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Vazené Ctenafky a vazeni ctenari casopisu Tunel,

dovolte mi zahajit ivodnik tietiho ¢isla ro¢niku 2022 ptipominkou pro ¢eské podzemni stavitelstvi vyznamné udalosti.
Dne 21. 4. byla slavnostnim aktem poklepani na Zulovy obklad zahdjena realizace ctvrté linky prazského metra. Pravé
stavba tohoto vyznamného dopravniho systému nasi metropole, kterd byla v roce 2000 vyhlasena stavbou 20. stoleti,
v minulosti ur¢ovala trendy tuzemského tuneléi'stvi — za vSechny pfipomeiime zdokonaleni prstencové metody, nasazeni
mechanizovaného §titu s osténim z lisovaného betonu ¢i vysouvané tunely pod Vltavou. Je tudiZ pot&Sitelné, Ze se po
nasledujici 1éta bude sit prazského metra rozristat o dalsi a dalsi kilometry.

Méné potésitelna je ta skuteCnost, Ze alespori pro nejblizsi budoucnost ziistane metro — rozsahem a vyznamem — ve své
realizaci coby podzemni stavba osamoceno. Tento stav se promitd i do obsahu aktudlniho cisla Casopisu Tunel, ktery je
v pfevazné mife tvofen tématy projektli zahrani¢nich.

Na co se tedy v Cisle, které je vénovéano firmé 3G Consulting Engineers a Fakulté stavebni Vysoké Skoly béiiské — Technické Univerzity Ost-
rava, muzete tésit?

Prvni z pfedkladanych ¢lankl piinese srovnani zdpadniho portalového tseku tunelu Koralm s jiznim portdlovym tsekem pldnovaného Krus-
nohorského tunelu. Porovnatelné jsou v tomto piipadé jak geotechnické podminky, tak i technicka feSeni stavby. Dale se budete moci seznamit
s realizaci NRTM v Himalajich pfi vystavbé dalni¢nich tunell v Indii. Dechberouci fotografie priblizuji t¢émér kolmé portalové stény, které vyza-
duji umisténi mostnich opér do priportalovych ¢asti tunelt.

Autofi Sellner, Strappler a Erkurt pomérné detailné porovnavaji vliv velikosti prifezu tunelu na rychlost postupu razeb, pticemz v tivodu kon-
statuji pomérné zajimavy fakt, Ze i pres technologicky pokrok strojni mechanizace se rychlosti tunelovani za poslednich 30 let témét nezménily.

S odkazem na aktudlnost problematiky planované vystavby hlubinného uloZisté radioaktivniho odpadu se prvni ze dvojice teoretickych ¢lankt
zaméfuje na vyuZiti matematického modelovéani pro vyhodnoceni zén indukovanych razbou podzemniho dila. Druhy teoreticky zaméfeny ¢lanek
popisuje analyticky vypocet poklesu nezpevnéného zasypu v likvidovanych dalnich jaméch. Metodu ,,Rocksplitting® pouzitou pfi razbach metra
ve Stockholmu vam pribliZi text Jiftho Hor¢icky. Procesem umélého zmrazovani zeminy pii razbach piistupového tunelu pod nddrazim v Bernu
vas provede ¢lanek autor Simona Klosgese a Michaela Miillera.

Zaveérem bych vam, vaZeni kolegové, rad popral poutavé a obohacujici cteni a mnoho tispéchi v profesnim i osobnim Zivoté.

Ing. PETR HYBSKY,
¢len redakéni rady

Dear readers of TUNEL journal, ladies and gentlemen,

Allow me to start the editorial of the third journal issue of the year 2022 with a reminder of an event important for Czech underground
construction industry. On April 21, the work on the fourth line of the Prague metro got started with a ceremonial act of tapping on granite
cladding. It was the construction of this important transit system of our metropolis, which in 2000 was declared the construction of the 20th
century, and in the past determined the trends of domestic tunnelling industry; for all of them, let us recall the improvement of the ring method,
the employment of a mechanised shield with pressed concrete tunnel lining or floating tunnel tubes across the Vltava. It is therefore gratifying
that the Prague metro network will expand by more and more kilometres over the coming years.

Less gratifying is the fact that, at least for the near future, the construction of the metro will remain alone — in terms of the scope and
significance — as an underground construction project. This situation is also reflected in the content of the current issue of the TUNEL journal,
which is mainly made up of the themes of foreign projects.

So what can you look forward to in the journal issue which is dedicated to the companies of 3G Consulting Engineers and the Faculty of Civil
Engineering of the VSB — Technical University of Ostrava?

The first of the presented papers will bring a comparison of the western portal section of the Koralm tunnel with the southern portal section of
the planned Krusnohorsky tunnel. In this case, both geotechnical conditions and technical construction solutions are comparable. You will also
be able to learn about the use of the NATM in the Himalayas during the construction of motorway tunnels in India. Breathtaking photos will give
you an idea of nearly vertical portal walls that require bridge abutments to be placed inside the portal sections of the tunnels.

The authors Sellner, Strappler and Erkurt compare the influence of the size of the tunnel cross-section on the rate of excavation advance in
a relatively detailed way, while at the beginning of their paper they note the rather interesting fact that despite the technological progress of
mechanical equipment, tunnelling advance rates have hardly changed in the last 30 years.

With reference to the current problems of the planned construction of a deep repository for radioactive waste, the first of a pair of theoretical
papers focuses on the use of mathematical modelling for the assessment of zones induced by the excavation of an underground working. The
second theoretically focused paper describes the analytical calculation of the subsidence of loose backfill in liquidated mining shafts. Jifi
Hor¢icka‘s text will introduce you to the ,,Rocksplitting” method used in the excavation for metro in Stockholm. A paper by authors Simon
Klosges and Michael Miiller will guide you through the process of artificial freezing of soil during the excavation of the access tunnel under the
railway station in Bern.

To conclude, dear colleagues, I would like to wish you an engaging and enriching reading and much success in your professional and personal
life.

Ing. PETR HYBSKY,
Member of Editorial Board




VAZENE KOLEGYNE, VAZENI KOLEGOVE,
CTENARI CASOPISU TUNEL,

pted 10 lety naSe spolecnost zménila rakouského partnera
a prejmenovala se na 3G Consulting Engineers s.r.o. I na-
dale zstdvame malou, mezindrodné pusobici konzultacni
a projekeni firmou, kterd poskytuje svym klientim kvalit-
ni sluzby v oboru podzemnich staveb. Zaroven se snazime
pfispét ke zvy3eni drovné naseho oboru v Ceské republice.
Kromé vyzkumnych projektt se dlouhodobé aktivné podili-
me na ¢innosti Ceské tunelai'ské asociace CzTA, jsme Cle-
ny pracovnich skupin Mezindrodni tunelafské asociace ITA,
nas$i kolegové vzdélavaji mladou generaci tuneldiskych a geotechnic-
kych odbornikii na FSv CVUT a PfF UK v Praze.

Od 1éta 2021 do jara 2022 se v Ceské republice nerazil Zadny tunel. Je
to situace, kterou pravdépodobné nepamatuje nikdo z ¢eskych tunelar.
Pro zhotovitelské firmy je to kriticka situace, zahrani¢ni projekty nedo-
kazi domaci trh plné nahradit a kapacity lidské i technické se zmensuji.

Na druhé strané se vyrazné investuje do piipravy infrastrukturnich
staveb s velkym podilem tunelt a kapacity projekéni jsou v podstaté
vycerpany, stejné jako kapacity firem provadéjicich geotechnické pru-
zkumy.

Provadéni podzemnich staveb je vSude na svété vyrazné ovliviiovino
mistnimi zvyky, zkuSenostmi, tradicemi, historii a smluvnimi vztahy.
Smluvni vztahy pouZzivané v CR pfili§ nemotivuji Gastniky vystavby
k efektivité, k hledani jinych technickych feSeni a zpisobi vystavby.
Jedna se o tzv. ,Cerveny Fidic*, ,, méfeny kontrakt” ,DBB* (design-
-bid-build), kde je v zajmu zhotovitele zcela vycCerpat, nebo precerpat
vysoutéZeny projekt a jeho ocenéné polozky. Casto bez ohledu na to,
jestli je to potfebné ¢i nutné. Pokud nedojde k moZnosti optimalizace,
ze které by mély ekonomicky prospéch obé strany (zadavatel — zhotovi-
tel), pak tento pfistup bude pokracovat.

U nékolika pfipravovanych staveb je snaha o vyuZiti jinych smluv-
nich modeld (,,Zluty a smaragdovy Fidic* ,,DB* design-build), které
déavaji zhotoviteli vétsi moznosti ovlivnéni technického feseni, s pre-
vzetim vétSich rizik a zarovell umoznénim vétsiho zisku v piipadé dob-
fe navrZeného a realizovaného feSeni. Jedna se o tunel Homole na D35
pripravovany RSD CR a tunel Praha — Beroun na I11. Zelezni¢nim kori-
doru piipravovany SZ. Oba projekty jsou extrémné obtizné a je otazka,
jestli jsou vhodnymi ,,pilotnimi* projekty pro nové smluvni modely.
V kazdém piipadé je ale snaha vefejnych zadavatelli o nové piistupy
chvélihodnd.

Zijeme v dob& vyrazn& ovlivnéné dvémi zdsadnimi udélostmi (covid
a vélka na Ukrajiné), které jsou pfic¢inou dramatického nartistu cen sta-
vebnich materiali a nepochybné dlouhodobé ovlivni schopnost statu
financovat naro¢né infrastrukturni projekty. V naSem oboru podzem-
nich staveb by to ale mohla byt i vyzva k prehodnoceni dosavadnich
pfistupti a k umoznéni optimalizace v pfipravé i béhem provadéni, a tim
ke sniZeni investi¢ni a provozni ndroc¢nosti podzemnich staveb. Tech-
nickd a kompetenc¢ni zdkladna pro tento posun existuje, je ovSem tfeba
vytvorit také odpovidajici smluvni podminky a motivaci vSech stran. At
uz vytvorenim vlastnich, nebo pfevzetim existujicich smluvnich pod-
minek z jinych zemi.

Doufam, Ze se pripravované projekty rozbéhnou a Ze jejich realizace
bude odraZet posun v pfistupu, ktery povede k efektivnéj$im feSenim
a financovatelnym projektim.

Ctendfim preji inspirativni &teni. NaSe piispévky
uvedené v tomto Cisle ukazuji praci rakouskych kolegt
v Indii, porovnani razeb jedno- a dvoukolejnych
Zelezni¢nich tunell v Rakousku a podobnosti
portalovych dsekl tuneltt Koralm a Kru$nohor-
ského.

s

/1 U/

ING. MARTIN SRB, PH.D.
partner a jednatel spolecnosti
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DEAR COLLEAGUES, TUNEL JOURNAL
READERS, LADIES AND GENTLEMEN,

Ten years ago, our company changed its Austrian partner and
changed its name to 3G Consulting Engineers s.r.o. Even further
on, we remain a small, internationally operating consulting and
design company that provides its clients with quality services
in the field of underground construction. At the same time, we
are trying to contribute to raising the level of our field of work in
the Czech Republic. In addition to research projects, we actively
participate for a long time in the activities of the Czech Tunnelling
Association CzTA, we are members of working groups of the ITA,
the International Tunnelling Association, our colleagues educate
the young generation of tunnelling and geotechnical experts at the Faculty
of Civil Engineering of the Czech Technical University and the Faculty of
Natural Science of the Charles University in Prague.

No tunnel was driven in the Czech Republic from the summer of 2021 to the
spring of 2022. It is a situation that probably no Czech tunneller remembers.
It is a critical situation for construction companies. Foreign projects cannot
fully replace the domestic market, therefore human and technical capacities
are shrinking.

On the other hand, significant investments are being made in the preparation
of infrastructure construction projects containing a large share of tunnels,
whilst designing capacities are essentially exhausted, as well as the capacities
of companies carrying out geotechnical investigation.

The implementation of underground construction projects anywhere in the
world is significantly influenced by local customs, experiences, traditions,
history and contractual relationships. The contractual relationships prevailing
in the Czech Republic do not really motivate construction participants to
effectiveness, to searching for different technical solutions and methods
of construction. This is the case of the so-called ,,Red FIDIC®, , measured
contract™ ,,DBB* (design-bid-build), where it is in the interest of the contractor
to completely exhaust or over-exhaust the project won in the tender and the
acknowledged quantities of its items. This is often regardless of the fact
whether it is needed or necessary. If the possibility of optimisation from which
both parties (client — contractor) would benefit economically does not exist,
this approach will continue.

In the cases of several construction projects under preparation, there is an
effort to use other contract models (,, Yellow and Emerald FIDIC*,,DB* design-
build) which give the contractor more opportunities to influence the technical
solution, with the assumption of greater risks and, at the same time, allowing
for greater profit in the case of a well-designed and implemented solution. The
Homole tunnel on the D35 motorway being prepared by the Directorate of
Roads and Motorways of the Czech Republic and the Prague — Beroun tunnel
on the Railway Corridor III being prepared by the Railway Administration are
examples. Both projects are extremely difficult and the question is whether
they are suitable ,,pilot* projects for new contracting models. In any case, the
efforts of public contracting authorities for new approaches are commendable.

We live in a time significantly affected by two major events (COVID-19
and the war in Ukraine), which are the cause of a dramatic increase in the
price of building materials and will undoubtedly affect the state‘s ability
to fund demanding infrastructure projects in the long term. In our field of
underground construction, it could also be a challenge to reassess existing
approaches and to allow for optimisation in the process of preparation and
during construction, thereby reducing the investment and operational demands
of underground construction. The technical and competences base for this
shifting exists, but it is also necessary to create corresponding contractual
conditions and motivation of all parties. No matter whether it is by creating
our own contractual conditions or by taking over existing contractual terms
and conditions from other countries.

I hope that the upcoming projects will take off and that their implementation
will reflect a shift in approach leading to more effective solutions and fundable
projects.

I wish the readers an inspiring reading. Our contributions
presented in this journal issue show the work of Austrian
colleagues in India, a comparison of the excavation of single-

and double-track railway tunnels in Austria, and the
similarities between the portal sections of the Koralm
tunnel and the Krusnohorsky tunnel.

3G Consulting Engineers s.r.o.
Partner and Executive Head
of 3G Consulting Engineers s.r.o.
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MILI CTENARI CASOPISU TUNEL,

Fakulta stavebni Vysoké Skoly bariské — Technické univerzity
v Ostrave si v letoSnim roce pfipomina 25 let od svého zaloZeni.
Za toto obdobi prosla fakulta velkym rozvojem, z ptivodné zéklad-
ni Skoly vznikla moderni univerzitni soucast se specializovanymi
laboratofemi, ateliérovymi u¢ebnami, experimentalnim stavebnim
centrem i poboc¢kou univerzitni knihovny. V loiiském roce byla
dokoncena rekonstrukce centrdlni ¢asti fakulty na multifunkéni
prostor pro neformalni setkdvani pedagogt a studentt, odpocinek
a poradani oslav, vystav a dalSich aktivit.

DEAR TUNEL JOURNAL READERS,

This year, the Faculty of Civil Engineering of the VSB —
Technical University of Ostrava is commemorating 25 years since
its foundation. During this period, the faculty underwent great
development, from what was originally a primary school to a
part of a modern university with specialised laboratories, studio
classrooms, an experimental construction centre and a branch of
the university library. Last year, the restructuring of the central part
of the faculty into a multifunctional space for informal meetings
of teachers and students, resting and the organising celebrations,
exhibitions and other activities was completed.

Na rozvoji fakulty se podilela a podili fada vyznamnych osob- A number of important personalities from various fields of the
nosti z riznych oblasti stavebnictvi a architektury. Vzhledem k zaméfeni ¢a- construction industry and architecture participated in the development of the
sopisu bych za viechny pfipomnéla pouze profesora Aldorfa, ktery byl jednim faculty. With respect to the focus of the journal, I would like to mention only
ze zakladajicich osobnosti fakulty a byl rovn&? velmi uzndvanou osobnosti Professor Aldorf, who was one of the founding personalities of the faculty

and was also a highly recognised figure in the field of geotechnics and tunnel
construction industry, a long-time active member of the Czech Tunnelling
Association and the editorial board of the TUNEL journal.

Currently, the faculty provides education in two bachelor‘s degree programs

v oblasti geotechniky a tunelového stavitelstvi, dlouholetym aktivnim ¢lenem
Ceské tuneldrské asociace a redakéni rady Casopisu Tunel.
V soucasné dobé zajistuje fakulta vzdélavani ve dvou bakalaiskych studij-

nich programech Stavebni inZenyrstvi a Architektura a stavitelstvi, desiti pro- in Civil Engineering and Architecture and Building, ten follow-on masters
gramech navazujiciho magisterského studia a dvou programech doktorského degree programs and two doctoral degree study programs, thus covering all
studia a s vyjimkou vodnich staveb tak pokryva vSechny oblasti vzdélavani ve areas of education in the field of construction industry with the exception of
stavebnictvi. Fakulta stavebni je jedinou fakultou v ramci Ceské i Slovenské hydraulic engineering. The Faculty of Civil Engineering is the only faculty
republiky, na které lze studovat samostatny navazujici magistersky studijni within the Czech and Slovak Republics where you can study a separate
program Stavebni inZenyrstvi — Geotechnika a podzemni stavitelstvi a dok- follow-up master*s degree program in Civil Engineering — Geotechnics and

Underground Construction and a doctoral study program in Geotechnics

torsky studijni program Geotechnika a podzemni stavitelstvi. Fakulta reaguje :
and Underground Construction. The faculty also responds to current trends

N Ob.laitl n,abldkly vstlll((%l_]mch progvralmu 1 nlf aktudlni trfnfiy a potreby l\(/,oblastl and needs in the field of construction engineering in terms of offering study
st.z.W}te stvia v lonskem r’()f:evzacfa a qu av yayaztlj'mm maglstejrs cm .stu- programs, and last year began teaching in the follow-up Master‘s degree
dijnim programu Stavebni inZenyrstvi — BIM-inZenyring. Fakulta je zapojena  o0ram Construction Engineering — BIM-Engineering. The faculty, together

do nékolika mezinarodnich vzdélavacich projekt se Zilinskou univerzitou, with the University of Zilina, is involved in several international educational
v lofiském roce zahdjila feSeni mezindrodniho projektu TUNEDU zaméfené- projects; last year it began to solve the TUNEDU international project aimed
ho na podporu spole¢nych vzdélavacich aktivit v pripravé mladych odborniktl at supporting joint educational activities in the preparation of young experts in
v oblasti silni¢nich tunelil v pfihrani¢nim regionu. Absolventi naSich studijnich the field of road tunnels in the border region. Graduates of our study programs
programi se velmi dobfe uplatiiuji v praxi pii feSeni narotnych tuzemskych ~ acquit themselves very well in practice when solving demanding domestic and
i zahrani¢nich architektonickych i stavebnich projekti, vietné tunelovych, foreign architectural and construction projects, including tunnelling projects,

- and we are very pleased with their successes.

a jejich dspéchy nds velmi t&si. L . . - -
JI(II ail P yv, s i fakulty ie védeckovyzk . . Scientific research is an integral part of faculty‘s activities; the staff of
ediinou soucasti cinnostt fakulty je vedeckovyzkumna cinnost, pracovnici the departments are involved in research programs of the European Union

kateder jsou zapojeni do vyzkumnych programt Evropské unie a do celé fady and in a whole range of rescarch projects supported by the Technology
vyzkumnych projekti podporovanych Technologickou agenturou CR, Granto-  Agency of the Czech Republic, the Grant Agency of the Czech Republic, the

vou agenturou Ceské republiky, Ministerstvem primyslu a dal$imi resortnimi Ministry of Industry and other departmental agencies and are also involved
agenturami a jsou rovnéZ zapojeni do smluvniho vyzkumu pro primyslové in contractual research for industrial companies, construction companies
firmy, stavebni spole¢nosti i organy statni spravy. K feseni projekti jsou vyu- and state administration bodies. Not only laboratories and other specialised
#ivany nejen laboratote a dalgi specializovand pracovisté fakulty, ale i super-  Workplaces of the faculty are used to solve projects, but also supercomputers

in the National Supercomputer Centre on the university campus. In the field of
geotechnical and underground construction engineering, current projects are
mainly focused on the preparation of a deep radioactive waste repository, on
the stability of the main mine shafts connected with the termination of mining
activities and the rising of the water table in the Karvina sub-basin, on the

pocitace v Narodnim superpocitacovém centru v aredlu univerzity. V oblasti
geotechnického a podzemniho stavitelstvi jsou aktudlni projekty zaméfeny
predevsim do oblasti pfipravy hlubinného tlozisté radioaktivnich odpadu, dile
do oblasti stability hlavnich dalnich dél v souvislosti s ukoncovanim tézby

azvySovanim hladiny podzemni vody v karvinské dil¢i panvi, do oblasti kom- area of comprehensive assessment of the stability of slopes, and attention
plexniho posuzovani stability svaht a pozornost je rovnéz vénovana v ramci is also dedicated within the framework of the HORIZON 2020 program to
programu HORIZON 2020 geotermalnim zemnim vyménikiim a energetic- geothermal ground exchangers and energy geotechnical structures. Following
kym geotechnickym strukturam. Fakulta v navaznosti na své vyzkumné ak- on from its research activities, the Faculty has recently increased the results of
tivity navygila v poslednim obdobi vysledky védy a vyzkumu jak v oblasti the science and research both in the field of impactful scientific publications

and application outputs achieved within the framework of contractual research
for industrial and construction companies.

Despite a wide range of study programs, in some cases unique within the
Czech Republic, high-quality equipment, more intensive connection with
practice and promotion of studies, creating ever better conditions for studying

impaktovanych védeckych publikaci, tak i aplikacnich vystupt dosazenych
v ramci smluvniho vyzkumu pro primyslové a stavebni firmy.
I pres Sirokou nabidku studijnich programu, v nékterych piipadech jedi-

ne¢nych v ramci Ceské republiky, kvalitni vybaveni, intenzivnéjsi propojovani

s praxi a propagaci studia, vytvafen stale lepSich podminek pro studium i vol- and students® free time, and interesting scientific and research activities.
ny Cas studentil a zajimavé védecko-vyzkumné aktivity se fakulta v posled- The faculty has recently faced the same problem like other civil engineering
nim obdobi potyka stejné jako ostatni stavebni fakulty v Ceské faculties in the Czech Republic regarding a decrease in the
republice s tbytkem tuzemskych studentt, ktefi preferuji ¢as- numbers of domestic students, who often prefer non-technical
to netechnické obory studia. Na druhé strané vzriista na nasi / fields of study. On the other hand, the number of people from
fakulté pocet zdjemci o studium ze zahraniéi, co? je sice pro ! abroad interested in studying at our faculty is increasing,
- < e 2 s P which is beneficial for the faculty, but does not contribute to

fakultu pfinosné, ale nepfispiva to k feSeni nedostatku mladych . . . .
solving the lack of young engineers in the Czech Republic.

inZenyrt v Ceské republice. V této oblasti je i na nasi fakulté

oteviené pole pro rozsifovani a zlepSovéni

vzijemné spoluprace fakulty s firemni praxi 5 & mutual cooperation between the faculty and

a hledani spolecnych forem podpory studia PROF. ING. MARTINA PERINKOVA, PH.D. the corporalze practice and for ﬁndingyjoint

technickych programii veetné programi za- dékanka Fakulty stavebni VSB - TU Ostrava forms of support for the study of technical

méfenych na podzemni stavitelstvi. The Dean of the Faculty of Civil Engineering programs, including programs focused on
of the VSB - Technical University of Ostrava e underground construction.

In this area, even at our faculty, there is an
open field for expanding and improving
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PORTALOVE USEKY DVOU BAZOVYCH ZELEZNIENICH TUNELD
— POROVNANI GEOLOGICKYCH PODMINEK
PORTAL SECTIONS OF TWO BASE RAILWAY TUNNELS
— COMPARISON OF GEOLOGICAL CONDITIONS

JIRI ZMITKO, TOMAS SVOBODA

ABSTRAKT

Priprava projektu Krusnohorského tunelu prindsi fadu otdzek spojenych s jednotlivymi fdazemi pripravy, podminkami vystavby, technic-
kym reSenim a konecnym reSenim dila. V mnoha pozemnich stavebnich oborech je obvyklé a vyhodné uZiti standardnich reseni, a v podstaté
i koptrovdni jiného ndvrhu bez zdsadnich zmén. Toto je vyhoda zejména ekonomickd a je zcela logickd. Jedinou podminkou je pak realizace
projektu v priblizné obdobném geologickém prostiedi, pripadné je moznd tiprava bez zdsadnich zmén ndkladii a dopadu na konecné dilo.
V pripadé podzemnich staveb tomu tak neni. Projekty jsou na pocdtku situovdny do mnohdy prakticky nezndmého prostredi, trasovdni ne
vZdy umoZituje zménu vedeni, poZadavky na dilo se zdsadné lisi. Neni tedy obvyklé nalézt v oboru podzemnich staveb projekty, které Ize
aspor v nékterych aspektech oznacit jako podobné. Pokusem o srovndni je tento prispévek, porovndvajict jizni (portdlovy) tisek Krusno-
horského tunelu se zdpadnim isekem tunelu Koralm, respektive jeho cdsti KAT 3.

ABSTRACT

The preparation of the KruSnohorsky Tunnel project brings a number of questions related to the individual phases of preparation,
construction conditions, technical solutions and the final solution of the structure. In many fields of surface construction, it is usual
and advantageous to use standard solutions, and basically to copy other design without fundamental changes. This is especially an
economic advantage and is completely logical. The only condition is the realization of the project in an approximately similar geological
environment, or with a possible modification without major changes in costs and impact on the final structure. This is not the case with
underground structures. At the beginning, projects are often situated in a practically unknown environment, not always a change of route
location is allowed, the requirements for the structure are fundamentally different. It is therefore not usual to find projects in the field of
underground constructions that can be characterized as similar in at least some aspects. This article is an attempt comparing the southern

(portal) section of the KruSnohorsky tunnel with the western section of the Koralm tunnel, or its KAT 3 section.

1. UVOD

Kru$nohorsky (bazovy) tunel byl jiz ¢aste¢né predstaven [1].

Jeho predpokladané parametry jsou: délka pfes 26 km, dva pa-
ralelni tubusy, propojky po 500 m, smiSeny provoz, osobni vlaky
s rychlosti do 200 km/h, nakladni vlaky s rychlosti do 120 km/h.
Morfologicky jde o hranici uhelné panve a strmych svaht Krus-
nych hor. Geologie jizni portalové Casti obsahuje vypli terciérni
panve, kiidové sedimenty, poruchové pasmo krusnohorského zlo-
mu, prechod do krystalinika. Tunel prochézi hranici CR a SRN.

Tunel Koralm [2] a jeho pfedpoklddané parametry jsou dél-
ka 32,9 km, dva paralelni tubusy, propojky po 500 m, navrhova
rychlost 200 km/h. Morfologicky je usek na hranici lavanttalské
panve a zapadniho uboc¢i hfebene Koralm. Geologické podminky
zapadniho portalového tseku (KAT 3): vypli terciérni lavanttal-
ské panve, lavanttalské poruchové pasmo, prechod do krystalinika.
Tunel prochézi hranici Korutan a Styrska. Morfologicky je dsek
na hranici lavanttalské panve a zapadniho tboci hiebene Koralm.

Pomine-li se shoda v technickych parametrech, ktera je dana
normami, je pak az prekvapiva shoda v obecné geologické stavbé.
Geologicka stavba je vSak pravé jednim z hlavnich faktort ovliv-
nujicich nejen konecny néavrh, ale i pripravné faze a zpasob pri-
zkumu.

Z technického hlediska je v obou pfipadech nutné nalézt reSeni
pro zdarny prichod geologicky a geotechnicky nepfiznivymi Use-
ky.

ZkuSenosti, jak pozitivni, tak negativni z jiz prakticky dokon-
¢eného tunelu Koralm Ize tak ve velké mife uplatnit i v pripadé
Kru$nohorského tunelu.

1. INTRODUCTION

The Krusnohorsky (base) tunnel has already been partially
presented [1].

Its expected parameters are: length over 26km, two parallel tubes,
crosspasages 500m apart, mixed traffic, passenger trains with a
speed of up to 200km/h, freight trains with a speed of up to 120km/h.
Morphologically, it is the border of the coal basin and the steep slopes
of the Krusné hory. The geology of the southern portal includes the
filling of the Tertiary basin, Cretaceous sediments, the fault zone of
the KruSnohorsky fault, and the transition to crystalline. The tunnel
crosses the border of the Czech Republic and Germany.

The Koralm tunnel [2] and its expected parameters are length
of 32.9km, two parallel tubes, crosspasages 500m apart, a design
speed of 200km/h. Morphologically, the section is on the border
of the Lavnttal basin and the western slope of the Koralm ridge.
Geological conditions of the western portal section (KAT 3): filling
of the Tertiary Lavanttal basin, Lavanttal fault zone, transition to
crystalline. The tunnel crosses the border of Carinthia and Styria.
Morphologically, the section is on the border of the Lavanttal basin
and the western slope of the Koralm ridge.

If we neglect the agreement in technical parameters, which is
given by the standards, then there is a surprising agreement in the
general geological structure. However, the geological structure is
one of the main factors influencing not only the final design, but also
the preparatory phases and the method of exploration.

From a technical point of view, in both cases, the same solution
for the successful passage of sections that are geologically and
geotechnically very unfavorable.
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Spolecné problémy obou staveb jsou nasledujici:

* nepiiznivé geotechnické vlastnosti prostfedi zejména neogénu
a v tektonickém pasmu;

 existence vyrazného poruchového pasma;

e pozadavek na co nejdetailn&jsi prazkum;

e volba, pfipadné alternativy metod razbys;

» navrh celkové koncepce feSeni portalovych tsekda.

2. GEOLOGICKE PODMINKY

V soucasné fazi projektu je geologie Koralmského tunelu jiz
plné zdokumentovina. Geologie Krusnohorského tunelu se do-
posud opird zejména o reSerSe archivnich praci a prazkumy v Sir-
$im okoli. Presto je k dispozici dostatek informaci, umoZziiujicich
porovnéani portilovych tsekii obou tuneli a souasné mohou byt
zkusenosti z tunelu Koralm inspiraci pro navrh prizkumnych praci
Krus$nohorského tunelu.

2.1 Koralm - KAT 3 - neogenni lavanttalska panev

V tomto useku bylo, v ramci prizkumu mezi roky 1999 az 2007
béhem nékolika vrtnych kampani, odvrtdno 39 vrtd s délkou do
300 m, z nichz 35 bylo vystrojeno jako hydrogeologické. Vrty byly
realizovany s primérem jadra 101 mm, v mistech zkousek (dilato-
metry atd.) byl primér 73 mm s naslednym prevrtanim [3].

Dalsi jadrové vrty byly realizovany z prizkumnych tuneld.

Vlastni razbé tratovych tunell pfedchazela realizace prazkum-
nych podzemnich d€l, zahdjend v listopadu 2003 Sachtou Paier-
dorf s hloubkou 120 m a priimérem 10 m. Na tuto Sachtu navazaly
pruzkumné tunely Mitterpichling délky cca 2,51 km (smér zapad)
a tunel Paierdorf délky cca 5,16 km (smér vychod). Prizkumné
tunely byly realizovany konvencné a v profilu budouciho tunelu
predstavuji kalotu s prufezem 48 m? [2].

Zapadni ¢ast useku KAT 3 je tvofena neogennimi sedimenty in-
tramontanni lavanttalské panve. Usek je vymezen raZenym porti-
lem a zapadnim okrajem hlavni lavanttalské poruchové zony, jeho
délka ¢ini cca 4 630 m. NadloZi v misté pfechodu do krystalinika
dosahuje mocnosti cca 300 m.

Sedimentarni vypli je tvorena miocennimi mélkovodnimi sedi-
menty brakickych aZ motskych vod (,,miihldorfské vrstvy*) a alu-
vidlnimi, véjifovitymi sedimenty (,,sladkovodni vrstvy®). Jedna se
o stfedné- aZ hrubozrnné nezpevnéné sedimenty, a také jemno- aZ
hrubozrnné, prevazné slabé zpevnéné horniny. Misty byly zastiZe-
ny slabé uhlonosné horizonty s malo mocnymi slojemi uhli. Uhli
bylo v blizkosti Sankt Andri t€Zeno do roku 1968.

Vrstvy jsou uloZeny s mirnym aZ stfednim sklonem do péanev-
ni struktury s osou ve sméru SZ-JV, osa panve kiizi trasu tunelu.
Souvrstvi je mimo jiné poruseno nékolika strmymi poruchami spo-
jenymi s poklesem prilehlych horninovych blokd. Tektonika tak
zpusobuje ostré litologické zmény.

Celkova mocnost vyplné lavanttalské panve je v oblasti tunelu
cca 1 300 m.

V trase useku KAT 3 byly nejcastéji zastoupeny slabé zpevné-
né prachovce a jilovce, slabé zpevnéné piskovce, pisky a Stérky.
V mensi mife pak byly zastizeny pfevazné prechodné typy mezi
témito materialy. ZastiZeny byly i polohy tufd, souvisejici s oje-
din€lymi vulkanickymi proniky v okoli, a uhelné sloje. Poruchové
z6ny jsou tvofeny vyplni jak charakteru hornin, tak charakteru ze-
min [3].

Podzemni voda byla vyraznéji vizana zejména na propustnéjsi
typy sedimentl. V priabéhu vystavby prizkumného tunelu Mitter-
pichling dochdzelo k poklesiim hladin jak v dusledku pfirozenych
pritoki do tunelu, tak i cileného odvodiiovani provadéného z toho-
to tunelu odvodiovacimi vrty (obr. 1).

Tuel

Experiences, both positive and negative, from the already
practically completed Koralm tunnel can thus be applied to a large
extent in the case of the Kru§nohorsky tunnel as well.

The common problems of both projects are the following:

* unfavorable geotechnical properties of the ground, especially in

the Neogene and in the tectonic zone;

* the existence of a significant fault zone;

* arequest for the most detailed exploration possible;

¢ choice of, or alternatives to, excavation methods;

e proposal of the overall concept of the solution of the portal

sections.

2. GEOLOGICAL CONDITIONS

In the current phase of the project, the geology of the Koralm Tunnel
is already fully documented. So far, the geology of the Kru§nohorsky
tunnel is mainly based on archival research and surveys of the wider
area. Nevertheless, there is enough information available to allow a
comparison of the portal sections of both tunnels, and at the same
time, the experience from the Koralm tunnel can be an inspiration for
the design of exploration works of the Krusnohorsky tunnel.

2.1 Koralm - KAT 3 - Neogene Lavanttal basin

In this section, 39 wells with a length of up to 300m were drilled
as part of the exploration between 1999 and 2007 during several
drilling campaigns, of which 35 were equipped as hydrogeological
ones. The boreholes were realized with a core diameter of 101mm,
in test locations (dilatometers, etc.) the diameter was 73mm with
subsequent over-drilling [3].

Additional core drilling was carried out from exploratory tunnels.

The excavation of the track tunnels itself was preceded by the
implementation of exploratory underground works, which began in
November 2003 with the Paierdorf shaft with a depth of 120m and
a diameter of 10m. This shaft was followed by the Mitterpichling
exploratory tunnels of approx. 2.51km (west direction) and the
Paierdorf tunnel of approx. 5.16km (direction east). The exploratory
tunnels were excavated conventionally and in the profile of the future
tunnel they form a top heading with a cross-section of 48m? [2].

The western part of the KAT 3 section is made up of Neogene
sediments of the intramontane Lavanttal Basin. The section is
delimited by a mined portal and by the western edge of the main
Lavanttal fault zone, its length is approx. 4,630m. The overburden
at the point of transition to the crystallinics reaches a thickness of
approx. 300m.

The sedimentary fill consists of Miocene shallow-water sediments
of brackish to marine waters (“Miihldorf layers”) and alluvial,
fan-shaped sediments (“freshwater layers”). These are medium- to
coarse-grained unconsolidated sediments, as well as fine- to coarse-
grained, mostly weakly consolidated rocks. Thin coal-bearing
horizons with thin coal seams were found in places. Coal was mined
near Sankt Andrd until 1968.

The strata are deposited with a slight to moderate slope into a basin
structure with an axis in the NW-SE direction, the axis of the basin
crosses the tunnel route. Among other things, the strata is broken by
several steep faults associated with the subsidence of adjacent rock
blocks. Tectonics thus causes sharp lithological changes.

The total thickness of the fill of the Lavanttal Basin is approximately
1,300m in the area of the tunnel.

In the route of section KAT 3, weakly consolidated siltstones
and claystones, weakly consolidated sandstones, sands and gravels
were most often present. To a lesser extent, mainly transitional types
between these materials were found. Tuff positions related to rare
volcanic intrusions in the vicinity and coal seams were also found.
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Obr. 1 Podélny geologicky rez v misté lavanttalského poruchového pdsma a prilehlé cdsti lavanttalské pdnve tiseku KAT 3 tunelu Koralm
Fig. 1 Longitudinal geological section at the location of the Lavanttal fault zone and the adjacent part of the Lavanttal basin of section KAT 3 of the Koralm tunnel

2.2 Koralm - KAT 3 - poruchova z6na lavanttal

Popis této poruchové zony jiz zahrnuje informace z priazkumného
tunelu.

Hlavni ¢ast poruchové zoény lavanttal je tvorena systémem véEtsi-
nou strmych tektonickych poruch s prevazujicim sklonem k zapadu,
jsou vSak dokumentovany i plochy se sklonem k vychodu. Soucasné
byly zastizeny i poruchy pii¢né k hlavnimu poruchovému pasmu se
sklonem k severu, pripadné jihu, tedy prakticky paralelni s osou tu-
nell.

Z hlediska horninového sloZeni se jednd o vyrazné heterogenni
oblast, tvofenou jak neporusenymi horninami, tak i zcela tektonicky
porusenymi useky, spolu s nejriznéjsimi prechodnymi typy hornin.

Mocnost jednotlivych poloh se pohybuje od jednotek metrtt do
nékolika desitek metri. Matecnimi horninami jsou zejména slidnaté
ruly a bridlice.

Charakteristické jsou rychlé prechody vlastnosti hornin a zvysuji-
ci se podil kataklasitu smérem k vychodu. To je pfic¢inou postupné-
ho nérdstu zastoupeni jemnozrnné frakce v tektonickém materialu
a vzristu jeho soudrznosti a plasticity. Naopak zapadni dsek je tvo-
fen prevazné klastickymi, prakticky nesoudrznymi zeminami.

Typické jsou i n€kolik desitek metri mocné tseky pevnych, prak-
ticky neporusenych krystalickych hornin, predstavujicich ,,velkoob-
jemové kry* krystalinika v prostfedi poruchového pasma. Tyto blo-
ky se vyznacuji pevnostmi nad 150 MPa a abrazivitou az 6,00 CAI
Predstavuji tak zcela kontrastni prostfedi vici okolni poruchové
zoné [4].

Hornina v poruchovém pasmu byla pievazné suchd az vlhka, jen lo-
kaln¢ kapajici, s ojedinélymi slabé tekoucimi pfitoky podzemnich

Fault zones are formed by fillings of both the rock nature and the soil
nature [3].

Groundwater was more significantly tied to more permeable
types of sediments. During the construction of the Mitterpichling
exploratory tunnel, water levels dropped both as a result of natural
inflows into the tunnel and due to targeted drainage carried out from
this tunnel by drainage wells (Fig. 1).

2.2 Koralm - KAT 3 - Fault zone lavanttal

The description of this fault zone already includes information
from the exploratory tunnel.

The main part of the lavanttal fault zone is formed by a system
of mostly steep tectonic faults with a predominant inclination to the
west, but areas with an inclination to the east are also documented.
At the same time, faults transverse to the main fault zone with an
inclination to the north or south, i.e. practically parallel to the axis of
the tunnels, were found.

In terms of rock composition, this is a significantly heterogeneous
area, made up of both intact rocks and completely tectonically
broken sections, together with various transitional rock types.

The thickness of individual positions varies from units of meters
to several tens of meters. The parent rocks are mainly mica gneiss
and schist.

Rapid transitions of rock properties and an increasing proportion
of cataclasite towards the east are characteristic. This is the reason
for the gradual increase in the representation of the fine-grained
fraction in the tectonic material and the increase in its cohesion and
plasticity. On the contrary, the western section is made up mainly of
clastic, practically non-cohesive soils.
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vod. Pro sousedni severni troubu byl nicméné uvaZzovan mozny hyd-
rostaticky tlak az cca 20 bar s predpokladem jeho rychlého poklesu.

Celkove byl usek charakterizovan jako vysoce heterogennt, s rych-
lymi zménami pevnostnich charakteristik a miry poruSeni. Typicka
byla vysoké koncentrace napjatosti s velkym dosahem prerozdéleni
napéti v okoli vyrubu. Nasledkem byly vyrazné a pomalu doznivajici
deformace, které byly kvuli anizotropii prostfedi ¢asto asymetrické.
Zaznamenany byly vyrazné naristy méfenych hodnot podél tekto-
nickych poruch a v zénich vyplnénych jemnym klastickym materid-
lem (C a M kataklazity).

Misty byly zastizeny jilovité zeminy (s obsahem smektitu) s po-
tencidlem k objemovym zménam (bobtnéni) pfi dlouhodobém styku
s vodou.

Casté byly vyhlazené, pfevazné strmé do vyrubu uklonéné plochy
zpusobujici nestabilitu Celeb. Tyto jevy byly zejména vyrazné v ob-
lastech tvofenych bloky krystalinika. V tsecich tvofenych poruse-
nou horninou (tektonickou vyplni) dochdzelo k vypadavéani menSich,
Cockovitych blokill, smykovym poruSenim a vyjiZdéni po nepiiznivé
orientovanych vyhlazenych plochéch nespojitosti.

Sitka porusené zony zastizené tunelem (a ndsledné popsané jako
hlavni poruchové pasmo) je cca 430 m.

2.3 KruSnohorsky tunel - ¢esky portalovy usek

Jak jiz bylo uvedeno, nebyly doposud pro tcely Krusnohorského
tunelu provedeny zZadné prazkumné prace.

P1i stejném piistupu k porovnani, je v piipadé Krusnohorského
tunelu obdobnou zénou cca 1,4-1,7 km dlouhy dsek. Zhruba je vy-
mezen portalem v oblasti statni silnice 1/13 s pfedbéZnou trovni ko-
leje v nadmortské vysSce 200 m n. m. a pfechodem do krystalinika.

zdroj: 3G Consulting Engineers source: 3G Consulting Engineers

Sections of solid, practically intact crystalline rocks several tens of
meters thick, representing “large-volume blocks™ of crystallinics in
a fault zone environment, are typical. These blocks are characterized
by strengths above 150MPa and abrasiveness up to 6.00 CAIL They
thus represent a completely contrasting environment compared to
the surrounding fault zone [4].

The rock in the fault zone was mostly dry to wet, only locally
dripping, with rare weak groundwater inflows. Nevertheless, a
possible hydrostatic pressure of up to approx. 20 bar was considered
for the neighboring northern tube, with the assumption of its rapid
decrease.

Overall, the section was characterized as highly heterogeneous,
with rapid changes in strength characteristics and degree of
fracturing. A high stress concentration with a large range of stress
redistribution in the vicinity of the excavation profile was typical.
The result was significant and slowly decaying deformations, which
were often asymmetric due to the anisotropy of the rock environment.
Significant increases in measured values were recorded along
tectonic faults and in zones filled with fine clastic material (C and
M cataclasites).

Clay soils (with smectite content) were found in places with the
potential for volume changes (swelling) in long-term contact with
water.

The slicken-sided, mostly steeply inclined surfaces were often
causing the instability of the excavation fronts. These phenomena
were particularly pronounced in areas formed by blocks of
crystallinics. In the sections formed by broken rock (tectonic filling),
smaller, lenticular blocks fall out, shear failure, and sliding along
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Obr. 2 Podélny geologicky ez v misté krusnohorského zlomu prilehlé ¢dsti neogenni pdanve
Fig. 2 Longitudinal geological section at the location of the KruSnohorsky fault in the adjacent part of the Neogene basin

Prechod do krystalinika je predpokladan v blizkosti Zelezni¢ni za-
stavky Chlumec. Nadlozi v tomto misté prechodu tedy dosahuje
150 m.

Sedimentarni vypli je tvorena kiidovymi a terciérnimi (paleogén
aneogén) sedimenty.

Kfida je s velkou pravdépodobnosti tvorena piskovcovou facii (bé-
lohorské souvrstvi) a slinovci, jilovitymi vdpenci a vdpnitymi jilovci
(teplické, pripadné brezenské souvrstvi).

Terciér je tvoren sladkovodnimi sedimenty, pyroklastiky a redepo-
novanym vulkanickym materidlem. Litologicky se postupné jedna o:

e zeminy a horniny ptivodné vulkanického ptvodu (tzv. vulkano-
detritické souvrstvi, pyroklastika, tufy, omezen¢ pevnéjsi vulka-
nity);

* podloZni souvrstvi (jily, jilovité aZ jilovitopis¢ité zeminy, sideri-
tické jily a jilovce, splachy z vulkanit, omezené piskovce, sle-
pence, kfemence);

* slojové souvrstvi (sloj /uhelny vyvoj/ je viceméné nahrazena
tzv. pisCitym ekvivalentem sloje, ptipadné uhelnymi jily);

* nadlozni souvrstvi (monoténni, Sedé az hnédosedé jily a jilovce,
lokalné piscité jily aZ pisky).

Kfridové i terciérni sedimenty jsou misty naruSeny proniky bazic-

kych vulkanickych hornin.

Vrstvy jsou v oblasti portdlu uloZeny subhorizontalng, v blizkosti
krusnohorského zlomu jsou vsak ,,vyvleCeny* do strmych sklond,
misty aZ 80°.

Panevni vypli je porusena fadou vyraznych zlomt, pfi¢emz u né-
kterych je znam priblizny pribéh, mnohé jsou vsak pouze predpo-
klddané. O charakteru téchto zlomil vSak nejsou dostupné prakticky
Zadné informace.

Nejvyrazné€jsi zlomy probihaji ve sméru SV-JZ (kruSnohorsky

Vo

zlom a paralelni zlomy), pfi¢né pak prevazné ve sméru SSZ-JJV.

the unfavorably oriented slicken-sided surfaces of the discontinuities
was taking place.

The width of the fault zone reached by the tunnel (and subsequently
described as the main fault zone) is approx. 430m.

2.3 KrusSnohorsky tunnel - Czech portal section

As already mentioned, no exploration work has been carried out
for the purposes of the Krusnohorsky Tunnel.

With the same approach to comparison, in the case of the
Krusnohorsky tunnel, a similar zone is a section 1.4—1.7km long.
It is roughly defined by a portal in the area of state road 1/13 with a
preliminary track level at an altitude of 200m above sea level and by a
transition to the crystalline. The transition to the crystalline structure
is assumed to be near the Chlumec railway station. Overburden
thickness at this transition point reaches 150m.

The sedimentary fill consists of Cretaceous and Tertiary (Paleogene
and Neogene) sediments.

The chalk is most likely made up of sandstone facies (Bila Hora
Formation) and shale, argillaceous limestones and calcareous
claystones (Teplice or Biezno Formations).

The Tertiary consists of freshwater sediments, pyroclastics and
redeposited volcanic material. Lithologically, these are successively:

e soils and rocks originally of volcanic origin (so-called
volcanodetrital strata, pyroclastics, tuffs, marginal presence of
stronger volcanics);

» underlying strata (clays, clayey to clayey-sandy soils, sideritic
clays and claystones, lavas from volcanics, to a limited extent
sandstones, conglomerates, quartzites);

e layer formation (the seam /coal development/ is more or less
replaced by the so-called sandy equivalent of the coal seam,
possibly coal clays);

 overlying strata (monotonous, gray to brown-gray clays and
claystones, locally sandy clays to sands).
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Tyto zlomy rozdé€luji sedimenty v pficném i podélném sméru na
jednotlivé bloky, které jsou mnohdy vyskové oddéleny v fadu desitek
metrQ, nelze vSak vyloucit ,,odskok* i o velikosti sta metra.

Celkova mocnost panevni vyplné dosahuje v misté portalu cca
400 m, pfi¢emz zde pripada cca 370 m na kiidové horniny. Smérem
ke KruSnym hordm je mocnost panevni vyplné redukovéna (obr. 2).

Voda je vazéna predevsim na propustnéjsi pisCité, piipadné Stér-
kovité polohy. Pfevdzna ¢ast zejména nadloZniho souvrstvi je vSak
tvorena prakticky nepropustnymi jily a jilovci. Vyraznéjsi pritoky 1ze
tedy ocekavat v piskovcovych faciich kridy, piscitych typech tercié-
ru, pripadné pri zastiZeni rozpukanych vulkanitu.

2.4 Krusnohorsky tunel - krusnohorsky ziom, dostupné
informace

V soucasné dob¢ nejsou v podstaté k dispozici zddné informace
o charakteru pasma kru$nohorského zlomu v oblasti projektu. Ome-
zené informace lze vyvodit z nékterych archivnich praci.

Nejvice byl krusnohorsky zlom popsan pfi realizaci prizkumnych
Stol v oblasti zdmku Jezefi. Jedna se o Stoly Cernice, Jifetin, Jezefi
a Jezerka. Tyto Stoly jsou vSak od Krusnohorského tunelu vzdaleny
vzduSnou ¢arou vice neZ 30 km. Informace z téchto Stol 1ze shrnout
nasledovné:

e geograficky jsou oproti planovanym portalim Kru$nohorského

tunelu poloZeny vyse o cca 100 az 150 m;

e prakticky shodnd je litologie krystalinika, ortoruly jsou zde po-
nékud hrubsi;

* Stoly neprochdzeji kiidovymi sedimenty, pouze v piipadé Stoly
Jezerka je kiida uvedena v hlubsim podlozi, riiznou mérou pro-
chazeji terciérni panevni vyplni;

e Castecné zachycuji vulkanické brekcie, které jsou zde davany do
souvislosti s existenci diatrémy, v geologickych mapach vsak
nejsou v okoli téchto Stol jakékoliv vulkanity dokumentovany;

e ve vSech Stolach bylo dokumentovano vyvleceni sedimentarni
vyplné do sklonil nad 60°;

e terciérni sedimenty byly prostoupeny Cetnymi proklouzanymi
plochami, vlivem posunt byly mnohdy rozdéleny na jednotlivé
bloky;

e prechod do poruchového pasma v krystaliniku je zpravidla ost-
1y, s Cetnymi kluznymi plochami;

e poruchové pasmo v krystaliniku ma ve vSech pripadech zondlni
charakter;

e Gvodni ¢ast je tvofena prevazné tektonickymi brekciemi, pre-
chézejicimi v mylonitizovand pasma a blokové dislokované
krystalinikum;

 nasleduji vzajemné oddélené bloky krystalinika rtizného typu
poruSeni a alterace, tyto bloky jsou oddé€leny jilovitopisCitou
zeminou, tektonickymi jily a kaolinizovanou zcela rozloZenou
rulou;

e pro ruly je charakteristickd silnd kaolinizace, chloritizace, he-
matitizice a prevazné silnd, casto zondlni alterace;

e prechod do zdravého krystalinika Ize charakterizovat jako blo-
kovité dislokované krystalinikum, silné rozpukané a misty my-
lonitizované, tento kontakt byl zastiZzen pouze Stolami Jezerka
a Jezefi, v obou pripadech se vSak lisi, ve Stole Jezefi poruseni
postupné dozniva, ve §tole Jezerka je pfechod velmi ostry;

* rozdilna je i délka poruseného krystalinika v jednotlivych Sto-
lach (neprava mocnost), kdy za maximum lze povazovat 300 m;

e z méfeni piivodni napjatosti provedenych v dobé realizace $tol
vyplynula pfevaha horizontalni slozky napéti nad slozkou verti-
kalni, pricemz jsou uvadény hodnoty (1,55-2,00) : 1.

Urcité informace o kruSnohorském zlomu jsou uvadény i v sou-

vislosti s ptivodné planovanym celkovym vytéZenim uhelné sloje

Tuel

Cretaceous and Tertiary sediments are disturbed in places by
intrusions of base volcanic rocks.

The layers are deposited subhorizontally in the area of the portal,
but in the vicinity of the KruSnohorsky fault, they are “extruded” into
steep slopes, sometimes up to 80°.

The basin filling is broken by a number of significant faults, some
of which have an approximate course is known, but many are only
assumed. However, practically no information is available about the
nature of these faults.

The most pronounced faults run in the NE-SW direction
(Krusnohorsky fault and parallel faults), and the transverse ones
mainly in the NW-SE direction.

These faults divide the sediments in the transverse and longitudinal
direction into individual blocks, which are often separated in height
by tens of meters, but an “increase” of a hundred meters in size
cannot be ruled out.

The total thickness of the basin fill reaches approx. 400m at
the site of the portal, with approx. 370m of chalk rocks. Towards
the Krusné hory, the thickness of the basin filling is reduced
(Fig. 2).

Water is bound mainly to more permeable sandy or gravelly
locations. However, the majority of the overlying strata, in particular,
is made up of practically impermeable clays and clay loams. More
pronounced inflows can therefore be expected in Cretaceous
sandstone facies, sandy types of the Tertiary, or when fractured
volcanics are encountered.

2.4 Krusnohorsky Tunnel - Krusnohorsky Fault, available
information

Currently, there is essentially no information available about the
nature of the Krusnohorsky fault zone in the project area. Limited
information can be derived from some archival works.

The Krusnohorsky fault was most described during the
construction of exploratory tunnels in the area of Jezeii Castle. These
are the Cernice, Jitetin, Jezefi and Jezerka tunnels. However, these
tunnels are more than 30km away from the KruSnohorsky Tunnel.
Information from these tunnels can be summarized as follows:

e geographically, compared to the planned portals of the
Krusnohorsky tunnel, they are placed in higher elevation by
approx. 100 to 150m;

e the crystallinic lithology is practically identical, the ortho-
gneisses are somewhat coarser here;

e tunnels do not pass through Cretaceous sediments, only in
the case of the Jezerka tunnel, the chalk is encountered in a
deeper subgrade, they pass through Tertiary basin fill to varying
degrees;

* they partially encounter volcanic breccias, which are linked here
to the existence of diatreme, however, in the geological maps, no
volcanites are documented in the vicinity of these tunnels;

* in all tunnels, sedimentary fill was documented to be pushed out
to slopes above 60°;

* tertiary sediments were penetrated by numerous sliding surfaces,
due to displacements they were often divided into individual
blocks;

e the transition to the fault zone in the crystalline is usually sharp,
with numerous sliding surfaces;

e the fault zone in the crystalline has a zonal character in all cases;

e the initial part is made up mainly of tectonic breccias, passing
into mylonitized bands and block-dislocated crystalline material;

» followed by mutually separated blocks of crystallinics of

different types of failure and alteration, these blocks are




v oblasti. Tento zimér provéazela zejména obava z poruseni stability
svahtt Krusnych hor. Zde jsou zajimavé predevsim informace, popi-
sujici jak problémy pfi hlubinné téZb€ v oblasti zlomu, tak i charak-
teristika pdsma zlomu:

* S potiZzemi se setkdvala i hlubinna té¢Zba ve vychozové uklonéné
partii. Prikladem je zanik obce Jezefi v 50. letech, kdy poddolo-
vani vedlo k aktivizaci sesuvnych pohybu v kvartérnich sutich
a snad i v terciéru na prilehlém svahu daleko za hranicemi ban-
sky vymezené poklesové kotliny.

 Tato hluboce porusend, tektonicky namoZena a rozpukana zéna
predstavuje souvisly pruh Sitky 0,5 azZ 1 km, sledovatelny po
celé délce tpati horského svahu. Objevuji se pdsma drceni, my-
lonitizace, hydrotermdlni alterace, kaolinizace a dalSich projevi
degradace vlastnosti plivodniho rigidniho krystalinika.

* Pevnost navétralych rul je mensi neZ pevnost svrchnokiidovych
slinovc, slinitych vépencu a piskovci.

* Pevnost zvétralych rul odpovida pevnosti terciérnich jilovca.

2.5 KrusSnohorsky tunel - krusnohorsky zlom v oblasti
trasy

V misté pldnované trasy nejsou zejména z diivodu neexistence
v minulosti realizované uhelné sloje dostupné Zadné presnéjsi infor-
mace o geologické stavbé. Nebyl zde divod k prazkumu.

Z archivnich podkladd vyplyvé predpoklad existence vyrazného
podruzného zlomu, ktery se od kruSnohorského zlomu oddéluje
v oblasti obce Uncin. V ose predpokladané trasy je vzdalen cca 600—
700 m jizné od predpokladaného priibéhu hlavni linie zlomu. V této
oblasti je predpokladan priichod trasy tunelu kiidovymi horninami.
Mimo to je predpokladana existence podruznych paralelnich zloma
a zlomi pricnych.

Prechod z panevni vyplné do poruseného pasma krystalinika bude
s velkou pravdépodobnosti probihat v horninach kiidy, jde tedy o od-
liSné podminky oproti vyse popsanym lokalitam.

S vysokou pravdépodobnosti (t€méfF s jistotou) budou trasou zasti-
Zeny vulkanické horniny, a to jak charakteru pyroklastik, tak pevné
skalni horniny. Vulkanity v okoli tvofi nékolik vyraznych morfolo-
gickych utvard. Byly dokumentovény Casté vychozy a néktera télesa
jsou pravdépodobné zakryta kvartérnimi zeminami.

Nelze vyloucit vyskyt vulkanitl v nadloZi tunelu, pfekryvajicich
star§i sedimenty.

Svahy Kru$nych hor navazujici na portalovy tsek jsou velmi strmé,

Tab. 1 Parametry srovndvanych tseki
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separated by clayey-sandy soil, tectonic clays and kaolinized
completely decomposed gneiss;

 gneiss is characterized by strong kaolinization, chloritization,
hematitization and mostly strong, often zonal alteration;

e the transition to a healthy crystallinic can be characterized as
a blocky dislocated crystalline, strongly fractured and in some
places mylonitized, this contact was reached only in the Jezerka
and Jezeri tunnels, but in both cases they are different, in the
Jezefi tunnel the fracturing gradually subsides, in the Jezerka
tunnel the transition is very sharp;

e the length of the broken crystalline structure in individual
tunnels is also different, when the maximum can be considered
300m;

* the measurements of the insitu stresses carried out at the time of
the construction of the tunnels revealed the predominance of the
horizontal component of the stress over the vertical component,
while the values are (1.55-2.00): 1.

Certain information about the Kru$nohorsky fault is also given
in connection with the originally planned total extraction of the
coal seam in the area. This plan was mainly accompanied by the
fear of stability failure of the slopes of the Kru$né hory. Here, the
information describing both the problems of deep mining in the
fault area and the characteristics of the fault zone is of particular
interest:

* Difficulties were also encountered in deep mining in the
outcrop inclined part. An example is the abolishment of
the village of Jezefi in the 1950s, when undermining led
to the activation of landslide movements in the Quaternary
rubble and perhaps also in the Tertiary on the adjacent slope,
far beyond the boundaries of the mine-defined subsidence
basin.

e This deeply faulted, tectonically stressed and fractured zone
represents a continuous strip 0.5 to lkm wide, traceable
along the entire length of the foot of the mountain slope.
Bands of crushing, mylonitization, hydrothermal alteration,
kaolinization and other manifestations of degradation of
the properties of the original rigid crystalline material
appear.

e The strength of weathered gneiss is less than the strength of
Upper Cretaceous siltstones, silty limestones and sandstones.

* The strength of weathered gneisses corresponds to the strength

of Tertiary claystones.

2.5 Krusnohorsky Tunnel
= Krusnohorsky fault

Koralm KAT 3 Krusnohorsky tunel in the area of the route
Vy$ka nadloZi v misté
poruichového pasma 250-300 m 120-150 m In the place‘of Fhe planr}ed route,
— : no more precise information about
Sifka poruchového cca 430 m predpoklad nad 250 m * the geological structure is available,

pasma v ose trasy

stfedné- az hrubozrnné sedimenty,
misty jemnozrnné, omezené slojky uhli
a pyroklastika

Geologie — panevni vypli

jemnozrnné az stfednézrnné sedimenty,
uhelné jily, pyroklastika, vulkanity

especially due to the absence of a coal
seam mined in the past. There was no
reason for exploration.

Geologie — poruchové
pasmo

kataklasticky porusené, mylonitizované
ruly, oddélené bloky pevné horniny

kataklasticky poruSené, mylonitizované
ruly, oddélené bloky pevné horniny,
vyraznd kaolinizace a chloritizace

The archival documents suggest the
existence of a significant secondary
fault, which separates from the

Geologie — krystalinikum | jemno- az hrubozrnné ruly, bridlice

stfedné zrnité, biotit — muskovitické ruly

KruSnohorsky fault in the area of

oo L sklon > 50°, priéné k ose, prevazng sklon > 50° (az 75°), pFiéné k ose, the village of Uncin. In the axis
Dominantn diskontinuity vyhlazené pfevazné vyhlazené of the assumed route, it is located
Zoiisob razh NRTM - priizkumné tunely v jizni troubs, approximately 600-700m south of
P y TBM v severni the assumed course of the main fault

Podzemni voda rozptylené, slabé pfitoky

rozptylené, slabé pfitoky *

line. In this area, it is assumed that the

* Neni znaméa mira poru$eni kfidovych hornin a jejich vliv na podminky v trase

tunnel route will pass through chalky
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sklonem (az pres 30°) odpovidaji jak

Tuel

Table 1 Parameters of the compared sections

oblasti v okoli zamku Jezefi, tak i vy- Koralm KAT 3 Krusnohorsky Tunnel
chodné polozené oblasti Zandovské  The height of the overbur-

uhelné panvicky. V obou téchto ob-  den at the location of the | 250-300m 120-150m

lastech jsou doloZeny kerné sesuvy _faultzone

skalnich hornin kifdy, pfipadng krys-  Widih ofthe fault zone in | ., 430, assumption above 250m *

talinika. Nelze tedy vyloucit mozZnost the axis of the route

vyskytu téchto skalnich hornin v nad-

lozi mlad$ich sedimentii. Geology - basin fill

medium- to coarse-grained sediments,
sometimes fine-grained, limited coal
seams and pyroclastics

fine- to medium-grained sediments, coal
clays, pyroclastics, volcanites

Na povrchu, pii dpati svahu Krus-
nych hor, nejsou ziejmé Zadné proje-

Geology - fault zone
vy zlomu. Ojedinélé skalni vychozy

cataclastically fractured, mylonitized
gneiss, separated blocks of solid rock

cataclastically fractured, mylonitized
gneisses, separated blocks of solid rock,
significant kaolinization and chloritization

jsou tvofeny prevazné slabé zvétralou

aZ zdravou ortorulou. Geology - crystalline

fine- to coarse-grained gneiss, schist

medium-grained, biotite — muscovite
gneiss

Orientace Zadného systému zasti-

Zenych diskontinuit neodpovida pred- Duenlniielizarinies

slope > 50°, transverse to the axis,
mainly slicken-sided

slope > 50° (up to 75°), transverse to the
axis, mainly slicken-sided

pokladané orientaci krusnohorského

Excavation method
zlomu.

NRTM — exploratory tunnels in the
southern tube, TBM in the northern tube

Smér proudéni podzemni vody je  Groundwater

scattered, weak inflows

scattered, weak inflows *

smérem od svahu hor do panve, tedy
zhruba k jihu az jihovychodu. Lze
oCekdvat dva vyraznéj$i horizonty
podzemni vody. M¢ICi, ktery se na-
chézi na bazi kvartérnich sedimentl (na dpati jde pfevazné o pro-
pustné proluvialni $térky). Hlubsi, bazalni kiidovy horizont v zoné
piskovct, souvisi s tsteckymi termami. Na tpati KruSnych hor se
nachézeji dvé az tfi linie pramennich vyvérd, kdy jednotlivé linie
maji vZdy zhruba stejnou nadmot'skou vysku.

is not known

3. POROVNANI

V tab. 1 jsou uvedeny parametry obou popisovanych tuneli, které
je mozné v soucasné dobé porovnat, a to i bez znalosti skutecnych
podminek v trase Kru$nohorského tunelu.

I kdyZ v budoucnosti budou v pfipadé Krusnohorského tunelu do-
plnény dalsi podrobné informace, je podobnost téchto dvou tsekil uz
dnes az zarazejici.

4. POZNATKY Z PRUZKUMNYCH TUNELU KAT 3

Cilem tohoto pfispévku neni zhodnoceni vysledkd prizkumu,
predstaveni jeho zavérh ani popis zplsobu realizace prizkumnych
tuneld a chovéni vyrubd béhem razeb.

Nicméné je vhodné uvést nékteré zékladni informace.

Po tvodnich etapach prizkumi byla ocekavana Sitka hlavni ¢as-
ti poruchového pasma lavanttal vice nez 900 m. Béhem razby pri-
zkumnych tuneli byla konecna délka stanovena na cca 430 m.

Na zdkladé prizkumnych praci, v€etné razenych tuneld, byla vy-
tvofena charakteristika poruchovych zon, pficemZz byly zahrnuty
vSechny z6ny s mocnosti nad 1 m. Poruchy s mocnosti pod 1 m byly
hodnoceny jako ,,neporusena‘ hornina. Pro charakteristiku byly zvo-
leny nésledujici parametry:

e prava mocnost poruchové zony;

e proménlivost vnitni stavby poruchové zony (heterogenita);

* podil klastického (kataklastického) materidlu (K);

¢ podil porusené (podrcené) horniny (Z);

e podil neporusenych (kompetentnich) horninovych blokd a frag-

mentt (nad 0,5 m) uvnitf poruchové zény (B).

Na zdkladé téchto parametri byly stanoveny Ctyfi typy poruch,
oznacenych A-D. Rozhodujici byla vzdy vzajemna odliSnost v nej-
méné jednom parametru. Jako soucdst popisu byl vzdy uvadén pro-
centudlni podil jednotlivych slozek K, Z a B, pocet téchto slozek
v ramci z6ny a jejich mocnost [4].

*The degree of fracturing of the chalk rocks and their influence on the conditions along the route

rocks. In addition, the existence of secondary parallel faults and
transverse faults is assumed.

The transition from the basin fill to the broken crystalline zone
will most likely take place in Cretaceous rocks, so these are different
conditions compared to the locations described above.

There is a high probability (almost a certainty) that volcanic rocks
will be encountered along the route, both of pyroclastic character
and solid bedrock. The volcanics in the vicinity form several distinct
morphological formations. Frequent outcrops have been documented
and some bodies are probably covered by Quaternary soils.

The occurrence of volcanics in the overburden of the tunnel,
overlying older sediments, cannot be ruled out.

The slopes of the Krusné Hory following the portal section are
very steep, their slope (up to over 30°) corresponds to both the area
around the Jezefi Castle and the eastern area of the Zandov coal
pan. In both of these areas, topling landslides of Cretaceous rocks,
possibly of crystalline, are documented. Therefore, the possibility of
the occurrence of these rocks in the overburden of younger sediments
cannot be ruled out.

On the surface, at the foothill of the Krusné hory, there are no
obvious signs of faulting. The isolated rock outcrops are mainly
formed by weakly weathered to healthy orthogneiss.

The orientation of any system of detected discontinuities does not
correspond to the assumed orientation of the Krusnohorsky fault.

The direction of groundwater flow is from the mountain slope to
the basin, i.e. roughly south to southeast. Two distinct groundwater
horizons can be expected. The shallower, which is located at the
base of Quaternary sediments (the foothills are mainly permeable
proluvial gravels). The deeper, basal Cretaceous horizon in the
sandstone zone is related to the Usti thermal springs. At the foot of
the Krusné hory, there are 2 to 3 lines of springs, where the individual
lines always have roughly the same height above sea level.

3. COMPARISON

The Table 1 shows the parameters of both described tunnels,
which can currently be compared, even without knowledge of the
actual conditions along the route of the Kru$nohorsky tunnel.
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| budouc Zelezninéni tunel
i the future railway tunnel

| nouzova stanice
N.g{nergency station

priizkumna Sachta Paierdorf
exploration shaft Paierdorf

hloubka = 120 m depth = 120m
listopad 2003 — ¢erven 2004
November 2003 — June 2004

sy
prizkumny tunel Paierdorf 04'90'* g S,
exploration tunnel Paierdorf v ) \J'/yé
délka =5 616 m lenght = 5.616m %,22-.\
f cervenec 2005 — konec 2009 79 ™.
n & July 2005 - end of 2009
zapadni portal o ; armiahl
western portal pryzkumny tunel M|tte‘rp|chl|ng
Mitterpichling exploration tunnel
delka=2516 m lenght=2.516m
srpen 2004 — zéfi 2006
August 2004 — September 2006 GRAZ

Sachta Leibenfeld
Leibenfeld shaft

\ hloubka = 54 m depth = 54m
|

prizkumny tunel Leibenfeld
Leibenfeld exploration tunnel
délka=2226 m lenght = 2.226m

Even if more detailed information
will be brought in the case of the
KruSnohorsky Tunnel in the future,
the similarity of these two sections is
already striking today.

tunel a Sachta Leibenfeld
bfezen 2006 — brezen 2007
Leibenfeld tunnel and shaft

March 2006 - March 2007

vychodni portal
eastern portal

4. LESSONS FROM THE
EXPLORATION TUNNELS
OF KAT 3

The aim of this contribution is
not to evaluate the results of the
exploration, to present its conclu-
sions, or to describe the method of
realization of exploratory tunnels and
the behavior of excavation profiles
during excavations.

However, it is appropriate to pro-
vide some basic information.

After the initial stages of explo-

Obr. 3 Tunel Koralm — schéma raZeb navazujicich na jamu Paierdorf
Fig. 3 Koralm tunnel — scheme of excavations connected to the Paierdorf pit

Vv

Dalsi podrobnéjsi charakteristika byla pouZita pii hodnoceni kata-
klastického materialu na celkem tii typy:

* jemnozrnné kataklazity;

» kompaktni kataklazity;

* hrubozrnné kataklazity.

Tyto typy hornin a zemin byly ndsledné podrobnéji charakterizo-
vény [3, 4].

5. TECHNICKE RESENI PRUZKUMNYCH PODZEMNICH
DEL KAT 3

Zahajeni razeb tseku KAT 3 bylo v podstaté soucésti finalni faze
prizkumu, kdy jednotliva hloubena a raZena dila slouZila jak pro

zdroj: OBB Infra source: OBB Infra pration the expected width of the main

part of the Lavanttal fault zone was

more than 900m. During the digging
of exploration tunnels, the final length was determined to be about
430m.

Based on exploration work, including tunnel borings, a characte-
rization of the fault zones was performed, with all zones over 1m
thick included. Faults under 1m thick were rated as “intact” rock.
The following parameters were chosen for characterization:

e true thickness of the fault zone;

e variability of the internal

(heterogeneity);

* proportion of clastic (cataclastic) material (K);

e proportion of fractured (crushed) rock (Z);

* the proportion of intact (competent) rock blocks and fragments

(over 0.5m) inside the fault zone (B).
Based on these parameters, four

structure of the fault zone

S

zdroj: RNDr. Tomds Svaba, Ph.D. sou

Obr. 4 Tunel Koralm - startovaci loZe pro razici stroj v jamé Mitterpichling

Fig. 4 Koralm tunnel — launch bed for the boring machine in the Mitterpichling pit

types of faults, marked A-D, were
determined. Mutual difference in
at least one parameter was always
decisive. As part of the description,
the percentage share of individual
components K, Z and B, the number
of these components within the zone
and their strength [4] were always
stated.

Another more detailed charac-
teristic was used in the evaluation
of cataclastic material into a total of
three types:

* fine-grained cataclasites;

* compact cataclasites;

* coarse-grained cataclasites.

These types of rocks and soils were
subsequently characterized in more
detail [3, 4].

5. TECHNICAL SOLUTION
OF EXPLORATION
UNDERGROUND
STRUCTURES KAT 3

The start of excavations of the
KAT 3 section was essentially part
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vstupni Sachta
entry cavern

severni trouba
northern tube

ventilaéni tunel
ventilation tunnel

zdroj: [5] source: [5]
Obr. 5 Tunel Koralm — schéma napojeni Sikmého ventilacniho tunelu na jaimu
Paierdorf a severni troubu tunelu Koralm
Fig. 5 Koralm tunnel — scheme of the connection of the inclined ventilation
tunnel to the Paierdorf pit and the northern tube of the Koralm tunnel

ucely pruzkumu, tak byla soucasné vyuZita pro piipravy razeb, pii-
padné byla piimo ¢asti budoucich tuneld.

Prace byly zahdjeny v 11/2003 hloubenim Sachty Paierdorf. Ze
Sachty byly v profilu jizni trouby razeny prizkumné tunely Paierdorf
West TM a Paierdorf Ost, s celkovou délkou 5 616 m. Na tunel Paier-
dorf navazal prizkumny tunel Mitterpichling [5] (obr. 3).

Tunel Mitterpichling byl raZen jako pokraCovani tunelu Paierdorf
a soucasné protirazbou (na vychod) z hloubené jamy Zwischenan-
griff Mitterpichling. Jama Mitterpichling byla vyuZzita i pro realizaci
startovaciho loZe pro razici stroj v severni troubé (obr. 4).

Na napojeni Sachty Paierdorf navazala propojka mezi obéma trou-
bami, ze které byla nasledné v severni troubé vyraZena kaverna pro
pfestavbu zeminového §titu na tunelovaci stroj do tvrdych hornin [5].

Poslednim dilem v této Casti tunelu bylo vyrazeni Sikmého (14°)
ventila¢niho tunelu mezi severni troubou a Sachtou Paierdorf (obr. 5).

6. SHRNUTI

Z uvedeného stru¢ného popisu dvou staveb, vzdalenych vzdusnou
Carou 450 km a situovanych v odlisnych geologickych formacich, je
zfejma velka podobnost.

Jde jak o podobnost v geologicko-geotechnickych podminkéch,
tak i o predpokladatelnou podobnost v technickém feSeni, ktera je
déna prakticky shodnym typem stavby.

Kru$nohorsky tunel se projekéné nachdzi na samém pocatku, na-
opak tunel Koralm je jiz prakticky dokonceny. Béhem realizace tu-
nelu Koralm bylo nutné fesit celou fadu geotechnickych problémi,
které byly vice ¢i méné ocekavané. Obdobné problémy se nevyhnou
ani KruSnohorskému tunelu.

Nejde vsak jen o problematiku vlastni realizace, ale i pfistup ke
geotechnickému prizkumu. V pfipadé Krusnohorského tunelu v tu-
to chvili existuje pouze hrubd predstava, v pripadé tunelu Koralm
(KAT 3) vyvrcholily priizkumné prace realizaci prizkumnych tune-
4. Geologicko-geotechnické podminky byly tedy ovéfeny s maxi-
malni mirou. Na zdklad¢ toho byl nasledné vytvofen geotechnicky
model prostfedi, ktery byl zejména vyuzit pfi navazujici razbé sever-
ni trouby a vétraciho tunelu. Prizkumné Stoly (tunely) vSak nebyly
vyuZity pouze pro pruzkum, ale nasledné i pro dalsi technologické
ucely.

Realizace prizkumu pro Koralm (KAT 3) jasné ukézala nutnost
postupného dopliiovani informaci formou navazujicich a cilenych
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of the final phase of the exploration, when individual open cut
and underground excavated structures served both for exploration
purposes and were simultaneously used for tunneling preparations,
or were directly part of future tunnels.

The works started in 11/2003 by excavating the Paierdorf shaft.
The exploration tunnels Paierdorf West TM and Paierdorf Ost, with
a total length of 5,616m, were excavated from the shaft in the profile
of the southern tube. The Paierdorf tunnel was followed by the
Mitterpichling exploration tunnel [5] (Fig. 3).

The Mitterpichling tunnel was excavated as a continuation of the
Paierdorf tunnel and at the same time, in the opposite direction (to
the east), excavation started from the open cut pit Zwischenangriff
Mitterpichling. The Mitterpichling pit was also used for the
construction of the launch bed for the boring machine in the northern
tube (Fig. 4).

The Paierdorf shaft was connected to a crosspasage between the
two tunnels, from which a cavern was subsequently excavated in the
northern tunnel for the conversion of the earth pressure balanced
shield into a hard rock tunneling machine [5].

The last construction in this part of the tunnel was the excavation
of an inclined (14°) ventilation tunnel between the northern tube and
the Paierdorf shaft (Fig. 5).

6. SUMMARY

From the given brief description of the two structures, 450km
apart, and situated in different geological formations, a great
similarity is evident.

This is both a similarity in geological and geotechnical conditions,
and also a presumable similarity in the technical solution, which is
given by the virtually identical structure type.

The Krusnohorsky Tunnel design is at the very beginning,
while the Koralm Tunnel is practically completed. During the
construction of the Koralm tunnel, it was necessary to solve a
number of geotechnical problems that were more or less expected.
Similar problems will not be avoided in the Kru$nohorsky tunnel.

However, it is not only an issue of actual construction, but also
of an approach to geotechnical exploration. In the case of the
Kru$nohorsky tunnel, there is only a rough idea at the moment,
in the case of the Koralm tunnel (KAT 3), the exploration
work culminated in the realization of exploration tunnels. The
geological-geotechnical conditions were therefore verified to the
maximum extent. Based on this, a geotechnical model of the rock
environment was subsequently created, which was mainly used
during the subsequent excavation of the northern tube and the
ventilation tunnel. However, the exploratory tunnels were not only
used for research, but subsequently also for other technological
purposes.

The realization of the exploration for Koralm (KAT3) clearly
showed the necessity of gradually supplementing information in
the form of follow-up and targeted stages of drilling work, possibly
supplemented by other methods. With the subsequent incorporation
of knowledge into the project, but at the same time also the clear
demands of the designers on the exploration management. Thus,
5 main stages of drilling exploration were performed.

In addition to the “standard” verification of the geotechnical
and hydrogeological properties of the rock environment, the
characteristic of fault zones and the verification of the mutual
position of the planned structures with these zones are essential.
Especially in case of oblique crossing, the zone of influence is
significantly longer than in case of perpendicular crossing.




etap vrtnych praci pripadné doplnénych dalSimi metodami. S nasled-
nym zapracovanim poznatkii do projektu jsou soucasné vsak i jasné
pozadavky projektant(l na feSitele prizkumu. Bylo tak realizovdno
pet hlavnich etap vrtného prizkumu.

Mimo ,,standardni* ovéfeni geotechnickych a hydrogeologickych
vlastnosti horninového prostiedi je zdsadni charakteristika porucho-
vych pasem a ovéfeni vzajemné pozice planovanych konstrukei s té-
mito padsmy. Zejména pii Sikmém kiiZeni je oblast ovlivnéni vyrazné
delsi nez pfi kiiZeni kolmém.

Projekt Krusnohorského tunelu i souvisejici prizkum jsou nyni
na samém pocatku, je tedy tézké predvidat dalsi vyvoj. Pro zpra-
covatele i zadavatele projektu jsou vSak informace a pristupy po-
uzité na useku KAT 3 velkou inspiraci. Vyhodou je moznost zva-
Zeni ucelnosti danych feSeni v predstihu a moZznost volby Casové
navaznosti.

V soucasné dobé je ocekavano zahdjeni prvni faze prazkumnych
praci, jakasi obdoba etapy predbéZného pruzkumu. UvaZovéina je
fada vrti v ,,mélICi*, ale heterogenni ivodni Casti a nékolik hlubo-
kych vrtl (cca do 500 m) v oblasti krystalinika. Vrtnym pracim bu-
dou predchazet geofyzikalni méteni.

Poznatky z této uvodni fize umoZzni vytvoreni prvni redlné pred-
stavy o geotechnickych podminkach v trase KruSnohorského tunelu.
Pro ndvrh dalSich etap prizkumu, tak bude moZné jednak vychazet
z ,.hmatatelnych® tidaji, ale soucasn¢ i porovnat dalsi postup se srov-
natelnymi useky KAT 3.

Casto je nyni diskutovdna priizkumna $tola v dvodni &asti tu-
nelu. S ohledem na soucasné znalosti je jeji realizace velmi prav-
dépodobna, presné technické feSeni vSak bude tfeba zkoordinovat
s projektem a maximalné tak vyuZit potencial pro potfeby stavby.

Inspiraci z KAT 3 muzZe byt i technické feSeni portdlového tse-
ku, kde bude mimo geotechnickych problému nutné vyfesit i otazky
konstrukéni a logistické. Morfologie tizemi umoZiiuje smysluplné
vyuZzit pristup do oblasti stavby pouze v oblasti pod svahy Krusnych
hor, tedy zhruba do nadmorské vysky 350 m n. m. Dale jsou jiZ hor-
ské svahy extrémné strmé a piistup je mozny pouze po nékolika les-
nich cestach.

Posledni otdzkou je pak volba metody razby, kde je jiz v tuto chvili
jasné, Ze tvodni C¢ast minimaln€ jednoho z tuneld bude muset byt
s velkou pravdépodobnosti realizovana konvencéné. Navazujici tseky
v krystaliniku jsou naopak vhodné pro nasazeni TBM.

Otazkou bude i volba umisténi nouzové stanice (stanic) a pripad-
ného piistupu do jeji oblasti hlubokymi Sachtami, nebo piistupovym
tunelem z povrchu.
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3G Consulting Engineers s.r.o.
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The KruSnohorsky Tunnel project and related exploration
are now at the very beginning, so it is difficult to predict further
developments. However, the information and approaches used on
the KAT 3 section are a great inspiration for both the developer
and the client of the project. The advantage is the possibility of
considering the expediency of the given solutions in advance and
the possibility of choosing temporal continuity.

At the moment, it is expected to start the first phase of
exploration work, similar to the stage of preliminary exploration.
A series of wells in the “shallow” but heterogeneous initial part
and several deep wells (approx. up to 500m) in the crystallinics
area are considered. Drilling will be preceded by geophysical
measurements.

The findings from this initial phase will enable to gain a first
realistic idea of the geotechnical conditions along the route of
the Kru$nohorsky tunnel. For the design of the next stages of the
exploration, it will be possible to start from “tangible” data, but
at the same time to compare the next procedure with comparable
sections of KAT 3.

An exploration tunnel in the initial part of the tunnel is now often
discussed. With regard to current knowledge, its implementation
is very likely, however, the exact technical solution will need to be
coordinated with the project in order to make maximum use of its
potential for the needs of the construction.

The technical solution of the KAT 3 portal section can also be an
inspiration, where, in addition to geotechnical problems, structural
and logistical issues will also have to be solved. The morphology
of the area makes it possible to meaningfully use access to the
construction area only in the area below the slopes of the Kru$né
hory, i.e. up to an altitude of approximately 350m above sea level.
Furthermore, the mountain slopes are already extremely steep and
access is only possible via several forest roads.

The last question is the choice of excavation method, where it is
already clear at this moment that the initial part of at least one of
the tunnels will most likely have to be realized conventionally. On
the other hand, the following sections in the crystalline are suitable
for the use of TBM.

The question will also be the choice of the location of the
emergency station(s) and possible access to its area through deep
shafts or an access tunnel from the surface.
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TuNel

PROJEKT TUNELU RAZENEHO POMOCI NOVE RAKOUSKE
TUNELOVACI METODY PRO STAVBU DALNICE V INDICKEM HIMALAJI
NATM TUNNEL DESIGN FOR HIGHWAY PROJECT IN INDIAN

HIMALAYA

ABSTRAKT

ANDREAS GORICKI

Jednd se o projekt ddlnicniho tunelu provddeéného Novou rakouskou tunelovaci metodou (NRTM) v indickém Himdlaji. Predmétny 21 km
dlouhy iisek ddlnice prochdzi velmi obtiznym terénem s mnoha tunely a mosty. V ¢ldnku je popsdna stavba a okrajové podminky provddeé-
ciho projektu pro EPC dodavatele, véetné geologickych, geotechnickych a konstrukcnich podminek pro Sest tunelii s celkovou délkou razeb
priblizné 20 km. Nékteré specifické aspekty projektu, jako je situace opér mostit nachdzejicich se v portdlovém tiseku tunelu, jsou popsdny

detailnéji.

ABSTRACT

The NATM tunnel design is described for a 4-lane bi-directional highway project in Indian Himalaya. The approx. 21km long stretch
is in topographically very difficult terrain and consists of many tunnels and bridges. The project and the main boundary conditions of the
detailed design for the EPC Contractor are described including geological, geotechnical and structural design for the six tunnels with a
total single bore length of approx. 20km. Some specific design related aspects such as the situation of bridge foundations inside the tunnel

section are described more detailed.

1. CELKOVY POPIS STAVBY

Indicky Narodni tfad pro dalnice
(National Highways Authority of In-
dia, NHAI) zajistuje pfipravu a vy-
stavbu dalni¢nich koridort pro zvy-
Seni kapacity a bezpecnosti silni¢ni
dopravy.

Jednim z téchto koridort je délni-
ce NH-21 mezi mésty Chandigarh
a Manali ve stat¢ Himachal Pradesh
[1], [2]. Jednd se o 21 km dlouhy
velmi obtizny usek, kde feka Beas
vytvorila hluboky a tuzky karion
s vysokymi a piikrymi skalnimi sva-
hy. Stavajici dvoupruhova silnice
se musi rozsifit na délnici s dvéma
pruhy v kaZdém sméru, coZ v daném
useku vyzaduje realizaci mnoha tu-
nelt, mosta, zarezu a dalSich kon-
strukci (obr. 1, 2).

Indicky Narodni tfad pro dalnice
zadal stavbu koncesiondfi, ktery vy-
bral dodavatele EPC (typ provade-
ni), ktery zaji$tuje projekt, vybérové
fizeni i vlastni stavbu. V Indii je pro
infrastrukturni stavby béZnou praxi,
Ze financovani a realizacni doku-
mentaci zajiStuje dodavatel. Reali-
zacni dokumentace pro cely 21 km
dlouhy tsek délnice byla zpracovana
akciovou spolecnosti SMEC India
(SMEC) a firmou 3G Gruppe Geo-
technik Graz ZT GmbH (3G).

Firma SMEC prevzala odpovéd-
nost za navrh trasy, povrchové tuseky

Himachal Pradesh b
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Obr. 1 Poloha oblasti a stavby
Fig. 1 Location of project area
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Obr. 2 Pohled na oblast stavby s prikrymi svahy a stdvajici dvoupruhovou
silnici na levé strané

Fig. 2 View of project area with steep slopes and existing 2 lane highway at
left side

a mosty, zatimco firma 3G odpovidala za projekt Sesti dalni¢nich
tuneld s délkami od 0,4 do 3 km. Ctyfi tunely dvoutroubové a dva
tunely o jedné troub€ maji vZdy tfi pruhy (dva jizdni a jeden nou-
zovy). Celkova délka razeb je asi 20 km tunelt.

Projekt tunelii razenych metodou NRTM zahrnuje:

e geologicky a geotechnicky prizkum, vcetné vrtnych prazku-

mu pro tunely;
 projekt raZeb a zajisténi tunelt a portali;
e projekt sekundéarniho osténi a portala.

2. GEOLOGICKE A HYDROGEOLOGICKE PODMINKY

Oblast stavby se nachazi mezi vesnicemi Pandoh a Aut na sever,
respektive na zapad, od feky Beas. Hornaty usek je trasovanim vel-
mi obtizny, prikry a uzky. Z tohoto divodu se vétsi ¢ast dalnic¢niho
useku realizuje pomoci tuneltl a mostu.

Geologicky se hlavni ¢ast oblasti stavby nachazi v Haimantském
souvrstvi (Haimanta Formation) tethyanského himélajského sledu
(prekambrijského az kambrijského stafi) patiiciho do systému Vel-
ky Himalaj. Nejvychodnéjsi ¢ast stavby lezi v bajaurském piikrovu
(Bajaura Nappe — spodni krystalinicky prikrov) a v souvrstvi Shali
tektonického okna Maly Himélaj. Hlavni centrdlni zlom (MTC)
tvori tektonickou hranici mezi ptikrovy Haimantas na zdpad¢ a Ba-
jaura na vychodé. MCT je pritom jednim z hlavnich tektonickych
prvkia v Himalaji. Protind stavbu kolmo na trasu.

V hlavni Céasti stavby prevlada skalni podloZi typu souvrstvi
Haimanta, kde se stfidaji metamorfované sedimenty (metasiltovce
az metapiskovce), jilovité a kfemicité bridlice a riizné typu fylitd,
kvarciti a bridlic. Nejvychodnéjsi ¢ast oblasti stavby (souvrstvi
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1. GENERAL PROJECT DESCRIPTION

The National Highways Authority of India (NHAI) is developing
various National Highway Corridors to provide capacity for safe
and efficient movement of traffic.

One of these Corridors is the National Highway NH-21 between
Chandigarh and Manali in the State of Himachal Pradesh which has
a topographically very difficult approx. 21km long section where
Beas River formed a deep and narrow canyon with high and steep
rock slopes. The existing 2-lane highway has to be widened to 4-lane
divided dual carriageway which requires many tunnels, bridges, cuts
and other structures in this particular section (see Fig. 1, 2).

The National Highways Authority of India (NHAI) has awarded
the project to a Concessionaire who has appointed an EPC
Contractor (Engineering, Procurement, and Construction). It is
common practice for Indian infrastructure projects that financing
and detailed design is awarded to bidders. The detailed design for
the entire 21km long highway section was done by Joint Venture of
SMEC India (SMEC) and 3G Gruppe Geotechnik Graz ZT GmbH
(3G) on behalf of the EPC Contractor.

SMEC took responsibility for the alignment design, the open
road sections and the bridge design while 3G was responsible for
the tunnel design of the six highway tunnels with length of 0.4 to
3km. The four double tube tunnels and the two single tube tunnels
have three lanes (two carriageways and one emergency lane) and a
total single bore length of approx. 20km.

The design of the NATM tunnel includes:

» geological and hydrogeological design including subsurface

investigation program for tunnels;

* design of excavation and support of tunnels and portals;

* final layout design of tunnels including inner lining design and

final layout of portals.

2. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The project area is located between Pandoh and Aut north
respectively west of the river Beas. The mountainous section is
topographically very difficult, steep and narrow. Due to this a
majority of the highway alignment realised with tunnels and bridges.

Geologically the main part of the project area is situated in
the Haimanta Formation of the Tethyan Himalayan Sequence
(Precambrian to Cambrian age) belonging to the Greater
Himalayans. The easternmost part of the project area is situated
in the Bajaura Nappe (Lower crystalline nappe) and in the Shali
Formation of the tectonic window of the Lesser Himalayas. The
Main Central Thrust (MCT) forms the tectonic boundary between
the Haimantas in the west and the Bajaura Nappe in the east. The
MCT is a main tectonic element in the Himalayas. It intersects the
project area in the at grade section perpendicular to the alignment.

Bedrock types of the Haimanta Formation dominate the main
part of the project area and comprise an alternating sequence
consisting of meta-sediments (meta-siltstones to meta-sandstones),
shales, slates, various types of phyllites, quartzites, and schists. The
easternmost part of the project area (Shali Formation) consists of
dolomites, limestones, quartzites, phyllites, shales.

3. TYPICAL TUNNEL LAYOUT

The typical cross section of the tunnel was defined in the
Concession contract based on local national guideline of IRC:SP:91.
In the early design stage we tried to optimise the typical cross
section. 3G reduced the cross section width by designing only two
traffic lanes without emergeny lane and without the elevated foot
path. Due to the contractural constraints the optimization was not
possible and cross section as shown in Fig. 3 had to be constructed.

The tunnel is in general designed as per Western European
standards with uni-directional traffic, umbrella water proofing,
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Shali) prochazi dolomity, vapenci, kvarcity, fylity a jilovitymi bfi-
dlicemi.

3. VZOROVE USPORADANI TUNELU SE DVEMA
TROUBAMI

Vzorovy pii¢ny fez tunelu byl stanoven v koncesionarské smlou-
vé na zaklad€ narodni smérnice IRC:SP:91. V pocate¢nim stadiu
projektovani byl pokus vzorovy pficny fez optimalizovat. Firma
3G tak zredukovala §itku pri¢ného fezu navrZzenim dvou jizdnich
pruhil bez nouzového pruhu a bez zvyseného chodniku. Z divodu
smluvnich omezeni nebyla navrZzena optimalizace mozna a musel
byt zachovan plivodni/normovy pficny fez (obr. 3).

Tunely jsou navrzeny jednotné, podle soucasnych evropskych
standardl s jednosmérnou dopravou, deStnikovou hydroizolaci
proti vod¢€, oddélenym odvadénim podzemni vody a vody z vozov-
ky, s cemento-betonovym krytem vozovky. Ve srovnani s typickym
priénym fezem pouzivanym v Evropé jsou ve smluvnich dokumen-
tech dalsi dva obecné projekéni pozadavky:

e Prvnim je to, Ze vzorovy pricny fez se sklada ze dvou 3,5 m §i-
rokych jizdnich pruhti pro dopravu a dalsiho nouzového pruhu,
takzvané zpevnéné krajnice o Sifce 2 m. Z diivodu levostranné-
ho provozu je tato krajnice na levé strané. Svétla Sitka tunell
je tak priblizn€ 13 m a je tim téméf srovnatelna s tfipruhovym
tunelem.

Druhym pozadavkem je zvySeny chodnik na pravé strané, pri-
blizné 1 m nad vozovkou. Tento pozadavek vychazi ze smérni-
ce IRC:SP:91.

Tuel

separated drainage for groundwater and carriageway water,
concrete pavement etc. Compared to a typical Western European
tunnel cross section the following two general design requirements
specified in the contract documents stand out.

* The typical tunnel cross section consists of two driving lanes

with each 3.5m width and an additional emergency lane, the
so-called paved shoulder, with an additional width of 2.0m.
Due to the left-hand traffic this emergency lane is situated on
the left-hand side. The width of the tunnels is approx. 13m and
almost comparable to a three-lane tunnel.
On the right hand side an elevated footpath approx. Im above
the highway elevation was specified in the contract documents.
This elevated footpath is also specified in the local national
guideline of IRC:SP:91.

Every approx. 350m the both tunnel tubes are connected
with cross passages. According to the local national guideline
IRC:SP:91 cross passages inside tunnels shall be designed with an
angle of 30° to the tunnel axis. These inclined cross passages could
be optimised to be constructed perpendicular to the tunnel axis as
per international design practice.

The final lining of the tunnel was designed as plain concrete
lining. Due to restraints in the contract documents reinforced
concrete had to be applied. Consequently the typical lining
thickness was optimized to thicknesses of 25c¢m to 30cm.

4. SELECTED DESIGN ISSUES

In the following some specific design aspects are briefly
summarized.
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Obr. 3 Vzorovy pricny rez tunelu
Fig. 3 Typical tunnel cross section




Obé tunelové trouby jsou propojeny kazdych 350 m pfi¢nymi
tunelovymi propojkami. Podle smérnice IRC:SP:91 musi byt pro-
pojKy uvnitf tunelu navrZeny pod thlem 30° k ose tunelu. Tyto Sik-
mé propojky byly optimalizovény tak, aby byly kolmé k ose tunelu
v souladu s mezinarodni praxi.

Definitivni osténi tunelu bylo piivodné navrZzeno z nevyztuZené-
ho betonu. Z diivodu omezeni danych smluvnimi podminkami mu-
sel byt pouzit Zelezobeton. Nasledné byla optimalizovana tloustka
osténi na 25-30 cm.

4. VYBRANE ASPEKTY PROJEKTOVANI

V nasledujicim textu jsou kratce shrnuty nékteré specifické as-
pekty projektovani.

4.1 Uprava trasy

Zakladem pro zadavaci projekt byla predbézna studie trasy.
V pribéhu prace na realizacni dokumentaci byla trasa optimali-
zovana tak, aby se zmenSily naroky na realizaci, napt. redukci az
40 m hlubokych zafezi v nepiiznivych geologickych podminkach.
To vedlo k posunuti nékterych tunelovych portalti v prabéhu pii-
pravy realiza¢ni dokumentace aZ o 750 m ve srovndni s umisténim
v zadavaci dokumentaci. Pfed timto posunutim portald byly zapo-
tfebi intenzivni technické diskuse mezi zadavatelem, koncesiona-
fem, dodavatelem EPC a projektantem, jelikoZ zdbory pozemki
jiz byly na zakladé predbézné studie trasy v zadavaci dokumentaci
dokonceny.

Nakonec bylo premisténi portali a dalSi zmény schvaleny, za-
bory pozemku projedndny a trasa i tunely byly vyrazné optimali-
zovany.

4.2 0d geologie k navrhu konstrukce

Cely navrh tunelu byl provadén jednim projekénim tymem, od
ziskavani geologickych udaju pres geotechnicky model po navrh
konstrukce. Tim bylo mozZné pracovat na projektu bez predavani
informaci mezi jednotlivymi zpracovateli a soucasné, bez ztraty
prabéznych informaci z geotechnického prizkumu a procesu zpra-
covani informaci a dat, aZ po navrh
konstrukce. UmoZnilo to také rych-
lou reakci béhem stavebniho procesu
v pripadé zastizeni nepredvidanych
geotechnickych  podminek nebo
zmén v projektu, vyZadovanych do-
davatelem EPC ohledné optimaliza-
ce stavby (obr. 4).

4.3 Most v tunelu

V nékterych oblastech jsou pfiro-
zené skalni svahy se sklony az 80°.
V takovych piipadech je plocha pied
portalem pfili§ uzka na to, aby se na
ni daly umistit typické mostni opéry
(obr. 5). Proto zde byly mostni opé-
ry navazujici na portdly navrZeny do
tunelll. Pricny fez tunelu byl proto
zvétSen v misté protiklenby a u opé-
ry. Sekundarni osténi bylo pevné
spojeno s opérou mostu. Interaktivni
proces projektovani mezi zhotovite-
lem a projektanty tunelu a mostu tak
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4.1 Reiterative Alignment Design

The basis of the tender design was a preliminary alignment study.
During detailed design of the tunnels the alignment, especially for
the tunnels, was optimized to reduce construction efforts e.g. to
avoid construction of high cut slopes of up to 40m in unfavourable
ground conditions. This resulted in re-location of some tunnel
portals during the detailed design phase of up to approx. 750m
compared to the tendered location. Intensive technical discussions
in-between Client, Concessionaire EPC Contractor and designer
were required prior to the re-location of the portals, since land
acquisition was already finished based on the preliminary alignment
study of the tender design.

Finally the re-location of the portals was jointly agreed and the
additional land was acquired, resulting in an optimized alignment
and tunnel design.

4.2 All-in-one Design from Geology to Structural Design

The tunnel design was organised in a way that the entire design
process, from geological data acquisition via geotechnical design
to structural design was done within one design team. Due to
such organisation the design of the underground structure could
be executed without interface and consequently without loss of
information from ground investigation to the structural design. This
also allowed quick response during the construction process in case
of unpredicted ground conditions or design changes requested by
the EPC contractor related to construction optimization (see Fig. 4).

4.3 Bridge in Tunnel

In some areas the natural hill slopes are steeply dipping with
inclinations up to 80°. In these cases, the area in front of the portal
was too narrow to locate the typical foundations for bridges (see
Fig. 5). Consequently, the bridge footing and the tunnel in the portal
area were designed in a way to locate the bridge footing inside the
tunnel. The tunnel cross section was increased at the invert and
sidewall. The inner lining was rigidly connected with the bridge
footing. The interactive design process between Contractor as well

vedl k technicky spravnému, hospo-
darnému a efektivnimu konstrukcni-
mu feSeni mostnich opér.

konstrukce tunelu

Obr. 4 Schéma postupu od geologického typu chovdni horninového masivu pres geotechnicky model aZ po ndvrh

Fig. 4 Scheme of the procedure from the determination of the geological type of rock mass behaviour through the
geotechnical model to the design of the tunnel structure
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Obr. 5 Integrovdni opéry mostu do sekunddrniho osténi tunelu
Fig. 5 Steep natural slope at tunnel portal

5. SHRNUTI

Modernizace indické délnice NH-21 ze stdvajici dvoupruhové
silnice na dalnici se dvéma pruhy v kazdém sméru je velmi naro¢ny
stavebni projekt. Kvili obtiznym topografickym podminkdm bylo
nutné navrhnout a realizovat ¢etné mosty a tunely. Pro dodavate-
le EPC byl vypracovéan projekt obsahujici Sest dalni¢nich tunelti
s celkovou délkou tunelovych trub cca 20 km. Projekt tunelti zahr-
nuje ziskavani geologickych tidajt, geotechnicky model a parame-
try a navrh konstrukce. Projek¢ni problémy, vcetné optimalizace
trasy v obtiznych topografickych a geotechnickych podminkéch,
byly feSeny ve spoluprici s dodavatelem EPC technicky sprav-
né, se zaméfenim na proveditelné, bezpecné a hospodéarné reseni.
Stavba daného dalni¢niho useku je v soucasnosti témét dokoncena
a bude brzy uvedena do provozu.

Dr. ANDREAS GORICKI,
andreas.goricki@3g.at,
3G Gruppe Geotechnik Graz ZT GmbH

Recenzoval Reviewed: Ing. Radek Bernard, Ph.D.
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as tunnel and bridge designers resulted in a technically sound,

economic and efficient construction solution for the bridge footings.

5. SUMMARY

The upgrade of the National Highway NH-21 from an existing
2-lane to a bi-directional 4-lane highway is a very challenging
construction project. Due to the difficult topographical conditions
many bridges and tunnels were necessary. The design of the
six highway tunnels with a total single bore length of approx. 20km
was done for an EPC Contractor covering all related scopes including
geological data acquisition, geotechnical design and structural
design. The numerous design challenges like alignment optimisation
or difficult topographical and geotechnical conditions were solved
technically sound with focus on constructable, safe and economic
solutions for the EPC Contractor. The construction of the highway
section is almost finished and will soon be given to traffic.

Dr. ANDREAS GORICKI,
andreas.goricki@3g.at,
3G Gruppe Geotechnik Graz ZT GmbH

[1] TTN (2021): Chandigarh-Manali NH: Work on 2.2km tunnel complete. The Times of India 4" November 2021.
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VLIV PRUREZU TUNELU NA RYCHLOSTI POSTUPU RAZEB
A NAKLADY
THE INFLUENCE OF TUNNEL CROSS SECTION ON THE ADVANCE
RATE AND COSTS

PETER JOHANN SELLNER, GUNTER STRAPPLER, KLAUS ERKURT

ABSTRAKT

Pri pldnovdni podzemnich dopravnich staveb je casto diileZitd otdzka, zda jsou mensi profily tunelii levnéjsi neZ vétsi. Primdrné musi byt
zajisténa funkce konstrukce, napt: poZadovany priijezdny priifez a bezpecnost provozu. Presto lze v mnoha pripadech volit mezi riiznymi
geometrickymi koncepcemi pricného uspordddni. V tomto cldnku jsou porovndny a posouzeny dva rizné projekty Zeleznicnich tunelii se
srovnatelnymi (geologickymi) okrajovymi podminkami, ale s odlisnou koncepci pricného uspordddni. Oba projekty stavél stejny zhotovitel
pro stejného objednatele, takZe byly eliminovdny diileZité faktory, které mohly ovlivnit rychlost postupu raZeb, a tim i ndklady.

ABSTRACT

When planning underground infrastructure structures the question whether smaller cross-sections are less expensive than larger ones
mostly arises. Primarily the function of the building has to be warranted, e.g. the required clearance and safety concept. Nevertheless,
in many cases one can choose between different geometrical layouts of the conceptual design of the entire system. In the following two
different railway tunnel projects with comparable (geological) boundary conditions but different conceptual designs are compared and
evaluated. Both projects were constructed by the same company in behalf of the same owner, thus important factors which may influence

advance rate and thus costs were eliminated.

1. HISTORICKY PREHLED - RYCHLOST RAZBY

P1i zpétném pohledu na poslednich 30 let tunelovani lze zjistit,
Ze rychlosti postupi razeb se témér nezménily. To je prekvapivé,
protoZe ve stejné dobé se vyrazné zlepsily technologie a stroje po-
uZivané pro razby Novou rakouskou tunelovaci metodou (NRTM).
Naptiklad u vrtnych souprav zacal byt pouzivan hydraulicky po-
hon misto pneumatického, coz vedlo k zasadnimu sniZeni hladiny
hluku pfi praci na ¢elbé. S danym vyvojem byl pocet lafet vrtnych
souprav zredukovan ze tfi nebo Ctyf na dvé€, coZ je dnes viceméné
standard. Také pocet pracovnikid byl sniZen, protoZe bylo potfeba
méné lidi pro obsluhu vrtaciho vozu. Celkové se absolutni ¢aso-
va narocnost vrtani na Celbé vyrazné nesnizila. Tunelové bagry
se specidlnimi oto¢nymi rameny byly pfed tficeti lety neznamé.
Prvotni zajisténi vyrubu bylo dfive provadéno ihned po odstielu
a bylo realizovano ru¢né z horni drovné rubaniny. Obcas tento pri-
stup vedl k vaZnym nehoddm. Na druhou stranu to byl méné ¢asové
ndro¢ny proces, protoZe odtéZovani rubaniny probihalo paralelné
se zajistovanim. Odtézovani rubaniny bylo provadéno kolovymi
nakladaci a ¢astecné manualné. Stfecha nakladace byla zcela od-
stranéna a umoznila tak vétsi ptibliZzeni k bocni sténé vyrubu tune-
lu. Celbové kotvy nebyly b&Zné, protoZe jesté nebyly vynalezeny
samozavrtné svorniky se zavitem po celé délce, které I1ze zkracovat
a postupné pouZivat na n€kolik zabérl. Zajisténi celby bylo v pfi-
padé potieby provedeno stiikanym betonem s rozdélenim na malé
dil¢i vyruby. To omezilo ¢asové ndrocné prostoje nebo ztraty ma-
teridlu, protoZe byl pouZivan suchy stfikany beton, ktery lze trvale
skladovat na stavbé.

z modernich pracovnich cykld (Casovych zdznamil) konven¢niho
zpusobu razby tunell je divodem, pro¢ se priimérna rychlost razby
za poslednich tficet let nezlepsila. Technicky vyvoj a vyssi stupenl
mechanizace vedly spiSe k redukci poctu pracovniki, ke zvyseni
bezpecnosti a kvality prace, ale nevedly ke zvyseni rychlosti razeb.

1. HISTORICAL REVIEW - TUNNEL ADVANCE

Looking back in the last 30 years of tunnelling it can be noticed that
the advance rates have hardly changed. This is surprising, because in
the same time the techniques and machinery used for NATM have
improved significantly. For example the drilling equipment was
developed from pneumatic to hydraulic hammers leading to a drastic
reduction of noise level at the working face. With this development
the drilling equipment installed on the jumbo was reduced from three
or four arms to two which is more or less standard today. Also the
crew size was reduced because less drilling staff was needed. All in
all, the absolute time consumption for drilling on the face has not
been reduced significantly. Tunnel excavators with special rotating
arms were unknown thirty years ago. The first support was carried
out immediately after blasting and manually and from the top of the
muck pile. Occasionally this method led to serious accidents. On
the other hand it was a less time- critical process because mucking
was done parallel. The mucking at the face was done with wheel
loaders and partly manually. The roof of the loader was completely
removed and thus allowed a closer approach to the sidewall of the
excavation area. Face bolts were not common because (self-drilling)
fully threaded rock bolts which can be cut and re-used for several
rounds were not invented. The face support, if necessary, was carried
out with shotcrete and in small sub-faces. This resulted in no time
consuming delays or material losses because dry-mix shotcrete was
used which could be permanently stored at site.

Deleting all these processes which have not been invented or used
in former times from a typical modern working cycle diagram (shift
report) of a conventional tunnel excavation it becomes clear, why the
average advance has not been improved over the last three decades.
The technical developments and the higher degree of mechanization
resulted more in a reduction of the crew size and improved the safety
and quality of work at the face than in an increasing advance rate.

A simple example: 30 years ago even in smaller two-lane
road tunnels the excavation top heading, bench and invert was
mandatorily carried out parallel. Today, even large double-track
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fez cross section
Koralmsky tunel stavenisté 1 Koralmtunnel Baulos 1

fez cross section
Hengsbergsky tunel Hengsbergtunnel

railway tunnels are excavated in the
“stop & go method” by interrupting
the top heading advance during

A (kalota) A (top heading) ca 46 m? A (kalota) A (top heading) | ca54,5m? excavation of bench and invert. This
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of improving air quality at the
working face and therefore growing
dimensions of the ventilation duct
which as a consequence makes a half-
sided bench excavation impossible.
Bench excavations with deep cuts in
the bench are no longer accepted due
to stability considerations.

Despite a significant
in mechanization in conventional
tunneling no significant increase
in advance rates and no shortening
of the construction time can be
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Obr. 1 PFi¢né Fezy hodnocenych projektii
Fig. 1 Cross section of projects evaluated

Jednoduchy ptiklad: pred 30 lety i v menSich dvoupruhovych
silni¢nich tunelech probihala povinné soub&zné razba kaloty, opé&fi
a dna. V soucasné dobé jsou i vétsi dvoukolejné tunely razeny cyk-
licky preruSenim razby kaloty pfi razbé opéii a dna. Tato zména
zpusobu razby byla pfedevsim ovlivnéna zdjmem o zlepSeni kva-
lity vzduchu na pracovni ¢elbé a souvisejicim zvétSenim rozméru
lutny, coZ znemoziuje rozdéleni razby opé€fi na poloviny. Razby
opéfi s hlubokymi odfezy jiZ nejsou prijatelné s ohledem na poZa-
davky stability.

Navrzory vyraznému zvySeni mechanizace pfi konven¢nim tune-
lovéni nelze tedy pozorovat vyraznéjsi zrychleni razby a zkraceni
doby vystavby. ZvySena troven bezpecnosti a ochrany zdravi tedy
sniZuje vliv lepsi mechanizace a technickych zlepSeni.

2. HODNOCENE PROJEKTY

Dva hodnocené projekty jsou tunely Hengsberg (HBT) na jihu
Grazu a Koralm (stavebni tsek KAT 1) v blizkosti Deutschlands-
berg v Rakousku [1], [2] a [3]. Oba tunely postavila némecka firma
Wayss & Freytag AG pro Rakouské spolkové drahy (OBB).

2.1 Geologické podminky

Oba projekty jsou situovany v neogennich sedimentech (miocén)
zapadostyrské panve, kterd je obvykle pokryta kvartérnimi sedi-
menty. Miocénni sedimenty patii do tzv. ,,florianskych® vrstev, kde
prevazuji lagunové sedimenty, tvorené prevazné Spatn€ zpevnénymi
CasteCné vépnitymi prachovci a piskovci. Lokdlné se vysky-
tuji i jemnozrnné az hrubozrnné nezpevnéné sedimenty, jilovce
a slinovce. Mirné€ niZ§i pevnost horninového masivu a prevazné su-
ché podminky v kaloté¢ HBT predstavuji hlavni rozdily mezi témito
dvéma tunely. Navic byly v HBT zastiZzeny pouze malo mocné,
zanedbatelné piskové vrstvy.

2.2 Stavebni podminky

Tab. 1 a obr. 1 poskytuji prehled stavebnich tidaji obou pro-
jekta.

2. EVALUATED PROJECTS

The two projects evaluated are
the Hengsbergtunnel (HBT) in the
south of Graz and the Koralmtunnel

(construction lot KAT 1) in the vicinity of Deutschlandsberg
in Austria [1], [2] a [3]. Both tunnels were constructed by the
consortium-partner Wayss & Freytag AG form Germany on behalf
of the Austrian Federal Railways (OBB).

2.1 Geological Conditions

Both projects are situated in neogen sediments (miocene) of the
West Styrian basin which is usually covered by quartenary deposits
(“Florianer Schichten”). Most of the construction lot is situated in
Miocene sedimentary rocks of the Western Styrian Basin, which are
frequently overlain by Quaternary sediments. The Miocene sediments
belong to the so called “Florianer” beds, which are dominated by
lagoon deposits, consisting mainly of poorly consolidated, partly
calcareous silt- and sandstone. Locally also fine- to coarse grained
unconsolidated sediments, mudstone and marlstone are found. A
slightly lower rock mass strength as well as mostly dry conditions
in the HBT heading represent the major differences between the two
lots. Additionally only thin, negligible sand layers were found.

2.2 Construction Boundaries
The table 1 and figure 1 gives an overview of the construction
boundaries of both projects:

3. LOGISTIC BOUNDARIES AND LIMITATIONS

According to the design limitations (excavation cross section) the
following logistical constrains are given for tunnelling.

Mucking: While the HBT provided enough space for two parailel
and thus efficient working wheel loaders to muck the material from
the face back to the temporary muck disposal there was only space
for one wheel loader at the KAT 1 project. The loader had to load
the material on dumpers for transportation to the temporary muck
disposal which was an additional and time consuming process. At
the HBT the interim deposit could be situated close to the face —
mostly at the end of the bench excavation — which reduced time

critical mucking with the wheel loaders. On the KAT 1 project the
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Projekt Tunel Hengsberg (HBT) Tunel Koralm KAT 1

Koncepce/usporadant: fr(\jlﬁ)rl] g;g;ulggﬁ{'?y zelezniéni tunel se dvéma nouzovymi g\r/gp%?kr::ﬁlinggeggglé?lejné zelezniéni tunely s nouzovymi
Délka: cca 1 km cca 2,5 km

Nadlozi: 0-40m 0-80m

Plocha pfi¢ného fezu: 1 tubus s 120 m2 2 tubusy po 66 m?

Déleni Celby: (obr. 1) kalota, opéfi, dno kalota, dno

cyklicka razba,

Zpisob razby: uzavieni dna po 100-150 m

cyklicka razba,
uzavieni dna po 60-70 m

ZpUsob rozpojovani:

vétsinou pomoci trhacich praci, ve zhorSenych horninovych podminkach tunelovym bagrem

Zjednodusend koncepce
vyztuzeni:

20-30 cm vyztuzeny stfikany beton (2 vrstvy siti), pfihradovy ram, svorniky; ¢asteéné jehlovani; déleni elby (stfikany beton
a sité, Celbové kotvy); mikropilotové destniky v oblasti portélu

Pocet razicu: 3 smény s 5 razi€i v praci; 1 sména ma volno

4 smény s 5 razi€i v praci, 1 sména ma volno (pro kazdy
tubus)

Zasobovani materialem (stfikany
beton/konstrukéni ocel):

pracovni sména podporend dalSim logistickym personalem

dodate¢ny logisticky personal

1 vrtny viiz (AC L2C)
1 tunelovy bagr LH 934
Strojni vybaveni: 2 kolové nakladace LH 566

1 zdvizng pracovni ploSina

1 manipulator stfikaného betonu Meyco Potenza

(pro kazdy tubus):

1 vrtny viiz (AC L2C)

1 tunelovy bagr CAT 328

1 kolovy naklada¢ LH 566

1 manipulator stfikaného betonu Meyco Potenza
1 zdvizng pracovni ploSina

2 nakladni vozy Kaelble KV25N

Odtézovani:

Table 1 Overview of projects evaluated

od vyrubu k do¢asné meziskladce (cca 200 m) pomoci 2
kolovych nakladacli (je na kritické cesté), odtud na skiadku
béZnymi nakladnimi vozy (nenf na kritické cesté)

od vyrubu k docasné meziskladce (cca 500 m) pomoci

1 nakladace a 2 nékladnich voz( (je na kriticke cestg),
odtud na skladku béznymi nakladnimi vozy (neni na kritické
cesté)

Project Hengsbergtunnel (HBT) Koralmtunnel KAT 1

Concept / Layout: one double-track railway tunnel with two emergency exits via | two parallel single-track railway tunnels with connecting
shafts (emergency) cross passages every 500m

Length: approx. 1km approx. 2,5km

Overburden: 0-40m 0-80m

Cross Section Area: 1 tube with 120m? 2 tubes with 66m? each

Cross Section Type:

(see Figure 1) top heading, bench, invert

top heading, invert

Stop & Go,

Al il ring closure: 100-150m

Stop & Go,
ring closure: 60—-70m

Excavation Method:

mostly drill & blast, in poor ground conditions excavator

Simplified Support Concept:

20-30cm reinforced shotcrete (2 layer wire mesh), lattice girder, rock bolts; partly spiling; sub-division of excavation face and
face support (shotcrete & wire mesh, face bolts); steel pipe umbrellas in portal area

Crew Size: 3 shifts with 5 miners working; 1 shift is off

4 shifts with 5 miners working, 1 shift is off (for each tube)

Supply of support elements
(shotcrete / structural steel):

working shift supported by additional logistic personal

additional logistic personal

1 Drilling Jumbo (AC L2C) 1 Digger LH 934
2 Wheel Loaders LH 566

(for each tube):
1 Drillimg Jumbo (AC L2C) 1 Digger CAT 328
1 Wheel Loaders LH 566

Equipment: 1 Shotcrete Manipulator Meyco Potenza 1 Shotcrete Manipulator Meyco Potenza
1 elevating work platform 1 elevating working platform
2 mucking trucks Kaelble KV25N
from the face to a temporary muck disposal (approx. 200m) | from the face to an temporary muck disposal (approx. 500m)
Mucking: using 2 wheel loaders (time critical), using 1 wheal loader and 2 mucking trucks (time critical),

3. LOGISTICKA OMEZENI

Z omezeni navrhu (plocha vyrubu) vyplyvaji nasledujici logis-
ticka omezeni:

Qdtézovani: Zatimco HBT poskytoval dostatek mista pro dva pa-
ralelné a efektivné pracujici kolové nakladace k odvozu rubaniny
z Celby na docasnou mezideponii, u projektu KAT 1 byl prostor
pouze pro jeden kolovy naklada¢. Naklada¢ musel materidl nalozit

na dampry pro prepravu na docCasnou mezideponii, coZ byl dalsi
a Casov€ ndro¢ny proces. U HBT moha byt docasna mezideponie

from there to landfill with normal trucks (non time critical)

from there to landfill with normal trucks (non time critical)

location of the temporary muck disposal was restricted to the area of
the intersection of the last excavated cross passage and the main tube
because loading on the “normal” trucks for transportation to the land
fill required a certain amount of space. According to this location and
the long distance to the face the mucking required more time.
Ventilation: The supply of fresh air in both projects was realized
with blowing ventilation. Due to the more than twice as long
ventilation section of KAT 1 in comparison with HBT the diameter
of the ventilation duct was 2.4m. The ventilation duct was installed
in the upper sidewall to crown section (see Fig. 1). Below the duct
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umisténa v blizkosti Celby (vétSinou na konci razby opéfi), coz
zkratilo kritickou dobu odtéZovani pomoci kolovych nakladacu.
Na projektu KAT 1 bylo umisténi docasné mezideponie vymeze-
no na oblast napojeni posledni vyraZené propojky na tratovy tunel,
protoZe nakladdani na standardné uZivané dampry pro prepravu na
skladku vyzadovalo dostatecny prostor. Vzhledem k velké vzdéle-
nosti daného mista od Celby vyzadovalo odtéZovani vice Casu.

Vétrani: Privod Cerstvého vzduchu na celbu byl na obou pro-
jektech realizovan tlakovym vétranim. Vzhledem k vice neZ dvoj-
nasobné délce ventilacniho tseku KAT 1 ve srovnani s HBT byl
primér lutny na KAT 1 2,4 m. Lutna byla instalovana na strané
horni klenby (obr. 1). Pod lutnou byl dostatek mista (vyska) pro
kontejner na material, zachranny kontejner a odstavnou plochu
pro stroje (tunelovy bagr, dampry, atd.). Zbyvajici prostor v pfic-
ném fezu nebyl dostatecny pro obousmérny provoz. Za vyrazenym
opéfim a za poslednim kiiZzenim s propojkou bylo vice prostoru
pro rychlejsi a efektivnéj$i provoz

TuNel

was enough space (height) for material container, rescue container,
parking area for excavation equipment (excavator, dumpers, etc.). The
remaining space in the cross section was too small for bi-directional
traffic. After bench excavation and behind the last intersection of a
cross passage there was more space for quicker and more efficient
traffic (logistic) in the tunnel tubes. In between the tunnel section
with already excavated cross sections it was possible to realise one-
way traffic which speeded up the traffic in the tunnel. At the HBT
the diameter of the ventilation duct was 2.2m and it was installed
in the upper sidewall. There was enough space for parallel working
of different machines (e.g. excavator and loader) almost everywhere
along the tunnel (top heading / bench / invert excavation) as well as
the possibility to pass-by oncoming traffic.

Water drainage and dewatering: The installation of a suitable
dewatering system including transport pipes, pumps and ditches
results in a narrowing of the cross section for other works. Water

(logistiku) v tunelovych tubusech.

trvani éinnosti KAT 1 duration of activities KAT 1

= razba excavation === vyztuzeni pfed celbou pre support

= VyZtuzeni support === svornikovani rock bolting

logistika logistic === délka zabéru round length

|

1,20

0,80

délka zabéru [m] round length [m]

0,40

V useku tunelu s vyraZzenymi pro-
pojkami bylo mozné realizovat jed- 500
nosmérny provoz Vv jednotlivych al
trafovych tunelech, coZ zrychlilo 4,50 1
provoz v tunelu. U HBT byl pra- oy
mér lutny 2,2 m a byla instalovana
v horni bocni sténé. Témef vSude E 350 i i
podél tunelu (kalota/opéfi/dno) byl % 300 1 4
dostatek prostoru pro paralelni praci B /
riznych strojd (napf. tunelové bagry 3 250 j=
a nakladace) a také moZnost vyhybat E 2,00 h |
se protijedouci dopravé. :§ ‘
Drend7e _a_odvodnéni: Instalace S A |
vhodného odvodiovaciho systému, 1.00 4 A
véetné dopravniho potrubi, Cerpadel w f
a odvodiovacich pfikopt, ma za né- 050 R
sledek zuzZeni prifezu pro jiné préce. 0,00 L ‘ ‘ |
Pritoky byly shromazdovany v piiko- 300 400 500 600 700 800
pech vedoucich podél boc¢nich stén
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stani¢eni [m] chainage [m]

do jimek tak, aby byly ¢erpany do do-
pravniho potrubi. Pfikopy podél boc-
nich stén vyrazné ovliviuji prace na

Obr. 2 Doba trvdni ¢innosti KAT 1
Fig. 2 Duration of activities KAT 1

Celbé. Vliv byl mnohem Vyznamnejsi trvani éinnosti HBT duration of activities HBT
u mensiho proﬁlu tunelu (KAT 1) nez 500 - = razba excavation === vyztuzeni pred Celbou pre support
u vétsiho proﬁlu tunelu (HBT). ' = VyZtUZeni SUppOrt === svornikovani rock bolting
450 - logistika logistic === délka zdbéru round length
4. STATISTICKE r
VYHODNOCENI 4,00 1 160
E
U obou projekti byly statisticky T 3,50 g
analyzovany Casové zdznamy. Byla = : 1 ] K
< PR . 5 3,00 - 1,20 5
stanovena Casovd naro¢nost jednot- = <
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Obr. 3 Doba trvdni ¢innosti HBT
Fig. 3 Duration of activities HBT
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vyztuz: konstrukce primarniho osténi (ocelova sit, prihra- intakes were gathered in ditches running on the side walls back to
dovy ram, stfikany beton); sumps to be pumped into transportation pipes. The ditches in the

svorniky:  instalace svorniki; sidewall significantly influence the excavation works at the face.

logistika:  GdrZzba dopravni cesty, vedeni vzduchu, vody, elek- The influence is much more significant in the smaller cross section
trického napdjeni, ventilace, opravy zafizeni. (KAT 1) than in the larger one (HBT).

Vysledkem tohoto vyhodnoceni je zaznam v podélném fezu tu-

nelu, ktery predstavuje potfebnou asovou nironost na metr po- | 4. STATISTICAL EVALUATION

stupu tunelu pro kazdou hlavni ¢innost a pro kazdou tfidu vyrubu. For both projects, the daily shift reports were statistically analyzed.
Na obr. 2 a 3 jsou uvedeny vysledky analyzy pro projekt KAT 1 | The time consumption for individual activities within a cycle were
a HBT. Vodorovné osa predstavuje staniceni tunelu, svisld osa vle- determined and assigned to the specific excavation classes. The
vo ukazuje dobu trvani aktivity (h/m) a svisla osa vpravo ukazuje | evaluation of the individual activities was performed separately for
konkrétni délku provedeného zabéru. the individual partial cross sections (top heading / bench / invert).

Tab. 2 Porovndni vykonii obou projektii a tiid raZeb

Trida Tiida 5 Trida 6 Tida7 e mikropilotovym
1,31-1,70 m 1,01-1,30 m 0,81-1,00 m
Usek KAT 1 HBT KAT 1 HBT KAT 1 HBT
Tridavjrubu | N-5-A-s i N-6-B-s i N-7-P-s o
2,05-5,21 6,66—10,55 16,18-0,55
Realizovany 499 m/den | 4,97 m/den | 3,31 m/den | 4,10 m/den | 1,63 m/den | 1,63 m/den
postup 4,81 h/bm | 4,83 h/bm 7,24 h/bm 5,86 h/bm 14,7 h/bm 14,7 h/bm
. 481 x5 4,83 x5 7,24 x 5 5,86 x 5 147 x5 147 x5
sg%c:"“' 0S. % 2 0s. x 1 0S. X 2 0s. x 1 0S. % 2 0. x 1
48 h/bm 24 h/bm 72 h/bm 29 h/bm 147 h/bm 73 h/bm
Razby 2x66= | 1gmo/bm | 2%88= | qogpmespm | 2X71= | 136 mybm
132 m3/bm 136 m3¥bm 142 m3/bm
Table 2 Comparison of performance of both projects and excavation classes
Class Class 5 Class 6 Class 7 with st.p.umbrella
1.31-1.70m 1.01-1.30m 0.81-1.00m
Lot KAT 1 HBT KAT 1 HBT KAT 1 HBT
Clan " NEAs | poitor | N6Bs | geoss | NTPS | 1g1a4055
Realized 4.99m/day 4.97m/day 3.31m/day 4.10m/day 1.63m/day 1.63m/day
Advance 4.81h/m 4.83h/m 7.24h/m 5.86h/m 14.7h/m 14.7h/m
. 481 x5 4,83 x5 7,24 x5 5,86 x 5 14,7 x5 14,7 x5
Vval:I:;ng Px2 Px1 Px2 Px1 Px2 Px1
48h/m 24h/m 72h/m 29h/m 147h/m 73h/m
Excavation | 508~ | qtemym | 2x68= | qogmym | ZXT1Z | 436mem
P — person

celkova spotieba ¢asu — kompletni profil total time consumption — complete cross section

|
‘ ‘ ‘ W razba excavation

4 jehly, 38 m? 5 cm stfikany beton na ¢elbé, svorniky 5,5x4 m m vyztuzeni support
4 spiles, 38m? 5¢cm face shotcrete, 5.5x4m rock bolts o logistika logistic

N-5-A-s

N5

‘ ‘ ‘ B vyztuZeni pfed ¢elbou pre support
3 jehly, 45 m? 5 cm stiikany beton na ¢elbé, svorniky 9x4 m m svornikovani rock bolting

3 spiles, 45m? 5cm face shotcrete, 9x4m rock bolts

20 jehel, 44 m?3 m?/10 cm stfikany beton na ¢elbé, svorniky 5,5x4 m, 2 svorniky v ¢elbé
20 spiles, 44m?/3m? /10cm face shotcrete, 5.5x4m rock bolts, 2 face bolts

N-6-B-s

He 11 jehel, 43 m?/1,5 m? 5/10 cm stfikany beton na ¢elbé, svorniky 9x4 m

11 spiles, 43m?/1.5m? 5/10cm face shotcrete, 9x4m rock bolts

N-7-P-s

44m?10cm face shotcrete, 6x6m rock bolts, 6 face bolds, 4 part. faces in top heading

tunelovaci/vystrojovaci tfida excavation class

44 m? 10 cm stiikany beton na ¢elbé, 6x6 m svorniky, 6 svornikd v elbé, 4 ¢asti. Celby kaloty J

62 m? 10 cm stiikany beton na ¢elbé, 6x6 m svorniky, 14 svornikl v ¢elbé, 6 nasobné déleni ¢elby kaloty
62m? 10cm face shotcrete, 6x6m rock bolts, 14 face bolds, 6 part. faces in top heading heading

trvani [h/Ifm] duration [h/Ifm]

Poznamka: barvy popisu ve schématu odpovidaji barvam v legendé ¢innosti
Notice: the colours of the description in the diagram correspond to the colours in the activity legend

0 2 4 6 8 10 12 14 16

Obr. 4 Statistické vyhodnoceni doby trvdni hlavnich ¢innosti a priimérné mnoZstvi vyztuze
Fig. 4 Statistical evaluation of duration of main activities and average amount of support

The following main activities have

been grouped and summarized:

excavation:  Drill & Blast,
ventilation, mucking
(excavation and
mucking respectively);

pre-support:  spiling, installation of
face support;

support: construction of
primary lining (wire
mesh, lattice girder,

shotcrete);

rock bolting:  installation of rock
bolts;

logistic: maintain roadway,

air-, water-, electrical
power-supply,
ventilation, equipment
repairs.

The result of this evaluation
is a written longitudinal section
which represents the required time
consumption per meter tunnel
advance for each main activity and
for each excavation class. Figure 2
and 3 show the results for the KAT 1
and HBT project. The horizontal
axis represents the chainage of the
tunnel, the primary axis (left) shows
the duration of the activity (h/m) and
the secondary axis (right) shows the
specific round length executed.

The effect of training at the
beginning of the advance can be
clearly identified. With reducing
round length

(=“worse  ground conditions”)
the duration for the activities is
increasing (more time consumption
for excavation, installation of support,
...). In some sections one can observe
that some meters before changing to
another excavation class (other round
length) the durations — particularly
“opening” — are increasing. This
reduction of excavation speed reflects
the decreasing ground quality just
before the change of the class (for
example see project KAT 1 chainage
1200m to 1400m). Conversely, when
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Jednoznacné je mozné identifikovat efekt zacviku pracovnikil
na zacatku postupu. Se zkracenim délky zébéru (pro horsi geolo-
gické podminky) se doba trvani ¢innosti prodluzuje (vyssi Casova
narocnost pro razbu, instalaci vyztuze, atd.). V nékterych usecich
lze pozorovat, Ze né€kolik metrii pfed prechodem na jinou tfidu
vyrubu (jind délka zabéru) se potfebné doby — zejména ,,otevieni
celby* — prodluzuji. Toto zpomaleni rychlosti razby odraZi zhor-
Seni geologickych pomért té€sné pred zménou tfidy (napf. projekt
KAT 1 ve staniceni 1.200 m az 1.400 m). Naopak, kdyZ se geolo-
gické podminky zlepsi, dojde ke zrychleni razicich praci a jde po-
zorovat zkraceni pracovniho cyklu (napi. projekt HBT ve staniceni
700-800 m).

5. POROVNANI TRID VYRUBU

V tab. 2 a na obr. 4 jsou porovnany jednotlivé vysledky pro tridy
vyrubu obou projektd. Realizované postupy ve tfidach 5 a 7 jsou
témér stejné, pouze piirazbé ve tfide 6 je realizovany postup v pro-
jektu KAT 1 pomalejsi nez u HBT. Divody jsou uvedeny dale.

Vzhledem k velmi vysokému stupni mechanizace konven¢ni raz-
by zavisi pocet razicl predevsim na poctu pouZzitych strojii a zpu-
sobu prace, nikoli na velikosti vyrubu. Posadky na obou projektech
jsou tedy stejné velké a ve skutecnosti je celkovy pocet razicl vy-
uzitych na dva tunely (KAT 1) dvojndsobny oproti jednomu tunelu
(HBT). V dasledku toho je celkovy pocet pracovnich hodin u dvou
jednokolejnych tunelt dvojnasobny oproti jednomu dvoukolejné-
mu tunelu.

5.1 Tiida vyrubu s délkou zabéru mezi 1,30-1,70 m

Tridy vyrubu ,,N-5-A-s* (KAT 1) a ,,H5/2,05* az ,,H5/5,21* jsou
geotechnicky srovnatelné. Tyto tfidy se provadéji bez zajisténi Cel-
by, bez déleni Celby a s CasteCnym jehlovanim. Je predpokladan
viceméné kompaktni horninovy masiv bez pfitokii podzemni vody
(napf. nezvétraly piskovec, prachovec). Bez vnéjsich negativnich
vlivi Ize postupy do zna¢né miry optimalizovat. Na druhou stranu
s logistickymi omezenimi (napf. problémy s dodavkou materidlu
nebo s odté¢Zovanim) dosahovany vykon vyrazné klesd. V souhrnu
jsou realizované postupy u obou projektll téméf stejné. Pocet pra-
covnich hodin pro KAT 1 (dva tunely) je dvojndsobny ve srovnini
s HBT (jeden tunel).

5.2 Tiida vyrubu s délkou zabéru mezi 1,00-1,30 m

Tridy vyrubu ,N-6-B-s* (KAT 1) a ,H6/6,66“ az ,H6/10,55*
jsou geotechnicky srovnatelné. Trida N-6-B-s byla navrZzena s dé-
lenim Celby a se zajiSténim na celou Celbu, ale ve vétSiné tsekl
byla realizovana se sniZzenym poctem dil¢ich Celeb a s omezenym
zajiSténim celby. Proto byla tfida N-6-B-s ,,srovnatelnd* s tfida-
mi razby HBT. V obou projektech bylo systematicky vyuzivano
jehlovani. Dané tfidy byly realizovany v geotechnicky narocnych
usecich (zvétraly piskovec nebo piskovec s nizkou pevnosti) vetsi-
nou v kombinaci s podzemni vodou. Dosazeny postup na KAT 1
byl vyrazné nizsi neZ u HBT. PoZadovana opatfeni na odvadéni
vody (podéIné prikopy) méla vyrazné€jsi vliv na postup v mensim
prurezu KAT 1.

5.3 T¥ida razby s mikropilotovym destnikem

V portdlovych oblastech obou projekti byly instalovany mik-
ropilotové deStniky. Prestoze se pouZzivané deStnikové systémy
technicky vyrazné lisi, postupy pod témito destniky lze srovnavat.
Geotechnicka situace byla dana nizkym nadloZim a Spatnymi geo-
logickymi poméry. Razba byla provadéna v dil¢ich vyrubech celby
s pouZitim rozsihlého zajiSténi Celby. Realizované postupy jsou
u obou projektid obdobné.

Tuel

ground conditions become better an acceleration of the excavation
works (= reduction of durations can be observed (for example see
project HBT chainage 700m—800m).

5. COMPARISON OF EXCAVATION CLASSES

In Table 2 and figure 4 the individual results for the excavation
classes of both projects are compared. The realized advance in the
classes 5 and 7 are almost equal, only when tunnelling in class 6
the realized advance in the KAT 1 project is slower than at the HBT.
Reasons for these findings are given later.

According to the very high degree of mechanization of conven-
tional tunnelling the crew size mainly depends on the number of
used machines and the method of working and not on the size of
the cross section to be excavated. Thus the crews on both projects
have the same size and as a matter of fact, the total number of miners
used for two advances (KAT 1) is double compared to one advance
(HBT). Consequently, the total amount of working hours used for
two one-track tunnels is twice that for one double-track tunnel.

5.1 Excavation Class with round length of between
1,30m-1,70m

The excavation classes “N-5-A-s” (KAT 1) and “H5/2.05” to
“H5/5.21” are geotechnically comparable. These classes are carried
out without face support, no subdivision of the face and partly spiling.
A more or less compact rock mass without ground water seepage is
required (for example unweathered sandstone, siltstone). Without
external negative influences the advance can be optimized to a high
degree. On the other hand, with logistical constraints (e.g. problems
with supply of support or with mucking) the achieved performance
drops down significantly. All in all, the realized advance is almost
equal in both projects. The number of working hours for KAT 1 (two
tubes) is double compared to HBT (one tube).

5.2 Excavation Class with round length of between
1,00m-1,30m
The excavation classes “N-6-B-s” (KAT 1) and “H6/6.66” to
“H6/10.55” are geotechnically comparable. The class N-6-B-s
was designed with subdivision of the face and full face support
but realized in most sections with a reduced number of sub-faces
and reduced face support. Therefore it became “comparable” to the
excavation classes of HBT. Spiling was used systematically in both
projects. These classes were realized in geotechnically challenging
sections (weathered or weak sandstone) mostly in combination with
ground water. The achieved advance in KAT 1 is significantly lower
than in HBT. The required measures for water treatment (ditches)
have a more significant influence on the advance in the smaller
KAT 1 cross section.

5.3 Excavation Class with steel pipe umbrella

In the portal areas of both projects steel pipe umbrellas were
installed. Although the applied umbrella systems technically differ
significantly, the advance under these umbrellas can be compared.
The geotechnical situation was determined by shallow overburden
and poor ground conditions. The excavation was done in sub-faces
using heavy face support. The realized advance rate in both projects
is more or less equal.

6. ANALYSIS OF CROSS SECTION
(TOP HEADING/BENCH/INVERT)

In Figure 5, the required duration of the cross sections top heading
/bench / invert are presented separately (at KAT 1 there was only top
heading and invert excavation). It is clearly visible that the smaller
top heading excavation of KAT 1 requires more time than the large
cross section (HBT) for the classes 5 and 6. The duration of “rock

bolting” at KAT 1 is completely done during top heading excavation
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6. ANALYZA DILCICH VYRUBU

Na obr. 5 je pozadované doba raz-

celkova spotieba ¢asu — fez total time consumtion — cross section

My

by dil¢ich vyrubii kaloty/opéfi/dna
uvedena samostatné (u KAT 1 byla
raZzena pouze kalota a dno). Je jas-
né vidét, Ze razba mensiho vyrubu

N

N5 W HBT

B kalota (HBT nebo KAT 1) top heading (HBT or KAT 1)
m opéfi (HBT) nebo dno (KAT 1) bench (HBT) or invert (KAT 1)
m dno (HBT) invert (HBT)

kaloty na KAT 1 vyzaduje vice Casu
nez velky vyrub (HBT) pro tfidy 5
a 6. Instalace svornikti na KAT 1 je
kompletn€ ukoncena b&hem raZby
kaloty, zatimco u HBT byla asi polo-
vina svorniki provddéna béhem raz-

N-6-B-s I kAT 1

H6 | HBT

by opéfi. Casové zpozdéni pii razbé
kaloty v KAT 1 je kompenzovano
rychlej$i razbou dna. Dodate¢na tieti
pracovni ¢elba u HBT vyZaduje delsi R7
dobu pro pripravu a logistiku. Razba

N-7-P-s

tunelovaci/vystrojovaci tiida excavation class

vy

opéfi a dna dohromady (HBT) je po-

trvani [h/m] duration [h/m]

malejsi nez razba dna (KAT 1).

Ve tfiddch vyrubu pouZivajicich
mikropilotovy destnik nebyl pozo-
rovan rozdil v postupu kaloty. Prav-
dépodobné vétsi vliv na postup nez velikost prirezu maji pomér-
né kratké deStnikové dseky (délka = 10 m) a zaSkolovani osadky
v uvodnich tsecich rezeb. Navic po instalaci deStniku musi byt
razba znovu zahdjena a na konci deStniku zastavena. Osténi (sité
a stfikany beton) musi sledovat stupriovity tvar vyrubu deStniko-
vych kaplicek, coZ je ¢asov€ ndrocné a téméf nezavisi na velikosti
prufezu.

7. ANALYZA JEDNOTLIVYCH CINNOSTI

Obr. 6 ukazuje pozadovanou dobu trvani jednotlivych ¢innosti
pro kalotu a ostatni dil¢i vyruby. Razba kaloty nebo dna na KAT 1
je casové velmi ndrocnd z hlediska celkové Casové ndrocCnosti
a vzhledem k vytéZenému objemu (kalota KAT 1: 47 m2, HBT:
57 m?). Vzhledem k tGzkému prifezu lze materidl odvéaZzet pou-
ze jednim kolovym nakladacem a dodatecnymi ndkladnimi vozy
(obr. 7). Zejména pti postupu dna nebo opéii pod mikropilotovym
destnikem, a pfi pozadovaném uzavirdni dna v kratké vzdalenosti

Obr. 5 Kompletni spotieba ¢asu pro kalotu, opéri a/nebo dno pro oba projekty
Fig. 5 Complete time consumption for top heading, bench and/or invert for both projects

where as at HBT about half of the rock bolting is done during bench
excavation. The time delay in the top heading excavation in KAT 1
is made up by the faster invert excavation. The additional third cross
section at HBT requires more set-up times and logistics. Bench
and invert excavation together (HBT) are slower than the invert
excavation (KAT 1).

In the classes using steel pipe umbrella, the difference in the top
heading advance has not been observed. Probably the comparatively
short umbrella caverns (length = 10m) and development lengths of
the first tunnel sections have more influence on the advance than the
size of the cross section. Additionally, after the installation of the
steel pipe umbrella the advance has to be re- stared and at the end
of the cavern stopped. The lining (wire mesh and shotcrete) has to
follow the zigzag-lining of the saw tooth-like cavern which is time
consuming and almost not depending on the size of the cross section.

7. ANALYSIS OF SINGLE ACTIVITIES

Figure 6 shows the required duration

celkova spotieba ¢asu - fez total time consumtion — cross section

of the individual activities for the

N-5-A-s

| | | top heading and the other remaining
cross sections. “Excavation” of the

N5

W razba, kalota excavation, top heading

W razba, opéfi/dno excavation, bench/invert
W vyztuzeni kaloty support top heading

0O vyztuzeni opéfi/dno support bench/invert
O logistika kaloty logistic top heading

O logistika opéfi/dno logistic bench/invert

top heading or invert at KAT 1 is very
time consuming in terms of absolute
time consumption and relative to
the excavated volume (top heading

N-6-B-s

H6 | HBT

KAT 1: 47m2?, HBT: 57m?). Because
of the narrow cross section, the
material can only be mucked with one
wheel loader and additional dumpers

(see Figure 7). Especially during

N-7-P-s

| the advance of the invert or bench

tunelovaci/vystrojovaci tfida excavation class

under the steel pipe umbrella and the
required short ring closure for this
excavation class the influence of the
small cross section on the excavation

trvani [h/m] duration [h/m]

and mucking is significant.

Obr. 6 Mérnd spotieba ¢asu pro hlavni ¢innosti a prifezy (kalota, opéii a/nebo dno) pro oba projekty
Fig. 6 Specific time consumption for main activities and cross sections (top heading, bench and/or invert) for both

projects

In the KAT 1 project the activity
“rock bolting” is realized completely
during top heading advance while at



31. rocnik - €. 3/2022

Obr. 7 Rozpojovdni a nakldddni rubaniny v ,,malém* prirezu KAT 1
Fig. 7 Excavation and loading of mucking material in the “small” KAT 1

od Celby pro tuto tfidu razby, je vliv malého priifezu na rozpojovani
a odtéZovani rubaniny vyznamny.

Na projektu KAT 1 je instalace svornikil realizovana kompletné
béhem postupu v kaloté, zatimco u HBT byla asi polovina svornika
instalovana béhem postupu v opéfi. Srovnani tedy neni pouZitelné.

Instalace primarniho osténi v kaloté vyzaduje vice ¢asu u (men-
§iho) profilu projektu KAT 1. Na prvni pohled to nevypada logicky,
protoze mnozstvi instalovaného stfikaného betonu a siti je nizsi.
Ale opét, kvuli stisnénému prostoru, je manipulace se stroji pou-
Zivanymi pro rizné Cinnosti slozitéjsi a ¢asové naro¢néjsi. Doba
mobilizace strojii se prodluzuje o vétsi vzdalenost moznych par-
kovacich pozic od ¢elby. Navic neni mozné ustavit stroje paralelné
(napt. tunelovy bagr a stroj pro nastiik betonu vedle sebe na celbé),
coz ma také za nésledek delSi nebo dokonce dodatec¢né Casy mo-
bilizace stroji. Instalace primarniho osténi v opéfi a ve dn¢ (HBT)
nebo ve dné (KAT 1) je vyrazné ovlivnéna mnoZstvim prvkd, které
maji byt instalovany. Zatimco u HBT je tfeba provést dva dil¢i vy-

N 7:

ruby (opéfi a dno) se srovnatelné vétSim poctem prvkl zajisténi,
u KAT 1 je potieba provést pouze jeden ,,mensi“ dil¢i vyrub (dno).
Casova ndro¢nost u KAT 1 je tedy zhruba polovi¢ni neZ u HBT.
Zabezpecovaci Cinnosti tykajici se logistiky se k plose pri-
fezu chovaji opacné. Opatieni potiebna pro odvodnéni pfi razbé
malé kaloty KAT 1 jsou Casové velmi ndroCnd. Instalace zdso-
bovani (vzduch, voda, el. energie, atd.) byla provedena pfi razbé

dna. Udr7bu a opravy zaiizeni nelze pfitadit k jednotlivym dil¢im

HBT about half of the rock bolts are installed during bench advance.
Thus a comparison is not useful.

The installation of the primary support (activity “support”) in
the top heading requires more time at the (smaller) KAT 1 project.
On the first glance this does not seem logical, as the quantities of
shotcrete and wiremesh installed are lower. But again, due to the
narrow space the handling of the equipment and vehicles used for
the different activities is more complicated and time consuming.
The set-up time is prolonged by the larger distance of possible
parking positions to the face. Additionally it is not possible to set
up the equipment parallel — for example excavator and shotcrete
manipulator side by side at the face — which also results in longer or
even additional set- up times. The installation of the support in the
bench and invert (HBT) or invert (KAT 1) is manly influenced by the
amount of supports to be installed. While at HBT two cross sections
(bench and invert) with comparatively larger amount of supports
have to be built, there is only one “smaller” cross section (invert)
to be constructed at KAT 1. Thus the time consumption at KAT 1 is
about half of HBT.

The activity “logistic” behaves vice versa to the cross section area.
The measures required for dewatering during the small top heading
excavation of KAT 1 are very time intensive. The installation of the
logistic supply (air, water, electrical power, ...) were carried out
during invert advance. Equipment maintenance and repairs cannot
be assigned to individual partial cross sections. Although at HBT

Obr. 8 Prikopy pro odvodnéni (vlevo) a vzhled prikopu a dopravni cesty v hornindch citlivych na vodu
Fig. 8 Ditches for dewatering (left) and appearance of ditch and roadway in water sensitive ground conditions




vyrubiim. Prestoze na HBT byly trvale suché podminky, a proto
byla nutna jen mald nebo Zadna opatieni na odvadéni vody, je prav-
dépodobné, Ze takovy dopad na postup by byl vyrazné nizsi v Sir-
§im pficném fezu (HBT) nez v uzkych pficnych fezech (KAT 1).
Obr. 8 ukazuje geometricky vliv pfikopt probihajicich rovnobézné
s bo¢nimi sténami, a také jak se vliv piikopl zvysuje po né€kolika
metrech postupu. Lze snadno odhadnout objem udrzby potiebné
pro odvodnéni v horninach citlivych na vodu.

8. ZAVER

Zmenseni velikosti pfi¢ného profilu nevede ke zvySeni rychlos-
ti postupu. Dosazitelné rychlosti postupu riznych prifezd tunela
jsou témér stejné pri razeni tunelll se srovnatelnym vybavenim.
Mnozstvi pracovnich hodin potfebné pro razbu dvou jednokolej-
nych tunell je dvojnasobné nez u jednoho dvoukolejného tunelu.

Pokud jsou rozméry kaloty pfili§ malé pro instalaci vykonného
zafizeni (napf. tunelového bagru o hmotnosti 40 tun), dosaZitelna
rychlost postupu vyrazné klesa. V zavislosti na celkové délce tune-
Iu, ktery ma byt vyrazen, je potieba urcity pocet logistickych kave-
ren v pravidelnych vzdalenostech. Propojky (pokud jsou v projektu
navrzeny) by mély byt vybudovany co nejdfive, aby byla podpore-
na logistika.

Objem té€zby jednoho dvoukolejného tunelu se viceméné rovna
objemu dvou jednokolejnych tuneld (zde 1x 120 m? vs. 2x66 m?
na béZny metr tunelu). Vzhledem k delsimu obvodu dvou tratovych
tunelll potfebuje KAT 1 vétsi mnoZstvi materidlu nez HBT. Vliv
podzemni vody je velmi vyznamnym a limitujicim faktorem pro
mensi prafez. Kvuli potfebnym sbérnym piikopim se zmensuje jiz
tak uzka Sitka pojizdné plochy (dopravni cesta). Paralelni prace ne-
jsou mozné a doba trvani ¢innosti se prodluzuje.

Na zakladé téchto pozorovani a zjisténi je ziejmé, Ze projektova-
ni dvou jednokolejnych tuneld vede k vyraznému nartstu naklada.
Na druhou stranu z hlediska bezpecnosti (pro razbu a provoz) ma
tato koncepce jasnou vyhodu. Diky existujicim propojkam, které
spojuji oba tunely v pravidelnych vzdalenostech, 1ze pozadované
nouzové vychody realizovat snadno a s pomérn€ nizkymi néklady.
Pro dvoukolejnou koncepci je tfeba vybudovat dodatecné nouzo-
vé Sachty nebo zachranné tunely vcetné potfebné infrastruktury na
povrchu. V zavislosti na nadlozi a délce projektu mohou byt tyto
dodate¢né pozadované Sachty a zachranné tunely finanéné znacné
narocné.

Do jaké miry mohou byt dodate¢né naklady na vystavbu projek-
tl se dvéma jednokolejnymi tunely kompenzovany niz§imi naklady
na udrzbu a Zivotnost, nelze v soucasnosti skute¢né posoudit kvili
nedostatku zkuSenosti s idrzbou danych tuneld.
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consistently dry conditions have been encountered and thus little or
no water treatment measures were necessary, it is plausible that such
an impact in the wider cross section (HBT) would have significantly
lower impact on the advance, than in narrow cross sections (KAT 1).
Figure 8 shows the geometrical influence of ditches running parallel
to the side walls and how the ditches deteriorate after some meters
of advance. One can easily guess the amount of maintenance needed
for dewatering in water sensitive ground conditions.

8. RESUME

A reduction of the cross section size hardly results in an increase
of the advance rate. The achievable advance rates of different tunnel
sizes are almost equal when tunnelling in undisturbed logistic
conditions with comparable equipment. The amount of working
hours used for two single- track tunnels is double the amount of that
for one double-track tunnel.

If the useable cross section of top heading is too small for
installation of powerful equipment (e.g. excavator with 40 tons
weight) the achievable advance rate drops down significantly.
Depending on the total length of the tunnel to be constructed a
certain number of logistic caverns in periodical distances are needed.
Cross passages — if existing in the project — should be constructed as
soon as possible to support logistics.

The mucking volume of one double-track tunnel is more or less
equal to the volume of two single- track tunnels (here 1x120m? vs.
2x66m? per meter tunnel). Due to the longer circumference of the
two tubes, KAT 1 needs more support than HBT. The influence of
groundwater is very significant and limiting factor for the smaller
cross section. Due to the required ditches the narrow width of the
working area (road way) is reduced additionally. Parallel working is
impossible and duration of the activities increases.

Based on these observations and findings it becomes clear, that
the design of two single-track tunnels results in a significant increase
of costs. On the other hand in terms of safety (for construction and
operation!) this concept has a clear advantage. Due to the existing
cross passages which connect both tubes in regular distances the
required emergency exits can be realized easily and at comparatively
low costs. For the double-track concept additional emergency shafts
or rescue tunnels have to be constructed including the required
infrastructure on surface. Depending on the overburden and length
of the project these additional required shafts and rescue tunnels
become more cost intensive.

To what extent the additional construction costs of projects with
two single-track tubes can be compensated due to lower maintenance
and life time costs can presently not really be judged because of lack
of experience in maintenance of such projects.
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VYHODNOCEN{ 26N INDUKOVANYCH RAZBOU DILA V PEVNYCH
HORNINACH S VYUZITIM MATEMATICKEHO MODELOVANI
EVALUATION OF EXCAVATION INDUCED ZONES IN HARD ROCKS
USING MATHEMATICAL MODELING

EVA HRUBESOVA, LUKAS DURIS

ABSTRAKT

Cldnek se zabyvd moznostmi vyhodnoceni razbou indukovanych dilcich zén v okoli podzemniho dila situovaného v prostredi pevnych
krehkych hornin s vyuZitim kontinudlniho modelu zaloZeného na numerické metodé konecnych prvkii. Problematika zon indukovanych
razbou podzemniho dila je v Ceské republice aktudlni i v souvislosti s pldnovanou vystavbou hlubinného iiloZisté radioaktivniho odpa-
du, nebot v raZbou indukovanych zondch dochdzi v zdvislosti na jejich charakteru k vyznamnym zméndm mechanickych i hydraulickych
charakteristik horninového materidlu v okoli dila, a tudiz miiZe byt vyznamné ovlivnéna propustnost horninového masivu kolem dila.
V divodni cdsti ¢ldnku je uvedena charakteristika jednotlivych dilcich zon indukovanych razbou dila (vysoce poruSend zona, poruSend
zona a ovlivnénd zona). Ddle jsou prezentovdny zdkladni principy Diederichsova koncepcniho pristupu nazvaného Damage Initiation and
Spalling Limits (DISL), ktery zohledriuje stav iniciace poruseni materidlu a stav iniciace porusent typu spalling (deskovité odpryskdvdni
materidlu) a vyuZivd odpovidajici kompozitni kiivku porusSeni horninového materidlu, determinovanou vrcholovymi a rezidudlnimi pa-
rametry Hoek-Brownova (H-B) kritéria poruSeni. V zdvérecné Cdsti prispévku je na vybraném podzemnim dile ilustrovdno vyhodnocent
rozsahu jednotlivych dil¢ich zon indukovanych razbou podzemniho dila s vyuZitim uvedeného koncepcniho pristupu DISL a numerického
modelovdni.

ABSTRACT

The article deals with the possibilities of evaluation of excavation induced sub-zones in the vicinity of an underground opening
situated in the environment of hard brittle rocks using a continuous model based on the numerical finite element method. The issue
of excavation induced zones of an underground opening is relevant in the Czech Republic also in connection with the planned
construction of a deep repository for radioactive waste, as excavation induced zones cause significant changes in mechanical and
hydraulic characteristics of rock material around the excavated work, and therefore the permeability of the rock mass around the opening
can be significantly affected. The introductory part of the article presents the characteristics of individual sub-zones induced by the
excavation (highly damaged zone, damaged zone and influenced zone). Furthermore, the basic principles of the Diederichs conceptual
approach called Damage Initiation and Spalling Limits (DISL) are presented, which takes into account the initiation of material failure
and the initiation of spalling type failure and uses the corresponding composite curve of rock material failure, determined by peak
and residual parameters of Hoek-Brown’s (H-B) failure criteria. The final part of the paper illustrates the evaluation of the depths of
individual sub-zones induced by the excavation of a selected underground opening using the DISL conceptual approach and numerical
modeling.

uvop

Razba podzemniho dila je vZdy spojena s narusenim stavu pri-

INTRODUCTION

The excavation of an underground opening is always associated
with the disturbance of the insitu equilibrium of the rock mass,
the redistribution of stress and the emergence of induced zones
of various properties and depth in the vicinity of the underground
opening. In these excavation -induced zones, not only the mechanical
properties of the rock material (strength, deformation) but also the
hydraulic properties can be significantly affected. These changes
in properties can then have a negative effect both in terms of the
stability of the opening and in terms of the permeability of the rock
environment around the opening. The aspect of increasing the rock
permeability is emphasized in the case of underground openings
that are part of the underground complex of a deep radioactive
waste repository, and the requirement for minimum permeability

marni rovnovdhy horninového masivu, redistribuci napéti a vzni-
kem indukovanych z6n rizného charakteru a rozsahu v okoli pod-
zemniho dila. V téchto razbou indukovanych zénach mohou byt
vyznamné ovlivnény nejen mechanické vlastnosti horninového
materialu (pevnostni, deformacni), ale rovnéz vlastnosti hydrau-
lické. Tyto zmény vlastnosti se pak mohou negativné projevovat
jak z hlediska stability dila, tak i z hlediska propustnosti hornino-
vého prostiedi v okoli dila. Aspekt zvySeni propustnosti hornino-
vého prostiedi je akcentovan v pfipadé, kdy se jednd o podzemni
dila, ktera jsou soucasti podzemniho komplexu hlubinného ulozi-
$té radioaktivniho odpadu, a poZzadavek na minimalni propustnost

v okoli podzemnich dél je z hlediska transportu radionuklida za-
sadni. V Ceské republice se pfedpoklada vybudovani hlubinného
ulozisté radioaktivniho odpadu v pevnych granitickych horninach
v hloubkéch kolem 500 m, proto se prezentovany ¢lanek vénuje
pravé problematice stanoveni charakteru a rozsahu razbou induko-
vanych z6én v okoli podzemniho dila lokalizovaného v uvedeném
hostitelském prostiedi pevnych kiehkych hornin.

in the vicinity of underground opening is essential in terms of
radionuclide transport. In the Czech Republic, the construction
of a deep repository of radioactive waste in hard granitic rocks at
depths of about 500m is expected, so the presented article deals
with the problem of determining the characteristics and depths of
excavation- induced zones around underground opening located in
hard brittle rocks.




EDZi

oblast vykopu

excavation area

zdroj: [1] source: [1]
Obr. 1 Schéma diléich raZbou indukovanych zon v okoli podzemniho dila
(HDZ - vysoce porusSend zona, EDZo — vnéj$i zona porusend razbou, EDZi —
vnitini zona porusSend razbou, EIZ — razbou ovlivnénd zona)
Fig. 1 Scheme of excavation induced sub-zones in the vicinity of the under-
ground opening (HDZ — highly damaged zone, EDZo — outer zone damaged
by excavation, EDZi — internal zone damaged by excavation, EIZ — zone in-
fluenced by excavation)

ZAKLADNI CHARAKTERISTIKA ZON INDUKOVANYCH
RAZBOU PODZEMNIHO DILA

Zo6na zmén kolem podzemniho dila indukovanych razbou se
Casto oznacuje obecné jako z6na poruseni razbou (Excavation Da-
mage Zone, EDZ), avSak tato zona zahrnuje ve skute¢nosti nékolik
dil¢ich specifickych zon rizného charakteru a dosahu s rozdilnym
vlivem na vlastnosti horninového materidlu v t€chto zonéach. De-
tailnéjsi specifikaci dil¢ich ¢asti zony indukované razbou kolem
podzemniho dila se zabyvalo mnoho autort. Jednu z nejdetailn¢;j-
Sich specifikaci jednotlivych dil¢ich zén v okoli podzemniho dila
v pevnych krystalickych horninach publikoval v roce 2016 Perras
[1] (obr. 1).

V bezprostiednim okoli vyrubu dila se nachézi vysoce poruse-
na zona (HDZ — High Damage Zone) charakterizovana riznym
stupném makroporuseni a dezintegrace materidlu, vznikaji v ni
nadvylomy a poruSeni typu spalling (odpryskédvani deskovitych
struktur), kdy se vytvareji trhliny ve sméru podélné osy dila.

Oblast, v niZz dochazi v okoli dila k tvorbé mikrotrhlin a k tr-
valym zméndm mechanickych a hydraulickych parametri, se
oznacuje jako zona poruSeni razbou dila (EDZ — Excavation Da-
mage Zone). Tato oblast zahrnuje jak oblast nepropojenych izolo-
vanych mikrotrhlin na drovni zrnitostni struktury hornin (vnéjsi
z6na oznacend EDZo), tak i oblast propojenych mikrotrhlin, v niZ
muze dochézet i ke smykovym porusenim (vnitini zéna oznace-
nd EDZi). Horninovy material se ve vnitini zon€ EDZi zmé&kcuje
a dilatuje, ve vnéjsi zoné EDZo material zpeviluje a je charakteri-
zovén kontraktantnim chovanim.

Oblast v okoli dila odpovidajici pouze vratnym zménam (elas-
tickému pretvareni) indukovanym razbou dila je pak ozna¢ovana
jako zéna ovlivnéna razbou (EIZ — excavation influence zone).
Za touto zénou EIZ pak jiZ horninovy masiv neni dotéen razbou
dila.
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BASIC CHARACTERISTICS OF ZONES INDUCED
BY EXCAVATION OF UNDERGROUND OPENING

The zone of changes around an underground opening induced by
excavation is often referred to generally as the Excavation Damage
Zone (EDZ), but this zone in fact includes several specific sub-
zones of different characteristics and depths with different effects
on the properties of the rock material in these zones. Many authors
have dealt with a more detailed specification of the sub-zones
induced by the excavation around the underground opening. One
of the most detailed specifications of individual sub-zones in the
vicinity of an underground opening in hard crystalline rocks was
published in 2016 by Perras [1] (Fig. 1).

In the immediate vicinity of the excavated opening there is a High
Damage Zone (HDZ) characterized by varying degrees of macro-
failure and disintegration of the material, there are overbreaks and
spalling failures, where cracks are formed in the direction of the
longitudinal axis of the opening.

The area in which microcracks and permanent changes in
mechanical and hydraulic parameters occur in the vicinity of the
opening is referred to as the Excavation Damage Zone (EDZ). This
area includes both the area of unconnected isolated microcracks
at the level of the grain opening of the rocks (outer zone marked
EDZo) and the area of interconnected microcracks in which shear
disturbances can also occur (inner zone marked EDZi). The rock
material in the inner zone of the EDZi softens and dilates, in the
outer zone of the EDZo the material strengthens and is characterized
by contracting behavior.

The area around the opening corresponding only to the reversible
changes (elastic deformation) induced by the excavation of the
opening is then referred to as the excavation influence zone (EIZ-
excavation influence zone). Behind this EIZ zone, the rock mass is
no longer influenced by the excavation of the opening.

In addition to the above-mentioned zones resulting from the
redistribution of stress in the massif after excavation of the opening,
it is necessary to take into account the technologically damaged
zone by excavation, which can be predicted to a very limited extent
by numerical modeling. Experiments and in-situ measurements
have shown that when applying excavation with explosives, this
zone has a range from 0.1 to 1.5m, while the permeability of the
rock environment in this zone increases by 2—3 orders of magnitude
compared to the condition before excavation [2]. In mechanized
TBM excavation, this zone has a range of 1-3cm and increases the
permeability of the rock by 1 order [3].

The nature and extent of excavation-induced changes in the
vicinity of the opening depend on many parameters, the most
important of which are:

* insitu stress in the rock (magnitude, ratio of magnitudes of

principal stresses, direction of principal stresses);
 orientation of the tunnel excavation with respect to the
principal stresses in the massif;

» geometry of the opening (shape and dimensions);

» mechanical properties of rock material and rock mass;

 geological opening and discontinuities;

» methods of excavation of the opening (technology).

NUMERICAL APPROACH TO THE EVALUATION OF SUB-
ZONES INDUCED BY THE EXCAVATION OF A OPENING

Various types of numerical methods can be used to evaluate the
depths of individual sub-zones in the vicinity of an underground
opening induced by its excavation — continuum modeling
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Kromé vyse uvedenych zén vyplyvajicich z prerozdéleni napéti
v masivu po vyrazeni dila je nutno vzit v ivahu i technologicky
indukovanou z6nu poskozeni vlivem razby, kterou vsak Ize ve vel-
mi omezené mife predikovat numerickym modelovanim. Experi-
menty a méfeni in-situ ukéazaly, Ze pfi aplikaci razby s vyuzitim
trhacich praci ma tato zéna rozsah od 0,1 do 1,5 m, pficemz se
zvySuje propustnost horninového prostiedi v této z6né o 2-3 fady
ve srovnani se stavem pred razbou [2]. Pfi mechanizované TBM
razbé ma tato zéna rozsah 1-3 cm a zvySuje propustnost hornino-
vého prostiedi o 1 fad [3].
Charakter a rozsah razbou indukovanych zmén v okoli dila za-
visi na mnoha parametrech, z nichZ mezi nejvyznamnéjsi patfi:
e primarni napéti v horninovém prostiedi (velikost, pomér veli-
kosti hlavnich napéti, sméry hlavnich napéti);
e orientace razby tunelu vzhledem k hlavnim napétim v masi-
vu;
e geometrie dila (tvar a rozméry);
e mechanické vlastnosti horninového materidlu a horninového
masivu;
 geologické struktury a diskontinuity;
* metody razby dila (technologie).
NUMERICKY PRISTUP K VYHODNOCENI DILCIiCH zON
INDUKOVANYCH RAZBOU DILA

K vyhodnoceni rozsahu a dosahu jednotlivych dil¢ich zon v oko-
li podzemniho dila indukovanych jeho razbou lze vyuzit riznych
typt numerickych metod — metody modelovani kontinua, metody
modelovdni diskontinua, popiipadé¢ jejich kombinace. V piipadg,
kdy je primdrni horninovy masiv nedotfeny razbou prevazné ce-
listvy bez vyraznych diskontinuit a trhlin, 1ze pro vyhodnoceni raz-
bou indukovanych z6n v okoli dila s vyhodou pouZit metodu ko-
ne¢nych prvkt — v inZenyrské praxi nejcastéji pouzivanou metodu
modelovani kontinua. Pokud je v hostitelském horninovém masi-
vu vliv trhlin a dalSich diskontinuit dominantnéjsi a chovani mate-
ridlu je fizeno iniciaci a propagaci diskontinuit, 1ze o¢ekdvat ob-
jektivn&jsi vypovidaci schopnost vysledki modelovani pfi vyuZiti
metod modelovani diskontinua, jako je napf. metoda oddélenych
elementil.

Diederichs [4] publikoval koncep¢ni pristup DISL — pro stano-
veni dil¢ich raZzbou indukovanych zén v okoli podzemniho dila
v prostfedi kfehkych pevnych hornin. Metoda vychazi z predpo-
kladu kompozitni kiivky poruSeni, sloZené ze dvou zédkladnich
dil¢ich meznich kfivek poruseni podle H-B kritéria [5]. Toto kri-
térium udava dle vztahu (1) vazbu mezi hlavnimi napétimi o, a o,
v zévislosti na jednoosé tlakové pevnosti UCS a tfech pevnostnich
parametrech a, s a m (tyto parametry lze stanovit na zdklade tri-
axialni zkousky, velmi Casto se ale v praxi stanovuji na zdkladé
hodnoty GSI (Geological Strength Index):

a
0'1=0'3+(m&+s) . (1)
UsC

Kompozitni kiivka (obr. 2) je podle pfistupu DISL tvofena
jednak kiivkou odpovidajici iniciaci poruSeni a vzniku trhlin,
kterd je charakterizovana vrcholovymi pevnostnimi parametry
(H-B) kritéria oznaCenymi a, s, m. Druhou zdkladni kiivkou
pfistupu DISL je kfivka odpovidajici poruSeni typu spalling,
kdy je pevnost materidlu v HDZ charakterizovana rezidudlnimi
pevnostnimi charakteristikami oznacenymi a_ s, m . Tento kon-
cept odpovidd v HDZ redlnému stavu transformace ptvodniho
horninového materidlu pred raZzbou na vysoce poruSeny nesou-
drzny materidl s prakticky nulovou soudrZnosti a zvySenym

Tuel

methods, discontinuum modeling methods, or their combination.
In the case where the insitu rock mass undisturbed by excavation
is predominantly compact without significant discontinuities
and cracks, the finite element method can be used to evaluate
excavation-induced zones around the opening — the most commonly
used continuum modeling method in engineering practice. If in
the rock mass the influence of cracks and other discontinuities
is more dominant and the behavior of the material is controlled
by initiation and propagation of discontinuities, a more objective
modeling results can be expected by using discontinuity modeling
methods such as discrete elements method.

Diederichs [4] published the conceptual approach DISL -
Damage Initiation and Spalling Limits for the determination of
excavation induced sub-zones in the vicinity of an underground
opening in the environment of brittle hard rocks. The method is
based on the assumption of a composite failure curve, composed of
two basic partial limit failure curves according to the H-B criterion
[5]. According to relation (1), this criterion gives the relationship
between the principal stresses 0, and o, depending on the uniaxial
compressive strength UCS and three strength parameters a, s and
m (these parameters can be determined by triaxial testing, but very
often in practice are determined by the GSI (Geological Strength
Index) value:

s +s). (1)

O, =0,+| M
1 3(U$

According to the DISL approach, the composite curve (Fig. 2)
consists of a curve corresponding to failure initiation and crack
formation, which is characterized by peak H-B strength parameters
denoted by a , s, m . The second basic curve of the DISL approach
is a curve corresponding to spalling failure where the strength
of the material in HDZ 1is characterized by residual strength
characteristics marked a , s, m . In HDZ, this concept corresponds
to the realistic state of transformation of the original rock material
before excavation into a highly broken cohesionless material
with practically zero cohesion and an increased angle of internal
friction. Recommendations for determining the peak and residual
characteristics of the H-B criterion can be found, for example, in
[1].

The evaluation of plasticity indicators (indicator of the existence
of plastic deformation in the mesh node), volume deformation,
shear deformations and principal stresses along the line passing
from the contour of the opening in the direction of the zones depth
is crucial for evaluating the interface of individual zones based on
the conceptual DISL approach.

The criteria for determining the depths of individual zones using
the numerical model and the DISL conceptual model according to
Diederichs [4] are as follows:

e the interface of HDZ-EDZi zones is determined by the
condition when there is a significant increase in the magnitudes
of the principal stress o, at the contour of the opening;

e the EDZo-EDZi interface is identified by the initiation of
tensile volumetric strain (softening, beginning of expansion)
in the direction of the inner zone (change in the characteristics
of the volumetric strain);

* The EDZo-EIZ interface is indicated by the initiation of plastic
deformation.
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EVALUATION OF ZONES INDUCED
BY EXCAVATION OF A OPENING
USING NUMERICAL MODELING
AND DIEDERICHS CONCEPTUAL
APPROACH

The mentioned Diederichs approach
DISL was applied for the evaluation of
individual zones damaged by excavation
in the vicinity of the underground
opening using the software PHASES
(Rocscience, Canada), based on the finite
element method. The analyzed profile
of the opening, corresponding to the
selected horizontal working of the deep
repository, has an arched shape, the height
of the opening reaches 6m, the width at
the base is 6m (Fig. 3). The underground
opening is considered at a depth of
500m, the coefficient of lateral pressure

upraveno dle [4] adjusted according to [4]
Obr. 2 Schéma koncepcniho pristupu ke stanoveni zon v okoli dila dle Diederichse s vyznacenim kiivky po-
cdtecniho porusSeni a vzniku trhlin (Cervend), spalling krivky (Cernd) a vysledné kompozitni kfivky (zelend)
Fig. 2 Scheme of the conceptual approach for determining the zones around the structure according to
Diederichs with the marking of the curve of initial failure and crack formation (red), spalling curve (black)

and the resulting composite curve (green)

thlem vnitiniho tfeni. Doporuceni pro stanoveni vrcholovych
a rezidudlnich charakteristik H-B kritéria 1ze nalézt napfiklad
v publikaci [1].

Pro vyhodnoceni rozhrani jednotlivych z6n na zékladé kon-
cepéniho pfistupu DISL je rozhodujici vyhodnoceni plastickych
indikatort (indikator existence plastického pretvoreni v uzlu site),
objemového pretvoreni, smykovych pretvoreni a hlavnich napéti
na linii, prochézejici od obrysu dila ve sméru vyhodnoceni hloub-
ky z6n.

Kritéria pro urceni hloubek jednotlivych zén pomoci numeric-
kého modelu a koncepéniho modelu DISL podle Diederichse [4]
jsou nasledujici:

e rozhrani z6n HDZ-EDZi je urceno stavem, kdy dochézi k vy-

raznému nériistu hodnot hlavniho napéti o, od obrysu dila;

e rozhrani EDZo-EDZi je identifikovano pocitkem tahovych
objemovych pfetvoreni (zmékCovani, pocatek expanze) ve
sméru k vnitini zoné (zména charakteru objemového pretvo-
feni);

 rozhrani EDZo-EIZ je indikovano pocitkem plastického pre-
tvafeni.

ILUSTRACE VYHODNOCENI ZON INDUKOVANYCH
RAZBOU DiLA S VYUZITIM NUMERICKEHO MODELOVANI
A DIEDERICHSOVA KONCEPCNIHO PRISTUPU

Uvedeny Diederichsuv pfistup DISL byl aplikovéan pro vyhod-
noceni jednotlivych z6n indukovanych razbou v okoli podzemni-
ho dila s vyuZzitim softwaru PHASES (Rocscience, Kanada), za-
loZzeného na metod¢ konecnych prvki. Analyzovany profil dila,
odpovidajici vybranému horizontdlnimu dilu hlubinného ulo-
Zisté, ma obloukovy tvar, vyska dila dosahuje 6 m, Sitka v poc-
vé 6 m (obr. 3). Podzemni dilo je uvazovano v hloubce 500 m,
koeficient bo¢niho tlaku K=1,5 odpovida lokalizaci dila ve vel-
kych hloubkach, kde jsou primarni geostatickd horizontdlni na-

péti vy$si nez primdrni geostatickd napéti vertikdlni. UvaZované

K=1.5 corresponds to the location of the
opening at great depths, where the insitu
geostatic horizontal stresses are higher
than the insitu geostatic vertical stresses.
The considered parameters of the rock
environment are given in tab. 1.

Tab. 1 Input values for calculation of the use of the DISL approach to deter-
mine the damaged zones

Input parameter Value ﬁ?éag:ﬁﬁ'i': Value
Unit weight 27kN/m? a 0.25
Modulus of elasticity 58,000MPa m, 7
Poisson number 0.2 S, 0.018
Uriai) campressive fooMPa | & | 075
m 10
s, 0.001

6m

Obr. 3 Geometrie analyzovaného profilu podzemniho dila hlubinného iloZisté
a generované sité konecnych prvki

Fig. 3 Geometry of the analyzed profile of the underground opening of the
deep repository and generation of the finite element mesh
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maximalnf smykové
pretvoreni

maximum shear
strain
0.00e+000

1.60e-004
3.20e-004

objemove pretvoreni
volumetric strain
-3.15e-004
—2.05e-004
-9.50e-005
1.50e-005
1.25e-004
2.35e-004
3.45e-004
4.55e-004
5.65e-004
6.75e-004
7.85e-004
8.95e-004
1.01e-003

Obr. 4 Vysledky rozloZeni a) maximdlnich smykovych pretvoreni, b) objemovych pretvoreni v okoli analyzovaného podzemniho dila
Fig. 4 Resulting distribution of a) maximum shear strain, b) volumetric strain in the vicinity of the analyzed underground structure

parametry hostitelského horninového prostiedi jsou uvedeny

v tab. 1.

Tab. 1 Vstupni hodnoty ilustrativniho vypoctu vyuZiti DISL pristupu pro stano-

veni zon indukovanych razbou

Using the finite element method (Phases software) and the above
conceptual DISL approach, values were evaluated for the given
input data of the model, which are decisive for determining the
depths and characteristics of the excavation-damage zones:

Parametry * minimum principal stress o;
Vstupni parametr Hodnota y I-{B Hodnota * maximum principal stress o;
ritéria . S
Objemova tha 27 KN/m? 2 025 e maximum shear strain (Fig. 4a);
Modul pruznost 58000MPa|  m, 7 * volumetric strain (Fig. 4b);
[ 02 = 0.018 ¢ plastic deformation indicators.
Pevnost v jednoosém tlaku UCS 100 ’MPa au 6 75 From the compiled graph, corresponding to the values of principal
m’ 10 stresses, maximum shear strain and volumetric strain in the vicinity
sr 0,001 of the opening and plasticity indicators, the corresponding depths

S vyuzitim metody konecnych prvku (software Phases) a uvede-
ného koncepcniho pfistupu DISL byly vyhodnoceny pro uvedend
vstupni data modelu hodnoty, které jsou urcujici pro stanoveni roz-

sahu a charakteru raZzbou indukovanych zo6n:

* minimalni hlavni napéti o,;

* maximalni hlavni napéti o;;

* maximalni smykové pretvoreni

(obr. 4a);

¢ objemové pretvoreni (obr. 4b);

¢ identifikatory plastického pretvareni.

Ze sestaveného grafu, odpovidajiciho
hodnotdm hlavnich napéti, maximélniho
smykového pretvoreni a objemového pre-
tvoreni v okoli dila a indikatort plasticity
pak plynou odpovidajici hodnoty rozsahu
jednotlivych z6n indukovanych razbou
podzemniho dila. S vyuZitim uvedené-
ho postupu byla stanovena hloubka z6ny
HDZ 0,4 m, hloubka zény EDZi 0,9 m
a hloubka EDZo 2 m (obr. 5).

ZAVER

Stanoveni mocnosti jednotlivych dil¢ich
z6n indukovanych razbou podzemniho
dila v prostfedi pevnych krystalinickych
hornin je aktudlni problém, a to zejména
v souvislosti s vystavbou podzemniho
hlubinného tloZisté radioaktivniho odpa-
du, kdy je kromé stability podzemnich dél

of individual zones damaged by the excavation of the underground
opening follow. Using the above procedure, the depth of the HDZ
zone was determined to be 0.4m, the depth of the EDZ zone was
0.9m and the depth of the EDZ zone was 2m (Fig. 5).

vysledky numerického modelovani pro stanoveni rozsahu zén indukovanych razbou dila
Phases — metoda koneénych prvku + DISL
results of numerical modeling to determine the extent of zones induced by the excavation of the opening
(Phases - finite element method + DISL)
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vzdalenost od obrysu vyrubu [m]
distance from the excavation profile [m]
- max. hlavni napéti o, —— min. hlavni napéti o,
max. principal stress o, min. principal stress o,

— max. smykové pfetvofeni - ~ objemové pretvofeni
max. shear strain volumetric strain

—— indikator plasticity
plasticity indicator

Obr. 5 Vyhodnoceni numerického modelovdni pro stanoveni rozsahu zon indukovanych razbou dila na zd-
kladé vyvoje hodnot hlavnich napéti, maximdlniho smykového pretvorent, objemového pretvoreni a indikd-
toru plasticity v okoli dila

Fig. 5 Evaluation of numerical modeling for determining the depths of zones damaged by excavation of
the opening based on the development of principal stresses, maximum shear strain, volumetric strain and
indicators of plasticity around the structure




nutno minimalizovat transport radionuklidii z ukladaciho souboru
do Sir§iho horninového prostredi a podzemnich vod. Mnohdy se
z6na indukovana razbou dila uvadi obecné pod nazvem EDZ (Ex-
cavation Damage Zone), av§ak prezentovany ¢lanek ukazuje, Ze
struktura této zony je komplikovanéjsi a 1ze v ni odlisit nékolik
dil¢ich z6n, charakterizovanych porusenim riizného charakteru
a intenzity s riznymi dopady na zmény mechanickych i hydraulic-
kych charakteristik horninového materidlu (vysoce porusSend zona,
porusend zéna, ovlivnéna zona).

Prezentovany koncepcni model DISL umoziiuje vyhodnotit jed-
notlivé dil¢i ¢asti zony indukované razbou podzemniho dila v pev-
nych horninich s vyuZitim kompozitni kfivky poruseni vychézeji-
ci z H-B kritéria poruSeni.

Vyhodou tohoto ilustrovaného numerického postupu je moznost
vyuziti softwarli zaloZenych na v inZenyrské praxi bézné uziva-
né metodé kone¢nych prvki (napf. PHASES, PLAXIS, MIDAS
GTS). Prezentovany postup lze vyuZit zejména v pripad¢ kom-
paktniho ¢i minimalné poruseného horninového masivu, kde neni
zasadni v modelu zahrnout rozevirani, resp. uzavirani primarnich
diskontinuit a jejich propagaci v disledku redistribuce napéti po
razbé dila. V opacném piipadé je vhodné pouzit numerickych me-
tod modelovani diskontinua.

Dale je tfeba vzit v tvahu, Ze kazdy model vychdazi z urcitych
zjednodusSujicich pfedpokladd a zahrnuje fadu nejistot ve vstup-
nich materidlovych charakteristikach, které se pak dale rtiznou
mérou propaguji do vypovidajici schopnosti vysledki modelo-
vani. Experimentalni méfeni, provddéna na fadé specializova-
nych pracovist ve svété, jsou tedy nezbytnou soucasti vyzkumu
v oblasti zo6n indukovanych razbou, nebof umoziuji validovat
vysledky modelovani. Tyto experimenty jsou vSak velmi Caso-
vé i ekonomicky ndro¢né. Z tohoto pohledu ma numerické mo-
delovani vyznamnou roli v procesu poznani vzniku a rozsahu
dil¢ich zoén indukovanych razbou dila v zavislosti na urcujicich
faktorech.
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CONCLUSION

Determining the depths of individual sub-zones induced by
excavation of an underground opening in the environment of hard
crystalline rocks is a current problem, especially in connection
with the construction of underground deep radioactive waste
repository, where in addition to underground opening stability it is
necessary to minimize radionuclide transport from the repository
into the rock environment and the underground water. The zone
induced by excavation is often referred to as EDZ (Excavation
Damage Zone), but the presented article shows that the opening
of this zone is more complex and it is possible to distinguish
several sub-zones, characterized by differences in characteristics
and intensity with different effects on changes in mechanical and
hydraulic characteristics of the rock material (highly damaged
zone, damaged zone, influenced zone).

The presented conceptual model DISL allows to evaluate
individual sub- zones damaged by excavation of an underground
opening in hard rocks using a composite failure curve based on the
H-B failure criterion.

The advantage of this presented numerical procedure is the
possibility of using software based on the finite element method
commonly used in engineering practice (eg. PHASES, PLAXIS,
MIDAS GTS). The presented procedure can be used especially
in the case of a compact or minimally broken rock mass, where
it is not essential to include opening, resp. closing of insitu
discontinuities and their propagation due to redistribution of stress
after excavation of the opening. Otherwise, it is appropriate to use
numerical methods of discontinuum.

Furthermore, it should be taken into account that each model
is based on certain simplifying assumptions and includes a
number of uncertainties in the input material characteristics,
which influence to varying degree the truefulness of the modeling
results. Experimental measurements, performed at a number of
specialized workplaces around the world, are therefore an essential
part of research in the field of excavation-induced zones, as they
make it possible to validate the modeling results. However, these
experiments are very time and money consuming. From this point
of view, numerical modeling plays an important role in the process
of understanding the origin and extent of sub- zones induced by
the opening excavation, in correspondence to the determining
factors.
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ANALYTICKY VYPOCET POKLESU NEZPEVNENEHO ZASYPU
V LIKVIDOVANYCH DULNICH JAMACH
ANALYTICAL CALCULATION OF THE SUBSIDENCE OF LOOSE
BACKLFILL OF LIQUIDATED MINE SHAFTS

KAREL VOJTASIK

ABSTRAKT

Prevdznd veétsina ditlnich jam Ostravsko-karvinského reviru (OKR) byla v minulosti likvidovdna pouze nezpevnénym zdsypem. Pokles zd-
sypu je objektivni jev, ktery bude trvat mnoho let a probihat ve dvou etapdch. Prvni etapa poklesii nastdvd v suchém zdsypu. Po ni ndsleduje
etapa druhd, kdy zdsyp bude postupné zaplavovdn stoupajici hladinou podzemnich vod, po omezent prip. tiplném zastaveni Cerpdni, které
dosud probihd. Cldnek uvddi analyzu vypoctu poklesu nezpevnéného zdsypu v obou stavovych etapdch. Analyza zahrnuje vSechny hlavni
objektivné stanovitelné parametry, které ovliviiuji velikost poklesu. Rozbor je provedeny analytickou metodou, vychdzejici 7 chovdni sypkych
hmot ve vysokych kruhovych zdsobnicich a stlaceni sloupce materidlu, ktery je zatiZen konstantnim vertikdlnim tlakem za podminky nulového
pretvoreni v pricném sméru.

ABSTRACT

In the past, the overwhelming majority of mine shafts in the Ostrava-Karvind coal basin (OKR) were liquidated using only loose backfill.
Backfill subsidence is an objective phenomenon that will last for many years and take place at two stages. The first stage of subsidence
occurs in dry backfill. This is followed by the second stage, when the backfill is gradually inundated by the rising groundwater table, after
the reduction or complete stopping of pumping, which has been still in progress. The paper presents an analysis of the calculation of the
subsidence of loose backfill at both stages of the state. The analysis includes all the main objectively determinable parameters affecting the
magnitude of the subsidence. The analysis is performed using an analytical method based on the behaviour of loose materials in high circular
silosand the compression of the column of the material, which is loaded with a constant vertical pressure under conditions of zero deformation
in the transverse direction.

uvoD

Po ukonceni hlubinné t€Zby kamenného uhli v Ostravsko-karvin-
ském reviru v oblasti zlstalo 135 registrovanych hlubinnych jam.
Pied vydanim vyhlagky Ceského baniského diadu &. 52/1997 Sb. [1],
ktera obsahuje zasady a zpusoby likvidace vSech hlavnich dalnich
dél dolu v€etné hlubinnych jam usticich na povrch, nebyla stavebni
likvidace jam provadéna systémové. Hlubinné jamy byly prevazné
zasypany ruznym piileZitostnym sypkym nezpevnénym materidlem
0 neznamych parametrech.

Ukonceni t€Zby v hlubinném dole a jeho nésledna likvidace ne-
znamend konec vSech negativnich jevii ohrozujicich povrch terénu
nad loZiskem a jeho okoli béhem exploatace. Trvalym rizikem i po
likvidaci hlubinného dolu ziistanou vSechna dilni dila vedouci k po-
vrchu nebo dstici na povreh jako hlubinné jamy. Nazornym piikladem
devastace, jakou bylo zasaZeno okoli hlubinné jamy, je havérie Jamy
Doubrava IV, ke které doslo v roce 1998. Po havirii se na povrchu vy-
tvoril elipticky krater o rozmérech 63x53 m, hloubce 36 m a objemu
67 tisic m® (obr. 1) [2]. Tato havarie je extrémnim ptikladem, nebot se
jednalo o jamu hlubokou témér 1000 m o svétlém priméru 8 m. V be-
tonovém osténi se nejdiive objevilo nékolik trhlin, kterymi pritékala
do jamy voda znecisténd jemnymi Casticemi, vyplavovanymi z masi-
vu za osténim. Destrukce osténi a jeho zaval do volného tubusu jamy
véetné strzeni ¢asti okolniho horninového prostiedi byly disledkem
toho, Ze se z pocatku nevénovala pozornost nékolika trhlindm v osté-
ni jamy. K podobnym situacim v men$im méfitku doslo v minulosti
mnohokrét u starych opuSténych stfedovékych hornickych jam. Tato
mista jsou znama jako ,,pinky** a nachazeji se na celém tzemi Ceské
republiky v oblastech byvalych rudonosnych revirt.

U likvidovanych jam zdsyp vytvari stabilizacni reakci a zabranuje
vzniku destrukce osténi, jeZ bude Casem degradovat a ztricet Gnos-
nost. Hlubinnd jama likvidovand zasypem se miize jevit bezpec-
nou. To vSak plati pouze v pfipad€, Ze tubus jamy je trvale vyplnén

INTRODUCTION

After the termination of deep coal mining in the Ostrava-Karvin
coal basin, 135 registered deep shafts remained in the area [1]. Prior
to the issuance of the Decree No. 52/1997 Coll. of the Czech Mining
Authority, which contains the principles and methods of liquidation
of all main mine workings of a mine, including deep shafts leading
to the surface, the liquidation of shafts using civil engineering

methods was not carried out systemically. The deep shafts were
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Obr. 1 Letecky snimek havdrie Jamy Doubrava IV

Fig. 1 Aerial photograph of the Doubrava IV collapse



zasypem az k asti jamy. Ve skuteCnosti nezpevnény zasyp muze jesté
dlouho po likvidaci jamy klesat a na dsecich jamového tubusu bez
zasypu bude stile hrozit destrukce osténi a vznik zavalu. Velmi ne-
bezpecny je pokles zasypu v Casti jamového tubusu, ktery tsti na po-
vrch. Vytvorti-li se v disledku klesani zasypu kaverna na dil¢im dseku
jamy ve velké hloubce pod povrchem, zaval nastane také. Nicméné,
nakyprovani materidlu béhem zavalovani zpiisobi, Ze se zavalovani
samovoln¢ zastavi dfiv, nez zéval dosahne povrchu terénu.

Likvidace jam po roce 1997 je feSena komplexné. V jagmovém tu-
busu se stiidaji tseky jak s nezpevnénym zasypem, tak zpevnénym
zasypem o zndmych pevnostnich parametrech. Na dulnich dilech us-
ticich do jamy jsou zfizeny hrazové objekty zabratiujici pohybu zasy-
pu do téchto dél a usek tubusu prochédzejici narazim jamy je zaplnén
souvislou zatkou z cemento-popilkové suspenze. Na povrchu je tubus
jémy uzavfen Zelezobetonovou deskou s otvorem pro dosyp zasypu
a kontrolu hladiny zasypu. Toto feSeni minimalizuje riziko vytvoreni
zavalu pravidelnou kontrolou a doplnénim zasypu v piipadé poklesu
jeho hladiny. Naproti tomu jamy likvidované pred timto datem syp-
kym nezpevnénym nezndmym materidlem musi pocitat s eventuali-
tou poklesu zasypu, a to jak pred zatdpénim, tak rovnéZ i po ustaleni
hladiny podzemni vody, zejména dojde-li k alteraci nezpevnéného
zasypu pii jeho zaplaveni.

POPIS METODY STANOVENI VELIKOSTI POKLESU ZASYPU

Vypocet stlaceni sloupce suchého i zatopeného zasypu je zaloZen
na teorii aplikované pro vypocet napéti v zrnitém sypkém materialu
v silech kruhového prafezu [3]. Velikost vertikalniho tlaku p_ v ma-
teridlu uvnitf sila zavisi na poméru vysky k jeho svétlému prameéru.
Horizontalni tlak p_zavisi na p , Ghlu tfeni sypkého materidlu a thlu
tfeni na rozhrani mezi sypkym materidlem a sténou sila. Podobné je
tomu u dilnich jam zasypanych nezpevnénym sypkym materidlem.
Pokud mé jama jiny profil, neZ je kruh, pak lze aplikovat ndhradni
kruh, jehoz obvod je roven obvodu nekruhového profilu jamy. Je-
-li osténi jdmy z jiného materidlu, nez je beton, napiiklad ze zdiva,
hodnota tfeni na rozhrani bude o néco vyssi. Nicméné z provedené
analyzy vyplyva, Ze zmény thlu tfeni na rozhrani mezi sypkym mate-
ridlem a sténou jen zanedbatelné ovliviiuji hodnoty pfislusnych tlaki.
Tento predpoklad plati, jestlize se hodnota Ghlu tfeni na rozhrani bude
pohybovat v obvyklém rozsahu.

ReSeni napjatosti v zasypu vychazi z rovnovéhy sil pro element
zasypu o vySce dz. Proti tize elementu ydz (y— objemova tiha nezpev-
néného zdsypu) pisobi jednak pirdstek vertikdlniho tlaku dp_a déle
tfeni na rozhrani zasyp osténi. Pro plochu jamy A a vnitini obvod
jémy O ma podminka rovnovahy tvar

Adp +p Odztan 6=yAdz,

kde 0 je thel tfeni na rozhrani nezpevnéného zasypu a jamového
osténi. Hodnota thlu tfeni na rozhrani sypkého materidlu a kon-
strukce se standardné odvozuje z hodnoty thlu tfeni ¢ a obvykle se

voli podle charakteru rozhrani bud & =§(p pro drsnéjsi rozhrani,
nebo 0 = % ¢ pro hladsi rozhrani. V pfipadé nezpevnéného zisypu

a osténi jamy z betonu nebo zdiva je pouzit vztah pro drsnéjsi prostie-
di. Horizontélni tlak p_je ddn vztahem

px = pztmz(%_g) N
2
Po tpravach vyjde diferencidlni rovnice
gz ngtan2(45—£)tan5—y =0.
dz A 2

Resenim diferencidlni rovnice jsou hodnoty vertikalniho a horizon-
talniho tlaku v nezpevnéném zésypu, které jsou dany vztahy
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mostly backfilled with various loose material on hand with unknown
parameters.

The termination of mining in a deep mine and its subsequent
liquidation does not mean the end of all negative phenomena
threatening the surface of the terrain above the deposit and its
surroundings during exploitation. All mine workings leading to
the surface or leading to the surface as deep shafts will remain a
permanent risk even after the liquidation of the deep mine. An
illustrative example of the devastation that struck the vicinity of a
deep shaft is the Doubrava IV shaft accident, which occurred in 1998.
After the accident, an elliptical crater with dimensions of 63x53m,
depth of 36m and a volume of 67 thousand cubic metres developed
on the surface (see Fig. 1) [2]. This accident is an extreme example,
as it was a shaft almost 1000m deep, with a net diameter of 8m. In
the beginning, several cracks appeared in the concrete lining, through
which water, contaminated with fine particles, washed out of the
massif through the lining and flowed into the shaft. The destruction
of the lining and its collapse into the free tube of the shaft, including
pulling down part of the surrounding ground environment, were the
result of the fact that initially no attention was paid to several cracks
in the lining of the shaft. Similar situations on a smaller scale have
occurred many times in the past at old abandoned medieval mine
shafts. These places are known as sinkholes (so called “pinges”) and
are located throughout the Czech Republic in the areas of former
ore-bearing districts.

In the case of liquidated shafts, the backfill creates a stabilising
response and prevents the destruction of the lining, which will
degrade over time and lose its bearing capacity. A deep shaft
liquidated by backfilling may appear safe. However, this only applies
if the shaft tube is permanently filled with backfill up to the mouth of
the shaft. In reality, the loose backfill may settle long after the shaft
has been liquidated, and the danger of lining destruction and collapse
will still threaten the sections of the shaft tube without backfill. The
subsidence of the backfill in the part of the shaft tube that opens to
the surface is very dangerous. If, as a result of the subsidence of
the backfill, a cavern is formed in a partial section of the shaft at a
great depth below the surface, a lining destruction and collapse occur
too. Nevertheless, loosening of the material during collapsing of the
lining will cause spontaneous stopping of the process of collapsing
before it reaches the ground surface.

Liquidation of mine shafts after 1997 has been solved
comprehensively. In the shaft tube, sections with both loose backfill
alternate with solidified backfill with known strength parameters.
On the mine workings opening into the shaft, barriers are set up
to prevent the backfill from moving into these workings, and the
section of the tube passing through the shaft station is filled with a
continuous plug made of solidified cement-fly ash suspension. On
the surface, the shaft tube is closed with a reinforced concrete slab
with an opening for adding the backfill and for the backfill surface
level inspection. This solution minimises the risk of the development
of a lining collapse by regular inspection and replenishment of the
backfill in the event of its surface level dropping. On the other hand,
shafts liquidated before this date using loose unknown material must
take into account the possibility of the settlement of the backfill, both
before inundation and also after the water table level has stabilised,
especially if the loose backfill alters during the inundation.

DESCRIPTION OF THE METHOD OF DETERMINATION
OF THE MAGNITUDE OF THE BACKFILL SUBSIDENCE

The calculation of the compression of the column consisting
of both dry and inundated backfill is based on the theory applied
to the calculation of stresses in granular loose material in circular
cross-sectional silos [3]. The magnitude of the vertical pressure p._
in the material inside the silo depends on the ratio of height to its
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= — 1— A

kde H je hloubka jamy a soucinitel & je dan vztahem
k=tan® (45— %)tané.

Souginitel k je sou¢inem dvou funkci tan® (45— %j a tand.
Clen tan2(45—%) je soucinitelem aktivniho zemniho tlaku a jeho

hodnota s rostoucim thlem téeni klesa. Clen tan & je soucinitelem tre-
ni na rozhrani nezpevnéného zasypu s osténim jamy a jeho hodnota
s rostoucim thlem tfeni roste. Soucin mé priibéh se zfetelnym maxi-
mem hodnoty. Grafy prib&ht obou ¢lenti veetné jejich vzajemného
soucinu jsou dokumentovéany na obr. 2.

Pro dhly tfeni od 15° do 40° se soucinitel k pohybuje v rozmezi od
0,11 do 0,12. To znamen4, Ze hodnoty thlu tfeni zasypu v uvedeném
rozmezi nebudou vyznamnéji ovliviiovat hodnoty vertikdlniho tlaku
p, a jeho hodnota bude pfiblizn€ stejnd. Grafy na obr. 3 uvadi pribéh
zavislosti vertikdlniho tlaku p_na hloubce pro svétly pramér jamy 8 m
a pro thly tfeni zasypu 32° (suchy zasyp) a 6° (zaplaveny alterovany
Zasyp).

Prabéh vertikalniho tlaku p, v nezpevnéném zésypu je disled-
kem toho, Ze Cast vertikilniho zatiZeni nezpevnéného zdsypu se
prendsi tfenim na rozhrani mezi nezpevnénym zasypem a osténim
jamy do konstrukce osténi jamy. Proto je rast vertikdlniho tlaku p

Mx

v nezpevnéném zdsypu zastaven. Pro vyssi hodnoty hloubky H
Ok

Clene A " se bliZi k nule a vertikalni tlak p_bude konstantni a neza-
visly na hloubce. Hodnota p_bude pouze funkei svétlého poloméru
jamy r, objemové tihy nezpevnéného zasypu 7y a soucinitele k a je
déna vztahem
_r
=2k

Pokles nezpevnéného zasypu s se vypocte z hodnoty vertikalniho
tlaku p_podle vztahu

=P
E

kde E je modul deformace nezpevnéného zéasypu.

Stejny postup se aplikuje i pro vypocet poklesu nezpevnéného
zasypu pod hladinou vody. Rozdil vypoctu spocivd pouze ve zméné
hodnoty tihy nezpevnéného zasypu, kterd v tomto piipadé bude rovna
tize zasypu pod hladinou vody (' — efektivni tize), ktera je niZsi nez
u nezaplaveného nezpevnéného zasypu. Dalsi pokles v zaplaveném
zasypu je podminén vyraznym sniZenim dhlu tfeni, které miZe nastat
v disledku dlouhodobého ptisobeni vody na zésyp.
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Obr. 2 Graf pribéhu soucdinitele k
Fig. 2 Graph of the course of coefficient k
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net diameter. The horizontal pressure p_depends on p_ the angle
of friction of the loose material and the angle of friction at the
interface between the loose material and the silo wall. This is similar
in the case of mine shafts backfilled with loose loose material. If
the profile of the shaft is different than a circle, then it is possible
to apply a replacement circle whose circumference is equal to the
circumference of the non-circular profile of the shaft. If the lining
of the shaft is made of a material other than concrete, for example
masonry, the value of friction at the interface is slightly higher.
Nevertheless, it follows from the analysis that changes in the angle
of friction at the interface between the loose material and the wall
only negligibly affect the values of the respective pressures. This
assumption applies if the value of the friction angle at the interface is
within the usual range.

The solution to stress in backfill is based on the balance of forces
for the backfill element with a dz height. The increase in the vertical
pressure dp_and the friction at the interface between the backfill and
the lining act against the weight of the element ydz (y— unit weight of
the loose backfill). For the shaft area A and the inner circumference
of shaft O, the equilibrium condition has a form

Adp +p Odztan 6=yAdz,

where kde 6 is the angle of friction at the interface between
the loose backfill and the shaft lining. The value of the angle of
friction at the interface between the loose material and the structure
is derived from the value of the friction angle ¢ as a standard and
is usually chosen according to the nature of the interface either

2
o= §g0 for a rougher interface or § = % ¢ for a smoother interface.

The relationship for a rougher environment is used in the case of
loose backfill and concrete or masonry lining of the shaft. The
horizontal pressure p_is given by the relationship

P =P, tan2(45—£j .
2
After adjustments, we obtain a differential equation

dpz 0
&z, pz—tan2(45—ﬂjtan5—y =0.
dz A 2
The solutions to the differential equation are the values of vertical
and horizontal pressures in the loose backfill; they are given by the

relationships

Ok
p=l1-en" |,
Ok

where H is the depth of the shaft and the factor & is given by the
relationship

k:tan2(45—%Jtan5.

The coefficient k is the product of two functions tan2(45—9j
and tand. The term tan2(45—%) is a factor of active earth

pressure and its value decreases with increasing angle of friction. The
term tan § s the coefficient of friction at the interface betweendloose
backfill and the lining of the shaft and its value increases with
increasing angle of friction. The product has a course with a clear
maximum of the value. Graphs of the courses of both terms, including
their mutual product, are documented in Fig. 2.

For friction angles ranging from 15° to 40°, the coefficient k ranges
from 0.11 to 0.12. This means that the values of the friction angle of
the backfill within the stated range will not significantly affect the
values of the vertical pressure p_and the value of the vertical pressure
will be approximately the same. The graphs in Fig. 3 show the course
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Obr. 3 Priibéh zdvislosti vertikdlniho tlaku v nezpevnéném zdsypu na hloubce
Jdmy

Fig. 3 The course of the dependence of the vertical pressure in the loose back-
fill on the depth of the shaft

Hodnotu thlu tfeni zaplaveného alterovaného zasypu, kterou je
podminén dalsi pokles, 1ze odvodit pro predpoklad rovnosti vertikal-
nich tlakd pro nezaplaveny zasyp p_a zaplaveny zésyp p_, které se
navzajem odliSuji pfisluinymi objemovymi tihami a souiniteli k a k,
(tj. Ghly tfeni pa @ ):

7 v

P.=57 Pz= ok’
pz=pzz’
7
kzz—ky

Uhel tfeni zatopeného alterovaného zasypu ¢ (za predpokladu
0_=2/3¢_) lze vypoitat feSenim goniometrické rovnice

(45 (pzzjtan5 -
2

Pro jamu o svétlém priméru 8 m a thel tfeni nezpevnéného zasypu
32° je uhel tfeni zatopeného alterovaného zasypu @_=7,7°.

Dodate¢ny pokles zasypu po zaplaveni s_ se pro hodnoty tfeni za-
plaveného alterovaného zasypu mensi nez ¢_, vypoCte z rozdilu ver-
tikdlnich tlakdi Ap =p_—p
Ap,H

E

Celkovy pokles zasypu s_po zaplaveni a piislusné alteraci zaplave-
ného zasypu je dan vyrazem
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Obr. 4 Graf pro stanoveni poklesu nezpevnéného jamového zdsypu
Fig. 4 Graph for determining the subsidence of loose shaft backfill
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of the dependence of the vertical pressure p_on the depth for the net
diameter of the shaft of 8m and for the friction angles of the backfill
of 32° (dry backfill) and 6° (inundated altered backfill).

The course of the vertical pressure p_in thedloose backfill is a
result of the fact that part of the vertical load acting on the loose
backfill is transferred by friction at the interface between the loose
backfill and the lining of the shaft to the shaft lining structure. For
that reason, the increase in the vertical pressure D, in the 10(;){56

backfill stops. For higher values of depth H the term e A H,
approaches zero and the vertical pressure p_ will be constant and
independent of depth. The p_ value will be only a function of the net
radius of the shaft r, the unit weight of the loose backfill y and the
factor k and is given by the relationship
ry

P= 2k

The decrease in the loose backfills is calculated from the value of
the vertical pressure p_according to the relation

.
E

where E is the modulus of deformation of thedloose backfill.

The same procedure is also applied to calculate the subsidence of
loose backfill below the water table. The difference in the calculation
lies only in the change of the value of the weight of the loose backfill,
which in this case will be equal to the weight of the backfill below
the water table (Y- effective weight), which is lower than in the
case of the uninundated loose backfill. Further subsidence in the
inundated backfill is conditioned by a significant reduction in the
angle of friction, which can occur due to the long-term effect of
water on the backfill.

The value of the friction angle of the inundated altered backfill,
which is a condition for further subsidence, can be derived for the
assumption of the equality of vertical pressures for uninundated
backfill p_and inundated backfill p_, which differ from each other
by respective unit weights and coefficients & and k_ (i.e. angles of
friction @ and ¢ ):

rl s
pz pzz 2kzz’
pZ:p:Z?

:l.
'z kV

The friction angle of the inundated altered backfill ¢_ (assuming
0_=2/3¢_) can be calculated by solving the goniometric equation

(45 (pzjtanE -
2

For a shaft with a net diameter of 8m and a friction angle of and
loose backfill of 32°, the friction angle of an inundated altered
backfillis ¢_=7,7°.

The additional subsidence of the backfill after inundation s_, for
friction values of the inundated altered backfill lower than (p is
calculated from the difference between vertical pressures Ap =p_—p._

Ap,H
=t

The total subsidence of the sc backfill after inundation and the
corresponding alteration of the inundated backfill is given by the
expression

(p.+Ap,)H

e = ?
Fig. 4 presents graphs of subsidence of loose backfill before and
after its inundation for shaft depths ranging from 100 to 1000m. The
calculation is performed for a net shaft diameter of 8m and friction

ky’ '
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(p.+4p,)H
(I E .

Obr. 4 uvadi grafy poklesii nezpevnéného zasypu pied a po jeho
zaplaveni pro hloubky jamy od 100 do 1000 m. Vypocet je proveden
pro svétly prumér jamy 8 m a dhly tfeni 32° (zasyp) a 6° (zaplaveny
zasyp). Modul pretvoreni zasypu E, ktery je pro oba stavy nezpevné-
ného zdsypu zvolen stejny, ¢ini 20 MPa.

DISKUSE

Pokles zasypu v jamé podle prezentované analytické metody zavisi
na spolehlivosti urceni hodnot tfi parametri. Prvnim parametrem je
svétly pramér jamy, ktery je jisty. Druhym parametrem je thel tfeni
nezpevnéného zasypu. Z provedené analyzy vSak vyplyva, Ze pokud
se jeho hodnota bude pohybovat v rozmezi od 15° do 40°, nebude
uhel tfeni nezpevnéného zasypu mit zdsadni vliv na velikost poklesu.
Tento poznatek plati pro nezatopeny zasyp. Z analyzy rovnéz ply-
ne, Ze pokud hodnota thlu tfeni po zaplaveni neklesne pod 8°, v za-
plaveném zasypu dalsi pokles nenastane. Poslednim parametrem ve
vypoctu poklesu nezpevnéného zdsypu je modul pretvoreni zasypu
E. Hodnota modulu pretvarnosti se predpoklada konstantni po celé
vysce sloupce zasypu. Ve skutecnosti hodnota modulu pretvarnosti
s vySkou zasypu roste. Pro ilustracni ptiklad vypoctu poklesu je zvo-
lena hodnota 20 MPa, ktera se pohybuje na spodni hranici sypkych,
ne piili§ ulehlych zemin. Volba je zdiivodnéna okolnosti, Ze pro ne-
znamé nezpevnéné zasypy, jakymi byly v minulosti likvidovany hlu-
binné jamy, nejsou tyto hodnoty zndmy a nelze je dodatecné zjistit.
Hodnoty poklesu stanovené ilustracnim piikladem reprezentuji situ-
aci s maximalnim vypoctovym poklesem. Pro vyssi hodnoty modulu
pretvarnosti budou poklesy niZsi.

Stanoveni poklesu nezpevnéného zdsypu v dllnich jamach lze
provést 1 dal§imi sofistikovanymi numerickymi modely, napf. MKP,
nebo numerickymi modely pracujicimi s oddélenymi prvky.

Dalsimi pricinami poklesu nezpevnéného zasypu, jejichz feSeni
vyZzaduje odlisné piistupy, je zména porovitosti zasypu v dusledku
gravitacniho zhutnéni a pohyb nezpevnéného zasypu do hrazemi ne-
zajiSténych navazujicich horizontalnich diilnich dél dsticich do jamo-
vého stvolu.

ZAVER

Uloha nezpevnéného zisypu je zdsadni pro budouci vyvoj cho-
vani prostfedi na povrchu okoli likvidovanych dilnich jam. Dojde-
-li k poklesu zasypu v jamé, hrozi nebezpeci destrukce osténi jamy,
jejiho zavalu do uvolnéného prostoru v tubusu jamy vcetné zavaleni
okolniho prostfedi. Zaval miZe vzniknout neoCekdvané, mit velmi
rychly pribéh a na povrchu vytvorit krater podobné jako v piipadé
Jamy Doubrava I'V. Nebezpeci vzniku poklesu zasypu v likvidované
dilni jamé neni ohranic¢eno ¢asem a miiZe k nému dojit i po mnoha
desitkach (stovkach) let. Z tohoto divodu je nutné trvalé sledovani
zasypu a v pripadé jeho poklesu provést nezbytnd opatfeni, chybéjici
zasyp doplnit a nenechat jamovy tubus v tseku tsti jamy dlouhodobg
nezaplnén zasypem.
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angles of 32° (backfill) and 6° (inundated backfill). The modulus of
deformation of backfill £, which is chosen the same for both states
of loose backfill, amounts to 20MPa.

DISCUSSION

The subsidence of backfill in the shaft according to the presented
analytical method depends on the reliability of determining the
values of three parameters. The first parameter is the net diameter
of the shaft, which is certain. The second parameter is the friction
angle of the loose backfill. However, it follows from the analysis that
if its value is within the range of 15° to 40°, the friction angle of the
loose backfill will not have a significant effect on the magnitude of
the subsidence. This finding applies to uninundated backfill. It also
follows from the analysis that if the value of the friction angle does
not drop below 8° after the inundation, no further decrease occurs
in the inundated backfill. The last parameter in the calculation of
the subsidence of loose backfill is the modulus of deformation of
backfill E. The value of the modulus of deformation is assumed to
be constant along the entire length of the backfill column. In reality,
the value of the modulus of deformation increases with the height
of the backfill. For an illustrative example of the calculation of the
subsidence, a value of 20MPa is chosen, which is at the lower limit for
loose, not too settled soils. The choice is justified by the fact that, for
unknown loose backfills carried out in the past, such as deep shafts,
these values are not known and cannot be subsequently determined.
The values of the subsidence determined by the illustrative example
represent the situation with the maximum calculated subsidence. For
higher values of the modulus of deformation, the subsidence will be
smaller.

Determination of the subsidence of loose backfill in mine shafts
can also be performed using other sophisticated numerical models,
e.g. the FEM, or numerical models working with separated elements.

Other causes of the subsidence ofdloose backfill, the solution to
which requires different approaches, lie in the change in the porosity
of the backfill due to gravitational compaction and the movement
ofdloose backfill into horizontal mining workings leading to the
shaft which are not secured by barriers.

CONCLUSION

The role of loose backfill is crucial for the future development of
the behaviour of the environment on the surface around liquidated
mine shafts. If the backfill in the shaft subsides, there is a risk of
destruction of the shaft lining, its collapse into the emptied space in
the shaft tube, including a collapse of the surrounding environment.
A collapse can occur unexpectedly, have a very fast course and
create a crater on the surface, similarly to the case of the Doubrava
IV Shaft. The risk of the subsidence of a backfill in a liquidated mine
shaft is not limited by time and it can occur even after many tens
(hundreds) of years. For this reason, it is necessary to constantly
monitor the backfill and, in the event of its subsidence, to take
necessary measures, add the missing backfill and not leave the shaft
tube in the section of the shaft mouth unfilled for a long time.
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RAZBY METRA VE STOCKHOLMU
TUNEL JARFALLA - SEKCE LANDINGSBANAN
DRIVING METRO TUNNELS IN STOCKHOLM
JARFALLA TUNNEL - LANDINGSBANAN SECTION

JIRI HORCICKA

ABSTRAKT

Cldnek popisuje pouZité technologie pri raZbdch nové linky metra ve Stockholmu na projektu Jirfilla. Podrobnéji se vénuje sekci Lan-
dingsbanan, kde byla 7 ditvodu podchodu pod ddlnicnimi tunely obchvatu Forbifarten pouZita beztrhavinovd metoda Rocksplitting. Ddle
se zabyvd popisem ostatnich technologii a prekdZek spojenych s raZbou pod rezidencni Ctvrti a prordZkou do stdvajici provozované stanice
metra. V neposledni fadé ukazuje svédsky pristup k systematickym cementovym tésnicim injektdzim.

ABSTRACT

The paper describes the techniques applied to driving tunnels of the new Jérfdilla project metro line in Stockholm. It deals in more detail

with the Landingsbanan section, where the blast-free Rocksplitting method was used with respect to the passage under motorway tunnels of

the Forbifarten by-pass. It further deals with the description of other techniques and obstacles associated with mining under a residential

area and breaking through to an existing metro station. Last but not least, it shows the Swedish approach to systematic cementious sealing

grouting.

uvoD

Stockholm patii mezi rychle se rozvijejici metropole, kde roste po-
tieba novych byt a kanceldii. Na severozapadnim predmésti v ob-
lasti Barkarby proto vznikd nova rezidencni a administrativni Ctvrt
o rozloze asi 60 ha. K jejimu rozvoji je potfeba i napojeni na systém
méstské hromadné dopravy (MHD) a predevSim integrace do stava-
jici sité metra a priméstskych vlaki. Toto budouci propojeni zajisti
tunely Jarfilla (obr. 1), které prodluzuji modrou linku metra ze stava-
jici konec¢né stanice Akalla o 4,1 km. Na novém tuseku vznikaji také
dvé€ nové stanice. Stanice Barkarbystaden, kterd se nachazi uprostied
budouci obytné Ctvrti, a stanice Barkarby, ktera bude novou konec-
nou stanici a zaroven bude slouZit pro prestup na linku piiméstského
vlaku. Cely projekt je v rdmci vystav-
by rozdélen do tii sekci, které jsou
pojmenovany podle jednotlivych pri-
stupovych tuneli (obr. 2). Cést pfileh-
14 k soucasné konecné stanici Akalla
je raZzena z pristupového tunelu Lan-
dingsbanan, stanice Barkarbystaden
se razi z tunelu Robothojden a bu-
douci konec¢nd stanice Barkarby se
razi z tunelu Veddesta. Investorem
stavby je Region Stockholm a hlav-
nim dodavatelem je SBT Sverige AB
(Subterra). Razby sekce Landingsba-
nan a ¢asti sekce Robothojden dodéava
Metrostav Norge AS.

ZAKLADNI UDAJE A PRUBEH
VYSTAVBY

Veétsinu sekce Landigsbanan tvoii
dva soubézné jednokolejné tratové tu-
nely o plose vyrubu 33-37 m? (obr. 3).
V sekci Robothojden se pak jedna
o dvoukolejny tratovy tunel o profilu

P!
-

Obr. 1 Razba tratovych tunelii metodou Drill and Blast
Fig. 1 Driving running tunnels using the Drill and Blast method

INTRODUCTION

Stockholm is one of the rapidly developing metropolises where
the need for new apartments and offices is growing. Therefore,
a new residential and administrative district with an area of about
60ha is developing in the north-western suburbs, in the Barkarby
area. The development also requires a connection to the urban mass
transit system and, above all, integration into the existing metro and
suburban train network. This future connection will be provided by
the Jarfilla tunnels (see Fig. 1), which extend the blue metro line from
the existing Akalla terminal station by 4.1km. Two new stations are
also being built on the new section. Barkarbystaden station, located
in the centre of the future residential area, and Barkarby station,




31. rocnik - €. 3/2022

TuNel

Casti projektu contracts
= W = piistupovy tunel access tunnel
£ Veddesta Veddesta
&} Robothdjden Robothdjden
Barkarby o
station s hlavni tunel main tunnel
i Tunel Jarfalla the Jarfalla tunnel

Landningsbanan Landningsbanan

which will be the new terminus and also will
serve as an interchange to a suburban train
T line. The entire project is divided within the
“=<l framework of the construction into three
Akalla sections, which are named after individual
access tunnels (see Fig. 2). The part adjacent
to the existing Akalla terminal station is
being driven from the Landingsbanan
tunnel, Barkarbystaden station
is being driven from the Robothojden
tunnel and the future Barkarby terminal
station is being driven from the Veddesta
tunnel. Region Stockholm is the project
owner and SBT Sverige AB (Subterra)

access

is the main contractor. The excavation of

zdroj: projektovd dokumentace stavby source: construction design documents

Obr. 2 Zdkladni situace projektu
Fig. 2 Basic project map

62 m? a paralelni servisni tunel o plo$e vyrubu 32 m?. Tratové, resp.
servisni, tunely jsou z diivodu bezpecnosti spojeny celkem sedmnac-
ti propojkami. V nejnizS§im bodé€ se nachazi Cerpaci jimka a uprostied
tratového tseku mezi stanicemi Akalla a Barkarbystaden se nachazi
apendix o délce 43 m s plochou vyrubu 97-107 m? (obr. 4). Apendix
slouzi pro napojeni vétraci Sachty o priméru 7 m a hloubce 28 m.
V blizkosti stanice Akalla je kromé razeb novych tuneli planovano
také rozsireni stdvajiciho depa, zajisténi staré pristupové Stoly, razba
kaverny pro technologii ventilace a rozsifeni stavajici vétraci Sach-
ty. V misté trafostanice u stanice Akalla bude do kazdého tratového
tunelu z povrchu vyvrtan velkoprimérovy vrt o praméru 450 mm
a délce 32 m, ktery bude slouzit pro budouci napojeni elektroinsta-
laci v tunelu. Celkova délka razeb doddvana Metrostavem Norge AS
¢ini 5 017 m o celkovém objemu vyrubu cca 215 000 m?.

Mocnost skalniho nadloZzi se pohybuje v rozmezi 22-35 m. Z po-
hledu geologickych podminek pievazuje Zula a pararula ve tfidach
horninového masivu A-C, vyjimeéné ve tiidé D. Ve Svédsku se uzi-
va rozdéleni do tiid horninového masivu vychazejici z klasifikace
RMR (Rock Mass Rating — Bieniawski, 1989) s rozsahem 1-100,
kde: A (RMR > 75), B (60 < RMR <75), C (45 <RMR < 60) aD
(RMR < 45). Veétsina razeb probihd metodou Drill and Blast s pouZi-
tim emulzni trhaviny a neelektrického nebo elektronického roznétu.
Zajisténi vyrubu probihd vétSinou pomoci stiikaného dratkobetonu

>

Obr. 3 Pohled do jizniho tratového tunelu (Soderspar tunnel)
Fig. 3 View down the southern running tunnel (Soderspar tunnel)

the Landingsbanan section and parts of
the Robothojden section is carried out by
Metrostav Norge AS.

BASIC DATA AND COURSE OF CONSTRUCTION

Major part of the Landigsbanan section is formed by two parallel
single-track running tunnels with an excavated area of 33-37m?
(see Fig. 3). In the Robothojden section, there is a double-track
running tunnel with a profile of 62m? and a parallel service tunnel
with an excavated cross-sectional area of 32m” The running and
service tunnels, respectively, are connected by a total of seventeen
cross passages for safety reasons. At the lowest point there is a
sump, and in the middle of the track section between the Akalla
and Barkarbystaden stations there is a 43m long appendix with
an excavated cross-sectional area of 97-107m? (see Fig. 4). This
appendix is used to connect a ventilation shaft with a cross-sectional
diameter of 7m and a depth of 28m. The expansion of the existing
depot, the stabilisation of the old access tunnel, the excavation of a
cavern for ventilation equipment and the expansion of the existing
ventilation shaft are also planned in the vicinity of Akalla station, in
addition to driving the new tunnels. A large-diameter borehole with
a diameter of 450mm and a length of 32m will be carried out from
the surface to each running tunnel in the location of the transformer
station near the Akalla station, which will be used for the future
connection of electrical installations in the tunnel. The total length
of tunnels driven by Metrostav Norge AS amounts to 5,017m and the
total excavation volume reaches approximately 215,000m?.

Obr. 4 Apendix TvT 16,727 A pro vétraci Sachtu
Fig. 4 Apendix TvT 16.727 A for ventilation shaft




tloustek 40-150 mm a nasledného systematického kotveni SN svor-
niky délek 2,4-5 m. V tiidach horninového masivu C-D jsou po-
dle zadani geologa pouzivany ocelové jehly priméru 32 mm, délek
4-8 m a vyjimecné se piistupuje k zajiSténi vyrubu pomoci zesile-
nych pri¢nych past z vyztuZeného stiikaného betonu. Na celém tse-
ku jsou predepsané jedno- az tfifazové systematické t€snici injektaze
podle prislusnych injektaznich trid.

Razby tratovych tunelii zapocaly v 1ét€¢ 2020 a jejich dokonceni
je planovano na jaro 2023. Prace na sekci Landingsbanan probihaji
z 356 m dlouhého prfistupového tunelu. Piistupovy tunel se napojuje
zhruba do poloviny dseku mezi stanicemi Akalla a Barkarbystaden
a usti do obou jednokolejnych tratovych tuneli. Razby tak mohou
probihat obéma sméry na Ctyfech hlavnich Celbach. V sekci Ro-
bothojden probihaji prace rovnéz z pfistupového tunelu, ktery usti
pfimo do stanice. Po dokonceni raZeb stanice prace pokracuji na
pfilehlém tratovém useku na dvou hlavnich ¢elbach dvoukolejného
a servisniho tunelu.

TECHNOLOGICKE VYZVY PROJEKTU

V sekci Landingsbanan se nachézeji tfi takzvané GK3 zony, kte-
ré vyZzaduji specificky pristup jak z pohledu projekcnich praci, tak
i z pohledu technologie provadéni. Jsou to oblasti, kdy budované tu-
nely metra pfichazeji do blizkosti jinych podzemnich objektd, a je
proto potieba fesit jejich vzajemnou interakci. Prvni takovou oblasti
je podchod pod déalni¢nimi tunely obchvatu Forbifarten Stockholm
(FSE). Druhou oblasti je razba v blizkosti provozované stanice metra
Akalla a tieti oblasti je razba v blizkosti jinych, bliZze neurcenych,
utajenych podzemnich objekta.

PODCHOD POD OBCHVATEM FSE - METODA
ROCKSPLITTING

Ve sméru razeb do stanice Akalla podchazeji trafové tunely metra
dva délni¢ni tunely obchvatu Stockholmu (obr. 5). Vzdalenost stropu
tratovych tunelti metra a dna dalni¢nich tubusi je v nejkritictejsim
misté pouze 4,9 m. Jednd se o vzdalenost teoretickych raZzebnych
profild, takze ve skuteCnosti je vzdalenost obou podzemnich dél
z ditvodu technologickych nadvyrubt pouze néco malo pies 4 m. Tu-
nely se navzdjem kiiZi diagondlné, a proto je délka tseku, ve kterém
bylo potieba fesit vzadjemnou interakci obou podzemnich dél, cca
120 m. Tunely obchvatu jesté nejsou v provozu, ale jsou jiZ vyrazené
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The thickness of the rock overburden ranges from 22 to 35m.
From the point of view of geological conditions, granite and
paragneiss predominate; the rock classes vary between A and C,
exceptionally D. In Sweden, the rock classification is based on the
RMR system (Rock Mass Rating — Bieniawski, 1989) ranging from
1 to 100, where: A (RMR > 75), B (60 < RMR <75), C (45 < RMR
< 60) and D (RMR < 45). The majority of excavation is carried out
using the Drill and Blast method, using emulsion explosive and a
non-electric or electronic initiation system. The excavation support
is usually provided by reinforced shotconcrete 40—-150mm thick and
subsequent systematic anchoring with SN rockbolts 2.4-5m long. In
rock classes C-D, steel spiles with a diameter of 32mm and a length
of 4-8m are used, according to the geologist‘s instructions, and,
exceptionally, supporting the excavation by transverse reinforced
shotcrete strips. In the entire section, one- to three-phase systematic
sealing grouting is prescribed according to the respective grouting
classes.

Excavation of the running tunnels began in the summer of 2020 and
is planned for completion in the spring of 2023. Work operations on
the Landingsbanan section proceed from a 356m long access tunnel.
The access tunnel connects roughly in the middle of the section
between the Akalla and Barkarbystaden stations and opens into both
single-track running tunnels. Tunnel excavation can thus proceed in
both directions on four main headings. In the Robothojden section,
work is also in progress from the access tunnel, which opens directly
into the station. After the completion of the station excavation, work
continues on the adjacent track section on two main headings of the
double-track and service tunnels.

TECHNOLOGY CHALLENGES OF THE PROJECT

In the Landingsbanan section, there are three so-called GK3 zones,
which require a specific approach both from the point of view of the
design and also from the point of view of the tunnelling technique.
These are areas where the metro tunnels being constructed come
close to other underground structures, therefore there is a need
for addressing their mutual interaction. The first of them is the
passage under the motorway tunnels of the Forbifarten Stockholm
by-pass (FSE). The second area covers mining operations near the
operational Akalla metro station, and the third one is mining near
other unspecified secret underground facilities.

PASSAGE UNDER FSE BY-PASS -
ROCKSPLITTING METHOD

bifarten (modrd)

Fig. 5 Visualisation of the passage of running tunnels (orange) under tubes of the existing Forbifarten

motorway by-pass (blue)

zdroj: projektovd dokumentace stavby source: construction design documents
Obr. 5 Vizualizace podchodu tratovych tunelii (oranZovd) pod tubusy stdvajiciho ddlni¢niho obchvatu For-

In the direction of the excavation in the
direction of the Akalla station, the running
tunnels pass under two motorway tunnels of
the Stockholm bypass (see Fig. 5). At the
most critical point, the distance between
the top of the metro running tunnels and
the bottom of the motorway tunnel tubes is
only 4.9m. This is the distance between the
theoretical excavation profiles, so in reality,
with respect to unavoidable overbreaks,
the distance between the two underground
workings is only a little over 4m. The
tunnels cross each other diagonally,
and therefore the section in which it
was necessary to solve the interaction
between the two underground workings is
approximately 120m long. The tunnels of
the by-pass are not yet in operation, but
the excavation has already been finished,
and during the construction of the metro,
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zdroj: projektovd dokumentace stavby source: construction design documents

Obr. 6 Situace a schéma technologického postupu pri podchodu pod ddlni¢nimi tunely
Fig. 6 Layout and chart of the technical procedure for the passage under motorway tunnels

a v pribéhu vystavby metra v nich probihaly prace na betonazich
monolitickych konstrukei a instalacich izolaci proti vodg.

Z dtvodu nepfiznivé geometrie a malé vzdélenosti mezi tunely
bylo potieba zajistit co mozna nejlepsi ochranu horninového masi-
vu a také dodrZeni prfesného tvaru vyrubu. Limity maximdlnich po-
volenych hodnot rychlosti vibraci byly nastaveny na 20 mm/s a do
délni¢nich tuneld bylo osazeno celkem 12 snimact vibraci. Aby se
co mozna nejvice zamezilo vzniku trhlin a geologickych nadvyru-
bd, byl navrzen specidlni technologicky postup a vSechny provadéné
prace podléhaly prisné kontrole a planovani. Celd pasaz podchodu
pod tunely FSE byla rozdé€lena na tfi ¢asti (obr. 6). Tyto ¢asti jsou:
1. Podchod prvniho dalni¢niho tubusu:

* v jiznim tunelu (Soderspar) 16,086—16,030;

v severnim tunelu (Norrspar) 16,091-16,035.
2. Prostor mezi dalni¢nimi tubusy:

* v jiZznim tunelu (Soderspar) 16,030-16,018;

* v severnim tunelu (Norrspar) 16,035-16,027.
3. Podchod druhého dalni¢niho tubusu:

* v jiZznim tunelu (Soderspar) 16,018-15,962;

* v severnim tunelu (Norrspar) 16,027-15,971.

V kazdém z téchto tsekd byl zvolen ¢astecné jiny technologic-
ky postup. Kvili nejmensi mocnosti nadlozi byl nejslozitéjsi postup
zvolen v ¢asti podchodu pod druhym tubusem, kde byla pro razbu

work on concreting cast-in-situ structures and the installation of
waterproofing proceeded in them.

Due to the unfavourable geometry and small distance between
the tunnels, it was necessary to ensure the best possible protection
of the rock massif as well as maintain the exact shape of the
excavation. The limits of the maximum permissible vibration
velocity were set at 20mm/s and a total of 12 vibration sensors
were installed in the motorway tunnels. In order to prevent
cracking and geological overbbreaking as much as possible, a
special technical procedure was designed and all the work carried
out was subject to strict checking and planning. The entire passage
under the FSE tunnels was divided into the following three parts
(see Fig. 6).

1. Passage under the first motorway tunnel tube:
* in the southern tunnel (Soderspar) 16.086—16.030;
* in the northern tunnel (Norrspar) 16.091-16.035.
2. The space between the motorway tunnel tubes:
* in the southern tunnel (Soderspar) 16,030-16,018;
* in the northern tunnel (Norrspar) 16,035-16,027.
3. Passage under the second motorway tunnel tube:
* in the southern tunnel (Soderspar) 16,018-15,962;
* in the northern tunnel (Norrspar) 16,027-15,971.

A partially different technical procedure was chosen for each of

these sections. Due to the smallest thickness of the overburden, the




Obr. 7 Pouzity hydraulicky trhaci klin Darda C20 umistény na lafeté
vozu

L
L™

Fig. 7 Used Darda C20 hydraulic splitting wedge mounted on the feed of the
drilling rig

pouZita beztrhavinovd metoda rozpojovani. Mezi hlavni opatfeni
technologického postupu patfilo:

1.
2.

10.

11.

Zkraceni zabéru z 5 na 2 m v celém useku.

Clenéni ¢elby na jadro (3védskou terminologii Pilot) a na kalotu

neboli pribirku stropu (Svédskou terminologii Stross), platné pro

prvni a tieti Cast pasaZe.

Pilot se razi jako prvni, poté nasleduje razba Casti Stross, tvar

vyrubu a postup vystavby (obr. 6).

Pro razbu Pilotu je mozné pouZit trhaci prace s nasledujicimi

podminkami:

e povinnost pouzit elektronicky roznét a kvuli zkracené délce
zabéru i pevné trhaviny misto trhaviny emulzni;

* maximalni povolené mnozstvi niloze v obrysovych vrtech je
pouze 200 g na 1 m délky vrtu;

e dodrZeni limith seismickych tcink;

e obrysové vrty jsou od sebe vzdaleny max. 20 cm;

 koordinace praci se zhotovitelem dalni¢nich tunell a dodrzo-
véani postupu provadéni odpall.

Pro razbu ¢asti Stross se ve tieti ¢asti pasazZe (pfi podchodu dru-

hého dalni¢niho tubusu) musi pouZit beztrhavinova metoda roz-

pojovani horniny pomoci hydraulického trhaciho klinu (metoda

Rocksplitting).

Zajisténi vyrubu kontinudlnim deStnikem z ocelovych jehel dél-

ky 8 m, priméru 32 mm a rozte¢i 20 cm je provadéno kazdé 4 m

(obr. 6).

Thned po zacisténi vyrubu se provede zajisténi aktudlniho 2m

zabéru stitkanym betonem tloustky 100 mm a do ptedchoziho

zabéru se doplni dalsi vrstvu 100 mm stiikaného betonu.

Po dokonceni druhé vrstvy betonu a dosazeni celkové tloustky

200 mm se provede zajiSténi vyrubu SN svorniky délky 3 m

v rastru ¢/c 1,5 m.

Vyrub se zajisti pomoci pficnych past z vyztuzeného stitkaného

betonu $itky 80 cm a tloustky 40 cm (pouze v treti Casti).

Dno obrysovych nabijenych vrtli nesmi presahovat teoreticky

profil o vice nez 40 cm.

V kazdém zabéru se provadi kontrola presnosti provedeni vSech

obrysovych vrtl a kazdého tietiho podobrysového (pribirkové-

ho) vrtu pomoci geodetického méfeni (celkem asi 120 vrti):

e méfi se pomoci geodetické vytycky, ktera se zasune do pro-
dukéniho vrtu az na dno;
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most complex procedure was chosen in the part of the tunnel under
the second tunnel tube, where the blast-free rock breaking method
was applied to excavation. Among the main measures of technical
procedure there were:

1.

11.

12.

Reduction of the excavation round length from 5 to 2m in the

whole section.

Division of the excavation face into a bench (Pilot in Swedish

terminology) and a top heading or roof ripping (Stross in

Swedish terminology), valid for the first and third part of the

passage.

The Pilot is excavated first, followed by the excavation of

the Stross part; the excavation geometry and the construction

procedure (see Fig. 6).

For the excavation of the Pilot, it is possible to use blasting

operations under the following conditions:

 the obligation to use electronic initiation and, due to the
reduced excavation advance length, solid explosive instead of
emulsion explosive;

 the maximum permitted amount of charge in contour holes
only 200g per 1m of the borehole;

* observance of seismic effect limits;

¢ maximum spacing of contour holes of 20cm;

 coordination of work with the contractor for the motorway
tunnels and compliance with the blasting procedure.

For the of tunnel section in the third part of the passage where

Stross is to be excavated (the section where the second motorway

tube is to be passed under), the non-explosive rock splitting

method has to be used using a hydraulic splitting wedge (the

Rocksplitting method).

Supporting the excavation by a continuous umbrella consisting

of 8m long steel spiles, 32mm in diameter and spaced at 20cm,

installed every 4m (see Fig. 6).

Immediately after scaling the excavated profile, stabilising the

current 2m long excavated section with a 100mm thick layer of

shotcrete and adding another 100mm thick layer of shotcrete to
the preceding excavation advance section.

After the completion of the second layer of shotcrete and the

achievement of a total thickness of 200mm, supporting the

excavation with 3m long SN rockbolts in a 1.5m grid.

Supporting the excavation by transverse reinforced shotcrete

strips 80cm wide and 40cm thick (only in the third part).

The bottoms (ends) of the charged contour holes must not reach

beyond the theoretical profile more than 40cm.

In each excavation advance step, the accuracy of the execution

of all contour holes and every third ripping hole is checked by

geodetic survey (about 120 holes in total):

e measuring is conducted using a survey pole, which is inserted
up to the bottom of the production hole;

* the pole is sufficiently long and has two reflective prisms that
remain in front of the excavation face after the insertion of the
pole into the hole;

e both prisms of the pole are targeted by the total station,
and the coordinates of the hole bottom are calculated by
extrapolation;

e the obtained coordinates are compared with the BIM model
and the condition of the maximum distance of the end of the
holes from the theoretical profile is checked;

 if a hole at the end exceeds the theoretical contour of the
excavation by more than 40cm, it must be filled with grout
and a new hole has to be made.

Installation of nine checking convergence profiles and measur-

ements on them:

e permitted deformations up to 2mm (absolute displacements);

* deformation over 2mm means immediate stopping of work.
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 vytycka je dostate¢né dlouhd a ma dva odrazné hranoly, které
po zasunuti vytycky do vrtu zistanou pred celbou;

* totdlni stanici se zamé&fi oba hranoly vytycky a extrapolaci se
dopocitaji souradnice dna vrtu;

 provede se porovnani ziskanych soufadnic s BIM modelem
a zkontroluje se podminka maximélni vzdalenosti konce vrtl
od teoretického profilu;

* pokud né&jaky vrt na konci pfesdhne teoreticky tvar vyrubu
o vice nez 40 cm, musi byt zainjektovan a proveden vrt novy.

12. osazeni 9 ks kontrolnich konvergencnich (KV) profili a jejich
méfeni:

* povolené deformace do 2 mm (absolutni posuny);
 deformace nad 2 mm znamena okamZité zastaveni praci.

13. Provede se dvoufazova systematickd injektaZ s upravenou geo-
metrii vrtného schématu, upravenymi parametry injektiZe a sni-
Zenymi tlaky na 7 bar. Béhem injektaZe je ptitomna hlidka v dél-
nic¢nich tunelech. Pfed i po injektazi se provadi méfeni ztraty
vody.

14. Celba v jiznim tunelu musi vzdy byt v piedstihu min. o 20 m
pred celbou v severnim tunelu.

15. Pro povoleni k razbé dalsiho zébéru, resp. pro povoleni odpalu
nasledujici ¢asti Pilot, je potfeba v kazdém zébéru splnit nasle-
dujici podminky:
 provedeni geologického mapovani;
 provedeni a vyhodnoceni laser scanningu lice vyrubu;

e zajiSténi aktudlniho postupu dle bodi vyse;

 provedeni a vyhodnoceni méfeni na vSech KV profilech;

 geodeticka kontrola a vyhodnoceni pfesnosti vrtani pred za-
¢atkem nabijeni.

16. Pro povoleni k razbé casti Stross je v kazdém zabéru potfeba
splnit nékolik podminek:
 provést odtéZeni a zajisténi vyrubu casti Pilot;

* provedeni geologického mapovani ¢asti Pilot;

* provedeni a vyhodnoceni laser scanningu ¢asti Pilot;

* provedeni a vyhodnoceni méfeni na vSech KV profilech;

e geodetickd kontrola a vyhodnoceni pfesnosti vrtani Casti
Stross pred zac¢atkem nabijeni.

17. Po dokonceni raZeb celého tiseku aplikovat 80 mm vrstvu proti-
poZarniho stiikaného betonu s polypropylenovymi (PP) mikro-

vldkny na cely profil.
18. Z divodu potieby masivnéjsiho zajisténi vyrubu se zvetsi raze-
ny profil.

Nejveétsi vyzvou tohoto technologického postupu bylo bezesporu
pouziti metody Rocksplitting. Jak jiz bylo popsano vyse, pomoci
této beztrhavinové metody se razila stropni ¢ast (Stross) v tseku pod
druhym délniénim tubusem o celkové délce 2x56 m. Pro mechanic-
ké rozpojovani byl pouzit hydraulicky trhaci klin Darda C20 (obr. 7),
ktery byl pomoci specidlniho adaptéru nainstalovan na lafetu vrtného
vozu. Hlavni ¢ast trhaciho zafizeni se sklada z klinu neboli ,,jazyka“
a dvou pohyblivych ,,pfiloznikd*. Tento trn se zasune do vrtu a po-
moci hydraulického pohybu ,,jazyka* dojde k vzdjemnému oddaleni
,.priloznikt“. V idedlnim pfipadé pak vzhledem k pohybu ,jazyka®,
resp. ,,ptiloZniki”, dojde k rozpukani masivu v okoli vrtu a uvolnéni
Casti horniny z Celby.

Pred samotnym pouzitim trhaciho klinu je nejdfive potfeba na
Celbé navrtat specidlni vrtné schéma s primérem vrti 76 mm. Ten-
to pramér vrtld je dilezity, protoZe vzajemné oddéleni priloZnikd
trnu je mozné jen o necelé 3 cm. Pokud by byl vrt vyrazné veétsi,
nez je prumér neroztazeného trnu trhactho zatizeni, tak by zminény
pohyb uz nemusel stacit k vyvolani tlaku v okoli vrtu a nedoslo by
tak k rozpojeni horniny. Z této skutecnosti také vyplyva fakt, ze
horniny vhodnéjsi pro pouZiti této metody jsou horniny pevnéjsi

Tuel

13. Two-phase systematic grouting with modified geometry of the
drilling pattern, modified grouting parameters and pressures
reduced to 7bar. A guard is present in the motorway tunnels
during the grouting process. Water loss is measured before and
after grouting.

14. The excavation face in the southern tunnel has always to be at
least 20m ahead of the face in the northern tunnel.

15. For permission to excavate another advance step, or for
permission to fire the shot in the following part of the Pilot, the
following conditions have to be met in each excavation advance
step:

* execution of geological mapping;

» execution and assessment of laser scanning of the surface
exposed by excavation;

e ensuring the current advance according to the points above;

* execution and assessment of measurements on all conver-
gence profiles;

 geodetic survey checking and assessment of drilling accuracy
prior to the beginning of charging.

16. Several conditions must be met in each advance step for
obtaining a permit to excavate in the Stross section:

* to excavate and support the excavation of the Pilot part;

* execution of geological mapping of the Pilot part;

 execution and assessment of the laser scanned part of the Pilot
part;

» execution and assessment of measurements on all conver-
gence profiles;

 geodetic survey checking and assessment of drilling accuracy
prior to the beginning of charging of holes.

17. After completion of the excavation of the entire section,
application of an 80mm thick layer of fire-protective shotcrete
reinforced with polypropylene (PP) microfibres to the entire
profile.

18. Enlargement of the mined profile due to the need for more
massive excavation support.

The use of the Rocksplitting method was undoubtedly the
biggest challenge of this technical procedure. As already described
above, the top heading part (Stross) in the section under the second
motorway tunnel tube with a total length of 2 x 56m was excavated
using this blast-free method. For mechanical rock breaking, a Darda
C20 hydraulic splitting wedge (see Fig. 7) was used. It was installed
on the boom of the drilling rig using a special adapter. The main
part of the rock splitting device consists of a wedge or “tongue” and
two movable sides of the wedge, the so-called “feather shims”. The
spike is inserted into the borehole and with the help of the hydraulic
movement of the “tongue” the “feather shims” are moved apart from
each other. In the ideal case, due to the movement of the “tongue”,
respectively the “feather shims”, the rock massif in the vicinity of
the borehole cracks and a part of the rock is loosened from the face.

Before actually using the splitting wedge, it is first necessary
to drill a special drilling pattern with holes 76mm in diameter
to the excavation face. This diameter of the holes is important,
because it is only possible to move the feather shims of the spike
apart by less than 3cm. If the hole diameter is significantly larger
than the diameter of the unexpanded spike of the splitting device,
the above-mentioned movement does not have to be sufficient
to induce pressure in the hole surroundings and the rock would
not be broken. It follows from this fact that harder and higher
quality rock which does not allow for deformation of the hole is
more suitable for the use of this method. Rock breaking is more
problematic in fault zones and less strong rock; conversely, rock

breaking effect is significantly greater in good quality geological
conditions.




TuNel

a kvalitngjsi, které neumozni deformaci vrtu. Rozpojovani je pro-
blematické v poruchovych zénich a v méné pevnych horninach,
naopak v kvalitnich geologickych podminkach je efekt rozpojovani
vyrazné Vetsi.

Nejvétsim know-how ziskanym béhem razeb pod tunely FSE bylo
nalezeni spravného vrtného schématu. Vrtné schéma muselo byt
navrzeno s ohledem na pfisné limity maximalniho povoleného nad-
vylomu, ale zaroven s ohledem na umoznéni dal§iho postupu, resp.
s ohledem na vytvoreni dostatecného technologického nadvylomu
pro umisténi jehlového destniku a otvirku dalSiho zédbéru. Okrajové
podminky dané technologickym postupem totiZ témér znemoznova-
ly dalsi postup. Do povolenych 40 cm technologického nadvyrubu
bylo potfeba umistit a soucasné vzit v uvahu:

e vrty pro jehlovy destnik (64 mm vrt pro ocelové jehly neni moz-

né vrtat ptimo u stropu kvuli velikosti lafety);

e vrt pro trhaci klin (76 mm vrt neni moZné vrtat pfimo pod ocelo-
vymi jehlami kvili velikosti samotného trhaciho zafizeni a pri-
tomnosti jehel);

e trhacim zafizenim neni mozné vylamat ptipraveny vrt aZ na jeho
konec do mista, kde probéhlo méfeni maximalni vzdalenosti
40 cm;

e trhacim zafizenim neni mozné vyldmat obrys Celby do pravého
dhlu, aby se dala teoreticka rezerva vyuZit na maximum;

 presnost navigace vrtného vozu na zavrtny bod vrtného sché-
matu je i pii dokonalé kalibraci + 5 cm, a proto je potieba pro
dosazeni limith vrtat schéma o 5 cm mensi. Vysledny nadvylom
diky tomu miZe byt nechténé mensi.

Dalsim zasadnim know-how Metrostavu Norge AS bylo jiz zmi-
néné umisténi trhaciho zafizeni na vrtny viz. Montdz Dardy pfimo
na vrtny viz pfinesla dvé zasadni vyhody. Oproti instalaci trhaci-
ho zafizeni napriklad na rameno bagru umoziuje rameno a lafeta
vrtného vozu velké mnozstvi pohybll a problematicka navigace trnu
do vrtu na Celbé tak byla diky presnéjsim pohybiim vyrazné snaz-
§i. Dalsi vyhodou byla moZnost pomoci zbylych lafet vrtného vozu
kdykoliv dovrtat dalsi vrty do Celby. Nastaly totiZ situace, kdy bez

Obr. 8 Celba po dokonéeni mechanického rozpojovdni horniny trhacim klinem

Fig. 8 Face after completion of mechanical breaking of rock using the splitting wedge

ir i o e 5. el ¥
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Finding the correct drilling pattern has been the greatest know-
how gained during the course of the excavation under the FSE
tunnels. The drilling pattern had to be designed with respect to
strict limits for the permitted overbreak, but at the same time, with
respect to the possibility of further excavation advance, respectively
with respect to the creation of unavoidable overbreak required
for the installation of spiles of the umbrella and opening of the
next excavation advance step. The reason is that the boundary
conditions given by the technological procedure made further
advance nearly impossible. It was necessary to insert the following
requirements and conditions into the permitted 40cm space
for unavoidable overbreak and at the same time take them into
consideration:

* boreholes for the spiles of the umbrella (64mm-diameter
borehole for steel spiles cannot be drilled directly next to the
roof because of the size of the drill rig boom);

* boreholes for the splitting wedge (76mm-diameter borehole)
cannot be drilled directly under the steel spiles because of the
size of the splitting device and the presence of the spiles);

* it is not possible to break the prepared hole by the splitting
device up to its end, i.e. to the place where the measurement
was conducted; rock is broken up to 40cm from the hole end;

* it is not possible to break the contour of the excavation face at a
right angle with the rock splitting device so that the theoretical
reserve can be used to the maximum,;

* the accuracy of navigation of the drilling rig to the collaring point
of the drilling pattern is + S5cm even with perfect calibration, and
it is therefore necessary to drill the grid by Scm smaller in order
to adhere to the limits. For that reason, the resulting overbreak
may be unintentionally smaller.

Another essential know-how of Metrostav Norge AS was the
previously mentioned placement of the splitting device on the
drilling rig. Mounting the Darda directly on the drilling rig brought
two fundamental advantages. Compared to the installation of the
splitting device, for example, on the boom of an excavator, the feed
and boom of the drilling rig allow for a large number of movements,
and the problematic navigation of the
spike into the hole at the excavation
face was thus significantly easier
thanks to the possibility of more
precise movements. Another advan-
tage lied in the ability to use the
remaining feeds of the drilling rig to
drill additional holes into the face at
any time. Situations occurred where
it was no longer possible to continue
to break the rock without an addition
of holes, and in the case of placement
of the splitting wedge, for example,
on an excavator, the machines would
have to be replaced at the workplace.

The spike itself extremely over-
heats during the use and easily
deforms, therefore it is necessary
to cool the device and lubricate the
friction surfaces as much as possible
with a special lubricating paste. The
success of the procedure (completed
excavation advance step, see Fig.
8) also depends on the skills of the
operator and his assistant, who helps
him to navigate the spike into the
hole. The operator must also be able
to correctly estimate the geological
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doplnéni dalSich vrtd uZ nebylo
mozné pokracovat v rozpojovani a
v pfipadé umisténi trhaciho klinu
naptiklad na bagru by muselo dojit
k vymeéné strojli na pracovisti.

Samotny trn se pfi pouZivani ex-
trémné prehfiva a jednoduse se defor-
muje, proto je potfeba zaiizeni chladit
a tieci plochy co nejvice promazévat
specialni lubrikaéni pastou. Uspés-
nost postupu (dokonceny zdbér na
obr. 8) zavisi také na schopnostech
operatora a jeho pomocnika, ktery
mu pomdhd s navigaci trnu do vrtu.
Operator také musi byt schopny
spravné odhadnout geologické pod-
minky na celbé a podle toho umistit
a ur€it pocet vrtll a nasledné natacet
trhaci klin. Celé trhaci zafizeni se
totiz mize otacet podél axidlni osy
a urCovat tak smér rozpojovani. Diky
tomuto komplexnimu know-how byl
projektovy tym Metrostavu Norge AS
schopny dosahovat rychlosti postupt
metodou Rocksplitting az 8 m za tyden na jedné Celbé a uspésné
dokoncit cely tsek podchodu pod dalni¢nimi tunely FSE.

PRORAZKA DO STAVAJICI STANICE AKALLA

Prace v blizkosti provozované stanice prinasi nékolik omeze-
ni. Nejvétsimi z nich jsou limity povolenych vibraci, limity hlu-
ku a interakce s reziden¢ni Ctvrti na povrchu z pohledu vétrani
povybuchovych zplodin, efektu tlakové viny po provedeni trhaci
prace a vlivu stavby na Zivotni prostiedi a bezpecnost obyvatel.
V neposledni fad€ nesmi dojit k Zddnému omezeni provozu stanice
metra ani autobusového nadrazi, které se nachazi pfimo nad stanici
v bezprostredni blizkosti raZzeb. Zakladnim kontrolnim ndstrojem
k dodrzovani téchto limiti jsou snimace vibraci a hlukoméry, které
jsou nainstalované na objektech na povrchu i na konstrukcich ve
stavajici stanici metra. Jejich pozice se méni v zavislosti na postupu
razeb (obr. 9). Standartni hodnota maximélni povolené rychlosti
vibraci je 10 mm/s, kterd je v nékterych piipadech sniZena aZ na
7 mm/s. Nejblizsi snimace vibraci se nachdzeji ve vzdélenosti do

. L L
zdroj: projektovd dokumentace stavby source: construction design documents

Obr. 9 Situace postupu razeb v blizkosti stanice Akalla (26. kvéten 2022)
Fig. 9 Plan of the progressing excavation in the excavation progress in the vicinity of Akalla station (26 May, 2022)

conditions at the face and accordingly place and determine the
number of holes and subsequently rotate the splitting wedge. The
entire rock splitting device can rotate along the axial axis and thus
determine the rock breaking direction. Thanks to this comprehensive
know-how, the project team of Metrostav Norge AS was able to
achieve a Rocksplitting rate of up to 8m per week on one heading
and successfully complete the entire section of the passage under the
FSE motorway tunnels.

BREAKTHROUGH TO EXISTING AKALLA STATION

Working near an operating station brings several limitations. The
largest of them are the limits for permitted vibrations, noise limits
and interaction with the residential area on the surface from the point
of view of ventilation of explosion products, the effect of a pressure
wave after the execution of blasting and the impact of construction
on the environment and the safety of residents. Last but not least,
there must be no restrictions on the operation of the metro station
or the bus station, which is located directly above the metro station

in the immediate vicinity of the excavation

operations. The basic tool for checking the
compliance with these limits is provided by
vibration sensors and noise meters, which
are installed on objects on the surface and
on structures in the existing metro station.
Their positions change depending on the
progress of the excavation (see Fig. 9). The
standard value of the maximum permissible
vibration velocity is 10mm/s, which in
some cases is reduced to 7mm/s. The
nearest vibration sensors are located at a
distance of up to 10m from the progressing
excavation operation. To comply with these
strict limits, the constant optimisation of
the drilling pattern and blast initiation

zdroj: projektovd dokumentace stavby source: construction design documents
Obr. 10 Vizualizace raZeb v blizkosti soucasné stanice Akalla; v misté, kde na pravé strané obrdzku ,,konci

model (staniceni 15+300), se uz nachdzi ndstupisté

Fig. 10 Visualisation of excavation in the vicinity of Akalla station; in the place where the model ends on the

right side of the picture (chainage 15+300), there is already the platform there

timing depending on the monitoring of
the measured values and changes in the
geological conditions is a commonplace.
The use of electronic initiation is a necessity.




10 m od probihajici razby. Samoziejmosti pro dodrzeni téchto pfis-
nych limitl je neustdla optimalizace vrtného schématu a Casovani
roznétu v zavislosti na sledovani naméfenych hodnot a zménach
v geologickych podminkach. Nutnosti je pouZiti elektronického
roznétu.

Fyzickou bariéru proti t¢inkdm tlakové vlny na cestujici ve sta-
nici tvoii dvé monolitické Zelezobetonové zatky. Tyto zatky od-
déluji nastupisté od pivodniho depa za stanici, ve kterém budou
probihat razby novych i rozsifovani stavajicich objekta (obr. 10).
Problematickym objektem je stdvajici vétraci Sachta, kterd se na-
chézi hned vedle proskleného foyer vstupni haly metra a néstu-
pist autobusového nadrazi. Investor i po snaze koordinovat prace
s mistnimi obyvateli stale nenasel zpiisob, jak dostatecné tuto vét-
raci Sachtu zakryt, aby tlakova vlna a zplodiny po provedeni odpalt
neohroZovaly okoli vétraci Sachty.

DalSim problematickym mistem v této oblasti je napojeni pi-
vodniho pfistupového tunelu, ktery byl dfive vyuzivan pfi razbé
stanice Akalla. Vzdjemnd pozice starého, jiZ nepouZivaného tunelu,
a nové razeného jizniho tratového tunelu totiz neumoZiiuje plynuly
postup razeb. Novy trafovy tunel podchazi stary pristupovy tunel
(obr. 10 — leva Cast) a pred vzdjemnym propojenim je potieba vy-
rub dostatecné zajistit. Jedna se predevsim o klin mezi stropem no-
vého (na obr. 10 tmava oranZova) a dnem starého tunelu (na obr. 10

svétlejsi oranzova). Prace v jiznim tunelu (vzdalenéjsi tratovy tu-
nel na obr. 10) byly zastaveny na stani¢eni 15,540 a razby mohly
probihat pouze skrz severni tunel (blizsi trafovy tunel na obr. 10)
a diagondlni propojku v 15,494. Po prordzce do stavajici ¢asti byla
oblast starého pristupového tunelu rozsifena, zajiSténa stitkanym

Obr. 11 Razba Sachty provddénd metodou Raise Boring
Fig. 11 Sinking the shaft using the Raise Boring method
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The physical barrier against the effects of the pressure wave on
passengers in the station is provided by two cast-in-situ reinforced
concrete plugs. These plugs separate the platform from the original
depot behind the station, in which the excavation of new and
expansion of existing objects will be carried out (see Fig. 10). The
problematic object is represented by the existing ventilation shaft,
which is located right next to the glass foyer of the metro entrance
concourse and the bus station platforms. Even after trying to
coordinate the work with the local residents, the project owner still
did not find a way to sufficiently cover this ventilation shaft so that
the pressure wave and blasting products did not endanger the vicinity
of the ventilation shaft.

Another problematic point in this area is the connection of the
original access tunnel, which was previously used during the
excavation of the Akalla station. The mutual position of the old, no
longer in use, tunnel and the southern running tunnel being newly
excavated does not allow for the fluent progress of excavation. The
new running tunnel passes under the old access tunnel (see Fig. 10 —
left) and before the mutual connection, it is necessary to sufficiently
support the excavation. The problem lies primarily in the wedge
between the top of the new tunnel (see Fig. 10, dark orange) and
the bottom of the old tunnel (see Fig. 10, lighter orange). Work
operations in the southern tunnel (more distant running tunnel in
Fig. 10) were stopped at chainage km 15.540 and excavation could
only proceed through the northern tunnel (nearer running tunnel
in Fig. 10) and the diagonal cross passage at chainage km 15.494.
After breaking into the existing part, the area of the old access tunnel
was widened, stabilised with shotcrete and rockbolts, and then the
preparation of the heading for the breakthrough from the southern
tunnel will be proceed.

Obr. 12 Sachta provddénd metodou Raise Boring po dokonceni raZby
Fig. 12 The shaft carried out using the Raise Boring method after completion
of excavation
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betonem a svorniky a nasledné bude pfistoupeno k pripravé Celby
pro prorazku z jizniho tunelu.

POUZITI METODY WIRESAWING

V casti Landingsbanan se také nachazi dsek, ve kterém se oba
jednokolejné tubusy metra pfiblizi k dal$im blize nespecifikova-
nym podzemnim objektim. Tyto objekty je potfeba ochranit pred
ucinky trhacich praci a také je tfeba naprosto vyloucit poruSe-
ni okolniho masivu. Jejich vzdalenost od tubusii metra je natolik
mald, Ze k razbé tratovych tunelll se bude muset vyuZzit metody
fezani diamantovym lanem (tzv. metoda Wiresawing). Problema-
tické dseky jsou nastésti diky jiz existujici stanici pristupné jak ze
strany postupu razeb, tak ze strany od stanice a miZe tak byt vyu-
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Zita ,,otevfend™ varianta fezani, tzv. open cut (v opacném piipadé
tzv. blind cut). Podél zmifiovaného oboustranné piistupného tseku
se navrtaji vrty priméru 160 mm a délky az 40 m, témito vrty se
provlece fezné lano a provede se fezani. Nésledné se za dodrzeni
pfisnych limitd seismiky provedou trhaci prace jadra vyrubu a poté
bude pristoupeno k razbé zbylych problematickych casti vyrubu.
Tento postup za pouziti fezani a nasledného clenéni celby by mél
problémové objekty v blizkosti razeb dostate¢né ochranit a zamezit
jakémukoliv horninového poskozeni masivu v okoli tunelu.

RAZBY VETRACICH SACHET

Do samostatné skupiny z pohledu metody razeb patii vétraci
Sachty, kterych je na projektu pét. Pro jednu z nich byla naptiklad
pouzita metoda Raise Boring (obr. 11 a 12). Pramér fezné hlavy
stroje, resp. Sachty, je 6,5 m, hloubka Sachty je 25 m. Dalsi tii Sach-
ty budou provadény jiz zminénou metodou Wiresawing. Diivodem
ke zvoleni téchto metod je mimo jiné blizkost velkokapacitniho
privodniho potrubi pitné vody a snaha eliminovat mozna rizika
spojena se seismickymi Gc¢inky v pripadé pouZiti trhacich praci.
Pravé tohle riziko bude velmi vysoké pri rozsifovani posledni jiz
zminéné Sachty, v blizkosti proskleného foyer vstupu do soucas-
né konecné stanice Akalla. Podle zadavaci dokumentace se tato
JiZ existujici Sachta musi roz§ifovat pomoci trhacich praci a nesmi
dojit k omezeni provozu jak stanice metra, tak prilehlého autobuso-
vého nadrazi. Bude tedy nutné velmi pfesné planovani bezpe¢nost-
nich opatfeni a samoziejmée i technického provedeni.

SYSTEMATICKA INJEKTAZ

Z divodu zamezeni pfitoktt podzemni vody do budouciho hoto-
vého dila a dodrzeni pfedepsané tfidy tésnosti je v celém noveé raze-
ném tseku navrzena systematicka injektaz (obr. 13). Tratové tunely
a obé razené stanice jsou rozd€leny do dvou zakladnich injektaZnich
tfid IK1 a IK2, z nichZ kazdd mé dané injektazni parametry, které
mohou byt déle lokalné uptesnény (IK=injektering klass). V mistech
s kvalitnim horninovym masivem bez vyraznych piitokti podzemni
vody je ve vétsin€ piipadl navrzena injektazni tfida IK1, v mistech
s vétsSimi pritoky a poruchovymi zénami pak IK2. Zatimco v IK1 se
provadi pouze jednofazova injektdz, v IK2 jsou provadény dvé etapy
injektaZe neboli dvoufizova injektdz. InjektdZe v obou tiidach jsou
pripadné doplnény o dalsi injektdZni etapu podle vysledkt predcho-
zich fazi. Vlastni injektdZni deStniky maji délku 24 m s prekrytim
5 m, coZ umoziiuje razbu v délce 19 m pod kazdym z nich.

Dulezitym prvkem pro sledovéni t€snosti masivu v piedpoli razeb
je méfeni ztraty vody ve vrtu (tzv. Waterloss test), ktery je variantou
znamého Lugeonova testu. Méfeni ztraty vody probihd v predem
vybranych vrtech, které se realizuji prednostné a ihned se v nich
provadi méfeni. Podle vysledkii méfeni, které je uskuteciiovano
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APPLICATION OF WIRESAWING METHOD

In the Landingsbanan section, there is also a section in which
both monorail metro tubes approach other closer unspecified
underground objects. These objects need to be protected from the
effects of blasting, and damage to the surrounding rock mass must
also be completely excluded. Their distance from the metro tubes
is so small that a diamond wire sawing method (the Wiresawing
method) will have to be used to excavate the running tunnels.
Fortunately, thanks to the already existing station, problematic
sections are accessible both from the direction of the excavation and
from the side away from the station, and the “open‘ sawing option
can thus be used (otherwise, the significantly more complicated
“blind” sawing option would have to be used). Boreholes with a
diameter of 160mm and a length of up to 40m are drilled along
the above mentioned section accessible from both sides, a sawing
rope is threaded through these boreholes and sawing can start.
Subsequently, the blasting of the bench will be carried out while
observing strict seismic limits, and then the excavation of the
remaining problematic parts will proceed. This procedure, using
sawing and subsequent division of the excavation face, should
sufficiently protect problematic objects near the excavation
operations and prevent any damage to the rock massif in the tunnel
surroundings.

EXCAVATION OF VENTILATION SHAFTS

Ventilation shafts form separate group from the point of view
of the excavation method; there are five ventilation shafts on the
project. For example, the Raise Boring method was used for one
of them (see Fig. 11 and 12). The cutting head of the machine,
respectively of the shaft, is 6.5m in diameter and the shaft is 2.5m
deep. The other three shafts will be excavated using the already
mentioned Wiresawing method. The reason for choosing these
methods is, among other things, the proximity of a large-capacity
drinking water supply pipe and the effort to eliminate possible risks
associated with seismic effects in the case of application of blasting.
It is this risk that will be very high during the expansion of the last
mentioned shaft, near the glass entrance foyer to the existing Akalla
terminal station. According to the tender documents, this already
existing shaft must be expanded with the help of blasting, and there
must be no restrictions on the operation of both the metro station
and the adjacent bus station. Therefore, very precise planning of
safety measures and, of course, also technical work execution will
be necessary.

SYSTEMATIC GROUTING

In order to prevent groundwater inflows into the future finished
works and to comply with the prescribed waterproofing class,
systematic grouting is proposed in the entire newly excavated
section (see Fig. 13). The running tunnels and both mined stations
are divided into two basic grouting classes IK1 and IK2, each of
which has the given injection parameters that can be further locally
specified (IK=injektering klass). In places with high-quality rock
mass without significant groundwater inflows, grouting class IK1
is designed in most cases, and IK2 in places with larger inflows and
fault zones. While in IK1 class only one-phase grouting is carried
out, two stages of grouting, i.e. two-phase grouting, are performed
in IK2 class. Grouting in both classes is possibly supplemented
by another grouting stage according to the results of the previous
stages. The grouting umbrellas themselves are 24m long with a
5m overlap, allowing for 19m long excavation under each of
them.

An important element for monitoring the water tightness capacity
of the rock mass in the face-advance core is the measurement of




Obr. 13 Injektd? tratovych tunelii — mobilni injektdzZni jednotka
Fig. 13 Grouting into the bifurcation of running tunnels — a mobile grouting unit

v kazdé etapé injektaze IK2, se urcCuji ptipadné dopliikové faze injek-
taze. Limitem pro splnéni poZadavku je hodnota 1,2 I/min na celou
délku vrtu pfi tlaku vody 6 bar.

Dna vrtd v kazdé etapé injektaZze nesmi byt vzdaleny vice neZ 3 m
(pri dvou etapach injektaZe jsou pak vzdaleny nejvyse 1,5 m). Aby
byl dodrZen tento parametr, je provadéno métenti jejich piimosti. Tzv.
»Straightness measurement test se provadi inklinometrem, ktery se
pomoci vodiciho kabelu zasouvé do vrtu a prostfednictvim Bluetooth
pripojeni se pres aplikaci v telefonu provadi méfeni na kazdém me-
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the loss of water in the borehole
(the so-called Waterloss test), which
is a variant of the well-known
Lugeon test. The water loss is
measured in pre-selected boreholes,
which are carried out as a matter
of priority and measurements are
carried out on them immediately.
Any additional grouting stages
are determined according to the
results of the measurement, which
is carried out during each stage of
the IK2 class grouting. The value of
1.2L/min is the limit for meeting the
requirements for the entire length of
the borehole at the water pressure of
6bar.

The spacing of the bottoms (ends)
of the boreholes during each stage
of grouting must not be smaller than
3m (in the case of two stages of
grouting it must not be smaller than
1.5m). In order to comply with this
parameter, the straightness of the
boreholes is measured. The so-called
»traightness measurement test™ is
conducted using an inclinometer
that is inserted into the borehole
with the help of a guide cable and, via a Bluetooth connection;
measurements are conducted on each meter of the borehole length.
The measurement is subsequently processed by comparing the
position of the probe with the reference measurement conducted
at the beginning of the borehole and adding the coordinates of the
beginning of the borehole measured by geodetic survey. The data
obtained in this way is compared with the drilling plan and with the
data from the drilling for a specific umbrella (the so-called MWD
— Measure While Drilling).

30,0

25,0

N
o
<)

pruatok [I/min] tlak [bar]
flow [I/min] pressure [bar]
> =
o o

5,0

0,0

pressure [bar]

vrt €. 17 hole No. 17

—— prutok [I/min]
mom. flow [I/min]

110,0

A 100,0

mnozstvi [kg] objem [I]
amount [kg] volume [I]

Obr. 14 Graf zdznamu pribéhu injektdze
Fig. 14 Graph of the recording of the course of grouting

zdroj: dokumentace stavby source: construction design documents
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In Sweden, the approach to
cement grouting is not based on
achieving high values of grouting
pressure, as for example in Norway,
but rather on a longer grouting time
at lower pressures. In most cases, the
prescribed pressure does not exceed

30bar. There are the following pa-
rameters after reaching which
the grouted borehole is declared
complete (the so-called stop criteria):
after reaching the prescribed

zdroj: dokumentace stavby source: construction design documents

Obr. 15 Schéma injektovaného destniku
Fig. 15 Diagram of grouted umbrella

tru délky vrtu. Méfeni se nasledné zpracovava tak, Ze porovnava po-
zice sondy vu¢i referencnimu méfeni na zacatku vrtu a doplni se
geodeticky zaméfené soufadnice zaCatku vrtu. Takto ziskand data se
porovnaji s vrtnym planem a s daty z vrtani konkrétniho deStniku
(tzv. MWD — Measure While Drilling).

Ve Svédsku neni piistup k cementové injektaZi zaloZen na dosa-
Zeni vysokych hodnot injektaZniho tlaku, jako tfeba v Norsku, ale
spiSe na del§im Case provadéni injektdZe pfi dosaZeni niz§ich tlakd.
Ve vétsing pripada predepsany tlak nepiesdhne 30 bari. Parametry,
po jejichz dosaZeni je injektovany vrt prohlaseny za dokonceny (tzv.
stop kritéria), jsou nasledujici: po dosazeni predepsaného injekéniho
tlaku je potfeba dosahnout jest€ nulového priiniku smési a tento stav
udrzZet alespofi po dobu 3 min. VEtSinou jsou pouZivané dvé recep-
tury smési s vodnim soucinitelem w/c (pomér voda/cement), a to
1,0 a 0,8. Pti spotrebé vétsi nez 300 1 + objem vrtu se prechézi na
,-hustsi“ recepturu. Teoreticky ale miZe nastat situace, kdy je spotie-
ba prvni receptury stile mala a zaroven uz je dosazeno predepsaného
tlaku i témér nulového pritoku, ale béhem méfeni poslednich tii min
dojde k malému pritoku napriklad jednim pohybem pumpy. Méfeni
poslednich tfi min, danych stop kritérii, tak musi zacit znovu a cely
proces injektaZe jednoho vrtu tak muZe teoreticky trvat i nékolik ho-
din pfesto, Ze spotieba injektdzni smési vyrazné nenartstd. Na obr.
14 je zobrazen graf, ktery je generovan pro kazdy z injektazich vrta.
Z tohoto grafu je mozné vycist parametry popsané vyse.

Kazdé injektazni Cerpadlo a kazda injektazni receptura musi pred
prvnim pouZzitim projit testovanim (,,pretest®) a schvalenim od in-
vestora. Kvalita smési a spravna funkcnost Cerpadla jsou nasledné
pribézné kontrolovany pied a v pribéhu kazdé injektaze. Série testli
obsahuje (,,Mud Balance test*), kdy se pomoci kontroly objemové
hmotnosti smési oveéti pomér w/c (voda/cement), test viskozity smé-
si (,,Marsh cone test™), test kvality rozmichani smési (,,Filter pump
test”) a test doby tuhnuti za pomoci odebrani vzorku smési a jeho
kontroly po stanovené dobé tuhnuti pii dané teploté (,,Cup test*).

Vrtani musi probihat vyhradné za pomoci plné automatického sys-
tému spojovani vrtného souty¢i. Pfi injektazi upadnich vrtl je nutné
vrt vyplachnout tlakovou vodou. Déle jsou tyto ipadni vrty naplnény
ode dna injektaZni smési a az poté je osazen pakr do usti vyvrtu. Ne-
dojde tak k situaci, Ze vrt, ktery je naplnény vodou, ziistane pii velké
tésnosti masivu nevyplnény cementovou smési. V mistech s kompli-
kovanéjsi geometrii vyrubu je vyZadovan 3D model skute¢né navr-
tanych destnika pro kontrolu piekryvu a dostate¢ného zainjektovani
vSech casti budouciho dila (obr. 15).

Obecné lze fici, Ze v pribéhu celého procesu injektaze je ze stra-
ny investora provadéna detailni kontrola vSech dil¢ich kroka pouzité
technologie, kterd sméfuje k co mozna nejvyssi kvalité provadéni
a udrZeni vysokého standardu podminek BOZP.

grouting pressure, it is necessary to
achieve zero penetration rate of the
mixture and maintain this state for at
least 3 minutes. Mostly, two mixture
formulas are used with a w/c ratios (water/cement ratio) 1.0 and
0.8. If the consumption is greater than 300L + the volume of the
borehole, the formula is changed to the ,,denser* one. However,
a situation may theoretically occur where the consumption of
the first formula is still small and at the same time the prescribed
pressure and almost zero penetration rate are already reached, but
during the last 3 minutes of measuring a small flow, for example
with one motion of the pump, takes place. The measurement of
the last 3 minutes, given by the stop criteria, must therefore start
again and the whole process of injecting grout into one borehole
can theoretically last several hours even though the consumption of
the grouting mixture does not increase significantly. Fig. 14 shows
the graph that is generated for each of the grouting boreholes.
It is possible to read the above-described parameters from this
graph.

Each grouting pump and each grouting formula must be tested
(,,pretested”) and approved by the project owner before first use.
The quality of the mixture and correct functioning of the pump
are subsequently continuously checked before and during each
application of the grout. The series of tests includes the Mud Balance
test, where the w/c (water/cement) ratio is verified by checking the
mixture density, by the mixture viscosity test (the Marsh cone test),
the test of the quality of mixing the mixture (the Filter pump test)
and the setting time test by taking a specimen of the mixture and
checking it after the specified setting time at a given temperature
(the Cup test).

Drilling must be carried out exclusively with the help of a fully
automatic system for joining drilling rods. When injecting grout into
dipping boreholes it is necessary to flush the hole with pressurised
water. Subsequently, the dipping boreholes are filled from the bottom
with grouting mixture and only then the packer is installed in the
mouth of the borehole. In this way, a situation will not arise where
the borehole which is filled with water remains unfilled with cement
mixture due to great tightness of the rock mass. In places with
more complicated geometry of the excavation, a 3D model of holes
actually drilled for the umbrellas is required to check the overlap
and sufficient filling with grout of all parts of the future works (see
Fig. 15).

In general, it can be said that during the entire grouting process,
the project owner conducts detailed inspection of all partial steps of
the equipment used, which aims at the highest possible quality of
the work and maintaining a high standard of health protection and
accident prevention conditions.

CONCLUSION

At present, a large part of the Landingsbanan section has already
been completed from the point of view of excavation. Both running




Obr. 16 Slavnostni prordZka do stanice Akalla
Fig. 16 Ceremonial breakthrough into Akalla station

ZAVER

V soucasnosti je velka ¢ast tseku Landingsbanan z pohledu
razeb jiz dokoncena. Oba tratové tunely ve sméru od pristupové-
ho tunelu az do stanice Barkarbystaden byly prorazeny 7., resp.
12. dubna 2022, a v této oblasti jiZ probiha instalace izolaci proti
vodé¢ a predavky vyraZeného dila investorovi. Ve sméru do stanice
Akalla doslo k prordzce diagonélni propojky TvT (oznaceni apen-
dixt a propojek) 15+494 do stavajiciho depa za stanici 29. dubna
2022 (obr. 16). V nasledujicich mésicich budou probihat popisova-
né prace v problémové oblasti v blizkosti stanice Akalla a soubéZné
budou pokracovat razby tratovych tuneld v sekci Robothojden.

Projekt tunelu Jérfilla, na kterém ptsobi 60 kmenovych zamést-
nanct Metrostavu Norge AS, je komplexni a ukazuje moZnosti nej-
novéjsich technologii razeb v podminkach velmi kvalitnich skal-
nich hornin. Pro Metrostav Norge AS tento projekt pfinasi dalsi
rozsifeni firemniho know-how a posileni pozice na skandindvském
trhu, kde Skupina Metrostav Gspésné ptisobi uz nékolik let. V Nor-
sku, Svédsku, Finsku a na Islandu Metrostav vyrazil uz vice neZ
35 km tuneld a své aktivity dale rozviji. Cenné zkuSenosti nabité
na razbach ve Stockholmu se proto budou hodit nejen na budoucich
projektech, ale predevsim rozsifily portfolio schopnosti a znalosti
Ceskych tunelart.

Ing. JIRI HORCICKA,
Jiri.Horcicka@metrostav-norge.no, Metrostav Norge AS

Recenzoval Reviewed: Ing. Vladimir Prajzler
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tunnels in the direction from the access tunnel to the Barkarbystaden
station were broken through on the 7% and 12" April 2022,
respectively, and in this area, the installation of waterproofing and
handing over of the completely excavated working to the project
owner is already underway. In the direction of the Akalla station,
the diagonal cross passage TvT (marking of appendixes and cross
passages) 15+494 was broken through into the existing depot
behind the station on April 29, 2022 (see Fig. 16). In the following
months, the described work operations will proceed in the problem
area near the Akalla station, and the excavation of running tunnels
in the Robothojden section will continue concurrently.

The Jérfilla tunnel project, on which 60 regular employees
of Metrostav Norge AS are working, is comprehensive and
demonstrates the possibilities of the latest excavation techniques
in the conditions of high-quality rock. For Metrostav Norge AS,
this project brings a further expansion of company’s know-how and
strengthening of its position on the Scandinavian market, where
the Metrostav Group has been successfully operating for several
years. In Norway, Sweden, Finland and Iceland, Metrostav has
already completed excavation of more than 35km of tunnels and is
further developing its activities. Valuable experience gained during
excavation of tunnels in Stockholm will therefore not only be
useful in future projects, but above all, it has expanded the portfolio
of skills and knowledge of Czech tunnellers.

Ing. JIRI HORCICKA,
Jiri. Horcicka@metrostav-norge.no, Metrostav Norge AS
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ZMRAZOVANI HORNINOVEHO MASIVU JAKO POMOCNE OPATRENI
PRO RAZBU TUNELU POD HLAVNIM NADRAZIM V BERNU
ARTIFICIAL GROUND FREEZING AS A CONSOLIDATION MEASURE
FOR TUNNELLING UNDER BERN MAIN STATION

SIMON KLOSGES, MICHAEL MULLER

ABSTRAKT

V priibéhu pldnovaného podzemniho prodlouZeni hlavniho nddraZi v Bernu bylo nutné vybudovat pristupovy tunel ze stdvajici Sachty.
Prvnich 60 m tohoto tunelu prochdzi nestabilnim, zvodnélym a nezpevnénym horninovym prostredim a vede pod stdvajici Zeleznicni trati.
Spolecnosti THYSSEN SCHACHTBAU GmbH byla zaddna zakdzka na zlepSeni podminek pro raZeni tunelu zmrazovdnim horninového
masivu. HorizontdIni smérové vrtdni z Sachty i vystavba a provoz zmrazovaciho zarizeni probihaly v roce 2020 ve velmi omezeném prostoru
bez preruseni provozu na vliakovém nddraZi. Pro dostatecné nasyceni vodou a tim i promrznuti nezpevnéného horninového masivu bylo
provddéno jeho umélé zavodnéni. Po dokonceni zmrazovdni predem definovaného horninového télesa mohl byt tunel lispésné a bezpecné
vyraZen ze startovaci Sachty aZ do zdravého horninového masivu.

ABSTRACT

In the course of the planned underground extension of the central station in Bern, an access tunnel had to be constructed from an existing
shaft. The first 60m of this tunnel cross through unstable, waterbearing and unconsolidated rock, and run under existing railway tracks.
THYSSEN SCHACHTBAU GmbH has been commissioned the contract to carry out an artificial ground freezing measure to enhance the
realization of the tunnel construction. The horizontal directional drilling work within the shaft as well as the construction and operation of
the freezing plant were carried out in 2020 in a very confined space, and parallel to the ongoing operation of the train station. In order to
ensure sufficient water saturation and thus the freezability of the unconsolidated rock, artificial ground irrigation procedure was operated.

After completion of the predefined frost body, the tunnel was successfully and safely driven from the shaft into the bedrock.

1. UvoD

Svycarskd spole¢nost regionalni dopravy Regionalverkehr Bern-
-Solothurn (RBS) provadéla podzemni rozsifeni Zelezni¢niho na-
drazi Bern RBS, které by mélo byt dokoncené do roku 2025. Cilem
bylo vybudovani podzemniho nadrazi pod stavajicim kolejiStém
stanice SBB (Schweizerische Bundesbahnen). Predmétem staveb-
niho tseku 1.4 bylo vytvoreni pristupového tunelu vychézejiciho ze
stavajici Sachty do novych podzemnich prostor nadrazi. Tento pfi-
stupovy tunel bude pfi nasledném provozovani nadraZi slouZit jako
dalsi unikova cesta a jako trasa pro zajisténi logistiky a vedeni inZe-
nyrskych siti. Vzhledem k tomu, Ze zhruba prvnich 60 m tunelu pro-
chézi zvodnélou nezpevnénou zeminou, byla spolecnost THY SSEN
SCHACHTBAU GmbH povétena piipravou docasného stavebniho
opatfeni spocivajiciho ve zmrazeni horninového prostfedi. Navrh
rozsahu zmrazovani a z toho plynouci geometrické polohy chladi-
cich vrtl, vrtd pro méfeni teploty a pomocnych vrtii byla predem
stanovena zpracovatelem projektu a nebyla soucasti zakazky. Popi-
sované prace probihaly od ledna 2020 do listopadu 2020.

2. VYCHOZI POZICE

2.1 Geologicka a hydrogeologicka situace

Jak bylo popsano v zaddvaci dokumentaci [1], prostfedi je roz-
déleno na pevnou skalni ¢ast a nezpevnény pokryv. PodloZi tvori
tzv. gimmenenské souvrstvi spodni sladkovodni molasy (USM)
sloZené z vice plochych stfidajicich se vrstev jemnych az hrubych
piskovct, prachovci a slint.

Mocnost jednotlivych vrstev se pohybuje v fadu decimetri. Mo-
lasa tvofi skalni sraz severozapadné od stanice SBB s jiZznim sva-
hem, ktery spada zdpadnim smérem.

Podzemni voda je ve skalnim podloZi vdzana v pérech hrubozrnného

1. INTRODUCTION

The Swiss public transport company Regionalverkehr Bern-
Solothurn RBS is carrying out the underground expansion of the
Bern RBS Railway Station, which is expected to last until 2025. The
aim is to build a low-level station below the existing tracks of the
SBB (Schweizerische Bundesbahnen) station. The project objective
of contract section 1.4 was to create an access tunnel to the future
railway caverns, starting from an existing pit. This access tunnel will
subsequently serve as an additional escape route and as a media and
logistics conduit when the railway station is in operation. As roughly
the first 60m of the tunnel passes through waterbearing unconsolidated
rock, THYSSEN SCHACHTBAU GmbH was commissioned to
prepare a frozen mass as temporary construction measure. The
dimensioning of the frozen mass to be prepared, and resulting
geometry of the freezing boreholes, temperature measurement
boreholes and auxiliary boreholes, was defined in advance by the
project author and was not part of the contract section. This work was
carried out between January 2020 and November 2020.

2. INITIAL POSITION

2.1 Geological and hydrogeological situation

As described in the tender documents [1], the subsoil is divided
into a solid rock section and a covering of unconsolidated rock
material. The bedrock consists of the so- called giimmenen strata of
the Lower Fresh Water Molasse (USM) which comprise multiple flat
alternating beds of fine to coarse sandstones, silt stones and marls.

The thickness of the individual strata lies in the decimetre range.
The Molasse forms a brow of rock northwest of the SBB station
with a south slope which falls in a westerly direction.

The water in the bedrock is carried in the pore space of the coarse



piskovce a v otevienych puklinich. Hodnota hydraulické pro-
pustnosti zjisténa béhem vrtného prizkumu provedeného v letech
2013/2014, ktera se pohybuje mezi hodnotami k = 6,9 x 107 aZ
8,5 x 10® m/s, se vSak jevi jako velmi nizka.

Vrstva nezpevnénych pokryvu je tvofena navazkami, jilovitymi
sedimenty a morénou glacialniho a fluvioglacidlniho piivodu.

Mocnost navazek je proménliva od nékolika centimetrti az do
nékolika metri. Mocnost sediment a morény je v dané lokalité
zhruba 2 m.

Diky svému jilovitému charakteru je nezpevnéna vrstva po-
kryvi v podstaté vodonepropustnd. Jeji propustnost je mensi nez
1 x 10 m/s. Vyskytuji se v8ak i vlozky relativné Cistych piskovych
vrstev a jemnozrnnych nebo Stérkovitych vrstev s vyssi propust-
nosti.

2.2 Stavenisté

Stavenisté lezi jihozdpadné od hlavniho nadrazi v Bernu mezi
stavajicimi kolejemi a fadou domt na Laupenstrale na severu
(obr. 1). Pred zahajenim vlastnich stavebnich praci v useku 1.4
byla vyhloubena jama hloubky zhruba 17 m a déle byla nad kole-
jemi postavena ocelova plosina o vysSce zhruba 10 m s najezdovou

Obr. 1 Stavenisté v Laupenstrafie s ndstupistém, jamou (zelend) a tunelem (oranZovd)
Fig. I Construction site at Laupenstrafie with platform, pit (green) and tunnel (orange)

rampou. Jama o pidorysnych rozmérech cca 22 m x 15 m byla
zajisténa pomoci milanskych stén a ma radidlné orientované rozpé-
ry. Zhruba polovina jamy bude zakryta kolejovym mostem prekry-
vajicim néstupisté. Predpoklada se, Ze tunel bude raZen severovy-
chodnim smérem, diagonalné pod Zelezni¢ni trati a nastupistém do
geologického prostredi molasy.

Nastupisté ma plochu asi 50 m x 24 m, na které bude umisténo
zafizeni staveniSté s prostorem pro uskladnéni stavebniho materi-
alu. Jediny pfistup vyuZitelny pro logistiku stavenisté vede mezi
stavajicimi budovami pies ndjezdovou rampu na Laupenstral3e.

3. REALIZACE PROJEKTU

3.1 Vrtné prace

Projekt byl zahdjen provedenim horizontalnich vrtd s naslednou
instalaci chladicich trubek. To znamenalo pfevrtani betonové mi-
lanské stény v misté zhlavi vrti vrtdnim jadrovych vrtl s nasled-
nym smérové fizenym horizontdlnim vrtdnim (HDD) vrtd o pra-
méru 150 mm. Podle kontrolniho planu byla poZadovana piesnost
vrtani dosaZitelnd u vSech vrtd < 200 mm. Naméfend data byla
z monitorované fezné hlavy prendsSena kabelem do usti vrtu, kde
byla interpretoviana a vyhodnocena. Vzhledem k pfitomnosti pod-
zemni vody byly vrty provadény s bezpeCnostnim uzavérem (pre-
venterem). Po dosaZeni konecné hloubky mezi 30 az 60 m byla
do vypaznic vrtd zavedena pfislu$na trubka o vné&j$im primeéru
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sandstone and along the open fissures. The value for hydraulic
permeability established during a drilling campaign carried out in
2013/2014, which is between k = 6.9 x 107 and 8.5 x 10*m/s, is
however very low.

The loose rock stratum is a surface layer consisting of artificial
backfillings as well as underlying clayey backflow sediments and a
moraine glacial and fluvioglacial origin.

The thicknesses of the artificial backfillings vary considerably
from a few centimetres to several metres. The thickness of the
backflow sediments and the moraine are each approx. 2m in the
area of the site.

Due to its clayey composition, the loose rock stratum is essentially
an aquifuge. It has a permeability of less than 1 x 10°m/s. However,
intercalations of relatively clean sand layers and fine-grained or
gravelly layers with a higher water-bearing capacity are also present.

2.2 Construction site

The construction site lies southwest of Bern mainline station
between the row of houses on Laupenstral3e to the north (Fig. 1).
Before construction work proper for lot 1.4 started, a pit roughly
17m deep was sunk and structural steel the existing tracks and
platform roughly 10m high with
access ramp was built over the tracks.
The pit has a ground area of roughly
22 x 15m, was constructed from
diaphragm walls and has star-shaped
bracing. Roughly half the pit will be
concealed by a track bridge and the
overlying platform. It is envisaged
that the tunnel be driven in the north-
easterly direction, diagonally under
the railway tracks and platforms into
the Molasse.

The platform has an area of
roughly 50 x 24m on which site
equipment will be set up and con-
struction materials stored. The only

Obr. 2 Vrtnd souprava vedle minipdsového jerdbu na nosné konstrukci v jamé
Fig. 2 Drilling rig next to mini crawler crane on support structure in pit
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101 mm s chladicim médiem. Uvoliiovacim mechanismem byla
fezna hlava vrtaci soupravy uvolnéna od ztracené korunky. Vypaz-
nice kolem mrazicich trubek byly odstranény. Vznikld mezera mezi
licem vrtu a mrazici trubkou byla vyplnéna rozvolnénou horninou
a zainjektovana cementovou smesi.

Zavrtné body vrtu byly umistény do vysky zhruba 8,2 m nade
dnem jamy. Aby bylo mozné vrtat i vySe poloZené vrty, bylo vrtaci
zafizeni umisténo na nosnou konstrukci (obr. 2). Tato konstrukce
se skladala z jednotlivych predem smontovanych desek, které byly
spoustény do jamy pomoci oto¢ného jefabu a spojovany dohroma-
dy. To umoznilo zkratit dobu prestavby nosné konstrukce. V pri-
behu vrtnych praci bylo vyvrtano 57 horizontalnich vrt o celkové
délce cca 2600 m (tab. 1). Usporadani vrtd bylo specifikovano in-
vestorem.

Tab. 1 Prehled provddéného smérové rizeného horizontdlniho vrtani

Tuel

access to the site logistics is via an access ramp on the Laupenstraf3e
and runs between the existing buildings.

3. PROJECT EXECUTION

3.1 Drilling work

The project began by drilling horizontal boreholes followed by
installation of the freeze pipes. This involved opening the in-situ
concrete diaphragm wall at the borehole starting points by drilling
core borings, followed by horizontal directional drilling (HDD) of
the actual 150mm diameter boreholes. According to the inspection
plan, the required drilling accuracy was < 200mm and it was
possible to achieve this for all boreholes. The measurement data
was transmitted via cable from the cutter head to the mouth of the
borehole where it was interpreted and evaluated. Due to the in-
situ ground water, drilling was carried out with a preventer. After
reaching the final depth of roughly 30 to 60m, the corresponding
freeze pipe with an outer diameter of 101mm was introduced
into the drill pipes and the cutter head was cast off by a release
mechanism (lost drill bit). The drill pipes were moved around the
freeze pipe. The resulting annular gap was filled with falling soil

As the borehole starting points covered a

vertical distance of roughly 8.2m, the drilling
implement was placed on a support structure

in order to drill the boreholes that were

higher up (Fig. 2). This structure consisted of

individual preassembled tables which were
lowered into the pit by a rotary crane and
connected together. This made it possible to

. - Minimalni Maximalni
s e délka[m] | délka[m]
43 | chladici trubka 28,5 56,8
8 vrt pro méfeni teploty 33,0 57,3
4 trubka pro zavlazovani 56,7 57,1
2 odvodriovaci trubka 38,5 40,5 and injected cement.
E| » .
o= — -
o) = - —
86m il 60 m i

keep the changeover times as short as possible.

Obr. 3 Schéma uspordddni vrtu s chladicimi trubkami (modrd), vrty pro méreni teploty (oranZovd),

zdvlahové a drendZni trubky (tmavé zelend), molasovy hi'eben (svétle zelend)

Fig. 3 Schematic of borehole layout with freeze pipes (blue), temperature measurement boreholes
(orange), irrigation and drainage drains (dark green), molasse ridge (light green)

Vrty byly usporadany tak, aby cely prafez tunelu byl zmrazeny
az po stoupajici hieben molasy v predpoli (obr. 3). Pro zajiSténi
komplexniho sledovéni teploty byly uvnitf i vné razeného tunelu
rozmistény vrty pro méfeni teploty. To umoznilo pfesné sledovat
nasledny proces zmrazovani.

K méreni teplot byly pouzity optické kabely. Dva stavajici ver-
tikdlni piezometrické vrty, které se nachdzely v ose tunelu, byly
rovnéZ vybaveny piistroji pro sledovani teploty. Dva vrty situované
v podélné ose tunelu slouzi k fizenému odvadéni podzemni vody
vytlacované zmrazenym masivem. MnoZstvi takto odvedené pod-
zemni vody poskytuje dulezity idaj o objemové hmotnosti zmra-
zeného masivu.

3.2 Zavlazovani podloZi

Pro zajisténi dostatecného nasyceni horninového prostiedi
vodou a nasledné vytvoreni idedlné¢ zmrazeného horninového
masivu bylo prostfedi pfed i béhem zmrazovani jednak syceno
vodou pomoci Ctyf horizontdlnich zavlaZovacich trubek situo-
vanych nad tunelem, jednak pomoci rozsahlého zavlaZovani na
povrchu. Pro uc¢innéjsi kontrolu tohoto opatieni bylo kazdé vy-
poustéci potrubi zavlaZovaciho systému rozdéleno do Ctyr sekci
pomoci mechanickych obturdtori a napousténo hadicemi oddéle-
né (obr. 4). Pro nasyceni horninového masivu ur¢eného k zmra-
zeni bylo na béZzny metr tunelu v priméru za den pouzito 450 1
vody.

57 horizontal boreholes with a total length of
approx. 2600m were made during the course
of the drilling work (Tab. 1). The borehole
pattern was specified by the clients.

Tab. 1 Overview over conducted horizontal directional drilling

Min. Max.
Number | Purpose length [m] length [m]
43 |freeze pipe 28.5 56.8
temperature measurement
. borehole Sl e
irrigation drain pipe 56.7 57.1
2 drainage drain pipe 38.5 40.5

The boreholes were arranged so that the entire tunnel cross-
section could be frozen down to the rising ridge of the molasse
(Fig. 3). To ensure comprehensive temperature monitoring, tempe-
rature measurement boreholes were distributed inside and outside
the tunnel to be excavated. This allowed the subsequent freezing
process to be precisely monitored.

Fibre-optic cables were used to measure the temperatures. Two
existing vertical piezometer boreholes which were located on
the tunnel axis were also equipped with temperature monitoring
instruments. Two boreholes at the centre of the tunnel serve to provide
controlled drainage of the groundwater displaced by the frozen mass.
Additionally, the quantity of discharged groundwater provides an
important indication of the water density of the frozen mass.

3.2 Subsoil irrigation

To ensure sufficient water saturation and consequently the forma-
tion of an ideal frozen mass, the subsoil was irrigated before and during
freezing via four horizontal irrigation drain pipes above the tunnel
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and by means of extensive surface

_,!‘— vodou syceny Usek 3
water-satureted
section 3

- .a‘— vodou syceny Usek 2
water-satureted
section 2

1= vodou syceny Usek 1
water-satureted
section 1

irrigation. To control this measure
more effectively, each irrigation drain
i pipe was divided into four sections

—se— vodou syceny Usek4 — — . .
using mechanical packers and

Obr. 4 Schéma zavlaZovaciho potrubi
Fig. 4 Schematic of an irrigation drain pipe

3.3 Zmrazovaci opatieni

Soubézné s provadénim vrtnych praci bylo na plosiné instalova-
no zmrazovaci zafizeni (obr. 5). Sklddalo se ze dvou vodou chla-
zenych ¢pavkovych mrazicich zarizeni kontejnerového typu, kazdé
s chladicim vykonem zhruba 500 kW, CistiCem plynu, Cerpacim
kontejnerem a ovladacim panelem, odkud bylo zmrazovaci zafize-
ni monitorovano a fizeno.

Po dokonceni vSech vrtl byly chladici trubky kompletné smon-
tovany a poté pripojeny hadicemi k potrubnimu systému, ktery byl
vyroben z predizolovanych svafovanych

water-satureted
section 4 charged separately via hose lines (Fig.
4). 450L/day on average was used for
irrigation of the subsoil per metre of
tunnel to be frozen.

3.3 Freezing measure

The freeze plant was set up on the platform parallel to the
execution of drilling work (Fig. 5). It consisted of two container-
type water-cooled ammonia freezing machines each with a cooling
capacity of roughly 5S00kW, a gas washer, a pump container and
a control panel from where the freeze plant was monitored and
controlled.

Once all boreholes were complete, the freeze pipes were fully
assembled then connected via hose pipes to the pipe system which

plastovych trubek. Systém potrubi klesal
27 m od zmrazovaciho zafizeni na ploSiné
do jamy pod nim, aby v horninovém masivu
umoznil cirkulaci chladiva ochlazeného na
teplotu —35 °C. Béhem tohoto procesu byla
chladici kapalina ¢erpana pres odpovidajici
koaxidlni spadovou trubku do nejnizZsiho
bodu chladici trubky a poté proudila zpét
prstencovym prostorem (mezikruzim) v
trubce (obr. 6). Tepelna energie byla z hor-
ninového masivu odCerpavana povrchem
zmrazovaci trubky, coZ zpusobilo v jejim
okoli zmrznuti vody obsazené v hornino-
vém masivu. Po urcité dobé zmrazovani se
jednotlivé zmrzIé valce horniny spojily a
vytvofily uzaviené zmrazené t¢leso, které
vyrazné zvysovalo stabilitu a vodotésnost
horninového masivu.

Vytvoreni pozadovaného zmrazeného
masivu 0 objemu cca 4 150 m? trvalo asi
pét tydnii. Teplota masivu byla zaznamendvana pomoci optickych
kabelli a prezentovana na online platformé, coz po celou dobu
zmrazovani umoznilo sledovat aktudlni stav i v kazdém okamziku
prabéh celého zmrazovaciho procesu.

Narastem objemu zmrazeného masivu v pribéhu zmrazovani
dochézelo k nadzdvihavani povrchu v oblasti koleji a nastupist.
Rozsah zdvihu vSak nebyl kriticky a nepfedstavoval zadné riziko
pro kolejovy ani pé&si provoz.

Jakmile bylo vytvoreno potiebné zmrazené t€leso, byly vniti-
ni mrazici trubky potrubniho systému odpojeny a demontovany.
Miléanska sténa podél obrysu tunelu byla oteviena systémem pie-
vrtavanych jadrovych vrti a poté se mohlo zaclit s vlastni razbou
tunelu. To bylo provedeno plnoprofilovou razbou v prostoru kaloty
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Obr. 6 Princip mrazici trubky; chladici kapalina (modrd) cirkuluje a odebird
tepelnou energii (Cervend) ze zemé

Fig. 6 Principle of a freeze pipe; the coolant (blue) is circulated and extracts
the thermal energy (red) from the ground

Obr. 5 Zmrazovaci zarizeni na plosiné
Fig. 5 Freeze plant on platform

was made of pre-insulated welded plastic pipes. The system of
pipes descended 27m from the freezing machines on the platform
to the pit below to enable a coolant cooled to a temperature of
—35°C to circulate through the subsoil. During this process, coolant
is pumped through the corresponding coaxial down- pipe to the
lowest point of the freeze pipe then flows back through the annular
space within the pipe (Fig. 6). Thermal energy is drawn from the
subsoil via the surface of the freeze pipe which causes the water
in the subsoil around it to freeze. After freezing for an appropriate
length of time, the individual frozen cylinders combine to form a
closed frozen mass, which significantly increases the stability and
watertightness of the subsoil.

It took around five weeks to build up the required frozen mass
with a volume of approx. 4150m?. The subsoil temperatures were
recorded via fibre-optic cables and visualised on an online platform,
which made it easy to follow the current status and overall progress
of the freezing process at all times.

Due to the increase in volume during the freezing process, frost
heave occurred in the area of the tracks and platforms. The extent
of movement was however uncritical and did not pose any risk to
the tracks or pedestrian traffic.

Once the necessary frozen mass had been established, the inner
freeze pipes of the pipe system were disconnected and dismantled.
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Fig. 7 Tunnel portal: a) during frost body development; b) during tunnelling

a opéfi s naslednou razbou dna. Pro rozpojovani masivu byl pou-
Zit tunelbagr s impaktorem a frézovacim nastavcem. Pro zajisténi
stability vyrubu tunelu v nezpevnéném horninovém masivu byly
pouzity piihradové nosniky a stfikany beton.

Zmrazeni masivu bylo béhem razby tunelu udrZovdano pomoci
periodického zmrazovani (obr. 7).

4. SHRNUTI

Pro razbu tunelu zvodnélymi formacemi bylo nutné zmrazit ob-
last nezpevnéné horniny kolem tunelu vychazejiciho z jamy a sa-
hajiciho do vodorovné vzdalenosti zhruba 60 m. Kombinace praci
v omezeném prostoru a sloZité geometrie stavenisté predstavovala
mimorddnou vyzvu, kterou spole¢nost THYSSEN SCHACHT-
BAU GmbH uspésné prekonala nasazenim zkuSeného odborného
persondlu a specidlniho vybaveni. Nasazenim nejmodernéjsi tech-
nologie zmrazovéani bylo mozné splnit vSechny emisni poZadavky
predpisd, a to i pfes v blizkosti stavenisté lezici kancelarské a obyt-
né budovy. Nebylo proto nutné pouzit Zadna zvlastni protihlukova
opatfeni. Docasné pomocné opatieni zmrazovanim horninového
masivu umoznilo bezpe¢nou vystavbu tunelu bez nepiiznivych
dopadt na Zelezni¢ni dopravu v nadloZi nebo na obyvatele. Tento
vysledek opét dokazuje, Ze metoda zmrazovani je modernim, bez-
pecnym a flexibilnim feSenim pro geotechnicky naroc¢né stavebni
projekty v oboru méstského specidlniho podzemniho stavitelstvi.

SIMON KLOSGES M.Sc.,
kloesges.simon@ts-gruppe.com,
EUR ING MICHAEL MULLER,
mueller.michael @ts-gruppe.com,
THYSSEN SCHACHTBAU GmbH

Cldnek je se svolenim obou autorii, Rakouské geotechnické spolecnosti (0GG)
a nakladatelstvi Ernst & Sohn Verlag fiir Architektur und technische Wissen-
schaften GmbH & Co. KG, Berlin prevzat z casopisu Geomechanics and
Tunnelling 14 (2021) cislo 5.
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The diaphragm wall along the tunnel contour was then opened by
drilling overlapping core borings, then tunnel driving proper could
start. This was done by means of full-face driving followed by
excavation of the invert. A tunnel excavator with breaker hammer and
milling attachment was used. Lattice beams and sprayed concrete
were used as tunnel support in the unconsolidated rock section.

The frozen mass was maintained during the tunnel driving work
by means of intermittent freezing (Fig. 7).

4. SUMMARY

To excavate a tunnel through water-bearing formations, it was
necessary to freeze the area of unconsolidated rock around the
tunnel starting from a pit and extending over a horizontal distance
of roughly 60m. The combination of working in a confined space
and the complex site geometry posed a particular challenge which
THYSSEN SCHACHTBAU GmbH successfully overcame by
deploying experienced specialist personnel and special equipment.
Using state-of-the-art freeze plant technology, it was possible to
comply with all emission regulations despite the proximity of an
office and residential building to the site. Separate noise protection
measures were therefore not required. The temporary auxiliary
measure of freezing the subsoil allowed the tunnel to be safely
constructed without adversely affecting the overlying rail traffic
or residents. This impressive result demonstrates once again that
the freezing method is a modern, safe and flexible solution for
geotechnically demanding construction projects in the specialist
field of urban civil engineering.

SIMON KLOSGES M.Sc.,

kloesges.simon@ts-gruppe.com

EUR ING MICHAEL MULLER,

mueller.michael @ts-gruppe.com,

THYSSEN SCHACHTBAU GmbH

The article is taken from Geomechanics and Tunnelling 14 (2021) Issue 5, with
the permission of both authors, the Austrian Geotechnical Society (OGG) and

Ernst & Sohn Verlag fiir Architektur und technische Wissenschaften GmbH
& Co. KG, Berlin.

[1] Kellerhals + Haefeli AG (2018) Teil E: Geologie und Hydrogeologie, Revision 0. Ausbau Bahnhof Bern RBS, Ausschreibung
Teilprojekt 1 Rohbau, Abschnitt 1, Los 1.4 Stollen Laupenstrasse.
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS
MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Prvni vysokorychlostni Zeleznice v Indii polovina z postupu ocekdvaného v suchych oblastech regionu Xin-
Pro stavbu vysokorychlostni Zeleznice mezi mésty Delhi a Mee- | jiang.

rut byly jiz dodany tfi EPB $tity od firmy Teeratec. Maji profil Poustni oblasti regionu Xinjiang maji velmi sloZitou geologic-

7,51 m a budou razit tunel délky 7,12 km se tfemi podzemnimi sta- kou stavbu. Navic parametry ziskané z geologického prizkumu se

nicemi. Razba bude probihat pfedevsim ve $té€rkopiscich, v jemno- | ve skutecnosti ukazaly byt daleko horSimi. K zvladnuti této situace

zrnnych siltech, v jilech pod husté osidlenym tizemim. Rezné hlavy namontovali ¢inSti odbornici na razici stroje nové seismické de-

jsou konstruovany tak, aby prosly podzemnimi sténami a poradily tektory, které by mély 1épe informovat o problémech pred celbou

si s neoekavanymi piekdzkami, jako jsou staré studné a zaklady | vcCetné natlakované podzemni vody hrozici privalem.

nékdejSich objektll. Zasobovani razby a dopravu rubaniny v tunelu V soucasnosti na projektu, ktery zahrnuje hlavni tunelovy pfiva-

budou zaji§fovat bateriové dilni lokomotivy. déc a sit rozvodnych tuneli, pracuje 20 tunelovacich stroju.
Zprovoznéni useku délky 82,15 km s jizdni rychlosti aZ 180 km/hod

se predpokladd v roce 2025, B Budovani dalnice A26 v Linci

Automobilova doprava v Linci a v jeho okoli nutné potiebuje
B Simson nasazen na stavbé tunelu Fehmarnbelt nové stavby, které pomohou zvladnout zvySujici se dopravni zatéz.

Jeden z nejvétsich bagri nazvany Simson je nasazen na stavbé V prvni fazi to znamena postavit novy dalnicni 306 m dlouhy a 25 m
tunelu Fehmarnbelt. Dosah bagru je vice nezZ 20 m a ma obsah 1Zice Siroky zavéSeny most pres Dunaj. Jeho nosnd lana budou ukotvena
34 m. ve skalnatém svahu nad Dunajem. Na most navazuji dvé dalni¢ni kii-
Zovatky vybudované z vétsi ¢asti v podzemi na pravém i levém biehu
feky. S tim souvisejici tunely celkové délky 3200 m byly razeny od
kvétna 2020 do 8. brezna 2022. Jsou charakterizovany ostiejSimi ra-
dii zatacek a velkymi plochami vyrubi v mistech rozpletd, které do-
sahuji az 400 m?. To je nejvétsi plocha vyrubu pouzita do této doby
na stavbach rakouskych dalnic. Jeji rozpéti je az 33 m.

V soucasné dobé zde probiha betondz definitivniho osténi. Velka
¢ast tunelt, véetné mostu, bude uvedena do provozu na podzim
roku 2024.

Pokud se tyka mostu, jeho nosna konstrukce je ocelova. Seg-
menty velikosti 25x10 m budou dovezeny na misto montdZe na
Clunech, pak budou zdvizeny a upevnény na nosnych lanech. Na-
sledné bude kazdy segment privaren k predchazejicimu dilu. Na
horni ¢asti ocelové konstrukce pak bude vybetonovana vozovka.
Pro staveniStni dopravu mé byt most dispozici na jate roku 2023.

B Naplavovany tunel s osmi pruhy v kanadské Britské
Kolumbii
Na dalnici 99 pod fekou Fraser v Britské Kolumbii se zahaju-
je stavba naplavovaného tunelu s osmi jizdnimi pruhy (se Ctyrmi
v kazdém sméru, z nichZ jeden bude urcen pro autobusy). Navic
dalsi pruh bude slouZzit obousmérnému provozu cyklistl a péSich.

B Nejdelsi evropsky silni¢ni tunel prorazen

V Turecku byla dokonéena razba nového 14,5 km dlouhého
dvoutroubového silni¢niho tunelu Zigana, ktery bude nejdel$im sil-
ni¢nim tunelem v Turecku i v Evropé. Tunel se nachézi na dalnici
E94 ptiblizn€ 45 km severovychodné od ¢ernomoiského piistavu
Trabzon. Razit se zacalo v roce 2016 metodou drill and blast.

Tunel podejde sedlo Zigana, které lezi v nadmotské vysce
2032 m n. m. a které se doposud podchéazelo 1,7 km dlouhym tu-
nelem uvedenym do provozu v roce 1971. Novy tunel, ktery se

B Hochtief stavi tunely pro rozvod elektriny
razil 560 m pod sedlem, odstrani soucasna rizika, kterd vyplyvala

) = ’ i 5 - yuet Na severu Walesu v narodnim parku Snowdonia ziskala spolec-
z pru%lfeh(,) Vs.toupam,a ostrzzih serpe,ntln, kdy predevsim %a Zlmnl: nost Hochtief UK zakazku na vybudovani 3,4 km dlouhého tunelu
ho snéZeni ¢i prudkych destl dochdzelo k mnoha nehodam, které pro elektrokabely rozvodné sité. Tunel podchazi dsti feky Dwyryd

castorzablokoyaly proyoziia silnicis S S a jeho vybudovani by m&lo sniZit vizualng nevhodny efekt nadzem-
Novy tunel bude vybaven tfemi dvojicemi ventila¢nich Sachet niho elektrického vedeni v chran&né krajiné.

hIVUbOkyCh 2 K lft’eré bvyl?/ pro 1'?sporu éasu”raiefly dovrch- Podobnou zakazku spole¢nost buduje u Londyna. Jde o tunel pro
nez tu,nelu. Tunel zkzatl dnes.m s11n1cv1, 0 8,1“2 a jizdni df)bu Velj privod elektrické energie do hlavniho mésta Velké Britanie, ten-
ky?h nékladnich aut aZ o 60 min. Zlepsi ta!(e pristup okolnich zemi | (4t délky 32 km. Také ve Svédsku se firma podili na piivodu
k Cernému mofi, coZ plati pfedevsim pro Iran. elektrické energie v tunelu délky 14 km pro mésto Stockholm.

B Velké pritoky vody zdrzuji razbu nejdelSiho ¢inského
tunelu
Postup razby nejdelSiho ¢inského tunelu i nejdel§iho svétové-
ho tunelu komplikuji velké pritoky podzemni vody, ackoliv raz-
ba pravé probihd v jednom z nejsusSich regioni na svété. Privaly
podzemni vody by dokazaly napt. béhem hodiny naplnit plavecky

B Renovace Zelezni¢niho tunelu Bosruck

Zelezni¢ni tunel Bosruck délky 4766 m, ktery spojuje Horni Ra-
kousy a Styrsko, byl dokonden v roce 1906. V soucasnosti prochazi
velkou renovaci, jejiz prvni faze tykajici se dna tunelu a Zelezni¢niho
svrsku byla provedena v roce 2016. Druha faze zacala koncem tnora
2022 a vénuje se tunelovému osténi a instalaci trakéniho vedeni.

bazén. Prace by mély byt dokonceny koncem cervence 2022.
Ambici6zni projekt ma privést vodu z pohori Altaj do severniho

regionu Xinjiang, jehoz 60 % plochy pokryva poust Gobi. B Vystavba nové vodni elektrarny Obervellach II. pokracuje
Na konci ¢ervna roku 2021, kdy bylo po dvou letech praci vyra- Na této stavbé, jejimz investorem jsou Rakouské spolkové drahy

Zeno skoro 60 % délky tunelu, musely byt tunelovaci stroje zasta- (OBB), probéhla 3. biezna 2022 druh4 prorazka tunelu. Tykala se

veny a odtaZeny zpét, aby se zabranilo jejich vaZnému poskozeni. 800 m dlouhého tunelu véetné Sikmych privadéct. Prordzka horni-

Vykony v téchto oblastech klesly na 200 m/mésic, coZ byla zhruba | ho pfivadéce délky 3800 m se ocekdvala také v bfeznu, tzn., Ze na
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jare roku 2022 byla dokoncena razba vsech hlavnich tunelt. Prace
budou pokracovat do jarnich mésict roku 2024, nasledovat budou
potiebné zkousky a posléze uvedeni nové elektrarny do provozu.

Elektrarna Obervellach II. zcela nahradi stavajici elektrarny
Obervellach 1. a Lassach, které dosahly konce svych Zivotnos-
ti, vzdyt slouzily 90, resp. 100 let. Vykon nové elektrarny bude
125 GWh/rok, coz je o 35 % vice, neZ byl vykon obou z provozu
vyrazenych elektraren.

B Pouziti termalni podzemni vody z tunelu Arlberg

Termalni podzemni voda ze silni¢niho tunelu Arlberg je od kon-
ce fijna 2021 vyuZivdna pro vytdpéni provozni budovy. Jeji 40 let
staré elektrické vytapéni bylo demontovano. Staré zafizeni vyuZzi-
valo prikon 70 kW, nové zatizeni sniZi spotiebu elektrické energie
o dvé tretiny.

Objem investice byl 300 tis. eur.

B Tunelovani nejvétsi kanadské vypusti

Jednoduchy stit od firmy Robbins o pruméru 7,95 m dokoncil
3. bfezna 2022 razbu nové vypusti upravené odpadni vody v ka-
nadském Torontu. Stit zah4jil raZbu v bfeznu 2021 ze Sachty o pri-
méru 16 m, jejiz hloubka byla 85 m. Razba probihala prevazné
v bridlicich, ale také ve vépencich, jilovcich a piskovcich. Tato
skladba hornin $titu Robbins velmi vyhovovala.

ZPRAVY Z TUNELARSKYCH KONFERENCI

SWISS TUNNEL CONGRES 2022 V LUZERNU
SWISS TUNNEL CONGRES 2022 IN LUTZERN

FromJune 1°'to June 3", the STC Swiss Tunnel Congress was held
in Lucerne. On the first day, there was a so-called colloquium with
the topic “Operation and maintenance of underground workings”,
which is an extremely current topic in Switzerland. The lectures on
rehabilitation of railway tunnels in operation (e.g. reconstruction
of the old Lotschberg double-track tunnel) were very interesting
and inspiring. Prefabrication during rehabilitation work is
another big topic. On Thursday, a standard all-day conference
with ten expert lectures took place, and on Friday, professional
excursions to five underground construction sites in Switzerland
were organised. As usual, the topics of all lectures were carefully
selected. The complete congress proceedings can be freely
downloaded in PDF format on the website of the Swiss Tunnel
Association https://www.swisstunnel.ch/swiss-tunnel-congress/
programm/.

Ve dnech 1. 6. az 3. 6. se po dvou letech konal v Luzernu v tra-
di¢ni podobé kongres Svycarskych tunelart STC. Predchazejici
dva ro¢niky byly pouze ,,on line“, coz bylo ve vicero prezenta-
cich oznaceno jako jakasi nahrazka, kterd nemutze fyzicky kontakt
v zadném piipad€ nahradit. Jako obvykle bylo prvni den tzv. kolo-
kvium s tématem ,,Provoz a udrzba podzemnich d€l*, coz je téma
ve Svycarsku mimotadné aktudlni. Neni divu, pii tolika podzem-
nich dilech. Zde zaznélo celkem Sest prezentaci. Velmi zajimavé
a inspirativni byly prednasky o sanacich Zelezni¢nich tuneli za
provozu (napr. rekonstrukce starého dvoukolejného tunelu Lotsch-
berg), kdy na jedné koleji probihd normalni provoz elektrické trak-
ce, byt s pomalou jizdou, a druhd kolej se kompletn¢ nahrazuje
pevnou jizdni drdhou vcetné sanace osténi a technologického vy-
baveni. Prefabrikace pfi sanacich je pak dalSim velkym tématem,

TuNel

Nova vypust bude propojena s padesati vytoky do jezera, coZ
prisp€je k dobrému rozptyleni vycisténé odpadni vody v jezere.
Nahrazeni 70 let staré vypusti novou prispéje k zlepSeni kvality

vody v jezefe Ontario i podél méstského pobiezi.

Bl Novy londynsky kmenovy sbéra¢ Tideway slavi dokonceni
razeb

Po ctytech rocich byly dokonéeny razby nového kmenového sbé-
race délky 25 km, ktery mifi z vychodniho do zapadniho Londyna
a v nejhlubSim mist€ je 70 m pod hladinou TemzZe. V kvétnu 2022
dorazil tunelovaci stroj Salina po razbé tunelu délky 5,5 km do
Sachty u Abbey Mils, kde bude odpadni voda ¢erpana na povrch do
nové Cistirny odpadnich vod.

Utelem celého grandiézniho projektu je zabranit zne&istovani
vody v TemZi méstskymi odpadnimi vodami. Londynem by méla
oslaven koncertem skladatele a multi-instrumentalisty Roba Lewi-
se, ktery se konal v nejhlubSim misté tunelu 29. dubna 2022.

Dokonceni celého projektu Tideway se pfedpoklddad v roce 2025
po vybudovani sekundédrniho osténi, po napojeni stok, které ptivod-
né ustily pfimo do TemZe, a po pfislusnych zkouskach a testech.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

NEWS FROM TUNNELLING CONFERENCES

letos byl prezentovan napr. prefabrikovany st€novy dilec s vestavé-
nymi Unikovymi dvefmi do tunelovych propojek. Prefabrikované
osténi Zelezni¢nich tunelt Rhétské drahy bylo uvedeno jiz v Cisle
172021 casopisu Tunel.

Ve ¢tvrtek pak probehla standardni celodenni konference s de-
seti odbornymi pfedndSkami a v patek byly organizovany odborné
exkurze na pét podzemnich staveb ve Svycarsku. Z Ceska se zi-
Castnili konference a exkurzi pouze dva zastupci z brnénské filidlky
AMBERG ENGINEERING a ze Slovenska jiz ,,standardni tym*
osmi lidi firmy Basler&Hoffman, tedy firem s kofeny a vlastniky
ve Svycarsku.

Témata vSech prednasek byla jako obvykle peclivé vybrand — za
zminku a precteni ve sborniku (viz odkaz niZe) stoji urcité nasle-
dujici prednasky.

Piiprava podzemniho ulozist€ radioaktivniho odpadu zejména
palivovych c¢lankd jadernych elektraren — ze Sesti lokalit byly jiz
dislokovény tii, na kterych probihd podrobny vrtny a seismicky
prizkum. Na zdkladé téchto prizkumi a bezpecnostni analyzy
bude vybrana jedna vysledna lokalita. Navazeni a uklddani radio-
aktivniho odpadu do tohoto dlozisté se predpoklada od roku 2050
cca nasledujicich sto let.

Netradi¢ni unikova Stola tunelu Kerenzerberg byla predmétem
prezentace na STC jiz pred tfemi lety — tehdy jako pfipravovany
projekt, dnes jako velmi zajimava stavba v plném béhu, kterou bylo
mozné v ramci exkurzi i navstivit.

Vystavba novych udsekd a propojeni linek metra U2 a U5 ve
Vidni —nekonecné opravy a sanace ,,prokletého* dalni¢niho tune-
Iu Melide — Grancia v kantonu Tessin, vcetné havarii po jiz dfive
provedenych neuspésnych sanacich — ne vSechno se vzdy podari.
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Elektrarna Ritom — obrovské problémy pfi razbé privodnich Stol na strankach Svycarské tunelové asociace https://www.swisstu-

ve velkém spéadu. nnel.ch/swiss-tunnel-congress/programm/.
Metro Lausanne — novostavba linky m? a rekonstrukce linky m? —

razba s nizkym nadloZim v husté zastavéném prostoru. Ing. VLASTIMIL HORAK,
Kompletni sbornik prednések je volné ke stazeni ve formatu PDF AMBERG Engineering Brno, a.s.

TUNELARSKE ODPOLEDNE 2/2022
TUNNEL AFTERNOON 2/2022

The topic of the Tunnel Afternoon 2/2022 was the I.D metro | predstavu promitl nékteré sout€Zni navrhy stanic i vit€zné ndvrhy,

line in Prague — design preparation and supplementary geological kterymi by se projekt mél ridit.
survey. Ing. David Krdsa (METROPROJEKT Praha a. s.) and Ing. Dr.-Ing. Zdengk Zizka (METROPROJEKT Praha a. s.) mél pred-

Jifi Hrocit (Prague Public Transit Company) prepared the topic | nasku na téma Ndvrh tratovych tunelii raZenych Stitem. Nejprve
Development to date, current status, phasing. The basic overview popsal zakladni principy pouZiti §titu, vzorovy pricny fez, trasovani,
and scope of the underground workings in the design was presented podélny fez, starty a pritahy tunelovacich stroju a pak se vénoval ob-
to the audience by the chief engineer of the design, Ing. Libor | tiZné razb€ s nizkym nadloZim pod provozovanym kolejistém Nadra-
Martinek (METROPROJEKT Praha a.s.). Ing. Arch. Pavel Sys Zi Kr¢.
(METROPROJEKT Praha a. s.) presented Brief introduction to the Blok prednasek zaméfeny na projektovou piipravu zakoncil Ing.
architectural and artistic design of the stations. Dr.-Ing. Zdenék Zizka | Toma§ Urbanek (METROPROJEKT Praha a. s.) prednéskou o Nd-
(METROPROJEKT Praha a. s.) gave a lecture on Design of running vrhu raZenych stanic. Sdélil zakladni tidaje a hlavni charakteristiky
tunnels driven by a shield. Ing. Tomas Urbanek (METROPROJEKT razenych stanic Namésti Miru, Namésti Bratii Synkd, Pankrac, Ol-
Praha a. s.) continued with a lecture on the Design of mined stations. brachtova a Nové Dvory.
Ing. Stefan Ivor (Metrostav a. s.) spoke about The survey operations Predniska Realizace priizkumnych dél na tiseku PAD4 Ing. Ste-
on the PAD4 section. Furthermore, two lectures were presented on | fana Ivora (Metrostav a.s.) byla prvni, kterd jiz obsahovala informace
the topic of execution of surveys — Ing. Radek Kozubik (HOCHTIEF | z provadéni raZeb doplitkového geologického prizkumu metra I.D
CZ a. s.) described the VO-OL section and Ing. Ivo Gaja (STRABAG v Praze — zékladni udaje o iseku PAD4, razbach prizkumného dila a
a.s.) dedicated himself to section OLI1. Geological survey was | pokusnych chemickych injektaZich.
discussed in detail in the following section. RNDr. Radovan Chmelaf, Po prestivce byly prezentovany dvé prednéasky na téma Realizace
Ph.D (PUDIS a.s.) described sections PAD1 and PAD4, and Mgr. | priizkumnych dél — Ing. Radek Kozubik (HOCHTIEF CZ a. s.) po-
Jiri Tlamsa (SG Geotechnika a.s.) then sections VO-OL and OLI. | pisoval Gsek VO-OL. Vysvétlil specifika vystavby, oéekavané a sku-
The last lecture was Comprehensive geotechnical monitoring of | te¢né geologické podminky, popsal vystavbu téZni Sachty o praméru
excavationof survey workings; the topic was prepared by Ing. Igor | 21 m a hloubce 36 m, dalsi raZby, technologické t¥idy vyrubu — pred-
Zemanek (GeoTec-GS, a.s.), Ing. Vojtéch Anderle and Ing. Martin | pokladané a realizované, zkuSebni injektédZni pole a dal§i zajimavos-
Vinter (INSET s.r.0.). Thanks go to all the lecturers and Prof. Ing. ti. Ing. Ivo Gaja (STRABAG a.s.) se vénoval tseku OL1, sezndmil
Matous Hilar, Ph.D. (3G Consulting Engineers s.r.o. and Faculty posluchace se zdkladnimi parametry realizované Sachty a Stoly, s cili
of Civil Engineering of the CTU), who organised the lectures and | prizkumu, s predpokladanymi geologickymi a hydrogeologickymi
moderated the entire Tunnel Afternoon. All presentations can be | poméry, s pouZitymi typy zajisténi, nakonec shrnul zavéry prizkumu.
found at www.ita-aites.cz. V nésledujici ¢asti byl podrobné probran Geologicky prizkum.
RNDr. Radovan Chmelat, Ph.D. (PUDIS a.s.) popsal tseky PADI
Druhé Tunelarské odpoledne roku 2022 se uskutecnilo ve stfedu 1. a PAD4 a Mgr. Jifi Tlamsa (SG Geotechnika a.s.) pak useky VO-OL
cervna 2022 v Centru vzdélavani Skupiny Metrostav. Tématem byla | a OLI. Oba pfednésejici informovali o cilech prizkumu, predpokla-
Trasa L.D metra v Praze — projektova priprava a doplikovy geo- danych geologickych pomérech, metodice a rozsahu prizkumu, rea-
logicky prazkum. lizaci prizkumnych vrtti a dalSich aspektech provedeného pruzkumu.
Uvodni pfednasku pfipravili Ing. David Krasa (METROPROJEKT Posledni prednaskou byl Komplexni geotechnicky monitoring ra-
Praha a. s.) a Ing. Jifi Hrnéit (Dopravni podnik hl. m. Prahy) na téma | Zeb priizkumnych dél, téma pfipravili Ing. Igor Zemének (GeoTec-
Dosavadni vyvoj, aktudlni stay, etapizace. S linkou D prazského me- -GS, ass.), Ing. Vojtéch Anderle a Ing. Martin Vinter (INSET s.r.0.).
tra pocital jiz navrh z roku 1983, postupné ale dochazelo ke zménam | Prvni dva jmenovani se vénovali pripravé geotechnického monitorin-
projektu. Dnesni podoba navrhu trasy I.D pochézi z roku 2010. Mezi gu a jeho vysledkiim. Také zahrnuli sledovani hladiny podzemni vody

hlavni cile patii zlepSeni dopravni situace jizni ¢asti mésta, diky vy- | a geotechnicky monitoring inZenyrskych siti, kterych je v oblasti vel-
stavbé parkoviSt P+R by méla byt zaroven redukovéina doprava osob- | ké mnozZstvi. Ing. Vinter zakoncil pfednidskové odpoledne popisem
nimi automobily a tim by mélo dojit ke zlepSeni Zivotniho prostredi monitoringu provozované trasy C prazského metra a nastinem opatie-
v hlavnim mésté. Projektovy manaZer metra D Ing. Jifi Hrcif zamé- | ni kvili moZnému ovlivnéni trasy C vystavbou trasy D v misté jejich
fil svoji ¢ast prezentace pfedevsim na pohled objednatele na dalezité | kiiZeni a méfeni dopadu této vystavby na provozovanou trasu C.

aspekty projektu, jako jsou legislativa, majetkopravni zajisténi, finan- Podé€kovani patii vS§em prednasejicim i prof. Ing. Matousi Hilarovi,
covani a harmonogram vystavby. Ph.D. (3G Consulting Engineers s.r.o. a FSv CVUT), ktery prednas-

Zdkladni prehled a rozsah podzemnich dél v projektu pred- ky zorganizoval a celé Tuneldrské odpoledne moderoval. Zajem o
nesl posluchacim hlavni inZenyr projektu Ing. Libor Martinek | prednasky byl velky, na misté se zicastnilo téméf 80 lidi. Tunelarské
(METROPROJEKT Praha a. s.). Popsal situaci trasy, ktera obsahuje | odpoledne bylo mozné opét sledovat i on-line, celkem se piipojilo
10 stanic a jedno depo, podélny fez trasou a technologii provadéni okolo 40 dalsich posluchact. VSechny prezentace Ize nalézt na www.

jednotlivych ¢ésti. ita-aites.cz.
Ing. Arch. Pavel Sys (METROPROJEKT Praha a.s.) uved] Struc- Ing. MARKETA PRUSKOVA, Ph.D.,
né sezndment s architektonickym a vytvarnym reSenim stanic, pro CzTA ITA-AITES, z. s.
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VZDELAVACI PROJEKT PRO PRIPRAVU MLADYCH ODBORNIKU V OBLASTI

SILNICNICH TUNELD

EDUCATIONAL PROJECT FOR THE PREPARATION OF YOUNG EXPERTS

IN THE FIELD OF ROAD TUNNELS

From September 2021, the Faculty of Civil Engineering and the
Faculty of Safety Engineering of the VSB — Technical University
of Ostrava and the Faculty of Civil Engineering of the University
of Zilina are implementing an educational project entitled Support
for joint professional educational activities in the preparation
of young experts in the field of road tunnels in the cross-border
region (TUNEDU). The project was supported by the European
Regional Development Fund as part of the INTERREG V-A SK-
CZ project call focused on cooperation between the Slovak and
Czech Republics. The content of the project is holding educational
seminars with the participation of experts from the practice for
students of both universities, organising professional excursions to
tunnel construction sites, creating innovative multimedia educational
aids as well as specialised training on a unique tunnel operation
management simulator, which is available at the University of Zilina.
As part of the project, a Tunnel Day was also held on April 20, 2022
at the Faculty of Civil Engineering VSB-TU Ostrava, where lectures
by academic staff and experts from practice were focused on the
design, construction and monitoring of tunnels, BIM technology in
geotechnics and underground construction, fire safety in tunnels and
fire resistance of tunnel linings, construction of tunnels according to
FIDIC conditions and tunnel management took place.

Fakulta stavebni a Fakulta bezpe¢nostniho inzenyrstvi Vysoké
Skoly bariské — Technické univerzity v Ostravé a Fakulta staveb-
ni Zilinské univerzity v Ziliné realizuji od zafi 2021 vzdélavaci
projekt s nazvem Podpora spolocnych odbornych vzdeldvacich
aktivit v priprave mladych odbornikov z oblasti cestnych tunelov
v cezhranicnom regione (TUNEDU). Projekt podpofil Evropsky
fond regiondlniho rozvoje v rdmci projektové vyzvy INTERREG

V-A SK-CZ zaméfené na spoluprici Slovenské a Ceské republiky.
Na realizaci projektu se podileji jak odbornici z nékolika kateder
obou partnerskych vysokych $kol, tak i odbornici z praxe. Hlavnim
cilem projektu je zvysit droveni a atraktivitu vzdélavani v oblas-
ti projektovani, vystavby i bezpecnosti provozu silni¢nich tuneli
a prispét tak k vychové kvalitnich budoucich absolventu, kterych
je stale v praxi v obou republikdch nedostatek. Obsahem projektu
je zejména realizace vyukovych semindid s icasti odborniki z pra-
xe pro studenty obou univerzit, realizace odbornych exkurzi na
tunelové stavby, tvorba inovovanych multimedidlnich edukacnich
pomticek i specializovand Skoleni na unikdtnim simulatoru fizeni
provozu tuneld, ktery je k dispozici na Zilinské univerzitg. V ramci
projektu se také konal 20. 4. 2022 na Fakulté stavebni VSB-TU Os-
trava Tunelarsky den, kde prob&hly pfednasky akademickych pra-
covnikll i odbornikll z praxe zaméfené na projektovani, vystavbu
a monitoring tuneld, BIM technologie v geotechnice a podzemnim
stavitelstvi, poZarni bezpecnost tunelll a poZarni odolnost tunelo-
vych osténi, realizaci tunel podle podminek FIDIC a fizeni tuneld.
Studenti méli moZnost se v ramci projektu rovnéZ seznamit v tune-
Iu Ov¢iarsko s tdrzbovymi pracemi a spolecné se svymi pedagogy
absolvovali rovnéz tvodni $koleni na simulatoru fizeni provozu.
Dalsi cykly prednasek, exkurzi a Skoleni jsou pfipravovany pro né-
sledujici obdobi feseni projektu. Resitelé projektu véfi, Ze i tyto
aktivity prispéji ke zvySeni zajmu o studium obord souvisejicich
s vystavbou a fizenim tunell a ke sniZeni nedostatku mladych pra-
covnikll v soucasné firemni praxi.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vsb.cz, Katedra geotechniky
a podzemniho stavitelstvi, Fakulta stavebni, VSB-TU Ostrava

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

Mame radost, Ze po slavnostnim zahdjeni stavby tseku Pankrac —
Olbrachtova v dubnu leto$niho roku miZeme i dnes oznamit a oko-
mentovat dalsi soubor zprav o pozitivnim vyvoji projektu Metro D.

Dokladem jisté pozitivniho vyvoje projektu je dnes na povrchu
zretelné viditelnd stavebni aktivita na vSech dileZitych zafizenich
stavenisté, kterd ve svém dusledku pfimo podporuje vSechny staveb-
ni ¢innosti probihajici v této chvili v neviditelném, ale pro nas jesté
dilezit€jsSim podzemi. Ke konci Cervna tak jiZ mohly byt zahdjeny
a provadény razby na mnoha pracovistich. Na lokalit¢ PAD1b byly
ze stavajici Sachty zahdjeny razby pfistupové a vzduchotechnické
Stoly smérem do stanice Pankrac (obr. 1). Na dalsi lokalit¢ VO-OL
byly z jiné stavajici Sachty provedeny razby prvnich metri dvou-
kolejného tunelu, a to smérem ke stanici Pankric v délce cca 85 m
a smérem ke stanici Olbrachtova v délce cca 60 m (obr. 2). Zaji-
mavosti téchto razeb je, Ze z diivodu zde v Bohdaleckych vrstvach
zastizené rozmanitosti geologickych podminek, jsou razby ve sméru

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

We are happy that after the ceremonial start of construction
of the Pankrac — Olbrachtova section in April this year, we can
announce another set of reports about the positive development of
the Metro D project and comment it.

The proof of the certainly positive development of the project is
the construction activity clearly visible on the surface today on all
important facilities of the construction site arrangement, which,
as a result, directly supports all construction activities taking
place at this moment in the underground, which is at the moment
invisible for the public, but for us is even more important. By
the end of June, mining could already start and be carried out
at many workplaces. At the PAD1b locality, excavation of the
access and ventilation tunnels in the direction of the Pankrac
station started from the existing shaft (see Fig. 1). At the
VO-OL locality, first metres of the double-tracktunnel were




Obr. 1 Momentka spousténi vrtaciho stroje do stdvajici Sachty pri zahdjeni
raZeb na lokalit¢ PAD1b

Fig. 1 Snapshot of the drilling rig being lowered down the existing shaft at the
start of excavation operations in the PAD1b locality

Pankrac provadény ve svislém clenéni Celby a razby ve sméru Ol-
brachtova v ¢lenéni horizontalnim. Na stejné lokalit¢ VO-OL byly
po provedeni injektazi dané oblasti zahajeny i razby patni Stoly, kte-
rd se pak ve své konecné podobé stane jiz nedilnou soucasti vlastni
stanice Pankric.

Kromé praci v podzemi se zacinaji rozvijet i prace na povrchu.
Jako priklad zde miZeme uvést prelozky inzenyrskych siti nebo in-
stalace podplirnych zaporovych stén. Velmi zajimavou se ukazuje re-
alizace preventivnich opatfeni pro podporu stavajicich povrchovych
objektl z divodu jejich dotéeni budoucim priibéhem razeb v daném
uzemi. Zde jako priklad miZeme uvést feSeni preventivni podpory
préave takto dotceného mostu severojizni magistraly.

Dalsi dobrou zpravou je, Ze podle predpokladi byla zadavatelem
vypsana soutéZ na zhotovitele dalSiho tiseku Olbrachtova (mimo) —
Nové Dvory v¢. tratovych tunelt z Pisnice projektu Metro D. V tuto
chvili probiha vybérové fizeni na zhotovitele stavebni ¢asti a na do-
davatele monitoringu a pasportu tohoto predmétného tseku. Tento
usek projektu Metro D by mél byt rea-
lizovan ve 1huté 6 let, tak aby mohl byt
dokoncen ve stejném roce jako jiz dnes
realizovany tsek Pankrac — Olbrachtova.
Splnéni tohoto predpokladu dédva moz-
nost naplnit hlavni cil projektu Metro D,
jeho uvedeni do provozu v roce 2029, a
to v celé jeho délce.

Prace provadéné na projektu realizac-
nim sdruzenim firem Subterra — Hoch-
tief — Strabag pod dohledem technického
dozoru spol. InZenyring dopravnich sta-
veb a.s. zadavatele stavby Dopravniho
podniku hl. m. Prahy se tedy uspésné ro-
zebéhly a probihaji tak podle smluvniho
harmonogramu. TakZe i z téchto divoda
dnes projektu Metro D déle drzime pal-
ce, zdar buh!

Ing. BORIS SEBESTA,
borissebesta61@gmail.com
Ing. MICHAL SERAK,
serak@idspraha.cz
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excavated from another existing shaft in the direction of the
Pankréc station, at a length of approximately 85m, and in the
direction of the Olbrachtova station, at a length of approximately
60m (see Fig. 2). The interesting feature of this excavation is that
due to the variety of geological conditions encountered here in the
Bohdalec formation, the excavation in the direction of Pankrac is
carried out using a vertical sequence, and a horizontal excavation
sequence is applied in the direction of Olbrachtova station. At the
same VO-OL locality, after the grouting of the particular area,
excavation of the bottom gallery also started. In its final form,
the gallery will become an integral part of the Pankric station
itself.

Apart from working underground, surface work is also
beginning. As an example, we can mention the diversions of utility
networks or the installation of supporting soldier beam and lagging
walls. The preventive measures implemented for the support of
existing surface structures preventing the impact on them by the
future progress of excavation in the given area turns out to be very
interesting. Here, as an example, we can mention the preventive
support solution for a bridge on the north-southern backbone road
affected in this way.

Another piece of good news is that, according to the assumptions,
the contracting authority has issued a call for bids for the contract
for the next section, Olbrachtova station (excluded) — Nové Dvory
station, including running tunnels from Pisnice of the Metro D
project. At the moment, tender proceedings are underway for the
civil engineering part and for the monitoring and condition survey
of existing structures in this particular section. This section of
the Metro D project should be carried out within a period of 6
years, so that it can be completed in the same year as the Pankrac
— Olbrachtova section being already under construction today. The
fulfilment of this assumption makes it possible to meet the main
goal of the Metro D project, its commissioning of the entire length
in 2029.

The work carried out on the project by the consortium of
contractors, the companies of Subterra — Hochtief — Strabag,
under the technical supervision by the company of InZenyring

Obr. 2 Pohled na cdst vyrazeného dvoukolejného tunelu na lokalité VO-OL
Fig. 2 View down the excavated double-track tunnel in the VO-OL locality
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dopravnich staveb a.s. and the con-
tracting authority, Prague Public
Transit Company, have thus suc-
cessfully started and is proceeding
in compliance with the contractual
schedule. So, even for these reasons,
today we keep our fingers crossed
for the Metro D project, God speed
you!

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

NEW RAILWAY TUNNELS
ON THE RAILWAY
CORRIDOR IV

Two new railway tunnels are also

Obr. 3 Tunel Mezno, pohled do ,jinteriéru“ tunelu part of the “Modernisation of the Su-
Fig. 3 Mezno Tunnel, view into the tunnel interior

doméfice — Votice rail track”™ construc-
tion. The Mezno Tunnel (see Fig. 3)

NOVE 2ELEleéNI’ TUNELY NA IV 2ELEZNICNI’M is a mined double-track railway tunnel with a total length of 840m,

of which the already excavated part is 768m long. The connected

KORIDORU cut-and-cover parts at both portals are 49m long each. The Deborec
Soudasti stavby ,,Modernizace trati Sudoméfice — Votice* jsou Tunnel (see Fig. 4) is a mined double-track railway tunnel with a total

i dva nové Zelezni¢ni tunely. Tunel Mezno (obr. 3) je raZeny Zelez- | length of 660m, of which the already excavated part is 562m long

ni¢ni dvoukolejny tunel celkové délky 840 m, z toho razena Cast and the connected cut-and-cover parts at both portals are 49m long

tvofi 768 m, navazujici hloubena ¢ast u vjezdového portdlu ma dél- | each.

ku 48 m a u vyjezdového portdlu 24 m. Tunel Debore¢ (obr. 4) je The civil engineering parts of both tunnels have been completed

razeny Zelezni¢ni dvoukolejny tunel celkové délky 660 m, z toho and the tunnels have been fully operational since June 30, 2022,
raZzena Cast tvoii 562 m a navazujici hloubené ¢asti u obou portali | when one track was handed over for trial running. Operations on
maji délku 49 m. the second track are scheduled to begin in September 2022. The
Oba tunely jsou stavebné dokonceny a od 30. 6. 2022, kdy byla state organisation of Railway Administration is the project owner
uvedena do zkuSebniho provozu jedna kolej, jiz plné slouzi svému and OHLA ZS, a.s. is the contractor.
ucelu. Provoz na druhé koleji mé byt
zahdjen v zafi tohoto roku. Investo-
rem stavby je Sprava Zeleznic, statni
organizace, a zhotovitelem spolec-
nost OHLA 78, a.s.

JEDNOKOLE’JIEIY' TUNEL
BLANENSKY C. 8/2
SE.C. 226

V ramci stavby ,,Adamov — Blan-
sko, BC*, kterd byla zahdjena v zafi
roku 2021, je mimo jiné i rekon-
strukce ,,nového* tunelu pod Novym
Hradem (uveden do provozu 1992).
Jedné se o prerazbu jednokolejného
Zelezni¢niho tunelu celkové délky
cca 560 m, z toho razena Cast ma
délku cca 546 m. Postupné se pro-
vadi odstranéni stavajiciho Zelezo-

betonového segmentového  osténi, Obr. 4 Tunel Deborec, pohled na dokonceny vyjezdovy portdl
roz§ifeni profilu a vybudovéani nové-  Fig. 4 Debore¢ Tunnel, view of the exit portal




Obr. 5 Realizace primdrniho osténi — pohled ze stdvajiciho profilu tunelu
Fig. 5 Work on primary lining — viewed from existing tunnel profile

Obr. 6 Betond? sekunddrniho osténi
Fig. 6 Concreting secondary lining

ho dvouplastového osténi s vloZzenou mezilehlou izolaci (obr. 5, 6).
Price na tunelu &. 8/2 realizuje spolecnost OHL ZS, a.s., ktera je
soucasné vedoucim spole¢nikem spolecnosti ,,AdaBla“. Investo-
rem stavby je Sprava Zeleznic, stitni organizace.

Aktualné (situace k 8. 7. 2022) jsou provedeny razby a primarni
osténi od vjezdového (Adamovského) portilu v délce 510 m a pro-
biha razba v naro¢nych geologickych podminkéch v oblasti vyjez-
dového (Blanenského) portalu v profilu s protiklenbou. V jiz rozsi-
feném tunelu jsou nasledné v postupném sledu provadény betonaze

zakladovych past, instalace mezilehlé izolace a boCnich drendzi.
Dne 21. 6. 2022 byla zahdjena realizace sekundarniho osténi beto-
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BLANENSKY SINGLE-
TRACK TUNNEL NO. 8/2
REG. NO. 226

The reconstruction of the ‘“new
tunnel under Novy Hrad (commissioned
in 1992) is, among other things. part
of the “Adamov - Blansko, BC”
construction, which was started in
September. This is the re-excavation
of a single-track railway tunnel with a
total length of approximately 560m, of
which the mined part is approximately
546m long. The existing reinforced
concrete segmental lining is gradually
being removed, the profile expanded
and a new double-layer lining with
intermediate waterproofing installed
(see Fig. 5, 6). The work on tunnel No.
8/2is carried out by the company of OHL
7S, a.s., which is also the managing
partner of the company of ,,AdaBla®.
The state organisation of Railway
Administration is the project owner.
Currently, as of 8/7/2022, excavation
and primary lining have been finished
from the entrance (Adamov) portal at
a length of 510m and excavation in a
profile with an invert is underway in
challenging geological conditions in
the area of the exit (Blansko) portal. In
the already enlarged tunnel, concreting
of strip foundations, installation
of intermediate waterproofing and
sidewall drains are subsequently carried
out in a gradual sequence. On June
21, 2022, the work on the secondary
concrete lining of portal block Pl
started; currently concreting of 6 tunnel
blocks with a length of 12.5m has been
finished. The civil engineering part
of the tunnel should be completed by
October 31, 2022, and track operations
resumed in December 2022.

Ing. TOMAS JUST,
OHIA 78, a.s.

ZVEROTICE RAILWAY TUNNEL

The 370m long double-track rail tunnel in the Sobéslav — Doubi
track section is part of Railway Corridor No. 4, which will, after
completion, link Prague with Ceské Bud&jovice and further with
Linz, Austria. The construction is located near the town of Sobéslav
and the D3 motorway route.

The construction of the Zvérotice tunnel is practically complete,
and only the newly brought topsoil already indicates its original
dimensions in the area of the former construction pit. Construction
of both portals has been completed and the trackwork has been laid
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nazi portalového bloku P1, v soucasné dobé je vybetonovano Sest
tunelovych bloka délky 12,5 m. Tunel by mél byt stavebné dokoncen
do 31. 10. 2022 a tratovy provoz obnoven v prosinci tohoto roku.

Ing. TOMAS JUST, OHLA 78, a.s.

ZELEZNICNi TUNEL ZVEROTICE

Dvoukolejny Zelezni¢ni tunel Zvérotice délky 370 m na trato-
vém tuseku Sobéslav — Doubi je soucasti I'V. Zelezni¢niho koridoru
spojujiciho po dokonéeni Prahu s Ceskymi Budg&jovicemi a déle
s rakouskym Lincem. Stavba se nachdzi v t€sné blizkosti mésta
Sobéslav a trasy dalnice D3.

Vystavba tunelu Zvérotice je prakticky dokoncena a v prostoru
byvalé stavebni jamy jiZ naznacuje jeji pivodni rozméry jen nove
navezena ornice. Jsou dokonceny dpravy obou portdld a v tunelu
je proveden zelezni¢ni svrSek i namontovéany nosice trakéniho ve-
deni. V souladu s pozarnébezpecnostnim reSenim je provedeno jak
znaceni Unikovych cest, tak hydranti pozarniho suchovodu, ktery
je napojen na pozarni nadrz a v pfipadé pozaru v tunelu mize byt
jeste pred piijezdem hasict dalkoveé pomoci Soupat se servopoho-
nem napustén vodou. Tunel je vybaven nouzovym osvétlenim a na
portilech kamerovym systémem, ktery umoziuje sledovat déni
pred portaly. V tunelu je dokonceno i bezpecnostni znaceni podle
predpisu SZ S6, které ¢lentim tidrzby udava nejkratii cestu k za-
chrannym vyklenkiim. Kabelovody jsou obsazeny nejen kabelazi
nutnou pro obsluhu tunelu, ale i kabely probihajicimi podél celého
nové budovaného Zelezni¢niho useku. V kabelovych Sachtich jsou
dokonceny ucpavky kabelovych chranicek, které kabelovody roz-
déluji na poZarni useky. Pomoci mobilnich videokamer je provede-
na kontrola drenazniho systému tunelu.

Kromé pracovnich vlakd a Zelezni¢ni mechanizace umoZiujici
instalaci kolejovych poli nebo montaZ trakéniho vedeni jiZ tunelem

TuNel

in the tunnel; installation of catenary carriers has been finished.
In accordance with the fire safety solution; marking of both the
escape routes and the hydrants on the dry fire main. The fire main is
connected to the fire protection reservoir and in the event of a fire in
the tunnel, it can be filled with water remotely using servo-driven
valves before the arrival of firefighters. The tunnel is equipped with
emergency lighting and a camera system at the portals, which allows
for monitoring the events in front of the portals. In the tunnel, the
safety markings according to the SZ S6 regulation, which show the
maintenance staff the shortest way to the rescue niches have also
been completed. The installation of not only cables necessary for
servicing the tunnel, but also cables running along the entire newly
built railway section, has been finished in the cable ducts. In the
cable manholes, the seals of the cable protection pipes which divide
the cable ducts into fire compartments, have been completed. The
tunnel drainage system inspection by mobile video cameras has
been completed.

In addition to work trains and railway mechanisation allowing for
the installation of track lengths or the installation of the catenary,
steam locomotive 475.111 of the Iron Monument Club (see Fig. 7)
has already passed through the tunnel. The locomotive is part of
the static load test of the viaduct connecting the tunnel after a short
rock cuting at the exit portal. Final inspections are underway in the
tunnel. They are leading to the execution of the main inspection
planned for August 2022. This is a condition for the commencement
of the single-track operation planned for September 11 of this year.

The construction is carried out by HOCHTIEF CZ a. s. as a
sub-contract for the Consortium Sobvéslav — Doubi, formed by
the companies of STRABAG CZ a.s., EUROVIA CS, a.s. and
Metrostav a.s.; SAGASTA s.r.o. is the author of final design
documents for the tunnel.

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

Obr. 7 Priijezd parni lokomotivy tunelem
Fig. 7 Passage of steam locomotive through the tunnel




TuNel

projela i parni lokomotiva 475.111 Iron Monument Clubu (obr. 7),
kterd je soucasti statické zatéZovaci zkousky mostni estakady, kterd
po kratkém skalnim zéfezu na vyjezdovém portale na tunel navazu-
je. V tunelu probihaji zavérecné kontroly, které sméruji k provede-
ni hlavni prohlidky pldnované na srpen 2022. Ta je podminkou pro
spusténi jednokolejného provozu planovaného na 11. zéfi tohoto
roku.

Stavbu tunelu provadi subdodavkou firma HOCHTIEF CZ a. s.
pro ,,SdruZeni Sobéslav — Doubi* tvofené firmami STRABAG a.s.,
EUROVIA CS, a.s. a Metrostav a.s. Autorem realiza¢ni dokumen-
tace tunelu je firma SAGASTA s.r.o.

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

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Biko$

Zaciatkom leta roku 2022 napreduju prace
na stavbe tseku rychlostnej cesty R4 Presov,
severny obchvat, I. etapa v silade so zmluv-
nym harmonogramom. Sucastou tuseku je
dvojrirovy tunel Biko§ dizky 1155 m.

Zaciatkom jula boli dokoncené prace na se-
kundédrnom osteni v oboch tunelovych rirach
vratane tsekov hibenych tunelov. V zépadne;j
rure tunela su uz ukoncené kabelovody a je
poloZené potrubie poZiarneho vodovodu (obr.
8). Vo vychodnej rure tunela sa realizuju Str-
binové Zlaby odvodnenia vozovky a pracuje
sa aj na poloZeni obrubnikov, realizacii kabe-
lovodov a zacina sa klast potrubie poZiarne-
ho vodovodu. Stavebne ukoncené su priecne
prepojenia, ktoré st uz pripravené na zaciatok
montazi technologického vybavenia v augus-
te 2022. Pokracuju aj prace na technologickej
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SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

BikoS tunnel

At the beginning of the summer 2022, work on the construction
of the R4 PreSov fast highway section, northern by-pass, stage I,
continues in accordance with the contractual schedule. The 1155m
long Bikos tunnel is a part of the section.

At the beginning of July, work on the secondary lining was
completed in both tunnel tubes, including the cut-and-cover
sections. In the western tunnel tube, the cable ducts have already
been completed and the installation of the fire water pipeline has
been finished (see Fig. 8). In the eastern tunnel tube, slotted drains
for evacuation of water from the roadway surface are being placed
and also kerbs are being laid; placing cable ducts and the laying
of the fire water supply pipeline is starting. The civil engineering
part of the construction of the cross passages has been completed
and the passages are prepared for the start of the installation of

Obr. 8 Stav prdc pred realizdciou vozovky v tuneli Biko§
Fig. 8 State of the work before the construction of the roadway in the Bikos tunnel

ot = s N = :
Obr. 9 Technologickd centrdla na juznom portdli tunela Biko§
Fig. 9 Equipment management centre at southern portal of the Bikos tunnel

tunnel equipment in August 2022.
Work also continues on the tunnel
equipment management centre at
the southern portal of the tunnel
(see Fig. 9). The construction of the
roadway in the tunnel should take
place in the autumn.

The contractor of 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 commissioning
is expected in July 2023.

Cebrat tunnel

The 3.6km long Cebrat tunnel
is part of the Hubova — Ivachnova
section of the DI motorway.
The construction contractor is
a consortium consisting of the
companies of OHLA 7S, a.s. and
Vahostav-SK, a.s. The state of work
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centrdle na juznom portali tunela (obr. 9). Realizacia vozovky v tu-
neli by mala prebehnut v jesennych mesiacoch.

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 v juli 2023.

Tunel Cebrat

Tunel Cebrat s dizkou 3,6 km je stcastou tseku dialnice D1 Hu-
bova — Ivachnova. Zhotovitelom stavby je zdruZenie spolocnosti
OHLA 78, a.s., a Vihostav-SK, a.s. Stav prac v jdli 2022 je nezme-
neny oproti stavu v marci, ked boli prace v tuneli utlmené z dovo-
du nedorieSenych zmluvnych vzfahov. V juznej tunelovej rure je
vyrazenych 3579 m v kalote, Co znamend, Ze na prerazenie ostava
54 m. Stupeni a klenba zaostavaju za kalotou cca 50 m. V severnej
tunelovej rire je vyrazenych 3490 m, ostava eSte 123 m na preraze-
nie. V oboch rdrach boli rozsirené profily tunela v nidzovom zélive
¢. 4. Z posledného priecneho prepojenia je vyrazend priblizne po-
lovica. Obidve Celby su pripravené na spustenie razenia zo zapad-
ného portalu. V juZnej tunelovej rire je vybeténovanych 2660 m
zakladovych pésov, resp. spodnych klenieb.

Tunel Visiové

Tunel Vi§iiové s dizkou 7450 m je sticastou tiseku dialnice D1
Lietavska Licka — Dubna Skala a jeho zhotovitelom je zdruZenie
.SKANSKA-VISNOVE*. V jili 2022 pokraduju price v tuneli aj
v portalovych usekoch pred tunelom. V tunelovych rurach a priec-
nych prepojeniach sa vykondva profildcia primarneho ostenia
v oblasti vychodného portalu tunela a pokracuje betonaz hornych
klenieb sekundarneho ostenia prostrednictvom ocelovych pojazd-
nych debniacich vozov. V tunelovych rirach ostdva zabeténovat
poslednych 100 blokov klenby. Z celkovo nasadenych 5 debniacich
vozov ukoncil debniaci voz €. 1 betonaZ svojho tseku tunela a je
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in April 2022 has not changed in comparison with June 2022,
when a check was put on the work operations in the tunnel because
of unresolved contractual relationships. In the southern tunnel
tube, 3579m of excavation in the top heading has been finished,
which means that 54m remain to achieving the breakthrough.
The bench and invert lag about 50m behind the top heading. In
the northern tunnel tube, the excavation of 3490m long section
has been finished and 123m remain to the breakthrough. Tunnel
cross-sections have been enlarged in both tunnel tubes. In both
tubes, the profiles of the tunnel in emergency lay-by No. 4 were
enlarged. About half of the excavation of the last cross passage has
been finished. The work on both headings is ready to be started
from the western portal. In the southern tunnel tube, concreting
of 2660m of strip foundations and inverts, respectively, has been
finished.

Visnové tunnel

The Vistiové tunnel with the total length of 7450m is part
of the Lietavska Lucka — ViSiové — Dubna Skala section of the
D1 motorway. The LSKANSKA-VISNOVE* consortium is the
contractor for the construction. In July 2022, work continues in the
tunnel and in the portal sections in front of the tunnel. In the tunnel
tubes and cross passages, the profiling of the primary lining is
being carried out in the area of the eastern portal of the tunnel. The
concreting of the upper vaults of the secondary lining continues
using steel form travellers. The last 100 blocks of the vault remain
to be concreted in the tunnel tubes. Of the total of 5 form travellers
deployed, form traveller No. 1 has finished concreting its tunnel
section and is ready for dismantling. Of the total number of 20
emergency lay-bys, concreting of 11 lay-bys has already been
finished. Work also continues on the concreting of the upper vaults
of the cross passages, while 12 of the total number of 29 have been

Obr. 10 Hlbené tunely na zdpadnom portdli tunela Visiiové
Fig. 10 Cut-and-cover tunnels at the western portal of the Vistiové tunnel




pripraveny na demontaz. Z celkového poctu 20 niudzovych zalivov
je uz zabeténovanych 11 zalivov. Prace pokracuju aj na betond-
zach hornych klenieb priecnych prepojeni, pricom je dokoncenych
12 z celkového poctu 29. StibeZne sa realizuju dalSie prace, ako in-
jektaze vrchlika hornych klenieb, beténovanie ozubu, rezanie vod-
nym licom, razenie inSpekcnych otvorov do prieskumnej $tolne,
opravné a dokoncovacie prace a sanicie povrchu na blokoch hor-
nych klenieb. Pripravuji sa prace na pokladke Strbinovych Zlabov
a realizacii vozovkovych vrstiev.

Naplno bezia prace na betondZi plane vozovky v oboch tunelo-
vych rirach a z oboch portalov. Uspesne sa podarilo zrealizovat
v severnej tunelovej rire 3850 m a v juznej tunelovej riare 2050 m
betonaze plane, o predstavuje okrem betondze aj odtaZenie cca
25 000 m® kameniva. Tieto prace si vyZaduju precizne planovanie
logistiky v tuneli tak, aby nebol naruSeny harmonogram vystavby
tunelovych objektov. V severnej tunelovej rire sa zacali opravné
prace bocnej drendZe na skuSobnom useku.

Na zdpadnom portdli tunela sa zabeténovali bloky hibenych tu-
nelov a k betonaZi sa pripravuje aj hibena cast odvodiiovacej §tdlne
(obr. 10). Pokracuju prace na stavbe prevadzkovo-technologické-
ho objektu a na stavbe portalovych stien zdpadného portalu. Na
vychodnom portali je pred severnou tunelovou rirou vybudovany
kolektor a realizujui prace na stavbe prevadzkovo-technologického
objektu.

Ing. MILOSLAV FRANKOVSKY,
DOPRAVOPROJEKT, a.s.,

Ing. IVAN MICHALE,
Vidhostav-SK, a.s.,

Ing. VLADIMIR KOTRIK,
Skanska SK a.s.
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completed. Other work operations, such as injecting grout into the
top of the upper vaults, concreting of the nib, water jet cutting,
drilling of inspection holes into the exploratory gallery, repair and
finishing work operations and rehabilitation of the surfaces of the
upper vault blocks are being carried out concurrently. Work on the
laying of slotted drain pipes and the execution of roadway courses
is under preparation.

Work on the concreting of the roadway bed in both tunnel tubes
and from both portals is in full swing. Concreting of 3850m and
2050m in the northern and southern tunnel tubes, respectively, was
successfully finished. It represents, in addition to the concreting,
the excavation of approximately 25,000m* of aggregates. These
work operations require precise planning of the logistics in the
tunnel so that the construction schedule for the tunnel objects is not
disturbed. In the northern tunnel pipe, repairs of the sidewall drains
have begun in a test section.

Concreting of blocks of cut-and-cover tunnels has been finished
at the western portal of the tunnel, and the cut-and-cover part of
the drainage gallery is also being prepared for concreting (see
Fig. 10). Work continues on the construction of the operational and
equipment management house and on the construction of portal
walls of the western portal. The construction of the utility duct has
been finished at the eastern portal, in front of the northern tunnel
tube, and work is being carried out on the construction of the
operational and equipment management house.

Ing. MILOSLAV FRANKOVSKY,
DOPRAVOPROJEKT, a.s.,

Ing. IVAN MICHALE,
Vihostav-SK, a.s.,

Ing. VLADIMIR KOTRIK,
Skanska SK a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

TUNELY NA POSTOVNICH CELINACH, CELISTVOSTECH, OBALKACH PRVNIHO DNE

A MINCOVNICH DOPISECH

TUNNELS ON POSTAL STATIONERY, FULL COVERS, FIRST DAY COVERS AND MINT LETTER

Anything can be collected for pleasure and learning, collecting
important and sometimes saving insignificant cultural or material
values. The most widely spread collectibles are (of course) coins,
followed by stamps, and postcards, taking an honourable third
place. This series has in the long term been focused on postcards
(mostly picture postcards) with tunnels. In addition to picture post-
cards, however, other objects exist in postal communication or are
derived from it. After all, some with the subject of underground
structures have already been presented in these series, namely the
following ones:

* Postal stationary — in the form of a postcard (picture postcard),
aerogram, postal envelope or collection receipt. Either a valid
postage stamp or an image replacing it is printed on the front
— address (face) — side. The postage stationery has a place for
the address marked on it and its reverse side is usually empty,
or intended for communication to the addressee.

e Full cover — a letter, envelope, postcard, cartes maximum or
rarity created for a certain event and documented by a postal

act. It is often a purely collector‘s artefact in limited accessible
quantity.

e First day cover — FDC — a full cover with affixed or pressed
stamps bearing postmarks with the date of issue of the stamp
and with the motif developing the postage stamp. FDC is also
issued in a limited edition.

* Original cover — it complements the issue of collector’s
banknotes, commemorative sheets and other types of full
cover with the fact that they are thematically related to the
given issue.

e Mint letter — combination of FDC with stamps and an
inserted coin or medal. The letter is then interesting in terms
of collecting for both philatelists and numismatists or medal
collectors.

Thus, five mint letters, four first-day covers and one full cover
are presented in the paper. They were issued to commemorate four
railway and four road tunnels, located mainly in Europe (six) and
one each in remote countries — in Australia and Japan.
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Sbirat pro radost a pouceni 1ze cokoliv. Shromazdovat jednou vy-
znamné a jindy zachratiovat nepatrné kulturni ¢i materialni hodnoty.
Nejrozsifenéjsimi predméty sbératelstvi jsou (jak také jinak) mince,
nasleduji zndmky a na Cestném tfetim misté figuruji pohlednice.
Tento seridl je dlouhodobé zaméfeny na pohlednice (pregnantné
jde o dopisnice) s tunely. Vedle pohlednic v§ak v poStovnim styku
existuji ¢i jsou z n€j odvozené i dalsi objekty. Ostatné nékteré s na-
métem podzemnich staveb byly jiz v seridlu prezentované. Jsou to:

e Postovni celina — ve formé dopisnice (pohlednice), aerogra-
mu, postovni obalky nebo vybérky. Na predni — adresni (li-
cové) — strané je vytisténa bud platnd postovni zndmka, nebo
obréazek ji nahrazujici. Celina ma vyznacené misto pro adresu
a jeji rubova strana byva prazdnd, resp. urcend pro sdéleni ad-
resatovi.

e Celistvost — dopis, obalka, dopisnice, cartes maximum nebo
rarita vytvorena k urcité udalosti a dokumentovand postovnim
tikonem. Casto jde o Cist& sbératelsky artefakt v omezend pii-
stupném mnoZzstvi.

* Obdlka prvniho dne — FDC (First Day Cover) — celistvost
s nalepenymi nebo pritiSténymi zndmkami opatfenymi postov-
nimi razitky s datem vydani zndmky a s motivem rozvijejicim
postovni zndmku. FDC byva rovnéZ vydavana v omezeném
nédkladu.

e Origindlni obdlka — dopliiuje vydani sbératelskych bankovek,
pamétnich listd a dalSich typu celistvosti s tim, Ze s danou emi-
si souvisi ndmétove.

e Mincovni dopis — kombinace FDC se znidmkami a vlozené
mince ¢i medaile. Dopis je pak sbératelsky zajimavy jak pro
filatelisty, tak i pro numismatiky nebo sbératele medaili.

V piispévku je tak predstaveno pét mincovnich dopist, Ctyfi
obalky prvniho dne a jedna celistvost. Byly vydané pro pfipome-
nuti Ctyr Zelezni¢nich a Ctyf silni¢nich tuneld, které se nachazeji
prevazné v Evropé (Sest) a po jednom ve vzdédlenych zemich —
v Australii a v Japonsku.
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Obr. 1 Tunel Chocerisky — postovni celina. 1995 [sbirka autorii].

Postovni celina (hovorové ,,korespondencni listek*) byla vydand k 150. vyroc¢i
otevieni Olomoucko-praZské drdhy i jako pripominka tragické smrti Ing. Jana
Pernera. Hlavnim motivem je historickd rytina s jiZ neexistujicim olomo-
uckym portdlem Choceriského tunelu (s dedikaci cisari Ferdinandu V. nad
zdklenkem).

Fig. 1 Choceri Tunnel — postal stationery. 1995 [authors’ collection].

Postal stationery (colloquially “correspondence card”) was issued for the 150"
anniversary of the opening of the Olomouc-Prague railway and as a reminder of
the tragic death of Ing. Jan Perner. The main motif is a historic engraving with
the no longer existing Olomouc portal of the Choceri Tunnel (with a dedication
to Emperor Ferdinand V above the safety arch).

TuNel

Tunel Chocensky

Chocensky tunel byl prezentovany v tomto seridlu jiz 2x —
pohlednici v ¢. 3/2014 a pfilezitostnou obalkou (celistvosti)
v €. 4/2019. Nyni se jedna o poStovni celinu — tzv. ,,korespondenc-
ni listek — obr. 1. Jen pro stru¢né pripomenuti: byvaly Chocerisky
Zelezni¢ni tunel se nachdzel na tratovém tseku Chocenl — Brandys
nad Orlici, bezprostfedné pti nadrazi Chocen. Na projektu se po-
dilel stavitel drahy Ing. Jan Perner. Ten zde 9. 9. 1845 pfi prohlid-
ce dokoncené stavby utrpél smrtelné zranéni. Dvoukolejny tunel,
pavodné dlouhy 255,97 m, musel byt vzhledem k velmi Spatnému
technickému stavu mezi lety 1947-1949 sneseny a byl nahrazeny
hlubokym zafezem [1].

Tunel Seelisherg

Svycarsky tunel Seelisberg leZi na délnici A2 spojujici SRN
a Francii s Italii pfi jiznim okraji Luzernského jezera, mezi Becken-
riedem v kantonu Nidwalden a Seedorfem v kantonu Uri. M4 dvé
trouby, kaZdou se dvéma jizdnimi pruhy a délky 9 250 m (Tunel 1)
a9 292 m (Tunel 2). K jeho vybavé nalezi rovnéz dvé vétraci Sach-
ty — Hattig u Emmettenu a Huttegg u Bauenu. Razby tunelu pro-
bihaly v usecich Riitenen na severu (2 x 4,3 km) a Biiel na jihu
(2 x 2,9 km) konven¢nimi postupy (podkovovity profil s osténim
tl. 0,3 m), a za vibec prvniho nasazeni hydraulicky pohdnénych
vrtadek ve Svycarsku. Pro centrdlni ¢dst Huttegg (2 x 2,0 km) byl
v USA zakoupeny dobové nejvétsi razici stroj na svété (@ 11,8 m
se segmentovym osténim tl. 0,5 m), pojmenovany ,,Big John. Raz-
bu TBM vsak provazely neustdlé potiZe a dil¢i havarie. Na zmahani
provoznich nesndzi se vyznamné podilel i Ing. Martin Herrenk-
necht, ktery se po ukonceni stavby rozhodl zaloZit ve Schwanau
na Rynu dnes jiZ své€tozndmou firmu produkujici tunelovaci stro-
je. Stavba tunelu byla zahdjend 1971, otevieni pfipadlo na 12. 12.
1980 ve 12 hodin a 12 minut (obr. 2 a 3). Seelisbersky tunel je

Obr. 2 Mincovni dopis ke slavnostnimu otevieni tunelu Seelisberg. 1980 [sbir-
ka autorii].

Otevreni tunelu bylo origindlné stanovené na 12 hodin 12 minut dne 12. 12.
1980. Dopis md cislo 982 (z 1 000 vydanych) a FDC s prileZitostnymi razitky
Jje ofrankovand dvéma zndmkami — 1. je k otevieni Gotthardského silnicniho
tunelu ve stejném roce a 2. je vénovand Svycarské posté — tradicnimu ndrodnimu
autobusovému dopravci. VloZend prileZitostnd (stribrnd) medaile md @ 33 mm.
Fig. 2 Mint letter for the ceremonial inauguration of the Seelisberg Tunnel.
1980 [authors’ collection].

The bringing of the tunnel into service was originally scheduled for 12 past 12
o’clock on 12/12/1980. The letter is numbered 982 (out of 1000 letters issued)
and the FDC with occasional stamps is franked with two postmarks — the 1* one
is for the innauguration of the Gotthard Road Tunnel in the same year and the
2" one is dedicated to Swiss Post — the traditional national coach carrier. The
inserted occasional (silver) medal is 33mm in diameter.
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1212.-1212

Obr. 3 FDC ke slavnostnimu otevieni ddlnicniho tunelu Seelisberg. 1980
[sbirka autorii].

Skromnéjsi sourozenec mincovniho dopisu ke stejné uddlosti z obr. 2. Hlavnim
motivem dopisu je barevnd fotografie z otevirdni tunelu.

Fig. 3 FDC to the ceremonial inauguration of the Seelisberg motorway tunnel.
1980 [authors’ collection].

A more modest sibling of the mint letter for the same event as in Fig. 2. The main
motif of the letter is a colour photo of the tunnel inauguration event.

po Gotthardském silni¢nim tunelu druhy nejdelsi silni¢ni tunel ve
Svycarsku a viibec nejdelsi dvoutroubovy se smérové oddélenym
provozem.

Roku 2013 projelo tunelem Seelisberg denné 21 800 vozidel,
s podilem nakladni dopravy jen cca 10 %. Mezi 2013 az 2016 pro-
béhla rekonstrukce tunelu s vyménou vozovky a modernizaci tech-
nického vybaveni [2, 3].

Gotthardsky silnicni tunel

Pohlednice se silni¢nimi tunely Gotthard byly uvedené jiz v Ca-
sopise TUNEL ¢. 4/2014 a 3/2019. Proto opét jen velmi strucn¢:
cestu prusmykem (Gotthardpass 2 107 m n. m.) pfes hlavni rozvo-
di mezi Rynem a Padem znali ji7 Rimané. Prvni pisemné zminky
jsou vsak az z roku 1230. Silni¢ni tunel se postupné stal soucasti
jedné z nejdilezitéjSich Svycarskych dopravnich cest. Zasadnim
usekem je spojeni Andermattu (kanton Uri na severu) s Airolo
(kanton Ticino na jihu). V tom smyslu je také silni¢ni tunel vedeny
paralelné s vrcholovym Zelezni¢nim tunelem a portily obou ob-
jektl se nachdzeji jen par stovek metrl od sebe. Stavba silni¢niho
tunelu délky 16,918 km (raZenych 16,322 km) byla zahdjenad 5. 5.
1970, prorazka pfipadla na 26. 3. 1976 a otevieni se konalo 5. 9.
1980 (obr. 4). Vyrazena vsak byla jen jedna trouba pro obousmér-
ny provoz, doplnénd na vychodé€ paralelnim unikovym tunelem.
Tunel mé Ctyfi vétraci Sachty. Ve své dobé Slo o nejdelsi silnicni
tunel svéta a po témér pulstoleti je porad jesté treti v poradi. Na-
klady na vystavbu Cinily 686 mil. CHF a pfislo béhem ni o Zivot 17
pracovniku.

Po srazce kamiona 24. 10. 2001 zahynulo pfi pozaru 11 osob.
Od té doby je povoleny vjezd max. 150 kamionil za hodinu. Pfi
povolené rychlosti 80 km/h trva prijezd cca 13 min. Dnes projede
tunelem cca 6,5 mil. aut/rok (v tom asi 1 mil. kamiont).

Stavbu druhé soubézné tunelové trouby v odstupu cca 70 m
schvalili voli¢i referendem v roce 2016. VyuZity budou stavajici
portdly i vétraci Sachty. Oficidlné byly prace na druhém tunelu
zahdjené 29. 9. 2021. Dokonceni projektu za 2,14 mld. CHF se
ocekava v roce 2029, kdy bude vesSkera doprava opét obousmérné
prevedena do nového tubusu a v letech 2028-2030 tak bude mozné

Obr. 4 Mincovni dopis k otevieni Gotthardského silni¢niho tunelu. 1980 [sbir-
ka autori].

Dopis md cislo 159 (z 1 000 vydanych) a FDC s prileZitostnymi razitky je ofran-
kovand dvéma zndmkami vydanymi ke dni otevieni 5. 9. 1980. VloZend je pii-
leZitostnd medaile (stiibro) @ 33 mm. Graficky motiv obdlky zdiiraziiuje silnic-
ni spojeni $vycarskych kantonii Graubiinden na severu a Ticino na jihu pres
Gotthardsky masiv.

Fig. 4 Mint letter for the inauguration of the Gotthard road tunnel. 1980 [au-
thors’ collection].

The letter is numbered 159 (out of 1,000 issued letters) and the FDC with
occasional stamps is franked with two postmarks issued on the inauguration
date of 9/5/1980. The inserted occasional (silver) medal is 33mm in diameter.
The cover graphic motif emphasises the road connection between the Swiss
cantons of Graubiinden in the north and Ticino in the south across the Gotthard
massif.

prvni tunel rekonstruovat. Poté budou mit oba jiZ jednosmérné tu-
nely dva pruhy — jizdni pro pfisluSny smér + havarijni. Zamérem
takového feseni je vyrazné zvysit bezpecnost dopravniho provozu
[2, 4, 5].

Gotthardsky bazovy Zelezni¢ni tunel

Gotthardskym 3 100 m vysokym horskym masivem prochéze-
ji tfi mimoradné tunely. Vedle silni¢niho (viz vySe) jesté dva Ze-
leznic¢ni, jejichZ portély jsou vyobrazené na mincovnim dopisu ke
slavnostnimu otevieni mladsiho z nich — Gotthardského bazového
Zelezni¢niho tunelu (obr. 5). Prib&h obou gotthardskych Zeleznic-
nich tunell je svédectvim velkého technického pokroku poslednich
130 let, které je d€li od sebe, stejn€ jako houZevnatosti a mistrov-
stvi Svycarskych tunelaia.

Prvni Gotthardsky Zelezni¢ni (vrcholovy) tunel na trase mezi
Zirichem a Mildnem byl otevieny v roce 1882, méfi 15 km, je
dvojkolejny, normalné rozchodny a spojuje stanice Goschen a Ai-
rolo. Nejvyssi bod tunelu je 1 151 m n. m. Stavba trvala 10 let
(1871+1881) a potykala se s obrovskymi technickymi, financni-
mi a bezpe¢nostnimi problémy. Mimo jiné si vyZadala témér dvé
stovky lidskych Zivotd. I proto je u naddrazni budovy v Airolo pa-
matnik pracovnikiim, ktefi zemfeli pfi stavb€. Tunel sice zruinoval
své stavitele, ale banka, ktera byla pro jeho financovéni zaloZena,
pretrvala dodnes, je to znama Credit Suisse. Na staré trati je ve vr-
cholovém tunelu maximdlni povolend rychlost pro v§echny druhy
vlaki 80 km/h.

Druhy Zelezni¢ni Gotthardsky tunel (bazovy) byl otevieny
v ¢ervnu 2016 s uvedenim do pravidelného provozu na konci téhoz
roku. Svou délkou 57,104 km se ocitl v ¢ele Zebiicku nejdelSich
tunell svéta, nejen Zeleznicnich. Stavba je soucasné€ i nejhlubSim
tunelem svéta, nebot cestujici maji nad hlavou az 2 300 m hory.
Tunel je navrZzeny v uspotfdaddni dvou jednokolejnych tunelovych
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trub vzdalenych od sebe standardné 40 m, ne vSak vice nez 70 m.
V tunelu byly vyprojektovany dvé bezpecnostni stanice — Sedrun
a Faido — v nichZ je moZny prejezd souprav do vedlejsiho tubusu
a umoznuji také nouzové zastaveni vlaku a evakuaci cestujicich
v pripadé poruchy. Pficné propojky mezi tunely jsou v maximal-
ni vzdélenosti 325 m, slouZi pro umisténi nékterych technologic-
kych zafizeni a také jako evakuacni tnik z jedné trouby do druhé.
Celkem jich je po trase rozmisténo 178. Severni portal je situova-
ny do oblasti Erstfeld (kanton Uri) 460 m n. m., jiZzni do oblasti
Bodio (kanton Ticino) 312 m n. m. Tunel je navrZzeny s vrcholo-
vym zakruZovacim obloukem, v némz koleje dosahnou max. vyse
549 m n. m. Pro zdarny pribéh stavby bylo tfeba vyfesit pfedev§im
zplisob financovéni, a to pro Svycary typicky referendem, dle lo-
gisticky zvladnout odvoz a uloZeni obrovského mnoZstvi rubaniny
a dopravu stavebniho materidlu pro vystavbu tunelu a v neposledni
fadé zajistit ekologickou a bezpecnou vystavbu a provozovani tu-
nelu. Razba obou paralelnich tubust trvala dvanact let a 2 500 ba-
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Obr. 5 Luxusné vybaveny mincovni dopis ke slavnostnimu otevieni Gotthard-
ského bdzového Zelezni¢niho tunelu. 2016 [sbirka autorii].

FDC je ofrankovany sloZenou zndmkou s geometrii a geologii nejdelsiho tunelu
na svété se zdiiraznénim jeho severniho a jizniho vstupu. Zndmka je prerazend
prileZitostnym razitkem s datem otevieni 12. 5. 2016. Grafickym motivem obdlky
je kontrast dvou lokomotiv — historické parni pred severnim portdlem starého vr-
cholového tunelu v Goschenen a moderniho stroje projektu AlpTransit. VloZend
medaile (stribro + barevny smalt) md @ 35 mm.

Fig. 5 Luxuriously equipped mint letter for the ceremonial inauguration of the
Gotthard base railway tunnel. 2016 [authors’ collection].

The FDC is franked with a compound postmark showing geometry and geology
of the world’s longest tunnel with emphasising its northern and southern en-
trances. The mark is stamped over with an occasional stamp with the date of the
inauguration on May 12, 2016. The graphic motif of the cover is the contrast of
two locomotives — a historic steam one in front of the northern portal of the old
summit tunnel in Goschenen and the modern machine of the AlpTransit project.
The inserted medal (silver) is 3mm in diameter.

rabu pfi ni vytéZilo cca 28 mil. t horniny, coZ se objemové vyrovna
péti Cheopsovym pyramiddm. Cely podzemni systém spolu s pfi-
stupovymi tunely a propojkami méfi pies 150 km. VEtSina vyveze-
ného materidlu byla recyklovana zpétné€ do betonu. Zbytek poslou-
Zil pro vystavbu tii rekreacnich ostrivkd v nedalekém Luzernském
jezere. Pres veSkera opatfeni si stavba vyzadala devét lidskych
Zivotll.

Cesta pfes stary Zelezni¢ni tunel byla strmd a plna obloukd, na-
kladni vlaky ji mohly absolvovat pouze s pfipojenim zvlastni lo-
komotivy. Gotthardsky bazovy tunel vSak prochéazi horou v tpa-
ti, proto zde nékladni vlaky mohou jezdit rychlosti az 160 km/h

TuNel

a prevazet vice nez dvojnasobnou hmotnost oproti starému tunelu.
Osobni vlaky zde mohou jet dokonce rychlosti 250 km/hod. I diky
tomu se doba cesty mezi Ziirichem a Milanem po Zeleznici zkritila
ze Ctyt hodin na 160 minut.

Tunel Gran Sasso

Tunel Gran Sasso — obr. 6 — leZi na délnici A24 spojujici Rim
s Jaderskym motfem pfes stejnojmenny masiv v pohoii Abruzzy.
Jde fakticky o dva samostatné tunely, kazdy se dvéma jizdnimi pru-
hy a obousmérnym provozem. Délka tunelu je uvadéna 10 175 m.
Stavba byla zahdjend 14. 11. 1968, ale vzhledem k hospodaiskym
potizim byly prace mezi lety 1975 az 1982 zcela zastavené. I pro-
to byl tunel na vychod (do Terama) otevieny az 1. 12. 1984, a to
pouze pro jeden jizdni pruh. Postup vystavby spocival v pilotnim
tunelu vyrazeném trhavinami a posléze pribiranym TBM do konec-
ného prarezu. Dne 14. 9. 1970 doslo ve Valle Fredda k pratrzi vody
a bahna do stroje, sice bez Gjmy pro razice, ale s pferusenim prace
na témér dva roky. Nicméné pfi razbach na jinych mistech tunelu
pfislo za 25 let o Zivot 11 pracovniki.

Soucasné se zahdjenim stavby druhého tunelu na zapad (k L‘A-
quile) v roce 1982 zapocaly soubézné prace na podzemnich labo-
ratorich Italského narodniho institutu jaderné fyziky. Laboratore,
dokoncené 1993, se nachazeji v hloubce cca 1 400 m pod masivem
Gran Sasso, s pristupem z podzemni kifiZovatky v tunelu. Naklady
na cely projekt tunelu Gran Sasso tak nakonec vzrostly z predpo-

B8, Giovanni Peolo I #ll'Aguils
Incoetro con | leworstor
del Trafore del Gran Saasn

FBL CAPIOLRS

Obr. 6 FDC - Jan Pavel I1. v L‘Aquile. Setkdni se staviteli silnicniho tunelu
Gran Sasso. 1980 [sbirka autorii].

FDC je ofrankovand zndmkou vénovanou Italskému Cervenému kiiZi a opatre-
nou prileZitostnym razitkem ke konané uddlosti s datem 30. 8. 1980. Hlavnim
grafickym motivem dopisu je Svaty otec ve skupiné pracovnikii s jiznim portdlem
tunelu v pozadi.

Fig. 6 FDC - John Paul Il in L‘Aquile. Meeting with the builders of the Gran
Sasso road tunnel. 1980 [authors’ collection)].

The FDC is franked with a postmark dedicated to the Italian Red Cross and
provided with an occasional stamp for the event held on 30/8/1980. The main
graphic motif of the letter is the Holy Father in a group of workers with the
southern portal of the tunnel in the background.

kladanych 80 mld. ITL aZ na cca 1 700 mld. ITL (dnes asi 890 mil.
€), tzn. vice nez 20x!

Jde o teti nejdelsi silni¢ni tunel v Italii (po tunelech Fréjus a Mt.
Blanc) a nejdelsi silni¢ni nachazejici se zcela na italském tzemi.
Soucasné jde o nejdelsi tunel v Evropé se dvéma tubusy o dvou
jizdnich pruzich. Délnice pfes horu Grand Sasso dnes ale neni pfi-
li§ vyuzivana, snad i proto byla trasa pfejmenovana na ,,Velkou vy-
hlidkovou dalnici narodniho parku Gran Sasso a Monti della Laga“
[8,9].




Tunel pod kanalem La Manche

Soubor pohlednic s Zelezni¢nim tunelem pod kanidlem La Man-
che byl uvedeny a Siroce komentovany v cisle 4/2020. Pro pripo-
menuti jen kratce: razba dnes tfetiho nejdel§iho tunelu na svété
byla zahdjena v roce 1988. Dilo sestava ze dvou hlavnich doprav-
nich tuneltt @ 8,8 m vzdalenych od sebe 30 m. Mezi nimi je vedeny
piedrazeny prazkumny tunel @ 5,8 m, dnes slouzici jako servisni.
Kazdych 375 m jsou tunely pii¢né propojené. Cista délka podzem-
ni trasy ¢ini 50,45 km, z toho 37,9 km vede pod morem, které je
zde hluboké mezi 30 az 50 m. Z anglické strany bylo nasazeno

Obr. 7 Mincovni dopis k oficidlnimu otevieni tunelu pod La Manche. 1994
[sbirka autorii].

Velky mincovni dopis (A5) je ofrankovany shodné dvéma britskymi a dvéma fran-
couzskymi zndamkami k uddlosti, s razitky ndrodnich post (s datem 3. 5. 1994 —tj.
tri dny pred oficidlnim zahdjenim provozu). VloZend je mince korunni kolonie
Gibraltar (obecny kov? @ 39 mm) s nomindlni hodnotou 2,8 ecus.

Fig. 7 Mint letter for the official commissioning of the Channel Tunnel. 1994
[authors’ collection].

The large mint letter (AS5) is franked identically with two British and two French
postmarks for the event, with stamps of the national post offices (dated 3/5/1994
— i.e. three days before the official commencement of operation). A Crown Colony
of Gibrartar coin is inserted (general metal? @ 3mm) with the value of 2.8 ecus.

= Le Tunnel sous La Manche
THE CHANMNEL TUNNEL

| CHANNMIL TUNMEL

Obr. 8 Mincovni dopis k oficidlnimu otevieni tunelu pod La Manche. 1994
[sbirka autorii].

Na mincovnim dopisu (z limitované edice 5 000 ks) je krdlovna Spojeného krd-
lovstvi Elisabeth II. a prezident Francie Mitterrand. List je ofrankovany tremi
britskymi zndmkami s prileZitostnymi razitky k velké uddlosti konané dne 6. 5.
1994. VioZend bronzovd medaile () 38 mm md na aversu britského Ilva a na
reversu galského kohouta. Bonusem je autogram p. Philipa Cole, ,, strojvedouci-
ho* prvni oficidlni lokomotivy.

Fig. 8 Mint letter for the official commissioning of the Channel tunnel. 1994
[authors’ collection].

The mint letter (from a limited edition of 5,000 pieces) features Queen Elisa-
beth II of the United Kingdom and French President Mitterrand. The sheet is
[franked with three British postmarks with occasional stamps for the great event
held on 06/05/1994. The inserted bronze medal @ 38mm has a British lion on the
obverse and a Gaelic cock on the reverse. The autograph of Mr. Philip Cole, the
, engine driver* of the first official locomotive is a bonus.
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Sest otevienych §tit (po tfech na podmofsky a na pevninsky tsek).
Z Francie, ve slozit€jSich podminkach, postupovalo pét dvouplas-
tovych zeminovych §titd (EPB). Prvni prorazka v servisnim tunelu
byla 1. 12. 1990. Tunel byl pro provoz otevieny 6. 5. 1994.

Stavebni ndklady v cendch roku 1985 byly planované na
4,65 mld. GBP; byly vSak piekrocené o 80 %. Pii stavbé piislo
o zivot 10 pracovnikt (n€kdy se udava 12), z nichz osm bylo Britu.

Ke stavbé tunelu bylo vydano velké mnozstvi materidli — od-
bornych, upominkovych, propagacnich i populariza¢nich. Je mezi
nimi také fada FDC ¢i mincovnich dopisti — dva z nich jsou pred-
stavené na obr. 7 a 8 [10].

Tunel Hokuriku

Tunel Hokuriku lezi na hlavni Zeleznicni trati Hokuriku (japon-
sky: dLFEAH#R .Hokuriku-honsen®). Traf je dlouhd 176,6 km
a spojuje stanici Maibara v prefekture Shiga se stanici Kanazawa
v prefekture Ishikawa. Obsluhuje stejnojmenny region na severnim
pobiezi Honsd. Rozchod je 1 067 mm, standard na konvencnich
tratich v Japonsku mimo vysokorychlostni traté, s max. rychlosti
130 km/h. Pavodni Zeleznice, provozovana od roku 1913, byla jed-
nokolejnd; nedostatek pfepravnich kapacit pfi povale¢né obnové
zemé si vyzadal zlepseni sklonovych a smérovych pomért i zdvou-
kolejnéni. Ve tfech velkych prelozkach je tak dnes trasa vedena
v nové stopé.
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Obr. 9.1 a 9.2 FDC dopliiujici emisi poStovni zndmky k otevieni tunelu Hoku-
riku. 1962 [sbirka autorit].

Na ,,pribalovém* listku (obr. 9.2) jsou japonsky a anglicky uvedené parametry
prileZitostné poStovni zndmky. Hlavnim motivem obdlky je vlak vyjiZdéjici z por-
tdlu tunelu. Zajimavosti je pretisk v anglickém textu v zdhlavi obrdzku, posunu-
Jjici vyddni obdlky o t7i mésice vzhledem ke zpoZdéni stavby.

Figures. 9.1 and 9.2 The FDC supplementing the postmark issue to the inau-
guration of the Hokuriku Tunnel. 1962 [authors’ collection]

On the “enclosure” card (Fig. 9.2) there are parameters of the occasional post-
mark presented in Japanese and English. The main motif of the cover is a train
emerging from the tunnel portal. An interesting feature is the overprint in the
English text in the header of the picture, postponing the issue of the cover by
three months due to a construction delay.
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V ramci jedné z preloZek byl mezi Tsurugou a Imajo vybudova-
ny 13 870 m dlouhy tunel Hokuriku, kromé vysokorychlostni traté
Shinkansen nejdelsi v Japonsku a Sesty nejdelSi vibec. Tunelova
prelozka byla oteviend 10. 6. 1962 jiz jako dvoukolejna a elekt-
rifikovana (obr. 9.1 a 9.2). Jeji stavba trvala 4,5 roku, kdyZ tunel
byl raZzeny jesté klasickou Rakouskou soustavou — tzv. ,moder-
ni*, ale jiZ s inovativnhim pouZitim ocelovych prvkt ponechanych
v betonovém osténi, coZ eliminovalo nebezpecné odstranovani
Ocelové podpéry také zajistily SirSi pracovni prostor a umoZznily
razbu dvojkolejného tunelu. Doslo i k pokustim o plny profil (full-
-face tunnelling). Metoda pouZitd pfi stavbé tunelu Hokuriku se
spodni klenbou byla posléze pfijata jako standardni pro japonskou
slozitou geologii a pouzivand i pro dlouhé dvojkolejné tunely sité
Shinkansen.

Dne 6. 11. 1972 zacal v tunelu Hokuriku horet pozdni no¢ni vlak
Kitaguni* sméfujici z Osaky do Aomori. Pfi nestésti zahynulo
30 lidi véetné jednoho ¢lena posadky a 714 cestujicich bylo zrané-
no. Mrtvé pfitom nezahubil oheti, ale otrava CO,. VySetfovani ukd-
zalo na pochybeni v nedostate¢né protipoZarni ochrané a v predpi-
sech nafizujicich v pfipad€ pozéru zastavit vlak v tunelu [11, 12].

Sydney - pfistavni tunel

Pohlednice s timto objektem byla predstavena jiz v TUNELU
4/2017. Opét pro pripomenuti: pres pristav v Sydney vedou dvé
dvoupruhové trouby silni¢niho tunelu. Ucelem stavby bylo sniZe-
ni dopravniho zatiZzeni znamého mostu (Sydney Harbour Bridge).
Délka tunelu je 2 260 m a stavbu lze rozd€lit na tfi konstrukcni
¢asti: hloubené rampy — severni délky 900 m a jizni délky 400 m
a sttedni 960 m dlouhy naplavovany usek. Podmorska sekce usaze-
na v hloubce 25 m pod hladinou do pfedem provedené ryhy sestava
z osmi prefabrikovanych naplavenych dila, které byly postavené
v Port Kembla, cca 100 km od Sydney. Tunel byl otevieny 30. 8.
1992 — obr. 10.
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Obr. 10 FDC ke slavnostnimu otevieni Sydney Harbour Tunnel. 1992 [sbirka
autorit].

PrileZitostnd razitka nesou datum aZ 10. 9. 1992? FDC je ofrankovand dvojitou
zndmkou k otevieni tunelu, zndmkou se siluetou svétozndmé opery v Sydney a
zndmkou s pristavem Sydney a ddle je opatiend hologramem s ¢. 0020. Obdlka
byla odesland leteckou posStou do Prahy 29. 8. 1992, tj. jeden den pred oficidlnim
otevienim tunelu.

Fig. 10 The FDC for the ceremonial commissioning of the Sydney Harbour
Tunnel. 1992 [authors’ collection)].

Occasional stamps are dated up to 9/10/1992? The FDC is franked with a dou-
ble postmark with the silhouette of the world-famous Sydney Opera House and
a Sydney Harbour postmark, and is also provided with a hologram with the
number 0020. The cover was sent by air mail to Prague on August 29, 1992, i.e.
one day before the official inauguration of the tunnel.

Néklady na projekt ¢inily 554,25 mil. AUS $. V roce 2008 pro-
jelo tunelem cca 90 000 vozidel za den. Od roku 2009 je tranzit
zpoplatnény, podle denni doby 2,50 a7z 4 AUS $ [13].

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

PROF. ING. PAVEL PRIBYL, CSC. PETASEDMDESATNIKEM
PROF. ING. PAVEL PRIBYL, CSC. SEVENTY-FIVE YEARS OLD

V dobé, kdy ctete toto ¢islo caso-
pisu Tunel, bude jiz mit prof. Ing.
Pavel Pribyl, CSc., oslavu svych
krasnych 75. narozenin za sebou.
Narodil se 19. ¢ervna 1947 v jiznich
Cechach, na které stale rad vzpomi-
nd a kam se i Casto vraci.

Jako absolvent Ceského vysoké-
ho uceni technického zacal pracovat
v oboru slaboproudé elektrotech-
niky a nejvétSich dspécht v této
profesi dosdhl ve Vojenském vyzkumném udstavu. Ackoliv sou-
¢astkova zdkladna byla tehdy velmi omezend, tak spolu se svym
kolektivem dovedl do stadia vyroby tehdy S$pickové akustic-
ké zafizeni, které je dnes k vidéni v Muzeu pozemniho vojska
v LeSanech.

Po roce 1990 se zacal vé€novat automatizaci a takovym zlomo-
vym bodem v jeho dalS§im profesnim sméfovani byla projekce
a vystavba technického vybaveni Strahovského automobilového
tunelu v Praze, pfedevSim systém fizeni dopravy. Zacal se vice
zajimat o interakce mezi dopravou a technickym vybavenim, ana-
lyzovat zkuSenosti ziskané pti uvadéni do provozu a odsud uz
byl jen krok k jeho dlouholetému piisobeni na CVUT — Fakult&
dopravni. Pedagogicka Cinnost a soubéZné pisobeni ve funkci
technického feditele projekcni a realizacni firmy ELTODO mu
poskytly vychozi podminky pro jeho dalsi ¢innosti v oblastech
dopravy, které zahrnuji oblast legislativy, vypracovani do té
doby chybgjicich predpisii pro technické vybaveni tunelovych
staveb, které plati dodnes, i zapojeni do standardizacnich proce-
st v Ceské republice i v zahrani¢i. Obor ,telematika“ by se bez
jeho pficinéni urcité¢ nedostal do pozice zakladniho stavebniho
prvku silni¢ni dopravy. I pfi tomto znacném pracovnim vytiZe-
ni si vZdy naSel ¢as na mezindrodni prezentaci Ceské republi-
ky v oblasti dopravy a nezanedbéval ani pedagogickou cinnost,
jak si jisté vzpomenou dnes jiZ stovky jeho zaki, a to nejen
v Ceské republice. Nelze opominout ani jeho piisobeni v re-
dakcni radé Casopisu Tunel v letech 1997 az 2016. Na svétové
konference vzdy vozil né€kolik vytiski tohoto reprezentacniho
casopisu.

Ma i Stésti, Ze v tomto oboru pokracuje i jeho syn Ondre;.

Vsech tuspécht dosdhl Pavel Pribyl svou pili a pracovnim nasa-
zenim, ale bez jednoho ¢lovéka by se mu to urc¢ité nepodafilo a je
tfeba ho jmenovat. Tim je jeho manzelka Marie, kterd mu vzdy
poskytovala potebné zazemi pro jeho praci.

Co prati oslavenci zavérem? Je vidét, Ze vSe se mu dafilo i dafi,
tak snad pouze pevné zdravi, dobré Cervené vino a chut pustit
se do feSeni jeSté¢ néjakych dostatecné neprobadanych oblasti
védéni.

Ing. JIRI STEFAN,
StefanJ@eltodo.cz, ELTODO, a.s.

By the time you are reading this issue of TUNEL journal, the
celebration of Prof. Pavel Pfibyl, CSc.’s beautiful 75" birthday
will be over. He was born on June 19, 1947 in South Bohemia,
which he still fondly remembers and where he often returns.

As a graduate of the Czech Technical University, he started
working in the field of low-current electrical engineering. He
achieved his greatest success in this profession at the Military
Research Institute. Although the component base was very
limited at the time, he, together with his team, brought to the
stage of production the at that time top acoustic equipment, which
can be seen today in the Museum of Ground Forces in LeSany.

After 1990, he began to devote himself to automation, and a
turning point in his further professional focus was the design and
construction of technical equipment for the Strahov automobile
tunnel in Prague, especially the traffic control system. He became
more interested in the interactions between transportation and
technical equipment, analysing the experience gained during
commissioning, and from there it was only a step to his long-term
work at the CTU —Faculty of Transportation Sciences. Pedagogical
activity and concurrent work in the position of technical director
of the design and implementation company ELTODO provided
him with the starting conditions for his further activities in the
areas of transportation, which cover the area of legislation, the
development of regulations for technical equipment of tunnel
structures that were missing until then and which are still valid
today, as well as involvement in standardisation processes in
the Czech Republic and abroad. The field of ,,telematics* would
certainly not have reached the position of a basic construction
element of road transportation without his contribution. Even
with this considerable workload, he always found time for the
international presentation of the Czech Republic in the field of
transportation and did not neglect his teaching activities, as today
already hundreds of his pupils will surely remember, and not only
in the Czech Republic. Neither his work on the editorial board
of TUNEL journal between 1997 and 2016 can be overlooked.
He always carried several copies of this representative journal to
world conferences.

He is also lucky that his son Ondrej is also continuing in this
field.

Pavel Pfibyl achieved all his successes with his diligence and
work commitment, but without one person he certainly would not
have succeeded and the person needs to be named. It is his wife
Marie. She has always provided the background necessary for
his work.

What should we wish Prof. Pfibyl in conclusion? It can be
seen that everything went well and is going well, so perhaps only
good health, good red wine and the desire to tackle some still
insufficiently explored areas of knowledge.

Ing. JIRI STEFAN,
Stefan J@eltodo.cz, ELTODO, a.s.



31. rocnik - €. 3/2022

TuNel

ZPRAVODAJSTVI CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF C2TA ITA-AITES

The General Assembly of the ITA-AITES Czech Tunnelling
Association was held on Wednesday June 8. The meeting was opened
and managed by the chairman of the CzTA, Ing. Ivan Hrdina. At
the beginning, commemorative medals of the CzZTA were presented.
The commemorative medals were received by Ing. Libor Marik, Ing.
Jaroslav Némecek and Ing. Ivan Hrdina. Ing. Hrdina informed the
CzTA members about the activities of the association since the last
session of the General Assembly. This was followed by Economy
Report of the association. It was presented by Ing. Vaclav Soukup. In
2021, the association again achieved a favourable result. Ing. Markéta
Pruskova, Ph.D., familiarised those present with the association‘s
activity plan for 2022. The current status of CzTA working groups
was informed about by doc. RNDr. Eva Hrubesova, Ph.D. Prof. Ing.
Matous Hilar, Ph.D. briefly informed about the preparation of the
Underground Construction Prague 2023 conference. The conference
is planned for May 29 to 31, 2023, essential information is available
on the conference website www.pspraha.cz. The session continued
with the evaluation of the student competition for the best diploma
thesis in the field of underground construction for the year 2021.
The first place was won by Ing. Michal Bernard from FAST VSB
TU-Ostrava with the topic of Optimisation of driving metro tunnels
in Stockholm. The second place belongs to Ing. Filip Vnenc¢dk from
FAST VSB TU-Ostrava, who participated in the competition with a
diploma thesis on the topic Interaction of the primary tunnel lining

with the rock mass in relation to the load on the secondary lining.
Ing. Katerina Kratochvilova from the Faculty of Civil Engineering
of the CTU in Prague took the third place. In her diploma thesis,
she focused on The influence of input parameters on the numerical
model of the Hldvkiiv Bridge utility tunnel.

Valné shromazdéni Ceské tunelarské asociace ITA-AITES se ko-
nalo ve stfedu 8. ¢ervna 2022 v hotelu OlSanka, Taboritska 23, Pra-
ha 3. Jednani zah4jil a fidil predseda CzTA Ing. Ivan Hrdina.

Na zacatku jednani tradi¢né probéhlo predani pamétnich medai-
li CZTA, pamétni medaili obdrZel Ing. Libor Mafik (obr. 1 vlevo),
Ing. Jaroslav Némecek (obr. 1 vprostied) a Ing. Ivan Hrdina (obr. 1
vpravo). Pro posledni dva jmenované bylo, predpoklddame, udéleni
medaile prekvapenim.

Ing. Hrdina déle tradi¢né informoval ¢leny CzTA o ¢innosti aso-
ciace od minulého zasedani valného shromézdéni, kdy pokracovalo
vydévani ¢asopisu Tunel. Tunelarska odpoledne (do soucasnosti jich
asociace usporadala jiz 40) se podarilo konat nejenom on-line, ale
i prezencné.

Dalsim bodem jednani byla zprava o hospodareni asociace, kte-
rou prednesl Ing. Vaclav Soukup. V roce 2021 dosahla asociace opét
priznivého vysledku, kdy jeji hospodareni skoncilo ziskem (bylo
to zpusobeno prevazné stile jeSt€ omezenou moznosti konat bézné
akce). Dale byli pfitomni sezndmeni s navrhem rozpoCtu asociace na

Obr. 1 Preddvdni pamétnich medaili CzTA
Fig. 1 Handing over commemorative medals of the CzTA

Ing. Libor Marik Ing. Libor Marik

r |

Ing. Libor Mafik Ing. Libor Marik

Obr. 2 Ocenéni studenti — od leva Ing. Bernard, Ing. Vnencdk a Ing. Kratochvilovd
Obr. 2 Recognised students — pictured left to right — Ing. Bernard, Ing. Vnencdk and Ing. Kratochvilovd
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rok 2022. Tento rok zatim bézi vSechny akce obvyklym zpiisobem, Prvni misto ziskal Ing. Michal Bernard z FAST VSB TU-Ostrava
doufejme, Ze tomu tak bude i do konce roku. Proto vSak rozpocet s tématem Optimalizace raZeb tunelii metra ve Stockholmu (Skoli-

pocita se ztratou, ktera bude dotovédna ze zisku minulych let. tel doc. Vojtasik). Druhé misto patii Ing. Filipu Vnencakovi z FAST
Ing. Markéta Pruskova, Ph.D., obeznamila pritomné s planem cin- VSB TU-Ostrava, ktery se d¢astnil soutéZe s diplomovou praci na
nosti asociace na rok 2022, jedna se zejména o ptipravu Casopisu Tu- téma Interakce primdrniho tunelového osténi s horninovym masivem

nel a poradani Tuneldiskych odpoledni. Odborny zdjezd se pro rok ve vztahu k zatiZeni sekunddrniho osténi (Skolitelka doc. HrubeSova).
2022 planuje na Slovensko, na tunely v okoli PreSova. Dale je plné | Tieti misto obsadila Ing. Katefina Kratochvilova z FSv CVUT v Pra-
rozbéhla priprava konference Podzemni stavby Praha. O soucasném ze. Ve své diplomové praci se zaméfila na VIiv vstupnich parametrii

stavu pracovnich skupin CzTA, kdy ¢innost nékterych z nich je utlu- na numericky model Kolektoru Hldvkiiv most (Skolitel doc. Pruska).
mena, informovala nésledné doc. RNDr. Eva HrubeSov4, Ph.D. Vsem ocenénym poblahoptal a predal cenu predseda CZTA Ing. Ivan
Poté vystoupil prof. Ing. Matous Hilar, Ph.D., se stru¢nou infor- Hrdina.

maci o pripravé konference Podzemni stavby Praha 2023. Konfe- Cist zased4ni zaméfena na odbornou tematiku tentokrét byla dost
rence je planovana na dny 29. az 31. kvétna 2023 v kongresovém netradicni. Ing. Petr Hybsky ze spolecnosti Metrostav a.s. pripravil
centru hotelu Clarion, na zakladé kladnych zkuSenosti se spolecen- prednasku na téma Trochu jiné tunelovdni — o vizich Elona Muska
sky vecer uskutecni opét v Brevnovském klastefe. Piijem abstrak- o budoucnosti podzemnich staveb, jak by mélo vypadat efektivni tu-
ti je umoznén do konce zafi tohoto roku, dalsi terminy a podstat- nelovani podle jeho predstav.

né informace jsou obsaZeny na webovych strinkach konference
www.pspraha.cz.

Zasedani pokracovalo vyhodnocenim studentské soutéZe o nejlep- Ing. MARKETA PRUSKOVA, Ph.D.,
$i diplomovou praci z oboru podzemniho stavitelstvi za rok 2021. pruskova@ita-aites.cz, generdlni sekretdr CzTA

NOVE TECHNICKE PODMIENKY TP 099 PROTIPOZIARNA BEZPECNOST
CESTNYCH TUNELOV
THE NEW TECHNICAL SPECIFICATION TP 099 FIRE SAFETY OF ROAD TUNNELS

At the beginning of June 2022, the new Technical Specification story v objektoch mimo tunela, spravidla pre portalové budovy. Pre
TP 099 Fire Safety of Road Tunnels became applicable to the Slovak | niektoré z nich je priamo v TP 099 uréené poZiarne riziko.
Republic. The TP was prepared by the Slovak Road Administration PoZiarne odolnosti beZnych stavebnych (poZiarnych) konStruk-
and issued by the Ministry of Transport and Construction of the cii su klasifikované podla normovej teplotnej krivky podla STN
Slovak Republic after several years of preparation, which included | EN 13501-2. Vynimku tvori vodorovnd konStrukcia oddelujica
tunnel design specialists from as well as the Presidium of Fire vetraci kanal od tunelovej riry umiestneny pod stropom tunelovej
and Rescue Corps of the Ministry of the Interior of the Slovak | riry. Pre tito konStrukciu je v TP 099 zadefinovand vlastnost R |
Republic. TP 099 applies to all newly designed road tunnels in the | hodnotend v sulade s ¢l. 4.1 STN EN 13501-2 podla modifikova-
Slovak Republic. They also apply to a reasonable extent to existing nej uhlovodikovej krivky a dalSich kritérii uvedenych v ¢l. 8.3.9
tunnels, namely to the extent defined by the relevant ministries. TP 099.

Pre bezpeCnostné znaCenie sa umoziuje v Sirokom rozmedzi

Zaciatkom juna 2022 nadobudli platnost nové technické pod- pouzivat znacky z STN EN ISO 7010, napriklad znacky ¢. E033
mienky TP 099 ProtipoZiarna bezpecnost cestnych tunelov plat- a E034 pre oznacenie vodorovne posuvnych dvier na unikovych
né pre Slovensku republiku. TP pripravila Slovenska sprava ciest | cestach, znacka FOO5 pre tlacidlovy hlasic EPS atd. Okrem toho
a vydalo Ministerstvo dopravy a vystavby SR po niekolkoroc¢nej | je navrhnuty piktogram pre nadzemny poZziarny hydrant, ktorého

priprave, do ktorej boli zapojeni Specialisti na projektovanie tu- tvar je uvedeny vo vzorovych listoch VL 5, ktoré bolo potrebné
nelov z viacerych spolo¢nosti, ako aj Prezidium hasi¢ského a z4- | revidovat z titulu nadobudnutia G¢innosti TP 099.

chranného zboru Ministerstva vnitra SR. TP 099 platia pre vsetky V tunelovych rarach a nidzovych zdlivoch sa umoziuje navr-
novonavrhované cestné tunely v SR. Platia v primeranej miere aj hnut vodné stabilné hasiace zariadenie (SHZ) za podmienok, ktoré
pre jestvujuce tunely, a to v rozsahu vymedzenom prislu§nymi mi- vymedzuje TP 099. Navrh SHZ nie je viazany na Ziadne paramet-
nisterstvami. re tunela, ale zavisi od analyzy rizik a od zaveru bezpec¢nostnej

Hlavnym autorom TP je Ing. Jan Dekanek, ktory pre Citatelov | dokumentacie s prihliadnutim na ekonomicku efektivitu takéhoto
Casopisu Tunel pripravil stru¢nd informéciu o obsahu novych TP | zameru.

a hlavnych aspektoch navrhovania poZiarnej bezpecnosti pre cest- Velky doraz sa v TP 099 kladie na trvald dodavku elektrickej
né tunely v Slovenskej republike. energie, t.j. na zasobovanie elektrickych zariadeni, ktoré musia byt
Azda najzasadnejsSim je umoznenie ndvrhu a realizacie nielen v ¢innosti pocas poziaru. Urcuji sa najmi poziadavky na zdroje
cementovej vozovky, ako tomu bolo doposial, ale aj vozovky z as- | elektrickej energie, na kablové trasy a na elektrické rozvadzace.
faltovych a asfaltocementovych zmesi. Povolena je trieda reakcie Novou poziadavkou PBS je povinnost preukazovania vlastnosti
na ohefi A2-s1 podla STN EN 13501-1. Na chodniky sa povoluje poziarnych konstrukcii a poZiarnych zariadeni. V TP 099 s uve-
navrhnuit okrem bet6nu aj asfaltova a asfaltocementova zmes s trie- dené, Ze zhotovitel poZiarnej konStrukcie je povinny pisomnou
dou reakcie najviac B,-s1. Tieto zmesi sa povoluji v tuneloch L formou vyhotovit jej osvedcenie, ktoré pozostiva z dokumentov
aj II. kategérie (pozri ¢l. 4.1 a 4.2 TP 099) pri akejkolvek dizke vymenovanych v ¢l. 23.3.2 TP099. Vlastnosti poZiarnych zariadeni
tunelovych rur. vymenovanych v ¢l. 23.4.2 sa osvedc¢uju ich funkénou skiskou.
V TP 099 st vymedzené druhy priestorov, ktoré musia tvorit sa-
mostatny poZiarny usek. To plati pre priestory v tuneli i pre prie- Ing. MILOSLAV FRANKOVSKY, STA
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