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Mili citatelia,

kazdy na nasej nadhernej planéte sa snazi, aby jeho Zivot bol plnohodnotny, $tastny a slobodny. Tymto smerom sme
v uplynulych desatrociach v nasich zemepisnych Sirkach urobili velky pokrok a mozno prave preto si mnohi z nas velmi
citlivo uvedomuju restrikcie a obmedzenia, ktoré od marca 2020 zasahuji do nasho kazdodenného Zivota.

Rozmyslame o hodnotach, Zivotnych istotach, skiisenostiach a poznatkoch, ktoré su pre nas dolezité, formuju nas sveto-
ndzor a najmi interakciu s okolim — rodinou, priatelmi, spolupracovnikmi. Casopis Tunel vam za viac ako 28 rokov svojej
existencie prindsSa rozsiahle a najmé kvalitné informécie zo sveta podzemnych stavieb, a sme radi, Ze sa ndm napriek dtlmu
podarilo pripravit pre vés dalSie zaujimavé ¢islo. Vznika v obdobi postupného uvoliiovania opatreni spojenych s epidémiou
koronavirusu, pricom ale nikto z nas dnes netusi, aké budu okolnosti, ked toto ¢islo budete drzat v rukach.

Dovolte mi preto vyslovit Zelanie, aby ste v iom bez ohladu na to, ¢o sa deje okolo nas, nasli zaujimavé Citanie a najma
informacie, ktoré vam v danej chvili pom6zu vo viziach a rieSeniach toho, o sa nachadza na vaSom pracovnom alebo Studijnom stole.

Pripravu projektov ndm dnes predlZuju rastice poziadavky na environmentalnu neutralnost projektov — dlhotrvajiice procesy EIA, ku ktorym
prichadza mnozstvo ndmietok, a spracovanie samostatného posudenia vplyvu pripravovanych projektov na podzemné a povrchové vody v zmysle
smernice EU o vodéch. Jedno z moZnych rieSeni na eliminiciu vplyvu stavby na podzemné vody prindsa aj ¢lanok spolocnosti Minova Bohemia,
ktorej je toto ¢islo venované. Sihrnné informécie z vyskumu chemickych injektaZznych hmot su cenné pre kazdého projektanta ¢i technoléga, ktory
sa dnes zaoberd opatreniami na minimalizaciu pritokov vody do tunela ako pocas razenia, tak aj pocas prevadzky. VSade okolo nés sa objavuju
poziadavky na inovacie a nové technoldgie, preto po sérii informacii ohladne vyuzitia BIM v podzemnom stavitelstve prindSame ¢ldnok venujuci
sa umelej inteligencii a jej moZnostiach pri zefektivneni okamzitej interakcie s horninovym prostredim pocas realizcie stavieb. PrindSame vam
aj suhrnnu informdciu z razenia tunela Mezno na Zelezni¢nom koridore Sudomérice — Votice, kde sa ako jeden z najdoleZitejSich bodov ukazuje
korektn4 spoluprdca medzi objednavatelom a zhotovitelom pri akejkolvek stavbe, najmi viak takej, ktora je vo verejnom zdujme. Ako v Cechach,
tak na Slovensku sa nachddza mnozstvo Zelezni¢nych tunelov, ktoré si budu vyzadovat rekonstrukciu. InSpirdciu vam moze poskytnut ¢lanok o pla-
novanej rekonstrukcii $vajéiarskeho tunela Arosa s podmienkou zachovania prevadzky Zelezni¢nej trate pocas celého obdobia sanacie.

Na zaver mam este jedno Zelanie pre nds vSetkych, ktorych srdcia tl¢i pre podzemné stavitelstvo, aby sme ako spolocnost nasli dostatok vizie,
odvahy a finanénych zdrojov pre budovanie dopravnej, vodohospodarskej ¢i inej infrastruktiry. A tiez, aby jej sucastou boli tunely a podzemné
stavby, o ktorych vaim budeme moct na strankach nasho ¢asopisu nadalej prinasat zaujimavé informécie.

Podzemnému stavebnictvu Boh zdaru daj

Ing. VIKTORIA CHOMOVA,
¢lenka redakéni rady

Dear readers,

Everyone on our beautiful planet strives to make his life full, happy and free. From this aspect, we have made great advance in our latitudes in
the past decades and possibly just for this reason many of us become very sensitively aware of the restrictions and limitations which interfere with
our everyday lives from March 2020.

We think about values, life certainties, experience and new knowledge which are important for us, form our worldview and, first of all, our
interaction with the surroundings — the family, friends, workmates. During the 28 years of its existence, TUNEL journal has brought extensive and
mainly high quality information from the world of underground construction and we are happy that we managed to prepare another interesting issue
for you despite the slump. It originates in the period of gradual loosening of measures associated with the coronavirus epidemic, while none of us
does not know today what circumstances will exist when you will hold this issue in hand.

Allow me therefore to express my wish that you find in it, without respect to what happens around us, interesting reading and mainly information
which will at the moment help you with the visions and solutions to what lies on your work desk or study desk

The project preparation period is today being extended due to growing requirements for environmental neutrality of projects — long-term EIA
processes to which numerous objections are raised and processing of independent assessments of the impact of projects on underground and surface
water being prepared in the meaning of the EU directive on water. One of the possible solutions to elimination of the influence of a construction
on underground water is brought by the paper of the company of Minova Bohemia, to which this issue is dedicated. Summary information from
research into chemical grouting materials is valuable for each designer or technologist who today deals with measures for minimising water inflows
into a tunnel both during tunnel excavation and during tunnel operation. Requirements for innovations and new technologies emerge everywhere
around us; for that reason we bring, after the series of information regarding the use of the BIM in underground construction, a paper dealing
with artificial intelligence and its possibilities in increasing effectiveness of intermediate interaction with ground environment during construction
work. In addition, we bring summary information from the excavation of the Mezno tunnel on the Sudoméfice — Votice railway corridor, where
correct collaboration between the project owner and the contractor on any construction, but mainly such construction which is in the public interest,
turns out to be one of the most important points. Both in Czechia and Slovakia, there are many railway tunnels which will require reconstruction.
Inspiration can be provided by the paper on the planned reconstruction of the Arosa tunnel in Switzerland, to be carried out, without interruption to
train operation on the rail track, throughout the rehabilitation period.

To conclude, I have got one additional wish, for all of us the hearts of whom beat for underground construction, that we, as the society, find
sufficient vision, courage and financial sources for completion of the transport, water management or other infrastructures. And also for tunnels to
be their part, so that we can continue to bring interesting information for you on the pages of our journal.

God speed underground construction

Ing. VIKTORIA CHOMOVA,
Editorial Board Member
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VAZENI KOLEGOVE A CTENARI,

vzdy se citim poctén predstavit spole¢nost Minova Bohemia
s.r.o. prostiednictvim prestizniho ¢asopisu Tunel, a to pravé
v dobg, kdy na jedné strané letos oslavujeme 25 let od zaloZeni
nasi firmy a na strané druhé, kdy jsme vSichni vysileni vSeo-
becnym bojem s neviditelnym nepfitelem COVID-19. Kazdého
z nas se tento stav dotyka jinak, mame jinou uroven prozivani
a potykame se s riznymi dusledky, ale jisté si vSichni pfejeme
se co nejrychleji vratit do normalniho stavu a co nejrychleji za-
pomenout na uplynulé obdobi, jako by to byl jen Spatny sen
uplynulé noci.

Zde si dovolim malou paralelu v souvislosti s tunelovou vy-
stavbou v Ceské republice, kterd také dlouhou fadu let trpi ja-
kymsi virem nebo mozna vice viry, jejichZ ptisobenim a pfimym dusledkem
v podstaté doslo témér k zastaveni podzemni vystavby. Proto jsme vSichni
urcité privitali informaci v rdmci mezindrodni konference Podzemni stavby
Praha 2019 a také tohoto Casopisu, Ze se v Ceské republice v nasledujicich
letech pripravuji vyznamné tunelové stavby. VEfim tedy, Ze miiZeme srovnat
krok s kolegy napfiklad na Slovensku, kde tunelova vystavba v uplynulych
letech probihala a nadale probiha se zvysenou intenzitou a fada z nés pfrile-
zitost se podilet na téchto stavbach vyuzila.

Mezinarodni skupina Minova, ktera dnes ¢itd vice nez 25 zastoupeni po
celém svété, v uplynulém obdobi nezahdlela, a jak se muzete presvédcit
v prezentovanych prispévcich, technicky pokrok v technologiich, které jsou
pro Minovu celosvétove stézZejni, tedy kotveni, injektaze a nové také s tim
souvisejici monitoring, se nezastavil. Dovolim si podotknout a jsem tomu
rad, Ze jsme se také, v urité fazi vyvoje, jako zastupci pro Ceskou a Slo-
venskou republiku podileli na vyvoji prezentované technologie UniPass,
kterou povazujeme za velmi progresivni a vhodnou pro urcité podminky
v podzemi také u nés. Tyto nové technologie doplni nasi nabidku stavajicich
kotevnich technologii véetné chemickych materialti pro jejich stabilizaci
¢i samostatné injektaze s cilem zpevnit a utésnit horninové prostredi nebo
stavebni konstrukci tak, abychom zvysili efektivitu a bezpecnost pfi jeji
vystavbé a ndsledném provozovéni. Nadéle tedy budeme usilovat o profesi-
onalni partnerstvi s projek¢nimi, realizaénimi a dalSimi odbornymi spolec-
nostmi, abychom byli spolecné schopni fesit a vyfesit efektivné a bezpecné
problémy rtizného charakteru, na které je tunelové prostiedi bohaté. Tedy
feSeni problému v predstihu a v¢as, abychom minimalizovali riziko vzniku
mimofadnych udalosti pfed samotnym zahajenim tunelovych razeb. Tunel
je bezesporu sloZité a komplexni inZenyrské dilo, vyZadujici multioboro-
vé znalosti a urcitou erudici vSech zicastnénych, kterou se snazime jako
spole¢nost Minova Bohemia s.r.o. dlouhodobé nabizet ve vySe uvedenych
technologiich, které do moderni tunelové vystavby ¢i sanaci stavajicich tu-
nelovych konstrukci neodmyslitelné patfi.

Nasim cilem trvale zastdva byt pro naSe partnery dodavatelem spoleh-
livych, provéfenych materidl a technologii, podpofenych kvalitnim tech-
nickym zazemim, mimo jiné v oboru podzemni vystavby. Pozadavky na
technicky navrh feSeni nebo pomoc pri realizaci specialnich praci v oblasti
kotveni a injektovani zastdvaji ze strany naSich partnert velmi Casté.

Diky stdlému sledovani trendt, inovacim a blizkému kontaktu s realizo-
vanymi stavbami jsme v nasi snaze Uspés$ni a jsem osobné piesvédcen, Ze
budeme tspésni i nadale. Potvrzenim této skuteCnosti je stily zajem a pii-
zen lokalnich spolecnosti a rovnéz spolecnosti ze zahranici.

K rozvoji informovanosti o novych materidlech a technologiich pfispiva
spole¢nost Minova Bohemia s.r.o0. spolupotfadanim kazdoro¢niho tradi¢niho
mezinarodniho seminare ,,Zpeviiovani, tésnéni a kotveni horninového ma-
sivu a stavebnich konstrukci, na kterém se spolupodilime s VSB-Technic-
kou univerzitou v Ostravé, katedrou geotechniky a podzemniho stavitelstvi
pri Stavebni fakulté. Tento seminai probiha pod patronaci Ceské tunelaiské
asociace, predsedy Ceského batiského tfadu a Ceské komory autorizova-
nych inZenyrd. V ramci programu semindfe jsou prezentovany mimo jiné
technologické novinky, zajimava technick4 feSeni a referen¢ni stavby z CR
i ze zahranici z oblasti hornictvi, geotechniky, podzemniho stavitelstvi a vo-
dohospodarskych staveb. Jubilejni 25. ro¢nik seminare se uskutecnil v ter-
minu 5.-6. 3. 2020, jeho program v piedchozim vydéni tohoto ¢asopisu
vystizné popsala pani docentka Ing. Eva HrubeSova, Ph.D.

Veéfim, ze i v dal$sim obdobi budeme moci vyuZzit své profesni schopnosti
v kombinaci s kvalitnim produktovym portfoliem a sluZbami,
abychom byli pro vas stale zadanym partnerem, schopnym
spolu s vami Celit vyzvam, které prostfedi podzemi piinasi.

Zavérem chci poprat vsem ¢tenaitim ¢asopisu Tunel a vSem
¢lentim CzTA a STA pevné zdravi a mnoho zajimavych tune-
lovych staveb, a také podékovat redakcni radé
Casopisu Tunel za dlouhodobou spoluprici,
ktera je funk¢ni i v této mimotadné dobé.

/!

Ing. PETR KUCERA,

Jjednatel spolecnosti Minova Bohemia s.r.o.
Executive Director of Minova Bohemia s.r.o.
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DEAR COLLEAGUES AND READERS,

I am always honoured to present company Minova
Bohemia s.r.o. in prestigious magazine Tunnel and especially
in times when we celebrate 25" anniversary of the company
establishing on one side and when we are all exhausted by general
fight with invisible enemy COVID-19 on the other side. Each of
us is affected by this situation differently, we have different level
of experience and we face different consequences, but surely we
all want to return to normal state as soon as possible and forget
about the past as quickly as possible, as if it was just a bad dream
of last night.

Here I will allow myself a small parallel in relation to tunnel
constructions in the Czech Republic, which has also been
suffering from a virus or perhaps more viruses for many years, while its effects
and direct consequences have almost stopped underground constructions.
Therefore, we all certainly welcomed the information received during the
international conference Underground Structures Prague 2019 and also in this
magazine that significant tunnel constructions are being prepared in the Czech
Republic in the coming years. Thus I believe that we can catch up pace with
colleagues, for example in Slovakia, where tunnel constructions have taken
place in recent years and continues to take place with increased intensity, and
many of us have taken the opportunity to participate in these constructions.

Minova being global company having today more than 25 offices around the
world, has not been idle in the past period and as you can see in the presented
articles, technical progress in technologies that are crucial for Minova
worldwide, ie anchoring, grouting and newly also monitoring, did not stop.
I would like to point out and I am glad that at a certain stage of development,
as representatives for the Czech and Slovak Republics, we also participated
in the development of the presented UniPass technology, which we consider
to be very progressive and suitable for certain underground conditions also in
our country. These new technologies will complement our range of existing
bolting technologies, including chemical materials for their stabilization or
separate grouting in order to strengthen and seal the rock environment or
building structures so as to increase efficiency and safety in its construction
and subsequent operation. Therefore, we will continue to strive for professional
partnerships with designers, contractors and other professional companies,
that we can together solve and resolve effectively and safely problems of
various kind, which are often in the tunnel environment. That means solving
problems in advance and in timely manner to minimize the risk of emergencies
prior actual start of tunnelling works. Tunnel is undoubtedly a complex and
challenging engineering work, requiring multidisciplinary knowledge and
a certain erudition of all participants, which we strive to offer for long period
as the company Minova Bohemia s.r.o. in the above-mentioned technologies,
inseparably belonging to modern tunnel construction or rehabilitation of
existing tunnel structures.

Our goal remains to be for our partners supplier of reliable, proven materials
and technologies, supported by quality technical background, not only in
the field of underground construction. Requirements for technical design of
solutions or assistance in the implementation of special works in anchoring
and grouting remain very common by our partners.

Thanks to constant monitoring of trends, innovations and close contact with
executed constructions we are successful in our efforts and I am personally
convinced that we will continue to be successful. Confirmation of this fact is
the constant interest and favour of local companies as well as companies from
abroad.

Minova Bohemia s.r.o. contributes to the development of awareness of
new materials and technologies by co-organization of the annual traditional
international seminar “Reinforcement, Sealing and Bolting of the Rock
Mass and Engineering Construction”, on which we participate with VSB-
Technical University in Ostrava, Department of Geotechnics and Underground
Engineering of the Faculty of Civil Engineering. This colloquium takes place
under the auspices of the Czech Tunneling Association, the Chairman of the
Czech Mining Authority and the Czech Chamber of Authorized Engineers.
The seminar programme presents, among other things, technological
innovations, interesting technical solutions and reference structures from the
Czech Republic and abroad in the fields of mining, geotechnics, underground
construction and water infrastructure constructions. The jubilee 25" year of the
seminar took place from 5% to 6™ March 2020, and its programme was aptly
described by Associate Professor Ing. Eva HrubeSové, Ph.D. in the previous

issue of this magazine.

I believe that we will be able to use our professional skills in
combination with a quality product portfolio and services in the
upcoming period, so that we are always for you a sought-after
partner able to face together the challenges that the underground

environment brings.

Last but not least I would like to wish all
readers of Tunnel magazine and all members
of CzTA and STA good health and many
interesting tunnel constructions, and also thank
the editorial board of Tunnel magazine for their
long-term cooperation, which is functional even
in this extraordinary time.
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TuNel

DLOUHOLETE POZNATKY Z VYZKUMU A APLIKACE CHEMICKYCH
INJEKCNICH HMOT V PODZEMNIM STAVITELSTVI
LONGTERM FINDINGS FROM RESEARCH AND APPLICATION
OF CHEMICAL INJECTION MATERIALS IN UNDERGROUND
CONSTRUCTION

PETR KUCERA, ADAM JANICEK, MIROSLAV FRANTES

ABSTRAKT

Chemické materidly pro zpeviiovdni, tésnéni, kotveni horninového masivu a stavebnich konstrukct a jejich uZiti se staly jiz nedilnou soucdsti
Vv procesu strategie, pripravy, projektovdni a realizace podzemnich dél véetné tunelii. A jsou jiZ fadu let hojné vyuZivdany tam, kde predevsim
zhorSené geologické podminky a jiné podstané vlivy vyZaduji vécné a bezpecné reSeni technicky adekvdtnimi prostredky. Cldnek seznamuje
s praktickymi poznatky a specificnosti laboratornich méveni u nékterych vybranych chemickych hmot z nabidky skupiny Minova.

ABSTRACT

Chemical materials for strengthening, sealing, anchoring of rock mass and building structures and their usage became an integral part
of the process of strategy, preparation, design and implementation of underground works including tunnels. They have been widely used
for many years where deteriorating geological conditions and other significant influences require a factual and safe solution by technically
adequate means. The article introduces the practical knowledge and specifics of laboratory measurements of some selected chemicals from

the Minova Group portfolio.

uvob

Chemické injek¢ni materidly se staly soucasti bézZného vyuZzivani
jak v hornictvi, tak i v podzemnim a pozemnim stavitelstvi. V této
souvislosti jsou stanoveny poZadavky na cilové parametry téchto in-
jekénich hmot pro podklady navrhovani a kontroly injekénich pra-
ci — jedna se o znalosti jednotlivych vlastnosti a chovani injek¢nich
hmot jak v procesu injektaze, tak i po vytvrzeni. Laboratorni me-
tody zkouSeni chemickych injekénich smési jsou nadéle rozvijeny
a vzhledem k rozdilnosti vlastnosti jednotlivych zkousenych hmot
jsou velmi riznorodé a je k nim nutno pristupovat individudlné. Zjis-
tované vlastnosti, které maji rozhodujici vliv pro vlastni proces in-
jektaze, popt. jejich vysledek, 1ze rozdélit do nekolika skupin:

» méfeni viskozity injek¢nich hmot;

» méfeni fyzikdlné-mechanickych vlastnosti injek¢nich hmot;

e laboratorni vyzkum injekénich procesu a zjistovani vlastnosti
injektovanych hornin a zemin;
laboratorni vyzkum injek¢nich procest a zjistovani adheznich
vlastnosti injekénich hmot k hornindm skalniho typu (zpeviiu-
jici a tésnici injektaze diskontinuit v horninovém masivu).

S ohledem na Cetnost a rozsah pouZiti byli pro vyzkum a labo-
ratorni zkousky vybrani zastupci dvou nejcastéji pouzivanych typt
injek¢nich materialil — polyuretanovych pryskyfic (CarboPur WF,
CarboPur WFA, CarboPur WT, Bevedan-Bevedol) a organicko-mi-
neralnich pryskyfic (Geoflex).

VISKOZITA INJEKCNICH MEDIi

Dynamicka viskozita chemickych injekénich hmot je jednou
z rozhodujicich vlastnosti z hlediska pribéhu a dosahu injektaze.
U dvouslozkovych chemickych médii, napf. na bazi polyuretano-
vych pryskyfic, hraje vyznamnou roli viskozita jednotlivych slo-
Zek a jeji rozdily, které mohou ovlivnit sloZeni, a tim i vlastnosti
vysledného média. Ve spoluprici s Ustavem geoniky Akademie
véd CR bylo vybrano n&kolik Siroce pouZivanych dvouslozkovych
injek¢nich systému pro laboratorni zkousky viskozity v zavislosti

INTRODUCTION

Chemical injection materials have become part of the common
use both in mining and in underground and building construction.
In this context, the requirements for the target parameters of these
injection materials are set for the basis of design and control of
grouting process — it is about the knowledge of individual properties
and behaviour of injection materials both in the application process
and after curing. Laboratory methods for testing chemical injection
mixtures are still being developed and, due to the differences in the
properties of the individual test materials, they are very diverse and
must be approached individually. Measured properties that have a
decisive influence on the grouting process itself, or their result can
be divided into several groups:

* measuring the viscosity of injection materials;

* measurement of physical-mechanical properties of injection

materials;

* laboratory research of injection processes and determination of
properties of injected rocks and soils;

* laboratory research of grouting processes and determination of
adhesion properties of injection materials to rock-type rocks
(consolidation and sealing grouting of discontinuities in the rock
massif).

With respect to the frequency and scope of use, representatives
of the two most commonly used types of injection materials —
polyurethane resins (CarboPur WF, CarboPur WFA, CarboPur WT,
Bevedan-Bevedol) and silicate resins (Geoflex) were selected for
research and laboratory testing.

VISCOSITY OF INJECTION MEDIA

The dynamic viscosity of chemical injection materials is one of
the decisive properties in terms of the course and scope of grouting
process. In the case of two-component chemical media, e.g. based
on polyurethane resins, the viscosity of the individual components
and its differences play an important role, which can affect the
composition and thus the properties of the resulting medium.
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Obr. 1 Rozdily viskozit jednotlivych komponent v injekcnich systémech CarboPur
Fig. 1 Differences in viscosities of individual components of CarboPur injection systems

22

na teploté a na stafi hmot. Viskozita jednotlivych komponent byla
méfena rotacnim viskozimetrem COLE-PARMER, ktery méfi
viskozitu pomoci disku ponofeného do méfené kapaliny, na zakla-
dé odecitani kroutictho momentu pfi konstantni rychlosti rotace.
Vliv teploty byl sledovan v rozmezi minus 7 az plus 45 °C, vliv
stafi komponent byl zjiStovan opakovanym méfenim v rozmezi
12 mésict. Pfi prekroceni rozdilt viskozit o cca 300 mPa.s doché-
zelo pri pouziti laboratorniho Cerpadla k takovym rozdilim v Cer-
pani obou slozZek, Ze mély nepfiznivy vliv na vlastnosti vysledné
injek¢ni hmoty. U vykonnéjSich provoznich axidlnich pistovych
Cerpadel lze za pfipustny rozdil viskozit obou sloZzek povaZovat
hodnotu 500-700 mPa.s. Vysledky méfeni jsou uvedeny na obr. 1,
ktery zndzorfiuje piimo rozdily viskozit odpovidajicich slozek
zkoumanych systémil. Z databdze namérenych hodnot jednotlivych
komponent u injekénich systémt CarboPur WE, WFA a WT byla
pro snadné a rychlé urceni pfiblizné viskozity pro danou teplotu
stanovena regresni rovnice typu:

V=e @&+B/(-C)

kde V je viskozita
A, B, C jsou jednotlivé parametry, které charakterizuji
tvar dané kiivky pro urcitou slozku injekéniho

systému (--),
t je dana teplota ..........
Tato exponencidlni rovnice uspokojivé popisuje kiivky proloze-
né naméfenymi hodnotami viskozit v intervalu 0—40 °C (obr. 2),
napf. pro hmotu Bevedan jsou jednotlivé parametry A, B a C vyse

uvedené regresni rovnice nasledujici:

A=0,65111B=341,81C=-45,79.

In cooperation with the Institute of Geonics of the Academy of
Sciences of the Czech Republic, several widely used two-component
injection systems for laboratory tests of viscosity depending on
temperature and age of materials were selected. The viscosity of
the individual components was measured with a COLE-PARMER
rotary viscometer, which measures the viscosity using a disk
immersed in the liquid to be measured, based on a reading of the
torque at a constant rotational speed. The effect of temperature was
monitored in the range of minus 7 to 45°C, the effect of the age of
the components was determined by repeated measurements in the
range of 12 months. When the viscosity differences were exceeded
by approx. 300mPa.s, there were such differences in the pumping of
both components using laboratory pump that an adverse effect on the
properties of the resulting injection mixture was observed. For more
powerful operating axial piston pumps, a value of 500-700mPa.s
can be considered as a permissible difference in the viscosities of
the two components. The results of the measurements are shown
in Fig. 1, which directly shows the differences in viscosities of the
corresponding components of the investigated systems. From the
database of measured values of individual components for CarboPur
WE, WFA and WT injection systems, a regression equation of the
following type was determined for easy and fast determination of the
approximate viscosity for a given temperature:

— /(t-C
V=g A+B/G-C)
where V is viscosity (mPa.s),

A, B, C are individual parameters characterising
shape of given curve for exact component

of injection system

t is given temperature

(),
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Obr. 2 Vliv teploty na viskozitu slozky CarboPur, sl. B
Fig. 2 Influence of temperature on the viscosity of the CarboPur component,
comp. B

Ze ziskanych poznatki 1ze vyvodit nékteré praktické zavéry:

 rozdily viskozity obou sloZek obecné rostou s klesajici teplo-
tou;

* vSechny zkousené hmoty jsou pouZzitelné v rozmezi teplot 25—
40 °C;

e jako nejstalejsi se jevi systémy CarboPur WF, CarboPur WFA,
které 1ze bézné aplikovat v rozmezi 540 °C, vSechny systémy
Bevedan-Bevedol v rozmezi 1540 °C;

¢ doba skladovani zvétSuje rozdily mezi viskozitou obou kom-
ponent;

¢ 7 hlediska starnuti komponent vykazuje nejvyssi stabilitu fada
CarboPur, kterou bylo mozno pouZit i po 12 mésicich, limituji-
ci slozkou z hlediska starnuti je vZdy polyizokyanatova slozka.

MERENI FYZIKALNE-MECHANICKYCH VLASTNOSTI
VYTVRZENYCH INJEKCNICH HMOT

Pro zkouSky pevnosti v tlaku se zpravidla nalévd promichand
smés do véleckovych forem. Vytvrzené vzorky se po tpravé Cel-
nich ploch pfimo podrobuji zkouskdm pod lisem nebo v triaxidlu.
Pro zkousky pevnosti v tahu se promichana smés naléva do deskové
formy a po vytvrzeni se vyfeZou trimecky poZadovanych rozméru.
Pro pfipravu tvarovanych trameckut (obr. 3) pro zkousky v prostém
tahu se s vyhodou vyuziva fezani vysokotlakym paprskem. Zvlast-
ni reZim je aplikovan pfi pfipravé vzorkl napénujicich injek¢nich
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Obr. 3 Tvar zkuSebniho téliska pro zkousku pevnosti v tahu
Fig. 3 Shape of test piece for tensile test

This exponential equation satisfactorily describes the curves
interpolated through the measured values of viscosities in the range
0—-40°C (Fig. 2), e.g. for the Bevedan resin the individual parameters
A, B and C of the above regression equation are as follows:

A=0,65111B=341,81C=-45,79.

From acquired findings some practical conclusions can be drawn:

« differences in viscosity of both components generally increase
with decreasing temperature;

« all tested materials are usable in the temperature range 25-40°C;

e CarboPur WF, CarboPur WFA systems appear to be the most
stable, while can be be applied in the range of 5—40°C, all
Bevedan-Bevedol systems in the range of 15-40°C;

* storage time increases the differences between the viscosities of
the two components;

* in terms of component aging, the CarboPur product range shows
the highest stability, while these could be used even after 12
months, the limiting component in terms of aging is always the
polyisocyanate component.

MEASUREMENT OF PHYSICO-MECHANICAL PROPERTIES
OF HARDENED INJECTION MATERIALS

For compressive strength tests, the mixed mixture is usually poured
into roller moulds. After treatment of the end faces, the cured samples
are directly subjected to tests under a press or in a triaxial. For tensile
tests, the mixed mixture is poured into a plate mould and, after curing,
beams of the required dimensions are cut. For the preparation of
shaped beams (Fig. 3) for simple tensile tests, high-pressure jet cutting
is preferably used. A special regime is applied in the preparation of
samples of foaming injection materials representing a significant part
of the injection media used in practice. Closed pressure moulds are
used to monitor the effect of the foaming factor on the properties of
the resulting material. The volume of medium introduced into the
mould determines the foaming factor of the sample. This is expressed
by the foaming coefficient, which is the ratio of the bulk density of
the cured non-foamed mass to the bulk density of the cured foamed
sample.

From the results of changes detection in the physical-mechanical
properties depending on the foaming factor of the injection mass
furthermore results obtained from the uniaxial compressive strength
tests are given below. In this test, the compressive strength, modulus
of elasticity and the resulting deformation diagrams were evaluated.
CarboPur WF and WFA injection systems were subjected to these
tests. The results of the CarboPur WF injection system measurements
are presented in more detail below, but it can be stated that the results
and behaviour of the above injection systems are similar.

From the deformation diagrams, as shown in Fig. 4, it was possible
to unambiguously determine the compressive strength of non-foamed
samples and samples with a lower foaming factor (knap = 1,0-1,5),
which in the first phase have the character of a deformation curve of
brittle materials, however, with much greater longitudinal deformation
and in this phase of the deformation diagram it is possible to read well
the maximum force and thus the load capacity (usually up to about
Smm of longitudinal deformation). In the next phase of the deformation
diagram it can be seen that these materials achieve high residual
strength with plastic deformation with nonlinear strengthening.

At higher foaming factors (kmp =1,5-3,0), the deformation curves
have the character of elastically plastic with non-linear strengthening,
this strengthening decreases with increasing foaming factor. The
maximum force for the calculation of compressive strength was
determined from the deformation curves at values of longitudinal
deformation of about 10% and 50%, which are extremely large
relative deformations.

The modulus of elasticity was determined from the initial linear part
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hmot, které predstavuji zna¢nou Cast v praxi pouZivanych injekc-
nich médii. Pro sledovani vlivu stupné napénéni na vlastnosti vy-
sledného materidlu se pouziva uzavirenych tlakovych forem. Objem
média vpraveny do formy urcuje stupen napénéni vzorku. Ten se
vyjadiuje koeficientem napénéni, coZ je pomér objemové hmotnos-
ti vytvrzené nenapénéné hmoty k objemové hmotnosti vytvrzeného
napénéného vzorku.

Z vysledku zjistovani zmén fyzikalné-mechanickych vlastnosti
v zavislosti na stupni napénéni injekcni hmoty jsou déle uvedeny
vysledky ziskané ze zkouSek pevnosti v jednoosém tlaku. U této
zkousky byly hodnoceny pevnost v tlaku, modul pruznosti a vy-
sledné pretvarné diagramy. Témto zkouskam byly podrobeny napf.
injek¢ni systémy typu CarboPur WF a WFA. Podrobnéji jsou déle
uvedeny vysledky z méteni injekéniho systému CarboPur WF, 1ze
vsak konstatovat, Ze zjisténé vysledky a chovéani vyse uvedenych
injek¢nich systému jsou podobné.

Z pretvarnych diagramd, jak je patrné na obr. 4, bylo mozné jed-
noznacné stanovit pevnost v tlaku u nenapénénych vzorkt a vzorkt
s niz§im stupném napénéni (kmp = 1,0-1,5), které maji v prvni fazi
charakter deformacni kiivky kiehkych materialti, ovSem pii daleko
vétsi podélné deformaci a 1ze z nich v této fazi pretvarného diagra-
mu dobre odecist maximalni silu a tedy i inosnost (zpravidla cca
do 5 mm podélné deformace), v dalsi fazi pretvarného diagramu je
vidét, Ze tyto materidly dosahuji velké rezidualni pevnosti s plastic-
kym pretvarenim s nelinedrnim zpevnénim.

U vyssich stupni napénéni (kmp = 1,5-3,0) maji deformacni
krivky charakter pruzné plasticky s nelinedrnim zpevnénim, toto
zpevnéni klesa s rostoucim stupném napénéni. Maximalni sila pro
vypocet pevnosti v tlaku byla stanovena z deformacnich kiivek pfi
hodnotach podélné deformace cca 10 % a 50 %, coz jsou extrémné
velké pomérné deformace.

Moduly pruznosti byly stanoveny z pocatecni pfimkové Casti
pretvarnych charakteristik pfi podélném pretvoreni max. do 3 mm.
Vysledky uvedenych zkousek jsou zndzornény na obr. 5. Vysledny
tvar zkusSebnich télisek po 50 % podélného pretvoreni byl soudko-
vy, bez viditelného poruseni kiehkého typu (praskliny, trhliny), byl
pouze plasticky deformovan (obr. 6).

Na obr. 5 lze vidét srovnani vysledkd pevnosti v tahu a tla-
ku injek¢ni hmoty CarboPur WF. Pevnosti v tahu u nenapénéné
a méné napénéné pryskyfice CarboPur WF cca do koeficientu

Obr. 6 Zkusebni téliska po zkousSce v prostém tlaku pri pomérné axidlni de-
formaci 10 % a 50 %, injekcéni hmota CarboPur WE, koeficient napénéni 1,0
Fig. 6 Test specimens after simple pressure test at relative axial deformation of
10% and 50%, CarboPur WF injection compound, foaming factor 1.0

of the deformation characteristics with a longitudinal deformation of
up to 3mm. The results of these tests are shown in Fig. 5. The resulting
shape of the test specimens after 50% longitudinal deformation was
barrel, without visible failure of the brittle type (cracks, fissures), it
was only plastically deformed (Fig. 6).

Figure 5 shows a comparison of the tensile and compressive
strength results of CarboPur WF. The tensile strengths of non-foamed
and less foamed CarboPur WF resin up to a foaming coefficient of
1,5 are approximately in the range of about 65-50% compared to
the compressive strength at a longitudinal deformation of 50mm, at
higher foaming factors of CarboPur WF resin (foaming coefficient
approx. 3) the tensile strength also reaches relatively high values
in comparison with the compressive strength at a longitudinal
deformation of 50mm. From a practical point of view, it should be
added that polyurethane resins have the ability to significantly foam,
however, experience from grouting shows that injectable resins
in injected rocks and soils are able, depending on the type of rock,
respectively soil and its settlement conditions, to foam in the range
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Obr. 7 Schéma injekcni zkousky v tlakové nddobé
Fig. 7 Scheme of injection test in pressure vessel
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Obr. 8 Dlouhd injekcni nddoba s moZnosti méreni tlaku uvniti nddoby

Fig. 8 Long injection vessel with the possibility of measuring the pressure inside the vessel

napénéni 1,5 se pohybuji zhruba v rozmezi cca 65-50 % ve srovna-
ni s pevnosti v tlaku pfi podélné deformaci 50 mm, u vyssich stup-
na napénéni pryskyfice CarboPur WF (koeficient napénéni cca 3)
dosahuje tahova pevnost také relativné vysokych hodnot ve srovna-
ni s pevnosti v tlaku pfi podélné deformaci 50 mm. Z praktického
hlediska je nutno dodat, Ze polyuretanové pryskyfice maji schop-
nost vyrazn¢ napénovat, nicméné zkusenosti z provadéni injekta-
7i ukazuji, Ze injek¢ni pryskyfice v proinjektovanych horninich
a zeminach jsou schopny podle typu horniny, resp. zeminy a jejich
dloznych podminek, napénovat v rozmezi koeficientu napénéni
1,5-3,0, proto pro posouzeni vhodnosti téchto polyuretanovych
pryskyfic jsou rozhodujici vlastnosti v tomto intervalu koeficientu
napénéni.

Z vysledkt méfeni jak u tlakovych, tak u tahovych zkouSek
(obr. 5) je patrné, Ze k nejvétsimu sniZzeni mechanickych vlastnosti
dochézi do koeficientu napénéni cca 2,0, dalsi zvySovani koefici-
entu napénéni zpusobuje relativné mensi snizovani namétrenych
hodnot. Chovani materidlu pfi velkych deformacich a hodnoty re-
zidudlni pevnosti jsou relativné méné zavislé na stupni napénéni.
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of the foaming coefficient 1,5-3,0, therefore
the properties in this interval of the foaming
coefficient are decisive for the assessment of
the suitability of these polyurethane resins.

From the measurement results in both
pressure and tensile tests (Fig. 5) it is evident
that the largest decrease in mechanical pro-
perties occurs up to a foaming coefficient of
about 2,0, further increase of the foaming
coefficient causes a relatively smaller decrease
in measured values. The behaviour of the
material at large deformations and the residual
strength values are relatively less dependent on
the foaming factor.

LABORATORY RESEARCH

OF GROUTING PROCESSES

AND DETERMINATION OF PROPERTIES
OF INJECTED ROCKS AND SOILS

Laboratory research on grouting processes
includes two areas of testing. For soils or in
the case of severely disturbed rocks, tests are
carried out in pressure vessels filled with rock
material into which the relevant medium is
injected. In the second group, for rocks, grouting tests of individual
cracks are performed, usually artificially created in the rock sample.
Samples of injected rocks and soils are further used after hardening to
determine the physical and mechanical properties.

In the research of grouting processes of porous soils and broken
rocks in pressure vessels filled with rock material, into which the
respective medium is injected, the parameters of the medium pressure
at the pump and in the vessel, the volume of the injected mass and
its spread in the rock are monitored. A diagram of the equipment for
these tests is shown in Fig. 7. The pressure vessels for these tests have
different shapes and dimensions. Thick-walled pipes with an inner
diameter of 145mm and a length of 2m with regularly distributed
pressure sensors are used to monitor the grouting process (Fig. 8).
Pressure vessels for grouting tests are generally detachable, so that the
entire grouted body can be removed and used to shape test specimens
for testing the physical and mechanical properties of the formed
geocomposites. The result of the measurement of the injection
pressure in the experiment with the grouting of the polyurethane resin
CarboPur WF into the environment of crushed carbonic shales in a
closed pressure vessel is shown in Fig. 9.

2,5

Fig. 9 shows the increase in pressure during
and after the grouting (the end of the grouting

represents the marked point on the curve
- shown). The simple compressive strength of the

konec injektaze
end of grouting

tlak v inj. nadobé [MPa]
pressure inside vessel [MPa]

geocomposite thus prepared was in the range of
1,8-4,0MPa (Fig. 10). Tests of geocomposite
samples in uniaxial pressure showed that the
nature of the deformation curves allows the
tested materials to be divided into several
groups according to the nature of deformation,
which is related to the original rock material,
type of injection medium and sample texture.
All  groups with different compressive
strengths are characterized by a high value of
deformation beyond the failure limit and high

0 5 10 15 20
¢as [min]
time [min]

% %0 values of residual strength. Figures 10 and 11

show the characteristic deformation curves
of the uniaxial compressive strength tests of

Obr. 9 Prubéh tlaku v injektované tlakové nddobé
Fig. 9 Pressure profile inside the injected pressure vessel

geocomposites. Fig. 10 represents a highly
plastic geocomposite formed by fragmented



29. rocnik - €. 3/2020

F[kN]
6.0 ~
454
F oo 44 kN
30 _‘ F oo 4.4kN
plocha vzorku 2411 mm?
J sample area 2,411mm?
pevnost v tlaku 1,8 MPa
compressive strength 1.8MPa
E modul 83,0 MPa
1.5+ E-modulus 83.0MPa
0.0 - " T T e T T 1
0 3 6 9 12
L[mm]

FIKN]
901

\

" 83,6 kN
o 83.6kN
plocha vzorku 1706 mm?
sample area 1,706mm?
pevnost v tlaku 49 MPa
compressive strength 49MPa
E modul 3195 MPa
E-modulus 3,195MPa
T — T T 1
2 3 4
L[mm]

Obr. 10 Zdznam zkousky pevnosti v jednoosém tlaku — injek¢ni hmota Carbo-
Pur WF / bridlice
Fig. 10 Uniaxial Compression Test Record — CarboPur WF / Slate Injection

LABORATORNI VYZKUM INJEKCNICH PROCESU
A ZJISTOVANI VLASTNOSTI INJEKTOVANYCH HORNIN
A ZEMIN

Laboratorni vyzkum procest injektdZe zahrnuje dvé oblasti zkou-
Sek. U zemin, pfip. u silné porusenych hornin, se provadéji zkous-
ky v tlakovych nadobéch, naplnénych horninovym materidlem, do
nichz je injektovano piislu§né médium. Ve druhé skupiné, u skalnich
hornin, se provadéji zkousky injektdZe jednotlivych trhlin, zpravi-
dla uméle vytvorenych v horninovém vzorku. Vzorky injektovanych
hornin a zemin jsou po vytvrzeni dale vyuZzivany pro zjistovani fyzi-
kalné-mechanickych vlastnosti.

Pii vyzkumu injek¢nich procesti poérovitych zemin a porusenych
hornin v tlakovych niddobdch, naplnénych horninovym materidlem,
do nichZ je injektovano pfislusné médium, jsou sledovany parametry
tlaku média u Cerpadla a v nadob€, objem injektované hmoty a jeji
Siteni v horniné. Schéma zafizeni pro tyto zkousky je uvedeno na
obr. 7. Tlakové nadoby pro tyto zkousky maji rizny tvar a rozmeé-
ry. Pro sledovani postupu injektdZe se pouZivaji silnosténné trubky
o vnitinim priméru 145 mm a délce 2 m s pravideln€ rozmisténymi
tlakovymi Cidly (obr. 8). Tlakové nadoby pro zkousky injektaze jsou
zpravidla rozebiratelné, takze celé injektované téleso 1ze vyjmout
a pouZit pro tvarovani zkuSebnich vzorkll pro zkousky fyzikalnich
a mechanickych vlastnosti vytvofenych geokompozitii. Vysledek
méfeni injek¢niho tlaku pfi pokusu s injektaZi polyuretanové prys-
kyrice CarboPur WF do prostiedi rozdrcenych karbonskych bridlic
v uzaviené tlakové nadobé je uveden na obr. 9.

Na obr. 9 Ize sledovat nartst tlaku béhem a po skonceni injek-
taZe (konec injektdZe predstavuje oznaceny bod na zndzornéné
kiivce). Pevnost v prostém tlaku takto piipraveného geokompozitu
byla v rozmezi 1,8—4,0 MPa (obr. 10). Zkousky vzorkti geokompo-
zitl v jednoosém tlaku ukézaly, Ze charakter deformacnich kfivek
umoziuje rozdélit zkouSené materidly do nékolika skupin podle
charakteru deformace, coZ souvisi s pivodnim horninovym materi-
alem, druhem injek¢éniho média a texturou vzorku. VSechny skupiny
s rozdilnou pevnosti v tlaku se pfitom vyznacuji vysokym stupném
pretvarnosti za mezi poruSeni a vysokymi hodnotami rezidudlni
pevnosti. Na obr. 10 a 11 jsou uvedeny charakteristické deformacni
kiivky zkouSek pevnosti geokompoziti v jednoosém tlaku. Obr. 10

Obr. 11 Zdznam zkouSky pevnosti v jednoosém tlaku — injek¢ni hmota Beve-
dan-Bevedol / uhli

Fig. 11 Recording of the uniaxial compressive strength test — Bevedan-Bevedol
injection material / coal

carbonic shales strengthened by grouting of CarboPur WF, Fig. 11
shows a significantly stronger but brittle material formed by grouting
of fragmentary carbonaceous carbon with Bevedan-Bevedol
polyurethane resin.

In the case of hard rocks, discontinuities represent decisive
influence of the stress and deformation processes in the massif and
affect the stability and permeability of the rock massif with respect
to liquids and gases. By applying the injection medium, it is possible
to significantly influence the properties of discontinuities, and thus
change their mechanical properties and reduce the permeability
of the rock mass. In the area of hard rock grouting, where it is
possible to spread the injection medium mainly along the areas of
discontinuities (ie along to cracks, layered areas), or caverns, it is

mechanicky obturator
mechanical packer

diskontinuita
discontinuity

Obr. 12 Priprava zkuSebnich téles s definovanym rozevienim trhliny
Fig. 12 Preparation of test specimens with defined crack opening
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reprezentuje vysoce plasticky geokompozit tvoreny tlomkovitymi
karbonskymi bfidlicemi, zpevnénymi injektazi hmotou CarboPur
WE, obr. 11 ukazuje vyrazn¢ pevnéjsi, ale kiehky material, ktery
vznikl injektazi ulomkovitého karbonského uhli polyuretanovou
pryskyfici Bevedan-Bevedol.

U skalnich hornin jsou to pravé diskontinuity, které rozhodujicim
zpusobem ovliviiuji napétové a deformacni déje v masivu a ovliviuji
stabilitu a propustnost horninového masivu vzhledem ke kapalinam
a plynim. Aplikaci injek¢niho média 1ze vyrazné ovlivnit vlastnosti
diskontinuit, a tim zménit jejich mechanické vlastnosti a sniZit pro-
pustnost horninového masivu. V oblasti injektovani hornin skalniho
typu, kde je mozné Sifeni injek¢éniho média predevsim podle ploch
diskontinuit (tj. podle trhlin, vrstevnich ploch), popt. kaveren, je po-
tfeba znat pro zhodnoceni vyslednych ucinku stabiliza¢nich injektazi
mechanické vlastnosti proinjektovanych trhlin v horninovém masivu.
Pro srovnani a posouzeni takto vzniklych geokompoziti, které jsou
tvoreny systémy ,.hornina + diskontinuita vyplnénd injek¢éni hmo-
tou + hornina‘, jsou rozhodujici adhezni vlastnosti injekénich médii
k hornindm pfi tahovém nebo stfihovém namahani, proto je nutny
jiny vybér zkusebnich metod nez u geokompozitl, které vzniknou
proinjektovanim zemin a nesoudrznych hornin, kde je moZné pro
stanoveni pevnostnich a pfetvarnych parametri s pomérné dobrymi
vysledky vyuzivat zkouSky v jednoosém tlaku (jak jiz bylo uvedeno
vyse).

U zpeviiujicich injek¢énich hmot injektovanych do diskontinuitni-
ho prostiedi se zjiStuje piidrZznost k povrchu diskontinuit, resp. vlast-
nosti zainjektované plochy pfi rizném naméhani. Ve vzorcich hornin
(pro zkousky byly pouzivany jak sedimentarni horniny — stfednézrn-
né az jemnozrnné karbonské piskovce, tak vyvrelé horniny — slezska
zula — svétly jemnozrnny biotiticky granodiorit) je vytvofena feza-
nim nebo rozlomenim uméld trhlina, kterd je vyplnéna injekénim
médiem. Horninovy vzorek je lepen kontaktn€ nebo s definovanym
rozevienim injektované trhliny (obr. 12), kterd miZe byt v suchém
nebo vlhkém stavu. Pro lepeni hornin byly pouzity systémy Carbo-
Pur WF, CarboPur WFA a Bevedan-Bevedol (vySe uvedené tfi typy
predstavuji pryskyfice s minimdlni [cca 5-10 %] a vyraznou [cca
100 %] zménou objemu pri polymerizaci v suchém prostiedi) a in-
jekeni pryskyfice Geoflex (nenapénujici organicko-mineralni prys-
kyfice). Po vytvrzeni injek¢ni pryskyfice jsou na té€liskach zjistovany
adhezni vlastnosti. Pro méfeni byly vybrany tfi typy zkousek, u kte-
rych je zainjektovana trhlina naméhana tahem a jeden typ zkousky
se stifihovym namahanim zainjektované diskontinuity. U tahovych
zkousek byly pouzity jedna pfima metoda a dvé metody neptimé:

e pevnost v prostém tahu (pfima metoda);

e pevnost v pficném tahu (Brazilska zkouska);

e pevnost v tahu souosymi razniky v axiatoru.

U zkousky v prostém tahu se na zkuSebni vélcové téleso prena-
§i v jeho ose tahova sila pusobici kolmo na injektovanou trhlinu.
U zkousky v pri¢ném tahu je trhlina ve vilcovém vzorku oriento-
véana ve sméru podélné osy. Vzorek je zatéZovan tlakem v podstaté
primkovym zatiZzenim podél okraja trhliny. Toto zatiZeni zptisobuje
s vyjimkou oblasti v bezprostiedni blizkosti zatéZovaci sily tahové
namahani trhliny. U zkousky souosymi razniky v axidtoru maji vzor-
ky tvar disku, v jehoZ stfedu je vyfezan kruhovy otvor s primérem
odpovidajicim primeéru razniku. Trhlina prochazi stfedem kotou-
¢e (obr. 13). Pri zkousce se stiedovy otvor zaplni hmotou a tlakem
souosych raznikl se vyvodi tahové napéti, které porusi zainjekto-
vanou trhlinu. Vypocet tahového napéti vychdzi z teorie napjatosti
silnosténnych vélcovych nadob. Typicky zaznam priabéhu zkousky
pod lisem je uveden na obr. 14.

Z davodu nehomogenity a vSeobecné nizké tahové pevnos-
ti hornin v prostém tahu a dobré pridrznosti pryskyfic k pouzitym
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slepend diskontinuita
bonded discontinuity

Obr. 13 Schéma zkousky adhezni pevnosti v tahu souosymi razniky; zkuSebni
horninovy kotouc
Fig. 13 Scheme of adhesion tensile test of coaxial punches; test rock disc

necessary to know the mechanical properties of injected cracks in the
rock mass to evaluate the resulting effects of stabilization grouting.
The adhesion properties of injection media to rocks under tensile or
shear stress are decisive for the comparison and assessment of the
resulting geocomposites, which are formed by the systems “rock +
discontinuity filled with grout + rock”, therefore a different choice of
test methods is required than for geocomposites that arise by injecting
soils and incoherent rocks, where it is possible to use tests in uniaxial
pressure (as already mentioned above) to determine strength and
deformation parameters with relatively good results.

In the case of strengthening injection materials injected into a dis-
continuous environment, the adhesion to the surface of the disconti-
nuities, respectively properties of the injected surface at different
stresses. In the rock samples (both sedimentary rocks — medium-grai-
ned to single-grained Carboniferous sandstones and igneous rocks —
Silesian granite — light fine-grained biotite granodiorite were used for
the tests), an artificial crack is created by cutting or breaking, which is
filled with injection medium. The rock sample is bonded in contact or
with a defined opening of the injected crack (Fig. 12), which canbe in a
dry or wet state. CarboPur WF, CarboPur WFA and Bevedan-Bevedol
systems were used for rock bonding (the above three types represent
resins with minimal [approx. 5—10%] and significant [approx. 100%]
volume change during dry polymerization) and Geoflex injection
resins. (non-foaming organic-mineral resins). After the injection resin
has hardened, the adhesive properties are determined on the bodies.
Three types of tests were selected for the measurement, in which the
injected crack is subjected to tensile stress and one type of test with
shear stress of the injected discontinuity. One direct method and two
indirect methods were used for the tensile tests:

* simple tensile strength (direct method);

e transverse tensile strength (Brazilian test);

* tensile strength by coaxial punches in the axiator.
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Tab. 1 Vysledné hodnoty adhezi k hornindm; prosty tah - poruSeni

TuNel

Table 1. Resulting values of adhesion to rocks; simple tension — failure in the

v trhliné crack

podminky zkousky adheze (MPa) test conditions adhesion (MPa)

(inj. médium, typ horniny, primérna smérodatna (inj. media, rock type, average standard
stav inj. trhliny) hodnota odchylka inj. crack state) value deviation
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sttt konakL lspon s R et oot boncing 2 o
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Tab. 2 Vysledné hodnoty adheze stiednézrnného piskovce a tii riznych
injek¢nich smési CarboPur WE, CarboPur WFA a Bevedan-Bevedol — zkouSka

v tahu souosymi razniky

Table 2 Resulting values of adhesion of medium-grained sandstone and three
different injection mixtures CarboPur WF, CarboPur WFA and Bevedan
-Bevedol — tensile test with coaxial punches

.. adheze (MPa) adhesion (MPa)
zk‘:;lsjléoky CarboPur Bevedan tea NG Bevedan
CarboPur WF WFA e CarboPur WF CarboPur WFA -Bevedol
1 3,0 34 2,3 1 3.0 3.4 2.3
2 3,4 3,0 2,3 2 3.4 3.0 2.3
3 2,9 313 24 3 2.9 3.3 2.4
4 2,9 3,2 3,2 4 2.9 3.2 3.2
5 3,9 2,2 2,5 5 3.9 2.2 2.5
6 3,0 34 3,2 6 3.0 3.4 3.2
7 41 3,8 2,7 7 4.1 3.8 2.7
8 3,4 3,2 2,4 8 3.4 32 24
primérma average
hodnota 3,3 3,2 2,6 value 3.3 3.2 2.6
smérodatna standard
odchylka 0,43 0,43 0,35 deviation 0.43 0.43 0.35

vy

Tab. 3 Vysledné hodnoty zkousek adhezi k hornindm; pricny tah

Table 3: Resulting values of adhesion to rocks; transversal tension

podminky zkousky adheze (MPa) test conditions adhesion (MPa)

(inj. médium, typ horniny, primérna smérodatna (inj. media, rock type, average standard
stav inj. trhliny) hodnota odchylka inj. crack state) value deviation
CarboPur WF, Zula CarboPur WF, granite

fez, sucha, kontakt. lepeni Ly b cut, dry, contact bonding e D
Bevedan-Bevedol, zula Bevedan-Bevedol, granite

fez, suchd, kontakt. lepeni il e cut, dry, contact bonding el L
Geoflex, zula Geoflex, granite

fez, sucha, kontakt. lepeni 4 bt cut, dry, contact bonding 24 ver
CarboPur WF, piskovec CarboPur WF, sandstone

fez, sucha kontakt. lepeni Sl Ui cut, dry, contact bonding G e
Bevedan-Bevedol, piskovec Bevedan-Bevedol, sandstone

fez, sucha kontakt. lepeni 4] Uik cut, dry, contact bonding 324 L
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Obr. 14 Prubéh zatéZovaci sily u adhezni tahové zkouSky souosymi razniky
Fig. 14 Course of loading force in the adhesion tensile test by coaxial punches

hornindm nebyla vZdy méfena pouze adhezni pevnost, ale Casto spise
tahova pevnost hornin na nestandardnich zkusebnich télesech. Proto
vysledky zkousek tahovych adhezi byly rozdéleny do dvou skupin:

1. na skupinu zkousek, kdy doslo k poruseni vzorkl v zainjekto-

vané trhlin€ s vytrZzenim cca do 10 % horniny z plochy slepené
diskontinuity, v t€chto ptipadech je mozné konstatovat, Ze byla
méfena adheze pryskyfic k horninam (tab. 1);
2. ve druhé skupiné zkousek byly zahrnuty pripady, kdy doslo
k poruseni vzorkd mimo lepeny spoj nebo bylo vytrZzeno cca
10-100 % horniny z plochy zainjektované diskontinuity, v da-
sledku ¢ehoZ byla méfena tahova pevnost pouzitych hornin.
Tyto zkousky proto byly ze studie vylouceny.
Stejné tak u adhezi zjisSfovanych pomoci zkousky v pri¢ném tahu
a zkousky v tahu souosymi razniky nebyly brany v tvahu vysledky
testd, u kterych doslo k poruseni mimo slepenou diskontinuitu, tyto
zkousky byly povaZzovany rovnéZ za neplatné.
Vysledné hodnoty adhezi vyse uvedenych platnych zkousek jsou
uvedeny v tab. 1-3.

Zjisténé poznatky a vysledky tahovych adheznich pevnosti vyse

uvedenych injek¢nich pryskyfic 1ze shrnout takto:

* Vysledné hodnoty adhezi v pficném tahu jsou vyrazné vyssi nez
vysledné hodnoty adhezi zjisténé v prostém tahu, coZ je prav-
dépodobné zptsobeno skutecnosti, Ze pricny tah je metoda ne-
pfima a pricny tah ve vzorku je vyvozovan ve sméru kolmém
tlakovym napétim. Tento typ zkousky prokazal, Ze hodnoty ad-
heznich pevnosti dosahuji cca 50-70 % pramérné hodnoty pev-
nosti v pii¢ném tahu zjiSténych na neporusenych horninovych
zkuSebnich téliscich, provedenych ve srovnatelnych podmin-
kéch.

e Ztab. 1 je zfejmé, Ze adhezni pevnosti vyrazné klesaji se zvySe-
nou vlhkosti injektovanych diskontinuit a pohybuji se pod hra-
nici 1 MPa, u téchto vzork doslo ve vSech ptipadech k poruseni
v plose trhliny.

* Je zfejmé, Ze na hodnoty adhezi ma vliv kvalita ploch injekto-
vanych diskontinuit, u zkousek provedenych na vzorcich s dis-
kontinuitou vzniklou lomem (vysSi drsnost povrchu trhliny)
dochézelo pievazné k poruseni v zainjektované horning, a proto

Yy

v té&chto piipadech byly vykazovany vyss$i hodnoty tahovych
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In the simple tensile test, a tensile force acting perpendicular to the
injected crack is transmitted to the test cylindrical body in its axis.
In the transverse tensile test, the crack in the cylindrical specimen
is oriented in the direction of the longitudinal axis. The specimen
is loaded with a pressure by a substantially linear load along the
edges of the crack. With the exception of the area in the immediate
vicinity of the loading force, this load causes a tensile stress on
the crack. In the test of coaxial punches in an axiator, the samples
have the shape of a disc in the center of which a circular hole with a
diameter corresponding to the diameter of the punch is cut. The crack
passes through the center of the disk (Fig. 13). During the test, the
central hole is filled with mass and a tensile stress is applied by the
pressure of the coaxial punches, which breaks the injected crack. The
calculation of the tensile stress is based on the stress theory of thick-
walled cylindrical vessels. A typical record of the test under the press
is shown in Fig. 14.

Due to the non-homogenity and generally low tensile strength of
rocks in simple tensile strength and good adhesion of resins to used
rocks, not only the adhesive strength was always measured, but often
rather the tensile strength of rocks on non-standard test specimens.
Therefore, the results of tensile adhesion tests were divided into two
groups:

1. for a group of tests where the samples were broken in an
injected crack with up to about 10% of the rock torn out of the
bonded discontinuity area, in these cases it can be stated that the
adhesion of resins to rocks was measured (Table 1);

2. the second group of tests included cases where the samples
were broken outside the bonded joint or about 10-100% of
the rock was torn from the area of the injected discontinuity,
as a result of which the tensile strength of the used rocks was
measured. These tests were therefore excluded from the study.

Similarly, for the adhesions determined by the transverse tensile
test and the coaxial punch tensile test, the results of the tests in which
the failure occurred outside the bonded discontinuity were not taken
into account, these tests were also considered invalid.

The resulting adhesion values of the above valid tests are given in
Table 1-3.

The findings and the results of the tensile adhesive strengths of the
above injectable resins can be summarized as follows:

* The resulting values of transverse tensile adhesions are signi-
ficantly higher than the resulting values of adhesions found in
simple tensile, which is probably due to the fact that transverse
tensile is an indirect method and transverse tensile in the sample
is derived in the direction perpendicular to compressive stress.
This type of test has shown that the values of adhesion strengths
reach approximately 50-70% of the average value of transverse
tensile strength found on intact rock test specimens, performed
under comparable conditions.

* From Table 1 it is clear that the adhesive strengths decrease
significantly with increased humidity of the injected dis-
continuities and are below the limit of 1MPa, in these cases there
was a failure in the crack area in all cases.

* It is obvious that the adhesion values are affected by the quality
of the surfaces of injected discontinuities, in tests performed
on samples with discontinuity caused by fracture (higher crack
surface roughness) there was mostly failure in the injected rock,
and therefore higher values of tensile adhesion strengths were
reported in these cases than for samples with a cut crack.

* Based on the first results of the adhesion values measured on
the samples with a crack with a larger opening, it can be stated
that these values are comparable with the values found on the
samples that were bonded in contact.

* It is clear from the test results that the organic-mineral resin
Geoflex has significantly lower values of adhesion to granite than
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adheznich pevnosti, neZ je tomu u vzorki
s trhlinou vzniklou fezanim.

e Na zakladé prvnich vysledkti hodnot ad-
hezi méfenych na vzorcich s trhlinou
s vetSim rozevienim lze konstatovat, Ze
tyto hodnoty jsou srovnatelné s hodnota-
mi zjiSténymi na vzorcich, které byly sle-
peny kontaktné.

e Z vysledka zkousek je ziejmé, Ze orga-
nicko-minerdlni pryskyfice Geoflex ma
vyrazné niz§i hodnoty adhezi k Zule nez
k piskovci (cca 6x), coz mize byt prav-
dépodobné zpisobeno horsi nasdkavosti
Zuly, neZ je tomu u piskovci.

e Ze srovnani adhezi u polyuretanovych
pryskyfic v prostém tahu vyplyvd, Ze o
néco vyssi hodnoty adhezi vykazuji vzor-
ky zainjektované pryskyfici s nizsi schop-
nosti napénovat v suchém prostiedi (Car-
boPur WF), coZ je v souladu s poznatky

30

stfihova pevnost [MPa]
shear strength [MPa]
> 3 b3

o

0 5 10 15 20 25 30 35 40 45 50
normalové napéti [MPa]
normal stress [MPa]

Obr. 15 Mezni primka adhezni stiihové pevnosti horniny (stfednézrnny aZ hrubozrnny piskovec) se zain-
Jektovanou diskontinuitou v zdvislosti na normdlovém napéti, injek¢éni hmota Bevedan-Bevedol

Fig. 15 Boundary line of the adhesive shear strength of the rock (medium-grained to coarse-grained
sandstone) with injected discontinuity depending on the normal stress, Bevedan-Bevedol injection resin

o vlivu stupné napénéni na mechanické

vlastnosti vytvrzenych pryskyfic.

e Na rozdil od stfihovych adheznich pev-
nosti 1ze u tahovych adhezi konstatovat mirny nartist hodnot
pevnosti smérem k jemnozrnnéjsim hornindm cca o 15-20 %.

e Ze srovnani naméfenych hodnot pevnosti v prostém tahu zjisto-
vanych na nezainjektovanych rozmérové identickych zulovych
zkusebnich télesech a adheznich pevnosti v prostém tahu injekc-
nich pryskyfic v Zule vyplyva:

— Hodnoty adhezi polyuretanovych pryskyfic ve vzorcich se za-
injektovanou trhlinou v suchém stavu dosahuji cca 30-60 %
pramérné tahové pevnosti horniny.

— Hodnoty adhezi polyuretanovych pryskyfic ve vzorcich se za-
injektovanou trhlinou ve vlhkém stavu dosahuji cca 18-20 %
pramérné tahové pevnosti horniny.

— Hodnoty adhezi organicko-mineralni pryskyfice ve vzorcich
se zainjektovanou trhlinou v suchém stavu dosahuji cca 11—
18 % primérné tahové pevnosti horniny.

Z provedenych laboratornich zkousek, které byly provadény na
karbonskych horninach (jemnozrnné az hrubozrnné piskovce a drob-
nozrnné slepence) slepenych dvousloZzkovymi polyuretanovymi
pryskyficemi CarboPur WF a Bevedan-Bevedol vyplyva, Ze hodnoty
adheze polyuretanovych injek¢nich hmot ke karbonskym horninam
zjistované Brazilskou zkouskou se podle typu horniny a injek¢niho
média pohybuji v rozmezi 5,6-7,1 MPa, coZ jsou srovnatelné hod-
noty s hodnotami na spodni hranici rozpéti tahovych pevnosti kar-
bonskych hornin.

Z vyslednych hodnot adheznich stfihovych pevnosti byly sestro-
jeny mezni pifimky adheznich stfihovych pevnosti karbonskych
hornin se zainjektovanou diskontinuitou (obr. 15). Z téchto ptimek
Ize v prvnim pfibliZeni usuzovat na stfihové pevnosti pfi riznych
hodnotach normélovych napéti ve slepené diskontinuité a na ,,Cis-
tou stfthovou pevnost* (pfi nulovém normédlovém napéti ve stfihové
plose), tato hodnota je pouze orientacni a musi byt v pristim obdobi
zpresnéna dals$imi zkouskami. Hodnoty ,.istych stfihovych pevnos-
ti* se pohybovaly v rozmezi 3,9-8,4 MPa. Ve srovndni se stfihovou
pevnosti neporusené horniny dosahuji pevnosti injektované trhliny
50-80 %.

Z vysledku provedeného laboratorniho vyzkumu je ziejmé, Ze sta-
bilizacni a tésnici injektdZe horninového masivu provadéné pomoci
chemickych injek¢énich médii maji a budou mit svou nezastupitelnou
ulohu v feSeni mnoha geotechnickych problému v praxi. Poznatky

to sandstone (approx. 6 times), which can probably be caused by

poorer absorbency of granite than in sandstone.

* Comparing adhesions of polyurethane resins in simple tension
results that samples injected with a resin having lower ability to
expand in dry environment (CarboPur WF) show slightly higher
adhesion values, what is in line with the findings of the influence
of foaming factor to mechanical properties of cured resins.

* In contrast to shear adhesion strengths, tensile adhesions show a
slight increase in strength values towards finer-grained rocks by
about 15-20%.

* A comparison of the measured values of tensile strengths found
on non-injected dimensionally identical granite test specimens
and adhesion tensile strengths of injection resins in granite
shows:

— The adhesion values of polyurethane resins in samples with
injected crack in the dry state reach approx. 30-60% of the
average tensile strength of the rock.

— The adhesion values of polyurethane resins in samples with
injected crack in the wet state reach approx. 18-20% of the
average tensile strength of the rock.

— The adhesion values of the silicate resin in the samples with
the injected crack in the dry state reach approx. 11-18% of the
average tensile strength of the rock.

Laboratory tests performed on carbonaceous rocks (fine-grained
to coarse-grained sandstone and fine-grained conglomerate)
bonded with two-component polyurethane resins CarboPur WF and
Bevedan-Bevedol show that the adhesion values of polyurethane
injection materials to carbonaceous rocks determined by the
Brazilian test the media are in the range of 5,6-7,1MPa, which are
comparable values with the values at the lower limit of the range of
tensile strengths of carbonaceous rocks.

From the resulting values of adhesive shear strengths, boundary
lines of adhesive shear strengths of carbonaceous rocks with
injected discontinuity were constructed (Fig. 15). From these lines,
in the first approximation it is possible to deduce the shear strength
at different values of normal stresses in bonded discontinuity and
the "net shear strength" (at zero normal stress in the shear surface),
this value is only indicative and must be specified in the next period
by further tests. The values of "net shear strength" ranged from
3,9 to 8,4MPa. Compared to the shear strength of intact rock, the
strength of the injected crack reaches 50-80%.
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uvedené v tomto prispévku sveédci o tom, Ze laboratorni vyzkum
chemickych injek¢nich hmot a geokompozitd je v neustalém vyvoji
a v mnoha pripadech vyZaduje pristupy rozdilné od standardnich la-
boratornich metod v mechanice hornin. Skupina MINOVA a Mino-
va Bohemia tzce spolupracuji pti dalsim vyvoji téchto metod s vy-
zkumnymi centry.

ZAVER

Vysledky méfeni prezentované v ¢lanku, provedené na vzorcich
a geokompozitech, dokazuji vyznamny piinos chemickych injekc-
nich materidlll pro zlepSeni pevnostnich a pretvarnych vlastnosti po-
rusenych hornin a nesoudrznych zemin. Diky vysokym hodnotim
adheze, vysoké tlakové, ale predevsim tahové pevnosti a pruzné-
-plastickému chovani t€chto materidll pri zatiZeni, Ize technologicky
spravnym procesem injektdzi docilit vyznamného navySeni smykové
a tahové pevnosti horninového prostredi. Soucasné je t€chto parame-
tri dosahovéno v relativné kratkém Case, a to diky rychlosti vytvrzo-
véani chemickych injek¢nich materiald.

Pres jejich celkovou univerzalnost z pohledi riznych aplikaci je
nutno podotknout, Ze chemické injekéni smési nebyly vyvinuty jako
ndhrada konvencnich minerdlnich smési, ale jako jejich doplnéni
pro situace, ve kterych je vykon minerdlnich smési nedostatecny
nebo nejisty. Prikladem miZe byt podzemni vystavba a stabiliza-
ce deformaci horniny v pfimém nadlozi odleh¢eném razbou nebo
stabilizace horniny, kdy je v puklinovém systému piitomna tlako-
va voda. V téchto a v podobnych pfipadech jsou to pravé chemické
injek¢ni materialy, které zajiStuji zvySenou bezpecnost a vyznamné
eliminuji rizika spojena s nestabilitou prostfedi nebo s pfitoky vod do
podzemniho dila. V obecné roviné 1ze konstatovat, Ze potieba téchto
materialli na stavbach roste v pfimé umére se zhorSujicimi se geo-
technickymi a hydrogeologickymi podminkami.

Ing. PETR KUCERA,
Ing. ADAM JANICEK,
Ing. MIROSLAV FRANTES

Minova Bohemia s.r.o.

Recenzoval Reviewed: doc. Ing. Richard Siiupdrek, CSc.
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It is clear from the results of the laboratory research that
stabilization and sealing injection of rock masses performed using
chemical injection media have and will have their irreplaceable
role in solving many geotechnical problems in practice. The
findings presented in this paper suggest that laboratory research
on chemical injection materials and geocomposites is constantly
evolving and in many cases requires approaches different from
standard laboratory methods in rock mechanics. The Minova
Group and Minova Bohemia work closely with research centers to
further develop these methods.

CONCLUSIONS

The results of the measurements presented in the article, performed
on samples and geocomposites, prove the significant contribution
of chemical injection materials for the improvement of strength and
deformation properties of damaged rocks and incoherent soils. Thanks
to the high values of adhesion, high compressive, but above all tensile
strength and elastic-plastic behaviour of these materials under load, a
technologically correct process of grouting can achieve a significant
increase in shear and tensile strength of the rock environment. At the
same time, these parameters are achieved in a relatively short time,
thanks to the curing speed of chemical injection materials.

Despite their overall versatility in terms of different applications, it
should be noted that chemical injection mixtures were not developed
as a substitute for conventional mineral mixtures, but as a supplement
to them in situations where the performance of mineral mixtures is
insufficient or uncertain. Examples are underground construction and
stabilization of rock deformations in a direct overburden relieved by
excavation or rock stabilization, where pressurized water is present
in the fracture system. In these and similar cases, exactly chemical
injection materials ensure increased safety and significantly eliminate
the risks associated with environmental instability or water inflows
into the underground work. In general, it can be stated that the need for
these materials on construction sites is growing in direct proportion to
deteriorating geotechnical and hydrogeological conditions.
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PROJEKTOVANI A REALIZACE KOMBINOVANE VYZTUZE
PRI RAZBE DULNI CHODBY C. 400 042
V EXTREMNICH TLAKOVYCH PODMINKACH V OKD, A.S.
DESIGN AND IMPLEMENTATION OF COMBINED SUPPORT
DURING THE EXCAVATION OF THE MINING GATE NO. 400 042
IN EXTREME PRESSURE CONDITIONS IN OKD, INC.

PETR CADA, PAVEL DVORAK, JIRI GOLASOWSKI, ZDENEK SEMBOL

ABSTRAKT

Mimorddné okolnosti roku 2019 zpiisobené prerusenim dobyvdni porubu 400 000 v prostoru nulté dobyvaci kry lokality CSM Sever vedly
spolecnost OKD, a.s. k nutnosti provedeni zmeén v koncepci raZeb v oblasti. Pro zabezpeceni véasné pripravy vedlejsiho porubniho bloku
chodby v budoucnu negativné ovlivnéné dokopdvdanim porubu 400 000 bylo rozhodnuto o razbé chodby s vyuZitim vrtaciho vozu ANDRIBOT
v kombinaci s razicim kombajnem AM 50 a cerpadlem vysokopevnostnich cementovych smési PUMA pro vypliiovdni rukdvcii nebo vakii po
obvodu dila, tzv. bullflexovd technologie.

ABSTRACT

Extraordinary circumstances in 2019 caused by the interruption of the mining of the longwall panel 400 000 in the mining area ,,0” of
the CSM Sever Mine led OKD, Inc. to the need to make changes in the concept of excavations in the area. In order to ensure the timely
preparation of the adjacent longwall panel 400 002, it was decided on the earlier unplanned excavation of the future tailgate 400 042 in its
entire length. To increase the load-bearing capacity of a part of the gate support negatively affected by digging a 400 000 longwall panel in
the future, it was decided to excavate the gate using an ANDRIBOT drill rig in combination with an AM 50 excavator and a PUMA mixture

pump for high strength cementitious grouts to fill sleeves or bags around the perimeter, so called BULLFLEX technology.

1. PROJEKTOVANI KOMBINOVANE VYZTUZE
V PODMINKACH OKD

Dobyvani ¢erného uhli se na Ostravsku a Karvinsku provadi jiz
vice nez 200 let. Za tu dobu doslo k vydobyti desitek sloji v rozséh-
Iych plochach a té€Zba dnes v rdmci spolec¢nosti OKD a.s. pokracu-
dobyvani jiz presdhla bézn¢ 1100 metri pod povrchem, dobyva se
Casto ve slojich ohroZenych dilnimi otfesy, na okrajich dobyvacich
prostortl v pfimé blizkosti vyznamnych tektonik, v ochrannych pili-
fich jam, ve vlivech piidatnych napéti od hran nadloZnich nebo ved-
lejSich porubii. To vSe ma za nasledek zvySovéni vysledné napjatosti
v horninovém masivu a vede k nutnosti systematického zavadéni
opatfeni pro zvySeni stability dilnich dél. Zhustovani budovani TH
vyztuzZe nebo zvySovani jejiho hmotnostniho stupné se ukazalo jako
prili§ nakladné, a ne vZdy zcela u¢inné feseni. Proto se hledalo nové,
kvalitativné odli§né feSeni. Timto feSenim se na zakladé zkuSenosti
ziskanych po roce 2000 v RAG v Némecku ukdzalo pouZiti tzv.
kombinované vyztuZe. Podstatou této metody je zabezpeceni spo-
luptsobeni ocelové obloukové podpérné vyztuze se zpeviujicimi
ucinky svornikové vyztuze. Toto spoluptisobeni je zajiStovano ru-
kévci, pfipadné vaky vyplnénymi vysokopevnostni, rychletuhnou-
ci cementovou smési (20 MPa). Na zakladé vypoctu dimenzovani
kombinované vyztuZe, ktery byl vytvoren v roce 2012 na poZadavek
OKD, a.s. Ustavem geoniky AV CR v Ostravé [1], je nyni moZné ve
fazi projekce rozvolnit optimélni hustotu svornikovani a budovani
standardni inosnosti ocelové obloukové vyztuze (dale OOV) a zis-
kat tim materidlni Gsporu pfi zvySeni unosnosti vyztuZe.

Pivodné byla kombinovana vyztuz navrZena pro porubni chodby
na tzv. dvoji pouZiti, tedy pro porubni chodby, které pti prvnim po-

1. DESIGN OF COMBINED SUPPORT
IN OKD CONDITIONS

Black coal mining has been carried out in the Ostrava and Karvina
regions for more than 200 years. During that time, dozens of seams
were mined in large areas and mining today within the company
OKD Inc. continues in far more complex mining and technical
conditions. The depth of mining has already exceeded 1100 meters
below the surface, it is often mined in seams endangered by rock
and coal bursts, on the edges of mining areas in the immediate
vicinity of important tectonics, in protective pillars of shafts, under
the influence of additional stresses from overlying or adjacent mine
workigs. All this results in an increase of stress in the rock mass
and leads to the need for systematic implementation of measures to
increase the stability of mine workings. Decreasing the spacing of
TH support or increasing its weight grade has proven to be too costly
and not always completely effective. Therefore, a new, qualitatively
different solution was sought. Based on the experience gained after
year 2000 at RAG in Germany, this solution has shown the use of
so-called combined support. The essence of this method is to ensure
the interaction of the steel arch support with the reinforcing effects
of the bolt support. This interaction is ensured by sleeves or bags
filled with a high-strength, fast-setting cement mixture (20MPa).
Based on the calculation of the dimensioning of the combined
support, which was created in 2012 at the request of OKD, Inc.
by the Institute of Geonics of the ASCR in Ostrava [1], it is now
possible in the design phase to loosen the optimal bolt density and
build the standard bearing capacity of steel arch support (hereinafter
SAS) and thus obtain material savings when increasing support

effect.
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Obr. 1 ZdtezZové teleso pro dimenzovdni kombinované vyztuze [1]
Fig. 1 Load body for dimensioning of combined support [1]

uziti jsou chodbami t€Znimi (Gvodnimi) a pti druhém pouziti slouzi
pro druhy porub jako chodby vydusné (dopravni). Vzhledem k nut-
nosti chodbu udrzet pro dva poruby byla vyvinuta pravé kombino-
vand vyztuz. K ni byla vydana metodika [2] — diky své funk¢nosti
se tato metoda projektovani s ispéchem pouziva nejen pro chodby
pro dvoji vyuZiti, ale i pro chodby vedené v obtiZnych baiisko-tech-
nickych podminkéch.

Dimenzovani kombinované vyztuZe vychazi z pisobeni vertikal-
niho a horizontdlniho napéti v konkrétnich podminkach. Tyto me-
chanismy porusovani jsou zdvislé na skutecném horninovém napéti
a vlastnostech hornin, které zpisobuji vznik zény trhlin v okoli dalni
chodby. Oblasti poruseni jsou vymezeny teCnami k obloukovému
profilu hrubého vylomu pod thlem cca 67,5° (obr. 1). Vyska zat€zové
klenby se ve vypocetnim modelu voli na zakladé hodnoceni pravod-
nich hornin a jejich pfipadného dodate¢ného ovlivnéni a tim i poru-
Seni. Pfi dobyvani je nutné na zakladé dodate¢ného ovlivnéni a s tim
spojeného poruSeni horninového télesa volit vysku zatéZové oblasti
min. 0,5xS (4. Sitky hrubého vylomu). VyztuZ ma za kol zajistit
takto vymezenou oblast, ktera je zdkladem pro dimenzovéani svorni-
kové vyztuze porubni chodby. Pii vypoctu svornikové vyztuze jsou
uvazovany jen ty svorniky, které zajistuji porusenou oblast a umoziiu-
jijeji dostate¢né ukotveni v pevném horninovém masivu. Jako zaklad
pro vypocet svorniku je brano naméhani sloZzené z tahu a smyku:

S VU
V1+2xsn*a

kde:

F, vypoctend inosnost svornikl [KN],

F__ Unosnost navrzeného svorniku [KN], vypoctend jako
primér tahové tinosnosti svorniku na mezi pevnosti
a na mezi kluzu, ktera je garantovdna vyrobcem,

o smér zatiZeni [°] (dklon svorniku od svislice).

2. GENEZE PROJEKTU RAZBY C. 400 042
Zakladni plany otvirky a dobyvani loZisek v nejsevernéjsi ¢asti
,.Dobyvaciho prostoru Louky*, spadajiciho organizacné¢ v OKD,
a.s. do lokality CSM Sever do tzv. ,,0.“ kry, jsou limitovany prede-
v§im tektonicky poruchou ,,X* a ochrannym pasmem statni hranice
s Polskem. Z pohledu geomechanického je nutné respektovat aso-
prostorovd omezeni, nebot hornicka ¢innost v této oblasti je vedena
ve 3. stupni nebezpeci dilnich otfesii. Kromé toho je nutné pocitat s
limity z pohledu dtilniho vétrani, kapacity odtéZeni, logistiky a dal-
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Originally, the combined support was designed for longwall gates
for so-called dual use, ie for longwall gates, which in the first use
are main gates and in the second use they serve as tailgates. Due to
the need of keeping the gate for two openings, a combined support
was developed. A methodology was issued for it [2] — thanks to its
functionality, this design method is successfully used not only for
dual-use gates, but also for gates led in difficult mining and technical
conditions.

The dimensioning of the combined support is based on the action
of vertical and horizontal stress in specific conditions. These failure
mechanisms depend on the actual rock stress and rock properties that
cause a crack zone forming around the mine gate. The failure areas
are defined by tangents to the arc profile of the rough excavation
at an angle of about 67.5° (Fig.1). The height of the load vault is
chosen in the computational model on the basis of the evaluation of
the accompanying rocks and their possible additional influence and
thus failure. When mining, it is necessary to choose the height of the
load area min. 0.5 %S (ie width of rough excavation). The purpose of
the support is to provide stability in such defined area, which is the
basis for dimensioning the bolt support of the longwall gate. When
calculating the bolt support, only those bolts are considered that
secure the broken area and allow its sufficient anchoring in the solid
rock mass. The stress composed of tensile and shear stress is taken
as the basis for the bolt calculation:

E

FA - max .
V1+2xsn®a
where:
F calculated load capacity of bolt [kN],
F load capacity of the designed bolt [kN], calculated
as the average of the tensile load capacity of the bolt
at the yield strength and at the yield point, which is
guaranteed by the manufacturer,
o direction of load [°] (inclination of bolt from vertical axis).

2. GENESIS OF THE TAILGATE EXCAVATION NO. 400 042

Basic plans for the opening and mining of deposits in the
northernmost part of the “Louky Mining Area”, which falls
organizationally in OKD, Inc. to the CSM Sever Mine to the so-
called “0.”, they are limited mainly tectonically by the “X” fault
and the protection zone of the state border with Poland. From a
geomechanical point of view, it is necessary to respect the spatio-
temporal constraints, as mining activity in this area is conducted in
the 3rd degree of mining rock bursts hazard. In addition, we must
take into account the limits in terms of mine ventilation, extraction
capacity, logistics and more. In 2019, however, an extraordinary
event of a safety-operational nature (self-ignition in the collapse zone
of the mined longwall panel 400 000) entered into these geological-
safety, technical and spatio-temporal connections in a fundamental
way. The operated block had to be stopped, secured, explosion-proof
sealed and actively inertized. This unplanned occasion completely
changed the original plan of the mining activity concept consisting
in the timing and method of preparation of the longwall panel 400
002. It was decided to adopt extraordinary design changes that would
ensure the timeliness of the preparation for longwall panel 400 002
(project II° Ev. No. OPV 145/2019 for excavation No. 400 042 and
No. 400 042P). This change consisted in the commencement of
the excavation of the future tailgate No. 400 042 from the area in
front of the excavation site of the now closed panel No. 400 000
(Fig. 2).



29. rocnik - €. 3/2020

F .. =] -

Based on the positive experience with
bolt support, mining in combined support
was designed using the ANDRIBOT drill
rig and the AM-50 heading machine. To
ensure the activation of the supporting
function of the arch support, a technology
called BULLFLEX was designed to ensure
the contact of the rock mass with the SAS
around its entire perimeter by filling the
voids behind the support with sleeves or
bags filled with fast-setting, immediately
load-bearing, high-strength ADIBET
W 40 cement mixture. The key to making
such a serious decision was the experience
with the ANDRIBOT drill rig from 2018-
2019. After a theoretical evaluation of
the possibility of mutual spatial passing
of the mining mechanization — the AM-
50 heading machine, the SA-MAN-01
handling locomotive and the ANDRIBOT

Obr. 2 Vysek diilni mapy razby ¢. 400 042 a &. 400 042P [3]
Fig. 2 Section of mining map of excavation No. 400 042 and No. 400 042P [3]

$imi. V roce 2019 vSak do téchto geologicko-bezpecnostnich, tech-
nickych a Casoprostorovych vazeb zdsadnim zpisobem vstoupila
mimoradna udélost bezpecnostné-provozniho charakteru (samo-
vzniceni v zavalové Casti dobyvaného porubu 400 000). Provozo-
vany porub musel byt zastaven, zajistén, vybuchovzdorné uzavien
a aktivné inertizovan. Tento neplanovany vstup zcela zménil paivod-
ni plan koncepce hornické ¢innosti spocivajici v ¢asovani a zpisobu
pripravy porubniho bloku 400 002. Bylo rozhodnuto o pfijeti mi-
moradnych projek¢nich zmén, které by umoznovaly zajistit vCas-
nost piipravy porubu 400 002 (projekt ITI° Ev. €. OPV 145/2019 pro
razbu ¢. 400 042 a ¢. 400 042P). Tato zména spocivala v zahajeni
razby budouci vydusné chodby ¢. 400 042 z prostoru pred mistem
dokopéni nyni uzavieného porubu ¢. 400 000 (obr. 2).

Na zakladé pozitivnich zkuSenosti se svornikovou vyztuzi bylo
navrzeno raZeni v kombinované vyztuZi s vyuZitim vrtaciho vozu
ANDRIBOT a razicitho kombajnu AM-50. Pro zajisténi aktivace pod-
pérné funkce obloukové vyztuZe byla navrZena technologie zabez-
pecujici kontakt horninového masivu s OOV po celém jejim obvodu
za pomoci vypliiovani volnych prostort za vyztuzi rukavci, ptipadné
vaky vypliiovanymi rychletuhnouci, okamZit¢ nosnou, vysokopev-
nostni cementovou smési ADIBET W 40 tzv. BULLFLEX. Klicem
k provedeni tak zdvazného rozhodnuti byla zkusenost se svornikova-
cim zafizenim ANDRIBOT z let 2018-2019. Po teoretickém prové-
feni moZnosti vzdjemného prostorového mijeni se diilni mechanizace
— raziciho kombajnu AM-50, manipulaéni lokomotivy Saman a vrta-
ciho stroje ANDRIBOT (obr. 3, 4) bylo rozhodnuto o jeho nasazeni.

2.1 Vybrané zakladni udaje k razbhé v obloukové vyztuzi

e dulni dilo ¢. 400 042;

o délka dila cca 320 m;

e druh vyztuZe ocelova obloukova;
e hmotnostni stupeni TH 29;

e profil dila
¢ osova vzdalenost

SPN 14/4, vyklenky SPN 16/4;
0,5 m do st. 235 m,

dale 0,667 m;

razici kombajn AM 50/132 VAB;
3-9 m (razba vedena pod
stropem sloje);

pramérné 4°.

¢ technologie rozpojovani
* mocnost sloje

¢ predpokladany uklon dila

drill rig (Fig. 3, 4) was decided to
use it.

2.1 Selected basic data for excavation in arch support

e tailgate No. 400 042;

¢ length circa 320m;

* support type steel arches;

* weight class TH 29;

® Cross section SPN 14/4, adits SPN 16/4;
* support spacing 0.5m till chainage 235m,

furthermore 0.667m;
heading machine AM 50/132
VAB;

3-9m (excavation led below
the seam roof);

average 4°.

¢ excavation technology
e seam thickness

e expected inclination

2.2 Selected basic data for bolting

APB-1K, load capacity 285kN,
length 2.8m;

RockBolt K60-27, load capacity
of thread with plate 70kN,

* steel reinforcing bolt

* glassfiber bolt

length 2.5m;

¢ strand bolt IR-6ER, load capacity 450kN,
length 12m;

* spacing (axial) Im;

 spacing (circumferetial) circa 1.5m;

* pattern checkered;

¢ number of bolts 6 pcs/m;

Lokset HS Fast and Slow 24mm
according to design.

Bolt support was considered an integral part of the work's
support. Its implementation was closely connected with the cyclical
securing of the front and the advancing face. The ANDRIBOT
drilling and bolting technology, produced by the Czech company
Geofinal, provided radial anchoring in the entire projected range.
The equipment was operated by trained specialists from OKD's
operating employees and Novum Servis. The drilling speed was
approx. Im/min with a maximum diameter of 30mm for fiberglass
bolts.

e cartridges
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2.2 Vybrané zakladni udaje ke svornikovani

APB-1K o tinosnosti 285 kN,
délky 2,8 m;

ROCKBOLT K60-27, tinosnost
ve spoji s podlozkou 70 kN,

* ocelovy vyztuzny svornik

* sklolamindtovy svornik

délka 2,5 m;

e pramencovy svornik IR-6ER, tnosnost 450 kN,
délka 12 m;

e rozte¢ fad 1 m;

¢ obvodova roztec ccal,5m;

* usporadani Sachovnicovit€;

e pocet svornikl 6 ks/bm;

* lepici ampule Lokset HS Fast a Slow D24 mm
podle projektu.

Svornikova vyztuz byla povazovana za nedilnou soucast vyztu-
Ze dila. Jeji provadéni bylo tzce spjato s cyklickym zajisSfovanim
Celby a postupujicim predkem. Technologie vrtani a svornikovani
ANDRIBOT, z produkce ¢eské firmy Geofinal, zajiStovala radidlni
kotveni v celém projektovaném rozsahu. Obsluhu zafizeni zajisto-
vali vySkoleni specialisté z fad provoznich zaméstnanci OKD a fir-
my Novum Servis. Rychlost vrtani byla cca 1 m/min pfi priméru
max. 30 mm pro sklolaminatové svorniky.

2.3 Vybrané zakladni udaje k technologii zajistovani
kontaktu vyztuZe s horninovym masivem
Firmou Minova Bohemia bylo doporuceno a aplikovéno elektric-
ké vretenové cerpadlo s fiditelnym vodnim soucinitelem PUMA,
cementova smés ADIBET W 40 a polypropylenové vaky s uzavi-
racim ventilem:

* Cerpaci vykon 60 1/min;
e pevnost vypliiového
materialu 40 MPa;
e rozméry rukavcl 1,6x0,4 m;
* doba plnéni rukavce cca 2 min.

s

Obr. 4 Cdst vyrazené chodby & 400 042 jiZ s bullflexovou technologii [4]
Fig. 4 Part of the gate No. 400 042 with applied bullflex technology [4]
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& 400 042 [3]

Fig. 3 Passing scheme of ANDRIBOT drill rig and excavation technology
No. 400 042 [3]
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3. DOSAZENE PROVOZNi VYSLEDKY

Razba budouci vydusné chodby ¢. 400 042 byla zahijena stav-
bou odbocky z byvalé tvodni t€Zni chodby ¢. 400 022, v soucasné
dobé uzavieného porubu ¢. 400 000. Razba byla zahdjena v mésici
fijnu 2019. Ve stani¢eni 8 m byla v mésici listopadu predédna ra-
zicimu kolektivu hlavniho pfeddka p. Dudy. Sestaveni kompletni
technologie, vcetné vrtaciho a svornikovaciho vozu ANDRIBOT,
bylo docileno po zajeti do stani¢eni 50 m (z divodu montdZe pé-
sového odtéZeni). Proto bylo v pocatcich vrtdno pomoci ru¢nich
pneumatickych vrtacich zafizeni TURMAG F-4 a svornikovacich
zafizeni Super Turbo Bolter 1500/1700. V mésici listopadu a pro-
sinci 2019 se osadka nejprve skolila a ziskdvala potfebnou provoz-
ni praxi s technologii kombinované vyztuze. Po¢itkem roku 2020
jiz probihala raZba podle planu — viz tabulka 1.

Tab. 1 DosaZené provozni vysledky [3]

pobet pocet instalovanych
postup provozpl’ch Kol IS\{ormku
dni s tgvag:?:;ra- ocelovych
mésic [m] [i] [ks] [ks]
listopad 2019 42 16 84 168
prosinec 2019 59 16 118 236
leden 2020 102 23 204 408

4. ZiSKANE POZNATKY Z APLIKACE KOMBINOVANE
VYZTUZE

Na zdkladé tfimésicni zkuSenosti nelze jesté stanovovat jedno-
znacné zavéry, piesto jsou jiZ po prvnim meésici, kdy bylo prova-
déno ruéni vrtani, a v nasledujicim dvoumési¢nim obdobi s pre-
chodem ke strojnimu vrtani a svornikovani, viditelné vykonové
rozdily. S nartistajicimi zkuSenostmi nartsta také celbovy vykon
— postup razby se vice nez zdvojnasobil.

Pro urychleni postupu razby se provedla také technicko-organi-
zacni opatfeni spocivajici v toleranci opozdovani svornikovani za
postupujici ¢elbou max. 24 hodin a vypliiovani rukdvct je prova-
déno 1x za 48 hodin. Diky nartstajici zkuSenosti v provozni praxi
a optimalizaci ztratovych Casii piejezdll technologii raZeni a svor-
nikovani se zdvojndsobil mésicni postup. Toto opatieni nemélo vliv
na soudrznost stropnich vrstev a vznik nadvylomad.

S profesionalizaci obsluhy vrtacitho a svornikovactiho stroje
ANDRIBOT se snizila cetnost poruch a doslo k omezeni poskozo-
vani vrtnych ty¢i a korunek. Pfi porovnani vysledkd razeb jinych
kolektivt v profilu SPN14 a s vysledky sledované razby ¢. 400 042
nedochazi k vykonovym ztratam.

trubka injektazni NW10 pakr PS 40-6
injection tube NW10 packer PS 40-6\
ol . ] i
500 500

X ==
®
& X

Obr. 5 Vrtné schéma zpeviiujici injektdZe uhelného pilife mezi chodbami
¢. 400 042 a 400 020 [3]

Fig. 5 Drilling scheme for strengthening the coal pillar using resin grouting
between gates 400 042 and 400 020 [3]

cca 2500

2.3 Selected basic data for technology ensuring
support contact with rock massif
Company Minova Bohemia s.r.o. recommended and supplied an
electric screw pump with a controllable water coefficient PUMA,
cement mixture ADIBET W 40 and polypropylene bags with a
shut-off valve:

* pumping output 60L/min;
e compressive strength
of filling material 40MPa;
¢ size of sleeves 1.6x0.4m;
* sleeve filling time circa 2 min.

3. ACHIEVED OPERATIONAL RESULTS

The excavation of the future tailgate No. 400 042 was started
by the construction of a branch from the former maingate No.
400 022 of currently closed longwall panel No. 400 000. The
excavation was started in October 2019. At the chainage 8m it
was handed over to the excavator team of the main foreman Mr.
Duda in November. The assembly of the complete technology,
including the ANDRIBOT drilling and bolting rig, was achieved
after reaching chainage 50m (due to the installation of the belt
hoist). Therefore, it was initially drilled using TURMAG F-4
manual pneumatic drilling rigs and Super Turbo Bolter 1500/1700
bolting machines. In November and December 2019, the crew was
firstly trained and gained the necessary operational experience
with combined support technology. At the beginning of this year,
the excavation was already proceeding according to plan — see the
table of achieved operating results [3].

Table 1 Achieved operational results [3]

number of | quantity of installed bolts
advance | operational )
days glassfiber steel
month [m] [ [pc] [pe]
November 2019 42 16 84 168
December 2019 59 16 118 236
January 2020 102 23 204 408

4. FINDINGS OBTAINED FROM USING COMBINED
REINFOCEMENT

Based on three months of experience, it is not yet possible to
draw unambiguous conclusions, despite that after the first month
when manual drilling was performed, and in the following two-
month period with the transition to machine drilling and bolting,
performance differences are visible. With increasing experience,
the face advance also increases — the excavation advance has more
than doubled.

To speed up the mining process, technical and organizational
measures were also taken, consisting in the tolerance of the bolting
delay behind the advancing face for a maximum of 24 hours,
and the sleeves are filled in once every 48 hours. Thanks to the
growing experience in operational practice and the optimization
of loss times of repositioning technologies for mining and bolting,
the monthly advance has doubled. This measure did not affect the
cohesion of the ceiling layers and the appearance of overbreaks.

With the professionalization of the operators of the ANDRIBOT
drilling and bolting machine, the frequency of failures was reduced
and the damage to the drilling rods and drill bits was reduced.
Comparing the results of excavations of other teams in the SPN14
profile with the results of the monitored excavation No. 400 042,
there are no production losses.
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5. ZPEVNUJICI INJEKTAZ PILIRE

Pro zpevnéni uhelného pilife mezi chodbami ¢. 400 042 a 400 020
ve stani¢eni 10-60 m (pro chodbu 400 042) byla pouzita injektaz
pomoci dvouslozkovych napénujicich polyuretanovych injek¢nich
hmot. Smyslem injektdZe bylo nejen zlepSeni pevnostnich charak-
teristik uhelné hmoty v pilifi, ale také zabrdnéni pfistupu vzduchu
do puklin v pilifi a tim sniZeni rizika samovzniceni.

Pro injektaz byla zvolena dvousloZkova hmota Bevedol PS-Be-
vedan P v sudech o objemu 200 1 pro obé sloZky A i B. Vzhledem
k predpokldadané nizké smykové pevnosti uhli bylo pouZito vzdu-
chového Cerpadla GSF-35 s malym celkovym objemem hmoty na
jeden zdvih plunzra (49 ml) proto, aby nedochdzelo k dalSimu po-
rusovani jiz tak poruSeného uhelného pilife. Samotna injektaZ pro-
bihala pomoci injek¢ni soustavy tvorené pakrem PS-40 a injekcni
trubkou délky 1,5 m. Soustava byla vlozena do vyvrtu praiméru
42 mm a délky cca 1600 mm. Vodorovné vrty (obr. 5) byly situ-
ovany mezi ocelovou obloukovou TH vyztuz o hustoté¢ budovani
0,5 metru, vzdy v rastru 1 vrt uprostfed vysky chodby—volné pole—
dva vyvrty (pod stropem a u poc¢vy) —volné pole—1 vrt uprostied
atd., celkem tedy 75 vrtu.

Spotreba injek¢nich hmot nebyla zpocatku urcena, po vyplnéni
1. vrtu ve staniceni 17 metri celym sudovym kompletem (tj. 200 1
slozky A a 200 1 sloZky B) a proinjektovéni okoli i stropu do vzda-
lenosti az 3 metry od injektovaného vrtu doslo k upravé spotfeby na
pramérné 1/3 sudového kompletu. Ukdzalo se vSak, Ze vzhledem
ke zna¢nému poruseni masivu dochdzi k pomérné rozsahlé migra-
ci injek¢niho média se vzdjemnou komunikaci mezi jednotlivymi
vrty, a tim k jejich prolepovani. InjektaZ byla doprovazena Cetnymi

Obr. 6 Vrtaci a svornikovaci souprava ANDRIBOT pri ovéfovacim provozu kombinované vyztuze [4]
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5. STRENGTHENING PILLAR INJECTIONS

To strengthen the coal pillar between gates No. 400 042 and 400
020 at the chainage 10-60 m (for gate 400 042), chemical injection
using two-component foaming polyurethane materials was used.
The purpose of chemical injection was not only to improve the
strength characteristics of the coal mass in the pillar, but also to
prevent air from entering the cracks in the pillar and thus reduce
the risk of spontaneous combustion.

Two-component resin Bevedol Bevedan PS-P in barrels of 200L
for both components A and B was chosen. Due to the expected low
shear strength of coal usage of air driven pump GSF-35 with a small
total volume of material per stroke of the plunger (49mL) was chosen
in order to prevent further disruption of the already broken coal pillar.
The grouting itself took place using an injection system consisting
of a PS-40 packer and an injection tube 1.5m long. The system was
introduced into a borehole with a diameter of 42mm and a length
of approx. 1.600mm. Horizontal boreholes (Fig. 5) were situated
between steel arch TH support with the spacing of 0.5 meters, always
in a grid of one borehole in the middle of the gate height — free field —
two boreholes (under the ceiling and in the ground) —free field — one
borehole in the middle, etc., totally 75 boreholes.

Consumption of injection materials was not initially determined,
after filling the first borehole in the chainage 17 meters with the
complete barrel set (ie 200L component A and 200L component B)
and grouting the surroundings and the ceiling to a distance of up
to 3 meters from the grouted borehole updated consumption was
set to average 1/3 barrel set. However, it turned out that due to the
significant disruption of the massif, there is a relatively extensive
migration of the injection medium with mutual communication

Fig. 6 ANDRIBOT drilling and bolting rig during verification operations of combined support [4]
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vytoky zpét do dilniho dila a nutnosti tak neustale injektaz preru-
Sovat. Celkem bylo nakonec spotfebovano 12 sudovych kompletd
(j. 4800 1 hmoty) Bevedol PS-Bevedan P. Injekéni tlaky se po ce-
lou dobu pohybovaly pouze na dvou extrémech, tedy zcela beztlaka
injektaz, nebo naopak injektdz s rychlym dosazenim maximalniho
mozného vyvinutého tlaku Cerpadla v pfipad€ z predchozi etapy
injektaZe zainjektovanych vrti.

6. ZAVER

Po tuspésném nasazeni nové vrtaci a svornikovaci soupravy
ANDRIBOT v letech 2018-2019 ve slozitych dilné-technickych
podminkéch Dolu CSM v OKD, a.s., probé&hlo jeji odzkouseni na
razbé chodby ¢. 400 042 spole¢né s razicim kombajnem AM-50.
P1i celkovém hodnoceni se doslo ke dvéma zavérim. Predevsim se
ukézalo, Ze technologie razby chodby ¢. 400 042 prokazala plnou
Zivotaschopnost moZnosti soub&hu raZby pomoci raziciho kombaj-
nu AM 50 a vrtaciho a svornikovaciho zatizeni ANDRIBOT bez
ztraty na rychlosti postupu razeného dila. Operativnost subtilniho
vrtaciho a svornikovaciho zarizeni ANDRIBOT s rychlosti hydrau-
lického vrtani okolo 1 m/min., bez ohledu na vrtany pramér (27,
30 ¢i 32 mm), jeho rychlost piejezdu, schopnost premistovat se az
do dklontl 15°, zna¢né€ usnadnila procesy vrtacich a svornikovacich
praci v celbé (obr. 6).

Neméné podstatné je, Ze se ukdzaly nové moznosti zvySeni sta-
bility dalniho dila pomoci kombinované vyztuze, tj. pouZiti pod-
peérné vyztuze a kratkych ocelovych a sklolaminatovych svornikl
spolecné s technologii vypliiovani volnych prostor za vyztuZi tzv.
bullflex, ktera zajistuje nezbytny kontakt TH oblouk s okolni hor-
ninou. Efekt zesileni dila je zavrSen ndsledné provedenim vysoké-
ho kotveni (podvéSenim stropnich vrstev do vysky 12 m strunami
IR-6 ER). Zde je namisté podotknout, Ze plnou funkénost vyztuzné
sestavy predpokldda samoziejmé naprosto presné a kvalitni prove-
deni naprojektovanych operaci. Ackoliv jsou z dosavadnich pozo-
rovani vysledky upokojivé, spravnost prijatého rozhodnuti a tcin-
nost stanovenych opatfeni se plné prokaZe teprve v ndsledujicim
obdobi, kdy bude chodba ovlivnéna znovu zprovoznénym porubem
¢. 400 000. Konecna verifikace absolutnich vysledka zvySeni stabi-
lity chodby €. 400 042 se ukaze v budoucnu.
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between the individual boreholes, and thus their blinding. The
grouting was accompanied by numerous outflows back to the
mining work and the need to constantly interrupt the grouting
operations. In the end, a total of 12 barrel sets (ie 4.800L) of
resins Bevedol PS-Bevedan P were consumed. Injection pressures
were only at two extremes at all times, ie completely pressureless
injection or injection with rapid reaching the maximum possible
developed pump pressure in the case from the previous stage of
grouting injected boreholes.

6. CONCLUSIONS

Following the successful deployment of the new ANDRIBOT
drilling and bolting rig in 2018-2019 in the difficult mining and
technical conditions of the CSM Mine in OKD, a.s., it was tested
on the excavation of tailgate No. 400 042 together with the AM-
50 heading machine. There were two conclusions in the overall
evaluation. Above all, it turned out that the technology of excavation
of gate No. 400 042 proved the full viability of the possibility of
concurrence of excavation using the AM 50 heading machine and
the ANDRIBOT drilling and bolting rig without loss of speed of the
excavated work. The operability of the subtle drilling and bolting
rig ANDRIBOT with a speed of hydraulic drilling about 1 m/
min, regardless of the drilled diameter (27, 30 or 32mm), its travel
speed, the ability to move up to 15° inclines, greatly facilitated
drilling processes and bolting work in the face (Fig. 6).

It is no less important that new possibilities have been shown
to increase the stability of the mine works by means of combined
support, ie the use of steel arch support and short steel and
fiberglass bolts together with free space filling technology behind
support, so called BULLFLEX, ensuring the necessary contact of
TH arches with surrounding rock. The effect of the support of the
work is completed by the execution of a high bolting technology
(by hanging the ceiling layers to a height of 12m with IR-6 ER
strand anchors). It should be noted here that the full functionality of
the support assembly presupposes, of course, absolutely accurate
and high-quality execution of the designed operations. Although
the results so far are reassuring, the correctness of the decision
taken and the effectiveness of the measures will only be fully
demonstrated in the following period, when the tailgate will be
affected by the reopened longwall panel No. 400 000. The final
verification of the absolute results of the increase in the stability of
tailgate No. 400 042 will be shown in the future.
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pavel.dvordak@minovaglobal.com,
Minova Bohemia s.r.o.,

Ing. JIRI GOLASOWSKI, Ph.D.,
Jiri.golasowski@okd.cz,

Ing. ZDENEK SEMBOL,
zdenek.sembol@okd.cz, OKD, a.s.

[17 Metodicky navod pro dimenzovani kombinované vyztuze dlouhych dilnich d&l v podminkich OKD. Zpriava UGN AV CR

2012

[2] Standard technického feditele OKD ¢. 4/2012 — Dimenzovani kombinované vyztuze dlouhych dilnich d€él v podminkach

OKD, a.s.
[3] Interni materidly OKD
[4] Fotodokumentace z archivu fy Minova Bohemia s.r.o.



Tuel 29. rocnik - €. 3/2020

VYUZITI TECHNOLOGIE UMELE INTELIGENCE V REALNEM CASE
PRO KONSTRUKCE PODZEMNICH STAVEB
REAL-TIME ARTIFICIAL INTELLIGENCE TECHNOLOGY FOR GROUND
SUPPORT CONSTRUCTION

BENNY CHEN, LOUIS-PHILIPPE GELINAS, LASSE KNABEN

ABSTRAKT

Pro stabilizaci vyrubu se celosvétovée vyuZivd tradicnich ndvrhovych metod, pracovnich postupii, metod ovérovdni a tiprav profilu. Tyto
metody obvykle vyZaduji provddéni zaméreni zbudovanych konstrukci a jejich porovndni s navrhovanym stavem v kaZdé fdzi pracovniho
postupu. Nicméné kviili casové ndrocnosti a pracnosti takového porovndvdni je mnoho staveb odkdzdno na ndvrhovy model a zkusenosti
realizdtori. VyuZivdani nejmodernéjSich vysoce presnych LiDAR technologii, konvolucnich neuronovych siti (CNN) a vysokorychlostnich
vypoctii miiZe poskytnout moznost pracovnim tymim ziskat v redlném case pri zajistovdani vyrubu informace porovnatelné s ndavrhovymi
predpoklady nebo méteni a ovéreni efektivity provedenych opatieni. Tato moznost md potencidl vyznamné zvysit efektivitu provddénych
praci, jejich kvalitu a sniZit mnoZstvi odpadii v rdmci stavebnich praci.

ABSTRACT

Ground support across the globe utilise the common design, construct, verify and rework methodology. This methodology typically
requires survey verification of the as-built result against design for each stage of the ground support installation. However, due to the time
consuming and often manual intensive process of verifying the installation and design, many installations are completed based solely
on design model and the operator’s experience. Leveraging the latest in high-density LiDAR technology, Convolution Neural Networks
(CNN) and high-speed computing can provide the ability for construction crews to receive real-time ground support installation feedback
compared against the design or measure and verify the effectiveness of support. This has the potential to significantly increase the efficiency

and quality of reinforcement and reduce wastage in construction.

AKTUALNI VY2ZVY PRI PROVADENI STABILIZACE VYRUBU

Stabilizace vyrubu jako soucast raziciho cyklu nebo jedna z Cin-
nosti pfi rekonstrukcich stavajicich konstrukci sdileji podobné pro-
blémy. Ty jsou vysledkem provadéni téchto praci bez dostate¢nych
podpiirnych ¢innosti nebo nemoZznosti ovérit efektivitu provede-
nych konstrukci v dynamicky se ménicim prostfedi. Konvencni
pristup zahrnujici sbér dat pomoci totalnich stanic nebo LiDAR
skenerd hraje klicovou roli v procesu ovéfovani dosaZzenych vy-
sledkti, kdy je méfeni konvergenci pouZito pro ovéreni efektivity
provedené stabilizace vyrubu. Tento postup obvykle predstavuje
nékolikahodinové ru¢ni zpracovani ziskanych dat, ze kterych jsou
pfipraveny protokoly, které mohou byt pfedany pracovnikim. To
je vSak Casto velmi pozdé€ a vyvstavd nutnost stabilizaci vyrubu
opravit.

Typicky pfi provadéni stiikanych betond je tloustka aplikované
vrstvy velmi zavisld na schopnostech a zkuSenostech operatora.
Soulad skutec¢né aplikované tloustky stfikaného betonu s poZado-
vanou tloustkou v projektu neni mozné zjistit, dokud préce nejsou
ukonceny a neni provedeno zaméfeni vcetné zpracovani dat tak,
aby bylo mozné urcit, kde doslo k nastiiku siln€jsi nebo slabsi vrst-
vy oproti pozadavku. To nasledné vede bud v nadspotfebu, nebo
nutnost pracovni postup zopakovat.

Instalace svornikll a vyztuZnych siti byla Casto specifikovdna na
zakladeé geologického modelu horninového prostiedi s minimalnim
mnozstvim informaci o konvergencich v dané oblasti. Proto jsou
rozteCe svornikid a typ siti ¢asto navrhovany na zékladé vypocto-
vych modelll a zkusSenosti. Obvykle je ziskani informaci o kon-
vergencich v dané oblasti v poZadované pfesnosti pro posouzeni
odezvy provedenych opatfeni ¢asové velmi naro¢né a pracné.

CURRENT GROUND SUPPPORT CONSTRUCTION
CHALLENGES

Ground support construction in an excavation cycle or reha-
bilitation of existing infrastructure both share similar challenge.
These challenges are the result of ground support installation
with inadequate guidance or without the ability to verify the
effectiveness of the support in a dynamically changing environ-
ment. Conventionally, survey pickups using total stations or
LiDAR scanners play a key role in the verification of installation,
with measurements of convergence utilised to help verify the
effectiveness of the ground support. This process often takes
hours of manual processing before reports can be provided to the
construction crew. This is often too late and rework may need to
occur.

In a typical shotcrete application stage, the thickness of shotcrete
applied is highly dependent on the skill and experience of the
nozzlemen. The compliance of the sprayed thickness against
design requirements is not known until spraying is completed and
survey pick-up, highlighting areas of overspray or underspray.
Consequently, resulting in shotcrete wastage or costly rework.

Installation of bolts and mesh was often specified based on
the geological model of the ground conditions with little actual
convergence feedback from the area. Hence, the provisioning
of bolts spacing and mesh thickness is often done based on
design model and experience. Typically, the process of obtaining
convergence information of an area with the required accuracy for
feedback into the ground support strategy is very labour intensive
and time consuming.
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Obr. 1 BIM proces
Fig. 1 BIM construction work flow

NEJMODERNEJSI KONSTRUKCNI METODY

Konstrukce vyuzivajici informacni modelovani staveb
(BIM)

Vlady po celém svété rychle prijimaji stavebni zasady BIM pro
projekty staveb a zavadéji BIM predpisy. To je patrné v zemich jako
Hongkong, Singapur, Norsko a Svédsko. Obr. 1 piedstavuje klico-
vy postup praci v BIM systému, kde architektonické a technické te-
Seni je vytvofeno v 3D CAD systémech, jako jsou Revit a Civil3D.
Nasledné je kompletni CAD konstrukce virtudlné provedena po-
moci VDC procest (Virtual Design and Construction — virtulni
navrh a vystavba), coZ pomdha potvrdit stavebni postupy a har-
monogramy. V této fazi jsou v modelu také odhalovany pfipadné
kolizni situace, coz umoziuje odstranéni pfipadnych navrhovych
vad diive, neZ je dokumentace stavby schvalena.

Technologie LIDAR (Light Detection And Ranging)

Technologie BIM je jednim z klicovych divodd pro pouZivani
laserovych skenerti. Tato zafizeni jsou pouZivdna pro skenovéni
stavebnich prvkll ve 3D. Tento proces je obvykle provadén ty-
mem méFicd, kdy je laserovy skener umistén v oblasti celby pro
ziskani aktudlnich dat. Vysledky (aktudlniho stavu) jsou nésledné
zpracovany s vyuzitim vysoce vykonnych stolnich pocitact, které
vytvoii data v referenénim koordina¢nim systému. Nasledné jsou
vyse uvedend data jednotlivych siti bodd n¢jakym zpisobem ruc-
né zpracovana pro odstranéni chyb méfeni a nakonec jsou kiiZové
zkontrolovana s daty modelu, neZ je vytvoren protokol, ktery mtize
byt déle analyzovan a poskytne informace provadécimu tymu. Ten-
to postup obvykle trvd 2—4 hodiny pro jedno staniceni a vyZaduje
pfitomnost velmi zkuSeného pracovnika schopného naméfend data
spravné zpracovat. Proto je pouziti takové technologie v podzem-
nim stavitelstvi omezena.

Vyuziti vypoétii konvoluénich neuronovych

STATE OF THE ART CONSTRUCTION TECHNOLOGY

Building Information Model (BIM) construction

Governments across the world are rapidly adapting the BIM
building code to construction projects following the introduction of
BIM standards. This is apparent in countries such as Hong Kong,
Singapore, Norway and Sweden. Fig. 1 illustrates the core BIM
construction workflow, where architectural and tunnel designs and
authoring are completed in 3D CAD software, such as Revit and
Civil3D. Subsequently, complete CAD construction simulation
are carried out during the Virtual Design & Construction (VDC)
process, helping validate construction processes and schedules.
Clash detection is also carried out with the design model, allowing
for the detection of any design mistakes before the construction
plan is approved.

LiDAR technology

BIM construction is one of the key drivers for laser scanner
technology usage. Laser scanners are used to scan as-built
construction elements in 3D. This process is typically carried
out by the survey team where the laser scanner is deployed in the
excavation heading to collect the as-built scan data. This scan data
is then brought up to the surface where some form of registration
is done on a high compute-power desktop computer to produce
the data in a georeferenced coordinate system. Subsequently,
the aforementioned point cloud data set is put through some
manual processing to correct for measurement errors and finally,
cross correlate to the design data before producing a report that
can be used for analysis and feedback to the construction crew.
This process typically takes between 2 to 4 hours per station and
requiring highly skilled data engineer. Hence, the use of such
technology in civil constructions are limited.

Utilising convolution neural network computing for
ground support application

The CNN framework has been widely adapted for Machine
Learning and Deep Learning applications globally. The
fundamental function of the CNN framework is to allow the
computer to automatically detect key information in the input data
and apply various filters to correct the data to produce valuable
output information. In an example as shown in Fig. 2, a raw point
cloud data from a LiDAR can be input into a CNN based software
application that automatically filter the data to detects bolt plates
and the locations of each bolt. To achieve this the CNN application
will require what is known as ‘Filters”, in this example a filter

siti v aplikacich pro podzemni stavitelstvi
Rémec konvolu¢nich neuronovych siti (CNN) je
Siroce pouzivan celosvétove pro strojové uceni a deep
learning procesy. Zakladni funkci CNN je umoZznit
pocitaci automaticky detekovat kliCové informace ve
zdrojovych datech a aplikovat na né rtizné filtry pro
opravu dat za ucelem vytvoreni hodnotné vystupni
informace. I v prikladu, ktery je patrny na obr. 2,
hrubé zdrojova data z LiIDAR mohou byt zadédna do
softwarové aplikace pracujici na bazi CNN, kterd
automaticky vyfiltruje data tak, aby byly detekovany
polohy podloZek a samotnych svornikd. Pro dosazeni
tohoto vysledku je potfeba, aby CNN aplikace ob-
sahovala , filtry*, v tomto pripadé muze byt filtrem
algoritmus na vyhledavéani ostrych hran, coZ umoz-
fuje pocitaci prohledat zdrojova data a vyhledat ve
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Obr. 2 3D snimek s patrnymi podloZkami jako vystup z GML

Fig. 2 3D point cloud image of bolt plates from GML




bude software potfebovat fadu dalSich filtra, které se pouziji k do-
sazeni vysledku, jaky je vidét na obr. 2.

Nicméné problémem je vypocetni vykon. Aplikace na bazi CNN
vyzaduji vysoce vykonné procesory a sloZitost vypoctl roste expo-
nencidlné ((O)N? v efektivité sloZitosti algoritmi) jelikoZ mnoZstvi
vstupnich dat a filtri se zvySuje. Proto bylo pouziti této technologie
omezeno na post-processing aplikace a ziidka je vyuZivana pro ap-
likace v redlném Case.

Vyuziti technologie vysokorychlostnich vypoéti
pFi CNN zpracovani dat

Rychlé zavedeni zabudovanych vysokorychlostnich vypocetnich
platforem, jako je FPGA (field programmable gate array — progra-
movatelné hradlové pole) a GPU (graphics processor unit — graficky
procesor) procesorovych jader pro zpracovavani dat, se stalo pfeva-
Zujicim zptsobem feSeni od roku 2016. Tyto technologie umoziiuji
bateriemi napajenym zafizenim dosdhnout vypocetnich vykont na
urovni jednoho trilionu operaci v plovouci fadové ¢arce za sekundu
(1 teraflop). Céste¢né je za tento rychly rozvoj odpovédny globalni
vyvoj v algoritmech a procesorovych jadrech pro platformy strojo-
vého uceni a projektech pro autonomni fizeni vozidel.

Pouzitim technologie zaloZené na FPGA se systémem zabudova-
nym do procesoru (SoC — System on a Chip), podobné jako u tech-
nologie jader Zyng-mp procesort, kterd je schopna dosdhnout
vypocetniho vykonu v fadech teraflopsti, miZe byt zpracovavani
pocitacové zintenzivnénych signalii implementovano do hardwaru
s vyuzitim programovatelné logické paméti (obr. 3). Programova-
telnd logickd pamét (na obrazku vyznacena ZIuté) umoziiuje vyvo-
jaram vytvofit specifické digitalni signly zpracovavajici jadro (po-
dobné jako GPU) a spoustét je paralelné spolu, ¢imZ je dosazeno
vysokého vypocetniho vykonu pfi zpracovani velkych objemu dat.
Tato oblast t€Zi také z toho, Ze ma vlastni urené pamétové bloky
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could be an ‘Edge Detect” algorithm that allows the computer
to scan the point cloud data to detect distinct edges in the scene
similar to a bolt plate. In most cases there will be many other filters
that the software needs to apply to the scene to achieve results as
show in Fig. 2.

However, the issue is the computing load. CNN based applications
requires high computing load and the load increases exponentially
( (O)N? in algorithm efficiency annotations) as the input data size
and number of filters increases. Therefore, utilization of such
technology has been confined to post processing application and
rarely being used in real-time application.

Utilising High-Speed Compute Technology for CNN Processing

The rapid adoption of high-speed embedded computing platforms
like Field-Programmable Gate Array (FPGA) and Graphics
Processing Unit (GPU) processor cores, for embedded systems
data processing has been prevalent since 2016. These technologies
allow battery powered devices to achieve computing performance
of one trillion floating-point operations per second (1 teraflop).
Part of this rapid adaption is due to the global development of
algorithms and processor cores for machine learning platforms and
real-time autonomous vehicle projects.

By using FPGA based System-on-Chip (SoC) technology
(similar to the Zyng-mp processor core technology) that can deliver
teraflops of computing performance, the computationally intensive
signal processing filters can be implemented in the hardware using
the Programmable Logic area (see Fig. 3). The Programmable
Logic area (in yellow) allows the computer designer to create
custom digital signal processing cores (like GPUs) and execute
them in parallel, allowing high speed processing of large datasets.
This area also has the benefit of having dedicated memory banks
that support concurrent access (unlike conventional computer
memory access) via a common bus architecture. Hence, this allows

us to process high-density data similar to a 3D point

t

cloud data produced by laser scanners in real-time.

Processing System
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REAL-TIME ARTIFICIAL INTELLIGENCE
MEASUREMENT TECHNOLOGY

In this paper, real-time in-situ measurement
technology refers to a portable measurement device
that is equipped with onboard high-speed computing
capabilities to deliver live or near real-time high-
resolution information. One such example is the
production of information such as deformation or
shotcrete thickness results in 3D. The comparison
between using a conventional LiDAR versus an in-
situ LiDAR technology Geotechnical Monitoring
LiDAR (GML) is depicted in Fig 3.1.

The ability to produce the desired construction
results automatically and in minutes has the potential
to significantly change ground support design and
construction processes.

Geotechnical monitoring LiDAR (GML)
technology

The GML technology is designed and developed
by GroundProbe, a technology company that
provides geotechnical deformation and convergence
monitoring systems to the mining industry. As shown
in Fig. 3.2, GML is a complete standalone, battery
operated LiDAR solution designed for single-man
operations.

This technology is equipped with onboard high-

Obr. 3 Architektura FPGA Xilinx
Fig. 3 Xilinx FPGA architecture

speed computing device and CNN based Machine
Automation software, allowing the automated and
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podporujici vicenasobny soucasny pfistup (oproti ji-
nym konven¢nim pfistupim pocitaci k paméti) pres
béznou sbérnici. Tento fakt umoziuje zpracovani dat
vysoce presnych 3D bodovych poli z laserovych ske-
nerti v realném Case.

MERICI TECHNOLOGIE VYUZIVAJICI UMELOU
INTELIGENCI V REALNEM CASE

V tomto ¢lanku je technologii méfeni in-situ v re-
alném Case chapano pouziti prenosného méficiho
zafizeni, které je vybaveno vysoce vykonnym za-
budovanym pocitacem a je schopné v readlném nebo
témer realném Case poskytnout obrazové informace
ve vysokém rozliSeni. Jednim z takovych ptikladt je
vytvéreni dat o deformacich nebo tloustce stiikaného
betonu ve 3D. Porovnani mezi pouzitim konvenc¢nich
LiDAR systémt a LiDAR technologie pro geotech-
nicky monitoring (GML) je zobrazeno na obr. 3.1.

Schopnost produkovat pozadované vysledky au-
tomaticky a v fddech minut ma potencidl vyznamné
zménit navrhy zajisténi vyrubu a samotny stavebni
proces.

Technologie geotechnického monitoringu
LiDAR (GML)

Technologie GML je navrzena a vyvinuta spo-
le¢nosti GroundProbe, technologickou spolecnosti
poskytujici monitorovaci systémy pro sledovani kon-
vergenci a deformaci v tézarském pramyslu. Jak je
patrné z obr. 3.2, je GML samostatnym, bateriemi
napijenym LiDAR zafizenim ur¢enym pro obsluhu
jednim pracovnikem.

Tato technologie je vybavena zabudovanym vysoce
vykonnym pocitacem a softwarem pro automatizaci
na bazi CNN, coz umoZiiuje zpracovani snimkl ve
vysokém rozliSeni v téméf redlném case pro zobra-
zeni deformaci nebo tloustky stfikaného betonu. Na
obr. 3.3 je schéma architektury GML systému.

Funkce monitoringu deformaci

GML technologie je pouzivdna v hlubinném hor-
nictvi a tunelové vystavbé jak pro monitoring defor-
maci (konvergenci), tak jako zafizeni pro navadéni
pfi provadéni praci. Obr. 3.4 ukazuje piiklad zobrazo-
vani pii zapnuti funkce méfeni deformaci. Software
zobrazuje zachycené pohyby osténi oproti referencni
hodnoté — zobrazeno Zlutou barvou. Aktudlni hod-
nota posuntl je zobrazena v milimetrech v tabulkédch
na levé strané. Informace o pohybech (deformacich)
jsou patrné z barevné mapy, kdy Cervend barva zob-
razuje pohyby ve sméru ke skeneru a fialova barva
pohyby ve sméru od skeneru.

Funkce pracovniho navadéni

V pripadé, zZe je GML pouZivano k navadéni pii
pracovnich ¢innostech, je mozné do n¢j naimportovat
BIM CAD modely konstrukei a automaticky pocitat
redlné odchylky od niavrhového modelu. To umozni
pracovnim tymim ziskat v redlném case informace
o vysledcich jejich prace v tunelu. Obr. 3.5 ukazuje
vystup ze softwaru v rezimu pracovniho navadéni pfi
realizaci praci v tunelu.

klasicky laserovy skener
typical laser scanner

celkem: 4 hod 12 min
total: 4hr 12 mins

% hod Y2 hod Y2 hod 2 hod Y2 hod 2 hod 2 hod
§ hr ow Y2 hr § lehr g ohr ¥ %hr ' Y2 hr ' 2hr 1
| | | |
skenovani pfesun zpracovani  analyza vytvofeni cesta zpét opétovné nasazeni
aktualniho k pocitaci dat vysledkd  protokoll na stavbu pracovnik{i pro
stavu commute back  process  analyze produce commute opraveni praci
scanning  to processing data results reports back to site remobilised crew
as-built machine to carry out rework
technologie v realném ¢ase - GML celkem: 12 min
real-time technology - GML total: 12 mins
8 min 4 min 0 hod
T 8mn % 4 min § Ohr % 1
4 ! ' i L
skenovani zpracovani, stavajici osadka
aktuélniho analyza  provede opravy
stavu a vytvofeni  (pokud je nutné)
scanning protokolll existing crew
as-built process, to carry out
analyze rework (where
and produce  necessary)
reports

Obr. 3.1 Porovndni pracovniho ¢asu u LiIDAR a GML technologie
Fig. 3.1 LiDAR vs In-situ LiDAR workflow comparison

, e, iy
Obr. 3.2 Geotechnicky monitoring LIDAR (GML)
Fig. 3.2 Geotechnical monitoring LiDAR (GML)

super vykonné
pocitace
super compute
technology

automatizované

technologie CNN

CNN automation
technologies

LiDAR s vysokym
rozliSenim
Hi resolution LiDAR

Obr. 3.3 Architektura GML systému
Fig. 3.3 GML system architecture
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NAVADENI PRO STRIKANE BETONY V REALNEM CASE

NiZe prezentované vystupy jsou zpracovany na zdkladé realizo-
vaného tunelového projektu z Australie v roce 2018. Na projektu
byl pouzit systém GML pro méfeni tloustky realizovaného primar-
niho osténi ze stfikaného betonu.

Hlavnim problémem, se kterym se projekt potykal, byla nad-
mérnd potieba objednavek betonu pro stiikani. To bylo zplisobeno
faktem, Ze objednavky vychdzeji z predpoklddaného pocitaného
objemu materidlu, ktery zahrnuje velké rezervy pro spad materidlu
a také zohlednuje zkuSenosti operatori. V pribéhu nastiiku maji
pracovnici jako jediné voditko pro urceni tloustky nastfiku konce
svornikd. To miZe mit za nasledek velmi rozdilnou tloustku néstfi-
ku zévislou predev§im na schopnostech operatorti.

29. rocnik - €. 3/2020

near real-time processing of high density point cloud to produce
deformation and shotcrete thickness information. Fig. 3.3 shows
the GML system architecture.

Convergence monitoring mode

The GML technology is used in the underground mining and
tunneling industry as both a convergence monitoring device, and
a construction guidance device. Fig. 3.4 shows an example of
the software running in the convergence monitoring mode. The
software showed movements detected on the back of the draw point,
as depicted in the yellow colour heatmap. The actual magnitude of
the movements is shown in millimeters in the charts on the left. The
deformation information is represented in a hot-cold colour map,
with red representing movement towards the scanner and purple
representing movements away from the scanner.
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Obr. 3.4 Vystup z méreni konvergenci pomoci GML
Fig. 3.4 GML convergence monitoring mode
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Obr. 3.5 Vystup z pracovniho navddéni pomoci GML
Fig. 3.5 GML construction guidance mode
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Na tomto projektu byla technologie GML vyuZivana pro ziskani
informaci v redlném Case, umoznujici operatorim stfikacich stro-
ju dodrzet pozadovanou tloustku nastfiku. GML systém byl vsak
v rdmci projektu nasazen az pozd¢ji. Zustava tak vyzvou Skoleni
a presvédcovani operatora stfikacich stroji pro vyuZzivani systému
za ucelem aplikace spravné tloustky néstfiku a nasledné ke sniZeni
celkové spotreby stiikaného betonu.

Construction guidance mode

The GML when operating in the construction guidance mode
can import BIM CAD models into the device and automatically
calculate the deviations against design models to allow construction
crews to have real-time feedback of their work while in the tunnel.
Fig. 3.5 shows the software operating in Construction Guidance
Mode in a tunnel excavation operation.

LIVE SHOTCRETE SPRAY GUIDANCE

The following case study is based on data from
an Australian tunneling project in 2018. The project
utilised GML to manage the sprayed shotcrete
thickness for the primary lining ground support
construction.

The main construction issues faced in this project
was the excess amount of shotcrete being ordered.
This was because the amount of shotcrete ordered is
based on a calculated estimation, with a large amount
of excess often being ordered to account for rebound
and the spraying skill of the nozzlemen. During the
spray stage, the nozzlemen have only the bolt tip to
gauge the spray thickness. This can result in the final

Obr. 4.1 Zjistovdni nedostatecné nebo nadmérné tloustky stiikaného betonu
Fig. 4.1 Detection of overspray and underspray shotcrete

sprayed thickness varying widely depending on the
skills of the sprayer.
The project utilised GML to provide in-situ

feedback, guiding the nozzlemen to spray to the
desired design thickness. However, GML was
introduced at the later stage of the project. Hence,
presenting the challenge of training and influencing
the nozzlemen to spray to the correct thickness and
subsequently reduce the overall shotcrete usage.

At the beginning

At the start GML was used to characterise the
spray quality of the different nozzlemen. Fig. 4.1
shows the typical spray quality before using GML
to guide the nozzlemen. The shotcrete thickness in
the images shows underspray areas in red, overspray
areas in purple and desired design thickness in green.
As shown on the left of Fig. 4.1, the sprayer was able

Obr. 4.2 Navddeni obsluhy k opravé nedostiikanych mist
Fig. 4.2 Nozzlemen guided to fix up thin spots in shotcrete

to cover the bolts correctly but leaving large under
spray gaps between the bolts. The other issue found

presnost skenovéni (cilova hodnota 55 mm)
can details (55mm target)

scan details (55mm target)

datum: 30/03/2018 date: 30/03/2018

presnost skenovani (cilova hodnota 55 mm)

datum: 09/04/2018 date: 09/04/2018

presnost skenovani (cilova hodnota 55 mm) scan details (55mm target)
datum: 11/04/2018 date: 11/04/2018

spotfeba betonu 4.0 m® shotcrete sprayed: 4.0m°

Obr. 4.3 SniZeni spotreby betonu
Fig. 4.3 Reduction of shotcrete usage
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Obr. 5 Prostorové uspordddni GML ve stani¢eni GL11507 s pri¢nymi Fezy zobrazujici primdrni zajisténi vyrubu
Fig. 5 Position of the GML station GL11507 on plan with cross-section showing ground support and cable-bolting pattern

Uvodni faze

Na zacatku byla technologie GML pouzita k urceni kvality prova-
déni praci jednotlivymi pracovniky. Obr. 4.1 ukazuje typickou kva-
litu provedeni stfikaného betonu pred pouzivinim GML operatory
stiikacich stroji. Tloustka stitkaného betonu ukazuje nedostiikané
oblasti Cervené, fialové oblasti s nadmérnou vrstvou a zelené oblasti
s projektovanou tloustkou osténi. Jak je vidét na levé strané obr. 4.1,
operator stroje byl schopen prekryt spravné vSechna zhlavi svornikd,
ale mezi nimi zanechal mnoho nedostiikanych mist. Druhym zjisté-
nym problémem by1 fakt, Ze operatofi ¢asto pouZili piili§ mnoho be-
tonu po celé plose, aby zajistili dostate¢nou vrstvu kryti (na obr. 4.1
vpravo). Z toho vyplyva vyznamna nadspotieba betonu.

Shizeni opravnych praci

V pribéhu prvnich 4 tydnd pouzivaini GML na daném projektu,
kdy doslo ze strany technickych pracovnikd, predakd a operatorQ
k akceptaci pouZivani systému, bylo zaznamenano zlepseni kvality
provadénych praci. Operatofi byli schopni s pouZitim GML systému
opravovat nedostiikané oblasti, jak je patrné na obr. 4.2. Nicméné
stale zastaval v nékterych mistech problém s nadmérnou tloustkou
nastfiku. Obr. 4.2 ukazuje, Ze operator byl schopen pomoci GML
systému odhalit mista s nedostate¢nou tloustkou a tato opravit.

Snizovani spotieby betonu

Kratce po skonceni prvniho mésice pouZivani byli schopni vSichni
operatofi pouZivat technologii GML pro navadéni pii praci a sniZit
tak mnozstvi prestiikanych mist. Obr. 4.3 ukazuje pokles mnoZstvi
oblasti s nadmérnou tloustkou osténi. V tomto piipadé byli operatofi
schopni dosdhnout sniZeni spotfeby stfikaného betonu o 33 % pfi
pouZziti GML technologie. Navic tohoto vysledku bylo dosaZeno jiz
po dvou tydnech od nasazeni technologie GML do praxe.

V pribéhu prvniho mésice pouzivani GML technologie bylo do-
sazeno snizZeni spotieby betonu pro stiikani o 30 % v ramci celého
projektu.

was that often the nozzlemen would overspray the entire area just
to ensure no underspray areas (as depicted on the right of Fig. 4.1).
Thus, using significantly more shotcrete than required.

Reducing rework

Within the first 4 weeks of the project, after buy-in from site
engineers, foremen and nozzlemen, the project was starting to see
improvement of the spray quality. The sprayer was able to use GML
guidance to cover up the thin spots as seen in Fig. 4.2. However,
there were still some amount of overspray. Fig. 4.2 shows the
nozzlemen was able to detect thin areas and rectify them on the
spot using GML.

Reducing shotcrete usage

Shortly after the first month, the majority of the nozzlemen were
able to use the GML to guide their spraying to reduce the amount
of overspray. Fig. 4.3 shows the reduction of overspray areas. In
this example, the nozzlemen was able to reduce 33% of shotcrete
usage by using GML. More importantly, this was achieved within
2 weeks of working with the GML.

Within the first month of utilizing the GML, the shotcrete order
amount was able to be reduced by 30% across the project.

EFFECTIVENESS OF GROUND SUPPORT

This next case study is based on the paper published by the Agnico
Eagle Geotechnical team in Canada titled, “Advanced geotechnical
monitoring technology to assess ground support effectiveness”.
This paper was presented at the Ninth International Symposium on
Ground Support in Mining and Underground Construction 2019.

Effectiveness of ground support during stope back fill
and production blast

GML was used to monitor the effectiveness of existing ground
support in a drive before, during and after the back filled operation
with production blasting activities in neighboring stopes. Table 1
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(@)

(b)

Obr. 5.1 Detekce deformaci mezi (a) 30. lednem 2019 a 14. iinorem 2019 a (b)

Fig. 5.1 Detection of deformation between (a) 30" Jan 2019 and 14" of Feb 2019, and (b) 30" Jan 2019 and 20" of Feb 2019

EFEKTIVITA ZAJISTENI VYRUBU

Druhy ptiklad vyuziti GML technologie vychazi z ptipadu pub-
likovaného geotechnickym tymem spolec¢nosti Agnico Eagle v Ka-
nad¢é nazvanym ,, Pokrocily geotechnicky monitoring pro vyhod-
noceni efektivity zajisteni vyrubu . Tento ¢lanek byl publikovan
v ramci 9. mezinarodniho sympozia Zajistovdni vyrubu v hornictvi
a podzemnim stavitelstvi 2019.

Efektivita zajiSténi vyrubu v pribéhu vypliovani komor
a produkénich trhacich praci

GML bylo vyuZito pro monitoring stavajiciho zajisténi vyrubu
v chodbé pred, v pribéhu a po dokonceni zapliiovani komor sou-
sednich chodeb a pfi provadéni produkénich trhacich praci. Tabul-
ka 1 ukazuje Casovy program monitoringu ve vztahu k provadénym
pracim v okoli sledované chodby.

GML stanice byla umisténa v misté nadvylomu pired druhou
komorou v hloubce 1,150 m. Obr. 5 (a) zobrazuje prostorové uspo-

30. lednem 2019 a 20. tinorem 2019

vychodni sténal
east wall

zapadni sténa
west wall l

Obr. 5.2 Vybrané mériené body ze stani¢eni GL11507
Fig. 5.2 Selected monitoring points for Station GL11507

shows the monitoring schedule against the related mining activities
in surrounding areas.

The GML station was set up within the overcut in front of
a secondary stope at a depth of 1,150m. Fig. 5 (a) shows a plan
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Obr. 5.3 Vyvoj deformaci vybranych bodii ve stani¢eni GL11507
Fig. 5.3 Deformation history of selected points in station GL11507
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fadani pred budouci komorou 120-129C a v zaplnénych komorach
na kazdé prilehlé stran€. V pribéhu monitoringu byly provadény
prace na vyplinovani komory 115-128D a produk¢ni trhaci prace
v komote 120-129C. Obr. 5 (b) zobrazuje kompletni primarni za-
jisténi vyrubu a pozice lanovych svornik v nadvylomu komory.
Lanové svorniky s dvojitou klickou pouzité v komote byly pre-
depnuty a opatieny podlozkou. Byla méfena a analyzovana odezva
deformace pro kazdy z prvka zajisténi vyrubu pii kazdém ze série
periodickych méfeni ze stejného stani¢eni GL11507.

Tab. 1 Shrnuti skenovacich a hornickych aktivit v okoli GML stanice GL11507
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of the scan location in front of the future Stope 120-129C and the
backfilled primary stopes on either side. During the monitoring
period, activities included the backfilling of Stope 115-128D and
blasting of Stope 120-129C. Fig. 5 (b) shows the complete primary
ground support and cable-bolting pattern in the stope overcut. The
double bulge cable bolts in the stope backs were tensioned and
plated. The deformation response for each type of ground support
element was measured and analysed over a series of periodic scans
from the same location, identified as GL11507.

Tab. 1 Summary of scanning and mining related activities near the GML sta-

datum éinnost tion GL11507
30. leden 2019 360° GML sken €. 1 date events
6. inor 2019 360° GML sken €. 2 30 January 2019 [ 360° GML scan #1
11. Unor 2019 zaCétek zapliiovani sousedni komory 115-128D 6 February 2019 [ 360° GML scan #2
14. Ginor 2019 360° GML sken €. 3 11 February 2019 | start backfilling of adjacent stope 115-128D
15. Ginor 2019 odstfel ¢. 1-9,000 tun v komore ¢. 120-129C 14 February 2019 | 360° GML scan #3
17. Unor 2019 ukon&eni zaplfiovani sousedni komory 115-128D 15 February 2019 | blast #1 of 9,000 tons in stope 120-129C
20. tnor 2019 360° GML sken €. 4 (dopoledne)va odstel €. 2 17 February 2019 | end backfilling of adjacent stope 115-128D
B b (e Sl v Ginale 1AL 20 February 2019 | 360° GML scan #4 (am) and blast 18,000 tons (pm)
7.Unor 2019 odstfel ¢. 3-23,000 tun v komore ¢. 120-129C in 120-129C
7. biezen 2019 360° GML sken €.5 7 February 2019 |final blast of 23,000 tons in 120-129C
15. bfezen 2019 360° GML sken ¢. 6 7 March 2019 360° GML scan #5
15 March 2019 360° GML scan #6

Po zahdjeni vyplilovani komory 115-128D bylo zaznamenano,
Ze zépadni sténa a svorniky v sekci 115-129 vykazuji zrychleny
vyvoj deformace v porovnani s vychodni st€nou. Tento vyvoj byl
také dan do pfimé souvislosti s pozorovinim vyronu vody ze za-
padni stény. V prabéhu vypliiovani komory 115-128D byl sledo-
van vyron vody také z pilife do oblasti umisténi GML stanice. De-
formace zmérené mezi 30. lednem a 20. dnorem pied provedenim
prvnich trhacich praci v komote 120-129C jsou patrny z obr. 5.1b.
JelikoZ ve sledovaném obdobi nedoslo ke vzniku napéti vlivem tr-
hacich praci, je nariist deformaci o cca 10 mm pfisuzovan pfechod-
nému tlaku vody v ramci referencniho stavu pilite. Teplé barvy na
obrazku znazortiuji pozitivni hodnoty (nartist) deformaci stény ve
sméru ke skeneru. Studené barvy pak znazornuji negativni hodnoty
(pokles) deformaci a reprezentuji ztratu materialu z povrchu stény.

Obr. 5.2 zobrazuje pozici vybranych méfenych bodu, které byly
na sténach a stropé chodby sledovany pro zjisténi vyvoje defor-
maci v prubéhu celého procesu méfeni za obdobi 30. leden 2019
az 15. brezen 2019. Pro opakované méreni (skenovéani) z daného
stani¢eni musely byt tyto body peclivé vybrany tak, aby nedoslo
k jejich zakryti kabely, potrubim, strojnim zafizenim a zabrana-
mi a zaroven aby nedos$lo k pfekryvani jednotlivych snimku. Pro
méfeni byly vybrany dva frikéni svorniky v kazdé sténé, tii lanové
svorniky ve stropé a jedna oblast stény.

Obr. 5.3 zobrazuje graf vyvoje deformaci svornikii a st€ény v mé-
fenych mistech (obr. 5.2). Provedené skeny byly v souladu s vi-
zudlné zjisténym pozorovanim zvySené deformace zdpadni stény
ve srovndni se sténou vychodni. Obr. 5.3 ukazuje, jak vyznamny
rozdil v deformacich zdpadni stény byl zaznamendn ve vybrané
oblasti oproti vychodni sténé. Navic je patrny vyznamny nartst
deformaci po provedeni tfetiho odstielu v komote 120-129C. Po-
sledni snimkovani provedené o dva tydny pozdéji jiz Zadné zmény
deformaci vlivem trhacich praci nezaznamenaly.

Automatizované zpracovani dat pomoci GML technologie
umoznilo ziskat vySe uvedend data tymu geotechnikti okamZzité.
Dala se tak provést hloubkova analyza efektivity zajiSténi vyrubu
pouzivana v prub€hu provadéni praci. Provedeni takové analyzy
je pfi pouziti konvenc¢nich LiDAR systému velmi obtizné, jelikoZ

tento postup je ¢asové velmi narocny.

After commencing the backfilling of Stope 115-128D, it was
noticed that the west wall and bolts in the 115-129 draw point
indicated a higher rate of deformation than the east wall. This effect
was also directly linked with the observation of water draining
through the west wall. As backfilling continued in Stope 115-128D,
water was observed draining through the pillar, with Stope
115-128D into the drive where the GML station was located. The
measured deformation between 30 January and 20 February, before
the first blast of the Stope 120-129C, is depicted in Fig. 5.1b. As
there was no blast-induced stress change during this period, the
observed positive deformation of approximately 10mm is related to
the transient water pressure within the draw point pillar. Hot colours
in the images represent positive deformations with the wall moving
towards the scanner. Cold colours indicate negative deformations
and are related to loss of material from the wall surface.

Fig. 5.2 shows the location of the selected point measurements
that were on the walls and roof to track the excavation deformation
history over the entire duration of the scans conducted from
30 January to 15 March 2019. As repeated scans were conducted
at this station, measurement points had to be carefully selected to
avoid obstruction of cables, pipes, machinery and fences and to
avoid multiple screen overlap. Two Split Sets were chosen in each
wall; one wall measurement and three bolts on the roof.

Fig. 5.3 shows a graph of the deformation history of the bolts
and wall surfaces at the locations identified in Fig. 5.2. The scans
concur with visual field observations of the west wall deforming
more than the east wall. Fig. 5.3 reveals that the west wall deformed
significantly more compared to the east wall on the selected section.
Moreover, it also indicates a step change in deformation with the
third and last blast in Stope 120-129C. The last scan, more than
two weeks later, shows no further deformation post-blast.

The automated processing capability of the GML was able to provide
the aforementioned information immediately to the geotechnical
team. This allowed for in-depth analysis on the effectiveness of
different ground support used in their mining operations. Such
analysis is very difficult to carry out using a conventional LiDAR
technology as the process will be significantly drawn out.
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Tym spolecnosti Agnico Eagle Canada byl schopen diky pouziti
in-situ méfeni v redlném Case izolovat a propojit deformac¢ni pohy-
by s provadénymi ¢innostmi a charakterizovat tak efektivitu pouZi-
vaného zajisténi vyrubu. Piinos méfeni v redlném case s ohledem
na sniZeni nakladt k provadéni téchto ¢innosti je v pedstaveném
pfipadu zfetelny. Je tak umoZnéna tvorba strategie zajiSfovani vy-
rubu pro aktivné se ménici podminky v podzemi.

ZAVER

V clanku byl predstaven rychly postup LiDAR technologii se
zabudovanymi superpocitaci umoziujici rozvoj feseni uloh v té-
mér redlném Case. Byly ukazéany ptiklady pouZiti této technologie
v hornictvi a podzemnim stavitelstvi a jak je diky této technologii
mozné zvysit bezpecnost, kvalitu a finan¢ni tspory.

Rychly pokrok v pocitacovych technologiich je rozhodné kli-
¢ovym prvkem umoziujicim vyvojarim a technologim vyvinout
nastroje, které mohou vyznamné ovlivnit hornictvi a stavebnictvi.
Nicméné dileZitou roli v uvadéni a rozvoji té€chto inovativnich
technologii hraje samotné stavebnictvi a hornictvi svym pristupem
k jejich rychlému piijeti v tivodni fazi. To je kritickym faktorem
pro jakoukoliv vznikajici technologii pro dosaZeni tspéchil a pro
skokové zmény v aktudlnim vyvoji.
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stage. This is critical for any emerging technology to achieve the
desired potentials and step change the current state of the art.
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UNIPASS — NOVA ERA VE SVORNIKOVANI
UNIPASS - A NEW ERA IN ROCK BOLTING

MICHAEL HOSP

ABSTRAKT

Instalace svornikit a osazovdni siti je béZnou technologii, kterd vSak miiZe byt i casové ndrocnd. Pocdtecni iinosnost plné lepenych svor-
nikii je v mnoha pripadech zdvisld na rychlosti vytvrzovdni pouZivanych kotevnich smési na bdzi cementu. Vyvoj v této oblasti, a to za uicasti
dvou vyznamnych dodavatelii technologii pro hornictvi a podzemni stavitelstvi, vyiistil v novy typ vrtaciho stroje a kotevniho systému, které
byly diikladné testovdny v laboratornich i redlnych podminkdch. Prvni vrtaci viiz vyuZivajici tento svornikovaci systém byl do béZného
provozu nasazeny koncem roku 2019 v Kanadé a doposud prokdzal svou spolehlivost v béZném reZimu provozovaného dolu. Prispévek
shrnuje vyvoj technologie, laboratorni a polni zkousky provedené za iicelem ovéreni funkcnosti systému a poznatky z jeho prvniho redlného
nasazeni v hlubinnych dolech v Severni Americe.

ABSTRACT

Rock bolting has for a long period considered to be a bottleneck in underground mining and tunnelling. Initial stability for fully grouted
bolts is in many cases dependant on the curing time of the cement grouts used. Recent developments in this sector by two major suppliers to
the mining and tunnelling industry have resulted in a new type of bolting rig and new bolting system which have been tested extensively in
laboratories and in the field. The first rig using this technology was put into operation in Canada towards the end of 2019 and has already
proven its reliability in a production environment. The paper summarizes the development of this technology, laboratory and field trials

undertaken to verify the system and first applications in underground mines in North America.

PREDSTAVENI TECHNOLOGIE

Svornikovani je jizZ dlouhou dobu povazovano za standardni sou-
¢ast vyztuzovani v konvenénim (cyklickém) podzemnim stavitel-
stvi a v hornictvi. I v dobrych geologickych podminkach vyzaduje
velka Cast instalace systému pro zajisténi vyrubu jistou manualni
ndmahu pro provedeni téchto praci. PIné mechanizovand instala-
ce, automatizace nebo déilkové ovladané provadéni téchto praci
neni pfitom bézné vyuzivané nebo neni viibec dostupné, i kdyz je
v soucasnosti po takovém feseni poptavka a vyvoj v této oblasti je
podporovany.

Vedle bezpecnostnich hledisek spojenych s manudlni instalaci
siti nebo svornikil se musi pracovnici navic pohybovat také v pro-
storu vyrubu pouze Castecné zajiSténém, pripadné i zcela nezajis-
téném. K tomu pfistupuje nevyhnutelny fakt, Ze prace v podzem-
nim stavitelstvi nebo hlubinném hornictvi jsou ¢im dal tim Castéji
provadény v obtiznych geologickych podminkéch. V podzemnim
stavitelstvi je to vysledkem projektovani pfiméjSich tras tuneli pro
vysSi prijezdné rychlosti, a to zejména u ZelezniCnich staveb. To
vede k razbam s vy$§im nadloZim a v obtiznéjsich geotechnickych
pomérech. Prifezy razenych tuneld pro dopravni stavby byvaji pfi-
tom vétsSinou veétsi, neZ jsou profily typické pro hlubinné hornictvi.

V hlubinném hornictvi se pro dosazeni vysoké kvality a velkych
objemt dobyvanych surovin price provad€ji ¢im dal hloubgji.
V souvislosti s vy$§im nadloZim narGstaji také napéti v hornino-
vém masivu a v mnoha pfipadech prekracuji pfirozenou pevnost
horniny danou geologii v oblasti oteviranych celeb. Mimoradné
udalosti — zdvaly, poruSeni stability masivu ¢i vyztuZe apod. — pak
maji mnohem zasadnéjsi prabeh.

Rychlé instalace zajisténi vyrubu, tzn. co nejdiive po odtéZeni
horniny, je tudiz zédkladnim pozadavkem. Vyssi dlraz je pfitom
kladeny jak na efektivnost pouZzitého systému, tak i na efektivitu
samotné instalace systému.

Vyse uvedené skutecnosti potom, spolu se vzrustajicimi naroky
na bezpecnost pracovniki, vedou k ¢ast&j$imu vyuZzivani mechani-
zace a nakonec i plné automatizaci instalace systéma pro zajisténi

vyrubu.

INTRODUCTION OF THE TECHNOLOGY

Rock Bolting has been considered a bottleneck in cyclic tunnelling
and mining for many years. Even in good rock conditions, a large
portion of the installation process of ground support requires at least
some manual interference to get the job done. Fully mechanised
installation, automation, or remote-controlled installation of ground
support are not commonly used or even available, even though there
is now a desire and encouragement to introduce such solutions.

Besides the safety issues related to manual handling of ground
support such as mesh and rock bolts, operators are close to
partially supported or sometimes even unsupported rock. It is a
given that both tunnelling and mining activities are increasingly
exposed to more difficult ground conditions. For civil tunnels this
is a consequence of designing straighter routes in order to achieve
higher speeds, especially for railways. This leads to the openings
being exposed to higher overburden and more difficult geology
and ground conditions. In addition, cross-sections excavated in
tunnelling are typically bigger compared to mining.

In mining, operations are moving deeper and deeper in order to
mine resources with attractive grades and volumes. In line with
higher overburden, the stresses in the rock increase and in many
cases exceed the natural strength of the given mineralogy and
geology around the openings. Rock failures become more violent.

Therefore, a quick installation of ground support as early as
possible after the excavation is of essence. Higher concern is put
on both, the effectiveness of ground support and the efficiency of
ground support installation.

The above, as well as an increasing demand for safety for the
operators, points to a higher level of mechanisation and ultimately
to full automation for the installation of ground support.

DEVELOPMENT OF A NEW BOLTING METHODOLOGY
AND SYSTEM

Epiroc, who is a well-known OEM for underground capital
equipment, have successfully developed and marketed drill rigs for
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VYVOJ NOVE SVORNIKOVACI METODY A SYSTEMU

Spolecnost Epiroc, ktera je znamym dodavatelem strojniho vy-
baveni pro podzemni vystavbu, tspésné vyviji a dodava desitky let
vrtaci vozy pro podzemni stavitelstvi a hornictvi. Vyviji také razné
typy svornikovacich vozl pro instalaci ty¢ovych a lanovych svor-
nikil, nakladace a prepravni vozy typu LHD (Load / Haul / Dump
— naloz, preprav, vyloz).

Spole¢nost Minova pak patfi mezi pfedni dodavatele materiald
a technologii pro stabilizaci horninového prostiedi, chemickych in-
jekénich materidll, cementovych hmot a prislusenstvi pro kotveni.
Obé spolecnosti pritom plisobi po celém svéte.

V poloviné minulé dekady se obé spolec¢nosti dohodly na spolu-
praci pfi vyvoji nového svornikovaciho systému a metody, s cilem
vyznamné zvysit rychlost instalace systému pro zajisténi vyrubu
bez ohledu na kvalitu horninového prostredi a s cilem zvySit bez-
pecnost obsluhy u podzemniho vyrubu eliminaci manudlni prace
a s minimalizaci pobytu posadky pri praci v nezajisténém prostoru
v prubéhu pracovniho cyklu.

S ohledem na zaméfeni obou spole¢nosti firma Epiroc vyvinula
plné integrované feSeni pro zpracovavani injekcnich pryskyfic a in-
stalaci svornikl do jejich vrtacich vozi a spolecnost Minova vhod-
ny typ svorniku, injek¢nich pryskyfic a prispéla svou dlouholetou
zkuSenosti s Cerpaci technikou pro pryskyfice a systémy svorniku.

Prirozenym partnerem pfi zkouSeni a vyhodnocovani vysledka
se v prubéhu vyvoje stala Svédska dulni spolecnost LKAB (Lu-
ossavaara-Kiirunavaara AB), kterd poskytla podzemni prostory
pro zkousky velkého rozsahu. Tuto spolecnost vedla ke spolupraci
okamZzitd potieba vyuZivat takto vyspély systém svornikovani pro
dalsi bezpeCny rozvoj a rovnéz zemépisna provazanost uvedenych
spolupracujicich firem.

Cast vyvoje této technologie probihala v ramci evropského pro-
jektu SIMS (Sustainable Intelligent Mining Systems — UdrZitelné
inteligentni dilni systémy) za ucasti Technické univerzity Lulea ve
Svédsku.

TufHel

tunnelling and mining as well as bolting rigs for various types of
rock bolts and cable bolts, and underground LHD's (Load / Haul /
Dump) and mine trucks for decades.

Minova is one of the leading suppliers of ground support
products, cementitious powders, grouts, polymeric resins, and
supporting equipment. Both companies operate on a global level.

In the middle of the last decade, both companies agreed to
develop a bolting system and methodology with the intention to
significantly improve the speed of installation of ground support,
regardless of the ground conditions and to improve safety for the
operators by eliminating the need for manual interference and
exposure to hazardous roof conditions during the bolting cycle.

Given the expertise of the respective companies, Epiroc
developed a fully integrated solution for the handling of bulk resin
and rock bolts on their rig, whereas Minova developed suitable
rock bolts, a customised series of bulk resins and contributed with
its long-term experience in resin pumping technology and bolting
solutions.

Due to the immediate need of such an advanced bolting system and
the geographical closeness, LKAB (Luossavaara-Kiirunavaara AB)
became the natural partner for the evaluation of the developments
and contributed in kind by providing the underground facilities for
the large-scale field trial.

Part of the development work was run under the European SIMS
(Sustainable Intelligent Mining Systems) project, involving Lulea
University of Technology, Sweden.

The objectives of the development were spread over several
aspects of the installation of ground support, such as safety,
geotechnical, productivity, and quality control.

The Epiroc Boltec bulk resin rig

Epiroc developed, based on their Boltec series of bolting rigs, a
Boltec E Bulk Resin rig. The Boltec range offers several options,
e.g. for expandable bolts, friction bolts, or rebars installed with
resin cartridges or cement grout. Solutions for the installation of
cables exist as well.
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Obr. 1 Svornikovaci stroj Boltec E Bulk Resin se zobrazenim funkénich celkii systému

Fig. 1 The Boltec Bulk Resin machine illustrating functional operations
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Cile vyvoje byly rozdéleny do nékolika aspektti zahrnujicich
instalaci prvkd, zajisténi bezpecnosti, geotechniku, produktivitu
a kontrolu kvality.

Svornikovaci stroj Epiroc Boltec
Spolecnost Epiroc vyvinula na zakladé své fady svornikovacich
strojii Boltec novy stroj s nazvem ,,Boltec E Bulk Resin“. Rada
Boltec v tom nabizi n€kolik moZnosti osazeni a nasazeni stroje,
napf. pro hydraulicky upinané svorniky, svorniky frikéni a svor-
niky tyCové upinané pomoci lepicich ampuli nebo cementovymi
tmely. U téchto mechanisma je dostupné také feSeni pro instalaci
lanovych svorniki.
Svornikovaci viuz ,,Boltec E Bulk Resin® obsahuje nésledujici
prvky (obr. 1):
1. zabudované zasobniky na dvouslozkovou pryskyfici;
2. zabudovany zasobnik svorniki;
3. automatizované nebo déilkové ovladané provadéni svorniko-
vani z kabiny vozu;
. zabudovany systém registrace dat;
. injekeni pfipojka;
. manipulator pro osazovani siti;
. utahovék.
Cely proces manipulace se svorniky a jejich instalace je fizen
z kabiny stroje, a to v€etné manipulace se siti a dotahovdni matic
svornikd, je-li to zapotiebi. Instalacni proces sestava z nasleduji-
cich krok:
* rotacné piiklepného zavrtani dutého svorniku s osazenou pod-
lozkou a matici;
e stazeni svorniku zpét a jeho sevieni klestinami pod podloZkou;
 odpojeni vrtaciho kladiva od svorniku;
e stazeni vrtaciho kladiva do krajni polohy a nasunuti injek¢niho
adaptéru;
e pritahnuti injek¢niho adaptéru a napojeni na svornik;
e otevreni kleStin a zatlaceni svorniku do vrtu;
 zahdjeni injektdZe a jeji pokracovani tak dlouho, dokud nevy-
stoupi pryskyfice u usti vrtu;
e udrZeni pfitlaku lafety do vytvrzeni pryskyfice (20 az 40 se-
kund);
* odpojeni injek¢niho adaptéru a staZeni lafety;
* dotaZeni matice (pokud je potieba).
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Svornikovaci systém Minova ,UniPass"

Minova vyvinula svornikovaci systém ,,UniPass®, ktery spojuje
vyhody pouziti dutych zavrtavacich svornikd a injek¢nich pryskyfic.

Duté zavrtavaci ty¢e (SDA/IBO) jsou dobie zndmym prvkem
a v poslednich 45 letech jsou bézné pouZivany v podzemnim sta-
vitelstvi a v geotechnice, zejména pro stabilizaci svahi a jako mi-
kropiloty. Tyto tyCe jsou opatfeny pribéznym zavitem a obvykle
maji omezenou hodnotu taznosti, coZ je ¢ini nevhodnymi pro kon-
vergujici horninové prostfedi nebo pro prostiedi s dynamickym
namahanim.

Proto byla spole¢nosti Minova pro systém ,,UniPass* vyvinuta
nova fada zavrtavacich svornikii pro kvazistatické, konvergujici
a dynamické podminky. VSechny tyto svorniky mohou byt pouZi-
vany jako samozavrtavaci se ztracenou korunkou s okamZité pro-
vedenou injektdzi po dovrtani. Tento postup je znamy také pod po-
jmem 1Step Bolting (svornikovéni v jednom kroku). Alternativné
mohou byt ale také vlozeny do hotového vrtu s naslednou injektazi
a tento postup je potom znamy jako 2Step Bolting (svornikovani
ve dvou krocich).

Pro pouZiti v oblastech s velkymi deformacemi, ale bez dynamic-
kych projeva, byl vyvinuty specidlni zavrtavaci svornik ,,UniPass

Yielding Bolt*“ — kluzny svornik UniPass (obr. 2). Tento svornik
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The Boltec Bulk Resin machine comes with the following
features (shown in Fig. 1):

1. onboard containers for the 2-component resin;

2. onboard bolt magazine;

3. bolting operations automated or remote controlled from the

cabin of the rig;

. onboard logging and recording;
. injection nozzle;

. mesh handling system;

. system to tighten the bolt nut.

The entire bolt handling and installation is controlled from the
cabin of the Boltec rig. This includes mesh handling and tightening
the bolt nut, if required.

The installation process consists of the following steps:

* roto-percussive drilling the hollow bar with plate and nut

mounted;

* pulling back the drilled bolt and grip the bolt beneath the plate;

¢ disconnection of the shank from the rock bolt;

* pulling the hammer back to the near end of the feed and sliding

in the resin injection adapter;

* pushing the resin injection adapter to the front and connecting

it to the bolt;

» opening the grippers and pushing the bolt into the hole;

e start the injection process and keep pumping the resin until it

becomes visible at the borehole collar;

* maintain feed pressure on the bolt until the resin is cured (20

to 40 seconds);

* remove the injection adapter and the feed;

e tighten the bolt nut (if required).

~N O L B~

The Minova UniPass bolting system

Minova developed the UniPass rock bolting system. This system
encompasses a range of hollow bolts and bulk resins.

Hollow bars (SDA/IBO) are a well-known product over the last 45
years and are typically used in tunnelling and ground engineering,
especially slope stabilisation and micropiling. The bars are fully
threaded and typically have a limited ductility making them
unsuitable to respond to converging ground or dynamic conditions.

For the UniPass application, Minova developed a family of self-
drilling hollow bolts for quasi-static, converging and dynamic
conditions. All bolts can be used as self-drilling bolts with a
sacrificial drill bit. This process is also referred to as 1Step bolting.
Alternatively, they can be inserted into predrilled boreholes, which
is referred to as 2Step bolting.

The Minova UniPass Yielding Bolt was developed for ground
conditions which result in high convergences, however without
dynamic events (Fig. 2).

This bolt shows extraordinary elongation properties on a defined
section of the bolt (Fig. 3), whereas the bond sections are rigid
securely anchoring the bolt.

For dynamic environments, the UniPass Dynamic Bolt was
developed (Fig. 4). The dynamic performance of the bolt was
verified in the standard drop tests (Fig. 5) used around the globe in
different locations. LKAB” s requirements for 30kJ in load case 1,
and 19kJ in load case 2, both at Sm/s were achieved and exceeded.

By adapting steel grades and resin properties single impacts of
up to 50kJ (Fig. 6) and multiple impacts of up to 30kJ (Fig. 7) were
achieved at a drop speed of S5m/s and above without failure.

CarboThix bulk resin

Minova has supplied its patented CarboThix silicate resin into
the global mining and tunnelling industry for more than a decade.
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Obr. 2 Kluzny svornik UniPass
Fig. 2 The Minova UniPass Yielding Bolt

se vyznacuje vynikajicimi parametry protaZeni na definované casti
tyCe/tahla (obr. 3), kdy zbyvajici ¢ast instalovaného svorniku zlsté-
va pevné ukotvena/zalepena v horninovém prostiedi.

Pro oblasti s dynamickymi projevy zatiZeni byl vyvinut ,,UniPass
Dynamic Bolt* — dynamicky svornik UniPass (obr. 4). Technické
parametry svorniku byly ovéfeny standardnim razovym testem
(Drop Test, obr. 5), ktery je pouzivany po celém svété. Pozadavky
LKAB byly: odolnost vici razové energii 30 kJ a 19 kJ pfi padové
rychlosti 5 m/s; tyto hodnoty byly s rezervou dosaZeny.

Volbou tiidy oceli a vlastnosti injek¢nich pryskyfic bylo pfi
zkouSkach dosaZeno absorpce energie 50 kJ pfi singularnim rdzu
(obr. 6) a az 30 kJ pri vicenasobném razu (obr. 7) pfi padové rych-
losti 5 m/s, a to bez zndmek jakéhokoliv poruseni svorniki.

silav kN force in kN

0 50 100 150 200
posun v mm displacement in mm

Obr. 3 Graf deformace kluzného svorniku UniPass se sekci délky 200 mm
Fig. 3 Elongating performance of the UniPass Yielding Bolt 200mm
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Obr. 4 Dynamicky svornik UniPass
Fig. 4 The Minova UniPass Dynamic Bolt

Injekéni pryskyrice CarboThix

Spole¢nost Minova celosvétové dodava svou patentem chrdné-
nou organicko-minerdlni (silikdtovou) pryskyfici CarboThix uZi-
vatelim v hornictvi a v podzemnim stavitelstvi jiZ vice neZ 10 let.

V ramci vyvoje nové technologie UniPass byly upraveny recep-
tury pryskyfice CarboThix tak, aby se minimalizovala doba vytvr-
zovani pri pouziti svornikd typickych délek 2,4 m a 3,6 m a sniZila
se tak Cekaci doba po dokonceni injektdZe. Bylo nutné zohlednit
také fadu environmentdlnich poZadavkd adresovanych z hlubin-
nych dolti a podzemnich staveb z celého svéta; tim vznikla dplné
nové fada pryskyfic. Tento novy typ umoZiiuje uvolnit pfitlak la-
fety a odpojeni injekéniho adaptéru jiz 20 sekund po dokonceni
injektaze. To zvySuje produktivitu prace a umoziuje rychlou ak-
tivaci svorniku a dotaZeni matice, je-li to nutné. Nové receptury
s rozdilnymi Casy vytvrzovani byly dikladné zkouseny pro ziskani
nejlepsi mozné kombinace pryskyfice a svorniku, a to k zajisténi
bezpecného pienosu zatiZzeni mezi horninovym prostfedim a svor-
nikem, jak pfi statickém, tak i dynamickém namahani.

VYSLEDKY Z PROVOZNICH ZKOUSEK

Cely systém byl dlouhodobé zkouSeny v dole Malmberget spo-
le¢nosti LKAB. Naprosto cilené byly zkousky provadéné v nejtéz-
Sich podminkach daného dolu, a to v mistech, kde se vyskytovaly
tektonicky velmi postiZené a soucasné také velmi pevné horniny,
s pevnosti v tlaku az 450 MPa.

V priibéhu zkousky s nasazenim prototypu svornikovaciho stroje
Boltec E Bulk Resin bylo nainstalovano cca 1 300 kust svornikd.
Vedle finalniho ladéni stroje a souvisejicich komponent systému
bylo dile seznameno a proskoleno k bezpec¢nému a efektivnimu po-
uzivani této technologie vice nez 50 techniktl a vrtmistri z dola spo-

Minova adapted the formulations of CarboThix to minimize
the curing time of the bulk resin for standard rock bolts with a
typical length of between 2.4 and 3.6m and to reduce the holding
time after the resin injection. Different environmental conditions
in underground mines and tunnels around the globe were also
considered, and a family of new resin formulations were developed.

1. zkoudka: pferudena trubka
load case 1: split tube

2. zkouska: neprerudend trubka
load case 2: continuous tube

horni trubka
upper tube

N\

spodni trubka
lower tube

dopadova deska

impact plate dopadové deska

impact plate

Obr. 5 Dynamickd rdazovd zateZovaci zkouska (Drop Test) — pripad 1 — preruse-
nd trubka, pripad 2 — neprerusend trubka

Fig. 5 Dynamic testing load cases (Drop Test): load case — 1 split tube and load
case 2 — continuous tube
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Obr. 7 Dynamické zatiZeni/pretvoreni pri dvou po sobé ndsledujicich rdzech
o0 energii 30 kJ a rychlosti 5,52 m/s

Fig. 7 Dynamic load/displacement curve for two consecutive impacts of 30kJ
at 5.52m/s

lecnosti LKAB. Zkousek se zicastnilo a s touto pokrokovou techno-
logii se seznamilo rovnéz dalsich vice nez 100 externich navstévnika
z celého svéta.

Produktivita

Pii provadéni technologickych zkousek bylo cilem seznamit a pro-
Skolit maximalni mozny pocet vrtmistri. Ocekavany narist produk-
tivity instalace svornikd byl pfitom dosaZeny jiZ v pribéhu téchto
zkousek. Predpokladané cile byly ptekroCeny, protoZe primérna do-
sazend produktivita inila 11 instalovanych svornikl za hodinu, vcet-
né paralelni instalace ochrannych siti. Na obr. 8 je pohled z kabiny
svornikovaciho vozu, na obr. 9 rameno stroje se zasobnikem svornika.

S postupem technologickych zkousSek systému nartstala droven
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These formulations allow the release of the feed pressure and
to remove the injection adapter only 20 seconds after the bolt is
injected, which further improves productivity and allows for early
load bearing capacity and tightening of the nut, if required.

The new formulations feature different speeds of curing and
were extensively tested to ensure the best possible match between
the respective formulation and the rock bolts to ensure a safe load
transfer between bolt and rock in static, converging and dynamic
conditions.

RESULTS OF THE LARGE-SCALE FIELD TRIAL

The system was tested extensively in LKAB”s Malmberget
mine. Intentionally, the field trial was completed in the worst
possible conditions in the mine, encountering highly fractured and
hard rock with a compressive strength up to 450MPa.

During this trial, based on a prototype Boltec E bulk resin rig,
circa 1,300 bolts were installed. Besides final adjustments on the
rig and related components more than 50 operators and service
technicians from both LKAB mines were introduced and trained
on the safe and efficient operation of the bolting rig. Over 100
visitors from around the globe visited the trial and witnessed the
step-changing technology.

Productivity

The field trial was used to involve as many bolting operators
as possible and to train them on the Boltec rig. Nevertheless, the
expected increase of productivity of the bolt installation was already
achieved during the field trial. The original aim was exceeded since
an average of 11 bolts were installed per hour with mesh being
installed in parallel. Fig. 8 shows a view of the bolter from the
operator’s cab. Fig. 9 shows a view of the rig feed with preloaded
bolt magazine.

At the end of the field trial the learning curve was still pointing
up. Provided more practise and experience the operators expected
their productivity to increase to an average of 15 bolts per hour
including mesh handling and installation.

The graph in Fig. 10 shows the number of bolts installed during
the total working time spent at the face. This time includes all other
activities around the bolt installation, such as tramming in between
rows of bolts and positioning, set-up and pack-up, bolting, mesh
handling, reloading the bolt magazine, etc.

Quality

The self-drilling hollow bolts facilitated the bolt installation
especially in highly fractured and damaged ground conditions. The
resin grout is force mixed by a static mixer installed just before
the bolt, ensuring complete mixing of the components. Pumping
rates and control of volume flow and pressure guarantee a high-
quality resin entering the rock bolt and the borehole to facilitate its
specified performance after curing.

Full encapsulation of the bolt is guaranteed due to online
control of the volume injected and visual control of the resin grout
appearing at the borehole collar.

Adaptation of the formulation to the respective environmental
conditions ensures minimal time until the bolt is securely anchored
in the borehole. 55 bolts were pull tested up to 200kN — no bolt
failed or slipped.

Economics

Economic considerations will vary significantly between mines,
depending on the type of bolts (length/diameter), grouting volumes
and bolting technology used and considered to be the reference
for UniPass bolting. This refers to improvement of productivity as
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Obr. 8 Pohled z kabiny svornikovaciho vozu — v popredi monitor — digitdlni ovlddaci pult
Fig. 8 View out the front of the operator’s cab — note the visibility of the digital controls

znalosti operatord. Pfi del§im pouZivani a ziskani souvisejicich zku-
Senosti mohou vrtmistii o¢ekdvat dalSi zvySeni produktivity prace
az k 15 instalovanym svornikiim za hodinu, v€etné ochrannych siti.
Graf z obr. 10 ukazuje celkovy pocet instalovanych svornika
v Case straveném na celbé. Tento ¢as zahrnuje veSkeré dalsi Cin-
nosti spojené s instalaci svorniku, jako jsou pfesuny polohy mezi
navrtnymi body, vytaZzeni a staZeni lafety, samotné svornikovani,
manipulace s ochrannou siti, doplnéni zasobniku svornika atd.

Kvalita

Zavrtavaci kotevni tyCe jsou s vyhodou vyuzivany pfi instala-
ci svornikdl ve velmi poruSeném horninovém prostredi. Jednotlivé
slozky injek¢ni pryskyfice jsou hydraulicky smichdny ve statickém
sméSovaci, ktery je osazen pred zhlavim svorniku; je tak zajiSté-
no dokonalé promichani obou slozek. Rychlost ¢erpani a kontrola
mnozstvi a tlaku pfitom zajistuji vysokou kvalitu pryskyfice vstu-
pujici do svorniku tak, aby byly zajiStény pozadované parametry
injek¢ni hmoty po vytvrzeni.

PIné zalepeni svorniku je zajiSténo diky online kontrole injek-
tovaného mnoZstvi a vizualné pak vyronem prstence hmoty u usti
vrtu. Upravou receptur pro dané podminky prostiedi je dosaZeno
minimalni ¢ekaci doby do kompletniho vytvrzeni pryskyfice ve
vrtu. Bylo provedeno celkem 55 tahovych zkouSek svornikt silou
200 kN — a to bez proklouznuti nebo poskozeni jediného svorniku.

Ekonomika

Ekonomické vyhodnoceni nasazeni technologie UniPass se
muZe vyznamné lisit pro riiznd dalni pracovisté v zavislosti na typu

well as with regards to geotechnical improvements related to faster
curing of the resin.

In the case of LKAB, the number of bolts installed per hour more
than doubled, considering that the higher number was achieved
despite installing mesh in parallel to the bolting cycle. Using bulk
resin relieves the operator from cleaning and preparing a cement-
based system which at LKAB translates to a loss of at least one
operating hour per shift.

A self-drilling bolt circumvents issues with collapsing boreholes
and related redrilling / cleaning efforts and eliminates the need for
drilling a new hole. Faster curing of the resin grout allows for an
earlier start of drilling the next round and therefore speeds up the
process of developing headings.

Early strength of the support system minimizes ground movement
and disintegration of the ground, optimizing the performance of
the ground support and delaying rehabilitation. Quality of bolt
installation can be verified continuously which can potentially
eliminate the need of extra rock bolts and minimise pull testing.

As opposed to a cement system, the pump and injection process
can be started and stopped at any given time with no additional
need to clean the system. During the field trials the (filled) resin
system was sitting unused for four weeks and could be restarted
without any additional maintenance.

The resin injection nozzle can be used for many bolts in a row
without the need of cleaning after every round of installation or
even every shift. Spillage during the installation was seldom and
minor (limited to the volume of a small cup) and was reduced to




pouzivanych svorniktl (jejich délce/priméru), spotiebé injekcniho
materidlu a dosud pouZivané svornikovaci technologii. Zahrnuje to
i zvySeni produktivity prace a také zlepSeni geotechnickych para-
metrd horniny s ohledem na rychlé vytvrzovani pryskyfice.

V pripadé dolu spolecnosti LKAB se pocet svornikl instalova-
nych za hodinu vice nez zdvojnasobil, a to i presto, Ze zaroven
se svornikovanim byla provadéna také instalace ochrannych siti.
PouZivani injek¢nich pryskyfic sniZuje pracnost pii ¢isténi a pripra-
vé cementovych kotevnich smési, coz predstavuje u LKAB ztratu
minimalné 1 hodiny pracovniho ¢asu ze smény vrtmistra.

Pouziti zavrtavaciho typu svorniku efektivné fesi problém zava-
lujicich se vrtd a potfebu prevrtdvani/CiSténi vrtd a eliminuje tak
pripadnou potiebu vrtani nového vrtu. Rychlejsi vytvrzovani prys-
kyfice umoziuje diivéjsi zahajeni vrtnych praci v dal$im pracov-
nim kroku, a proto také pozitivné ovliviiuje dobu postupu praci.

Rychlé zajisténi vyrubu minimalizuje pohyby horninového ma-
sivu, sniZuje jeho rozvoliiovani a umoziiuje tak optimalizaci vyko-
nu zajisténi stability horniny a pfipadné nutnosti jejich naslednych
oprav. Kvalita provedeného svornikovani mtze byt kontinualné
ovéfovand, coZ mizZe potencidlné omezit nutnost instalace dalsich
svornikd a minimalizovat provadéni tahovych zkousek.

Oproti systémim vyuZzivajicich cementové smési mize byt Cer-
pani a injektdZ hmoty zahdjena a ukoncena kdykoliv, bez nutnosti
¢isténi celého systému. V pribéhu zkusebniho provozu byl stroj
odstaveny na dobu Ctyf tydnd, a pfestoze v ném zlstala nepouZzitd
kotevni hmota, byl po ndvratu k ¢innosti jednoduse spustény a po-
uzivany bez nutnosti jakékoliv zvlastni GdrZzby.

Injek¢ni adaptér mize byt pouZity pro velké mnozstvi osazova-
nych svorniki, a to bez nutnosti jej Cistit po kazdé aplikaci, dokon-
ce ani po celé sméné. K tkaptim injekéniho materidlu pfi svorni-
kovéni dochazelo jen zfidka a byly minimalni (v mnoZstvi malého
Salku na népoje) a se stoupajici zkuSenosti obsluhy byly témér eli-
minovany. A jelikozZ ukapy tvori jiz smichana pryskyfice reagujici
v fadu sekund, a tudiZ vytvrzend, nepfedstavuji tikapy Zadné riziko.

POZNATKY Z PRAXE

Na podzim roku 2019 byl dodan prvni svornikovaci viiz z osmi
objednanych zakaznikovi do Kanady. V pocatecni fazi a zaskolova-
ni bylo dosazeno rekordniho ¢asu 2,5 minuty pro instalaci svorniku
délky 2,4 m. O mésic pozdéji byl zaznamenany rekordni tydenni
postup razby v délce dila 160 m.
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Obr. 9 Naplnény zdsobnik svornikii na lafeté (navrien pro 10 svornikii)
Fig. 9 A preloaded bolt magazine on the feed is designed to hold 10 bolts

almost zero with experience. Since the spillage consists of mixed
resin, it cures within seconds and does not represent a risk.

FIELD EXPERIENCE

In fall 2019 the first Boltec rig of 8 rigs ordered was delivered to
a customer in Canada. During start up and training the installation
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Fig. 10 The installation data captured during the field trial
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Komplexni technologie vzbuzuje velky zdjem trhu a objednavky
na svornikovaci vozy a vhodny typ systému UniPass pfichazeji od
zakaznikl z Afriky, Australie, SNS, Evropy a Severni Ameriky.

JelikoZ tato technologie nabizi fadu vyhod, je zdkazniky vyu-
Zivajici bézné vrtaci vozy vyhleddvana moZnost adaptace nového
systému také na jejich stavajici stroje. Jakmile to bude dostupné,
bude to rovnéZ znamenat rozsifeni této technologie vedle hornictvi
i v podzemnim stavitelstvi.

Shrnuti vyhod
Mezi vyhody predstaveného systému UniPass patfi:
* zvySeni bezpe€nosti:

— omezeni piitomnosti pracovnikll na celbg;

— sniZeni objemu manudlni prace;

— velmi brzké zajisténi vyrubu diky rychlosti reakce pryskyfice;

 zvySeni efektivity svornikovani:

— zvySend rychlost postupu/zkréceni pracovniho cyklu;

— automatizace/kompatibilita s dalkovym ovladanim;

— zjednoduseni logistiky pro spotfebni material;

e okamZité zajiSténi vyrubu:

— minimalizace naruSeni horninového masivu;

— rychlost systému poskytujici plné zajisténi vyrubu kratce po
injektdZi (jen sekundy/minuty ve srovnani s hodinami/dny
pro cementové smesi);

— neomezeny objem pryskyfic nastavitelny podle lokdlnich
podminek s pfihlédnutim k trhlindm a volnym prostorim
vV masivu;

¢ zaruceni kvality svornikovani:

— svornikovaci systém s vysokym vykonem i v obtiznych hyd-
rogeologickych podminkéach;

— garantovand kvalita smichani pryskyfice pro kvalitni apli-
kacni vysledek;

— zabudované sledovaci a registra¢ni zafizeni poskytujici kon-
trolu kvality pro kazdy svornik;

¢ zjednoduseni technologického procesu:

— neni potieba Cistit injek¢ni adaptér (jako u cementovych
smési) — vznika dspora 1-1,5 hodiny na sménu;

— spolehlivé feSeni i pfi dlouhodobé odstdvce stroje bez nut-
nosti vyprazdnit zdsobniky a pfivod injek¢ni smési;

— plné zalepeni svorniku (s pfenosem zatiZeni a antikorozni
ochranou) a dokonalé promichani injekce;

— odstranéni chyb v instalacich ampuli (tzv. ,rukavicovy*
efekt);

— nedochazi ke ztraté lepicich ampuli pfi jejich nastfelovani
do vrtu nebo pii jejich zaseknuti kvili nepriichodnosti vrtu;

— nedochdzi ke ztratdm lepici hmoty v trhlindch horniny pfi
instalaci svorniku;

* ovéfeni svorniku a pryskyfice:
— dikladnymi zkouskami v laboratofi a in-situ.

Dipl.-Ing. MICHAEL HOSP,
michael.hosp @minovaglobal.com,
Minova International Limited
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time for a 2.4m self-drilling bolt hit a record number of 2.5 minutes
per bolt. One month later a record advance rate of more than 160m
of tunnel for one week was reported.

The technology has raised a lot of interest in the mining industry,
with rigs and different types of the UniPass system ordered from
customers in Africa, Australia, CIS, Europe, and North America.

Since this technology offers a variety of benefits for rock bolting,
operations using face drilling rigs for rock bolting are supporting
the adaptation of the system to fit onto face drilling equipment.
Once available this would allow for an application of this new
technology in civil tunnelling as well.

Summary of benefits
In summary, the benefits of the UniPass system are:
* improved Safety:

— keeping the miners away from the face;

— reduce manual handling;

— early support due to fast curing of resin;

* increased bolting efficiency:

— improved advance rate /cycle times;

— automation/remote control compatible;

— simplified logistics for consumables;

* immediate ground support:

— minimized disruption of rock integrity;

— fast system providing full support capacity shortly after
injection (seconds/minutes compared to hours/days for
cement);

— unlimited resin volume, adjustable to local conditions
regarding cracks and voids;

* quality assured bolting:

— high performing bolting system even in wet and challenging
ground conditions;

— guaranteed resin mixing for high quality installation;

— onboard logging and recording available — providing QC for
every bolt installed;

* simplified process:

— no cleaning (as for a cement system) saves 1-1.5 hours per
shift;

— on/off solution, can stand for weeks without draining the
hoses/pumps;

— full encapsulation (load transfer, corrosion protection) and
full mixing;

— no finger gloving effect;

—no cartridges missing the borehole during pneumatic
injection or getting stuck in the borehole due to obstacles or
misalignment;

— no cartridges lost in cracks during bolt insertion;

 proven bolt and resin system:
— extensively laboratory and field tested.
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NOVY ZELEZNICNI TUNEL MEZNO BUDOVANY V RAMCI
MODERNIZACE TRATI V USEKU SUDOMERICE - VOTICE
NA 4. KORIDORU
MEZNO - A NEW RAILWAY TUNNEL UNDER CONSTRUCTION
WITHIN THE FRAMEWORK OF MODERNISATION OF SUDOMERICE
— VOTICE TRACK SECTION ON CORRIDOR NO. 4

TOMAS JUST, PETER CULIK

ABSTRAKT

Cilem modernizace tiseku mezi Sudoméricemi u Tabora a Voticemi je zdvoukolejnéni a naprimeni celého tiseku trati s vyslednym zvySenim
rychlosti a zkrdcenim doby jizdy. Velkd cdst nové trasy je vedena po umélych stavbdch a viechna novd kiizeni budou mimotiroviiovd, coz zcela
zabrdni moZnému stretu se silnicnimi vozidly. Tunel Mezno délky 840 m je delSim z obou nové budovanych dvoukolejnych tunelii na moder-
nizovaném tiseku 4. Zeleznicniho koridoru mezi Sudoméricemi a Voticemi. O tunelu Deborec délky 660 m, ktery je jiZ proraZen, informoval
Cldnek v cisle 4/2019. Predklddany prispévek prindsi popis ndvrhu projekcéniho reSent a poznatky z dosavadniho pritbéhu praci realizovanych
k poloviné kvétna 2020. K tomuto datu je vyhloubena a zajisténa stavebni jama vyjezdového (prazského) portdlu a z ni vyraZeny asi dvé tretiny
délky tunelu. Dokoncuji se stavebni prdce na vjezdovém portdlu tunelu, kde se ocekdvd prordzka pocdtkem srpna 2020.

ABSTRACT

The objective of the modernisation of the section between Sudomérice and Votice is to provide a double-rail track and straighten the
whole track section, resulting into increased speed and reduced travelling time. A significant part of the new route is led on artificial
structures and all new intersections will be of the grade-separated type, which will completely prevent potential collisions with road
vehicles. The 840m long Mezno tunnel is the longer one of the two double-rail tunnels being newly constructed on the railway corridor No.
4 being modernised between Sudomérice and Votice. The information about the 600m long Deborec tunnel, which has already been broken
through, was published in TUNEL issue No. 4/2019. The paper being presented brings the description of a draft of the design solution and
the knowledge gathered during the course of work completed so far as of the middle of May 2020. As of this date, the excavation of the
construction pit for the exit (Prague) portal has been completed and excavation of about two thirds of the tunnel length has been finished.
Construction work on the entrance portal of the tunnel is being completed. The breakthrough is expected at the beginning of August 2020.

uvob

Novy dvoukolejny Zelezni¢ni tunel Mezno celkové délky 840 m
se nachazi na jiZznim okraji Stfedoceského kraje mezi obcemi Mez-
no a Stfezimif. Délka raZené ¢asti je 768 m a navazujici hloubené
Casti jsou délky 48 m u vjezdového (jizniho) a 24 m u vyjezdového
(severniho) portélu.

Drézni staniCeni trasy vzriistd od Ceskych Budé&jovic smérem
k Praze. Smérové je trasa prvnich 30 m v pfechodnici a déle v pra-
vostranném oblouku o poloméru osy tunelu 1401,8 m. Situace stav-
by je znazornéna na obr. 1. Vyskové je trasa vedena ve vrcholovém
oblouku o poloméru 28 000 m s vrcholem ve vzdélenosti od vjez-
dového portdlu 191 m, kde je lom nivelety. Tento bod je soucasné
nejvy$$im bodem trati 4. koridoru mezi Ceskymi Bud&jovicemi
a Prahou. Od portalu k tomuto bodu tunel stoupa 4,5 %o, od vrcho-
lu oblouku nasledné klesa sklonem 8,0 %o. Podélny fez tunelem je
znazornén na obr. 2. Maximalni vyska nadloZi razeného tunelu je
26,3 m v cca poloviné jeho délky. RaZba tunelu je vedena pievazné
dovrchné od vyjezdového portalu (625 m proti sméru staniceni) a
je stavebné evidovana v tunelovych metrech (TM). Pfi¢ny fez tune-
lu je shodny se v§emi dosud realizovanymi tunely na 4. tranzitnim
koridoru a vychazi ze vzorového listu z roku 2012 — Svétly tunelovy
priitez dvoukolejného tunelu.

Investorem stavby je Sprava Zeleznic, statni organizace, gene-
ralnim dodavatelem stavby celého modernizovaného useku vcet-

né tunelu Mezno je spole¢nost OHL ZS, a.s. Autory realizaéni

INTRODUCTION

The new Mezno double-rail tunnel with the total length of 840m
is located on the southern edge of the Central Bohemian region
between the villages of Mezno and Stfezimif. The length of the
mined part amounts to 768m and the linking cut-and-cover parts
are 48m long at the entrance (southern) portal and 24m long at the
exit (northern) portal.

The rail track chainage increases from Ceské Budé&jovice towards
Prague. The horizontal alignment in the initial 30 metres is on
a transition curve and continues further on a 1401.8m-radius right-
hand curve. The construction ground plan is presented in Fig. 1.
The vertical alignment is led on a 28,000m-radius crest curve with
the top at the distance of 191m from the entrance portal, where
the alignment breaks. This point is at the same time the highest
point of the route of the Corridor No. 4 between Ceské Budgjovice
and Prague. The tunnel alignment ascends from the portal to that
point at 4.5%o, subsequently it descends at the gradient of 8%o. The
longitudinal section through the tunnel is presented in Fig. 2. The
maximum height of the overburden of the mined tunnel amounts to
26.3m. The tunnel is being driven mostly inclined upwards from
the exit portal (625m against the direction of chainage) and the
construction is being recorded in tunnel metres (TM). The tunnel
cross-section is identical with all tunnels carried out so far on
transit corridor No. 4. It is based on the standard sheet from 2012
Net tunnel section of double-rail tunnel.
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tunel Mezno celkova délka 840 m
Mezno tunnel; total length of 840m
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underground abstraction wells

Obr. 1 Situace stavby, zaddvaci dokumentace
Fig. 1 Construction ground plan, tender design

zdroj SUDOP Praha  source SUDOP Praha
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Obr. 2 Podélny rez tunelem, zaddvaci dokumentace
Fig. 2 Longitudinal section through the tunnel, tender design

projektové dokumentace (RDS) jsou spolecnosti SUDOP EU a.s.
a AMBERG Engineering Brno, a.s. Stavba je realizovdna podle
smluvnich podminek FIDIC — Cervend kniha a je financovana pro-
stfednictvim Statniho fondu dopravni infrastruktury s prispévkem
EU z Fondu soudrznosti v ramci operacniho fondu Doprava.

POPIS TECHNICKEHO RESENI

Stavebni jama vyjezdového portalu

Stavebni jama vyjezdového portélu slouzi k pristupu k razenému
portalu tunelu, nasledné k vystavbé hloubeného tunelu a definitiv-
niho severniho portalu tunelu. Délka hloubené jamy je 24,5 m, vys-
ka portalové stény 16,0 m a nadloZi nad razenym portalem tunelu
¢ini 5,5 m.

Stavebni jama je navrZena jako svahovana. Na bocich stavebni
jamy ma jeji nejniZsi Cast sklon 5:1, postupné se sklon méni na 2:1
a horni cast je svahovana se sklonem 1:1,5 az do priniku svahu
se stavajicim terénem. Portalovy svah je naprojektovan se dvéma
drovnémi sklonu svahti. Horni drovei je stejné jako na bocich sta-
vebni jamy ve sklonu 1:1,5, spodni Groven presahujici profil tunelu
je v celé vysce v jednotném sklonu 5:1. Stény stavebni jamy jsou
zabezpecCeny dvéma typy doCasného zajisténi. Horni droven v ob-
lasti kvartérniho pokryvu je pouze zakryta ochranou protierozni

zdroj SUDOP Praha  source SUDOP Praha

Sprava Zeleznic, state organisation (Rail Administration), is the
project owner, OHL ZS, a.s. is the general contractor for the project
for the whole section being modernised, including the Mezno
tunnel. SUDOP EU a.s. and AMBERG Engineering Brno, a.s. are
authors of the detailed design. The construction is carried out in
compliance with the FIDIC — Red Book contractual conditions and
is funded through the State Fund for Transport Infrastructure with
the EU contribution from the Cohesion Fund within the framework
of the Doprava (Transportation) Fund.

DESCRIPTION OF TECHNICAL SOLUTION

Construction pit for exit portal

The construction pit for the exit portal is used for access to the
mined portal of the tunnel and, subsequently, for the construction
of the cut-and-cover tunnel and the definite northern portal of the
tunnel. The dug pit is 24.5m long, the portal wall is 16.0m high and
the overburden above the mined portal of the tunnel is 5.5m thick.

The construction pit is designed as an excavation with slopes.
On the sides of the construction pit, the slope in the lowest part is
designed at 5:1; the slope gradually changes to 2:1 and the upper part
is sloped at 1:1.5 up to the intersection with the existing terrain. Two
levels of gradients are designed for the portal slope. The upper level is




3D plastovou siti. NiZsi trovné jsou opatfeny vrstvou stfikaného
betonu C16/20 tloustky 100 mm s vyztuznou siti 150x 150/6 mm
a kotvenim SN svorniky @ 25 mm a délky 4 m. V portdlové sténé
je naprojektovan mikropilotovy destnik délky 15,0 m z 47 ks trub
108/16 mm nad profilem kaloty budouciho tunelu.

Stavebni jama vjezdového portalu

Stavebni jama vjezdového portalu slouzi k pristupu k razenému
portalu a nasledné k vystavbé hloubeného tunelu a definitivniho
jizniho portalu tunelu. Délka hloubené jamy je 48,5 m, vyska por-
talové stény 18,0 m a nadloZzi nad portilem raZzeného tunelu 7,2 m.

Stavebni jama je navrZena obdobné jako na vyjezdovém porta-
lu. Bo¢ni stény jamy maji tfi drovné sklonid. Druh4 a tfeti uroven
ode dna stavebni jamy jsou odd€leny odlehcovaci lavici. Nejnizsi
¢ast jAmy ma stanoveny sklon 5:1, prostfedni ¢ast 4:1 a nad touto
drovni je jama svahovéna se sklonem 1:1,5 az do praniku svahu se
stavajicim terénem. Portalovy svah je navrZen se dvéma drovnémi
sklonu svahti. Horni droveii je ve sklonu 1:1,5, spodni droven je
v celé vySce v jednotném sklonu 5:1. Stény stavebni jamy jsou za-
jistény shodné jako na vyjezdovém portdlu véetné mikropilotového
destniku.
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designed identically with the construction pit sides, with the gradient
of 1:1.5; uniform gradient of 5:1 is designed for the whole height
of the lower level extending the tunnel profile. The construction
pit sides are provided with two types of temporary stabilisation.
The upper level in the area of the Quaternary nape is only covered
with protective erosion control 3D plastic net. The lower levels are
provided with a 100mm thick layer of C16/20 sprayed concrete
with 150 150/6mm welded mesh, anchoring with 4m long, 25mm
diameter SN bolts. Canopy tube pre-support formed by 47 pieces of
15.0m long, 108/16mm tubes is designed in the portal wall over the
profile of the top heading of the future tunnel.

Construction pit for entrance portal

The construction pit for the entrance portal is used for access
to the mined portal and, subsequently, for the construction of the
cut-and-cover tunnel and the definite southern portal of the tunnel.
The dug pit is 48.5m long, the portal wall is 18.0m high and the
overburden above the mined portal of the tunnel is 7.2m thick.

The construction pit is designed similarly to the pit for the exit
portal. The sides have three levels of slopes. The second level and
third level from the construction pit bottom are separated by a relief
berm. Slope of 5:1 is designed for the lowest part of the construction
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zdroj Amberg Engineering  source Amberg Engineering

Obr. 3 Vzorovy pric¢ny ez tunelu s protiklenbou a uzavienou hydroizolaci, RDS: 1 — primdrni osténi SB C20/25; 2 — hydroizolacni souvrstvi; 3 — sekunddrni osténi
Zelezobeton C30/37-XF1, XA1; 4 — vypliiovy beton C12/15-X0; 5 - $térkové loZe; 6 — vztaznd linie kinematickych obrysii pro vozidla GC

Fig. 3 Typical cross section through the tunnel with invert and full round waterproofing, final design: 1 — primary lining SC C20/25; 2 — waterproofing layers;
3 — secondary lining reinforced concrete C30/37-XF1. XAl; 4 — mass fill concrete C12/15-X0; 5 — gravel ballast; 6 — reference line of kinematic contours for GC
vehicles
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RaZeny tunel

Razba tunelu je provadéna technologii NRTM. Pri¢ny priiez vy-
rubu tunelu je navrzen od 101,7 m? pro osténi tunelu s patkami az
po 119,5 m? pro osténi se spodni klenbou. Jednotlivé typy zajisténi
vyrubu jsou stanoveny podle statickych vypocti pro predpoklada-
né geologické a geotechnické podminky vychazejici z provedené-
ho inZenyrskogeologického prizkumu. Profil tunelu je horizontal-
né ¢lenén na kalotu, opéfi, dno nebo dno s protiklenbou. Primérni
osténi je tvoreno stiikanym betonem C 20/25 s ocelovou siti, pri-
hradovymi nosniky, kotvami a v pfipadé potieby lze aplikovat jeh-
lovani. V podélném sméru je vzdalenost Celeb ¢lenéného vyrubu
zavisld na zastizenych geotechnickych podminkich a je urCena
technologickou tfidou vyrubu (TTV). Pro pfedpokladané poméry
v horninovém masivu na zdkladé vysledkt geotechnického pru-
zkumu byly stanoveny Ctyfi zakladni TTV s alternativou osténi na
patkach a s protiklenbou. Zakladni prvky vyztuZeni pro jednotlivé
TTV a progndza jejich zastoupeni v dosud vyrazené délce tunelu
jsou uvedeny v tab. 1. Razba tunelu se pfedpoklada do cca % délky
tunelu dovrchné od vyjezdového portdlu a nasledné cca Y4 tpadné
k vjezdovému portalu.

Konstrukce osténi tunelu je dvouplastova s mezilehlou destniko-
vou hydroizolaci z PVC félie. V tseku tunelu délky 288 m pfi vjez-
dovém potralu je navrZeno osténi s protiklenbou a uzavienou hyd-
roizolaci z divodu ochrany blizkych vodnich zdroja. Sekundéarni
osténi je vyprojektovano o tloustce 400 mm u razenych a 600 mm
u hloubenych tunel. Vzorovy pficny fez tunelem s protiklenbou
je na obr. 3. Sekundarni osténi je monolitické do bednéni s délkou
bloku betondZe 12 m. Tomu je prizptisobena skladba blokl beto-
naze a rozmisténi zdchrannych vyklenku tak, aby byly umistény ve
stfedu kazdého druhého bloku. Vyklenky Sitky 2000 mm, vysky
2200 mm a hloubky 750 mm jsou umistény vstiicné po obou stra-
nach tunelu. U osténi s patkami je odvedeni drendZni vody a od-
vodnéni tunelu navrZzeno s pomoci bo¢nich drenazi profilu DN 200
a stfedové drenaze DN 400. V chodnicich tunelu jsou umistény ka-
belovody a po pravé strané ve sméru staniceni také poZarni sucho-
vod s pfipojnym mistem v Sachté pred vjezdovym portalem tunelu,
kde je situovana i pozarni nadrz. V blizkosti obou portalii bude vy-
budovéna pfistupova komunikace s nastupni plochou pro zachran-
né slozky. Tunel bude déle vybaven madly podél chodniki, nou-
zovym osvétlenim a bezpe¢nostnimi kamerami na obou portalech.

Podzemni jimaci vrty z prostoru vné tunelu

Neobvyklym feSenim v ramci stavebniho objektu ,,Sanace Skod
zpusobenych razbou tunelu® je ndvrh soustavy podzemnich ji-
macich vrtd umisténych vpravo vné tunelu v useku s uzavienou
hydroizolaci. Situovani téchto vrti je vyznaceno na obr. 1. Jedna
se o Sest v&jift po tfech vrtech délky 20 m, které by mély byt do-
plitkovym zdrojem pitné vody k soucasnym zdrojiim. Usti vrtu je
vyvedeno v mistech bezpe¢nostnich vyklenkii a napojeno na potru-
bi umisténé v chodniku. Pfed portdlem je navrZena Cerpaci jimka,
kterd ma vodu dopliiovat do nové vybudovanych vodojemd. Zho-
tovitel upozornil na nékteré problémy tohoto feSeni (provozovani
,,cizitho* zafizeni v draznim tunelu, nejista vydatnost pfitoku vody
— poloha vrtu vychézi z nivelety tunelu a nelze ji upravit, riziko
ristu mikroorganismu v plné nezavodnéném potrubi mezi jimacimi
vrty a Cerpaci jimkou u portalu, problematicky detail hydroizolace
v misté prostupu potrubi osténim) a navrhl feSeni vrtanych stud-
ni situovanych mimo tunel. V soucasnosti se o konecném feSeni
jedna.

pit up to the intersection with the existing terrain; the slope for
the central part is designed at 4:1 and the upper part is sloped at
1:1.5 up to the intersection with the existing terrain. Two levels
of slopes are designed for the portal slope. The upper level slope
is designed at 1:1.5, the lower level slope is designed uniformly
at 5:1 throughout the height. The sides of the construction pit are
stabilised identically with the sides at the exit portal, including the
canopy tube pre-support.

Mined tunnel

The tunnel is being driven using the NATM technique. The
tunnel excavation cross section is designed ranging from 101.7m?
for tunnel lining with footings up to 119.5m? for tunnel lining
with invert. Individual types of the tunnel support are determined
according to structural analyses for geological and geotechnical
conditions anticipated on the basis of the engineering geological
survey. The so-called “horizontal” excavation sequence consisting
of top heading, bench and bottom or invert is designed for the
tunnel cross-section. The primary lining is formed by C20/25
shotcrete with welded mesh, lattice girders, and, if required, spiling
can be used. Longitudinally, the distance between the headings
of the sequential excavation depends on geotechnical conditions
encountered and is determined as the excavation support class
(ESC). Four basic ESCs with an alternative of the lining on
footings and lining with invert were determined for the assumed
conditions in the ground mass based on the results of geotechnical
investigation. The basic elements of the support for individual
ESCs and prognosis of the percentage of their occurrence in the
tunnel excavation length completed so far are presented in Table 1.
Uphill excavation of the tunnel is assumed to continue up to ca %
of the tunnel length, subsequently downhill excavation of ca % of
the tunnel length will proceed up to the entrance portal.

The tunnel lining is of the double shell type with an intermediate
umbrella waterproofing system with a PVC membrane. The lining
with invert and a full round waterproofing system is designed for
the 288m long tunnel section at the entrance portal for the reason
of protection of nearby water sources. A 400mm and 600mm thick
secondary lining is designed for mined tunnels and cut-and-cover
tunnels, respectively. The typical cross-section for the tunnel with
invert is presented in Fig. 3. The secondary concrete lining is cast
in situ behind formwork with the concrete casting block 12m
long. The composition of concrete casting blocks is adjusted to it.
Positions of rescue recesses are designed with the intention that they
are located in the middle of every other block. The 2000mm wide,
2200mm high and 750mm deep recesses are located in a staggered
system on either side of the tunnel. Evacuation of drainage water
and the tunnel drainage for the lining with footings is designed to
be provided by DN 200mm side drains and DN 400mm central
drainage. Cableways are located in the tunnel walkways. On the
right-hand side in the direction of chainage there is in addition the
dry fire main with the connection point in a manhole in front of
the entrance portal, where the fire protection reservoir is situated.
Access roads with mustering areas for rescue units will be carried
out in the vicinity of both portals. The tunnel will be in addition
equipped with handrails along walkways, emergency lighting and
safety cameras at both portals.

Underground abstraction wells bored from the space
outside the tunnel

An unusual solution within the framework of the construction
object “Remediation of damage caused by the tunnel excavation”
is represented by the draft of a system of underground abstraction
wells located on the right-hand side outside the tunnel in the tunnel
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POZNATKY Z PRUBEHU REALIZACE,
ZASTIZENE INZENYRSKOGEOLOGICKE POMERY

PFipravné prace

Pripravné prace souvisejici s realizaci tunelu Mezno byly zaha-
jeny bezprostfedné po predani stavenisté¢ v dubnu 2018. V ramci
pripravy staveniSté bylo nutné nejprve zajistit pronajem docasnych
zaborid pozemkl nutnych pro vybudovani stavenistnich komunika-
ci a ploch pro zafizeni stavenisté, dale zfizeni staveniStni pripoj-
ky VN s trafostanici, vyfizeni povoleni trhacich praci a povoleni
stavby zafizeni stavenisté véetn€ povoleni vypousténi dilnich vod.
V ramci procesu povolovani trhacich praci uplatnila obec Mezno
svlj pozadavek na vybudovani stavebnich objekti a provoznich
soubort souvisejicich s ochranou zdroju pitné vody pred zahdje-
nim trhacich praci. Tato podminka byla zapracovana do vydaného
rozhodnuti o povoleni trhacich praci. Rovnéz byly zahdjeny prace
na tvorbé a projednani RDS, ktera je soucésti dila.

Vykop a zajisténi stavebnich jam portali tunelu

Dne 20. 8. 2018 byly zahdjeny zemni prace na hloubeni staveb-
ni jamy vyjezdového portdlu. Po mésici praci, kdy byly odtéZeny
strojné rozpojitelné vrstvy, musely byt prace preruseny. DosaZena
hloubka vykopu v oblasti portalové stény byla cca 5 m. Obvod sta-
vebni jamy byl z vné&jsi strany ochrdanén zemnim valem a draténym
oplocenim a svahované stény stavebni jamy zajiStény plastovou
protierozni siti. Na dné stavebni jamy byla vybudovédna Cerpaci
jimka a pfitékajici voda (destova i podzemni) byla prubézné odcer-
pavéna. Dalsi efektivni postup odt€Zovani byl mozny jen s vyuZi-
tim trhacich praci a s jejich zahdjenim bylo nutné vyckat na souhlas
obce Mezno. Ten byl vydan 7. 7. 2019, prace byly tedy pferuseny
na dobu 10 mésict. K 20. 8. 2019 byla stavebni jama vyhloubena
a zajiSténa na droveil dna kaloty tunelu. Z této trovné byl proveden
mikropilotovy destnik a po jeho dokonceni vybudovan predstitek
(falesné primarni osténi) délky 2,18 m, ktery tvoii prechod mezi
hloubenym a razenym tunelem.

Na vyjezdovém portalu byly pod kvartérnimi sedimenty mocny-
mi cca 2 m zastiZzeny podlozni horniny zastoupené pararulami, které
byly pfi povrchu zvétralé. S hloubkou mira zvétrani hornin slabla
a od drovné odlehcovaci lavice bylo tfeba pro rozpojovani horni-
ny pouZit trhaci prace. Hornina byla rozpukana s velkou aZ stfedni
hustotou diskontinuit, na puklindch byly patrné povlaky oxidu Fe.

Realizace stavebni jamy vjezdového portalu byla naplanovana tak,
aby byla v predstihu pfipravena na proraZeni tunelu. Vzhledem k do-
statku Casu bylo mozné prizpusobit postup praci podle dostupnosti
kapacit i klimatickych podminek a koordinovat vystavbu soused-
nich stavebnich objektt. Vykopové prace byly zahdjeny 15. 8. 2019
a aktudlné jsou prace dokonceny pro prorazku tunelu v kaloté. Pred
vrtanim mikropilotového destniku bylo na zakladé skutecné zastizZe-
nych geotechnickych podminek rozhodnuto o jeho prodlouZeni na
18,0 m. Na vjezdovém portalu byly pod kvarternimi sedimenty zasti-
Zeny zcela rozloZené pararuly (eluvium pivodni horniny) charakteru
zeminy, které pokracovaly do hloubky aZ na droven dna kaloty, kde
jiz byla zastiZena hornina skalniho charakteru.

Tésnici sténa

V ramci stavebniho objektu ,,Sanace $kod zptsobenych razbou
tunelu byla navrZena podzemni tésnici st€éna umisténa v prostoru
mezi stavebni jamou vjezdového portalu a stavajicim vodnim zdro-
jem vzdalenym cca 40 m od hrany stavebni jamy. Svisla t&€snici
sténa ma délku 150 m a hloubku 12 m. Poloha tésnici stény, ktera
ma slouZzit jako ochrana stavajicich vodnich zdrojl, je vyznace-
na na obr. 1. Jednotlivé vrty tésnici stény byly umistény v pfim-
ce s osovou rozte¢i 0,5 m a byly vrtany i nésledné injektovany
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section provided with the full round waterproofing system. Positions
of the boreholes are marked in Fig. 1. The system consists of six
fans with three 20m long boreholes in each of them, which should
become a supplementary source of drinking water to the existing
sources. The borehole mouths are located in the safety recesses
and are connected to a pipeline installed in the walkway. A sump
designed for refilling the newly constructed water tanks will be in
front of the portal. The contractor pointed out some problems of
this solution (operation of equipment owned by another party in the
tunnel operated by railways, uncertain yield of water — the position
of the borehole is based on the tunnel alignment and cannot be
changed, risk of growth of microorganisms in not fully filled
pipeline between the abstraction wells and the sump at the portal,
a problematic detail of waterproofing at the passage of the pipeline
through the lining) and proposed the solution in the form of bored
wells situated outside the tunnel. The final solution is currently
under discussion.

KNOWLEDGE GATHERED DURING THE CONSTRUCTION
WORK; ENGINEERING GEOLOGICAL CONDITIONS
ENCOUNTERED

Enabling works

The enabling works relating to the construction of the Mezno
tunnel commenced immediately after the construction side
handover in April 2018. It was necessary within the framework of
the preparation of the construction site first to secure temporary
renting of land necessary for developing of construction site roads
and areas for the site arrangement, establishing the site connection
of high tension with a transformer station, obtaining the blasting
permit and the site construction permit including permission for
disposing mine water. Within the process of approving blasting
operations, the municipality of Mezno made its claim for carrying
out building structures and operating units connected with the
protection of sources of drinking water prior to the commencement
of construction works. This condition was incorporated into the
permission issued for blasting operations. The work on the creation
and negotiation of the final design, which is part of the works, also
commenced.

Excavation and stabilisation of construction pits
for tunnel portals

The earthmoving works on the excavation of the construction
pit for the exit portal commenced on 20™ September 2018. After
a month of work during which the mechanically cuttable ground was
removed, the operations had to be suspended. The excavation depth
which was reached in the area of the portal wall amounted to ca Sm.
The circumference of the construction pit was protected from the
outside by an earthen embankment and a chain link fence; the sloped
sides of the construction pit were stabilised with plastic erosion
control matting. A sump was carried out at the bottom of the pit and
water flowing into it (rainwater and groundwater) was continuously
abstracted. Subsequent effective progress of excavation was possible
only with the application of blasting operations and it was necessary
to wait with its commencement for the approval of the municipality
of Mezno. The approval was issued on 7" July 2019, which means
that the work was suspended for 10 months. As of 20" August, the
construction pit had been excavated and stabilised up to the level
of the tunnel top heading bottom. From this level, the canopy tube
pre-support was carried out and, after its completion, a 2.18m long
pre-tunnel canopy forming the transition between the cut-and-cover
and mined tunnels was constructed.
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Jfoto Tomds Just  photo Tomds Just
Obr. 4 Realizace 1. etapy vrti tésnici stény
Fig. 4 Implementation of stage No.1 of boreholes for the cut-off wall

postupné s rozte¢i 2 m. Vrty byly provadény rotacné-priklepovym
zpusobem se vzduchovym vyplachem. Primér vrtu s vypaznici byl
v kvartérnich pokryvech 133 mm, nésledné v soudrznych horni-
nach 110 mm. Do kazdého vrtu byla osazena PVC trubka priméru
32/3,5 mm a meziprostor byl vyplnén bentonitocementovou zaliv-
kou. Tato zalivka rovnéZ vyplnila ptipadné vétsi dutiny a pukliny.
PVC trubka byla v kazdém metru opatfena perforaci s gumovy-
mi manzetami, jejichZ prostfednictvim byla provddéna vzestupni
tlakova injektdZ hydrofilni injektdZni smési MasterRoc MP 325.
Spotieba smési v kazdé etdzi byla zaznamenédvéna a byly stanove-
ny limity pro ukonceni injektdZe pri dosazeni spotieby 25 1 na etaz
nebo dosazZeni tlaku 2,5 MPa.

Prace musely byt realizovany pred zahdjenim vlastni vystavby
tunelu Mezno a byly provedeny v obdobi od 15. 4. do 23. 7. 2019.
Pfi provadéni vrtnych praci v blizkosti vodniho zdroje byla zjisténa
mirnd kontaminace (zakaleni) vody ve studni obce Mezno. Prace
byly na 14 dnt preruseny a po dobu trvani kontaminace byla obec
zasobovana dovaZenou pitnou vodou. Provadéni t€snici stény do-
kumentuje obr. 4.

Dosud provedené razby

Pred vlastni raZzbou tunelu, ¢astecné béhem preruseni praci pfi
hloubeni vyjezdového portélu, bylo vybudovéano zafizeni stavenis-
té a infrastruktura pro razbu tunelu véetné plochy pro meziskladku
rubaniny a drtici linku. VeSkerd vhodnd hornina bude totiZ zabudo-
véana v ramci stavby koridoru do néspt Zelezni¢ni trati.

Préace na razbé tunelu byly slavnostné zahdjeny 11. 9. 2019 vy-
svécenim soSky svaté Barbory. Razi se konven¢ni metodou a aktu-
alné je vyrazeno a primarnim osténim zajisténo 554 m tunelu kalo-
ty a nasledné s odstupem 320 m opéfi tunelu. Nejvice zastoupenou
vystrojovaci tiidou je TTV4. Schéma vystrojeni TTV4 je na obr. 5
a typickd celba kaloty na obr. 6. V obdobi od 16. 3. do 15. 4. 2020

TufHel

At the exit portal, underlying rock presented by paragneiss,
weathered on the surface, was encountered under a ca 2m thick layer
of Quaternary sediments. The degree of weathering diminished
with depth and it was necessary from the relief berm level to use
blasting for disintegration of rock. The rock was fractured with
close up to moderate spacing of joints; Fe oxide coating was visible
on the fissure walls.

The work on the construction pit for the entrance portal was
planned with the objective to prepare the pit in advance for the
tunnel breakthrough. With respect to the sufficient time, it was
possible to adapt the progress rate of excavation to the availability
of capacities and climatic conditions and to coordinate the work
on neighbouring structures. The excavation operations commenced
on 15" August 2019 and at the moment the work has been finished
for the top heading breakthrough. A decision was made before
drilling for the canopy tube pre-support on the basis of the actually
encountered geotechnical conditions that the length of the pre-
support length would be increased to 18.0m. Completely decayed
paragneiss (eluvium of the original rock) with the character of soil
was encountered under the Quaternary sediments at the entrance
portal. It continued down to the level of the top heading bottom,
where sounder rock was already encountered.

Cut-off wall

A cut-off wall was designed within the framework of the
construction lot “Remediation of damage caused by the tunnel
excavation” to be carried out in the space between the construction
pit for the entrance portal and an existing water source located at the
distance of ca 40m from the construction pit edge. The vertical cut-
off wall is 150m long and 12m deep. The location of the cut-off wall,
which is to provide protection of existing water sources, is marked
in Fig. 1. Individual boreholes for the cut-off wall were carried out
on a straight line and were bored and subsequently grouted step-
by-step with the spacing of 2m. The rotational percussive technique
with air flush was applied to drilling. The diameter of 133mm was
used for the boreholes with casing; subsequently the diameter of
110mm was used in coherent ground. A 32/3.5mm PVC tube was
inserted into each borehole and the intermediate space was filled
with bentonite-cementitious grout. The grout in addition filled
contingent larger cavities and cracks. The PVC tube was provided
in each metre with perforation with rubber sleeves, through which
the ascending grouting was carried out using MasterRoc MP 325
hydrophilic grouting mixture. Consumption of the mixture at each
stage was recorded and limits for ending the grout injection were
set at the moment when the consumption of 25L per stage was
reached or when the pressure of 2.5MPa was achieved.

The work had to be carried out prior to the commencement of
the Mezno tunnel construction itself. It was carried out during the
period from 15" April to 23 July 2019. Moderate contamination
(turbidity) of water was identified in a well in the municipality
of Mezno when drilling was carried out in the vicinity of the
water source. The operations were suspended for 14 days and the
municipality was supplied with tanked drinking water transported
to the village for the duration of the contamination. The work on
the cut-off wall is documented in Fig. 4.

Tunnel excavation completed so far

The construction site facilities and the infrastructure for the
tunnel excavation, including the surface for an intermediate
stockpile of muck and a crushing line, were built up prior to the
tunnel excavation itself. The reason was that all suitable ground
would be incorporated into the construction of embankments for
the rail track.
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Obr. 5 Schéma vystrojeni TTV4, RDS
Fig. 5 Chart of support elements for ESC4, final design

The work on the tunnel excavation started
on 11" September by ceremonial consecration
of a Saint Barbara statuette. A conventional
method is used for the excavation. Currently
the excavation and primary lining support
of 554m of top heading and subsequently
320m of bench has been finished. The ESC4
is the most frequently represented class. The
ESC4 chart is presented in Fig. 5 and the
typical excavation face of the top heading is
in Fig. 6. The top heading excavation was
suspended from 16™ March to 15" April
due to governmental measures adopted in
the context of the pandemic spreading of
the Covid-19 disease. Those measures did
not allow for the entry of employees with
permanent residence in Slovakia to the
Czech Republic. It was necessary to provide
replacement crews for ensuring uninterrupted
maintenance operation of the underground
working, including the required hygienic and

Jfoto Tomds Just photo Tomds Just . .
Obr. 6 Pohled na celbu ve stanic¢eni 464 TM protective equipment.
Fig. 6 A view of excavation face at TM chainage 464 Fractured paragneiss with medium to close
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byly pferuseny prace na razbé kaloty z diivodu prijatych vladnich
opatfeni v souvislosti s Sifenim pandemie onemocnéni Covid-19.
Tato opatfeni neumoznila vstup zaméstnancti s trvalym bydlis-
t&m na Slovensku na tzemi Ceské republiky. Bylo nutné zajistit
nahradni pracovni osadky na zajisténi nepretrzitého udrzovaciho
provozu podzemniho dila véetné zabezpeceni potiebného hygie-
nického vybaveni i ochrannych pomicek.

V pribéhu raZzeni tunelu byly zastizeny rozpukané pararuly se
stitedni az velkou hustotou diskontinuit proménlivé miry zvétrani
a pevnosti prevazné R3 az R4, misty i RS a R6. Na puklinich jsou
lokdlné patrné povlaky oxidl Fe. Foliace horniny sméfuje upadné
do vyrubu, coZ pfi zhorSenych inZenyrskogeologickych pomérech
(rozeviené pukliny, jilova vypli, voda) ¢ini problémy s nestabilitou
pristropi i celé Celby. Hloubéji v tunelu v dseku TM 250-280 byly
zastizeny navétralé az zdravé stavrity s velkou az velmi velkou hus-
totou diskontinuit s blokovitou odlu¢nosti, ktera zplisobovala zvyse-
né nadvylomy. Zde byla zastiZena vyznamnéjsi poruchové zéna, pri
jejimZ prachodu byly z Celby kaloty provedeny prizkumné bezja-
drové predvrty délky 12 m se vzajemnym piekrytim 4 m. Ve stfedni
Casti tunelu dochazelo k cyklicky se ménicim geotechnickym pod-
minkdm — opakovanému zhorSovani a zlepSovani inZenyrskogeolo-
gickych pomért a ¢astému stiidani TTV4 a TTV3. Na vétsiné Celeb
se objevuji slabé pritoky podzemni vody v podobé mistniho kapéni.

V dosud vyraZzené Casti byly podle projektové dokumentace pred-
pokladany dva tseky se spodni klenbou celkové délky 192 m. Zho-
tovitel s projektantem RDS navrhli zménit navrzeny razeny prifez
na prufez opatfeny pouze patkami vzhledem na piiznivéjsi geotech-
nické poméry pfi vyrubu dna tunelu. Tento pfedpoklad se naplnil
a dosud vyrazena Cést tunelu je v celé délce bez spodni klenby.

Nadvylom v TM 266

I pres provadény monitoring a realizaci bezpecnostnich predvrta
doslo dne 6. 12. 2019 v rannich hodinach cca v TM 266 m k vétsimu
nadvylomu. Vlivem nahlé zmény geotechnickych vlastnosti horniny
vypadlo v poruchové zoné nad stropem kaloty ohranic¢ené hladky-
mi odluénymi plochami cca 70 m? horniny. Dosah nadvylomu byl
v pravé casti kaloty 4-5 m nad teoretickym obrysem vyrubu. Na
pravé strané se sesunula rovnéz ¢ast Celby do vzdalenosti a7z 4 m.

Obr. 7 Nadvylom ve staniceni 266 TM
Fig. 7 Overbreak at TM chainage 266

spacing of joints, variable degree of weathering and mostly R3 to
R4 strength, locally even R5 and R6 was encountered during the
course of the excavation. Coats of FE oxides are locally visible on
the fissure walls. The direction of the rock foliation is downward, out
of the excavation face, which makes problems with the instability of
the top heading and the whole excavation face in cases of worsened
EG conditions (open fissures, clay filling, groundwater). Deeper in
the tunnel in the TM 250-280 chainage section, slightly weathered
to fresh stavrite with close to very close spacing of joints and
blocky jointing was encountered, causing increased overbreaking.
A more significant fault was encountered in that location. During
the course of the passage through this section, 12m long coreless
exploratory boreholes overlapping by 4m were carried out. In the
middle part of the tunnel, the geotechnical conditions cyclically
changed — the EG conditions repeatedly worsened and improved
and ESC4 frequently altered with ESC3. Weak groundwater
inflows in the form of local dripping appear at the majority of
headings.

Two sections with inverts at the total length of 192m were
assumed by the design documents for the section where the
excavation has already been finished. The contractor and the author
of the final design proposed that the designed cross-section of the
mined tunnel should be changed to a cross-section provided only
with footings with respect to the more favourable geotechnical
conditions during the tunnel bottom excavation. The assumption
was fulfilled and the tunnel part excavated so far is without invert
throughout its length.

Overbreak at TM 266

Even despite conducting the monitoring and the safety boreholes
ahead of the excavation face, a larger overbreak happened at TM ca
266m in the morning of 6" December 2019. Due to a sudden change
in the geotechnical properties of the rock in the fault zone above
the top heading roof bounded by smooth joint surfaces, ca 70m? of
rock fell down. The overbreak extended 4-5m above the theoretical
contour of excavation in the right-hand part of the top heading. In
addition, a part of the excavation face slipped down on the right-hand
side up to the distance of up to 4m. The falling rock tore with it the
spiles installed during the previous advance
round carried out in ESC4; the finished
primary lining remained undamaged. The
overburden in the location of the overbreak
is about 20m high. The originated overbreak
is documented in Fig. 7. The next process of
excavation and dissolution of the overbreak
was determined at an extraordinarily convened
meeting of the Monitoring Board. After partial
removal of the fallen rock, safety shotcrete
spray was applied to the inner surface of the
cavity. Drilling was subsequently carried
out for an umbrella formed by 9m long IBO
RSIL anchors installed at 300mm spacing
from the last erected lattice girder, at the 10
up to 3 o’clock position. Subsequently KARI
welded mesh with wire netting was installed
on the heads of the IBO anchors and two
close packed girders were erected under the
umbrella. Tubes were installed through the
lining for subsequent filling of the cavity with
pumped concrete. It was carried out later, after

the passage of the excavation face to stable

Jfoto Tomds Just photo Tomds Just

rock conditions.
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Tab. 1 Predpoklddané a skutecné zastoupeni TTV
Table 1 Assumed and real percentage of ESCs
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. o x predpoklada- S _
v delka 28ber 1 5B C20/25 X0 | KARI sit Kotvy dopliikova opatieni né zastoupeni :';‘r’lf.e"“e I
ESC round length SC C20/25 X0 | KARI mesh anchors supplementary measures assumed real percentage
percentage
2 do25m 150 mm 1x 100x100/6 |HUS, 3 m - 54,0m 0,0m
2 up to 2.5m 150mm 1x 100x100/6 | HUS, 3m - 54.0m 0.0m
3 1,8-22m 200 mm 2x 100x100/6 | HUS, 3 m jehly SN, 4 m 3440m 123,5m
3 1.8-2.2m 200mm 2x 100x100/6 | HUS, 3m SN spiles, 4m 344.0m 123.5m
4 1,3-1,7m 250 mm 2x 100x100/6 | HUS/IBO, 4 m |jehly SN/IBO, 4 m 104,0 m 4042 m
4 1.3-1.7m 250mm 2x 100x100/6 | HUS/IBO, 4m | SN/IBO spiles, 4m 104.0m 404.2m
5 08-12m 300 mm 2x 100x100/6 | IBO, 6 m jehly IBO, 6 m kotveni Celby 52,0 m 26,3 m
5 0.8-1.2m 300mm 2x 100x100/6 | IBO, 6m IBO spiles, 6m face anchoring | 52.0m 26.3m

Nestabilni hornina s sebou strhla jehly nad kalotou z predchazeji-
ciho postupu provadéného v TTV4, vybudované primarni osténi
zustalo neporusené. Vyska nadlozi v misté nadvylomu je pfiblizné
20 m. Vznikly nadvylom dokumentuje obr. 7. Na mimofadné svo-
laném jednéni rady monitoringu (RaMo) byl stanoven dalsi postup
razby a zmahani tohoto nadvylomu. Po ¢4ste¢ném odtéZeni zéva-
Iu byl na stény dutiny proveden bezpecnostni nastrik stiikaného
betonu. Poté byl od posledniho osazeného rdmu v oblasti obvodu
profilu v 10. aZ 3. hod. navrtan deStnik z kotev IBO RSIL délky
9,0 m s rozte¢i 300 mm. Déle byla na IBO kotvy instalovdna KARI
sit s pletivem a pod destnik postaveny dva ramy na sraz. S postup-
nou razbou v TTVS byl v misté dutiny provadén nastrik faleSného
primarniho osténi. Pres osténi byly vyvedeny trubky pro nasledné
vyplnéni dutiny Cerpanym betonem, které se provedlo zpétné po
prechodu cCelby do stabilnich horninovych podminek.

Cerpani poloZzek méfeného kontraktu

Na tomto misté chtéji autofi upozornit na nepiijemny paradox
smluvniho vztahu. Kontrakt je uzavien podle smluvnich podminek
FIDIC — Cervena kniha. Pro tcely fakturace se tedy méfi skuteéné
provedena mnozstvi jednotlivych polozek vykazu vymér. Razba tu-
nelu je realizovana s vyuZitim observacni metody, z jejichZ principt
lze oc¢ekdvat riznou miru tGpravy mnoZstvi poloZzek vykazu vymér
z divodu rozdilu skute¢ného zastoupeni TTV oproti predpokladu
v projektu. Proti t€émto dosud logickym pravidlim obsaZenym ve
smlouvé i v zdkoné o zadavani vefejnych zakazek stoji prekdzka
v podobé interni smérnice investora, ktera pri jiz relativné malém
prekroceni mnoZstvi polozky oproti projektovanému vykazu vymeér
vyzaduje proces schvaleni formou zménového fizeni. AZ po uzavre-
ni, resp. zverejnéni dodatku smlouvy v registru smluv 1ze tyto prace
fakturovat. Primérna doba zdrZeni fakturace fadné provedenych pra-
ci je poté cca 6 mésici presto, Ze se ve skute¢nosti nejednd o zménu
a postupuje se v souladu s projektovou dokumentaci a zadanim stav-
by. Vyrazné negativni ekonomické dopady do cash flow zhotovitele
jsou patrné jiz pti hrubém porovnani predpokladaného a skutecného
zastoupeni TTV na dosud vyrazené délce tunelu — viz tab. 1.

GEOTECHNICKY MONITORING

Geotechnicky monitoring (GTM) je v kompetenci investora a ten
jej zajistuje prostrednictvim odborného dodavatele SG Geotechni-
ka a.s. Soucésti monitoringu je obvykly rozsah provadénych méfe-
ni a sledovani:

e méfeni deformaci primarniho osténi (konvergencni méfeni);
dosud naméfené hodnoty do 10 az 15 mm se pohybuji pod
hodnotami predpokladanymi projektem;

¢ extenzometricka méfeni;

* méfeni zatiZzeni primarniho osténi (tenzometry);

Drawing items of the measured contract

At this point, the authors want to draw attention to an unpleasant
paradox of the contractual relationship. The contract is concluded
in compliance with the FIDIC — Red Book contractual conditions.
It means that actually completed amounts of individual items of
the bill of quantities are measured for the purpose of invoicing. The
tunnel excavation is carried out using the observational method,
according to the principles of which it is possible to expect different
degrees of adjustment of the amount of items of the bill of quantities
due to the difference between the real proportions of ESCs and the
design assumptions. An obstacle stands against the until now logical
rules contained in the contract and in the Public Procurement Law
in the form of project owner’s internal directive, which requires the
process of approving in the form of change approval proceedings
to take place already for relatively small exceeding of the amount
of the item in comparison with the bill of quantity contained in the
design. Those work items can be invoiced only after conclusion of
the amendment, respectively after publishing of the amendment to
the contract in the register of contracts. The average duration of
the delay in invoicing the properly executed work amounts then to
ca 6 months, despite the fact that there is in reality no change and
the works proceed in compliance with the design documents and
the contract award. The significant negative economic impacts into
contractor’s cash flow are obvious already in the rough comparison
of the assumed and real proportions of ESCs within the length of
the tunnel excavated so far — see Table 1.

GEOTECHNICAL MONITORING

Geotechnical monitoring (GTM) is in the competence of the
project owner, who provides it through a professional contractor, SG
Geotechnika a.s. The following common scope of measurements
and observations is part of the monitoring:

* measurements of deformations of the primary lining (conver-
gence measurements); the values up to 10 to 15mm measured
so far fluctuate under the values assumed by the design;

* extensometer measurements;

e measurements of loads acting on primary lining (strain
gauges);

* inclinometer measurements;

* monitoring of deformations of slopes of construction pits by
SUrveyors;

* seismic and acoustic measurements of blasting effects; Until
now, seismic measurement results have been deep under the
warning states (the maximum measured vibration velocity
amounts to 0.7mm/s); unfortunately, acoustic effects exceed
the night-time hygienic limits;
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¢ inklinometricka méfenti;

* geodetické sledovani deformaci svahi stavebnich jam;

* seismickd a akustickd méfeni Ucinkt trhacich praci; vysled-
ky seismiky jsou zatim hluboko pod varovnymi stavy (max.
naméfend rychlost kmitani ¢ini 0,7 mm/s); akustické acinky
bohuzel prekracuji no¢ni hygienické limity;

* geodetické sledovani povrchu (nivelace); dosud zaznamenané
poklesy jsou do 15 mm;

¢ hydrogeologicky monitoring; primérny souhrnny vytok z tu-
nelu je do 2,5 1/s;

* inzenyrskogeologické sledovani kvality horninového masivu;

e technicky dozor investora;

* geodetickd dokumentace vyrubu kaloty (profilace);

e méfeni tvaru primarniho osténi (skenovani);

* pasportizace okolni zastavby.

Vysledky z GTM jsou vyhodnocovany na pravidelnych schiizkach
RaMo konanych s 14denni Cetnosti, v pripadé potieby operativné.
RaMo je sloZena ze zastupcil investora, projektanta, zhotovitele ra-
Zeb a zhotovitele GTM, pfipadné prizvaného specialisty. Cilem je
minimalizovat moznost vzniku mimofadnych situaci, a pokud by
nastaly, tak zajistit jejich rychlé a odborné zvladnuti. Na poradach
RaMo jsou projedndvana a upravovana dil¢i nasazeni vystrojovacich
prvku a dopliikovych opatieni v jednotlivych TTV tak, aby byla raz-
ba efektivni a ekonomicka. VSechny aktudlni vysledky a dokumen-
tace jsou dostupné vSem zainteresovanym tcastnikiim vystavby on-
-line v informacnim systému GTM BARAB.

ZAVER

Dosavadni ziskané zkuSenosti pfi razbé tunelu s nizkym nadlo-
Zim potvrzuji dileZitost provedeni dostatecné podrobného inZe-
nyrskogeologického prizkumu zaméreného i na zdokumentovani
poruchovych zén a jejich dosahu do prifezu tunelu. V pribéhu raz-
by je tfeba spravné a v€as vyhodnocovat geotechnické podminky
a pokud mozno v predstihu pfijimat potfebnd opateni.

Dalsim ddlezitym prvkem pro uspésnou realizaci podzemniho dila
je nastaveni jasnych a férovych smluvnich podminek mezi zhotovi-
telem a objednatelem. Ty by mély umoznit nejen efektivné prijimat
a realizovat pripadné zmény a optimalizace (v rdmci tvorby RDS
i v pribéhu vystavby), ale i jejich prubéznou tihradu zhotoviteli.

Pii pripravé stavby je rovnéz dileZité zajistit veSkeré souhlasy
a povoleni od dotcenych tcastnikli vystavby, samosprav a urada
jesté pred vlastni realizaci. Jejich pfipadné vyfizovani v pribéhu
vystavby muZe zplsobit zpozdéni stavby a nemalé Skody.

Aktudlné je vystavba tunelu priblizné ve své poloving. Cilem je
celé dilo uspésné dokoncit i pres vSechny prekazky, které jej pro-
vézeji. Termin stavebniho dokonceni dvoukolejného tunelu Mezno
je planovan na Cerven 2021. Uvedeni Zelezni¢niho dseku s tunely
Mezno a Debore¢ do provozu se predpokladd v srpnu 2022.

Ing. TOMAS JUST, tjust@ohlzs.cz,
Ing. PETER CULIK, peter.culik@ohlzs.sk, OHL Z8, a.s.

Recenzoval Reviewed: Ing. Pavel Poldk
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* surveying of terrain settlement (levelling); the settlement

values recorded till now are lower than 15mm:;

* hydrogeological monitoring; average total rate of water

discharge from the tunnel is up to 2.5L8/s;

e engineering geological monitoring of the rock mass quality;

e client’s technical supervision;

* documentation of the excavated space at the top heading by

surveying (profiling);

* condition survey of buildings in the vicinity.

GTM monitoring results are assessed at regular meetings of the
Monitoring Board held at a 14-day frequency or operatively if
necessary. The Monitoring Board consists of representatives of the
project owner, consulting engineer (designer), contractor for tunnel
excavation and GTM contractor, possibly an invited specialist.
The objective is to minimise the possibility of origination of
extraordinary situations and, if they happen, to provide prompt and
professional coping with them. At the Monitoring board meetings,
partial use of support elements and additional measures for
individual ESCs are discussed and adjusted so that the excavation
is effective and economic. All current results and documents
are available to all interested project parties on-line in the GTM
BARAB information system.

CONCLUSION

Experience gained so far in excavation of the tunnel with shallow
overburden confirms the importance of conducting sufficiently
detailed engineering geological survey focused on documentation
of fault zones and their reaching into the tunnel cross-section.
During the excavation, it is necessary to correctly and timely
assess geotechnical conditions and, if possible, adopt the necessary
measures in advance.

Another important element for the successful implementation of
the underground work is the setting of clear and fair contractual
conditions between the contractor and the client. They should
allow not only for effective accepting and implementing changes
and optimisations, if any (within the framework of the creation of
the final design and during the course of construction), but also for
continual payments for them to the contractor.

It is also important when preparing the construction to secure
all approvals and permits from the affected parties of construction,
self-governments and offices before the start of the construction
work. Possible obtaining them during the course of construction
may cause delays of the works and considerable damage.

The construction of the tunnel is currently about halfway
through. The objective is to successfully complete the whole work,
despite all obstacles accompanying it. The deadline for structural
completion of the double-rail Mezno tunnel is planned for June
2021. Bringing the track section with the Mezno and Deborec
tunnels into service is expected in August 2022.

Ing. TOMAS JUST. tjust@ohlzs.cz,
Ing. PETER CULIK, peter.culik@ohlzs.sk, OHL ZS a.s.
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SANACE TUNELU AROSA, SVYCARSKO
AROSA TUNNEL RECONSTRUCTION, SWITZERLAND

LUMIR KLIS, ELISABETH SATTLEGGER, MARIA TARBAJOVA

ABSTRAKT

Cldnek pojedndvd o rozsdhlé rekonstrukci Zeleznicniho tunelu Arosa ve Svycarsku, na které se projekcéné podili firma AMBERG Enginee-
ring Brno, a.s. Technicky stav tunelu jiZ vyZaduje rekonstrukci a investor soucasné rozhodl o zvétSeni priijezdného profilu. V této kombinaci
dochdzi k tomu, Ze cely raZeny tunel, véetné portdlovych hloubenych Cdsti, bude demolovdn a nahrazen novym, s vétsim pritjezdnym pro-
filem. Celd stavba je mimo jiné sloZitd predevsim v tom, Ze nad tunelem je umisténa zdstavba v podobé hotelii, misty se bude osténi tunelu
dotykat i zdkladii, a navic stavba bude probihat v casech mezi priijezdy vlakii a v noc¢nich hodindch. Rekonstrukce byla zahdjena na zacdtku
Cervence tohoto roku a bude dokoncena do konce roku 2021.

ABSTRACT

The paper deals with extensive reconstruction of the Arosa railway tunnel in Switzerland, on the design which AMBERG Engineering
Brno, a.s., collaborates on. The technical condition of the tunnel already requires reconstruction and the project owner at the same time
decided that the clearance profile should be enlarged. In this combination it happens that the whole mined tunnel, including the cut-and-
cover portal sections, will be demolished and will be replaced with a new structure, with a larger clearance profile. The whole construction
is complicated among others by the fact that buildings in the form of hotels are located above the tunnel and the tunnel lining will locally
even touch the foundations; in addition, the construction operations will proceed within the intervals of time between the passes of trains
and during night. The reconstruction commenced at the beginning of July 2020 and will be finished by the end of 2021.

uvob

Jednokolejny tunel Arosa le ve Svycarsku na Rhétské drize
mezi Churem a Arosou a je jednim z 19 tuneld na trase. Nachazi se
v nadmorské vysce priblizné 1730 m n. m., je dlouhy 299 m a jeho
podélny sklon je 60 %o. Tunel prochazi zastavénym tzemim (obr. 1),
pricemz zaklady jednoho dodatecné postaveného domu (hotelu
Haus am Wald) leZi pfimo na klenbé tunelu. Osténi tunelu i portaly

INTRODUCTION

The single-rail Arosa tunnel lies in Switzerland, on the Rhaetian rail
line between Chur and Arosa. It is one of 19 tunnels on the track. It is
located at an altitude approximately 1730m a.s.L., is 299m long and
its longitudinal gradient amounts to 60%ec. The tunnel passes across
a developed area (see Fig. 1), where foundations of one additionally
built building lie directly on the tunnel vault. The tunnel lining and

the portals are built from stone masonry (see Figures
2, 3). The tunnel was brought into service in 1914, has
been electrified since 1998 and a requirement for its
rehabilitation appeared in 2015, after an inspection
visit in 2015. The reason was that the tunnel damage
was categorised as class 3—4 on the five-point scale
which is used in Switzerland. A sprayed concrete block
with the area of 2.5x1.5m threatening to fall on the
track was discovered during the inspection. This place
was subsequently stabilised with welded mesh and
shotcrete. In 2017, neighbouring Posthotel caught fire.
Another inspection was carried out after the fire and
various leaks and loose stones were found in the lining,
which were probably results of the action of fire water.

GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS

The tunnel passes through an extensive block of a
layer transported by successive orogenic movements
within the framework of the Alpine orogeny between
Obersee and Untersee lakes. This layer is formed by
heavily fractured rock blocks of dolomite, serpentinite,
radiolarite and crystalline material. Larger rock blocks
do not occur there.

The transported material itself is formed by the Arosa
bedded layer and a moraine with similar petrographical
composition thrust over it. Transition between the
transported material and the thrust moraine was
guessed to be about 50m from the portal (at TM 50),

Obr. 1 Umisténi tunelu
Fig. 1 Tunnel location
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Obr. 2 Vjezdovy portdl Chur
Fig. 2 Chur entrance portal

jsou postavené z kamenného zdiva (obr. 2, 3). Tunel byl uveden
do provozu v roce 1914, od roku 1998 je elektrifikovan a po inspekc-
ni prohlidce v roce 2015 vyvstal pozadavek na jeho sanaci, nebot byl
tunel zatazen do 3.—4. tfidy poskozeni z pétistupnové skaly, ktera se
pouZiva ve Svycarsku. Pfi této prohlidce byl navic na jednom misté
v oblasti klenby objeven blok stfikaného betonu o plose 2,5 x 1,5 m
hrozici padem do kolejisté. Toto misto bylo nésledné zajisténo po-
moci ocelové sité a stiikaného betonu. V roce 2017 doslo k pozaru
sousediciho Posthotelu, po némz byla provedena dalsi prohlidka tu-
nelu a byly zjistény riizné prisaky a volné kameny v osténi, coZ bylo
zpusobeno pravdépodobné pozarni vodou.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Tunel prochazi rozsdhlym blokem vrstvy transportované na-
slednymi horotvornymi pohyby v ramci alpinského vrasnéni mezi
Ober- a Untersee. Tato vrstva se sklada ze silné porusenych skal-
nich blokii dolomitd, serpentinitd, ra-

therefore a larger part of the tunnel
was driven through the moraine, which
can be seen in Fig. 4. Loose ground
(moraine and transported material)
has generally high loading capacity,
is slightly sensitive to settlement and
little stable. But it is classified as highly
sensitive to water. The action of water
leads quickly to its softening and to
suffusion, mainly of fine material, thus
to reduced stability.

The position and the course of water
table in immediate vicinity of the
Arosa tunnel are not known, but an
observation borehole was carried out
in 2014. Within the framework of the
survey, water table was encountered
at the altitude of ca 1730m a.s.l. The
Obersee lake level lies approximately
at the altitude of 1734m a.s.l. Because
the distance of the tunnel from Obersee
is about 85m, it is likely that there is
hydraulic connection between the lakes
and groundwater.

RECONSTRUCTION EXTENT

Due to the unsatisfactory technical condition and the need for
enlarging the clearance profile, the existing lining of the whole tunnel
and its portal parts will be demolished. In the design, the tunnel was
divided into four parts according to the type of structure, respectively
the excavation support:

e Chur portal area — portal wall and cut-and-cover section of the

tunnel,

* mined tunnel;

* mined tunnel in the area of crossing with foundations of “Haus

am Wald” hotel,

* Arosa portal area — portal wall and cut-and-cover section of the

tunnel.

In addition, drainage for collecting water from the rock massif,
water from the track ballast and cable lines, which will be placed in
protective pipes under walkways, will be changed.

diolariti a krystalinického materialu.
VEtsi skalni bloky se zde nevyskytuji.

Vlastni silné porusené podloZi je
tvofeno vrstevnatou zonou Arosa a na
ni je nahrnuta ledovcova moréna s po-
dobnym petrografickym sloZenim.
Prechod mezi porusenym podlozim
z transportovaného horninového mate-
ridlu a morénou byl odhadnuty zhruba
50 m od portalu (v TM 50), tudiz vétsi
Cast tunelu je vyraZena v morén¢, coZ
je mozné vidét na obr. 4. Rozvolnéna
hornina (moréna a transportovany hor-
ninovy material podlozi) ma obecné
vysokou unosnost a je nepatrné cit-
liva na sedani. Je vSak klasifikovani
jako velmi citlivd na pritomnost vody.
Pisobeni vody vede rychle k jejimu
zmékceni a k vyplavovani zejména
jemnozrnného materidlu  (sufozi),
a tim ke sniZenti stability.

'\

Obr. 3 Vyjezdovy portdl Arosa
Fig. 3 Arosa exit portal
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Obr. 4 Podélny rez s geologii
Fig. 4 Longitudinal section with geology

Poloha a pribéh hladiny podzemni vody v bezprostiedni bliz-
kosti tunelu Arosa nejsou znamy, avSak v roce 2014 byl proveden
pozorovaci vrt. V ramci prizkumu byla hladina vody cca 1730 m
n. m. Hladina jezera Obersee lezi asi 1734 m n. m. Je pravdépodob-
né hydraulické spojeni mezi hladinami jezera a podzemnich vod,
nebot vzdalenost tunelu od Obersee je pfiblizné 85 m.

ROZSAH REKONSTRUKCE

Kvuli neuspokojivému technickému stavu tunelu a potiebé zvét-
Seni prijezdného profilu dojde k demolici stavajiciho osténi celého
tunelu i jeho portdlovych casti. Projekéné byl tunel rozdélen do
CtyT Casti podle typu konstrukce, resp. zajisténi:

TUNNEL EXCAVATION SUPPORT IN LOOSE GROUND

With respect to the fact that the tunnel passes through loose
ground, it is necessary to support the excavation by canopy tube
pre-support, which will be supplemented in the lower part of the
bench by reinforcing grouting and rod anchors (see Fig. 5). After
completion of these operations, it will be possible to excavate the
whole tunnel profile with advance rounds one metre long, stabilised
by lattice girders and steel fibre reinforced shotcrete. The primary
lining thickness of 300mm was designed by structural analysis.
Descriptions of materials to be used for the support of the tunnel
excavation through loose rock (ground) are presented in Table 1.

* portélova oblast Chur — portalova
st€na a hloubena ¢ast tunelu;

* razeny tunel;

 razeny tunel v misté kfiZeni se za-
klady hotelu ,,Haus am Wald*;

e portdlova oblast Arosa — portalova A
sténa a hloubena ¢ést tunelu. N

V tunelu bude rovnéz zcela vyméné-

na kanalizace jak pro jimani vod z hor-

T i

ninového masivu, tak i vod z kolejového o S Y,
loze a dale kabelova vedeni, ktera budou L9 % ,‘
uloZena v chranickach pod chodniky. = ?‘% :

f
'3 /f[.n’,
FATAY AT _..,_. h

ZAJISTENI VYRUBU TUNELU
V ROZVOLNENE HORNINE

stavajici tunelové osténi
existing tunnel lining

mikropilotovy detnik
canopy tube pre-support
primarni osténi

primary lining

izolace
waterproofing

sekundarni osténi
secondary lining

kotveni paty opéfi
anchoring of bench base

Vzhledem k tomu, Ze tunel prochazi
rozvolnénou horninou, je potieba k za-
jisténi vyrubu mikropilotovy destnik,
ktery bude doplnén ve spodni Casti
op€fi zpeviujici injektazi a tyCovymi
kotvami (obr. 5). Po zhotoveni téchto
praci muze dojit k vyrubu celého pro-
filu tunelu po zabérech dlouhych jeden

R e T
A [ A

injektaZ paty opéfi
grouting into bench base

podélna drendz
longitudinal drainage

odvodnéni kolejového loZe
trackbed drainage

metr zajiSténych ocelovymi nosniky
a stfikanym betonem s ocelovymi
vldkny. TlouStka primdrniho osténi

Obr. 5 Pricny Fez tunelem — zajisténi vyrubu a sekunddrni osténi
Fig. 5 Tunnel cross-section — excavation support and secondary lining
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Tab. 1 Materidlové specifikace zajisténi vyrubu tunelu v rozvolnéné horniné

usek

mikropilotovy destnik

v rozvolnéné | primér @ 114,3 mm, tl. stény 6,3 mm

horniné
trida
zajisténi 4

mez kluzu £, 355 N/mm?
délka 13 m, pfesah 3,5 m, rozte¢ 0,35 m

stfikany beton
SC6 C30/37, XA1, XD1, XC3, XF3 Cl = 0,2,
D, =8mm

ocelova vlakna
5D, délka 60 mm, @ 1,0 mm,
davkovani 22 kg/m?

tahova pevnost betonového prifezu f

= 0,40 N/mm?

vyztuz
Ctyfprutovy pfihradovy nosnik P140-26, rozte¢ 1,0 m,
B500B, £, = 435 N/mm’

Tab. 2 Materidlové specifikace zajisténi vyrubu tunelu pod hotelem ,,Haus am

Table 1 Specifications of materials to be used for support of the excavation

through loose ground

loose ground | canopy tube pre-support

section, exca- | diameter @ 114.3mm, wall thickness 6.3mm
vation support | yield strength fyk 355N/mm?

class 4 13m length, overlapping 3.5m, spacing 0.35m

shotcrete

steel fibres

5D, 60mm long, @ 1.0mm,

dosing 22kg/m3

tensile strength of concrete cross-section
f ;= 0.40N/mm?

reinforcement
four-rod lattice girder P140-26, spacing 1.0m,
B500B, f_, = 435N/mm"

SC6 C30/37, XA1, XD1, XC3, XF3 CI =02, D__ =8mm

Table 2 Specifications of materials to be used for tunnel excavation support

Wald“ under “Haus am Wald” hotel

beton stikany beton — Zebra concrete shotcrete - ribs
SC6 C30/37, XA1, XD1, XC3, XF3 CI=0,2, D, =8 mm SC6 C30/37, XA1, XD1, XC3, XF3 C=0.2, D, =8mm
ocelova vlakna steel fibres
5D, délka 60 mm, @ 1,0 mm, davkovani 22 kg/m? 5D, 60mm long, @ 1.0mm, dosing 22kg/m?
tahova pevnost betonového prifezu f , = 0,40 N/mm? Tensile strength of concrete cross-section £, = 0.40N/mm?
vyztuz reinforcement
Ctyfprutovy pfihradovy nosnik P140-26, rozte¢ 1,0 m, four-rod lattice girder P140-26, spacing 1,0m,
B500B, £, = 435 N/mm’ B500B, f , = 435N/mm"

injektaze rozte¢ = 1,00 m, délka 4 m grouting spacing = 1.00m, 4m long

dvojity obturator, manzetova trubka
suspenze z portlandského cementu CEM 42.5

double packer, tube a' manchette
Portland cement CEM 42.5 suspension

mikropilotovy |primér @ 114,3 mm, tloustka stény 6,3 mm

destnik

mez kluzu f, 355 N/mm?

canopy tube | diameter @ 114.3mm, wall thickness 6.3mm
pre-support | yield strength f, 355N/mm?

zéklady hotelu
hotel foundations

Ly

L Ly
sl T el
T

v,

e T e

LAy

Vravaw i

B,

e P ey

odvodnéni kolejového loze

primarni osténi
primary lining

izolace
waterproofing

sekundarni osténi
secondary lining

zebro primarniho osténi
primary lining rib

mikropilotovy destnik
canopy tube pre-support

puvodni kamenné osténi
original stone masonry

kotveni paty opéfi

anchoring of bench base

injektaz kolem tunelu
grouting around the tunnel

mikropilota
micropile

podéIna drendz

trackbed drainage %

longitudinal drainage

Obr. 6 Pricny rez tunelem v misté kiizeni pod hotelem — zajisténi vyrubu a sekunddrni osténi
Fig. 6 Tunnel cross-section at the crossing under the hotel — excavation support and secondary lining

TUNNEL EXCAVATION SUPPORT
UNDER “HAUS AM WALD"
HOTEL

A 13m long section of the tunnel
passage under the hotel is a relatively
difficult problem because of the fact
that the hotel foundations will be in a
direct contact with the tunnel excavation
support, which is designed for large
concentration of stress existing under
the foundation spread footings. The
increase in the loading capacity of the
primary lining will be achieved in this
location by 300x500mm shotcrete ribs
reinforced with four-rod lattice girders.
The loading capacity of the proposed
solution has to be sufficient at each
stage of the construction. A requirement
followed from this requirement that
grout was to be injected into the
foundation ground under the hotel. As
in the whole tunnel, the canopy tube
pre-support will be used even in this
part. In contrast with the rest of the
tunnel, it copies the direction of the
tunnel axis and rests on the ribs carried
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out outside the the existing lining. The
mutual position of the upper part of
the rib and the hotel foundation does
not allow for installation of the canopy
tubes at the top of the vault, which is the
reason why they have to be omitted in
that location. Jointly, all three elements
form a supporting envelope (see Figu-
res 6, 7) for implementation of the new
double-pass lining. In this way, the
system of ribs and grouting is designed
to transfer loads induced by the hotel
directly into the ground. Swiss-Gevi
micropiles S0mm in diameter and 4.0—
6.0m long will be in addition installed
at the bases of the ribs to increase
their loading capacity, thus to prevent
increased settlement. Descriptions of
materials to be used for supporting the
tunnel excavation under the hotel are

Zebro primarniho osténi
primary lining rib

zéklady hotelu
hotel foundations

¢elni sténa stavebni jamy Arosa
front wall of Arosa construction pit

primarni osténi
primary lining

izolace
waterproofing

12x1,00m=1200m || | iifil 0,50m
Qma ; Lo

I sekundarni osténi
£ U I‘I |

bl secondary lining

puvodni kamenné osténi
original stone masonry lining

‘1,36 ml1,36 m'1,29 md1,29 m 1,62mlI 162m 1,63 m |

8 10,18 m | presented in Table 2.
TUNNEL WATERPROOFING
Obr. 7 Podélny rez tunelem v misté kiiZeni pod hotelem — zajisténi vyrubu a sekunddrni osténi AND DRAINAGE
Fig. 7 Longitudinal section through the tunnel at the crossing under the hotel — excavation support and secon-
dary lining Umbrella  waterproofing  system

will be installed between the primary

and secondary liners. It will be
complemented with longitudinal drainage. Descriptions of materials
to be used for tunnel waterproofing and drainage are presented in
Table 3.

byla statickym vypoctem navrZzena 300 mm. Popisy materiali pro
zajisténi vyrubu tunelu v rozvolnéné horning (zeming) jsou uvedeny
v tab. 1.

SECONDARY LINING

The tunnel reconstruction does not allow for total closing of the
line to transport, only night closures limited in terms of duration are
permitted. This fact significantly affects the secondary lining type

ZAJISTENI VYRUBU TUNELU POD HOTELEM
.HAUS AM WALD"

Pomérné slozitym problémem celého projektu je 13 m dlou-
ha oblast podchodu tunelu pod hotelem, protoze zdklady hotelu

Table 3 Specifications of materials to be used for tunnel waterproofing and

Tab. 3 Materidlové specifikace hydroizolace a odvodnéni tunelu drainage

hydroizolace |hydroizolace klenby tunnel waterproofing of vault

tunelu drenazni matrace: Sikaplan W Tundrain Typ A waterproofing | drainage mat: Sikaplan W Tundrain Type A
hydroizolagni folie: Sikaplan WP 2110-21HL, waterproofing membrane: Sikaplan WP 2110-21HL,

d>2mm d>2mm
ochranna membrana: Sikaplan WP Protection protective membrane: Sikaplan WP Protection
Sheet-31H Sheet-31H

odvodnéni podélna kanalizace tunnel longitudinal drainage

tunelu oboustranna podélna kanalizace drainage - double-sided longitudinal drains

- horninové | HDPE pIné perforovana DN 200 mm groundwater | HDPE fully perforated DN 200mm

vod

y propustny obsyp permeable padding

fr. 16/32 fr. 16/32
geotextilie geotextile
SYTEC NW Medium — 200 g/m? SYTEC NW Medium — 200g/m?

odvodnéni podélna kanalizace tunnel longitudinal drainage

tunelu jednostranna podélna kanalizace drainage single-sided longitudinal drain

- vody HDPE drenaz DN 200 mm, perforovana nebo s drazkou, - water from | HDPE drain DN 200mm, perforated or with a groove,

z kolejového | vtokova plocha/plocha perforace > 150 cm?m trackbed inflow area / perforation area > 150cm?m

loze
podkladni beton concrete bed
beton CEM 250 kg/m?, 0/16, C1 concrete CEM 250kg/m3, 0/16, C1
propustny §térk permeable gravel
fr. 16/32 fr. 16/32
geotextilie geotextile
SYTEC NW Medium - 200 g/m? SYTEC NW Medium — 200g/m?
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Tab. 4 Materidlové specifikace sekunddrniho osténi Table 4 Specifications of materials to be used for the secondary lining
sekundarni | stfikany beton secondary shotcrete
osténi SC6 C30/37, XA1, XD1, XC3, XF3 CI=0,2,D__ =8 mm lining - vault [ SC6 C30/37, XA1, XD1, XC3, XF3 CI=0.2, D =8mm
- klenba and bench
a opéfi ocelova vlakna steel fibres
5D, délka 60 mm, @ 1,0 mm, 5D, 60mm long, @ 1.0mm,
davkovani 22 kg/m? dosing 22kg/m?
tahova pevnost betonového prifezu f , = 0,40 N/mm? tensile strength of concrete cross-section £, = 0.40N/mm?
deska dna beton bottom slab — | concrete
— protiklenba | NPK F, C30/37 XC4, XD3, XF2, Cl=0.1,D__ =32 mm, invert NPK F, C30/37 XC4, XD3, XF2, CI=0.1,D_ =32mm,
(NPKF) (NPK F)
vyztuz reinforcement
B500B, £, = 435 N/mm? B500B, £, = 435N/mm?
kryti ¢, 250 mm concrete cover ¢, > 50mm

budou v pfimém kontaktu se zajiSt€énim vyrubu tunelu, které je
navrzeno na velkou koncentraci napéti pod zakladovymi pasy.
ZvySeni unosnosti primarniho osténi bude v tomto tseku dosa-
Zeno pomoci Zeber ze stitkaného betonu rozméru 300 x 500 mm
vyztuZenych ctyfprutovymi pfihradovymi nosniky. NavrZené fe-
Seni musi byt dostate¢né unosné v kazdé fazi vystavby. Z toho
vyplynul pozadavek na proinjektovani zdkladové ptdy pod hote-
lem. Stejné jako v celém tunelu, bude i v této ¢asti pouZity mik-
ropilotovy destnik, ktery na rozdil od zbytku tunelu kopiruje smér
osy tunelu a opird se o provedena Zebra vné stavajiciho osténi.
Vziajemna poloha horni ¢asti Zebra a zdkladu hotelu neumozZiuje
umisténi mikropilot ve vrcholu klenby, proto budou v tomto misté
vynechédny. Spole¢né tak vSechny tfi prvky vytvéii nosnou obalku
(obr. 6, 7) pro realizaci nového dvouplastového osténi. Systém Ze-
ber a injektdZe je navrZen tak, Ze prendsi zatiZzeni od hotelu pfimo Obr. 8 Portdl a hloubend &dst Chur

do horniny. Pro zvy3eni unosnosti paty Zeber a tim i zabranéni | Fig. § Portal and Chur cut-and-cover section
zvySeného seddni, budou pravé v pa-
tach Zeber umistény navic mikropilo-
ty typu Swiss-Gewi, priméru 50 mm ,’V : ,‘V

a délky 4,0-6,0 m. Popisy materiala
pro zajiSténi vyrubu tunelu pod hote-

lem jsou uvedeny v tab. 2. .
hydroizolace
/_anterprTing

HYDROIZOLACE A ODVODNENI
TUNELU

Mezi primarnim a sekundarnim
osténim bude destnikové hydroizolace
doplnénd podélnou drendzi. Popisy
materiallt hydroizolace a odvodnéni

7B rdm
| —= L
— RC frame

zdivo z pfirodniho kamene
natural stone masonry

tunelu jsou uvedeny v tab. 3. 0.55m
o i 0,26m
SEKUNDARNI OSTENI [~————
.-\
Rekonstrukce tunelu neumoziuje
tplnou vyluku, ale pouze ¢asové ome- w
P v . P x existing lining
zené vyluky v noc¢nich hodinach, coz
vyznamné ovliviiuje typ sekundarniho

osténi, nebot nelze pouzit monoliticky
beton do bednéni. Na stavbé bude po-
uzivana technologie stfikaného betonu
na zhotoveni primérniho osténi, a pro-
Fo se nabizi vyuziti této technologie odvocnéni kolejového loe
i pro zhotoveni sekundédrniho osténi trackbed drainage

o tloustce 300 mm. I zde budou jako
vyztuz pouZita ocelova vlikna. Nos-  opy. 9 pieny fez hloubenou édsti Chur

ny prufez sekunddrniho osténi bude  Fig. 9 Cross-section through Chur cut-and-cover section

podélna drendZ v paté tunelu
longitudinal drainage
at the tunnel footing
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Obr. 10 Portdl a hloubend cdst Arosa
Fig. 10 Portal and Arosa cut-and-cover section

uzavien monolitickou ZB protiklenbou. Popisy materialti sekun-
darniho osténi tunelu jsou uvedeny v tab. 4.

Primarni osténi bude slouzit pouze pro docasné zajisténi vyrubu
do doby zhotoveni sekundarniho osténi, které ma poté prenaset za-
tiZzeni ptisobici po celou Zivotnost tunelu.

PORTALOVE OBLASTI

Portalova kiidla budou tvofena thlovymi sténami napojenymi na
konstrukci hloubené ¢ésti tunelu, coZ umozZiiuje subtilngjsi navrh
zakladovych konstrukci thlovych zdi.

Hloubena cast na strané Chur dosahuje délky 7,5 m a sta-
vebni jama bude zajiSténa stifkanym betonem o tloustce
125 mm a hiebiky v rastru 1,5 m (obr. 8). Tvar prafezu osté-
ni se ztotoznuje s tvarem razené Casti (obr. 9). Hydroizola-
ce bude chranit betonové konstrukce po celé jeji vnéjsi plose

Obr. 11 Pomocny most a zajisténi stavebni jamy tunelu na portdlu Arosa
Fig. 11 Auxiliary bridge and stabilisation of construction pit at Arosa portal

because it is not possible to use concrete cast in situ behind formwork.
The shotcreting technique is used on site for the construction of the
primary lining, therefore the application of this technique offers
itself even for the construction of the 300mm thick secondary lining.
Steel fibres will also be used here as reinforcement. The load-bearing
cross-section through the secondary lining will be closed by cast-in-
situ reinforced concrete invert. Descriptions of materials to be used
for the secondary lining are presented in Table 4.

The primary lining will be used only for temporary stabilisation of
the excavation until the secondary lining, which is to transfer loads
acting throughout the tunnel life, is finished.

PORTAL AREAS

The portal wings will be formed by angle walls connected to the
structure of the cut-and-cover section of the tunnel, which allows for
more subtle design of angle wall structures.

The length of the cut-and-cover part

—_—
iy

podélnd drendz v paté tunelu

. O

RC bottom slab

of the Chur side reaches 7.5m and the

£B stropn deska construction pit will be stabilised with

RC roof deck R

. a 125mm thick layer of shotcrete and
hydroizolace i1s i lled 15 .
Walerproofing nails installed at 1.5m spacing (see

Fig. 8). The shape of the lining cross-
section is identical with the shape
in the mined part (see Fig. 9). The
waterproofing system will protect
concrete structures along the whole
external surface and water flowing
down on it will be directed to the outer
drainage system.

The length of the cut-and-cover
section on the Arosa side reaches
12.3m and the construction pit will
be stabilised not only with a 125mm
thick shotcrete layer and nails installed
at 1.5m spacing, but also along the
tunnel axis by secant bored pile walls
(see Figures 10, 11). The walls will be

pfevrtavand pilotova sténa
secant bored pile wall

vyrovnévaci stfikany beton
levelling shotcrete

stavajici osténi

existing lining

7B deska dna

odvodnéni kolejového loZe

longitudinal drainage
at the tunnel footing

trackbed drainage braced with steel beam sections and, in

the lower part, by a reinforced concrete

Obr. 12 Pricny rez hloubenou édsti Arosa
Fig. 12 Cross-section through Arosa cut-and-cover section

slab, which will serve even in the final
state. The pile walls will be used as
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Tab. 5 Materidlové specifikace konstrukci v portdlovych oblastech

Table 5 Specifications of materials to be used for structures in portal areas

portal Chur | beton Chur portal concrete
NPK F: C30/37, XC4, XD3, XF2, Cl=0,1,D__ =32 mm NPK F: C30/37, XC4, XD3, XF2, Cl=0.1, D__ = 32mm
vyztuz reinforcement
B500B, f, = 435 N/mm’ B500B, f , = 435N/mm"
kryti ¢ >55 mm concrete cover ¢, > 55mm
zajisténi stfikany beton stabilisation [ shotcrete
stavebni jamy | SC11 C25/30, XF1Cl=02,D _ =8 mm, J2 of construc- | SC11 C25/30, XF1 CI=0.2, D, =8mm, J2
portalu Chur tion pit for
vyztuz Chur portal reinforcement

ocelova svarfovana sit K 335 B500B

hiebiky

maximalni vodorovna rozte¢ = 1,5 m

Swiss-GEWI-ty¢ @ 20 v¢. kotevni deska 250 x 250 mm,
ocel S 500C

welded steel mesh K 335 B500B

nails

maximum horizontal spacing = 1.5m

Swiss-GEWI-rod @ 20 incl. anchor plate 250 x 250 mm,
steel S 500C

portal Arosa | prevrtavana pilotova sténa

beton C20/25 CI = 0,1, D__ =32 mm, F5
pramér = 1,20 m, pfekryti 200 mm, ¢ =50 mm
vyztuz

podélna vyztuz @ 22, betonarska ocel B500B
spirdla @ 14, betonarska ocel B500B

zéakrytova deska a deska dna:
NPK F: C30/37, XC4, XD3, XF2, CI=0,1,D__ =32 mm

vyztuz
B500B, f , = 435 N/mm’
kryti ¢ >55 mm

Arosa portal | secant bored pile wall
concrete C20/25 Cl=0.1,D__ =32mm, F5

diameter = 1.20m, overlaps 200 mm, ¢, - =50mm

reinforcement
longitudinal rods @ 22, concrete steel B500B
spiral @ 14, concrete steel B500B

cover slab and bottom slab
NPK F: C30/37, XC4, XD3, XF2, Cl=0.1,D__ = 32mm

reinforcement
B500B, f,, = 435N/mm’
concrete cover ¢, > 55mm

hydroizolace | hydroizolacni systém: waterproofing | waterproofing system
drenazni matrace: ~ Sikaplan W Tundrain Typ A drainage mat: Sikaplan W Tundrain Type A
hydroizolace: Sikaplan WP 2110-21HL waterproofing: Sikaplan WP 2110-21HL

(tloustky 2 mm) (thick 2mm)

ochranna membrana: Sikaplan Protection Sheet-31H protective membrane: Sikaplan Protection Sheet-31H
flexibilni obvodové injekéni tkaninové hadicky na pfechodu flexible circumferential textile grouting hoses at transition
portalové ¢asti a razeného tunelu of the portal part and the mined tunnel.

zdivo sparovaci malta natural jointing grout

z piirodniho | Rofix Creteo Gala CC 645 hruba stone ma- Réfix Creteo Gala CC 645 coarse

kamene sonry

Mo

a vody po ni stékajici budou odvedeny do vnéjSiho drendzniho
systému.

Hloubena cast na strané Arosa dosahuje délky 12,3 m a sta-
vebni jama bude zajisténa jednak stiikanym betonem o tloustce
125 mm a hrebiky v rastru 1,5 m, ale i podél osy tunelu prevrta-
vanymi pilotovymi sténami (obr. 10, 11). St€ény budou v koru-
né rozepieny nosniky z ocelovych profildt a ve spodni &asti ZB
deskou, ktera bude nadéle slouzit i v definitivnim stavu. Piloto-
vé stény budou po vyrovndani vnitfniho lice stfikanym betonem
vyuzity jako stény tunelu a tvofit podporu pro stropni desku
tunelu (obr. 12), kterd ma zéaroven prevadét stavajici mistni ko-
munikaci. Pfi vykopu stavebni jadmy mezi pilotami bude nutné
zajistit Celni sténu stavebni jamy licujici se sténou hotelu (obr. 7).
Celni sténa bude zaji§téna pomoci stifkaného betonu tloustky
400 mm a hiebiky v rastru 1,0 m. Hydroizolace poskytne ochra-
nu portalové stény po celé jeji rubové strané a tunel bude chra-
nén pred pronikdnim vody pouze zaizolovanim stropni desky.
Takto zachycené vody budou odvadény do vnéjsiho drenazniho
systému. Prisaky pres pilotové stény budou jimany podélnym
vnitfnim drendZnim systémem umisténym v patich tunelu. Po-
pisy materiali konstrukci v portalovych oblastech jsou uvedeny
v tab. 5.

tunnel side walls after levelling the inner surface with shotcrete and
will form support for the tunnel deck (see Fig. 12), which is designed,
at the same time, to divert the existing local road. When excavating
the construction pit between piles, it will be necessary to stabilise the
front wall of the construction pit flush with the wall of the hotel (see
Fig. 7). The front wall will be stabilised by a 400mm thick shotcrete
layer and nails installed at 1.0m spacing. The waterproofing system
will provide protection of the portal wall along the whole external
side; the tunnel will be protected against intrusion of water only by
a waterproofing membrane placed on the roof deck. Water collected
in this way will be diverted to the external drainage system. Seepage
through the pile walls will be collected by the inner drainage system
installed at the base of the tunnel walls. Specifications of materials to
be used for structures in portal areas are presented in Table 5.

Walls of both portals will be completely clad in natural stone
masonry, in compliance with requirements of the Monument Care,
as well as the internal vault on the Chur portal.

CONSTRUCTION STAGES

The construction stages and the operating regime of the Arosa
tunnel reconstruction take into account the needs of the municipality
of Arosa and the Arosa tourist society (first of all during winter

months).
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bézna etapa startovaci kaverna, L=14,0 m bézna etapa
,____common stage launching cavern, L=14.0m common stage |
3.etapa, L=7,0m 2.etapa, L=5,0m 1. etapa, L=7,0m
stage 3, L=7.0m stage 2, L=5.0m stage 1, L=7.0m

Obr. 13 Startovaci kaverna ve stiedu tunelu
Fig. 13 Launching cavern in the middle of the tunnel length

Stény obou portalii budou kompletné obloZeny zdivem z pfirod-
niho kamene v souladu s pozadavky pamatkové péce stejné tak
jako vnitfni klenba na portdlu Chur.

FAZE VYSTAVBY

Féaze vystavby a provozni rezim rekonstrukce tunelu Arosa zo-
hledniuji potfeby obce Arosa a turistického sdruZeni Arosa (zejmé-
na v zimnich mésicich).

Projekt predpokladé vétsi Cast praci na rekonstrukei pii zachovani
Zelezni¢niho provozu. K tomuto tcelu se budou vyuZivat predevsim
nocni prestavky, ale také doba, kterd je mezi jednotlivymi vlaky.
Zelezni¢ni provoz nesmi byt staveni§tém narusen ani ohrozen. Kro-
me jiného bude tfeba provadét dusledny geotechnicky monitoring.
Prace musi byt dokonceny po kazdém pracovnim intervalu tak, aby
zaruCovaly okamZitou bezpe¢nou provozuschopnost tunelu.

Hloubena ¢ast Chur lezi mimo zastavénou oblast a faze vystavby
nebudou ovlivnény jinym neZ vlakovym provozem. Zato hloubena
¢ast Arosa leZi pod stavajici mistni komunikaci, kde musi byt za-
chovan provoz a je z ni zaroven piistupny hotel ,,Haus am Wald*
zaloZeny pfimo na tunelu. Pro tento usek byl vypracovan podrobny
plan vystavby, ktery v sobé zahrnuje i pomocny most (obr. 11), kte-
ry bude prevadét dopravu v dobé otevieni stavebni jamy.

Nocni prestavky v dopravé umozni provadét odstranéni ptivodni-
ho osténi a jeho nahradu primarnim osténim v délce pouze 1,0 m.
Aby byl tento zdbér dodrZen, ale zaroven aby stavebni prace netr-
valy celkové piili§ dlouho, je navrZena uprostied délky tunelu star-
tovaci kaverna (obr. 13), kterd umozni pracovat zaroven ze dvou
stanovi§t. Startovaci kaverna vznikne strmé&ji navrtanymi tfemi
zabéry (etapami) mikropilotovych deStniktl, pod kterymi vznikne
dostatecny prostor pro razbu zvétSeného profilu tunelu z prostoru
stavajiciho tunelu.

The design assumes that a larger proportion of the work on the
reconstruction will be carried out without disruption to the railway
operation. Night interruptions, but also the time between individual
trains, will be used for this purpose. The railway operation must not be
interrupted or endangered. Among other things, thorough geotechnical
monitoring will be necessary. The work has to be completed after
each work interval so that immediate tunnel operability is guaranteed.

The Chur cut-and-cover part lies outside the developed area and
the construction phases will not be affected by other than train
operations. On the other hand, the Arosa cut-and-cover part lies under
the existing local road, where the operation has to be maintained, and
“Haus am Wald” hotel, which is founded directly on the tunnel, is
directly accessible from it. A detailed plan of construction has been
developed for this section. It incorporates even an auxiliary bridge
(see Fig. 11), which will divert transport during opening of the
construction pit.

Night breaks in transport will allow for working on removing the
original lining and replacing it with the primary lining along the
length of only 1.0m. To maintain this advance round length and,
at the same time, so that the construction work does not take too
long, a launching cavern (see Fig. 13) is designed in the middle of
the tunnel length, which will allow for working from two places
concurrently. The launching cavern will originate by steeper drilling
for three canopy tube pre-support blocks, under which a space
suitable for the excavation of the enlarged tunnel profile from the
space of the existing tunnel will originate.

AROSA PORTAL CONSTRUCTION STAGES AND TUNNEL
EXCAVATION SUPPORT UNDER “HAUS AM WALD"
HOTEL

1. Establishment of a temporary bridge in front of the portal and
re-routing of transport, temporary relocations of networks.
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FAZE VYSTAVBY PORTALU AROSA A ZAJISTENI VYRUBU
TUNELU POD HOTELEM ,HAUS AM WALD*

1. Zrizeni mostniho provizoria pied portilem a prevedeni do-
pravy, provizorni prelozky siti.

2. Radidlni injektaZ okoli tunelu pod hotelem z prostoru tunelu

pres stavajici osténi.

Zhotoveni prevrtavanych pilot.

Odstranéni vozovkovych vrstev, vykop po horni hranu pilot.

5. Demolice stavajiciho tunelu v prostoru pilotovych stén, vy-
kop do hloubky 4,0 m od horni hrany pilot a zajiSténi horni
Casti Celni stény (u hotelu) stavebni jamy stiikanym betonem
a hrebiky.

6. Vrtani horni ¢asti mikropilotového déstniku pod hotelem pro
zajisténi klenby.

7. Bednéni a betondz stropni desky tunelu na pilotovych sténach.

8. Odstranéni bednéni stropni desky, vykop po spodni hranu
desky dna a zajisténi spodni Casti Celni stény stavebni jamy
stifkanym betonem a hiebiky.

9. Betondz desky dna, vrtani spodni ¢asti mikropilotového dest-
niku pod hotelem.

10. Zasypani stropni desky, zruSeni provizornich pfelozZek siti,
zhotoveni vozovkovych vrstev, zruseni mostniho provizoria.

11. Zhotoveni prvniho Zebra pod hotelem ze sméru portalu Chur
— slouzi k podepteni mikropilotového destniku.

12. Zhotoveni Zeber pod zaklady hotelu a nésledné zhotoveni
zbylych Zeber.

13. Demolice tunelu pod hotelem a zajisténi vyrubu pomoci pri-
marniho osténi.

14. Betonaz protiklenby a sekundérniho osténi.

15. Rekonstrukce portdlové stény, instalace vybaveni tunelu
a demontdz zafizeni staveniSte.

B w

ZAVER

Projekt reprezentuje pristup spolecnosti Rhitische Bahn, kterd ma
ve své spravé mnoho podobnych tuneli, na jejichZ nékterych rekon-
strukcich se mohla spole¢nost AMBERG Engineering Brno, a.s.,
projekcné tspésné podilet. Na kazdy tunel je pouZita jina techno-
logie rekonstrukce, ale vSechny maji nékolik spole¢nych pojitek.
VZdy dochazi ke zvétSeni prijezdného profilu, tzn. k uplné de-
molici stavajiciho osténi tunelu, trvalé vicedenni vyluky jsou mi-
nimalizovdny pouze na Cas potiebny k vystavbé desky dna, resp.
protiklenby pfi demontovaném svrsku, a v neposledni fadé je vzdy
podminkou zachovani ptivodniho vzhledu kamennych portdlovych
objekta.

Priprava rekonstrukce takovych relativné kratkych tunelii probi-
ha od zacatku projektu aZ po jeho posledni stupent odhadem ob-
vykle dva roky a takovych tunell opravuje tato lokalni spolecnost
dlouhodobé systematicky i vice najednou.

AC se jedna o zahrani¢ni projekty, bylo pfi jejich realizacich zis-
kano mnoho uZiteCnych znalosti tykajicich se nejen technického
feSeni, ale i pouzitych materiald, z nichZ nékteré byly jizZ pouZity
u obdobnych tuzemskych projekta.

Ing. LUMIR KLIS,

lklis@amberg.cz,

Dipl.-Ing. ELISABETH SATTLEGGER,
esattlegger @ambergengineering.com,
Ing. MARIA TARBAJOVA,
mtarbajova@amberg.cz,

AMBERG Engineering Brno, a.s.

Recenzoval Reviewed: Ing. Viadimir Prajzler

2. Radial grouting into the tunnel surroundings under the hotel,
carried out from the tunnel space through the existing lining.

3. Carrying out secant bored piles.

4. Removal of roadway courses; excavation down to the upper
edge of piles.

5. Demolition of the existing tunnel in the area of the pile walls,
excavation down to the depth of 4.0m from the upper edge of
the piles and stabilisation of the upper part of the front wall of
the construction pit (at the hotel) with shotcrete and nails.

6. Dirilling for the upper part of the canopy tube pre-support
under the hotel for supporting the vault.

7. Formwork and concreting the tunnel roof deck resting on the
pile walls.

8. Removing the roof deck formwork, excavation down to the
lower edge of the bottom slab and stabilisation of the lower
part of the front wall of the construction pit with shotcrete and
nails.

9. Concreting the bottom slab, drilling for the lower part of the
canopy tube pre-support under the hotel.

10. Backfilling over the roof deck, cancelling temporary
relocations, carrying out roadway courses, cancelling the
temporary bridge.

11. Construction of the first rib under the hotel (viewed from the
Chur portal) — designed for supporting the canopy tube pre-
support.

12. Construction of the ribs under the hotel foundations and,
subsequently, construction of remaining ribs.

13. Demolition of the tunnel under the hotel and stabilisation of
the excavation by means of the primary lining.

14. Concreting the invert and secondary lining.

15. Reconstruction of the portal wall, installation of tunnel
equipment and dismantling the construction site facilities.

CONCLUSION

The projects represents the approach of the Rhitische Bahn
company, which administrates many similar tunnels. AMBERG
Engineering Brno, a.s., has successfully participated in designing
for reconstructions of some of them. A different reconstruction
technique has been used for each tunnel, but all of them have several
common links. It is always required that the clearance profile is
enlarged, which means that the existing lining of the tunnel has to
be demolished, permanent several-day closures of tunnel operation
are minimised only to the time necessary for the construction of
the bottom slab, respectively invert (with the trackwork removed)
and, at last but not least, there is always a condition that the original
appearance of stone masonry portals of the objects is to be preserved.

The preparation of reconstruction of such relatively short tunnels
from the project commencement to its last stage usually takes two
years and this local company repairs systematically, in the long term,
even more tunnels concurrently.

Although foreign projects are in question, a lot of useful knowledge
concerning not only technical solutions but also the materials to be
used, some of which have already been used in similar domestic
projects, was gained during the work on them.

Ing. LUMIR KLIS,

Iklis@amberg.cz,

Dipl.-Ing. ELISABETH SATTLEGGER,
esattlegger@ambergengineering.com,
Ing. MARIA TARBAJOVA,
mtarbajova@amberg.cz,

AMBERG Engineering Brno, a.s.
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MAXIMALNI DOVOLENA RYCHLOST
A JEJI VLIV NA RESENI DALNICNIHO TUNELU
MAXIMUM PERMISSIBLE SPEED AND ITS INFLUENCE
ON MOTORWAY TUNNEL DESIGN

PAVEL PRIBYL

ABSTRAKT

Cldnek upozoriiuje na rozpor v normé pro projektovdni tuneliit CSN 73 7507, kde se konstatuje, Ze vozovka v tunelu je projektovdina na
ndvrhovou rychlost okolnich komunikaci a zdroveri se doporucuje maximdlni dovolend rychlost 80 km/h. RSD se rozhodlo tuto nesrovnalost
napravit a zadalo zpracovdni metodiky prechodu na vys$si rychlost, a to z hlediska legislativy a nutnosti pripadnych viprav stavebniho resent
a technologii tunelu. Privolbé rychlosti je rozhodujici kritérium, ke kterému se rychlost optimalizuje. MiiZe to byt dosaZeni maximdlni kapacity
komunikace, ale i optimdlni bezpecnost provozu. NavrZené reSeni je zaloZeno na harmonizaci dopravniho proudu prostrednictvim proménnych
dopravnich znacek v pristupové zoné k tunelu. Pri vivahdch o zvySeni rychlosti v ddlnicnich tunelech bylo nutné odpovédét na zdkladni otdzku,
Jak souvisi rychlost se stavebnim resenim tunelu. Maximdlni dovolend rychlost primo souvisi s parametry kruZnicovych obloukii trasy. Vzhle-
dem k tomu, Ze trasa musi byt navrena podle nornty pro projektovdni silnic a ddlnic CSN 73 6101, je v Metodice prechodu na vyssi rychlost
v tunelech pozemnich komunikaci [1] navrZeno, pred zménou rychlosti, provést formdlni kontrolu dokumentace, zda oblouky odpovidaji
poZadavkiim normy.

ABSTRACT

The paper points out a contradiction of CSN 73 7507 standard, where it is stated that the roadway in a tunnel is designed for design speed
on roads outside the tunnel and, at the same time, it recommends the maximum permissible speed of 80km/h. The Road and Motorway
Directorate of the CR decided to remove this contradiction and ordered elaboration of a methodology for transition to higher speed, both
from the aspect of legislation and necessity for possible modification of the structural design of tunnel equipment. The criterion to which
the speed is optimised is crucial when the speed is being chosen. It can reach the maximum capacity of the road, but also the optimum
safety of operation. The proposed solution is based on harmonisation of traffic flow in the tunnel access zone by means of variable traffic
signs. When considering increasing of speed in motorway tunnels, it was necessary to answer a basic question how speed is related to
the structural design of a tunnel. Maximum permissible speed is directly related to parameters of circular curves on the alignment. With
respect to the fact that the alignment has to be designed in compliance with CSN 73 6101standard on designing roads and motorways, it
is proposed in the Methodology for transition to higher speed in road tunnels [1] that a formal check on documents is carried out whether
the curves meet requirements of the standard prior to the change in the speed.

1. UvoD

Celosvétové neexistuje standard, doporuceni nebo smér-

1. INTRODUCTION

No standard, recommendation or directive exists worldwide on

nice, jaky ma byt rychlostni limit v tunelech, AvSak plati, Ze
rychlostni limit musi byt vyznacen podle ndrodni legislativy,
ktera by méla byt v souladu s Videnskou konvenci o doprav-
nim znaceni z roku 1968. V naSi republice ve smyslu zakona
¢. 361/2000 Sb., o provozu vozidel na pozemnich komunikacich,
ve znéni pozdéjsich predpist, se mluvi o maximalni dovolené
rychlosti.

Pfi volbé maximalni dovolené rychlosti v tunelech mylily roz-
porné vyroky v normé pro projektovani tunelt CSN 73 7507, kde
se v kap. 6.1.1 konstatuje: ,, Tunely se navrhuji na ndvrhovou rych-
lost prilehlych usekii pozemni komunikace* a hned dalsi véta zni:
wZpravidla se navrhuje 80 km/h, u tunelii s vefejnym chodnikem
60 km/h*, coz jsou vzdjemné se vylu€ujici tvrzeni, protoZe ndvr-
hové rychlost ddlnic byla do podzimu 2018 120 km/h. Od posledni
revize normy CSN 73 6101 [3] ze z4ii 2018 je navrhova rychlost
130 km/h. RSD si bylo védomo problému s nelogickym sniZo-
vanim rychlosti na délnici o 50 km/h, a proto bylo rozhodnuto
rychlost z 80 km/h zvysit [4]. K tomu zpracovala nirodni sekce
ITA rozbor [5], ktery hlavné reflektoval vyzkum provedeny mezi
¢leny vyboru D.5 ,,Road Tunnel Operation® mezindrodni silni¢ni
asociace PIARC. Na zaklad¢ toho byl v fijnu 2019 realizovéan pi-
lotni projekt upravy maximadlni dovolené rychlosti v tunelu Valik

the speed limit in tunnels, but it applies that the speed limit has to
be marked in compliance with national legislation, which should
comply with the Vienna Convention on Road Signs and Signals
dated 1968. In the Czech Republic, we refer to maximum permissible
speed in the meaning of the Law No. 361/2000 Coll. on Traffic in
Road Tunnels in the version of later regulations.

When choosing the maximal speed in tunnels, there were mis-
leading contradictory statements in CSN 73 7507 standard on
designing tunnels, where there is a statement in chapter 6.1.1:
“Tunnels are designed for the design speed existing on adjacent
road sections” and the next sentence states: “The speed of 80Okm/h is
usually designed; for tunnels with a public walkway it is 60km/h” .
The two statements are mutually exclusive because until the autumn
of 2018, the design speed for motorways was 120km/h. Since the
last review of CSN 73 6101 standard [3] from September 2018, the
design speed for motorways is 130km/h. The Road and Motorway
Directorate of the CR was aware of the problem regarding the illogical
reducing the speed in tunnels by 50km/h and for that reason, the
decision was made that the speed of 80km/h would be increased [4].
For this purpose, the national section of the ITA prepared an analysis
[5] which mainly reflected the research conducted among members
of the committee D.5 “Road Tunnel Operation” of the PIARC
international road association. Based on this, a pilot project on the
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na 100 km/h. Ve stejném roce byla vypracovana expertni zpra-
va ,,Metodika prechodu na vyssi rychlost v tunelech pozemnich
komunikaci“ [1] (dile ,,Metodika®). Ta méla posoudit veskeré
legislativni a technické otdzky souvisejici se zménou maximal-
ni dovolené rychlosti. Proto je u tunelti projektovanych koncem
roku 2018 nutno prezkoumat, na jakou navrhovou rychlost a jakou
kategorii vozovky jsou navrzeny. Pro vylouceni dalSich chybnych
interpretaci normy pro projektovani tunelll je v Metodice formu-
lovan pozadavek na tipravu normy CSN 73 7507 v paragrafovém
znéni.

2. ZAVERY Z ANALYZY ZAHRANICNICH ZKUSENOSTI

Z analyzy odpovédi ¢lenti vyboru D.5 vyplyva, Ze pti hledani
rychlostnich limit se vétSina zemi kloni k rychlosti, kterd odpo-
vida rychlosti na volné komunikaci, pfi zachovani §itky jizdniho
pruhu. VZdy je nutné postupovat logicky a nelze najit jednoznacné
feseni. Casto je nutné z riznych divodi hledat kompromis. Maxi-
mélni dovolenou rychlost je moZné optimalizovat z nasledujicich
hledisek.

2.1 Dovolena rychlost z hlediska kapacity

Nejvyssi kapacita komunikace lezi v oblasti rychlosti 70—
80 km/h. Modely rychlost v — hustota dopravniho proudu, které
podporuji toto tvrzeni méfenim, jsou znamy jiz od 30. let minulé-
ho stoleti (viz Greenshieldv model dopravy).

Vyse uvedend Metodika zdaraziuje logiku, Ze méstské a pii-
meéstské tunely jsou konstruovany a postaveny spise pro realiza-
ci dopravni kapacity neZ pro rychlost. V Rakousku a Svycarsku
se vyuzivaji pro snizovani rychlosti proménné dopravni znacky
(PDZ), pokud stoupa intenzita vozidel, aby se zvySila kapacita tu-
nelu. Stejné moZnosti dynamické zmény rychlosti poskytuje i na-
vrzené reSeni.

2.2 Dovolena rychlost z hlediska bezpecnosti

Dlouhodobé statistiky PIARC ukazuji, Ze zna¢né mnoZstvi ne-
hod v tunelech (cca 30 %) vznika kvili nestabilnimu dopravnimu
proudu a rozdildm v rychlosti mezi vozidly. Proto navrZené feseni
vychazi z potfeby harmonizovat dopravni proud jesté pied vstu-
pem do tunelu. Jak vyplyva z dalSiho textu, je nutné u kazdého
silni¢niho tunelu pfi volbé rychlosti vzit v potaz i dal$i parametry
trasy, majici vliv na bezpecnost, viz kapitola 3.

2.3 Dovolena rychlost z hlediska prostorového reseni

V Nizozemsku pripravuji dalni¢ni tunel pro navrhovou a dovo-
lenou rychlost 80 km/h. Souvisi to s pozadavkem realizovat tunel
v omezeném prostoru a v uzsim profilu. Pouziti niz§ich rychlosti
usnadni realizovat tunel v daném prostoru a stale jeSté zarucit bez-
pecny provoz. Tunel bude vybaven nejmodernéjsimi technologie-

mi pro omezeni nasledkd potencidlnich nehod a poZaru.

3. ZMENA RYCHLOSTI A STAVEBNI RESENI

Pri tivahdch o zvySeni rychlosti v dalni¢nich tunelech bylo nutné
odpovédét na tfi zékladni otdzky souvisejici se stavebnimi prvky
a stavebnim feSenim tunelu:

1. Jaké parametry komunikace v tunelu bude nutné ménit se
zménou rychlosti? Maximalni dovolend rychlost souvisi
hlavné s poloméry kruzZnicovych smérovych oblouki, tedy
horizontdlnim vedenim trasy, ¢astecné i s vertikalnim vede-
nim trasy z hlediska zlomi nivelety, coZ neni tak kritické,
protoZe Direktiva 54/2004/ES pripousti sklony pouze do
max. 3 %.

modification of maximum permissible speed in the Valik tunnel
to 100km/h was implemented in October 2019. The expert report
“Methodology for transition to higher speed in road tunnels” [1]
(hereinafter referred to as “the Methodology”) was prepared in
the same year. It was to assess all legislative and technical issues
connected with the change in the maximum permissible speed in
tunnels. For that reason it is necessary to review which design speed
and which roadway category are designed for tunnels designed at
the end of 2018. In order to exclude other erroneous interpretations
of the standard for tunnel design, a requirement for modifying the
standard CSN 73 7507 in the paragraph wording is formulated in the
Methodology.

2. CONCLUSIONS FROM THE ANALYSIS OF FOREIGN
EXPERIENCE

It follows from the analysis of answers of members of the D.5
committee that when looking for speed limits, most countries lean
towards a speed that corresponds to the speed on an open road,
with the lane width maintained. It is always necessary to proceed
logically and it is not possible to find an unambiguous solution. It
is often necessary to seek a compromise. It is possible to optimise
the maximum permissible speed from the following points of view:

2.1 Maximal speed in terms of capacity

The highest capacity of a road lies within the speed range of
70-80km/h. Speed v — traffic flow density models supporting this
assertion by measurements have been known since the 1930s (see
Greenshield’s Model of traffic flow).

The above Methodology emphasises the logic that urban and
suburban tunnels are designed and constructed rather for realisation
of transport capacity rather than speed. In Austria and Switzerland,
variable traffic signs are used for reducing the speed when the traffic
volume grows, so that the tunnel capacity increases. The same
possibilities of dynamic speed changes are provided even by the
proposed solution.

2.2 Maximal speed in terms of safety

PIARC’s long-term statistics show that a considerable number of
accidents in tunnels (ca 30%) occurs due to instable traffic flow and
differences in speed between vehicles. For that reason the proposed
solution is based on the need for harmonisation of the traffic flow as
early as before entering the tunnel as possible. As it follows from the
following text, it is necessary for each road tunnel when choosing
the speed to take into consideration even other parameters of the
alignment affecting the safety, see Chapter 3.

2.3 Maximal speed in terms of spatial solution

In the Netherlands, a motorway tunnel is being prepared for the
design speed and permissible speed of 80km/h. This is related to
the requirement for construction of a tunnel in a limited space and
a narrower profile. The use of lower speeds will make it easier to
construct the tunnel in the space available and still guarantee safe
operation. The tunnel will be equipped with the latest facilities for
reducing the consequences of potential accidents and fires.

3. CHANGE IN SPEED AND STRUCTURAL SOLUTION

When increasing of speed in motorway tunnels was under
consideration, it was necessary to answer three fundamental
questions connected with structural elements of the tunnel and its
structural solution:

1. Which parameters of a road in a tunnel will have to be changed
along with the change of speed? Maximum permissible speed
is mainly related to the radii of circular directional curves,

i.e. the horizontal alignment of the route, partially even the
vertical alignment of the route as far as alignment breaks
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2. Bude nutné ménit parametry souvisejici s bezpecnostnimi
stavebnimi prvky? Duvodem obav byla tragédie v tunelu
Sierre, kdy 13. 3. 2012 narazem autobusu do stény nouzové-
ho zélivu zahynulo 28 lidi.

3. Existuji néjaké dalsi, u nds zatim nepouZzivané stavebni tipra-
vy zvySujici bezpecnost v tunelu?

Odpovéd na prvni otdzku fe$i ndsledujici véta z normy CSN
73 7507 [6]: ,, Tunely se navrhuji na ndvrhovou rychlost (v ) pri-
lehlych visekii pozemni komunikace, coZ znamend, Ze komunikace
v tunelu je pokracovdnim volné komunikace pred tunelem a plati
pro ni stejnd norma. “ Navrhovou rychlost a jeji vliv na parametry
komunikace fesi v detailu norma CSN 73 6101, kde je fe$eno pro-
storové vedeni trasy.

Odpovéd na druhou otdzku, kterd se tyka podle CSN 73 7507
nouzovych pruhtl, nouzovych zalivi, otdcecich zalivl a tinikovych
cest v tunelu, je nésledujici. Jediné nepodstatné tGpravy se tykaji
pouze nouzovych zéliva s tim, Ze:

a) Nouzové zdlivy budou provedeny podle CSN 73 7507, pii-
¢emz seSikmeni zadni strany zalivu musi odpovidat mini-
malné pozadavkim normy a poméru seSikmeni nejméné
2:1.

b) Nouzovy zéliv bude vymalovén jasnou svétlou barvou.

¢) Striktnim poZadavkem je, aby na zadni sténé zélivu, ve smé-
ru jizdy, byla znacka A22 ,,Jiné nebezpeci“ v reflexnim pro-
vedeni, podobné to fesi ve Francii znackou J13.

d) U tuneld delSich nez 1 km bude, podle doporuceni PIARC,
jasnéji osvétlen vyklenek lezici pfiblizn€ uprostied tunelu,
aby oZivil monoténnost jizdy. Uroveii jasu bude dvojnésob-
na proti jasu vnitfniho pasma.

e) Nouzové zdlivy budou zvyraznény ve smyslu doporuceni
PIARC znackami oznacujicimi zaliv.

Odpovéd na tfeti otazku je nasledujici: Je prokdzano, Ze fada
nehod vznika po kontaktu pneumatiky s vysokym obrubnikem
nouzovych chodnikd. Proto je v [1] pozadovdna zména normy
75 7307 a sniZeni obrubnikii na 3 cm, jak je to béZné v radé zemi,
pri¢emz, jak tvrdi PIARC, ani vyssi obrubniky spolehlivé neoch-
rani chodce na chodniku.

3.1 Tragédie v tunelu Sierre a reakce evropskych zemi

Dosud se nastésti staly pouze dvé velké katastrofy v silnic-
nich tunelech. Prvni byl velky pozar 24. 3. 1999 v tunelu Mont
Blanc, kde zahynulo 39 lidi. V dasledku této udélosti se zménil
vyznamné nahled na bezpecnost v tunelech pozemnich komunika-
ci. V Evropé to vedlo k piijeti direktivy 54/2004/EC Evropského
parlamentu a rady o minimalnich bezpecnostnich pozadavcich na
tunely transevropské silni¢ni sit€. Druha tragicka nehoda se stala
13. 3. 2012 ve Svycarském tunelu Sierre v kantonu Valois. Toho
dne autobus sméfujici do Belgie, vezouci $kolaky s doprovodem
z lyzai'ské dovolené zpétky do Belgie, narazil v plné rychlosti do
zadni kolmé stény nouzového zalivu, 28 lidi z 52 lidi v autobusu
zahynulo, vCetné 22 déti. Tato tragédie jasné ukdzala, jaké nebez-
peci predstavuji kolmé prekazky v tunelu.

Bezprostfedné po této uddlosti se seSel technicky vybor D.5
,Road Tunnel Operation PIARC* a rozhodl zpracovat strategicky
dokument vénovany kolmym prekazkam v tunelu. Po dvou letech
vydal dokument ,, Lay bays and protection against lateral obstacles*
(Nouzové zalivy a ochrana proti postrannim prekdzkam) [7].
V Metodice jsou uvedena néktera opatfeni zemi, kterd byla pred-
métem této diskuse. Francie uspofddala na toto téma i specializo-
vany semindf 2. fijna 2013 na CETU v Lyonu, kde bylo docileno
prijeti nasledujicich zavérd odsouhlasenych vétsinou zemi, ¢lent

PIARC:
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are concerned, which is not so critical because the Directive
54/2004/ES permits gradients up to the maximum of 3%.

2. Will it be necessary to change parameters related to structural
safety elements? The reason for the concerns followed from
the tragedy in the Sierre tunnel on 13" March 2012, when 28
people died when a coach crashed into the lateral wall of an
emergency lay-by.

3. Are there any other construction modifications not yet used in
the Czech Republic that increase tunnel safety?

4. The answer to the first question is solved by the following
sentence from CSN 73 7507 standard [6]: “Tunnels are
designed for design speed (v,) on adjacent sections of the road,
which means that the road inside the tunnel is a continuation
of the open road in front of the tunnel and the same standard
applies to it.” The design speed and its influence on road
parameters are solved in detail by CSN 73 6101 standard,
where the spatial design is dealt with.

The answer to the second question, which concerns emergency
lanes, emergency lay-bys, turning bays and escape routes according
to CSN 73 7507 standard, is as follows. The only insignificant
modifications related to emergency lay-bys provided that:

a) The emergency lay-bys will be carried out in compliance with
CSN 737507 standard, while tapering of the rear (“downflow”)
side of the lay-by has at least to correspond to requirements of
the standard and the tapering ratio of at least 2:1.

b) The emergency lay-be will be painted in a bright light colour.

¢) A strict requirement is that sign A22 “Other Dangers” with a
reflective finish is on the rear (“downflow”) wall of the lay-by;
France solves it similarly by sign J13.

d) For tunnels longer than lkm, according to the PIARC
recommendation, the lay-by located approximately in the
middle of the tunnel will be more brightly lit to revive the
monotony of the ride. The luminance level will be twice the
luminance in the inner zone.

e) Emergency lay-bys will be emphasised in the meaning of the
PIARC recommendation by lay-by signs.

The answer to the third question is as follows: It has been proven
that many accidents originate after the tyre comes into contact with
the high kerb of the emergency walkway. For that reason a change of
CSN 75 7307 standard and lowering of kerbs to 3cm is required [1],
as it is common in many countries and, according to the PIARC, even
higher kerbs do not reliably protect pedestrians on the walkways.

3.1 Tragedy in the Sierre tunnel and response
of European countries

Fortunately, only two major catastrophes have happened so far in
road tunnels. The first was a large fire in the Mont Blanc tunnel on
24™ March 1999, where 39 people died. As a result of this event,
the opinion on safety in road tunnels has changed significantly.
In Europe, it led to the adoption of Directive 54/2004/EC of the
European Parliament and of the Council on minimum safety
requirements for tunnels in the Trans-European Road Network. The
second tragic accident happened in the Swiss canton of Valois on
13™ March 2012. That day, a coach heading to Belgium, carrying
schoolchildren and accompanying persons from a ski holiday back
to Belgium, crashed at full speed into the rear (downflow) lateral
wall of the emergency lay-by; 28 of the 52 people in the coach died,
including 22 children. This tragedy has clearly shown the danger
posed by lateral obstacles in tunnels.

Immediately after this event, Technical Committee D.5 “Road
Tunnel Operation PIARC” met and decided to prepare a strategic
document dedicated to lateral obstacles in tunnels. Two years later,
it issued the document “Lay bys and protection against lateral
obstacles” [7]. Some measures which were subjects of this discussion
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e Zemé, které maji v tunelech nouzové zalivy, je povazuji za
relevantni prispévek k tunelové bezpecnosti.

¢ Tyto zalivy umozni nouzové odstaveni vozidla, aniZ by to vy-
volalo krizovou situaci.

o Zalivy také usnadniuji udrzbové prace.

e Nouzové zalivy jsou velmi uZzitecné v obousmérnych tune-
lech, kde zastaveni vozidla vyvold potencidlné nebezpecnou
situaci, protoZe je objizdéno do protisméru.

* Pro kazdy existujici tunel musi byt provedena specializova-
na studie zaméfend na nouzové zdlivy a dal$i mozné kolmé
prekazky. Pro zmenSeni nasledku stfetu s kolmou sténou nou-
zového zdlivu se pouZzivaji hlavné dva prostfedky — tlumice
narazu a kovova ¢i betonova svodidla.

e Dal§im zavérem je i doporuceni na zdiraznéni mista nouzo-
vych zaliva.

3.2 Rychlost a jeji vliv na parametry komunikace

Komunikace v tunelu je vlastné pokracovanim komunikace pred
tunelem a plati pro ni norma CSN 73 6101. Projektant tunelu tedy
ru¢i za to, Ze byla tato norma respektovana. Norma predepisuje
roz§ifovani jizdniho pruhu ve smérovych obloucich a dostfedny
sklon. Pfi podrobné analyze zahranicni literatury se ukézalo, Ze
s vyS$§i rychlosti je spojena problematika zajiSténi minimalnich
polomérti smérovych obloukt. Ty jsou v zdsadé navrhovany na
zakladé dvou koncepti:

1. Koncept rovnovahy. V principu se jednd o dosaZeni rovno-
vahy mezi odstfedivou silou a bo¢nim faktorem tfeni modifiko-
vanym pro silni¢ni tunely. V podstaté jde o to, aby se vozidlo
udrZelo v ose jizdniho pruhu a nebylo vytlatovdno odstfedivou
silou na okraj pruhu (centrifugalni jev). Lze predpokladat, Ze pro-
jektanti trasy v tunelech pracuji s normou CSN 73 6101, kde jsou
v tab. 9 uvedeny nejmensi dovolené poloméry ve vztahu k uva-
Zované rychlosti a dostfednému sklonu pro zdkladni pfi¢ny sklon
2,5 %.

2. Koncept vychdzejici z délky rozhledu pro zastaveni podél
smérového oblouku, pro tfi alternativy polohy fidi¢e ve vnitinim
jizdnim pruhu v zavislosti na levém ¢i pravém oblouku. Poloha
fidice (leva nebo prava strana oblouku) ma zna¢ny dopad na na-
vrhové hodnoty poloméru smérového oblouku. Rozdil se zvySuje
s rostouci ndvrhovou rychlosti.

Sub 1: Polomér smérovych obloukt z hlediska odstredivé sily.
V tomto pfipadé je nutné se plné Fidit normou CSN 73 6101.

Sub 2: Polomér smérovych obloukl z hlediska délky rozhledu
pro zastaveni.

Zatimco piivodni CSN 73 6101 vyslovné nepoZaduje v tunelech
smérové rozdélenych kontrolovat délku rozhledu pro zastaveni,
verze ze zafi 2018 stanovuje poloméry kruznicovych oblouk, za-
jistujicich délku rozhledu pro zastaveni, pouze podle kategorijnich
typd komunikace. K tomu je v tab. 7 normy uvedena navrhova
rychlost pro kazdou kategorii silnic a dalnic.

Pozn. autora: Pristup v nové normé nepovazuji za zcela korekt-
ni. ProtoZe délka rozhledu pro zastaveni na ddlnici se svodidly
miiZe byt jind, neZ délka rozhledu v tunelu, kde rozhled omezuje
plnd sténa tunelu. Presto nechci situaci komplikovat a spokojime
se s kontrolou minimdlnich polomérii podle kategorijniho typu ko-
munikace, jak je uvedeno v nové normé, viz 2. krok v obrdzku 1.
K tomuto rozhodnuti mne vede i poZadavek piivodni normy, ktery
kontrolu v tunelech smérové rozdélenych nevyZadoval.

3.3 2aveér ke stavebnimu provedeni

Zékladni kontrolou, ktera musi byt provedena vZdy pied zmé-
nou rychlosti, je ovéfeni, na jakou navrhovou rychlost byl tu-
nel projektovan. Zasadni je také védét, o jaky kategorijni typ

are mentioned in the Methodology. France organised a specialised
seminar on this theme at the CETU in Lyon on 2™ October 2013,
where the following conclusions were achieved and approved by the
majority of the PIARC member countries:

 Countries having emergency lay-bys in tunnels consider them to
be a relevant contribution to safety in tunnels.

* The lay-bys will allow only for break-down parking of vehicles,
without causing a crisis situation.

 The lay-bys in addition facilitate maintenance operations.

* The lay-bys are very useful in bidirectional tunnels, where
stopping of a vehicle causes a potentially dangerous situation
because the stopped vehicle is bypassed into the opposite traffic
direction.

* A specialised study focused on emergency lay-bys and other
possible lateral obstacles has to be conducted for each existing
tunnel. Two means of reducing the consequences of a collision
with a lateral wall of an emergency lay-by are mainly used —
impact absorbers and metallic or concrete crash barriers.

* Another conclusion is also the recommendation for highlighting
the locations of emergency lay-bys.

3.2 Speed and its influence on parameters

The road in a tunnel is actually a continuation of the open road
in front of the tunnel and standard CSN 73 6101 applies to it. The
tunnel designer therefore guarantees that this standard has been
respected. The standard prescribes extension of width of traffic lanes
on directional curves and the concentric incline (superelevation).
A detailed analysis of foreign literature showed that problems of
securing minimum radii of directional curves are associated with a
higher speed. The curves are basically designed on the basis of two
concepts:

1. Balance concept. In principle, it is a matter of achieving a
balance between the centripetal force and the lateral friction factor
modified for road tunnels. Basically, it is a matter of keeping the
vehicle on the centre line of the lane without pushing it to the edge
of the lane by centripetal force (centripetal phenomenon). It can be
assumed that the designers of the road in the tunnels work with the
standard CSN 73 6101, where smallest permitted radii in relation to
the speed being considered and the centripetal gradient for the basic
transverse incline (superelevation) of 2.5% are presented in Table 9.

2. The concept based on the sight distance for stopping along the
directional curve for three alternatives of driver’s position in the
inner traffic lane, depending on the left-hand or right-hand curve.
The position of the driver (left-hand or right-hand side of the curve)
has a significant impact on the design values of the radius of the
directional curve.

Sub 1: Radius of directional curves in term of centripetal force. In
this case it is necessary to fully comply with CSN 73 6101 standard.

Sub 2: Radius of directional curves in terms of the stopping sight
distance.

Whilst the original CSN 73 6101 does not explicitly request that
the stopping sight distance in tunnels with dual carriageway is to be
checked, the version from September 2018 determines the radii of
circular curves securing the stopping sight distance only according
to road type categories. The design speed for each category of roads
and motorways is added to it in Table 7.

Author’s note: I do not consider the approach in the new standard
to be fully correct. Because the stopping sight distance on a highway
with crash barriers may be different from the stopping sight distance
in a tunnel where the sight distance is restricted by a full wall of the
tunnel. Nevertheless, I do not want to complicate the situation and
we will content ourselves with checking the minimum radii according
to the road type categories, as stated in the new standard, see step 2
in Fig. 1. I am also led to this decision by the requirement of the



komunikace se jedna. Na podzim roku 2018 byla norma pro pro-
jektovani dalnic revidovana a dalnice mé4 nové navrhovou rychlost
130 km/h, pfedtim byla navrhova rychlost 120 km/h. Pfi kontrole
dokumentace tunelu je nutné jednoznacné znét, podle které verze
normy 73 6101 projektant pracoval. Dokumentace se kontrolu-
je ve tfech krocich popsanych dale. Pfi zméné rychlosti je nutné
ovérit, zda vyhovuji minimélni poloméry z hlediska (a) odstiedivé
sily a (b) z hlediska délky rozhledu pro zastaveni.

Stavebni Upravy se v tunelu nebudou provadeét, nebot se predpo-
klada, ze horizontélni i vertikdlni vedeni trasy odpovida dokumen-
taci. Pro zamezeni pripadnych soudnich sport po nehodach bude
provedena formalni kontrola dokumentace a jeji shody s normou
ve tfech krocich (obr. 1):

1. krok: Kontrola minimélnich poloméri smérovych kruZnico-
vychoblouktzhlediskaodstiedivé sily. Nejmensidovolené polomé-
ry kruznicovych obloukt pro navrhovou rychlost a dostfedny sklon
jsou dany v tab. 9 normy CSN 73 6101. Pokud minimalni polomér
nevyhovi, je nutné sniZit maximdlni dovolenou rychlost oproti na-
vrhové rychlosti. Pokud poloméry vyhovi, pfistoupi se ke 2. kroku,
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original standard, which did not require inspection in directionally
divided tunnels.

3.3 Conclusion about structural design

The basic check which has to be conducted always before a change
of speed is the verification for which design speed the tunnel was
designed. It is also essential to know what category of road it is. In the
autumn of 2018, the standard for designing motorways was reviewed
and the motorway has newly the design speed of 130km/h; before
that, motorways were designed for design speed of 120km/h. When
checking the tunnel documentation, it is necessary to know clearly
according to which version of CSN 73 6101 standard the designer
worked. Documentation is checked in the below described three
steps. When changing the speed it is necessary to verify whether the
minimum radii are suitable in terms of (a) centripetal force and (b)
stopping sight distance.

Construction work will not be carried out in the tunnel because
it is assumed that the horizontal and vertical alignment of the route
correspond to the documentation. To prevent possible litigation
after accidents, the formal checking on the documentation and its

kategorijni typ komunikace
category type of road

navrhova rychlost
design speed

kontrola R . dle odstredivé sily
check on R, according to centrifugal force

1. krok
step 1

speed reduction

satisfies

kontrolaR_ dle délky rozhledu
check on R ‘according to stopping
sight distance

2. krok
step 2

speed reduction

satisfies

kontrola check on
- Sitky pruhu lane width
- pfiéného sklonu transversal gradient

3. krok
step 3

expertni posouzeni
expert assessment

satisfies

final speed

Obr. 1 Blokové schéma kontroly stavebniho reSeni a realizace tipray rychlosti

Fig. 1 Block diagram of checking on structural solution and implementation of speed modifications
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kdy se kontroluji minimalni poloméry obloukt zajistujici délku
rozhledu pro zastaveni.

2. krok: Kontrola minimélnich poloméra zajistujicich délku
rozhledu pro zastaveni. Provadi se dle tab. 7 a 10 normy. Pokud
poloméry vyhovi, pokracuje se tfetim krokem. Pokud minimalni
polomér nevyhovi, je nutné snizZit maximalni dovolenou rychlost
oproti navrhové rychlosti.

3. krok: Kontroluje se pricny sklon a Sitka pruhu v oblouku.
Pokud tyto parametry nedosahuji poZzadavkd normy, hrozi nebez-
peci centrifugalniho efektu, vynéaseni vozidel vlivem odstiedivé
sily. Pak je nutné ziskat stanovisko expertl jaka rychlost je jesté
bezpecna z hlediska odstiedivé sily.

Teprve po stanoveni definitivni maximalni dovolené rychlosti ze
stavebniho feSeni méd vyznam pfikrocit k upravam projektl tech-
nologickych soubori podle navrhované rychlosti.

3.3.1 Stavebni reSeni, doporuceni — nouzové zdlivy

Obecné zavery, které formuloval PIARC ke kolmym piekaz-
kam, na zdklad¢ konsenzu mnoha zemi, jsou uvedeny vyse. Vy-
plyva z nich, Ze kazdy tunel ma byt znovu provéfen z hlediska
kolmych prekazek. V literatufe [7] jsou uvedeny priklady feSeni
z Italie, Spanélska atd. Pokud se tykd nouzovych zalivii a kol-
mych prekazek, je v prvni fad€ nutné zabranit tomu, aby vektor
sily, do kterého se transformuje kineticka energie narazu, ptsobil
v ose vozidla deformaci. Naopak je nutno tento vektor rozloZit
i na slozku sméfujici ve sméru jizdy. K tomu se vyuziva Sikmo
umisténych svodidel nebo Sikmo orientované stény vyklenku.
Situaci zndzorfiuje obr. 2. Z fyziky je ziejmé, Ze ¢im Sikméj-
§i je svodidlo, tim vice kinetické energie se odvede smérem do
vozovky.

Norma CSN nemd okétované rozméry nouzovych vyklenki,
pouze Cistou délku, kterd je 40 m a déle je uveden pomér 2:1, coz
znamend, Ze zeSikmeni jde od dvojndsobné Sitky vyklenku, tedy
od 6 m.

Uhel o v obr. 2 by m&l byt co nejostiejsi. V tomto piipadé je 37°,
co? je mirn& véti tihel, a tedy horsi Gi¢innost nez v Itélii a ve Spa-
nélsku, kde pouzivaji Sikmé&jsi kovova svodidla. Z vyspélych tune-
lovych zemi mé Francie jesté mensi thel seSikmeni, ktery je 45°.
Naopak nejostrejsi uhel, jen 8° maji v Norsku. ZmenSovani thlu
i v CR by znamenalo zmen3ovat plochu pro odstaveni vozidel na
ukor Sikmé zadni stény, a proto je feSeni v normé povaZzovéano za
jesté dostatecné, byt je nutné dlouhodobé sledovat statistiky nehod
s vyklenkem a jejich nasledky.

PIARC doporucuje fesit z hlediska ndrazu i portal tunelu, ktery
je také kolmou prekazkou, o Cemz svédci nehoda se smrtelnymi
néasledky v Lochkovském tunelu. Osazovani svodidel jako ochra-
ny pred pevnou piekdzkou fesi norma CSN 73 6101, kde jsou pii-
mo vyjmenovany opérné zdi, propustky a podjezdy. Portaly tuneld
tam jmenovité uvedeny nejsou, ale tento pozadavek je opravnény
a musi byt zahrnut do revize CSN 73 7507.

compliance with the standard will be conducted in three steps (see
Fig. 1):

Step 1: Checking on minimum radii of directional circular
curves in terms of centripetal force. The smallest permissible radii
of circular curves for the design speed and the concentric gradient
(superelevation) are given in Table 9 of CSN 73 6101 standard. If the
minimum radius does not meet the standard, it is necessary to reduce
the maximum permissible speed in comparison with the design
speed. If the radii meet the standard, step 2 is taken, where minimum
radii of curves securing the stopping distance are checked.

Step 2: Checking on minimum radii securing the stopping sight
distance. It is conducted according to Table 7 and 10 of the standard.
If the radii meet the requirements, checking proceeds to the third
step. If the minimum radius does not meet the requirements, it is
necessary to reduce the maximum permissible speed in comparison
with the design speed.

Step 3: The concentric gradient (superelevation) and the width of
lane on the curve are checked. If these parameters do not meet the
requirements of the standard, there is a risk of a centripetal effect of
pushing vehicles towards the external edge of the curve. Then it is
necessary to obtain the opinion of experts as to what speed is still
safe in terms of centripetal force.

Only after determining the final maximum permissible speed
on the basis of the structural design is it reasonable to proceed to
modifications of designs for tunnel equipment according to the
proposed speed.

3.3.1 Structural design, recommendations — emergency lay-bys

The general conclusions formulated by PIARC on lateral obstacles
on the basis of consent of many countries are presented above. It
follows from them that each tunnel has to be again checked in terms
of lateral obstacles. Examples of solutions from Italy, Spain etc. are
presented in References [7]. As far as emergency lay-bys and lateral
obstacles are concerned, it is first necessary to prevent the force
vector into which the kinetic energy of the impact is transformed
from causing deformation along the vehicle axis. On the contrary,
it is necessary to decompose this vector even into a component
pointing in the direction of travel. Obliquely installed barriers or
obliquely oriented rear (“‘downflow”) walls of the niche are used for
this purpose. The ground plan is presented in Fig. 2. It is obvious
from physics that the more oblique crash barrier the more kinetic
energy is deflected in the direction into the roadway.

In our standard the dimensions of emergency niches are not filled.
It shows only the net length (40m) and the ratio 2:1, which means
that tapering begins from the double width of the niche, i.e. from 6m.

Angle o in Fig. 2 should be as acute as possible. In our case it
is equal to 37°, which is a moderately greater angle and therefore
effectiveness is worse than in Italy and Spain, where more oblique
metallic crash barriers are used. Of the developed tunnel construction
countries, France has a smaller angle of tapering, which is equal to
45°. On the contrary, the most acute angle of mere 8° is used in
Norway. Reducing the angle even in the Czech Republic would

3s
s '
2:1\ s=3m
- e e—— I
¥

Obr. 2 Tvar nouzového zdlivu podle CSN 73 7507
Fig. 2 Shape of emergency lay-by according to CSN 73 7507
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4. UVAHA K MAXIMALNI DOVOLENE RYCHLOSTI
V DALNICNICH TUNELECH

Pfi volbé maximalni dovolené rychlosti je vZdy nutné volit kom-
promis. V zdsad€ je moZné se pohybovat od soucasnych 80 km/h,
teoreticky az po maximdalni dovolenou rychlost na dalnici, kte-
rd je dnes 130 km/h. Pfi volbé rychlosti byl hledan kompromis
mezi schopnosti tunelu plnit svou dopravni funkci, tedy preneseni
potfebného mnoZstvi vozidel mezi portdly, a maximalizovanou
bezpecnosti. PInéni dopravni funkce znamena, Ze tunel ma dosta-
tecnou kapacitu, pficemZ doba jizdy neni rozhodujici parametr,
hlavné musi byt jizda plynuld. Rozdil doby jizdy v kilometrovém
tunelu mezi rychlosti 100 a 130 km/h je pouze 9 s, coz v celkové
dobé jizdy po dalnici nehraje Zadnou roli. Hledisko bezpecnosti
bylo tedy na prvnim misté pfi ndvrhu maximalni dovolené rych-
losti. S prihlédnutim k rovnici (1) uddvajici pomér smrtelnych
nehod vzhledem k rychlosti je vhodné volit rychlost nizsi, nez
je dovolena rychlost na dalnici, aby se snizily smrtelné nasledky
z ¢elnich narazi. Vybor D.5 ,,Road tunnel Operation* PIARC vy-
pracoval rozsahly dokument [2] ,,Prevention and mitigation tunnel
related collisions!*. Dokument se zabyvé v§emi druhy nehod, kte-
ré souvisi s tunelem, vystupy a zavéry ¢erpd z databaze poskytnuté
Clenskymi staty pro silni¢ni tunely. Jednim z vysledki je, Ze cca
30 % nehod v tunelech je dano pfedozadnimi kolizemi. Navrzena
rychlost 100 km/h je tedy kompromisem.

Pokud by byla rychlost v oblasti 80-90 km/h, znamenalo by
to skokové snizovani rychlosti z maximélni dovolené rychlosti
130 km/h na dovolenou rychlost a s tim vznik nestabilniho do-
pravniho proudu na vstupu do tunelu.

Asi tfetina nehod v tunelu je podle PIARC [7] zapficinéna pre-
dozadnimi narazy, a tedy rozdily v rychlosti mezi vozidly. SniZeni
poctu nehod se d4 dosdhnout stabilizaci dopravniho toku jiz pied
vjezdem do tunelu. Z t€chto diivodi je pouZit princip liniového fi-
zeni, ktery sniZuje rychlost ve dvou krocich a omezuje predjizdéni
pro ndkladni vozidla. Nejprve se rychlost omezi na 120 km/h sta-
tickou znackou cca 500 m pred tunelem a znackou B22a se zakaze
predjiZdéni pro ndkladni vozidla. V dalSim kroku se v pfijezdo-
vé zon€ dlouhé cca 280 m piejde na 100 km/h pomoci PDZ, aby
nebylo nutné prekotné brzdit u tunelu. Pfed vjezdovym portalem
tunelu se tato informace opakuje.

4.1 Vyhody volby rychlosti 100 km/h

1. NavrZena rychlost se blizi maximalni dovolené rychlosti na
dalnici a doba jizdy v tunelu je nizsi fadové jen o nékolik
sekund oproti 130 km/h v tunelech stfedni délky.

2. Pocet smrtelnych nehod pfi 100 km/h a celnich kolizich
klesne 0 49 % oproti rychlosti 130 km/h. SniZeni rychlosti
o 10 km/h 500 m pred tunelem znackou B20a“120 nevne-
se nestabilitu do dopravniho proudu. Ten je naopak stabi-
lizovan dalsi znackou B20a*“100 v prijezdové z6né tunelu
arychlost 100 km/h je pfipomenuta jeste t€sné pred vjezdem
do tunelu prostfednictvim PDZ, které jsou vzdy ve standard-
nim vybaveni tunelu, viz tab. 34 v TP98 (jedna je na zacat-
ku pfistupové zony a druhd u portdlu tunelu). Prostfednic-
tvim této dvojice PDZ lIze fesit ve dvou krocich dalsi sniZeni
rychlosti, napt. na 80 km/h, pokud to vyzaduji mimofadné
dopravni scénare.

3. SniZeni rychlosti zvySuje kapacitu oproti otevienému tseku
dalnice.

4. Podobné jsou feSeny nékteré Svycarské dalni¢ni tunely maji-
ci rychlostni limit 120 km. Pokud je vysoké dopravni zatiZe-
ni, snizuje se ve $pickovych hodinach rychlost pomoci PDZ
na 80 km/h.
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mean reducing the area for break-down parking at the expense of the
oblique back wall and for that reason the solution is considered in
the standard to be still sufficient, although it is necessary to monitor
long-term statistics of accidents associated with the lay-by niche and
their consequences.

PIARC recommends that even a tunnel portal, which is also a
lateral obstacle, is to be dealt with in terms of impact. It is evidenced
by the fatal accident in the Lochkov tunnel. Installation of crash
barriers as protection before a fixed obstacle is dealt with by CSN
73 6101 standard, where retaining walls, culverts and underpasses
are directly named. Tunnel portals are not named there, but this
requirement is justified and has to be incorporated into the CSN
73 7507 standard review.

4. CONSIDERATION ON THE MAXIMUM MAXIMAL
SPEED IN MOTORWAY TUNNELS

When choosing the maximum speed, it is always necessary to
choose a compromise. In principle, it is possible to move from the
current 80km/8h, theoretically up to the maximum permissible speed
on highway, which is currently equal to 130km/h. When choosing the
speed, a compromise was sought between the ability of the tunnel to
perform its transport function, i.e. the transfer of the required number
of vehicles between portals, and maximised safety. Performing the
transport function means that the tunnel has sufficient capacity,
while the travel time is not a decisive parameter, above all driving
must be smooth. The difference in travel time in a kilometre long
tunnel between the speeds of 100 and 130km/h is only 9 s, which
plays no role in the total time of driving on the motorway. The
aspect of safety was therefore in the first place when designing the
maximum permissible speed. Taking into consideration equation (1)
stating the ratio of fatal accidents to speed, it is suitable to choose
the speed lower than the permissible speed on motorway in order to
reduce the fatal consequences of head-on crashes. The DS committee
“Road tunnel Operation” of PIARC prepared an extensive document
[2] “Prevention and mitigation of tunnel related collisions!” The
document deals with all kinds of accidents associated with tunnels. It
draws outputs and conclusions from a database provided by member
states for road tunnels. One of the results is that ca 30% of accidents
in tunnels are caused by collisions at the front or the rear of the
vehicle. The proposed speed of 100km/h is therefore a compromise.

If the speed were in the range of 80-90km/h, it would mean a jump
in speed from the maximum permissible speed of 130km/h to the
permitted speed and thus the origination of unstable traffic flow at
the tunnel entrance.

According PIARC, about a third of accidents in tunnels [7] are
caused by collisions at the front or the rear of the vehicle, and thus by
differences in speed between vehicles. Reduction in the number of
accidents can be achieved by stabilisation of the traffic flow already
before entering the tunnel. These are the reasons why the linear
traffic management principle is applied. It reduces speed in two steps
and curtails overtaking for lorries. First, the speed is restricted to
120km/h by means of a static sign ca 500m before the tunnel and
overtaking is banned for all lorries, using B22 sign. In the second
step, the speed is limited further to 100km/h using variable traffic
signs in the about 280m long access zone so that it is not necessary
to break hard at the tunnel. This information is repeated in front of
the tunnel entrance portal.

4.1 Advantages of choosing the speed of 100km/h

1. The proposed speed approaches the maximum speed
permissible for motorways and the time of travel in the tunnel
is lower in the order of only several seconds in comparison
with 130km/h in medium-length tunnels.

2. The number of fatal accidents at 100km/h and head-on
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4.2 Zzavislost fatalnich nehod na rychlosti

V nékterych zemich je rychlostni limit v tunelech niz§i, nez je
na prilehlych komunikacich, coz do jisté miry omezuje disledky
kolizi, napt. s pevnou prekdzkou. Obecné plati vyrok, Ze ,,rychlost
zabiji“, ale najit vztah mezi rychlosti a nasledkem kolizi, napft.
jako pravdépodobnost usmrceni, neni snadné.

V literatuie se podafilo najit jediny vztah udavajici zavislost
fatdlnich nehod z celnich nérazil pfi zvySeni rychlosti (Fatality
PRED/PO) na rychlosti (Vegen: Veo ) [2]. Vztah na zékladé statistik
vytvofil a publikoval Goran Nilson (Svédsko), byl ovéfen R. Elvi-
kem (Norsko) a prevzal ho i PIARC v REF [2] str. 215, kde v
je soucasna rychlost a v, je rychlost po zvySeni.

Fatality PO _( Voo ] 0

PRED

Fatality PRED | Vygp
4.3 Legislativni zaklad pro zménu rychlosti

Zakladnim zakonem feSicim obecné provoz na pozemnich ko-
munikacich je zdkon 361/2000 Sb. o provozu na pozemnich ko-
munikacich (tzv. Silni¢ni zakon) a o zménach nékterych zakond.
O rychlosti v tunelech se v zdkoné nemluvi, pouze obecné o rych-
losti v obcich a na pozemnich komunikacich. Zakon ale obsahuje
§ 61, ktery primo souvisi s projektem upravy rychlosti, bez které-
ho by byl problém rychlost ménit.

Mistni tupravou provozu lze podle § 61 odst. 2 nejvyssi dovole-
nou rychlost sniZit.

4.3.1 Vztahy mezi obecnou, mistni a prechodnou vipravou
provozu na pozemnich komunikacich
Mistni uprava provozu na pozemnich komunikacich je nadfaze-
na obecné, tedy zdkonné tpravé provozu na pozemnich komuni-
kacich. Pfechodna uprava provozu na pozemnich komunikacich je
nadfazena mistni i obecné tpravé provozu na pozemnich komuni-
kacich. Podle § 77 odst. 1 zdkona ¢. 361/2000 Sb., stanovi mistni
a pfechodnou tpravu provozu na pozemnich komunikacich a uziti
zafizeni pro provozni informace nasledujici orgdny:
a) na ddlnici — Ministerstvo dopravy CR;
b) nasilnici L. tfidy — prisluSny krajsky trad;
¢) na silnici II. a III. tfidy, mistni komunikaci a na vefejné pii-
stupné ucelové komunikaci — obecni trad obce s rozsifenou
pusobnosti.

5. PRINCIP NAVRHU - HARMONIZACE DOPRAVNIHO
PROUDU

Maximadlni dovolend rychlost je v Metodice optimalizovéna,
pravé vzhledem ke kritériu bezpecnosti, se snahou maximal-
né vyuZzit stavajicich technickych zafizeni dopravniho systému

TuNel

collisions will drop by 49% in comparison with the speed of
130km/h. Lowering of the speed by 10km/h before the tunnel
by B20a”120 sign will not introduce instability into the traffic
flow. Just on the contrary, the flow is stabilised by another sign,
B20a”100, in the tunnel access zone and the speed of 100km/h
is reminded just before the entry to the tunnel by means of
variable traffic signs, which are always in the standard
equipment of the tunnel, see Tables 3—4 in specifications TP98
(one is at the beginning of the access zone and the second one
at the tunnel portal. Through this pair of variable signs it is
possible to solve further reduction of speed, e.g. to 80km/h, if
exceptional traffic scenarios require it.

3. Reduction of speed increases the capacity in comparison with
open road section.

4. Some Swiss tunnels having the speed limit of 120km/h are
solved similarly. When the volume of traffic is high, the speed
is reduced in peak periods to 80km/h using variable traffic
signs.

4.2 Dependence of fatal accidents on speed

In some countries, the speed limit in tunnels is lower than that
on adjacent roads, which to a certain extent limits the consequences
of collisions, e.g. with a fixed obstacle. In general, the statement
that “speed kills” applies, but finding a relationship between the
speed and the consequences of a collision, such as the probability of
killing, is not easy.

In the References, I managed to find the only relationship
indicating the dependence of fatal accidents caused by head-on
impacts when the speed was increased (Fatality BEFORE / AFTER)
on speed (VBEFORE, Varrer) [2]. The relationship was developed and
published on the basis of statistics by Goran Nilson (Sveden); it was
verified by R. Elvik (Norway) and was borrowed even by PIARC in
REF page 215, where v, .. is at the same time the current speed

and v, .. is the speed after the increase.

Fatality AFTER _[ Vaeren j“ )

Fatality BEFORE

VB EFORE

4.3 Legislative basis for speed change

The basic law dealing generally with traffic on roads is Law No.
361/2000 Coll. on road traffic (the so-called Road Traffic Law) and
on amendments to certain Laws. The speed in tunnels is not spoken
about in the law, the speed in municipalities and on roads is spoken
about only generally. But the Law contains § 61, which is directly
related to the project on the speed change, without which changing
the speed would be a problem.

The highest permissible speed can be reduced by the local traffic
adjustment according to § 61 col. 2.

fizeni dopravy na dalnici highway traffic management

QYOO

Obr. 3 Principidlni funkce RLTC
Fig. 3 Principal function of RLTC
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4.3.1 Relations between general, local and
temporary adjustment of road traffic

Local regulation of road traffic is superior to general
one, i.e. legal, regulation of road traffic. Temporary
regulation of road traffic is superior to local regulation
as well as general regulation of road traffic. According
to § 77 col. 1 of Law No. 361/2000 Coll., the following
authorities determine the local and temporary
regulation of road traffic and the use of facilities for
operational information:

a) On motorways — Ministry of Transport of the CR.

90 120 90 150
100 130

v [km/h] b) On I* class roads —competent regional authority.
c) On 22" and 3" class roads, urban roads and

Obr. 4 Snizovdni rozptylu rychlosti se sniovdnim sti'edni hodnoty rychlosti

Fig. 4 Reduction of the speed variance along with reduction of the mean value of speed

navrzeného podle TP98 kap. 3.2.3. Jak je uvedeno vyse, asi tie-
tina nehod v tunelech je zapfi¢inéna predozadnimi nérazy a je
zpusobena nestabilnim a neharmonickym dopravnim proudem.
V mnoha zemich se stile vice vyuzivaji systémy pro liniové fi-
zeni dopravniho proudu na délnici — Road Line Traffic Control
(RLTC), kdy jsou na portalech PDZ ménici se parametry doprav-
niho proudu. Tyto fidici systémy umoziuji zvySovat kapacitu
délnic o 15 aZ 30 % a zaroven snizuji nasledky a pocet fatalnich
dopravnich nehod az o 40 % s tim, Ze stabilizuji dopravni proud.
RLTC fidi dopravu v linii, kde jsou v pravidelnych odstupech
portaly s pfikazovymi a varovnymi proménnymi zna¢kami upra-
vujicimi chovani dopravniho proudu. Zaroven se u portald méfi
dva dopravni parametry — intenzita a rychlost. Na zakladé méreni
dopravni model rychlost-hustota méni rychlost vozidel a zakazuje
predjizdéni nakladnim vozidlim. Na vstupu do linie jsou neuspo-
fadana vozidla s riznou rychlosti a na vystupu je jiz harmonic-
ky dopravni proud. Na ilustrativnim obr. 3 je situace zvyraznéna
i graficky.

Nicméné pro harmonizaci dopravy v pfipadé tunelit musi byt
vyuzito stavajicich proménnych dopravnich znacek, instalova-
nych podle TP9S8, s odpovidajicimi ¢iselnymi hodnotami na S$ti-
tech znacky.

5.1 Princip harmonizace

Obr. 4, ktery ma piivod v méfeni ptisobeni RLTC rychlosti na
SOKP, nejlépe vysvétluje, k ¢emu dojde v piijezdové zoné pred
tunelem. Uvazujme na délnici primérnou rychlost osobnich vo-
zidel 130 km/h. S urcitou pravdépodobnosti se vyskytnou vozidla
jedouci rychlosti 150 km/h, ale i vozidla jedouci 90 km/h. Piso-
benim znacek B20a se symboly ,,100“ a znaCky B22a se posu-
ne stfedni hodnota rychlosti osobnich vozidel na 100 km/h a na-
kladni vozidla pojedou jen v pravém pruhu, rozptyl rychlosti se
bude pohybovat okolo stfedni hodnoty 100 km/h, na obrazku je
naznacen rozptyl cca mezi 90 a 120 km/h. Tato data jsou ové-
fena v praxi na SOKP (D0), kde je systém RLTC jiz nékolik let
V provozu.

5.1.1 Cena za harmonizaci

Nejprve se rychlost omezi na 120 km/h statickou znackou cca
500 m pred tunelem a v dal§im kroku na 100 km/h pomoci PDZ
v pfijezdové zoné tunelu, které jsou mandatorné instalovany podle
TP9S.

Stabilizace dopravniho toku pred vjezdem do tunelu ma vel-
ky vyznam z hlediska bezpecnosti, pfi¢emzZ cena investic je za-

nedbatelnd v porovnani s pfinosy, nebot vSechny dalni¢ni tunely

publicly accessible special-purpose roads —
the municipal office of a municipality with
extended powers.

5. PRINCIPLE OF THE PROPOSAL - HARMONISATION
OF TRAFFIC FLOW

The maximum permissible speed is optimised in the Methodology,
especially with respect to the safety criterion, with an effort for
maximum use of existing technical facilities of the transport system
designed according to specifications TP98 chapter 3.2.3. As mentioned
above, about a third of accidents in tunnels are caused by unstable
and inharmonious traffic flow. In many countries, Road Line Traffic
Control (RLTC) systems are used more and more for traffic control
on motorways, where variable traffic signs changing parameters of
traffic flow are on portals. These control systems allow for increasing
the motorway capacity by 15 to 30% and, at the same time, reduce
the consequences and numbers of fatal accidents by up to 40%, while
stabilising the traffic flow. The RLTC controls traffic in a line where
portals with variable signs giving orders and variable warning signs
regulating the behaviour of the traffic flow are installed at regular
intervals. At the same time, two traffic parameters are measured at the
portals — traffic volume and speed. The speed — density traffic model
changes the speed of vehicles and bans lorries from overtaking. At
the entry to the line there are orderless vehicles with various speed
rates, while and harmonic traffic flow is already at the exit. In the
illustrative Fig. 3, the situation is presented even graphically.

Nevertheless, existing variable traffic signs installed according to
TP98 with corresponding numerical values on the plates have to be
used for the harmonisation of traffic in the case of tunnels.

5.1 Harmonisation principle

Fig. 4, which has its origin in the measurement of the effect of the
RLTC on the speed on the Prague City Ring Road (PCRR) explains
best what happens in the access zone before the tunnel. Let us consider
the average speed of cars on the motorway of 130km/h. A car driving
at the speed of 150km/h will occur with a certain probability, but
also cars driving at 90km/h. The effect of the signs B20a with the
symbols “100” and the sign B22a shifts the mean value of the speed
of cars to 100km/h and lorries will drive only in the right-hand lane;
the speed variance will be around the mean value of 100 km/h; the
variance presented in the picture ranges from 90 to 120km/h. This
data is verified in practice on the PCRR (DO motorway), where the
RLTC system has been in operation already for several years.

5.1.1 Cost of harmonisation

First, the speed is restricted to 120km/h by a static sign

approximately 500m before the tunnel and, in the next step, to

100km/h using variable traffic signs in the tunnel access zone, which
are mandatorily installed according to the TP98.
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jsou uz nyni povinné vybavovany proménnymi dopravnimi znac-
kami v pfijezdové z6né, viz kap 3.2 TP98 ,,.Dopravni znaceni a do-
pravni zafizeni®.

6. TECHNOLOGICKE, TECHNICKE A BEZPECNOSTNI
UPRAVY VYVOLANE ZMENOU LIMITU POVOLENE
RYCHLOSTI V TUNELU

Zména rychlosti ma dopady na nasledujici provozni soubory
v Clenéni podle TP98: dopravni systém, osvétleni tunelu a fidi-
ci systém. V nékolika pripadech se jednd o zmény, k nimZ ne-
jsou podklady v normé ¢i v technickych podminkach. Vzhledem
k omezenému rozsahu ¢lanku, budou tyto upravy, vyzadujici po-

N

drobnéjsi komentar, komentovany v jeho volném pokracovani.

7. ZAVER

Silni¢ni zakon poskytuje legislativni podporu zmény rychlos-
ti mistni Upravou, kterd je nadrazena zdkonné povinnosti fidice.
Pokud kontrola dokumentace a kontrola parametrd komunikace
prokaze, zZe vozovka je navrzena podle normy pro projektovani
silnic a délnic, je mozné prejit na maximalni dovolenou rychlost
100 km/h. ReSeni navrzené podle kapitoly 5 je optimalizovano
vzhledem k bezpecnosti. Stabilizace dopravniho proudu se dosah-
ne za cenu doplnéni dvou statickych znacek a tpravy §titi u dvou
stavajicich PDZ.

Vyzkum okolo maximélni dovolené rychlosti v tunelech a pra-
ce ve vyboru D.5 ukazaly, Ze pro dalsi optimalizace technickych
predpist a zajisténi udrzitelnosti tuneldl je nezbytné mit detailni
statistiky o excesech v tunelu. Dosud se vyuZivala centralizovana
databaze AZMUT vyvinuta a instalovana na veliny tuneld v roce
2004 v ramci projektu SAFETUN. Tato databaze vSak vyzaduje
nezbytné Upravy a doplnéni. Zde by mélo sehrit jedinecnou roli
celostitniho integratora RSD CR a zadat zpracovani dpravy data-
baze AZMUT.

V ramci zpracovani Metodiky byly formulovany dva pozadavky
na zménu normy CSN 73 7507, jejiz revize pravé probihd. Tyto
zmény je nutné do revize zapracovat.

Vzhledem k tomu, Ze dopady zmény rychlosti se tykaji nékolika
technologickych soubori a v jednom ¢lanku neni mozné tyto upra-
vy popsat, bude nasledovat pokracovani.
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Stabilisation of the traffic flow before entering the tunnel is of
great importance in terms of safety, while the cost of investment is
negligible in comparison with benefits because all motorway tunnels
are already mandatorily equipped with variable traffic signs in the
access zone, see Chapter 3.2 of TP98 “Traffic signs and signals and
traffic facilities”.

6. TECHNOLOGY, TECHNICAL AND SAFETY
MODIFICATIONS INDUCED BY THE CHANGE
OF THE LIMIT FOR PERMISSIBLE SPEED IN TUNNEL

The change has implications for the following operating units
broken down by TP9S: traffic system, tunnel lighting, and control
system. In several cases, these are changes for which there is no basis
in the standard or in the technical specifications. With respect to the
limited extent of the paper, these changes requiring more detailed
comments will be commented in a free continuation of this paper.

7. CONCLUSION

The Road Law provides legislative support for changes of speed
by local adjustment, which is superior to legal obligation of drivers.
If checking on documents and checking on road parameters prove
that the roadway is designed in compliance with the standard for
designing roads and motorways, it is possible to switch to maximum
permitted speed of 100km/h. The solution proposed according to
Chapter 5 is optimised with respect to safety. Stabilisation of traffic
flow is achieved at the expense of addition of two static signs and
adjustment of the plates of two existing variable traffic signs.

The research regarding maximum permissible speed in tunnels
and the work in the F.5 committee showed that it is necessary
for other optimisations of technical regulations and securing the
sustainability of tunnels to have detailed statistics on excesses in a
tunnel. Until now, the AZMUT centralised database has been used.
It was developed and installed to management centres of tunnels
in 2004 within the framework of the SAFETUN. However, this
database requires the necessary adjustments and additions. Here,
the Road and Motorway Directorate of the CR should play a unique
role of the national integrator and order development of the AZMUT
database modification.

Two requirements for the CSN 73 7507 standard, reviewing of
which has just started, were formulated within the framework of
the work on the Methodology. It is necessary to incorporate these
changes into the standard.

With respect to the fact that implications of the speed change apply
to several technology units and it is not possible to describe all of the
modifications, a continuation will follow.
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FOTOREPORTAZ Z VYSTAVBY DVOUKOLEJNEHO ZELEZNICNIHO
TUNELU ZVEROTICE NA IV. ZELEZNICNIM KORIDORU
PICTURE REPORT FROM CONSTRUCTION OF ZVEROTICE RAILWAY
TUNNEL ON RAILWAY CORRIDOR IV

FOTO ING. LIBOR MARIK / PHOTO ING. LIBOR MARIK

Obr. 1 Zahdjeni vrtdni pilotovych stén Obr. 2 OdtéZovdni jamy mezi pilotovymi sténami
Fig. 1 Commencement of drilling for pile walls Fig. 2 Excavation of a pit between pile walls

Obr. 3 Vrty pro lanové kotvy na teti prevdzce Obr. 4 Zdkladovd spdra svahovaného seku jamy
Fig. 3 Drillholes for cable anchors on the third waler Fig. 4 Foundation base of the section of the pit with slopes

Obr. 5 Zdkladové pasy tunelového osténi
Fig. 5 Strip footings of the tunnel lining Fig. 6 Location of the construction pit near the D3 motorway, Sobéslav exit
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FOTOREPORTAZ 20 SLAVNOSTNEHO ZACATIA RAZENIA
TUNELA BIKOS NA RYCHLOSTNEJ CESTE R4,
SEVERNY OBCHVAT PRESOVA, I. ETAPA DNA 5. 6. 2020
PICTURE REPORT FROM THE CEREMONIAL COMMENCEMENT
OF THE BIKOS TUNNEL EXCAVATION ON R4 FAST HIGHWAY,
NORTHERN BY-PASS OF PRESOV, STAGE 1, ON 5TH JUNE 2020

FOTO ARCHIV TUCON, A.S. / PHOTO TUCON, A.S. ARCHIVE
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Studie podzemniho nadrazi pro Frankfurt nad Mohanem

Spolkové ministerstvo dopravy a Némecké drahy rozhodly v zari
2019 o vypracovani studie podzemniho nidrazi ve Frankfurtu pro
déalkové vlaky. Nadrazi bude vybudovano pod soucasnym povrcho-
vym hlavnim nadrazim. Soucasti stavby samoziejmé budou tunely,
které napoji existujici trat€¢ na nové podzemni nadrazi.

Studie byla rozpracovana v prvnim Ctvrtleti roku 2020 a méla by
byt dokoncena v jarnich mésicich roku 2021. Koncept podzemni sta-
nice obsahuje Ctyfi koleje, mezi kterymi jsou umisténa dvé nastupis-
té. Stanice je orientovana vychodo-zdpadnim smérem. Vlaky budou
prijizdét do stanice dvojkolejnymi tunely. Podzemni nadrazi zkrati
cestovni Cas dalkovych vlakd o 7 aZ 8 minut. Pfemisténi nadrazi
déalkovych vlakd do podzemi samoziejmé prispeje také k zlepSeni
Zivotniho prostfedi ve mésté.

B Druha faze londynského tunelu pro privod elektrické energie

Firmou Hochtief vedené sdruZeni firem (JV) ziskalo zakazku za
460 miliont eur, ktera zahrnuje vybudovani druhé ¢asti tunelu zaso-
bujiciho Londyn elektrickou energii (London Power Tunnel 2). Stav-
ba byla zahdjena v bfeznu 2020 a v jejim ramci bude béhem Sesti
let vybudovén tunel délky 32,5 km. Durraz je kladen na co nejmensi
naruSeni provozu mésta nad budovanou stavbou. Stavajici kabelové
sit¢ nebudou vykopavany, protozZe jsou staré 50 let a jsou na konci
své zivotnosti.

B OranZova trasa bangkockého metra

V lednu 2020 probéhla slavnostni prordzka jednoho ze tfi projektt
pro vybudovéni prvnich 23 km oranZové trasy metra v hlavnim més-
té Thajska v Bangkoku. Projekt, zahdjeny v kvétnu 2018, zahrnoval
6 km razeb a vybudovani tif podzemnich stanic. Italsko-thajska spo-
lecnost, kterd je dodavatelem, pouZila na razby razici stroj Terratec
EPB o priméru 6,39 m. Konstrukce stroje byla navrZena na razbu
ve slozitych a proménlivych geotechnickych podminkéach. Stroj pfi
razbé prochézel vrstvami mekkého plastického az velmi tvrdého jilu
s ¢ockami jemného pisku, ktery byl zdrojem pfitoki podzemni vody
pod vysokym tlakem, coZ vyZadovalo uZiti bentonitu pro stabilizaci
Celby a zabrdnéni seddni povrchu nad raZenym tunelem.

B Priprava pro zahajeni provozu v bazovém tunelu Ceneri

Zavérecné zkousky pred zahdjenim provozu v bdzovém tunelu
Ceneri dlouhém 15,4 km byly slavnostné zahdjeny 15. prosince
2019. Posledni ¢ast nové Zeleznicni trati podchézejici Alpy by méla
byt uvedena do provozu s platnosti nového jizdniho fadu, z ¢ehoz vy-
plyva, Ze provoz v tunelu bude zahajen 13. prosince 2020, kdy prvni
vlak severnim smérem vjede do tunelu rano v 6:03 hod. Investor si
je jisty, Ze vSechny zkousky budou vc¢as uspésné ukonceny a Ze bude
ukonceno zvétseni profilt existujicich tuneldl v kantonu Ticino, kde
prace probihaji na 20 stavenistich.

B Fingovany uték z vézeni ,,tunelem*

Nejméné 75 véznt mélo uniknout z vézeni v Paraguayi tunelem.
Tunel byl vykopan z jedné cely a vedl do mista za hradbami véze-
ni, pficemz objem vyrubané pisCité zeminy naplnil asi 200 pytld.
Uprchli muzi byli ¢leny neblaze proslulé brazilské krimindlni orga-
nizace, ke které pfislusi asi 10 tis. zlo¢inct, zabyvajicich se paSova-
nim drog a zbrani.

Nicméné podle obzaloby paraguayského ministerstva vnitra mél
tunel zmast vysetfovatele. Ve skutecnosti mnoho vézint mohlo volné
odejit hlavni branou vézeni. Proto byla rada strdZnych vzata do vaz-

by a je vySetfovana, zatimco ozbrojeni policisté patrali po uprchlych
véznich.
B Geotechnické vlastnosti londynského podzemi

Povrchni povédomi o geotechnickych podminkéch podzemi Lon-
dyna fik4, Ze tunelovani v londynském jilu nebo kiidovych vrstvich
neni prili§ obtizné, protoZe se jednd o dosti monoténni prostredi.
Jako témér vzdy je skutecnost podstatné sloZit&jsi.

Jiz dfive jsme v Mozaice informovali o stavbé nové kmenové sto-
ky, ktera odvede splaskové a vétSinu destovych vod z mésta po prou-
du feky Temze k nové tUstfedni Cistirné odpadnich vod. Projekt se
nazyva Thames Tideway.

Soucasti projektu je také tunel nazvany podle feky Lee, jehoz
pramér je 7,2 m a razi se v hloubce 55 m azZ 70 m pod povrchem
v kifidovych vrstvach. Pfi jeho razb€ zeminovy Stit necekané nara-
zil na mohutnou poruchu kiidovych vrstev, ktera dosahuje hloubky
pres 100 m pod povrchem a je vyplnéna zvodnélym jemnym piskem,
piskem, Stérkem a dlomky kiidovych hornin. Porucha nebyla podle
vysledkl prizkumi v tomto misté predpokladana, ale v londynském
podzemi to neni nic nového. Poruchy jsou znamy pod zkratkou DFH
(drift filled hollow — naplaveninami vyplnéna dira) a s provadénim
velkych staveb v londynském podzemi pocet objevenych DFN rych-
le pribyva. Dnes je zndmo 83 velkych DFEN (v roce 1979 jich bylo
znamo 26).

Pokud jde o hlavni kmenovou stoku, kterd vede z vétsi ¢asti pod
fekou Temzi a je dlouhd 25 km, je z poloviny jiZ vyrazena. Do této
stoky budou z obou biehu feky razeny pfipojovaci tunely, které do
kmenové stoky privedou odpadni vody z té které pfiléhajici Casti
Londyna.

B Nadzemni vedeni velmi vysokého napéti piremistit do tunelu?

Chranénou krajinnou oblasti severovychodné od Londyna, ktera
je mimoradné vizudlné peknd, naruSuje nadzemni vedeni elektric-
ké energie v délce 3,5 km véetné 10 stozZart. Proto se v soucasnosti
pripravuje projekt na pfemisténi nadzemniho vedeni do tunelu délky
3 km. Tunel bude mit primér 4,4 m a bude razen bentonitovym §ti-
tem, osténi bude segmentové. Hloubka klenby tunelu pod povrchem
tdzemi bude kolisat, ale nebude mensi neZ 15 m.

Celkové bude vytézeno 135 tis. m?® horniny, z ¢ehoZ bude 13 tis. m*
sedimentd, podstatny zbytek vyrubu bude z razby v mékkych skal-
nich horninéch.

Projekt zahrnuje také Sachty, trvaly pfistup bude mozny z obou
konci tunelu.

B Podzemni depo pro ¢ast montrealského metra

Montrealské metro bylo budovdno od zacatku Sedesatych let
20. stoleti a jeho prvni trasa zahdjila provoz v r. 1966. Po vzoru
nekterych tras pafizského metra jsou podvozky metra v Montrealu
vybaveny pneumatikami. Toto metro je nejvytiZzenéjsi v Kanad¢, ve
vSedni dny prepravuje primérné denné 1,3 mil. cestujicich.

Na konci Sedesatych let minulého stoleti byly provozovény tii
trasy celkové délky 25,9 km se 26 stanicemi. Dnes délka Ctyr tras
doséhla 69 km s 68 stanicemi.

Predpokladany narGst poctu cestujicich v dalSich letech vyzaduje
dalsi rozSifeni a zvySeni intenzity dopravni kapacity, z cehoZ vyply-
véa i zvyseni parkovacich a servisnich kapacit.

Pateti systému je oranZova trasa a rozhodlo se, Ze pobliZ této tra-
sy se vybuduji podzemni depo a servisni zdkladna. Projekt je jiz ve
stavbé a jeho hlavni soucasti jsou:




TuNel

* spojovaci tunel délky 0,8 km a Sitky od 8,5 m do 10 m navazu-
jici na dnesni konec oranzZové trasy, po dokonceni bude v jeho
Casti misto pro parkovani 4 souprav;

* na jeho konci se buduje hloubenym zpisobem rozvétveni na
5 budoucich tuneli;

* na toto rozvétveni v prvni fazi naviZzou 3 dvojkolejné tunely,
z nichZ prvni délky 183 m bude slouzit pro udrzbu a malé opra-
vy, dalsi dva délky 305 m umozni parkovani 2x4 soupravy;

 u konce prvniho tunelu bude hloubenym zptisobem vybudovéina
dilna o pidorysu 21x26 m;

e vétraci objekty podzemnich objekta.

Bl Herrenknecht dokon¢il hloubeni tii svislych Sachet v Barce-
loné

Stroj na hloubeni svislych Sachet dodany firmou Herrenknecht
dokoncil 5. tnora 2020 hloubeni posledni ze tii Sachet na tzemi
mésta Barcelony. Sachty budou slouZit jako tnikové a vétraci pro
podzemni ¢ast nové rychlostni trat€ z Barcelony do francouzského
Perpignanu. Hloubeni Sachet o vnéj§im priiméru 9,8 m a hloubkach
43,5 m, 41,0 a 50 m bylo zahajeno v roce 2019 a probihalo ze stisné-
nych stavenist uvnitf mésta, coz znamenalo problémy s logistickym
zabezpecenim stavby.

Bl Metro v Nepalu?

Vztahy mezi Spojenym kralovstvim Velké Britanie a Severniho
Irska a Nepalem jsou z historickych diivodi intenzivni. Proto se fada
Nepélct premistila za vzdélanim a praci do Britanie. Jednim z nich
je Binod Lal Amatya, vedouci geotechnik londynské kancelare firmy
Arcadis. Soucasti jeho pracovni naplné€ je vypracovani navrhu met-
ra v kaithméandském udoli. Vefejna doprava v hlavnim mésté Nepélu
Kathméndu a jeho okoli v podstaté neexistuje, pokud za ni nebudeme
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pokladat soukromé spolecnosti provozujici mikrobusy, které jsou ur-
ceny pro 15 osob, ale obvykle ptepravuji 25 pasazéra.

Dopravni situaci charakterizuji mj. nasledujici udaje. Vice neZ mi-
lion motocykld, coZ je 34 % vsech dopravnich prostiedktl provozova-
nych v Nepalu, je vlastnéno obyvateli Zijicimi v kdthmandském tudoli.
Primérna rychlost jizdy béhem dopravni $picky je 7 km/hod! Tuto si-
tuaci vyfesi jen metro, jehoZ podzemni ¢ast by méla mit délku 65 km.
B STUVA vydala aktualizované ,,Doporuceni pro tésnéni seg-

menti tunelového osténi*

Dokument prezentovala v roce 2019 na své konferenci ve Frank-
furtu.

B Zrusené nebo posunuté konference kvuli koronaviru

Kvuli koronaviru byla zrusena nebo posunuta fada tuneldrskych
konferenci nebo seminéit apod.

V prvni fadé doslo k posunuti Svétového tunelarského kongresu
WTC 2020, jehoZ novy termin je 11. az 17. zafi 2020. Misto konéni
se neméni, je jim hlavni mésto Malajsie Kuala Lumpur.

Maastrichtské akce Inovace v tunelech nebo mnichovské 7. tune-
larské sympozium byly zruseny bez nahrady.

Christian Veder kolodium v Grazu a Mechanika skalnich hornin
a tunelarsky den konany WBI GmbH byly posunuty do roku 2021.

Luzernsky Swiss Tunnel Congres 2020 byl také zrusen, ale pora-
datelé se rozhodli prezentovat on-line leto$ni planované predndsky
3. ¢ervna 2020, coZ je nyni ale zbytecna informace, pokud pfedndsky
nejsou umistény na webu Svycarské tunelatské asociace.

69. geomechanické kolokvium a 12. rakousky tunelafsky den
v Salcburku by se mély konat v ptivodnim terminu od 7. do 10. fijna
2020.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

VYSTAVBA TUNELU NA RYCHLOSTNI SILNICI M85 V MADARSKU
CONSTRUCTION OF TUNNELS OF M85 FAST HIGHWAY IN HUNGARY

New tunnels are being constructed by a consortium of firms
comprising Domper Kft., Subterra-Raab Kft. and Pannon Doprastav
Kft. on the M85 fast highway, within the framework of the fifth
stage in the direction of the Austrian border, under ,,Bécsi domb*
(Wien Hill). A ca 800m long double-lane road tunnel will be
constructed for each direction of traffic. The control centre and the
seat with hinterland for the local “Road and Motorway Directorate”
for controlling the traffic in the tunnel and on the road before and
behind the tunnel is being built within the framework of the M85
project stage III in the region of ,,Nagycenk®. The commencement
of excavation (left-hand tunnel tube) and the end of the mined part
are assumed to take place in September 2020 and September 2021,
respectively. The mined part will be subsequently used as a service
road for excavation of the right-hand tunnel tube and for the access
to the construction site on the western side of the Wien Hill; the end
of excavation of both tunnels is planned for September 2022. The
completion of the whole M85 V project is planned for 30" June 2024.

Nové tunely stavi sdruZeni firem Domper Kft. — vedouci ¢len
sdruZeni 25 %, Subterra-Raab Kft. 50 %, Pannon Doprastav Kft.
25 % na rychlostni silnici ¢. M85, v rdmci stavby paté etapy (treti
a Ctvrta etapa je také stavéna sdruzenim Subterrou — Raab Kft.), ve
sméru na rakouské hranici pod kopcem ,,Bécsi domb* (Vidensky
kopec). Pro kazdy smér bude vybudovan dvoupruhovy silni¢ni tu-
nel o délce cca 800 m. Velin a sidlo se zdzemim pro mistni ,,RSD*
pro fizeni provozu v tunelu a na silnici pred i za tunelem se buduje

v ramci stavby M85 III etapa v oblasti ,,Nagycenk*. Zahdjeni razeb
(Ievého tunelu) je pfedpokldddno na 09/2020, konec razené Césti
09/2021. Ta bude nasledné slouzit jako obsluzni cesta pro razbu
pravého tunelu a pfistupu na stavenisté na zapadnim strané Viden-
ského kopce, konec razeb obou tunelt je 09/2022. Dokonceni celé-
ho projektu M85 V je napldnovano na 30. 6. 2024.
Nyni probihaji prace na zafezu a zajiSténi portalu na vychodni
strané tunelu.
Technicky popis budovanych tuneli:
* projektovand délka raZzené ¢asti levého tunelu 730,1 m (od km
90+134,9 do km 90+865);
* projektovana délka raZené Casti pravého tunelu 739,6 m (od
km 90+134,9 do km 90+874,5);
e tloustka findlniho osténi 35 cm, prifezova plocha tunelu je
114 m?
e vyska tunelu 11 m;
* razena Cast tunelu bude vybudovana metodou NRTM;
* vodorovna osova vzdalenost mezi dvéma tunely 24 m;
e tunely budou spojeny dvéma nouzovymi prechody, prifezova
plocha 14 m?;
* hloubena ¢ast na vychodni stran¢ délka 37,5 m;
* hloubena ¢ast na zapadni stran¢ délka 27,6 m.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. GERGELY BOLCSKEI,
Gergely.Bolcskei@subterraraab.hu
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D — NOVA LINKA PRAZSKEHO METRA

Projekt metra D formou geologického prizkumu ma za sebou
jiz své prvni narozeniny, a to protoze pravé dne 19. 6. 2019 byla
na Pankraci jeho vystavba slavnostné zahdjena. V tuto chvili jsou
plnény vSechny projektem zadané tkoly, které jsou potebné pro
vlastni geologicky prizkum, ale i pro pfipravu a realizaci dal$ich
etap vystavby celé trasy metra D.

V z6né ovlivnéni realizaci stavby se spolecnosti INSET s.r.o.
a GeoTec-GS, a.s. vénuji pasportizaci a pribéznému sledovani cel-

Obr. 1 Lokalita VO-OL
Fig. 1 Location VO-OL

kem 59 jiz zaméfenych a osazenych objektt, kde 17
z nich se nachazi v oblasti nadzemni zéstavby a zby-
Iych 42 je umisténo ve vlastnim podzemi. Jejich ak-
tudlnim ukolem je vypracovani znaleckych posudki
vztazenych k dot€enym objektiim, které jsou a budou
ovlivnény postupem praci v podzemi a jejich reakci
plynoucich z probihajicich razeb.

Pokracujici prace v podzemi se v tomto ¢ase sou-
stiedi zejména na razbu horizontalnich $tol a tunelt na
vSech Ctyfech lokalitich dotéeného tseku Pankrac —
Olbrachtova. Na prvni lokalité oznacené jako VO-OL
(obr. 1) mé spole¢nost HOCHTIEF CZ a.s. vyraZeno
cca 140 m prizkumné Stoly, na druhé lokalit¢ PAD4
ma spolecnost Metrostav a.s. za sebou jiz téméf 120
vyrazenych metrQ a na treti lokalité¢ OL1 (obr. 2) spo-
lecnost STRABAG a.s. dokonce svij tkol vyrazit
Stolu délky 60 m jiz splnila. Na ¢tvrté lokalité ozna-
¢ené jako PADI1b (obr. 3), kde nejsou v obsahu geo-
logického prizkumu predepsany horizontdlni razby,
se po hloubeni vstupni Sachty pristoupilo k provedeni

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The Metro D Line project in the form of geological survey
has already had its first birthday with respect to the fact that the
ceremonial commencement of the work took place in Pankrac on
19" June 2019. At this moment, all tasks assigned by the design
which are required not only for the geological survey itself but
also for preparation and implementation of other stages of the
development of the whole Metro D Line are fulfilled.

In the zone affected by the implementation of the project, the
companies of INSET s.r.o. and GeoTec-GS, a.s. are
dealing with the condition survey and continuous
monitoring of the total of 59 already surveyed
objects with measurement accessories installed
on them, where 17 of them are located in the area
of buildings and remaining 42 are located in the
underground. The current task of the companies
is to elaborate expert opinions relating to the
affected objects which are and will be influenced
by the progressing underground operations and their
responses following from the ongoing underground
excavation.

The continuing work operations in the underground
will be at the moment focused first of all on the
excavation of horizontal galleries and tunnels at all
four locations of the above-mentioned Pankrac —
Olbrachtova section. At the first location, denoted
as VO-OL (see Fig. 1), the company of HOCHTIEF
CZ a.s. has finished the excavation of ca 140m of

Obr. 2 Lokalita OLI
Fig. 2 Location OLI
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Obr. 3 Lokalita PAD1b
Fig. 3 Location PAD1b

prvnich cca 140 m prizkumného jadrového vrtu z planované délky
205 m v trase, resp. ose jiZ definitivniho vzduchotechnického tu-
nelu dila. Na vSech lokalitich se kromé jiz vySe zminénych razeb
potom také provadéji kontrolni a tlakové injektaze, dalsi rtizné pru-
zkumné vrty ¢i presiometrické véjite.

Samostatnou a jist¢ velmi dilezitou kapitolou je méfeni dnes
provozovanych stani¢nich tunelt stavajici stanice Pankrac metra C,
s kterou jsou provadéné razby Stol geologického prizkumu jiz v pii-
mém kontaktu. Vyhodnocovani dat z téchto méfeni a jejich interpre-
taci vCetné aplikace v souladu s interakci na provadéné razby ma na
starosti za timto ucelem zfizend Rada monitoringu (RAMO). Zatim
zastizené geologické prostiedi prokazuje a dokladuje velmi slozité
podminky, které si pri vlastnim provadéni vyZzaduji i uplatnéni do-
pliikovych opatieni nutnych k dal§imu bezpecnému provadéni dila.

V souladu se schvalenym fdzovanim vystavby trasy metra D byly
zacatkem tohoto roku zahdjeny vefejné soutéZe na vybér zhoto-
vitele prvniho navazujicitho provozniho tseku Pankrdc — Olbrach-
tova (stavebni ¢ast) a na dodavatele komplexniho geomonitorin-
gu stejného tseku stavby. Nabidky jednotlivych uchazecu stavby
1 geomonitoringu byly jiZ odevzdany zadavateli DP hl. m. Prahy.
V rdmci prib&hu obou sout&Zi viak byly podany namitky k UOHS,
ktery nyni zkouma jejich opravnénost v ocekavani vydani nésled-
ného zavazného rozhodnuti. MiZeme si tedy spole¢né jen prat,
Ze toto rozhodnuti bude vydano co nejdfive a to v obsahu, kte-
ry bude pro budouci vyvoj projektu metra D objektivné i nadéle
pozitivni.

Soucasné obstaravatel zadavatele, spolecnost InZenyring doprav-
nich staveb, dale pokracuje v administraci zadosti vedouci k ziska-
ni stavebniho povoleni pro stavbu dal§iho navazujiciho provozniho
useku Olbrachtova — Nové Dvory s pristupovymi tunely z Pisnice.

Doufejme tedy, Ze trend podavani veskrze pozitivnich informaci
o pfipravé a vystavbé trasy metra D bude moci i naddle pokracovat
a nebude zatiZzen jeho moZnou negaci plynouci zejména z proces-
nich a legislativnich potiZi.

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

the exploratory gallery; at the second location, the
company of Metrostav a.s. has finished the excavation
of nearly 120 metres; at the third location, OL1 (see
Fig. 2), the company of STRABAG a.s. has already
fulfilled its task to excavate a 60m long gallery. At
the fourth location, denoted as PAD1b (see Fig. 3),
where no horizontal excavation is prescribed in
the geological survey programme, the contractor
proceeded, after sinking the entrance shaft, to
initial ca 140m of the cored exploratory borehole
of the planned length of 205m on the alignment,
respectively on the central line, of the final ventilation
tunnel. Checking grouting and pressure grouting,
other various survey boreholes of pressuremeter fans
are being carried out at all locations in addition to the
above-mentioned excavation.

Measurements in all currently operating station
tunnels of the existing Pankrac Station on the C Line,
with which the excavation of galleries for geological
survey being carried out are already in a direct
contact, form a separate and certainly very important
chapter. Evaluation of data gained from these measurements
and its interpretation including the application in harmony
with the interaction with the excavation being carried out is the
responsibility of the Monitoring Board set up for this purpose. The
geological environment encountered so far proves and documents
very complex conditions, requiring application of supplementary
measures necessary for further safe execution of the works.

In accordance with the approved phasing of the development
of the Metro D Line, public tenders for the selection of the
contractor for the civil part of the first linking operating section,
Pankrac — Olbrachtova and the contractor for comprehensive
geomonitoring of the same section of the construction were
launched at the beginning of 2020. The bids of individual
tenderers for the construction works and geomonitoring have
already been submitted to the contracting authority, DP hl. m.
Prahy (Prague public transit company). However, appeals were
lodged at the UOHS (office for the protection of competition),
which is currently examining their justifiability, expecting the
issuance of a subsequent binding decision. We can therefore only
wish that this decision will be released as soon as possible, with
the objective content, continuing to be positive for the future
development of the Metro D Line project.

At the same time, the contracting authority’s procurer, the
company of InZenyring Dopravnich Staveb (engineering for
transport construction projects) continues to administrate the
application leading to obtaining the construction permit for the
construction of the next linking operating section, Olbrachtova —
Nové Dvory, with access tunnels from Pisnice.

Let us therefore hope that the trend of providing entirely
positive information about the preparation and construction of
the Metro D Line will be allowed to continue further and will
not be burdened by possible negation following first of all from
procedural and legislative problems.

Ing. BORIS SEBESTA, borissebesta61@gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz
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Obr. 4 Budovdni zdkladovych pasii hloubeného tunelu na vjezdovém portdlu tunelu Deborec

Fig. 4 Construction of strip footings of the cut-and-cover tunnel at the entrance portal of the Deborec tunnel

NOVE ZELEZNICNi TUNELY NA IV. ZELEZNICNIM
KORIDORU

V ramci stavby ,,Modernizace trati Sudoméfice — Votice* se
buduji dva nové Zeleznicni tunely. Oba tunely jsou razeny No-
vou rakouskou tunelovaci metodou. Investorem stavby je Spra-
va Zeleznic, statni organizace a zhotovitelem stavby spolecnost
OHL 78, a.s.

Tunel Mezno

Tunel Mezno je razeny Zelezni¢ni dvoukolejny tunel celkové
délky 840 m, z toho raZena Cast tvoii 768 m, navazujici hloubena
¢ast u vjezdového portilu ma délku 48 m a u vyjezdového portalu
24 m.

K 30. 6. 2020 je vyraZzeno 666 m v kaloté a 372 m v op€fi tunelu
z vyjezdového portalu. Prorazeni tunelu v kaloté se predpoklada
v prvni poloving srpna 2020. Tunelu Mezno je vénovan samostatny
¢lanek uvnitr ¢isla.

Tunel Deborec

Tunel Deborec (obr. 4) je raZzeny Zelezni¢ni dvoukolejny tunel
celkové délky 660 m, z toho razena cast tvori 562 m a navazujici
hloubené ¢asti u obou portdlli maji délku 49 m.

Tunel je v celé délce vyraZen a zajiStén primarnim osténim. Ak-
tudlné probihaji prace na pripravé realizace sekundarniho osténi.
Mezilehla destnikové izolace bude tvorena PVC f6lii tl. 2 mm se
signdlni vrstvou, Zelezobetonové osténi z betonu C30/37-XCl,
XF1, XA2 tl. 320 mm bude betonovano v blocich délky 12 m.

Ing. TOMAS JUST,
tjust@ohlzs.cz, OHL Z8, a.s.

NEW RAILWAY TUNNELS ON RAILWAY
CORRIDOR IV

Two new railway tunnels are under construction within the
framework of the “Modernisation of the Sudoméfice — Votice track™
project. The two tunnels are being driven using the New Austrian
Tunnelling Method. The Railway Infrastructure Administration, state
organisation, is the project owner and OHL ZS, a.s. is the contractor
for construction.

Mezno tunnel

The Mezno tunnel (see Fig. 4) is an 840m long mined double-
track railway tunnel; 768m of its length are being mined; the
following cut-and-cover sections at the entrance and exit portals
are 48m and 24m long, respectively.

As of 30" June 2020, the excavation of 666m in the top heading
and 372m in the bench at the exit portal has been finished. The
tunnel top heading breakthrough is assumed to take place in the
first half of August 2020. A separate article inside this journal issue
is devoted to the Mezno tunnel.

Deborec¢ tunnel

The Deborec tunnel is a 660m long mined double-track railway
tunnel; 562m of its length are being mined; the linking sections at
the entrance and exit portals are 49m long each.

The tunnel excavation has been finished and provided with
primary lining throughout its length. At the moment, the work
on the preparation of the construction of the secondary lining is
ongoing. The drained tunnel waterproofing (an umbrella system)
will be formed by a 2mm thick PVC membrane with a signal layer;
the 320mm thick C30/37-XC1, XF1, XA2 reinforced concrete
lining will be concreted at 12m long blocks.

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL Z8, a.s.
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SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Ovéiarsko a Zilina

Juzny dialni¢ny obchvat Ziliny ma od Hric¢ovského Podhradia
po Lietavska Lucku celkovu dizku 11,320 km. Obchvat sa zadi-
na v Hricovskom Podhradi v kriZovatke dialnic D1 a D3 a kon¢i
sa v mieste napojenia na planovand krizovatku Lietavska Lucka
a v nej na privadza¢ Lietavska Liicka — Zilina. Dialni¢ny tisek D1
Hricovské Podhradie — Lietavska Lucka je jeden z najtazsich, kto-
ry bude z velkej Casti vedeny nadzemnymi estakddami a v dvoch
tuneloch (Ovéiarsko dizky 2 367 m a Zilina dizky 687 m).

Stavebnikom a zdroveni budicim spravcom dialni¢ného tseku
a oboch tunelov je Narodna dialni¢nd spolocnost, a.s. Dobudova-
nim dialnice D1 pri Ziline sa vytvoria podmienky k odlah&eniu
dopravy na cestich I/18 a 1/64, ¢o vyrazne prispeje k zniZeniu ne-
gativnych vplyvov dopravy na Zivotné prostredie v meste Zilina
a obci Lietavska Lucka.

Vystavba oboch tunelov je vo findlnej faze, stavebné prace ako
také su ukoncené, dokoncuju sa technické a technologické detaily,
odstranuju sa nedorobky a zarovei sa intenzivne realizuje napoje-
nie celého dialni¢ného dseku D1 Hricovské Podhradie — Lietavska
Licka k privadzacu Zilina v kriZzovatke v Lietavskej Licke. Pred-
pokladany termin odovzdania predmetného tseku motoristickej
verejnosti je koniec roka 2020.

Zhotovitelom dialni¢ného tseku D1 Hricovské Podhradie — Lie-
tavskd Lucka je ZdruZenie Ovciarsko (Doprastav, a.s. — lider Zdru-
Zenia, Vdhostav-SK, a. s. — ¢len ZdruZenia, Strabag, s. r. 0. — ¢len
Zdruzenia, Metrostav a.s. — ¢len Zdruzenia).

Tunel PreSov

Tunel PreSov je dialni¢ny tunel vo vystavbe na Slovensku a na-
chadza sa na useku dialnice D1 PreSov zapad — PreSov juh. Tra-
sa tunelovej Casti juhozapadného obchvatu PreSova bude tvorena
dvoma nezavislymi tunelovymi rdrami, severna tunelova rira bude
dizky 2 230,5 m a juzna tunelova rira bude dizky 2 244,0 m.

Prace v uplynulom sledovanom obdobi boli ovplyvnené pandé-
miou choroby COVID-19 a s fiou spojenymi restriktivnymi opatre-
niami slovenskej vlady. Pre vSetkych ucastnikov realizacie to bola
nova, doposial nepoznana situdcia. Zhotovitel podnikal vSetky
kroky a opatrenia k tomu, aby priebeh vystavby bol ¢o najmene;j
ovplyvneny. KedzZe zhotovitelom tunela PreSov je Ceskd stavebna
spolo¢nost (Metrostav a.s.) a ich pracovnici Ceskej narodnosti sa
po dobu platnosti opatreni vyhldsené Vlddou SR, resp. Uradom ve-
rejného zdravotnictva SR v stvislosti s rizikom $irenia nakazy ko-
ronavirusu nemohli fyzicky dostavit na stavbu, boli prispdsobené
presuny vyrobnych kapacit a druh stavebnych prac tak, Ze veduci
pracovnici si vyskusali riadenie vyrobného procesu na dialku pros-
trednictvom telefonickych hovorov, pripadne videokonferenciami.

V priebehu mesiaca mdj 2020 zacalo dochadzat k uvoltiovaniu
reStrikénych opatreni, spolu s udelovanim vynimiek pre vybranych
zamestnancov, ¢im sa situdcia zacala postupne stabilizovat a vracat
sa k normalnemu systému.

V prvej polovici juna 2020 boli dokoncené betonaZe hornych
klenieb oboch razenych casti tunelovych rir — poslednd hornd
klenba razenej Casti v STR bola zabeténovana 8. 6. 2020 a potom
poslednd horna klenba jedného z priecnych prepojeni bola zabeto-
novana 25. 6. 2020. Nasledne po vybranych tusekoch budi beténo-
vé povrchy hornych klenieb omyvané tlakovou vodou a natierané
predpisanym epoxidovym naterom.

V oboch tunelovych rirach samozrejme prebiehaju aj dalSie
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THE SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ov¢iarsko and Zilina tunnels

The total length of the southern by-pass of the town of Zilina from
Hric¢ovské Podhradie to Lietavskd Lucka amounts to 11.320km. The
by-pass begins in Hricovské Podhradie at the intersection of the D1
and D3 motorways and ends at the location of the connection to
the planned Lietavskd Lucka intersection and, in this intersection,
connection to the Lietavské Lii¢ka — Zilina link road. The Hri¢ovské
Podhradie — Lietavskd Licka section of the D1 motorway is one of
the most difficult sections, which will lead largely on above-ground
viaducts and through two tunnels (2367m long Ovciarisko tunnel
and 687m long Zilina tunnel).

The builder and, at the same time, the administrator of the motorway
section and the two tunnels is Narodnd dialni¢na spolocnost, a.s.
(National Highway Company). The completion of the construction
of the D1 motorway near Zilina will create conditions for easing
the traffic on the 1/18 and 1/64 roads, which fact will significantly
contribute to reduction of negative impacts of traffic on the living
environment in the town of Zilina and the municipality of Lietavska
Lucka.

The construction of both tunnels is in the final phase, the
construction work itself has been finished, technical and technological
details are being completed, the snagging works continue and, at
the same time, the connection of the whole D1 motorway section
between Hricovské Podhradie and Lietavsk4 Licka to the Zilina link
road at the intersection in Lietavska Lucka is being intensely worked
on. The deadline assumed for handing the section in question over to
the motoring public is the end of 2020.

The contractor for the construction of the Hricovské Podhradie
— Lietavska Lucka section of the D1 motorway is the Ovciarsko
Consortium (Doprastav, a.s. — Consortium leader), Vahostav-SK,
a.s. — Consortium member, Strabag, s. r. 0. — Consortium member,
Metrostav a.s. — Consortium member).

Presov tunnel

The Presov tunnel is a motorway tunnel under construction in
Slovakia. It is located in the PreSov West — PreSov South section of
the D1 motorway. The route of the tunnelled part of the southwestern
by-pass of Presov will be formed by two independent tunnel tubes —
the 2230.5m long northern tunnel tube and 2244.0m long southern
tunnel tube.

The work operations in the past monitoring period were affected
by the COVID-19 disease pandemic and by the restrictive measures
associated with the disease ordered by the Slovak government. It was
a new, hitherto not experienced situation for all participants in the
construction process. The contractor was undertaking all steps and
measures to keep the construction course as little affected as possible.
Because of the fact that a Czech construction company (Metrostav
a.s.) is the contractor for the Presov tunnel construction and its Czech
nationality employees could not present themselves physically in
connection with the risk of spreading of coronavirus contagion for
the duration of the measures announced by the Government of the
Slovak Republic, respectively Urad Verejného Zdravotnictva SR (the
Public Health office of the SR), shifting of production capacities and
the types of construction work were adapted and managers tried to
manage the production process remotely through telephone calls or
videoconferences.

During May 2020, restricting measures began to be relaxed
together with giving exceptions for selected employees. As a result,
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Fig. 5 Concreting the cut-and-cover tunnel at the eastern portal of the PreSov tunnel

stavebné prace — betondze spadovych beténov pod konstrukéné
vrstvy vozovky, ukladanie obrubnikov a Strbinovych Zlabov, beto-
naz kabelovodov tak, aby boli vybrané useky postupne odovzdava-
né zhotovitelovi technologickej Casti na instalaciu kablovych vede-
ni. Stavebné prace taktiez prebiehaji aj v priecnych prepojeniach,
kde sa realizuju steny technologickych miestnosti a deliacej steny
v oboch kr¢koch priliehajucich k prislusnym tunelovym rdram.

V neposlednom rade sa realizujd aj prace na hibenych ¢astiach
tunelov (obr. 5). K zaciatku jila 2020 je dokondeny hibeny tsek
STR na vychodnom portéli a aktudlne sa uskutocniuju stavebné pra-
ce na betonaZi blokov JTR na zdpadnom portali.

Stavbu juhovychodného obchvatu mesta PreSova realizuje
Zdruzenie D1 Presov (EUROVIA SK a.s., EUROVIA CS as.,
Doprastav a.s., Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov
realizuje spolo¢nost Metrostav a.s. Predpokladany termin odovzda-
nia stavby motoristickej verejnosti je v druhej polovici roku 2021.

Tunel Biko$

Tunel Biko§ s dvomi rirami a dizkou 1155 m je sicastou 4,3 km
dlhého useku rychlostnej cesty R4 PreSov, severny ochvat, 1. etapa,
budovand v plnom profile.

Razenie oboch tunelovych rir od severného portdlu tunela sa
zaCalo v priebehu méja 2020, pricom slavnostné zacatie prac za
UcCasti predstavitelov Statnych a miestnych inStitdcii sa konalo
5. jina 2020. Fotoreportaz zo slavnostného zacatia prac je sticastou
tohto cisla Casopisu. Zaciatkom jila 2020 raziace prace pokracuji
v oboch tunelovych rirach.

Zhotovitelom stavby je zdruZenie spolo¢nosti Vahostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej uve-
denie do prevadzky sa oCakava na jar 2023.

Tunel Cebrat

Stucastou dialni¢ného tseku D1 Hubova — Ivachnova bude dvoj-
rirovy tunel Cebrat s dizkou 3680 m. V predoslych rokoch boli
diagnostikované rozsiahle problémy so stabilitou izemia na zapad-
nom portili tunela Cebrat a nadvizujicom tseku dialnice, ktoré si
vyZiadali rozsiahle zmeny v technickom rieSeni, ktoré musia byt
postdené v procese EIA a nésledne povolené v zmysle stavebného
zakona. Z tohto dovodu st aj v polovici roku 2020 eSte stale prace

TuNel

the situation started gradually to stabilise and return to
the normal system.

Concreting of upper vaults of both mined parts of the
tunnel tubes was finished in the first half of June 2020
— the last upper vault of the mined part in the NTT was
concreted on 8" June 2020 and the last upper vault of
one of the cross passages was concreted later on 25
June 2020. Concrete surfaces of the upper vaults will
be subsequently, section by section, washed with high
pressure water and be provided with the prescribed
epoxy coating.

Of course, other construction operations —
concreting the sloped layers under structural courses
of the roadway pavement, laying kerbs and slotted
drains and concreting cable ducts are ongoing in both
tunnel tubes so that the selected sections could be
step-by-step handed over to the contractor for tunnel
equipment for the installation of cable lines. The
construction work also continues in cross passages,
where walls of technical rooms are being carried
out and dividing walls are being built in both necks
adjacent to the respective tunnel tubes.

Last but not least, the work on the cut-and-cover
parts of the tunnels is also being carried out (see Fig. 5). As of
the beginning of July 2020, the cut-and-cover section of the NTT
at the eastern portal has been finished and the construction work
on concreting the STT blocks at the western portal is currently
underway.

The contractor for the construction of the southeastern by-pass
of the town of PreSov is the ZdruZenie D1 PreSov consortium
(EUROVIA SK a.s., EUROVIA CS a.s., Doprastav a.s., Metrostav
a.s., Metrostav Slovakia a.s.), with Metrostav a.s. in the position of
the contractor for construction of the PreSov tunnel. The deadline for
handing the construction over to the motoring public is assumed to
be in the second half of 2021.

Bikos tunnel

The 1155m long, twin-tube Biko$ tunnel is part of the 4.3km long
section of the R4 PreSov, northern by-pass, stage I fast highway
project. The tunnel will be excavated using the full-face excavation
technique.

The excavation of both tunnel tubes from the northern portal of
the tunnel started in May 2020. The ceremonial commencement
of the work operations, held with representatives of state and local
institutions present, took place on 5" June 2020. The picture report
from the ceremonial commencement of the work is part of this
journal issue. At the beginning of July 2020, the work continues in
both tunnel tubes.

The contractor for the construction is a consortium formed by the
companies of Vdhostav-SK, a.s., and TuCon, a.s. The completion of
the fast highway and its opening to traffic is expected in spring 2023.

Cebrat tunnel

The 3680m long Cebrat double-tube tunnel will be part of the
Hubova —Ivachnova section of the D1 motorway. Extensive problems
with the stability of the area at the western portal of the Cebrat tunnel
and the linking sections of the motorway were diagnosed in recent
months. They required extensive changes in the technical solution,
which have to be assessed in the EIA process and subsequently be
approved in the meaning of the Building Act. For that reason the
work operations on this tunnel are still suspended in the middle of

2020 and only the Geological Task project is being implemented.
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na tomto tuneli pozastavené a realizuje sa len projekt geologickej
dlohy.

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

Tunel Visiiové

Najdlhsim slovenskym dialni¢nym tunelom mé byt tunel Visiio-
vé s dizkou 7,5 km, ktory je sti¢astou tseku dialnice D1 Lietavska
Lucka — Visiiové — Dubnd Skala, ktory je vedeny juzne od krajské-
ho mesta Zilina. Obe riiry tunela Visiiové boli prerazené v auguste
2018, po 40 mesiacoch razenia. Betonaz sekundarneho ostenia je
hotovi na viac ako 60 % dizky tunela.

V polovici roku 2019 boli prace na tuneli ako aj na stvisiacom
dialni¢nom useku ukoncéené na zaklade dohody medzi objednavate-
lom, Narodnou dialni¢nou spolo¢nostou a zhotovitelom, zdruZzenim
Salini Impregilo — Dtiha. Koncom janudra 2020 bolo vyhlasené ve-
rejné obstardvanie prac suvisiacich s pokracovanim a dokoncenim
stavby dialnice, pricom tieto zahfiiajui aj dokoncenie stavebnej Casti
tunela Visiové. Vyber zhotovitela je realizovany formou stitazného
dial6gu, pricom jeho ukoncenie je mozné oCakavat pravdepodobne
v prvej polovici roku 2021.

Ing. VLADIMIR DURSA, Doprastav, a.s.,
Ing. JIRI BRICHNAC, Metrostay a.s.,
Slovenskd tuneldrska asocidcia

Obr. 6 Montdz Zelezni¢ného zvr§ku a technologie v tuneli Diel
Fig. 6 Installation of trackwork and equipment in the Diel tunnel
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A consortium formed by OHL ZS, a.s., and Vdhostav — SK, a.s., is
the construction contractor.

Visiové tunnel

The 7.5km long Vistiové tunnel, which is part of the Lietavska
Lucka — Visnové — Dubna Skala section of the D1 motorway,
leading south of the regional capital Zilina, is to be the longest
motorway tunnel in Slovakia. Both tubes of the Visiové tunnel
were broken through in August 2018, after forty months lasting
excavation. Concreting the secondary lining has been finished on
over 60% of the tunnel length.

In the middle of 2019, the work on the tunnel and the associated
motorway section was terminated on the basis of an agreement
between the project owner, the National Highway Company and the
contractor, the Salini Impregilo — Dtha consortium. At the end of
January 2020, the public procurement was announced for the work
associated with the continuation and completion of the motorway
construction project. The work comprised even the completion
of construction parts of the Visiiové tunnel. The selection of the
contractor is carried out in the form of a competitive dialogue; its
conclusion can be expected probably during the first half of 2021.

ING. VLADIMIR DURSA, Doprastav, a.s.,
ING. JIRI BRICHNAC, Metrostay a.s.,
Slovak Tunnelling Association
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Obr. 7 Konecné terénne tipravy na portdli iinikovej $télne tunela Diel
Fig. 7 Final terrain finishes at the portal of the Diel tunnel escape gallery

ZELEZNICNE TUNELY DIEL A MILOCHOV

Tunel Diel

Tunel Diel prechadza masivom vrchu Diel, ktory tvori cent-
ralnu Cast meandru Vahu v oblasti Nosickej priehrady. Tunel je
navrhnuty v diZke 1082 metrov. Razenie tunela prebichalo v ma-
sive popod kipele Nimnica. Zdpadny portal je situovany na okra-
ji obce Nimnica, vychodny portél sa realizuje v tizemi lesa nad
cestou druhej triedy 11/507, ktord vedie z Pichova do Povazskej
Bystrice po pravom brehu toku Vahu v oblasti Nosickej priehrady.
Tunel Diel ma prerazend tnikovu §tdliu, ktora dsti do priestoru
vychodného portélu tunela.

Tunelova rira je po stavebnej stranke dokoncend. Vo vnuitri pre-
biehaji prace na zhotoveni kolajového zvr§ku (obr. 6), zatahaju
sa kable silnopridu a slabopridu, inStaluje sa prevadzkové osvet-
lenie. Na suchovode sa osadzaju vzdusniky. Po realizécii zvrsku
sa natiahne trak¢né vedenie a nainstaluju sa bezpe¢nostné drzadla
s integrovanymi LED svietidlami. Na zaver sa na povrch ostenia
zhotovia bezpec¢nostné znacenia.

Unikova §tdliia je stavebne tesne pred dokondenim (obr. 7).
Chybajui poZiarne dvere, ktoré su vo faze vyroby. V §t6lni sa ins-
taluje osvetlenie a vyzarovaci kabel pre radiospojenie. Finalizuje
sa priprava montdze vzduchotechniky.

Na zapadnom portali tunela bol dokonceny technologicky
domcek, do ktorého sa postupne inStaluju prvky a sucasti jed-
notlivych technoldgii na riadenie a obsluhu tunela. Hlavné prace
na celkovom stvarneni portdlu boli ukoncené. Potrebné je eSte
osadit bezpecnostné zabradlia a dopojit odvodiovacie Zlaby do
horskych vpustov.

Na vychodnom portéli sa technologicky domcek mensich roz-
merov ako na zdpadnom portali postupne napiia rozvidzacmi

DIEL AND MILOCHOV RAILWAY TUNNELS

Diel Tunnel

The Diel tunnel (see Fig. 6) passes through the Diel hill massif,
which forms the central part of the Vdh River meander in the area of
the Nosice dam. The tunnel design length amounts to 1082 metres.
The tunnel was driven through the massif under the Nimnica spa.
The western portal is located on the outskirts of the municipality
of Nimnica; the eastern portal is being constructed in the wooded
area above the II/507 secondary road leading from Puchov to
Povazskéd Bystrica along the right bank of the Vih River, in the
area of the Nosice dam. The Diel tunnel has got the escape gallery
breakthrough finished. The gallery has its exit in the area of the
eastern portal of the tunnel.

As far as the civil engineering part is concerned, the tunnel tube
has been completed. Inside the tunnel, the work on the trackwork
is underway (see Fig. 6), heavy current and weak current cables are
being pulled into cableways, operating lighting is being installed.
Air relieve valves are being installed on the dry water main. After
completion of the trackwork, the power catenaries and safety
handles with integrated LED lamps will be installed. At the end,
safety signs will be carried out on the surface of the lining.

The civil engineering part of the escape gallery is just before
completion (see Fig. 7). Fire-check doors are still missing. They
are in the phase of production. The lighting and the radiating cable
for radio communications are being installed in the gallery. The
preparation of the installation of ventilation equipment is being
finalised.

At the western portal of the tunnel, the service house has been
finished and elements and parts of individual items of equipment
for management and operation of the tunnel are step-by-step
installed in it. The main work on overall shaping of the portal has
been finished. It is still necessary to install safety handrails and
finish the connections of ditch drainage blocks to mountain gullies.
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Obr. 8 Konecné terénne tvipravy na portdli iinikovej $tolne tunela Diel
Fig. 8 Final terrain finishes at the portal of the Diel tunnel escape gallery

a inou technoldgiou. V rdmci konecnych terénnych uprav
(obr. 8) sa dokoncil okolo hibeného tunela ,sarkofag® tvoreny
vystuZenou zeminou a licnymi prvkami zo zvaranych gabiénov.
Portdlové steny sa obkladaji gabionovymi matracmi tak, aby
vo findle cely portdl pohladovo ladil ako celok a aj s okolitou
prirodou.

Koncom septembra tohto roku by tunelom mal prejst prvy

vlak.

Tunel Milochov

Na preklenutie upitia vrchu Stavnd, juzne od miestnej Casti
Horny Milochov mesta Povazska Bystrica, je navrhnuty novy tu-
nel Milochov. Projektovand di7ka tunela je 1861 m. Tunel m4
jednu tnikova $toliu, ktord vytstuje v obci Horny Milochov.

Raziace prace zo zapadného portdlu su ukoncené. Vyrazenych
je 115 metrov v kalote a na cely profil tunela 105 m (obr. 9).

Razenie z vychodného portdlu pokracuje pracami v dvoch
urovniach: v kalote a v stupni. Raziace prace prebiehaju tak,
aby sa Celby od seba nevzdialili na predpisant vzdialenost ur-
¢ent projektom pre kazdu vystrojovaciu triedu zvlast. Ku dnes-
nému dnu (2. 7. 2020) bolo v kalote vyrazenych 1474 metrov
a v stupni, resp. dne 1414 metrov. Raziace prace boli z dovodu
nadmerného nadvylomu spdsobeného tektonickou poruchou
a pritomnostou vicSieho objemu podzemnej vody spomalené.

At the eastern portal, the service house with the dimensions
smaller than those at the western portal is being gradually filled
with switchboards and other equipment. A “sarcophagus” formed
by reinforced soil and welded gabion facing elements has been
finished around the cut-and-cover tunnel within the framework of
final terrain finishes (see Fig. 8). The portal walls are being clad in
gabion mats so that the view of the portal matches as a whole even
the surrounding nature.

The first train should pass through the tunnel at the end of
September 2020.

Milochov tunnel

The new Milochov tunnel is designed for overcoming the bottom
of Stavn4 hill south of the municipal district of Horny Milochov of
the town of Povazska Bystrica. The tunnel length design amounts
to 1861 metres. The tunnel will have one escape gallery ending in
the municipality of Horny Milochov.

The tunnel excavation from the western portal has been finished.
Excavation of 115 metres in the top heading and 105 metres of full-
face excavation has been finished (see Fig. 9).

The tunnel excavation from the eastern portal continues by
working at two levels: at the calotte and the bench. The excavation
proceeds with the distances between faces not exceeding the
distance prescribed by the design separately for each excavation
support class. As of this day (2™ July 2020), 1474 metres of the
top heading excavation and 1414 metres of the bench excavation
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Priblizne 30metrovy usek sa musel vyrazit pod mikropildto-
vym daZdnikom. Do prerazenia tunela chyba priblizne 177 me-
trov. Predpokladana preraZzka sa odhaduje na zaciatok septembra
2020.

V polovici jula 2020 bola prerazena tnikova stoliia (obr. 10).
Prerazka prebehla zvonku z portalu situovaného v obci Horny
Milochov. Momentélne sa upravuje dno $tdlne pre mozné vyu-
Zitie pri zasobovani tunela pocas betonarskych prac na sekundar-
nom osteni tunela.

Na vychodnom portdli tunela boli zrealizované 4 zakladové do-
sky pre hibeny tunel, ktory sa skladd so siedmich 10metrovych
blokov. Ostatné 3 bude mozné dorobit az po prerazke tunela, a to
z ddvodu, aby nebol preruseny pristup do tunela pocas raziacich
prac.

Na zdpadnom portdli bol vybeténovany hibeny tunel, ktory
sa skladd z dvoch blokov. Pripravuje sa jeho povrchova izola-
cia a nasledne sa bude obalovat obdobnym ,,sarkofigom* z vy-
stuZzenej zeminy a licnych gabionov, ako bol pouzity na tuneli
Diel.

Celu stavbu realizuje zdruzenie Nimnica zloZené zo spoloc-
nosti Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tu-
nel Diel realizuje spolo¢nost TUBAU, a.s. a tunel Milochov
spolo¢nost Subterra a.s. Generdlnym projektantom pre inves-
tora Zeleznice Slovenskej republiky je spolo¢nost REMING
CONSULT a.s.

Ing. JAN KUSNIR,
REMING CONSULT a.s.

Fig. 9 Cut-and-cover tunnel at the western portal of the Milochov tunnel

have been finished. The excavation operations were slowed down
because of an excessive overbreak caused by a tectonic fault and
the presence of a larger volume of groundwater. An approximately
30m long section had to be excavated under a canopy tube pre-
support. About 177 metres remain to the tunnel breakthrough. The
breakthrough is expected at the beginning of September 2020.

The escape gallery was broken through in the middle of July 2020
(see Fig. 10). The breakthrough was carried out from the outside,
from the portal located in the municipality of Horny Milochov. The
gallery bottom is currently treated for possible use in supplying the
tunnel during the course of concrete casting work on the secondary
lining of the tunnel.

At the eastern portal of the tunnel, 4 base slabs were carried out
for the cut-and-cover tunnel, which consists of seven 10 metres long
blocks. The completion of construction of the other 3 blocks will
be possible only after the tunnel breakthrough so that the access to
the tunnel during the course of tunnel excavation operations is not
interrupted.

At the western portal of the tunnel, concreting of the cut-and-
cover tunnel structure consisting of two blocks has been finished.
The surface waterproofing is being prepared and the structure will be
wrapped with a “sarcophagus” formed by reinforced soil and facing
gabions, similar to the “sarcophagus” used at the Diel tunnel.

The whole construction is carried out by the Nimnica
consortium consisting of the companies of Doprastav — TSS
Grade — SUBTERRA — EZ Praha. The Diel tunnel is carried out
by the company of TUBAU, a.s., and the Milochov tunnel by the
company of Subterra a.s. The general designer for the project
owner, Zeleznice Slovenskej Republiky (Slovak Railways), is the
company of REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

Obr. 10 Unikovd §toliia tunela Milochov
Fig. 10 Milochov tunnel escape gallery
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY ZA OCEANEM I

PICTURE POSTCARDS WITH TUNNELS BEHIND THE OCEAN I

One whole part dedicated to picture postcards showing solely
tunnels “behind the great puddle” was already published in
TUNEL issue No. 2/2018. The current continuation covers the
following six picture postcards with tunnels behind the ocean —
one from Brazil, one from Canada and four from the USA. In
the list of purposes of the presented tunnels there are two urban
tunnels, one motorway tunnel, one railway tunnel, one tunnel
for underground railway passing under a mighty river. The last
picture postcard represents a very interesting structure referred
to in the original as an arch/vault, nevertheless having obvious
character of a false tunnel in the environment of an urban
park.

Jiz v Tunelu 2/2018 byl v tomto serialu cely jeden dil vénovany
pohlednicim vyhradné s tunely za ,,velkou louZi*. V aktudlnim po-
kracovéni jde o nésledujicich Sest pohlednic s tunely za ocednem
—jedna je z Brazilie, jedna z Kanady a ¢tyfi z USA. Ve vyctu ur-
Ceni prezentovanych tunelt se pak jedna o dva tunely méstské, po
jednom délni¢nim, Zelezni¢nim a také podzemni drdhy pod mo-
hutnou fekou. Posledni pohlednice predstavuje velice zajimavou
stavbu oznacovanou v origindle jako klenba/oblouk, nicméné ma-
jici zfetelny charakter (pfesypaného) tunelu v prostfedi méstského
parku.

Obr. 1 Tunel 9. cervence v Sdo Paulo. Fotolabor S. Paulo -51-. Okolo 1955?
[sbirka autorii]

Na pohlednici je nocni pohled na osvétleny jizni portdl tunelu.

Fig. 1 9" July Tunnel in Sao Paulo. Photolabor S. Paulo -51-. About 1955?
[authors ¢ collection]

The postcard presents a night view of the illuminated southern portal of the
tunnel.

Tunel 9 de Julho v Sao Paulo

Dopravné-urbanisticky velmi vyznamny automobilovy ,,Tunel
9. Cervence® (Tdnel 9 de Julho) v Sdo Paulu (obr. 1) je hlavni
spojnici centra mésta s jeho jiZznimi ¢tvrtémi (spojeni Centro —
Bairro). Prekonédvé vyrazny kopec Avenida Paulista s Parkem Tri-

anon a s objektem MASP (Muzea uméni Sao Paulo). Podchazi
také linku 2 mistniho metra.

Tunel je dlouhy 450 m, ma dvé trouby, kaZzdou se dvéma jizdni-
mi pruhy a chodnikem pro pési. Jeho stavba byla zahajend v led-
nu 1937, slavnostni otevieni pfipadlo na 23. 7. 1938. Vystavba
prisla na 17,192 mil. v dobové brazilské méné ,,Réis*.

Pivodni pojmenovéni tunelu (i hlavni Avenidy 9 de Julho) pfi-
pominalo vyznamny den dstavni revoluce v r. 1932. Roku 2001
byl tunel pfejmenovédn na ,,Tunel Daher Elias Cutait* podle vy-
znacného brazilského 1ékare a pedagoga (1913-2001), nicméné
tento nazev se obecné neujal. Souc¢asné komentate hovoti o Spat-
ném technickém stavu objektu. [1, 2]

Obr. 2 Portdl Blue Mt. Tunelu. Pensylvdnskd mytnd silnice (Pennsylvania

Turnpike) - , Nejvétsi ddlnice svéta. Postcard Johnson Publishing
Department, Bedford, Pa. 1969. [sbirka autorii]

Vychodni vjezd do tunelu Blue Mt. (dlouhého 4 339 ft.). Je to prvni ze sed-
mi tuneli, kterymi Pennsylvania Turnpike prochdzi na zdpad pres sedm
hiebenii Appalacskych hor. Nejdelsi z téchto tunelii je vice neZ jednu mili
dlouhy.

Na pohlednici je vychodni portdl tunelu Blue Mountain. Ponékud komicky vsak
plisobi oznaceni této silnicni trasy na pohlednici za ,, Nejvétsi ddlnici svéta*“.
Fig. 2 Blue Mt. Tunnel portal. Pensylvania Turnpike — ,,World’s greatest mo-
torway “. Postcard Johnson Publishing Department, Bedford, Pa. 1969. [au-
thors ¢ collection]

Eastern entrance to Blue Mt. Tunnel (4339 ft. long), first of seven tunnels by
which the PennsylvaniaTurnpike passes westward through seven ranges of the
Appalachian Muntains, the longest of which is over a mile in length.

On the postcard is the eastern portal of the Blue Mt. tunnel. Some what comical
can seem to be the marking of this route on the postcard as "The biggest highway
of the world".

Tunel Blue Mountain v Pensylvanii

V cCasopisu Tunel €. 3/2016 byla v tomto seridlu uvedena po-
hlednice s tunely nazyvanymi ,,Dvojcata (,,Twin Tunnels*). Jed-
nd se o tunely Blue Mountain a Kittatinny v Pensylvénii. Oba tu-
nely pfitom rozdé€luje vyrazné, jen cca 180 m Siroké, tdoli Gunter
Valley.
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Pennsylvanska mytna silnice (Pennsylvania Turnpike) byla
ditétem Velké hospodarské krize a je jistou predchudkyni sys-
tému federalnich dalnic. Pavodné (tj. od roku 1940) se na ni
nachdzelo 7 tuneld. VSechny byly jednotroubové, obousmérné,
s jednim jizdnim pruhem pro kazdy smér. V Sedesatych letech
20. stol. byly pfi tpravach trasy této silnice 3 z téchto 7 tunela
opustény.

»ITwins“ — tj. Kittatinny a Blue Mountain se na této trase na-
chazeji nejvychodnéji. Tunel Blue Mountain — obr. 2 — je pak,
s délkou 1 323 m, nejkratSim ze zbyvajicich Ctyf provozo-
vanych.

V roce 1967 byly u obou tuneltl oteviené pro provoz dalsi trou-
by s tim, Ze ptivodni byly opravené, a automobilovy provoz je tu-
diZ nyni ve vSech, dnes jiZ dvouproudych, tunelech, jednosmér-
ny. [3]

Obr. 3 Prijezd k tunelu Fort Pitt s pohledem na zdpadni svah Mt. Washington.
Imperial Greeting card Co., Pittsburg, Pa. 1971. [sbirka autorit]

Na pohlednici je ,,horni* patro vychodniho portdlu tunelu s vystupem na dvou-
podlazni most Fort Pitt Bridge. Denik N. Y. T. dobové oznacil tento vyjezd jako
,,nejlepsi vstup do amerického mésta*“.

Fig. 3 Approach to Fort Pitt Tunnel driving west view of Mt. Washington can
be seen above the Tunnel. Imperial Greeting card Co., Pittsburg, Pa. 1971.
[authors ¢ collection]

The picture postcard shows the ,,upper* level of the eastern portal of the tunnel
with the exit to the double-deck Fort Pitt Bridge. The N. Z. T. daily newspaper
described this exit as “the best entrance to an American city”.

Tunel Fort Pitt v Pittsburgu

Jednim ze Ctyf tuneld pod kopcem Mt. Washington v Pittsburgu
(Pensylvanie) je Fort Pitt tunel. Spojuje ¢asti mésta West End (na
JZ) a South Shore (na SV) a soucasné napojuje Pittsburg na dal-
ni¢ni systém USA Interstate.

Tunel ma dvé trouby, kazdou se dvéma jizdnimi pruhy a nou-
zovym chodnikem. Vyznacuje se velmi nestandardnim feSenim
vychodnich portdld, které jsou vyrazné vertikdlné odsazené pri
vyjezdu na dvoupodlazni most Fort Pitt Bridge — obr. 3.

Tunel je dlouhy 1 102 m, jeho razby byly zahdjené 28. 8.
1957 a pro dopravu byl otevieny 1. 9. 1960. Naklady na stav-
bu Cinily 17 mil US $ (ekvivalent 2019 — cca 147 mil. $). Vedle
fady dalSich pokrokovych prvki byl tunel vybaveny jako viibec
prvni na svété TV sledovanim provozu. V letech 1993 az 2003
probéhla jeho rozsahld stavebni i technologicka rekonstrukce.
Zvazuje se také projekt rozSifujici systém o dvé dalsi tunelové
trouby. [4, 5]

Tunely McAdoo v New Yorku

Pohlednice pfiblizujici podzemni drahu pod fekou Hudson
v N. Y. byly v tomto seridlu prezentované jiz v Tunelu ¢. 1/2015
a 2/2018. Pro stru¢né zopakovani: ,,Uptown Hudson Tubes*
(téZ McAdoo Tunnels) je mistni ndzev pro dva tunely mést-
ské drahy pod fekou Hudson pro spojeni Manhattanu v N. Y.
(na vychodé) s Jersey City v N. J. (na zdpad¢). Predstavuji tak
historicky prvni ne-lodni spojeni mezi Manhattanem a Jersey
City.

Obr. 4 McAdoo tunel New York. Kolorovand fotografie. McGown — SILSBEE
LITHO. Co. Publishers, New York. 1923. [sbirka autorii]

Krdsnd ukdzka osténi provedeného z litinovych tubingii. Pohlednice je adreso-
vand Dr. Ing. Otto Theimerovi do Brna. Dr. Ing. Otto Friedrich Theimer ukoncil
roku 1922 studia na némecké Technice v Brné a zde také piisobil 1922—1924
a 1929-1932 jako asistent na Ustavu Zeleznicniho stavitelstvi. V letech 1924—
1928 absolvoval studijni pobyt v USA.

Fig. 4 The McAdoo Tunnel New York. Coloured photo. McGown — SILSBEE
LITHO. Co. Publishers, New York. 1923. [authors‘ collection]

A nice example of a tunnel lining formed by cast iron segments. The picture
postcard is addressed to Dr. Ing. Otto Theimer to Brno. Dr. Ing. Otto Friedrich
Theimer graduated at the German Technical University in Brno in 1922 and
worked in the position of assistant in 1922—-1924 and 1929-1932 in Brno in
Ustav Zeleznicniho Stavitelstvi (Institute of Railway Engineering). In 1924—
1928 he completed a study stay in the USA.

Prvni pokus o vystavbu té€chto tunelti pfipada na léta 1873—
1883. Prace probihaly pneumatickym raZenim, bez Stitu. V Cer-
venci 1880 doSlo k prutrzi, pii které zahynulo 20 tunelard. Sta-
vebni spole¢nost nakonec skoncila ipadkem. Po né€kolika dalSich
nedspéSnych pokusech byly prace v roce 1901 prevzaty spolec-
nosti pravnika, podnikatele a poté i politika Williama G. McA-
doo. S nasazenim pneumatického Stitu byly pak tunely proraze-
ny v r. 1907 a pro osobni dopravu otevieny o rok pozdéji, a to
jako soucast Hudson & Manhattan Railroad. Od roku 1962 az
dodnes nalezi tunely k dopravnimu systému PATH (Port Autho-
rity Trans-Hudson), obsluhujicimu sidelni aglomeraci N. Y.
Tunelové trouby maji délku 1 500, resp. 1 720 m, a vyskové se
nachazeji cca 30 m pod stfedni hladinou feky. @ jizniho tunelu
se udava 4,65 m, @ severniho (razeného jako prvni) potom 5,5 m
(obr. 4).

Roku 1978 byly tyto tunely prohldseny ,,Narodni kulturni pa-
matkou inZenyrského stavitelstvi®. [6]
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Oblouk Eastwood v Brooklynu

Vyhlidkovy park (Prospect Park) v Brooklynu N.Y. je rozlohou
523 ha druhym nejrozsahlej$im parkem v této ¢asti mésta. Ve své
konecné rozloze byl otevieny v roce 1873, jeho posledni zasad-
néjsi apravy prob&hly v 90. letech 20. stol. V parku se nachdzi
znacné mnoZstvi entit — jezero plochy 24 ha, mnoho kulturnich,
spolecenskych, sportovnich a dalSich verejnych zafizeni a dokon-
ce i soukromy hibitov.... Od roku 1975 je park ,,Vyhlidkovou
pamatkou N. Y.“, aroku 1980 byl zapsany do ,,Ndrodniho registru
historickych mist*.

V parku je také 12 technickych objektd oznacovanych jako
,»mosty, resp. oblouky/klenby* (Bridge or Arch). Z nich 4 maji
zfetelny charakter (pfesypanych) tunelti. Poslednim uvadénym je,
a podle pozice na vychodni strané parku pojmenovany, Eastwood
Arch (obr. 5). Nachazi se na parkové cest€¢ pod East Drive, vy-
chodné od Binnen Falls a zdpadné od vstupu Willink z Flatbush.
Byl postaveny z piskovce v letech 1867-1868, jeho délka je cca
25 m a spolu s Endale Arch je nejstarSim obloukem/klenbou Pro-
spect Parku. [7, 8]

Obr. 5 Prijezdovd cesta a péSina ve Vyhlidkovém parku, Brooklyn, N. Y.
Publ. By Souvenir post Card Co. New-York. Made in Germany. 1928. [sbirka
autorii]

Podle Wikipedie lze na architekture Eastwood Bridge, nejstarsiho oblouku
Prospect Parku, pozorovat syrsko-egyptsky vliv.

Fig. 5 Driveway and Path in Prospekt Park, Brooklyn, N. Y. Publ. By Souvenir
post Card Co. New-York. Made in Germany. 1928. [authors ¢ collection]

It is possible according to Wikipedy to notice Syrian-Egyptian influence on the
architecture of the Eastwood Bridge, the oldest arch in the Prospect Park.

Smyckové tunely na Kanadské pacifické zeleznici

Kanadska pacifickd Zeleznice (Canadian Pacific Railway
— CPR) je povaZovana za vyznamny faktor pro vznik samotné
Kanady jako statu. UmoZnila transkontinentdlni spojeni Mont-
realu (Québec) na vychodé¢ s Vancouverem (Britskd Kolum-
bie — B. C.) na zdpad¢ zemé&. Jeji zaklad byl postaveny v letech
1881-1886, pfi pivodni délce 4 633 km. Dnes pak disponuje
dopravni spolecnost CPR 22 500 km trati, zajizdi i do velkych
meést v USA a prepravuje zejména zbozi. Logem instituce je
bobr.

Dréha vyuZziva k provozu pfirozené i fadu tuneld. Prvnim ka-
nadskym Zelezni¢nim tunelem na CPR byl tunel Brockvil v On-
tariu, proraZeny 1854—1860 v délce 527 m, dnes sice jiZ nepouZi-
vany, ale zachovany jako technickd pamatka. NejdelSim tunelem
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Obr. 6 Katedrdlovd hora (Cathedral Mountain), Britskd Kolumbie, Kanada.
Publ. Natural Color Productions Ltd. Richmond, B. C., Canada V6V 1Y8.
Photo: Courtesy of Canadian Pacific. Okolo 1970. [sbirka autorii]. Tento
dramaticky snimek byl porizeny z Zeleznicniho tunelu prochdzejiciho tipatim
pohori.

Viak vjizdi do horniho/jiZniho portdlu Dolniho smyckového tunelu (Lower Spiral
Tunnel), aby po jeho projeti zdhy dosdhl Zeleznicni stanice Field. Zajimavy je
profil tunelu — pro evropské drdhy nestandardni zaklenuty obdélnik. Nad loko-
motivou se vypind mohutny Stit Cathedral Mountain (3 189 m n. m.), nejvyssi
hory v ndrodnim parku Yoho v okrese Columbia-Shuswap (B. C.).

Fig. 6 Cathedral Mountain. British Columbia, Canada. Published by Natural
Color Productions Ltd. Richmond, B. C., Canada V6V 1Y8. Photo: Courtesy
of Canadian Pacific. About 1970. [authors‘ collection] This dramatic view was
taken from one of the railway tunnels cutting through the base of the moun-
tain.

Train entering the upper/southern portal of the Lover Spiral Tunnel to reach
Field Station soon after passing it. The tunnel profile is interesting — rectangle
is non-standard in the conditions of European rail tracks. The mighty Cathedral
Mountain peak (3189m a.s.l.), the highest mountain in Yoho National Park in the
district of Columbia —Shuswap (B. C.), rises above the locomotive.

Zeleznice CPR a viibec nejdel$im v Severni Americe je pak tunel
Mount Mcdonald v pohofi Selkirk v B. C. postaveny v letech
1984-1988 v délce 14 700 m.

Technicky mimoradné zajimavym souborem liniovych pod-
zemnich staveb CPR je dvojice tzv. ,,.Smyckovych tunela (Lower
and Upper Spiral Tunnel). Oba tunely jsou jednokolejné, byly do-
konceny v roce 1909 a umoZznily sniZit max. stoupdni trati mezi
méstem Field a prismykem Kicking Horse v B. C. na pfijatel-

My

nych 22 %o. Dolni smyc¢kovy tunel (obr. 6) méfi 891 m a pokryva
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360° spirdly, Horni smyckovy tunel méfi pak 992 m v puadorysu
% tuplné spirdly. Délka trati mezi obéma tunely se udava presné na
1 mili (1 610 m). [9, 10, 11]

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY
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ANNIVERSARIES

OSMDESATINY ZASTIHLY ING. MILOSLAVA NOVOTNEHO NA ZASLOUZENEM ODPOCINKU
EIGHTIETH BIRTHDAY CAUGHT ING. MILOSLAV NOVOTNY ON THE WELL-DESERVED REST

Titulek mého pfani k vyznamné-
mu Zivotnimu jubileu Mily Novotné-
ho je variaci na titul pfani k jeho se-
dmdesétinam, které bylo uvefejnéno
v €. 2/2010 pod nazvem ,,Sedmdesa-
tiny zastihly Ing. Miloslava Novot-
ného v plném pracovnim nasazeni
pro CzTA ITA-AITES®.

Myslim, Ze v nasi tunelarské ko-
munité neni asi nikdo, kdo by Ing.
Novotného neznal a nepamatoval si
jeho dlouhodobé a veskrze uspes-
né pusobeni v této komunité. Nejprve jako ¢lena predsednictva
nékdejstho Ceského tuneldiského komitétu, od roku 2005 jako

The title of my wishes to the significant anniversary of life of Mila
Novotny is a variation of the wishes to his seventieth birthday which
was published in TUNEL journal issue No. 2/2010 under the title
“Seventieth birthday caught Ing. Miloslav Novotny eagerly engaged
in working for ITA-AITES CzTA”.

I believe that there is probably nobody in our tunnelling
community who would not know Ing. Novotny and remember his
long-term and completely successful work in this community. In the
beginning working in the position of a member of the presidium of
the former Czech Tunnelling Committee, since 2005 in the position
of the managing editor of TUNEL journal, which got a new, still
lasting, face owing to his work and became a peer-reviewed journal
with very favourable foreign responses. His nine years (2005
through to 2013) work in the position of the General Secretary of
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vedouciho redaktora casopisu
TUNEL, ktery za jeho ptsobe-
ni dostal novou dosud trvajici
tvaf a stal se recenzovanym
casopisem s velmi pfiznivymi
zahrani¢nimi ohlasy. Jeho devi-
tileté ptisobeni (2005 az 2013)
ve funkci generdlniho sekreta-
fe CzTA ITA-AITES navazalo
na predchozi kvalitni droven
asociace, zvySilo jeji mezina-
rodni prestiZ vyrazné ispéSnym

uspordddnim prazského své-

T i b

the ITA-AITES CzTA, built on
the previous good-quality level
of the association, increased
its international prestige by
organising the highly successful
World Tunnel Congress WTC
2007 in Prague and prepared
the ground for continuing
good-quality activities of our
organisation.

During his practical engage-
ment, Mila Novotny, a graduate
hydraulic engineer, participated
in the construction of numerous

tového tunelafského kongresu
WTC 2007 a pfipravilo ptdu
pro pokracujici kvalitni ¢innost
nasi organizace.

Mila Novotny se jako vystudovany ,,vodar béhem svého prak-
tického pisobeni podilel na vystavbé celé fady objektd vodohos-
podarské infrastruktury, plsobil pfi vystavbé prehrad vltavské
kaskady a vzhledem ke svym schopnostem stoupal na kariérnim
zebricku tehdejsiho vyznamného podniku Vodni stavby. Na za-
¢atku devadesatych let minulého stoleti, kdy zastaval funkci
technického naméstka divize 5 zamérené na vystavbu podzem-
nich staveb mensich profild, jsme se spolu poprvé setkali. V praz-
ské Troji byla projektovdna vystavba vyznamné kanalizacni
stoky ,,F*“ a soucasné v prostoru zoologické zahrady pocatecni
asek tunelu do planované podzemni Cistirny odpadnich vod. Za-
meér realizovat tuto stavbu v souladu s principy Nové rakouské
tunelovaci metody, kterd tehdy v CR teprve nesméle vstupova-
la na scénu, svéfil Mila Novotny svym schopnym podfizenym,
tunelafiim Ing. Jaroslavu Chabrovi a Ing. Josefovi Kratkému.
K nim, jako teoretickou podporu od ,,védecké fronty*, angazo-
val v tehdejSich tunelafskych kruzich pomérné znidmou dvojici
Bucek-Bartak. Prvni dilo realizované v ranku divize 5 Vodnich
staveb pomoci NRTM se skvéle podafilo, zdjem méli i mistné
prislusni obyvatelé zoologické zahrady (viz dokumentacni ob-
razek). Odpovédni Cinitelé jiZz takovy zdjem nesdileli a k re-
alizaci podzemni Cistirny odpadnich vod, bohuZel, nedoslo.
V obdobném slozeni pokracovala spoluprace na dalSich velmi
zajimavych stavbach, napf. na intenzifikaci precerpavaci elek-
trarny ve Stéchovicich a souvisejici dostavbé na horni nadrZi, na
vystavbé stoky ,,P* na prazském jihozdpadnim mésté a na dalSich
akcich.

Dlouholeté spolecné pusobeni v redakéni radé TUNELU
a v orgdnech CzTA ITA-AITES, spole¢na ucast na tunelafskych
konferencich doma i v cizing, zaZitky na zahrani¢nich tematic-
kych zajezdech a mnoho osobnich setkéni, se staly pevnym zakla-
dem pratelstvi mezi mnou a Milou Novotnym, které trva dodnes
— velmi si ho vazim. Gratuluji proto upfimné pfiteli Milovi k jeho
vyznamnym narozenindm a pieji do dalSich let hlavné zdravi
a klidna 1éta zaslouzeného odpocinku. To slibené vinecko, Milo,
plati!

Myslim, Ze neni od véci, pfi této neopakujici se prilezitosti
osmdesatych narozenin, Milovi Novotnému pod¢kovat za vse, co
pro naSe stavebnictvi, tunelafinu a zejména CzTA vykonal.

5. Cervna 2020
prof. JIRI BARTAK

Obr. 1 Mistné prislusni obyvatelé zoo Praha
Fig. 1 Locally competent residents of Prague zoo

structures for the water supply
infrastructure, worked in the
construction of the Vltava River
Cascade and, with respect to
his skills, climbed the career ladder in the firm of Vodni Stavby,
which was very important at that time. We met for the first time at
the beginning of the nineties when he held the position of the chief
technical officer of Division 5 focused on construction of smaller-
profile underground structures. The construction of the Sewer F was
under design at that time and, concurrently, the construction of the
initial section of a tunnel to the sewage treatment plant was planned
for the area of the Zoological Garden in the Prague district of Troja.
Mila Novotny entrusted the intention of implementing this project in
accordance with principles of the New Austrian Tunnelling Method,
which started slowly to be used in the Czech Republic then, to his
capable subordinates, tunnellers Ing. Jaroslav Chabr and Ing. Josef
Kréatky. He engaged the Bucek-Bartak couple, relatively famous in
the tunnel construction circles, to be added to them as theoretical
support from the “scientific front”. The first project carried out within
the rank of Division 5 of Vodni Stavby using the NATM was a great
success. Even the locally relevant residents of the zoological garden
were also interested (see the documentation picture). However,
unfortunately, the decision makers did not share such the interest,
therefore the sewage treatment plant construction project was not
implemented. The collaboration on other very interesting projects,
for instance, the intensification of the pumped storage power plant in
St&chovice and the related addition of structures on the upper surge
reservoir, the construction of the Sewer “P” in the Southern Satellite
Town and on other interesting projects, continued in a similar
composition.

The long-term joint work in the editorial board of TUNEL journal
and in bodies of the ITA-AITES CzTA, the joint participation in
domestic and foreign tunnel construction conferences, experiences
gathered in foreign thematic tours and many personal meetings
have become a solid foundation of friendship between me and Mila
Novotny, which continues to this day. I very much appreciate it.
I therefore sincerely congratulate my friend Mila on his significant
birthday and wish him, first of all, good health and peaceful years for
the years to come. Milo, the promise of our private wine party still
applies!

I suppose that it is reasonable on this non-recurring occasion of
the eightieth birthday to thank Mila Novotny for everything he has
done for our construction industry, tunnelling and especially the
CzTA.

5% June 2020
prof. JIRT BARTAK
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