3, XD2, C1 0,2
— Dmax 16. With the same concrete, using rebar reinforcement,
foundation strips were also built. All these structures have the same
construction joint with the upper vault.

In the case of foundation structures, the requirement for strength
before the entry of the concrete mold gantry was 80% of the final
prescribed cubic strength of the concrete, and before the entry of
other wagons was at least 65% and 75%, respectively.

False primary lining

After pulling the gantries into the tunnel and concreting the second
block inside the tunnel (the first block was temporarily omitted and
concreted only as part of the subsequent reverse pull-out of the
mold into the open cut part to protect the finished concrete and the
waterproofing overlap before shotcrete application), in front of the
eastern tunnel portal, the construction of a 70m long false primary
lining was started, which was designed by the contractor as a
time-saving solution compared to the classic external formwork
(counter-formwork), which is mostly used in open cut sections.

It is a structure very similar to the primary lining in the tunnel.
It consists of lattice girders, steel welded mesh 8/100/100 on both
sides of the girder and additional steel bar reinforcement. The
structure is gradually sprayed with shotcrete to a final thickness
of 300mm. The lattice girders are anchored to the concrete under
the foundation slab, in this case it was in the location of the subsoil
replacement of the open cut part. The girders were built with
axial spacing of 1000mm apart. This solution made it possible to
perform concreting of the final lining classically as in a tunnel,
without the use of external formwork (counter-formwork). Despite
the fact that the sheet waterproofing was used in this solution in the
same way like in the tunnel, on the inside of the primary lining, the
drainage pipe in the open cut part was led from the outside of the
lining, and from the inside the DN100 drainage pipe was installed
at the base of the structure, under which the sheet waterproofing

was terminated with a permanently

Obr. 3 Realizace faleSného primdrniho osténi
Fig. 3 Implementation of false primary lining

flexible sealant and stainless steel
strip.At an axial distance of 5m, this
pipe was transversely connected
by means of a DN100 pipe to an
outdoor DN250 pipe. This will drain
the water flowing down both from
the waterproofing of the open cut
part, and the water flowing down
through the backfill of the open cut
part outside the tunnel.

During the construction, it
was necessary to pay increased
attention to the deformation of the
entire structure and maintaining its
shape in the required position for
concreting the final lining (Fig. 3).
The construction process was conti-
nuously geodetically monitored,
after the construction of the lattice
girders, and after the application of
each of the two layers of shotcrete.
The entire length of the structure was
built in open cut, when the legs of the
lattice girders were spread against
the surrounding slope using steel
IBO anchors. After the construction
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jednotlivych ramu, které byly mezi
sebou rozepreny pomoci ocelovych
rozpinek, se aplikovala vné;jsi ocelo-
va sit, doplnénd smérem ven o geo-
textilii a pomocnou sit 6/150/150.
Geotextilie méla za tkol simulovat
vyrub tunelu pro aplikaci prvni vrst-
vy stifkaného betonu. Pred samot-
nou aplikaci stfikaného betonu byla
jesté v horni tfetiné vysky osazena
docasnad ocelova tahla, branici ne-
chténé deformaci konstrukce. Beton
se aplikoval kvili stabilit¢ odspodu
nahoru a ve dvou vrstvach, kdy pfed
druhou vrstvou byla jesté dosazena
druhd vnitini vrstva ocelovych siti
a dopliiujici prutova vyztuz (obr. 4).

Vize zhotovitele, kterd se uspés-
né¢ naplnila, byla betonovat s vel-
kou formou do poloviny tunelu pred
dnikovou Stolu, nez byla pripravena
hloubena ¢ast pred vychodnim por-
tallem s faleSnym primarnim osté-
nim. Nasledné forma zacouvala na
prvni razeny blok, otocilo se na ni
¢ilko a lichobéZnikovy obtisk, a be-
tonovalo se smérem ven po posledni
blok P2. Kvuli tomuto opa¢nému sméru betondze nebylo mozno
z tunelu pouZit armovaci ani izolatérsky viz, a byl proto prona-
jat mensi vz poskladany z leseni, ze kterého se nejprve izolovalo
a nasledné armovalo.

HORNI KLENBA TUNELU

V predstihu, pfed dokoncenim razeb, byly vybetonovany dva
bloky definitivniho osténi hloubené Casti na zdpadnim portéle
(oznaceni P1 a 1). Byl pouzit beton C30/37 XC3, XF3, CI 0,2 —
Dmax 16, stejné€ jako na horni klenby v celém tunelu i v tnikové
Stole (obr. 5).

Tyto bloky byly betonovany pomoci konstrukce vytvoifené ze
systémového bednéni — vnitini i vnéjsi bednéni (kontrabednéni).
K tomuto kroku bylo pfistoupeno z diivodu ¢asové Uspory, aby na
konec betonazi celého tunelu neztstaly dva bloky s kontrabedné-
nim, které jsou ¢asové narocné.

Tunel Milochov se sklddd z celkem 186 blokil definitivniho
osténi, portalové bloky jsou znaCeny P1 a P2, ostatni Cisly 184—1.
Definitivni osténi tunelu bylo navrZzeno na plny tlak horniny, bez
zapocCteni vlivu spoluptisobeni primarniho osténi. Osténi bylo bu-
dovéano pomoci ocelové posuvné formy s délkou plasté 10 m, coz
odpovida pozadavkdm investora na 10 m dlouhé dilatacni celky
osténi (obr. 6). Tloustka osténi byla pozadovana 350 mm v raze-
né Casti dila a 500 mm v obou hloubenych ¢astech, kdy tloustka
se podle tvaru klenby v patach zvétSuje. V hloubené ¢asti pod fa-
leSnym primarnim osténim bylo navrZzeno do definitivniho osténi
12 500 kg vyztuze na jeden blok a na zapadnim portale 10 200 kg
na blok. V raZené Casti tunelu se jeSté horni klenba délila na typ
1 a 2, podle typu geologického prostiedi zmapovaného pii raz-
bé. Typ 1 obsahoval projektem navrzenych 10 200 kg vyztuZe na
10 m dlouhy blok a typ 2 — 13 300 kg, taktéZ na jeden blok. Hyd-
roizolacni systém byl navrzen jako otevieny — deStnikovy z félie
na bazi PVC tl. 2 mm v raZzené Casti a hloubené ¢asti vychodniho
portdlu a 3 mm v hloubené ¢asti zapadniho portalu, kde byla ale

Obr. 4 Fale$Sné primdrni osténi po dokonceni
Fig. 4 False primary lining after completion

of the individual girders, which were spaced axially by means of
steel spacers, an external steel mesh was applied, supplemented
with an outward geotextile and an auxiliary mesh 6/150/150. The
task of the geotextile was to simulate the excavated tunnel wall
for the application of the first layer of shotcrete. Prior to the actual
application of shotcrete, temporary steel tie rods were installed in
the upper third of the height, preventing unwanted deformation
of the structure. The concrete was applied for stability from the
bottom up and in two layers, when the second inner layer of steel
mesh, and additional bar reinforcement were added before the
second layer (Fig. 4).

The contractor’s vision, which was successfully fulfilled, was to
concrete with the large mold to the middle of the tunnel in front of
the escape gallery, before the open cut part in front of the eastern
portal with a false primary lining was prepared. Subsequently, the
mold retreated to the first mined block, the side formowork and
trapezoidal strutts were turned on it, and the concreting continued
outwards to the last block P2. Due to this opposite direction of
concreting, it was not possible to use a reinforcing or insulating
gantries from the tunnel, and therefore a smaller gantry consisting
of scaffolding was rented, from which the tunnel was first insulated
and then reinforced.

UPPER VAULT OF THE TUNNEL

In advance, before the completion of the tunnel excavations, two
blocks of the final lining of the open cut part on the western portal
(designations P1 and 1) were concreted. Concrete C30/37 XC3,
XF3, C10,2 — Dmax 16 was used, as well as for the upper vaults in
the whole tunnel and in the escape gallery (Fig. 5).

These blocks were concreted using a structure created from
system formwork — internal and external formwork (counter
formwork). This step was taken in order to save time, so that at the
end of concreting the whole tunnel there were no two blocks with
counter-formwork left, which would be time-consuming.
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The Milochov tunnel consists of
a total of 186 blocks of definitive
lining, the portal blocks are marked
P1 and P2, the other numbers 184—1.
The final lining of the tunnel was
designed for full rock pressure,
without taking into account the
influence of the interaction of the
primary lining. The lining was
built using a steel sliding mold
with a shell length of 10m, which
corresponds to the investor’s
requirements for 10m long dilation
units of the lining (Fig. 6). The
thickness of the lining was required
to be 350mm in the mined part of the
work and 500mm in both open cut
parts, where the thickness increases
according to the shape of the vault
at the abuttments. In the open cut
part under the false primary lining,
12,500kg of reinforcement per block
was designed for the final lining, and
10,200kg per block at the western

Obr. 5 Realizace definitivniho osténi hloubené édsti zdpadni portdl
Fig. 5 Implementation of the final lining of the open cut part of the western portal
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Obr. 6 Zahdjeni betondZe definitivniho osténi v tunelu
Fig. 6 Commencement of concreting of the final lining in the tunnel

Moy

hydroizolace instalovana na vnéjsi strané hotového definitivniho
osténi. Pfed samotnou pokladkou féliové hydroizolace bylo tieba
srovnat z ploSiny a izolatérského vozu nerovnosti primarniho osté-
ni, vyfezat v§echny ocelové draty, pruty, haky, odstranit zasahy pri-
marniho osténi do profilu budouciho definitivniho osténi a zbavit
se vSech ostrych hran osténi. Dédle se izolace proti mechanickému
poskozeni ze strany primarniho osténi chranila vrstvou geotextilie
pozadované gramaze, v tunelu to bylo 900 g/m?.

Drenédzni systém je tvofen stfedovou a dvéma bo¢nimi drena-
Zemi, kdy v bloku ¢. 55 je nejvyssi bod tunelu, a od tohoto blo-
ku jsou vyspadované drenazni vétve smérem k ob&ma portalim,
kde na kazdém jsou feSeny dvé odvodiiovaci vétve, pro stiedovou
drendz navic osazenou nadrzi ORL, za kterou se vétve spojuji
v jeden vypustny objekt. Bo¢ni drenaz je tvorena Caste¢né perfo-
rovanym potrubim PP DN250 s Cisticimi plastovymi Sachticemi.

portal. In the mined part of the
tunnel, the upper vault was further
divided into types 1 and 2, according
to the type of geological environment
mapped during the excavation.
Type 1 contained 10,200kg of re-
inforcement designed by the project
per 10m long block and type
2 —13,300kg, also per block. The
waterproofing system was designed
as a drained — umbrella type, made
of PVC-based sheet, Th. 2mm in the
mined part, and the open cut part of
the eastern portal, and 3mm in the
open cut part of the western portal,
where, however, the waterproofing
was installed on the outside of the
finished final lining. Before laying
the sheet waterproofing, it was
necessary to level the unevenness of
the primary lining from the elevated
platform and the insulating gantry,
cut all steel wires, rods, hooks,
remove the protrusions of the primary lining into the profile of
the future final lining, and get rid of all sharp edges of the lining.
Furthermore, the waterproofing sheet was protected against
mechanical damage from the primary lining by a layer of geotextile
of the required weight, which was 900g/m? in the tunnel.

The drainage system consists of a central and two side drainages,
where the highest point of the tunnel is in block No. 55, and from
this block drainage branches are sloping towards both portals,
where two drainage branches at each portal are taken care of, for the
central drainage additionally equipped with an oil-water separator
tank, behind which the branches merge into one outlet object. The
side drainage consists of a partially perforated PP DN250 pipe
with cleaning plastic shafts. The requirement of the project was the
horizontal termination of the waterproofing under the underlying
concrete of the side drainage. After laying the drainage pipes and



TuNel

Pozadavkem projektu bylo vodo-
rovné zakonceni hydroizolace pod
podkladni beton boc¢niho odvodné-
ni. Po poloZeni potrubi odvodnéni
a zasypani drendznim betonem byla
hydroizolace vytaZena a pfipevnéna
na povrch primarniho osténi. Stre-
dova drenéz slouZzici pro odvodnéni
kolejového loZe je tvorena Castecné
perforovanym potrubim DN315,
které je zakryto drendZnim betonem
a kazdych 50 m je osazena Cistici
plastova Sachta DN600, zakoncena
teleskopickou plastovou tvarovkou
DN300 s litinovym poklopem.

V tunelu jsou navrzeny tfi typy
vyklenkli, po 50 m (osova vzda-
lenost jednotlivych vyklenkl) se
stiidaji vyklenky Cistici a sdruzené.
Zachranné vyklenky s osovou vzda-
lenosti 25 m nebyly projektantem
poZadovény. Cistici 3achta je plas-
tova DN600, uzaviena kompozitnim
poklopem 700/800 mm a slouZi pro
¢iSténi bocni drendZe a ve sdruZzeném
vyklenku je jeSté navic umistén hyd-
rant pozarniho vodovodu, ktery je
vyveden mimo Cistici Sachtici, proto
je tento typ vyklenku rozmérove vét-
§i oproti vyklenku Cisticimu. Posled-
ni typ vyklenku je po obou stranach
pouze v bloku 55, jde o vyklenek pro
vzdusnik pozarniho vodovodu.

Osténi tunelu je vybaveno mnoz-
stvim nik a chranicek pro vystroje-
ni tunelu technologiemi, predevs§im
osvétleni, napdjeni zabezpeCovacich
zafizeni a dalsi.

Pozadavek na minimélni pevnost
betonu horni klenby pfi odbednéni
byl 6 MPa. U spodnich konstrukci
byl poZadavek na pevnost pfed na-
jezdem betonarské formy 80 % kry-
chelné pevnosti a pred ndjezdem ostatnich vozi minimalné 7 MPa.

Liniové za betonédzi horni klenby pokracovala dalsi pracoviste.
Prvni bylo dobréni rubaniny z poc¢vy na troven spary pro spadové
betony. Ty byly realizované z betonu C12/15 a oboustranné vy-
spadované do stiedové drendze. Projektovana tloustka spadovych
betontl byla 100 mm, ale pfi realizaci byl vydan poZzadavek pro-
jektanta na dohloubeni vykopu na troveni kompaktni rostlé hor-
niny a tlouStka se pak pohybovala v fadech desitek centimetrti
(obr. 7).

Pribézné s touto praci se provadéla i realizace vypliiovych be-
tond v protiklenbach s vyspadovdnim horni hrany taktéZ ke stre-
dové drendzi. Vypliiové betony byly realizovany z betonové smési
C16/20.

Za témito pracovisti pokracovala pokladka a montdZ multika-
nalovych tvarovek, jednalo se o systém PIPELIFE OPI 6W CPQ
D125. Na jedné strané tunelu byly dva svazky po Sesti kusech a na
druhé stran¢ dva svazky 6 + 4 ks. Za t€émito multikandlovymi svaz-
ky smérem k osténi se jesté po obou strandch tunelu kladl pozarni

suchovod DN150. Multikandlové Sachtice byly realizovany jako

Obr. 8 Tunel po dokonéeni betondZi
Fig. 8 Tunnel after concreting
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Obr. 7 Dobirdni rubaniny pro spddové betony
Fig. 7 Muck removal for placement of sloped concrete slabs

backfilling with drainage concrete, the waterproofing was pulled
out and attached to the surface of the primary lining. The central
drainage used for drainage of the railway bed consists of a partially
perforated pipe DN315, which is covered with drainage concrete
and every 50m there is a cleaning plastic shaft DN600, terminated
by a telescopic plastic fitting DN300 with a cast iron cover.

Three types of niches are designed in the tunnel, after 50m
(axial distance of individual niches) cleaning and combined niches
alternate. Rescue niches with an axial distance of 25m were not
required by the designer. The cleaning shaft is plastic DN600,
closed with a 700/800mm composite cover and is used for cleaning
the side drainage, and in the combined niche there is also a fire
water hydrant, which is laid outside of the cleaning shaft, so this
type of niche is larger in size than the cleaning niche. The last type
of niche is on both sides only in block 55, it is a niche for the fire
water air vent.

The lining of the tunnel is equipped with a number of niches and
installations for equipping the tunnel with technologies, especially
lighting, power supply of security devices and more.
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monolitické a nakonec zaklopeny betonovym poklopem v nerezo-
vém ramecku. Kazdy multikandlovy svazek ma Sachtice umistény
od sebe 50 m.

Po této praci nasledovala betondz pochozi vrstvy chodniki z be-
tonu tfidy C25/30 XC3, XF3, C1 0,2 — Dmax 16 tloustky 100 mm
s metlickovou povrchovou upravou v pricném sméru.

Findlni prace spocivala v montaZi nerezovych madel se zabu-
dovanym LED osvétlenim a natéru bezpecnostniho znaceni tunelu

(obr. 8).

HORNI KLENBA UNIKOVE STOLY

Unikova $tola je tvofena 46 bloky definitivniho osténi s ozna-
¢enim U46-Ul, z toho Ul je portalovy blok. PoZadavky na beton
i hydroizolaci jsou stejné jako v tunelu. Podélné odvodnéni Stoly je
feSeno stfedovym odvodnénim osazenym pod drenaZnim betonem,
chranénym z vrchni strany nopovou f6lii, na kterou byly betonova-
ny zdkladové desky tl. 450 mm horni klenby Stoly. Hydroizola¢ni

The requirement for the minimum concrete strength of the upper
vault during stripping was 6MPa. For the lower structures, the
requirement for strength before the entry of the concrete form was
80% of the cubic strength and before the entry of other cars at least
TMPa.

Another works continued in line with the concreting of the upper
vault. The first was the removal of the invert fill to the level of the
concrete slab base. That was made of C12/15 concrete and sloped on
both sides into the central drainage. The projected thickness of the
sloped base concrete was 100mm, but during the implementation
the designer’s request for deepening the excavation to the level of
compact and intact rock was issued and the thickness was then in
the order of tens of centimeters (Fig. 7).

Continuously with this work, the implementation of infill
concrete in invert vaults with the upper face sloped also to the
central drainage was carried out. Fill concretes were made of
concrete mix C16/20.
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Obr. 9 Vzorovy pricny rez tinikovou Stolou
Fig. 9 Standard cross section of escape gallery




Obr. 10 MontdZ ocelové formy do tinikové Stoly
Fig. 10 Installation of a steel mold in the escape gallery

folie uchycend na primarni osténi ma za ukol dovést vodu do paty
klenby, ktera pak gravitatné steCe do stfedové drendze, kterd je vy-
spadovédna a zadsténa do bocni drendze v tunelu (obr. 9). Horni
klenba se betonovala pomoci ocelového bedniciho vozu, délka ho-
tového bloku byla projektem stanovena na 6 m (obr. 10). Kompli-
kaci pfi betonazi predstavovaly dva lomové useky v trase Stoly, kdy
musely byt z plasté formy sloZené ze 1,5 m dlouhych dilt opakova-
né tyto dily odstrojeny a nahrazeny na miru vyrobenymi lomovymi
segmenty. [ pres tyto komplikace se betonaz definitivniho osténi
obesla bez vétSich obtiZi a byla v Case, ktery si zhotovitel napla-
noval, dokoncena. Po dokonceni betonazi hornich kleneb probéhla
betonaz tii délicich pficek, jedna u napojeni Stoly na tunel a dvé
na jejim konci u portalu. Pficky slouZi pro osazeni protipoZarnich
dvefi a jsou v nich zabudovédny prostupy pro vzduchotechniku.
Posledni prace pred vystrojenim Stoly technologiemi byla betonaz
pochozi vrstvy — cementobetonovy vyztuzeny kryt C 25/30 — XC3
— XF3 (SK)- C10,4 — Dmax 16, s vyspadovanim k jedné strané, kde
je osazen odvodiovaci Zlab po celé délce Stoly (obr. 11).

KONECNE TERENNI UPRAVY PORTALU

Zapadni portal

Konec¢né terénni Upravy v misté zdpadniho portdlu se skladaji
ze tii zékladnich konstrukci. Jednd se o gabionovy obklad, systém
Krismer a vyztuZenou horninovou konstrukci s draitokamennym li-
cem (obr. 12).

Gabionovym obkladem se vyplnily mezery mezi roznasecimi Ze-
lezobetonovymi svislymi prahy, pres které jsou do masivu svahu kot-
dfive udélat zéklad z prostého betonu. Samotné gabionové kose jsou
s povrchovou upravou Zn + Al, velikosti ok 25x100 mm a primérem
dratu min. 4 mm. KoSe byly montovany na misté ze svarovanych
gabionovych paneld a kotveny do zdi portdlového zéfezu pomoci
zemnich hfebikd priméru 32 mm, které byly s gabionem spojeny
pomoci kotevnich desek. TlouStka gabionu byla 400 mm, koSe byly
vysypany kamenivem frakce 63/180 a zbyvajici prostor ke stén¢ ze
stitkaného betonu, pfiblizné 200 mm, byl vyplnén zasypem.

Systém Krismer byl navrZzen do oblasti nad zafez portdlu, na
plochy se stfikanym betonem. Jde o ocelovou tfirozmérnou bui-
kovou konstrukci tl. 80 mm s antikorozni upravou, kterd se kotvi
k podkladu pomoci zavitovych ty¢i do stiikaného betonu. V piipa-
deé, ze tloustka stiikaného betonu neodpovidd minimalni tloustce
200 mm, nebo je nutno kotvit mimo beton, pouZiji se zemni hiebi-
ky. Buriky byly nakonec vysypany kamenivem 32—63 mm.
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Obr. 11 Hotové betondZe v tinikové Stole
Fig. 11 Finished concretes in the escape gallery

Behind those workplaces, the laying and assembly of multi-
channel block fittings continued, it was the PIPELIFE OPI1 6W CPQ
D125 system. On one side of the tunnel theere were two bundles of
6 pieces and on the other side two bundles of 6 + 4 pieces. Behind
these multi-channel bundles towards the lining, a DN150 fire drill
was laid on both sides of the tunnel. The multi-channel shafts were
realized as monolithic and finally closed by a concrete cover in a
stainless steel frame. Each multi-channel bundle has shafts spaced
50m apart.

This work was followed by concreting of the pavement layer of
sidewalks made of concrete class C25 / 30 XC3, XF3, C1 0.2 —
Dmax 16 with a thickness of 100mm with a brush texture surface
treatment in the transverse direction.

The final work consisted of the installation of stainless steel
handles with built-in LED lighting and painting the safety markings
of the tunnel (Fig. 8).

UPPER VAULT OF THE ESCAPE GALLERY

The escape gallery consists of 46 blocks of definitive lining
with the designation U46-U1, of which Ul is a portal block. The
requirements for concrete and waterproofing are the same as in the
tunnel. Longitudinal drainage of the gallery is served by central
drainage installed under the drainage concrete, protected from the
upper side by a nop foil, on which the foundation slab, Th. 450mm,
of gallery upper vault was concreted. The task of the waterproofing
sheet attached to the primary lining is to bring water to the base of
the vault, which then gravitationally flows into the central drainage,
which is sloped and merges into the side drainage in the tunnel
(Fig. 9). The upper vault was concreted using a steel formwork
gantry, the length of the finished block was set by the project at 6m
(Fig. 10). A complication during concreting was represented by two
sharp turn sections in the gallery route, when the 1.5m long parts
of the mold shell had to be repeatedly dismantled and replaced by
custom-made sharp edge segments. Despite these complications,
the concreting of the final lining went without major difficulties
and was completed within the time planned by the contractor. After
the concreting of the upper vaults was completed, the concreting of
three partition walls took place, one at the connection of the gallery
to the tunnel and two at its end at the portal. The partitions are used
for fitting fire doors and for built-in passages for air conditioning.
The last work before equipping the gallery with technologies was
concreting the pavement layer — cement-concrete reinforced cover
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Obr. 12 Pohled na konecné terénni vipravy zdpadniho portdlu
Fig. 12 View of the final landscaping of the western portal

Posledni konstrukce pouzita na zdpadnim portale byla vyztuzena
horninové konstrukce s dratokamennym licem. Touto konstrukeci
byla zakryta hloubena ¢ast tunelu, kdy od paty posledniho bloku
P1 konstrukce terasovité odskakovala smérem do tunelu, aZ naho-
fe vznikl pfiblizn€ 5 m dlouhy odskok oproti paté bloku. Tubus
hloubené casti tunelu byl jiz drive izolovan féliovou PVC izolaci
tl. 3 mm a stfikanou dvoukomponentni hydroizolaci PC 4840 PU-
REA tl. 3 mm. Rozhrani obou izolaci bylo ochrdnéno pomoci tr-
vale pruzného tmele a nerezové pasoviny po obvodu (obr. 13). Ho-
tovd izolace hloubené Casti se potdhla ochrannou geokompozitni
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Obr. 13 Rozhrani foliové a stiikané hydroizolace na zdpadnim portdlu
Fig. 13 Interface of the sheet, and the sprayed waterproofing of western portal

C25/30 - XC3 - XF3 (SK) - C1 0,4 — Dmax 16, with a slope to one
side, where a drainage gutter is installed along the entire length of
the gallery (Fig. 11).

FINAL LANDSCAPING OF PORTALS

Western portal

The final landscaping at the site of the western portal consists
of three basic structures. These are a gabion cladding, the Krismer
system and a reinforced rock structure with a wire-stone face
(Fig. 12).

The gaps between the spreading reinforced concrete vertical
sills, through which cable anchors are anchored to the slope
massif, were filled with Gabion cladding. Under the lowest row
of gabions, it was first necessary to make a foundation of plain
concrete. The gabion baskets are with Zn + Al surface treatment,
mesh size 25x100mm and wire diameter min. 4mm. The baskets
were assembled on site from welded gabion panels and anchored
to the portal wall using 32mm diameter ground nails, which were
connected to the gabion by means of anchor plates. The thickness
of the gabion was 400mm, the baskets were filled with aggregate
fraction 63/180 and the remaining space to the shotcrete wall,
approximately 200mm, was filled with backfill.

The Krismer system was designed for the area above the portal,
for areas with shotcrete. It is a steel three-dimensional cell structure
of Th. 80mm with anti-corrosion treatment, which is anchored to
the base using threaded rods in shotcrete. If the thickness of the
shotcrete does not correspond to the minimum thickness of 200mm,
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drenazni matraci MacDrain M1221 pozadované tloustky 50 mm,
kterd slouZila proti mechanickému poskozeni izolaci pfi zpétném
zasypu. Konstrukce zpétného zasypu byla stavéna na betonovy za-
klad, kdy po obvodu télesa byly skladdny vodorovné gabiony jako
dratokamenny prvek a pres né smérem k hotovému osténi tunelu
byly taZeny pasy vyztuzné geomfize do zasypu, ktery byl po vrst-
vach hutnén. Plvodné mél byt zasyp tvofen vhodnym materidlem
z tunelu, ale ukazalo se, Ze vytéZeny materidl nedosahuje pozado-
vanych kvalitativnich parametrd, a proto byl vhodny material na-
konec nakoupen v lomu.

Nad posledni etazi vyztuzené horninové konstrukce byla cel4 jeji
plocha uzaviena dratokamennou konstrukei tlouStky 0,3 m.

Vychodni portal

Hloubena ¢ast vychodniho portédlu tunelu byla navrZzena obdobné
jako zapadni hloubena Cast se zpétnym zasypem. Celd délka 71 m
dlouhého useku hloubené ¢asti byla navrZend jako zasypand, kdy
na jedné strané hranu zasypu definuje st€na stavebni jamy a nad
ni rostly svah, a na druhé strané bylo tfeba vytvofit opérnou sté-
nu z betonovych tvarovek systému pero — drazka, pribézné, jako
na druhém portalu, provazovanymi do zpétného zdsypu vyztuznou
geomifZ a se sou¢asnym hutnénim zasypu. Celni sténa byla navr-
Zena jako metr tlustd monolitickd konstrukce s obtiSténou matri-
ci s ndpisem Milochov, hornickym znakem a letopoctem. Na levé
strané byla k Celni sténé pripojena stejna konstrukce betonovych
tvarovek jako u hloubené ¢ésti a je z ni vytvoreno silni¢ni té€leso pro

Obr. 14 Pohled na realizaci terénnich viprav vychodniho portdlu
Fig. 14 A view of the implementation of landscaping of the eastern portal
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or it is necessary to anchor outside the concrete, earth nails are
used. The cells were finally filled with 32—-63mm aggregate.

The last structure used on the western portal was a reinforced
rock structure with a wire-stone face. This structure covered the
open cut part of the tunnel, when from the foot of the last block
P1 the structure terraced in the direction of the tunnel, until at the
top there was an approximately 5m long distance to the foot of the
block. The tube of the open cut part of the tunnel was previously
insulated with PVC sheet waterproofing th. 3mm and sprayed
with two-component waterproofing PC 4840 PUREA th. 3mm.
The interface of both insulations was protected by a permanently
flexible sealant and a stainless steel strip around the perimeter (Fig.
13). The finished insulation of the open cut part was coated with
a protective geocomposite drainage mattress MacDrain M1221 of
the required thickness of 50mm, which served against mechanical
damage to the insulation during backfilling. The backfill structure
was built on a concrete slab, where horizontal gabions were placed
around the perimeter of the body as a wire-stone element and strips
of reinforcing geogrid were pulled over them towards the finished
tunnel lining into the backfill, which was compacted in layers.
Originally, the backfill was to be made of suitable material from
the tunnel, but it turned out that the extracted material did not reach
the required quality parameters, and therefore the suitable material
was eventually purchased in the quarry.

Above the last floor of the reinforced ground structure, its entire
area was closed by a 0.3m thick wire-stone structure.
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Obr. 15 Rozpracované terénni tipravy portdlu tinikové Stoly
Fig. 15 Work in progress of the landscaping of the escape gallery portal

komunikaci vedouci nad portdlem tunelu ddle do obce Milochov.
Cely zasypany portdl je obehnan ocelovym zabradlim vysky
1100 mm (obr. 14).
Unikova §tola

Na portédle unikové Stoly byla navrZena jako ochrana kolem
stén zarezu stavebni jdmy vyztuzena horninové konstrukce, ktera
bude po vySce jamy postupné uskakovat smérem ke sténé portalu
a predni odstupriovand strana bude zakryta protierozni konstrukci
z 3D panelll, vyplnénou kamenivem frakce 32-63 mm a pokryta
vegetacni zeminou. Néstupni plocha samotného portalu s plochou
501 m? bude pokryta vegeta¢nimi tvarnicemi (obr. 15).

ZAVER

Tunel Milochov je pro firmu Subterra a.s. prvni tunelovou za-
kazkou realizovanou na tzemi SR. I pres uskali, kterym musel
v pribéhu vystavby tym divize 1 Celit, se podafilo tunel prorazit
i realizovat definitivni osténi v poZzadovanych terminech a kvalité.
V zari 2021 probihaly ze strany divize 1 v tunelu uZ jen dokoncova-
ci prce na fezéani a tmeleni dilata¢nich spar v chodnicich a konec-
né terénni dpravy portdlu tnikové §toly. Ostatni dodavatele v rdmci
Zdruzenie Nimnica ¢ekaji dokoncovaci prace v rdmci vystrojeni
tunelu technologiemi, od elektroinstalaci az po sypéni Stérkového

loze a pokladku kolejového rostu. Predpoklad spusténi jedné ze
dvou koleji do pfed¢asného uZivani je v prosinci roku 2021.

Ing. PETR VELICKA,
veli.petr@seznam.cz, Subterra a.s.

Recenzoval Reviewed: Ing. Vladimir Prajzler
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Eastern portal

The open cut part of the eastern
portal of the tunnel was designed
similarly to the western open cut part
with backfill. The entire length of the
71m long section of the open cut part
was designed as backfilled, where on
one side the backfill edge is defined
by the wall of the construction pit
and the ground slope above it, and
on the other side it was necessary to
create a retaining wall from concrete
blocks fitted with the tongue-and-
groove systém, continuously, like
at the second portal, connected to
the backfill by a reinforcing geogrid
and with simultaneous compaction
of the backfill. The front wall was
designed as a meter-thick monolithic
structure with an imprinted matrix
with the inscription Milochov, the
mining emblem and the year. On
the left side, the same construction
of concrete blocks was connected
to the front wall as for the open cut part, and a road structure is
formed from it for the road leading above the tunnel portal to the
village of Milochov. The entire backfilled portal is surrounded by
an 1100mm high steel railing (Fig. 14).

Escape gallery

A reinforced ground structure was designed at the portal of the
escape gallery as a protection around the walls of the construction
open pit, which will gradually terrace towards the portal wall
along the pit wall height and the front stepped side will be covered
with anti-erosion structure from 3D panels, filled with 32-63mm
fraction aggregate and covered with vegetation soil. The entrance
area of the portal itself with an area of 501m? will be covered with
vegetation blocks (Fig. 15).

CONCLUSION

The Milochov tunnel is the first tunnel contract realized in the
Slovak Republic for the Subterra Company. Despite the difficulties
that the Division 1 team had to face during the construction, the team
managed to break through the tunnel and implement the final lining
in the required milestones and quality. In September 2021, only
finishing work for cutting and sealing dilation joints in sidewalks
and final landscaping of the escape gallery portal is underway
from Division 1 in the tunnel. Other suppliers of the Nimnica joint
venture are awaiting finishing work as part of equipping the tunnel
with technologies, from electrical installations to gravel fill and
laying the rail grate. The premise of launching one of the two tracks
into early use is expected in December 2021.

Ing. PETR VELICKA,
veli.petr@seznam.cz, Subterra a.s.

[11 ,,ZSR, Modernizdcia trate Piichov — Zilina, pre rychlost do 160 km/h, 1. etapa, Optimalizdcia“. Dokumentacia pre realiziciu

stavby. Bratislava, Reming Consult, a.s., 2018

[2] Tunel Milochov — pfedpoklad projektu a skutecnost. Tunel, 2/2019



Tuel 30. rocnik - €. 4/2021

TUNEL KRAMER - RAZBA 2 JIZNIHO PORTALU
KRAMER TUNNEL - EXCAVATION FROM THE SOUTHERN PORTAL

JAN KUBEK, DANIEL JOSEFIK, PAVEL FARSKY

ABSTRAKT

Cldnek popisuje stavbu vice nez 3600 m dlouhého silnicniho tunelu Kramer v Némecku, spolkovd zemé Bavorsko. Navazuje na predchozi
Cldnky a vénuje se pouze razbdm z jizniho portdlu. Jednd se o geologicky velmi pestré prostiedi kramerského masivu s vydatnymi pritoky
vody. V prostoru zarizeni stavenisté muselo byt zbudovdno vysoce kapacitni vodni hospoddrstvi, jeZ plnilo tradicné velmi prisné némecké
limity pro kvalitu vypousténych vod. Razby z tohoto portdlu probihaly vZdy zdroveri na nékolika pracovistich ve vyrazné odlisnych triddch
raznosti, coZ kladlo vysoké ndroky na organizaci prdce a logistiku, zejména bylo nutné neustdle prizpiisobovat pracovni a technologické
postupy nejen meénicim se hydrogeologickym pomériim, ale i nutnosti zajisténi maximdlniho kontinudlniho vykonu na vSech tunelovych
pracovistich. To vse za dodrZeni velmi prisnych protikoronavirovych opatieni.

ABSTRACT

The article describes the construction of the more than 3,600m long Kramer road tunnel in Germany, Bavaria. It builds on previous
articles and deals only with excavations from the southern portal. It is a geologically very diverse environment of the Kramer massif with
abundant water inflows. High-capacity water management had to be built in the area of the construction site, which traditionally met
very strict German limits for the quality of discharged water. Excavations from this portal always took place at the same time at several
workplaces in significantly different tunneling classes, which placed high demands on work organization and logistics, especially it was
necessary to constantly adapt work and technological procedures not only to changing hydrogeological conditions, but also to the need
to ensure maximum continuous performance at all tunnel workplaces. All this in compliance with very strict anti-coronavirus measures.

uvoD

Silni¢ni tunel Kramer na nové budovaném useku silnice B23
délky 5,6 km je zakladni soucasti severozapadniho obchvatu mésta
Garmisch-Partenkirchen a po svém dokonceni bude slouZit k od-
klonéni tranzitni dopravy mimo centrum mésta. Tunel celkové
délky 3609 m je koncipovéan jako jednotubusovy, dvoupruhovy,
s jednim jizdnim pruhem pro kazdy smér jizdy. Bezpecnostni kon-
cepce tunelu je vyfesena paralelné vedenou prijezdnou inikovou
Stolou. Podstatné ¢ast tinikové Stoly byla v letech 2011 az 2013 vy-
raZena jako Stola prizkumna a prispéla ke zmenSeni rizik plynou-

Obr. 1 Pohled z tunelu na masiv Zugspitze, jizni portdl
Fig. 1 View from the tunnel on the Zugspitze massif, southern portal

INTRODUCTION

The Kramer road tunnel on the newly built 5.6km section of
the B23 road is an essential part of the north-western bypass of
Garmisch-Partenkirchen and, when completed, will serve to divert
transit traffic outside the city center. The tunnel with a total length
of 3609m is designed as a single-tube, two-lane, with one lane for
each direction of travel. The safety concept of the tunnel is solved
by a parallel escape gallery. A substantial part of the escape gallery
was excavated in the years 2011 to 2013 as an exploration adit
and contributed to the reduction of risks arising from the affected
geological environment and to the
design of an optimal tunnel solution.
The investor of this construction is
the Federal Republic of Germany,
represented by the Staatliches
Bauamt Weilheim. The contractor
of the part of the construction in
question is ARGE Kramertunnel —
a joint venture of BeMo Tunneling
GmbH and Subterra a.s. The tunnel
part of the construction should be
completed and handed over to the
investor in 2023, the commissioning
of the entire bypass, including the
tunnel, is planned in 2024 (Fig. 1).

The whole construction is divided
into the main tunnel (Fig. 2), which
includes six emergency bays (PBO1—
PB06) at a distance of about 500m
(Fig. 3), an escape gallery in which
thereare 13 safety widenings (AWO01—
AW13) — every approx. 250m. Both
tunnels are connected by six drive-
through (FQO1-FQO06) and seven
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cich ze zastiZzeného geologického
prostfedi a k navrZeni optimdlniho
feSeni tunelu. Investorem této stav-
by je Spolkova republika Némec-
ko, zastoupena Staatliches Bauamt 18’1
Weilheim. Zhotovitelem predmétné
Casti stavby je ARGE Kramertunnel
— sdruZeni firem BeMo Tunnelling
GmbH a Subterra a.s. Tunelova
¢ast stavby by méla byt dokoncena
a predana investorovi v roce 2023,
zprovoznéni celého obchvatu, vcet-
né tunelu, je pldnovano v roce 2024
(obr. 1).

Celé stavba je rozde€lena na hlavni
tunel (obr. 2), jehoZ soucasti je Sest
nouzovych zalivi (PBO1-PB06) ve

0zeL

vzdélenosti cca 500 m (obr. 3), tniko- H‘é‘ i
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roz§iteni Stoly, prijezdné propojky
vedou zédroveni do nouzového zalivu
hlavniho tunelu). Staniceni, a tedy
i ¢islovani prvki, zacind na severnim
portalu (ve sméru od Mnichova) a roste smérem na jih. Ze severni-
ho portélu byl raZen tsek k prvni prijezdné propojce, a poté razba
pokracovala pres sesuvné pasmo (Bergstutz) aZ na zacatek nou-
zového zalivu PB02, kde probéhne prordzka v kaloté v listopadu
2021. Vetsi ¢ast z 3,6 km dlouhého tunelu byla vyraZena z jizniho
portalu, odkud byla rovnéz zahijena betondz definitivniho osténi.
Kromé razeb bylo nutné paralelné reprofilovat a sanovat inikovou
Stolu. Ta byla jako prizkumna v minulosti vyrazena v délce cca
500 m, tj. k prijezdné propojce FQO1, ze severniho portalu a 2,5 km
z jizniho portalu — k prachozi propojce GQO2. Zbyvalo tedy dora-
zit jeste cca 450 m Stoly prochdzejici pAsmem v problematickém
sesuvu.

vy

GEOLOGICKA A HYDROGEOLOGICKA SITUACE

Jizni portal tunelu Kramer se nachazi na jihozapadnim upati
kramerského masivu, které je charakterizovano pfevazné rovina-
tym uzemim s prevladajicimi vrstvami nesoudrznych kvartérnich
sedimentii charakteru Stérkd. Toto tizemi je formovano zejména
horskym potokem Durerlaine, ktery prochdzi oblasti hloubeného
useku jizniho portdlu a jehoz silné jarni pritoky s sebou nesou ma-
teridl z vyssich nadmoftskych poloh. V této oblasti se predpoklada-
ly silné pritoky podzemnich vod, ke sniZeni hladiny byla podél osy
tunelu vybudovéna odvodniovaci galerie. Vodni reZim negativné
pusobil i na jiZ vybudovanou tnikovou $tolu, kterd byla po celou
dobu vystavby ovlivnéna silnymi pritoky podzemnich vod. Oblast
nesoudrZznych zemin predstavovala prvnich pfiblizné 250 metri
razby, kde po tvodnich 70 metrech razeb byly zastiZzeny Stérko-
piskové vrstvy s urcitou soudrZnosti, kterd vyrazné pomohla stabi-
lit¢ Celby a umoznila rychlejsi postup praci. Stérkopiskové vrstvy
zaCaly byt po pfiblizné 200 metrech v kaloté nahrazoviny dolo-
mitickymi souvrstvimi, smér razby zde byl proti sklonu uloZeni
Stérkopisku na dolomitickych souvrstrvi. Dalsich 1800 metrti razby
prochazelo dolomity, které zde dosahuji mocnosti az 1000 metra.

Obr. 2 PFicny ez profilem tunelu v iiseku s otevienym dnem
Fig. 2 Cross section of the tunnel profile in the open invert section

walk-through (GQO1-GQO07) cross-passages (always in the places
of the gallery widening, the drive-through cross-passages lead
to the emergency bay of the main tunnel at the same time). The
stationing, and thus the numbering of the elements, begins from the
northern portal (in the direction from Munich) and grows towards
the south. A section was excavated from the northern portal to
the first drive-through cross-passage, and then the excavation
continued through the landslide zone (Bergstutz) to the beginning
of the emergency bay PB02, where the top heading breakthrough
will take place in November 2021. Most of the 3.6km long tunnel
was excavated from the southern portal, from where the concreting
of the final lining was also started. In addition to the excavations,
it was necessary in parallel to re-profile and rehabilitate the escape
gallery. In the past, it was excavated in the length of about 500m, ie
to the drive-through cross-passage FQO1 from the northern portal,
and 2.5km from the southern portal — to the walk-through cross-
passage GQO2. It remained to drive about 450m of the gallery
passing through the zone in the problematic landslide.

GEOLOGICAL AND HYDROGEOLOGICAL SITUATION

The southern portal of the Kramer tunnel is located at the
southwestern foot of the Kramer massif, which is characterized by
a predominantly flat area with predominant layers of cohesionless
Quaternary gravel. This area is formed mainly by the mountain
stream Durerlaine, which passes through the area of the excavated
section of the southern portal and whose strong spring tributaries
carry with them material from higher altitudes. Strong groundwater
inflows were expected in this area, and a drainage gallery was built
along the tunnel axis to reduce the level. The water regime also
had a negative effect on the already built escape gallery, which was
affected by strong groundwater inflows throughout the construction
period. The area of cohesionless ground represented the first
approximately 250meters of excavation, where after the initial



Tuel

30. rocnik - ¢. 4/2021

P2-RSI
bezpecnostni zaliv PB0B
emergency bay PB0B

l

tunnel axis

vertikalni osa

tunelova osa
vertical axis

vypliiovy beton
concrete fill

Bundesgrenze

betonova vrstva 240 mm concrete layer 240mm
asfaltova podkladni vrstva 100 mm  asphalt bedding layer 100mm
ochranna vrstva < 910 mm freeze-protecting layer < 910mm

primémi osténi

primary lining

nosic izolacni folie )
waterproofing membrane carrier
izolacni folie tl. 2 mm )
waterproofing membrane 2mm thick

vyztuzené sekundamni osténi
reinforced secondary lining

i

IR
N

Obr. 3 PFicny rez profilem tunelu v iiseku oboustranného nouzového zdlivu

Fig. 3 Cross-section of the tunnel profile in the section of the double-sided emergency bay

Toto souvrstrvi obsahuje jak kompaktni lavicovité uloZzené dolo-
mitické vapence s vysokou pevnosti, tak oblasti s vysokym stup-
ném poruseni. Obecné tuto oblast charakterizovaly, kromé& hornin
s vysokou pevnosti, i malé pfitoky podzemnich vod, lokalné vSak
dochazelo i k zastiZzeni zvodnélych poruchovych pasem. Z petrolo-
gického hlediska se jedna o horninu s vysokym podilem dolomitu,
s obCasnym vyskytem diskrétnich ropnych kontaminaci fosilniho
pavodu (obr. 4).

70meters of excavation, gravel-sand layers with a certain cohesion
were found, which significantly helped the stability of the face and
allowed faster work progress. The gravel-sand layers began to be
replaced by dolomitic formations after approximately 200 meters
in the top heading, the direction of excavation here was against the
slope of the gravel-sand deposit on dolomitic formations. Another
1,800meters of excavation passed through the Dolomites, which
reached thicknesses of up to 1,000meters. This formation contains
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Obr. 5 Letecky pohled na portdl jizniho tunelu a iinikové stoly
Fig. 5 Aerial view of the portal of the southern tunnel and the escape gallery

KONCEPCE A PRUBEH RAZEB

Zafizeni stavenisté

Pti budovani zafizeni staveniSté byla zohlednéna rada faktort,
které by mohly pozdéji ovlivnit razby. Pfimo na stavenisti byla
vybudovana mobilni betondrna, kterd méla za tkol zasobovat jak
razby, tak pozdé€ji i betonovani definitivniho osténi v maximalné
flexibilnim rezimu. Na jiznim portalu byla rovnéZ standardné vy-
budovéna hala dilen pro opravu stroju, ¢erpaci stanice, nadrZe pro
skladovani komponentl emulzni trhaviny a sklad rozbusek (obr. 5).

Vyfesit bylo tfeba také velké predpokladané pfitoky vody z tu-

Vv v

nelu. Kvili zpracovéni a vycisténi této vody bylo postaveno Sest

Obr. 6 Jizni portdl, sedimentacni nddrie a neutralizacni stanice
Fig. 6 South portal, sedimentation tanks and neutralization station

both compact bench-shaped dolomitic limestones with high
strength and areas with a high degree of failure. In general, besides
the high-strength rocks, this area was also characterized by small
inflows of groundwater, but locally, saturated fault zones were also
found. From the petrological point of view, it is a rock with a high
proportion of dolomite, with the occasional occurrence of discrete
oil contaminations of fossil origin (Fig. 4).

CONCEPT AND COURSE OF EXCAVATIONS

Site facilities

When building the construction staging area, a number of factors
were taken into account that could later affect the excavations.
A mobile concrete plant was built directly on the construction
site, which had the task of supplying both excavations and later
concreting of the final lining in the most flexible mode. On the
southern portal, a hall for machine repair shops, a pumping station,
tanks for storing emulsion explosive components and a detonator
warehouse was also built as standard (Fig. 5).

It was also necessary to solve large expected inflows of water
from the tunnel. Due to the treatment and purification of this
water, six large settling tanks were built, which were followed by
a large-capacity neutralization station. Additionally, three large
tanks were built in the area of the southern cut, where coarse
sludge was captured from the smaller settling tanks from the entire
construction site. This sediment was dewatered by centrifuge and
then transported from the construction site in dried and compressed
form. The treated and purified water was then discharged into a
local watercourse, with regular weekly sampling carried out by
an independent laboratory under the supervision of the locally
competent water authority (Fig. 6).
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velkych usazovacich nadrzi, na které navazovala velkokapacitni
neutraliza¢ni stanice. Dodatecné byly v prostoru jizniho zéfezu
zbudovany tfi velké nadrZe, kde se zachycovaly hrubé kaly z men-
Sich usazovacich nadrzi z celé stavby. Tento sediment byl odvod-
nén pomoci centrifugy a poté ve vysusené a slisované formée odva-
Zen ze stavby. Upravend a vycisSténa voda se nasledné vypoustéla
do lokalni vodotece, pricemz probihaly pravidelné tydenni odbéry
vzorkil provadéné nezéavislou laboratoii pod dohledem mistné pfi-
slusného vodopravniho ufradu (obr. 6).

Pred zacatkem stavby tunelu jiz byla vybudovana komunikace ve-
douci od jizniho portalu k cca 1,3 km vzdalené fece Loisach. Ta se
plné vyuzila ¢astecné jako skladovaci plocha pro materidl a zejména
jako velka mezideponie, na které probihaly zkousky rubaniny pro
jeji zatfidéni podle kontaminace. Z ni probihal odvoz k naslednému
skladkovani, anebo vyuZiti i na jinych stavbach v regionu. Pro mezi-
deponii byla podél stavajici komunikace v iseku dlouhém priblizné
400 m ziizena plocha o §ifce aZ 35 m. Vyasfaltovani této plochy mi-
nimalizovalo vsakovani vod do podloZi, coz bylo dilezité zejména
u materialu ze sddrovcové vrstvy, kterd byla zastiZzena pri razbach ze
severniho portalu, a pro materidl ze spodnich vrstev vozovek v ob-
lasti severniho portalu, ktery byl siln€ zneciStén dehtovymi produkty
z predchozich staveb. Asfaltovy povrch umoznil té€Z po dobu vystav-
by udrzet oboustranny sklon ke stfedu stavenistni komunikace, kte-
ry odvadi veskerou vodu do neutralizacni stanice v nejnizsim bodé
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Obr. 7 Schéma postupu pracovist
Fig. 7 Workprogress diagram
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Before the start of tunnel construction, a road leading from
the southern portal to the Loisach River, about 1.3km away, was
already built. It was fully used partly as a storage area for the
material and especially as a large intermediate landfill, on which
tests of the muck for its classification according to contamination
were carried out. It was transported for subsequent landfilling,
or use in other construction sites in the region. An area up to
35m wide was established for the intermediate landfill along the
existing road in a section approximately 400m long. Asphalting
of this area minimized the infiltration of water into the subsoil,
which was especially important for gypsum layer material,
which was found during excavations from the northern portal,
and for pavement bottom layers in the northern portal area,
which was heavily contaminated with tar products from previous
construction. The asphalt surface also made it possible to maintain
a bilateral slope towards the center of the construction site road,
which drains all the water to the neutralization station at the
lowest point of the intermediate landfill during the construction
period. According to German regulations, the individual deposits
of muck must be tested regularly, always in increments of about
500m?, which corresponded to the tests usually performed every
day dependign on the achieved advance rates, while the number
of samples taken depends on the local standard and the specific
size of the deposit. The samples were analyzed in the laboratory,
in case of heavy contamination of the material, an additional
analysis had to be performed, the so-called deponieverordnung,
used to determine a suitable landfill. The deposit had to be
released by the investor for removal. In the case of good quality
of the muck, especially of dolomitic formations, a crusher located
at the end of the intermediate landfill was used, the product of
which was transported directly to individual customers. However,
this material was not suitable for use in the construction of the
tunnel.

The concept of excavations

The planning of the excavations was subject to the fulfillment of
three important aspects. The most important was the achievement
of a contractually binding time milestone for the start of
excavations from the southern portal on 6 April 2020, the violation
of which threatened with a high financial penalty. The second goal
was to reach the place of the planned breakthrough as quickly as
possible and the associated commissioning of the transport route
for excavation and ventilation through the reconnaissance (future
escape) gallery. The third task was to excavate the top heading, the
bench and the invert as quickly as possible between the southern
portal and the first adjoining FQO6 drive-through cross-passage,
which enabled the start of work on the final lining of the tunnel.
To meet the time schedule, parallel excavations were started from
the open cut of the southern portal, as well as excavations from the
tunnel escape gallery via the cross-passage (FQ06). The excavation
plan diagram is shown in Fig. 7.

Excavations from the southern portal

The first phase of the work consisted of excavations from the
southern portal. The cut of the southern portal began to be built
during the establishment of the construction site (December 2019),
so that work on the excavations could begin as soon as possible.
An unexpected problem occurred during the completion of the
cut, as the construction was significantly affected by the incipient
coronavirus pandemic. The work had to be interrupted for about
three weeks. Following an agreement with the investor, the
deadline for the start of excavations from the southern portal was
postponed to April 26, 2020. After the improvement of conditions
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mezideponie. Jednotlivé haldy rubaniny musi byt podle némeckych
predpistu pravidelné zkouSeny, a to vzdy cca po 500 m?, coz odpo-
vidalo pfi dosahovanych postupech zkouskam zpravidla kazdy den,
pficemzZ pocet odebranych vzorki se fidi mistni normou a konkrét-
ni velikosti haldy. Vzorky byly analyzovany v laboratori, pii silném
zneCisténi materidlu se musela provést jeste¢ dodatecnd analyza, tzv.
Deponieverordnung, slouzici pro ur€eni vhodné deponie. K odvozu
musela byt halda uvolnéna investorem. V piipad€ dobré kvality ruba-
niny zejména dolomitickych souvrstvi se vyuZivala drti¢ka umisténa
na konci mezideponie, jejiz produkt se odvazel pfimo jednotlivym
odbératelim. Pro vyuZiti v ramci vystavby tunelu v§ak tento materiél
vhodny nebyl.

Koncepce razeb

Planovani razeb se podiidilo splnéni ti dileZitych aspektd. Nejdi-
lezitéj$im bylo dosazeni smluvné zavazného ¢asového milniku pro
zacétek razeb z jizniho portalu dne 6. 4. 2020, pfi jehoz poruseni
hrozila vysokd finan¢ni penalizace. Druhym cilem bylo co nejrych-
lejSi dosaZeni mista planované prorazky a s tim spojené zprovoznéni
dopravni cesty pro razbu a vétrani pies prizkumnou (budouci tniko-
vou) §tolu. Tretim tukolem bylo co nejrychlejsi vyrazeni kaloty, opéfi
a dna mezi jiznim portalem a prvni navazujici prijezdnou propojkou
FQO6, coz umoznilo zahajeni praci na definitivnim osténi tunelu. Pro
splnéni casového planu byly zahdjeny paralelni razby z hloubeného
zatezu jizniho portélu, a dale razby z Gnikové Stoly tunelu pres pro-
pojku (FQO06). Schéma razeb zndzortiuje obr. 7.

Razby z jizniho portalu

Prvni etapu praci tvorily razby z jizniho portalu. Zarez jizniho por-
talu se zacal budovat jiz pii zfizovani zafizeni stavenisté (prosinec
2019), tak aby prace na razbach mohly byt zahajeny co nejdiive.
Pfi dokoncovani zéirezu se vyskytl

B e A ; B, - A,
Obr. 8 Jizni portdl tunelu, édstecné oteviend pilotovd sténa s vyznacenym ras-
trem pro injektdz celby
Fig. 8 South portal of the tunnel, partially open pile wall with marked grid for
face grouting

and the possibility of resumption of work, a micropile umbrella
was drilled through the drilled piles to secure the first meters of
excavations. After that, it was necessary to build a drainage gallery
and a system of drainage wells in the escape gallery, so as to ensure
a more effective permanent reduction of the groundwater level in
the “Durerlaine” section. Boreholes with an inclination of 15° to
the existing lining of the escape gallery were designed in a section
100m long in the direction of the excavation of the future tunnel,
three pieces every ten meters. The newly set deadline was met and

necekany problém, protoZe stavbu
vyrazné zasahla zacinajici korona-
virovd pandemie. Prace musely byt
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malému nadlozi byla silné ovliviio-
vana destovymi srazkami. Parametry
téchto hornin se pribézné zlepso-

- betonova vrstva 240 mm concrete Iayqer 2410mm
- asfaltova podkladni vrstva 100 mm asphalt bedding layer 100mm
L ochrann vrstva= 460 mm freeze-protecting layer = 460mm

valy béhem celého pribéhu razeb
cemento-bentonitovou nizkotlakou

Obr. 9 Pricny rez tunelu s protiklenbou
Fig. 9 Cross section of tunnel with an invert vault
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injektazi. Ta musela zacit jiz pred zaraZenim do pilotové portalové
stény (obr. 8). Jednotlivé piloty byly v pfedem definovaném rastru
provrtany a hornina za nimi byla dikladné proinjektovana. Poca-
te¢ni faze razeb z jizniho portdlu se vyznaCovala menSimi dennimi
vykony kviili slozitému horninovému prostredi a nutnosti jeho vy-
soké miry zajiSténi. Situaci na kratkou dobu zkomplikovalo nahlé
zvySeni hladiny podzemni vody v disledku privalového deste v po-
loviné Cervna 2020, které se nepodatilo doCasné snizit v predstihu
vybudovanou odvodiiovaci galerii a soustavou odvodiiovacich vrta.
Béhem razby bylo proto nutno instalovat do pfedpoli samozavrtné
drendZni roury o priméru 118 mm s cilem koncentrovat pritoky
vody z vétsi plochy do jednoho bodu, a tim i umoznit zajisténi Cel-
by a boki vyrubu stiikanym betonem. Razby v kaloté v tomto smé-
ru probihaly pouze do prostoru piechodu ze Stérkopiskti do dolomi-
tickych souvrstvi, kde se pldnovala prordzka. K tomuto piechodu
dospéla jiz ze sméru od propojky FQO6 tzv. ,,protirazba jih“ (jedna-
lo se o razbu v hlavni tunelové troub€ ve sméru k jiZnimu portalu,
ktera byla realizovana z tinikové Stoly pres propojku FQ06), a poté
byl tento tsek tunelu ze sméru od jizniho portalu prorazen. Po do-
konceni kaloty bylo dobrano i opéfi a dno. Tim se uvolnila tato ¢ast
tunelu pro zahdjeni pfipravnych praci pro definitivni osténi (obr. 9).

RazZby z unikové stoly prFes jizni portal

Pro zapoceti razeb z tnikové Stoly musely byt splnény urcité
podminky. ProtoZe $tola byla vyraZzena mezi lety 2011 a 2013, bylo
v prvni fad€ nutné provést sanaci stavajiciho osténi a jeho reprofilaci.
Ta probihala prioritné od zacatku roku 2020 od prijezdné propojky
FQO06 smérem k jiznimu portalu, aby zde mohla co nejdiive vést ces-
ta pro dopravni obsluhu raZeb. Problematicky byl usek od pricho-
zi propojky GQO7 k portdlu, ten totiZ prochdzi pres Durerlaine na
pritokové strané, a tudiz jsou horniny v této oblasti silné zvodnélé.
Vzhledem k tomu, Ze Stola s tipadnim sklonem jesté nebyla proraze-
na a dalsi useky bylo také nutno sanovat a reprofilovat, musela byt
veSkerd voda Cerpdna ven ze Stoly. Sanace klenby Stoly probihala
bez vétsich komplikaci. Naro¢né bylo vyfesit sanaci protikleneb tak,
aby co nejvice vody odtékalo samospadem i pfes nepfiznivy sklon
ze Stoly pres jizni portél, a tudiZ aby bylo co nejméné€ nutné Cerpat.
To se vyresilo zbudovanim série hrazi do protiklenby, mezi nimiz se
nechala voda vystoupat, tak aby hladina ptekonala nejvyssi bod na
jiznim portalu a odtud odtékala. Proto bylo vybudovano i nékolik
kontrolnich a Cerpacich Sachet. Po dokonceni byla celd protiklenba
zavezena kamenivem velmi hrubé frakce (nad 250 mm), a na zhoto-
venou plan byla poloZena asfaltova vozovka.

Prvni usek Stoly mezi jiZznim portdlem a propojkou FQO6, kde
byla zbudovana tato asfaltovd komunikace, byl dlouhy priblizné
500 metrd. Asfaltobetonovy kryt vozovky (ABS) se poté pokladal

Obr. 10 Unikovd §tola - vystrojeny portdl
Fig. 10 Escape gallery — equipped portal
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excavations could be started on time after all preparatory work had
been completed.

The big challenge from the beginning were unconsolidated
gravel-sand layers, the cohesion of which was strongly influenced
by rainfall due to the very small overburden. The parameters of
these rocks were continuously improved during the whole course
of excavation by cement-bentonite low-pressure grouting. This
had to start before tunneling through the pile portal wall (Fig.
8). The individual piles were drilled in a predefined grid and the
rock behind them was thoroughly injected. The initial phase of
excavations from the southern portal was characterized by lower
daily outputs due to the complex rock environment and the need for
its high level of securing. The situation was complicated for a short
period of time by a sudden increase of the groundwater level due
to a heavy rain event in mid-June 2020 which the drainage gallery
and the system of drainage wells built in advance temporarily did
not manage to reduce. During the excavation, it was therefore
necessary to install self-drilling drainage pipes with a diameter
of 118mm in front of the tunnel face in order to concentrate water
inflows from a larger area to one point, and thus enable securing
the face and sides of the excavation with shotcrete. Excavations
in the top heading in this direction took place only in the area of
the transition from gravel sands to dolomitic formations, where a
breakthrough was planned. This transition was reached from the
direction of the FQO6 cross-passage, the so-called “Counterdrive
South” (it was excavation in the main tunnel tube in the direction
of the southern portal, which was carried out from the escape
gallery via the FQO6 cross-passage), and then this section of
the tunnel was breakthrough from the southern portal. After the
completion of the top heading, the bench and the invert were also
completed. By doing that this part of the tunnel was freed for
starting preparatory work for the final lining (Fig. 9).

Excavations from the escape gallery from the southern
portal

Certain conditions had to be met in order to start excavating from
the escape gallery. As the adit was excavated between 2011 and
2013, it was first necessary to rehabilitate the existing lining and re-
profile it. This took place as a matter of priority from the beginning
of 2020 from the FQO6 drive-through cross-passage towards the
southern portal, so that the road for the transport service of the
excavations could lead here as soon as possible. The section from the
GQO7 walk-through cross-passage to the portal was problematic, as
it passed through Durerlaine on the tributary side, and therefore the
rocks in this area were strongly saturated. Due to the fact that the
gallery with a declining slope had not yet been broken-through and
other sections had to be rehabilitated and re-profiled, all the water
had to be pumped out of the gallery. Rehabilitation of the gallery
vault took place without major complications. It was difficult to
solve the rehabilitation of the invert vaults so that as much water
as possible drained by gravity, despite the unfavorable slope of the
gallery through the southern portal, and so that it was necessary
to pump as little as possible. This was solved by building a series
of dikes in the invert-vault, between which the water was allowed
to rise, so that the water level exceeded the highest point on the
southern portal and flowed to there. Therefore, several control and
pumping shafts were built. Upon completion, the entire invert-vault
was filled with aggregates of a very coarse fraction (over 250mm),
and an asphalt pavement was laid on the finished bedding. The first
section of the gallery between the southern portal and the FQO06
cross-passage where this asphalt road was built was approximately
500meters long. The asphalt-concrete pavement cover (ABS) was
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ve $tole vZdy po cca 500 m dlouhych dsecich po dokonceni sanaci
unikové Stoly mezi jednotlivymi prijezdnymi propojkami. Asfalto-
va komunikace méla vyznamnou vyhodu, byla témér beziadrzbova
a zédsadnim zplsobem zjednodusila dopravu. Naroc¢né bylo vyfeSeni
geometrického usporadani docasného vystrojeni tunelu, a to zejmé-
na pro prijjezd strojii tinikovou Stolou. Kviili délce hlavniho tubu-
su tunelu Kramer byla pro vétrani raZeb navrzena lutna o priméru
2,2 m (ve Stole vytvarovand do elipsy), kterd vzdy vedla pres uniko-
vou Stolu, a poté na razbu k Celbé ptes nejblizsi otevienou prijezd-
nou propojku. Déle byla vedena unikovou $tolou mensi lutna, ktera
privadéla Cerstvé vétry do prostoru sanace Stoly. K tomu bylo pres
Stolu zajisténo i vedeni vSech kabelil a potrubi pro vodu a odvodnéni
(obr. 10). Prijezdny profil pro mechanizaci zistaval tedy velmi maly,
a to jen s né€kolikacentimetrovou rezervou. Napriklad domichavace
na beton musely byt upraveny tak, aby nestrhly jednu z luten — bylo
u nich zredukovano zébradli u nasypek domichévaci. Pokud by za
téchto podminek nebyl povrch komunikace stabilni a rovny, docha-
zelo by permanentné k poskozovani vétraciho potrubi projizdéjicimi
stroji. Po¢va po zavezeni obyc¢ejnym lomovym kamenem v podmin-
kéch stilého zatizeni a zvodnéni by byla velice nerovna a doprava
materidlu a vyvoz rubaniny by byly z hlediska efektivity neudrZitel-
né. Proto bylo rozhodnuto, Ze veSkeré dopravni komunikace ve Stole
budou opatieny zpevnénym asfaltobetonovym povrchem. Rozsiteni
Stoly rovnéz slouzilo jako vyhybny pro vozidla (Stolou bylo moZno
jezdit pouze v jednom sméru) — ndkladni vozidla na t€zbu byla or-
ganizovana do ,.konvoji“ o dvou az tfech vozidlech. Rozsifeni déle
slouzilo k umisténi trafostanic, precerpavacich nadrzi a zachrannych
kapsli (kontejnert). Podle predpisti muze byt délka mista s pouze
jednou tnikovou trasou maximalné 500 m, pfi prekroceni této vzda-
lenosti musi byt na vhodném misté lokalizovana zéchranna kapsle,
kde se muze osadka ukryt v pfipadé poZiru a nemoznosti opustit
tunel po tnikové cesté.

Po poloZeni ABS a instalaci médii mohla zacit razba propojky
FQO6. Ta v samotné propojce nepfinesla nic neobvyklého. Kompli-
kovany byl pouze prechod z razby propojky do razby hlavniho tubu-

then laid in the gallery, always in sections of about 500m long,
after the rehabilitation of the escape gallery between the individual
drive-through cross-passages was completed. The asphalt road
had a significant advantage, was almost maintenance-free and
greatly simplified transport. It was difficult to solve the geometric
arrangement of the temporary reinforcement of the tunnel,
especially for the passage of machines through the escape gallery.
Due to the length of the main tube of the Kramer tunnel, a 2.2m
diameter tube (shaped into an ellipse in the gallery) was designed
for ventilation of the excavations, which always led through the
escape gallery and then to the excavation to the tunnel face through
the nearest open passageway. Furthermore, a smaller tube was led
through the escape gallery, which brought fresh air to the gallery
rehabilitation area. To this end, all cables and pipes for water and
drainage were routed through the gallery (Fig. 10).

The clearance profile for mechanization thus remained very small,
with only a few centimeters of reserve. For example, concrete mixers
had to be modified so that they would not tear off one of the air tubes
— the railings at the mixer hoppers were reduced. If the road surface
were not stable and flat under these conditions, the ventilation ducts
would be permanently damaged by passing machines. The invert
filled with an ordinary quarry stone under conditions of constant
transport and saturation would have been very uneven and the
transport of material and the export of muck would be unsustainable
in terms of efficiency. Therefore, it was decided that all traffic roads
in the gallery will be provided with a reinforced asphalt concrete
surface. The widening of the gallery also served as a turnout for
vehicles (the gallery could only be driven in one direction) — mining
trucks were organized into “convoys” of two to three vehicles. The
widening also served to accommodate transformer stations, pumping
tanks and man-rescue containers. According to the regulations, the
length of the place with only one escape route can be a maximum
of 500m, if this distance is exceeded, a rescue container must be
located in a suitable place, where the crew can hide in case of fire

and impossibility to leave the tunnel
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After laying the ABS and installing
the media, the excavation of the
FQO6 cross-passage could begin. It
did not bring anything unusual in
the cross-passage itself. Only the
transition from the excavation of the
cross-passage to the excavation of
the main tube was complicated — the
PB06 widening (emergency bay),
-_[I because the 3.6m high elevation had
to be overcome in this section. This
could not be overcome directly, so an
18m long auxiliary gallery was built,
which was led in a clockwise curve
with a radius of 12m (to the south
— “Counterdrive South”), so as to
overcome the rectangular connection
of the cross-passage to the main tube
and elevation difference of the cross-
passage invert, and of the top heading
bottom. It ended with a funnel-
shaped extension 10m long, which
ended in the top heading profile in
the emergency bay PB06 (Fig. 11a,

Obr. 11a Pomocnad Stola piidorys
Fig. 11a Auxiliary gallery floor plan

11b). Subsequently, another 30m
the top heading was driven in a
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temporary invert lowering
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Obr. 11b Pomocnd S$tola podélny rez
Fig. 11b Auxiliary gallery longitudinal section

su — rozsiteni PB06 (nouzovy zéliv), protoZe v tomto useku muselo
byt prekonano 3,6 m vysoké prevySeni. To nemohlo byt prekonano
pfimo, byla proto zbudovana 18 m dlouha pomocna Stola, ktera byla
vedena v pravotoc¢ivém oblouku o poloméru 12 m (do jizniho sméru
— ,protirazba jih®), tak aby pfekonala pravouhlé napojeni propojky
na hlavni tubus a pfevySeni poc¢vy v propojce a pocvy v kaloté tu-
nelu. Ukoncila se trychtyfovitym rozsifenim dlouhym 10 m, které
koncilo profilem samotné kaloty v nouzovém zalivu PBO6 (obr. 11a,
11b). Nasledné se jesté vyrazilo dal§ich 30 m kaloty v jiZznim sméru.
Poté bylo nutné razbu otocit do sméru na sever — ,,protirazba sever*.
Pomocna §tola byla prerazena celym profilem kaloty tunelu v nouzo-
vém zalivu PB06 v ose hlavniho tunelu. Z pomocné Stoly zlstala za-
chovéana pouze najezdova rampa (obr. 12). Razba kaloty byla pferu-
Sena ve vzdalenosti 30 m za nouzovym zélivem PB06 v normalnim
profilu tunelu. Poté bylo dobrano opéfi a zbudoviny nové ndjezdové
rampy dale od osy propojky, tak aby byla propojka FQ06 normélné
prijezdna a v nouzovém zalivu PB06 bylo mozZné prekladat rubaninu
a sladovat material pro dalsi razbu.

Po tivodni fazi mohla byt z propojky zahdjena tzv. rotujici razba,
to znamend, Ze jedna osadka posilend o dva pracovniky (standardni
pocet je 6 osob), s jednou sadou stroji obsluhuje dvé Celby. Na
nich se ¢innosti v cyklu razby stiidaji tak, aby byl veskery personél
vytiZen a rizné stroje mohly soucasn¢ pracovat na obou Celbach.
Rubanina byla po odtéZeni uloZena na mezideponii v nouzovém

Obr. 12 PreraZba pomocné §toly
Fig. 12 Auxiliary gallery re-excavation

southerly direction. Then it was necessary to turn the excavation
in a north direction — “Counterdrive North”. The auxiliary gallery
was re-excavated by the entire profile of the tunnel top heading in
the emergency bay PB06 in the axis of the main tunnel. Only the
access ramp from the auxiliary gallery was preserved (Fig. 12). The
excavation of the top heading was interrupted at a distance of 30m
behind the emergency bay PB06 in the normal profile of the tunnel.
Then the bench was completed and new access ramps were built
further from the axis of the cross-passage, so that the cross-passage
FQO6 allowed to drive-through and in the emergency bay PB0G6 it
was possible to transfer the muck and store the material for further
excavation.

After the initial phase, the so-called rotating excavation could
be started from the cross-passage, which means that one crew
increased by two workers (the standard number is 6 people), with
one set of machines serving two faces. At the faces, the activities
in the excavation cycle alternate so that all personnel are busy and
different machines can work on both faces simultaneously. After
mucking, the muck was stored at an intermediate deposit in the PB06
emergency bay, where it was subsequently loaded onto trucks and
transported to an outdoor landfill (Fig. 13). In this mode, the output
of up to eight 1.7m long rounds in 24 hours was achieved. This
system worked until the two faces were not more than 300m apart.
Then the “Counterdrive South” was stopped and with the same crew
continued in dolomitic formations only with excavation of the time-
critical “Counterdrive North” to the emergency bay PBO5 (in the
direction of the breakthrough between the north and south portals).

The “Counterdrive South” had the task of going through the
dolomites and the transition zone between gravel and dolomite,
and then reaching the point of breakthrough. In this section, the
most difficult was to overcome the transition zone, in which one
portion of the face had to be disintegrated by blasting works and
the remaining portion of the face in the gravel had to be carefully
secured and disintegrated by a tunneling excavator (Fig. 14). The
actual breakthrough took place completely in gravel. Then the
bench and the invert between the southern portal and FQO06 were
completed and the crew was moved to the excavation of benches
and niches in the already finished sections between the two drive-
through cross-passages in the direction of “Counterdrive North”.

The longest section of the Kramer tunnel was then excavated in
the direction of the “Counterdrive North”. It started at the cross-
passage FQO6 and continued in the direction of the emergency bay
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zalivu PB06, zde byla nasledné naloZena na ndkladni vozidla
a transportovana na venkovni deponii (obr. 13). V tomto rezimu se
dosahovalo vykonu aZ osmi 1,7 m dlouhych zébért za 24 h. Tento
systém fungoval tak dlouho, dokud obé ¢elby nebyly od sebe vzda-
lené vice nez 300 m. Pak byla ,,protirazba jih“ zastavena a s tou-
to osddkou pokracovala v dolomitickych formacich pouze Casové
kriticka ,,protirazba sever” k nouzovému zélivu PBOS5 (ve sméru
prorazky mezi severnim a jiznim portalem).

,Protirazba jih* méla za tkol projit razbou dolomitli a precho-
dové pasmo mezi Sté€rkopisky a dolomitem, a poté dosdhnout bodu
prorazky. V tomto tseku bylo nejniro¢né;jsi prekonavani prechodo-
vého pdsma, v némz se musela v prvni Casti ¢elby hornina rozpo-
jovat pomoci trhacich praci a v druhé casti celby se musely Stérko-
pisky opatrné zajistovat a rozpojovat pomoci tunelovaciho rypadla
(obr. 14). Vlastni prordazka probéhla kompletné ve Stérkopiscich.
Poté bylo dobrano opéfi a dno mezi jiznim portdlem a FQO06 a osad-
ka byla pfesunuta na razbu opéfi a vyklenki v jiz hotovych tsecich
mezi dvéma prijezdnymi propojkami ve sméru ,,protirazby sever™.

Nejdelsi dsek tunelu Kramer byl pak vyraZen ve sméru ,,proti-
razby sever*. Ta zacinala u propojky FQO6 a pokracovala ve sméru
k nouzovému zalivu PB02 (konec razby od jizniho portdlu). Tato
razba z velké Casti probihala v dolomitickych souvrstvich, které
byly v misté geologickych poruch silné¢ zvodnélé. K rozpojovani
horniny byly vyuzity trhaci prace. Razby téchto tisekti musely byt
koordinovany se sanacemi v inikové Stole. DileZité bylo, aby sa-
nace, vystrojeni a poloZeni asfaltové vozovky ve Stole vzdy pro-
behly pred tim, nez byl hlavni razbou dosazen dal$i nouzovy zéliv
a prijezdna propojka. Po jejim dosazZeni bylo v kazdém nouzovém
zalivu dobrano opéii, zbudovany rampy a propojka byla prorazena,
pro odvétrani razby dalSiho tseku kaloty se pfes Stolu do nové pro-
pojky presunulo lutnové vedeni. Vyrub z kaloty byl vzdy pracov-
niky z razby uloZen v nejbliz§im nouzovém zalivu k Celbé kaloty
a odtud odvéazen ndkladnimi vozidly pfes Stolu na deponii.

VyfteSeni vodniho hospodérstvi predstavovalo jednu z velkych
vyzev. Razba byla po celou dobu tpadni. Aby se voda nemusela
vzdy Cerpat zpét, a to nékdy az k 500 m vzdélené prijezdné pro-
pojce, byly vzdy jiz z kaloty tunelu ¢asteCné prorazeny i prichozi
propojky — GQ (které mély byt ptivodné razeny az po dokonceni
opéfi). To umoznilo nechat vodu volné odtékat do priichozi pro-
pojky z tuseku délky cca 250 m nad ni a zachytit zde sedimenty
v pfedem pfipravenych usazovacich nadrZich. Voda pod propojkou
se s postupem razeb v kaloté Cerpala zpét. Po dokonceni kaloty

Obr. 14 Protirazba jih — kombinace dolomitickych souvrstvi a $térkopiskii
Fig. 14 Counterdrive south — a combination of dolomitic formations and
gravel sands

Obr. 13 RozSiFeni v nouzovém zdlivu PB06 v priibéhu tzv. rotujici razby
Fig. 13 Widening in the emergency bay PB06 during the so-called rotating
excavations

PBO2 (end of excavation from the southern portal). This excavation
largely took place in dolomitic formations, which were strongly
saturated at the location of geological faults. Blasting work was
used to disintegrate the rock. The excavations of these sections
had to be coordinated with the rehabilitation in the escape gallery.
It was important that the rehabilitation, reinforcement and laying
of the asphalt pavement in the gallery always took place before
the next emergency bay and the drive-through cross-passage was
reached by the main excavation. After reaching it, the bench was
removed in each emergency bay, ramps were built and the cross-
passage was broken-through. The muck from the top heading was
always stored by workers in the emergency bay nearest to the face
of the top heading and from there transported by trucks through the
gallery to the landfill.

Solving water management was one of the big challenges. The
excavation was declining all the time. So that the water did not
always have to be pumped back, sometimes all the way to the
drive-through cross-passage, the walk-through cross-passages —
GQ (which were originally to be excavated only after the bench
was completed) were always partially broken-through from the
top heading of the tunnel. That allowed to let the water flow freely
into a walk-through cross-passage from a section about 250m
above it and to capture sediments in pre-prepared settling tanks.
The water below the cross-passage was pumped back along with
the excavation advance in the top heading. After the completion of
the top heading between the two emergency bays, and after putting
in operation the next drive-through cross-passage, ventilation was
always removed and reprofiling was performed (it was necessary to
spray the final layer of fine underlying shotcrete with a maximum
aggregate fraction of 4mm). Profiling was performed on the
basis of scans performed during excavation and under constant
inspection using a total station with a tablet with the Navigator
system from Amberg. After reprofiling, the tunnel was scanned
and the scan was re-evaluated (according to ZTV-ING, the overcut,
filled with poured concrete when making the final, may have max.
half the thickness of the final lining or max. 300mm — whichever
is smaller). After the completion of these works, the excavation of
benches and niches in the given section was started. Subsequent
invert excavation to the projected elevation for concreting the
foundation strips was carried out using a road milling machine.

Emulsion explosives were used for blasting work, the components
of which were stored on site for safety reasons in separate tanks.
Functional explosives were mixed using a special pump truck
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mezi dvéma nouzovymi zdlivy a zprovoznénim nasledujici pri-
jezdné propojky bylo vzdy odstrojeno vétrani a provedena reprofi-
lace (bylo zde nutno nastfikat findlni vrstvu jemného podkladniho
stitkaného betonu s maximalni frakci kameniva 4 mm). Profilace
se provadély na zékladé skeni provedenych pfi razbé a za neustalé
kontroly pomoci totdlni stanici s tabletem se systémem Navigator
od firmy Amberg. Po provedeni reprofilaci byl tunel naskenovin
a sken byl znovu vyhodnocen (podle ZTV-ING miize mit nadvy-
lom, vyplnény litym betonem pfi provadéni definitivy, max. polo-
vinu §ifky definitivniho osténi nebo max. 300 mm — podle toho,
ktery rozmér je mensi). Po dokonceni téchto praci byla zahdjena
razba opéfi a vyklenkt v daném useku. Nasledna dobirka po¢vy na
projektovanou vysku pro betonaz zakladovych pasi byla realizova-
na pomoci silni¢ni frézy.

K trhacim pracim byla pouzivana emulzni trhavina, jejiz kompo-
nenty byly skladovany na stavbé z diivodu bezpecnosti v odd¢le-
nych nadrzich. Funkéni trhavina byla michdna pomoci specidlniho
Cerpaciho vozu pfimo na Celbé. Tim byly eliminovany zbytecné
komplikace se skladovanim a dopravou trhavin (obydlena oblast,
blizkost komunikace atd.) a také bylo dosaZeno vétsi efektivity
a zjednodusSeni pracovnich ¢innosti pfi nabijeni celby. Osadky mu-
sely manipulovat pouze s hadici, pomoci niZ byly nabijeny vSechny
vrty. Tento systém je také velice pfesny, protoZe umoziuje plnou
kontrolu mnozZstvi a ddvkovéni trhaviny. K roznétu byly pouZzivany
neelektrické rozbusky s ,,boosterem* (malé mnozstvi trhaviny, kte-
elektrickd, tim se snizily ndklady na detonacni trubicky.

Automatizovany systém nabijeni byl jeSt€ podpofen vrtanim
s tzv. regular systémem ve vrtacim voze Epiroc Boomer E2C. To
spolu se skenovacim systémem od firmy Amberg umoziovalo
detailni kontrolu spotieby trhavin, geometrické presnosti vyrubu
a spotieby stiikaného betonu.

Sanace unikoveé stoly

Pred zahajenim praci byla provedena jeji pasportizace. V rdmci
ni byl zhotovitelem pofizen sken tnikové Stoly a ten byl porov-
nan se zaddvaci dokumentaci. Bylo zjisténo, Ze skuteCny profil
se odliSuje od zadéavaci dokumentace, ktera vychédzela ze skeni
vytvofenych pii razbé Stoly. V praxi to znamenalo, Ze podprofi-
ly a nadprofily, nalézajici se ve Stole, se vyskytovaly v mnohem
veétsim méfitku, neZ uvadélo zadani. Také se na mnoha mistech ve
skoro deset let starém primarnim osténi nalézalo mnoho jiZ degra-
dovanych a rozvolnénych ¢asti primarniho osténi. Ty byly vSechny
odstranény pred zahdjenim sanaci a celé stavajici osténi v cca 1 km
dlouhych tsecich bylo otryskano vysokotlakym vodnim paprskem
(300 bar). Sanace probihaly ve stejném sméru jako ,,protirazba se-
ver”. Pfed zahdjenim razby z dal$i prorazené prijezdné propojky
zde musela byt pfipravena média a vzduch pro pfepojeni na hlav-
ni razbu, proto bylo nezbytné profilace Stoly koordinovat tak, aby
byly vzdy rychlejsi neZ razby v tunelu. Cést $toly byla s otevienym
dnem a Cast s uzavienym dnem (tj. s protiklenbou). Protiklenba
v 400 m dlouhém useku od jizZniho portdlu byla zhotovena zaroven
se sanacemi klenby. Dalsi usek protiklenby déle ve Stole (pfibliZné
od prijezdné propojky FQO3 ve sméru na sever) bude realizovan
aZ po prorazeni Stoly.

TECHNICKE RESENI RAZEB

Portalovy zaiez
Pied zapocetim hloubeni jizniho zafezu byla realizovana sténa
z prevrtavanych pilot o priméru 1,2 m (48 primarnich a 49 se-
kundarnich) s odstupiiovanou hloubkou jednotlivych pilot 16,3—
25,0 m. Pred hloubenim byla vybudovana také odvodinovaci galerie
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directly on the face. This eliminated unnecessary complications
with the storage and transport of explosives (inhabited area,
proximity to the road, etc.) and also achieved greater efficiency and
simplification of work activities when charging the face. The crews
only had to manipulate the hose that used to charge all the drillholes.
This system is also very accurate, as it allows full control of the
amount and dosage of explosives. Non-electric detonators with a
“booster” (a small amount of explosive that started an explosion in
the emulsion) were used to ignite, only the first initiating detonator
was electric, thus reducing the cost of detonation tubes.

The automated charging system was further supported by drilling
with the so-called regular system on the Epiroc Boomer E2C
drilling rig. This, together with the scanning system from Amberg,
made it possible to check in detail the consumption of explosives,
the geometric accuracy of the excavation and the consumption of
shotcrete.

Rehabilitation of the escape gallery

Before the work began, it was surveyed. Within the survey, the
contractor took a scan of the escape gallery and it was compared
with the tender documentation. It was found that the actual profile
differs from the tender documentation, which was based on scans
created during the excavation of the gallery. In practice, this meant
that the under-profiles and super-profiles found in the gallery were
on a much larger scale than stated in the assignment. Also, in many
places in the almost ten-year-old primary lining, there were many
already degraded and loose parts of the primary lining. These were
all removed before the start of remediation and the entire existing
lining in approximately lkm long sections was blasted with a
high-pressure water jet (300 bar). Rehabilitation took place in the
same direction as the “Counterdrive North.” Before starting the
excavation from the next excavated drive-through-cross-passage,
the media and air had to be prepared for connection to the main
excavation, so it was necessary to coordinate the gallery re-
profiling so that they were always faster than the excavations in the
tunnel. Part of the gallery was with an open invert and part with a
closed invert (ie with an invert vault). The invert-vault in the 400m
long section from the southern portal was made at the same time
as the top heading vault was rehabilitated. The next section of the
invert-vault further in the gallery (approximately from the through
cross-passage FQO3 in the north direction) will be realized only
after breaking through the gallery.

TECHNICAL SOLUTION OF EXCAVATIONS

Portal cut

Before the excavation of the southern cut was started, a wall of
drilled piles with a diameter of 1.2m (48 primary and 49 secondary)
with a graduated depth of individual piles of 16.3-25.0m was
constructed. Prior to the excavation, a drainage gallery of eleven
pumping wells was also built in order to reduce the groundwater
level and enable the safe start and course of excavations. Wells
with a diameter of DN880 with a depth of 30m were drilled
approximately 10m from the contour of the main tunnel at an axial
spacing of 5Sm. The boreholes were equipped with a DN600 casing
and filled with filter gravel. The actual excavation of the portal was
carried out on individual floors, from which cable anchors up to
20m long were drilled to secure the pile walls of the cut. After
excavating the portal open cut, a micropile umbrella was made —
61 micropiles with a diameter of 139.7mm and a wall thickness of
8mm.
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jedendcti Cerpacich studni s cilem sniZit hladinu podzemni vody
a umoznit bezpecné zahdjeni a pribéh razeb. Studny o priméru
DNS880 hloubky 30 m byly vyvrtany pfiblizné 10 m od obrysu
hlavniho tunelu v osovém rozestupu 5 m. Vrty byly vystrojeny paz-
nici DN600 a obsypény filtra¢nim Stérkem. Vlastni hloubeni porta-
Iu bylo provadéno po jednotlivych etdzich, ze kterych se vrtaly az
20 m dlouhé lanové kotvy pro zajisténi pilotovych stén zarezu. Po
vyhloubeni portdlové jamy byl proveden mikropilotovy destnik —
61 mikropilot o priméru 139,7 mm a tloustce stény 8 mm.

Popis tFid razby

Razba kaloty z jizniho portdlu zapocala v technologické tfidé
T-K 7.2 A s délkou zabéru 1,0 m. Nesoudrzna hornina byla rozpo-
jovana mechanicky, prvnich 14,5 m bylo razeno pod ochranou mik-
ropilotového destniku, pfi¢emz vyrub byl rozdélen az do 15 dilcich
ploch vc¢etné zachovani podptrného klinu (obr. 15). Dilci plochy
byly vzdy vyztuZeny svafovanou siti Q188A a zajistény 120 mm
stifkaného betonu. Primérni osténi tloustky 400 mm bylo vyztu-
Zeno prihradovym ramem vysky 260 mm a dvéma vrstvami svafo-
vanych siti Q257A. S odstupem péti zabéra bylo nutné realizovat
docasnou protiklenbu kaloty tloustky 350 mm, vyztuZenou dvéma
vrstvami siti opét Q257A. DalSich 53 m razby pokracovalo pod
ochranou jehlového destniku az s 85 jehlami (injektované trubky
o pruméru 51 mm a délce 6,0 m), ktery byl zhotovovan pri kazdém
zabéru (obr. 16). Kromé 13 ¢elbovych kotev (IBO R32-280) délky
16 m, vrtanych v kazdém Sestém zabéru, bylo pro stabilitu Celby
a umoznéni razby v nesoudrznych hornindch kli¢ové injektovani
Celby kazdy &tvrty zabér. Ulelem cemento-bentonitové injektaze
nebylo vytvofit velké kompaktni t€leso s vysokou pevnosti, ale
zvysit soudrznost horniny v Celbé tak, aby vzrostla jeji smykova
pevnost do té miry, aby kazdy zabér bylo moZno s co nejmensim
rizikem otevfit a zajistit. Zkousky injektazni smési probihaly pouze
in situ, nevyuzila se Zadna laboratot. Hlavnim ukolem bylo dosaZze-
ni idedlniho poméru cementu a bentonitu ve smési. Injektaze byly
v prvni etap€ provddény pouze Cistym cementem, Cerpadlem pies
systém nekolika samozavrtnych injektdznich tyci se ztracenou ko-
runkou (ocelova trubka o priméru 51 mm a délky 6 m, kterd byla
prvni dva metry bez otvoru, a poté zbytek délky kazdého 0,5 m
mél jednu vyvrtanou diru o priméru 8 mm). Toto feSeni se uka-
zalo jako nevyhodné. Pfi injektaZi vznikala velka kopulovitd téle-
sa, ktera pri otvirani Celby nebylo mozno razici (tunelovou) IZici
rozpojit a bylo nutné je cela vyjmout, pricemz dochézelo k neza-

Obr. 15 Dilci vyrub celby — raZba z jizniho portdlu (s celbovym klinem)
Fig. 15 Partial face excavation — excavation from the southern portal (with
the face berm)

Description of tunneling classes

Excavation of the top heading from the southern portal began
in technological class T-K 7.2 A with a round length of 1.0m.
The cohesionless ground was disintegrated mechanically, the first
14.5m was excavated under the protection of a micropile umbrella,
while the excavation face was divided into of up to 15 partial areas,
including leaving the space for the face supporting berm (Fig. 15).
The partial face areas were always reinforced with a Q188A welded
mesh and secured with 120mm of shotcrete. The 400mm thick
primary lining was reinforced with a 260mm wide lattice girder and
two layers of welded Q257A mesh. With a distance of five rounds,
it was necessary to implement a temporary invert-vault of the top
heading 350mm thick, reinforced with two layers of mesh again
Q257A. Another 53m of excavation continued under the protection
of a spile umbrella with up to 85 spiles (injected tubes with a
diameter of 5S1mm and a length of 6.0m), which was installed each
round (Fig. 16). In addition to the 13 face anchors (IBO R32-280)
16m long, drilled in every sixth round, grouting every fourth round
was the key to the stability of the face and to enable excavation
in cohesionless ground. The purpose of cement-bentonite grouting
was not to create a large compact body with high strength, but to
increase the cohesion of the rock in the face so as to increase its
shear strength to such an extent that each round could be excavated
and secured with the least possible risk. Tests of the injection
mixture were performed only in situ, no laboratory was used. The
main task was to achieve the ideal ratio of cement and bentonite in
the mixture. In the first stage, grouting was carried out only with
pure cement, by pump through a system of several self-drilling
grouting rods with a lost dril bit (steel pipe S1mm in diameter and
6m long, which was the first two meters without hole, and then for
the rest of the length each 0,5m there was one drilled hole with a
diameter of 8mm). This solution has proven to be disadvantageous.
During the grouting, large domelike bodies were created, which
could not be disintegrated with the excavator (tunneling) digger
when the face was opened, and it was necessary to remove them
in their entirety, with undesired overbreak occurring. After this
experience, grouting with a cement mixture with a bentonite
admixture was chosen, which reduced the resulting strength of the
grouted body and also achieved a more favorable distribution of the
grout mixture in the rock. After several experiments, the optimal
ratio of the components of the 1:9 mixture was determined, i.e.
10% by weight of bentonite and 90% of cement.

The following 176m of excavations in cohesionless ground
continued in technological class T-K 7.1 A with a round length of
1 m, in which the lining thickness was reduced to 300mm for the
upper vault and to 250mm for the bottom vault of the top heading.
The number of the face partial openings stabilized at five and the
spile umbrella was made every second round in the number of 40
spiles (the same type as in class T-K 7.2 A). In this technological
class, grouting of the face was gradually abandoned, the stability
of the face was supported by a face berm and ten face anchors
(IBO R32-280) with a length of 12.0m, also drilled in every sixth
round. Radial anchoring in classes T-K 7.2 A and T-K 7.1 A was
not implemented.

Excavation of benches and inverts in cohesionless ground
began in technological class T-St 4.5 (bench) and T-S 4.2 (invert).
The length of the bench remained at 1.0m, the face excavation was
divided into seven partial openings. Every second round, a 6.0m
long spile umbrella was drilled, 10 spiles on one side. As with the
top heading, the face was injected every fourth round with up to 15
grouting tubes. IBO R32-280 face anchors were used in this section
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doucim nadvylomtm. Po této zkuSenosti byla
zvolena injektdZ cementovou smési s primési
bentonitu, tim se sniZila vyslednd pevnost za-

injektovaného télesa a dosdhlo se také piizni- T

véjsiho rozdéleni injektazni smési v horniné.

Po né€kolika pokusech byl stanoven optimalni

pomér sloZzek smési 1:9, tj. 10 % hmotnosti

bentonitu a 90 % cementu. o
Nasledujicich 176 m raZeb v nesoudrznych g‘é

horninach pokracovalo v technologické tridé 23

T-K 7.1 A s délkou zabéru 1 m, ve které se ;
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(opéfi) a T-S 4.2 (dno). Délka zabéru opéfi
zlstala na 1,0 m, vyrub byl rozdélen do sedmi
dil¢ich ploch. Kazdy druhy zabér byl vrtan
jehlovy destnik o délce 6,0 m, vzdy 10 jehel
na jedné strané. Stejné jako u kaloty byla ¢elba injektovana kaz-
dy &tvrty zdbér az 15 injektdZnimi trubkami. Celbové kotvy IBO
R32-280 byly v tomto useku nasazovany pouze nepravidelné podle
potieby. Dobrani dna nésledovalo zpravidla 4,0 m od celby opéfi
se zabérem 2,0 m, kdy bylo kompletné uzavieno primarni osténi
dnem o tloustce 350 mm a rovnéZ vyztuzeno dvéma vrstvami siti
Q257A. Po 51,50 m razeb presla technologicka tfida do T-St 4.4
a T-S 4.1. RaZzba opéfi probihala s délkou zabéru 2,0 m bez déleni
na dil¢i plochy a jiz se kompletné opustilo od jehlovani a injekta-
Ze Celby. Dno bylo dobrano s délkou zabéru 4,0 m, vZdy po dvou
zabérech opéfi.

Razba z prujezdné propojky FQO6, tzv. protirazba jih, probi-
hala v dolomitickych hornindch za pomoci trhacich praci. VétSina
ze 180 m dlouhého useku k mistu dil¢i prorazky se razila ve tfi-
dé T-K 4.1, s délkou zabéru 1,70 m, tloustkou primarniho osténi
200 mm a vyskou piihradového rdmu 112 mm, s radidlnim kotve-
nim 8/9 SN svorniky (@ 25 mm) délky 4,0 m. V této tfidé nebyly
planovany a pouZzity Zadné Celbové kotvy.

Poslednich 11,70 m bylo vyraZeno v technologické tfidé T-K 6.1
s délkou zabéru 1,30 m, tloustkou primarniho osténi 300 mm, vys-
kou piihradového ramu 162 mm a 4/2 SN svorniky (@ 25 mm)
délky 6,0 m, pod ochranou 40 jehel @ 25 mm s cementovou sus-
penzi. Celba byla stabilizovana tfemi ¢elbovymi kotvami o délce
12,0 m. RaZba za pomoci trhacich praci byla z diivodu pfechodu
do nesoudrZznych zemin zastavena ve stani¢eni TM 3280 a dilci
prordzka v useku mezi nouzovym zélivem PB06 a jiZnim portilem
byla provedena z jizni strany razbou z portdlu o 18 dni pozdéji.

Po dil¢i prorazce nasledovalo dobrani opéfi a dna v useku od
ukonceni razby z jizniho portdlu aZ k PB06 (protiklenba byla vSak
navrzena pouze do stani¢eni TM 3200 — ve stabilnich dolomitic-
kych formacich nebyla nutnd) v technologické tfidé T-St 3.2 za
pomoci trhacich praci s délkou zabéru 4,0 m, tloustkou primérniho
osténi 150 mm a ¢tyfmi hydraulicky upinanymi svorniky (120 kN)
o délce 3,0 m.

Obr. 16 Clenéni éelbyT-K 7.2
Fig. 16 T-K 7.2 face division

only irregularly as needed. The invert was usually followed 4.0m
from the face of the bench with a round of 2.0m, when the primary
lining was completely closed with an invert with a thickness of
350mm and also reinforced with two layers of Q257A mesh. After
51.50m of excavations, the technological class moved to T-St 4.4
and T-S 4.1. The excavation of the bench took place with the round
length of 2.0m without the face division into partial openings,
and spiling and grouting of the face has already been completely
abandoned. The invert was excavated with the round length of
4.0m, always after two rounds).

The excavation from the FQ06 drive-through-cross-passage,
the so-called Counterdrive South, took place in dolomitic rocks with
the help of blasting works. Most of the 180m long section to the
place of partial breakthrough was excavated in class TK 4.1, with
the round length of 1.70m, thickness of the primary lining 200mm
and width of the lattice girder 112mm, with radial anchoring 8/9
SN anchors (@ 25mm) length of 4.0 . No face anchors were planned
and used in this class.

The last 11.70m were excavated in technological class TK 6.1 with
the round length of 1.30m, thickness of the primary lining 300mm,
width of the lattice girder 162mm and 4/2 SN anchors (@ 25mm)
6.0m length, under protection of 40 spiles @ 25mm with cement
suspension. The face was stabilized by three anchors with a length
of 12.0m. Excavation with the help of blasting works was stopped at
the stationing TM 3,280 due to the transition to incoherent ground,
and the partial breakthrough in the section between the emergency
bay PB06 and the southern portal was carried out from the south by
excavation from the portal 18 days later.

The partial breakthrough was followed by the removal of
bench and invert in the section from the excavation end from the
southern portal to PBO6 (however, the invert-vault was designed
only for TM 3200 — in stable dolomitic formations was not
necessary) in technological class T-St 3.2 with blasting work with
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V tuseku ,,protirazby sever‘ bylo raZzeno podle zastiZzenych ge-
ologickych podminek pouze ve dvou tfidach. A to v T-K 4.1, kterd
byla stejnd jako v ,,protirazbé jih*. Dalsi tfidou pouZitou v tom-
to sméru byla nejleh¢i pouzivana tfida T-K 3.2, kterd méla délku
zabéru 2,2 m, tlouStku primarniho osténi pouze 150 mm s jednou
siti Q188 a radidlnim kotvenim hydraulicky upinanych svorniku
(tnosnost 160 kN). Vyztuzny rdm o vysce 112 mm pro tuto tfidu
nebyl navrzen, byl vak na vétsiné tseku této tfidy pouZzit — z divo-
du rychlejsiho zabudovani vyztuZe a zajisténi ochrany osadky pred
pfipadnym uvolnénim vétsiho bloku horniny. Na zdklad€¢ hodnot
naméfenych deformaci primarniho osténi a kvality zastiZzeného hor-
ninového prostiedi dochazelo v pribéhu razeb k dpravam radidlniho
kotveni, tloustky stitkaného betonu a délky zabéri. Ve tridé T-K 3.2
tak bylo v nékterych usecich tplné€ upusténo od systematického
radidlniho kotveni (ve statickém navrhu bylo navrZeno jen pro za-
jistovani blok) a v tfidé T-K 4.1 byly lokélné SN svorniky nahrazo-
vany hydraulicky upinanymi svorniky. Délo se tak vétSinou v silné
zvodnélych usecich, kde dochdzelo u SN svornikl k vyplavovani
cementové smési z vrtu, tudiZz bylo vhodnégjsi pouziti hydraulicky
upinaného svorniku a jeho nasledné odvodnéni pomoci dvoucoulo-
vé hadice, nebo tahokovu ¢i nopové folie, zabudované pfimo na pri-
marni osténi pod podkladovy beton pro izolaci. V mistech s velmi
silnymi pritoky bylo vyuZivano stfikaného betonu s urychlovacem
pro rychlejsi ndbéh pevnosti, aby voda mohla byt zastavena jesté
za primarnim osténim. V usecich s minimalnimi az Zadnymi defor-
macemi byla také snizovana tloustka definitivniho osténi ve tfidé
K4.1z200 na 150 mm. Zde také bylo dosazZeno rekordnich postupti.
V tiidé T-K 4.1 to bylo az 8 zabéru tj. 13,6 m za 24 h (v priméru
bylo za 24 h vyrazeno 6-7 zabéra) a v T-K 3.2 se podafilo vyrazit
az sedm zabéra, tj. 15,4 m za 24 h (v praiméru 5-6 zabéra denn¢).

Razba propojek vétSinou probihala ze Stoly, z hlavniho tunelu
byly nasledné pouze prorazeny. Vzhledem k pfiznivému hornino-
vému prostiedi probihala jejich raZzba v nejlehcich tfidach s dél-
kou zabéru 2,2 m bez vyztuzného ramu, s tloustkou osténi 150 mm
a s hydraulicky upinanymi svorniky (inosnost 160 kN v prijezd-
nych a 120 kN v priichozich propojkach). [5]

Popis sanaci stoly

Reseni podprofilil, podobné jako razby tinikové §toly, bylo roz-
déleno do nékolika tfid — F6(N), F4(N) a F3(N), které korespon-
dovaly se zastiZenym horninovym prostiedim. Jednotlivé tfidy de-
finovaly zplisob praci v misté zastiZeného podprofilu. Jejich ¢ésti
byly rozdéleny podle tloustky odfrézovaného stivajiciho primar-
niho osténi. Pfi tloustce 0-30 mm se ve vSech tfidach pouze na-
néSela vrstva podkladu pro izolaci. Pri tlouStce 0—-60 mm ve tiidé
F6(N) bylo moZno otvirat vyrub v délce max. 3,9 m, odfrézované
sité¢ musely byt nahrazeny novymi a musely zde byt osazeny také
nové radialni kotvy (R32-280), ve tfidé F4(N) bylo mozné frézovat
tsek o max. délce 5,1 m a stejné jako v predchozi tfidé musely byt
nahrazeny sité a kotvy. Ve tfidé F3(N) mohla byt frézovana délka
az 6,6 m, sit€ bylo nutno nahrazovat jen v piipad¢ nutnosti. Pfi
frézovani na vice nez 60 mm musely byt v tfidich F6(N) — délka
zabéru max. 1,3 m, a F4(N) — délka zdbéru max. 2,5 m, nahrazeny
obé vrstvy siti (Q257), zabudovén pfihradovy vyztuZny rdm o vys-
ce 112 mm a nahrazovany radidlni kotvy, ve tfidé F3(N) — délka
zabéru max. 3,0 m, byly osazovany hydraulicky upinané svorniky
(120 kN) a jedna vrstva siti — Q188.

Nadprofily byly feSeny ve vsSech tfidach stejné. Do tloustky
50 mm byla naniSena pouze vrstva stfikaného betonu, pfi tloustce
do 150 mm byla vloZena jedna vrstva siti Q188 uchycend hydrau-
licky upinanymi svorniky (120 kN) o délce 1,5 m v rastru 1,5 m x
1,5 m. Ve zvlastnich pripadech, pfi velkych nadprofilech, byla pro
kazdych 100 mm tloustky nanaseného stiikaného betonu zabudo-

the round length 4.0m, primary lining thickness 150mm and four
hydraulically clamped anchors (120kN) with a length of 3.0m.

The section of “Counterdrive North”, was excavated accor-
ding to the encountered geological conditions in only two classes.
In T-K 4.1, which was the same as in the “Counterdrive South”.
Another class used in this direction was the lightest class T-K
3.2, which had the round length of 2.2m, thickness of the primary
lining of only 150mm with one mesh Q188 and radial anchoring of
hydraulically clamped anchors (load capacity 160kN). The 112mm
wide reinforcement girder was not designed in this class, but was
used on most sections of this class — due to faster reinforcement
installation and protection of the crew against possible release
of a larger block of rock. Based on the values of the measured
deformations of the primary lining and the quality of the
encountered rock environment, the radial anchorage, the thickness
of the shotcrete and the length of the rounds were adjusted during
the excavations. In class T-K 3.2, systematic radial anchoring was
completely abandoned in some sections (in static calculation it
was designed only for securing blocks) and in class T-K 4.1 SN
anchors were locally replaced by hydraulically clamped anchors.
This was mostly done in heavily saturated sections, where the
cement grout was leached from the borehole of SN anchors, so
it was more appropriate to use a hydraulically clamped anchor
and its subsequent drainage using a two-inch hose, or expanded
metal mesh or nop foil, fixed directly on the primary lining under
the smoothing concrete layer for waterproof insulation. In places
with very strong inflows, shotcrete with an accelerator was used
for a faster setting of strength, so that the water could be stopped
even behind the primary lining. In sections with minimal to no
deformations, the thickness of the final lining in class K4.1 was
also reduced from 200 to 150mm. Record advance rates were also
achieved here. In the class T-K 4.1 it was up to 8 rounds, ie 13.6m
in 24h (on average 6—7 rounds were taken in 24h) and in T-K 3.2 it
was possible to excavate up to seven rounds, ie 15.4m in 24 h (on
average 5—6 rounds per day).

The excavations of cross-passages mostly took place from the
gallery, from the main tunnel they were subsequently only broken-
through. Due to the favorable rock environment, their excavation
took place in the lightest classes with the round length of 2.2m
without reinforcing girder, with lining thickness of 150mm and
with hydraulically clamped anchors (load capacity 160kN in drive-
through, and 120kN in walk-through cross-passages). [5]

Description of gallery rehabilitation

The solution of under-profiles, similarly to the excavation of the
escape gallery, was divided into several classes — F6(N), F4(N) and
F3(N), which corresponded to the encountered rock environment.
The individual classes defined the method of work in the location of
the encountered under-profile. Their parts were divided according
to the thickness of the milled existing primary lining. At a thickness
of 0-30mm, only a layer of smoothing for insulation was applied
in all classes. With a thickness of 0-60mm in class F6(IN), it was
possible to open excavations with a maximum length of 3.9m,
milled meshes had to be replaced with new ones and new radial
anchors (R32-280) had to be installed here, in class F4(N) it was
possible to mill a section with a maximum length of 5.1m and, as
in the previous class, meshes and anchors had to be replaced. In
class F3(N), the milled length could be up to 6.6m, the meshes had
to be replaced only if necessary. When milling to more than 60mm,
in classes F6(N) — the round length max. 1.3m, and F4(N) — the
round length max. 2.5m, both layers of meshes (Q257) had to be
replaced, installed reinforcing girder with a width of 112mm, and
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véana jedna vrstva siti Q188 a pro kotveni byly pouZivany vétSinou
IBO kotvy, které bylo mozno vzdy nechat volné (neaktivované)
v celé pozadované tloustce nanaseného betonu a jejich hlavu vzdy
reaktivovat pro kaZzdou zabudovanou vrstvu siti (obr. 17).

Po zabudovani stfikaného betonu primarniho osténi byla vzdy
rovnou nanesena vrstva podkladu pro izolaci. Ta se kontrolovala
pomoci skenu. Vyhodnoceni probéhlo vzdy do 12 hodin po ske-
novéani, a tudizZ bylo moZno mista, kterd nebyla provedena piesné,
okamzité opravit.

ZAVER

Prace na silni¢nim tunelu Kramer, i pfes velkou komplikovanost
a naro¢nost na koordinaci, probihaly bez vétSich potizi, nicméné
s vysokymi naroky na organizaci prace, na flexibilitu pfi feSeni ne-
standardnich situaci a technickou erudici odpovédnych technikt na
stran€ zhotovitele i investora.

Podafilo se zkoordinovat razby kaloty se sanaci unikové Stoly
tak, Ze byly eliminovany prostoje na jednotlivych pracovistich.
Z hlediska plnéni harmonogramu stavby bylo duleZité rozhodnuti
provadét paralelni protirazbu pres prijezdnou propojku a inikovou
Stolu. Pro logistiku a dopravu ve $tole byla zdsadni investice do vy-
asfaltovani dopravni cesty, v kazdé prijezdné propojce byla navic
instalovana zrcadla a svétla, ktera signalizovala pfitomnost vozidel.
Rubanina se jiZ v tunelu nakladala na nakladni vozy, jejichZ obslu-
hu zaji§tovala subdodavatelska firma. Tim se nevytéZovala osddka
na razbé a prace se mohly podstatné urychlit. Rovnéz vyztuz byla
k Celbé dopravovina nakladnim automobilem s hydraulickou ru-
kou, aby nevznikaly zbytecné prostoje. PouZiti emulzni trhaviny
a modernich méficich prostiedkid pomohlo k zefektivnéni provade-
ni trhacich praci a k dosaZeni velké presnosti profilu razeného dila.
Osvédcilo se i feSeni zplosténi vétraci lutny pro zachovani prijezd-
ného profilu v tnikové Stole pomoci pridavné plachty a separdtni
vétrani pro hlavni tunel a unikovou Stolu.

Z jizniho portalu se pracovalo aZ na Ctytech Celbach, bylo tedy
nutné mit i dostatecny pocet strojnich sestav, véetné zaloznich stro-
ju. V pripadé poruchy spocivala priorita v nepreruseni praci na Ca-
sové kritické razbé kaloty a v organizaci dostatecného zdsobniku
pracovnikd, tedy vyuziti volné osadky.

Jiz dlouhodobé osvédcené a ekonomicky vyhodné nasazeni mo-
bilni betonarny na kazdém portalu umoZnilo plnit planované postu-
py a minimalizovat prostoje a zaroven flexibilné zajisfovat kontinu-
alni zasobovani betonovou smési pozadované kvality bez prodlev.

Obr. 17 Sanace nadprofilu v tinikové §tole
Fig. 17 Rehabilitation of the over-profile in the escape gallery
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replaced radial anchors, in class F3(N) — the round length max.
3.0m, hydraulically clamped anchors (120kN) and one layer of
mesh — Q188 were installed.

Overprofiles were solved in the same way in all classes. Up to
a thickness of 50mm, only a layer of shotcrete was applied, at a
thickness of up to 150mm, one layer of Q188 mesh was inserted
fastened with hydraulically clamped anchors (120kN) 1.5m long
ina 1.5m x 1.5m grid. In special cases, for large overprofiles, one
layer of Q188 mesh was installed for every 100mm of the applied
shotcrete and IBO anchors were mostly used for anchoring, which
could always be left without being clamped (inactivated) in the
entire required thickness of the applied concrete and their head to
be always reactivated for each installed layer of mesh (Fig. 17).

After the installation of the shotcrete of the primary lining, a
smoothing layer for insulation was always applied directly. The
layer was checked by scanning. The evaluation always took place
within 12 hours after the scan, so that areas that were not sprayed
accurately could be repaired immediately.

CONCLUSION

The work on the Kramer road tunnel, despite the great
complexity and difficulty of the coordination, proceeded without
major difficulties, but with high demands on work organization,
flexibility in dealing with non-standard situations and technical
erudition of responsible technicians on the part of the contractor
and investor.

Coordination of the excavation of the top heading with the
rehabilitation of the escape gallery was managed in a way that
downtime at individual workplaces was eliminated. From the
point of view of fulfilling the construction schedule, it was an
important decision to carry out a parallel counter-excavation
via the drive-through cross-passage and the escape gallery. For
logistics and transport in the gallery, a major investment was made
in the asphalting of the transport route, and mirrors and lights
were also installed in each connecting cross-passage to signal the
presence of vehicles. Muck was loaded already in the tunnel on
trucks, which were serviced by a subcontractor. As a result, the
excavation crew was not burdened with mucking, and the works
could be significantly accelerated. The reinforcement was also
transported to the tunnel face by a truck with a hydraulic arm to
avoid unnecessary downtime. The use of emulsion explosives and
modern measuring devices has helped to make blasting work more
efficient and to achieve high accuracy of the tunnel profile. The
solution of flattening the ventilation tube to maintain the passage
profile in the escape gallery by means of an additional tarp and
separate ventilation for the main tunnel and the escape gallery also
proved to be effective.

From the southern portal, work was done on up to four faces,
so it was necessary to have a sufficient number of machinery sets,
including backup machines. In the event of a failure, the priority
was not to interrupt the work on the time-critical excavation of the
top heading and to organize a sufficient workers capacity, ie the
use of free crew.

The long-proven and economically advantageous deployment of
a mobile concrete plant on each portal has made it possible to fulfill
the planned procedures and minimize downtime, while flexibly
ensuring a continuous supply of concrete mix of the required
quality without delay.

Massive inflows of water could be managed by a combination of
modifications of the composition of the shotcrete recipe, drainage
measures installed on the primary lining of the tunnel, extensive
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Masivni pfitoky vody bylo mozné zvladat kombinaci tprav slo-
Zeni receptury stitkaného betonu, odvodiovacich opatfeni instalo-
vanych na primdrnim osténi tunelu, rozsahlého vodniho hospodar-
stvi s mnozstvim usazovacich a precerpavacich stanic umisténych
v pruchozich propojkach a ve Stole. Unikatni je feSeni odvodnéni
Stoly ve formé drenaZe z balvanii v kombinaci s hrazemi uzavie-
nymi stabilni asfaltovou vozovkou. Objemové se jednd o vodni
hospodarstvi mimoradné velikosti, avSak vynucené mistnimi piis-
nymi predpisy i vydatnymi pfitoky vody. Pro sniZeni objemu kala
v sedimentacnich nadrzich se velmi osvédcCilo vyuziti centrifugy.
Rovnéz ,,selské* feseni kontinudlniho vyvaZeni sedimentu z usazo-
vacich nadrZi v prichozich propojkéch traktorem s fekdlnim vozem
pfimo k centrifuze sniZilo nejen ndklady na likvidaci nebezpecné-
ho odpadu (sedimentu), ale zamezilo zejména zanaSeni Cerpaciho
potrubi.

Naro¢nd byla koordinace pandemickych opatfeni v riiznych vl-
nach Covid-19. Zakladnim cilem bylo, aby nedoslo k omezeni pro-
vadéni praci na stavbé, resp. zajisténi véasného nastupu vsech pra-
covniktl. Na stavbé pracuji zaméstnanci z osmi evropskych stati
a kazdy stat md casto zcela odliSné a nepredvidatelné, aZ nelogicky
meénici se opatfeni. Zejména v pocatku epidemie bylo extrémné slo-
Zité vSe zorganizovat tak, aby kazdy zaméstnanec mohl nastoupit
do prace a po navratu domi neskoncil v karantén€. Veskeré osadky
musely pracovat oddélené, osobné se prakticky nemohly potkavat,
proto nebylo mozné osadky spojovat a nahrazovat chybéjici pra-
covniky. Pfi kontaktu pracovniku z jinych osadek bylo vyZadovano
nosSeni ochrany dychacich cest (respirator FFP2). V pfipadé nakazy
byli do karantény poslani i vSichni ¢lenové postiZené osadky. Diky
vSem témto opatienim nemuselo v karanténé skoncit celé pracovi-
$té. Velmi dulezité bylo také zamezeni Sifeni coronaviru u vedeni
stavby, aby neziistala stavba paralyzovana. Samoziejmosti se stalo
pravidelné testovani ve spoluprici s mistnim Cervenym kiiZem.
Zasadni pro zajiSténi provozu stavby byla komunikace a spolupra-
ce s mistni hygienickou stanici (Gesundheitsamt) a precizni plnéni
ménicich se legislativnich pozadavka.
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water management with a number of settling and pumping stations
located in the walk-through cross-passages and in the gallery. The
solution of drainage of the gallery in the form of drainage from
stones in combination with dams tightened with a stable asphalt
pavement is unique. In terms of volume, this is water management
of extraordinary size, but enforced by strict local regulations and
abundant water inflows. The use of a centrifuge proved very useful
for reducing the volume of sludge in sedimentation tanks. Also the
“common sense” solution of continuous transport of sediment from
settling tanks in walk-through cross-passages by a gulley sucker
directly to the centrifuge not only reduced the costs of disposal
of hazardous waste (sediment), but also prevented clogging of the
pump pipeline.

Coordination of pandemic measures in various Covid-19
waves was challenging. The basic goal was not to restrict the
implementation of works on the construction site, or more
precisely, ensuring the timely entry of all staff. Workers from eight
European countries are working on the site, and each country
often has completely different and unpredictably, even illogically
changing measures. Especially at the beginning of the epidemic, it
was extremely difficult to organize things so that every employee
could come to work and not quarantine when he returned home.
All crews had to work separately, they could hardly meet in
person, so it was not possible to connect the crews and replace
the missing workers. Respiratory protection (FFP2 respirator)
was required when workers from other crews were contacted. In
case of infection, all members of the affected crew were sent to
quarantine. Thanks to all these measures, the entire workplace
did not have to end in quarantine. It was also very important to
prevent the spread of coronavirus among the construction site
management so that the construction was not paralyzed. Regular
testing in cooperation with the local Red Cross became a matter
of course. Communication and cooperation with the local hygiene
station (Gesundheitsamt) and precise compliance with changing
legislative requirements were essential to ensure the construction
operation.
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TRAMVAJOVY TUNEL iABQVI‘gESKﬂ’- ZKUSENOSTI
_ _ ZDOSAVADNIHO PRUBEHU VYSTAVBY
ZABOVRESKA TRAM TUNNEL - EXPERIENCE FROM THE COURSE
OF CONSTRUCTION TO DATE

VACLAV DOHNALEK, DALIBOR STROMCEK, ANDREJ KORBA

ABSTRAKT

Stavba Velkého méstského okruhu (VMO) Zabovieskd je soucdsti dlouhodobé realizovaného vnitiniho okruhu v Brné. Klicovou soucdsti
Jje tramvajovy tunel, ktery zacind i konci v prostoru byvalého lomu. Tunel md nékolik specifik. Je to jeho krdtkd délka 500 m a z toho po-
mérné dlouhd presypand cdst, kterd tvori témér tietinu. Ddle jsou to geotechnické podminky, ve kterych je realizovdn. Presypand cdst je
z¢dsti zaloZend na pilotdch a stérkovych polstdrich, ddle na rostlé skdle. RaZend cdst probihd v brnénském masivu budovaném z nejstarsich
vyvrelych hornin na naSem ivizemi. Prdvé stdri masivu predznamenalo nejvetsi zmeény, se kterymi se musela vystavba vyporddat. S tim tizce
souvisi i podminky ,,post-covidového “ stavitelstvi, které operativnim zméndm ve vystavbé prilis nepreji. V konecném diisledku to pak vedlo
i k nékterym netypickym novym reSenim posunujicim ceské tuneldrstvi smérem kupiedu. Prispévek se vénuje vystavbé Zabovieského tunelu,
pricem? bezprostredné navazuje na cldnek projektanta otisteny v Tunelu 1/2021.

ABSTRACT

The construction of the Zabovieskd Large City Circle Road (LCCR) is part of a long-term internal circle road under construction in
Brno. A key part is the tram tunnel, which begins and ends in the area of a former quarry. The tunnel features several specifics. It is its
short length of 500m and a relatively long cut-and-cover part making up almost a third of the tunnel length. In addition, the geotechnical
conditions in which it is being carried out are among them. The cut-and-cover part is partly founded on piles and gravel pads, then on the
natural rock. The mined part runs through the Brno massif built up from the oldest igneous rock in the Czech Republic. It was the age of
the massif that adumbrated the biggest changes that the construction had to deal with. The conditions of “post-covid” construction, which
do not too much favour operational changes in construction, are closely related to this. In the final consequence, this led to some atypical
new solutions moving Czech tunnelling industry forward. The paper deals with the construction of the Zabovieskd tunnel, which is directly
related to the designer’s paper published in TUNEL journal 1/2021.

1. 1742 BRNO VMO ZABOVRESKA

Trasa silnice 1/42 v tseku Zaboviesky tvoii severozapadni sek-
tor Velkého méstského okruhu (VMO) v Brné. [1] Je vyznamnou
soucésti zakladniho komunika¢niho systému mésta. Z hlediska
méstské dopravni struktury vyrazné odlehcuje vnitroméstskym ko-
munikacim. Po dokonc¢eni bude VMO jako celek zajiStovat vnéjsi,
tranzitni i cilové mimoméstské a vnitroméstské dopravni vztahy.

Nazev stavby /42 Brno VMO ZabovFeské | etapa Il
Reditelstvi silnic a dalnic Ceské republiky
Investor a Statutarni mésto Brno
L MORAVIA TDI MID; SHP TS s.r.0.,
Technicity dozor SAFETY PRO s.r. 0. a Brnénské komunikace a. s.
Zhotovitel »Spolecnost Zabovieska — EUROVIA

+ HOCHTIEF + SUBTERRA"
METROPROJEKT Praha a.s.

GEOtest, a.s. a INSET s.r.o.
FIDIC - Red Book [2]

Zpracovatel RDS

Geotechnicky
monitoring

Smluvni podminky

Stavajici silnice v izkém hrdle je pouze dvoupruhova a je podél
ni navic vedena tramvajova trat do Bystrce. Realizaci stavby bude
umoznéna plynula doprava v celém severozapadnim sektoru mésta
aZz po vyjezd z Husovického tunelu, kde navazuje nové zahdjena
stavba dalsi ¢asti VMO pres Tomkovo namésti.

Prostor mezi fekou a skalnim masivem neumoziuje pievést ve-
dle sebe po terénu Ctyipruhovou smérové rozdélenou komunikaci
VMO spolecné s tramvajovou trati. V pfedchazejici dokumentaci
EIA bylo posuzovéano pres deset variant feSeni. Vyslednd varianta

1. 1/42 BRNO ZABOVRESKA LCCR

The route of the /42 road in the Zabovieské section forms the
north-western sector of the Large City Circle Road (LCCR) in
Brno. [1] It is an important part of the basic communication system
of the city. In terms of the urban transport structure, it significantly
relieves the urban roads. Upon completion, the LCCR as a whole
will ensure external, transit and target non-urban and intra-urban
transport relationships.

|/42 Brno LCCR Zabovreska | stage I

Directorate of roads and motorways of the Czech
Republic and Statutory City of Brno

Project title

Project owner

Technical MORAVIA TDI MID; SHP TS s.r.0.,
supervision SAFETY PRO s.r. 0. and Brnénské komunikace a. s.
G ,Zabovreska consortium — EUROVIA

+ HOCHTIEF + SUBTERRA*

Author of detailed | \\rrp0pR0JEKT Prahaa.s.

design

Geotechnical

monitoring GEOtest, a.s. and INSET s.r.0.
Contractual

conditions FIDIC — Red Book [2]

The existing road in the bottleneck is only a two-lane structure
and, in addition, a tram line to Bystrc runs along it. The construction
will allow for fluent traffic in the entire north-western sector of
the city up to the exit from the Husovice tunnel, where the newly
started construction of another part of the LCCR via Tomkovo
Namésti square follows.
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galerie (pfedkryty Usek)
gallery
(cut-and-cover section)
tramvajovy tunel
tram tunnel

Obr. 1 Poloha stavby [2]
Fig. 1 Construction location [2]

z projedndvéni stanoviska MZP byla néasledujici: s tramvaji v tune-
lu, s ekologickym mostem na Zabovieské louky a galerii, se zajis-
ténou priichodnosti tizemi (obr. 1). [3]

Aby mohla byt vySe uvedend varianta provedena, stal se soucasti
stavby novy tramvajovy tunel délky 500 m, s tinikovou stolou dél-
ky 50 m. Tunel tvofi jedna raZend tunelova trouba, s hloubenymi
(presypanymi) portalovymi useky.

2. GEOLOGICKE POMERY

Trasa Zabovieské ulice je vedena severojiznim smérem tdolim
feky Svratky v rovinném terénu, ve stopé stavajici komunikace
1/42 a tramvajové trati, pfiblizn€ rovnobézné¢ s fekou. Niveleta
trasy i okolniho terénu je jiZ zna¢né ovlivnéna predeSlymi terén-
nimi dpravami, jimiZ jsou napf. sanace historické zastavby Ka-
menného mlyna z pocatku 20. stoleti a textilnich tovaren, dale
historické kamenolomy, vystavba kanalizacnich sbéract (raZenych
i hloubenych), vystavba tramvajové traté s navazkami o znacnych
mocnostech. Nadmotska vyska se pohybuje v rozmezi od 208 do
211 mn. m.

Orograficky lezi zdjmové tzemi v Brnénské vrchoviné, v pro-
lomu Pisarecké kotliny. Z hlediska regiondlné-geologického spa-
da oblast do dvou zédkladnich jednotek — proterozoika brnénského
masivu, které je urCujici pro tunel, a terciéru karpatského predpoli,
které je dtlezité pro stavebni objekty na tunel navazujici. [4]

2.1 Brnénsky masiv

Z petrografického hlediska se jednd o leukotonality (typ Jun-
drov) az kvarcdiority a metabazalty (v horni ¢asti Wilsonova lesa),
tedy velmi pevné horniny dosahujici tlakové pevnosti az 120 MPa.
Prizkumem byly tyto horniny zastizeny pii samém povrchu (ve
svahu a jeho paté€), resp. 1 aZ 2 m pod terénem (tramvajova trat).
Do teky Svratky pak masiv pomérné strmé zapadd. Skalni podloZi
je na povrchu misty zcela zvétralé. Pod plastém eluvii se vyskytu-
ji horniny mirné zvétralé s povlaky limonitu nebo jilovou vyplni,
hloubgji prechdzeji do ,,zdravého* horninového masivu. Mocnost
skalniho nadloZi nad tunelem se pohybuje od 10 do 35 m. [4]

Jde o nejstarsi vyviely masiv na tizemi CR, je proto velmi vyrazng
tektonicky poruSeny, s ¢etnymi soustavami diskontinuit. Své stopy
v ném zanechala vSechna vyznamnd vrasnéni (kadomské, hercyn-
ské, alpinské), ktera masiv pretvofila tlakové i teplotné. Potvrdil to
predev§im vrtny prizkum na severnim portalu tunelu. Geofyzikalni
pruzkum zbyvajici trasy tunelu stupen tektonického postizeni nedo-
kazal postihnout, coz se ukazalo pro vystavbu tunelu jako zdsadni.

The space between the river and the rock massif does not allow
for transferring a four-lane dual carriageway LCCR road together
with a tram line side by side on the terrain surface. In the previous
EIA documents, over ten solution variants were assessed. The
variant resulting from the discussion on the opinion of the Ministry
of the Environment was as follows: the variant with a tram in
the tunnel, with an ecological bridge to Zabovieské Louky and a
gallery, with guaranteed passability of the area (see Fig. 1). [3]

A new 500m long tram tunnel, with an escape gallery 50m long
became part of the construction so that the above variant could be
implemented. The tunnel consists of one mined tunnel tube, with
cut-and-cover portal sections.

2. GEOLOGICAL CONDITIONS

The Zabovieskd Street route runs in a north-south direction
through the Svratka River valley in flat terrain, in the footprint of
the existing 1/42 road and the tram line, approximately parallel to
the river. The vertical alignment of the route and the surrounding
terrain is already significantly affected by previous landscaping,
such as the rehabilitation of the historic Kamenny Mlyn mill
building from the early 20" century and textile factories, the historic
conditions quarries, construction of sewer collectors (mined and
cut-and-cover ones), construction of a tram line with significantly
thick layers of made ground. The altitude ranges from 208 to
21Im a.s.l

In terms of orography, the area of interest lies in the Brno Highland,
in the ramp valley crossing the Pisirky Basin. From the regional —
geological point of view, the area falls into two basic units — the
Proterozoic formation of the Brno Massif, which is decisive for the
tunnel, and the Tertiary formation of the Carpathian foreland, which
is important for structures connected to the tunnel. [4]

2.1 Brno Massif

From the petrographical point of view, these are leucotonalite
(Jundrov type) to quartz-diorite and metabasalt (in the upper part
of the Wilson Forest Park), i.e. very strong rock types reaching a
compressive strength of up to 120MPa. The survey encountered
these rock types at the very surface (on the slope and its base),
respectively 1 to 2m under the terrain surface (tram line). The
massif then dips quite steeply into the Svratka River. The bedrock
surface is locally completely weathered. Under the mantle of
eluvia, there are slightly weathered rocks with limonite coatings or
clay filling; they pass deeper into a “fresh”massif. The thickness of
the overburden above the tunnel ranges from 10 to 35m. [4]

This igneous massif is the oldest in the Czech Republic, therefore
it is very significantly tectonically faulted, with numerous systems
of discontinuities. All significant foldings (Kadom, Hercynian,
Alpine) left their traces in it, changing the massif by pressure
and temperature. This was confirmed in particular by a drilling
survey at the northern portal of the tunnel. Geophysical survey
of the remaining route of the tunnel failed to capture the degree
of tectonic impact, which proved to be essential for the tunnel
construction. The tunnel was divided by the survey lengthwise
into quasi-homogeneous units for determination of the excavation
support classes (see Fig. 2).

2.2 Groundwater

The water table is located mainly in the horizons of fluvial
alluvium, at depths of 3.5 to 7m below the terrain surface,
approximately at the level of the Svratka river. An exception
is formed by the area of the northern portal, where water of the
shallow subsurface circulation of infiltrating precipitation was
found. From the aspect of the tunnel, it is mined through dry rock,
with a total inflow rate up to 2L/s. [4]
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Obr. 2 Podélny rez se zachycenou geologickou situaci a prognoza zastizeni technologickych trid vyrubu dle zaddvaci dokumentace [5]
Fig. 2 Longitudinal section with captured geological situation and prognosis of encountering excavation support classes according to the tender documents [5]

Tunel byl prizkumem rozdélen po délce do kvazihomogennich cel-
ki pro stanoveni technologickych tiid vyrubu (obr. 2).

2.2 Podzemni voda

Hladina podzemi vody se nachazi pfevazn€ v horizontech flu-
vidlnich néaplavl, v hloubkéch 3,5 az 7 m pod terénem, priblizné
na urovni hladiny v fece Svratce. Vyjimku tvofi prostor severniho
portalu, kde byla zastizena voda mélce pripovrchového obéhu infil-
trujicich sraZek. Z hlediska tunelu se tedy jedna o razby v horniné
suché, s celkovym pritokem do 2 1/s. [4]

3. TRAMVAJOVY TUNEL - ZAKLADNI INFORMACE

Tunel se dvéma kolejemi pro tramvaj tvoii jedna trouba. Je ra-
Zeny, s hloubenymi (pfesypanymi) portdlovymi useky. Délka jiZni
presypané casti je 5 m, délka razené Casti je 333 m, délka severni
presypané ¢asti je 162 m, celkem 500 m. Smérové je tunel trasovan
do nékolika protismérnych obloukl. Vyskové je navrzen do stie-
chovitého sklonu s podélnym sklonem vyskového polygonu 0,5 %,
s vrcholovym obloukem v poloviné délky. Pricny prifez raZeného
tunelu je 69,74 m?. Soucdsti tunelu je i 10 paru Cisticich vyklenki
tunelovych drenazi, které zaroven slouzi jako poZarni, a dva velké
elektro vyklenky v raZené ¢asti s pfi¢nym prafezem 30,89 m? a dél-
ky 5,63 m pro rozvodny NN. V portdlovych rdmovych ¢astech na
obou koncich tunelu jsou vyklenky pro uloZeni ru¢nich kolejovych
vozikl pro jednotky HZS a pfipadné pro servis a tdrzbu.

Sitka tramvajové trati v tunelu je 7 m, §itka oboustrannych
nouzovych chodnikd v tunelu je minimalné 1,43 m. Svétla vyska
nad temenem kolejnice je 6 m. Unikov4 §tola o pfi¢ném priifezu
15,43 m? a §ifce 2,6 m vede z tunelu kolmo k silni¢ni galerii VMO
a mé délku cca 50 m. Soucasti tunelu bude pevnd jizdni draha,
chodniky, provozni soubory, poZirni vodovod, bezpe¢nostni a do-
pravni znaceni.

4. RAZENA CAST TUNELU

Mo X

Pri¢ny profil vychazi z prijezdného profilu dvoukolejné tramva-
jové trati. Konstrukce razeného tunelu je dvouplastovd, s mezileh-
lou destnikovou hydroizolaci ze svafované folie. Sklada se z pri-
mdérniho docasn€ nosného osténi tvofeného stfikanym betonem
(SB) s vyztuznymi sitémi a svorniky a sekundérniho trvale nos-
ného osténi ze Zelezobetonu, pripadné z prostého betonu. Na obou

3. TRAM TUNNEL - BASIC INFORMATION

The double-track tunnel for the tram is formed by one tunnel
tube. It is a mined tunnel with cut-and-cover portal sections. The
southern cut-and-cover part is Sm long, the mined part is 333m
long, the northern cut-and-cover section is 162m long, the total
length amounts to 500m. The horizontal alignment of the tunnel
is divided into several reverse curves. A saddle roof-like slope of
the vertical alignment is designed, with a longitudinal slope of the
vertical traverse of 0.5%, with the summit curve in the middle of
the length. The cross-sectional area of the mined tunnel amounts to
69.74m?. The tunnel also includes 10 pairs of cleaning recesses on
tunnel drains, which also serve as fire equipment recesses, and two
large niches for electricity equipment in the mined part with a cross
section of 30.89m? and a length of 5.63m for LV substations. In the
portal rectangular parts at both ends of the tunnel, there are niches
for storing handcars for fire rescue units which are possibly used
for service and maintenance purposes.

The tram line in the tunnel is 7m wide; the double-sided
emergency walkways in the tunnel are at least 1.43m wide. The
net height above the top of rail is 6m. The escape gallery with a
cross-section of 15.43m?and a width of 2.6m leads from the tunnel
perpendicularly to the LCCR road gallery and is approximately
50m long. Slab track, walkways, operating units, a fire main, safety
and traffic signs will be parts of the tunnel.

4. MINED TUNNEL PART

The tunnel cross-section is based on the clearance profile for a
double-track tram line. The structure of the mined tunnel is formed
by double-shell lining, with an intermediate umbrella system of
waterproofing made of a welded membrane. It consists of a primary
temporary load-bearing lining consisting of shotcrete (SC) with
reinforcing nets and rock bolts and a secondary permanent load-
bearing lining made either of reinforced concrete or unreinforced
concrete. At both ends, the tunnel is constructed under the
protection of canopy tube pre-support and a reinforced concrete
structure of the protective collar. The tunnel was constructed using
an observational method with a horizontal excavation sequence
(top heading, bench). Geotechnical monitoring was an inseparable
part of the tunnel excavation. If necessary, an operative response
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koncich je tunel budovan pod ochranou mikropilotového deStni-
ku a Zelezobetonové konstrukce ochranného limce. Stavba tunelu
probihala observacéni metodou pfi horizontdlnim ¢lenéni vyrubu.
Nedilnou soucasti razby byl geotechnicky monitoring. V piipadé
potieby tak byla zajiSténa operativni reakce na projevy deformaci,
a to upravou kroku razby nebo zplsobu vyztuzovani. Ve vzdale-
nosti 271 m od jizniho provizorniho portalu se z tunelu odpojuje
kolmo na osu tnikova chodba vyustujici do silni¢ni galerie VMO.

4.1 Razba a primarni osténi
Vyrub tunelu o celkové plose 69,74 m? je rozdélen horizontal-
né na kalotu o vySce 6,26 m s plochou pfi¢ného prafezu 53,95 m?
alavku o vySce 1,721 m a plose pfi¢ného prafezu 15,79 m?. Pro tu-
nel byly na zakladé dat a podkladi z inzenyrskogeologického pri-
zkumu, a podle rozd€leni do kvazihomogennich celkl, navrzeny
v zaddvaci dokumentaci tfi technologické tfidy vyrubu (TTV) — tfi-
dy lehkda TTV I, stfedni TTV II a té€zka varianta TTV III (obr. 2, 3).
V zadédvaci dokumentaci byly jednotlivé tfidy feSeny nasledné:
¢ Technologicka trfida vyrubu I s horizontilnim c¢lenénim
vyrubu na kalotu a lavku, délka zabéru max. 2,5 m, primarni
osténi z SB 25/typ II/J2 tloustky 100 mm, 1x sit @ 6 x 6/100
x 100 mm, Zebirkova ocel BSt S00M (KARI), bez vyztuzného
prihradového ramu, radidlni kotveni SN svorniky na ampule
s min. dnosnosti 150 kN, délky 3,0 m, v rastru 2,5 m x 2,5 m.
¢ Technologicka tiida vyrubu II mé oproti tfidé I kratSi max.
zabér stanoveny na 2,0 m, siln&jsi osténi 200 mm, které je na-
vic vyztuZeno tfiprutovym piihradovym rdmem s vyztuZemi
1x @ R32, 2x @ R22 a dalsi vrstvou shodné KARI sité. Radi-
alni kotveni v této tfidé je tvoreno delsimi 4,0 m dlouhymi SN
svorniky v hustéjSim rastru 2,0 x 2,0 m. Zdroveii se v této tiidé
resi stabilita Celby, kde je predpoklad zajisténi 50 % plochy
Celby stiikanym betonem o tloustce 50 mm.
* V technologické tiidé vyrubu III je oproti tfidé II kratsi
max. zabér stanoveny na 1,5 m. Osténi je v zdsadé shodné
s tiidou II, jen s modifikacemi. Navic ma prodlouZenou délku
radidlniho kotveni SN kotvami na 6 m v hustéj$im rastru 1,5 m
x 1,5 m. Pro stabilitu Celby je navrzeno zajisténi 100 % plo-
chy Celby stfikanym betonem o tloustce 50 mm, podle potieby.

to the manifestations of deformations was ensured, namely by
adjusting the excavation round lengt or the method of supporting
the excavation. At a distance of 271m from the southern temporary
portal, an escape gallery leading to the LCCR road gallery branches
from the tunnel, perpendicularly to the axis.

4.1 Tunnel excavation and primary lining

The excavated cross-section of the tunnel with the total area of
69.74m? is divided horizontally into 6.26m high top heading (cross-
sectional area of 53.95m?) and 1.721m high bench with the cross-
sectional area of 15.79m?. The following three excavation support
classes (ESC) were designed in the tender documents on the basis
of the data and documents from the engineering geological survey,
and according to the division into quasi-homogeneous units: light
classes ESC I, medium ESC II and heavy variant ESC III (see
Figures 2 and 3).

In the tender documents, the individual classes were solved as

follows:

* Excavation support class I with the horizontal excavation
sequence consisting of top heading and bench, maximum
length of excavation round of 2.5m, primary lining made of
SC 25/type 11/J2 100mm thick, 1x welded mesh @ 6 x 6/100
x 100mm, deformed reinforcing steel bars BSt 500M (KARI),
without supporting lattice girders, radial anchoring with resin-
bonded SN rock bolts with minimum capacity of 150kN, 3m
long, in 2.5m x 2.5m grid.

* Excavation support class II — in comparison with class I it
has shorter excavation round length set at 2.0m, thicker lining
200mm, which is in addition reinforced with a two-strand
lattice girder with welded mesh 1x @ R32, 2x @ R22 and
another layer of identical KARI mesh. Radial anchoring in this
class is formed by longer (4m long) SN rock bolts in a tighter
2.0 x 2.0m grid. At the same time the excavation face is solved
in this class where 50% of the face is assumed to the supported
by ca 50mm thick shotcrete.

e In excavation support class III, the maximum excavation
advance round, in comparison with class II, is shorter, set at
1.5m. The line is basically identical with class II, only with

modifications. In addition, the length

svorniky typu IBO, dl. 6,0 m
IBO rock bolts, 6.0m long

primarni osténi ds=200 mm
stifkany beton SB25 J2
primary lining 200mm thick
shotcrete SC25 J2

2x KARI sit KH @6/100/100 mm
2x KARI mesh @6/100/100mm
pfihradovy ram

lattice girders

of radial anchoring by SN anchors
is increased to 6m and the grid is
tighter, 1.5m x 1.5m. Supporting of
100% of excavation face by 50mm
thick shotcrete layer, as necessary, is
designed. Supporting the top heading
is solved by spiles @ R20mm from
B500B steel deformed bars 5.0m
long, installed & 300mm, as required.
(5]

No lagging of top heading
behind bench was prescribed in the
documents

4.2 Excavation procedure
and changes in primary
support

The excavation of the tunnel
started in the first half of May

2021, with a slight delay due to

the stabilisation of the portal walls

and rock slopes. Even before the
excavation, canopy tube pre-support

Obr. 3 Projektovand technologickd trida vyrubu II1, schéma pricného fezu s vyztuZenim [5]
Fig. 3 Designed excavation support class 111, cross-sectional scheme with support [5]

was installed from the portal,
consisting of 31 canopy tubes 15m



TuNel

jiz vyvijela odlisné. Kvalita masivu

Zajisténi pristropi je feSeno jehlami @ R20 mm z Zebirkové
oceli B5S00B, délky 5,0 m 4 300 mm, v kazdém druhém zébéru,
taktéz podle potieby. [5]

Odstup mezi kalotou a lavkou nebyl v dokumentaci predepsan.

4.2 Postup razby a zmény primarniho zajisténi

Razba tunelu byla zahéjena v prvni poloviné kvétna 2021 s mir-
nym zpozdénim, a to kvili plosnému zajisténi portdlovych stén
a skalnich svah. Jesté pred razbou byl z portdlu zhotoven mikro-
pilotovy destnik tvoreny 31 ks mikropilot délky 15 m a pies n¢j ze-
silujici vénec stikaného betonu se dvéma vrstvami KARI siti @ 6
x 6/100 x 100 mm, BSt 500M. Prace probihaly ze severni strany
na jedné Celbé (obr. 4).

Projektova dokumentace podle zavért z inZzenyrskogeologické-
ho prazkumu predpoklidala nasledujici rozloZeni technologickych
tfid vyrubu. Nejvice (celkem 126 m) mélo byt tiidy TTV I s leh-
kym zajisténim, nasledovala TTV II (s délkou 107 m) ana TTV III
ti 333 m. VSechny tfi tfidy se mély témér pravidelné stiidat, a to
mezi predpoklddanymi poruchovymi pasmy. RozloZeni tfid vyrubu
znamenalo, Ze témér 40 % razeného tunelu mélo mit osténi ze stii-
kaného betonu tloustky 100 mm s jednou vrstvou KARI sité bez
ptihradovych ramu. Z toho diivodu pfisel predem, pfi projednavani
realiza¢ni dokumentace stavby (RDS), zhotovitel s ndvrhem na na-
hrazeni vyztuze tvorené SB a KARI siti stfikanym betonem s roz-
ptylenou vyztuZi. Tento navrh byl diky své ekonomické vyhodnos-
ti pro objednatele pfijat jako alternativa, s podminkou provedeni
patficnych prikaznich zkouSek a predloZeni statického vypoctu.
Jednani, ktera probéhla pred zah4jenim razby, umoZziiovala tak mo-
difikaci postupu razby pripominajici spiSe metodu Drill & Blast
neZ NRTM. Z toho diivodu zhotovi-
tel rovnéz od samého zacatku apli-
koval u vrtl pro trhaci prace systém
Regular, ktery urCoval operatorim
vrtactho stroje pfesné polohy a smé-
ry vrtl a také misto jejich ukoncenti,
a to vzdy ve stejné roviné kolmé na
osu tunelu (obr. 5).

Razba byla zahdjena ve vySe
zminéném terminu v kaloté tunelu
o pii¢ném prufezu 54 m2 Prvnim
uisekem pod mikropilotovym destni-
kem byla podle predpokladu projek-
tové dokumentace a podle jadrového
pfedvrtu zastizena TTV III. Dale
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foto Michal Novotny photo Michal Novotny
Obr. 4 Pohled na severni portdl tunelu krdtce po zahdjeni raZeb

Fig. 4 View of northern portal of the tunnel shortly after the start of excavation
operations

long. A reinforsupporting shotcrete layer with two layers of KARI
mesh @ 6 x 6/100 x 100mm, BSt 500M steel grade was applied
over it. The work operations proceeded from the northern side at
one heading (see Fig. 4).

According to the conclusions of the engineering geological
survey, the design documents assumed the following distribution
of excavation support classes: The majority of classes (126m in
total) were to be ESC class I with light support; followed by ESC
IT (with a length of 107m) and 100m remaining from to the total

se vSak situace z pohledu geologie

se z hlediska vlastnosti (pfedev§im
diskontinuit), ani chovédni vyrubu
nijak nezlepSovala. Vysledkem bylo,
Ze ve tretiné razby prevazovala sta-
le TTV III (se zastoupenim témér
90 %) a na TTV VII tak zbyvalo jen
10 %. Pii razbé v TTV 1I, s moz-
nosti zabéru aZ 2 m, dochazelo pfi
prodlouZeni kroku k nepfijatelnému
zvétSeni geologickych nadvyrubt.
Zpisobovala to zejména Cetnost
a typ vyplni diskontinuit, resp. po-
ruchovych pasem. V takovém pripa-
dé bylo nezbytné pretridéni kvality

masivu, predpokladané projektem, blasting operations

Jfoto Michal Novotny a fotoarchiv Subterra a.s. photo Michal Novotny and Subterra a.s. photo archive

Obr. 5 Primkovy laser pro ustaveni vrtaciho stroje a vrtaci stroj Boomer pripraveny k vrtdni pro trhaci prdce
Fig. 5 Straight line laser for setting up a drilling machine and a Boomer drilling machine ready for drilling for
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na kvalitu skute¢nou. To je vSak pfi razbé kratkého dila zdsadné
komplikovano nékolika diavody.

* Prvnim diivodem bylo to, Ze dochdzel material potiebny pro
zajisténi tunelu podle predpokladi projektu.

e Druhym divodem byla obtiZnost rozhodnuti, jakym materia-
lem, vzhledem k zdsadnim odliSnostem v predpokladu a ve
skutecnosti kvality horniny, se zasobit.

* Tretim divodem se stala nemoZnost operativnich zmén v di-
sledku covidové pandemie. Ta zpusobila prodlouZené dodaci
lhdty, dplny nedostatek nékterych materialti a vyrobku s pre-
rusenim dodavatelskych tetézct, které se v dobé po obnové
prumyslové vyroby velmi pomalu rozbihaji a neumoziuji
pruzné reagovat na potiebné zmény ve vystavbe, tak jako pred
pandemii. Zastavena primyslova vyroba a navazujici logistika
se kvuli pandemii covid 19 situaci, napf. na trhu s oceli nebo
s nékterymi vyrobky z ropy, zna¢né zkomplikovala. I z toho-
to objektivniho diivodu bylo nutné, po uplynuti tfetiny razeb,
rychle reagovat a zavést takova technologicka opatfeni, ktera
by odvratila redlné hrozici pferuseni praci na tunelu z divo-
du nedostatku stavebniho materidlu. Tato opatfeni spocivala
ve zméné navrzeného postupu pro technologické tridy, a to
v kombinaci navrZenych prvki zajisténi mezi pivodnimi TTV.
Realizaci navrhu zna¢né napomohly vysledky geotechnického
monitoringu, ktery konstatoval minimélni konvergence. Za-
kladnim opatfenim bylo zkraceni délky svornikt pfi zachovani
jejich poctu v TTV III. Dale byly vynechany licové KARI sité
v TTV Il i TTV II v souvislosti s jejich nahrazenim rozpty-
lenou vyztuzi z polypropylenovych vlaken MasterFiber 151
v celé tloustce primarniho osténi (obr. 6). [6] Tak bylo gene-
rovano zmirnéni dopadii nejen z divodu doby ,.covidové®,

length of the mined part of 333m were left for ESC III (with the
most difficult support). All three classes were to alternate almost
regularly, between the presumed fault zones. The distribution of
the excavation support classes meant that almost 40% of the mined
tunnel was to have a 100mm thick shotcrete lining with one layer
of KARI mesh, without lattice girders. For this reason, during the
discussion of the detailed design, the contractor came up with a
proposal to replace the reinforcement consisting of fibre-reinforced
shotcrete and KARI nets. Due to its economic advantage for the
customer, this proposal was accepted as an alternative, subject to
the carrying out appropriate proving tests and the submission of a
structural analysis. Negotiations that took place before the start of
the excavation thus allowed for a modification of the excavation
process resembling the Drill & Blast method rather than the
NATM. For this reason, the contractor also applied the Regular
System for blasting boreholes from the very beginning, which
determined exact positions and directions of the holes and also the
place of their ends to be always in the same plane perpendicular to
the tunnel axis (see Fig. 5).

The excavation started in the above-mentioned term in the
tunnel top heading with a cross-sectional area of 54m?. According
to the assumption of the design documents and according to the
pre-bored cored hole, the first section under the canopy tube
pre-support was reached by ESC III. Further on, however, the
situation was developing differently from the point of view of
geology. Neither the quality of the massif in terms of properties
(especially discontinuities) nor the behaviour of the excavation
improved. As a result, ESC III (with a share of almost 90%) still
predominated in one third of the excavation, leaving only 10% for
ESC II. During the excavation in ESC II, with the possibility of the
excavation round length of up to 2m,
there was an unacceptable increase
in geological overbreaks when the
round length was extended. This
was mainly caused by the frequency
and type of filling of discontinuities,
respectively fault zones. In such a
case, it was necessary to reclassify
the quality of the massif, as expected
by the design, to the actual quality.
However, this is fundamentally
complicated when excavating a short
tunnel section for several reasons.

¢ The first reason was that, accor-

ding to the design assumptions,
the material needed to support

faoarchiv Subterra s4 Subterra a.s. photo archive
Obr. 6 Pohled na primdrni osténi ze stiikaného betonu s rozptylenou vyztuZi a detail struktury jeho povrchu
Fig. 6 View of the fibre reinforced shotcrete primary lining and detail of the structure of its surface

the tunnel excavation was run-
ning out.

* The second reason was the diffi-
culty of deciding which material
should be arranged for supplies
with respect to fundamental
differences in the assumption
and the real quality of the rock.

e The third reason was the im-
possibility of operational chan-
ges due to the covid pandemic.
The pandemic caused extended
delivery times, a complete shor-
tage of some materials and
products with supply chain
interruptions, which are starting
up very slowly in the period after




Tuel

ale i z potieby realného zatfidéni horniny, a to jak v cené, tak
i v terminu provadéni dila.

Od poloviny délky tunelu az do prorazky byla zastiZzena pouze
TTV III. Celkovy podil technologickych tfid byl tedy 306 m TTV III
a 27 m TTV IL. Prorazka probéhla ve druhé polovin€ srpna 2021.
Primérny postup razeb v kaloté byl pfiblizné 4,5 m denné. I pres
horsi geologické podminky, nez predpokladal projekt, byl splnén
termin pro raZzenou ¢dst tunelu. V dobé vypracovani piispévku (z4ri
2021) byla dokoncena dobirka opéfi a priprava na pokladku izolace
a vystavbu definitivniho/sekundarniho osténi tunelu.

4.3 lzolace, sekundarni osténi a vybaveni

Sekundarni osténi je tvofeno betonovou klenbou usazenou na
zakladové pésy. Betonové sekundarni osténi razeného tunelu se
sklada ze 41 tunelovych past (pasy €. 2 az 42). Nejmensi polomér
ze Ctyt protismérnych obloukt pidorysu tunelu je 161,55 m. Proto
je délka standartniho tunelového pasu pouze 8 m. Tato délka je
zaroveti vyhodna pro omezeni vzniku trhlin nevyztuZenych kleneb.
(Pozn.: U vétsiny Zeleznicnich nebo silnicnich tunelii byvd standar-
dem délka 10 nebo 12 m). Vyskové vedeni tunelu ma vrcholovy ob-
louk priblizn€ uprostfed délky, vody najimané v tunelové drendzi
budou gravitacné odvadény na ob¢ strany tunelové trouby.

Hydroizolace tunelu je navrZena z folie tloustky 3 mm, v celé
délce jako deStnikova. Izolovéan je tedy jen povrch klenby, voda
na izolaci nepuisobi tlakoveé a stékd do drendzi DN200 ulozenych
v paté klenby. V definitivnim osténi jsou v pravidelnych rozestu-
pech pfiblizné 50 m umistény bezpecnostni vyklenky, kde se na-
chézi i revizni a Cistici Sachty tunelové drenaze.

Sekundarni osténi tunelu je navrZeno jako klenbova konstrukce
z prostého betonu a Zelezobetonu C30/37 XC3, XAl, XF1, s ob-
dobnym vyztuZenim jako v presypané Casti. V raZzeném tunelu bu-
dou vyztuzeny pouze Ctyfi klenbové portilové pasy a ty, které se
krizi s velkymi vyklenky elektrorozvoden. Pozarni odolnost osténi
je 90 minut. Klenba, min. tloustky 300 mm ve vrcholu, je zaloZena
na zakladovych pasech. Mezi nimi budou vytvorena drendzni Zebra
vyplnénd kamenivem frakce 16/32 pro odvod vody ze Sachet multi-
kanald. Na drenazni Zebra bude provedena podkladni vrstva tloust-
ky 260 mm z betonu C16/20 X0 pro pevnou jizdni drahu. Ostatni
tunelové pasy sekundarniho osténi jsou z prostého betonu. Vlivem
teplotnich zmén a dotvarovéni se predpoklada vznik trhlin. Pro je-
jich omezeni se pocitd s n¢kolika opatienimi. Témi jsou zkraceni
délky pdsu, nebo pouZiti betonové smési s nizkym vyvinem hydra-
ta¢niho tepla a pomalym nabéhem pevnosti v poc¢atecnim obdobi.
Dalsimi opatienimi jsou odbediovani bloku osténi pii nizké prede-
psané pevnosti betonu (min. 1,5 az max. 3 MPa), jeho oSetfovani
se zaméfenim na omezeni vysychdni a zmirnéni tepelného Soku
pomoci ochrannych natéri a vytvoreni mikroklimatu pfi povrchu
betonu nasazenim klima vozd. Beton musi byt zakryty po dobu
min. 72 hodin, proto bude nutné nasadit celkem tii klima vozy.

Po zhotoveni sekundarniho osténi v razené Casti bude vystavba
tunelu casové ve své poloving€. Nasledovat budou prace na final-
nim vybaveni a zprovoznéni. Jde o pevnou jizdni drahu, chodniky,
provozni soubory, poZarni suchovod, trolejové vedeni, bezpecnost-
ni a dopravni znaceni. Z hlediska konstrukci jsou nejvyznamné;jsi
sluzebni chodniky s kabelovody po obou stranich tunelu a pevna
jizdni dréha. Ta je navrZena v tunelu a navazujicich portalovych
usecich. Bude tvorena kolejnicemi tvaru NT3 upevnénymi do mo-
nolitické betonové desky z betonu C30/37 XF3, XC3, s vyztuzi
z KARI siti 150/150/8. Kolejnice budou osazeny na rektifika¢nich
praZcich, pripevnénych na podkladni desku z betonu C16/20 X0,

tl. 100 mm.
Predpoklddany termin zprovoznéni tramvajové trati s tunelem je
unor roku 2022.
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the resumption of industrial production and do not allow for a
flexible response to the necessary changes in the construction
existing before the pandemic. The stopped industrial production
and related logistics have become significantly more complicated
due to the covid 19 pandemic situation, e.g. the situation in the
steel market or with some petroleum products. Even for this
objective reason, it was necessary, after finishing one third of
the tunnel excavation, to respond quickly and introduce such
technical measures that would avert the imminent interruption
of work on the tunnel due to the lack of construction material.
These measures lied in changing the procedure designed for
excavation support classes, combining the designed excavation
support elements between the original ESCs. Putting the design
into effect was greatly aided by the results of GT monitoring,
which stated that convergences were minimal. The basic
measure was to shorten the length of the rock bolts while
maintaining their number prescribed in ESC III. Furthermore,
KARI welded mesh on excavation face prescribed in ESC III
and ESC II were omitted in connection with its replacement
with polypropylene fibre reinforcement made of MasterFiber
151 in the entire thickness of the primary lining (see Fig. 6).
[6] Thus, the mitigation of impacts resulting not only from the
“covid” period but also from the need for a real classification of
the rock, both in terms of the cost and the construction schedule,
was generated.

From the middle of the length of the tunnel until the breakthrough,
only ESCIII class was encountered. The overall share of excavation
support classes was therefore 306m with ESC IIT and 27m with
ESC II. The breakthrough took place in the second half of August
2021. The average advance rate of excavation in the top heading was
approximately 4.5m per day. Despite worse geological conditions
than assumed by the design, the deadline for the mined part of the
tunnel was met. At the time of writing this paper (September 2021),
the excavation of the bench was finished and preparation for the
installation of the waterproofing and the construction of the final/
secondary lining of the tunnel was completed.

4.3 Waterproofing, secondary lining and equipment

The secondary lining is formed by a concrete vault set on the
strip footings. The concrete secondary lining of the mined tunnel
consists of 41 tunnel blocks (blocks No. 2 to 42). The smallest
radius of the four reverse curves on the tunnel ground plan is
161.55m. Therefore, a standard tunnel block is only 8m long. This
length is also advantageous for reducing the occurrence of cracks
in unreinforced concrete vaults. (Note: For most railway or road
tunnels, a length of 10 or 12m is standard). The vertical alignment
of the tunnel has an apex curve approximately in the middle of the
length, the water collected in the tunnel drainage will be evacuated
by gravity to both sides of the tunnel tube.

A 3mm thick membrane is designed for the tunnel waterproofing,
with an umbrella system applied along the entire tunnel length.
Thus, only the surface of the vault is insulated, the water does not
exert pressure on the waterproofing membrane and flows into the
DN200 drains placed at the foot of the vault. In the final lining,
safety recesses are located at regular intervals of approximately
50m. Manholes are also carried out on the tunnel drains.

The secondary lining of the tunnel is designed as a vaulted
structure made of unreinforced concrete or reinforced concrete
C30/37 XC3, XAl, XF1, with similar reinforcement as in the
cut-and-cover tunnel part. Only four vaulted portal blocks and
blocks that intersect with large recesses for electrical substations
will be reinforced in the mined tunnel. The fire resistance of
the lining is 90 minutes. The vault 300mm thick at the crown is
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5. PRESYPANE CASTI TUNELU

Presypané Casti jsou navrZeny jako Zelezobetonové monolitické
konstrukce navazujici na raZzenou ¢ast tunelu. Severni ¢ast se skla-
da z 20 tunelovych péast délky 8 m. Jizni Cast je tvoiena jednim
pasem délky 5 m. Pricny profil hloubené ¢ésti tunelu na severni
strané se po délce tunelu méni. Smérem od raZené ¢4sti je to 138 m
(17 tunelovych past) se Zelezobetonovou klenbou na zédkladovych
pasech. Posledni tfi pasy, véetné portdlu, jsou tvofeny uzavienym
Zelezobetonovym ramem (s délkou 24 m).

Presypana Cast sever svym portdlem soucasné navazuje na dalsi
objekty. Vpravo priléha k Zelezobetonové galerii VMO, vlevo ke
spole¢nému technologickému objektu pro tunel a galerii. Defini-
tivni Upravu zasypu doplni vegetace a chodniky.

5.1 Zakladové podminky

Zakladové podminky se po délce severni hloubené Casti tune-
lu vyrazné méni. Na jejim zacatku je stavebni jama umisténa ve
skalnim zafezu starého lomu se sténami upravenymi do sklonu 5:1
a zajisténé horninovymi kotvami. Tim je vytvoren prostor pro pro-
vizorni portél razeného tunelu. Uprava stény probihala po etdZich
vysky cca 3 m. Projekt pivodné predpokladal jen ocisténi stény
lomu od sufovych ndnosti a humusu a zajiSténi pouze v rozsahu
upravy portalové stény (5:1, plocha cca 1 900 m?, do max. vysky
25 m). Celkova plocha skalni st€ny byvalého lomu vSak v kone¢né
vyméfe byla pres 4 500 m? a jeji vySka byla pfiblizné 50 m.

V mistech, kde se nachazely v zdkladové spéie horniny mini-
malné tfidy R3, byly konstrukce zaloZeny na podkladnim betonu
C16/20 tloustky 150 mm. Slo o 12 zikladovych pési z 20. Stejng&
bude zaloZena jizni presypana ¢ast. Dale od provizorniho portalu,
v mistech, kde byla predpokladand mocnost zemin a navdzek do
2 m, bylo u jednoho pésu na plnou §itku zakladti nahrazeno ptvod-
ni podloZi hutnénym S$térkovym zdsypem s predepsanym modu-
lem E, =70 MPa. Ctyfi pasy klenby, s mocnosti zemin v podlozi
od 2 do 6 m, byly zaloZeny na pilotach z prostého betonu C30/37
@ 600 mm ve dvou fadéch, pfiblizné po 2 m. Posledni tfi pasy jsou
zaloZeny plosné, a proto nebylo nutné pouzit piloty. Byla provede-
na jen vyména podloZi za polStar z hutnéného zasypu mocnosti 1 m
s predepsanym deforma¢nim modulem taktéz 70 MPa.

5.2 Zelezobetonova konstrukce presypané ¢asti tunelu

Tvar osténi pfesypané Casti je standardné klenbovy (17 z 20
pasu, obr. 7 nahoie) a odpovida vnitinim licem definitivnimu osténi
razené Casti. Klenba je z betonu C30/37 a ve vrcholu ma tloustku
450 mm. Pri¢ny profil rubu osténi je pak horni pllkruh se svis-
Iymi sténami. Vyztuz kleneb tvofi kombinace pfihradovych ramt
B500B zajistujicich samonosnost vyztuze, KARI siti BSOOA s dré-
ty 8x8 mm a oky 100x100 mm a prutové vyztuze BSO0B. V paté je
klenba zaloZena na zakladovych péasech ze shodného betonu, Sitky
2,3 m a tloustky 0,6 m. Vyztuz zédkladovych past je tvofena armo-
kosi z ohybanych pruti vyztuze B500B.

V prostoru mezi zdkladovymi pdsy budou vytvofena drendzni
Zebra vyplnéna Stérkem frakce 16/32 a na né bude provedena pod-
kladni vrstva pro pevnou jizdni drahu z betonu tloustky 260 mm.

Zbyvajici tfi pasy presypané Casti sousedici s technickym ob-
jektem maji tvar Zelezobetonové ramové konstrukce (obr. 7 dole).
Tloustka stén a desek ramu je 600 mm, strop je navrzen se stfecho-
vitym sklonem povrchu 2 %, proto se uprostied rozpéti tloustka
zvétSuje na 706 mm. Zakladova a stropni deska jsou ve vetknuti
do stén zesileny ndb&hy. Portal ma 100 mm vysoky a 300 mm Si-
roky limec pro ochranu protihlukového obkladu, nainstalovaného
na prvnich a poslednich 50 m tunelu. Definitivni portal je ukon-
¢en fimsou proménné vysky a Sitky 300 mm. Vnitfni svétlé roz-
méry tunelové trouby jsou odvozeny z prostorového usporadani

based on strip footings. Between them, drainage ribs filled with
aggregate fraction 16/32 will be created for evacuation of water
from manholes on multi-channels. A 260mm thick blinding layer
of C16/20 X0 concrete for a slab track will be applied on top of the
drainage ribs. The other blocks of the secondary lining are made
of unreinforced concrete. Due to temperature changes and creep,
development of cracks is expected. Several measures are counted
with to limit them. The measures comprise shortening the length of
the block, or using a concrete mixture with low heat of hydration
and a slow onset of strength in the initial period. Other measures
are stripping of the lining block at low prescribed concrete strength
(min. 1.5 to max. 3MPa), treatment of the block with a focus on
reducing the drying process and mitigating thermal shock by means
of protective coatings and creating a microclimate on the concrete
surface by using “clima scaffolds”.

After the construction of the secondary lining in the mined part,
the construction period of the tunnel will be in its middle. Work
on the final equipment and bringing it into service will follow. It
comprises slab tracks, walkways, operating units, dry fire main,
overhead catenary, safety and traffic signalling. In terms of
structures, the most important are service walkways with cable
ducts on both sides of the tunnel and the slab track. It is designed for
the tunnel and adjoining portal sections. It will consist of NT3 rails
fixed to an unreinforced concrete slab made of concrete C30/37
XF3, XC3 with KARI mesh 150/150/8 reinforcement. The rails
will be mounted on sleepers allowing for rectification, attached to
the 100mm thick base plate made of concrete C16/20 XO.

The assumed date of commissioning of the tram line and the
tunnel is February 2022.

5. CUT-AND-COVER PARTS OF THE TUNNEL

The cut-and-cover parts are designed as reinforced concrete
monolithic structures adjoining the mined part of the tunnel. The
northern part consists of 20 tunnel blocks 8m long. The southern part
is formed by one 5m long block. The cross-section of the cut-and-
cover part of the tunnel on the northern side varies along the tunnel
length. In the direction from the mined part on, there are 138m of
the tunnel (17 tunnel blocks) with a reinforced concrete vault on the
strips foundations. The last three blocks, including the portal, are
formed by a closed reinforced concrete frame (24m long).

The northern cut-and-cover part also connects to other structures
through its portal. On the right site it is adjacent to the reinforced
concrete gallery of the LCCR, on the left side to the technical
building common for the tunnel and the gallery. Vegetation and
walkways will complete the final shape of the walkways.

5.1 Foundation conditions

Foundation conditions significantly change along the length of
the northern cut-and-cover part of the tunnel. At its beginning, the
construction pit is located in the rock cutting of the old quarry with
the walls adjusted to a slope of 5:1 and stabilised by rock anchors.
In this way, space is created for a temporary portal of the mined
tunnel. The adjustment of the wall proceeded within about 3m high
stages. The design originally assumed only the cleaning of the
quarry wall from talus deposits and humus and stabilising it only to
the extent of the modification of the portal wall (5:1, area approx.
1900m?, up to a maximum height of 25m). However, the total area
of the final rock wall of the former quarry was over 4500m? and its
height was approximately 50m.

In places where there was at least class R3 rock in the foundation
base, the structures were founded on a 150mm thick layer of
C16/20 blinding concrete. There were 12 foundation strips out of
20 carried out in this way. The southern cut-and-cover part will be
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and B500B bar reinforcement.
At the base, the vault is founded

Obr. 7 Vzorovy pricny rez klenbového pdsu a ramového pdsu presypaného tunelu [5]
Fig. 7 Typical cross-section through the vault block and the frame block of the cut-and-cover tunnel [5]

tramvajové trati. V pravé strané prostfedniho z rdmovych pasi je
nad chodnikem vyklenek pro poZarni technikou vybaveny rucni
kolejovy vozik. Beton rdmovych past bude taktéz C30/37, s tim
rozdilem, Ze musi byt odolny proti rozmrazovacim solim. Vyztuz
bude prutova B500B.

5.3 Postup vystavby presypané €asti k zari 2021

Presypanou Césti na severnim portdlu raZeného tunelu byly pra-
ce na stavbé na prelomu roku 2020 a 2021 zahdjeny. Slo o zemni
prace pro odstranéni mezideponie prvni etapy. Nasledovalo sne-
seni tramvajové trati a nutné skryvky. Praci v tnoru 2021 zdrzely
archeologické nalezy pozustatkl textilni tovarny a ve stejném Case
opady ze stény byvalého kamenolomu.

P1i Cisténi skalnich ploch musela byt pfijata zména zpusobu za-
jisténi, vyvolana pretrvavajicimi opady a lokdlnim usmyknutim
horninovych blokt po hladkych diskontinuitich. Zména spocivala

on foundation strips of C30/37
concrete, 2.3m wide and 0.6m thick.
The reinforcement of the foundation
strips consists of rebar cages made
of bent B500B reinforcement bars.

In the space between the foundation strips, drainage ribs filled
with 16/32 fraction of gravel will be created and a sub-base for a
260mm thick concrete slab track will be carried out on them.

The remaining three blocks of the cut-and-cover part adjacent
to the technical building have the shape of a reinforced concrete
frame structure (see Fig. 7 below). The thickness of the walls and
slabs of the frame is 600mm, the roof is designed with a saddle
roof-like slope of 2%, therefore the thickness increases to 706mm
in the middle of the span. The thickness of the base and roof slabs
is increased by haunches at their fixation to the walls. The portal
has a 100mm high and 300mm wide collar to protect the noise
attenuation cladding installed on the first and last 50m of the tunnel.
The final portal is terminated by a ledge of variable height and the
width of 300mm. The net internal dimensions of the tunnel tube are
derived from the spatial arrangement of the tram track. In the right
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Obr. 8 Zajistovdni skalniho svahu severniho portdlu tunelu s ndjezdovou rampou
Fig. 8 Stabilising the rock slope at the northern portal of the tunnel with the entry ramp

v plosném zajisténi celé stény kombinaci trvalych a docasnych
prvki. Jednalo se o geomfiZe a georohoze v kombinaci se sklola-
mindtovymi svorniky, vplétanymi lany a pramencovymi kotvami.
Pro pramencové kotvy, realizované pod hranou tpravy sklonu 5:1,
bylo nutné vytvorit pracovni rampu (obr. 8). Pod urovni zasypu
tunelu byl jako ochrana plosné aplikovén stfikany beton a ocelové
kotvy/hiebiky.

Tato opatfeni, aplikovana nad rdmec projektu, znamenala vy-
razné zdrZeni hned na zacatku stavby. ZdrZeni se podarilo ¢astec-
né eliminovat upravenym postupem zemnich praci. Trhaci prace
v nejvyssich (nejhiife pfistupnych) partiich skalniho svahu nahra-
dilo mechanické rozpojeni a odtéZeni. Trhaci prace tak byly vyuZi-
ty az pro nejniz$i partie, priblizné na trovni profilu tunelu. Termin
zahéjeni raZeb se tak posunul o necely mésic az na zacatek kvétna
2021. Zaroven s tim doSlo ke zdrZeni ve vystavbé popisovanych

Jfotoarchiv Subterra a.s. Subterra a.s. photo archive

side wall of the middle frame block,
above the walkway, there is a niche
for fire equipment equipped with a
handcar. The concrete of the frame
blocks will also be of C30/37 grade,
with the difference that it must be
resistant to thawing salts. Steel rods
B500B will be used for concrete
reinforcement.

5.3 Cut-and-cover part
construction procedure
as of September 2021

Work operations on the northern
portal of the mined tunnel started
at the end of 2020 by earthworks
to remove the intermediate muck
stockpile of the first stage. This
was followed by the removal of the
tram track and the necessary top soil
stripping. Work in February 2021
was delayed by archaeological finds
of the remains of a textile factory
and at the same time falling of rock
from the wall of the former quarry.

When cleaning the rock surfaces, a change in the method of
the stabilisation had to be adopted, because of persistent falling
of rock from the walls and local shearing failures on smooth
discontinuities. The change lied in stabilisation of the entire wall
with a combination of permanent and temporary elements, namely
geogrids and geomats in combination with fibreglass reinforced
plastic rock bolts, weaved cables and stranded anchors. For
stranded anchors, installed below the edge of the slope adjustment
to 5: 1, it was necessary to create a working ramp (see Fig. 8).
Below the level of the tunnel backfill, shotcrete and steel anchors/
nails were applied to the whole surface as the protection.

These measures, applied beyond the scope of the design, meant
a significant delay right at the beginning of the construction.
The delay was partially eliminated by the modified procedure of

Jfotoarchiv Subterra a.s. Subterra a.s. photo archive
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Obr. 9 Pohled shora na severni portdl se zdzemim pro raZbu tunelu a vystavbou presypané cCdsti tunelu
Fig. 9 View of the northern portal with background facilities for tunnel excavation and construction of the cut-and-cover part of the tunnel
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tunnel

Zelezobetonovych konstrukei, provadénych soubézné s razbou
tunelu. Ctyfi pasy tunelu byly pfitom vynechdny pro pfistup do ra-
Zené Casti provadéné soucasné ze severu. Protirazbu z jihu predem
vyloucil nedostatek mista pro nutné zdzemi — viz prostor severniho
portalu (obr. 9).

Vystavba zdkladovych past byla zahdjena v breznu 2021. Vzdy
po dokonceni péti az Sesti kompletnich sekci byly zabetonovany
i podkladni betony pevné jizdni drahy. Béhem betonaZzi prvnich
usekll byla ovéfovana vhodnost receptury betonu pro klenby tune-
Iu. Receptura mohla byt zménéna tak, aby se omezilo riziko vzniku
hnizd kameniva nebo nedostate¢né zaplnénych ¢asti konstrukce,
zpusobené zhusténou vyztuzi. Pfitom projednani takové zmény
(véetné provedeni pritkaznych zkousek a schvaleni na RSD) trva
pres tfi mésice. Jen vzhledem ke v€asnému ovéfeni se tak podarilo
dlouhy termin zvladnout.

Pro betonaz kleneb past presypané Casti byla nasazena plné
hydraulicka, elektricky posuvna forma a shodn¢ vybavené kontra-
bednéni od spolecnosti OSTU STETTIN. Jako Celni bednéni byly
pouzity ocelové plechy urychlujici betonaz. Prvni forma byla za-
betonovana koncem Cervence 2021; koncem srpna 2021 je zabe-
tonovano osm kleneb (obr. 10). Primérny postup betonaze v této
presypavané Casti je jeden pds za pét kalendarnich dnt. Na jizni
Casti tunelu byly v srpnu 2021 provedeny pouze zemni prace.

5.4 Hydroizolace presypané casti

Proti a¢inkim podzemni a povrchové vody chrani nosné kon-
strukce rubova félie tl. 3 mm, na rubu opatfena proti poSkozeni
celoplo$né vrstvou netkané geotextilie gramdze min. 1 000 g/m?,
kterd ma i drendzni Gc¢inek. Na klenbovych pasech a stropni desce
je folie doplnéna nopovanou vrstvou s vystupky 2 cm a na svislych

Jfotoarchiv Subterra a.s. Subterra a.s. photo archive
Obr. 10 Pohled na tunelovou formu s kontrabednénim a pohled do vybetonované cdsti presypaného tunelu
Fig. 10 A view of the tunnel formwork with counter-formwork and a view of the concreted part of the cut-and-cover

earthworks. Blasting operations in
the highest (worst accessible) parts
of the rock slope were replaced
by mechanical breaking and
excavation. Blasting was used only
for the lowest parts, approximately
at the level of the tunnel profile. The
date of commencement of tunnel
excavation was thus shifted by less
than a month, to the beginning of
May 2021. At the same time, there
was a delay in the construction of the
above-described reinforced concrete
structures, carried out in parallel
with the excavation of the tunnel.
Four tunnel blocks were omitted
for access to the mined part carried
out simultaneously from the north.
Driving the tunnel from the opposite
end, from the south, was excluded
in advance because of the lack of
space for the necessary background
facilities — see the area of the
northern portal (see Fig. 9).

The work on the foundation strips
commenced in March 2021. Always
after finishing five to six complete
sections, the blinding concrete under
the slab track was also poured. During
the concreting of the first sections, the
suitability of the concrete formula for
the tunnel vaults was verified. The
formula could be changed to reduce the risk of aggregate blow holes
or insufficiently filled parts of the structure caused by congested
reinforcement. At the same time, the discussion of such a change
(including the performance of conclusive tests and approval at the
Directorate of Roads and Motorways of the Czech Republic) takes
over three months. Only thanks to timely verification was it possible
to cope with the long term.

A fully hydraulic, electrically movable form and an identically
equipped counter-formwork supplied by the OSTU STETTIN
company were used for concreting the vaults of the blocks of the
cut-and-cover part. Steel sheets accelerating casting of concrete
were used as stop end formwork. The first formwork was filled
with concrete in late July 2021; as of the end of August 2021, eight
vaults have been concreted (see Fig. 10). The average advance rate
of concreting in this cut-and-cover section is one block per five
calendar days. In August 2021, only earthworks were carried out
on the southern part of the tunnel.

5.4 Waterproofing of cut-and-cover part

Against the effects of groundwater and surface water, the
supporting structures are protected by a 3mm thick membrane on
the external surface, protected against damage with a layer of min.
1000g/m? non-woven geotextile, which also has a drainage effect. On
the vault blocks and the roof plate, the membrane is supplemented
with a dimpled sheet layer with 2cm dimples; on the vertical walls
it is protected with 4cm thick extruded polystyrene plates. The
minimum overlap of the individual strips of geotextile and dimpled
sheet is 200mm. In the footings of the tunnel block, there will be
drains on both tunnel sides leading outside in front of the portal and
opening into the manholes on the rainwater drainage. In the recesses
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sténach deskami z extrudovaného polystyrénu tl. 4 cm. Minimal-
ni presah jednotlivych past geotextilie a nopové folie je 200 mm.
V patéch tunelového pasu bude umisténa oboustranna rubova patni
drenaZ vyvedena pied portdl a zausténd do Sachet deStové kanali-
zace. Ve vyklencich sekundarniho osténi budou jeji soucésti cca po
48 m umisténé Cistici a revizni Sachty.

6. SHRNUTI DOSAVADNICH ZKUSENOSTI Z VYSTAVBY

RaZeny tramvajovy tunel je v ramci CR pomé&rné netradi¢ni dilo.
Je to dano nékolika faktory. Prvnim z nich je vyuziti TKP staveb
pozemnich komunikaci pouZivanych na stavbich RSD spole¢né
s TP na vyrobky, zafizeni a technologie pro ZDC (Zelezni¢ni do-
pravni cesty) a podminkami budoucich provozovateli Dopravniho
podniku mésta Brna a Brnénskych komunikaci. Druhym faktorem
je kratka délka tunelu s netradi¢nim pomérem mezi hloubenou a ra-
Zenou Casti 1:2. To predurcuje nutnost realizovat raZenou i hloube-
nou Cast ve shodném case. Tretim faktorem jsou ,,post-covidové*
podminky, v nichz se vystavba uskutecCiiuje.

Z toho vyplynuly i ziskané zkuSenosti. Nejzasadnéjsi je zména
primarniho osténi spocivajici ve vyuziti stifkaného betonu s roz-
ptylenou vyztuzi, v kombinaci s piihradovymi rdmy a KARI siti.
Reseni pfineslo zvySeni miry operativnosti v reakcich na zmény
geologické situace a zabranilo prodlouZeni doby provadéni dila.
I presto, Ze byly vynechany KARI sité na lici priméarniho osténi, je
povrch osténi vhodny pro pokladku izolace bez tprav.

Dalsi zkusenosti je to, Ze skalni masiv, jevici se podle prizkum
zprvu jako vhodny pro vystavbu tunelu podobnymi postupy jako
ve Skandinavii (D&B — Drill and Blast), miiZe pfi rozfarani i pies
veSkerou prozkoumanost nepiijemné prekvapit. Staci k tomu jen
nepfiznivé tektonické poruSeni masivu s nevyhodnou orientaci
a vysokou Cetnosti puklin.

Posledni vyznamnou zkuSenosti pfi vystavbé kratkého tunelové-
ho dila uvadéného typu je nutnost rychlé a efektivni komunikace
mezi zhotovitelem a ostatnimi ucastniky vystavby, tj. ,,spravcem
stavby“‘/investorem, technickymi dozory, projektantem, autorskym
dozorem a dodavatelem monitoringu. Podminkou této komunikace
je spolecny cil. Tim je vyfeSeni kazdé situace ve prospéch uspés-
ného dokonceni stavby, a to i za cenu pouziti novych technickych
feSeni, tfeba doposud jinde neaplikovanych. Za tento pfistup patii
viem dcastnikiim stavby Zabovieského tramvajového tunelu po-
dékovani.
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in the secondary lining, cleaning and inspection manholes located at
about 48m long intervals will be parts of the drainage.

6. SUMMARY OF PREVIOUS CONSTRUCTION
EXPERIENCE

The mined tram tunnel is a relatively non-traditional structure
in the Czech Republic. This is due to several factors. The first of
them is the use of Technical Specifications for road constructions
used on construction projects owned by the Roads and Motorways
Directorate of the Czech Republic together with technical
specifications for products, equipment and technologies for the
Railway Administration and the conditions of future operators,
the Public Transport Company of the City of Brno and the Brno
Roads. The second factor is the short length of the tunnel with an
untraditional ratio between the cut-and-cover and mined part of
1:2. This predetermines the need for constructing the mined and
cut-and-cover part at the same time. The third factor is the “post-
covid” conditions in which the construction is being carried out.

The experience gained also resulted from those factors. The most
fundamental is the change of the primary lining lying in the use
of fibre reinforced shotcrete, in combination with lattice girders
and KARI mesh. The solution brought an increase in the degree of
operability in response to changes in the geological situation and
prevented an extension of the construction time. Even though the
KARI mesh on the face of the primary lining has been omitted,
the surface of the lining is suitable for laying the waterproofing
membrane without modifications.

Another experience is that the rock massif, which according
to surveys initially appears to be suitable for the construction of
the tunnel by similar methods as in Scandinavia (D&B — Drill
and Blast), can, despite all the exploration, unpleasantly surprise
when excavation operations start. All that is needed for it is an
unfavourable tectonic failure of the massif with an unfavourable
orientation and a high frequency of joints.

The last significant experience in the construction of a short tunnel
of this type is the necessity for fast and effective communication
between the contractor and other participants in the construction,
i.e. the “construction manager”/project owner, technical supervisors,
designer, author’s supervision and contractor for monitoring. The
condition for this communication is acommon goal. This solves every
situation in favour of the successful completion of the construction,
even at the cost of using new technical solutions, possibly those
not yet applied elsewhere. Thanks for this approach belong to all
participants in the construction of the Zabovieska tram tunnel.

Ing. VACLAV DOHNALEK, dohnalek@subterra.cz,
Ing. DALIBOR STROMCEK, stromcek@subterra.cz,
Ing. ANDRE] KORBA, akorba@subterra.cz,
Subterra a.s.

[1] ROZEK, J. Tramvajovy tunel p¥i velkém méstském okruhu Zabovieskd v Brng. Tunel, 1/2021, str. 46-53
[2] Stavba: I/42 Brno VMO Zabovieskd I — etapa II. Reditelstvi silnic a ddlnic CR. Informaéni letak, stav k 08/2020
[3] HORAK, V., MINAROVA, M. Privodni zprdva PDPS. Stavba: 1/42 Brno VMO Zabovieska I — etapa Il. AMBERG ENGINEE-

RING Brno, a.s., Brno, 2019

[4] PAVLIK, J. Geotechnicky priizkum pro tramvajovy tunel VMO Zabovreskd v Brné. Sbornik konference Podzemni stavby, Praha

2013

[5]1 Projekt: Stavba: 1/42 Brno VMO Zabovreskd I — etapa II. Realizaéni dokumentace stavby. METROPROJEKT Praha a.s., Brno

2020/2021

[6] Zdvérecnd zprdva ¢ Z/6/21 o vysledcich priikaznich zkouSek strikaného vidknobetonu. SQ7, s. r. o., Ustiedni laboratof Praha,

2021



TuouMHel 30. rocnik - €. 4/2021

REKONSTRUKCE POLUBENSKEHO TUNELU
RECONSTRUCTION OF POLUBENSKY TUNNEL

MARTIN SVOBODA, JAKUB VLADIK

ABSTRAKT

Cldnek pojedndvid o rekonstrukci Polubenského tunelu na Zeleznicni trati v tiseku Tanvald — Kotenov. Polubensky tunel, uvedeny do pro-
vozu v roce 1902, je nejdelsi ze Ctyr tunelii na tomto tiseku trati a zdroverl je to tunel, ktery vyZaduje nejvice oprav. Prispévek se zaméruje
predevsim na popis tunelovych osténi a jejich vad, které jsou spojeny zpravidla s dlouhodobym piisobenim podzemni vody a nefunkcnimi
drendznimi systémy. Zhruba v rozmezi let 1940-1965 byl iisek rekonstruovdn. Dokumentace z této doby slouZila jako hlavni zdroj informaci
pro ndvrh zpiisobu soucasné rekonstrukce. Hlavni Cdst prispévku se soustredi na nové navrZené typy oprav v Polubenském tunelu. Tyto
opravy maji za tikol vyresit zejména problém zaledovdni tunelu, ddle pak priisaky riiznymi typy osténi, degradace osténi apod. Z nékolika
prohlidek tunelit byla porizena kompletni fotodokumentace vad. Zpracovdni projektu dostala na starost firma SAGASTA s.r.o.

ABSTRACT

This article will discuss the reconstruction of Polubensky tunnel on the Tanvald — Korenov railway track. Polubensky tunnel is the longest
and it also requires reconstruction in the biggest range out of all four tunnels on this part of the track. This contribution mainly focuses on
description of the five types of tunnel lining and their problems, which are usually connected to groundwater and non-functioning drain
systems. Between 1940 and 1965 there were some partial reconstructions on the track. Documentation from the previous reconstruction
was the source of information for the current reconstruction. The main part of this article discusses new types of repairs for Polubensky
tunnel. The main purpose of these repairs is to solve problems with creation of ice in the tunnel, water seepages and degradation of the
tunnel lining etc. There is a full photo-documentation of the defects of the tunnel taken during a couple recent inspections. SAGASTA s.r.o.

is the company responsible for this project.

POPIS TRATI

Trat Tanvald — Kofenov je soucasti Zelezni¢ni trati Liberec — Tan-
vald — stétni hranice s Polskem. Cést trati z Tanvaldu do Kofenova
méfi zhruba 6,7 km a nachézeji se zde celkem ctyfi tunely (tab. 1).
Usek Tanvald — Kofenov byl uveden do provozu v roce 1902 pro
osobni a v roce 1903 pro nédkladni dopravu. VSechny Ctyfi tunely
na tomto iseku maji obdobny svétly profil 5500/5500 mm (svétla
vySka klenby a svétla Sitka opé&fi maji shodné 5500 mm) a jsou vy-
raZzeny v liberecké Zule. Skalni masiv je zde tvoren hrubé zrnitym
vyrazné porfyrickym biotitickym granitem (libereckymi Zulami).
Vyznacuje se rozpukdnim a riznorodym zvétravanim. Granit je
vSesmérné zrnity, svétle Sedy az nartZovély. Zakladni hmota ma
zrnitost 0,5-8 mm a obsahuje mineraly jako je napf. kiemen, pla-
gioklas, draselné Zivce, biotit a vzacné také amfibolit [4]. Geolo-
gické poméry jsou u vSech tunelli podobné, lisi se pouze riznou
vyskou nadlozi.

V ramci planované rekonstrukce iseku byla nové navrZena ni-
veleta koleje. Vii¢i ptivodnimu vedeni trasy jde pouze o drobné
zmény. Zména se tyka i konstrukce koleje, kdy je v planu vyu-
Zit ocelové prazce Y. Vzhledem k velkym hodnotdm sklonu trati
(soucasnym i navrhovanym) byla kolej opatfena Abtovou ozubnici.
Jednd se o jediné uZiti Abtovy ozubnice v Ceské republice. Vzhle-
dem k tomu byl tento usek trati v roce 1992 prohlasen za kulturni

Tab. 1 Tunely na trati Tanvald — Korenov

CHARACTERIZATION OF THE TRACK

Tanvald — Kofenov is a part of the railway track from Liberec
to the national border with Poland. The section from Tanvald to
Korenov is approximately 6.7km long and there are four tunnels in
total (Table 1). In 1902 the track Tanvald — Kofenov was opened for
passenger transport and in 1903 it was opened for freight transport.
All four tunnels have similar clear tunnel profile of 5500/5500mm
(clear height of the top heading lining and clear width of the core
are both 5500mm) and are excavated in granite. The rock mass is
made of rough grainy porphyritic biotite granite (Liberec granite).
It is characterized by its various types of weathering. The granite
has usually light grey colour, somewhere it is even turning into
pink. In the mass of the rock there are mainly 0.5-8mm grains and
it contains mostly minerals such as quartz, plagioclase, feldspar,
biotite and rarely amphibole. [4] The geological conditions are
also very similar with the difference of the tunnel overburden
height.

As a part of the current reconstruction there is a new design
of the vertical alignment of the track. Compared to the old one
there are only small changes. The reconstruction also implies new
framework of the railway. There is a plan to use new Y steel railroad
ties. Due to high values of gradients on the track (both current and

Table 1 — Tunnels on the track Tanvald — Kofenov

. o . Dolno- ; Name of the =Y . Dolno- ,
Nazev tunelu Zdarsky Desensky polubensky Polubensky tunnel Zdarsky Desensky polubensky Polubensky
D['f:;a 67456 | 251973 | 165771 | 940434 "e['r}?]th 67.456 | 251973 | 165771 | 940.434
Max. stoupani Max. gradient
4 1 Y 4 1
] 3 0 55 53 ] 3 0 55 53
Pocet typu Types of
osténi 2 2 . 9 tunnel linings 2 2 . J
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Obr. 1 Vjezdovy portdl Polubenského tunelu
Fig. 1 Entrance portal of the Polubensky tunnel

pamatku. Od roku 1988 byl ukoncen pravidelny ozubnicovy pro-
voz. Soucasny bézny provoz zajistuji adhezni motorové vozy, nic-
méné Abtova ozubnice zUstala zachovana a jeji dalsi zachovani je
podminkou rekonstrukce.

POLUBENSKY TUNEL

Jedna se o posledni (ve sméru staniceni trati) a s délkou presa-
hujici 940 m nejdelsi tunel na trati Tanvald — Kofenov. Vjezdovy
portal je podle nového vedeni trati v ZKM 32,695 137, vyjezdovy
portal pak v ZKM 33,635 571. Pivodni vjezdovy portél byl pfi
rekonstrukci probihajici mezi lety 19581962 posunut o 7 m kvili
roz§ifeni mistni komunikace nad vjezdovym portdlem (obr. 1).

Na zacatku tunelu stoupa nova niveleta koleje ve sklonu 53 %o
(lom nivelety je 12,637 m pted vjezdovym portidlem zaoblen ob-
loukem o poloméru Rv=3000 m a délce 46,845 m zasahujicim do
tunelu). V. TM 786,863 je lom nivelety koleje zaoblen obloukem
o poloméru Rv=5000 m a v délce 22,056 m, od kterého je kolej
vedena ve stoupdni 49 %o. Dalsi lom nivelety je 43,704 m za vyjez-
dovym portalem tunelu.

Nové smérové vedeni koleje vstupuje do tunelu obloukem bez
prechodnic o poloméru R=4000 m. Poté je ptimy usek délky cca
57 m nésledovany obloukem bez pfechodnic o poloméru R=487 m
délky 154,635 m. Ve zbytku tunelu je navrZena piima kole;j.

Stabilita vyrubu tunelu je zajiSténa nékolika druhy osténi, vCet-
né tdsekd v dobrych geotechnickych podminkach, tvofenych neza-
jisténym licem vyrubu. Od vjezdového portdlu tunelu zac¢ina tsek
obezdény betonovymi tvarnicemi dlouhy 231,46 m (38 tunelovych
past). Nasleduji dva tunelové pasy o celkové délce cca 12,2 m,
které byly v Sedesatych letech zajiStény osténim z prepakt betonu.

Jfoto Ing. Libor Ma#ik photo Ing. Libor Marik

planned), the railway was designed with Abt rack rail. It is the
only use of this rail in the Czech Republic. Because of this, in
1992 the track was declared a cultural monument. Since 1988 the
classic rack rail traffic has ended. The current traffic is secured by
modern adhesion motor vehicles, but the Abt rack rail stayed and
it is a condition for the planned reconstruction to keep the rack
rail.

POLUBENSKY TUNNEL

It is the last tunnel (in the direction of the chainage) and with the
length of over 940m also the longest tunnel on the track Tanvald
— Kofenov. The entrance portal is located at KM 32.695 317
according to the new chainage, the exit portal is located at
KM 33.635 571. Originally, the entrance portal was somewhere
else, but because of the enlargement of the road above the portal
(Fig. 1), the portal had to be moved 7m against the direction of the
chainage as a part of the previous reconstruction in 1958-1962.

At the beginning of the tunnel the new vertical alignment is
rising with 53%o gradient (the breakpoint of the alignment is
12.637m in front of the entrance portal and there is a 46.845m long
arc with radius R=3000m that is partly located in the tunnel). In the
TM 786.863 there is a breakpoint of the alignment with radius of
R=5000m that is 22.056m long. From this point the track rises with
49%o gradient. The next breakpoint of the alignment is 43.704m
after the exit portal.

The new alignment is approaching the tunnel with a circle arc
with radius R=4000m without transition curves. Next there is a

straight 57m long section after which there is a 154.635m long arc



Tuel

Poté se stidaji useky zajisténé osténim ze stfikaného betonu vy-
ztuzeného ocelovymi sitémi, stifkanym betonem bez vyztuze a be-
tonovymi tvarnicemi. Od tunelového metru 359,228 se pak stiida
obezdivka z betonovych tvarnic se skalnim licem bez zajiSténi.
U vyjezdového portélu je dsek s obezdivkou z betonovych tvarnic
délky 140,43 m.

Plocha vyrubu, zméfena v mistech bez osténi, je velmi promén-
nd. Primérné se pohybuje kolem 35 m?. Svétly prifez tunelu v mis-
t€ s obezdivkou je cca 27 m2.

Zhruba 150 m od vjezdového portalu byl zastiZen nejvétsi pra-
men v tunelu. V 60. letech byl zamér tento pramen jimat pomoci
stropni Stoly o délce cca 25 m a vodu z néj déle vyuZivat pro neda-
lekou sklarnu Preciosa Ornela. V dokumentaci z predchozich oprav
Polubenského tunelu je tento zamér zpracovan, ale pfi nynéjSich
prohlidkdch nebyla potvrzena jeho realizace.

Betonové tvarnice

Tento typ osténi se dale déli na nosné a obkladni. Oba typy maji
podobné feSeny systém odvodnéni skalniho lice pomoci Zeber
z propustného materidlu. V ptipadé obkladni obezdivky z betono-
vych tvarnic jsou Zebra vyplnéna Sté€rkem, jsou 1 m Sirokd a 150 mm
hluboka. Osova vzdalenost Stérkovych Zeber je 2 m. V pripadé
nosného osténi byla Zebra vyplnéna kamennou rovnaninou a na-
vic byla v klenbé provedena ploS$nd drenaZni vrstva z pérobetonu.
Kamenna Zebra maji stejné rozméry jako u obkladniho typu osténi.
Obezdivka je izolovana PVC folii Isofol BB tl. 0,9 mm. Veskera
voda z rubu osténi je svadéna pricnymi svody (trubka o priméru
100 mm a 2 m) v paté opéry do podélného odvodnéni tunelu, které
zajiStuji dva odvodiiovaci kanaly pfi patach opér.

Prvni typickou vadou tohoto typu osténi jsou prisaky a zavod-
néni pri patich opér (obr. 2). Tyto vady jsou nejspis zpisobené
zanesenim a naslednym ucpanim pii¢nych svodu, které odvadé;ji
vodu z rubovych drendzi do podélného odvodnéni. Nahromadéna
voda v rubové drendzi zvySuje tlak na osténi a misty i prosakuje.
Vzhledem k zmrazovacim cyklim to mize vést k dal§imu zvétSo-
vani vady spocivajici ve vypadavani sparovani zdiva a zvétSovani
prasakd do tunelu.

Dalsi prasaky se tvoii zpravidla tam, kde musela byt z néjakého
diéivodu svarovana izolace PVC. Témito misty jsou napf. pracovni
a dilatacni spary, vyklenky apod. Tyto prisaky jsou pak zptsobe-
ny kombinaci nasledujicich faktori — nekvalitni provedeni svaru,
komplikovanost detailu a zvySeny hydrostaticky tlak na osténi

Joto Ing. Libor Mafik photo Ing. Libor Marik
Obr. 2 Osteéni z betonovych tvdrnic
Fig. 2 Concrete blocks tunnel lining
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with R=487m without transition curves. There is a straight track
planned in the rest of the tunnel.

The stability of the tunnel is secured by several types of tunnel
lining, including the parts excavated in such quality rock mass that
there is no lining at all. From the beginning of the tunnel there is
a 231.46m long section (38 tunnel segments) of concrete blocks.
This section is followed by two tunnel segments, approximately
12.2m long in total, which are supported by a tunnel lining from
prepakt concrete. Next there are three types of lining that take turns.
There are segments with sprayed concrete lining with and without
reinforcements and lining from concrete blocks. From TM 359.228
there are two types of lining shifting — concrete blocks and tunnel
segments with no support. There is a 140.43m long section at the
end of the tunnel with lining from concrete blocks.

The excavation area was measured in the segments without
tunnel lining and its value is changing a lot. The value wobbles
around 35m?. Clear tunnel profile in the segments with the tunnel
lining is approximately 27m?>

Approximately 150m from the tunnel entry the biggest spring
has been caught. There was a thought of capturing the water from
the spring by a 25 m long adit in the top heading of the tunnel and
using it for near glass factory Preciosa Ornela. The plans for this
adit are in the project of the previous reconstruction, but based on
the inspections, the realization of the adit cannot be confirmed.

Concrete blocks

This type is divided to load bearing and non-load bearing linings.
Both types have similar system of drainage of the extrados by
ribbing excavated to the rock and filled with permeable material.
In case of the non-load bearing lining there is gravel. The ribs are
Im wide, 150mm deep and the axial distance between the ribs
is 2m. In case of the load bearing lining the ribs are filled with
arranged rocks and in the top heading there is planer drainage layer
from aerated concrete. The rock ribs have the same dimensions as
the gravel ones. The lining is then isolated by a PVC membrane
Isofol BB 0,9mm to prevent water seepages. All the water from the
drainage goes down to drainage tubes (tubes with 100mm diameter
4 2m) located in the bottom of the side walls. Through these tubes
the water goes into the lengthwise drainage of the tunnel, which is
procured by two drainage canals.

The first typical problem of this type of lining are seepages
through the bottom of the side walls (Fig. 2). These are probably

Jfoto Ing. Libor Mafik photo Ing. Libor Marik
Obr. 3 Osteéni z prepakt betonu
Fig. 3 Prepakt concrete tunnel lining
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v disledku zaneseni rubové drenaze. Tyto prisaky mohou v zim-
nich mésicich ohroZovat bezpecnost provozu tvorbou rampouchd.

Prepakt beton

Ve dvou tunelovych pésech se nachdzi osténi z prepakt betonu.
Jedna se o vibrovany Stérk, ktery je nasledné zmonolitnén cemen-
tovym pojivem. U tohoto typu osténi se vyskytuje velké mnoZstvi
pracovnich spar (zptisobenych pravdépodobné prestavkami v dobé
betonaze), kterymi v soucasnosti pronika zna¢né mnoZzstvi vody,
coZ je patrné z vyluhil na obr. 3.

Stfikany beton

Osténi ze stiikaného betonu se v Polubenském tunelu vyskytuje
s vyztuzi i bez vyztuZe. Tyto dva typy osténi byly rovnéz provadé-
ny v ramci pfedchozi rekonstrukce tunelu. Jednalo se tehdy o expe-
rimentalni metodu osténi s celem zabranit zvétravani skalniho lice
a zachytit vyvéry vody z puklin. Timto zpisobem se mélo zabranit
tvorbé rampoucht a ledopadi, které se tehdy hojné tvofily v tune-
lovych pasech bez osténi.

Nejvétsi prisaky prochézejici puklinami v horninovém masivu
byly svedeny do podélného odvodnéni pomoci svodnic. V mistech
geologickych poruch a systému diskontinuit bylo navrZeno a pro-
vedeno kotveni skalniho lice Zelezobetonovymi svorniky, které
byly v odiivodnénych piipadech prepasané ocelovymi pasky z di-
vodu spoluptisobeni. Ve velice porusenych mistech bylo navrzeno
plombovani horninového masivu.

Stiikany beton se aplikoval pfimo na ociStény skalni lic. V mis-
tech svodnic a vétSich prisaki se provadéla drenaz osténi hadico-
vou metodou. Tyto drenaZe byly zatstény do svodnic nebo rovnou
do podélného odvodnéni.

Osténi ze stffkaného betonu je v soucasnosti nejvice poruSeny
typ osténi v Polubenském tunelu. Oba typy (s vyztuZi i bez vy-
ztuze) byly provedeny piimo na skalni lic bez jakékoliv izolace.
V dasledku pronikani vody horninovym masivem a zmrazovacich
cyklu osténi zdegradovalo do soucasného stavu. Misty se osténi ze
stifkaného betonu tplné rozpadlo. V mistech, kde je stfikany beton
s vyztuZzi, jsou ipln€ odhalené vyztuzné sité (obr. 4), cozZ vede k je-
jich korozi a dal$i degradaci. Osténi ze stiikaného betonu uZ nema
ve vétsin€ past zZadnou statickou ani obkladni funkci.

Vétsina svodnic je v soucasnosti vlivem zmrazovacich cykla zce-
la rozpadla, pficemZ soucdsti modernich svodnic je ochrana proti
degradaci vlivem mrazovych cykli prostfednictvim provazce z po-
rovitého nenasdkavého materidlu, ktery se pti zamrznuti vody stlaci
a navic jsou svodnice tepelné izolovény.

Pasy bez osténi

V tunelu se vyskytuji i pasy, kde z hlediska kvality horninového
masivu nebylo tfeba aplikovat osténi. V rdmci predchozich oprav
byl vytvoren systém svodnic, ktery zabranoval vodé v tvorbé ram-
pouchti a ledopadu.

V soucasnosti je tento systém svodnic povétsinou znacné (nékdy
zcela) znehodnoceny. Svodnice bez ochrany proti mrazovym cyk-
lim se pisobenim podzemni vody a mrazu v tunelu rozpadly. Jak
horninovy masiv postupem casu zvétrava, tvoii se nové pukliny,
kterymi pronikd podzemni voda.

Odvodnéni tunelu

Tunelem je prevadéna voda z celé oblasti zdfezu za vyjezdovym
portilem, coz v dobé jarniho tani miZe znamenat relativné velké
pritoky.

Pivodné byl tunel budovan se stredovou stokou (obr. 5). Pfi re-
konstrukei byly pfidany boc¢ni odvodiiovaci kandly, které jsou sou-
Casti zakladové konstrukce osténi tunelu.

Jfoto Ing. Libor Marik photo Ing. Libor Mafik
Obr. 4 Osteéni ze stitkaného betonu s vyztuzi
Fig. 4 Sprayed concrete tunnel lining

caused by the plugged drainage pipes that are draining water from
the extrados. Cumulated water increases the hydrostatic pressure
on the lining therefore the water seeps through. Considering the
freezing cycles this could lead to material falling out of the lining
and joints and enlarging the seepages to the tunnel.

In places where the PVC membrane had to be welded together
for some reason, water seepages can appear as well. These places
are usually work or expansion joints, niches etc. The water
seepages are then usually caused by a combination of following
factors — low-quality execution of the weld, complicated solution
of the detail and increased hydrostatic pressure on the lining. These
seepages can endanger the traffic in the tunnel in winter months
due to creation of icicles.

Prepakt concrete

In two tunnel segments there is prepakt concrete lining. It is
vibrated gravel, which was then turned into concrete. This type of
lining has many work joints (created due to often breaks in the
process of laying concrete). There is often considerable amount of
water seeping through these joints as can be seen on the leachates
on the Fig. 3.

Sprayed concrete lining

Sprayed concrete lining appears in the Polubensky tunnel in two
types — with reinforcement and without reinforcement. These two
types of lining were done as part of the previous reconstruction of
the tunnel. Back in the day it was an experimental method that was
supposed to stop the weathering of the rock and protect the tunnel
from the water leaking through the rock mass. This way the lining
was supposed to prevent the tunnel from icicles and icefalls that
were appearing in the tunnel segments without lining.

The biggest water leaks through the rock have been solved by
drainpipes. Pattern bolting of the rock mass has been done around
the geological splits and systems of discontinuity. The anchors
were made from steel concrete and were inserted into drilled
holes with concrete. The most fissured spots were repaired by
concrete.

The sprayed concrete lining had been applied directly onto
the rock mass. Around the drainpipes and bigger leaks of water
there had been developed a drainage system. This system had
been done by the pipe method. These drains led the water either
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zdroj Stdtni oblastni archiv v Praze source Stdtni oblastni archive v Praze
Obr. 5 Pricny rez z dobové dokumentace z roku 1902
Fig. 5 Cross-section from the 1902 documentation

Soucasny stav stfedové stoky neni znam. Tti kopané sondy, které
byly provedeny v ramci prizkumu, nepotvrdily existenci stiedové
stoky (hloubka kopanych sond byla pouze 300—400 mm pod horni
hranu prazce). Bo¢ni stoky, tvofené prefabrikovanymi Zlaby zabe-
tonovanymi do patek kleneb jsou ve Spatném stavu. Pri prohlidce
byla voda ve Zlabech zaznamenana pii obou portalech tunelu, nic-
méné uprostied tunelu se voda ze Zlabu ztraci.

NAVRH OPRAV

Veskeré opravy a sanace vSech tuneld na trati Tanvald — Kofe-
nov jsou navrzeny tak, aby byla zaruc¢ena prichodnost prijjezdného

Obr. 6 Priklad zaledovdni tunelu
Fig. 6 Example of an icefall in the tunnel
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to the drainpipes or down towards the lengthwise drainage of the
tunnel.

The sprayed concrete lining nowadays is the most damaged type
of lining there is in the Polubensky tunnel. Both types (with and
without reinforcement) had been applied directly onto the rock
mass without any membrane. Due to the combination of water
leaking through the rock and freezing temperatures the lining has
degraded to today’s condition. There are places where there is no
lining left. There are fully exposed reinforcements in parts of the
tunnel (Fig. 4). That leads to the corrosion and degradation of the
steel. Today this type of lining has no static nor non-load bearing
purpose in most parts of the tunnel.

Most of the drainpipes are fully degraded as well. Modern
drainpipes have a strand from porous non-absorbing material that
compresses when the water inside the drainpipe freezes, they also
have thermal insulation. These two features protect the drainpipe
from freezing cycles.

Parts without lining

In the tunnel, there are segments with no lining at all due to the
quality of the rock mass. As a part of the previous reconstructions
a drainpipe system of the extrados was developed. It was supposed
to protect the tunnel from icicles and icefalls that were endangering
the traffic in the tunnel. These drainpipes were similar to those in
sprayed concrete lining. Due to the lack of protection from freezing
cycles they are (sometimes completely) degraded. With continuing
weathering of the rock mass, the water has more ways to leak
through.

Tunnel drainage

All the water from the exit portal is carried through the tunnel.
In the spring, relatively high flow rates can be caused by melting
snow and ice.

Originally the tunnel had been designed with one middle drainage
pipe (Fig. 5). In the previous reconstruction, two side drainage
channels were added, these are now part of the substructure of the
tunnel lining.

The current condition of the middle tunnel drainage is unknown.
There have been three probes done in the process of geological
exploration and they did not confirm the existence of the middle
drainage pipe (the depth of the probes was only 300—400mm under
the upper edge of the railroad tie). The side drainage channels are
made from precast concrete products cast into the substructure
of the tunnel lining and they are degraded. During the inspection
there was water noted in both channels near the portals but in the
middle of the tunnel there was no water found in either of the
channels.

NEW REPAIRS

All the new repairs of the Tanvald — Kofenov track are designed
in a way that guarantees the Z-G2 profile throughput. The tunnel
lining was recorded with a system of laser measuring. After
making a 3D model of the lining the 3D object of the Z-G2 profile
was imported. Mutual positions of the model and the profile were
examined in the Cloud Compare software. There was enough room
established for the repairs in all four tunnels.

In all tunnels there are few repairs similar such as renovation of
the railway ballast, new alignment that is slightly different from
the old one, a couple of new cable-protectors on the sides and
renovation of the tunnel lengthwise drainage.
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The biggest and most frequent
problem is the water leaking through
the rock. In winter this water causes
creation of icefalls and ice on the rail
(Fig. 6). Due to this the clear tunnel
profile can be reduced and the traffic
in the tunnel can be endangered. It
also leads to increased cost of the
maintenance of the tunnel in winter
months.

Sprayed concrete lining

In all tunnel segments with sprayed
concrete lining the old lining will be
completely demolished and replaced
by a new one (Fig. 7). There will be
three layers creating the new lining
— layer of fine sprayed concrete
(fraction max. 4mm and thickness
40mm) as a quality base for the
sprayed isolation membrane. There
are several big advantages of the
sprayed isolation in comparison
with the normal isolation. The
sprayed isolation can be applied
on geometrically irregular surface.
When the sprayed membrane is
damaged the water does not migrate
alongside the membrane therefore
the repair is much easier than the
repair of the normal isolation. On

novy kabelovod
new cable-protector

pfedpokladand Uroven dna
assumed invert level

drendz DN 250,
perforace §.5 mm, 120°
drainage DN 250

with perforation 5mm, 120°

backfill material fr. 0-4mm

minimal thickness of railway ballast

top of sprayed isolation there will

tunnel lining

profilu Z-G2. Lice osténi byly zamétreny pomoci laserového méteni
a nasledné bylo do modelu vloZeno 3D téleso prijezdného profilu.
V programu Cloud Compare byla vysetfena vzdjemna poloha téle-
sa prijezdného profilu a lice tunelového osténi. Ve vSech tunelech
tak byla prokazana prostorova priichodnost.

Dale je u vSech tunel navrZzena obnova kolejového loze, nova
poloha nivelety, ktera se od staré drobné 1i§i, dvojice novych kabe-
lovych Zlabii a obnova podélného odvodnéni.

Nejvétsim a nejcastéjSim problémem je pronikajici podzemni
voda, kterd v zimnich mésicich navic tvori ledopady a zaledovani
koleje (obr. 6). V disledku toho miZe byt omezena prostorova pri-
chodnost tunelu a ohroZena doprava, coz vede ke zvySenym nékla-
diim na Gdrzbu tunelu.

StFikany beton

V pésech s osténim ze stiikaného betonu bude staré osténi v celé
délce péasti vybourdno a nahrazeno izola¢nim souvrstvim (obr. 7).
To se bude skladat z jemnozrnného stfikaného betonu (frakce max.
4 mm a tl. 40 mm), ktery bude slouZit jako kvalitni podklad pro na-
neseni stitkané izolace. Stiikana izolace ma oproti foliové izolaci
nekolik vyhod. Jednak je aplikovatelnd na geometricky nepravidel-
ny podklad, dale fakt, Ze voda nemigruje po izolaci, a proto je pii-
padné poruseni izola¢ni membrany podstatné jednodussi opravit.
Na stiikanou izolaci bude nanesena vrstva zhruba 100 mm klasic-

zdroj Ing. Martin Svoboda source Ing. Martin Svoboda
Obr. 7 Vzorovy pricny Fez rekonstrukce pdsii s osténim ze stitkaného betonu/bez osténi
Fig. 7 Model cross-section of the reconstruction of the sprayed concrete tunnel lining segments/segments without

be a layer of sprayed concrete
approximately 100mm thick as a
protection layer of the membrane.
Due to the preparation of the base
for the sprayed isolation (there has
to be no active leaks or seepages) the drainpipe system has to
be restored and completed. These drainpipes will lead the water
leaking through the rock straight into the lengthwise drainage.

Prepakt concrete

This type of lining will be repaired in a similar way as a sprayed
concrete lining (Fig. 8). There will be a surface layer excavated into
the old lining (approximately 150mm thick). After cleaning, this
layer will be replaced by the new lining that will contain the same
layers as mentioned in the previous paragraph.
Concrete blocks

Except for renewal of the lengthwise drainage and a couple of
new cable protectors, the problems with this type of lining will
be solved usually by grouting the areas of seepages (Fig. 9). By
grouting in combination with cleaning of the pipes draining the
water from extrados, the chance of water seeping through the lining
should be mitigated to the minimum.

Segments without lining

In all tunnel segments without lining, the old drainpipe system
will be restored. New drainpipes will be added into the old system
of extrados drainage. After the development of the new system
of drainpipes, new lining will be applied. The new lining from
sprayed concrete and sprayed isolation will be applied in all tunnel
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kého stfikaného betonu. Tato vrstva
bude slouzit jako ochranna vrstva
stiikané izolace.

Z davodu pripravy podkladu pro
aplikaci stiikané izolace (na podkla-
du nesmi byt aktivni vyrony vody),
budou obnoveny a pripadné doplné-
ny svodnice, odvadéjici vodu z po-
ruch pfimo do drendZniho potrubi.

Prepakt beton

Osténi z prepakt betonu bude sa-
novdno rovnéZ pomoci izola¢niho
souvrstvi (obr. 8). V osténi bude
vybourdna zdegradovand povrchova
vrstva (zhruba 150 mm na zdravy
beton). Po ocisténi se vrstva nasled-
né nahradi izola¢nim souvrstvim ze
stiikaného betonu a stfikané izolace.

Betonové tvarnice

V pasech s timto typem osténi se,
kromé obnovy podélného odvodnéni
a doplnéni kabelovych Zlabl, bude
provadét povétSinou injektaz osténi
v mistech prisaki (obr. 9). V kom-
binaci s vycisténim pricnych svodii
rubové drenaZe tlakovou vodou by
meélo byt dostatecné zmirnéno riziko
prasaku vody v mistech bez injekta-
Ze.

teoreticka Uroveri dna dle

dokumentace
theoretical invert level according
to documentation

Pasy bez osténi
Ve veskerych pasech bez osténi
budou nejprve obnoveny staré svod-
nice, které budou (stejné jako u stii- ) o
i B B ryha pro kanalizaci
kaného betonu) doplnény o systém cut for sewer system

kanalizani trubka DN 300
sewer pipe DN 300

~osténi z prepakt betonu
prepakt concrete lining

| odstranénd vrstva prepakt-betonu
removed layer of prepakt concrete lining

| vrstva jemnozrnného SB tl. cca 40 mm

i fine sprayed concrete approx. 40mm

| | vrstva stiikané izolace

| spayed isolation membrane

| |_stiikany beton tl. cca 100 mm
sprayed concrete approx. 100mm

[ | tolerance tl. 100 mm

! toleration space 100mm

pate¢ni drendz
vyplnénd drobnym kamenivem
tunnel drainage filled

..\ﬁ'

with fine aggregate

rird] ; Fi L 3 1500

kabelovod drendz DN 250,
cable-protector erforace §. 5 mm, 120°

drainage DN 250
with perforation 5mm, 120°

teoretickd Uroveri dna zastizen sondou
| theoretical invert level detected by the probe

obsyp kanalizace fr. 0-4 mm
backfill material fr. 0-4mm

novych svodnic. Po vytvofeni svod- 0

nic bude ve vSech pédsech aplikovina
vrstva izola¢niho souvrstvi ze stiika-
ného betonu a stfikané izolace. Toto
opatfeni bylo zvoleno zejména z da-
vodu zamezeni dalSiho zvétravani horninového masivu bez osténi.

Obnova podéiného odvodnéni

Do odvodiiovacich Zlabl bude vloZena polypropylenova dre-
ndzni trubka DN 250 s otvory 5 mm provedenymi po 120° jejiho
obvodu. Trubka nahradi funkci znehodnocenych prefabrikovanych
zlabu. Soucasti potrubi budou Cistici kusy.

Do ptivodni stfedové stoky bude vloZena plnosténné polypropy-
lenova kanalizacni trubka DN 300, kterou bude gravitacné preva-
déna voda ze zafezu pred vyjezdovym (hornim) portdlem smérem
k vjezdovému (spodnimu) portdlu. Oddélenim drendZzniho systému
tunelu od kanalizacniho pfevedeni vody z predportalovych tse-
k@ je minimalizovéano riziko zaneseni drenazniho systému tunelu
a vyskytu problému s tim spojenych. Na obou portalech bude ka-
naliza¢ni potrubi zausténo do Sachty.

ZAVER
Pfi rekonstrukci tseku trati Tanvald — Kofenov budou opraveny

Ctyfi tunely. S délkou 940 m je Polubensky tunel nejdelsi a i kvi-
li tomu bude oprava Polubenského tunelu nejnaro¢néjsi. Opravu

zdroj Ing. Martin Svoboda source Ing. Martin Svoboda

Obr. 8 Vzorovy pFicny Fez rekonstrukce pdsii s osténim z prepakt betonu
Fig. 8 Model cross-section of the reconstruction of the prepakt concrete tunnel lining

segments currently without tunnel lining. This design should
mitigate future weathering of the rock.

Restoration of the lengthwise drainage

Into the current drainage channels there will be added a layer
of concrete on top of which there will be two new drainage pipes
DN250 with perforation Smm on the top 120° of the pipe. These
pipes will take over the function of the degraded drainage canals.

Into the original middle drainage there will be anew polypropylene
drainpipe DN 300 put in that will function as a sewer. This pipe
will transfer all the water from the exit portal through the tunnel.
By separation the sewer system from the drainage system the risk
of clogging the drainage parts should be minimalized. The sewer
piping will end in the shaft at both tunnel portals.

CONCLUSION

The reconstruction of the Tanvald — Kofenov track includes four
tunnels. The Polubensky tunnel is 940m long, therefore it is the
longest on this track and also the reconstruction of this tunnel will
be the most challenging one. The reconstruction is complicated
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Obr. 9 Vzorovy pricny fez rekonstrukce pdsii s osténim z betonovych tvdrnic

zdroj Ing. Martin Svoboda source Ing. Martin Svoboda

Fig. 9 Model cross-section of the reconstruction of the concrete blocks tunnel lining

komplikuje kromé délky a sklonovych poméra i pritomnost péti
druhti osténi (vCetné tsekl tvorenych v dobrych geotechnickych
podminkédch nezajisténym skalnim licem). NejcastéjSimi poru-
chami jsou prisaky obezdivkou z betonovych tvarnic, degradace
osténi ze stiikaného betonu a zavodnéni skalniho lice. Sanace po-
ruch bude probihat aplikaci souvrstvi ze stfikaného betonu a mem-
brany ze stiikané izolace, pfipadné u jinych typl osténi s vyuzitim
tésnici injektdZe. Soucdsti rekonstrukce bude i obnova podélného
odvodnéni tunelu. Zacatek praci je naplanovany na 1. 5. 2023 a re-
konstrukce tunelovych osténi a odvodnéni by mély trvat fadove tfi

mésice.

Ing. MARTIN SVOBODA,
martin.svoboda@sagasta.cz,

Bc. JAKUB VLADIK,

Jjakub.vladik @sagasta.cz, SAGASTA s.r.o.

Recenzoval Reviewed: Ing. Pavel Poldk

LITERATURA / REFERENCES

not only by the length and high value of the gradient but also by
the number of types of the tunnel lining (including the segments
without tunnel lining because of the quality rock conditions).
Most frequent defects of the tunnel are water seepages through
the concrete block lining, degradation of the sprayed concrete
lining and water leaking through the rock mass. These problems
will be solved by the application of the new tunnel lining from
sprayed concrete and sprayed isolation membrane, prospectively
by grouting the concrete block tunnel lining. A part of the
reconstruction is also the restoration of the tunnel drainage system.
The beginning of the reconstruction is planned on 1. 5. 2023 and
the reconstruction of the tunnel linings and the drainage system
should take approximately three months.

Ing. MARTIN SVOBODA,
martin.svoboda@sagasta.cz,

Bc. JAKUB VLADIK,

Jakub.vladik @sagasta.cz, SAGASTA s.r.o.

[1] ZITTA. Rekonstrukce Polubenského tunelu. Technicka zprava. Praha, 1957

[2] ZAVORA, K. Prestavba Polubenského tunelu. Technicka zprava. Praha, 1959

[3]1 MARIK, L. Oprava trati v iiseku Tanvald — Korenov. Technicka zprava. Praha 2021

[4] JIRKOVA, P. Horni Koienov — kamenny h¥ib [online]. 2009, 2018 [cit. 2021-04-10]. Dostupné z: http://lokality.geology.cz/3119
[5] VLADIK, J. Rekonstrukce tunelii na Zeleznicni trati Tanvald — Korenov. Praha, 2021. Bakalafska prace CVUT.




Tuel 30. rocnik - €. 4/2021

REKONSTRUKCE DOLNOLUCANSKEHO TUNELU A PROCES
ROZHODOVANI PRI NAVRHU TECHNICKEHO RESENI
RECONSTRUCTION OF LUCANY NAD NISOU TUNNEL AND
DECISION-MAKING PROCESS IN DESIGNING TECHNICAL SOLUTION

LIBOR MARIK

ABSTRAKT

V Zeleznicni siti Ceské republiky je velké mnoZstvi tunelii postavenych ve druhé poloviné 19. stoleti a ve 20. stoleti v obdobi do druhé
svetové vdlky. Jednd se o historicky i technicky zajimavé stavby, jejich? stav vSak mnohdy neodpovidd soucasnym ndrokiim na bezpecné
provozovdni a udrZbu tunelii. K zdsadnim problémiim patii nedostatecnd prostorovd priichodnost, nevyhovujici stav systému hydroizolace
a drendzi a v mnoha pripadech i stav obezdivky tunelu. Cilem cldnku je ukdzat na prikladu Dolnolucanského Zeleznicniho tunelu nejen
principy ndvrhu technického teSeni, ale i mechanismy rozhodovdni pri reSeni nejistot spojenych s celou radou nezndmych okrajovych

podminek a z nich vyplyvajicich rizik.

ABSTRACT

The railway network of the Czech Republic contains a large number of tunnels built in the second half of the 19" century and in the 20"
century, in the period until the World War II. These tunnels are historically and technically interesting structures, but their condition often
does not meet the current requirements for safe operation and maintenance of tunnels. Among the main problems, there is insufficient
spatial passability, unsatisfactory condition of the waterproofing and drainage systems and in many cases also the condition of the tunnel
lining. The objective of the paper is to show on the example of the Lucany nad Nisou railway tunnel not only the principles of the design
for the technical solution, but also the decision-making mechanisms in solving the uncertainties associated with a number of unknown

boundary conditions and the resulting risks.

uvoD

Dolnolucansky Zelezni¢ni tunel vyzaduje jiz delsi dobu, vzhle-
dem ke Spatnému technickému stavu pii zajiSténi bezpecnosti
provozu v zimnim obdobi, mimofadnou pozornost. Jedna se o jed-
nokolejny tunel délky 82,5 m, ktery se nachdzi mezi stanicemi Jab-
lonecké paseky a Lucany nad Nisou, jen 260 m od hranice Chrané-
né krajinné oblasti Jizerské hory. Od vjezdového zapadniho portalu
trat podchdzi v nadmoiské vySce 590 m Stolni vrch a stoupd ve
sklonu 2,65% smérem k Tanvaldu. V letnim obdobi nic nenasvéd-
Cuje problémum, které nastivaji v obdobi mrazli. Podzemni voda
prosakujici porusenym té€snénim spar v obezdivce tunel v kratkém
Case méni v ledovou jeskyni. Rampouchy délky presahujici 1 m
a voda mrznouci mezi kolejemi vyZaduji kaZdodenni kontrolu.
Sprava Zeleznic se proto rozhodla zaradit tento tunel do seznamu
objektd vyzadujicich rekonstrukci. Na rozdil od tunell na tseku
Tanvald — Kofenov neni tunel kulturni pamatkou, coZ podminky re-
konstrukce usnadiiuje. Presto optimalizace technického feSeni jak
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Obr. 1 Situovdni tunelu v vizemi
Fig. 1 Location of the tunnel in the area

INTRODUCTION

The Lucany nad Nisou railway tunnel has been requiring
exceptional attention for a long time due to the poor technical
condition in providing the safety of operation in winter periods. It
is a single-track tunnel 82.5m long, located between the stations
Jablonecké Paseky and Lucany nad Nisou, only 260m from the
border of the Protected Landscape Area of the Jizera Mountains.
From the western entrance portal, the track passes at an altitude of
590m under Stolni Hill and ascends on 2.65% incline in the direction
of Tanvald. In the summer, there is no indication of problems that
occur during frost periods. Groundwater seeping through broken
sealing of joints in the tunnel lining masonry turns the tunnel into
an ice cave in a short time. Over 1m long icicles and water freezing
between the rails require daily checking. The Railway Administration
has therefore decided to include this tunnel in the list of structures
requiring reconstruction. Unlike the tunnels in the Tanvald — Kofenov
section, the tunnel is not a cultural monument, which fact facilitates
the conditions for reconstruction. Nevertheless, the optimisation of
the technical solution, both in terms of the amount of investment costs,
the construction schedule and logistics, will be extremely demanding.

TUNNEL CONSTRUCTION HISTORY

The tunnel is located on the line from Jablonec nad Nisou to
Tanvald, which was brought into operation in 1894 as part of the
Liberec — Tanvald — Harrachov railway connection and served to link
Austria— Hungary with Prussia. The location of the tunnel in the area
of interest is shown by the map in Fig. 1.

No known documents have been preserved from the time of
tunnel construction, neither the tunnelling method nor details from
construction which would provide an idea of the real shape of the
excavated profile, the formation of overbreaks, the quality of the rock
mass, water inflows, etc. However, it can be assumed that a similar
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z hlediska vyse investi¢nich ndklad, tak harmonogramu vystavby
a logistice, bude mimorddné ndro¢na.

HISTORIE VYSTAVBY TUNELU

Tunel leZi na trati z Jablonce nad Nisou do Tanvaldu, ktera byla
uvedena do provozu v roce 1894 jako soucast Zelezni¢niho spojeni
Liberec — Tanvald — Harrachov a slouZila k propojeni Rakouska-
-Uherska s Pruskem. Polohu tunelu v zajmovém tizemi znazortiuje
mapka na obr. 1.

Z doby vystavby tunelu se nedochovala Zadna dokumentace, neni
znama tunelovaci metoda ani podrobnosti z vystavby, které by po-
skytovaly predstavu o skutecném tvaru vyrubu, tvorbé nadvyruba,
kvalité horninového masivu, pritocich vody apod. Lze vSak predpo-
kladat, Ze byl pouzit obdobny postup vystavby jako u tuneld reali-
zovanych na této trati v obdobnych geotechnickych podminkach, ke
kterym se dobovou dokumentaci podafilo v archivech vypatrat.

Technologické moZnosti (pfedev§im vrtno-trhaci prace) na pre-
lomu 19. a 20. stoleti neumoZziovaly v porovnani se soucasnymi
moznostmi strojniho vybaveni dosazeni presného tvaru vyrubu.
Tvorbu nadvyrubti mohla vyrazné€ ovlivnit blokovita odlu¢nost Zuly
a stupen jejiho poruseni zvétravanim. Historické zdroje z vystavby
tuneld na trati Tanvald — Kofenov, které byly raZeny v obdobnych
geotechnickych podminkach, uvadéji, Ze k trhani skal byl pouZit
Nobeltiv dynamit, plasticky dynamon a tam, kde jejich tc¢inky ne-
postacovaly, stfelna Zelatina. Skalni vrtdky byly vyrobeny z tvrze-
né oceli a na 1 metr délky tunelu jich muselo byt naostfeno az
1800 ks. Primérny denni vykon razby dosahoval 1,15 m. Pomérné
pomalym postupem, a zejména velkym ¢asovym odstupem mezi
provedenim zabéru a podepfenim horninového masivu obezdiv-
kou, mohlo dochéazet k rozvoliiovani horninového masivu v okoli
vyrubu. Tehde;jsi aktivace obezdivky pouze zakladkou nezajistuje
ucinné podepieni vyrubu, ¢imZ muze dochdzet v kombinaci s vo-
dou k dalsi dlouhodobé a nekontrolovatelné degradaci horninové-
ho masivu za rubem stdvajici obezdivky. VSechny tyto skutecnosti
mohou hrit roli pfi rekonstrukci tunelu a navrhu zpiisobu zajisténi
jeho dlouhodobé stability a vodonepropustnosti.

GEOLOGICKE A GEOMORFOLOGICKE POMERY

Zajmové uzemi se nachdzi v Jizerské hornating, jez je podcel-
kem orografického celku Jizerskych hor nalezejicich do Sudetské
soustavy (podsoustava Zapadni Sudety). Zelezni¢ni trat Liberec —
Tanvald protind v zdjmovém tzemi plochy hibet Paseckého vrchu
s vyvinutou hibetni ploSinou cca 80 m Sirokou. Sklon ploSiny je
velmi maly — v podélném sméru hibetu je ploSina uklonéna pod
thlem 1-3° smérem k severu, v kolmém sméru se sklon postupné
zvySuje ze stfedni ¢asti priblizné€ na 3°, pficemZ vodorovna Cédst
dosahuje v prostoru nad tunelem Sitky cca 30 m. Sklon tiboci rov-
néz neni velky — 10° smérem zdpadnim a 13° smérem vychodnim.
Maly sklon ubo¢i ma za nasledek znacnou délku skalnich zareza
pred portaly, které dosahuji hloubky aZz 21 m.

Dolnolucansky tunel a jeho predzéarezy jsou vyhloubeny v Zu-
lach zapadni ¢asti Krkonossko-jizerského Zulového masivu. Kr-
konossko-jizersky masiv vystupuje v jadre klenby starSich krys-
talickych biidlic algonkického a staropaleozoického staii. Zulovy
masiv predstavuje téleso utuhlé ve velké hloubce, které bylo poz-
déjsi geologickou Cinnosti vyzdviZeno a jeho velka ¢ast obnazena.
Jeho odkrytd ¢ast m4 tvar leZaté osmicky délky 70 km a Sitky 8 az
23 km. Masiv je petrograficky jednotvarny, budovany Zulami pfe-
vazné€ hrubé az stfedné zrnitymi, sloZenymi z kifemene, draselného
Zivce, plagioklasu a biotitu, v mensim mnoZzstvi, zejména v jizni
¢asti, téZ muskovitu a amfibolitu.

construction procedure was used as for the tunnels constructed on
this line in similar geotechnical conditions, for which the period
documents were found in archives.

Technical possibilities (especially drilling and blasting) at the end
of the 19™ century did not allow for achieving the exact shape of
the excavated profile in comparison with the current possibilities
of mechanical equipment. The formation of overbreaks could
be significantly affected by jointing of the granite blocks and the
degree of their damage caused by weathering. Historic sources
from the construction of tunnels on the Tanvald — Korenov line,
which were excavated in similar geotechnical conditions, state that
Nobel dynamite, plastic dynamon and, where their effects were not
sufficient, blasting gelatine were used to break the rock. The rock
drills were made of hardened steel and up to 1800 pieces had to be
sharpened per 1 meter of tunnel length. The average daily advance rate
reached 1.15m. Due to the relatively slow progress, and in particular
the large time lag between the execution of a tunnel excavation round
and the support of the rock mass with the lining, the rock mass could
loosen in the vicinity of the excavation. The activation of the lining
only by packing used at that time does not provide effective support
of the excavation, which in combination with water can lead further
to long-term and uncontrollable degradation of the rock mass behind
the existing lining. All these facts can play a role in the reconstruction
of the tunnel and the design for the method of ensuring its long-term
stability and waterproofing.

GEOLOGICAL AND GEOMORPHOLOGICAL CONDITIONS

The area of interest is located in Jizera Upland, which is a sub-part
of the orographic unit of Jizera Mountains belonging to the Sudeten
system (sub-system West Sudetenland). The Liberec — Tanvald
railway line crosses the flat ridge of Pasecky Hill in the area of interest
with an about 80m wide developed ridge plateau. The inclination of
the platform is very small — in the longitudinal direction of the ridge
the platform is inclined north at an angle of 1-3°, in the perpendicular
direction the inclination angle gradually increases from the middle
part to about 3°, while the width of the horizontal part in the space
above the tunnel reaches about 30m. The slope of the hillside is also
not large —10° west and 13° east. As a result of the small slope of the
hillside, there is a considerable length of rock cuttings in front of the
portals, the depth of which reaches up to 21m.

The Lucany nad Nisou tunnel and its pre-cuttings are dug in the
granites of the western part of the Krkonose — Jizera granite massif.
The KrkonoSe — Jizera massif protrudes in the core of the vault of
older crystalline schist of Algonquian and Early Palaeozoic age.
The granite massif represents a body solidified at a great depth,
which was heaved and its large part was exposed by later geological
activities. Its exposed part has the shape of a horizontal figure eight
70km long and 8 to 23km wide. The massif is petrographically
monotonous, made up by granites mostly coarse to medium-grained,
composed of quartz, potassium feldspar, plagioclase and biotite, in
smaller quantities, especially in the southern part, also muscovite
and amphibolite.

The depth of granite weathering in the area of interest varies, its
variability is given by the penetration with a considerable number of
faults, along which the weathering reaches great depths. Overall, the
degree of rock disturbance in the examined area is considerable —
blocks of fresh rock can be found in the cuttings only rarely. In the
side walls of the cuttings in front of the portals, weathered and slightly
weathered rock predominates; there are also sections with the rock
completely decomposed throughout the height of the walls. On the
steep walls of the rock cutting, the blocks of rock get still loose, which

without stabilisation endangers the operational safety (see Fig. 2).
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Hloubka zvétravani Zul v zdjmovém tzemi je nestejnd, jeji pro-
meénnost je diana prostoupenim zna¢ného mnoZstvi poruch, podél
nichz zvétravani postupuje do velkych hloubek. Celkové je stupenl
naruseni horniny ve vySetfovaném prostoru znacny — bloky zdra-
vé horniny lze v zéfezech nalézt jen ojedinéle. Ve sténach zarez
pfed portdly pievlada hornina zvétrald a navétrald, existuji i iseky
se zcela rozlozenou horninou pies celou vysku stén. Na strmych
sténach skalniho zéfezu stile dochazi k uvoliovani bloka horniny,
které bez zajisténi ohroZuji bezpecnost provozu (obr. 2).

STAVAJICI STAV TUNELU

Tunelova trouba je v celé délce zajisténa obezdivkou ze Zulovych
kvadri. Zdivo je silné zavodnéné, hydroizolacni i drendZni systém
tunelu neni funk¢ni. Do tunelu i skalnich zarezi pred obéma por-
taly pronika puklinova voda. To se projevuje masivnimi prasaky
a vyluhovanim malty ze spar zdiva. Lokélné tak dochazi k naruso-
vani stability jednotlivych blokti obezdivky. V nékterych udsecich
dochazi zfejmé vlivem horninového tlaku k mirnému bouleni zdiva
na bocich tunelu. Jako celek je vSak tunel stabilni a staticka funk-
ce obezdivky neni narusena (obr. 3). V portalovych pésech ¢. P1
a¢. P2 jsou v klenbé vyrazné pticné trhliny §itky aZ 30 mm (obr. 4).
Spéarovéani zdiva je v téchto pasech vypadané, kvadry zdiva jsou
povrchové zvétralé.

Zvodnéni celého tunelu, vzhledem k malé vysce nadloZi a cha-
rakteru poruseni horninového masivu, vyrazné ovliviiuji klimatic-
ké podminky. Srdzkové voda z povrchu tizemi se s malou ¢asovou
prodlevou objevuje v tunelu. Pfi jarnim tani, kdy je masiv v této
horské oblasti vodou pribézné dotovan, je problém dlouhodobéjsi
a tvorba rampoucht a ledopadu, zasahujicich az do koleje, vyza-
duje kazdodenni udrzbu (obr. 5). Tento stav mé negativni dopad
do vySe provoznich ndkladd spojenych se zajiSt€énim bezpecnosti
provozu. Podle zavérti z podrobnych prohlidek je osténi v klen-
bé zamokifené a muze dochédzet az k proudéni vody charakteru
deste.

Vzhledem k délce tunelu se podminky u portdli a uvnitf tune-
lu vyrazné neméni a v zimnim obdobi dochdzi k promrzani v celé
jeho délce. Tunelové pasy uvnitf tunelu maji proto obecné obdobné
zavady jako v oblasti portdld, tj. vypadané sparovani zdiva a pra-

Obr. 2 Blokovitd odlucnost — skalni zdrez pred por-
talem
Fig. 2 Block jointing — rock cutting in front of portal
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EXISTING TUNNEL CONDITION

The tunnel is secured along its entire length by a lining of
granite blocks. The masonry is heavily saturated with water, the
waterproofing and drainage system of the tunnel is not functional.
Fissure water penetrates into the tunnel and the rock cuttings in
front of both portals. This is manifested by massive seepage and
leaching of mortar from the masonry joints. In some sections, due
to rock pressure, there is probably slight buckling of the masonry on
the tunnel sides. However, as a whole, the tunnel is stable and the
static function of the lining is not disturbed (see Fig. 3). In the portal
blocks No. P1 and No. P2, there are significant transverse cracks up
to 30mm wide in the vault (see Fig. 4). The masonry jointing is fallen
out in these blocks, the surface of the masonry blocks is weathered.

The saturation of the entire tunnel with water, due to the low
height of the overburden and the nature of the rock mass disturbance,
is significantly affected by climatic conditions. Rainwater from the
surface of the area appears in the tunnel with a short time delay.
During the spring thaw, when the massif in this mountain area is
continuously supplied by water, the problem is rather long lasting
and the formation of icicles and ice falls, reaching up to the track,
requires daily maintenance (see Fig. 5). This state has a negative
impact on the amount of operating costs associated with providing
operational safety. According to the conclusions from detailed
inspections, the lining in the vault is wet and water flow may have
the character of rain.

With respect to the tunnel length, the conditions at the portals and
inside the tunnel do not change significantly, and in the winter there
is freezing along its whole length. Therefore, the tunnel blocks inside
the tunnel have generally similar defects as in the area of the portals,
i.e. the jointing fallen out and leaks in the entire surface of the lining.
The technical condition of the tunnel is adequate to the time of its
construction and the fact that neither the load bearing structure nor
the waterproofing and drainage system was rehabilitated during the
tunnel operation.

As part of the reconstruction of the Liberec — Tanvald line in
2015, only the central tunnel sewer was restored. The sewer collects
water seeping through the lining and drains it gravitationally, on the
longitudinal gradient identical with the gradient of the track, to the

Fig. 3 Condition of the lining in dry season
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Obr. 4 Trhliny v osténi
Fig. 4 Cracks in the lining

saky v celé plose obezdivky. Technicky stav tunelu odpovida dobé
jeho vystavby a skutecnosti, Ze nosna konstrukce ani hydroizola¢ni
a drendzni systém nebyl v pribéhu provozovani tunelu sanovan.

V ramci rekonstrukce trati Liberec — Tanvald v roce 2015 byla
pouze obnovena stiedova tunelova stoka, kterd sbira obezdivkou
prosakujici vodu a gravitaéné ji odvadi ve sklonu traté k portalu.
V celém tunelu byl pfi této rekonstrukci pouZit novy Zelezni¢ni
svrsek 49 El1, déle betonové prazce B91S/2 s pruznym upevnénim
kolejnic 49E1 R350HT a bezstykova kolej. Pro tunel je uvadén
prijezdny prirez J-GC Z3. Kolejové loze je Stérkové, nezneciste-
né. Tunelem vedou kabely sdélovaciho a zabezpecovaciho zafizeni,
jejichz funkci je nutné pfti rekonstrukci zachovat.

CILE REKONSTRUKCE

Vzhledem k dlouhodobé nevyhovujicimu stavu tunelu, vyzadu-
jictho naroc¢nou udrzbu v drsnych klimatickych podminkach, ve
kterych lze vlivem prtusakd a mrazovych cyklia ocekévat zrychlo-
véani tempa degradace obezdivky, se investor Sprava Zeleznic, s.o.
rozhodl pro vytvoreni specifikace obsahu zdméru projektu pro jeho
rekonstrukci. Pokud by byl zamér projektu schvélen, pfedpoklada
se rychly postup dalSich stupni projektové dokumentace a zahdjeni
stavebnich praci v poloviné roku 2023.

Névrh rekonstrukce tunelu musi spliiovat jasné dané okrajové
podminky. Celd stavba musi byt situovdna na pozemcich Spravy
Zeleznic, s.o. Umisténi stavby na pozemcich jinych vlastniki je
mozné aZ po odsouhlaseni objednatelem na zakladé opodstatné-
ného navrhu projektanta. Sanaci tunelu dojde k vyraznému ome-
zeni nebo Uplné eliminaci prasaki, zamezi se tvorbé rampouchd,
ledopéadt a zalednéni koleje. Navrzend opatieni zajisti prodlouZeni
Zivotnosti tunelu minimdlné o 50 let. ZvdZena méla byt i moZnost
zfizeni normou pozadovanych zachrannych vyklenkti pro zamést-
nance vykonavajici udrzbu tunelu.

Vzhledem k tomu, Ze Zeleznicni svrSek v tunelu byl rekonstruo-
véan v roce 2015, nesmi dojit k jeho poskozeni. Kolejova pole budou
pri rekonstrukci v nezbytn€ nutné délce demontovéna, uskladnéna
a po rekonstrukci znovu pouZita. Nesmi proto dojit ani ke zméné
geometrické polohy koleje. Ta bude po dokonceni rekonstrukce
provedena opét jako bezstykova. V tunelu budou pouzity vodone-
propustné kabelovody pro umisténi kabel sdélovaciho a zabezpe-
Covaciho zafizeni v¢etné reviznich Sachet pfed obéma portaly.

Zadani projektu umoziiovalo po vyhodnoceni stivajici situace
i Uplnou rekonstrukci tunelu, vCetné odstranéni stavajici obezdiv-
ky, obnoveni hydroizola¢niho a drendZniho systému a zvétSeni pri-
jezdného prifezu na tunelovy prujezdny prifez. V takovém pripadé

Obr. 5 Zalednéni tunelu
Fig. 5 Ice in the tunnel

portal. A new railway trackwork 49 E1 was used in the entire tunnel
during this reconstruction, as well as concrete sleepers B91S/2 with
flexible fastening of rails 49E1 R350HT and continuously welded
rail. The clearance profile J-GC Z3 is designed for the tunnel. The
trackwork is ballasted, unpolluted. The communication and security
equipment cables lead through the tunnel. Their function has to be
maintained during the reconstruction.

RECONSTRUCTION OBJECTIVES

Due to the long-term unsatisfactory condition of the tunnel
requiring demanding maintenance in harsh climatic conditions,
in which the rate of degradation of the lining can be expected to
accelerate due to leaks and frost cycles, the Railway Administration,
the project owner, decided to develop a specification of the project
intention for its reconstruction. If the project intention is approved, a
rapid progress of the next stages of design documents and the start of
construction operations in the middle of 2023 is expected.

The design for the tunnel reconstruction must meet clearly defined
boundary conditions. The whole construction must be located on
the land owned by the Railway Administration, state organisation.
The location of the construction on the land of other owners is
possible only after approval by the project owner on the basis of a
substantiated proposal of the designer. Rehabilitation of the tunnel
will significantly reduce or completely eliminate leaks, prevent the
formation of icicles, ice falls and coating of the track by ice. The
proposed measures will extend the life of the tunnel by at least 50
years. The possibility of carrying out rescue recesses required by the
standard for employees performing tunnel maintenance should also
be taken into consideration.

With respect to the fact that the railway trackwork in the tunnel
was reconstructed in 2015, it must not be damaged. During the
reconstruction, the track lengths will be dismantled to the necessary
sections, stored and reused after the reconstruction. Therefore, the
geometric position of the track must not be changed either. After
the reconstruction is completed, it will be again carried out as
continuously welded rail. In the tunnel, watertight cable ducts will
be used to place the communication and security equipment cables,
including manholes in front of both portals.

After evaluating the current situation, the design input also allowed
for the complete reconstruction of the tunnel, including the removal
of the existing lining, the renewal of the waterproofing and drainage
system and the enlargement of the clearance profile to the tunnel
clearance profile. In such a case, it was also required to check the
possibility of enlarging the tunnel for possible electrification of the
line.
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bylo poZadovéno i provéfeni moznosti zvétSeni tunelu pro piipad-
nou elektrifikaci traté.

Projektant tak musel po posouzeni stdvajiciho stavu rozhodnout,
zda se vyda cestou na prvni pohled méné nakladnych oprav stava-
jiciho stavu, nebo cestou kompletni rekonstrukce, ktera je sice na-
ro¢néjsi na investicni naklady, lze vSak ocekavat vyssi efektivnost
Proto ptedchazela vypracovani zaméru projektu podrobna studie
variant, kterd zohledniovala zndmé informace o stavu tunelu, jeho
adrzbé a podminky dané zaddvaci dokumentaci. V rdmci studie
byla proto posuzovdna moznost opravy stavajici obezdivky i moz-
nost kompletni rekonstrukce tunelu.

PODKLADY PRO ROZHODOVANI O VOLBE VARIANTY

Podle pravidel objednatele neni mozné pied schvalenim zdméru
projektu provadét stavebnétechnické priazkumy ke zjisténi stavaji-
ciho stavu objektu a horninového masivu. Je proto nutné vychézet
z dostupnych archivnich podkladii a mistnich Setieni. Pro rozhodo-
vani o navrhu technického feseni rekonstrukce tunelu je optimalni
zajistit:

a) Informace o prostorové prichodnosti trati v tunelu, aby bylo
moZzné vyhodnotit moznost pouziti dodatecnych vestaveb pod
stavajici obezdivkou, které by pripadné splnily ocekavané po-
Zadavky na stav tunelu po rekonstrukci.

b) Informace o geologickych a hydrogeologickych podminkach
v trase tunelu a skalnich zafezech, které v oblasti portdld na
tunel bezprostfedné navazuji a ovliviiuji tak celkovy ndvrh
technického feSeni. Geotechnické podminky jsou rozhodujici
i pro pfipadny ndvrh odstranéni stévajici tunelové obezdivky,
zajisténi stability vyrubu a navrh nového monolitického osténi.

¢) Informace o dimenzich a materidlovych vlastnostech tunelové
obezdivky s ohledem na posouzeni jeji tinosnosti a pfipadné
moZnosti sanace.

d) Informace o pouzité tunelovaci metodé s ohledem na skutec-
ny tvar vyrubu za osténim a na konstruk¢ni systém tunelu,
tj. mocnost a kvalitu zakladky za osténim. Ta jednak osténi
vaci vyrubu aktivuje, jednak tvori soucédst drendzniho systé-
mu a odvadi podzemni vodu k paté klenby tunelu. Dale in-
formace o systému zajisténi vodonepropustnosti obezdivky,
poloze pficnych drenazi, které odvadéji podzemni vodu do
stiedni tunelové stoky a v neposledni fadé i o tvaru a poloze
pocvy tunelu s ohledem na konstrukci Zelezni¢niho spodku
a svrsku.

Z hlediska prostorové priichodnosti bylo zndmé pouze to, Ze tunel
vyhovuje na prijezdny prirez J-GC-Z3, nebyla vSak zndma toleran-
ce mezi timto prijezdnym prifezem a licem tunelové obezdivky.
Dil¢i informace o geologickych a hydrogeologickych podminkéch
bylo mozné zjistit z dochovaného stavebnétechnického prizkumu,
ktery byl provddén firmou GEOtest Brno v roce 1989. Vysledky
tohoto prizkumu poskytly i informace o tloustce stavajici tunelové
obezdivky. Velkou nezndmou vSak byly a jsou informace o pouzité
tunelovaci metodé, skute¢né poloze lice vyrubu a pfitocich podzem-
ni vody do vyrubu, kterd nasledné protékd sparami ve zdivu.

PROSTOROVA PRUCHODNOST A TOLERANCE OBEZDIVKY

Podle poZadavkil zaddvaci dokumentace musi byt u vSech va-
riant sanaci provéfeno dosazeni prujezdného prufezu Z-GC/J-GC
pfipadné Z-GCZ3. Pfi navrhu zplsobu sanace nebo rekonstruk-
ce tunelu hraje zasadni roli geometricky vztah mezi prijezdnym
prifezem a licem stavajici obezdivky tunelu. S ohledem na moz-
nost kompletni rekonstrukce tunelu, s odstranénim stavajiciho
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After assessing the current state, the designer had to decide whether
to go the way of at first glance less expensive repairs of the existing
state, or a complete reconstruction, which is more demanding
on investment costs, but higher efficiency of investment costs
and significantly longer service life can be expected. Therefore, a
detailed study of variants preceded the work on the project intention.
It took into account the known information about the condition of
the tunnel, its maintenance and the conditions given by the tender
documents. The study therefore assessed the possibility of repairing
the existing lining and the possibility of complete reconstruction of
the tunnel.

BASES FOR DECIDING ON SELECTION OF VARIANT

According to the project owner’s rules, it is not possible to carry
out construction surveys to determine the current condition of the
structure and the rock massif before approving the project intention.
It is therefore necessary to rely on archival documents and the local
surveys available. To decide on the design of the technical solution
for the tunnel reconstruction, it is optimal to ensure:

a) Information on the spatial passability of the track in the
tunnel in order to allow for evaluation of the possibility of
using additional installations built under the existing lining
which would possibly meet the expected requirements for the
condition of the tunnel after reconstruction.

b) Information on geological and hydrogeological conditions
along the tunnel route and rock cuttings, which are directly
connected to the tunnel in the area of portals and thus influence
the overall design of the technical solution. Geotechnical
conditions have also a deciding role regarding a possible design
for removing the existing tunnel lining, ensuring the excavation
stability and the design for a new cast in-situ concrete lining.

¢) Information on the dimensions and material properties of the
tunnel lining with regard to the assessment of its load-bearing
capacity and possible remediation options.

d) Information on the tunnelling method used with regard to the
actual shape of the excavation behind the lining and on the
tunnel construction system, i.e. the thickness and quality of
the packing behind the lining. On the one hand, it activates the
lining against the excavation, on the other hand, it forms part of
the drainage system and drains groundwater down to the foot
of the tunnel vault. Furthermore, information on the system
of securing the waterproofing of the lining, the position of
transverse drainage lines that drain groundwater into the central
tunnel sewer and, last but not least, the shape and position of the
tunnel bottom with respect to the structure of the track bottom
and trackwork.

From the point of view of spatial passability, it was only known
that the tunnel was suitable for the J-GC-Z3 clearance profile, but the
tolerance between this profile and the face of the tunnel lining was
not known. Partial information on geological and hydrogeological
conditions could be found from the preserved structural survey
which was conducted by GEOTEST Brno in 1989. The results of
this survey also provided information on the thickness of the existing
tunnel lining. However, the big unknown was and is information
about the tunnelling method used, the actual position of the face of
the excavation and the inflows of groundwater into the excavation,
which subsequently flows through joints in the lining masonry.

SPATIAL PASSABILITY AND TOLERANCES OF LINING

According to the requirements of the tender documents, achieving
the Z-GC /J-GC or Z-GCZ3 clearance profile must be checked for all
rehabilitation variants. When designing the method of rehabilitation
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osténi a obnovou hydroizolacniho i drenazniho systému, byla pro-
véfena prostorovd prichodnost i pro tunelovy prijezdny prifez
(TPP) podle poZadavki normy CSN 73 7508, a to jak ve variant&
s trakénim nastavcem (s ohledem na pozZadavek neomezeni elektri-
fikace trati podle zaddvaci dokumentace), tak bez trak¢niho néstav-
ce s ohledem na minimalizaci vyse investi¢nich nakladu.

Pro potieby projektové dokumentace byla pfesné zamétena sku-
tecnd poloha osténi pomoci laserového skenovani mracnem bodi
z laserového skeneru Trimble SX10. Georefencované skeny byly
prevedeny do jednotného mracna bodt. Dalsim krokem byla fina-
lizace mra¢na bodi. Po stanoveni maximalniho rozsahu mrac¢na
nésledovalo ocisténi mracna od Sumu a vybér bodt na lic osténi
a portély. Vysledné mracno bylo ,,nafedéno‘ na minimalni vzdale-
nost mezi body 10 mm, coz bylo pro potieby provéfeni prostorové
prichodnosti zcela dostacujici.

Z mracna bodt byl vytvofen 3D model lice tunelové obezdivky.
Do modelu byla vloZena 3D osa koleje a na osu koleje byly postup-
né ,,navleceny* jednotlivé vySetfované prijezdné prirezy. Pro po-
rovnani vzajemné geometrické polohy prijezdného prirezu a lice
obezdivky byl pouZit program CloudCompare, ktery vyhodnoceni
provadi ¢iselné€ na celé ploSe obezdivky s moZnosti vizudlni kont-
roly na 3D modelu (obr. 6). S jistotou jsou tak zachyceny vSechny
kolize prijezdného priifezu a tunelu.

Prostorova priichodnost byla po naskenovani lice osténi provéto-
véana pro tyto prujezdné prifezy:

a) tunelovy prijezdny prifez s trakénim nastavcem

(CSN 73 7508);
b) tunelovy prijezdny prifez bez trakéniho néstavce
(CSN 73 7508);

¢) prijezdny prifez Z-GC;

d) prijezdny prirez Z-G2;

e) prujezdny prifez Z-GC Z3;

f) prijezdny prafez M-GC.

Vzhledem ke stisnénym prostorovym pomérim v tunelu byl pri-
jezdny prifez do 3D modelu zadén s nulovou toleranci, ackoli se
bézné uvazuje s toleranci 50 mm. Presto vyhodnoceni vSech 3D
modeld ukdzalo, Ze bez zmény geometrické polohy koleje nelze
prostorovou prichodnost tunelu zajistit pro Zadny z proveéfovanych
prujezdnych prufezi. ProtoZe navazujici tratové tseky zménu po-
lohy koleje vylucuji, bylo ziejmé, Ze pod stavajici klenbou tunelu
nelze provadét zadna opatieni, kterd by polohu stavajiciho lice obe-
zdivky vi¢i prijezdnému prifezu jesté zhorsila.

or reconstruction of the tunnel, the geometric relationship between
the clearance profile and the existing internal face of the tunnel
lining plays a crucial role. With regard to the possibility of complete
reconstruction of the tunnel, with removal of the existing lining
and renewal of the waterproofing and drainage system, the spatial
passability was checked for the tunnel clearance profile according
to the requirements of CSN 73 7508, both in the variant with the
requirement for the traction extension not to limit the electrification
of the line according to the tender documents, as well as without the
traction extension with respect to the minimisation of the amount of
investment costs.

For the needs of the design documents, the actual position of
the lining was precisely surveyed using laser scanning by a point
cloud from the Trimble SX10 laser scanner. Georefined scans were
converted to a single point cloud. The georeferenced scans were
converted to a unified point cloud. The next step was to finalise the
point cloud. After determining the maximum extent of the cloud,
the cloud was cleaned of hum and points on the face of the lining
and portals were selected. The resulting cloud was “diluted” to a
minimum 10mm distance between points, which was quite sufficient
for the purpose of checking the spatial passability.

A 3D model of the face of the tunnel lining was created from
the point cloud. A 3D track axis was inserted into the model, and
the individual examined profiles were gradually “threaded” onto
the track centre line. To compare the mutual geometric position of
the clearance profile and the face of the lining, the CloudCompare
program was used, which carries out the evaluation numerically on
the entire surface of the lining with the possibility of visual inspection
on a 3D model (see Fig. 6). In this way, all collisions of the clearance
profile and the tunnel are captured with certainty.

The spatial passability was checked after scanning the face of the
lining for the following clearance profiles:

a) tunnel clearance profile with traction extension

(CSN 73 7508);
b) tunnel clearance profile without traction extension
(CSN 73 7508);

¢) Z-GC tunnel clearance profile;

d) Z-G2 tunnel clearance profile;

e) Z-GC Z3 tunnel clearance profile;

f) M-GC tunnel clearance profile.

With respect to the restricted spatial conditions in the tunnel, the
clearance profile was entered into a 3D model with zero tolerance,
despite the fact that a tolerance of 50mm is commonly taken into
consideration. Nevertheless, the evaluation of all 3D models showed
that without changing the geometric

position of the track, the spatial
passability of the tunnel cannot be
ensured for any of the examined
cross-sections. As the adjoining
track sections preclude a change in
the position of the track, it was clear
that no measures could be taken
under the existing tunnel vault which
would further worsen the position of
the existing surface of the lining in
relation to the clearance profile.

GEOLOGICAL CONDITIONS
ALONG THE TUNNEL ROUTE

Information on geotechnical con-
ditions is taken from the opinion of

Obr. 6 Provéreni prostorové prichodnosti tunelu
Fig. 6 Verification of spatial passability of the tunnel

the company of GEOtest Brno from

June 1989, which is the only available



Obr. 7 Hornina v zdchranném vyklenku
Fig. 7 Rock in rescue recess

GEOLOGICKE POMERY V TRASE TUNELU

Informace o geotechnickych podminkach jsou prevzaty z jediné-
ho dostupného podkladu, kterym je posudek firmy GEOtest Brno
z Cervna 1989. Predmétem dokumentu bylo posouzeni horninové-
ho masivu, v némz je Dolnoluc¢ansky tunel vyraZen, zjiSténi stavu
obezdivky tunelu a stanoveni charakteristik masivu jak v tunelu,
tak na st€nach obou predzéiezll tunelu, za Gicelem urceni stability
jejich stén.

Posouzeni charakteru horninového masivu za osténim tunelu
bylo provedeno v pradusich vytvoienych v obezdivce. Z celkem
81 vySetfovanych priducht bylo mozno zjistit ve 48 pradusich
charakter horniny. Ve zbyvajicich 33 pradusich byla zastiZena za-
kladka nebo zahoz vypliujici volny prostor mezi obezdivkou a vy-
rubem. Jedinym mistem, kde je v tunelu vidét obnaZeny horninovy
masiv, jsou zadni stény dvou zachrannych vyklenku (obr. 7).

Hornina budujici masiv v prostoru Dolnolu¢anského tunelu je
v nenaruS$eném stavu velmi pevna, jeji pevnost se v§ak postupuji-
cim zvétravanim znacné sniZuje. Toto sniZeni pevnosti a zhorSeni
dalSich dulezitych fyzikdlnich a mechanickych vlastnosti ukazuje
tab. 1, obsahujici vysledky zkouSek vzorkl odebranych pfi pra-
zkumu pro nedalekou piehradu Joseféiv Dul na fece Kamenici.
Vzhledem k tomu, Ze zkouskami byly zjiStovany vlastnosti stejné-
ho horninového typu, maji uvedené hodnoty platnost i pro horniny
vySetfovaného prostoru Dolnolu¢anského tunelu.

Vyhodnoceni vzorki odebranych v ramci prizkumu z hlediska
stupné zvétrani horniny uvadi tab. 2.

Tab. 1 Geotechnické parametry horninového masivu
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document. The subject of the document was the assessment of
the rock massif through which the Lucany nad Nisou tunnel was
excavated, determination of the condition of the tunnel lining and
determination of the massif characteristics, both in the tunnel and
on the sides of both pre-portal cuttings, in order to determine the
stability of their side slopes.

The assessment of the character of the rock mass behind the tunnel
lining was performed in ventilation holes created in the lining. From
a total of 81 examined ventilation holes, it was possible to determine
the character of the rock in 48 of them. In the remaining 33 holes,
the packing or rubble filling the free space between the lining and the
excavation was found. The only place where the exposed rock mass
can be seen in the tunnel are the rear walls of two rescue recesses
(see Fig. 7).

The rock building the massif in the area of the Lucany nad Tisou
tunnel is very strong in an undisturbed state, but its strength decreases
considerably as the weathering progresses. This reduction in strength
and deterioration of other important physical and mechanical
properties is shown in Table 1, which contains the results of tests of
samples taken during the survey for the nearby Josefiv Diil dam on
the Kamenice river. With respect to the fact that the tests determined
the properties of the same rock type, the presented values are also
valid for the rock types in the investigated area of the Lucany nad
Tisou tunnel.

The assessment of samples taken within the framework of the
survey in terms of the degree of weathering of the rock is presented
in Table 2.

Table 1 Geotechnical parameters of rock massif

Rock disturbance degree Ung:es;ur- Wsegghtgll}é d Wer:tcTe-
Density Kg/m® | 2620 2620 2510
Density of solid particles Kg/m®*| 2670 2610 2 640
Dry compressive strength MPa 130 70 42
gta:';ur:;ttﬁd compressive MPa 107 57 30
Dry shear strength MPa 48 32 31
Saturated shear strength MPa 20 13 14
E{;e:é?ﬁ compressive MPa 103 67 30
Water absorption rate % 0.79 0.82 1.46
Consistency % 98.12 99.24 95.07
Porosity % 1.88 0.76 4,93
Frost resistance % 0.21 0.36 1.62
Rubbing % 40.00 32.80 76.00

Table 2 Assessment of samples taken behind the lining — degree of massif wea-

Stupen narugeni horniny Ngg:g“' Navétrala | Zvétrala thering
3 [%]

Hustota S kg/m3 2620 2620 2510 Frequency [%] from the
Hustota pevnych &éstic kgm’ | 2670 | 2610 | 2640 Degree of weathering ofoccur- | fromthe | encounte-
Pevnost v tlaku po vysuSeni | MPa 130 70 42 rence whole red oc-
Pevnost v tlaku po nasyceni | MPa 107 57 32 SHIIONCES

0 Fresh 2 2.5 4.2
Pevnost ve stfihu MPa 48 30 31 -
po vysuseni Fresh to slightly weathered 3 3.7 6.3
Pevnost ve stfihu MPa 20 13 14 Slightly weathered 13 16.0 27.1
oty ] Slightly weathered 3 o 63
Pevnost v tlaku po zmrazeni | MPa 103 67 30 to weathered ‘ ‘
Nasakavost % 0,79 0,82 1,46 Weathered 10 12.3 20.8
Hutnost % 98,12 99,24 95,07 Weathered to decomposed 9 11.1 18.8
Pérovitost % 1,88 0,76 4,93 Decomposed 8 9.9 16.7
Odolnost proti mrazu % 0,21 0,36 1,62 Not encountered (packing) 33 40.7
Otluk % 40,00 32,80 76,00 TOTAL 81 100.0 100.0
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Tab. 2 Vyhodnoceni sond za osténim — stupeii zvétrdani masivu

0, 0,
Stuperi zvétrén \(I:;;II:;tsl: z c[:éi]ku zas[tfi]ei?ch
Zdrava 2 25 4.2
Zdrava az navétrala 3 3,7 6,3
Navétrala 13 16,0 27,1
Navétrala az zvétrala 3 3,7 6,3
Zvétrala 10 12,3 20,8
Zvétrala az rozloZena 9 11,1 18,8
Rozlozena 8 9,9 16,7
Nezastizena (zakladka) 33 40,7
CELKEM 81 100,0 100,0

Za navétralou horninu se povazuje hornina, kterd ma zachovany
puvodni stav i vzhled. Pouze malé ¢ast minerala je ¢astecné zvét-
rald, zdravé mineraly se navzajem dotykaji. Podle tohoto hlediska
horniny se zdravym skeletem jsou zastoupeny 41 %, zatimco hor-
niny se skeletem postiZenym tvoii 59 % z odebranych vzorki.

Informace o horninovém masivu byly v roce 1989 provadény
pouze pro patu osténi (29 sond bylo situovano do vysky cca 0,5 m)
a pro bok osténi do vysky max. 4,2 m nad uroven tunelové stezky.
Pro vrchol klenby nejsou dostupné Zadné informace o vlastnostech
horninového masivu, ani o velikosti nadvyrub.

STAV A ZJISTENE ZAVADY TUNELOVE OBEZDIiVKY

V ramci stavebnétechnického prizkumu byl rovnéz vySetfovan
stav obezdivky. Bylo zjiSténo, Ze obezdivka je celkové v dobrém
stavu s vyjimkou portalovych dseki, kde jsou patrny trhliny jdouci
napfic tunelovou troubou. Jejich pfi¢inou je zfejmé existence nepii-
znive orientovanych diskontinuit v nadloZi, které ohroZuji stabilitu
stén pred portaly a zdiva vlastnich portalt. Stabilita skalnich stén
pred portaly byla v minulosti nasledné sanovdna pomoci vysoko-
pevnostnich siti upevnénych ke skalnimu lici pomoci SN svornikd,
coZ zlepSuje smykové parametry horninového masivu.

U vjezdového portalu byly v portdlovém pasu P1 zjiStény dvé
trhliny. Vyraznégjsi trhlina je vzdélena 1,6 m od lice portdlu. Ve vr-
cholu klenby je rozeviena az na 20 mm, smérem do bokd se roze-
vieni zmenSuje na nékolik mm. U pocvy neni tato trhlina zfetelna.
Dalsi trhlina je ve vzdalenosti 2,5 m od lice portalu a prochazi le-
vou polovinou klenby, v bocich neni patrna. V sousednim tunelo-
vém pasu €. 1 prochdzi ve vySce 3,3 m ve spafe zdiva vodorovna
trhlina délky cca 3,5 m. Trhlina je rozevfena 2 mm. V tunelovém
péasu &. 2 se nachazi rovnéZ podélnd trhlina, kterd je patrnd na le-
vém boku tunelu ve vysi 4,5 m a rovnéz prochdzi sparami ve zdivu.
Vyjezdovy portalovy pas P2 je poruSen obdobné jako vjezdovy.
V blizkosti portdlu prochazi dvé pri¢né trhliny, které jsou v§ak mir-
né Sikmé. V klenbé prechazeji do pravé opéry. Dalsi trhlina 2 m od
lice portalu v klenb& prechazi ¢astecné do opér. V celé ploSe obe-
zdivky je pak zdivo postiZeno vypadanym spdrovdnim a sparami
v dobé& zvySenych sraZek protékd voda.

MOZNOSTI SANOVANI STAVAJICi KONSTRUKCE

Z dostupnych podkladd a znalosti o stavu tunelové obezdivky,
horninového masivu i hydroizola¢niho systému bylo zfejmé, Ze
dosazeni pozadovanych parametrii tunelu, bez vyrazného zasahu
do jeho konstrukéniho feSeni, je prakticky vyloucené. Hornino-
vy masiv je tektonicky poruSeny a voda z povrchu tzemi velmi
rychle obezdivkou prosakuje v celé délce tunelu. Utésnéni horni-
nového prostiedi injektdZemi, které by zajistilo v tunelu podminky
zarucujici bezpecny provoz, by bylo velmi ndkladné a vysledny

Rock is considered to be weathered when it has preserved its
original condition and appearance. Only a small part of the minerals
is partially weathered, fresh minerals touch each other. According to
this aspect, rock with an undisturbed skeleton makes up 41%, while
rock with an affected skeleton makes up 59% of the samples taken.

In 1989, information on the rock mass was provided only for the
footing of the lining (29 probe holes were situated up to a height
of approximately 0.5m) and for the side walls of the lining up to
a maximum height of 4.2m above the tunnel inspection path. No
information on the properties of the rock mass, or on the size of the
overbreaks is available for the top of the vault.

CONDITION AND IDENTIFIED DEFECTS OF THE TUNNEL
LINING

The condition of the lining was also investigated as part of the
structural survey. It was found that the lining is generally in good
condition, with the exception of portal sections, where cracks
running across the tunnel tube are visible. Their cause is probably the
existence of unfavourably oriented discontinuities in the overburden,
which threaten the stability of the walls in front of the portals and
the masonry of the portals themselves. The stability of the rock walls
in front of the portals was subsequently rehabilitated in the past by
means of high-strength net fixed to the rock face by means of SN
bolts, which improves the shear parameters of the rock mass.

At the entrance portal, two cracks were identified in the portal
block P1. A more distinct crack is 1.6m away from the face of the
portal. At the top of the vault it is open up to 20mm, towards the
sides the aperture is reduced to a few millimetres. At the bottom,
the crack is not obvious. Another crack is at a distance of 2.5m from
the face of the portal and passes through the left half of the vault; it
is not visible in the side walls. In the adjacent tunnel block No. 1, a
horizontal crack about 3.5m long runs in the joint of the masonry at
a height of 3.3m. The crack is open 2mm. In the tunnel block No. 2
there is also a longitudinal crack, which is visible on the left side of
the tunnel at a height of 4.5m. It also passes through joints in the
masonry. The exit portal block P2 is broken similarly to the entrance
portal. Near the portal there are two transverse cracks, which are,
however, slightly slanted. In the vault, they pass into the right-hand
bench wall. Another crack existing 2m from the portal face passes in
the vault partially into the bench walls. In the entire area of the lining,
the masonry is affected by the fallen out jointing and water flowing
through the joints at the time of increased rainfalls.

POSSIBILITIES OF REHABILITATION OF EXISTING
STRUCTURE

From the available data and knowledge about the condition of
the tunnel lining, the rock mass and the waterproofing system, it
was obvious that achieving the required tunnel parameters without
significant intervention into the tunnel design is virtually impossible.
The rock massif is tectonically faulted and water from the surface of
the area very quickly seeps through the masonry lining throughout
the tunnel length. Sealing the rock environment by grouting, which
would ensure conditions in the tunnel guaranteeing safe operation,
would be very costly and the resulting effect of this measure would
be uncertain. The original waterproofing and drainage system
consisted of tight joints between the granite blocks of the lining and
the packing behind the vault, which diverted groundwater along the
lining to the tunnel bottom and into the central tunnel sewer through
transverse drains. Deep jointing of the masonry could guarantee the
waterproofing of the vault for some time, but it cannot be carried out
to the entire depth of the bed joints between the masonry blocks. A
certain solution could lie in low-pressure grouting of the masonry
joints so that the grouting mixture does not penetrate behind the
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efekt tohoto opatieni by byl nejisty. Pivodni hydroizolacni a dre-
nazni systém tvorily tésné spary mezi Zulovymi kvadry obezdivky
a zakladka za klenbou, kterd svadéla podzemni vodu po obezdiv-
ce k paté tunelu a pficnymi drendZemi do stfedni tunelové stoky.
Hloubkové sparovani zdiva by mohlo na néjaky cas zarucit vo-
dotésnost klenby, nelze ho vSak provadét na celou hloubku loz-
né spary mezi kvadry. Urcitym feSenim by mohlo byt nizkotlaké
injektovani spar obezdivky, aby injektaZni smés nepronikla za rub
klenby. To by jednak vedlo k nekontrolovatelné spotiebé injektazni
hmoty, jednak by doslo k poruseni drendZni funkce zakladky. Bylo
by rovnéz nutné peclivé zainjektovat vSechny spary zdiva, protozZe
pri injektovani lokalnich mist s nejvétsimi priisaky by si s nejvét-
$i pravdépodobnosti voda opét nasla cestu sousednimi sparami.
Vzhledem k ¢asové narocCnosti tohoto feseni, velké spotfebé ma-
teridlu a opét nejistému vysledku vynaloZené investice byla i tato
varianta zamitnuta. K rozhodnuti o kompletni rekonstrukci jako
nejvyhodnéjsimu feseni pro Dolnolucansky tunel vyrazné prispéla
i skutecnost, Ze provéfeni prostorové prichodnosti trati nevyhovélo
pro zadny ze sledovanych prijezdnych prurezu.

VARIANTY KOMPLETNI REKONSTRUKCE TUNELU

Rozhodnuti o kompletni rekonstrukci tunelu s odstranénim
puvodni obezdivky, zvétSenim plochy vyrubu a obnovou hydro-
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rear side of the vault. This would, on the one hand, lead to an
uncontrollable consumption of the grout and, on the other hand,
would damage the drainage function of the packing. It would also
be necessary to carefully fill all the joints of the masonry with grout,
because when injecting grout only in local places with the largest
leaks, the water would most likely find its way through the adjacent
joints again. Taking into consideration the time-consuming nature
of this solution, high material consumption and again the uncertain
result of the investment, this option was also rejected. The decision
on the complete reconstruction as the most advantageous solution
for the Lucany nad Niou tunnel was significantly contributed to by
the fact that the results of the verification of the spatial passability of
the line did not comply with any of the monitored clearance profiles.

VARIANTS OF COMPLETE TUNNEL RECONSTRUCTION

The decision to completely reconstruct the tunnel with the removal
of the original lining, increase the excavation area and renew the
waterproofing system started the process of optimising the technical
solution. The subject of optimisation was the necessary construction
time and the arrangement of the tunnel. In both cases, these are
factors influencing the amount of investment costs. Five variants were
proposed for the assessment, some of which required the discussion
about an exemption from the valid standard CSN 73 7508 Railway
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objem pavodniho vyrubu 42,136 objem nového vyrubu 62,880 objem betonu nového osténf 7,904
volume of original excavation 42.136 volume of new excavation 62.880 volume of new lining shotcrete 7.904
objem bouraného osténi 8,037 objem vyrubu rozsifeni 20,743 plocha hydroizolace 21,404
volume of broken out lining 8.037 volume of excavation enlargement 20.743 area of waterproofing 21.404
objem zakladky 5,290 plocha stfikaného betonu 21,315 objem betonu kabelovodl 0,762
volume of packing 5.290 area of shotcrete 21.315 volume of concrete for cable ducts 0.762
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Obr. 8 Pricny Fez pro variantu s trak¢nim ndstavcem
Fig. 8 Cross-section for variant with traction extension
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izola¢niho systému nastartovalo proces optimalizace technické-
ho reSeni. Pfedmétem optimalizace byla potfebnd doba vystavby
a dispozicni feSeni tunelu. V obou piipadech se jednd o faktory
ovliviyjici vysi investi¢nich nakladd. Pro posouzeni bylo navrzeno
pét variant, z nichZ nékteré vyzadovaly projedndni vyjimky z plat-
né normy CSN 73 7508 Zelezni¢ni tunely. Tato norma pro piipad
kompletni rekonstrukce vyzaduje splnéni celé fady konstrukénich
detailt a opatfeni, kterd by v ptipadé pouhé sanace stavajiciho sta-
vu nebylo nutné dodrzet. K posouzeni byla predloZena jedna va-
rianta s tunelovym prijezdnym prifezem s trakénim néstavcem
a Ctyfi varianty bez trak¢éniho nastavce.

Rozsifeni tunelu pro variantu s trakénim nastavcem znamenalo
zvétseni plochy vyrubu z 42 m* na 63 m?, tj. 0 21 m* a zvySeni stdva-
jiciho lice vyrubu ve vrcholu klenby o 1,15 m (obr. 8). V celé délce
tunelu to znamena vyt€Zeni 1 666 m? horniny, zvySeni seismickych
ucinki pfi rozpojovani horniny pomoci trhacich praci a vyrazny za-
sah do portdlovych svaht s ohledem na sniZeni vysky nadloZi o po-
Zadované nadvyseni profilu tunelu. Tato varianta splilovala veSkeré
pozadavky normy a nebylo tak nutné projednavat Zadné vyjimky.

V pfipadé varianty €. 1 je tvar pficného fezu navrZen pro tune-
lovy prijezdny priifez podle CSN 73 7508 bez trakéniho nastavce.

Tunnels. This standard requires a number of construction details and
measures to be met in the case of a complete reconstruction, which
would not be necessary in the case of a mere rehabilitation of the
existing condition. One variant with a tunnel clearance profile with a
traction extension and four variants without a traction extension were
submitted for the assessment.

The enlargement of the tunnel cross-section for the variant with a
traction extension meant an increase in the excavated cross-sectional
area from 42m? to 63m?, i.e. by 21m?, and an increase in the height
of the existing face of the excavation by 1.15m at the top of the vault
(see Fig. 8). In the entire length of the tunnel, this means excavation
of 1,666m’ of rock, increased seismic effects during rock breaking
by blasting and significant intervention in the pre-portal slopes with
regard to reducing the height of the overburden due to the required
height of the tunnel profile. This variant met all the requirements of
the standard and it was not necessary to discuss any exceptions.

Inthe case of variant No. 1, the cross-sectional shape is designed for
a tunnel clearance profile according to CSN 73 7508 without traction
extension. In terms of the cross section arrangement, the tunnel has
an optimal shape guaranteeing enough space for walkways and cable
ducts. The standard width of the comfort margin is 300mm. Footings
0.5m high and 1.15m wide are located —0.8m below the top of rail at

VAR. 1

R1 = 3,35 m, pojistny prostor 300 mm, patky -1,3 m
R1 = 3.35m, comfort margin 300mm, footings —1.3m
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objem pivodniho vyrubu 42,136 objem nového vyrubu 51,737 objem betonu nového osténi 7,070
volume of original excavation 42.136 volume of new excavation 51.737 volume of new lining shotcrete 7.070
objem bouraného osténi 8,037 objem vyrubu rozsifeni 9,681 plocha hydroizolace 19,666
volume of broken out lining 8.037 volume of excavation enlargement 9.681 area of waterproofing 19.666
objem zakladky 5,290 plocha stfikaného betonu 19,425 objem betonu kabelovodu 0,745
volume of packing 5.290 area of shotcrete 19.425 volume of concrete for cable ducts 0.745
objem $térku dna 3,525

volume of bottom gravel 3.525

Y

Obr. 9 Vzorovy pricny rez — varianta 1
Fig. 9 Typical cross-section — variant No. 1
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Z hlediska dispozi¢niho feSeni piicného fezu ma tunel optimalni
tvar, ktery zaruCuje dostatek mista pro chodniky a kabelovody. Nor-
mova $itka pojistného prostoru je 300 mm. Patky vysky 0,5 m a Sitky
1,15 m jsou umistény —0,8 m pod TK ve vzdalenosti 2,0 m od osy
koleje. Tunel je navrZen s bo¢nimi tunelovymi drendZemi a deStniko-
vym hydroizola¢nim systémem. Odvedeni vody z plané je zajisténo
sttedovou tunelovou drendZzi (obr. 9). NavrZené technické feSeni plné
odpovida poZadavkiim CSN 73 7508 a platnym piedpisim.
Varianta ¢. 2 je modifikaci varianty ¢. 1 s pouZzitim §ifky pojistné-
ho prostoru 150 mm. Tvar dna vyrubu pod koleji je stejny jako u var.
1, §itku patky je mozné vzhledem ke zmenseni pojistného prostoru
zmensit na 1,0 m vlivem posunuti lice osténi k ose tunelu o 150 mm
(obr. 10). Uspora oproti varianté ¢. 1 na 1 bm tunelu je 0,25 m?® be-
tonu sekundérniho osténi a 2,95 m* vyrubu. Uspory je dosazeno za
cenu vyjimky z normy CSN 73 7508 pro $iiku pojistného prostoru.
Vsechny dalsi pozadavky norem a piedpist jsou zachovany.
Varianta ¢. 3 se snazi dosdhnout ispor zmenSenim prostoru ka-
belovodil a tim sniZeni objemu vyrubu v oblasti dna tunelu. Vy-
chazi z predpokladané drovné dna stivajiciho tunelu, kterou by
bylo nutné u predchozich variant prohloubit. Spodni Groven patek
sekundarniho osténi je zvednuta na uroveil —0,8 m pod TK (oproti
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a distance of 2.0m from the track axis. The tunnel is designed with
side tunnel drains and an umbrella waterproofing system. Removal
of water from the track formation is ensured by a central tunnel drain
(see Fig. 9). The proposed technical solution fully complies with the
requirements of CSN 73 7508 and valid regulations.

Variant No. 2 is a modification of variant No. 1 using the 150mm
wide comfort margin. The shape of the bottom of the excavation
under the track is the same as that in variant 1, the width of the
footing can be reduced to 1.0m with respect to the reduction of the
comfort margin due to shifting of the face of the lining to the tunnel
axis by 150mm (see Fig. 10). Savings compared to variant No. 1 per
1 linear metre of tunnel is 0.25m? of secondary lining concrete and
2.95m’ of the excavation. The savings are achieved at the cost of
an exemption from the CSN 73 7508 standard for the width of the
comfort margin. All other requirements of standards and regulations
are maintained.

Variant No. 3 tries to achieve savings by reducing the space for
cable ducts and thus reducing the volume of excavation in the area
of the tunnel bottom. It is based on the assumed level of the bottom
of the existing tunnel, which would need to be deepened in previous
variants. The bottom of the footings of the secondary lining is raised
to the level of —0.8m below the top of rail (compared to variants 1

VAR. 2

R1=3,2m, pojistny prostor 150 mm, patky -1,3 m
R1 = 3.2m, comfort margin 150mm, footings —1.3m

&, 150

pfedpokladany lic vyrubu stavajiciho tunelu
assumed internal face
of existing tunnel excavation

zaméfeny lic osténi stavajiciho tunelu
surveyed internal face of the lining
of the existing tunnel

postranni volny prostor pro zafizeni
a stavby pro tratové koleje v pfimé
free space for equipment

and structures for running tracks
on a straight route on the side

Unikova cesta (1200x2200 mm)
escape path (1200x2200mm)

piklad pouziti multikanalu
pro vedeni kabell
example of application

of multi-duct for cables

pojistny prostor 150 mm
comfort margin 150mm

tunelovy prijezdny prifez TPP
dle CSN 73 7508

bez trakéniho nastavce

tunnel clearance profile according
to CSN 73 7508

without electrification extension

kinematicky obrys pro vozidla GC
dle CSN 6320,

véetné vlivu starsich vozidel
kinematic envelope for GC vehicles
according to CSN 73 6320,
including the effect

of older vehicles

pfiklad pouZiti chrani¢ek @ 110 mm
pro vedeni kabelli

example of the use of protection
pipes @ 110mm for cables

boéni tunelova drendz DN 200
tunnel side drainage DN200

obrys nutného kolejového loze
dle CSN 73 6201

contour of the necessary ballast
according to CSN 73 6201

stfedni tunelové drenaz DN 200 central tunnel drain DN200

27 e 4000 w39
vyméry na BM tunelu [m?, m?]
main areas per linear metre of tunnel [m?3, m?

objem pavodniho vyrubu 42,136 objem nového vyrubu 48,789 objem betonu nového osténi 6,811

volume of original excavation 42.136 volume of new excavation 48.789 volume of new lining shotcrete 6.811

objem bouraného osténi 8,037 objem vyrubu roz8ifeni 6,732 plocha hydroizolace 19,192
volume of broken out lining 8.037 volume of excavation enlargement 6.732 area of waterproofing 19.192
objem zakladky 5,290 plocha stfikaného betonu 18,956 objem betonu kabelovodl 0,552
volume of packing 5.290 area of shotcrete 18.956 volume of concrete for cable ducts 0.552
objem Stérku dna 3,525

volume of bottom gravel 3.525

Y

Obr. 10 Vzorovy pricny rez — varianta 2
Fig. 10 Typical cross-section — variant No. 2
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var. 1 a 2, které jsou —1,3 m pod TK), tj. na uroven plané pod
obrysem nutného Stérkového loze. Vyska patky je zmenSena na
450 mm, aby bylo mozné umistit chrani¢ky na patky pod chod-
nik. Pro né je na obetonovani ponechdna vrstva chodniku pouze
200 mm, tj. napf. jedna fada chranicek DN 110 mm (vlevo) nebo
2 fady chranicek DN 40 mm (vpravo), coZ je patrné z pficného
fezu na obr. 11. Poloha kabelovych Sachet je mozna pouze v misté
zachrannych vyklenkd, kde 1ze patku tunelu pferusit a vznikly pro-
stor vyuZzit pro umisténi kabelové Sachty. Normova §itka pojistného
prostoru je 300 mm. Technické feSeni je v souladu s pozadavky
CSN 73 7508 a dalich predpist. Navrh vyzaduje provéfeni dosta-
te¢né kapacity kabelovodl s ohledem na omezeny prostor pro ve-
deni chranic¢ek nad patkou osténi, a to i s ohledem na jejich budouci
vyuziti.

Varianta ¢. 4 je modifikaci varianty ¢. 3 se zmenSenou §itkou
pojistného prostoru na 150 mm. Oproti varianté €. 3 dochazi vlivem
zmens$eni pojistného prostoru na 150 mm a sniZeni vysky patek se-
kundarniho osténi k Gspofe 3 m?® vyrubu na 1 bm tunelu (obr. 12).
Technické feSeni vyZzaduje nejen provéreni dostatecné kapacity
kabelovodil s ohledem na omezeny prostor pro vedeni chranicek
nad patkou osténi, ale zejména vyjimku z normy CSN 73 7508 pro

and 2, which are —1.3m below the top of rail), i.e. to the level of the
track formation below the contour of the required ballast. The height
of the footing is reduced to 450mm in order to allow for placing
protection pipes on the footings under the walkway. For them, a layer
only 200mm thick is left for concrete backfill, for example for one
row of DN110mm protection pipes (left side) or 2 rows of DN40mm
protection pipes (right side). They can be seen from the cross-section
in Fig. 11. The placement of the cable manholes is possible only in
the rescue recesses, where the tunnel footing the can be interrupted
and the space created in this way can be used for placing a cable
manhole. The standard width of the comfort margin is 300mm.
The technical solution is in accordance with the requirements of
CSN 73 7508 and other regulations. The design requires verification
of the sufficient capacity of cable ducts with regard to the limited
space for placing the protection pipes above the footing of the lining,
even with regard to their future use.

Variant No. 4 is a modification of variant No. 3 with the width
of the comfort margin reduced to 150mm. Compared to variant
No. 3, due to the reduction of the comfort margin to 150mm and the
reduction of the height of the footings of the secondary lining, 3m?
of excavation per 1 linear metre of tunnel is saved (see Fig. 12). The
technical solution requires not only the verification of the sufficient

predpokladany lic vyrubu stavajiciho tunelu
assumed internal face
of existing tunnel excavation

zaméreny lic osténi stavajiciho tunelu
surveyed internal face of the lining
of the existing tunnel

postranni volny prostor pro zafizeni
a stavby pro tratové koleje v pfimé
free space for equipment

and structures for running tracks
on a straight route on the side

Unikova cesta (1200x2200 mm)
escape path (1200x2200mm)

5250
18000

VAR. 3

R1 = 3,35 m, pojistny prostor 300 mm, patky —0,8 m
chranicky v chodniku
R1 = 3.35m, comfort margin 300mm, footings —0.8m
protection pipes in walkway
£.300

pfiklad pouziti chrani¢ek @ 110 mm

pojistny prostor 300 mm

dle CSN 73 7508

comfort margin 300mm according
to CSN 73 7508

=
L@
4

tunelovy prljezdny prifez TPP
dle CSN 73 7508

bez trakéniho néstavce

tunnel clearance profile according
to CSN 73 7508

without electrification extension

kinematicky obrys pro vozidla GC
dle CSN 6320,

véetné vlivu starich vozidel
kinematic envelope for GC vehicles
according to CSN 73 6320,
including the effect

of older vehicles

pfiklad pouziti chrani¢ek @ 40 mm

ro vedeni kabelli v chodniku i ; o a
exam;?le of application of @ TT0mm Rl l TR 40,000 piiEcon! kabqlu i Siocai
protection pipes for cables leading R ‘o T 4 example of application of @ 40mm
in the walkway s 030 A protection pipes for cables leading
I........ 21 el in the walkway
P-'\ A % " ) s
— e L] { obrys nutného kolejového loze
it A= N e e w=—___dle CSN 73 6201
contour of the necessary ballast
boéni tunelové drendz DN 200 according to CSN 73 6201
tunnel side drainage DN200 stredni tunelova drenaz DN 200 central tunnel drain DN200
R - H 2200 2200 - i

vyméry na BM tunelu [m?, m?
main areas per linear metre of tunnel [m? m?

objem plvodniho vyrubu 42,136 objem nového vyrubu 50,128 objem betonu nového osténi 6,521

volume of original excavation 42.136 volume of new excavation 50.128 volume of new lining shotcrete 6.521

objem bouraného osténi 8,037 objem vyrubu rozsifeni 8,258 plocha hydroizolace 18,512
volume of broken out lining 8.037 volume of excavation enlargement 8.258 area of waterproofing 18.512
objem zakladky 5,290 plocha stfikaného betonu 18,361 objem betonu kabelovodd 0,298
volume of packing 5.290 area of shotcrete 18.361 volume of concrete for cable ducts 0.298
objem $térku dna 3,525

volume of bottom gravel 3.525

Obr. 11 Vzorovy pricny rez — varianta 3
Fig. 11 Typical cross-section — variant No. 3
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capacity of the cable ducts with regard to the limited space for
placement of the protection pipes above the footing of the lining,
but especially the exception from the CSN 73 7508 standard for the
width of the comfort margin. All other requirements of standards and
regulations are fulfilled.

For each of the variants, the calculation of base areas and volumes
was performed under simplifying assumptions about the position
of the external side of the existing lining, the assumed excavation
surface and the shape of the tunnel bottom. They significantly affect
the amount of investment costs. The results are synoptically arranged
in the following tables. Table 3 shows the main areas per linear metre
of the tunnel.

For the percentage evaluation of variants item by item, variant No.
1 was chosen as the basic one. Individual items of other variants
are then expressed as a percentage of the basic variant, which has a
rating of 100%. The results of the evaluation are presented in Table 4.

Another indicator according to which the individual variants are
compared is the percentage of the excavation cross-sectional area
necessary for the enlargement of the tunnel profile to the required
size from the total tunnel excavation area after the enlargement. The
resultant evaluation is presented in Table 5.

All variants guarantee the waterproofing of the lining and the

Sitku pojistného prostoru. VSechny dalsi pozadavky norem a pred-
pist jsou splnény.

Pro kazdou z variant byl za zjednodusujicich predpokladi o po-
loze rubu stavajici obezdivky, predpoklddaného povrchu vyrubu
a tvaru dna tunelu proveden vypocet zdkladnich ploch a objemd,
které vyraznym zplsobem ovliviiuji vysi investiCnich naklada.
Vysledky jsou prehledné usporddané do ndsledujicich tabulek.
V tab. 3 jsou uvedeny hlavni vyméry na béZny metr tunelu.

Pro procentudlni vyhodnoceni variant po jednotlivych polozkich
byla jako zdkladni zvolena varianta ¢. 1. Jednotlivé polozky ostat-
nich variant jsou pak vyjadieny jako procento ze zakladni varianty,
ktera ma v hodnoceni 100 %. Vysledky hodnoceni ukazuje tab. 4.

Dal$im ukazatelem, podle kterého jsou jednotlivé varianty po-
rovnavany, je procento plochy vyrubu nutné pro rozsifeni profilu
tunelu na pozadovanou velikost z celkové plochy vyrubu tunelu po
rozsiteni. Vysledné hodnoceni je uvedeno v tab. 5.

Vsechny varianty zarucuji vodonepropustnost osténi a Zivotnost
konstrukce odpovidajici novostavbé tunelu, tj. osténi s nulovym
prasakem a s Zivotnosti nevymeénitelnych konstrukei tunelu 100 let.
Pro zhodnoceni vSech aspektl byla pro zamér projetu jako opti-
mélni vybrana varianta ¢. 1. Varianta s trakénim ndstavcem byla

VAR. &
R1 = 3,2 m, pojistny prostor 150 mm, patky —0,8 m
chranicky v chodniku
R1 = 3.2m, comfort margin 150mm, footings -0.8m
protection pipes in walkway
predpokladany lic vyrubu stavajiciho tunelu g 150 ‘L o
assumed internal face ™ =% = pojistny prostor 150 mm
of existing tunnel excavation ",,,.-J”"‘ = S e R i) comfort margin 150mm
o e —————
,.f‘rf-f"’--’ s ) Aeron P
zaméfeny lic osténi stavajiciho tunelu " —_— tunelovy prijezdny prifez TPP
- = - dle CSN 73 7508
surveyed internal face of the lining P bez trakéniho nastavee
of the existing tunnel tunnel clearance profile according
B to CSN 73 7508
7 ! 'i'-"aﬂ without electrification extension
Fi *, +
postranni volny prostor pro zafizeni 4y & g
a stavby pro trafové koleje v pfimé \
Kt o v o0
: - dle CSN 6320,
on astraight route on the side / 2500 véetné vlivu starsich vozidel
&/ kinematic envelope for GC vehicles
i according to CSN 73 6320,
| including the effect
Unikova cesta (1200x2200 mm) J_ of older vehicles
escape path (1200x2200mm) a0ad l
| 2500 it
o\ 1200 1720
Fiklad pouziti chranicek @ 110 | *ﬁl?j *
priklad pouZiti chranice mm | e L G
pro vedeni kabeli v chodniku - " %\"“ T. K« 120,000 Eﬂ,k'f;’dﬁﬁ?ﬁﬁ'b‘éﬂ'ﬁ”'fﬁgdﬁff m
example of applicafion of @ TT0mm 1.‘;- \ - v o
protection pipes for cables leading o030 2 1 example of application of @ 40mm
in the walkway 1 i ﬁ]rct);%c\t;g?k%g?s for cables leading
£ -0,800 c,::
A A e I —— obrys nutného kolejového loze
die CSN 73 6201
contour of the necessary ballast
boéni tunelova drendz DN 200 according to CSN 73 6201
tunnel side drainage DN200 stfedni tunelova drendz DN 200 central tunnel drain DN200
2 o 2260 " 2268 o et D
vyméry na BM tunelu [m?, m?
main areas per linear metre of tunnel [m?, m?
objem pavodniho vyrubu 42,136 objem nového vyrubu 47,342 objem betonu nového osténi 6,265
volume of original excavation 42.136 volume of new excavation 47.342 volume of new lining shotcrete 6.265
objem bouraného osténi 8,037 objem vyrubu rozsifeni 5,471 plocha hydroizolace 18,041
volume of broken out lining 8.037 volume of excavation enlargement 5.471 area of waterproofing 18.041
objem zakladky 5,290 plocha stfkaného betonu 17,889 objem betonu kabelovodl 0,239
volume of packing 5.290 area of shotcrete 17,889 volume of concrete for cable ducts 0.239
objem $térku dna 3,525
volume of bottom gravel 3.525

Obr. 12 Vzorovy pricny Fez — varianta 4
Fig. 12 Typical cross-section — variant No. 4
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Tab. 3 Hlavni poloZky pro hodnoceni variant na 1 bm tunelu

Polozka Jednot- | TPP trakéni TPP bez trakéniho nastavce
ky | nastavec | yar.&.1 | var.é.2 | var.é.3 | var.é.4

Svétly vyrub (nového tunelu) [m?] 62,880 51,737 48,789 50,128 47,342
Vyrub pro rozsifeni [m3/bm] 20,743 9,681 6,732 8,258 5,471
Plocha SB primarniho osténi | [m*bm] | 21,315 19,425 18,956 18,361 17,889
Beton horni klenby [m¥bm] 6,782 5,959 5,854 5,530 5,411
Beton patek [m%bm] 1,122 1,110 0,957 0,991 0,854
Beton celkem [m%bm] 7,904 7,070 6,811 6,521 6,265
Plocha izolace [m2bm] | 21,401 19,666 19,192 18,512 18,041

Tab. 4 Hodnoceni poloZek procentudlnim vyjddrenim k varianté ¢. 1

Polozka TPP trakéni TPP bez trakéniho nastavce
nastavec | var.é.1 | var.é.2 | var.&.3 | var.&. 4

Svétly vyrub (nového tunelu) 121,54% 9430% | 96,89% | 91,51%
Vyrub pro rozsifeni 214,27% 69,54% 85,30% 56,51%
Plocha SB primérniho osténi 109,73% 97,59% 94,52% 92,09%
Beton horni klenby 113,81% | 100,00% | 9823% | 92,80% | 90,80%
Beton patek 101,02% 86,16% | 89,24% | 76,90%
Beton celkem 111,80% 96,34% 92,24% 88,62%
Plocha izolace 108,82% 97,59% | 94,13% | 91,74%

oy

Tab. 5 Vyhodnoceni z hlediska poméru plochy vyrubu rozsiveni k celkové ploSe vyrubu

Poloska TPP trakéni TPP bez trakéniho nastavce
nastavec | var.g.1 | varé.2 | varé.3 | varé.4
Vyrub pro rozsireni 32,99% 18,71% 13,80% 16,47% 11,56%

z vybéru vyloucena s ohledem na spiSe
teoretickou moznost elektrifikace traté
vzhledem k dal§Sim umélym stavbam,
které by bylo nutné rovnéZ vyraznym
zpusobem konstrukéné ménit. Varianty
se sniZzenym pojistnym prostorem by
mély omezenou moZznost dodatecnych
vestaveb, coZ je vzhledem k normou po-
Zadované Zivotnosti 100 let nepiipustné.
Stejné tak je mald kapacita kabelovodid
bez rezerv ve vedeni dalSich kabeld li-
mitujici s ohledem na jejich budouci
vyuZiti a nemoznost jejich rozsifeni bez
zasahu do nosné konstrukce tunelu.

Po dohodé€ s objednatelem bylo v rdm-
ci rekonstrukce navrZzeno prodlouZeni
tunelu z pavodnich 82,5 m na 100 m.
Odsun portall od strmych a nestabilnich
portalovych svaha, které musi byt zajis-
tény kotvenim a ocelovymi sitémi, snizi
riziko padu dlomkd horniny na jizdni
drahu. Situaci charakteristickou pro oba
portaly je vidét na obr. 13.

NEJISTOTY, RIZIKA A JEJICH
MINIMALIZACE

V piipadé navrhu novostavby tunelu
predstavuji zdkladni nejistotu geotech-
nické podminky, které jsou sice popsany
na zdkladé geotechnického prizkumu,
vzdy se vSak jedna do jisté miry o ,,bo-
dové* informace, které jsou interpre-

service life of the structure corresponding
to the new tunnel structure, i.e. the lining
with zero leakage and a service life of
non-replaceable tunnel structures of 100
years. To evaluate all aspects, variant
No. 1 was chosen as optimal for the
project intention. The variant with a
traction extension was excluded from
the selection with regard to the rather
theoretical possibility of electrifying
the line with respect to other artificial
structures, which would also have to
be significantly structurally changed.
Variants with reduced comfort margin
would have a limited possibility of
additional installations, which 1is
unacceptable taking into consideration
the service life of 100 years required
by the standard. Likewise, the small
capacity of cable ducts, without reserves
for installation of other cables is limiting
with respect to their future use and
the impossibility of their expansion
without interfering with the load-bearing
structure of the tunnel.

Following an agreement with the
project owner, an extension of the tunnel
length from the original 82.5m to 100m
was designed as part of the reconstruction.

Table 3 Main items for evaluation of variants per 1 linear metre of tunnel

Clearﬁ'nce Clearance profile without traction extension
. rofile
ffem units t?actiqn var.No.1 | var.No.2 | var.No.3 | var. No. 4

extension
8?%@"{5;‘;&;:;’” [m?] 62.880 | 51787 | 48789 | 50.128 | 47.342
Excavation for enlargement [m¥Im] 20.743 9.681 6.732 8.258 5.471
gfprr)?lyrﬁg&o“r:ﬁrr]egte area mzim] | 21315 | 19425 | 18956 | 18361 | 17.889
Concrete of upper vault [m3/Im] 6.782 5.959 5.854 5.530 5.411
Concrete of footings [m¥Im] 1.122 1.110 0.957 0.991 0.854
Concrete total [m3/Im] 7.904 7.070 6.811 6.521 6.265
Area of waterproofing [m%Im] 21.401 19.666 19.192 18.512 18.041
Table 4 Evaluation of items by expression of percentage relative to variant No. 1

Clearance Clearance profile with
e profile traction extension

traction

extension | var-No.1 [ var.No.2 | var.No.3 | var.No.4
Clear excavation (new tunnel) 121.54% 94.30% 96.89% 91.51%
Excavation for enlargement 214.27% 69.54% 85.30% 56.51%
Sprayed concrete area of primary lining 109.73% 97.59% 94.52% 92.09%
Concrete of upper vault 113.81% |[100.00% | 98.23% 92.80% 90.80%
Concrete of footings 101.02% 86.16% 89.24% 76.90%
Concrete total 111.80% 96.34% 92.24% 88.62%
Area of waterproofing 108.82% 97.59% 94.13% 91.74%

Table 5 Evaluation from the aspect of proportion of cross-sectional area of excavation for the excavation

enlargement to the total excavation area

Clearance | Clearance profile without traction extension
e profile
traction | var,No.1 | var.No.2 | var.No.3 | var.No. 4
extension
Excavation for enlargement 32.99% 18.71% 13.80% 16.47% 11.56%
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Obr. 13 Skalni zdrez pred portdlem
Fig. 13 Rock cutting in front of the portal

tovany na celou trasu tunelu. Pokud neni v prfipadé rekonstrukce
tunelu k dispozici projektovd dokumentace a archivni materialy
z doby vystavby, oblast nejistot se rozsifuje. Pfi ndvrhu technické-
ho feseni Dolnolucanského tunelu se jednalo o nasledujici nejistoty
a s nimi spojena rizika:

1. Presnost stanoveni objemu vyrubu nutného pro rozsifeni tu-
nelu do nového tvaru. Na presnosti stanoveni skutecného lice
vyrubu zavisi pfesnost stanoveni mnoZzstvi vyrubané horniny,
které je moZné stanovit pouze za zjednoduSujicich pfedpokla-
dd o poloze stavajiciho povrchu vyrubu. K objemu vyrubu
je pfi vypoctu zemnich praci a dimenzovani deponie nutné
pfipocitat zatim nezndmy objem zakladky za stavajicim osté-
nim a objem degradované horniny, kterd maze po odstranéni
stavajici obezdivky a zakladky vypadnout.

2. S nepresnou polohou povrchu stavajictho vyrubu souvisi
i presnost stanoveni mnoZstvi stiikaného betonu primarniho
osténi pro zajisténi stability horninového masivu po odstra-
néni stavajici obezdivky a rozsifeni profilu. Na mnoZstvi stfi-
kaného betonu primarniho osténi ma vliv i pouzity hydroizo-
la¢ni systém. V piipadé pouziti hydroizolacni folie je nutné
zajistit vyrobcem folie predepsany pozadovany tvar a kiivost
povrchu primarniho osténi. Do pozadovaného tvaru je nutné
stifkanym betonem vyplnit pfipadné nadvyruby. Jind situace
je v pripad¢€ pouziti stiikané hydroizolacni membrany, u kte-
ré jsou tvar a kiivost podkladu limitovany pouze piipustnymi
odchylkami od projektované tloustky sekundéarniho osténi. Je
vsak nutné zajistit podminky pro jeji nastfik, tj. relativné su-
ché prostredi a idealn€ nastiik jemnozrnné stfikané vrstvy pro
sniZeni spotfeby materilu.

3. Skutecny tvar priméarniho osténi (tj. obvod zajist€éného vyru-
bu) md vliv na mnoZstvi hydroizola¢niho materidlu. Pokud
neni znam tvar lice vyrubu, je obtizné presné stanovit i celko-
vou plochu hydroizolace a s ni spojené naklady na realizaci.

The shifting of portals from steep and
unstable portal slopes, which must be
stabilised by anchoring and steel nets,
will reduce the risk of rock fragments
falling onto the track. The situation
characteristic of both portals can be
seen in Fig. 13.

UNCERTAINTIES, RISKS
AND THEIR MINIMISATION

In the case of the new tunnel design,
the basic uncertainty is represented
by geotechnical conditions, which are
described on the basis of geotechnical
investigation, but it is always to some
extent “point” information which is
interpreted for the entire tunnel route.
If design documents and archival
materials from the construction
period are not available in the case of
this tunnel reconstruction, the area of
uncertainty expands. When designing
the technical solution for the Lucany
nad Nisou tunnel, the following
uncertainties and the risks associated
with them were involved:

1. Accuracy of determining the

volume of excavation necessary
for the enlargement of the tunnel into a new shape. The accuracy
of the determination of the amount of excavated rock, which
can only be determined under simplifying assumptions about
the position of the existing excavation surface, depends on the
accuracy of the determination of the actual face of the excavated
cross-section. When calculating earthworks and dimensioning
the muck stockpile, it is necessary to add to the, for the time
being unknown, volume of packing behind the existing lining
and the volume of the degraded rock which may fall out after
removing the existing lining and the packing.

. The inaccurate position of the surface of the existing excavation

is also related to the accuracy of determining the amount of the
primary lining shotcrete required for ensuring the stability of
the rock mass after removing the existing lining and enlarging
the profile. The amount of the primary lining shotcrete is also
affected by the waterproofing system used. In the case of using a
waterproofing membrane, it is necessary to ensure the required
shape and flatness of the primary lining surface required by
the membrane manufacturer and regulations. It is necessary to
fill possible overbreaks with shotcrete to achieve the required
shape. Another situation is in the case of using a spray-on
waterproofing membrane, where the shape and flatness of
the substrate is limited only by permissible deviations from
the designed thickness of the secondary lining. However, it
is necessary to ensure the conditions for the application, i.e. a
relatively dry environment and ideally spraying a fine-grained
layer to reduce material consumption.

. The actual shape of the primary lining (i.e. the circumference of

the supported excavation) affects the amount of waterproofing
material. If the shape of the surface of the excavation is not
known, it is difficult to determine exactly the total area of the
waterproofing and the associated installation costs.

. The uncertain shape of the primary lining negatively affects the

calculation of the volume of in-situ concrete of the secondary
lining. If the secondary lining concrete is cast behind a traveller
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4. Nejisty tvar primédrniho osténi negativné ovliviiuje vypocet
objemu monolitického betonu sekundarniho osténi. Pokud je
sekundarni osténi betonovano do pojizdného bednéni, je jeho
lic pevné dan a objem betonu mezi licem priméarniho osténi
a licem bednéni opét zavisi na poloze lice primarniho osténi.
V pfipadé€ Dolnolu¢anského tunelu je mocnost zaklddky a tvar
vyrubu velkou nezndmou a mohou byt ovéfeny aZ po odstra-
néni stavajici obezdivky, nebo pripadné stavebnétechnickym
prizkumem v dalSich stupnich projektové dokumentace.

Pro minimalizaci vysSe uvedenych rizik byla pfi navrhu technic-

kého teseni ucinéna nasledujici rozhodnuti.

a) Pro dalsi stupen projektové dokumentace bylo doporuceno
provedeni stavebnétechnického prizkumu pro ovéfeni tvaru
vyrubu ve vét§im rozsahu, neZ predpoklddala zadavaci doku-
mentace (pouze 6 ks prizkumnych vrt pfes osténi na celou
délku tunelu).

b) Bylo doporuceno pouziti stfikané hydroizola¢ni membrany,
coZ omezi objem stiikaného betonu primarniho osténi na sta-
ticky a konstruk¢né nezbytné minimum.

¢) Dimenzovéani sekundédrniho osténi bude provedeno az po sta-
noveni jeho skutecné tloustky, kterd je dana skute¢nou polo-
hou lice primérniho osténi. Bude pfipadné pouZito nevyztuZe-
né sekundérni osténi.

d) Doporucuje se zvazit moznost pouziti bednéni s rektifiko-
vatelnou polohou plasté, aby bylo mozné stanovit nezbytné
nutnou tloustku sekundarniho osténi a svétly profil tunelu tim
piipadné zvétsit.

ZAVER

Navrh technického feSeni rekonstrukce Dolnolu¢anského tunelu si
vyzadal posouzeni celé fady variant. Navrzené varianty zohlednova-
ly dostupné podklady, definovaly nejistoty spojené s trovni znalosti
o stavajicim konstruk¢énim feseni tunelu a horninovém masivu. Bylo
nutné posoudit rizika vyplyvajici z uvedenych nejistot a navrhnout
takovy zptsobu rekonstrukce, ktery by zjiSt€na rizika ovlivnila jen
minimdln€. NavrZené technické feSeni, které bylo pfedloZeno jako
zamér projektu, spliiuje vSechna kritéria poZadovand objednatelem
v zadavaci dokumentaci. Obnovuje hydroizola¢ni i drenaZni systém
tunelu, umoziuje vedeni kapacitnich kabelovodt, zajistuje bezpec-
nost zaméstnanct spravce tunelu vytvorenim zdchrannych vyklenk,
umoznujicich ukryt pri kontrole tunelu za provozu, a zvysuje Zivot-
nost tunelu na 100 let. Zaroven respektuje pozadavky na ochranu
pfirody a krajiny. Pokud bude navrZena koncepce rekonstrukce Dol-
nolucanského tunelu schvélena, bude mozné v pristich ¢islech caso-
pisu Tunel informovat o dalSim vyvoji projektu, a hlavné o realizaci
tohoto technicky zajimavého projektu. Pro Spravu Zeleznic, s.0. pro-
jekt zpracovava firma SAGASTA s.r.o.

Ing. LIBOR MARIK,
libor.marik@sagasta.cz, SAGASTA s.r.o0.

Recenzoval Reviewed: prof. Ing. Jiri Bartdk, DrSc.
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formwork, its face is fixed and the volume of concrete between
the face of the primary lining and the face of the formwork
again depends on the position of the face of the primary lining.
In the case of the Lu¢any nad Nisou tunnel, the thickness of the
packing and the shape of the excavation are largely unknown
and can be verified only after the removal of the existing lining,
or possibly by a structural survey in the next stages of the
design documentation.

To minimize the above risks, the following decisions were made

when designing the technical solution.

a) For the next stage of the design documentation, it was reco-
mmended to carry out a structural survey to verify the shape of
the excavation to a greater extent than anticipated in the tender
documents (only 6 exploratory boreholes through the lining for
the entire length of the tunnel).

b) The use of sprayed-on waterproofing membrane was reco-
mmended, which will limit the volume of the primary lining
shotcrete to the statically and structurally necessary minimum.

c) The dimensioning of the secondary lining will be carried out
only after determining its actual thickness, which is given by
the actual position of the internal surface of the primary lining.
Optionally, unreinforced secondary lining will be used.

d) Itis recommended to consider the possibility of using formwork
with a rectifiable position of the jacket, in order to be able to
determine the necessary thickness of the secondary lining and,
if necessary, to increase the clear profile of the tunnel.

CONCLUSION

The design of the technical solution for the reconstruction of the
Lucany nad Nisou tunnel required the assessment of a number of
variants. The proposed variants took into account the data available,
defined the uncertainties associated with the level of knowledge
about the current structural design of the tunnel and the rock mass. It
was necessary to assess the risks arising from these uncertainties and
to design a method of reconstruction that would affect the identified
risks only minimally. The proposed technical solution which was
submitted as the project intention meets all the criteria required by the
project owner in the tender documents. It renews the waterproofing
and drainage system of the tunnel, enables the placement of high-
capacity cable ducts, ensures the safety of the tunnel operator’s
employees by creating rescue recesses providing shelter when
inspecting the tunnel during operation, and extends the lifetime of
the tunnel to 100 years. At the same time, it respects the requirements
for nature and landscape protection. If the proposed concept of the
reconstruction of the Luc¢any nad Nisou tunnel is approved, it will be
possible to inform in the next issues of the TUNEL journal about the
further development of the design, and especially about the work on
this technically interesting project. The project is being prepared by
SAGASTA s.r.o. for the Railway Administration.

Ing. LIBOR MARIK,
libor.marik @sagasta.cz, SAGASTA s.r.o.
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PROJEKT A REALIZACE ZVEROTICKEHO TUNELU
DESIGN AND CONSTRUCTION OF ZVEROTICKY TUNNEL

LIBOR MARIK

ABSTRAKT

Dvoukolejny Zeleznicni tunel Zvérotice délky 370 m je v poradi devdtym tunelem na IV. tranzitnim Zeleznicnim koridoru v viseku mezi
Prahou a Ceskymi Budéjovicemi. Nachdzi se na tratovém tiseku Sobéslav — Doubi u Tiabora v pomérné iizkém pruhu tizemi mezi provozo-
vanou ddlnici D3 a méstem Sobéslav. Tunel je navrien a realizovdn jako hloubeny v oteviené stavebni jamé. Geotechnické podminky jsou
i pri malé délce tunelu velmi pestré, horninovy masiv tvori jak pevné poloskalni horniny, tak jejich eluvium charakteru zemin. Snad prdvé
proto byla pro vystavbu v zaddvaci dokumentaci doporucena observacni metoda, kterd byvd pouZivdna spiSe v raZenych tunelech. Text
popisuje etapu zpracovdni realizacni dokumentace a aplikaci observacni metody p¥i ndvrhu geotechnickych konstrukci a vystavbé tunelu.

ABSTRACT

The 370m long Zvérotice double-track railway tunnel is the ninth tunnel on the IV. transit railway corridor in the section between
Prague and Ceské Budéjovice. It is located on the Sobéslav — Doubi u Tdbora line section in a relatively narrow strip of land between the
D3 operated motorway and the town of Sobéslav. The tunnel is designed and implemented as an excavation in an open construction pit.
Geotechnical conditions are very varied even with a small length of the tunnel, the rock mass consists of both solid, and disturbed rocks
and their eluvium in the character of soils. Perhaps that is why the observation method, which is used more in excavated tunnels, was
recommended for construction in the tender documentation. The text describes the stage of processing the implementation documentation

and the application of the observation method in the design of geotechnical structures and the construction of the tunnel.

uvob

Tunel Zvérotice je jednim ze tfi prav€ provadénych Zelezni¢nich
tuneld nejen na IV. Zelezni¢nim koridoru, ale i na celém tzemi
Ceské republiky. Tunel je soud4sti stavby ,,Modernizace trati Ve-
seli nad Luznici — Tabor — II. ¢ast, tsek Veseli nad Luznici — Dou-
bi u Tabora, 2. etapa Sobéslav — Doubi*. Trafovy usek je veden
z velké Casti v nové stopé podél dopravniho koridoru dalnice D3.
Prelozka ma délku 8,8 km a po dokonceni dojde ke zrychleni doby
jizdy u rychlikovych spojli o 8 minut. Projekt byl piivodné navrZen
na rychlost 160 km/h, v pribéhu vystavby doslo po tprave technic-
kého feseni ke zvyseni rychlosti pro naklapéci vlakové soupravy az
na 200 km/h, pro standardni vlakové soupravy na 185 km/h. Pred-
pokladand doba vystavby je od zafi 2019 do kvétna 2023. Zahgjeni
provozu je planovéno v listopadu 2022.

Stavbu tunelu provadi firma HOCHTIEF CZ, a.s. pro sdruZeni
firem STRABAG RAIL a.s., EUROVIA CS, a.s. a Metrostav a.s.
Geotechnicky monitoring zajistuje firma GeoTec-GS, a.s. Investo-
rem stavby je Sprava Zeleznic, s.o. Autorem realiza¢ni dokumenta-
ce je firma SAGASTA s.r.o.

GEOLOGICKE POMERY A JEJICH VYHODNOCENI

Pred zahdjenim projekc¢nich praci na realiza¢ni dokumentaci mél
projektant k dispozici vysledky geotechnického prizkumu, ktery
velmi podrobné zpracovala firma GeoTec-GS a.s. v roce 2011.
V délce tunelu 370 m bylo k dispozici celkem 15 jadrovych vrta.
V ramci predbézného geotechnického prizkumu byly realizované
Ctyfi vrty do hloubky 8 m az 12 m. Nésledné vysledky predbéz-
ného prizkumu upiesnil podrobny geotechnicky prizkum, ktery
informace o horninovém masivu doplnil vysledky dal$ich 11 vrtd,
jejichZ hloubka se pohybovala od 17 m do 26 m. Dno stavebni jamy
dosahuje hloubky 11 m az 14 m pod terénem. Kombinace vrtného
a geofyzikalniho prizkumu a jejich interpretace poskytovala spo-
lu s vysledky laboratornich a presiometrickych zkousek pomérné
presné informace o horninovém masivu a jeho geotechnickych pa-
rametrech.

INTRODUCTION

The Zvérotice tunnel is one of the three railway tunnels currently
being built not only on the I'V. Railway corridor, but throughout the
Czech Republic. The tunnel is part of the project “Modernization
of the line Veseli nad LuZnici — Tabor — II. Part, section Veseli nad
LuZnici — Doubi u Tébora, 2™ stage Sobé&slav — Doubi”. The line
section is largely run on a new track along the traffic corridor of the
D3 motorway. The relocated line is 8.8km long and after completion,
the speed of the expressway will be accelerated by 8 minutes. The
project was originally designed for a speed of 160km/h, during the
construction, after the modification of the technical solution, the
speed for tilting trainsets was increased to 200km/h, for standard
trainsets to 185km/h. The estimated construction period is from
September 2019 to May 2023. The start of operation is planned for
November 2022.

The tunnel is built by HOCHTIEF CZ, a. s. for the joint
venture of companies STRABAG RAIL a.s., EUROVIA CS, a.s.
and Metrostav a.s. Geotechnical monitoring is provided by
GeoTec-GS, a.s. The investor of the construction is the Railway
Administration, State Authority. The author of the implementation
documentation is the company SAGASTA s.r.0.

GEOLOGICAL CONDITIONS AND THEIR EVALUATION

Prior to the commencement of the design work on the
implementation documentation, the designer had at his disposal the
results of a geotechnical investigation, which was prepared in great
detail by the company GeoTec-GS a.s. in 2011. A total of 15 core
drillholes were available along the length of 370m of the tunnel. As
part of the preliminary geotechnical investigation, four boreholes
were drilled to a depth of 8m to 12m up to 26m. The bottom of
the construction pit reaches a depth of 11m to 14m below the
ground. The combination of drilling and geophysical investigation
and their interpretation, together with the results of laboratory and
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Obr. 1 Vysledky geofyzikdilniho prizkumu — podélny Fez
Fig. 1 Results of geophysical investigation — longitudinal section

Mocnost kvartérniho pokryvu v zdjmovém tzemi kolisd od 0,3 m
do 1,1 m a tvoii ho predev§im deluviofluvidlni zeminy charakteru
jilovitych piski az jild. Na bazi kvartérniho pokryvu se vyskytuji
pararuly moldanubika, které misty obsahuji cocky a vlozky Zilnych
hornin. Horniny jsou velmi zvétralé fosilnim zvétranim, které je
charakteristické nepravidelnym prib&hem i hloubkou zvétrani. Ve
stfedni ¢asti tunelu zvétrani zasahuje do pomérné velkych hloubek.
V oblasti u obou portdlli se mélce pod povrchem vyskytuji hor-
niny jen slabé zvétralé nebo navétralé. Prognézu geotechnickych
podminek potvrzenou pii realizaci vystihuje podélny fez na obr. 1.
Nerovnomérné zvétrani je do jisté miry podminéno i tektonickym
porusenim horninového masivu.

Tab. 1 Geotechnické charakteristiky hornin podle vysledkit geotechnického
prizkumu

zdroj GeoTec-GS, a.s. source GeoTec-GS, a.s.

presiometric tests, provided relatively accurate information about
the rock massif and its geotechnical parameters.

The thickness of the Quaternary cover in the area of interest
varies from 0.3m to 1.1m and consists mainly of deluviofluvial
soils of the character of clayey sands to clays. Below the base of
a quaternary cover, moldanubic pararules occur, which in some
places contain lenses and vein rock inserts. The rocks are very
weathered by fossil weathering, which is characterized by an
irregular course and depth of weathering. In the middle part of the
tunnel, the weathering extends to relatively large depths. In the
area near both portals, only slightly weathered or weathered rocks
occur shallowly below the surface. The prognosis of geotechnical

Table 1 Geotechnical characteristics of rocks according to the results of
geotechnical investigation

Geotechnickeé charakteristiky — horniny Geotechnical characteristics — rocks

Geotechnicky typ H1 H2 | H3 Geotechnical type H1 | H2 | H3

Geneze homin proterozoikum (pararuly, viozky kfemene, erland, Genesis of rocks Proterozoic (pararules, quartz inserts, erlans, etc.)

apod.) Rock classes accord-

Tridy hornin podle ing to CSN 73 1001 R5 R4 (R4-R3) R3 (R3-R2)

CSN 73 1001 R5 R4 (R4-R3) R3 (R3-R2) (no longer valid)

(jiz neplatna) large to ver
— P — Medium density g y

Stfedni hustota P ; A velkd az velmi : At extremely large very large large

diskontinuit extrémné velkd |  velmi velka velké (stfedni) discontinuity (medium)

navétralé g slightly
Stuperi zvétrani silné zvétralé | mimné zvétralé (popf. az Degree of weathering w2:t?1\glr{3 q rxgg?ggﬁgg weathered
zdravé) (or even sound)
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Obr. 2 Vzorovy pricny fez se spodni klenbou a zdkladovou deskou
Fig. 2 Standard cross section with invert vault and base plate

Zeminy a skalni horniny zdjmového tizemi byly v rdmci prazku-
mu zatiidény podle charakteristickych geotechnickych vlastnosti
na geotechnické typy. Zeminy byly zarazeny do Sesti geotechnic-
kych typu, horniny pak do tfi geotechnickych typi. Pro navrh tech-
nického feseni a stanoveni kritérii pro pouZiti jednotlivych typt
konstrukei pro zajiSténi stability stavebni jamy byly rozhodujici
geotechnické typy hornin. Jejich zdkladni charakteristiky uvadi
tab. 1. Jednotlivym geotechnickym typim odpovidaly podle vy-
sledkt prazkumu geotechnické parametry, které byly pouzity ve
vypoctech.

TECHNICKE RESENI PODLE ZADAVACI DOKUMENTACE

Projektant zaddvaci dokumentace na zdklad€ dostupnych infor-
maci o horninovém masivu navrhl technické feSeni hloubeného
dvoukolejného tunelu s klenbovou Zelezobetonovou konstrukei
osténi tloustky min. 600 mm. Osténi bylo v zavislosti na geotech-
nickych podminkach uloZeno bud na zédkladovych pasech, nebo ve
stiedni Casti tunelu na spodni klenbé o minimdalni tloustce rovnéz
to spodni klenbou navrzena jesté Zelezobetonova deska tloustky
az 1,5 m, ktera pudorysny rozmér tunelu presahovala na kazdou

conditions confirmed during the implementation is described by
the longitudinal section in Fig. 1. Uneven weathering is to some
extent conditioned by tectonic failure of the rock massif.

TECHNICAL SOLUTION ACCORDING TO TENDER
DOCUMENTATION

Based on the available information on the rock mass, the designer
of the tender documentation proposed a technical solution for an
excavated double-track tunnel with an arched reinforced concrete
lining thickness of min. 600mm. Depending on the geotechnical
conditions, the lining was laid either on the foundation strips or in
the middle part of the tunnel on the invert vault with a minimum
thickness of 600mm as well. In the most difficult geotechnical
conditions, a reinforced concrete slab up to 1.5m thick was
designed under this lower vault, which exceeded the floor plan
dimension of the tunnel by 2m on each side (Fig. 2). The length
of the concreting block of 10m was designed to be uniform for the
entire length of the tunnel. The waterproofing was designed of the
umbrella type with flame-fused asphalt strips.

The support ensuring the stability of the construction pit, the
depth of which reaches 14m at the deepest point, corresponded to
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stranu 0 2 m (obr. 2). Délka bloku betondZe 10 m byla navrZena
jednotna pro celou délku tunelu. Hydroizolace byla navrZena dest-
nikového typu s natavovanymi asfaltovymi pasy.

Predpokladanym geotechnickym podminkdm odpovidalo zajis-
téni stability stavebni jamy, jejiZ hloubka v nejhlubsim misté dosa-
huje 14 m. V oblasti obou portald, v dobrych geotechnickych pod-
minkach, byla stavebni jaima navrzZena jako svahovand, ve Spatnych
geotechnickych podminkach, ve stfedni Casti tunelu, zajiStovala
boky stavebni jamy kotvend pilotové sténa s jednotnou hloubkou
pilot 20 m. U vjezdového portdlu byla svahovana stavebni jama
navrzena v délce 130 m, u vyjezdového portalu v délce jen 40 m.
Zbyvajici délku stavebni jamy 200 m zajistovaly kotvené podzemni
stény.

Tunel byl mezi pilotovymi sténami navrzen v celé délce se spod-
ni klenbou, pficemz Zelezobetonova deska pod spodni klenbou
byla navrzena v tuseku délky 160 m. Pilotové stény byly vlevo ve
sméru stanieni kotveny ve Ctyfech vyskovych urovnich, vpravo
ve tfech tirovnich. Zelezobetonové prevazky lanovych kotev proto
nebyly navrZeny ve stejnych vyskovych trovnich.

I kdyz zadavaci dokumentace poskytovala kompletni projekt
tunelu v podrobnosti realizacni dokumentace, zvlastni technické
a kvalitativni podminky pozadovaly pfi ndvrhu zajisténi stavebnich
jam a konstruk¢niho feSeni tunelu aplikaci principti observacni me-
tody na zakladé skutecné zastizenych geotechnickych podminek.
To vyzadovalo pfi zpracovani realizacni dokumentace narocnou
pripravu jak z hlediska pfedpokladanych variant technického fese-
ni, tak nastaveni okrajovych podminek, za kterych bylo technické
feSeni konkrétni varianty navrZeno a za kterych mohlo byt pfi re-
alizaci pouZzito.

OPTIMALIZACE TECHNICKEHO RESENI

Realiza¢ni dokumentace, na rozdil od zadavaci dokumentace,
musi byt projektovana pro konkrétni materidly a vyrobky v souladu
s pracovnimi postupy zhotovitele stavby.

Optimalizace technického feSeni v pribéhu zpracovani reali-
zacni dokumentace méla dva cile, které se v mnohém dopliiovaly.
Jednalo se o optimalizaci stavebnich postupti s cilem minimalizace
rizik pfi provadéni a optimalizaci technického feSeni, a to s cilem
zlepSeni uzitnych vlastnosti navrZzeného dila, zvySeni Zivotnosti
konstrukce a zlepSeni idrzby tunelu za provozu.

V prvni fazi byla provérena $itka stavebni jamy mezi pilotovymi
st€énami s ohledem na dostatecny prostor pro vné€jsi bednéni tunelové-
ho osténi, provadéni hydroizolaci a zasypt hloubené konstrukce tu-
nelu. Po posouzeni vSech geometrickych vztaht bylo konstatovano,

Obr. 3 Bednici viz mezi pilotami — vzddlenost k pilotové sténé
Fig. 3 Formwork gantry between pilots — distance to the pile wall

the assumed geotechnical conditions. In the area of both portals,
in good geotechnical conditions, the construction pit was designed
as sloped, in poor geotechnical conditions, in the middle part of
the tunnel, the sides of the construction pit were secured by an
anchored pile wall with a uniform pile depth of 20m. The sloped
construction pit was designed in the length of 130m in the entrance
portal, in the exit portal only 40m in length.

The tunnel between the pile walls was designed along its entire
length with a invert vault, while the reinforced concrete slab under
the invert vault was designed in the 160m long section. Therefore,
the reinforced concrete walers of the cable anchors were not
designed at the same height levels.

Although the tender documentation provided the complete
tunnel design in the details of the implementation documentation,
the special technical and qualitative conditions required for the
design of the construction pits and tunnel design the application of
the principles of the observation method based on the geotechnical
conditions actually encountered. This required demanding pre-
paration during the elaboration of the implementation docu-
mentation both in terms of the anticipated variants of the technical
solution and the setting of the boundary conditions under which
the technical solution of a particular variant was designed and
under which it could be used in the implementation.

OPTIMIZATION OF TECHNICAL SOLUTION

Implementation documentation, unlike the tender documentation,
must be designed for specific materials and products in accordance
with the work procedures of the construction contractor.

The optimization of the technical solution during the elaboration
of the implementation documentation had two goals, which
complemented each other in many ways. It was the optimization
of construction procedures in order to minimize the risks in the
implementation and optimization of the technical solution, with
the aim of improving the serviceability properties of the designed
work, increasing the service life of the structure and improving the
maintenance of the tunnel during operation.

In the first phase, the width of the construction pit between
the pile walls was examined with regard to sufficient space for
the external formwork of the tunnel lining, the implementation
of waterproofing and backfilling of the deep tunnel structure.
After assessing all the geometric relationships, it was stated that
the construction pit must be widened by 1.5m compared to the
requirements of the tender documentation. Even so, the spatial
conditions in the construction pit remained very cramped during
construction. The minimum space between the pile wall and the
outer formwork of the tunnel lining after the widening of the
construction pit is shown in Fig. 3.

The progress of the construction was also related to the
adjustment of the number and position of reinforced concrete
waler beams for anchoring pile walls. The project of the tender
documentation assumed a different number of waler beams on
the left (4 pcs.) and on the right (3 pcs.) of the construction pit.
This design required different levels of partial excavations when
excavating the construction pit between the pile walls, from which
the waler beams would be concreted. Therefore, when designing
the technical solution in the implementation documentation, the
number of waler beams on the left and right side of the construction
pit was unified to three levels, which made it possible to excavate
the construction pit on floors of the same depth and with a straight
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Ze stavebni jamu je nutné oproti po-
Zadavkim zaddvaci dokumentace
rozsifit o 1,5 m. I tak zustaly pro-
storové podminky ve stavebni jamé
pri realizaci velmi stisnéné. Mini-
malni prostor mezi pilotovou sté-
nou a vnéjsim bednénim tunelového
osténi po rozsifeni stavebni jamy X e 7
ukazuje obr. 3. 2 - — .

S postupem vystavby souvise- ﬁah ,l;ﬂfﬂflﬂ :I.
la i Gprava poCtu a polohy Zelezo- | w0 S5
betonovych prevazek pro kotveni
pilotovych stén. Projekt zadavaci
dokumentace predpokladal jiny po-
Cet prevazek na levé (4 ks) a pravé
strané (3 ks) stavebni jamy. Tento
navrh vyZzadoval pfi hloubeni sta-
vebni jdmy mezi pilotovymi sténa-
mi razné turovné dil¢ich vykopu,
ze kterych by byly prevazky be-
tonovany. Pii navrhu technického Obr. 4 Odtézeni druhé etdZe v prostoru pilotovych stén
Fig. 4 Excavation of the second floor in the area of the pile walls

feSeni v realizacni dokumentaci
byl proto pocet previazek na levé

a pravé strané stavebni jamy sjednocen na t¥i drovné, coZ umoz- | course of the bottom. Fig. 4 shows a construction pit in the

nilo provadét téZeni stavebni jamy po etdzich stejné hloub- | excavation phase to the level of the second cable anchorage.

ky a s rovnym priibéhem dna. Na obr. 4 je zachycena staveb- Based on his own interpretation of the results of the geotechnical

ni jama ve fazi odtéZeni na uroven druhé prevazky lanovych investigation, the designer of the implementation documentation

kotev. came to the decision that the type of tunnel construction based
Na zédkladé vlastni interpretace vysledkii geotechnického pri- on the invert vault, which is placed on a reinforced concrete

zkumu dospél projektant realizacni dokumentace k rozhodnuti, Ze | slab, will not have to be used. Furthermore, only two types
typ konstrukce tunelu zaloZené na spodni klenbé, kterd je uloZena | of lining construction were monitored in the implementation
na Zelezobetonové desce, nebude nutné pouZzit. Dile tak byly vre- | documentation, namely in good geotechnical conditions based
aliza¢ni dokumentaci sledovany pouze dva typy konstrukce osténi, | on strips and in poor geotechnical conditions based on the invert

< s N D SR A P T
Obr. 5 Skutecny rozsah svahované stavebni jamy a zajisténi pilotovymi sténami
Fig. 5 Actual extent of the sloped construction pit and the pile walls
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vault. The waterproofing system
was changed from the originally
designed flame-fused asphalt strips
to sheet insulation standardly used
on tunnel constructions of this type.

The actual interpretation of
the results of the geotechnical
investigation also led to another
fundamental change in the technical
solution, namely the adjustment of
the extent of the construction pit
secured by the pile walls. From
the original length of the pile walls
of 200m, the section length of
pile walls in the implementation
documentation reached only
110m. The section of the sloped
construction pit in the area of the
entrance portal was thus extended
from 130m to 140m, at the exit

Obr. 6 Podkladni betony a vyztuZ spodni klenby
Fig. 6 Base slab concretes and invert vault reinforcement

a to v dobrych geotechnickych podminkach zaloZeného na pasech
a ve Spatnych geotechnickych podminkéich zalozeného na spodni
klenbé. Hydroizolacni systém byl zménén z piivodné navrzenych
natavovanych asfaltovych past na féliovou izolaci standardné pou-
Zivanou na tunelovych stavbach tohoto typu.

Vlastni interpretace vysledkll geotechnického prizkumu vedla
i k dalsi zasadni zméné technického feseni, a to k dpravé rozsa-
hu stavebni jamy zajisténé pilotovymi sténami. Z pavodni délky
pilotovych stén 200 m dosahovala délka tseku pilotovych stén
v realizaéni dokumentaci pouze 110 m. Usek svahované stavebni
jamy v oblasti vjezdového portdlu se tak prodlouzil ze 130 m na
140 m, u vyjezdového portalu ze 40 m na 120 m. Skutecny rozsah
svahované stavebni jamy a jamy zajisténé pilotovymi sténami je
na obr. 5. Pfi ndvrhu zajiSténi stability stavebni jamy bylo nutné
zohlednit i blizkou deponii vytéZené horniny.

Zmény rozsahu pouziti doznalo i rozdéleni tunelu podle typt
konstrukce osténi. Zaddvaci dokumentace predpokladala pouzi-
ti typu osténi zaloZeného na pasech v usecich svahované staveb-
ni jamy, mezi pilotovymi st€énami pak byl pouZit typ zaloZeny
na spodni klenbé. Na pfechodu mezi svahovanou stavebni jamou

Obr. 7 Sachta na &isténi drendze sdruzend s poZdrnim hydrantem
Fig. 7 Drainage cleaning shaft coupled with a fire hydrant

portal from 40m to 120m. The actual

extent of the sloped construction pit

and the pit secured by the pile walls
is shown in Fig. 5. When designing to ensure the stability of the
construction pit, it was necessary to take into account the nearby
landfill of the excavated rock.

The division of the tunnel according to the types of lining
construction also changed the scope of use. The tender
documentation envisaged the use of a type of lining based on strips
in sections of a sloping construction pit, and a type based on a invert
vault was used between the pile walls. A lining concreting block
based partly on strips and partly on the lower vault was used at the
transition between the sloping construction pit and the pile walls.
This type was not used in the implementation documentation due
to the difficult to determine static behavior of the thus designed
structure. The prognosis of the use of the lining with the invert
vault corresponded to the extent of the section of the pit secured
by the pile walls, with the corresponding criterion being set in
the implementation documentation for the decision on the method
of foundation, depending on the geotechnical conditions actually
encountered. Based on this criterion, the section of the tunnel with
the invert vault at the beginning and the end of the pile walls was
shortened by two concreted blocks during the construction, ie by a
total of 20m concrete. The shape of the lower vault and its design
in the section between the pile walls is clear from Fig. 6.

Another modification of the technical solution was related to
the technological process of construction, the implementation
of rescue niches and emergency lighting of the tunnel. Cables
for emergency lighting are routed in protective conduits in the
upper vault of the tunnel. The spacing of the emergency lights
in the tender documentation did not correspond to the length
of the concreting block. In the concreting block with a rescue
niche, one light was placed above the niche, and in the adjacent
concreting block, two lights were placed. Since the contractor
decided to concrete the niches additionally only after concreting
the tunnel lining, the guiding of the protective conduits created by
this working joint would be very risky from the point of view of
execution. Therefore, the technical solution was changed and the
position of the emergency lighting was moved outside the rescue
niche. The distance between the lights (and thus the niches for the




Obr. 8 Vedeni drendZniho potrubi v patce
Fig. 8 Drainage pipe in the foundation strip

a pilotovymi sténami byl pouZit blok betondZe osténi zaloZeny
¢astecné na pasech a ¢astecné na spodni klenb€. Tento typ nebyl
v realiza¢ni dokumentaci pouZit vzhledem k obtizné stanovitel-
nému statickému chovani takto navrZené konstrukce. Prognéza
pouziti osténi se spodni klenbou odpovidala rozsahu useku jamy
zajisténé pilotovymi sténami s tim, Ze pro rozhodnuti o zpisobu
zaloZeni bylo v realiza¢ni dokumentaci stanoveno, v zavislosti na
skutecné zastizenych geotechnickych podminkéch, odpovidajici
kritérium. Na zdkladé tohoto kritéria byl pak v priibéhu vystav-
by tusek tunelu se spodni klenbou na zacatku a konci pilotovych
stén jesté zkrdcen o dva bloky betonéze, tj. celkem o 20 m. Pro
vyztuzovani Zelezobetonové konstrukce spodni klenby byla zcela
zasadni presnost provadéni podkladnich betontl. Tvar spodni klen-
by a jeji provadéni v tseku mezi pilotovymi st€nami je zietelny
z obr. 6.

Dalsi aprava technického feSeni souvisela s technologickym po-
stupem vystavby, provadénim zachrannych vyklenkt a nouzového
osvétleni tunelu. Kabely k nouzovému osvétleni jsou vedeny ve
chranickach v horni klenbé tunelu. Rozte¢ svétel nouzového osvét-
leni v zadavaci dokumentaci neodpovidala délce bloku betonaze.
V bloku betondZe se zdchrannym vyklenkem bylo umisténo jed-
no svétlo nad vyklenkem, v sousednim bloku betondze pak byla
umisténa dvé svétla. ProtoZze se zhotovitel rozhodl betonovat vy-
klenky dodatecné aZ po betonazi tunelového osténi, bylo by vede-
ni chranicek takto vzniklou pracovni sparou z hlediska provadéni
velmi rizikové. Proto doslo ke zméné technického feSeni a poloha

Obr. 9 Kabelovod a odvodnéni pldné
Fig. 9 Cable duct and track bed drainage
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cable outlets) was also unified with the length of the concreted
block. This has significantly simplified the implementation and
reduced the risk of damage to the conduits during concreting,
while meeting the requirements of regulations for operational
safety and maintaining the required light intensity along the rescue
route 2 lux.

In the original design, in addition to the drainage cleaning
shafts and cable shafts, the shafts for connecting the hoses during
the intervention in the tunnel to the fire water supply were also
designed in the tunnel. In the implementation documentation, the
designer proposed a technical solution used in the already operated
tunnels on the IV. Railway corridor and used the sufficiently
spacious tunnel drainage cleaning shafts for the outlet of the fire
water supply fitting. This reduced the number of shafts in the
tunnel by a third. This is related not only to a reduction in labor at
the time of construction, but also to a reduction in the operating
costs associated with the maintenance of the shafts. Drainage of
water from the pipeline after a fire intervention is thus possible
not only at the lowest point of the pipeline, but also partly into the
tunnel drainage in such associated shafts. The combined shaft for
cleaning the tunnel drainage and for the fire hydrant in the phase
of reinforcing the foundation strips of the lining is shown in Fig. 7.

The greatest progress in the technical solution was made when
changing the tunnel drainage system. The original design was
based on the previously used drainage system, where the sides
of the tunnel are drained by side tunnel drainage with cleaning
shafts placed in rescue niches. The tunnel plan is drained by
central drainage situated in the axis of the tunnel. The cleaning
shafts of the central drain have hatches located under the gravel
bed outside the area of the gravel cleaner. Cleaning of the middle
tunnel drainage is thus only possible after removing the layer of
gravel bed above the cover. This is associated with a short-term
closure of traffic in the tunnel. On the corridor line, however, even
short-term closure means considerable costs and cleaning of the
middle tunnel drainage is practically impossible. Therefore, the
designer of the implementation documentation proposed a change
in the system of drainage of the railway bed by its one-sided slope,
by locating the drainage pipe along the base of the upper vault and
connecting of the drainage pipe to the shafts for cleaning the side
tunnel drainage. This drainage system has not yet been used in the
Czech Republic in the railway tunnel and will lead, in addition
to the removal of the shafts for cleaning the central drainage,
mainly to a significant reduction in operating costs, or to the real
possibility of cleaning the central drainage. The circular shaft for
cleaning the side tunnel drainage and the railway bed drainage is
shown in Fig. 8. It is thus possible to clean both the side drainage
and the railway bed drainage from the shaft placed in the rescue
niche. The sloped concrete ensures easy drainage of water from
the plain. Figure 9 shows the layout of the drainage and cable duct
under the service sidewalk.

APPLICATION OF THE OBSERVATION METHOD

The application of the principles of the observation method
in the construction of an excavated tunnel requires from the
designer of the implementation documentation an extensive area
of activities that need to be performed during the processing of the
implementation documentation. The reason is to minimize the risk
of construction delay when unexpected geotechnical conditions
are met, resp. conditions for which the technical solution of the



30. rocnik - €. 4/2021

nouzového osvétleni byla posunuta
mimo zachranny vyklenek. Rovnéz
doslo ke sjednoceni vzdalenosti své-
tel (a tim i nik pro vyusténi kabelil)
s délkou bloku betonaze. Tim doslo
k vyraznému zjednoduseni provade-
ni a sniZeni rizika poSkozeni chrini-
Cek pri betondZi, a to pri sou¢asném
splnéni pozadavkl predpisti na bez-
pecnost provozu a zachovani poza-
dované intenzity svétla na zachranné
cesté 2 luxy.

V ptvodnim névrhu byly v tunelu
kromé Sachet na Cisténi drendZe a ka-
belovych Sachet navrzeny jesté Sach-
ty pro napojeni hadic na pozarni vo-
dovod pri provadéni zdsahu v tunelu.
V realizacni dokumentaci projektant
navrhl technické feSeni pouZivané
na jiz provozovanych tunelech na
IV. Zelezni¢nim koridoru a pro vy-
usténi armatury pozarniho vodovodu
vyuZil dostate¢né prostorné Sachty
na Cisténi tunelové drendZe. Tim do-
§lo ke sniZeni poctu Sachet v tunelu o tfetinu. S tim souvisi nejen
sniZeni pracnosti v dob& vystavby, ale i sniZeni provoznich ndklada
spojenych s udrzbou Sachet. Vypusténi vody z potrubi po poZarnim
zasahu je tak moZné nejen v nejniz§im bod¢€ potrubi, ale ¢astecné
i do tunelové drenaze v takto sdruZenych Sachtach. Sdruzena Sachta
na Cisténi tunelové drendze a pozarniho hydrantu v etapé vyztuzo-
vani zdkladovych pastl osténi je vyobrazena na obr. 7.

K nejvét§imu pokroku v technickém reSeni do§lo ptfi zméné sys-
tému odvodnéni tunelu. Pivodni navrh vychazel z dosud standard-
né pouzivaného systému drendzi, kdy boky tunelu odvodnuje bo¢ni
tunelova drendz s Cisticimi Sachtami umisténymi do zachrannych
vyklenkd. Plan tunelu odvodiiuje stitedové drendz situované do osy
tunelu. Cistici $achty stfedové drenaZe maji poklopy umisténé pod
Stérkovym loZem mimo oblast &isticky §térkového loZe. Cisténi
stiedni tunelové drenaze je tak mozné pouze po odstranéni vrstvy
Stérkového loZe nad poklopem. To je spojeno s kratkodobou vylu-
kou provozu v tunelu. Na koridorové trati znamend vSak i kratko-
doba vyluka zna¢né ndklady a Cisténi stfedni tunelové drenaze je
prakticky neproveditelné. Proto projektant realizacni dokumentace
navrhl zménu systému odvodnéni plané jejim jednostrannym vy-
spadovanim, umisténim drendZniho potrubi podél zakladu horni
klenby a napojenim drendzniho potrubi na Sachty pro ¢isténi bo¢ni
tunelové drenaZe. Tento systém drenaZe nebyl dosud v Ceské re-
publice v Zelezni¢nim tunelu pouZit a povede, kromé odstranéni
Sachet na Cisténi stfedové drenaze, hlavné k vyraznému sniZeni
provoznich ndkladd, resp. k redlné moZnosti Cisténi stfedové dre-
naze. Kruhova Sachta na ¢isténi bo¢ni tunelové drendZe i drenazZe
pro odvodnéni plané Zelezni¢niho svrsku je na obr. 8. Ze Sachty
umisténé do zachranného vyklenku je tak mozné Cistit jak bocni
drenéaz, tak drendz pro odvodnéni pldné. Snadné odvedeni vody
z plané zajistuje spadovy beton. Na obr. 9 je vidét dispozi¢ni feseni
drendze a kabelovodu pod sluzebnim chodnikem.

APLIKACE OBSERVACNI METODY

Aplikace principl observa¢ni metody pfi vystavbé hloubeného
tunelu vyZaduje od projektanta realizacni dokumentace rozsahlou
oblast ¢innosti, které je potieba pfi zpracovani realiza¢ni dokumen-

Obr. 10 Geotechnické podminky na vyjezdovém portdle
Fig. 10 Geotechnical conditions at the exit portal

implementation documentation is not prepared and it would be
necessary to design them during construction.

Therefore, it was necessary to:

* in the first phase, perform interpretation of the results of the
geotechnical investigation with a focus on the support types
used to ensure the stability of the construction pit and the
tunnel lining;

* on the basis of the evaluation of the results of the geotechnical
investigation, correctly design the length of the sloped
sections of the construction pit and the sections secured by
the anchored pile walls;

* in the case of sloped sections of a construction pit, to propose
their division into individual depth levels, to propose the slope
and the method of ensuring the stability of individual levels;

* in the case of anchored pile walls, design variants of the pile
drilling depth and the method of anchoring the wall depending
on the geotechnical conditions and the depth of the bottom of
the construction pit;

* to make a forecast of the length of the pit sections for the
sloped pit and the pit sections secured by pile walls, including
the criteria under which individual types of pit stability
measures can be used in the geotechnical conditions actually
encountered;

* in the case of tunnel lining types, consider the use of a tunnel
lining variant with an invert vault based on a reinforced
concrete slab, define criteria for using individual lining types
and create a forecast of tunnel division into individual lining
types (i.e. tunnel vaults based on foundation strips or invert
vault).

Under these assumptions, it could be expected that the
implementation documentation will contain all types of structures
for the expected geotechnical conditions, which can be used
according to the given criteria and the construction will not be
stopped due to unexpected geotechnical conditions. This is a
certain analogy with the technological classes of excavation in
mined tunnels, where the technological process of construction
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tace provést. Diivodem je minimalizace rizika zdrZeni stavby pfi
zastiZeni neocCekdavanych geotechnickych podminek, resp. podmi-
nek, na které technické feseni realizacni dokumentace neni pripra-
veno a bylo by nutné je v pribéhu vystavby projektovat.

Proto bylo nutné:

e v prvni fazi provést vlastni interpretaci vysledkii geotechnic-
kého prizkumu se zaméfenim na pouZité typy zajisténi stabili-
ty stavebni jamy a tunelového osténi;

* na zakladé vyhodnoceni vysledkl geotechnického prizkumu
spravné navrhnout délku svahovanych dsekd stavebni jamy
a usekd zajisténych kotvenymi pilotovymi sténami;

e v pripadé svahovanych tsekd stavebni jamy navrhnout jejich
rozdéleni na jednotlivé hloubkové etdze, navrhnout sklon
a zpusob zajisténi stability jednotlivych etaZi;

e v pfipadé kotvenych pilotovych stén navrhnout varianty hloub-
ky vrtani pilot a zplsob kotveni stény v zavislosti na zasti-
Zenych geotechnickych podminkdch a hloubce dna stavebni
jamy;

e vytvofit prognézu délky tsekd stavebni jamy pro svahovanou
stavebni jamu a usekl stavebni jamy se zajist€énim pilotovymi
sténami vcetné kritérii, za kterych mohou byt jednotlivé typy
zajisténi stability stavebni jamy, ve skute¢né zastiZzenych geo-
technickych podminkéch, pouzity;

v pfipad¢ typt tunelového osténi zvazit pouziti varianty osténi
tunelu se spodni klenbou zaloZenou na Zelezobetonové desce,
definovat kritéria pouZiti jednotlivych typl osténi a vytvorit
prognézu rozdéleni tunelu do jednotlivych typu osténi (tj.
klenby tunelu zaloZené na zdkladovych pasech nebo na spodni
klenbg).

Za téchto predpokladi se dalo oCekévat, Ze realizacni dokumen-
tace bude pro predpokladané geotechnické podminky obsahovat
vSechny typy konstrukei, které bude mozné podle danych kritérii
pouzit a nedojde z divodi neoCekdvanych geotechnickych podmi-
nek k zastaveni stavby. Jedna se o urCitou analogii s technologicky-
mi tfidami vyrubu u razenych tuneli, kdy je pro vSechny ocekavané
geotechnické podminky predem pripraveny technologicky postup
vystavby a zptsob zajisténi stability horninového masivu.

Pro zajisténi stability stavebni jamy byly navrZeny tii zédkladni
typy:

* svahovana stavebni jama;

e svahovana stavebni jama v mis-

té tektonické poruchy;

e kombinace svahované jamy
a zajisténi pilotovou sténou.

Svahovand stavebni jama byla
navrzena do geotechnickych pod-
minek, které umoziovaly pouZit
pro zajisténi stability svaht jejich
prirozeny sklon, pfipadné systémo-
vé kotveni tyCovymi kotvami typu
SN/IBO. Prvni etdZ stavebni jamy
byla navrzena ve sklonu 1:2, druha
etaz 1:1 a tfeti etaz 3:1. Svahy prvni
etaZe chranila proti splavovani povr-
chovych vrstev a degradaci vlivem
povétrnostnich podminek protieroz-
ni matrace, druhd a tfeti etdZ byla
zajiSténa vrstvou stiikaného betonu.
Geotechnické podminky ve svahova-
né stavebni jamé v oblasti vyjezdo-
vého portalu pred nastfikem betonu
jsou zachyceny na obr. 10. Ve druhé
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and the method of ensuring the stability of the rock mass are
prepared in advance for all expected geotechnical conditions.

To ensure the stability of the construction pit, three basic types
have been proposed:

* sloped construction pit;

* sloped construction pit in the location of a tectonic fault;

» combination of sloped pit and retaining pile wall.

The sloping construction pit was designed for geotechnical
conditions, which made it possible to use their natural slope or
system anchoring with SN/IBO type rod anchors to ensure the
stability of the slopes. The first floor of the construction pit was
designed with a slope of 1:2, the second floor 1:1 and the third floor
3:1. The slopes of the first floor were protected by an anti-erosion
mattress against flooding of surface layers and degradation due
to weather conditions, the second and third floors were secured
with a layer of shotcrete. Geotechnical conditions in the sloped
construction pit in the area of the exit portal before concrete
spraying are shown in Fig. 10. In the second and third floors it was
proposed to improve the rock mass with SN/IBO anchors 4m long,
in a 2x2m grid. Those stability support of the construction pit
slopes was possible to perform if the rock massif of geotechnical
type H1 reached min. 1m above the foot of the second floor
(or higher), according to the performed calculations. If this
geotechnical type was not found at this level, it was necessary
to use the support method designed for the tectonic fault. This
differed from the standard solution by modifying the support
method of the third floor by extending the bar anchors to 6 m and
thickening the anchorage grid to 1.5x 1.5m. This support method
ensuring the stability of the slope of the construction pit replaced
the original technical solution from the tender documentation of
the reinforced concrete waler beams and prestressed cable anchors
at the foot of the second floor of the construction pit.

The support type ensuring the stability of the construction pit by
means of pile walls drilled from the bottom of the first floor of the
construction pit, made with a slope of 1:1.5 was determined for the
worst geotechnical conditions.

Obr. 11 Stiidavé vrtdni pilot pro ovéreni geotechnickych podminek
Fig. 11 Alternated drilling of piles for verification of geotechnical conditions
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a treti etaZi bylo navrZeno zlepsSeni horninového masivu kotvami
SN/IBO délky 4 m, v rastru 2x2 m. Tento zpisob zajiSténi sva-
hu stavebni jamy bylo podle provedenych vypoctli mozno provést,
pokud horninovy masiv geotechnického typu H1 sahal min. 1 m
nad patu druhé etdZe (nebo vyse). Pokud by tento geotechnicky
typ nebyl v této Grovni zastizen, bylo nutné pouZit zpsob zajisténi
urceny pro tektonickou poruchu. Ten se od standardniho feSeni li-
§il modifikaci zptsobu zajiSténi tfeti etdZe prodlouZenim tycovych
kotev na 6 m a zahuSténim rastru kotveni na 1,5x 1,5 m. Tento
zpusob zajisténi stability svahu stavebni jamy nahrazoval ptivodni
technické feSeni ze zadavaci dokumentace s Zelezobetonovou pre-
vazkou a predpjatymi pramencovymi kotvami v paté druhé etize
stavebni jamy.

Do nejhorsich geotechnickych podminek byl urcen typ zajisté-
ni stability stavebni jamy pomoci pilotovych stén vrtanych ze dna
prvni etdZe stavebni jamy, provedené se sklonem svahu 1:1,5.

Piloty o svétlém priméru 980 mm a rozteci 1,4 m byly kotveny
ve tfech drovnich pramencovymi kotvami. Prostor mezi kotvami
stabilizovala vrstva stitkaného betonu se siti. Piloty musely byt
v kazdém piipad€ zavrtiny minimdln€ 2 m pod urovenl dna sta-
vebni jamy, tj. zakladové spary patek osténi tunelu. Proto hralo vy-
znamnou roli hodnoceni zastiZenych geotechnickych podminek po
dotéZeni prvni etdZe stavebni jamy, kdy bylo nutné upfesnit rozsah
provadeéni pilotovych stén. V prfipadé€ zastiZeni obtizZné vrtatelnych
hornin v dolni ¢4sti jdmy bylo moZné zmenSit primér piloty na
850 mm a vrtani provadét Snekovym vrtdkem bez vypaZnice.

Délka pilot byla v realizacni dokumentaci navrzena 20 ma 12 m
s tim, Ze statické vypocty byly provedeny a varovné stavy stano-
veny i pro délky pilot v tomto intervalu s krokem 1 m. Realizac¢-
ni dokumentace neptedpokladala pouziti pilot kratSich nez 12 m
a delSich nez 20 m.

Vzhledem k pfedpokladanému pribéhu vrstev horninového ma-
sivu proto hralo stanoveni zacatku a konce pilotové stény zasadni
roli. Zhotovitel pristoupil k tomuto tikolu odpovédné a vrtani pilot
pojal jako dopliikkovy geotechnicky prizkum. Piloty byly nejprve
navrtany v predpokladaném zacatku a konci pilotové stény. Po ové-
feni predpokladaného pribehu geologickych vrstev, a tim i projek-
tovaného rozsahu pilotové stény, byly teprve vrtany dalsi mezilehlé
piloty (obr. 11). Vynos vrtl probihal pod geotechnickym dohledem
zaméstnanct firmy GeoTec-GS, a.s. i zhotovitele a délky pilot byly
upfresniovany podle skute¢né zastizenych podminek.

Aby bylo mozné pri vystavbé pouZit principy observacni meto-
dy, bylo zcela zésadni definovat kritéria jednotlivych typt zajisténi
stability stavebni jamy i nasazeni tunelového osténi zaloZeného na
zakladovych pasech nebo spodni klenbé. Tomu vénovala realizacni
dokumentace mimoradnou pozornost. Kritéria byla definovdna na
zakladé znamych geotechnickych typt, pouZivanych v geotechnic-
kém prazkumu.

a) Kritériem pro rozhodnuti, zda nasadit svahovanou stavebni
jamu, bylo zastiZeni hornin geotechnického typu min. H1
nebo lepsi v celé vySce posledni, tj. tfeti etdZe stavebni jamy.
Pro tento model vypocet prokazal dostatecnou stabilitu sva-
hu. Geologické anomalie (rizny stupenl zvétrani, poruchové
z6ny) byly feSeny tpravou systému kotveni, tj. délkou a ras-
trem SN/IBO koteyv.

b) V pripadg, Ze geotechnicky typ horniny H1 a lepsi zasahoval
do drovné 1 m nad patu druhé etaze stavebni jamy a vyse, byl
pouzit standardni zplsob zajiSténi svahované stavebni jamy.
Pokud byl zastizen aZ v trovni paty druhé etaze, pouZilo se
zajisténi svahované stavebni jamy urcené do mista tektonické
poruchy, tj. s prodlouZenou délkou a menSim rastrem kotev
SN/IBO.

Piles with a clear diameter of 980mm and a spacing of 1.4m
were anchored in three levels by cable anchors. The space between
the anchors was stabilized by a layer of shotcrete reinforced by a
mesh. In any case, the piles had to be drilled at least 2m below
the level of the bottom of the construction pit, i.e. the foundation
strips base of the tunnel lining. Therefore, the evaluation of the
encountered geotechnical conditions after the completion of the
first floor of the construction pit played an important role, when it
was necessary to specify the extent of the implementation of the
pile walls. In the case of difficult-to-drill rocks in the lower part of
the pit, it was possible to reduce the diameter of the pile to 850mm
and drill with a screw without a casing.

The length of the piles was designed in the implementation
documentation 20m and 12m, with static calculations performed
and warning states determined for the lengths of the piles in this
interval with a step of 1m. The implementation documentation did
not assume the use of piles shorter than 12m and longer than 20m.

Due to the expected course of the rock mass layers, the
determination of the beginning and end of the pile wall therefore
played a crucial role. The contractor approached this task
responsibly and conceived the pilot drilling as an additional
geotechnical investigation. The piles were first drilled at the
expected boundaries of the pile wall. After verifying the expected
course of the geological layers, and thus the projected extent of
the pile wall, other intermediate piles were drilled (Fig. 11). The
drilling was carried out under the geotechnical supervision of
GeoTec-GS, a.s. and of the contractor, and the length of the piles
were specified according to the conditions actually encountered.

In order to be able to use the principles of the observation
method during construction, it was absolutely essential to define
the criteria of individual support types ensuring the stability of the
construction pit and the use of a tunnel lining based on foundation
strips or the invert vault. The implementation documentation paid
special attention to this. The criteria were defined on the basis of
known geotechnical types used in geotechnical investigation.

a) The criterion for deciding whether to deploy a sloped
construction pit was the detection of rocks of geo-technical
type min. H1 or better in the entire height of the last, ie
the third floor of the construction pit. For this model, the
calculation showed sufficient slope stability. Geological
anomalies (different degrees of weathering, fault zones) were
solved by modifying the anchoring system, ie the length and
grid of SN/IBO anchors.

b) In case the geotechnical type of rock H1 and better interfered
with the level 1m above the foot of the second floor of the
construction pit and above, the standard method of securing
the sloping construction pit was used. If it was found only
at the level of the foot of the second floor, the provision of
a sloped construction pit intended for the site of the tectonic
fault, ie with an extended length and a smaller grid of
SN/IBO anchors, was used.

¢) If rocks of lower quality than geotechnical type H1 were
found even below the level of the third floor, a pile wall was
used, the depth of which was determined on the basis of the
following criteria.

d) If, during drilling of the pile, a rock of geotechnical type H2
collided at the level of the foundation base of the construction
pit at the latest, the pile was drilled to a depth of 2m below
the level of this base.
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¢) Pokud byly horniny horsi kvality neZ geotechnického typu
H1 zastiZzeny i pod trovni tfeti etaZe, byla jiz pouZita pilotova
sténa, jejiz hloubka byla ur¢ena na zakladé dale uvedenych
kritérii.

d) Pokud se pfi vrtani piloty narazilo nejpozdéji v trovni zakla-
dové spary stavebni jamy na horninu geotechnického typu
H2, pilota byla dovrtana do hloubky 2 m pod urove této spa-
ry.

e) Pokud pilota nenarazila v urovni zdkladové spary na horninu
geotechnického typu H2, vrtani pokracovalo bud do hloubky
2 m pod rozhrani geotechnickych typi H1/H2, nebo nejvyse
do hloubky 20 m. Hloubka, rozte¢, vyztuZeni a kotveni pod-
zemnich pilotovych stén bylo v realiza¢ni dokumentaci sta-
noveno na zakladé statického posouzeni a pro parametry hor-
ninového masivu odvozené z geotechnickych typli uvedenych
v zaddvaci dokumentaci.

f) V pripadé, Ze se geotechnické podminky liSily na levé a pravé
strané stavebni jamy, bylo zajisténi pilotovymi st€nami navr-
Zeno symetricky po obou stranich pro konzervativni vstupni
parametry, tj. leZelo na bezpec¢né strané.

Pro rozhodovéni o typu konstrukce tunelového osténi bylo zasad-
nim kritériem napéti v zakladové spare, tj. zptisob zaloZeni na za-
kladovych pasech nebo na spodni klenbé. Osténi se spodni klenbou
bylo nutné pouzit v prostiedi, které nebylo schopné prenaset napéti
vétsi, nez Rd=400 kPa. Toto prostiedi odpovidalo podle uvedenych
geotechnickych parametrt tfidé zeminy F4 konzistence pevné, pri-
padné typiim zemin s nizsi unosnosti Rd. Pro stanoveni progndzy
pouziti typtl osténi byla pouZita tabulka geotechnickych parametra
z geotechnického prizkumu. Tato tabulka udavala hodnoty tabul-
kové tinosnosti Rd podle CSN 73 1001 (jiZ neplatn4). Pii pouZiti
téchto hodnot je nutno si uvédomit, Ze tabulkou stanovené hodnoty
unosnosti odpovidaji hloubce zaloZeni 0,8 m az 1,5 m a Sifce zékla-
du 3 m. Uroveti zakladové spary tunelu se viak pohybuje v hloubce
11 m aZ 14 m, tedy vyrazné€ vétsi, nezZ predpokldda norma. S ohle-
dem na primdrni napjatost horninového masivu v této hloubce se
dalo predpoklédat, Ze i po odlehceni vlivem vykopu bude inosnost
zakladové pudy vyrazné vyssi, neZ normou uvadéné hodnoty.

Vyhodnoceni podminek zastiZzenych na stavbé probihalo v ramci
geotechnického monitoringu, ktery provadéla firma GeoTec-GS, a.s.

GEOTECHNICKY MONITORING

Geotechnicky monitoring je nedilnou soucasti stavby kazdého tu-
nelu. Projekt geotechnického monitoringu vychazel z méfeni a sle-
dovani definovanych v zadavaci dokumentaci. Byl v§ak upraven

Obr. 12 Mé¥icky profil pro sledovdni teploty v osténi
Fig. 12 Measuring profile for monitoring the temperature in the lining
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e) If the pilot did not encounter geotechnical type H2 rock at
the level of the foundation base, drilling continued either to a
depth of 2m below the H1/H2 geotechnical type interface, or
to a maximum depth of 20m. Depth, spacing, reinforcement,
and anchoring of the pile walls was determined in the
Implementation Documentation (RDS) on the basis of a
static assessment and for rock mass parameters derived from
geotechnical types specified in the tender documentation.

f) In case the geotechnical conditions differed on the left and
right side of the construction pit, the support with pile walls
was designed symmetrically on both sides for conservative
input parameters, ie it was on the safe side.

The decisive factor for deciding on the type of tunnel lining
construction was the stress in the foundation base, ie the method of
foundation on the foundation strips or on the lower vault. The lining
with the lower vault had to be used in an environment that was not
able to transmit stress greater than Rd = 400kPa. According to the
above geotechnical parameters, this environment corresponded to
the soil class F4 of solid consistency, or to the types of soils with
lower bearing capacity Rd. A table of geotechnical parameters
from the geotechnical investigation was used to determine the
prognosis of the use of lining types. This table indicated the values
of the table load capacity Rd according to CSN 73 1001 (no longer
valid). When using these values, it should be borne in mind that
the load-bearing capacity values specified in the table correspond
to a foundation depth of 0.8m to 1.5m and a foundation width
of 3m. greater than expected by the standard. With regard to the
primary tension of the rock mass at this depth, it could be assumed
that even after unloading due to excavation, the bearing capacity
of the foundation soil will be significantly higher than the standard
value.

The evaluation of the conditions encountered at the construction
site took place within the geotechnical monitoring, which was
performed by the company GeoTec-GS, a.s.

GEOTECHNICAL MONITORING

Geotechnical monitoring is an integral part of the construction
of each tunnel. The geotechnical monitoring project was based on
measurements and monitoring defined in the tender documentation.
However, it was adapted for the needs of monitoring and measuring
required by the implementation documentation. As part of geo-
technical monitoring, 3D measurements of deformations of the
slopes of the construction pit, of the heads of inclinometers, and
of the waler beams of cable anchors in sections of pile walls, and
of the dynamometers intended for measuring stresses in cable
anchors were performed. Inclinometers were installed both in
the sections of the sloping construction pit and directly into the
piles to verify the course of their deformation and to monitor the
effect of excavation of the construction pit and the introduction of
prestress into the cable anchors in individual stages of excavation
of the construction pit. The individual measurements were
compiled into combined measuring profiles, so that the behavior
of the rock mass could be comprehensively verified on the basis of
the results of all measurements within the measuring profile. The
criteria set by the implementation documentation for monitoring
of the proposed structures, without which it would not be possible
to evaluate the measurement and monitoring results and use them
for the application of the observation method were part of the
geotechnical monitoring project.



Obr. 13 Stavba v tésné blizkosti mésta Sobéslav a ddlnice D3
Fig. 13 Construction in close proximity to the town of Sobéslav and the D3 motorway

pro potieby sledoviani a méfeni pozadovanych realizacni doku-
mentaci. V ramci geotechnického monitoringu byla provadéna 3D
méfeni deformaci svaha stavebni jamy, zhlavi inklinometrt a pre-
vazek lanovych kotev v tsecich pilotovych stén, a dynamometra
ur¢enych k méfeni napéti v lanovych kotvéich. Inklinometry byly
osazeny jak v usecich svahované stavebni jamy, tak ptimo do pilot
k ovéreni prubchu jejich deformace a sledovani vlivu odtéZovani
stavebni jdmy a vnaseni predpéti do lanovych kotev v jednotlivych
etapach hloubeni stavebni jamy. Jednotlivd méteni byla sestavova-
na do sdruzenych méfickych profilt, takZe chovani horninového
masivu bylo mozné komplexné ovéfit na zakladé vysledkd vSech
méfeni v ramci métického profilu. Soucasti projektu geotechnické-
ho monitoringu byla kritéria pro sledovani navrzenych konstrukeci
stanovend realizacni dokumentaci, bez kterych by nebylo moZné
vysledky méfeni a sledovani vyhodnotit a pouzit pro aplikaci ob-
servacni metody.

Kromé geotechnickych méfeni bylo v kazdé fazi vystavby pro-
vadéno i geotechnické hodnoceni stén a dna stavebni jamy vcetné
fotodokumentace. V pftipadé potieby byly provadény, pro ovéreni
a upresnéni prognézy geotechnickych podminek, kopané sondy.
Vyhodnocovan byl i vynos z vrtil velkoprimérovych pilot.

Vliv vystavby na rezim a chemismus podzemni vody byl sledo-
véan jednak v hydrotechnickych vrtech, jednak ve studnich v ob-
jektech, které se nachézeji v z6n€ ovlivnéné nejen vystavbou tu-
nelu, ale i navazujicich stavebnich objektl. Pro sledovani hladiny
podzemni vody bylo nasazeno jak kontinudlni méfeni, tak odecty
provadéné v urcenych ¢asovych intervalech.

Dalsi dtlezitou kapitolou geotechnického monitoringu byla pa-
sportizace objektll v zoné€ ovlivnéni a sledovani vlivu vystavby na
tyto objekty.

Vysledky méfeni a sledovani jsou s minimalni ¢asovou prodle-
vou publikovany prostiednictvim webové aplikace a jsou tak do-
stupné ucastnikim vystavby, ktefi maji do systému pfistup. Apli-
kace umoZziuje zobrazeni ¢asového pribéhu sledovanych veli¢in
a jejich porovnani s kritérii nastavenymi v realizacni dokumentaci.
Geotechnicky monitoring a vyvoj aplikace pro jeho vyhodnoco-
vani a publikovani provadi firma GeoTec-GS, a.s. Velkou vyho-
dou tak byla moZnost spoluprace s programatorem aplikace, kte-
ry ochotné vychézel projektantovi realizacni dokumentace vstfic
a moznosti vyhodnocovani upravoval podle jeho predstav. V dobé
publikovéni ¢lanku jiZ v rozsahu geotechnickych méfeni dochézi

In addition to geotechnical measurements, a geotechnical
evaluation of the walls and bottom of the construction pit,
including photo documentation, was carried out at each stage of
construction. If necessary, dug probes were performed to verify
and clarify the forecast of geotechnical conditions. The boreholes
yield of large-diameter piles was also evaluated.

The influence of construction on the regime and chemistry of
groundwater was monitored both in hydrotechnical wells and in
wells in structural objects located in the zone affected not only
by the construction of the tunnel, but also in adjoining structural
objects. Both continuous measurements and readings performed
at specified time intervals were used to monitor the groundwater
level.

Another important chapter of geotechnical monitoring was
the passportization of structures in the zone of influence and
monitoring the impact of construction on these structures.

The results of measurements and monitoring are published via
a web application with a minimum of time and are thus available
to construction participants who have access to the system.
The application enables the display of the time course of the
monitored quantities and their comparison with the criteria set
in the implementation documentation. Geotechnical monitoring
and application development for its evaluation and publication
is performed by GeoTec-GS, a.s. A great advantage was the
possibility of cooperation with the application programmer, who
willingly accommodated the designer of the implementation
documentation and modified the possibilities of evaluation
according to his ideas. At the time of publication of the article,
attenuation is already taking place within the scope of geotechnical
measurements with the gradual backfilling of the construction pit,
and the monitoring focuses on the behavior of the tunnel lining
during the implementation of backfilling.

Thanks to the friendly approach of the investor and the
contractor, it was possible to install sensors in the lining structure
in two concreting blocks for monitoring the temperature course
in the range of the thickness of the concrete cross-section and
monitoring the stress in the structure. The sensors are installed
in the structure with a spacing of 50mm and allow long-term
monitoring of the temperature gradient in the lining depending on
climatic conditions. The aim of the measurement is to determine
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s postupujicim zasypdvanim stavebni jamy k utlumu a sledovani
se zaméfuje na chovani tunelového osténi v pribéhu provadéni
zasypu.

Diky vstificnému pristupu investora i zhotovitele se podatilo do
konstrukce osténi osadit ve dvou blocich betondZe c¢idla pro sle-
dovani pribéhu teploty v rozsahu tloustky betonového prirezu
a sledovani napéti v konstrukci. Cidla jsou do konstrukce osazo-
vana s rozte¢i 50 mm a umoziuji dlouhodobé sledovani prabéhu
teplotniho gradientu v osténi v zdvislosti na klimatickych podmin-
kach. Cilem méreni je zjisténi teplotniho namahani konstrukce
a pfipadna identifikace projevt zatiZzeni od zemniho tlaku a teploty.
Jednd se o méfeni, ktera by méla byt v budoucnu provadéna ve
vSech tunelech a po ziskani statisticky vyznamného souboru dat
by mohla byt podkladem pro stanoveni teplotniho zatiZeni osténi
tuneld v podminkach Ceské republiky. Osazovani méfickych profi-
1t i vlastni méfeni provadi zastupci Stavebni fakulty CVUT Praha.
Betonovy tramecek s teplotnimi ¢idly osazeny na boku osténi je
viditelny na obr. 12.

ZAVER

Vystavba dvoukolejného tunelu Zvérotice probihala a probihda
bez problému. Konstrukce zavislé na geotechnickych podminkach
a zatizené tim ur¢itou mirou nejistoty, jsou jiZ dokoncené. V dobé
publikovani ¢lanku je vybetonovdna vétsi Cast osténi. Proudové
probihaji prace na hydroizolacich, drendZnim systému i vnitfnim
vybaveni tunelu. Od vjezdového portalu je tunel zasypéan v celém
useku svahované stavebni jamy a probiha zasypavani ve stisnénych
podminkéch stavebni jamy mezi pilotovymi st€énami.

ZkuSenosti ziskané pii projektovani a realizaci tunelu opét potvr-
zuji vyznam spravného rozsahu geotechnického prizkumu a jeho
komplexniho vyhodnoceni. Pfi vystavbé se v principu potvrdila
progndza stanovena v realiza¢ni dokumentaci a rozsah jednotlivych
typt konstrukci nemusel byt vyrazné ménén. Jedinou vyjimkou je
rozsah tunelu se spodni klenbou, kde skutecné zastizené geotech-
nické podminky v zacétcich pilotovych st€n umoznily zmensit jeho
délku o dva bloky betondZze, tj. 0 20 m.

Tunel se nachdzi v t&€sné blizkosti mésta Sobéslav a nelze zcela
eliminovat dopady jeho vystavby na Zivotni komfort jeho obyva-
tel. Proto je nutné komunikovat jak s obCany, kterych se vystavba
Zeleznice bezprostfedné tykd, tak s vedenim mésta, které obCany
zastupuje. Mezi provozovanou dalnici D3 a méstem je jen tzky
koridor pro trasovani Zeleznice (obr. 13).

Realiza¢ni dokumentace definovala na zdkladé statickych vypo-
¢t varovné stavy a predpokladané chovani navrZenych konstrukei.
Tyto informace byly zdkladem pro projekt geotechnického mo-
nitoringu, navrh jednotlivych geotechnickych méfeni a sledovani
i Cetnosti jejich vyhodnocovani pro ovérovani téchto predpokladu.
Podle ¢asového priibéhu sledovanych velicin, a vyvoje situace na
stavbé, byla pripadné méfeni a sledovani upravovana.

V prabéhu vystavby doslo v souladu s poZadavky zadavaci doku-
mentace k aplikaci principi observacni metody. Na zdkladé skutec-
né zastizenych podminek byla provedena cela fada tprav technic-
kého teSeni. Dobré vztahy mezi jednotlivymi tGcastniky vystavby
napomahaji k hladkému pribéhu vystavby i zpracovani realizacni
dokumentace.

Ing. LIBOR MARIK,
libor.marik@sagasta.cz, SAGASTA s.r.o.

Recenzoval Reviewed: prof. Ing. Jifi Bartdk, DrSc.
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the thermal stress of the structure and possible identification of the
load manifestations from ground pressure and temperature. These
are measurements that should be performed in all tunnels in the
future and, after obtaining a statistically significant set of data,
could be the basis for determining the thermal load of the tunnel
lining in the conditions of the Czech Republic. The installation
of measuring profiles and the actual measurement is performed
by representatives of the Faculty of Civil Engineering of the
Czech Technical University in Prague. The concrete beam with
temperature sensors mounted on the side of the lining is visible
in Fig. 12.

CONCLUSION

The construction of the Zvérotice double-track tunnel has been
and is proceeding without any problems. Structures depending on
geotechnical conditions and thus burdened with a certain degree of
uncertainty have already been completed. At the time of publishing
the article, most of the lining is concreted. Work on waterproofing,
drainage system and internal equipment of the tunnel is underway.
From the entrance portal, the tunnel is backfilled in the entire
section of the sloping construction pit and backfilling takes place
in the cramped conditions of the construction pit between the pile
walls.

The experience gained in the design and implementation of the
tunnel once again confirms the importance of the correct scope
of geotechnical investigation and its comprehensive evaluation.
During construction, the forecast set out in the implementation
documentation was confirmed in principle and the scope of
individual types of structures did not have to be significantly
changed. The only exception is the extent of the tunnel with
the lower vault, where the actual geotechnical conditions at the
beginning of the pile walls made it possible to reduce its length by
two blocks of concreting, i.e. by 20m.

The tunnel is located close to the town of Sobéslav and the effects
of its construction on the living comfort of its inhabitants cannot be
completely eliminated. Therefore, it is necessary to communicate
both with the citizens directly affected by the construction of the
railway and with the city authorities, which represents the citizens.
There is only a narrow corridor for the railway route between the
operated D3 motorway and the city (Fig. 13).

Based on static calculations, the implementation documentation
defined the warning states and the expected behavior of the designed
structures. This information was the basis for the geotechnical
monitoring project, the design of individual geotechnical
measurements and monitoring, as well as the frequency of their
evaluation to verify these assumptions. According to the time course
of the monitored quantities, and the development of the situation
on the construction site, the measurements and monitoring were
adjusted if necessary.

During the construction, the principles of the observation method
were applied in accordance with the requirements of the tender
documentation. Based on the conditions actually encountered, a
number of modifications were made to the technical solution. Good
relations between the individual participants of the project help to
ensure the smooth course of construction and the processing of
implementation documentation.

Ing. LIBOR MARIK,
libor.marik@sagasta.cz, SAGASTA s.r.o0.



30. rocnik - €. 4/2021

KRUSNOHORSKY TUNEL - UVODNI PREDSTAVENI
TUNNEL UNDER ORE MOUNTAINS - INTRODUCTION

JIRI ZMITKO

ABSTRAKT

V soucasné dobé je stdle vice slySet o zahdjeni pripravy Krusnohorského tunelu. Doposud viak veSkeré informace prichdzeji z verejnych
médii, v odborné literature nebyl tento projekt nijak zdsadné zmiriovdn. Smérové a vySkové podminky pldnované trasy vedou k nutnosti
realizace dlouhého tunelu s velkym nadloZim. Tento typ stavby nebyl do soucasnosti v podminkdch CR ani v SRN 7esen. Celkovd délka
tunelu cini vice neZ 26 km, s nadlozZim pres 500 m. SloZitd geologickd stavba na obou strandch hranice pak prindsi celou fadu otdzek a va-
riant technickych reseni. Cilem prispévku je podat predstaveni zamérené zejména na vivodni cdst Krusnohorského tunelu, tedy portdlovy
tisek a prechod trasy pdsmem kruSnohorského zlomu do krystalinika, a to hlavné z pohledu geologie. Lze ocekdvat, Ze v budoucnosti bude
projekt casto TeSenym tématem, a to nejen v casopise Tunel.

ABSTRACT

At present, the commencement of preparation of the tunnel under the Ore Mountains/Erzgebirge is increasingly heard about. So far,
however, all the information available is from the public media; this project has not been much mentioned in professional literature.
Conditions of the directional and vertical alignment of the planned route lead to the necessity for the construction of a long tunnel under
a high overburden. This type of structure has not been solved to date in the Czech Republic or Germany. The total tunnel length amounts
to over 26km, with the overburden height exceeding 500m. The complex geological structure on both sides of the border brings a number
of questions and variants of the technical solutions. The aim of the paper is to present an introduction focused mainly on the initial part
of the Ore Mountains Tunnel, i.e. the portal section and the passage of the route through the Ore Mountains fault zone to the crystalline
complex, mainly from the point of view of geology. It is possible to expect that in the future the project will be a topic frequently dealt with
not only in the TUNEL journal.

1. UvOD

KruSnohorsky (bazovy) tunel je soucasti VRT (vysokorychlostni
traf) DraZdany — Praha, RS 4, tisek Usti nad Labem — statni hranice
CR/SRN. Projekt je jako pieshrani¢ni piipravovan spolecné v ram-
ci spoluprace mezi Spravou Zeleznic, s.0. a DB Netz AG. Predpo-
kladand délka presahuje 26 km, pficemZ délka tunelu na tdzemi CR
bude zhruba 11,7 km. Trasa tunelu za¢ind na uzemi CR jiZzn€ od obce
Chlumec (Usti n/L) a kon¢i na tizemi SRN (Sasko) u mésta Hei-
denau napojenim na stavajici trasu. U Ceského portdlu je planovano
odboceni trasy smérem na Teplice (Velebil 2020) (obr. 1).

Soudasti trasy Drazdany — Praha je i planovany ,,Stfedohorsky tu-
nel“ s predpokladanou délkou cca 18 km a nekolik kratSich tuneld
v useku Praha — Litoméfice. Trasa Krusnohorského tunelu je v sou-
Casné dobé na uzemi SRN feSena jako variantni, v SirSim koridoru
tras. Na tizemi CR je realizace predpokliddna v tizkém koridoru,

1. INTRODUCTION

The Ore Mountains (Erzgebirge) base tunnel is part of the
high-speed rail line linking Dresden with Prague, RS 4 section
Usti nad Labem — the state border between Czech Republic and
Germany. The project, as a cross-border event, is being prepared
jointly within the framework of collaboration between the Railway
administration of the Czech Republic, and DB Netz AG. The
expected length exceeds 26km, with the length of the tunnel in the
Czech Republic approximately amounting to 11.7km. In the Czech
Republic, the tunnel route starts south of the village of Chlumec
(the district of Usti nad Labem); its end in Germany (Saxony) is
located near the town of Heidenau, where it links the existing rail
line. A branch of the line in the direction of Teplice (Velebil, 2020)
(see Fig 1) is planned at the Czech portal.
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Obr. 1 Prehlednd situace portdlové &dsti na tizemi CR
Fig. 1 Synoptic layout of the portal part in Czech Republic

zdroj: Sprdva Zeleznic, s.o. / DB Netz source: Czech Railway Administration / DB Netz
Obr. 2 Prehlednd situace koridoru tras Krusnohorského tunelu
Fig. 2 Synoptic layout of the corridor routes for Ore Mountain tunnel
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v jehoZ ramci se varianty trasovani zasadné nelisi. Jde zejména o pii-
portalovou Cast, hlubsi tsek pod masivem Krusnych hor, ktery je
veden v podstaté v ptfimé se smérem k severu (obr. 2).

Reseni na dzemi SRN spociva v posouzeni nékolika variant.
V ramci Sesti ,,podvariant™ jsou posuzovany dvé, a to tzv. Volltunnel-
variante a Teiltunnelvariante. Rozdil je ve zpiisobu ¢lenéni trasy, kdy
Volltunnelvariante predpokladd kompletn€ podzemni trasovani od
portalu v CR k portilu v Heidenau. Teiltunnelvariante je pak vede-
na na tzemi SRN castecné jako povrchova, kdy pred Heidenau jiz
vyjde na povrch a nasledné je po prichodu kratSim tunelem opét
napojena na stavajici trasu. Celkova délka tunelu a z ni vyplyvajici
detailni technické feSeni tedy budou stanoveny aZ po definitivnim
vybéru trasy.

Tento vybér bude ovlivnén jak predpokladanymi geotechnickymi
a geologickymi podminkami, tak i poZadavky na bezpecnost a eko-
nomiku provozu a udrzby.

Projekt predpoklada nasledujici:

e dva paralelni jednokolejné tratové tunely s propojkami o vzdale-

nosti 500 m;

e pricny fez pfi varianté razby TBM o vnitinim priméru cca 7,3 m
(pfedpoklad dle normy DB Ril 853);

* useky razené NRTM s pravdépodobnym minimdlnim prifezem
cca 50 m?, piipadné vétsim podle zastizenych geotechnickych
podminek;

 soucasti trasy bude nouzova stanice, pricemz v nékterych vari-
antéch jsou nouzové stanice uvazovany dvé (jedna se o souc¢asny
evropsky pristup k feSeni bezpecnosti v dlouhych Zelezni¢nich
tunelech);

e vyska nadlozi dosahuje maximélné az 570 m pod hiebenem
Krusnych hor;

* maximalni stoupdni trasy (podle jednotlivych variant) az
12,5 %o;

e smiSeny provoz, osobni vlaky 200 km/h, nakladni vlaky
120 km/h;

* droven temene kolejnice v misté definitivniho portalu je na koté
193,88 m n. m., u razeného portdlu 194,7 m n. m. (podle Studie
proveditelnosti 01/2021);

z Xz

* stoupdni v této portalové Casti je predpokladano 4,0 %o.

2. SOUCASNY STAV PRIPRAVY PROJEKTU

Zasadnéjsi prace byly zahdjeny v SRN v roce 2012, a to prvotni ge-
ologickou expertizou a reSersi dostupnych dat pro koridor tras. V ob-
dobi 2014-2015 byla zpracovéana piipravna studie, prvni 3D model
a ivodni geofyziklni priizkumy na tizemi CR i SRN. V letech 2016
az 2018 a v podstaté doposud probihaly a probihaji geofyzikalni a
pruzkumné prace v oblasti geologické struktury Bornersdorf. V roce
2020 byl sestaven 3D model trasy v rémci spoluprdce mezi CGS
(Ceskou geologickou sluzbou) a LFULG (Landesamt fiir Umwelt,
Landwirtschaft und Geologie). V lednu 2001 byla schvélena Studie
proveditelnosti nového Zelezni¢niho spojeni Praha — Drazdany.

V roce 2021 ve spolupraci SZ a DB Netz postupné prob&hla vybé-
rova fizeni na zakdzky a byli vybrani zhotovitelé:

» Rizeni projektu (Projektsteuerung): Sdruzeni VOSSING

INGENIEURE, SchiiB3ler-Plan.

e Geologické a hydrogeologické znalecké sluzby (Gutach-
terleistungen in Fachgebieten Geologie, Hydrogeologie und
Geotechnik): Sdruzeni DR. SPANG, ILF Consulting Engineers
Innsbruck, subdodavatel 3G Consulting Engineers s.r.0.

* Geologické a hydrogeologické podpurné sluzby v pieshra-
ni¢nim planovacim prostoru, NZS Drazdany — Praha (Ge-
ologische und Hydrogeologische Unterstiitzungsleistungen im
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Part of the Dresden — Prague route is the planned tunnel under
the Czech Middle Mountain Range with an expected length of
about 18km and several shorter tunnels in the Prague — Litomérice
section. The route of the Ore Mountains tunnel is currently being
solved in Germany as a variant within a wider corridor of routes. In
the Czech Republic, the construction is assumed to be carried out
within the framework of a narrow corridor within which the route
variants do not fundamentally differ. It is in particular the portal
part, a deeper section under the Ore Mountains massif, which is
basically on a straight line towards the north (see Fig. 2).

The solution in Germany consists in assessing several variants.
Within the six “sub-variants”, two are being assessed, namely the
so-called Volltunnelvariante and Teiltunnelvariante. The difference
lies in the way of dividing the route, where the Volltunnelvariante
assumes a completely underground route from the portal in
the Czech Republic to the portal in Heidenau. In Germany, the
Teiltunnelvariante is then led partly as a surface variant, coming
to the surface before Heidenau and connecting the existing route
again after passing through a shorter tunnel. The total length of
the tunnel and the detailed technical solution resulting from it will
therefore be determined only after the final selection of the route.

This selection will be influenced by the assumed geotechnical
and geological conditions, as well as the requirements for safety
and economy of operation and maintenance.

The project assumes the following:

* two parallel single-track running tunnels with cross passages

at the spacing 500m;

¢ the cross-section with the internal diameter of ca 7.3m in the
case of the TBM tunnelling variant (assumption according to
the DB Ril 853 standard);

* the sections driven using the NATM with the probable
minimum cross-sectional area of ca 50m? or bigger, depending
on the geotechnical conditions encountered;

* an emergency station will be part of the route, with two
emergency stations being considered for some variants (this is
the current European attitude to solving the safety in long rail
tunnels);

* the maximum overburden height reaches 570m under the Ore
Mountains crest;

e the maximum ascending gradient of the route amounts to
12.5%0 (depending on individual variants);

* mixed operation, passenger trains 200km/h, freight trains
120km/h;

e the rail top is at the altitude of 193.88m a.s.l. in the location of
the final portal and 194.7m a.s.sl. in the location of the mined
portal (according to the feasibility study 01/2021);

* the ascending gradient in this portal part is assumed to be 4%o.

2. CURRENT STATE OF PROJECT PREPARATION

More fundamental work was started in Germany in 2012, with
initial geological expertise and search for available data on the route
corridor. In the period 2014-2015, a preparatory study, the first 3D
model and introductory geophysical surveys were prepared in the
Czech Republic and Germany. In the years 2016 to 2018, and in
fact until now, geophysical and exploratory works in the field of the
Bornersdorf geological structure have been and are being carried
out. In 2020, a 3D model of the route was compiled within the
collaboration between the CGS (Czech Geological Survey) and the
LfULG (Landesamt fiir Umwelt, Landwirtschaft und Geologie).
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Obr. 3 Vrtné jddro z vrtu 7V (06/2021), oblast Labského bridlicného pohori,
sedimenty a slabé metamorfované horniny

Fig. 3 Borehole core from borehole 7V (06/2021), area of Elbe gneiss moun-
tain range, sediments and weakly metamorphosed rock types

gemeinsamen Planungsraum, NBS DD-Prag): Sdruzeni BAU-
GRUND DRESDEN s podporou odborniki z CR.

e Technicka podpora pri stavbé tunelii (Tunnelbautechnische
Unterstiitzung): Sdruzeni IMM Maidl & Maidl, Euro Final (CZ)
s expertem z CR.

¢ Projektova priprava: Sdruzeni vedené firmou ILF Consulting
Engineers Innsbruck, Bung Ingenieure, iC Consulenten, Valbek
a Prodex.

V ramci jednotlivych prizkumnych kampani jiz byly na némecké
stran¢ odvrtany prvni jadrové hloubkové vrty (obr. 3) a v navaznosti
probihaji geofyzikalni a hydrogeologické (resp. hydrodynamické)
zkousky a probiha vybérové fizeni na dalsich 15 hloubkovych vrtd
s predpokladem zahdjeni vrtnych praci v listopadu 2021. Na ceské
stran€ je v soucasné dobé (09/2021) pripravovano zadévaci fizeni pro
vybér zhotovitele priizkumnych praci pro cely usek od statni hranice
do Usti nad Labem. Pfedpoklad ukondeni zadavaciho ¥izeni je do
konce roku, nebo az do 1/2022, s naslednym zahdjenim praci.

3. PREHLEDNA GEOLOGICKA SITUACE

Mala odbocka na tvod. Pod ¢lankem informujicim o vybéru
projektanta, uvedeném v internetové verzi jednoho deniku, zaujme
v diskusi komentar, kde je uvedeno: ,,7en hranicni tunel pod Krus-
nymi horami je geologicky a technologicky strasné jednoduchy,
prosté Zula, do které se vystiili dira a zastrikd trochou strikaného
betonu. Ale tunel pod Ceskym stredohorim bude to nejkomplikova-
néjsi, co se dd predstavit...

Situace je ale ve skutecnosti ponékud odliSna.

Je pravda, Ze znacna Cast trasy bude probihat v relativné kva-
litnich horninach kru$nohorského krystalinika (pfevazné rulach),
kde nelze ocekavat zasadnéjsi geotechnické problémy. Razba zde
bude probihat prevazné stroji TBM. Nicméné v celé délce trasy se
nachézi fada geotechnicky rizikovych mist, pficemz se nejednd jen
o uzsi poruchova pasma, ale o tseky s délkou az nékolik kilometra.

Jiz v predchozich etapich bylo vytipovano Sest geotechnicky ri-
zikovych oblasti, které budou hlavnim cilem dalsich podrobnéjsich
pruzkumi (obr. 4). Témito rizikovymi oblastmi jsou:

e Labské bridlicné pohori (Elbtalschiefergebirge);

e struktura Bornersdorf, (pravdépodobné maarova struktura), az
nekolik set metrti hluboky utvar trychtyfovitého tvaru, ktery je
nasledné vyplnén mladsimi (pfevazné) kiidovymi sedimenty;

¢ tudoli Gottleubatal;

In January 2001, the Feasibility Study was approved for the New
Prague — Dresden Railway Connection.

In 2021, tender proceedings for contracts were gradually held in
cooperation with the Railway Administration and DB Netz and the
following contractors were selected:

* Project management (Projektsteuerung):

INGENIEURE, Schiif}ler-Plan Consortium.

* Geological and hydrogeological expert services (Gutachter-
leistungen in Fachgebieten Geologie, Hydrogeologie und
Geotechnik): Consortium of companies DR. SPANG, ILF
Consulting Engineers Innsbruck, subcontractor 3G Consulting
Engineers s.r.o.

¢ Geological and hydrogeological support services in the
cross-border planning space, the New railway connection
(NRC) Dresden — Prague (Geologische und Hydrogeolo-
gische Unterstiitzungsleistungen im gemeinsamen Planung-
sraum, NBS DD-Prag): BAUGRUND DRESDEN Consortium
with the support of experts from the Czech Republic.

e Technical support during the course of construction of
tunnels (Tunnelbautechnische Unterstiitzung): Consortium
formed by IMM Maidl & Maidl and Euro Final (Czech
Republic) with an expert from the Czech Republic.

¢ Project preparation: Consortium formed by ILF Consulting
Engineers Innsbruck (the leader), Bung Ingenieure, iC
Consulenten, Valbek and Prodex.

As part of the individual exploration campaigns, the first deep
cored boreholes have already been carried out and subsequent
geophysical and hydrogeological tests are underway on the German
side (see Fig. 3) and a tender for another 15 deep boreholes is in
progress, with the assumption for drilling operations to begin
in November 2021. On the Czech side, tender proceedings are
currently being prepared (09/2021) for the selection of a contractor
for survey work for the entire section from the state border to Usti

VOSSING

nad Labem. The assumption for the end of the tender proceedings
is the end of the year, or until 1/2022, with the subsequent
commencement of the construction operations.

3. SYNOPTIC GEOLOGICAL SITUATION

A small deviation for the opening. Under the article informing
about the selection of the designer, contained in the internet version
of one newspaper, the following commentary attracts interest in the
discussion: “The cross-border tunnel under the Ore Mountains is
geologically and technologically terribly simple: simply granite,
into which a hole is blasted, and its internal surface is covered with
some shotcrete. But the tunnel under the Czech Middle Mountain
Range will be the most complicated thing that can be imagined... ”

But the situation is actually a little different.

It is true that a large part of the route will run through relatively
high-quality rock types of the Ore Mountains crystalline complex
(mostly gneiss), where no major geotechnical problems can
be expected. The tunnels will be driven here using TBMs.
Nevertheless, there are numerous geotechnically hazardous points
along the entire length of the route, and these are not just rather
narrow fault zones, but zones up to several kilometres long.

Six geotechnically hazardous areas, which will be the main
goal of other more detailed surveys, were selected already in the
previous stages (see fig. 4). They comprise the following areas:

* the Elbe Gneiss Mountain range (Elbtalschiefergebirge);

e the Bornersdorf structure, (probably a maar structure), an up to

several hundred metres deep, funnel-shaped formation, which
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rizikové oblasti hazardous areas

Obr. 4 Prehled rizikovych oblasti v trase
Fig. 4 List of hazardous areas on the route

* oblast Petrovice — Débra spolu s diatrémou Spicak;

e pasmo krusnohorského zlomu;

 oblast mezi kruSnohorskym zlomem a portdlem, situovana
v okrajové Casti podkrusnohorské panve;

* za potencialné rizikové pak je nutno povazovat i zény pricnych
udoli, souvisejicich se zZlomovymi pasmy.

Predpokladany sled jednotlivych horninovych typt zastizenych

tunelem je ve sméru SRN — CR zhruba nasledujici:

SRN:

* kiidové horniny, piskovce a slinovce;

* droby (zépadoluZické poruchové pasmo);

e bazické vulkanity;

* droby, slepence, poruchové pasmo Donnerberg;

* bazické vulkanity;

* fylity, jilovité bfidlice, proniky granitd;

e poruchové pasmo, chloritické ruly, granity, mylonitizovano,
tektonicky poruseno, Stfedosaské nasunuti;

e ruly, ¢astecné tektonicky porusené;

e ruly, vychodné od trasy se nachdzi struktura Bornersdorf, které
se trasa jiZz od ivodnich fazi projektu vyhyba;

e zona Petrovice — Dobra (tektonické pasmo, mylonitizované
horniny, vyrazné zily kfemene, fluoritu a barytu), hrani¢ni ¢ast
trasy.

CR:

* bazalty, ruly s proniky bazaltl (pasmo diatrémy Spic¢aku);

e ruly, misty tektonicky poruSené s proniky aplitd, granitickych
hornin a misty i vulkanitt;

e pasmo krusnohorského zlomu, tektonicky porusené ruly, kao-
linicky zvétralé ruly, kiidové piskovce a slinovce;

* kiidové horniny, piskovce, slinovce;

* vulkanické horniny, bazalty a bazaltova pyroklastika;

* terciérni vyplil panve, podlozni jily a jilovce, pyroklastika;

* ekvivalent slojového souvrstvi, pisky, jilovité pisky az jily,
uhelné jily a jilovce, uhelné slojky pravdépodobné pouze
v omezeném rozsahu, pokud viibec;

* pyroklastika;

* v mélkém portalovém tseku pak kvartérni sedimenty, pfevazné
charakteru hlin, piskd, §térki s postupnym nartistem velikosti
valount smérem k upati; zde pak smés materiali proluvidlnich
dejekénich kuZell s valouny a bloky vulkanitd.

Tento vycet horninovych typt je uveden jako predbézny piehled,
bez specifikace rozsahu a dalSich prostorovych parametrti. Pfesnéj-
§i idaje bude mozné uvadét po definitivni stabilizaci trasy a vyhod-
noceni do té doby provedenych prizkumt.

2droj: CGS - LfULG - 3G, prezentace PS 2019 Praha source: CGS - LfULG - 3G, presentation PS 2019 confrence Tunnels and Underground Construction Prague
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Krusnohorsky bazovy tunel
Ore Mountains Base Tunnel

was subsequently filled with younger (mostly) cretaceous
sediments;

the Gottleubatal valley;

the Petrovice — Dobra area with the Spiéék diatreme;

the Ore Mountains fault zone;

the area between the Ore Mountains fault and the portal, located
in the peripheral part of the basin under the Ore Mountains;
transverse valley zones related to fault zones must also be
considered potentially hazardous.

The expected sequence of individual rock types encountered in
the tunnel in the direction of Germany — the Czech Republic is
roughly as follows:

Germany:

cretaceous rock types, sandstone and marlstone;

greywacke, (West Lusatian fault zone);

basic volcanic rocks;

greywacke, conglomerates, the Donnerberg fault zone;

basic volcanic rocks;

phylite, clayey shale, granitic intrusions;

fault zone, chloritic gneiss, mylonitised, tectonically faulted,
Midle-Saxony thrust faults;

gneiss, partially tectonically faulted;

gneiss, the Bornersdorf structure is located east of the route,
it has been avoided by the route since the initial phases of the
project;

the Petrovice — Dobra zone (tectonic zone, mylonitised rock
types, distinct veins of quartz, fluorite and barite), border part
of the route.

Czech Republic:

basalt, gneiss with basalt intrusions (Spiéék diatreme zone);
gneiss, locally tectonically faulted with applite intrusions,
granitic rock types and locally even volcanic rocks;

Ore Mountains fault zone, tectonically faulted gneiss,
kaolinitically weathered gneiss, cretaceous sandstone and
marlstone;

cretaceous rock types, sandstone, marlstone;

volcanic rocks, basalt and basalt pyroclastic materials;
tertiary filling of the basin; underlying clay and claystone,
pyroclastic materials;

equivalent series of coal seams, sand, clayey sand up to colliery
clay and claystone, thin coal seams probably only to a limited
extent, if any;

pyroclastic materials;

in the shallow portal section, there are Quaternary sediments,
mostly with the character of loam, sand, gravel with the size of
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3.1 Piedpokladana geologicka stavba ceského
portalového tiseku

Portél je z geologického pohledu situovan do okrajové Casti tzv.
teplicko-chabarovické ¢asti uhelné panve, pfimo pak na jeji absolut-
ni, severovychodni okraj. Severovychodné a vychodné se nachaze-
ji v minulosti t&Zené separatni panvicky Zandovska (VarvaZzovska)
a Uzinska (povrchové doly Gustav a Antonin Zépotocky). Tyto pan-
vicky jsou oddéleny morfologicky vyraznym, vulkanickym hibetem
sméru cca SZ-JV, nékdy oznacovanym jako Chlumecko-Stfezovsky
hibet. Tato pozice je zasadni z hlediska geotechnickych podminek,
jednotlivych etap prizkumu a projektu jako celku.

Geologicky je portal tunelu a navazujici tsek ke Krusnym hordm
situovan do oblasti, kde neni vyvinuta hnédouhelna sloj. Pokud se
zde sloj nachazi, tak pouze ve form& malo mocnych, nepravidelnych
poloh.

Tato odliSnost je zptsobena rozdilnymi sedimenta¢nimi pod-
minkami, kdy na rozdil od centralnich ¢asti uhelné panve (v $irSim
smyslu) zde nedoslo k usazovani rostlinnych zbytkti umoZziujicich
vznik uhelné sloje. Souvrstvi, kterd stratigraficky zastupuji uhelnou
sedimentaci, jsou nahrazena pisky, jilovitymi pisky az pis¢itymi jily,
misty pak polohami jili s obsahem organické hmoty. Na nékterych
(v dobé sedimentace se vyskytujicich v pfibreznich zénach) jsou usa-
zeny i relativné vytfidéné pisky, n€kdy oznacované jako pribrezni.

Obecné je podloZni souvrstvi v této okrajové Casti panve (ve vzta-
hu k sloji, ¢i ekvivalentu sloje) tvofeno tzv. vulkanodetritickym sou-
vrstvim. Jde prevazné o splachy z vulkanitll tzv. hlavni vulkanické
série a predterciérnich hornin.

Zde se jedna zejména o tufitické, kaolinické, vapnité a sideritické
jily a jilovce. Toto souvrstvi bude pravdépodobné zastiZzeno v Gvodu
trasy tunelu.

Na podlozni souvrstvi navazuje sedimentace jilti a jilovcl, zde
postupné prechdzejici do jiz zminéné sedimentace ekvivalentu slo-
jového souvrstvi.

Nadlozni souvrstvi je zde tvoreno kombinaci jilovitych sladkovod-
nich sedimentd s pfimési splacht z vulaknickych hornin, pfevazné
tedy jilovité rozloZené tufy spolu s proniky pevnych bazickych ne-
felinit.

Tento vrstevni sled je zakryt smési proluvidlnich a deluvidlnich
sedimentd, které jiz vzhledem ke své poloze nemaji z hlediska pro-
vadéni tunelu zasadni vyznam.

Z toho vyplyvaji dvé zdsadni skuteCnosti. Jednak zde neni pro-
stiedi naruSeno historickou téZbou uhli, na druhé strané zde vSak na
rozdil od blizkého okoli neprobihaly zasadné&jsi priizkumné préce.
V porovnani s jinymi oblastmi panve Ize s nadsazkou fici, Ze je zde
z hlediska vrtné prozkoumanosti ,,bilé misto* na mapé€. Vyjimkou
jsou mélké a pro ucel projektu v podstaté malo vyuzitelné inZenyr-
skogeologické vrty pro zaklddani staveb v okoli, jejichZ hloubka
vétSinou nepresahuje 10 m. Pri¢emz z jejich popisu je vétSinou jas-
ny pouze typ zeminy piipadné horniny. Stratigrafické zarazeni vSak
byva v nekterych ptipadech s velkou pravdépodobnosti nespravné.

V bliz§im okoli portélu tunelu se presto nachazi nékolik hlubokych
strukturnich vrtG. Napf. vit RPZ-39A (JZ okraj Chlumce) s hloub-
kou 640 m, jehoZ zhlavi se nachdzi na urovni 239,57 m n. m. Vrt tedy
dosahuje do trovné —400,43 m n. m. Popis jeho profilu, zejména pfi
porovnani s dal$imi hlubokymi vrty v okoli, v§ak piinasi zejména
celou fadu otazek o strukturni stavbé lokality. V tivodni ¢asti zachy-
cuje komplex vulkanickych hornin mladsi vulkanické faze na konci
terciéru (bazalty, brekcie a tufitické horniny a7 zeminy). Nasleduje
komplex kiidovych hornin a nasledné krystalinikum.

Ve vztahu k trase jsou zasadni tyto informace:

 nejsou zachyceny sedimenty typické pro panevni vypln (jily, ji-

lovce, uhelné souvrstvi, podlozni jily a jilovce);

boulders gradually increasing in the direction of the base of the
slope; here there is a mixture of materials of proluvial washout
cones with boulders and volcanite blocks.

This list of rock types is presented as a preliminary overview,
without specification of the range and other spatial parameters.
It will be possible to provide more accurate data after the final
stabilisation of the route and evaluation of the surveys conducted
so far.

3.1 Assumed geological structure of the Czech portal
section

From a geological point of view, the portal is located in the
marginal part of the so-called Teplice — Chabatovice part of the
coal basin, directly on its absolute north-eastern edge. To the
northeast and east, there are the formerly mined separate small
basins Zandov (Varvazov) and UZin (open cast mines Gustav
and Antonin Zapotocky). These small basins are separated by
a morphologically significant, volcanic ridge in the NW-SE
direction, sometimes referred to as the Chlumec-Stfezov ridge.
This position is crucial in terms of geotechnical conditions,
individual stages of the survey and the project as a whole.

In terms of geology, the portal and the adjoining section to the
Ore Mountains are located in an area where no brown coal seam
has been developed. If the seam exists here, then it is only in the
form of little thick, irregular layers.

This difference is caused by different sedimentation conditions,
when, in contrast to the central parts of the coal basin (in a broader
sense), there was no deposition of plant residues enabling the
formation of a coal seam. The series of strata that stratigraphically
represent coal sedimentation are replaced by sand, clayey sand to
sandy clay, and locally by clay layers containing organic matter.
Relatively sorted sands, sometimes referred to as coastal sands
(originated at the time of sedimentation in coastal zones) are also
deposited in some strata.

In general, the underlying series of strata in this peripheral
part of the basin (in relation to the seam, or the equivalent of the
seam) are formed by the so-called volcanodetritic series of strata.
These are mainly washout materials from volcanic rocks of the
so-called main volcanic series and pre-Tertiary rock types.

These are mainly tuffitic, kaolinitic, calcareous and sideritic
clay and claystone. This series of strata is likely to be encountered
at the beginning of the tunnel route.

The underlying series of strata is followed by sedimentation
of clay and claystone, here gradually passing to the above-
mentioned sedimentation of the equivalent of the series of coal
seams.

The overlying series of strata here is formed by a combination
of clayey sediments together with sediments related to the
younger volcanic phase, predominantly clayey tuffs together
with penetrations of solid basic nephelinite.

This sequence of layers is covered by a mixture of proluvial
and deluvial sediments, which, due to their position, are no longer
of fundamental importance as far as the tunnel construction is
concerned.

Two fundamental facts follow from this. On the one hand,
the environment is not disturbed by historic coal mining, but
on the other hand, in contrast to the surrounding area, no major
exploration operations have taken place here. Compared to other
areas of the basin, it is possible to say with some exaggeration
that there is a “white spot” on the map in terms of the results
of the exploratory drilling. Exceptions are the shallow and for

the purpose of the project basically little usable engineering
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 vrt je vzdalen 200-300 m od variant tras;

e mocnost vulkanického komplexu je cca 100 m;

* mocnost kiidového souvrstvi je 270 m;

e krystalinikum je zastiZeno na trovni —131,1 m n. m., pficemz
cca 880 m vzduSnou carou je jiZz krystalinikum na drovni
+330 m n. m.;

* vyskovy rozdil povrchu krystalinika tak na vzdalenosti 880 m
¢ini priblizné 460 m, tato zména pritom probihd kaskadovité
v podstaté po linii odpovidajici podélnému fezu trasou.

Pfi interpretaci dokumentace vrtli v pricném sméru na trasu se
zahrnutim dalSich hlubsich vrti Ize ziskat podobny obraz geologic-
ké stavby. Tedy vzajemné vyskové oddéleni jednotlivych hornino-
vych blokl zlomy pfi¢nymi na krusnohorsky zlom. Pouze nékteré
vrty jiz zastihuji panevni vypln.

Nejpravdépodobnéjsim vysvétlenim je pak existence zlomu jak
paralelnich s krusnohorskym zlomem, tak zlomu pricnych. Tyto
zlomy jsou znidzornény v riznych geologickych mapach, ale jejich
poloha, Cetnost a pribéh jsou vétsinou velice orientacni. Néktery
z pricnych zlomi by teoreticky mohl probihat ve sméru prakticky
totozném s trasou. Vyrazna mocnost vulkaniti ve vrtu RPZ-39A
pravdépodobné souvisi s jeho blizkosti k vulkanickému hibetu.
V dalSich vrtech jizZ nejsou vulkanity takovych mocnosti zastiZeny.

Slozitost geologické stavby pak dokumentuje vrt GU 116/61
(hloubka 27 m, zhlavi 240,4 m n. m.). Tento vrt je vzdalen 300 m
SV od vrtu RPZ-39A, tedy jesté ve vétsi blizkosti k vulkanickému
hibetu. Pod 7,2 m nadloZnich jilii zachycuje 1 m mocnou uhelnou
sloj, podlozni jily, a aZ nasledné vulkanické tufy a bazalt. Na né-
kterych starSich interpretacich polohy uhelné sloje je pak pravdé-
podobné z diivodu tohoto vrtu interpretovan uzky vybézek uhelné
sloje smérujici k SV. Stejné tak se mize jednat o ojedinély vyskyt
¢i relikt (obr. 5).

Pribéh vychozu znazornény na obr. 5 vychazi pravdépodobné
z interpretace starSich vrtd, tedy GU 115 a 116 z roku 1961. Pri-
¢emz i vitem GU 115 byl zastiZen pouze uhelny jil s organickymi
zbytky. S vulkanity, zejména velice pevnymi bazaltoidy (obr. 6),
je vSak nutné pocitat prakticky na celém tuseku trasy. Jednak jsou
v rizném rozsahu znazornény v geologickych mapach, ale jejich
pritomnost byla i ovéfena béhem mapovéni. Rovnéz je velmi prav-
dépodobné, Ze jsou na mnoha mistech zakryty mocnou polohou
kvartérnich sedimenti, tyto se vSak nachdzeji vyrazné nad nive-
letou trasy. Pokud budou zastizeny, pak pravdépodobné pouze
v tivodni hloubené ¢asti.
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geological boreholes for the foundation of buildings in the area,
the depth of which usually does not exceed 10m. Only the type of
soil or rock is usually clear from their description. However, the
stratigraphic classification is in some cases most likely incorrect.

Despite this fact, there are several deep structural boreholes
in the closer vicinity of the portal. For example, the 640m deep
borehole RPZ-39A (SW edge of Chlumec), the head of which is
located at the altitude of 239.57m a.s.l. The borehole thus reaches
the level of —400.43m a.s.l. However, the description of its profile,
especially in comparison with other deep boreholes in the area,
raises a number of questions about the structure of the location.
In the initial part, it describes the complex of volcanic rock types
of the younger volcanic phase at the end of the Tertiary formation
(basalt, breccias and tuffitic rock up to soils). This is followed
by a complex of cretaceous rock and then a crystalline complex.

The following information is fundamental in the relation to the
route:

» sediments typical of the basin filling (clay, claystone, coal
series of strata, underlying clay and claystone) are not
described;

¢ the borehole is located 200-300m from the route variants;

* the thickness of the volcanic complex amounts to about
100m;

* the thickness of the cretaceous layers amounts to 270m;

* the crystalline complex is encountered at the level of
—131.1m a.s.l., with the crystalline complex encountered at
the distance of about 800m as the crow flies being already at
the level of +330m a.s.l.;

e the difference of the crystalline complex surface level is
thus approximately 460m at a distance of 880m; this change
takes place essentially along a line corresponding to the
longitudinal section through the route.

When interpreting the documentation of boreholes in the
direction transverse to the route, including other deeper boreholes,
it is possible to obtain a similar picture of the geological
structure, i.e. the mutual vertical separation of individual rock
blocks by faults transverse to the Ore Mountains fault. Only some
boreholes already reach the basin filling.

The most probable explanation is the existence of faults both
parallel to the Ore Mountains fault and transverse faults. These
faults are shown in various geological maps, but their location,

Jak jiz bylo uvedeno, vit RPZ-39A
zastihl 1 270 m mocné kiidové sou-
vrstvi. Jilovité prachovce, jilovce,
jemné piscité prachovce a piskovce.
Toto souvrstvi je rovnéZ tektonicky
dislokovéno a v blizkosti kruSnohor-
ského zlomu pravdépodobné vystu-
puje k blizkosti povrchu, pficemz je
jeho mocnost redukovana. Zapadné
i vychodné od trasy jsou nejen po-
psény, ale byly i dokumentovéany vy-
chozy. V blizkosti trasy vSak nebyl
béhem mapovani s jistotou zadny
vyskyt kfidovych hornin ovéfen.

Vyjimkou byl ojedinély fragment
sttednézrnného piskovce, ktery byl
nalezen zdpadné od Zel. zastavky
Chlumec, v nadmorské vySce cca

]

varianty tras 08/2021 /\

C 4 1

route variants 08/2021

v

L]
RPZ 394

zakryty vychoz sloje
covered outcrop of coal seam

365 m n. m. (obr. 7). Tato droven je
vsak jiz vyrazné nad oekavanou vy-

upraveno podle J. Rizicky 1970, podklad www.mapy.cz modified according to J. Rizicka 1970, source www.mapy.cz

Obr. 5 PribliZnd poloha vychozu sloje zakrytého kvartérnimi sedimenty
Fig. 5 Approximate location of the outcrop of the coal seam covered with Quaternary sediments



Obr. 6 Bazalt zastizeny na jednom z dokumentacnich bodii 04/2021
Fig. 6 Basalt encountered on one of documentation points 04/2021

Obr. 7 Piskovec, dokumentacni bod DB_02, 400 m ZSZ od Zeleznicni stanice
Chlumec 04/2021

Fig. 7 Sandstone, documentation point DB_02, 400m WNW from Chlumec
intermediate station 04/2021

chozovou linii kiidy. Mimo tento vyskyt byly v okoli zachyceny
jiz pouze ruly. MoZnym a jednoduchym vysvétlenim je ndhodny
transport tohoto tlomku. Druhym vysvétlenim je mozZna souvis-
lost s fosilnim sesuvem horninového bloku krystalinika a kiidy.
Tato lokalita spada do predpokladaného kerného sesuvného tzemi
v oblasti Chlumec — Krupka — Pritkov. Tato moZnost vSak diky
pozici mimo vyskyt uhelné sloje nebyla doposud ovéfena (Zmitko,
1983).

Kerné sesuvy jsou vSak dokumentovany cca 2,5 km severovy-
chodné pfi okrajich Zandovské panvicky a byly dostatecné ovéfeny
a dokumentovany. Postihuji jak piskovce, tak i slinovce. Charakter
téchto kernych sesuvi je ziejmy z fezli na obr. 8 a 9.

3.2 Predpokladana geologicka stavba v oblasti
krusnohorského zlomu

Kru$né hory jsou od podkrusnohorské panve oddéleny pasmem
tzv. kruSnohorského zlomu. Jde o zlomové pasmo, které ma v misté
trasy priibéh ve sméru cca 240-60°, tedy JZ-SV. Ve vétsim méfitku
se smér zlomu lokaln€ méni a7 na smér Z-V. Zlom je narusen fadou
pri¢nych zlomi zpasobujicich zazubeni jeho pribéhu.

Hlavni zlom byva zpravidla doprovdzen dalS§imi zlomy se zhru-
ba stejnym prubéhem, z nichzZ n€které maji ,,opaény* sklon. V misté
trasy je nékdy uvadén zlom souvisejici s krusnohorskym, ktery se

frequency and course are usually very orientational. Some of the
transverse faults could theoretically run in a direction practically
identical with the route. The significant thickness of the volcanic
rocks in the RPZ-39A borehole is probably related to its proximity
to the volcanic ridge. In other wells, the volcanic rocks with such
thickness are no longer encountered.

The complexity of the geological structure is then documented
by borehole GU 116/61 (depth 27m, head 240.4m a.s.1.). This well
is located 300m NE of the well RPZ-39A, it means even closer to
the volcanic ridge. Under 7.2m of overlying clays, it encounters
a 1m thick coal seam, underlying clays and only subsequently
volcanic tuffs and basalt. In some older interpretations of the
position of the coal seam, a NE-heading narrow projection of the
coal seam is probably interpreted due to this borehole. However,
it can also be a rare occurrence or a relic (see Fig. 5).

The course of the outcrop shown in Fig. 5 is probably based
on the interpretation of older boreholes, i.e. GU 115 and GU 116
from 1961. The fact is that even the GU 115 borehole encountered
only coal clay with organic residues. However, volcanic rocks,
especially very strong basaltoids (Fig. 6), must be taken into
account practically along the entire section of the route. On the
one hand, they are shown to various degrees in geological maps,
but their presence was also verified during the mapping. It is also
very likely that in many places they are covered by a thick layer
of Quaternary sediments, but these are located significantly above
the level of the route. If they are encountered, it will probably by
only in the initial cut-and-cover part.

As mentioned above, the RPZ-39A borehole also encountered
a 270m thick Cretaceous series of strata. Clayey siltstone,
claystone, finely sandy siltstone and sandstone. This series of
strata is also tectonically dislocated and probably rises close to
the surface near the Ore Mountains fault, while its thickness is
reduced. West and east of the route they are not only described,
but the outcrops have also been documented. However, no
occurrence of Cretaceous rock types was verified with certainty
near the route during the mapping.

An exception was a unique fragment of medium-grained
sandstone, which was found west of the Chlumec intermediate
railway station, at an altitude of about 365m a.s.l. (see Fig. 7).
However, this level is already well above the expected outcrop
of the Cretaceous series of strata. Apart from this occurrence,
only gneiss was detected in the area. A possible and simple
explanation is the accidental transport of this fragment. Another
explanation is a possible connection with the fossil landslide of
a block of the crystalline complex and a cretaceous rock block.
This locality falls into the presumed block slide area in the area
of Chlumec — Krupka — Pritkov. However, this possibility has not
yet been verified due to the slide position outside the occurrence
of the coal seam (Zmitko, 1983).

However, block slides are documented approximately 2.5km
northeast at the edges of the small Zandov basin and have been
sufficiently verified and documented. They affect both sandstone
and marlstone. (The character of these block slides is obvious
from the sections in Figures 8 and 9).

3.2 Assumed geological structure in the area of the Ore
Mountains fault

The Ore Mountains are separated from the basin under the Ore

Mountains by the zone of the so-called Ore Mountains Fault. It is

a fault zone with the course heading about 240-60°, i.e. SW-NE,

in the location of the route. On a larger scale, the trend changes

locally up to the W—E trend. The fault is disturbed by a number of



Tuel

30. rocnik - €. 4/2021

d'rrf "
vysvétlivky explanatory notes
Stérky gravel podiozni jily a pisky
underlying clay and sand
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transverse faults causing indentation
in its course.

The main fault is usually
accompanied by other faults with
approximately the same course,
some of which have an “opposite”
g§| dip. In the location of the route,
there is sometimes a fault related to
the Ore Mountains Fault, which in
the Uncin area separates itself from
the main fault and continues to the
Chlumec area.

Transverse faults in the area
of interest run in the SSE-NNW
direction; their
direction gradually changes to E-E,
basically forming a kind of a fan.
The courses of transverse faults
then correspond to the directions of
deeply cut valleys.

At the moment, the character of
the fault zone can only be deduced

JV SE

lom Gustav
Gustav mine
—

.

towards Telnice

sesuv landslide &

Obr. 8 Profil kernym sesuvem na lokalité Gustay
Fig. 8 Section through block slide in Gustav locality

from the knowledge gained in other
places in the Ore Mountains.

The zone of the Ore Mountains
Fault was best encountered during

zdroj: Zmitko 1983 source: Zmitko 1983
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Czech Railway (meaning a track leads there)

the excavation of galleries in front
of the CSA large open cast mine in
the area below the Jezefi chateau.
The approximate agreement here is
in the lithological composition and
partly even in the morphology of
the Ore Mountains slope. The slope
of the Ore Mountains in these areas,

JV SE

1
s =
(i

e
-

LFF

vysvétlivky explanatory notes

together with the Osek area, is one of
the steepest and reaches an average
of 20-30°, sometimes up to 40°.
The Jezeii locality is 35km away
from the portal area, so it is possible
to accept some of the information
obtained here as a preliminary idea,
but it is definitely not possible to
expect a greater agreement between

kvarterni $térky Quaternary gravel
tufy a tufity tuff and tuffite
sliny a slinovce marl and marlite

piskovce sandstone

ruly gneiss

Obr. 9 Kerny sesuv kiiidovych piskovcii severné od Zandova
Fig. 9 Block slide of cretaceous sandstone north of Zandov

v oblasti Unc¢ina oddé€luje od hlavniho zlomu a pokracuje do oblasti
Chlumce.

Pri¢né zlomy v zdjmové oblasti probihaji ve sméru JIV-SSZ, smé-
rem k Telnici se jejich smér postupné méni azZ na Z-V, v podstaté
tvori jakysi v&jif. Pribéhu pricnych zloma pak odpovidaji i sméry
hluboce zatfiznutych udoli.

Charakter zlomového pasma lIze v tuto chvili pouze odvozovat
z poznatkil ziskanych na jinych mistech Kru$nych hor.

Nejlépe bylo pasmo krusnohorského zlomu zastiZzeno pfi razbé
§tol v predpoli povrchového velkolomu CSA v oblasti pod zam-
kem Jezefi. PfibliZznd shoda je zde v litologickém sloZeni a ¢astené
i morfologii svahu Krusnych hor. Sklon svahit Krusnych hor v téchto
oblastech patii spolu s oblasti Oseka k nejstrméjsim a dosahuje pri-
mérné 20-30°, misty az 40°.

zdroj: Zmitko 1983 source: Zmitko 1983 these places.

The most probable is the transition
from types
(sandstone) to the zone of fractured,
altered and sometimes kaolinitically decomposed gneiss. The width
of this zone can be assumed to be in the interval of about 150-
400m.Then there will be a transition to a hard rock environment.

The degree of failure is usually so significant that samples

Cretaceous  rock

taken from this environment are classified in laboratories as soils.
In addition to the fault zone itself, the surface of the crystalline
complex under Cretaceous or Tertiary sediments is also affected by
kaolinitisation and alteration.

The hydrogeological properties of the fault zone can also be
problematic. Increased permeability can be expected in places
where the rock is only crushed and not decomposed by weathering
processes. On the contrary, in sections affected by intense deep
alterations (kaolinitisation), the fault zone can fulfil the function of
a hydrogeological barrier, behind which water rises (Rybar, 1983).
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Obr. 10 Pdskované ortoruly v bodé DB_07, 04/2021
Fig. 10 Banded orthogneiss at point DB_07, 04/2021

Lokalita Jezefi je od portdlové oblasti vzdalena 35 km, je tedy
mozné nékteré zde ziskané informace pfijmout jako predbéZnou
predstavu, rozhodné vsak nelze ocekdvat mezi t€émito misty veétsi
shodu.

Nejpravdépodobnéjsi je prechod z kiidovych hornin (piskovct) do
z6ny rozpukanych, alterovanych a misty az kaolinicky rozloZenych
rul. Sitku této zény lze predpokladat v intervalu cca 150-400 m, na-
sledné dojde k prechodu do pevného skalniho prostiedi.

Mira poruseni byva natolik vyraznd, Ze vzorky odebrané z tohoto
prostiedi jsou v laboratofich klasifikovany jako zeminy. Mimo vlast-
ni zlomové pasmo je kaolinizaci a alteraci postiZen i povrch krystali-
nika pod kiidovymi, pfipadné terciérnimi sedimenty.

Problematické mohou byt i hydrogeologické vlastnosti zlomového
pasma. V mistech, kde je hornina pouze podrcena a neni rozloZena
zvétravacimi procesy, 1ze ocekdvat zvysenou propustnost. Naopak
v usecich postiZzenych intenzivni hlubinou alteraci (kaolinizaci),
muZe zlomova zdna plnit funkci hydrogeologické bariéry, za kterou
dochazi ke vzdouvani vody (Rybat, 1983). Tomuto popisu odpovida
1 existence nekolika linii pramennich vyvérii v oblasti zlomového
pasma.

3.3 Predpokladana geologicka stavba v oblasti
za krusnohorskym zlomem

Po priichodu zlomovym pasmem Ize pfedpokladat rychly prechod
do rul krusnohorského krystalinika. Krystalinikum je v oblasti se-
verné od Chlumce tvofeno muskovit-biotitickymi, pfevazné pasko-
vanymi ortorulami. Hornina je asto jemné provrasnénd. Casté jsou
vyrazné prokfemenélé polohy, misty se pak vyskytuji nékolik cm
mocné prouzky tvorfené Zivcem a kifemenem, které maji prevazné
nartizovélou barvu (obr. 10).

Na nékterych vychozech jsou vyrazné proniky aplitickych hornin
az pegmatitl. Tvoreny jsou prevazné kifemenem s mensim podilem
Zived, pripadné dal$ich minerald, slidy, atd. (obr. 11). Horniny za-
stizené na vychozech jsou pfevazné zdravé, misty slabé navétra-
1é. Jsou poruSené jednim hlavnim systém diskontinuit, ktery byva
doplnén vétsinou dvéma podruznymi systémy. Vzdalenost puklin
v jednotlivych systémech je zpravidla od 20 cm az do fadu metrQ.
Jsou zpravidla seviené, bez vypln€. Plochy foliace jsou zietelné, ale
v prevazné vétsin€ na nich nedochazi k rozpadu. Na zakladé méreni
orientace diskontinuit na vice neZ 250 bodech lze konstatovat, Ze
krystalinikum severné od Chlumce je jako celek postizeno dvéma
hlavnimi systémy diskontinuit. Vyrazné ptevazuje subvertikalni
systém s orientaci 221° (41°)/88°, druhy systém ma primérnou ori-

Fig. 11 Applite, pegmatite at point DB_24, 04/2021

The existence of several lines of springs in the area of the fault zone
also corresponds to this description.

3.3. Assumed geological structure in the area behind the
Ore Mountains Fault

Rapid transition to the Ore Mountains crystalline complex gneiss
can be expected after passing through the fault zone. The crystalline
complex in the area north of Chlumec is made up by muscovite-
biotite orthogneiss, mostly banded. The rock is frequently slightly
undulated. Significantly calcified layers are frequent, in some
places there are several cm thick strips formed by feldspar and
quartz; their colour is slightly pink (see Fig. 10).

On some outcrops, there are significant penetrations of aplitic
rock types to pegmatite. They comprise mainly quartz with a
smaller proportion of feldspar, or other minerals, mica, etc. (see
Fig. 11). The rock types encountered on the outcrops are mostly
fresh, sometimes slightly weathered. They are broken by one

s

Obr. 12 Nejcastéjsi orientace diskontinuit v krystaliniku severné od Chlumce
(Lambertova projekce)

Fig. 12 Most frequent orientation of discontinuities in crystalline complex
north of Chlum (Lambert projection)
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entaci 312°/67°. Ostatni systémy maji jiZ na vétsi oblasti rozdilné
orientace. Naopak foliace ma v celé mapované ¢asti prakticky shod-
nou orientaci s primérem 330°/10° (obr. 12). Z diagramu je ziejmé,
Ze pribéh dominantniho systému diskontinuit odpovidd orientaci
pficnych udoli. Zajimavé vsak je, Ze ani jedno méfeni neodpovida
orientaci svahli Krusnych hor v misté, respektive kru$nohorského
zlomu obecné.

Pti porovnavani strukturnich dat s mapovymi podklady a nasledné
digitalnim modelem terénu (LIDAR), doslo pravé na tomto modelu
k objeveni zfetelné, pro tuto oblast netypické struktury. Tato struk-
tura se svym pribéhem zcela odliSuje od v podstaté pravidelného
prubéhu ostatnich morfologickych prvkd. V podstaté se jedna o de-
presi (ryhu) kruhového tvaru, kterd by naptiklad v prostfedi zemin
v menSim méfitku indikovala odlu¢nou hranu sesuvu (obr. 13).

Zde je vsak vyskovy dosah horni hrany struktury o cca 200 m vy$
neZ Upati svahu a Sitka ve spodni ¢asti této struktury na upati je cca
2,7 km, pri¢emz se jednd o prostfedi krystalinika. Je tedy otazkou,
zda se jedna o ndhodny tvar zpisobeny erozi, nebo zda by tato linie
indikovala posun bloku krystalinika do panve. Jak je uvedeno vyse,
je v této Casti krusnohorského svahu predpokladdna moznost exis-
tence fosilniho kerného sesuvu.

4. ZAVER

Vsechny skutecnosti uvedené v predchozim textu jsou vysled-
kem studia nejriznéjsich archivnich dokumenti, vlastnich poznat-
k@ a nékolika navstév okoli trasy, piesto se i bez podrobnych te-
rénnich praci jevi pro ivodni ¢ast KruSnohorského tunelu (rizikova
oblast 6 dle obr. 4) jako zifejmé nésledujici skute¢nosti.

* Geologicka stavba tivodni ¢asti Krusnohorského tunelu na ces-
ké Casti je velmi pestrd a soucasné prakticky neprozkoumana.

e Vyskytuji se zde horniny se zcela odliSnymi a mnohdy velmi
nepiiznivymi geotechnickymi parametry.

» Délka tohoto useku je témér 2 km.

 Prostiedi je zcela urcité naruseno nékolika vyraznymi zlomy
pfipadné poruchovymi pasmy, které probihaji jak pricné k tra-
se, tak i prakticky rovnobézné s trasou.

* Na téchto zlomech dochazi k posuntim (skoktim) jednotlivych
litologickych celki v fadech desitek aZ stovek metri.

* PrestoZe se jedna v kontextu celého tunelu o ,,mélkou’ Cast
trasy, dosahuje vyska nadlozi v misté pfechodu do krystalinika
vice nez 130 m, (coZ je vice, neZ u vétsiny tuneldt v CR).

* Bude tfeba objasnit skute¢nou stavbu jednotlivych stratigrafic-
ko-litologickych celkt a jejich vzajemnou pozici.

zdroj: www.arcgis.com source: www.arcgis.com
Obr. 13 Priibéh struktury (priblizné vyznacéeno) ve vztahu k trase (Cervend)
Fig. 13 Course of the structure (marked approximately) in relation to the route
(red)
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main system of discontinuities, which is usually supplemented by
two secondary systems. The joint spacing in individual systems
usually ranges from 20cm up to the order of metres. The joints
are usually tight, without filling. The foliation surfaces are
obvious, but decomposition does not take place on the majority
of them. Based on measuring the orientation of discontinuities
at more than 250 points, it can be stated that the crystalline
complex north of Chlumec as a whole is affected by two main
systems of discontinuities. Based on measuring the orientation
of discontinuities at more than 250 points, it can be stated that
the crystalline complex north of Chlumec as a whole is affected
by two main systems of discontinuities. The sub-vertical system
with the orientation of 221° (41°)/88° predominates significantly,
the second system has an average orientation of 312°/67°. Other
systems already have different orientations in larger areas. On the
contrary, the foliation has practically the same orientation with
the average of 330°/10° in the whole mapped part (see Fig. 12). It
is clear from the diagram that the course of the dominant system
of discontinuities corresponds to the orientation of the transverse
valleys. However, it is interesting that none of the measurements
corresponds to the orientation of the Ore Mountains slopes in the
place, or the Ore Mountains fault in general.

When the structural data was compared with the map data and
subsequently with a digital model of terrain (LIDAR), a distinct
structure which is not typical for this area was discovered on this
model. This structure is completely different in its course from
the essentially regular course of other morphological elements. In
essence, it is a depression (groove) of a circular shape, which, for
example, in a soil environment on a smaller scale would indicate
the edge of separation of a landslide (see Fig. 13).

However, here level of the upper edge of the structure is about
200m higher than the foot of the slope and the width in the lower
part of this structure at the foot is about 2.7km, and it is the case of a
crystalline complex environment. Therefore, the question is whether
this is a random shape caused by erosion, or whether this line would
indicate a shift of the crystalline complex down to the basin. As
mentioned above, the possibility of the existence of a fossil block
slide is assumed in this part of the Ore Mountains slope.

4. CONCLUSION

All the facts mentioned in the previous text are result of the study
of various archival documents, my own knowledge and several
visits around the route, nevertheless, even without detailed field
work, the following facts seem to be obvious for the initial part
of the Ore Mountains tunnel (risk area No. 6 according to Fig. 4).

» The geological structure of the initial part of the Ore Mountains
tunnel in the Czech part is very varied and at the same time
virtually unexplored.

» There are there rock types with completely different and often
very unfavourable geotechnical parameters.

* The length of this section amounts nearly to 2km.

e The environment is definitely disturbed by several significant
faults or fault zones, running both transverse to the route and
practically parallel to the route.

e At these faults there are displacements (jumps) of individual
lithological units in the order of tens to hundreds of metres.

* Even though it is a “shallow” part of the route in the context of
the whole tunnel, the height of the overburden at the point of
transition to the crystalline complex reaches over 130m (which
is more than in most tunnels in the Czech Republic).
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Obr. 14 PredbéZny podélny geologicky rez portdlovou cdsti
Fig. 14 Preliminary geological section through portal part

* Toto prostfedi se vzhledem k vyrazné heterogenité jevi jako
nevhodné pro TBM (na rozdil od navazujiciho dseku v krysta-
liniku).

Jistou pfedstavu o mozné strukturni stavbé ve vztahu k trase po-
dava schematicky podélny fez ivodni Ceské Casti tunelu (obr. 14).
Z hlediska obecné volby prizkumnych metod 1ze v takto sloZitém
prostfedi povazovat za idedlni a zcela opodstatnéné realizovani
vhodnég situované prizkumné $toly.

Projekt se nachazi teprve na samém pocatku a postupné budou
vyvstavat dalsi otdzky. Je vSak zifejmé, Ze se pred zpracovateli jed-
notlivych etap prizkumil nachazi fada problémd, se kterymi se jin-
de v CR nesetkaji. Uvedena problematika navic zahrnuje pouze
uvodni ¢ast z cca 11,7 km dlouhé Ceské Casti tunelu. I v navazuji-
cim tuseku, ktery na Ceské strané€ prochazi z velké Casti krystalini-
kem a ¢aste¢né vulkanity, 1ze ocekavat celou fadu problematickych

mist.
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It will be necessary to clarify the actual structure of individual

stratigraphic-lithological units and their mutual position.

¢ Due to the significant heterogeneity, this environment appears

to be unsuitable for TBMs (unlike the following section in the
crystalline complex).

A schematic longitudinal section through the initial Czech part
of the tunnel gives a certain idea of a possible geological structure
in relation to the route (see Fig. 14). From the point of view of the
general choice of exploration methods, it can be considered as an
ideal and completely justified implementation of a suitably situated
exploration gallery in such a complex environment.

The project is only at the very beginning and other questions
will gradually arise. However, it is obvious that the elaborators of
individual stages of the survey will face a number of problems that
they will not encounter anywhere else in the Czech Republic. In
addition, this issue includes only the initial part of the approximately
11.7km long Czech part of the tunnel. A number of problematic
places can be expected even in the following section, which on the
Czech side runs mainly through a crystalline complex and partly
volcanic rocks.
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FOTOREPORTAZ Z VYSTAVBY TUNELA VISNOVE A Z OSADENIA
SOSKY SVATEJ BARBORY 26. AUGUSTA 2021
PHOTOREPORT FROM CONSTRUCTION OF VISNOVE TUNNEL AND
INSTALLATION OF ST. BARBARA STATUETTE ON 26 AUGUST 2021

FOTOGRAFIE ARCHIV SKANSKA SK A.S.
PHOTOGRAPS SKANSKA SK A.S. ARCHIVE

Obr. 1 Prdce na dialnici pred zdpadnym portdlom tunela Obr. 2 Posvdtenie tunela a sosky sv. Barbory, patronky banikov a tuneldrov
Fig. 1 Work on the motorway in front of western portal of the tunnel Fig. 2 Consecration of the tunnel and statuette of St. Barbara, patron of
miners and tunnellers

Obr. 3 Osadenie soSky sv. Barbory na zdpadnom portdli tunela Obr. 4 Realizdcia odvodriovacich vrtov do drendZnej Stolne
Fig. 3 Installation of St. Barbara statuette at western portal of the tunnel Fig. 4 Drilling drainage holes into drainage gallery
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Obr. 5 Priprava debnenia zdrodku prejazdného priecneho prepojenia v ni- Obr. 6 Debniaci voz ¢islo 5 v tunelovej riire
dzovom zdlive Fig. 6 Formwork traveller No. 5 in tunnel tube
Fig. 5 Preparation of formwork for a stub of cross passage gallery passable for
vehicles in the emergency stopping bay
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

VYZNAMNE VYROCI VZNIKU METRA V BUDAPESTI
SIGNIFICANT ANNIVERSARY OF THE BUDAPEST METRO

The Budapest Metro ‘s attributes seem to qualify it for second pla-
ce among European metros (it was built 33 years after the London
Underground), unlike the earlier structures in Athens and Istanbul.
However, it was the first to be fully electric at the time (the London
Underground lines were not electrified until after 1900). The Bu-
dapest metro was put into service on 2 May 1896, so in May 2021
Hungary celebrated the 125" anniversary of its commissioning.

Budapestské metro svymi atributy ziejmé spliiuje, na rozdil od
dfive provozovanych staveb v Aténéch a v Istanbulu, kvalifikaci na
druhé misto mezi evropskymi metry (vzniklo 33 let za metrem lon-
dynskym). Uplné prvenstvi mu v§ak patii v tehdej§im okamZitém
zavedeni elektrické trakce (linky londynského metra byly elektri-
fikovany aZ po roce 1900). Metro v Budapesti bylo uvedeno do
provozu 2. 5. 1896, takze v kvétnu roku 2021 oslavili v Madarsku
125. vyroci jeho uvedeni do provozu.

Jiz pred koncem 19. stoleti se netinosné zvysila intenzita dopra-
vy pod Andrassyho tfidou, hlavni spojnici centrdlni Pesti s rychle
rostouci zastavbou odlehlou od levého biehu Dunaje. Reseni bylo
nalezeno v podzemnim vedeni elektrifikované kolejové linky, ktera
byla vzhledem ke svému charakteru oznacena jako Kisfoldalatti
(= metro, doslovny preklad ,,malé podzemi*), Casem jen zkracené
jako Foldalatti. Na zahajeni vystavby a jejim velmi rychlém pribé-
hu mél pravdépodobné znacny podil politicky aspekt — vybudovani
a zprovoznéni metra bylo pojato soucasné jako oslava tisiciletého
vyroci ptichodu Madara do Panonie.

Stavba byla zaddna Budapestské Zeleznicni spolecnosti s pod-
minkou, Ze bude do oslav milénia dokonc¢ena. Podminku Zeleznic¢-
ni spolec¢nost dodrZela a tzv. milenidlni trasa, dlouha 3,7 km s 11
stanicemi, byla zprovoznéna v kvétnu 1896, za pouhych 20 mésicti
po zahdajeni stavby. Metro dostalo ndzev Podzemni draha milénia.

MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Zemiel Dipl.-Ing. Friedrich Karl Blindow

Vynikajici svétové prosluly odbornik na podzemni stavby
Dipl.-Ing. Friedrich Karl Blindow, ktery se narodil v roce 1933, ze-
mfel 20. dubna 2021. Po roce 1989 spolupracoval tspésné i s Ces-
kymi firmami.

H Smlouva na severni pristupovy tunel k druhé troubé
Gotthardského silni¢niho tunelu byla uzaviena

Severni pristupovy tunel je dlouhy 4 km a pomuze také zvlad-
nout razbu pres zde se nachazejici poruchové zony. Zahrnuje také
objekty potfebné pro zasobovani razeb hlavniho tunelu. Musi se
vyrazit fada kaveren a pomocnych tuneli, napt. velka kaverna pro
betonarnu, prostory pro zasoby kameniva a dalSich materiald.

Prace na pfistupovém tunelu byly zahajeny na jare roku 2021
a prfedpoklada se, Ze budou trvat 2,5 roku.

B Firma Implenia stavi novy tsek metra v Oslo

Novy tsek metra bude dlouhy 8150 m a pfipoji poloostrov For-
nebu k siti méstského metra v Oslo. Cely bude vybudovan v pod-
zemi vcéetné Sesti stanic metodou drill and blast. Architektonické

Obr. 1 Stanice budapestského metra na lince Foldalatti
Fig. 1 Budapest metro station on the Foldalatti line

Zprovoznéni probéhlo soucasné se zahdjenim milenidlni vystavy,
kterou oteviel osobné cisar FrantiSek Josef .

Na vnitini Gpravu stanic (obr. 1) byly budapestskym magistratem
stanoveny naro¢né pozadavky, byla zvolena jejich secesni tprava.
Stény stanic byly oblozeny bilymi a Cernymi kachliky, litinové
sloupy podél hrany kratkého nastupisté (délka cca 40 m) byly pro-
vedeny s ozdobnymi hlavicemi, ve stejném stylu byly zhotoveny
odpocinkové lavice a pokladni kiosky. Tento pozoruhodny raz si
milenidlni linka, v soucasné siti metra znacena jako M1, udrzela
dodnes. Foldalatti ziistala osamocend az do roku 1970, kdy byla
oteviena linka M2 novodobého metra.

prof. Ing. JIRT BARTAK, DrSc.

feSeni stanice Fornebuporten navrhl ateliér svétozndmé architekty
Zahy Hadid. Navrh je jako vZdy u tohoto ateliéru osobité nekon-
vencni. V kvétnu 2021 byla zahdjena stavba prvniho 2,5 km dlou-
hého useku.

Prednosti nabidky firmy Implenia byl diraz na ochranu Zivotni-
ho prostredi a ovzdusi. Firma nabidla omezeni béZnych paliv pou-
Zivanych ve stavebnich strojich a jejich nahrazeni stroji, které bude
pohanét elektricky proud.

Predpokladané dokonceni prvniho tseku je podzim roku 2023,
celd stavba by méla byt zprovoznéna v roce 2027.

B Precerpavaci vodni elektrarna Limberg I11

V kaprunském energetickém systému se buduje nova precerpa-
vaci vodni elektrarna (PVE) Limberg III s planovanym vykonem
480 MW. Stejné jako PVE Limberg I, ktera bylauvedena do provozu
v roce 2011 a budovala se od roku 2006, je nova PVE stavéna mezi
horni prehradni nadrzi Mooserboden (kéta hladiny 2036 m n. m.)
a dolni nadrzi Wasserfallboden (koéta hladiny 1672). Jeji vystav-
ba je svéfena konsorciu firem Porr, Hinteregger, Marti Tunnel AG

a Marti GmbH.



Je zajimavé, Ze firmy Hinteregger a Porr se jiz pred 70 lety ucast-
nily vystavby pivodniho kaprunského energetického systému. Po-
dilely se i na stavb& PVE Limberg II mezi lety 2006 az 2011.

Nova PVE Limberg III zahrnuje 3 km tunelového vodniho pii-
vadéce a 770 m tlakové Sachty, pfistupovy tunel a hloubené Sachty
vse celkové délky 4,5km. Soucasti stavby je také vyrubani kaveren
strojovny a transformatorti o celkovém objemu 83 tis. m®.

Precerpavaci elektrarna Limberg III je specidlné navrZena tak,
aby vyhovovala i budoucim pozadavkidm na nové zdroje elektrické
energie a stabilitu rozvodnych siti. Stavebni prace byly zahajeny
pocatkem léta 2021 a provoz PVE Limgerg III se o¢ekava v roce
2025.

B Spolecnost Fugro dokoncila geotechnicky prizkum
pro nejdelsi naplavovany tunel na svété

Nejdelsi naplavovany tunel na svété¢ Fehmarnbelt délky 18 km
umozni silni¢ni a Zelezni¢ni spojeni mezi Némeckem a Danskem.
Ten po uvedeni do provozu prinese vyznamny environmentalni pri-
nos.

Spolecnost Fugro pracovala na prizkumu pro tento projekt po-
slednich 10 let od pocatec¢nich priazkumu stavenist az k soucas-
nému dokonceni geotechnickych priizkumi v pobfeznich ¢astech
moriské uziny vcetné vypracovani zavérecné studie.

Posledni faze prizkumu byla zaméfena na vlastnosti zemin mot-
ského dna v blizkosti pobfeZi a na danské strané navic na prizkum
plochy, kde bude zfizena vyrobna naplavovanych Zelezobetono-
vych prefabrikatd. Pro prizkumné prace v pobreznich vodach pou-
zila firma Fugro ocelovou platformu ukotvenou ¢tyfmi vysuvnymi
sloupy umisténymi v rozich platformy. Z té byly vrtany jadrové
vrty do dna morské Uziny a provadény penetracni testy ve vyvrta-
nych otvorech.

B Trasa severniho Zelezni¢niho privadéce k Brennerskému
bazovému tunelu (BBT) byla vybrana

Vybér trasy severniho Zelezni¢niho brenerského privadéce
v udoli Innu a u Rosenheimu byl ukoncen. Z péti variant je to fialo-
va varianta, ktera je vétSinou v podzemi. Vysledné rozhodnuti bylo
oznameno spole¢né Némeckymi Zeleznicemi (DB) a Rakouskymi
federalnimi Zeleznicemi (OBB) 13. dubna 2021. Z trasy dlouhé
54 km je 60 % v podzemi. Velky vliv na vysledné rozhodnuti méla
environmentalni hlediska.

V roce 2040 by mél byt dokoncen cely severni brennersky pfiva-
déc k hranici mezi Rakouskem a Némeckem.

B Plan na rozsifeni tunelu CERN

CERN v soucasnosti provozuje nejveétsi urychlovac ¢astic, ktery
je umistén v tunelu délky 27 km a jeho soucasti je fada kaveren, ve
kterych jsou umisténa vyzkumna zafizeni nebo servisni jednotky.

Evropska organizace pro jaderny vyzkum planuje vystavbu tune-
lu délky 100 km, ktery by po dokonceni a technologickém vyba-
veni slouzil k budoucim vyzkumnym aktivitim. Tunel je nazyvan
Budouci kruhovy urychlova¢ (Future Cirkular Collider — FCC).
Jeho ¢st bude vyraZena také pod dnem Zenevského jezera u jeho
zapadniho konce.

Z geologického hlediska bude FCC umistén v prostfedi molassy,
coz je sedimentarni hornina, ktera se rozprostira od francouzskych
Alp, ptes Svycarsko a7 do Rakouska.

Vyzkum potvrdil Sest rozdilnych typa heterogennich sedimen-
tarnich hornin v blizkosti zamyslené stavby. Problém je, Ze dopo-
sud nebylo objeveno primyslové vyuziti téchto hornin, kterych by
se mélo vyprodukovat pii razbé FCC fadové 9 milioni m’. CERN
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pomoci evropskych fondu iniciuje vyzkum vyuziti, ktery povede
univerzita v Leobenu. Ta se jiz del$i dobu vyuZitim rubanin zabyva.
CERN jiz také vypsal soutéZ na vyfeSeni této problematiky.

B Intenzifikace skupiny vodnich elektraren
Malta — Reisseck

Zamérem Rakouska je vyrabét v roce 2030 vSechnu elektrickou
energii pro svou zemi z obnovitelnych zdrojt. To ale bude vyzado-
vat zvladnuti nestability zdrojl, které zptisobuje pocasi.

Z rozvah vyplynulo, Ze je naprosto nutné vybudovat velkou fle-
xibilni pfecerpavaci vodni elektrarnu (PVE) a zvétSit objem pre-
hradnich nadrzi.

Spolecnost Verbung AG, vyrabéjici elektrickou energii ve vod-
nich elektrarnach, chce zvétsit svoji alpskou ,,zelenou baterii. Pro-
to ve skupiné Malta — Reisseck vybuduje novou kavernovou PVE
Reisseck II plus. Bude to dopln¢k PVE Reisseck II, kterd byla uve-
dena do provozu v roce 2016. PVE Reisseck II plus bude schopna
vyuZzit velky vyskovy rozdil mezi dvéma nadrZzemi Miihldorf na-
chézejicimi se v prostoru Reisseck.

Dvé moderni turbiny s celkovym vykonem 45 KW umoZni
uskladnéni Cisté energie v dobé, kdy je v siti elektrické energie
prebytek, a naopak vyuZit uskladnénou energii k vyrobé elektfiny,
kdyz ji bude v siti nedostatek.

Spolecnost Verbung AG chce vyuzivat své zdroje efektivnéji,
a proto béhem vystavby PVE Reisseck Il plus zmodernizuje vSech-
ny elektrarny ve skupiné Malta — Reisseck. Modernizace ¢i vymé-
na turbosoustroji a dal§iho technologického vybaveni se tyka napft.
40 let starého vybaveni elektrarny u maltské horni nadrze a hladni
maltské elektrdrny, nebo 60 let starého vybaveni Cerpaci stanice
Hattelberg.

Slavnostni zahdjeni stavby PVE Reisseck II plus se konalo
18. ¢ervna 2021 a jeji uvedeni do provozu se pldnuje koncem roku
2023. V té dobé bude mit celd skupina Malta — Reisseck vykon
pres 1500 KW.

B Stavba nejdelSiho vodniho tunelového privadéce v jihovy-
chodni Asii byla zahajena

Sri Lanka potiebuje rozsifit zavlaZzovaci program. To znamena
pfivést vodu vhodnou pro zavlahy a pro vyrobu pitné vody do se-
vernich regiont ostrova. Na projektu zasadniho zvétSeni zdvlah
pracoval rakousky Geoconsult.

Paterni rozvod vody bude 65 km dlouhy, v ¢emZ je zahrnut
i 28 km dlouhy tunel, ktery bude stavét ¢inska firma. Celkem
20,2 km budou razit pomoci TBM a z druhého konce vyrazi me-
todou NRTM 6.4 km. Stavba tunelu byla zahdjena v unoru roku
2021.

Soubézné bude renovovano 5000 stavajicich malych vodnich na-
drzi doposud slouzicich lokalnim zavlaham.

Zamérem je privést roné 900 miliontt m® vody z feky Mahaweli
kandly a tunely pfes umélé nadrZze na sever a severovychod zemée.
Zde farmari zatim jsou schopni vypéstovat jen jednu trodu ryze
ro¢né, po uvedeni systému zavlah do plného provozu budou sklizet
ro¢né dvé urody. Celkova zavlaZzovana plocha bude pfiblizné 43 tis.
hektart.

B Vodikovy pohon odstrani $kodlivé emise ze staveniSt?
Norska spole¢nost TECO 2030 vyviji technologické zafizeni, ve
kterém se v tak zvanych vodikovych buiikdch produkuje vodik.
Ten se bude pouzivat pro pohon namotnich lodi a jinych velkych
stroju. Norskd pobocka firmy Implenia nyni dostala od norské stat-
ni firmy Enova finan¢ni podporu, aby spole¢né s TECO 2030 vyte-
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Sila na bazi vodiku pohdnéné zafizeni stavenist, jejichZ provoz by
pak neprodukoval $kodlivé emise.

V ramci spoluprice uvedenych spolec¢nosti bude vyvinut vodi-
kovy generator o vykonu 0,8 MW, ktery se pouZije na staveniStich
misto generdtori s dieselovym pohonem. Vodikovy generitor by
mél byt k dispozici v lednu roku 2023 a bude produkovat elektfinu
bez Skodlivych emisi. Do ovzdusi bude odchézet jen vodni para
a horky vzduch. Generator nevyZaduje napojeni na elektrickou roz-
vodnou sit a plné nahrazuje fosilni paliva.

B Uzavreni kontrakti na bazovy tunel Mont-Cenis

Soucasti evropskych Zeleznic¢nich koridori je také trat mezi Ly-
onem a Turinem délky 270 km. Bdzovy tunel Mont-Cenis dlouhy
57,5 km, ktery podchazi francouzsko-italskou hranici, je klicovym
objektem celé trasy. Dne 7. Cervence 2021 zadal investor dodava-
telskému sdruzeni tfi rozhodujici ¢asti tunelu, které zahrnuji razbu
priblizné 80 % jeho délky. Zbyvajici usek 12,5 km mezi statni hra-
nici a italskym portdlem u obce Sousa byl zaddn v nasledujicich
mésicich.

ZPRAVY 2 TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 3/2021
TUNNEL AFTERNOON 3/2021

The third seminar of the Tunnel Afternoon of this year was held on
September 15,2021. The tunnels prepared in the Czech Republic
by the Road and Motorway Directorate of the Czech Republic,
the contracting authority, and the Railway Administration were
the topic. The first lecture titled the Tunnels under preparation
on railways and the Dejvice tunnel was introduced by Bc. MSc.
Michal Fronék CEng., MICE, DIC from Sprava Zeleznic, s.o.
(the Railway Administration state organisation). He described an
overview of tunnels that are currently under construction, planned
reconstruction of historic tunnels and new railway tunnels on
conventional and high-speed railway lines. The next speaker was
Ing. Jifi Velebil from the Technical Preparation Department of the
High-Speed Rail Lines of the Railway Administration. He spoke
about the concept of high-speed rail lines in the Czech Republic
with a focus on the preparation of the international project on the
Ore Mountains Tunnel on the New Railway Connection between
Dresden and Prague. After him, Mgr. Jifi Zmitko continued with
a lecture on the Geology of the Ore Mountains Tunnel. He
mentioned the current state of knowledge of geological conditions
in the area of the mentioned tunnel, acquainted those present with
the interpretation of the results of searches and surveys carried
out so far, with the focus of further geotechnical investigation as
a basis for the tunnel design. Further on, attention was already
focused on construction projects being prepared by the Road and
Motorway Directorate of the Czech Republic. Ing Petr Kirka, the
director of the construction development department, focused on
Tunnels under preparation and under construction managed
by the Road and Motorway Directorate of the Czech Republic.
He presented an overview of operated, under preparation and under
construction tunnels, their locations, main construction parameters,
state of preparation and expected dates of completion. Ing Libor
Marik, SAGASTA s.r.o., further spoke on the topic of Supervision
of Tunnel Documents for the Road and Motorway Directorate of
the CR. He described the experience with independent assessment

Projekt bazového tunelu zahrnuje 162 km tunelt: dvé rovnobéz-
né hlavni trouby, ¢tyfi pfistupové tunely a 204 spojovacich chodeb.
Pfiblizn¢ uprostfed délky tunelu bude vybudovana bezpecnostni
stanice.

B Prvni usek jizniho pristupu k Brennerskému bazovému
tunelu byl zadan

Jizni pristupova trat k BBT mezi Veronou a Fortezzou bude zhru-
ba 180 km dlouhd a bude mit 4x vétsi kapacitu nez trat soucasna.
Jeji stavba je rozdélena na 4 samostatné zadavané sekce. Prvni sek-
ce, kterou tvofi nova trat mezi Fortezzou a Ponte Gardenou délky
22,5 km, byla jiz zaddna dodavatelskému sdruZeni firem Webuild
(51 %) a Implenia (49 %). Jednim z piinosi stavby je zmirnéni
sklonu — nové trat bude mit maximalni sklon 12,5 promile, zatimco
maximalni sklon stavajici trati je 23 promile.

Ocekava se, Ze stavba vytvori 15 tis. pracovnich mist pfimo na
stavbé nebo na stavbu navdzanych.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

NEWS FROM TUNNELLING CONFERENCES

of designs for motorway tunnels at the level of design for building
location permit and for the final design. The assessment is carried
out for the Road and Motorway Directorate of the CR by a team
of experts of the ITA-AITES Czech Tunnelling Association. The
topic of the last lecture was The 1/42 road in Brno, the LCCR
Vinohrady, mined urban tunnel on the Large City Circle Road.
Ing. Vlastimil Horak, AMBERG Engineering Brno, a.s. analysed
the state of preparation of the urban tunnel in Brno. Extremely
complicated geotechnical conditions have led to the development
of a number of variants of the tunnel route. All presentations can be
found at www.ita-aites.cz in the Seminars section.

Dne 15. zéii 2021 se uskutecnil treti seminaf Tunelarské odpole-
dne tohoto roku. ProtoZe to situace umoziovala, bylo Tunelarské
odpoledne uspofadano prezencni formou a zaroven jej bylo mozné
sledovat i on-line pomoci aplikace MS Teams. Diky hybridni formé
ucasti se on-line formou tcastnilo 48 divdkd, v sile bylo pfitomno
50 ucastniku, takZe celkovy pocet byl srovnatelny s obdobim pred
pandemii. To potvrzuje spravnost rozhodnuti o této formé Tunelar-
skych odpoledni i do budoucna.

Tématem prednisek byly Tunely pFipravované v Ceské repub-
lice zadavateli RSD CR a Spravou Zeleznic. Prvni prednasku s na-
zvem PFipravované tunely na Zeleznici a tunel Dejvice uvedl Bc.
MSc. Michal Fronék CEng., MICE, DIC ze Spravy Zeleznic, s.o.
Prezentace zahrnovala prehled tuneld, které jsou pravé ve vystav-
be, pfipravovanych rekonstrukci historickych tuneld i novostaveb
Zelezni¢nich tunel na konvencnich i vysokorychlostnich tratich.
Prednaska poskytla zédkladni informace o jejich umisténi, hlavnich
parametrech, v jakém stavu se nachdazi jejich priprava a o pred-
pokladaném zahajeni realizace. Cast prednasky vénoval piipravé
tunelu Dejvice, minimalizaci pfenosu vibraci do horninového ma-
sivu a objekti v nadloZi. Upozornil i na to, Ze Sprava Zeleznic, s.o.
podporuje vyzkum CVUT FSv zaméfeny na sledovani chovéni
tunelovych osténi pri teplotnim zatiZeni, kdy jsou do tunelovych
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osténi instalovana Cidla sledujici prabéh teplotniho gradientu v za- nych s relevantnimi zdsadami Smaragdové knihy FIDIC vytvore-
vislosti na teploté okolniho prostiedi. né pro podzemni stavby ve spolupraci s mezinarodni organizaci
Dalsi ¢ast prednasek byla vénovédna planovanému Krusnohor- | ITA-AITES.
skému tunelu. Ing. Jifi Velebil z oddéleni technické ptipravy VRT Déle vystoupil Ing. Libor Mafik, SAGASTA s.r.o0., s tématem
Spravy zeleznic, s.0. v druhé prednasce Tunelaiského odpoledne Supervize dokumentace tuneli pro RSD CR. Popsal zkusenos-
hovotil o Koncepci vysokorychlostnich trati v Ceské republice se ti s nezavislym posuzovanim projektd dalni¢nich tuneld v Grovni
zamé&fenim na pfipravu mezinarodniho projektu Kru$nohorské- | DUR a DSP, které pro RSD CR provadi tym expertii Ceské tu-
ho tunelu na Novém Zelezni¢nim spojeni Drazdany — Praha. nelatské asociace ITA-AITES, z. s.. Zcela novou iniciativou RSD
Poskytl zakladni informace o pripravé, organizaci, fazich, caso- CR je nezavisla expertni ¢innost pii pravé probihajicim podrobném
vych predstavach a predpokladané koncepci a parametrech tunelu. geotechnickém prizkumu pro projekt DSP tunelu Maletin na dal-
Projekt je aktuélné ve fazi pfipravy dokumentace pro tizemni roz- | nici D35. I tuto ¢innost provadi tym sestaveny na platformé CzTA.
hodnuti (DUR). Po ném vystoupil z diivodu pracovnich zéleZitosti Posledni pfednaskou bylo téma 1/42 Brno, VMO Vinohrady,
on-line Mgr. Jifi Zmitko s pfednaskou na téma Geologie Krus- | raZeny méstsky tunel na velkém méstském okruhu. Ing. Vlas-
nohorského tunelu. Zminil soucasny stav poznéani geologickych | timil Hordk, AMBERG Engineering Brno, a.s. rozebral stav pfi-
poméra v oblasti zminéného tunelu, seznamil s interpretaci vysled- | pravy méstského tunelu v Brné. Mimoradné sloZité geotechnické
ki dosud provedenych reSersi a prizkumi a se zaméfenim dal§iho | podminky vedly k vypracovani celé fady variant vedeni trasy tu-
geotechnického priazkumu jako podkladu pro projektovani tunelu. nelu. I pfes snahu o optimalni vedeni trasy se v tunelu nelze vy-
Vénoval se zejména tiseku na tizemi Ceské republiky, problematice | hnout stfidani pevnych skalnich hornin a nesoudrZnych zemin, coZ
Kru$nohorského zlomu a portalové oblasti. komplikuje vybér vhodné technologie razeni i zptsobu zajiSténi
Po prestavce jiz byla zaméfena pozornost na projekty staveb, stability vyrubu.

které pfipravuje RSD CR. Reditel Gseku vystavby Ing. Petr Kir- Pod€kovéni opét patii vSem predndSejicim, ddle Ing. Liboru
ka se ve své piednasce velmi prehledné a podrobné vénoval Pri- | Mafikovi (SAGASTA s.r.0.) a Ing. Marinu Srbovi (3G Consulting
pravovanym a realizovanym tuneliim staveb RSD CR. Uvedl | Engineers s.r.o.) za zajisténi pfednések a moderovani a Ing. Libo-
prehled provozovanych, pfipravovanych a realizovanych tunel, ru Marikovi za organizacni zajiSténi pomoci programu MS Teams
jejich umisténi, hlavni parametry, stav piipravy a predpokldda- | pro zdjemce, ktefi neméli moznost se zticastnit pfedndsek osobné.
né terminy realizace. Podrobn&ji popsal tunel Pohtirka na délni- | VSechny prezentace lze nalézt na www.ita-aites.cz v sekci Semi-
ci D3 u Ceskych Bud&jovic a novy smluvni model pro realizaci ndfe.

délni¢niho tunelu Homole na déalnici D35. Tato problematika vy-

volala zdjem d&astnikd, nebot se jednd o prvni realizaci tunelu Ing. MARKETA PRUSKOVA, Ph.D.,
v CR podle smluvnich podminek Zluté knihy FIDIC kombinova- CzTA ITA-AITES, z. s.

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

CESKA REPUBLIKA THE CZECH REPUBLIC
METRO D — NOVA LINKA PRAZSKEHO METRA METRO D — NEW LINE OF PRAGUE METRO

V minulych aktualitich napsanych o projektu Metro D jsme In the past news written about the Metro D project, we said
se loucili s nadgji, Ze se v téch dneSnich, po podepséani smlouvy goodbye with the hope that in today’s news, after signing a contract
o dilo mezi zadavatelem a zhotovitelem v Cervenci 2021, dozvime | for work between the client and the contractor in July 2021, we
o usp&iném zahdjeni stavby tohoto toliko Prazany ofekavaného | il learn about the successful start of construction of this so much
a velmi dulezitého dopravniho dila. Aktudlni informace ovSem
fika, Ze se tak zatim bohuZel nestalo, a Ze prvné moznym datem
napliujicim tento predpoklad se muZe stit az leden roku 2022,
takze uvidime priste.

Takto ziskany ¢as ovSem na druhou stranu racionalné vyuZil jes-
té stale provadény inZenyrskogeologicky priizkum (IGP) projektu
Metro D. Na zakladé pokynu k zahdjeni repasportizace a na zakla-
d& zavazného piikazu OBU Praha a Stiedoceského kraje, a to ze-
jména z divodu zajisténi bezpecnosti provadéného dila, bylo totiz

rozhodnuto o provedeni dalSich dodatkovych razeb, které spociva-

ji v rozgifeni stavajicich dil¢ich profilii provedenych v primarnim | Region, especially to ensure the safety of the work being performed,
it was decided to carry out additional excavation operations, which

osténi do vyhodnéjSich profili vyslednych tvarti s kone¢nou dlou-
hodobou stabilitou a statickou jistotou. Projekt vystavby Metra D | consist in enlarging the existing partial profiles carried out under
totiz predpokladal, Ze po dokon&eni IGP rychle navaZe realizace | the primary lining support to more advantageous final profiles with
prvniho stavebniho tseku Pankrac — Olbrachtova, ale tento pred- final long-term stability and static certainty. The design for the
poklad bohuZel nebyl doposud naplnén. Metro D line assumed that after the completion of the EGS, the

Na lokalit¢ PAD4 se proto z téchto diivodi pro budouci stanici work on of the first construction section Pankrac — Olbrachtova

awaited and very important transportation works. However, the
current information says that this has unfortunately not happened
yet, and that the first possible date meeting this assumption may be
January 2022, so we will see next time.

On the other hand, the time gained in this way has been rationally
used by the still being carried out engineering geological survey
(EGS) for the Metro D line project. Based on the instruction to start
repeated condition survey and on the basis of a binding order of
the Regional Mining Authority Prague and the Central Bohemian
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Obr. 1 Probihajici razby na PAD4 pri roz§irovdni profilu prizkumné Stoly na
budoucti tvar prestupni chodby

Fig. 1 Continuing excavation at PAD4 where the exploratory gallery cross-se-
ction is being expanded to the future shape of the interchange gallery

Pankrac realizuje v délce cca 40 m rozsifeni z profilu prizkumné
Stoly do definitivniho tvaru budouci prestupni chodby mezi trasa-
mi metra C a D (obr. 1), provadi spole¢nost Metrostav a.s.

Na lokalit¢ VO-OL se potom ze stejnych divodi a se stejnym
cilem provadi rozsiteni stavajici prizkumné Stoly délky cca 45 m
do definitivniho tvaru budouciho dvoukolejného tratového tunelu
mezi budoucimi stanicemi Olbrachtova a Pankrac. V tomto misté
provadéného rozsiteni se také musi velmi piisné dohliZet na bez-
pecnost pri provadeéni téchto razeb, a to z divodu jejich podchaze-
ni pod provozovanou trasou Metra C (obr. 2), provadi spolecnost
HOCHTIEF CZ a. s.

Vsechny vySe popsané dodatecné razby IGP by mély byt dokon-
Ceny s koncem roku 2021.

Priprava dalsiho tendru navazujiciho tseku Olbrachtova — Nové
Dvory s razbami tratovych tunelti z Pisnice pokracuje a vyhlaseni

soutéZi na tento usek se predpoklada z kraje pfistiho roku, takze
drzime palce.

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

STAVBA 1/42 BRNO — VMO ZABOVRESKA |
- ETAPAII

Stavba je realizovana sdruzenim firem Eurovia CS a.s., (lidr),
HOCHTIEF CZ a. s. a Subterra a.s. Jak je jiz uvedeno ve vlast-
nim ¢lanku v tomto ¢isle ¢asopisu Tunel, stavba pfi vlastnich ra-
zi¢skych pracich postupovala dle moznosti ovlivnénych geologii.
HIlavni rozsah razeb je vSak jiZ minulosti, na konci srpna byl vyra-
Zen cely tramvajovy tunel v plném profilu a nyni jsou realizovany
predevsim betondi'ské prace a prace s timto souvisejici.

I ptes vSechny omezujici podminky, predevSim tykajici se vyraz-
ného zdraZovani materidll a jejich fatalniho nedostatku v jarnich
a letnich mésicich tohoto roku, probihaji prace na tunelu dle schva-
leného harmonogramu. Byly dokonéeny prace na zdkladovych pa-
sech a 13. 10. 2021 byla dokoncena betondz posledni klenby na
bloku 46 pfesypaného tunelu. V soucasné dobé jsou dokonceny
i prace na monolitickych konstrukcich blokti 60, 61, 62 tunelu, pre-
sypana Cast sever.

Obr. 2 Probihajici razby na VO-OL p¥i roz§ifovdni profilu priizkumné $toly na
budouct tvar dvoukolejného tratového tunelu

Fig. 2 Continuing excavation at VO-OL where the exploratory gallery cross-
-section is being enlarged to the future shape of double-track running tunnel

would follow quickly, but unfortunately this assumption has not
yet been met.

Therefore, at the PAD4 site, an expansion from the exploration
gallery cross-section to the final shape of the future interchange
corridor between metro lines C and D (Fig. 1) is being carried out
at the length of ca 40m for the future Pankréc station (see Fig. 1).
The work is carried out by Metrostayv, a.s.

At the VO-OL site, for the same reasons and with the same goal,
the existing ca 45m long exploration gallery cross-section is being
expanded into the final shape of the future double-track running
tunnel between the future Olbrachtova and Pankrac stations. In
this location of the expansion operations, the safety of excavation
operations must also be very strictly supervised, due to their
position under the Metro C line (see Fig. 2). The work is carried
out by HOCHTIEF CZ a. s.

All additional excavation for the engineering geological survey
described above should be completed by the end of 2021.

The preparation of the next tender for the following section
Olbrachtova — Nové Dvory with the excavation of running tunnels
from Pisnice continues and calling the bids for this section is
expected at the beginning of the next year, so we keep our fingers
crossed.

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

ROAD 1/42 BRNO - LARGE CITY CIRCLE ROAD
ZABOVRESKA | - STAGE II

The construction is being carried out by a consortium formed by
Eurovia CS a.s., (the leader), HOCHTIEF CZ a. s. and Subterra a.s.
As already mentioned in the article in the TUNEL journal issue,
the construction proceeded during the excavation work according
to the possibilities influenced by the geology. However, the main
scope of excavation is already a matter of the past. At the end of
August the entire tram tunnel was excavated in full profile and now
mainly concreting and related work is being carried out.




TuNel

N2

Po kompletnim dokonceni razeb op€fi 9. 9. 2021 a ukonceni pra-
ci na razbé inikové Stoly 14. 9. 2021 (posledni 4 m tnikové Stoly
budou dorazeny po dokonceni praci po zajiSténi svahu na galerii,
predpoklad na konci listopadu 2021) pokracuji prace na definitiv-
nim osténi v razené ¢asti tunelu. Byly provedeny podkladni beto-
ny, drenaze a betonaze zdkladovych past, a to na konci fijna 2021
v celé délce razené Casti tunelu. Na konci fijna byla také jiz presteé-
hovéana forma na jiZni portal tunelu. Prvni betonaZe kaloty v bloku
¢. 2 byla provedena v poslednim fijnovém tydnu 2021.

Dokonceni praci na betonovych konstrukcich je naplanovano na

Ny o

prelom leto$niho a pristiho roku 2022.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. ANDRE] KORBA, akorba@subterra.cz, Subterra a.s.
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Despite all the restrictive conditions, especially concerning the
significant increase in the cost of materials and their fatal shortage
in the spring and summer 2021, work on the tunnel is proceeding
according to the approved schedule. Work on the foundation
strips has been completed and the concreting of the last vault of
the block No. 46 of the cut-and-cover tunnel was completed on
13 October 2021. At the same time, work is underway on the
cast-in-place structures of blocks No. 60, 61, 62 of the tunnel, the
cut-and-cover part north.

After the completion of the excavation on 9 September 2021
and the completion of the work on the excavation of the escape
gallery on 14 September 2021 (after the completion of the work

on the stabilisation of the slope above the

PAMETNI MEDAILE

K prilezitosti prorazky Zabovieského
tramvajového tunelu nechala vyrobit
spole¢nost Subterra a.s. pamétni medaili.
Avers a revers medaile jsou na obr. 3.

Graficky navrh:  pan Tomas Otdhal
(Zinako s. 1. 0.);
Zinako s. 1. 0.
Valasské Mezifici;
Zinek, presné
odstredivé odlévany
do silikonové formy,
s povrchovou tpra-

vyroba:

material:

gallery), the work on the final lining in
the mined part of the tunnel continues.
Blinding concrete is being laid, foun-
dation strips are being concreted,
drainage and waterproofing and are being
installed. The concreting of the blocks

was completed in October in the entire

~dhgyiesh=

length of the mined part of the tunnel,
and subsequently, after a technical break,
the formwork was moved to the southern
portal of the tunnel.The first concreting
of the top heading in block No. 2 was in
October, too.

vou ,,starozinek;

Completion of the work on concrete

@ 50 mm, hmotnost
34 a736 g;

160 ks, vloZenych
do numismatickych
kapsli.

parametry:

vyrobeno:

doc. Ing. VLADISLAV HORAK, CSc.

ZELEZNICNI TUNEL ZVEROTICE

Dvoukolejny Zelezni¢ni tunel Zvérotice
délky 370 m na tratovém dseku Sobéslav —
Doubi je soucasti IV. Zelezni¢niho koridoru
spojujiciho po dokonéeni Prahu s Ceskymi

structures is scheduled for the end of
2021.

Ing. JAN FRANTL,
Jfrantl@subterra.cz,
Ing. ANDRE] KORBA,
akorba@subterra.cz,
Subterra a.s.

COMMEMORATIVE MEDAL

On the occasion of the breakthrough of

Budéjovicemi a dale s rakouskym Lincem.
Stavba se nachdzi v tésné blizkosti mésta
Sobéslav a trasy dalnice D3.

Stavba tunelu postupuje podle harmo-
nogramu. V oblasti vjezdového portdlu byly do findlni podoby do-
konceny zasypy a tunel kfizuje nové vybudovana mistni komunika-
ce (obr. 4). Dne 6. 10. 2021 bylo vybetonovanim posledniho bloku
betondze vyjezdového portalu dokonceno tunelové osténi (obr. 5).
Proudové postupuji prace na hydroizolacich a vnéjsich tunelovych
drendzich. Na vjezdovém portdle byly zahdjeny prace na néstupni
plose pro sloZky integrovaného zédchranného systému. Prace na zasy-
pavani tunelu pokracuji v prostoru mezi pilotovymi st€nami smérem
k vyjezdovému portalu. Uvniti tunelu probihaji prace na kabelovo-
dech a spadovych betonech pro ochranu plané a odvedeni prosakujici
vody do podélné tunelové drenaZe. V mistech, kde podzemni voda
prosakuje spadovymi betony, jsou provadény kratké vrty do podloZi,

Obr. 3 Avers a revers medaile Zabovreskd
Fig. 3 Obverse and reverse of the Zabovreskd medal

zdroj Subterra a.s. source Subterra a.s.

the Zabovieska tram tunnel, Subterra a.s.
had a commemorative medal produced.

The obverse and reverse of the medal are

in Fig. 3.
Graphical design: Mr. Toma$ Otédhal (Zinako s. r. 0.);
manufacture: Zinako s. . 0. ValaSské Mezifici;
material: Zinc, precisely centrifugally cast in

a silicone mold, with an “old zinc” finish;
parameters: @ 50mm, weight 34 up to 36g;
produced: 160 pieces, inserted into numismatic

capsules.

doc. Ing. VLADISLAV HORAK, CSc.
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aby nedoslo k poskozeni betonu hyd-
rostatickym tlakem.

Vysledky geotechnického moni-
toringu osténi v pribéhu provadeéni
zasypl ukazuji, Ze deformace se po-
hybuji v projektem ocekavanych hod-
notach a symetricky priibéh deforma-
ci svédci o kvalitnim provadéni praci.
Nedochdzi ani k nerovnomérnému
seddni jednotlivych blokl betondze
po délce tunelu, coz svédci o sprav-
ném rozhodnuti o pouZiti typu osténi
zaloZeného na zakladovych pasech a
na spodni klenbé v zavislosti na sku-
teCné zastizenych geotechnickych
podminkéch. Vzhledem k charakteru
horninového masivu pod zaklado-
vou sparou spodni klenby ve stfedni
¢asti tunelu bude konsolidace zemin
probihat dlouhodobé. Proto budou
mefeni deformaci osténi probihat i
po dokonceni zasypt. Ostatni mére-
ni provadéna v ramci geotechnického
monitoringu se postupné v zavislosti na provadéni zasypt reduku-
ji. To neplati o hydrogeologickém monitoringu, ktery ve studnich a
hydrogeologickych vrtech sleduje vliv vystavby na rezim podzemni
vody.

Po odbednéni posledniho bloku betondZe osténi bude bednici
vuz presunut na predem pfipravené zakladové pasy v rozsifené
Casti skalniho zarezu pred vyjezdovym portdlem, kde probéhne
demontaz bednéni. Zakladové pasy budou nasledné vybourany
a pripravena plan zelezni¢niho svrsku pro provadéni Stérkového
loZe.

Stavbu tunelu provadi subdodavkou firma HOCHTIEF CZ a. s.
pro ,,SdruZeni Sobéslav — Doubi* tvofené firmami STRABAG
a.s., EUROVIA CS, a.s. a Metrostav a.s. Autorem realiza¢ni do-
kumentace tunelu je firma SAGASTA s.r.o.

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

Obr. 5 Posledni blok betondZe osténi tunelu Zveérotice
Fig. 5 Last block of the lining being concreted, Zvérotice tunnel

Obr. 4 Novd komunikace nad tunelem Zvérotice
Fig. 4 New road above the Zvérotice tunnel

ZVEROTICE RAIL TUNNEL

The 370m long double-track rail tunnel in the Sobéslav — Doubi
track section is part of Railway Corridor No. 4, which will, after
completion, link Prague with Ceské Bud&jovice and further with
Linz, Austria (see Fig. 4). The construction is located near the town
of Sobéslav and the D3 motorway route.

The tunnel construction proceeds according to the schedule. In
the area of the entrance portal, the backfills were completed to the
final form and the tunnel is crossed by a newly built local road (see
Fig. 4). On 6 October 2021, the tunnel lining was completed by
concreting the last block of lining at the exit portal (see Fig. 5). The
streamlined work on waterproofing and external tunnel drains is
progressing. Work on the assembly area for the components of the
integrated rescue system started in front of the entrance portal. Work
on backfilling of the tunnel continues in the space between the pile
walls towards the exit portal. Inside the tunnel, work is underway
on cable ducts and sloped concrete
to protect the track formation and
evacuate seepage water into the
longitudinal tunnel drainage. In
places where groundwater seeps
through the sloped concrete, short
holes are drilled through it into the
subgrade to prevent damage to the
concrete by hydrostatic pressure.

The results of geotechnical mo-
nitoring of the lining during the
work on backfills show that the
deformations are within the design
values and the symmetrical course
of deformations testifies to the
quality of the work. There is also no
differential settlement of individual
concrete blocks along the length
of the tunnel, which testifies to
the correctness of the decision to
use the type of lining based on the
foundation strips and the invert,
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SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Presov

Tunel PreSov sa nachddza na tseku dialnice D1 PreSov zépad —
PreSov juh. Trasa tunelovej Casti juhozdpadného obchvatu Presova
je tvorena dvomi tunelovymi rirami, severnou dizky 2 230,5 m
a juznou dizky 2 244,0 m.

V uplynulom obdobi boli prace na tuneli PreSov ukoncené. Zho-
tovitel dokoncil terénne ipravy portdlov pozostavajicich zo Zele-
zobeténovych opornych mirov s textdirou tzv. kyklopského mu-
riva, gabionovych portdlovych mirov a zasypov hibenych casti
tunela v ratanie hydroosevu a vysadby zelene (obr. 6). Prebehlo
Cistenie vSetkych stavebnych objektov, najmé ostenia tunela a vo-
zovky, aby bolo mozné dielo odovzdat do uZivania. Zhotovitel
skompletoval rozsiahlu dokumentiaciu k preberacim konaniam
a v priebehu augusta az septembra boli vSetky stavebné objekty
odovzdané objednavatelovi. V termine do 13. 10. 2021 boli odstra-
nené vSetky vady a nedorobky zistené pri preberacich konaniach
a prvej hlavnej tunelovej prehliadke, ktora sa konala v diioch 2.-5.
9.2021.

V ramci zaistenia bezpe¢nosti a nicviku koordinicie zloZiek
integrovaného zachranného systému a obsluhy riadiaceho centra
pre tento dsek dialnice bolo v tuneli PreSov uskuto¢nené taktic-
ké cvicenie. Pri taktickom cviceni bola simulovand autonehoda
dvoch osobnych aut v pravej tunelovej rire smerom jazdy na Ko-
Sice s niekolkymi zranenymi osobami.

Po vyhodnoteni prikladnej spoluprace vsetkych zloziek IZS,
ukonc¢enom preberacom konani, zostdva uZ iba cely tsek dialnice
otvorit pre motoristov.

Zdruzenie zhotovitelov sa na tento akt tesi rovnako ako moto-
risti, nakolko ide o prezenticiu dobre vykonanej priace. Napriek
problémom s obmedzenim prac z dovodu ochorenia covid-19, kto-
ré suzovali firmy realizujuice stavbu po dobu takmer roka a pol, sa
dialnica uvedie do prevadzky na konci oktobra, ked by sa slav-
nostny akt otvorenia mal konat 28. 10. 2021. Spoloc¢ne sa teSime
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depending on the geotechnical conditions actually encountered.
Due to the nature of the rock mass under the formation level of the
invert in the middle part of the tunnel, the consolidation of soils
will proceed in the long term. Therefore, measurements of lining
deformations will take place even after the backfill is finished.
Other measurements conducted within the geotechnical monitoring
are gradually reduced depending on the work on the backfills. This
does not apply to hydrogeological monitoring, which monitors the
impact of the construction on the groundwater regime in boreholes
and hydrogeological boreholes.

After stripping the last block of the concreted lining, the formwork
traveller will be moved to the pre-prepared foundation strips in
the expanded part of the rock cutting in front of the exit portal,
where the formwork will be dismantled. The foundation strips will
then be demolished and the surface of the track formation will be
prepared for placing of the gravel ballast.

HOCHTIEF CZ a. s. is the sub-contractor for the construction for
»druzeni Sobéslav — Doubi‘ consortium formed by STRABAG
a.s., EUROVIA CS, a.s. and Metrostav a.s. SAGASTA s.r.o. is the
author of the final design for the tunnel.

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

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Presov tunnel

The PreSov tunnel is located on the PreSov West — PreSov South
section of the D1 motorway. The route of the tunnelled part of the
southwestern by-pass of PreSov is formed by two independent
tunnel tubes — the 2230.5m long northern tunnel tube and 2244.0m
long southern tunnel tube.

During the past period, the work operations on the PreSov
tunnel were finished. The contractor completed terrain finishes at
portals consisting of reinforced concrete retaining walls with the
Cyclopean masonry texture, gabion portal walls and backfilling

of cut-and-cover parts of the tunnel,

Obr. 6 Vychodny portdl tunela Presov
Fig. 6 Eastern portal of PreSov tunnel

including hydro seeding and planting
greenery (see Fig. 6). All structures
were cleaned, especially the tunnel
lining and the roadway, so that the
works could be handed over for
operation. The contractor completed
an extensive package of documents
required for the acceptance
proceedings, and during August to
September, all the structures were
handed over to the project owner. In
the period up to 13 October 2021,
all snagging identified during the
acceptance proceedings and the first
main tunnel inspection, which took
place on 2-5 May were eliminated.
A tactical exercise was carried
out in the PreSov tunnel as part of
securing the safety and practicing the
coordination among the components
of the integrated rescue system and
the operation of the management
centre for this section of the motor-
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z rozSirenia dialni¢nej siete Slovenskej republiky o juhozdpadny
dialni¢ny obchvat mesta PreSov.

Stavbu juhovychodného obchvatu mesta PreSova realizovalo
Zdruzenie D1 PreSov (EUROVIA SK a.s., EUROVIA CS a.s., Do-
prastav a.s., Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov
realizovala spolocnost Metrostav a.s.

Tunel Biko$

Vystavba tunela Biko$ dizky 1155 m pokracovala v jesennych
mesiacoch budovanim definitivnych konStrukcii. Tunel Biko$
s dvomi rirami bude stucastou 4,3 km dlhého tseku rychlostnej
cesty R4 PreSov, severny obchvat, 1. etapa.

Prace na razeni oboch tunelovych rir boli ukoncené zaciatkom
leta 2021 a nasledne pokracovali betonaze definitivnych konstruk-
cii. V polovici oktobra 2021 je sekundarne ostenie v zdpadnej tu-
nelovej rure razeného tunela ukoncené, prace pokracuju betond-
Zou hibenych tunelov na juznom portali. Vo vychodnej tunelovej
rire prebieha vystavba zdkladovych konStrukcii, hydroizolacia
a vystuze ako priprava na betondZe hornej klenby sekundarneho
ostenia. Tieto by mali byt vo vychodnej tunelovej rire zacaté na
prelome rokov 2021 a 2022. Na konci roku 2021 by sa mali zacat
prace na pokladke prefabrikatov odvodnenia vozovky a nésledne
aj chodnikov najskor v zapadnej tunelovej rure, v priebehu roku
2022 aj vo vychodnej tunelovej rire. Okrem prac v tunelovych
rurach prebieha v sucasnosti vystavba technologickej centraly
a poziarnej nadrZe na juznom portali tunela.

Zhotovitelom stavby je zdruZenie spolocnosti Vahostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej
uvedenie do prevadzky sa ocakédva na jar 2023.

Tunel Cebrat

Stcastou dialni¢ného useku D1 Hubova — Ivachnova bude dvoj-
rirovy tunel Cebrat s dizkou 3 680 m. V polovici oktobra 2021 je
v pravej tunelovej rire vyrazenych 3 471 metrov a prace v kalote
st pozastavené. V lavej tunelovej rire je vyrazenych 3 400 metrov,
pricom by prace na razeni kaloty v lavej rure mali pokracovat mi-
nimélne do stani¢enia 3 450 m od vychodného portalu. Zostavajice
useky oboch tunelovych rir by mali byt razené uz od zapadné-
ho portdlu. Na zdpadnom portdli stile prebiehaju prace na zais-
teni portilovej jamy, ktoré zacali aZ po nabudnuti pravoplatnosti
zmeny stavebného povolenia stvisiaceho so zmenou trasy tunela.
Zaciatok razenia od zapadného portalu sa predpokladd na prelome
rokov 2021 a 2022, takZe by sa raziace prace mali ukoncit v prvej
polovici budiceho roku.

V oboch tunelovych rirach uZ prebiehaju pripravné prace na
betondz sekundarneho ostenia, profildcia a betonaz zdkladovych
pasov. Na konci oktébra by sa na ploche vychodného portdlu mala
zaCat montdz debniacich vozov. Sekundarne ostenie bude budo-
vané od vychodného portéalu, pricom v oboch tunelovych rirach
budi nasadené dva debniace vozy.

Dialni¢ny tsek s tunelom Cebraf by mal byt dokonéeny a odo-
vzdany verejnosti na pouzivanie na konci roku 2023. Zhotovitelom
stavby je zdruZenie spoloénosti OHL ZS, a.s., a Vahostav-SK, a.s.

Tunel Visiiové

Tunel Visiiové s celkovou dizkou 7 450 m a s dvomi tunelo-
vymi rirami je budovany na useku dialnice D1 Lietavska Luc-
ka — ViSiové — Dubna Skala. Dialni¢ny tunel ViSiové je tunel vo
vystavbe a nachddza sa na tzemi pohoria Mala Fatra, pricom jeho
vychodny portdl je vyusteny v k.u. obce Vritky a zdpadny portal
sa nachadza v k.u. obce Vistiové. Po pred¢asnom ukonceni prac

way. An accident of two passenger cars with several injured persons
in the right-hand tunnel tube in the direction of driving toward
Kosice was simulated during the tactical exercise.

After the evaluation of the exemplary cooperation of all IRS units
and the completed takeover proceedings, only the entire section of
the motorway remains to be opened for motorists.

The consortium of contractors is looking forward to this act as
well as motorists, as it is a presentation of well-done work. Despite
the problems regarding the work restrictions due to the covid-19
disease, which troubled construction contractors for almost a year
and a half, the motorway will be put into operation at the end of
October; the inauguration ceremony should take place on 28
October 2021. Together we are looking forward to the expansion
of the motorway network of the Slovak Republic by addition of the
south western motorway bypass of the town of Presov.

The construction of the south western motorway bypass of the
town of PreSov was carried out by the consortium Zdruzenie D1
Presov (EUROVIA SK a.s., EUROVIA CS a.s., Doprastav a.s.,
Metrostav a.s., Metrostav Slovakia a.s.), the PreSov tunnel was
carried out by Metrostav a.s.

Bikos tunnel

The construction of the 1155m long Biko$ tunnel continued in
the autumn by the construction of final structures. The twin-tube
Bikos tunnel will be part of the 4.3km long section of the R4 PreSov
fast highway, northern bypass, stage I.

The work on the excavation of both tunnel tubes was finished
at the beginning of the summer of 2021 and, subsequently, the
concreting of the final structures proceeded. In mid-October
2021, the secondary lining in the western tube of the mined tunnel
is completed, and work continues on the concreting of cut-and-
cover tunnels at the southern portal. In the eastern tunnel tube,
the construction of foundation structures and installation of
waterproofing and reinforcement is underway in preparation for the
concreting of the upper vault of the secondary lining. It should start
in the eastern tunnel tube at the turn of 2021 and 2022. At the end
of 2021, work should begin on the laying of pre-cast road drains
and subsequently also walkways, first in the western tunnel tube,
and during 2022 also in the eastern tunnel tube. In addition to the
work in the tunnel tubes, the work on the fire protection reservoir
at the southern tunnel portal and the construction of the technical
centre is underway.

The contractor for the construction is a consortium formed by the
companies of Vahostav-SK, a.s. and TuCon, a.s. The completion of
the fast highway and its commissioning is expected in the spring
of 2023.

Cebrat tunnel

The D1 Hubova — Ivachnova motorway section will include the
Cebrat double-tube tunnel with the length of 3680m. As of mid-
October 2021, 3471m metres of excavation have been finished in
the right-hand tunnel tube and work in the top heading has been
suspended. In the left-hand tunnel tube, 3400m of excavation have
been finished, while the work on the top heading excavation in the
left-hand tube should proceed from the eastern portal at least up
to the chainage of 3450m. The remaining sections of both tunnel
tubes should be excavated from the western portal. At the western
portal, work is still underway to stabilise the portal pit. It began
only after the entry into force of the change in the building permit
related to the change in the tunnel route. The excavation from the
western portal is expected to start at the turn of 2021 and 2022, so
the excavation should be completed in the first half of next year.



Obr. 7 Priprava debniaceho vozu pre betondZ ostenia v niidzovom zdlive tunela
Visniové

Fig. 7 Preparation of formwork traveller for casting of concrete in emergency
stopping bay in Vistiové tunnel

na danom dialni¢nom useku a na tuneli v polovici roku 2019, pre-
behlo v roku 2020 nové verejné obstaravanie, na zaklade ktorého
23. aprila 2021 bola podpisand nova zmluva o dielo na realizaciu
dialni¢ného dseku so spolo¢nostou Skanska SK.

Po podpisani zmluvy o dielo sa 13. 5. 2021 uskuto¢nilo pre-
bratie staveniska a boli zapocaté prace na pasportizacii jednotli-
vych konstrukcii tunelovych objektov, ktoré v tuneli zrealizoval
predosly zhotovitel, zdruZenie Salini Impregilo — Diha. Stbezne
prebiehala mobilizacia zdrojov potrebnych k realizacii prac. Kon-
com mdja boli zacaté prace na profildcii primarneho ostenia ako
aj ¢innosti nadvézujice na profilaciu, ako je betonaZz zakladovych
pasov, inStaldcia rubovej drenaze, montdz medzilahlej izol4cie
a betondZ sekunddrneho ostenia. Prvé klenba sekundarneho oste-
nia bola v tuneli zabeténovana koncom mesiaca jun.

Aktuélne v tuneli st na piatich pracoviskach naplno rozbehnuté
prace na profilacii 399 blokov, v ramci dokoncenia primarneho
ostenia. K dokonceniu objektu sekundarne ostenie (obr. 7) je po-
trebné vybeténovat 420 blokov zakladovych pasov a 478 blokov
hornej klenby, o predstavuje dizku 5, 7 km. Vyzvou pre dodéva-
tela je vybetonovanie 82 ks zélivovych blokov umiestnenych v 20
nidzovych zélivoch po celej trase. Zhotovitel ma aktudlne k dis-
pozicii 5 debniacich vozov 12metrovej dizky. Sti¢astou tunela je aj
dobudovanie 29 priecnych prepojeni, z ktorych je 7 CiastoCne za-
beténovanych a dve st zaizolované. V sucasnosti za¢inaju aj prace
na objekte odvodnovacia §tolna pripravnymi pracami.

Z hladiska organizacie prace si tunelové objekty rozdelené do
Siestich sekcii, s vlastnym rozdelenim na jednotlivé pracoviska
a systémom riadenia. Velkou vyzvou je aj zabezpecenie logistiky
pre jednotlivé pracoviska vriatane odvodnovacej Stdlne.

Koncom augusta sa na stavbe dialnice D1 lietavska Lucka —
Dubna Skala s tunelom Visiiové uskutocnil mimoriadny kontrolny
den, sucastou ktorého bolo aj posvitenie tunela a inStal4cia soSky
sv. Barbory, patronky banikov a tuneldrov.

Ing. JIRT BRICHNAC, Metrostav a.s.

Ing. VLADIMIR KOTRIK, Skanska SK a.s.
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia
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Preparatory work for concreting the secondary lining, profiling
and concreting the foundation strips is already underway in both
tunnel tubes. At the end of October, the assembly of tunnel form
travellers should begin in the hard surfaced area in front of the
eastern portal. The secondary lining will be built from the eastern
portal, with two formwork travellers used in both tunnel tubes.

The motorway section including the Cebrat tunnel should be
completed and brought to the public service at the end of 2023.
The consortium consisting of OHL ZS, a.s., and Vihostav-SK, a.s.
is the contractor.

Visiiové tunnel

The double-tube Visiiové tunnel with the total length of 7450m
is being built on the section of the D1 motorway Lietavska Lucka
— Visiiové — Dubnd Skala. The Visiiové motorway tunnel is a tunnel
under construction and is located in the Mald Fatra mountains.
While its eastern portal opens into the cadastral district of the village
of Vrutky, the western portal is located in the cadastral district of
the village of ViSnové. After the premature termination of work
operations on the particular motorway section and of the tunnel in
mid-2019, a new public procurement took place in 2020, on the basis
of which a new contract for the construction of the motorway section
was signed with Skanska SK on 23 April 2021.

After the signing of the contract for the work, the construction site
was taken over by the contractor on 13 May 2021 and work began on
the condition survey of individual structures of the tunnel structures
which were carried out in the tunnel by the previous contractor,
the Salini Impregilo — Rainbow Consortium. At the same time,
the mobilisation of the resources needed for carrying out the work
proceeded. At the end of May, work began on the profiling of the
primary lining, as well as follow-up activities to the profiling, such as
concreting of foundation strips, installation of drains on the external
sides of the lining, installation of intermediate waterproofing and
concreting of the secondary lining. The first vault of the secondary
lining was concreted in the tunnel at the end of June.

Currently, in the tunnel, work on the profiling of 399 blocks is
fully underway at five workplaces, as part of the completion of the
primary lining. To complete the secondary lining (see Fig. 7), it is
necessary to concrete 420 blocks of foundation strips and 478 blocks
of the upper vault, which represents a length of 5.7 km. The challenge
for the supplier is the concreting of 82 pieces of bay blocks located
in 20 emergency parking bays along the entire route. The contractor
has currently 5 formwork travellers 12m long available. Part of the
tunnel is also the completion of 29 cross passages, where concreting
is partially finished in 7 of them; waterproofing is installed in two
of them. At present, preparatory work on the drainage gallery is
underway.

From the point of view of work organisation, the tunnel structures
are divided into six sections, with their own division into individual
workplaces and management systems. The provision of logistics for
individual workplaces, including the drainage gallery, is also a big
challenge.

At the end of August, an extraordinary inspection day took place on
the construction of the D1 Lietavskd Lucka — Dubna Skala motorway
with the Visnové tunnel, which also included the consecration of
the tunnel and the installation of the statue of St. Barbara, patron of
miners and tunnellers.

Ing. JIRT BRICHNAC, Metrostav a.s.

Ing. VLADIMIR KOTRIK, Skanska SK a.s.
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia
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TUNELY NA ZELEZNICNEJ SIETI

Zelezniény tunel Milochov

Na preklenutie dpétia vrchu Stavnd, juZne od miestnej Casti
Horny Milochov mesta Povazské Bystrica je navrhnuty novy tu-
nel Milochov (obr. 8). Projektovana dizka tunela je 1861 m. Tunel
ma jednu unikovu §tdliu, ktord vyustuje v obci Horny Milochov.

Rok 2021 sa prehupol do Stvrtého kvartdlu a stavba tunela Mi-
lochov sa blizi do ciela. Prace v tunelovej rire si ukoncené. Fina-
lizuje sa technologia, prebiehaju skisky a pripravuje sa realizacia
Zeleznicného zvrsku.

V tnikovej $tolni sa dokoncila pochddzna vrstva, prebieha
montédz poziarnych dveri medzi $tdliiou a tunelom, resp. technic-
kych dveri na pretlakovej komore. V pretlakovej komore bol na-
inStalovany systém vetrania a prevadzkové osvetlenie. Na portali
$tolne (obr. 9) sa vybudoval prechodovy blok z razeného tunela
do otvoreného priestoru, ktory bude mat tvar zrezaného obdiz-
nika a z vonkajSej strany sa aplikovala na jeho povrchu ochrana
striekanou izolaciou. Na portali §tolne sa postupne vytvira na-

Obr. 8 Tunel Milochov
Fig. 8 Milochov tunnel

Obr. 9 Portdl vinikovej §tolne tunela Milochov
Fig. 9 Portal of Milochov tunnel escape gallery

TUNNELS ON RAILWAY NETWORK

Milochov railway tunnel

The new Milochov tunnel (see Fig. 8) is designed for overcoming
the bottom of Stavna hill south of the municipal district of Horny
Milochov of the town of Povazskd Bystrica. The tunnel design
length amounts to 1861m. The tunnel has one escape gallery
ending in the municipality of Horny Milochov.

The year 2021 has moved to the fourth quarter and the
construction of the Milochov tunnel is approaching its finish. The
work in the tunnel tube has been completed. The tunnel equipment
is being finalised, tests are underway and the work on the trackwork
is being prepared.

A layer capable of walking traffic was completed in the escape
gallery, fire-check doors between the gallery and the tunnel,
respectively the technical door on the pressurised chamber are
being installed. A ventilation system and service lighting were
installed in the pressurised chamber. At the portal of the gallery,
a transition block (see Fig. 9) from the tunnel into an open space
was built. It will have the shape of a truncated rectangle. A spray-
on waterproofing membrane was
applied from the outside to protect
its surface. A mustering area is
gradually created at the gallery
portal. The whole perimeter of
the area will be provided with the
Krismer system of finishing the
surface of the slopes with green
vegetation. The mustering area itself
is made up of concrete grass growing
pavers.

The eastern portal of the tunnel
has been finished. Traffic is diverted
over the cut-and-cover tunnel on
a new road. The networks in the
mustering area with manholes are
being completed. All the necessary
equipment is installed in the technical
house; the work on the outside finish
of the house and terrain finishes in
its vicinity is being completed.

The western portal of the tunnel
(see Fig. 10) is gradually handed
over to the crew installing the track.
The distribution of networks is
being completed, the area for the
construction site has been cleared
and the terrain in the vicinity has
been shaped into its final form. The
area around the technical house is
being completed.

The construction activities are
ceasing, the
are being emptied, waste is being
disposed of and melancholy is
descending on the construction of
the Milochov tunnel. The tunnel
construction is finished and for all
people who spent years together and
experienced many adrenaline and

hard moments, but also moments

construction  sites

with a smile on the faces due to



TuNel

stupnd plocha. Po jej obvode bude zhotovend konecnd uprava
svahov systémom Krismer so zelenym vegetacnym povrchom.
Samotna plocha nastupu sa vysklada zo zatraviiovacich tvarnic.

Samotny vychodny portél tunela je hotovy. Ponad hibeny tunel
je novou komunikéciou prevedend doprava. Dokoncuju sa siete
v priestore nastupnej plochy s reviznymi Sachtami. V technolo-
gickom domceku st nainstalované vsetky potrebné technologie,
dokoncuju sa prace na fasade a na terénnych upravach v jeho
okoli.

Zapadny portal tunela (obr. 10) sa postupne odovzdava kola-
jarom. Dokoncuju sa rozvody sieti, vycistil sa priestor po zaria-
deni staveniska a terén v okoli sa vytvaroval do findlnej podoby.
Dokoncuje sa okolie technologického domceka.

Stavebny ruch uticha, stavebné dvory sa vyprazdiuju, likviduje
sa odpad a na stavbu tunela Milochov sadd melanchdlia. Tunel je
postaveny a pre vsetkych, ¢o sme pri jeho realizacii stravili roky,
preZili mnoho adrenalinovych a kruSnych chvil no i chvil s isme-
vom na tvari z vydarenych veci, sa tak konci dalSia etapa v nasich
zivotoch, ktoré sme zasvitili tunelarstvu. Vdaka patri vSetkym,
ktori sme to spolu tahali.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nos-
ti Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Mi-
lochov realizuje spolo¢nost Subterra a.s. Generdlnym projektan-
tom pre investora Zeleznice Slovenskej republiky je spolo¢nost
REMING CONSULT a.s.

Ing. JAN KUSNIR, MDV SR, poradca ministra
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Obr. 10 Konecné terénne upravy zdpadného portdlu tunela Milochov
Fig. 10 Final terrain finishes at the western portal of the Milochov tunnel

successfully met goals, the next stage in their lives they have
dedicated to tunnelling ends. Thanks to everyone who pulled it
together with us.

The whole construction is carried out by the Nimnica consortium
consisting of the companies of Doprastav — TSS Grade —
SUBTERRA — EZ Praha. The Milochov tunnel is carried out by
the company of Subterra a.s. The general designer for Zeleznice
Slovenskej Republiky (Slovak Railways) is the company of
REMING CONSULT a.s.

Ing. JAN KUSNIR, MDYV SR,
adviser to the minister

2 HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

LITICKY TUNEL NEJEN NA POHLEDNICICH A FOTOGRAFIICH
LITICE TUNNEL NOT ONLY ON PICTURE POSTCARDS AND PHOTOGRAPHS

In collections of the authors of the article, there are postcards
with one ,,completely ordinary tunnel operated on the rail lines in
the Czech Republic. This tunnel is located in eastern Bohemia, has
a registration number 151 in the Railway Administration network
and is named Litice. The authors of the article also managed to
look into the documents of this tunnel, supplement them with data
found on the web and organise brief information about the history
and present of this (as mentioned above) ,.,completely ordinary‘
and at the same time quite interesting underground linear structure.

Ve sbirkach autort prispévku se nachdzeji pohlednice s jednim
,ipln& obydejnym tunelem* provozovanym na Zeleznici v CR.
Tento tunel se nachazi ve vychodnich Cechach, v siti SZ ma evi-
dencni ¢islo 151 a je pojmenovany Liticky. Pisatelam ¢lanku se
podafilo nahlédnout také do dokumentace tohoto tunelu, doplnit
ji udaji dohledanymi na webu a usporadat tak stru¢nou informaci
o historii a soucasnosti této (jak je uvedeno jiz vyse) ,,zcela obycej-
né* a pfitom docela zajimavé podzemni liniové stavby.

Lokace tunelu

Liticky Zelezni¢ni tunel se nachizi v byvalém okrese Usti nad
Orlici, na katastru méstecka Litice n/Orlici. Je soucasti trati 021
Tynisté nad Orlici — Letohrad, a to v km 74,449-74,710, mezi Ze-
lezniéni zastavkou Sopotnice a stanici Litice nad Orlici (obr. 1).

Piirodni podminky
Zelezniéni trat 021 je vedend malebnym tdolim Divoké Orlice,
kterd zde obtéka vyrazny skalni ostroh Kletné (535 m n. m.) se

Liticky tunel
Litice tunnel

Obr. 1 Situace litického tunelu [1]
Fig. 1 Litice tunnel layout [1]
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Obr. 2 Litice n/Orl. Foto J. Svec Praha XI. Okolo 1930. [sbirka autorii]
Vyhled ze severniho — vyjezdového/litického — portdlu, smérem k Zeleznicni sta-
nici Litice nad Orlict. V pozadi, za nddraZim vlevo, je zietelné svetld plocha. Jde
0 kamenolom, ktery byl zaloZeny prdavé kviili vystavbé drdahy a zejména Litického
tunelu. V kamenolomu je dodnes téZeny kvalitni granodiorit.

Fig. 2 Litice nad Orlici. Photo J. Svec Praha XI. Around 1930. [authors* col-
lection]

A view from the northern — exit/Litice — portal in the direction of the Litice
nad Orlici railway station. In the background, left behind the station, there is
a distinctly light area. It is the quarry which was founded just because of the
construction of the rail line and, first of all, of the Litice tunnel. High quality
granodiorite is still mined in the quarry.

Obr. 3 Litice nad Orlici. ? 1949. [sbirka autori]

Ten samy vyhled ze severniho — vyjezdového/litického — portdlu, jako na obr. 2,
ale o cca 20 let pozdéji. Casovy odstup dokumentuji vzrostlé stromy. Na pohled-
nici je zretelné podskruzeni osténi priportdlového pdsu kolejnicemi.

Fig. 3 Litice nad Orlici. ? 1949. [authors‘ collection]

The same view from the northern — exit / Litice — portal, as in Fig. 2, but about
20 years later. The time difference is documented by mature trees. The postcard
shows a clear supporting of the portal block lining by rails.

zifceninou hradu Litice. Siji tohoto ostrohu piekonava tunel v nad-
moftské vysce cca 375 m (obr. 1). Pokud jde o geologické podmin-
ky, byl objekt vyrazeny v kvalitnich horninach spodniho paleozoi-
ka, predstavovanych granity az granodiority. [2]

Historie

Predmétnou Zelezni¢ni trat vybudovala, a nasledné v letech
1874-1908 i vlastnila, spolecnost Rakouskd severozapadni draha
(ONWB - Osterreichische Nordwestbahn). Ve své dobé §lo o vy-
znamnou privatni stavebni a dopravni firmu, kterd (mimo jiné) vy-
stavéla na tzemi dne$ni CR a Rakouska 1 398 km Zelezni¢nich
trati. Povoleni ke stavbé tseku drahy bylo vydané 25. 6. 1870. Pra-
ce probihaly, jak bylo dobové bézné, velmi rychle a provoz byl

zahdjeny jiz 14. 1. 1874. Na trati se nachazi jen jediny tunel — jde
pravé o tunel Liticky. [3, 4]

Pomérné zéhy po svém uvedeni do provozu — v roce 1891 — mu-
sel byt tunel rozsahle opravovany. Tykalo se to predevsim vyjez-
dového (severniho, litického) portialu. Vzhledem ke strukturnimu
poruseni materidlu zdiva zde bylo potfebné nahradit cca 50 % pis-
kovcovych kopékt prvky ze zuly (Svétld), resp. ruly (Litice). Podle
nutnosti byla stejna sanace provedend i v nékterych partiich osténi,
predevsim v tunelovych pasech 23 az 26.

Obr. 4 Motorovd lokomotiva 750 371-7 v ¢ele rychliku R 952 vyjiZdi 7 Litického
tunelu. Vyddno pro Letohradsky Zeleznicni klub. Foto © Jifi Adolf. Tisk: OF -
TIS Usti nad Orlici. 2005. [sbirka autorii]

Pohlednice urcend pro milovniky lokomotiv. Viak vyjizdi z jizniho — vjezdového
— portdlu tunelu. Na snimku je velmi dobre vidét pozdéjsi posunuti vjezdového
portdlu.

Fig. 4 Diesel engine locomotive 750 371-7 at the head of the R 952 express
train leaves the Litice tunnel. Issued for the Letohrad railway club. Photo ©
Jirt Adolf. Print: OFTIS Usti nad Orlici. 2005. [authors° collection]

Picture postcard designed for lovers of locomotives. The train departs from the
southern — entrance — portal of the tunnel. The later shifting of the entrance
portal is very well seen in the picture.

Obr. 5 310.922 v Litickém tunelu. Vydala spol. Zelezni¢ni C. Trebovd. Foto: P.
Stejskal. Tisk: OFTIS Usti nad Orlici. Cca 2010. [sbirka autorii]

Pohlednice je opét urcend obdivovateliim historickych strojit. Parni lokomotiva
prezdivand ,, Kacenka*“, vyjiZdi stejné jako na obr. 4 z jiZniho — vjezdového —
portdlu tunelu.

Fig. 5 310.922 in the Litice tunnel. Issued by Ceskd Trebovd railway company.
Photo: P. Stejskal. Print: OFTIS Usti nad Orlici. Around 2010. [authors* col-
lection]

The postcard is again intended for admirers of historic machines. The steam
locomotive, nicknamed “Kacenka”, departs as in Fig. 4 from the southern — en-
trance — portal of the tunnel.
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Posledni dokumentovana, a technicky jiz zadsadni, oprava prob¢h-
la aZ u stoletého tunelu v letech 1968—1973. Dnes je jejim nejvi-
ditelnéjSim vysledkem novy betonovy, o 3 m predsazeny, vjezdo-
vy (jizni) portdl. Plastém ze stfikaného betonu (SB) tl. 0,20 m byl
sanovany rovnéz vyjezdovy (severni, liticky) portal. SB tl. 0,10 az

Obr. 6 Romanticky pohled na vidoli Feky Orlice, trat a Liticky tunel. 1895 [7]
Zeleznice je vedend piivabnym iidolim Divoké Orlice, kterd zde obtékd Hradni
kopec (451 m. n. m.) se zriceninou hradu Litice (v pozadi).

Fig. 6 Romantic view of the Orlice River valley, rail track and the Litice tun-
nel. 1895 [7]

The railway is led along the charming Divokd Orlice valley, which here flows
around Hradni Hill (451 m a.s.l.) with the ruins of Litice castle (in the back-
ground).

Obr. 7 TéZba v litickém lomu s tunelem v pozadi. 1900 [7]

1ezba kamene v Liticich nad Orlici probihd jiZ od konce 19. stoleti a jeji zahdjent
Je spojené prdvé s vystavbou Zeleznicni trati Tynisté — Letohrad. Dodnes se zde
teZi Sedy biotiticky granodiorit.

Fig. 7 Mining in Litice quarry with the tunnel in the background. 1900 [7]
Stone mining in Litice nad Orlici has been going on since the end of the 19"
century and its commencement is connected with the construction of the Tynisté
— Letohrad railway line. Gray biotite granodiorite is mined here to this day.
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Obr. 8 Témé¥ stejny pohled jako na obr. 7. Udoli Feky Orlice, ziicenina hradu
a Liticky tunel. Okolo 1906 [7]

Fig. 8 Nearly identical view as in Fig 7. Orlice river valley, ruins of a castle and
the Litice tunnel. Around 1906 [7]

0,20 m zesilil také ptivodni kamenné zdivo osténi tunelu a s tim byly
zcela prestavéné pasy 2, 3a a 3b, resp. klenba past 4a, 4b, 5a a 5b.
Dile byly v tunelu nové zfizeny tfi ochranné vyklenky, opravena ¢i
doplnéna hydroizolace a osvétleni a zaloZeny kabelové Zlaby. [5, 6]

Parametry tunelu a jeho konstruk¢ni Feseni

Pivodné byl tunel dlouhy 260,57 m, dnes je (vzhledem k po-
sunuti vjezdového portdlu) o 3 m delsi. Padorysné je situovany
v pravoto¢ivém oblouku o R = 293 m, pfi¢emz jeho niveleta gene-
relné stoupd sklonem cca 11 %o. Tunel byl sice navrZzeny a stavény
pro dvé koleje, ale od pocatku provozu az do soucasnosti je jim
vedena jen kolej jedna. Pivodni svétlost tunelu byla 8,20/6,20 m
(43,04 m?), dnes odpovida jeho prujezdny prifez standardu 1-SM,
potazmo priichodnost vyhovuje pro profil Z-G CD (nové oznaco-
vany jako Z-G2).

Navrh tunelu byl (podle dokumentovanych prufezi osténi) patrné
provedeny shodné se zasadami platnymi pro klasickou tunelovou
obezdivku s tuhymi opérami, realizace probihala (opét s nejvyssi
pravdépodobnosti a s pfihlédnutim k dob€ stavby) za nasazeni né-
které varianty ,,podélnikové neboli modifikované rakouské sousta-
vy“. S ohledem na délku tunelu a mistni poméry lze predpokladat

Obr. 9 Soucasny stay jiZniho — vjezdového — portdlu Litického tunelu. Novd
betonovd konstrukce z let 1968-1973 byla o 3 m predsunutd pred historicky
vstup. [Foto: K. DoleZal, SZ OR HK SMT]

Fig. 9 Current state of the southern — entrance — portal of the Litice tunnel.
New concrete structure from 1968-1973 was set forward, 3m ahead of the
historic entrance. [Photo: K. Dolezal, SZ OR HK SMT]
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Obr. 10 Soucasny stav severniho — vyjezdového — portdlu Litického tunelu.
[Foto: K. DoleZal, SZ OR HK SMT]

Fig. 10 Current state of the northern — exit — portal of the Litice tunnel. [Pho-
to: K. Dolezal, SZ OR HK SMT]

dohorni razbu z jednoho portalu, zarucujici gravitacni odvodnéni.
K tomu se pak pfimo nabizi postup stavby od jihu.

Pohlednice

Ve sbirce autorti ¢lanku se nachdzeji celkem Ctyfi pohlednice
s Litickym tunelem. Dalsi tfi byly (pro tento seridl nestandardng)
dopétrany na internetovych strankach vénovanych historii podor-
lické Zeleznice. [7] U Ceského tunelu této kategorie se tak jednd
o interesantni pocet pohlednic (obr. 2 az 8).

Soucasnost

Pravidelné kontrolni prohlidky Litického tunelu sice konstatuji
drobné poruchy a zavady, ty vSak zavaznosti zdaleka neodpovidaji
jeho témér 150letému stafi. Stavebni stav objektu je aktualné ozna-
ceny velmi priznivé stupném ,,2“ = vyhovujici. Tunel je tak klasi-
fikovany stéle jako objekt bez podstatnych viditelnych zavad, které
by mohly mit negativni vliv na drazni provoz. Dilo pradéda proto
1ze, bez prehanéni, oznacit za obdivuhodné! [8]

Na zéavér je soucasnost Litického tunelu dokumentovana (obr. 9
az 12) s aktualnimi pohledy na jeho portély a vnitfni prostor.

doc. Ing. VLADISLAV HORAK, CSc.
Ing. VACLAV MAJER
Ing. RICHARD SVOBODA, Ph.D.
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ANNIVERSARIES

ZIVOTNI JUBILEUM, ING. ALES ZAPLETAL, DRSC.
LIFE ANNIVERSARY OF ING. ALES ZAPLETAL, DRSC.

V srpnu tohoto roku oslavila své
80. narozeniny vyznamnd osobnost
v oblasti matematického modelovéani
podzemnich konstrukei Ing. Ale§ Za-
pletal, DrSc.

Ing. Zapletal se narodil 5. 8. 1941
v Hodoning. V letech 1959 az 1961
studoval na FS VUT v Brné a poté,
v letech 1962 a 1963, na FS CVUT
v Praze.

Profesni kariéru zahdjil v roce 1963
jako védecky asistent v laboratofi ex-
perimentélni pruznosti UTAM CSAV, pozdé&ji Kloknerova tstavu
CVUT. Akademii véd byl vyslan do Spojeného tstavu jadernych
vyzkumt v Dubné (SSSR), kde se podilel na projektovéni velké vo-
dikové bublinové komory (nadoby pro fotografické zobrazeni stop
elektricky nabitych ¢astic v latkovém prostredi kapalného plynu).

V Praze ho jiZ zastihl 21. srpen roku 1968. Ziicastnil se prvni, jesté
nocni demonstrace, pii které mu bylo prostieleno rameno. Vystupo-
val siln€ protiokupacné. V dobé€ normalizace byl pro své politické na-
zory donucen ukon¢it védeckou kariéru na CVUT. S doporuéujicim
dopisem tehdejsiho feditele Kloknerova ustavu prof. J. Klimese za-
zadal o zaméstnani u vedeni Metroprojektu. Byl pfijat s pozadavkem,
Ze se stane statikem spolecnosti pro razené tunely. Statické vypocty
pro konstrukce tohoto typu nebylo do této doby nutné dokladovat
(mnohdy ani provadét), noveé vsak byl vydéan prikaz, ze projektova
dokumentace musi jejich staticky vypocet obsahovat.

Komplikovanéjsi analytické vypocty razenych tunelli se nedaji
provadeét ,,ruéné* (na kalkulacce) a program na jejich vypocet Me-
troprojektu chybél. Ing. Zapletal proto v programovacim jazyku
Algol takovy program sestavil pro pocita¢ Minsk. Hornina byla
v programu chdpéna jako Winklerova vrstva. Pozdé&ji, kdyzZ jiz exis-
tovalo v Metroprojektu vypocetni stfedisko, sestavil vylepseny al-
goritmus vypoétu, ktery Ing. Cerny naprogramoval pro poéita¢ HP.
Program nesl nazev OSPL. VylepSeni spocivalo v zahrnuti plasticity
osténi do vypoctu jeho tnosnosti. Teorii plastického chovani osténi
vypracoval a publikoval Ing. Zapletal s Ing. Holickym. Diivodem
vylepSeni byl vypocet inosnosti osténi z prostého betonu. Bez toho-
to vylepseni nebylo moZno stanovit, jak se chova osténi z prostého
betonu za mezi trhlin a nebylo tedy mozno, pokud zatiZeni trhliny
v osténi vyvoldvalo, stanovit jeho tnosnost. Kromé modelovani
konstrukei tunelovych osténi se vénoval i dal$im typim konstruk-
ci podzemniho stavitelstvi. Ukazalo se napriklad, Ze hluboké pod-
zemni stény je nesnadné dimenzovat pomoci klasickych predstav
o rozdéleni zemnich tlakd. Ing. Zapletal zavedl pojem pruzné plas-
tické Winklerovy vrstvy a navrhl a publikoval metodu vypoctu pod-
zemnich stén, obklopenych touto vrstvou. Ve vypocetnim stfedisku
Metroprojektu byla metoda naprogramovana. Program se jmenoval
STEPL. Zakladové pasy ve stanici Mistek A bylo nutno navrhnout
tak, aby stanice nebyla poSkozena pii pozd€jsi razbé stanice Mistek
B, ktera Mustek A podchézela. Aby se pasy daly rozumné nadimen-
zovat, bylo nutno zohlednit jejich spoluptisobeni s osté€nim stanice.
Ing. Zapletal vypracoval a publikoval teorii nosnikii spolupiisobi-
cich s ortogondlnim diskontinuem, podle které byly vnitini sily past
vypocteny.

A prominent figure in the field of mathematical modelling of
underground structures, Ing.Ale§ Zapletal, DrSc., celebrated his
eightieth birthday.

Ing. Zapletal was born on August 5, 1941 in Hodonin. From 1959 to
1961, he studied at the Faculty of Civil Engineering of the Technical
University of Brno and, subsequently, from 1961 to 1963, at the
Faculty of Civil Engineering of the Technical University of Prague.

He began his professional career in 1963 in the position of a
research assistant in the laboratory of experimental elasticity of
Institute of Theoretical and Applied Mechanics of the Academy of
Sciences of the Czech Republic, later the Klokner Institute of the
Czech Technical University. He was sent by the Academy of Sciences
to the Joint Institute for Nuclear Research in Dubno (USSR), where he
participated in designing a large hydrogen bubble chamber (a vessel
for photographic imaging of traces of electrically charged particles in
a liquid gas environment).

In Prague, in 1968, he was already caught by the August. He took
part in the first demonstration during the night, during which his
shoulder was shot through. He acted strongly anti-occupationally. At
the time of normalisation, he was forced to end his scientific career at
the Czech Technical University. With a letter of recommendation from
the then director of the Klokner Institute, Prof. J. Klimes, he applied
for a job with the management of Metroprojekt. He was accepted with
the requirement to become a structural engineer for mined tunnels.
Until that time, it was not necessary to document structural analyses
for structures of this type (often not even to conduct them), but a new
order was issued that the design documents had to contain structural
analyses.

More complicated analytical calculations for mined tunnels cannot
be carried out “manually” (on a calculator) and the program for their
calculation was missing in Metroprojekt. Ing. Zapletal therefore
compiled such a program for the Minsk computer in the Algol
programming language. The ground was understood in the program
as the Winkler layer. Later, when a computer centre already existed in
Metroprojekt, he compiled and improved the calculation algorithm,
which Ing. Cerny programmed for a HP computer. The program was
called OSPL. The improvement lied in including the plasticity of the
lining in the calculation of its load-bearing capacity. The theory of
plastic behaviour of the lining was developed and published jointly by
Ing. Zapletal and Ing. Holicky. The reason for the improvement was
the calculation of the load-bearing capacity of unreinforced concrete
lining. Without this improvement, it was not possible to determine
how the unreinforced concrete lining behaves beyond the crack limit,
and it was therefore not possible to determine its load-bearing capacity
when the load in the lining caused a crack. In addition to modelling
tunnel lining structures, he also dealt with other types of underground
structures. For example, it turned out that deep diaphragm walls were
difficult to dimension using classical ideas about the distribution of
ground pressures. Ing. Zapletal introduced the concept of a elastically
plastic Winkler layer and designed and published a method for
calculating the diaphragm walls surrounded by this layer. The method
was programmed in the Metroprojekt computer centre. The program
was called STEPL. The foundation strips in the Mustek A station
had to be designed so that the station would not be damaged during
the later excavation of the Mustek B station, which passed under the
Mustek A station. In order for the strips to be reasonably dimensioned,
it was necessary to take into account their interaction with the station
lining. Ing. Zapletal developed and published the theory of beams
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Po case pfijal Ing. Zapletal nabidku Metrostavu a stal se jeho za-
méstnancem. Veénoval se statice Strahovského tunelu, vypracoval
a publikoval jeho prostorovy staticky model.

Po roce 1989 se mohl obhdjit nejprve jako kandidat, pozdéji jako
doktor véd. Prezidentem Havlem byl jmenovan ¢lenem Rady Praz-
ského hradu.

Své plisobeni v Metrostavu na nékolik let prerusil a pracoval
v prazské pobocce rakouské spolecnosti ILF. Po navratu do Me-
trostavu se stal ¢lenem technické rady tunelu Mrazovka a pozdéji
také tunelu Blanka, kde mél na starosti dohled nad statickym reSe-
nim obou tunelil. V t€ dobé, spolu s prof. Bartdkem a Ing. HofejSim
sestavil a publikoval dokument ,, Doporuceni pro zpracovdni static-
kych vypoctit raZenych tunelii dle EC*.

Od roku 2007 je zaméstnancem firmy Satra s r.0., jako konzultant
v oblasti numerického modelovéni.

Publikoval okolo sta ¢lanki, v naprosté vétSin€ z oboru tunelo-
vé statiky, zbytek pak z oboru fotoelasticimetrie. Jeho posledni dvé
publikace pro Casopis Tunel se tykaji spoluptisobeni sekundarniho
a degradovaného primarniho osténi (Tunel 3/2019 a 4/2019).

K jeho velkym zélibam patfi cestovani, jachting (majitel prikazu
zpusobilosti k vedeni namorni jachty). Zajima se také o studium své-
tovych déjin, uméni a filozofie.

Jménem vsech byvalych i soucasnych spolupracovnikd a ctend-
i Casopisu Tunel prejeme Ing. Zapletalovi pevné zdravi a dostatek
energie do dalSich let.

Ing. TOMAS LOUZENSKY,
SATRA, spol. s r.o.

interaction with the orthogonal discontinuity, according to which the
internal forces in the strips were calculated.

After some time, Ing. Zapletal accepted Metrostav>s offer and
became its employee. He devoted himself to the statics of the Strahov
tunnel, elaborated and published his spatial static model.

After 1989, he was allowed to defend himself first as a candidate,
later as a doctor of science. President Havel appointed him a member
of the Prague Castle Board.

He interrupted his work with Metrostav for several years and worked
in the Prague branch of the Austrian company ILF. After returning to
Metrostav, he became a member of the technical advisory board for
the Mrazovka tunnel and later also for the Blanka tunnel, where he
was in charge of supervising the static solution to both tunnels. At that
time, together with prof. Bartdk and Ing. Horejsi, he compiled and
published the document “Recommendations for conducting structural
analyses for mined tunnels according to the EC.

Since 2007 he has been an employee of Satra s r.0., in the position
of a consultant in the field of numerical modelling.

He has published about a hundred articles, the vast majority in
the field of tunnel statics, the rest in the field of photoelasticimetry.
His last two publications for TUNEL journal concern the interaction
between secondary and degraded primary linings (TUNEL 3/2019
and 4/2019).

His great hobbies include travelling, yachting (a holder of a license
to drive a sea yacht). He is also interested in studying world history,
arts and philosophy.

On behalf of all former and current collaborators and readers of
the TUNEL journal, we wish Ing. Zapletal good health and enough
energy for the years to come.

Ing. TOMAS LOUZENSKY, SSATRA, spol. s r.o.

ZIVOTNI JUBILEUM ING. MIROSLAVA KOCHANKA
LIFE ANNIVERSARY OF ING. MIROSLAV KOCHANEK

Ing. Miroslav Kochanek se narodil
18. 11. 1946 v Litomysli. V roce 1961
zde zacal studovat stfedni vSeobecné
vzdélavaci Skolu — dnesSni gymndzium.
Po maturit€ v roce 1964 se prihlésil na
Stavebni fakultu CVUT, kde studoval
smér konstruktivné-dopravni, pozdéji
se vénoval geotechnickému zaméreni.
Po tuspésném ukonceni vysokoskol-
ského studia v roce 1970 zacal také na
stavebni fakulté pracovat jako pedago-
gicky asistent na katedfe geotechniky,
v oddéleni mechaniky zemin pod vedenim profesora Aloise Myslivce.

Po zaloZeni projektového ustavu DP-Metroprojekt v kvétnu 1971,
pozdéjsiho MEROPROJEKTU Praha a.s., zacal zde jiZ v srpnu 1971
pracovat na prvnich projektech metra v Praze a Metroprojektu zi-
stal vérny dodnes. Zde byl jako projektant zarazen do strediska tu-
nelovych staveb, vedeného Ing. Karlem Zavorou, ktery ho svym
nadSenim pro razené tunely ovlivnil na cely Zivot. Jednim z prvnich
projektt, na kterych se podilel jako samostatny projektant, byl na-
vrh Zelezobetonového montovaného osténi pro razené tiilodni stanice
prazského metra (1971-1972).

V nésledujicich letech, jako odpovédny projektant, pracoval na
tunelovych projektech v oblasti stanice Mustek LA (1972-1976)
a pozd¢ji mél postupné na starosti jednotlivé stavebni oddily prazské-
ho metra na trase B, raZzené prstencovou metodou. Byly to stavebni
oddily: I.B12 Tratové tunely Mustek — Namésti Republiky, I11.B34
Tratové tunely Invalidovna — Palmovka a IV.B04 Stanice Kolbenova
(1977-1997).

V nésledujicim obdobi mezi léty 1995 az 2000 pracoval ve funkci

Ing. Miroslav Kochédnek was born in Litomys] on 18 November
1946. In 1961, he started to study at the general secondary school,
today “gymnasium”. After maturita exam in 1964, he signed up to
the Faculty of Civil Engineering of the Czech Technical University,
where he studied in the Department of Civil Engineering and
Traffic Structures and, later, he devoted himself to geotechnical
specialisation. After successful graduation from the university in
1970, he started to work again at the faculty of civil engineering in
the position of a teaching assistant at the department of geotechnics,
section mechanics of soils, under the leadership of Professor Alois
Myslivec.

After the foundation of the DP-Metroprojekt design institute in
May 1971 (the later MEROPROJEKT Praha a.s.), he began working
there in August 1971 on the first metro designs in Prague, and has
remained faithful to Metroprojekt to this day. Here, in the position of
a designer, he was included in the tunnel construction centre led by
Ing. Karel Zavora, who influenced him for the rest of his life with his
enthusiasm for mined tunnels. One of the first designs in which he
participated in the position of an independent designer was the design
for reinforced concrete pre-cast lining for mined three-vault stations
of the Prague metro (1971-1972).

In the following years, in the position of a responsible designer,
he worked on tunnel designs in the area of the Mistek I.A station
(1972-1976) and later he was gradually in charge of individual
construction lots of the Prague metro on the line B, driven using the
ring method, namely the construction lots: I.B12 Running tunnels
Mistek — Namésti Republiky, I1.B34 Running tunnels Invalidovna —
Palmovka and IV.B04 Kolbenova station (1977-1997).

In the following period, from 1995 to 2000, he worked in the position
of the chief engineer of the design for the replacement of escalators
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hlavniho inZenyra projektu na vymeénéch eskalatora a rekonstrukcich
stanic prazského metra HradCanskd, Staroméstskd, Namésti miru,
Malostranska a Vysehrad.

Nasledné na prodluZované trase metra C (2000-2007) projektoval
jako odpovédny projektant tratové tunely raZzené podle zasad moder-
ni Nové rakouské tunelovaci metody: IV.C1.04 Tratovy usek Troja
— Kobylisy, IV.C1.06 Kobylisy — Ladvi, IV.C.2.09 Tratovy tsek Ladvi
— Stiizkov a IV.C.13 Tratovy tsek Prosek — Lettiany.

Na posledni dosud realizované trase prazského metra V.A v tseku
Dejvicka — Nemocnice Motol (2008-2015), spolu s tymem dalSich
tunelarii, mél jako odpovédny projektant na starosti stavebni oddil
V.A1.07 RaZenou jednolodni stanici Pettiny, V.A2.08 Dvoukolejny
tunel v tseku stanice Petfiny — Nemocnice Motol, V.A.09 RaZeny ob-
ratovy tunel za stanici Nemocnice Motol. Na trase metra V.A mél také
na starosti razbu jednokolejnych tratovych tuneli dosud nejmoder-
néjsi tuneldiskou technologii pouZitou na prazském metru, tj. razbu
pomoci plnoprofilovych razicich mechanizmt od stanice Petfiny az
do stanice Dejvickd. Soucasné ve funkci tunelového specialisty byl
¢lenem rady monitoringu prodluZzované trasy metra V.A.

V prabéhu uplynulych let se ve funkcich odpovédného projektan-
ta, hlavniho inZenyra projektu nebo tunelového specialisty podilel
na projektech rtznych raZenych kanalizaci, rekonstrukcich tuneld,
rekonstrukce tkrytii pro letadla leti§tni zakladny Caslav, GloZi§té ra-
dioaktivniho odpadu v dole Richard a dalSich.

V soucasnosti pracuje na projektech trasy ID1 prazského metra,
provozniho useku Pankrdc — Nové Dvory v riznych stupnich doku-
mentace a na realizacnich projektech doplitkového geologického pri-
zkumu tseku ID1a v oblasti stanice Pankrac D.

Ing. Miroslav Kochének v priibéhu svého profesniho Zivota publi-
koval odborné ¢lanky v odbornych ¢asopisech, jako jsou Stavebnic-
tvi, Zakladani a také v Casopisu Tunel. Zicastioval se mnoha tunelar-
skych konferenci a seminafi doma i v zahranici.

Ing. Miroslav Kochdnek slavi vyznamné Zivotni jubileum v plné
praci. Je mi potéSenim, Ze mohu jménem vSech spolupracovniki
a vas, Ctenart Casopisu Tunel, poprat nasemu jubilantovi pevné zdravi
a hodné energie do dalsi prace.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a. s.

ROZLOUCENI

ZEMREL ING. KAREL MATZNER
ING. KAREL MATZNER DIED

On November 12, 2021, an extraor-
dinary person, Ing. Karel Matzner,
died at the age of 92. He was born on
March 16, 1929 in Ceské Budé¢jovice,
graduated from the Faculty of Civil
Engineering of the Czech Technical
University in Prague with the degree
in hydraulic engineering in 1953. He
worked in positions of a hydraulic
engineer and later also in the field of
underground construction. Ing. Karel
Matzner was a long-standing member
of the ITA-AITES Czech (formerly also Czechoslovak) Tunnelling
Association, from 1996 to 2004 also in the position of a secretary
and at the same time editor-in-chief of the TUNEL journal. In these
positions, he successfully introduced a bilingual form of publish-
ing. He has done a great deal for our association and has therefore
been duly appointed its honorary member.
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and reconstructions of the Prague metro stations Hradcanska,
Staroméstska, Nameésti miru, Malostranska and VySehrad.

Subsequently, on the metro line C being extended (2000-2007),
in the position of a responsible designer, he designed the following
running tunnels driven according to the principles of the modern
New Austrian Tunnelling Method: IV.C1.04 Track section Troja —
Kobylisy, IV.C1.06 Kobylisy — Ladvi, IV.C. 2.09 Track section Ladvi
— Stfizkov and I'V.C.13 Track section Prosek — Letiiany.

On the until now last constructed route of the Prague metro VA in the
section Dejvickd — Motol Hospital (2008-2015), together with a team
of other tunnelling engineers, he was in charge of the construction
lot V.A1.07 Mined single-vault station Petfiny, V.A2.08 Double-track
section between Petfiny — Motol Hospital stations, VAO9 Mined stub
tunnel behind the Motol Hospital station. On the V.A metro line, he
was also in charge of designing single-track running tunnels using the
state of the art tunnelling technology used on the Prague metro so far,
i.e. excavation using full-profile tunnelling machines from the Petfiny
station to the Dejvicka station. At the same time, in the position of a
tunnel specialist, he was a member of the monitoring board on the
V.A. metro line being extended.

In recent years, in the position of a responsible designer or a
tunnel specialist, he participated in designs for various mined sewers,
reconstruction of tunnels, reconstruction of shelters for aircraft at
the Caslav airport base, the repository for spent nuclear fuels at the
Richard mine and others.

He is currently working on designs for the ID1 line of the Prague
metro, the operating section Pankriac — Nové Dvory at various stages
of designing and on the detailed designs for the additional geological
survey of the [D1a section in the area of the Pankrac D station.

During his professional life, Ing. Miroslav Kochanek published
professional articles in professional journals, such as Stavebnictvi,
Zakladani and also in the TUNEL journal. He has participated in
many tunnelling conferences and seminars at home and abroad.

Ing. Miroslav Kochdnek is celebrating the significant life
anniversary at his full work enthusiasm. I am pleased to be able to
wish our jubilarian on behalf of all my colleagues and you, the readers
of TUNEL journal, good health and a lot of energy for further work.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a. s.

LAST FAREWELL

Odesel v patek 12. listopadu 2021 ve véku devadeséti dvou let...

Ta zprava nyni leti k velkému mnoZzstvi lidi, ktefi Karla znali,
akazdého vytrhne z béhu jeho Zivota a u kazdého vyvola piival vzpo-
minek. Nejprve se ale mozna kazdy zastavi a krétce si povzdechne:
,,Tak Karel Matzner zemfel...“

Karel byl svym zptisobem mimoradny ¢lovék. Mimoradné aktivni
Clovék. Mél rad svou profesi stavebniho inzenyra. Byl zanicenym
sportovcem a iniciativnim organizatorem sportovnich udalosti, ve
zralém véku i v oblasti svétového seniorského sportu. A nase Ceska
(i difve Ceskoslovenskd) tunelafska asociace mu vdé&i za to, Ze od
skrovnych zac¢atka i jeho tsilim se vyvinula v uZite¢nou a uznavanou
profesni spolecnost.

Karel Matzner se narodil 16. biezna 1929 v Ceskych Bud&jovi-
cich. Po skolnich letech a stfedoskolskych studiich vystudoval na Fa-
kulté inZenyrského stavitelstvi Ceského vysokého uceni technického
v Praze obor hydrotechnika v rdmci vodohospodérského sméru. Pro-
moval v roce 1953. Pak nastoupil do podniku Vodni stavby a podilel
se postupné na stavbach prehrady Lipno (jako hlavni stavbyvedouci
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podzemni hydroelektrarny) a na vodnich dilech Nechranice, Zelivka I
a Vrchlice jako hlavni inZenyr stavebni spravy 2 Vodnich staveb.
Jmenované stavby dovedl do provozu a konecné kolaudace. TéZko
asi najit jiného hydrotechnika, kterému se dostalo prileZitosti Gspés-
né dokoncit béhem Zivotni stavebni praxe hned ¢tyfi idolni prehrady.

Nejvice si Ing. Karel Matzner vaZzil své tcasti na stavb& prehrady
a podzemni hydroelektrarny Lipno, ktera patfila ve své dob€ ke Spic-
kovym diliim pfehradniho i podzemniho stavitelstvi evropské a moz-
nd i svétové trovné.

Nasledovalo 25 let prace u podniku Metrostav ve funkci vedouci-
ho odboru realizace metra, pozdéji pak zastaval funkci technického
asistenta generdlniho feditele podniku. Byl také vyslan do AlZiru,
kde v letech 1987 az 1989 pracoval na pfipravé stavby metra s ucas-
ti podniku Metrostav. Ke spolupraci nedoslo pro zacinajici nejistou
situaci v arabském svété. Bohata byla také jeho publikacni a redak-
torska ¢innost, coz doklada nejen vyvoj a droven Casopisu Tunel, ale
ifada knih i filmi o vystavbé prazského metra, na nichz se podilel.

Ing. Karel Matzner byl nejen dlouholetym ¢lenem Ceské (dfive
i Ceskoslovenské) tunelarské asociace ITA-AITES, ale v letech 1996
az 2004 takeé jejim generalnim sekretiafem a soucasné $éfredaktorem
Casopisu TUNEL, v némz zaved] tsp&$né bilingvni formu vydavani.
Opravnéné miZzeme konstatovat, Ze pro nasi asociaci vykonal velmi
mnoho, a proto byl zaslouZené jmenovan jejim cestnym ¢lenem.

Mimotadna byla Karlova laska ke sportu a predevsim jeho aktivni
sportovni Zivot. Sviij organizacni talent uplatnil, kdyZ byl napf. témér
dvacet let mistopfedsedou a predsedou TJ Vodni stavby. Coby atlet
— veteran se stal v prislusnych vékovych kategoriich né€kolikrat mis-
trem svéta, Evropy, ale také mistrem Jizni Ameriky i Cinské repub-
liky Tchaj-wan v riiznych béZeckych disciplinach. Vykovaval funkci
predsedy SdruZeni veteranti Ceského atletického svazu a posléze byl
jeho Cestnym predsedou. Po nekolik funkénich obdobi byl i clenem
predstavenstva Evropské a Svétové atletické veterdnské asociace,
kde ziskal ,,Honorary Bronz Pin za zasluhy o rozvoj veteranského
sportu ve svété“. MliZzeme se jen podivovat, kolik zavoda absolvoval.
Jen namatkou zminime: 41x Velkou Kunratickou, 32x Béchovice,
37 pulmaratond a 15 maratonti. Na lyZich pak 28x Jizerskou pade-
satku, 22x70 km Po hiebenech Krkonos.

Zavérem bych chtél vyslovit své pevné presvédceni, Ze jméno Ing.
Karla Matznera ziistane mezi ¢leny Ceské i Slovenské tuneldiské
asociace zivé. Dékuji mu za vSe, co pro nasi tuneldiskou pospolitost
vykonal.

Za sebe i za Ceské a slovenské tuneldre chci ubezpecCit Karlovu
rodinu, Ze s ni hluboce soucitime, nyni, kdyz Karel odesel a Ze jeho
pamatku zachovame ve svych srdcich.

Ing. IVAN HRDINA,
predseda Ceské tuneldiské asociace ITA-AITES

2 CINNOSTI PRACOVNICH SKUPIN CZTA WORKING GROUPS

PRVNIi SYMPOZIUM PRACOVNI SKUPINY MLADYCH TUNELARU
FIRST SYMPOSIUM OF WORKING GROUP OF YOUNG TUNNELLERS

On Thursday, October 7 and 8, the Working Group of Young
Tunnelers organised the first symposium, during which several
lectures were presented. They focused on the design of new tunnel
structures (Jifi Umlauf) and on reconstruction projects (Alice
Zittovd). In addition, the work on tunnel structures and geotechnical
structures was discussed (Simona Zetkova, Martin Kréatky and Jifi
Hor¢i¢ka). Zdenék Siska and Zden&k Zizka reported on the areas
of research in the field of tunnel construction. The last topic of the
lectures was the legislation connected with the procurement of the
construction of underground structures (Michal Uhrin). Another part
of the symposium program on Friday, October 9, was a visit to the
tunnel construction sites of the Supplementary Geological Survey of
the I.D1 Metro section in Prague Pankrac. The design for geological
survey was presented to the group by Pavlina Sehnalova.

Vectvrtek7.a8.fijnapracovniskupinaMladychtunelarti(CzTA_ym)

usporadala své prvni sympozium. V prvni ¢asti sympozia, které se
konalo v budove spolecnosti METROPROJEKT Praha a. s. (obr. 1),
se uskutec¢nilo nékolik prednasek. Prednasky se zamérovaly jednak
na projektovani tunelovych novostaveb (Jifi Umlauf), tak i na rekon-
strukce (Alice Zittova). Déle byly diskutovény realizace tunelovych
staveb a geotechnickych konstrukei (Simona Zetkova, Martin Kratky
a Jifi Horcicka). O oblastech vyzkumu v tunelovych stavbach pak
referovali Zdengk Siska a Zdengk Zizka. Poslednim tématem pied-
nasek byla legislativa spojend se zaddvanim vystavby podzemnich
staveb (Michal Uhrin). VSechny prednasky byly doplnény rozsahlou
odbornou diskusi. Skupina se po probéhnutych prednaskach presu-
nula do nedaleké restaurace (obr. 2), kde pokracoval neformalni pro-
gram sympozia.

Dalsi ¢asti programu sympozia v patek 9. fijna byla navstéva tu-
nelovych staveb Doplitkového geologického prizkumu dseku Metra
I.D1 v Praze na Pankraci (obr. 3). Projekt geologického prazkumu

Obr. 1 Uastnici sympozia pracovni skupiny Mladi tuneldri
Fig. 1 Participants in the symposium of Young Tunnellers working group

e Y '!!F
Obr. 2 Neformdilni ¢dst programu sympozia
Fig. 2 Informal part of symposium programme
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skupiné predstavila Pavlina Sehnalova.
Nasledné byla skupina stavbou provadéna
vedoucimi projektd tunelovych razeb Ing.
Radkem Kozubikem (HOCHTIEF CZ a. s.)
a Ing. Stefanem Ivorem (Metrostav a.s.).

V piipadé zdjmu o ucast na budoucich
akcich skupiny nevahejte skupinu kontakto-
vat prostfednictvim emailu na adrese czta-
ym@seznam.cz.

ZDENEK ZIZKA,
zdenek.zizka@metroprojekt.cz,
METROPROJEKT Praha a. s.,
VERONIKA PAVELCOVA,
veronika.pavelcova@fsv.cvut.cz,

30. rocnik - €. /2021

e

o . T a z 188

Fakulta stavebni CVUT v Praze,

SIMONA ZETKOVA, o
ankrdci
szetkova@ambergengineering.com,
Amberg Engineering AG  in Prague Pankrdc

Obr. 3 Ndvstéva tunelovych staveb Doplitkového geologického priizkumu tiseku Metra 1.D1 v Praze na

Fig. 3 Visit to tunnel construction sites of the Supplementary Geological Survey of the Metro 1.D1 section

ZPRAVODAJSTVi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELIG ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF ITA-AITES CZTA

The General Assembly of the Czech Tunnelling Association of
the ITA-AITES was held on Wednesday the 8" September 2021.
In the beginning, CzZTA commemorative medals were handed over
to Ing. Jifi Pavlik, CSc., Ing. Jan Vintera and Ing. Véiclav Soukup.
Ing. Hrdina, the chairman of the association, informed the members
about the activities of the association since the last general assem-
bly meeting, when the publishing of the TUNEL journal continued.
The Tunnel Afternoons (the association has organized 37 of them
so far) were held in 2021 for the time being online due to covid-19.
Furthermore, the economy of the association for the year 2020 was
discussed and the budget for 2021 was presented. The attendees
were acquainted with the plan of activities of the association for the
year 2021, when the association continues in most common activi-
ties, i.e. in the publication of the TUNEL journal and the organiza-
tion of the Tunnel Afternoons. Then Ing. Butovi¢ presented brief
information on the preparation of the Underground Construction

Prague 2023 conference. The conference should take place from
29 to 31 May 2023 at the Clarion Congress Centre. The meeting
continued with the evaluation of the student competition for the best
diploma thesis in the field of underground construction in 2020. The
first place was won by Ing. Marek Podzemsky from the faculty of
Civil Engineering of the Technical Universiny in Prague with the
topic Determination of the impact of the excavation of the explora-
tory gallery on the surrounding rock environment and underground
work. The second place belongs to Ing. Markéta Borska from the
Faculty of Civil Engineering of the VSB Technical University of
Ostrava, who participated in the competition with a diploma thesis
on the topic of Verification of the quality of the rock environment us-
ing MWD data. The third place was taken by Ing. Felipe A. Gutiér-
rez S. from the VSB Technical University of Ostrava. In his diploma
thesis he focused on the Evaluation of factors influencing the inflow
of groundwater into the Cebrat tunnel using numerical modelling.

ka photo Ing. Libor Mafik
Obr. 1 Ing. Jifi Pavlik, CSc. prebird pamétni me-
daili CzTA

Fig. 1 Ing. Jiri Pavlik, CSc. taking over the CzTA
commemorative medal

Vintera

Joto Ing. Libor Mafik photo Ing. Libor Marik
Obr. 2 Pamétni medaili prevzal Ing. Jan Vintera
Fig. 2 Commerative medal taken over by Ing. Jan

Jfoto Ing. Libor Mafik photo Ing. Libor Marik
Obr. 3 Novy driitel pamétni medaile CzTA Ing.
Vidclav Soukup s predsedou Ing. Ivanem Hrdinou
Fig. 3 Ing. Viclav Soukup, the new holder of the
CzTA commemorative medal, with Ivan Hrdina,
Chairman of the CzTA
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Finally, Ing. Petr Kucera from Minova Bohemia s.r.o. presented a
lecture on of UniPass rock bolting technique — safe and effective
bolting in mining and underground construction.

Valné shromézdéni Ceské tunelaiské asociace ITA-AITES se ko-
nalo ve stfedu 8. zari 2021 v hotelu OlSanka, Taboritska 23, Praha 3.
Jednani zahajil a ridil pfedseda CzTA Ing. Ivan Hrdina.

Na zac¢atku jednani probéhlo predani pamétnich medaili CzTA. Pa-
métni medaili obdrzel za lonisky rok Ing. Jifi Pavlik, CSc. (obr. 1),
ktery si ji z diivodu pandemické situace nemohl pievzit v roce 2020.
Za rok 2021 prevzali pamétni medaili Ing. Jan Vintera (obr. 2) a Ing.
Vaclav Soukup (obr. 3).

Ing. Hrdina déle informoval ¢leny CzTA o ¢innosti asociace od po-
sledniho zasedani valného shromazdéni, kdy pokracovalo vydavani
Casopisu Tunel. Tunelarska odpoledne (do soucasnosti jich asociace
usporadala jiz 37) se kviili covid-19 konala v roce 2021 zatim on-line.

Dalsim bodem jednani byla zprava o hospodateni asociace, kterou
prednesl Ing. Vaclav Soukup. V roce 2020 dosahla asociace pfizni-
vého vysledku, kdy jeji hospodareni skoncilo ziskem (bylo to zpi-
sobeno prevazné nemoznosti konat bézné akce). Ddle byli pritomni
seznameni s navrhem rozpoctu asociace na rok 2021. Pro tento rok se
JjiZ pocita s obnovenim vétSiny akci, proto rozpocet pocita se ztratou,
ktera bude dotovana ze zisku minulych let.

Ing. Markéta Pruskovd, Ph.D., obezndmila pritomné s planem cin-
nosti asociace na rok 2021, kdy se asociace pokousi pokracovat ve
vétsin€ béznych aktivit — i pres panujici situaci se dari pokracovat
v pripravé casopisu Tunel. Porddani Tunelarskych odpoledni do doby
konéni valného shromazdéni probéhlo formou on-line, od druhého
pololeti budou Tunelérska odpoledne, pokud to situace umozni, orga-
nizovana zéroveii prezencni formou i on-line. Odborny zdjezd se ani

v roce 2021 neuskutecni. Déle zaCala probihat priprava konference
Podzemni stavby Praha.

Doc. RNDr. Eva HrubeSov4, Ph.D., zaslala zpravu o soucasném
stavu pracovnich skupin CzTA, kdy ¢innost nékterych z nich je utlu-
mena.

Poté vystoupil Ing. Butovic se stru¢nou informaci o pripravé konfe-
rence Podzemni stavby Praha 2023. Konference by se méla konat ve
dnech 29. az 31. kvétna 2023 v kongresovém centru hotelu Clarion,
na zdkladé kladnych zkuSenosti je spolecensky vecer planovany opét
v Brevnovském klastefe. Na podzim jiz probéhne prvni zasedani ce-
1ého ptipravného vyboru konference.

Zasedani pokracovalo vyhodnocenim studentské soutéZe o nejlepsi
diplomovou préci z oboru podzemniho stavitelstvi za rok 2020. Prv-
ni misto ziskal Ing. Marek Podzemsky z FSv CVUT Praha s téma-
tem Stanoveni vlivu realizace priizkumné stoly na okolni horninové
prostredi a podzemni dilo. Druhé misto patfi Ing. Markété Borské
z FAST VSB TU, kter se Gcastnila soutéZe s diplomovou praci na
téma Oveéreni kvality horninového prostredi s vyuZitim MWD dat.
Treti misto obsadil Ing. Felipe A. Gutiérrez S. z FAST VSB TU. Ve
své diplomové praci se vénoval Vyhodnoceni faktorii ovliviiujicich
pritok podzemni vody do tunelu Cebraf pomoci numerického modelo-
vdni. Ing. Gutiérrez si jako jediny odménu prevzal osobné, k uspéchu
mu poblahopril predseda CzTA Ing. Ivan Hrdina.

V casti zasedani zaméfené na odbornou tematiku vystoupil Ing.
Petr Kucera ze spolecnosti Minova Bohemia s.r.o. Pfipravil prednas-
ku na téma Technologie svornikovdni UniPass — bezpecné a efektivni
svornikovdni v hornictvi a podzemnim stavitelstvi.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskovaQ@ita-aites.cz, generdlni sekretdr CzTA

Redakce ¢asopisu Tunel pieje véem svym ctenaiiim jen to nejlepsi do roku 2022.
The editorial staff of TUNEL journal wishes all its readers the very best in 2022.
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Belgie, zhruba z 30. let XX. stol., byla adresovand do Antwerp pi Jeanne Van Gamp. Ndpis je standardni — ,,Stastny Novy rok*, jenom vldmsky.

Belgium, from the 1930s; addressed to Antwerp, Ms. Jeanne Van Gamp. The lettering is standard —

“Happy New Year”, only Flemish.
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PODEKOVANI ACKNOWLEDGEMENTS

Kdyz nékdo z vlastni viile a po velmi dobie odvedené praci opusti
svoji velmi vazenou pracovni pozici, tak jeho kolegové marné hleda-
ji spravné privlastky, jako jsou napriklad emeritni, zaslouzily, Cestny,
a to pro nalezeni spravné miry ocenéni jeho zasluh a snahy uvedeni
jeho osoby do déjin dotcené komunity, v naSem piipadé komunity
tunelafské. Ne jinak tomu je i v pripadé prof. Ing. Jifiho Bartaka,
DrSc., a naseho ¢asopisu pri jeho ukonceni vykonu funkce predsedy
redak¢ni rady casopisu Tunel.

Jirka Bartak pracoval v redakéni radé Casopisu Tunel celkem neu-
véfitelnych 27 let a z toho 12 let jako jeji pfedseda. Svym nadSenim,
odbornou erudici, pfikladem a optimismem se nesmazatelné zapsal
do jeho historie. Praveé hlavné jeho zasluhou je casopis Tunel zejmé-
na pro svoji kvalitu a oblibenost u odborné i laické verejnosti tam,
kde pravé dnes je, totiz na prvnim misté ve své kategorii. A pravé
proto se my vSichni zbyvajici spolupracovnici budeme muset velmi
snazit a vynakladat maximalni dsili, abychom takto vysoce nasaze-
nou latku udrZeli ve spravné vysce i pro nadchazejici Cisla a ro¢niky
casopisu.

A jelikoZ dobych zprav neni nikdy dost, tak jesté jednu si nase
podékovani ponechalo na zavér. Jirka Bartdk totiZ jeSté nesloZil své
zbrané tak docela a bude spolu s ndmi v redakcni radé pracovat i na-
dale, z ¢ehoz mame my vsichni i nas casopis velkou radost. Z téchto
davodu si proto miZzeme dovolit i malou korekci v doplnéni nami
hledaného vystizného pfivlastku v tivodu naseho podékovani, proto-
Ze nakonec prave ten aktudlné spravny privlastek je totiz privlastek
soucasny.

Jirko, jesté jednou velké diky Tob€, bud s nami i s nasim Casopi-
sem nadéle, a to v jakékoli pozici a v jakékoli dobé. Prejeme Ti vSe
dobré a dobré cteni spolu s nami.

Za vSechny cleny redakcni rady a spolupracujici kolegy,

Ing. BORIS SEBESTA
predseda redakcni rady casopisu Tunel

foto archiv CzTA ITA-AITES, z. s.

When someone leaves a highly respected
position of his or her own volition and after
a job very well done, colleagues search in
vain for the right adjectives, such as emeritus,
meritorious, honorary, to find the right level
of recognition for his or her contributions and
efforts to place his or her person in the history
of the community in question, in our case the
tunneling community. It is no different this
time, with prof. Ing. Jifi Bartdk, DrSc. and
our journal on his termination of his position
as Chairman of the Editorial Board of Tunnel.

Jirka Barték has served on the Tunnel magazine editorial board for
a total of 27 incredible years, including 12 years as its chairman. His
enthusiasm, professional erudition, experience and optimism made an
indelible mark on its history. It is mainly thanks to him that TUNEL
magazine is where it is today, leading its category, thanks to its quality
and popularity with the professional and lay public. And that is why
all of us, the remaining contributors, will have to try very hard and
make every effort to keep the bar set so high for the coming issues and
editions of the magazine.

And since there is never enough good news, we have saved one
more thank you for last. Jirka Bartak hasn‘t quite laid down his arms
yet and will continue to work with us on the editorial board, which
makes us all and our magazine very happy. For these reasons, we can
therefore allow ourselves a small correction in the addition of the apt
adjective we are looking for in the introduction of our thanks, because
in the end the correct adjective is the current one.

Jirka, once again, a big thank you to you, be with us and with our
magazine in any position and at any time. We wish you all the best and
good reading along with us.

On behalf of all members of the editorial board and collaborating
colleagues,

Ing. BORIS SEBESTA
Chairman of the Editorial Board of Tunnel magazine

foto archive CzTA ITA-AITES, 7. s.
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SAFETY PRO

Technicky dozor stavebnika a inzenyrska cinnost
Geotechnika, geologie a hydrogeologie
Geotechnicky monitoring, pruzkumy a pasportizace
BOZP a pozarni ochrana
Projekcni ¢innost

Tesime se na budouci spolupraci.

WWW.SAFETYPRO.CZ
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SAGASTA s.r.o. je nezavisla inzenyrska konzulta¢ni firma. Profesni aktivita je zaméeé-
fena na rlzné stavebni inZzenyrské oblasti, zejména na obory dopravnich staveb,
zabyva se Uzemnim planovanim, projektovanim zeleznic¢niho svriku a spodku, silnic,
mostl, podzemnich staveb, pozemnich staveb, geodetickymi a geologickymi pra-
cemi. SAGASTA s.r.0. byla zalozena v roce 2015 jako samostatna kancelar se sidlem
v Praze. V roce 2018 otevrela prvni mimoprazskou kancelar v Brné, v roce 2021 pak
také v Ostrave, v Plzni a v Olomouci.

PRAHA . BRNO . OLOMOUC | OSTRAVA | PLZEN

Novodvorska 1010/14 | Hlinky 505/118 | Tylova 1136/4 | Kafkova 1486/5 | Sady 5. kvétna 300/28
142 OO Praha 4 i 60300Brno | 779 00 Olomouc i 702 OO0 Ostrava i 30100 Pizen

www.sagasta.cz






