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Vazeni a mili Ctenari,

otevirate ¢tvrté a posledni vydani dvacatého osmého ro¢niku ¢asopisu Tunel.

Jako obvykle si v ném muZete precist plno informaci ze svéta tunelovych staveb. A to i diky vasemu prispéni. Je pravdou, Ze
z celkového poctu sedmi hlavnich ¢lanki se pouze dva z nich vénuiji tunelovym stavbam v realizaci (a navic jen jeden je z Ceské
republiky). Na druhou stranu ale tfi dalsi prezentuji projektova feseni pripravovanych tunelovych staveb. Véfme, ze navzdory
dobé, ktera nasim tunelovym stavbam pieje méné nez roky minulé, na jejich realizaci dfive ¢i pozdéji dojde, a Ze si v Casopise
Tunel zajimavé poznatky z jejich vystavby precteme.

Toto ¢islo 4/2019 je vénovano dvéma spolecnostem, projekeni a konzultacni kancelari SUDOP Praha, a.s. a realizacni firmé
OHL 78, as.

SUDOP Praha, a.s., je jednou z nasich nejstarSich projekéné-inZenyrskych organizaci, s kofeny sahajicimi az do poloviny
minulého stoleti (vznikl v padesétych letech pod nazvem Statni dstav dopravniho projektovani — SUDOP). Jeji specialisté dodali
tfi zmifiované piispévky na téma projektového feseni ptipravovanych staveb. Kolega Uhrin popisuje technicky naro¢né kiiZeni nového silni¢niho tunelu
v Plzni s existujici Zeleznicni trati. Kolegové Zitko a Postek véas seznamuji s pfipravou tunelil na Zelezni¢ni trati Brno — Prerov, kde uvazuji s pouzitim
metody razby SCL. Je to konvencni metoda razby odvozena od NRTM, urcend do prostfedi mékkych hornin a zemin. Je zaloZena na aplikaci tuhého
osténi a razbé s pokud mozno kruhovym tvarem vyrubu. A kone¢né kolegové Stiizik a Jadrnicek prezentuji projekt rekonstrukce nelahozeveskych tunelt.
Reseni spociva v razbé nového jednokolejného tunelu a v prestavbé stavajicich dvoukolejnych tunelii na jednokolejné. Vie v obtiznych geotechnickych
podminkéch ve svahu vltavského udoli.

OHL Z8, a.s., patii k nejstar§im stavebnim firmam u nas, nebot na trhu piisobi jiz od padesatych let minulého stoleti (tehdy jako Zelezni¢ni stavitelstvi
Brno). Jeji odbornici pfispéli do tohoto &isla prispévky z realizovanych staveb. Kolegové Culik a Just popisuji stavbu tunelu Cebrat. Urcité stoji zato
tento projekt sledovat, protoZe se zde fesi uprava trasy béhem vystavby, vyvolana geotechnickymi riziky sesuvného tizemi v trase ptivodni. Kolega Just je
rovnéZ autorem staté o tunelu Debore¢. Navazuje na minulé ¢islo Tunelu, kde jste si mohli o téZe stavbé precist z pohledu geotechnického monitoringu.

Za pozornost stoji také dva dalsi texty s teoretickym zamérenim. Téch je v naSem casopise v poslednich letech jako Safranu, a proto je dobfe, Ze se tu
sesly hned dva. Prvni z nich je od kolegti Prochdzky, Jandekové a Vilka z CVUT v Praze na téma Sifeni rizové viny v tunelu. Lapidarné feceno autofi
zkoumaji vliv vybuchu na osténi tunelu. Tim druhym je zavérecna ¢ast lanku kolegy Zapletala z kancelate SATRA, spol. s r.o., o statice degradovaného
primarniho osténi a jeho spoluptisobeni s osténim sekundarnim. Uvodni &4st, fesici degradaci homogenniho primérniho osténi, najdete v Tunelu 3/2019.
V této ¢asti svého pojednéni se autor zabyva degradaci heterogenniho primarniho osténi.

BliZi se konec roku a to je doba prani. Preji ¢tenaftim casopisu Tunel za sebe i za celou redakéni radu mnoho zdaru a hodné zdravi v roce 2020. At se
z fady tuneld v pfiprave, z nichz o nékterych si muzete precist v tomto vydani ¢asopisu Tunel, brzy stanou stavby v realizaci. Drzme si palce.

Zdar Buh!

Ing. TOMAS EBERMANN, Ph.D.
¢len redakcni rady

Dear readers,

you are opening the fourth and last issue of the twenty eighth year of TUNEL journal.

As usually, you can read lot of information from the world of the tunnel construction industry in it. It is so even thanks to your contribution. It is true
that only two of the total number of seven main papers are dedicated to tunnel construction projects under construction (and, in addition, only one is
from the Czech Republic). On the other hand, three others present design solutions for tunnel construction projects under preparation. Let us believe that,
despite the time which favours our tunnel structures less than in the previous years, their realisation will begin sooner or later, and we will read interesting
information from the construction in our TUNEL journal.

_ This issue No. 4/2019 is dedicated to two companies, SUDOP Praha, a.s., a designing and consulting company, and the realisation company of OHL
7S, a.s.

SUDOP Praha, a. s., is one of our oldest design-consulting companies with its roots reaching the half of the past century. It was founded in the 1950s
under the title Statni Ustav Dopravniho Projektovani — SUDOP (State Institute for Transportation Designing). Its specialists provided the three above-
mentioned papers on design solution for the projects under preparation. My colleague Uhrin describes the technically complicated crossing of a new road
tunnel in Plzen with the existing railway track. My colleagues Zitko and PoStek acquaint you with the preparation of tunnels on the Brno — Prerov railway
track, where excavation using the SCL method is under consideration. It is a conventional excavation method derived from the NATM. It is designed for
environments formed by soft ground and soils. It is based on the application of a rigid lining and excavation of a circular geometry tunnel, if possible. And
finally, my colleagues Stfizik and Jadrnicek present the design for the reconstruction of the Nelahozeves tunnels from double-track to single-track ones.
All of that in complicated geotechnical conditions in a slope of the Vltava River valley.

OHL ZS8, a.s., belongs among the oldest civil engineering companies in the Czech Republic because of the fact that it has been operating on the
market since the 1950s (similarly to Zelezni¢ni stavitelstvi Brno). Its professionals contributed to this issue by papers from construction projects being
under construction. It is certainly worth observing this project because of the fact that they solve a modification of the alignment during the course of the
construction. The necessity is induced by geotechnical risks in a slide area existing on the original alignment. My colleague Just is also the author of the
paper on the Deborec tunnel. It is a follow-up to the previous TUNEL journal issue, where you could read about this project from the point of view of
geotechnical monitoring.

Worth attention are also other two theoretically focused texts. Such texts have been rare in our journal in the past years and it is therefore very good that
two of them came here together. The first of them, by my colleagues Prochdzka, Jandekova and Vélek from the Czech Technical University in Prague, is
on the topic of shock wave propagation in tunnel. Lapidarily speaking, the authors examine the influence of explosion on tunnel linings. The other paper
is the final part of the paper by my colleague Zapletal from SATRA, spol. s 1. 0., about statics of the degraded primary lining and its composite action with
the secondary lining. The opening part solving the degradation of a homogeneous primary lining is available in TUNEL issue 3/2019. In this part of his
paper, the author deals with degradation of a homogeneous primary lining.

The end of the year is approaching and this is a time of wishes. I wish the readers of TUNEL journal on behalf of myself and the whole editorial board
good luck and good health in 2020. Let many tunnels in preparation about which you can read in this TUNEL journal issue soon become projects under
construction. Let us keep our fingers crossed.

God speed you!

Ing. TOMAS EBERMANN, Ph.D.
Member of Editorial Board




VAZENI CTENARI,

dovolte mi vas jménem spole¢nosti SUDOP PRAHA a.s.
pozdravit na strankach tohoto Casopisu. Rad bych se zde,
spolec¢né s vami, kratce ohlédl za aktualni situaci kolem
tunelovych staveb. A upifimné, pohled to neni zrovna
vesely. Vystavba novych tunelil je totiZ u nas v republice
na dlouhodobém minimu. Zhotovitelské firmy aktualné
pracuji prevazné v zahranici.

A diivod? Téch je hned nékolik. Tim zdsadnim je zfejmé
fakt, Ze investory predepsand metodika ekonomického
hodnoceni staveb tuneldm prosté nepieje. Co naplat, Ze
to jsou prvky sice nejohleduplnéjsi k Zivotnimu prostiedi i ke zdravi
a pohodé obyvatel, kdyZ jsou to zaroven také jedny z financné
nejnarocnéjSich soucdsti celé infrastruktury. Jejich prosazeni do
realizace je tak za soucasnych podminek velmi ndro¢né, leckdy
bohuzel i nemozné. Nastésti se ale v posledni dobé situace méni. Prvni
vlastovky jsou jiz v praxi viditelné mezi aktudlné vysoutéZenymi
projek¢énimi zakdzkami. A tak doufdm, Ze se tunelim blyska na lepsi
casy.

Projekeni priprava projekti dnes bézi pomérné intenzivné. Dobrou
zpravou je, ze v ruznych stupnich pfipravy se nachdzi pomérné
velké mnozstvi Zelezni¢nich, dalni¢nich a silni¢nich tunelt, z nichz
mnohé zaujmou délkou, technickymi feSenimi ¢i plochou vyrubu.
V souvislosti se zvySovanim rychlosti na Ceské Zeleznicni siti
a zahdjenou pripravou vysokorychlostnich trati navic predpokladam,
7e dal$i velké tuneldrské vyzvy nds cekaji jiz ve velmi blizké
budoucnosti.

Jsem presvédcen, Ze jak projektovani, tak i samotnou stavbu téchto
naro¢nych inZenyrskych objektl zvladnou c¢esti inZenyfi a technici
bez vétsich problémi. Hlavni rizika na cesté ke zprovoznéni téchto
naro¢nych dopravnich staveb tak vidim predevsim v legislativnich
podminkidch a komplikovaném vydéavani vSech pozadovanych
povoleni a souhlasii. Dilezity je samoziejmé i dostatek finan¢nich
prostfedkl na tyto masivni investice. Véfme, Ze nasi zdkonodarci
legislativu, a zejména rekodifikaci stavebniho zdkona, prosadi
a priprava velkych dopravnich staveb nebude otizka nékolika
desetileti, jako je tomu dnes, ale jiZ pouze proces na jednotlivé roky.
Stejné tak budme optimisté, Ze se ceské ekonomice bude i nadale
dafit a Ze ddraz na dopravni infrastrukturu a jeji rozvoj zlstane
prioritou i dalSich vlad.

A co ceka v nejblizsi budoucnosti samotny projekéni trh? Jiz
avizovanou pfipravu vysokorychlostnich trati, spolecné s bliZicim se
povinnym néstupem BIM projektovani u velkych statnich zakéazek,
povazuji osobné za ohromnou profesni vyzvu pro pravé nastupujici
generaci mladych projektantd. Pokud se jim podafi maximalné vyuZzit
zkuSenosti, kontaktll a zdzemi jiZ zavedenych projekcnich firem, pak
v kombinaci s modernimi technologiemi, procesy, postupy a nastroji
maji Sanci se stat tahouny budouciho rozvoje dopravni infrastruktury.
Lidry trhu, a to nejen toho tuzemského. Hranice se totiZz budou stéile
vice stirat. Ty stétni, i ty ,,businessové*.

U néas ve spoleCnosti se pripravou dopravnich infrastrukturnich
staveb zabyvame jiZ vice neZ 65 let a dovolim si tvrdit, Ze v této
oblasti patifime mezi tuzemskou $picku. Mdme za sebou vyznamné
a ocefiované realizace u nds i v zahraniCi. A to i proto, Ze ma u nas
oteviené dvefe nejen profesni zkusSenost, ale i inovativni a nadSené
mladi. Investujeme do modernich procesti i novych technologii.
Velmi rad u néds osobné privitim vSechny zapalené zajemce, ktefi
se rozhodnou svij osobni ,,projekt stoleti* pripravovat v budoucnu
pravé pod hlavickou tymu SUDOP PRAHA.

U nés totiz délame vic, neZ jen obycCejné projekty!
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DEAR READERS,

Allow me to greet you on the pages of this journal on behalf
of the company of SUDOP PRAHA a.s. I would like here,
together with you, to briefly look back to the current situation
around tunnel construction projects. And, frankly speaking,
the view is not too merry. The reason is that the development
of new tunnels in our republic is at the long term minimum.
Contractor companies currently work mostly abroad.

And the course? There are several reasons. The fundamental
one is obviously the fact that the methodology prescribed
by project owners for economic assessment of construction
projects is not on tunnels’ side. What is it good for that they
are elements on the one hand most considerate of environment as well as
health and well-being of the population, when they are at the same time
the ones of financially most demanding parts of the whole infrastructure.
Enforcing them into realisation under the current conditions is very
difficult, often, unfortunately, even impossible. Fortunately, lately
the situation has been changing. First cases are already visible in the
practice, among currently won orders for designing contracts. So I hope
that tunnels are flashing for better times.

Preparation of designs for projects currently runs relatively intensely.
Good news is that the construction of relatively great number of railway,
motorway and road tunnels is at various stages of preparation. Many
of them will attract interest by their length, technical solution or cross-
sectional area of excavation. In connection with increasing the speed
on the railway network and the starting preparation of high-speed rail
tracks, I, in addition, assume that great tunnel construction challenges
wait for us in the very near future.

I'am convinced that both designing and the construction of demanding
civil engineering structures itself will be coped with by Czech engineers
and technicians without more serious problems. I can see the main risks
on the way to bringing those demanding transport structures into service
first of all in the legislative conditions and the complicated issuance of
all prescribed permissions and approvals. Of course, sufficient funding
for those massive investments is also important. Let us believe that our
law makers will enforce the legislation, first of all recodification of the
Building Law, and the preparation of large transportation construction
projects will not be a matter of several decades, as it is so today, but
only the process for single years. Likewise, let us be optimists that
Czech economy will further thrive and the stress put on transportation
infrastructure and its development will remain a priority even for future
governments.

And what awaits the designing market itself in the nearest future?
I personally consider the already notified preparation of high-speed rail
tracks, together with the obligatory BIM designing for large governmental
orders, to be a great professional challenge for the just coming
generation of young designers. If they succeed at least in minimum use
of experience, contacts and background available in already established
designing companies, they have the chance, in combination with modern
technologies, processes, procedures and tools, to become plodders of the
future development of the transportation infrastructure, leaders of the
market, not only domestic. It is so because borders, the state ones as well
as the “business’ ones, will be more and more removed. .

In our company, we have been dealing with the preparation of
infrastructural transportation projects for over 65 years and I dare to
maintain that we belong among domestic top companies in this field. We
have completed important and appreciated designs in the Czech Republic
and abroad. It is so even because of not only professional experience, but
also the innovative and enthusiastic youth who have the doors open in
our company. We invest into modern processes and new technologies.
I will be happy to welcome personally all enthusiastic applicants who
will decide to prepare their personal “design of the century” in the future
under the banner of the SUDOP PRAHA team. In
our company we do more than common designs!

Ing. TOMAS SLAVICEK

generalni feditel SUDOP PRAHA a.s.
General Director of SUDOP PRAHA a.s.
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VAZENI CTENARI,

je mi cti, Ze jsem dostal moZnost napsat uvodnik
pro tak specializovany Casopis. I kdyZ jsem z profesni-
ho hlediska stavafem, obor podzemnich staveb je svym
zpusobem specificky. Komunita tunelait mé pozitivné
inspiruje svoji semknutosti, tradici a samoziejmé pro-
fesionalitou. Jsem hrdy na to, Ze i my mame mezi se-
bou jeji ¢leny. Nase spolecnost ma za sebou vyznamné
tunelové stavby, a to nejen ty, o kterych se na stran-
kich tohoto Casopisu jiz psalo. OHL ZS, a.s. se miZe
pochlubit také vyznamnymi projekty raZeb Stol v oblasti vodo-
hospodérskych staveb. I presto, Ze je tunelovych zakazek pomalu,
jsme jedna z mala firem v Ceské kotliné, kterd v této dobé realizuje
tfi tunely na Zeleznici a délnici. V aktudlnim ¢isle vas s nimi pro-
stfednictvim uverejnénych pfispévka kratce sezndmime.

Prvni pfispévek je vénovan vystavbé ddlni¢niho tunelu Cebrat
na slovenské délnici D1 v tiseku Hubova — Ivachnova. Clanek pfi-
nasi informace o zméné trasovani ¢asti nové budovaného tseku
dalnice z divodu zjisténi nepriznivych geologickych podminek
v puvodni trase béhem vystavby a aktudlnimu stavu praci na raz-
bach prizkumnych dé€l v obou tunelovych troubéch z vychodniho
portalu.

Druhy ¢lanek je zaméfen na nové budovany dvojkolejny Zelez-
ni¢ni tunel Debore¢ na modernizovaném 4. koridoru v useku Su-
domeéfice — Votice. Jelikoz byl v minulém cisle ¢asopisu tento tu-
nel predstaven z hlediska provadéného monitoringu, nas prispévek
se podrobnéji vénuje popisu projek¢niho feseni, jeho optimalizaci
v ramci tvorby realizacni projektové dokumentace a rovnéz pfina-
§i informace z dosavadniho pribéhu realizace.

Pivodné planovany teti ¢lanek vénovany novému Zelezni¢nimu
tunelu Mezno v ramci stejného projektu bude z divodu posunu
zahdjeni praci po dohod€ s vydavatelem publikovan v nékterém
z nasledujicich ¢isel ¢asopisu. RaZzba tunelu byla oficidlné zahdje-
na vysvécenim soSky svaté Barbory 11. zaii. V dobé&, kdy budete
mit moZnost toto ¢islo Cist, by jiZ méla razba tunelu naplno pro-
bihat.

Réd bych popradl tuneldafim mnoho zajimavych projekti. Doba,
ktera nas ¢eka, bude jisté mnohem pozitivnéjsi. VSichni z nas oce-
kavaji zejména zahdjeni praci na trase D praZzského metra, na coz
se i nase kapacity intenzivné pfipravuji.

Zdart bih!

DEAR READERS,

I am honoured to have the opportunity to write an
editorial for so much specialised journal. Even though
I am a builder in terms of profession, the building
industry is in a way specific. The community of tunnel
builders inspires me positively by its tightness, tradition
and, of course, professionalism. I am proud that even
we have its members among us. Our company has
significant tunnel construction projects behind, not only
projects which have been written about on the pages of
this journal. OHL ZS, a.s. can also boast of significant projects for
driving galleries in the area of water management works. Despite
the fact that tunnel construction orders are rare, we are one of the
companies operating in the Czech Basin which is realising three
tunnels on railways and motorways. We will briefly acquaint you
with them in the current issue through papers published in it.

The first paper is dedicated to the construction of the Cebrat
motorway tunnel on the Slovak D1 motorway in the Hubova —
Ivachnova section. The paper brings information on a modification
of the alignment of the motorway section being newly constructed
caused by discovering unfavourable geological conditions on the
original alignment during the operations and the current state of
the work on the excavation of exploratory workings in both tunnel
tubes carried out from the eastern portal.

The other paper is focused on the newly built double-track
railway tunnel, Deborec, on the Corridor No. 4 being modernised
in the Sudoméfice — Votice section. Because of the fact that this
tunnel has been introduced in the previous issue from the aspect of
the monitoring being conducted, our paper dedicates itself in more
detail to the design solution, its optimisation within the framework
of the development of the design of means and methods; it, in
addition, brings information from the current progress of
realisation.

The originally planned third paper dedicated to the new railway
tunnel, Mezno, built within the framework of the same project,
will be, in agreement with the publisher, postponed to one of
the next journal issues with respect to the postponement of the
deadline for the works commencement. The tunnel excavation will
be officially started by consecration of a statuette of Saint Barbara
on 11™ September. At the time when you will be able to read that
issue, the tunnel excavation should be in full swing.

I would like to wish the tunnellers lots of interesting projects.
The time which awaits us will certainly be much more positive.
All of us wait first of all for the commencement of the work on
the Line D of Prague Metro and even our capacities are intensely
preparing for it.

God speed you

Ing. ROMAN KOCUREK

generalni reditel a 1. mistopredseda
predstavenstva OHL ZS, a.s.
General Director and 1t vice-chairman
Of the Board of Directors of OHL ZS, a.s.
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PROJEKT ZARODKU SILNICNIHO TUNELU V PLZNI
DESIGN OF A STRUCTURAL BOX OUTSET FOR A ROAD TUNNEL
IN PILSEN

MICHAL UHRIN

ABSTRAKT

Cldnek popisuje koncepci technického teSent zdrodku silnicniho tunelu navrieného v misté kiiZeni stavajici Zeleznicni trati Ceské Budéjovi-
ce — Plzeri hl. n. s budouci silnici I/20 v Plzni, které je zdroveri mistem kiizeni investic SZDC (rekonstrukce trati) a RSD (novostavba silnice).
ProtoZe priprava stavby drdhy je v predstihu pred pripravou stavby silnice, predpoklddd se nekolikalety odstup v zahdjeni realizace. Stavba
silnice, zahdjend pozdéji, nesmi mit neprimérené dopady do v té dobé nové zrekonstruované drdhy a provozu na ni. V misté kiiZeni povede sil-
nice podjezdem pod trati. Proto bylo navrZeno v ramci stavby drdhy realizovat zdrodek silnicniho tunelu, ktery v budoucnosti umozni rozsitent
do tunelu plnohodnotného postupem s minimdlnimi dopady na drdhu. K tomu bylo treba mezi jednotlivymi stranami dohodnout parametry
budouctho silnicniho tunelu tak, aby umoznily dostatecnou flexibilitu v pripravé navazujici stavby silnice. Tunel je navrZen hloubeny s celnim
odtéZovdanim pod ochranou trvalych nosnych konstrukct stropni desky a podzemnich stén, dvoukomorovy, obdélnikového tvaru, kaZdd komora
Jje jednosmeérnd se dvéma jizdnimi pruhy, kategorie T7,5/70. V rdmci stavby drdhy budou provedeny svislé nosné konstrukce, stropni deska
a zpétné zdsypy. V rdmci stavby silnice bude realizovdno celni odtézovani, stavba zdkladové desky, stavebni a technologické vybaveni tunelu.
KiiZeni silnice s trati probihd pod velmi ostrym tihlem (13°) na délce cca 200 m.

ABSTRACT

The paper describes conceptual design of a structural frame for a road tunnel proposed at the intersection of existing railway track
Ceské Budéjovice — Plzeri hl. n. with planned trunk road 1/20 in Pilsen, i.e. at the intersection of investments by SZDC (railway track up-
grade) and RSD (new road). Because the development of the railway project is significantly ahead of the road one, it is expected that the
start of construction of the projects will be offset by several years. The road construction, commencing later, should not disproportionately
affect the completed railway and its operation. At the intersection, the road will pass under the railway in a tunnel. Therefore, it was
proposed that part of the road tunnel is constructed within the railway project in such an extent that will enable future enlargement into a
Sull tunnel with minimum impact on the railway. To achieve that, it was necessary to agree the parameters of the future tunnel between all
parties enabling enough flexibility for the subsequent planning of the road. The tunnel is proposed in the form of a rectangular box with
two lanes per traffic direction, each direction accommodated in a separate cell, category T7,5/70, constructed cut & cover with diaphragm
walls and cover slab. The railway project will deliver the vertical walls, cover slab and backfilling. The road project will complete the job
by excavation inside the tunnel, construction of base slab and provision of the necessary civil and M&E accessories of the tunnel. The

intersection is at a very acute angle of 13° over the length of approximately 200m.

uvop

Sprdva Zelezni¢ni dopravni cesty (SZDC) realizuje investi¢ni
akci Uzel Plzen, jejiz podstatou je rekonstrukce stavajici drazni
infrastruktury. Akce je rozdélend do vice staveb, z nichZ nékteré
jsou jiz uspésné dokoncené, jiné v realizaci a ostatni v projektové
pripravé. Pfredmét ¢lanku spada pod stavbu ,,Uzel Plzeii, 5. stavba
— Lobzy — Koterov* (obr. 1, Cervené), k niz SUDOP PRAHA a.s.
zpracoval dokumentaci pro stavebni povoleni (DSP). Nezavisle
na tom pfipravuje Reditelstvi silnic a ddlnic (RSD) v Plzni novo-
stavbu silnice 1/20 (obr. 2), k niz SUDOP PRAHA a.s. zpracovava
dokumentaci pro tizemni rozhodnuti (DUR). Tyto stavby se ki
v oblasti ulic Velenicka a SuSicka (obr. 3, draha Cervené a silnice
svétle modre) v km 346,510 trati, pficemZ silnice ma byt vedena
podjezdem pod télesem drahy. KiiZeni tras vychazi pod technicky
nevyhodnym ostrym dhlem cca 13°.

Vzijemny dopad té€chto staveb byl zjiStén a koncepcné feSen
pii zpracovani DUR stavby drdhy. Na strané silnice byla v té dobé
zpracovana technickd studie mista kiizeni. Klicovym bodem pro
posouzeni popsané situace byl (a stile je) rozdil ve stavu pripravy
obou staveb. Protoze pfiprava stavby drahy je ve vyrazném pred-
stihu pred pfipravou stavby silnice, pfirozené se ocekava, Ze i jeji
realizace bude zahajena o nékolik let dfive. Respektive 1ze oceka-
vat, Ze realizace stavby silnice bude zahdjena aZ po, ale zaroven
nedlouho po dokonceni stavby drdhy. To vede k nutnosti zajistit,

INTRODUCTION

The Czech Network Rail Authority (SZDC) is undertaking a
project Pilsen Junction with the scope of refurbishment of existing
railway infrastructure. The project is divided into several packages,
some of which are already completed, other under construction and
the rest in preparation. The subject of this paper falls under sub-
project package “Pilsen Junction, package #5 — Lobzy — Koterov”
(Fig. 1, in red) the design for which was completed by SUDOP
PRAHA at building permit stage of development. Independently, the
Czech Highways and Roads Authority (RSD) plans to construct a
new trunk road I/20 in Pilsen (Fig. 2) with design at zoning plan
stage being developed also by SUDOP PRAHA. These two projects
intersect between streets Velenickd and SuSickd (Fig. 3, railway in
red and road in cyan colour) at ch. 346.510 of the railway with the
intension for the road to underpass the track. The intersection comes
out at a technically unfavorable acute angle of 13°.

The mutual impact of the projects was identified and addressed
during development of zoning plan design for the railway project.
Feasibility study of the intersection was carried out to put the road
planning on board as well. The key driver behind the adopted
approach was (and still is) the difference in the development of the
projects. Because the development of the rail project is running
significantly ahead of the road one, it is naturally expected that its
construction will commence several years earlier. More specifically,
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legenda legend

soucasny stav  existing tracks

uzel Plzen, 5. stavba  Pilsen Junction, Package #5

uzel Pizen, 1. stavba  Pilsen Junction, Package #1

uzel Plzen, 2. stavba  Pilsen Junction, Package #2

uzel Pizen, 3. stavba  Pilsen Junction, Package #3

prijezd uzlem Plzefi ve sméru lll. TZK  enabling transit towards III. corridor

modernizace trati Rokycany — Plzefi  upgrade of track Rokycany — Plzer

1km 1k

Obr. 1 Situacni schéma akce Uzel Plzeri
Fig. 1 Plan layout for Pilsen Junction project

aby stavba silnice neméla v misté vzajemného kiiZeni nepiiméreny
dopad do v té dob& nové€ rekonstruované trati ani do provozu na ni.

Po zvaZeni rGznych pfistupti bylo dohodnuto nésledujici tech-
nické feseni této situace. V rdmci stavby drahy bude realizovan
tzv. zarodek budouciho silni¢niho tunelu. Pfi jeho vystavbé bude
v rdmci moznosti vyuZito vyluk provozu na trati, vyluk napé€tovych
a pfip. dostupnych zaborti pozemk, které by si stavba drahy vy-
Zadala tak jako tak bez ohledu na kiiZeni se silnici. Zarodek tunelu
bude realizovan v takovém minimalnim rozsahu, aby zbyte¢n¢ ne-
navySoval objem stavby drahy, ale zaroveti v takovém rozsahu, aby
bylo mozné jej v budoucnu v ramci stavby silnice I/20 prohloubit,
dostavét a vybavit do podoby plnohodnotného silni¢niho tunelu,
a to bez nepfiméfeného dopadu stavebnich praci do v nadlozi leZici
trati nebo provozu na ni. Do té doby bude zarodek tunelu prekryt
vrstvami Zelezni¢niho spodku, svr§ku a terénnimi upravami a bude
prenaset zatiZeni pusobici v provizornim stavu.

Obr. 2 Situacni schéma pldnované novostavby silnice 1/20 v Plzni
Fig. 2 Plan layout for planned new road 1/20 in Pilsen

it can be expected that the construction of the road will commence
shortly after completion of the rail project. Therefore, it is necessary
to make sure that at the mutual intersection of the projects the road
construction works will not disproportionately affect the newly
refurbished rail and its traffic.

After assessment of various approaches, the following solution
was agreed: The rail project will incorporate a structural frame outset
of the future road tunnel. Its construction will benefit from planned
timings of suspended rail traffic or traction power and available land
acquisitions required by the rail project regardless of the road. The
tunnel frame outset will be provided in such minimum extent that
will not unnecessarily increase the rail project budget yet at that
same in such extent that will enable future enlargement, completion
and fit out into a full-fledged road tunnel without disproportionately
negative impact on the track located above it and its rail traffic. Until
that time the outset of the tunnel frame will be covered by layers
of track subbase, railbed and other earthworks and will resist loads
acting in the interim stage.

The proposed engineering approach must be accompanied by
appropriate contractual and administrative treatment of a construction
job carried out at the interface of projects developed by two separate
public-funded bodies. This includes besides other topics the issues
of source of financing, tender for contractor, supervision, handover
and acceptance of works and related assurance. These issues will
not be discussed further in this paper because they are still subject
to discussions and the final arrangement is not yet confirmed. The
paper will therefore focus on the concept of the engineering design
only, with the assumption that information regarding contractual
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Obr. 3 Misto kiiZeni pldnované silnice s drdhou
Fig. 3 Location of intersection of the planned road with existing railway

Druhou stranou mince k technickému feseni je smluvni zajiste-
ni nebo obecnéji administrace této akce na rozhrani staveb dvou
vefejnych investord. To zahrnuje mimo jiné otazky zdroji finan-
covani, vybéru zhotovitele, technického dozoru, predani a prevzeti
dokonceného dila a souvisejicich zaruk. Témto tématim se ¢lanek
nebude podrobnéji vénovat, protoZze k nim jesté probihaji jedna-
ni a definitivni uspofddani vztaht tudiz neni potvrzené. Clanek se
proto bude drzet otdzek koncepce technického feSeni s tim, Ze de-
taily smluvniho usporadani stejné jako technické detaily spojené
s provadénim objektu mohou byt pfedmétem navazujiciho ¢lanku
publikovaného po dokonceni realizace stavby.

PROSTOR VYSTAVBY

Budouci stavenisté zarodku tunelu se nachdzi v Plzni v misté
stavajiciho Zelezni¢niho zafezu v lokalité ohranicené ulicemi Su-
Sickd, Velenickd a Strmé, ve vzdalenosti cca 300 m od feky Uslavy
(zahyby feky jsou patrné na obr. 3). Pii pfipravé staveniSté bude
muset byt provedeno odstranéni nékolika stavajicich jednopodlaz-

=~

nich objektt garazi, které jsou v kolizi s budouci trasou silnice.

Geologické poméry

Stavba bude probihat na uzemi ficni terasy. Zakladni vrstvy
horninového prostfedi zastiZeného provedenymi geologickymi
prizkumy jsou (odshora): kvarterni pokryvy tvorené hrubozrnnou

(Stérkovou) fi¢ni terasou s nepribéZnymi jemnozrnnymi vlozZkami
a pod nimi skalni podloZi, tvotené prachovci a bridlicemi.
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arrangements, detailed design and construction will be published
after successful completion of the subject works.

SITE LOCATION

The future construction site of the tunnel is located in Pilsen at an
existing railway cut bounded by streets Susicka, Velenickd and Strma,
about 300m from river Uslava (river folds apparent in Fig. 3). The
enabling works will have to include demolition of several existing
single storey garages colliding with the alignment of the future
road.

Geological Conditions

The project is located in river terrace environment. The basic
subsoil strata encountered by site investigation are (from above):
quaternary covers, coarse-grained (gravel) terrace, discontinuous
fine-grained interbeds and bedrock formed by siltstones and shales.

The rockhead is closest to the ground surface in northern part of
the site. Depth to bedrock in this area is approx. 5—6m from ground
surface (above the crown of the railway cut). That corresponds to
a depth of approx. 1.0-1.5m from existing top of rail (ToR) in the
railway cut and that in turn corresponds with data from trial pits
dug in railbed. Further to the south, the rockhead declines and its
character changes. Above the railway cut, it was encountered 7-8m
below ground surface which corresponds to a depth of approx.
5,5-6,5m below existing ToR level. In the northern area of the site
the bedrock character is siltstone and its surface layer strength class
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Obr. 4 Geologicky podélny profil (priimét tunelu zvyraznén ervené a predikovand vroverii HPV modie)
Fig. 4 Geological longitudinal profile (tunnel projection in red, predicted GWL in blue)

Skalni podloZi je poloZeno nejbliZe povrchu terénu v severni ¢as-
ti stavenisté. Hloubka povrchu skalniho podloZi je v této oblasti cca
5-6 m od stavajiciho terénu (v oblasti nad korunou zarezu Zelez-
nicni trati). To odpovidé hloubce cca 1,0-1,5 m od stavajici tirovné
temene kolejnice (TK) v zéfezu Zelezni¢ni trati, coZ koresponduje
s kopanymi sondami provedenymi v kolejisti. Déle na jih skalni
podlozi upada do vétsi hloubky a méni se jeho charakter. V oblasti
nad zafezem ZelezniCni trati bylo skalni podloZzi zastiZeno v hloubce
7-8 m pod stavajicim terénem, coz odpovidd hloubce cca 5,5-6,5 m
pod drovni TK stavajici trati. V severni ¢asti stavenisSté ma skal-
ni podloZi charakter prachovcl a jeho zvétrald vrstva ma pev-
nost tiidy RS, hloubéji pak prechézi do tiidy R4 nebo R5-R4 dle
CSN P 73 1005. V jizni ¢4sti staveni§té m4 skalni podloZi charak-
ter prachovci nebo bridlic a jeho zvétrala vrstva ma pevnost tfidy
R6 dle CSN P 73 1005, hloubéji pak piechazi do tiidy R5 nebo
R6-RS.

Skalni podlozi nebylo ve dvou atypickych sondach predbézného
pruzkumu realizovanych do hloubky 12 m a 14 m zastiZzeno. Pro
ovéfeni této situace byly v ramci podrobného prizkumu zamérné
odvrtany ovéfovaci sondy v bezprostiedni blizkosti téch atypic-
kych. V téchto sondach vsak bylo skalni podlozi zastizeno v ob-
vyklé hloubce. Tato situace nasvéd¢uje existenci uzkych strzi nebo
koryt ve skalnim podloZi, se kterymi je pfi realizaci stavebniho dila
nutno pocitat.

Stérkovd terasa je hrubozrnné a velmi propustna, tiidy G3/G-F
dle CSN P 73 1005, typicky ulehla. Obsahuje kameny a balvany
o velikosti pfesahujici profil vrtu prizkumnych sond. Mocnost této
vrstvy je proménnd v zavislosti na poloze povrchu skalniho podlozi
a baze kvarternich pokryvt. Neprubézné jemnozrnné vlozky jsou
tfidy F4/CS piip. F6/CL dle CSN P 73 1005 konzistence pevné.

Hydrogeologické poméry
Ve vSech vrtanych sondich byla zastizena hladina podzemni

vody (HPV), a to v hloubce 3,0—4,5 m pod stavajicim terénem.
V kopanych sondach v kolejisti byla HPV zastiZena zhruba v odpo-

is R5, deeper changing into class R4 or R5-R4 to CSN P 73 1005. In
the southern part of the site the bedrock character is siltstone to shale
and its surface layer strength class is R6 to CSN P 73 1005, deeper
turning into RS or R6-R5. The bedrock was not found in two atypical
boreholes of preliminary site investigation bored to a depth of 12m
and 14m. To verify these findings in the detailed site investigation
new boreholes were carried out deliberately in close vicinity of the
atypical ones. In the new ones the bedrock was encountered in the
usual depth. Such result suggests that narrow troughs of channels
may exist within the bedrock and construction works should allow
for contingences in case they were encountered.

The terraced gravels are coarse-grained and permeable, grading
class G3/G-F to CSN P 73 1005, typically dense. They include
cobbles and boulders of size exceeding the probing boreholes’
diameter. The thickness of this stratum is variable depending on the
rockhead level and base of covers. Intermittent fine interbeds are
grading class F4/CS or F6/CL to CSN P 73 1005, firm to stiff.

Hydrogeological Conditions

All boreholes encountered ground water table (GWL), specifically
at depth 3.0—4.5m below existing ground surface. Trial pits in railbed
encountered GWL at a roughly corresponding depth, i.e. approx.
1-2m below existing ToR. With respect to the structure under design
the GWL is +1.0m relatively to the ridge of the cover slab of the
tunnel.

With respect to chemical attack on reinforced concrete (RC) the
groundwater environment had to be classified based on the completed
laboratory analyses as XA2 to CSN EN 206.

Corrosion survey

The refurbished track will be electrified by AC traction.
The corrosion conditions of the site were verified by specialist
investigation and classified into grade 3 of basic protection measures
according to guideline SZDC (CD) SR 5/7 (S) and grade 3 (without
suction factor influence) or grade 4 (with suction factor included)




vidajici drovni, tedy cca 1-2 m pod drovni TK stévajici koleje. Ve
vztahu k feSenému objektu je tato uroven HPV ve vysSce cca £1,0 m
vici hiebeni stropni desky tunelu.

Z hlediska agresivity podzemni vody na Zelezobetonové (ZB)
konstrukce je na zdkladé provedenych laboratornich rozborti nutné
uvaZovat se stupném vlivu prostiedi XA2 dle CSN EN 206.

Korozni prizkum

Rekonstruovana trat bude elektrifikovana stfidavou trakei. Ko-
rozni podminky ve stavajicim stavu byly ovéfeny koroznim pri-
zkumem a klasifikovany stupném 3 zakladnich ochrannych opatfe-
ni dle predpisu SZDC (CD) SR 5/7 (S) a stupném 3 (bez zapodteni
saciho koeficientu), respektive stupném 4 (pfi zapocteni saciho ko-
eficientu) dle TP 124. Trat spada z hlediska zatiZeni draznim provo-
zem do 1. t¥idy dle Geského narodniho dodatku k CSN EN 1991-2.

KONCEPCE NAVRZENEHO TECHNICKEHO RESENI

Budouci tunel pro silnici I/20 byl s ohledem na miru zahlou-
beni pod terén, geologické poméry a vzdjemny pribéh nivelety
silnice a urovné TK rekonstruované trati navrzen jako hloubeny,
obdélnikové dvoukomorové konstrukce. Celkova délka zarodku
tunelu méfend podél staniceni silnice je 220 m, délka zastropené
casti je 200 m, délka levé tunelové trouby 130 m a pravé tunelo-
vé trouby 180 m. NavrZena délka objektu, resp. jeho jednotlivych
trub, vychdzi z minimdlni délky potfebné pro realizaci podjezdu
silnice 1/20 pod provozovanou Zelezni¢ni trati a pro proveditel-
nost navazujicich konstrukei pfi dané Sikmosti kiiZeni (13°). Vza-
jemné usporadani ,.trat—tunel-silnice® je ilustrovano na snimku
z 3D CAD modelu (obr. 5). Silnice /20 na tunel v budoucnos-
ti navaZe z obou stran hlubokym zifezem paZenymi zarubnimi
zdmi.

Tunel je po délce rozd€len na Ctyfi charakteristické useky (roz-
sah staniceni podle technické studie silnice):

e km 0,360-0,380 kiidlo zarubni stény vpravo, které zajistuje
proveditelnost budouciho navdzini zére-
zu silnice 1/20 proti naspu Zeleznicni trati
vpravo;
samostatna prava tunelové trouba, na kte-
rou v budoucnosti navaze zarez silnice 1/20
vlevo;
dvoukomorovy tunel;
samostatna leva tunelova trouba, na kterou
v budoucnosti navaze zarez silnice 1/20
vpravo.

V dusecich, kde silnice vede pouze v jedné tunelové troubg, se
predpokladd, Ze zarubni zed budouciho zafezu v sousednim do-
pravnim sméru bude rozpirana trvalymi rozpérami do tubusu tune-
lu cca v trovni stropni desky.

km 0,380-0,450

km 0,450-0,560
km 0,560-0,580

Déleni na zarodek tunelu a ostatni prvky
V pfi¢ném fezu budou soucasti zarodku tunelu, a tudiZ soucés-
ti vystavby realizované se stavbou drahy, nasledujici prvky: svislé
nosné podzemni stény, stropni deska, hydroizolace stropni desky,
zpevnéné podlozi Zelezniéni trati v pfechodovych oblastech a do-
Casné pazici konstrukce potfebné pro realizaci vySe uvedenych po-
loZek z jednotné pracovni Urovné na dné t€sné€né stavebni jamy.
Soucasti navazujici stavby silnice 1/20, tj. soucésti rozsifeni a vyba-
veni zarodku tunelu do podoby plnohodnotného silni¢niho tunelu,
budou tyto prvky: doCasné paZzici konstrukce potiebné pro realiza-
ci navazujicich zdi, zarezl a jam, Celni odtéZovani pod ochranou
stropni desky a podzemnich stén, zdkladovd deska, veskeré staveb-
ni a technologické vybaveni tunelu, portaly (Cela) tunelovych trub
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Obr. 5 Snimek z 3D CAD modelu (silnice, trat a tunel)
Fig. 5 View from 3D CAD model (carriageway, track and tunnel)

to TP 124. The traffic loading of the track is class 1 to the Czech
National Annex to CSN EN 1991-2.

CONCEPT ENGINEERING DESIGN

The future tunnel for trunk road 1/20 is proposed cut and cover,
based on its depth, ground conditions and the mutual relation of
the longitudinal profile of the track and the road, with rectangular
double-cell structure. The full length of the outset structure measured
along chainage is 220m, the length covered by roof slab is 200m,
the length of the left-hand side tube 130m and right-hand side tube
180m. The length of the structure and its respective tubes follows
from the minimum length required to undertake the underpass of
the 1/20 road below the operational railway track and for feasibility
of the adjoining structures considering the given intersection angle
(13°). The mutual “track-tunnel-road” arrangement is illustrated on
snapshot from 3D CAD model (Fig. 5). The trunk road 1/20 will be
connected to the tunnel in the future by deep cuts from both sides,
supported by retaining walls.

The tunnel is divided into four typical profiles along its length
(chainage taken from intersection feasibility study):

* km 0.360-0.380 right-hand side wingwall, required for
feasibility of future road cut connection and
its support against the track;
separate right-hand side tunnel tube that will
be accompanied in the future by deep road
cut on the left-hand side;
double-cell tunnel;
separate left-hand side tunnel tube that will
be accompanied in the future by deep road
cut on the right-hand side.

In the sections where the road is accommodated only in a single
tunnel tube it is expected that the retaining wall supporting the road
cut in the other traffic direction will be permanently propped against
the tunnel approximately at its cover slab level.

e km 0.380-0.450

e km 0.450-0.560
e km 0.560-0.580

Division into outset structure and remaining parts
of the tunnel

In a cross section the outset structure of the tunnel which falls
under the rail project delivery scope includes the following elements:
diaphragm walls, cover slab incl. external waterproofing, mass
fill below tracks in transition areas and temporary retaining walls
required for construction of the mentioned items from a formation
level at a bottom of a sufficiently watertight construction shaft.
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Obr. 6 Schéma déleni na zdrodek tunelu (¢ervené) a budouci rozsifeni (modre)
v pri¢ném rezu

Fig. 6 Cross-section scheme of works division into initial frame (in red) and
future enlargement (in blue)

véetné potfebnych zabradli a oploceni a t€snéni mist stavebniho na-
véazani konstrukei. Déleni pfi¢ného fezu na zarodek tunelu a ostatni
konstrukce a prace je schematicky zobrazeno na obr. 6. Z néj je
pro zajimavost patrné, Ze ¢ast vykopu uvnitt tunelu probéhne jiz
pri vystavbé zarodku. K tomu bylo pristoupeno na zédkladé dohody
obou investort proto, aby betonaz stropni desky mohla byt realizo-
vana na skruzi a aby po odskruZeni bylo mozné provést kontrolu
kvality stropni desky pred prevzetim dila i zespodu. Na obr. 6 ne-
jsou zobrazeny detaily systému odvodnéni tunelu, vrstev vozovky,
skladby nouzovych chodnikd nebo kabelovych vedeni, protoze
tyto prvky budou teprve navrzeny v ramci zpracovani DUR stavby
silnice 1/20, avSak byla pro né odsouhlasena dostatecna prostorova
rezerva.

Technologie vystavby

Tunel bude hloubeny s ¢elnim odtéZovanim pod ochranou trva-
Iych nosnych konstrukei stropni desky a podzemnich stén (mildn-
ska metoda). Svislé podzemni stény z monolitického Zelezobetonu
budou realizovany z pracovni Grovné na dné predzarezu (stavebni
jamy). Stropni deska tunelu bude rovnéz monolitickd Zelezobeto-
nova. Obé tyto konstrukce jsou navrzeny a budou provedeny jako
vodonepropustné betonové konstrukce dle TP CBS 04. Stropni
deska bude navic z vnéjSku chranéna proti tlakové vodé vodotés-
nou izolaci zataZenou pod pracovni spdru se sténami.

Konstrukce tunelu budou realizovéany z pracovnich ploSin na dné
docasné stavebni jamy. Uroveii pracovni ploSiny pro provedeni
podzemnich stén byla volena tak, aby v podloZi nevznikal hydrau-
licky gradient vedouci k pohybu podzemni vody, ktery by mohl
ovlivnit vyslednou kvalitu 7B podzemnich stén, ale zaroven tak,
aby se zbyte¢né nekumulovala odchylka (tolerance) od svislosti pfi
provadéni, kterou je nutné vzit v dvahu pfi navrhu svétlych roz-
méri pii¢ného fezu tunelem. Pracovni droven pro realizaci stropni
desky (kolem tunelu) byla navrzena na trovni pracovni spary mezi
svislymi sténami a stropni deskou, s lokalnimi hlub§imi ryhami pro
provedeni detaili. Rozsah doc¢asnych vykopi byl volen tak, aby na
velmi stisnéném stavenisti vytvorily dostatek prostoru pro rozvi-
nuti zafizeni stavenisSté, v¢. potfebnych technologii vystavby, a pro
bezpecny pohyb stavebni mechanizace.

Stavebni jama bude zajisténa doCasnou pazici konstrukci. Pazici
sténa je navrZena jako — doCasné a pfimérené — vodonepropustna,
vetknuta do skalniho podlozi a uzaviena po celém svém obvodu
tak, aby pfi realizaci konstrukci z pracovni drovné situované pod

The scope of the following road 1/20 project, i.e. the enlargement,
completion and fit out of the outset structure into a fully-fledged road
tunnel, will include the following elements: temporary retaining walls
required by the adjoining walls, cuts or shafts, excavation inside the
tunnel under protection of its cover slab and diaphragm walls, base
slab of the tunnel, all civil accessories and M&E fit outs, portals
(headings) of the tunnel tubes incl. the necessary railing and fencing
and ex post sealing of cold joints at civil interfaces. The cross-section
division into the outset frame and remaining structures and works
is schematically depicted in Fig. 6. In the figure an interesting fact
stands out. Part of the excavation inside the tunnel will be carried
out already during the outset structure construction. This approach
was taken based on agreement of clients on both projects to enable
casting of the roof slab of the tunnel onto formwork so that after
its removal a quality inspection of the slab was possible also at its
bottom face before handover. Fig. 6 does not depict details of tunnel
drainage systems, carriageway layers, arrangement below emergency
walkways or cable routes because the design of these items will be
carried out within the scope of the trunk road I/20 zoning planning
stage. However, sufficient space proofing for these elements was
carried out and contingency provided.

Construction Methodology

Excavation inside the tunnel will be carried out under protection
of its roof slab and diaphragm walls. The cast-in-place reinforce
concrete diaphragm walls will be constructed from a working
platform at the bottom of a construction shaft. The cover slab will
be also cast-in-place reinforced concrete. Both these structures
were designed and shall be constructed as watertight according to
TP CBS 04. The roof slab will be additionally tanked by external
waterproofing terminated below construction joints with walls.

The tunnel structures will be constructed from working platforms
at the base of a temporary construction shaft. The working platform
for diaphragm wall construction was set at such level that does
not generate hydraulic gradient, because groundwater movement
could affect the resulting quality of RC diaphragm wall, but also
with the aim to limit accumulation of verticality tolerance of the
walls (accounting for workmanship deviations) which needs to be
taken into account in space proofing for internal clearances of the
tunnel cross section. The working platform (around the tunnel) for
the cover slab construction was set at the level of the construction
joint between the walls and roof slab of the tunnel, with local deeper
trench around the tunnel provided for feasibility of waterproofing
end details. The extent of temporary excavation was designed to
generate reasonable space on the very constrained site allowing for
site facilities, construction equipment and safe movement of plant.

The construction shaft will be supported by temporary retaining
wall. The wall is designed temporarily watertight (as far as reasonably
practicable), embedded into bedrock at its toe and closed around its
perimeter so that the following works constructed from a formation
level located below the surrounding GWL were carried out in a
reasonably dry environment achievable by operational dewatering.
This will also prevent the drop of the surrounding GWL which could
lead to settlement of assets in the depression zone. Majority of the
construction shaft perimeter will by supported by secant pile wall —
considering the excavation depth, bedrock level, GWL and external
load. Small stretch hardly accessible to piling plant will be supported
by micropile wall sealed by jet grouting columns and anchored in
multiple levels.

The pile wall will be either cantilevered (no anchors), supported by
temporary prestressed ground anchors or propped by horizontal steel
corner struts, always through reinforced concrete waler beams, in one
or two levels. The first anchor or prop level is proposed at the pile wall
head beam considering construction programme (speed). The second




drovni okolni HPV bylo dosazeno prijatelné¢ malych pritoka pod-
zemni vody zvladatelnych provoznim Cerpanim. Tim bude zaroven
zabranéno poklesu okolni HPV, ktery by se mohl negativné projevit
v podobé seddni objektli v rozsahu depresniho kuZele. Pfevazna
vétSina obvodu stavebni jamy bude zajiSt€éna pomoci prevrtavané
pilotové stény — s ohledem na hloubku vykopu, droven skalniho
podlozi, polohu HPV a vnéjsi zatiZzeni. Maly tsek obtizné dostup-
ny pro pilotaZni techniku bude zajiStén mikrozdporovym paZenim
tésnénym sloupy tryskové injektaze a kotvenym ve vice drovnich.

Pilotova sténa bude bud vetknuta (bez kotveni), kotvena docas-
nymi pfedpjatymi zemnimi kotvami nebo v rozich rozepfena oce-
lovymi rozpérami, vzdy pres Zelezobetonové prevazky, a to v jed-
né nebo ve dvou urovnich. Prvni kotevni nebo rozp€rna uroven
je navrzena s ohledem na harmonogram (rychlost) vystavby vzdy
v hlavé pilotové stény. Druha kotevni nebo rozpérna drovein, po-
uzitd v mistech, kde jedna uroven staticky nepostaci, je navrZzena
nad predpokladanou drovni okolni HPV, aby nebyla nutnd reali-
zace kotev pod HPV. Docasna paZeni jsou navrZena na relevantni
stala a nahodila zatiZeni vCetné zatiZeni Zelezni¢ni dopravou (na
stavajici nebo objizdné trase) nebo silni¢ni dopravou (na okolnich
komunikacich).

PaZeni pomoci ocelovych §tétovnic nebylo navrZeno s ohledem
na charakter podloZi (ulehlost a balvanitost stérkové terasy) a vztah
mezi hloubkou vykopu a polohou skalniho podloZi, protoze Sté-
tovnice by nebylo mozné zaberanit do staticky potiebné hloubky.
Zaporové pazeni nebylo navrZeno s ohledem na nedostatecnou tés-
nost proti pronikdni podzemni vody do stavebni jamy a s ohledem
na neredlnost provadéni ve zvodnélé Stérkové terase. Hybridni pa-
Zeni (napf. kombinace zapor nebo pilot s tryskovou injektdzi) ne-
bylo navrzeno, protoze by vyZadovalo podrobné konzultace s kon-
krétnim specializovanym zhotovitelem, které v reZimu podminek
cervené knihy FIDIC nelze uskutec¢nit pred zadanim stavby.

Postup a faze vystavby

Konstrukce zarodku tunelu bude realizovana ve dvou fazich vy-
stavby s vybudovanim docasné objizdné trasy na ZelezniCni trati.
Prvni faze vystavby bude probihat nejprve za neomezeného (dvou-
kolejného) provozu na stavajici trati. Poté bude vyloucena stavajici
kolej €. 2, rychlost provozu na koleji ¢. 1 bude omezena, budou
preloZeny kolizni drézni sit€ a na trakénim vedeni bude s ohledem
na bezpecnost pred acinky vysokého napéti ziizeno v rozsahu sta-
veniSté neutrdlni pole. Soucasti této faze bude realizace konstrukei

Obr. 7 Fdze vystavby 1 pred provedenim objizdné trasy (snimek z 3D CAD
modelu)

Fig. 7 Construction stage 1 before completion of bypass track (view form 3D
CAD model)
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anchor or prop level, designed where one level of lateral support
would be structurally insufficient, is proposed above the expected
surrounding GWL so that construction of anchors below GWL was
prevented. The temporary retaining walls are designed for relevant
permanent and variable loads incl. railway traffic (on existing track or
the temporary bypass) or road traffic (on adjacent streets).

Sheet piling was not proposed considering the ground conditions
(density and boulders in the terraced gravels) and the relation between
the required excavation depth and rockhead level, because it might
not be feasible to drive the sheet piles into the structurally required
depth. Soldier pile wall was also not proposed considering its water
tightness and feasibility of construction in coarse grained ground
under water table. Hybrid structure (e.g. combination of soldier piles
and jet grouting) was not proposed because the design would require
early contractor involvement that is not available under FIDIC Red
Book design-bid-build conditions during the design phase.

Construction Phases

The subject structure will be carried out in two construction stages
with provision of temporary bypass track. First stage will commence
during uninterrupted traffic on both tracks of the existing railway.
Further on, traffic on existing track #2 will be suspended, speed on
track #1 limited, colliding cable routes and utilities will be relocated
and neutral field covering the construction site extent will be set up
on traction systems to prevent risk from high voltage. This stage
will include construction of works north of (to the right-hand side
of) the existing track #1. First, the closed watertight construction
shaft supported by temporary retaining wall will be created on the
east side of the site, between existing tracks and on the north and
south ends. From a working platform inside the shaft guide walls,
diaphragm walls and cover slab units within the first stage extent will
be completed one by one (Fig. 7) also incl. traction masts’ footings
located in the shaft. Then the completed north end of the tunnel will
be backfilled and bypass track placed over it (Fig. 8) incl. traction and
other accessories and connected into the new track #2 at both ends.
By the end of the cover slab at the interface between the construction
stages the embankment of the bypass track will be supported by
L-shaped retaining wall from precast segments founded on the cover
slab that will increase the safety of work at the interface in the second
stage. The traction system on the bypass track will also be set up with
a neutral field during the construction works to avoid risk of high
voltage injury.

After diversion of rail traffic onto the temporary bypass track the

Obr. 8 Fdze vystavby 1 po provedeni objizdné trasy (snimek z 3D CAD modelu)
Fig. 8 Construction stage 1 after completion of bypass track (view from 3D
CAD model)
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na sever (vpravo) od stavajici koleje ¢. 1. Nejprve bude vytvorena
uzaviena (t€snd) stavebni jdma zajiSténd paZzenim — na pravé strané
staveniSté, mezi stavajicimi kolejemi a na severnim i jiznim konci.
Z pracovni urovné ve stavebni jaimé pak budou postupné provede-
ny vodici zidky, podzemni stény a tseky stropni desky v rozsahu
faze 1 (obr. 7) a zaklady definitivnich trakénich stozard umisténé
v pudorysu stavebni jamy tunelu. Nasledné bude realizovan zpétny
zasyp dokoncené c¢asti tunelu a poloZena docasnd objizdnd trasa
Zeleznice, v¢. trakce a ostatniho pfisluSenstvi pres dokonceny tsek
zastropeného tunelu (obr. 8), napojend na koncich do nového sta-
vu koleje €. 2. Pri konci stropni desky na rozhrani fazi vystavby
bude nasep objizdné trasy podepien ihlovou opérnou zdi z prefab-
rikovanych drdznich dilct uloZenou na stropni desce tunelu, kterd
prispéje ke zvySeni bezpe€nosti prace v navazujicim useku. Také
u trak¢niho vedeni objizdné trasy bude z hlediska bezpecnosti pied
ucinky vysokého napéti zfizeno po dobu vystavby zdrodku tunelu
neutralni pole.

Po prevedeni Zelezni¢ni dopravy na objizdnou trasu miZe byt
vyloucena stavajici kolej ¢. 1 a zahdjena druhd faze vystavby tu-
nelu zahrnujici realizaci zbyvajicich konstrukei na jih (vlevo) od
plvodni trati. Nejprve bude postupné dokoncena uzaviena (t€snd)
stavebni jama zajisténa zbyvajicimi useky pazeni, ve které probéh-
ne hloubeni na pracovni trovenl zpevnéného dna jamy. Bude také
provedeno odstranéni déle nepotfebnych a koliznich useku stiedo-
vé linie pazeni (isek mezi ptivodnimi kolejemi). Z pracovni tirovné
dna jamy budou provedeny vodici zidky, podzemni stény a tseky
stropni desky v rozsahu faze 2 vystavby zarodku tunelu (obr. 9).
Nasledné probéhne realizace zdkladl definitivnich trakcnich sto-
zaru situovanych v této oblasti, zasyp (v¢. pfechodovych oblasti)
a poloZeni definitivni Zelezni¢ni trati s veSkerym piisluSenstvim.
V tomto provizornim stavu bude zarodek tunelu ¢ekat na zahdjeni
navazujici vystavby silnice (obr. 10).

VYBRANE DETAILY TECHNICKEHO RESENI

Jedna se o kritky obousmérny smérové rozdéleny hloubeny
méstsky silni¢ni tunel pod Zelezni¢ni trati, kategorie TD dle CSN
737507, bez vetejné piistupnych chodnikti. Navrhova rychlost v tu-
nelu je 70 km/h (shodna s ndvrhovou rychlosti komunikace v tomto
tiseku) a kategorie Sifkového usporadani T-7,5 dle CSN 73 7507.
V ramci profesni koordinace bylo odsouhlaseno smérové i vyskové
vedeni trasy silnice v tunelu a nutny svétly prostor nad vozovkou
(resp. nouzovymi chodniky) po stropni desku i prostor pod vozov-
kou po zakladovou desku tunelu. Pfi sestaveni pri¢ného fezu tune-
lem byly uvazované prostorové rezervy pro:

e dopravni znaceni nad prijezdnim prostorem tunelu;

e gystémy odvodnéni tunelu (pod vozovkou a chodniky), zejmé-
na kanaliza¢ni odvodnéni srazkovych vod ze zafezii pozemni
komunikace navazujicich na tunel;

e pokryti toleranci provadéni, zejména s ohledem na toleranci
svislosti podzemnich stén;

e prihyby konstrukce pod zatiZenim;

e zfizeni drendzniho zldbku pro odvedeni pripadnych priasakl
podzemni vody skrze vné€jsi podzemni stény tunelu;

e zfizeni kryci stény s poZadovanou povrchovou tpravou a po-
zarni odolnosti na vnitfnim lici v§ech podzemnich stén.

S ohledem na délku tunelu (200 m), dopravni intenzity (katego-
rie TD) a podélny sklon nivelety nebylo nutné uvazovat nucené vé-
trani, pozarni vodovod, SOS kabinky a propojky mezi tunelovymi
troubami. Poloha zachytné jimky znecisténych vod byla dohodnuta
mimo pudorys tunelu.

Obr. 9 Fdze vystavby 2 s objizdnou trasou (snimek z 3D CAD modelu)
Fig. 9 Construction stage 2 with bypass track (view from 3D CAD model)

operation of the existing track #1 can be suspended and the second
tunnel construction stage commenced to complete the remaining
structures south of (to the left-hand side of) the former track. First,
the construction shaft will be enlarged and closed with the remaining
temporary retaining walls and excavated to the formation level. Parts
of the central wall located between former tracks that are colliding
or no longer necessary will be removed. Remaining guide walls,
diaphragm walls and cover slab units will be constructed from the
working platform (Fig. 9). This will be followed by construction of
footings of definitive traction masts located here, backfill (incl. mass
fill in transition areas) and placement of new tracks with necessary
accessories. Thereby, the outset structure of the tunnel will be
complete and waiting in the interim stage for following construction
of the 1/20 road (Fig. 10).

SELECTED TECHNICAL DETAILS

The subject structure is short bidirectional (with separate cell for
each traffic direction) cut & cover urban road tunnel under railway
track, category TD to CSN 73 7507, without public access to its
safety walkways. The design speed in the tunnel is 70km/h (identical
to that on the adjoining open road) and its cross-section class is
T-7,5 to CSN 73 7507. The necessary interdisciplinary coordination
included establishment of key parameters such as road alignment
in the tunnel, vertical clearance above carriageway (and safety
walkways) and well as space provided between the carriageway and
base slab. The cross-section space proofing for the tunnel considered
the following allowances for:

* envisaged traffic signage above traffic envelope;

e drainage systems (under carriageway and walkways), especially
sewage collection of rainwater from adjoining open road cuts at
both sides of the tunnel;

» workmanship tolerances, especially verticality of the diaphragm
walls;

o structural deflection under load;

e drainage cavity for potential leakage through diaphragm wall
along external walls;

o walls or layers covering the diaphragm walls intrados to give the
required fire resistance and expected surface finish.

Based on the tunnel length (200m), traffic intensity (TD) and
maximum longitudinal gradient it was not necessary to allow for
mechanical ventilation, fire main, SOS boxes and cross passages.
The location of retention sump for spoiled water was agreed outside
the footprint of the tunnel.
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Obr. 10 Vybrany pri¢ny fez po dokoncent fize 2 vystavby zdrodku tunelu
Fig. 10 Typical cross section after completion of construction stage 2

Konstruk¢ni a statické reseni

Vsechny konstrukce byly navrzeny a posouzeny dle Eurokédi.
Pazici stény byly analyzovény ve 2D fezech metodou zavislych tla-
k@ s modulem vodorovného odporu podle Schmitta (1995) i meto-
dou kone¢nych prvkli (MKP), kde byly soucasti fezli sestavenych
pro konstrukci tunelu. Unosnost injektovaného kofene kotvy byla
posouzena s vyuZitim dat shromazdénych v ¢lanku Kleina a MiSo-
veho (1986).

Konstrukce tunelu piisobi jako rovinny ram, bud jednokomoro-
vy, nebo dvoukomorovy, jehoZ statické schéma se méni v pribéhu
vystavby. Ve fazi zarodku tunelu neni zespodu uzavien zdkladovou
deskou, zatimco ve fazi definitivniho tunelu ano. Konstrukce tune-
Iu byla navrzena pomoci vypoctovych modeld v geotechnickém
i statickém MKP softwaru a dale s ohledem na svislou Gnosnost
ina vztlak. Uvazovany byly dynamické ucinky Zelezni¢niho provo-
zu. Betonové konstrukce byly navrzeny jako vodonepropustné dle
TP CBS 04, piicem? k vySetiovéni trhlin od tepelnych d&inkd pii
raném smrsfovani bylo vyuZito pfedpisu CIRIA C660.

Structural Design

All structures were designed and checked to Eurocodes. Temporary
retaining walls were analysed in 2D sections using bedded beam
models with subgrade modulus according to Schmitt (1995) as
well as finite element models (FEM) in which they formed a part of
the simulated construction sequence for the whole tunnel. Bearing
capacity of the grouted tie-back anchors was evaluated using data
presented in paper by Klein and MiSove (1986).

The structure of the tunnel forms a structural frame, either single-
cell or double-cell, changing in components as the construction
proceeds — in the interim stage the frame is not closed by base slab
whereas in the final stage it is. The tunnel structure was designed
using computational models in both geotechnical and structural FEM
software and by hand calculations considering bearing resistance and
uplift. Dynamic amplification of rail traffic load was also considered.
Concrete structures were designed as watertight to TP CBS 04 with
assessment of cracking from thermal effects of early age shrinkage
carried out to CIRIA C660.

Obr. 11 Snimek z vypocetniho modelu v geotechnickém MKP (program PLAXIS)
Fig. 11 Snapshot from geotechnical FEM model in PLAXIS
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Vyhodou geotechnickych MKP modelt (obr. 11) bylo vérnéj-
§i vystiZeni interakce konstrukce se zakladovou pidou a moZnost
simulace jednotlivych kroki vystavby, jejichZ vliv na napéti a pre-
tvoreni v zdkladové pidé se postupné kumuluje. Nevyhodou téchto
modell s ohledem na geometrickou sloZitost objektu byl fakt, Ze
kazdy je reprezentativni pouze pro svilj konkrétni fez. Pro prekond-
ni této nevyhody byly sestaveny modely statické, ve kterych je sice
interakce se zakladovou pudou simulovdna pruzinami a zemni tlak
odpovidajicim zatiZenim, které vSak skrze systém zatéZovacich sta-
v, kombinaci a tiid zatiZzeni umoZiiuji predikovat obalku tGcinkd
pro ruzné konfigurace zatizeni podél tunelu.

Vrstva vyznacend zelenou barvou na obr. 11 pfedstavuje vypliio-
vé vrstvy pod vozovkou, resp. chodniky. Pomérné znacny prostor
mezi povrchem vozovky a povrchem zdkladové desky tunelu byl
uvazovan jako prostorova rezerva na provedeni drendZe, zejména
s ohledem na kanaliza¢ni odvodnéni srazkovych vod ze zarezl po-
zemni komunikace navazujicich na tunel. Reseni odvodnéni bude
prfedmétem navazujiciho projektovani. V tomto ohledu se ocekava
optimalizace vedouci ke sniZeni skute¢nych rozmérii ve srovnani
S uvazovanymi rezervami.

V nékterych mistech bude s ohledem na etapizaci vystavby nut-
né hloubit podzemni stény pres piloty doCasnych pazicich stén.
V téchto tusecich bylo navrZeno vyztuzeni pilot pomoci prutl ze
sklolaminatu (GFRP). Pro pazici stény byl dale vzhledem k jejich
ddlezitosti (napf. podepreni provozované trati) navrzen systém
geotechnického monitoringu za pomoci inklinometrti, dynamome-
tri na kotvach a geodetickych bodi.

ZAVER

Pomérné narocnad vystavba a robustni konstrukce tunelu bude
slouZzit k tomu, aby budouci stavba silnice v misté kiiZeni méla mi-
nimélni dopad do diive rekonstruované drahy a verejné prostredky
vynaloZené ve prospéch obou projekti tak byly pouZzity co nejefek-

tivnéjSim zptsobem.
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The advantage of geotechnical FEM models (Fig. 11) was a
more representative behaviour of ground-structure interaction
and the possibility to simulate individual construction steps and
their contribution to stress and strain accumulated in the ground.
The disadvantage of these models with respect to the geometrical
complexity of the project layout what the fact that each model
represented only a short section of the tunnel. The structural
models aimed to overcome this shortcoming. In these the ground
structure interaction is simulated by springs and ground pressure by
corresponding static load, however, through the use of multiple load
cases grouped into combinations and design classes it was possible
to predict the envelope of actions in the structure for various load
configurations along the tunnel.

Green layer in Fig. 11 represents mass fill below carriageway and
emergency walkways. The relatively large vertical distance between
the top of carriageway and top of base slab represents the space
proofing contingency for drainage system, considered mostly with
respect to drainage of rainwater from the road cuts at both ends of
the tunnel. Drainage system is included in the scope of the following
design stages. In this respect, optimisation is expected leading to
reduction of dimensions compared to the considered allowances.

At some locations, it will be necessary due to the construction
staging to excavate the diaphragm walls through the temporary
pile wall. In these areas, the piles will be reinforced by glass fibre
(GFRP) instead of conventional steel reinforcement. Considering
the importance of the temporary retaining walls (e.g. support of live
rail tracks), they will be set up with inclinometers, pressure cells on
anchors and geodetic survey points for observation by geotechnical
monitoring.

CONCLUSION

The relatively complex construction and robust structure of
the tunnel is proposed to minimize the impact of the future road
construction onto the refurbished railway and to contribute to
effective use of public funds considering the projects not just
separately but also with their interconnection.
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NAVRH TUNELU METODOU SCL NA STAVBE BRNO - PREROV
SCL METHOD USED AT BRNO — PREROV TUNNEL PROJECTS

ABSTRAKT

TOMAS ZITKO, MARCEL POSTEK

SdruZeni spol. SUDOP BRNO, spol. s r.o. a SUDOP PRAHA a.s. v soucasné dobé pracuje na ndvrhu modernizace II. a IIl. stavby Ze-
leznicniho spojent Brno — Prerov. Souddsti praci je i technicky ndvrh Zeleznicnich tunelii raZenych v jilovém prostredi pri nizkém nadloZi.
P7i hleddni optimdlniho technického Feseni se projektanti nechali inspirovat metodou dobre zndmou ve Velké Britdnii pod zkratkou SCL.

ABSTRACT

SUDOP BRNO and SUDOP PRAHA are currently working on the modernisation of the Package 1I. & III. of the Brno — Prerov Project.
The project involves design of railway tunnels constructed in clay with a low overburden. When seeking for an optimal solution, engineers

were inspired by the construction method called SCL (Sprayed Concrete Lining) widely used in the UK.

ZAKLADNI INFORMACE O PROJEKTU

Modernizace trati Brno — Prerov patfi k pfednostnim projektim
v ramci Zelezni¢ni osy €. 23 ,,Gdaiisk — VarSava — Brno/Bratislava
— Viden*. Mezi jeji hlavni tlohy patii:

» kompletni rekonstrukce Zelezni¢ni infrastruktury;

* zdvoukolejnéni trati;

 zvySeni navrhové rychlosti na 200 km/hod;

* dosaZeni technickych parametrii pro tfidu zatiZitelnosti D4;

 zajiSténi prostorové prichodnosti trat€¢ podle lozné miry

UIC GC.

Cel4a modernizace je rozd€lena do péti dil¢ich staveb. Vyznam
jednotlivych staveb z tunelarského hlediska je patrny z tab. 1.

Vsechny razené tunely jsou koncipovany jako dvé jednokolejné
tunelové trouby a naopak vSechny hloubené tunely jsou koncipo-
vany jako dvoukolejné. Pfedmétem tohoto ¢lanku je navrh razeb,
proto se text nebude déle zabyvat dopravnim fesenim, hloubenymi
tunely ani technologickym vybavenim raZenych tunelt, ale pouze
ndvrhem raZeb jednokolejnych tunelil v jilovém prostfedi pii niz-
kém nadlozi.

Tab. 1 Prehled tunelii na stavbé Brno — Prerov
Table 1 Tunnels located on the Brno — Prerov Project

GENERAL INFORMATION
ABOUT THE PROJECT

Modernisation of the Brno — Prerov Project is a high priority
project on the No. 23 railway corridor connecting Gdansk to
Vienna via Warsaw, Brno and Bratislava.

Main tasks consist of:

» complete modernisation of railway infrastructure;

e construction of second track;

* increase of speed limit over the track to 200km/h;

* meeting technical parameters for D4 loading class;

* ensuring the UIC GC kinematic envelope.

The entire modernisation project is divided into five separate
constructions.

All tunnels are designed as two single track tubes and conversely
all cut-and-cover tunnels are designed as single double-track tubes.
A main subject of this article is to elaborate on a design process
of shallow tunnels excavated through clay. Any other technical
disciplines such as cut-and-cover tunnels, route designs, tunnel
utilities etc. are not discussed in further detail.

stavba tunel délka (raz.u. + hl.u.) zpracovatel
package tunnels length (mined/C&C) designer
. Brno - BlaZovice _ _ _
. Brno — Blazovice
Holubicky tunel 975 m (700 m + 275 m) SUDOP PRAHA as.
Holubice tunnel 975m (700m + 275m) SUDOP PRAHA
1. Blazovice — VySkov Rousinovsky tunel 700 m (0 m + 700 m) SUDOP PRAHA a.s.
Il. Blazovice — Vyskov Rousinov tunnel 700m ( Om + 700m) SUDOP PRAHA
Habrovansky tunel 638 m (388 m + 250 m)* SUDOP PRAHA as.
Habrovany tunnel 638m (388m + 250m)* SUDOP PRAHA
Pustimérsky tunel 490 m (0 m + 490 m) SUDOP BRNO
I11.Vyskov — Nezamyslice Pustimerice tunnel 490m ( Om + 490m) SUDOP BRNO
IIl.Vyskov — Nezamyslice Dfevnovicky tunel 425 m (325 m + 100 m) SUDOP PRAHA a.s.
Drevnovice tunnel 425m (325m + 100m) SUDOP PRAHA
IV.Nezamyslice — Kojetin Némcicky tunel 730 m (0 m + 730 m) METROPROJEKT Praha a.s.
[V.Nezamyslice — Kojetin Nemcice tunnel 730m ( Om + 730m) METROPROJEKT PRAHA
V. Kojetin - Pferov _ _ _
V. Kojetin — Prerov

*Pozn.: V soucasné dobé se zvazuje optimalizace trasy, ktera by vedla ke zméné technického feSeni Habrovanského tunelu z razeného

na Cisté hloubeny.

*Note.: Currently, the route optimisation is being considered. This could result in a change in the construction method for the Habrovany tunnel

from mined to cut-and-cover.
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JILY A RIZIKA S NIMI SPOJENA

Vsechny tunely jsou situovany do prostiedi neogennich jilt.
V prevazné délce trasy se ve svrchni ¢asti nadlozi vyskytuje spra-
Sova vrstva proménné mocnosti.

Z pohledu provadéni razeb je vyhodou jilového prostfedi dobra
rozpojitelnost a nizka propustnost pro podzemni vodu. Nevyho-
da jila spociva v jejich nizké pevnosti a vysoké stlaCitelnosti ve
srovndni s poloskalnimi horninami a nulové vyuZitelnosti rubaniny
do naspu a zpétnych zasypa.

S razbou v jilovém prostiedi se dile poji dvé vyznamna rizika.
Prvni je vyskyt oblasti tzv. potrhanych jila. Jedna se o prostiedi
s niZsi pevnosti a vyssi stlacitelnosti, kde mize dochazet k lokalnim
puklinovym pritokim podzemni vody a k blokovité rozpadavosti
masivu (riziko nenadéalych pohybu bloki po preddefinovanych plo-
chéch rozpukéni). V praxi to znamend vyjiZdéni mohutnych jilo-
vych bloki z ¢elby. Pro sniZeni vyskytu a eliminaci dopadt tohoto
rizika se vyuzivé Clenéni profilu (napf. pomoci tzv. pilotniho tune-
Iu), pfip. navrh mikropilotovych ¢i jehlovych destniku a kotveni
Celby dlouhymi sklolamindtovymi kotvami.

Druhym vyznamnym rizikem je vyskyt hrubozrnnych ¢ocek
(jeZ ovsem mohou pidorysné pokryvat plochu o velikosti napf. fot-
balového hfisté), kandll ¢i rozsahlejSich vrstev vklinénych v ramci
jinak homogenniho jilového masivu. Tyto piskové vrstvy / Cocky
tvori propustny materidl obklopeny a zatiZeny nepropustnym plné
nasycenym jilem. Riziko zde predstavuje tlakova voda, kterd pfi
zastizeni ¢ocky muze zpusobit ndhlé vyplaveni nesoudrzného ma-
teridlu a vznik kaverny. Vyskyt téchto oblasti je nahodily, nemu-
si byt proto odhalen priizkumem a tak mu musi byt pfedchidzeno
systémovou aplikaci preventivnich opatfeni (nejCastéji provadéni
ovéfovacich predvrtl, kterymi je mozné, pri detekci piskovych co-
cek, vodu kontrolované odcerpat a ptip. pisek jesté proinjektovat).

METODA SCL

Pti navrhu razeb projektanti vyuzili zkusenosti ziskané v Lon-
dyné, pro ktery je jilové podloZi typické. RaZené tunely jsou na-
vrzeny konven¢ni metodou SCL (Sprayed Concrete Lining), ktera
byla odvozena od NRTM specidlné pro geologické prostiedi ,,soft
ground®, tj. prostfedi jemnozrnnych zemin, jejichZ typickym pied-
stavitelem jsou neogenni jily. Okolnosti vzniku této metody sou-
visi s kolapsem Zelezni¢niho tunelu pod letist¢ém Heathrow v roce
1994, po kterém nasledoval plosny zakaz pouziviani NRTM ve Vel-
ké Britdnii. Peclivé analyzovéni pricin kolapsu primérniho osténi
vedlo k upravé zdsad pti konvencnich razbach v jemnozrnnych
zemindch, coz dalo vzniknout metodé zndmé pod zkratkou SCL.
Tato metoda byla poté Uspésné pouzita na celé fadé vyznamnych
projektl pfedev§im v Londyné, ale i mimo né&;.

Mezi zékladni zasady metody SCL pro razbu v tuhych jilech patfi:

¢ Primarni osténi musi byt ovalné, v optimalnim pfipadé kruhové

nebo velmi blizké kruhu. U SCL je vyrub povaZovén za zaji§-
tény az ve chvili, kdy dojde k uzavieni prstence (na nékterych
projektech ve Velké Britdnii byl dokonce uzavienim prstence
definovan meznik, kterym se odpovédnost za stabilitu vyrubu
presouvala ze zhotovitele na projektanta). Protiklenba proto
vzdy nasleduje kalotu (k uzavieni prstence by mélo vzdy dojit
nejpozdé€ji do vzdélenosti od Celby rovnajici se jednomu prameé-
ru vyrubu). V pfipadé, Ze by z néjakého diivodu nemohla byt po
kaloté raZena klenuta pocva, musi byt provadéna docasnd pro-
tiklenba. Ponechédni pracovniho prostoru pro rozvinuti dal§iho
pracovisté bez v€asného uzavirani vyrubu nepfipada v uvahu.

e VyztuZovani vyrubu mé zabranit méknuti jilového masivu.

U razeb v poloskalnim prostfedi se hovoii o pfedchdzeni roz-

RISKS ASSOCIATED WITH TUNNELING IN CLAYS

All tunnels are located in the geology formed by Neogene clays
overlain with a silt layer of variable thickness.

Advantages of tunneling in clayey soils, with respect to the
construction works, includes good breakability and low permeability
preventing excessive ground water inflow. Disadvantages are
primarily low strength, high compressibility in comparison to weak
rock and very limited use of muck as backfill.

There are two significant risks associated with tunneling in clays.
The first risk is presence of areas with fissured clay characterised
by reduced strength and higher compressibility. The fissured clay is
prone to higher ground water inflows and blocky disintegration of
ground (risk of sudden movements of blocks along predefined slip
planes). In practice, this means large blocks of clay sliding out from
the heading. In order to reduce the occurrence and eliminate impacts
of the heading failures, the following mitigation measures are used:
division of the heading (i.e. with an aid of a pilot tunnel), utilisation
of a micropile umbrella, forepoling or heading stabilisation with
long composite anchors.

The second considerable risk is a presence of coarse-grained soil
lenses (in size of a football field), former river channels or larger
layers wedged in the otherwise uniform ground. These sandy pockets
are embedded within the fully saturated clay and exposed to a high
ground water pressure. When encountered during the excavation,
the pressurised water confined inside the pockets is responsible for
a sudden washout of the cohesionless material and formation of
cavities. Such conditions are difficult to predict with investigations,
therefore, the construction utilises application of mitigation measures
in advance of the excavation. Verification boreholes drilled ahead of
the face are used to identify, de-water and occasionally grout the
encountered sand pockets.

SPRAYED CONCRETE LINING (SCL) METHOD

The proposed design was based on lessons learned by the designers
in London where so called SCL methodology is applied to tunneling
in stiff clay. This method has been derived from the NATM and
amended for particular soft ground conditions. Circumstances of the
method origin are related to the collapse of a railway tunnel under
the Heathrow Airport in 1994. Since then, the use of the NATM
has been blanketly banned in the UK. A complex analysis of the
reasons which ultimately led to the failure of primary lining resulted
in modification of conventional tunneling rules in fine-grained soils.
The new set of recommendations gave a birth to a method known as
SCL. The SCL method has been successfully used on a number of
significant projects in London and elsewhere.

Basic principles of the SCL method, for excavation in stiff clays,
are following:

* The excavation should be of circular shape or very close to it. The
excavation is deemed secure at the moment when the supporting
ring is fully closed. Sometimes in the UK practice, closing the
supporting ring off sets a construction milestone when a liability
for the excavation stability is moved from a contractor to a
designer. Therefore, securing the invert always follows shortly
after the crown. Closing of segmental lining should always be
completed within the distance from a face equal to one diameter
of the excavation profile at most. A temporary invert must be
constructed in a case when the bottom arched invert cannot
be excavated immediately after the top heading. Continued
excavation under incomplete ring is not acceptable.

e Immediate lining installation prevents softening of clay. This is
analogy to the prevention against loosening of a natural pressure
arch in excavations undertaken in weak rock material. Although,



volnovani horninové klenby. Ackoli se zdaji byt obé tyto zdsady
identické, v mnoha ohledech se 1iSi. Rozdil mezi rozvolnovanim
horninové klenby a méknutim jilu spocivé predevsim ve vyraz-
né rychlej$im prabéhu poruseni v piipadé méknuti. Z tohoto dii-
vodu neni mozné v jemnozrnnych zeminach vyuZivat observace
tak hojné, jak je tomu u raZeb v poloskalnich horninach (pfi roz-
béhnuti mechanismu poruseni v jilovém prostfedi neni dostatek
Casu k nasazeni i¢innych mechanismu spolehlivé branicich ko-
lapsu vyrubu, proto se zajiSténi vyrubu v jilech musi navrho-
vat vice konzervativné ve srovnani se zajiSténim v poloskalnim
horninovém prostredi). S méknutim jilu souvisi i dalsi charakte-
ristika SCL vyplyvajici z omezené tinosnosti kratkych svornikt
a kotev. Nelze vyloucit, Ze po jejich osazeni budou vykazovat
pozadovanou tnosnost, ale pri zapocCeti me¢knuti nahle znacnou
Cast své pavodni unosnosti ztrati a zacnou se vytahovat spolecné
s deformujicim se osténim (jedna se o tzv. progresivni poruse-
ni). Metoda SCL proto v tuhych jilech svorniky nevyuZziva.

* V jemnozrnnych zemindch se nosnosti primarniho osténi ne-
dociluje svazanim tenké pruzné membrany s horninou tvofici
zakladni stavebni materidl, ale aplikaci dostatecné tuhého kru-
hového osténi. Snaha je navrhovat osténi zatizené vyznamnou
tlakovou silou s minimdlnim ohybovym momentem (proto
uzavieny kruhovy prifez). NavySovani Gnosnosti se provadi
zvySovanim tuhosti osténi, nikoli doplnénim osténi o svorniky
a kotvy.

* ZajiSténi vyrubu stiikanym betonem musi probéhnout v co nej-
krat§im Case. Zeminova klenba se aktivuje uZ pii malych defor-
macich. S pribyvajicim ¢asem dochazi u nezajisténého vyrubu
k méknuti jilového masivu a nasledné ztraté stability. Nékdy se
uvadi pravidlo 40 m?, které vychazi z myslenky, Ze aby bylo
technologicky mozné vyrub vcas zajistit, neméla by plocha dil-
¢iho vyrubu kaloty pfevySovat pravé onéch 40 m?, coz odpovida
odtéZeni 40 m?® rubaniny pfi zabéru 1 m. Zarover je tato vymeéra
vniména jako hrani¢ni z pohledu piijatelného rizika vyjizdéni
nebo vypadavani bloku z Celby.

e Primarni osténi musi celoplosné pfiléhat k lici vyrubu. To je
nutné z divod dokonalého prenosu sil (interakce konstrukce-
-zemina), eliminace seddni nadloZi zpiisobeného vtlaenim ji-
lového materidlu do dutin v osténi a také z divodu zamezeni
migrace vody za tunelovym osténim.

e BetondZ sekundarniho osténi se provadi az po ustdleni deforma-
ci primarniho osténi (samotné konvergence primarniho osténi
jsou diky kruhovému profilu a vyssi tuhosti primarniho osténi
obvykle nizsi, nez je bézné u tunell v poloskalnich horninach).

Z vyse uvedenych zasad je zifejmé, Ze metoda SCL pfi aplikaci
v tuhych jilech nedéva projektantovi/zhotoviteli takovou volnost,
jaka vyplyvé napt. z obecnych pravidel NRTM. Je to dano jak bez-
pecnostnimi ditvody (mechanismus poruseni v jilovém prostiedi ma
vyrazné rychlejsi pribeh, nez je tomu v poloskalnich horninach), tak
i ekonomickymi divody (zvySovani Ginosnosti 1ze provadét prakticky
pouze zvySovanim tloustky osténi, coz s sebou u dopravnich staveb
s jasné definovanym priijezdnym prifezem prinasi nutnost zmahani
vyrubu). Névrh raZeb v jemnozrnnych zeminach tak vyZaduje vyraz-
né konzervativnéjsi pfistup.

Samotni Britové povétSinou metodu SCL v tuhych jilech nepova-
Zuji za observacni metodu, protoZe se zde nenavrhuji technologické
tiidy vyrubu (je navrZen jednotny zplsob zajisténi v daném misté
trasy, ze kterého nelze slevit, a doplitkova opatieni pro pripad za-
stiZzeni napf. potrhaného jilu, piskovych cocek, starych dilnich dél
apod.). Na druhou stranu se zde pouZivaji nastroje pro observacni
metodu typické, jako napf. rada monitoringu nebo zabérové listy.
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these two principles may seem identical, the differences exist.
In particular, clays loosen more rapidly than weak rock. For
this reason, it is difficult to use observation results in fine-
grained soils as an input for primary lining design as is the
case of excavations in weak rocks. When the clay softening is
underway there is not enough time to utilise any effective means
which would reliably prevent collapse of the excavation. Hence
the lining design is always more conservative for clays than
for weak rock materials. The second difference is the limited
bearing capacity of short bolts and anchors in clays. The capacity
of bolts is generally sufficient shortly after the installation,
however, as the softening of clay progresses, bolts lose its initial
capacity and start to pull out together with the deforming lining.
This process is called “progressive failure”. Therefore, the SCL
method does not utilise short bolts and anchors in stiff clay.

» Contrary to the conventional excavations in weak rocks, where
bearing of the primary lining is achieved by coupling a thin
shotcrete shell with rock to form a basic construction material,
the SCL method uses a sufficiently stiff circular lining. The
idea is to design a lining which is loaded predominantly by
axial forces with limited shear and bending (hence the circular
profile). The bearing capacity is increased by strengthening and
stiffening of lining instead of bolts and anchors installation.

* Supporting the excavation with shotcrete should be carried out
in the shortest time possible, because the natural pressure arch
is being activated even with very small deformations. Softening
of the unlined excavation progresses over time and may result
in loss of stability. There is a rule of 40m” which was developed
based on the time needed to secure the excavation. About 40m?
of muck is usually excavated in one pull. At the same time, an
excavation volume of 40m?is considered as a borderline amount
of material which can be extracted in one pull with an acceptable
risk of soil blocks and wedges sliding out from the heading.

e The primary lining must be in full contact with the excavation
around the entire profile. This condition is required due to the
number of reasons such as good soil-structure interaction,
elimination of the surface settlement potentially caused by clay
material filling the voids inside the lining and prevention of
groundwater flows along the structure.

* Concreting of the final lining is completed when deformations
of the primary lining are negligible. The final deformations of
the primary lining are generally smaller than what is typical for
the excavations conducted in weak rocks. This is mainly due to
the circular shape and higher stiffness of the primary lining.

From the principles stated above is evident that the SCL method
used in stiff clays does not offer as many options for optimisation
compared to the NATM practice. First, because of the safety reason
(clays are generally more prone to rapid deterioration than weak
rock) and secondly, because of the economic risks (strengthening of
the lining is only possible by thickening of the shotcrete layer which
consequently may collide with the required tunnel clearance so the
deformed section would have to be locally re-excavated). Therefore,
the excavations design for fine-grained soils is substantially more
conservative.

UK engineers often do not consider the SCL method in stiff clays
as an observation method, mainly because excavation and support
classes are not proposed. A uniform support system is designed for
whole tunnel with no option to ease up on the requirements despite
the favourable conditions encountered. Mitigation measures can
be utilised when fissured clay, coarse-grained soil lenses, old mine
tunnels or other unfavourable conditions are observed. On the other
hand, tools typical for the observation methods such as a SRG or
advance sheets are also being used.
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PILOTNi TUNEL
Z vy$e zminovaného pravidla 40 m? vyplyva, Ze dopravni tunely
nelze razit na plny profil (bézna plocha vyrubu jednokolejného tu-
nelu je 80-90 m?). Zde se s vyhodou uplatiiuje navrh tzv. pilotnich
tunelt.
Pilotni tunel je tunel mensiho prifezu (D = 6 m) umistény v pro-
storu kaloty findlniho profilu, jehoZ hlavnimi tkoly jsou:
¢ roz¢lenit celbu findlniho tunelu a tim ji stabilizovat (pilotni
tunel tvofi tuhy vyztuzny prvek v ¢elbé findlniho profilu);
¢ sniZit objem rubaniny téZeny pfi razbé findlniho profilu.
Razba pilotniho tunelu ma ale i fadu dalSich vyhod, jako napft.:
¢ slouzi k ovéreni predpokladaného chovani konstrukce (jak
jiZ bylo uvedeno vyse, tuhost podptirného systému nelze na-
vySovat svorniky, ale zvySovanim mocnosti osténi, coZ narazi
na dodrZeni poZadovaného prijezdného prifezu; oproti tomu
tloustka osténi pilotniho tunelu mize byt libovolné navyso-
véana, protoZe se jednd pouze o doCasnou konstrukci; je tedy
vyhodné si navrh primarniho osténi findlniho tunelu ovéfit na
chovani osténi pilotniho tunelu);
e lze vyuzit jako prizkumné dilo (mohou z ného byt vrtany
prizkumné vrty pro detekci piskovych cocek);
* muZe byt vyuzit jako ventilacni tunel v dobé prerdZeni na fi-
nalni profil (neni nutné osazovat ventilacni lutny);
e v pfipadé mimotfaddné udélosti muze slouzit jako vnikova
a zachranna cesta;
e pii nutnosti zahajeni betondze sekundarniho osténi pred do-
koncenim razeb miZe slouZit k dopravé materialu a odvozu
rubaniny.

PILOT TUNNEL

From the rule of 40m? stated above is evident that a typical
single-track tunnel with a section of 80-90m? cannot be excavated
full face. Pilot tunnels can be used to address this issue.

The pilot tunnel is a small diameter tunnel (D = 6m) usually
placed within top heading of the tunnel’s final profile. The pilot
tunnel main objectives are to:

* Divide the heading of the final tunnel and stabilise it. The pilot

tunnel forms a stiff reinforcing ring within the tunnel face.

* Reduce the volume of muck extracted during the excavation
of the final profile.

An excavation of the pilot tunnel has several other advantages.
These include the following:

e Observed deformations of the pilot tunnel may be used
to predict the behaviour of the final structure and are
subsequently used to confirm and refine the design of primary
lining of the final profile. This is especially important due to
the fact that the final lining cannot be strengthen by means
of additional bolts or anchors and strengthening can only
be achieved by increasing thickness of the shotcrete layer.
However, a lining too thick may be in conflict with the required
clearance of the tunnel. On the other hand, the pilot tunnel
lining thickness is not limited and can be arbitrarily increased
due to the tunnel” s temporary nature.

* The pilot tunnel also serves as an exploratory shaft which
is used to drill forward and lateral investigative boreholes in
order to identify potential problems such as coarse-grained
lenses, areas of fissured clay etc.
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Obr. 1 Vzorovy pricny rez Holubického tunelu
Fig. 1 Typical cross section of the Holubice tunnel




RAZENE TUNELY NA STAVBE BRNO - PREROV

Pro vSechny razené tunely navrzené v rdmci modernizace trati
Brno — Prerov plati:

¢ koncept dvou jednokolejnych tunelovych trub;

* dvouplasStové osténi s mezilehlou izolaci (uzavieny hydroizo-
lacni systém);

* navrh podle principti metody SCL véetné navrhu pilotnich tu-
nelu;

e osténi pilotnich tuneli je ze stfikaného dratkobetonu
tl. 300 mm (pro usnadnéni rabovéni téchto docasnych kon-
strukci jsou navrzeny bez pouZiti pevné vyztuze);

e primérni osténi je navrZeno ze stfikaného betonu tl. 400 mm,
vyztuzené pomoci piihradovych rami z betonaiské vyztuze
a svafovanych siti po obou licich;

» sekundarni osténi je navrzeno ze Zelezobetonu s tloustkou
v koruné 350 mm;

e pricny fez tunelovych tubusi odvozen ze vzorového listu
SZDC pro jednokolejené tunely (p¥iloha 11, mechanizovana
razba, rychlost od 161 do 230 km/h, kolejové loZe, pievySeni
0-160 mm), ackoli se jednd o tunely razené konvencné, byl
uprednostnén pricny fez pro mechanizovanou razbu pro jeho
kruhovy tvar (viz zdsady SCL vySe);

e prijezdny prufez vyhovuje prostorové prichodnosti Z-GC;

* Zelezni¢ni svrek feSen formou Stérkového loZe;

e odvodnéni Stérkového loZe feSeno pomoci drenazniho potru-
bi umozniujici ¢isténi pomoci reviznich Sachet umisténych
v chodniku.

Vzorovy pri¢ny fez Holubického tunelu navrZzeného v rdmci

II. stavby Modernizace trati Brno — Pferov je zndzornén na obr. 1.

POSTUP RAZEB NAVRZENY NA STAVBE BRNO - PREROV

Razbam tunelovych tubust pfedchdzeji razby pilotnich tune-
14 (standardné se razi po 1m zabérech primérnou rychlosti 4 az
6 zabért za den). Po vyraZeni pilotnich tunelt bude provedeno
prerdZeni na plny profil. Predpokladd se vzdy razba dvou jed-
nometrovych zabéri kaloty ndsledované razbou dna v jednom
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e It can be utilised as a ventilation shaft when the final profile
is being excavated without a need for any auxiliary ventilation
system.

* In case of an incident the pilot tunnel serves as an emergency
exit.

e If concreting of the final lining takes place before the
excavations are finished, the pilot tunnel is used for transport
of construction material and excavated muck.

SCL TUNNELS ON THE BRNO - PREROV PROJECT

The basic characteristics of the SCL tunnels on the Brno — Prerov
Project are as follows:

* Tunnels are designed as two single-track tubes

* A double-shell lining with intermediate sheet waterproofing
membrane (undrained system) is proposed.

* Design of the tunnels (pilot tunnels included) was carried out
in accordance with principles of the SCL method.

* A lining of the pilot tunnel is made of a 300mm thick layer
of fiber-reinforcement shotcrete. Avoidance of solid steel
reinforcing bars is beneficial when the lining will be removed.

e The primary lining is designed as a 400mm thick shotcrete
layer reinforced by steel lattice girders and wire mesh.

* The final lining is designed as 350mm thick reinforced cast-in-
place concrete.

* Typical section of the tunnel tube was derived from the national
standards for a single-track tunnel. Although, the tunnels are
conventionally excavated. The typical section was chosen
based on the standards designed for TBM due to circular
profile which suits better for soft ground conditions.

* Tunnel opening meets the requirements of the Z-GC kinematic
envelope.

 The trackbed is made of ballast.

* The drainage system of the track is designed to allow
maintenance via manholes located in walkway.

A typical cross section of the Holubice tunnel, which was

designed as part of the Brno — Prerov Project is shown in Figure 1.
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Obr. 2 Postup vystavby — 1. raZba pilotniho tunelu
Fig.2 Construction sequence — 1. Pilot tunnel excavation
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Obr. 3 Postup vystavby — I1. razba kaloty
Fig. 3 Construction sequence — I1. Top heading excavation
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Obr. 4 Postup vystavby — I11. raZba dna
Fig. 4 Construction sequence — I11. Bench excavation
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Obr. 5 Postup vystavby — IV. instalace hydroizolace & betond? sekunddrniho osteni
Fig. 5 Construction sequence — IV. Installation of waterproofing membrane & final lining

dvoumetrovém zabéru. Mezi kalotou a dnem se nechava odskok
v délce 0,5 az 1,0nasobku délky zabéru. Timto zpliisobem je vyrub
uzaviran vzdy ve vzdalenosti 0,5 az 3,0 m od Celby. Schematické
znazornéni postupu vystavby je na obr. 2 az 5.

Celba musi byt po dokonéeni kazdého jednotlivého zabéru opat-
fena tenkou vrstvou stfikaného betonu (zpravidla 50 az 75 mm).
V ptipadé, Ze by bylo nutné razbu doCasné prerusit (napf. z diivodi
vanocnich svatkl), je nutné dorazit dno na uroven kaloty, celbu
mirné zaklenout a vytvofit plombu ze stiikaného betonu mocnosti
cca 500 mm s vyztuzi ze svafovanych siti po obou povrsich.

ZAVER

V Ceské republice nebylo zatim mnoho Zelezni¢nich tunelt
razeno konvenénim zptisobem v jilovém prostfedi. Navrh tunela
na stavbé Brno — Prerov se snazi aplikovat ovéfené principy a po-
stupy standardné vyuzivané ve Velké Britanii, kde jsou razby tunel
v jilech stejné€ bézné, jako u nés razby v poloskalnim horninovém
prostiedi. Nezbyva nez doufat, Ze se stavba co nejrychleji posune
od navrhu k realizaci a bude mozné Cerpat i z praktickych zkuse-
nosti, ziskanych pfi razbach téchto specifickych banskych staveb.
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EXCAVATION SEQUENCE PROPOSED
FOR BRNO - PREROV TUNNELS

The pilot tunnels will be excavated prior to the final railway
tunnels. Anticipated round length is 1m and productivity
4-6 advance rounds per day. The final profile will be excavated
sequentially — two Im long advances of top heading followed by
one 2m long advance of bench. The ring will be enclosed within
a distance of 0.5m to 3.0m from face.

A schematic procedure of the excavation sequence is shown in
Figures 2-5.

Each face must be supported by 50-75mm thick layer of
shotcrete and if the works are to be put on hold for longer i.e.
during Christmas holiday, the face has to be arched and supported
by roughly 500mm layer of shotcrete reinforced with wire mesh at
the both faces.

CONCLUSIONS

There were not many railway tunnels constructed in the Czech
Republic with sequential excavation in clay. The proposal has an
ambition to apply principles proven in the UK where tunneling in
clay is as ordinary as tunneling in weak rock in the Czech Republic.
Hopefully the project will quickly move forward and the Czech
engineers will have chance to gain also the practical experiences of
such interesting tunnels construction.
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REKONSTRUKCE NELAHOZEVESKYCH TUNELU
MODERNISATION OF NELAHOZEVES TUNNELS

JAKUB STRIZIK, KAREL JADRNICEK

ABSTRAKT

Cldnek je vénovdn akci Rekonstrukce nelahozeveskych tunelii, pricemZ se soustreduje pouze na problematiku tunelii. Vénuje se rekon-
strukci stdavajicich tunelii, razbdm svdzné Stoly a nového tunelu s podrobnéjsim popisem predstihovych praci v okoli budoucich portdlii.
V dobé vyddni cldanku byla zpracovdvdna dokumentace pro izemni rozhodnuti (DUR) a pocitalo se se zacdtkem praci v roce 2024.

ABSTRACT

The article below elaborates on tunneling details of the Modernisation of Nelahozeves Tunnels project. Main topics are modernisation

of the existing tunnels, excavation of the haulage incline providing access and excavation of the new tunnel including a description

of preparation works in the area of the future portals. At the time of issuing this article, the project is at preliminary design stage and

construction is planned to commence in 2024.

uvoD

Mistem stavby je trat Praha — Bubene¢ — Dé&Cin hl. n. Trat je
soucasti drahy celostatni, I. tranzitniho koridoru st. hranice SRN —
Dé&&in — Praha — Ceské Trebova — Brno — Beclav — st. hranice Ra-
kousko a nalezi do TEN-T, globalni sit¢ osobni i nakladni dopravy.

Rekonstruovany tratovy usek leZi mezi Kralupy nad Vltavou

a Nelahozevsi v km 438,010 az 440,500.

Cilem stavby je rekonstrukce predmétného useku, a to konkrét-

né:

e zajisténi prostorové prichodnosti Z-GC a kédu kombinované
dopravy (KD) P/C 80/410, tim umoZznéni jizdy zésilek prekra-
Cujicich stavajici kod KD nebo takovych, jejichZ preprava je
moZzna jen sniZenou rychlosti a jen po 2. koleji;

e zvySeni tratové rychlosti (tim i zkraceni cestovnich dob);

e zvyseni spolehlivosti a bezpecnosti provozu.

STAVAJICI TUNELY

Na z4jmovém tratovém udseku se nachazeji tfi tunely (obr. 1: tu-
nel ¢. I — nejkratsi provozovany tunel Ceské Zeleznicni sit€ délky
23,3 m, tunel ¢. II — délky 41,0 m a tunel ¢. IIT — délky 191,0 m). Tyto
tunely byly vyraZeny té€sné€ za sebou v piskovcovém masivu v bez-
prostfedni blizkosti levého biehu Vltavy. Tunel &. III je v délce cca
40 m od vyjezdového portalu proveden jako hloubeny. Tunely byly
od svého postaveni v roce 1848 aZ do roku 1942 provozovény jedno-
kolejné. Poté doslo ke zvétSeni profilu a naslednému zahdjeni dvou-
kolejného provozu. Zminénou reprofilaci doprovazela v tunelech €. I
a IIT vestavba, resp. prestavba obezdivky. V tunelu €. I §lo o 40 az
70 cm tlustou piskovcovou obezdivku v klenbé. Stejnym zplisobem
byl, v cca prvnich dvou tretindch své délky, vyztuzen i tunel ¢. III.
Ve zbylé Casti je cely profil tunelu obezdén fadkovym zdivem z ruly.

Portaly tunelil ¢. I a II jsou skalni (nemaji Zadnou obezdivku).
Vjezdovy portél tunelu €. III ma vlevo vyzdénou asi tfimetrovou
opéru navazujici na opérnou zed pred portilem. Vyjezdovy portél
tunelu ¢. IIT navazuje na obezdivku tunelu a je vyveden v neogo-
tickém stylu (obr. 2).

DalSimi dpravami proSly tunely v letech 1976-1985, a to
v souvislosti s elektrifikaci trati. Dno tunelti bylo prohloubeno
0400 mm a zdivo ve vySce 4150 mm nad temenem kolejnice (TK)
bylo kvuli trakénimu vedeni osekdno do hloubky 150 mm. Sou-
Casné probéhla i sanace obezdivky tuneli.

INTRODUCTION

The site is located on the Praha — Bubene¢ — Dé&Cin stretch of
the national corridor I. which connects Germany via Dé¢in, Praha,
Ceska Trebova, Brno, Prerov to Vienna. The line is part of the
TEN-T global railway network of passenger and freight transport.

The section of the proposed modernised line is located between
the towns of Kralupy nad Vltavou and Nelahozeves at the mileage
438.010-440.500.

The construction goals are following:

* ensure that a tunnel profile complies with the Z-GC clearance
together with the combined transport code P/C 80/410, such
clearance will enable transport of goods exceeding the existing
code KD or such for which safe passage requires slow speed
and ride on the track No. 2 only;

* increase sped limit over the track for shorter travel times;

* improve reliability and safety.

EXISITING TUNNELS

There are three tunnels on the subjected section (Fig. 1): tunnel
No. I, the shortest railway tunnel in operation, is 23.3m long,
tunnel No. II 41.0m long, tunnel No. III 191.0m long. These
tunnels were excavated closely behind each other in sandstone rock
in the proximity of the Vltava River left bank. There is 40m of cut
and cover tunnel at the north portal. Since the completion in 1848
the tunnels were operated as a single line until 1942. The tunnels
were enlarged for double line traffic after 1942. The reprofiling
works included altered lining of the No. I and No. III tunnels. The
altered lining was 40—70cm thick sandstone masonry in the arch.
Approximately two thirds of the tunnel No. III was also modernised
with the same materials. The remaining third was lined with gneiss
masonry around the entire profile.

The portals of tunnels No. I and No. III are made in bare rock
with no masonry lining. The entrance portal of the tunnel No. III
has approx. 3m high masonry support on the left which connects to
the retaining wall in front of the portal. The exit portal of the tunnel
No. I1I is joined to the tunnel lining and was designed in neo-gothic
architectural style (Fig. 2).

The tunnels underwent further alterations between 1976-1985
which were related to the line electrification. Tunnel bottoms
were deepened by 400mm and masonry lining was chipped off by
150mm at the height of 4150mm above the tops of rails. This work



Obr. 1 Stdvajici situace v okoli tunelii
Fig. 1 Existing layout plan in vicinity of tunnels

GEOLOGICKE POMERY NOVE BUDOVANEHO TUNELU

Z regiondlné geologického hlediska se zdjmové dzemi nachazi
na rozhrani dvou geologickych celkt — Stfedoceského permokar-
bonu a Ceské kifdové tabule. Oblast Stiedoteského permokarbonu
je tvorena sedimentarnimi horninami — jilovci, aleuropelity, arké-
zovymi piskovci a slepenci. Horniny permokarbonu jsou prekryty
kiidovymi sedimenty — piskovci aZ prachovci s vlozkami jilovcd.
Horniny skalniho podkladu jsou piekryty kvartérnimi sedimenty
charakteru piscitych $térka, Stérkopiskt a piska.

Na okraji zajmového tzemi se nachdzi tzv. Kralupsky zlom, na
ktery je navazdno mnoZstvi poruchovych zon, které umoznily in-
tenzivnéjsi zvétrani a naslednou erozi. Disledkem toho je napfi-
klad erozni ryha v blizkosti stivajiciho severniho portalu.

Obr. 2 Stdvajici severni portdl tunelu ¢. I11
Fig. 2 Existing northern portal of tunnel No. 111
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was completed in order to fit the traction lines within the tunnel
profile. Concurrently, remediation of the tunnel lining was carried
out.

GEOLOGICAL CONDITIONS AT LOCATION
OF NEW TUNNEL

From a regional geology perspective, the subjected area is located
at the borderline of two geological territorial units. These are
Stfedocesky Permocarbonian formation and Czech chalk plateau.
The area of Stfedocesky Permocarbonian formation is formed by
sedimentary rocks including claystones, aleuropelite feldspathic
sandstones and conglomerates. The rocks of Permian and
Carboniferous periods are overlain by chalk sediments consist of
sandstones to siltstones with interbedded claystones. The bedrock
is overlain with quaternary sediments of sandy and gravelly nature.

There is the Kralupsky fault located at the north end of the
subjected area which forms a greater system of fractured zones
allowing more intense weathering and subsequent erosion. The
erosion gully in the vicinity of the northern portal is the result of
this weathering process.

The excavation will be carried out primarily through the Carbo-
niferous sandstones. Exploratory boreholes encountered coarse to
medium graded sandstones with a clay filling in discontinuities
which changes in fine conglomerates with depth. The quality of
retrieved rock samples ranges from completely weathered to
slightly weathered classified as R3. Some sandstone samples
contained significant content of clastic coal.

PROPOSED SOLUTION

The proposed solution comprises construction of new single-track
tunnel and alteration of the existing double-track tunnels into single
line tunnels. The layout drawing is shown in Fig. 3. The following
sequence of works is anticipated:

 excavation of the acces gallery;

¢ break out of the new tunnel in two directions;

e preparation of the portal areas;
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ZARIZENi STAVENISTE

NOVY TUNEL

. [ OBLAST
JIZNIHO PORTALU

Obr. 3 NavrZend situace v okoli tunelii
Fig. 3 Proposed layout plan in vicinity of tunnels

Razby budou pfevazné probihat v karbonskych arkézovych pis-
kovcich. Prizkumnymi vrty byly zastiZeny hrubozrnné az stred-
nézrnné piskovce s jilovitym tmelem, které plynule prechazi do
jemnozrnnych slepencti. Jde o horniny od zcela zvétralych, pies
silné a mirné zvétralé, az po navétralé tfidy R3. V nékterych vrtech
byly zastiZeny piskovce s vyraznym obsahem detritického uhli.

NAVRHOVANE RESENI

Navrhované feseni pocitd s vybudovanim nového jednokolejné-
ho tunelu a pestavbou stévajicich dvoukolejnych tuneli na jedno-
kolejné. Situace je zndzornéna na obr. 3.

Predpoklada se nasledujici navaznost pracovnich postupi:

e razba svazné Stoly;

¢ rozrazky nového tunelu;

 priprava priportdlovych oblasti;

¢ dokonceni nového tunelu;

e prevedeni provozu do nového tunelu;

« rekonstrukce stavajicich tuneld.

Veskeré razby budou provadény podle zdasad NRTM. Na zakladé
predpokladaného geologického prostiedi jsou navrZeny Ctyfi tech-
nologické tiidy — TT III, TT IV, TT Vaa TT Vb.

Priprava priportalovych oblasti zahrnuje zhotoveni skalniho od-
fezu (jizni portal), hiebikového svahu (severni portal) a predstiho-
vych podptrnych opatfeni (oba portaly). Postupné budou provede-
ny tyto ¢innosti:

* upevnéni provizorni sit€ na skalni sténu, pfedstihovd podpur-
nd opatfeni na severnim portdlu (s vyjimkou mikropilotového
destniku);

 odstrel skalni stény, hiebikovani svahu;

¢ docisténi skalni stény;

e zajiSténi skalni stény proti vypadavani horninovych dlomku do
prostoru trati;

e predstihova podplrna opatfeni na jiZznim portalu, instalace mi-
kropilotového destniku na severnim portélu.

REKONSTRUOVANE TUNELY

__ SVAZNA STOLA
% (

NELAHOZEVES 22

OBLAST :
SEVERNIHO PORTALU

» completion of the new tunnel construction;

¢ divert traffic to the new tunnel;

* modernisation of the existing tunnels.

All excavations will be carried out in accordance with the
principles of the NATM. Based on the geological conditions of the
rock mass design specifies four excavation and support classes —
TT UL, TT IV, TT Va a TT Vb. Preparation works in the portal areas
consist of rock cuts at the southern portal, soil nailing and ground
improvement measures conducted in advance of construction at the
northern portal. The following works will be completed in the portal
areas:

* installation of temporary netting preventing flying rocks during
blasting, ground improvement measures in the area of the
northern portal (excluding a canopy tube pre-support);

* rock blasting for portal cuts, soil nailing;

» smoothening of rock cuts faces;

* securing the portal cuts against falling of rock fragments into the
track area;

* ground improvement measures in the area of the southern portal,
installation of a canopy tube pre-support at the northern portal.

Lateral access gallery

The new tunnel will be excavated from the middle in two directions
accessed via a lateral access gallery. Such construction procedure
was chosen in order to minimise the lockout period on the corridor
I. railway line. The lateral access gallery, including the excavation
pit, is 240m long. The basic profile will be completed as full-face
excavation and the enlarged profile will be divided in a top heading
and a bench (Fig. 4). A crown and side-walls of the lateral access
gallery will be reinforced with arched lattice girders, welded wire
mesh, sprayed concrete and proprietary anchoring system. An invert
is not proposed. A length of each excavation round and reinforcement
rate will be dictated by the actual excavation and support class.

The lateral access gallery will be backfilled after the completion of
definite lining in the new tunnel.
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Obr. 4 Vzorovy pri¢ny Fez svdzZnou Stolou
Fig. 4 Typical cross-section of lateral access gallery

Boc¢ni svazna Stola

Ve snaze o minimalizaci vyluk na tomto I. tranzitnim koridoru
bude tunel realizovan bocni svdznou §tolou délky cca 240,0 m (dél-
ka vcetné hloubené stavebni jamy). Razba zakladniho profilu svaz-
né Stoly bude na plnou Celbu, rozsifeny profil bude horizontalné
¢lenén na kalotu a dno (obr. 4). Klenba a opéfi svazné Stoly budou
vyztuzeny obloukovymi piihradovymi ocelovymi rdmy, svarova-
nymi ocelovymi sitémi, stifkanym betonem a systémovym kotve-
nim. Protiklenba neni navrzena. Délky zabért a dimenze vyztuZeni
budou zaviset na technologické tfidé vyrubu.

V misté napojeni na pldnovanou trasu nového tunelu dojde k roz-
razkam do obou stran, a bude se tak razit souc¢asné smérem k obé-
ma portalim.

Svéazna Stola bude po dokonceni sekundarniho osténi v novém
tunelu zasypana.

Novy tunel

Je uvaZzovan svétly tunelovy prufez jednokolejného tunelu podle
Vzorového listu SZDC, pfiloha 2, tj. konven¢ni razba, kolejové loze,
rychlost do 160 km/h. Tunel bude po 25,0 m opatfen oboustrannymi
bezpecnostnimi vyklenky, tinikovymi chodniky §itky 800 mm a po-
zarnim suchovodem. Pfi¢né fezy novym tunelem jsou vidét na obr.
5, 6 a 7. Délka nového tunelu bude 471,675 m.

Razby budou upadni s horizontdlnim ¢lenénim na kalotu a dno.
Zpusob vyztuZeni tunelu je shodny s vyztuZenim svazné Stoly. Na-
vic je zde navrzeno ZB sekundarni osténi tloustky 300 mm. Mezi
primarnim a sekunddrnim osténim je rovnéz navrzeno hydroizola¢ni
souvrstvi tloustky 35 mm (HI f6lie + geotextilie min. 500 g/m?).

Technicky narocné budou dseky prilehlé k obéma portalim.

U vjezdového portalu tunel zabihd do vice nez 40 m vysoké skal-
ni stény pod velmi nepfiznivym ostrym thlem. Z bezpecnostnich
divodu je navrzena celd rfada predstihovych podplrnych opatfeni.
Nejprve dojde pod ochrannou siti k zacisténi skalni stény. Ta bude
zbavena vyraznych vy¢nélka a bude upravena tak, aby se na ni ne-

New tunnel

The single-track tunnel gauge is considered in accordance with
the SZDC standard sheets appendix 2. This implies a conventional
excavation technique, a ballast trackbed and speed limit over the
track up to 160kph. The tunnel will be fitted with safety recesses on
both sides every 25.0m, escape footpaths 800mm wide and fire main.
Typical cross sections of the tunnel profile are shown in figures 5, 6,
7. The new tunnel will be 471.675m long.

The excavations are dip advanced divided horizontally into a top
heading and a bench. Reinforcing measures of the new tunnel are
identical with the lateral access gallery. Additionally, a 300mm thick
definite lining will be constructed. A waterproofing system is 35mm
thick and comprises a PVC membrane and protection geotextile
(min 500g/m?).

Geological conditions and topography in the areas at the both
future portals are considered technically difficult.

The track is proposed to enter the 40m high rock face at very steep
angle which causes complications. Several supporting measures are
proposed primarily for safety reasons.

At first, scaling of the rock face will be carried out under a
protection netting to ensure there are no protruding features and that
no water or snow can retain on the face or benches. Subsequently,
the rock face will be partially cut under the protection of self-drilling
anchors and a large reinforced concrete waler cast into the cut. The
waler is anchored with temporary stranded anchors. Following
the installation of the waler, the rock face is covered with netting
to prevent rockfall. The netting consists of double-twisted wire
mesh strengthen with wire cables and is secured with rock bolts.
Foundations for the supporting reinforced concrete wall comprise
a concrete beam propped with multiple pairs of inclined micropiles.
The supporting concrete wall is shaped identically as the tunnel
definite lining. Space of the future tunnel, between the supporting
wall and rock mass, will be filled with lean concrete. Formwork will
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Obr. 5 Vzorovy pricny Fez novym tunelem
Fig. 5 Typical cross-section of new tunnel

mohla zadrZovat voda ¢i snih. Na to se, pod ochranou ze samozé-
vrtnych svorniki, ve sténé provede zarez, do kterého se vybetonu-
je masivni ZB previzka pro do¢asné pramencové kotvy. Nasledng
se sténa zajisti proti vypadavani horninovych tlomki, a to pomoci
pleteného kompozitu z dvouzdkrutového pletiva s integrovanymi
lany z vysokopevnostni oceli. Déle se provede zarez ve spodni Cas-
ti stény, zhotovi se zdkladové mikropiloty a vybetonuje se zaklad
pro podptrnou ZB sténu, kterd tvarové odpovida tunelovému osténi.
Prostor budouciho tunelu pak bude zabetonovan hubenym betonem.
Jako bednéni bude pouzit trapézovy plech, ktery soucasné poslouzi
k lepsimu spolupiisobeni/propojeni podpiirné ZB stény a primarniho
osténi tunelu. Poloha podptirné ZB stény bude zabezpetena mikro-
pilotami a docasnymi pfedpjatymi kotvami (obr. 8). Na zavér se po
levé strané kaloty jesté navrtd mikropilotovy destnik. Pro ten budou
pouzity silnosténné ocelové trubky 108/16, délky 15,0 m a 0,5 m.

Po dokonceni vyse uvedenych opatfeni miize dojit k samotné pro-
razce.

V této Casti je rovnéZ navrzeno zesilené primérni i sekundarni
osténi. Sekundarni osténi je navic doplnéno o zakladovou desku.
Osténi tak bude schopné ucinné odolavat nerovhomérnému zatizeni
od horninového prostiedi i po degradaci lanovych kotev osazenych
nad tunelem.

Druhym technicky naronym mistem bude oblast pred vyjezdo-
vym portilem.

V tomto misté je nizké nadloZi, zhorSend geologie (lokalita se
nachazi blizko tektonické poruchy) a novy tunel se priblizuje ke
stavajicimu tunelu ¢. III. Ten byl v té€chto mistech navic vybudovan
hloubenym zpiisobem. DalSim faktorem vyrazné ovliviiujicim tech-
nické feSeni je skutecnost, Ze stavajici tunely budou po celou dobu
vystavby nového tunelu v provozu.

be made with corrugated iron sheeting and is envisioned to function
as an interface which structurally couples the supporting reinforced
wall and primary lining of the tunnel. Position of the supporting
concrete wall will be fixed with the foundation micropiles and
temporary post-tensioned anchors with strand tendons (Fig. 8). The
preparation works will be concluded with construction of a micropile
umbrella along the left perimeter of the top heading. The canopy
tube pre-support is designed from thick-walled steel pipes 108/16
which are 15.0m long and spaced every 0.5m.

After completion of all the supporting measures outlined above,
tunnel excavation may commence.

Both, the primary and definite linings are strengthened in vicinity
of the southern portal. Also, the definite lining is founded on the
concrete slab. It is envisaged that the tunnel lining will be able to
effectively resist the irregular loading exerted by the rock mass even
after degradation of the temporary anchors.

The second technically challenging location is the area of the
northern portal. This location is characterised by a low overburden
height, poor geological conditions due to the presence of the fault
zone and mutual proximity with the existing tunnel No. III. The
existing tunnel No. III was, at this location, constructed using a
cut-and-cover method. Another significant factor which influences
adopted technical solution is a condition to keep the existing tunnels
operational while the new tunnel is being constructed.

For the reason explained above, ground improvement by means
of jet grouting is proposed at the area of the northern portal. The
extent of the improved ground is circa 2.5m to the sides, 2.0m
below the foundations and 4.0m above the crown. Therefore, total
dimensions of the improved ground are 14.0m broad, 16.0m high
and 30.0m long. The exact extent of ground improvement will be
determined based on supplementary investigations. Beside the
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Obr. 6 Charakteristicky pricny rez novym tunelem — jizni portdl
Fig. 6 Cross-section of new tunnel at southern portal

Z téchto divodi je u vyjezdového portalu navrzeno zlepseni geo-
logického prostiedi. V soucasné dobé je pocitano s tryskovou injek-
tazi (TI), a to v pfedpokladaném rozsahu cca 2,5 m do bokd, 2,0 m
pod zdklady a 4,0 m nad korunu tunelu. Celkova §itka tedy bude

necessary earthworks, a micropile wall must be constructed between
the existing and proposed tunnels. The micropile wall is designed
with thick-walled 108/16 steel pipes placed in 0.5m spacings to the
depth of 16.0m. The length of this diaphragm wall is 30.0m.
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Fig. 7 Cross-section of tunnels at northern portal
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Fig. 8 Changing shape of supporting wall shown schematically
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14,0 m, vyska 16,0 m (u nizsiho nadlozi se TI ukonci cca 1,0 m pod
terénem) a délka 30,0 m. Pfesny rozsah urci podrobny inZenyrsko-
geologicky (IG) prazkum. Kromé nezbytnych terénnich dprav musi
byt pred zahdjenim TI je$té mezi tunely zhotovena ochranna clona
z mikropilot. Jsou navrZeny silnosténné ocelové trubky 108/16 délky
16,0 m a 0,5 m. Délka této clony je 30,0 m.

Po ukonceni TI bude nad kalotou tunelu navrtdn ochranny mik-
ropilotovy destnik — opét budou pouZity silnosténné ocelové trubky
108/16, délky 15,0 m a 0,5 m, vrtané pres portdlovou sténu. Poté
dojde k samotné prorazce.

Stejné jako u vjezdového portalu je i zde navrZeno zesilené pri-
marni i sekundarni osténi. Sekundarni osténi je taktéZ doplnéno o za-
kladovou desku.

Jakmile bude provoz pfeveden do dokonceného nového tunelu (na
kolej €. 1), vylouci se provoz ve stavajicich tunelech a zapocne jejich
rekonstrukce.

Rekonstruované tunely

Hlavnimi nedostatky stavajicich nelahozeveskych tunelt jsou
predevsim absence tunelovych zachrannych vyklenkd, a to Ze ne-
vyhovuji pozadované prostorové priicchodnosti. Ditlezitym faktorem
ovliviiujicim zplsob rekonstrukce je stav a mocnost horninového
prostredi za stavajici obezdivkou tuneld. Rozsah rozruseni hornino-
vého prostiedi 1ze de facto jen odhadovat a limitujici je také Sitka
horninového pilife za pravym opéfim (3,0 az 5,0 m u tunelu ¢. I).

Na zdkladé vyse popsaného se pristoupilo k takovému navrhu,
ktery spoc¢iva ve vestavéni ZB sekundarniho osténi do stdvajiciho
profilu. Z tohoto diivodu bylo nutné upravit svétly tunelovy prifez
predepsany Vzorovym listem SZDC. I pres minimalizaci tunelového
prufezu bude nutné prohloubeni dna tunelti o cca 300 az 400 mm
v celé jejich délce. Toto by vSak nemélo predstavovat takova rizika
jako zasah do obezdivky kleneb tuneld. Nejvyraznéjsi komplikace
se da ocekavat v ¢asti tunelu ¢. III, kde je tunel opatfen rddkovym
zdivem z ruly. Zde bude nutné spolu s prohlubovanim dna zéaroven
podchytavat zaklady stavajictho osténi.

After completion of the micropile diaphragm wall, jet grouting in
the northern portal area takes place. Once the improved material is
sufficiently set a protection canopy tube pre-support will be installed
through the portal wall with the same technical parameters as what is
proposed at the southern portal.

When all the preparation works described above are successfully
completed a tunnel breakthrough can be finished.

Similarly, to the southern portal, the primary and definite lining is
strengthened and the foundation slab is also used.

As soon as the new tunnel is completed, the railway traffic will
be diverted to the new route (track No.1) and modernisation of the
existing tunnels may commence.

Existing tunnels modernisation

Two major flaws of the existing tunnels are the missing safety
niches and insufficient clearance. An important factor which governs
the modernisation method is a thickness and condition of the rock
mass behind the existing masonry lining. A rate of decay of the rock
mass is unknown and can only be estimated. Also limiting is the
thickness of the rock pillar behind the right side-wall at the tunnel
No. I location which is 3.0-5.0m.

Based on the previously stated, the modernisation design comprises
of casting a new reinforced concrete definite lining within the existing
profile. Adding an extra thickness of the new lining resulted in the
reduced tunnel profile which is not compliant with the minimum
profile clearance required in the SZDC standard sheets. Additionally,
in order to ensure the minimum design clearance, the bottom must
be deepened by 300—400mm along the entire length of the existing
tunnels. However, this approach doesn” t pose such a high risk which
would be associated with the alteration of the existing lining. The
most significant complications are expected in parts of the tunnel
No. III which are lined with gneiss masonry. Underpinning of the
existing foundations will be required in conjunction with the bottom
deepening.
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Obr. 9 Vzorovy pricny rez rekonstruovanymi tunely
Fig. 9 Typical cross-section of modernised tunnels

Pfed vybetonovanim sekundarniho ZB osténi se jesté provede dre-
nazni systém — rubové drenazni potrubi DN200 a HI félie + geotex-
tilie min. 500 g/m>.

Rekonstruované tunely budou stejné jako novy tunel opatfeny uni-
kovymi chodniky §itky 800 mm, poZarnim suchovodem a bezpec-
nostnimi vyklenky. Ty budou v tomto piipadé budovany pouze jed-
nostranné (v osové vzdalenosti 20,0 m) tak, aby nedoslo k dal§imu
oslabeni uZz tak zvétralého horninového pilife po pravé strané opéri.
Vzorovy pficny fez je zobrazen na obr. 9.

ZAVER

Pii zpracovani dokumentace je kladen zna¢ny diraz na minima-
lizaci vyluk na trati, jen minimum praci se tedy bude provadét za
zcela vylouceného provozu. To, spolu s omezenou pristupnosti sta-
veniste a s celkove stisnénymi podminkami v dané lokalité (vysoka
skalni sténa vlevo a feka Vltava vpravo od trati), predstavuje jak
pro projektanta, tak pro budouciho zhotovitele nelehky ukol, a to
zejména pri planovani a koordinaci navazujicich praci.
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Ing. KAREL JADRNICEK, karel jadrnicek@sudop.cz,
SUDOP PRAHA a.s.

Recenzoval Reviewed: Ing. Stefan Ivor
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The proposed drainage system consists of 500g/m? geotextile, a
waterproofing membrane and sidewall drainage pipes DN200. The
waterproofing membrane will be installed on the existing lining
before the new concrete lining is cast.

The modernised tunnels as well as the new tunnel are designed
with the 800mm wide escape footpath, dry fire main and safety
niches. The safety recesses inside the existing tunnels are proposed
on one side only with a 20m spacing. A further reduction in thickness
of the already weathered rock pillar behind the right side-wall could
be potentially critical. Refer to Fig. 9 for a typical cross-section of
the modernised tunnels.

CONCLUSIONS

During the design process, main emphasis was paid on minimising
track closures, thus only a minority of works is to be undertaken
in totally excluded operation. In conjunction with a difficult access,
topographically constrained site including high cliffs on one side of
the tracks and the Vltava river on the other, this project represents
a very challenging task for both designers and contractors. Major
constraints include the planning, site organisation and sequencing
of the works.
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TUNEL CEBRAT NA ZMENENEJ TRASE DIALNICE D1
HUBOVA - IVACHNOVA
CEBRAT TUNNEL ON THE MODIFIED ROUTE
OF HUBOVA - IVACHNOVA SECTION OF D1 MOTORWAY

PETER CULIK, TOMAS JUST

ABSTRAKT

Prvd cast prispevku sa zaoberd zmenou trasy dialnice D1 Hubovd — Ivachnovd, ktord zdsadnym spdsobom riesi problematiku v kritic-
kom tiseku zosuvnych tizemi, a to zmenou trasy posunutim severnejsie (zapustenim do masivu), ¢o je rieSené tunelom Cebrat diky 3 600 m.
Zmena je navrhnutd na zdklade spresriujiicich informdcii o aktivite a rozsahu zosuvov v pévodnej trase. Druhd cast prispevku opisuje tech-

nické riesenie tunela a skiisenosti s prebiehajiicim razenim.

ABSTRACT

The first part of the paper deals with the modification of the Hubovd — Ivachnovd section of the D1 motorway which solves the problem
of a critical section of land-slide areas in a fundamental way, by changing the D1 route shifting it north (by sinking into the massif). It has
been solved by the 3600m long Cebrat tunnel. The modification is designed on the basis of refining the information about the activity and
extent of landslides on the original route. The second part of the paper describes the technical solution to the tunnel and experience with

the progressing tunnel excavation.

1. 2ZAKLADNE INFORMACIE

Predmetny tsek dialnice D1 Hubova — Ivachnova nadvézuje na pri-
pravovany tsek D1 Turany — Hubova na zdpadnej strane a pripdja sa
na prevadzkovany tsek D1 pri odpocivadle Ivachnovéd na vychodnej
strane. V stcasnosti je celd doprava vedena po ceste 1/18, ktora svojou
kapacitou, technickymi parametrami a stavom v niektorych dsekoch
sticasnému dopravnému zataZeniu cesty nevyhovuje, naviac preché-
dza intravilinom mesta Ruzomberok. Tunel Cebrat je si¢astou zmeny
trasy, navrhnuty ako dialni¢ny dvojrirovy tunel kategorie 2T—7,5/ 100
dizky 3 600 m.

Stavba bola pripravovana podla ,,zltého FIDIC*, kde sticastou prac
zhotovitela je aj dopracovanie realizacnej projektovej dokumentécie.
Zavaznym podkladom bola povodna dokumentécia pre stavebné po-
volenie a platné tizemné rozhodnutie a stavebné povolenie.

Realizaciu predmetného tseku zabezpecuje ako veduci zdruZenia
spoloénost OHL ZS, a.s. so spole¢nostou Vdhostav SK. Projektovanie
novej trasy riesi projektové zdruzenie Dopravoprojekt a Geoconsult,
projektantom tunela je Basler & Hofmann Slovakia a Geoconsult.

2. ZMENA TRASOVANIA A TECHNICKEHO RIESENIA
CASTI TRASY DIALNICE

2.1 Dévody a popis prijatych zmien

Pred zaciatkom vystavby sa v useku km 2,0-4,0 trasy prejavili
nepredvidateIné okolnosti z hladiska stability tzemia. Realizovany
geotechnicky monitoring (Geoexperts s.r.0.) upozornil na mozné ri-
zika realizacie stavby. Vysledky merani zhrnuté v zavereCnej sprave
odportcali pokracovat v monitoringu a prepocitat stabilitu svahov
v zosuvnych uzemiach na zdklade novych skuto¢nosti.

V problematickom useku km 2,0-4,0 pdvodnej trasy boli v doku-
mentdcii pre stavebné povolenie navrhnuté hlboké zarezy SO 232-00
a SO 233-00 (obr. 1). Stabilizacné rieSenie tychto zdrezov pocitalo
s potencialnou $mykovou plochou v hibke do 9 m. V &ase vypraco-
vania projektu DSP pre D1 v iseku Hubova — Ivachnova neboli totiz
k dispozicii inklinometrické merania aktivity zosuvov (doc. RNDr.
M. Kopecky a kol.) a trasa sa potom hodnotila len na zaklade mor-

1. BASIC INFORMATION

The Hubovd — Ivachnova section of the D1 motorway is a
continuation of the Turany — Hubova section of the D1 which is under
preparation on the western side and on the eastern side, connects to the
operating section of the D1 at the Ivachnovéa rest area. Currently, entire
traffic runs along the I/18 road. The capacity, technical parameters
and condition of the road do not meet the current requirements in
some sections. Moreover, it runs across the urban area of the town
of Ruzomberok. The Cebrat tunnel is part of the modification of the
route designed as a 3600m long, 2T-7,5/100 category, double-tube
motorway tunnel.

The project was being prepared according to the “FIDIC Yellow
Book”, where completing the final design (design of excavation and
support) is part of contractor‘s work. The binding source documents
comprised the original tender design, the valid zoning and planning
decision and the construction permission.

The realisation of the section in question is ensured by OHL ZS,
a.s., the leader of the consortium, together with Vihostav SK a.s.
Designing for the new route is solved by a consortium consisting of
Dopravoprojekt and Geoconsult; the design for the tunnel is provided
by Basler & Hofmann Slovakia and Geoconsult.

2. ROUTE ALIGNMENT MODIFICATION AND
TECHNICAL SOLUTION TO THE PART OF THE
MOTORWAY ROUTE

2.1 Reasons for and description of adopted changes

Unpredictable circumstances regarding the stability of the area
manifested themselves before the commencement of construction
operations in the route section between kilometres 2.0 and 4.0.
Geotechnical monitoring carried out by Geoexperts s. .0. gave notice
of possible risks for construction operations. The measurement results
summarised in the final report recommended that the monitoring
should be continued and the stability of slopes in land-slide areas
recalculated on the basis of the new facts.
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Obr. 1 Povodnd trasa — SO 232-00 a SO 233-00 - zdrezy v zosuvnej oblasti km 2,0-4,0

obrys zosuvného tzemia
land-slide area outline

Fig. 1 Original route — SO 232-00 and SO 233-00 - cuttings in the land-slide area, chainage km 2.0-4.0

fologickych (terénnych) prejavov. Preto sa vicSina zosuvov v trase
D1 z hladiska aktivity hodnotila ako potencidlne az stabilizované, len
ojedinele ako aktivne tizemie. Tomu bolo prispdsobené aj vtedajsie
projekéné riesenie.

Na zdklade vystupov geotechnického monitoringu (GTM) boli
v tomto useku realizované dopliiujice monitorovacie inklinometrické
vrty. Pri realizdcii prieskumnych vrtov do hibky 45-50 m boli doku-
mentované poruchové zény v hibkach 15-33 m, 35-38 m a 41-43 m.
Po vyhodnoteni IG vrtov a inklinometrickych merani bolo toto tze-
mie vyhodnotené ako zosuvné s vyraznou aktivitou uz pred samotnou
vystavbou dialnice. Povodné projektové rieSenie sa ukédzalo v pred-
metnom useku ako nedostato¢né z hladiska stability Gzemia, a preto
bolo potrebné prehodnotit stabilizané opatrenia.

V rdmci koncepcnej Studie bolo navrhnuté nové rieSenie v pdvodne;j
trase pomocou pilétovych kotvenych stien v troch trovniach. Hlav-
nym principom stabilizécie svahu bol velmi ndroc¢ny systém pre trvalé
zniZenie hladiny podzemnej vody pomocou hlbokych Sacht a studni.
Sachty boli navrhnuté do hibky a7 60 m kotvené horninovymi kotva-
mi dl. 50-100 m. Odvedenie vody by bolo realizované cerpanim vody
zo studni, ktoré by museli byt trvale pristupné a monitorované. Toto

Deep cuttings SO 232-00 and SO 233-00 were contained in the
final design for the problematic section of the original route, between
kilometres 2.0 and 4.0 (see Fig. 4). The stabilisation solution to those
cuttings counted on a potential slipping plane at the depth smaller than
9m. The reason was that inclinometer measurements of the activity of
landslides (Doc. RNDr. M. Kopecky et al.) were not available at the
time of the work on the final design for the Hubové-Ivachnové section
of the D1 motorway and the activity was assessed only on the basis
of morphological (terrain relating) manifestations. For that reason the
majority of landslides on the D1 route were assessed from the aspect
of the activity as potentially even stabilised and only sporadically as
active ones. At that time the design solution was adapted to this fact.

Supplementary monitoring inclinometer boreholes were carried
out in this section on the basis of the outputs of the Geotechnical
Monitoring (GTM). Fault zones were documented during the
realisation of survey boreholes up to a depth of 45-50m, at the depths
of 15-33m, 35-38m and 41-43m. After assessing the EG boreholes
and evaluating the inclinometer measurements, this area was assessed
as a slide area with considerable activity existing even before the
construction of the motorway. The original design solutions turned
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Obr. 2 Situdcia pévodnej a novej trasy dialnice v km 1,0-6,0 vrdtane tunela Cebrat
Fig. 2 Map of the original and new routes of the motorway at chainage km 1.0-6.0 including the Cebrat tunnel
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Obr. 3 Schématicky pozdlZny profil — niveleta novej a pévodnej trasy

Fig. 3 Schematic longitudinal section — vertical alignment of the new and original routes

rieSenie bolo vyhodnotené ako nevyhovujice z dovodu rizikovosti
a bezpecnosti pocas prevadzky dialnice a prinieslo by vysoké trvalé
prevadzkové néklady.

Zavery geotechnického monitoringu, Studii a posudkov, které zhod-
notili redlny stav inZinierskogeologickych (IG) podmienok a povodné
rieSenie trasy s realizovanim zarezov v tomto izemi, jednoznac¢ne do-
porucili opustit uzemie a hladat alternativnu trasu.

Pre postdenie horninového prostredia — vhodnosti vedenia novej
trasy boli vypracované dopliiujice Stidie na zdklade geofyzikalnych
merani. Geofyzikalne profily boli situované v svahu nad pévodnou
trasou dialnice. Na zdklade georadarovych merani bolo preukazané,
Ze horninové prostredie sa severne od pdvodnej trasy postupne s hib-
kou javi ako stabilné.

Technickd Stddia pre ndvrh koncepéného rieSenia nového tseku
dialnice (spracovatel Basler & Hofmann Slovakia s.r.0.) na zéklade
doplnujicich prieskumov navrhla novi trasu severne od povodne;j tra-
sy so zmenou a prediZzenim tunela Cebrat na 3600 m a s novou polo-
hou zapadného portalu (porovnanie smerového a vyskového vedenia
pdvodnej a novej trasy je na obr. 2, 3). Vychodny portal tunela zostava
nezmeneny. Navrhnuté nové vedenie trasy dialnice prechadza stabil-

out to be insufficient in the respective section from the aspect of the
stability of the area; it was necessary to reassess the stabilisation
measures.

A new solution maintaining the original route and applying pile
walls anchored at three levels was proposed within the framework
of the conceptual study. The main principle of the slope stabilisation
lied in a very complicated system for permanent lowering of the water
table by massive shafts and wells. The shafts were designed to reach
up to the depth of even 60m, to be anchored by 50-100m long ground
anchors. Evacuation of groundwater would be realised by pumping
from wells, which would have to be permanently accessible and
monitored. This solution was assessed as unsatisfactory for the reason
of riskiness and safety during the operation of the motorway and, in
addition, it would have brought high permanent operating costs.

Conclusions of the geotechnical monitoring, studies and assess-
ments which evaluated the real state of engineering geological (ERG)
conditions and assessed the original solution to the route with cuttings
to be realised in this area, unambiguously recommended that the area
was abandoned and an alternative route was searched for.
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Obr. 4 Interpretdcia geofyzikdlneho profilu GF-2 v km 3,02 so zakreslenim tunelovych riir novej trasy
Fig. 4 Interpretation of the geophysical profile GF-2 at chainage km 3.02, with the tunnel tubes on the new route drawn in it




nym tzemim. Na zéklade navrhnutej novej trasy bol v ramci projek-
tovej pripravy realizovany inZinierskogeologicky a hydrogeologicky
prieskum (IGHP), ktory preukazal spravnost umiestnenia novej trasy
(obr. 4). Pri tejto alternative sa nepredpokladaji nepriaznivé ucinky
na zivotné prostredie, nakolko zmena trasy je situovand v podzemi.
V prospech zmeny trasy sa bralo do tivahy hlavne bezpe¢né Standard-
né rieSenie, jednoznacnejsie definovand doba vystavby a menej rizi-
kové adrzba a prevadzka.

2.2 Predpokladané prinosy zmeny trasy dialhice

Smerové a vySkové vedenie posunulo trasu severnejSie (zapuste-
nim do masivu). Pri tejto alternative se nepredpokladajii nepriaznivé
ucinky na Zivotné prostredie. V prospech zmeny trasy hovori hlavne:

* vypustenie realizcie rizikovych objektov dialnice v pdvodnej
trase v staniceni 2,0—4,0 km;

* Standardné a spolahlivé technické rieSenie nového tseku trasy;

* menej rizikové udrzba a prevadzka pocas Zivotnosti stavby;

* jednoznacnejSie definovany rozsah, ndklady na vystavbu a doba
vystavby;

* optimalizicia vySkového vedenia trasy — niZSie celkové prevy-
Senie, skratenie dizky pozdlZneho sklonu +4,5 % (z 3285 m na
1515 m) a skratenie trasy dialnice o 353 m;

* pocas uzivania stavby priaznivé ucinky na zvysenie bezpecnos-
ti dopravy, mensSia spotreba pohonnych hmét, tspora Casu pre
uzivatelov a vypustenie pridavného pruhu pre pomalé vozidla
v celom rozsahu;

* zniZenie zataZenia emisiami a hlukom z vystavby a prevadzky
dialnice a tym zlepSenie Zivotného prostredia pre obyvatelov.

Postdenie stavby dialnice z hladiska SirSich vztahov bolo rieSené

v multikriteridlnej analyze, ktora zhodnotila povodni a novu trasu
dialnice komplexne z viacerych hladisk — technickych, ekonomic-
kych, dopravnych a environmentalnych, doby vystavby, vplyvov na
obyvatelstvo a z hladiska rizik predmetného projektu. Nova trasa
dialnice vo vsetkych ukazovateloch dosiahla najlepsie hodnotenie vo
vSetkych hodnotiacich hladiskéach.

3. TUNEL CEBRAT - TECHNICKE RIESENIE
NA ZMENENEJ TRASE

3.1 1G pomery

Na zaklade IGHP z povrchu v osi navrhovaného smerového a vys-
kového vedenia bolo spracované zhodnotenie inZinierskogeologic-
kych a hydrogeologickych pomerov (pozdizny IG profil obr. 5). Max
nadloZie je do 340 m nad niveletou tunela.
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Supplementary studies based on geophysical measurements were
developed for the purpose of assessing the ground environment —
suitability of the new route alignment. The geophysical profiles
were installed on the slope above the original motorway route. It
was proved on the basis of GPR measurements that the ground
environment appears to be stable with the growing depth.

A technical study on the proposal for the conceptual solution to the
new motorway section (conducted by Basler & Hofmann Slovakia
s.r.0.) proposed a new route on the basis of supplementary surveys
running north of the original route, comprising a change in the tunnel,
an extension of its length to 3600m and a new location of the western
portal (the Comparison of the horizontal and vertical alignment of
the original and new route is in Figures 2 and 3). The eastern portal
of the tunnel remains unchanged. The proposed new motorway route
alignment runs across a stable area. The engineering geological
survey and hydrogeological survey (EGHS) which was carried out
on the basis of the newly designed route within the framework of the
design preparation proved that the placement of the new route was
correct (see Fig. 4). No adverse environmental impacts are expected
at this alternative since the changed route is located underground. The
safe standard solution, more unambiguously defined duration of the
construction works and less risky maintenance and operation were
the main aspects taken in the consideration in favour of the changed
route.

2.2 Expected benefits of the motorway route
modification

The changed horizontal and vertical alignment moved the route

north (by embedding it to the massif). No adverse environmental
impacts are expected at this alternative. The benefits of the new route
are brought first of all by

* leaving out the realisation of risky structures existing on the
original route of the motorway at chainage km 2.0-4.0;

* the standard and reliable technical solution to the new section of
the route;

* the less risky maintenance and operation during the construction
life;

e the more unambiguously defined construction works scope,
construction costs and construction works duration;

* the optimisation of the vertical alignment of the route — a smaller
difference in elevation, reduction in the length of the longitudinal
gradient +4.5% (from 3285m to 1515m) and reduction in the
motorway length by 353m;
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Obr. 5 IG pozdlzny profil — na zdklade IGHP realizovaného z povrchu
Fig. 5 EG longitudinal profile — based on the EGHS realised from the surface
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IG pomery — v trovni nivelety tunela — ako charakteristické horni-
ny sa predpokladaju slienité vapence, ktoré by mali byt dominantné,
dalej slieniovce, bridlice, ilovce, siltovce a pieskovce.

Hydrogeologické pomery v trase tunela si z hladiska geologic-
kej stavby len mierne komplikované, uplatiiuje sa jednoduchy spo-
sob obehu podzemnej vody. Zrazkové vody infiltruji v priepustnom
prostredi dolomitov a vapencov, ktoré tvoria odkrytd vrcholovi Cast
uzemia. Vody, ktoré sa infiltruji do triasovych karbonatov, postupuji
podla sklonu nepriepustného podlozia slienitych vdpencov a vyvie-
raju ako vrstvové pramene na odkrytom kontakte tychto hornin, ale-
bo pokracuji v hibke zvetralinového plasta a vystupuji na povrch aj
v ovela niz8ich polohich pod kontaktom.

Doélezita ulohu pre cirkulaciu vod zohrava tektonika a husta siet
puklin viazanych na zény tektonického porusenia. Podla klasifikacie
priepustnosti hornin ide o porusené az zdravé horninové prostredie
slienitych vapencov, ilovcov s polohami pieskovcov ako slabo prie-
pustné, az velmi slabo priepustné prostredie, s triedou priepustnosti
VI az VII. PoruSené az silno tektonicky poruSené suvrstvie ilovcov,
brekcii, vapencov a slienitych vapencov tvori mierne priepustné pro-
stredie s triedou priepustnosti IV aZ VI. Na zéklade poZiadaviek Spra-
vy o hodnoteni vplyvov na Zivotné prostredie (EIA) je potrebné pocas
razenia monitorovat vodné zdroje a prijimat opatrenia na zniZenie pri-
tokov horninovej vody do tunela tak, aby nebola vyznamne zniZena
vydatnost vodnych zdrojov.

3.2 Technické rieSenie tunela v novej trase

Tunel Cebrat dizky 3600 m je navrhnuty ako dialniény dvojrirovy
tunel kategorie 2T-7,5 /100 s jednosmernou prevadzkou, s navrhovou
rychlostou 100 km/h. Vychodny portél tunela, ktorého stavebnd jama
bola vybudovana uz v roku 2014 a boli z nej vyrazené uvodné metre
tunelu v pdvodnej trase, zostdva nezmeneny. Smerom k zapadnému
portélu proti smeru stanienia sa trasa tunela odklana severne, aby sa
vyhla zosuvnému tizemiu. Stcasne sa priaznivo meni aj niveleta zme-
neného useku trasy a tunela, ¢im sa zniZuje celkové prevySenie trasy.

V kazdej tunelovej rire st navrhnuté po max 750 m 4 jednostran-
né nidzové zalivy dizky 50 m vybavené vodiacim tlmi¢om nérazu.
Tunelové riry su prepojené z jednostrannych zalivov prejazdnymi
priecnymi prepojeniami pre obsluzné a zachranné vozidla a medzi
zalivmi priechodnymi prie¢nymi prepojeniami po max. 250 m pre
mozZnost tniku osdb do druhej tunelovej riry. V niektorych priechod-
nych prepojeniach budui zaroveni vybudované technologické priesto-
ry. Vetranie tunela je navrhnuté pozdiZne s ventildtormi zavesenymi
vo dvojiciach pod klenbou.

* favourable effects on increasing the safety of traffic, lowering of
consumption of fuels, saving the time for the users and omitting
the additional lane for slow moving vehicles in its entirety;

* reducing emissions and noise generated by the construction works
and the motorway operation, thus improving the environment for
the population.

The assessment of the construction of the motorway in terms of
wider relations was solved in a multicriterial analysis, which assessed
the original route and the new motorway route from several aspects
— technical, economic, transportation-related and environmental,
duration of construction works, effects on the population and the risks
of the project in question. The new motorway route achieved the best
rating in all evaluation aspects.

3. CEBRAT TUNNEL - TECHNICAL SOLUTION
FOR THE MODIFIED ROUTE

3.1 EG conditions

The assessment of the engineering geological and hydrogeological
conditions (see the EG profile in Fig. 5) was developed on the
basis of the EGHS carried out from the surface, on the centre line
of the horizontal and vertical alignment of the route. The maximum
overburden thickness amounts up to 340m above the tunnel.

EG conditions — at the tunnel level: marlaceous limestone should
dominate among characteristic rock types, followed by marlstone,
shale, claystone and sandstone.

Hydrogeological conditions on the tunnel route: only moderately
complicated from the aspect of the geological structure; there is a
simple system of groundwater circulation there. Precipitation water
infiltrates through the permeable environment formed by dolomite
and limestone forming the exposed top of the area. Water infiltrating
into Triassic carbonate proceeds along the slope of the impermeable
base formed by marlaceous limestone and rises to the surface as
bedding springs at an exposed contact between the rock beds or
continues at the depth of the mantlerock and rises to the surface even
at locations much lower than the contact is.

A task important for the circulation of water is performed by the
tectonics and the dense network of fissures bound to zones of tectonic
faulting. According to the classification of rock permeability, the
rock environment formed by marlaceous limestone and claystone
with sandstone interbeds is weakly permeable up to very weakly
permeable, exhibiting the permeability class VI up to VII. The
faulted up to heavily faulted series of claystone, breccias, limestone
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Obr. 6 Priecny rez nového tunela Cebrat — lavd tunelovd riira
Fig. 6 Cross-section of the new Cebrat tunnel — left-hand tunnel tube

Konstrukcia razenych Casti tunela je tvorend dvojvrstvovym oste-
nim. Primarne ostenie je tvorené kombinéciou strieckaného betonu,
vystuznych sieti, svornikov a priehradovych ocelovych oblikov.
Vystrojenie primarneho ostenia zavisi od vystrojovacej triedy (VT),
ktoré si navrhnuté na zdklade predpokladanych geologickych a hyd-
rogeologickych podmienok.

Sekundarne ostenie je navrhnuté z monolitického Zelezobetonu.
Minimélna hribka sekundarneho ostenia je 300 mm. Sekundarne
ostenie bude zhotovené po blokoch s uvazovanou zakladnou dizkou
bloku 12,5 m. Ochrana proti podzemnej vody bude zabezpecena ot-
vorenym systémom plo3Snej f6liovej hydroizolacie (obr. 6).

Odvedenie horninovej vody je navrhnuté bo¢nymi priebeznymi
drendZami s Cistiacimi vyklenkami a napojenim na hlavné odvodne-
nie tunela. Potrubie hlavného odvedenia horninovej vody je umiest-
nené pod lavym jazdnym pruhom v smere jazdy. Odvodnenie vozov-
Ky je navrhnuté Strbinovymi Zlabmi, ktoré s na portdloch zatstené
do kanalizacie dialnice.

V chodnikoch Sirky 1,0 m budi ulozené kablové trasy technolo-
gického vybavenia tunela a poZiarny vodovod. Vozovka je navrhnuta
z cementobeténového krytu po celej dizke tunela.

3.3 Razenie a opatrenia na ochranu vodnych zdrojov

Razenie tunela bude prebiehat cyklickym spdsobom s horizontél-
nym ¢lenenim vyrubu na kalotu, stupeii (jadro) a pripadne spodnu
klenbu podla zasad Novej rakuskej tunelovacej metody.

Na zaklade realizovaného inZinierskogeologického prieskumu bola
spracovana prognéza geotechnického zhodnotenia horninového ma-
sivu s geotechnickymi parametrami a rozdelenie na horninové typy.
K predmetnym predpokladanym typom horninového prostredia st
navrhnuté pre razenie zodpovedajice VT vratane rieSenia prechodu
cez poruchové zony. Redlne nasadenie VT pocas razenia a ich modifi-
kacia bude prebiehat na zdklade skutocne zastihnutych geologickych
podmienok a vysledkov merania deformacii.

and marlaceous limestone strata form a moderately permeable
environment exhibiting the permeability class IV to VI. According to
the requirements imposed by the Environmental Impact Assessment
Report, it is necessary during the course of the tunnel excavation to
monitor water sources and adopt measures for reducing groundwater
inflows into the tunnel so that the yield of water sources is not
significantly reduced.

3.2 Technical solution for the tunnel on the new route

The 3600m long Cebrat tunnel is designed as a 2T-7.5/100
category, double-tube motorway tunnel for unidirectional traffic with
the design speed of 100km/h. The eastern portal of the tunnel, the
construction pit for which was carried out already in 2014 and from
which the initial metres of the tunnel were driven on the original
alignment, remains unchanged. In the direction towards the western
portal, against the direction of chainage, the tunnel route veers off
north so that passing across the land-slide area is avoided. At the
same time, the vertical alignment of the section of the tunnel route in
question favourably changes, thus the overall difference in elevation
at the tunnel portals is reduced.

Four 50m long, one-sided emergency lay-bys, equipped with
guide impact absorbers, are proposed to be in either tunnel tube at
maximum intervals of 750m. The tunnel tubes are interconnected by
cross passages passable from the one-sided lay-bys for service and
rescue vehicles; cross passages passable for persons are proposed to
be between the lay-bys at maximum intervals of 250m to allow for
the escape of persons to the other tunnel tube. Technology spaces will
be at the same time established in some cross passages passable for
persons. A longitudinal ventilation system is proposed for the tunnel,
with couples of fans suspended from the vault.

The structure of the mined parts of the tunnel is formed by a double-
layer lining.

The primary lining is formed by a combination of shotcrete, welded
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Pocas razenia, na zéklade poziadaviek zéverov EIA, je potrebné
monitorovat vodné zdroje a prijimat opatrenia na zniZenie pritokov
horninovej vody do tunela tak, aby nebola vyznamne zniZena vydat-
nost vodnych zdrojov.
budi pocas razenia realizované opatrenia na zniZenie pritokov —
tesniace cementové a chemické injektaZe horninového prostredia
v okoli vyrubu realizované ako predstihové a dodato¢né. V pripade

.....

tesniaca injektaz.

4. SKUSENOSTI S PREBIEHAJUCIM RAZENIM POCAS
GEOLOGICKEJ ULOHY

Rozsah prijatych zmien si vyZiadalo nové EIA, ktoré bolo ukon-
¢ené 26. 7. 2018 vydanim zaverecného stanoviska. Nasledne pre-
bieha proces izemného a stavebného konania.

Aktudlne sa v rdmci geologickej tlohy realizuje razenie pries-
kumného diela (tunela) v novej trase severnej a juznej tunelovej
riry od vychodného portdlu (obr. 7). Priecny rez prieskumného
diela je z dovodu racionalnosti vystavby totozny s prieCnym rezom
tunela (obr. 8).

Razenie prebiehalo doteraz v slienitych tektonicky porusenych
véapencoch, spevnenych kalcitovou mineralizaciou (obr. 9), ktora
zlepSuje stabilitu a nepriepustnost horninového masivu bez pritom-
nosti vody tipadne vo vystrojovacej triede VT 4/2 (striekany betén
C 20/25 hr. 150 mm s 1 vrstvou KARI siete @ 6/150 x @ 6/150 mm
pri vonkajSom povrchu, priehradovy nosnik a kotvy swellex dél-
ky 4 m). Konvergencné profily vykazovali ustidlené deformacie do
20 mm. Dosahovany postup razenia bol v priemere 2 cykly za den,
tj. cca 120-130 m/mes. v kazdej tunelovej rire.

V sicasnosti sa razi v mélo vyraznej tektonickej poruche s pre-
menlivou Struktirnou stavbou a porusenostou horninového ma-
sivu, kde plochy diskontinuit si vyhladené, vyplnené kalcitom
a flom s pritomnosfou podzemnej vody (puklinova voda v trovni
v spodnej Casti profilu). Razenie prebieha vo vystrojovacej triede
VT 5/1 (striekany betéon C 20/25 hr. 200 mm s 2 vrstvami KARI
siete @ 6/150 x @ 6/150 mm pri vonkaj$om a vnitornom povrchu,

Obr. 7 Vychodny portdl
Fig. 7 Eastern portal

mesh, rock bolts and steel lattice girders. The primary lining support
depends on the excavation support classes (ESC), which are designed
on the basis of the anticipated geological and hydrogeological
conditions.

Cast-in-situ reinforced concrete is designed for the secondary
lining. The minimum thickness of the secondary lining of 300mm is
designed. The secondary lining will be constructed in blocks with the
basic block length of 12.5m. Protection against groundwater will be
ensured by an open system of waterproofing membranes (see Fig. 6).

The groundwater drainage system will consist of continuous side-
drains with drainage cleaning niches, connecting to the main tunnel
drainage. The main groundwater drainage duct is located under the
left-hand traffic lane (viewed in the direction of traffic). Slotted
drainage troughs are designed for draining the roadway. They are
connected at the portals to the motorway sewers.

The cableways for the tunnel equipment and the fire water main
will be placed in the tunnel under 1.0m wide walkways. Concrete
cover is designed for the roadway throughout the tunnel length.

3.3 Tunnel excavation and water sources protection
measures

The tunnel will be excavated in a cyclical way, with the top heading,
bench and, possibly, invert sequence, following the rules of the New
Austrian Tunnelling Method.

A prognosis for the geotechnical assessment of the rock massif
with geotechnical parameters and division into rock types was
developed on the basis of the completed engineering geological
survey. Respective excavation support classes, including the solution
for passing across fault zones, are designed for individual anticipated
rock environment types. The real application of the ESC during the
course of the tunnel excavation will proceed on the basis of actually
encountered geological conditions and results of measurements of
deformations.

Based on the requirements of the EIA conclusions, it is necessary
to monitor water sources and adopt measures for decreasing
groundwater inflows into the tunnel during the course of the tunnel
excavation so that the yield of the water sources is not significantly
reduced.
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Obr. 8 Zdkladny profil tunela — ¢lenenie vyrubu a primdrne ostenie vo VT 4/2
Fig. 8 Basic tunnel cross-section — excavation sequence and primary lining in
4/2 excavation support class

priehradovy nosnik a kotvy swellex, rsp. SN dizky 4 m, ihly IBO
podla potreby).

Trasa tunela v stcasnosti prechddza zbernou oblastou vodného
zdroja Staré Lazy. Z ddvodu ochrany vydatnosti vodného zdroja
a upadného razenia je potrebné realizovat tesniace injektaZe na zni-
Zenie pritokov horninovej vody do tunela.

Tesniace injektdze su realizované ako predstihové injektdz ce-
mentova a chemickd z kaloty a zo stupna. InjektdZne vrty sa rea-
lizujti ako obvodové vo vzdjomnej vzdialenosti 2,0 m dizky 15 m
s odklonom 14° do horniny. Rozmiestnenie vrtov sa modifikuje na
zéaklade hydrogeologickych podmienok.

K 13. 8. 2019 bolo vyrazenych od vychodného portdlu v kalote
v juznej tunelovej rire 1707 m a v severnej tunelovej rare 1654 m.
Materidl z vyrubu tunela sa vyuZiva na budovanie telesa dialnice.

Narocnejsia geoldgia vratane pritokov horninovej vody do tunela
sa ocakdva v useku bliZ§ie k zdpadnému portalu.

5. ZAVER

Potreba zmeny trasy vyplynula z extrémne ndro¢nych geologic-
kych a hydrogeologickych pomerov v povodne;j trase dialnice identi-
fikovanych az v priebehu vystavby.

Obr. 9 Celba kaloty v slienitych vdpencoch
Fig. 9 Top heading excavation face in marlaceous limestone
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In the case of the occurrence of higher permanent groundwater
inflow rates, measures for reduction of the inflows will be realised —
sealing cement and chemical grouting into the rock environment in
the excavation surroundings — both ahead of the excavation face and
subsequently. Chemical sealing grouting is proposed in the case of
encountering water under pressure and relatively higher inflow rates.

4. EXPERIENCE WITH ONGOING TUNNEL EXCAVATION
DURING THE GEOLOGICAL TASK

The scope of the changes adopted required the new environmental
impact assessment EIA. It was finished on 26" July 2018 by the
issuance of the final opinion. Subsequently, the territorial and
construction permission proceedings are in progress.

An exploration tunnel is currently being driven on the new route
of the northern and southern tunnel tubes, from the eastern portal
(see Fig. 7). For the reason of rationality of the construction, the
exploratory tunnel cross-section is identical with the motorway tunnel
cross section (see Fig. 8).

The tunnel excavation has so far been carried out on a down
gradient, in marlaceous, tectonically faulted, limestone solidified
by calcite mineralisation (see Fig. 9), which improves stability and
impermeability of the rock mass without presence of water, categorised
as excavation support class VT 4/2 (shotcrete C 20/825 150mm thick
with 1 layer of KARI welded mesh @ 6/150 x @ 6/150mm at the
external surface, a lattice girder and 4m long Swellex anchors).
Convergence profiles exhibited stabilised deformations up to 20mm.
The average excavation rate achieved amounted to 2 cycles per day,
i.e. ca 120-130m per month in each tunnel tube.

The tunnel excavation currently proceeds through a little distinct
tectonic fault with variable structural composition and fracturing of
the rock mass, where discontinuity surfaces are polished, filled with
calcite and clay, with the presence of groundwater (fissure water in
the lower part of the cross-section).

The excavation is carried out in excavation support class VT 5/1
(shotcrete C 20/25 200mm thick with two layers of KARI welded
mesh @ 6/150 x @ 6/150mm at both the external surface and internal
surface, a lattice girder and 4m long Swellex or SN anchors, IBO
anchors as required).

The tunnel route currently passes through a catchment area of the
Staré Lazy source. Sealing grouting is necessary for the reason of the
protection of the water source and the downhill excavation so that the
rates of groundwater inflows into the tunnel are reduced.

The sealing grouting is realised as grouting ahead of the excavation
face and chemical grouting from the top heading and from the bench.
Grouting boreholes 15m long, deflecting 14°into the surrounding rock
are realised around the tunnel circumference at 2.0m spacing. The
spacing of the boreholes is modified on the basis of hydrogeological
conditions.

As of 13" August 2019, 1707m of the excavation from the eastern
portal had been finished in the southern tunnel tube and 1654m of
excavation were finished in the northern tunnel tube. The excavated
material is used for motorway embankments.

More complicated geology including groundwater inflows into
the tunnel is expected to be encountered in the section closer to the
western portal.

5. CONCLUSION

The need for changing the tunnel route followed from extremely
difficult geological and hydrogeological conditions existing along the
original route of the motorway, which were identified as late as during
the construction operations.
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Obr. 10 Vizualizdcia trasy — tisek zdpadného portdlu tunela
Fig. 10 Visualisation of the route — the western portal of the tunneled section

Realizécia podla pdvodného navrhu by okrem vysokych sta-
vebnych nédkladov na stabilizaciu zosuvnych oblasti a rizikovos-
ti technického rieSenia pri stavbe a prevadzkovani diela priniesla
radikdlne zniZenie hladiny podzemnej vody v predmetnej oblasti
a mala negativny vplyv na biotopy dotknutého izemia a na zdroje
podzemnych vod.

Navrhovana zmena technického rieSenia s tunelom Cebrat v no-
vej trase je priaznivejSia z hladiska bezpecnosti dopravy, zmensuje
potrebu trvalych zéberov, zniZuje hlukovi a emisnd zataZ na oby-
vatelov a prispeje k celkovému zlepSeniu kvality Zivotného prostre-
dia (obr. 10).

Tato stavba potvrdzuje ddlezitost kvalitného inZinierskogeolo-
gického prieskumu pri priprave stavby a nasledného geotechnic-
kého monitoringu, ktory musi bezat po celd dobu pripravy a vy-
stavby. Nemenej dolezity je aktivny a odborny pristup vSetkych
zucastnenych stran. Pokial bude vSetko pokracovat podla nastave-
ného harmonogramu, mala by byt stavba dokoncend v roku 2022.

Ing. PETER CULIK, peter.culik@ohlzs.cz,
Ing. TOMAS JUST, tjust@ohlzs.cz,
OHL 78, a.s.

Recenzoval Reviewed: Ing. Lubos Rojko
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The realisation according the original design would, apart from
high construction costs of the stabilisation of land-slide areas and
riskiness of the technical solution during the course of construction
and operation of the tunnel, bring radical lowering of the water
table in the area of operations and negatively affect the biotopes in
the area in question and groundwater sources.

The proposed modification of the technical solution comprising
the Cebrat tunnel on the new route is more favourable in terms of
traffic safety; it reduces the need for permanent land acquisition,
reduces the noise and emission loads on the population and will
contribute to the overall improvement of environmental quality
(see Fig. 10).

This construction confirms the importance of good-quality
engineering geological survey during the construction planning
phase and the subsequent geotechnical monitoring, which has to
continue throughout the preparation and construction operations
phases. Active attitude of all parties to the construction is no
less important. If everything goes on in compliance with the set
schedule, the construction should be finished in 2022.
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NOVY ZELEZNICNI TUNEL DEBOREC BUDOVANY V RAMCI
MODERNIZACE TRATI V USEKU SUDOMERICE - VOTICE
NA 4. KORIDORU
DEBOREC - A NEW RAILWAY TUNNEL CONSTRUCTED WITHIN
THE FRAMEWORK OF MODERNISATION OF TRACK IN SUDOMERICE -
VOTICE RAILWAY SECTION, ON RAIL CORRIDOR NO. 4

TOMAS JUST

ABSTRAKT

Modernizovand cdst 4. Zeleznicniho koridoru v tiseku Sudomérice — Votice predstavuje 17 km nové budované dvoukolejné trati umisténé
prevdzné v nové trase. Vzhledem k clenitosti terénu a optimalizaci trasovdni je soucdsti stavby mnoho umélych staveb vcetné 20 Zelez-
nicnich mosti, 7 silnicnich nadjezdit a dvou tunelii Mezno a Deborec. V minulém cisle casopisu Tunel (3/2019) byl publikovdn cldnek
[5]. Uvedeny cldnek prinesl zdkladni informace o budovaném novém Zeleznicnim dvoukolejném tunelu Deborec a podrobné se vénoval
provddénému geotechnickému monitoringu (GTM) i popisu zastiZenych hydrogeologickych podminek. Tento prispévek se proto zaméril
zejména na popis ndvrhu projekcniho tesent, jeho optimalizaci v pritbéhu tvorby realizacni projektové dokumentace (RDS) a rovnéZ shrnul
poznatky z dosavadniho pritbéhu praci realizovanych k 31. 8. 2019. K tomuto datu byly vyhloubeny a zajistény stavebni jamy obou portdlii
a z vwyjezdového (praZského) portdlu je vyraZeno a primdrnim osténim zajisténo 336 m tunelu v kaloté a 290 m v jddre.

ABSTRACT

The part of the railway corridor No. 4 in the Sudomérice — Votice track section being modernised represents 17km of newly constructed
double-rail track located mostly on a new route. With respect to the rugged terrain and the optimisation of the track delineation, the project
comprises many artificial structures including 20 railway bridges, 7 railway fly-overs and two tunnels, Mezno and Deborec. The paper
concerning one of the structures was published in the last issue of TUNEL journal (3/2019). The paper brought basic information about
the new double-rail tunnel, Deborec, and dealt in detail with the geotechnical monitoring (GTM) being conducted, as well as description
of the hydrogeological conditions encountered. For that reason, my paper has focused itself first of all on the description of the proposal
for the design solution, its optimisation during the course of the development of the detailed design (design of means and methods) and
also summarised the knowledge gathered during the course of the work carried out before 31° August 2019. As of this date, construction
pits for both portals have been excavated and stabilised and 336m of the tunnel top heading and 290m of the bench have been excavated

Jfrom the exit (Prague) portal respectively, and supported with a primary lining.

uvob
Novy dvoukolejny Zelezni¢ni tunel Debore¢ ma celkovou délku
660 m. RaZena Cast tvori 562 m a dvé 49 m dlouhé hloubené Casti
jsou umisténé pri obou portalech v prostoru stavebni jamy. Smérové
je osa tunelu vedena v prvni poloviné v levém oblouku o poloméru
1400 m a nasledné v pfimé linii. Pidorys tunelu je zndzornén na
obr. 1. Tunel v celé délce klesa ve sklonu 10,57 %o a 11,00 %o. Podél-
ny fez tunelem je zndzornén na obr. 2. Prijezdny prifez v tunelu je
stanoven jako sdruZeny tunelovy prijezdny prifez pro elektrizova-
nou trat. Osova vzdalenost koleji je 4000 mm. Konstrukce osténi tu-
nelu je dvouplastova s mezilehlou hydroizolaci z PVC folie. Tloust-
ka primarniho osténi zévisi na tfidé vyrubu a pohybuje se v rozsahu
150-400 mm. Minimalni tloustka definitivniho osténi razené Casti
tunelu je 350 mm a 600 mm u hloubenych tunelii. Vzorovy pficny
fez tunelem na patkach je na obr. 3. V tunelu jsou navrZeny zéchran-
né vyklenky Sitky 2000 mm, vySky 2200 mm a hloubky 750 mm.
V blizkosti obou portalti bude vybudovéna pristupova komunikace
s nastupni plochou pro zichranné slozky. V tunelu bude po pravé
strané veden pozarni suchovod s pfipojnym mistem v Sachté pred
vjezdovym portdlem tunelu, kde je situovana i pozarni nadrz.
Drazni stani¢eni trasy vzristd od Ceskych Bud&jovic k Praze,
pri¢emz razba tunelu je vedena od vyjezdového portalu opacnym
smérem. Proto je pro raZbu tunelu zavedeno staniceni v tunelovych
metrech (TM). Tunel je raZen dovrchné Novou rakouskou tunelovaci

INTRODUCTION

The total length of the new double-rail Debore¢ railway tunnel
amounts to 660m. The mined part is 562m long; two 49m long
cut-and-cover parts are located at both portals, in the spaces of the
construction pits. Directionally, the tunnel centre line in the first
half is on a left-hand curve with the radius of 1400m and the next
line is straight. The tunnel ground plan is presented in Fig. 1. The
tunnel descends throughout its length at the gradients of 10.57%o
and 11.00%c. The tunnel longitudinal section is presented in Fig. 2.
The clearance profile is designed as a combined tunnel clearance
profile for electrified track. The track centre distance is 4000mm for
the straight section. Double-shell lining with an intermediate PVC
waterproofing membrane is designed. The thickness of the primary
lining depends on the excavation support class; it varies within the
range of 150-400mm. The final lining of the mined part of the tunnel
is 350mm thick as the minimum, whilst the thickness of 600mm is
designed for the cut-and-cover parts. A typical cross-section of the
tunnel on footings is presented in Fig. 3. Safety recesses 2000mm
wide, 2200mm high and 750mm deep are designed for the tunnel. An
access road with a mustering area for rescue units will be established
in the vicinity of both portals. The dry fire main will be led on the right
side. The connection point will be in a manhole in front of the tunnel
entrance portal, where a fire protection reservoir is also situated.

The railway track chainage grows from Ceské Bud&jovice towards



28. rocnik - €. /2019

trasa budouci dalnice D3
route of the future motorway D3

\
."1\.
"“r ~ tunel Debore¢
X tunnel Deboreé
44
* L] 3-—F5 i
3 'ﬁl =8 aan R
ve=rom ol | e
'- A
o b
Tl
g ey

NE sougasné poloha Zelezniéni trati il ==
» the existing railway route 7

<1 CESKE BUDEJOVICE

o

PRAHA >

Obr. 1 Situace stavby, zaddvaci dokumentace, SUDOP PRAHA
Fig. 1 Construction site layout, tender documents, SUDOP PRAHA

metodou (NRTM). Investorem stavby ,,Modernizace trati Sudome-
fice — Votice* je SZDC s.0., generdlnim dodavatelem celé stavby je
spole¢nost OHL ZS, a.s. Jako zhotovitel praci na tunelu Debore¢
byla vybrana spole¢nost TUBAU a.s. a zhotovitel realiza¢ni projek-
tové dokumentace spole¢nost MPI projekt a.s. Stavba je realizoviana
podle smluvnich podminek FIDIC — Cerven4 kniha.

POPIS TECHNICKEHO RESENI

Stavebni jamy vjezdového a vyjezdového portalu

Stavebni jamy obou portald byly v dokumentaci pro stavebni po-
voleni (DSP) navrzeny obdobnym zptisobem. OdtéZovani stavebni
jamy probiha po etdZich za soucasného zajiStovani stability svaht
stifkanym betonem s vyztuznou siti a kotvenim htebiky zahdnény-
mi do vrtl vyplnénych cementovou zéalivkou. Sklony svahi stavebni
jamy jsou s ohledem na vysledky IG prizkumu navrzeny jako svahy
docasné tak, aby byla zajisténa jejich stabilita po dobu vystavby tu-
nelu. Svahy, které nebudou zpétné zasypany, jsou provedeny v defi-
nitivnim sklonu jako svahy trvalé. Stavebni jama je v prostoru hlou-
benych tunelt paZena kotvenym zaporovym pazZenim z ocelovych
valcovanych profilii I 360 osazenych do vrtt @ 600 mm. Pfi hloubeni
jémy se za priruby odkrytych valcovanych profilti osazuje vodorov-
né paZeni tvorené dievénymi paZinami. V predepsanych trovnich,
danych statickym vypoctem, se provadi kotveni zépor predpinanymi
lanovymi kotvami pies ocelové previzky osazené ve vodorovném
sméru pred vnitini pfirubu vilcovaného I profilu.

V ramci tvorby RDS byly navrZeny, projednany a prijaty drobné
optimalizace vySe popsaného technického feSeni. Tvar a koncepce
zajisténi stavebnich jam zustaly zachovany. Zmény jednotlivych prv-
ki a také upravy jejich geometrie se tykaly:

Prague. The tunnel excavation proceeds from the exit portal, in the
opposite direction. For that reason chainage measured in tunnel
metres (TM) is introduced for the tunnel excavation purpose. The
tunnel is being excavated uphill using the New Austrian Tunnelling
Method (NATM). The project owner for the “Modernisation of the
Sudoméfice — Votice rail line” is SZDC s.o. (Railway Infrastructure
Administration, state organisation), OHL ZS, a.s., is the general
contractor for the whole project. TUBAU, a.s., was chosen as the
contractor for the Debore¢ tunnel; MPI Projekt, a.s., was chosen
as the contractor for the detailed design. The contract is realised in
compliance with the FIDIC — Red Book contractual conditions.

DESCRIPTION OF TECHNICAL SOLUTION

Construction pits for the entrance and exit portals

The construction pits for both portals were designed in the final
design similarly. The construction pit is excavated at stages, with
concurrent stabilisation of the slopes with shotcrete, welded mesh
and nails driven into boreholes filled with cement grout. Slopes of the
construction pit are designed, taking into consideration the results of
the EG survey, as temporary slopes so that their stability is ensured
during the tunnel construction period. The slopes which will not be
backfilled are carried out as definite ones. The construction pit in the
space of cut-and-cover tunnels is braced by anchored soldier beam
and lagging walls formed by I 360 rolled-steel sections inserted into
boreholes @ 600mm. Horizontal bracing formed by wooden lagging
is placed behind the flanges of the exposed rolled-steel sections
during the pit excavation. Anchoring of the soldier beams with
pre-tensioned cable anchors passing through steel walers installed
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Obr. 2 Podélny ez tunelem, zaddvaci dokumentace, SUDOP PRAHA

Fig. 2 Longitudinal section through the tunnel, tender documents, SUDOP PRAHA
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Obr. 3 Vzorovy pricny rez tunelu v primé linii, RDS, MPI projekt

Legenda: 1 — primdrni osténi SB C20/25; 2 — hydroizolacni souvrstvi; 3 — defi-
nitivni osténi Zelezobeton C30/37-XC1, XF1, XAl; 4 — pojistny prostor 300 mm;
5 — sdruZeny tunelovy privez dle CSN 737508; 6 — vztaznd linie kinematickych
obrysii pro vozidla GC

Fig. 3 Typical cross-section through tunnel on straight line, detailed design,
MPI Projekt

Legend: 1 — primary lining SC20/25; 2 — waterproofing layers; 3 — final lining,
reinforced concrete C30/37-XC1, XF1, XAl; 4 — safety margin space 300mm;
5 — conjugate tunnel cross-section according to CSN 737508; 6 — reference line
for cinematographic contours for GC cars

e Upravy poctu kotevnich trovni;

e Upravy poCtu pramenct a délky jednotlivych kotev;

e zmény profilu ty¢i svislych prvki zédporového pazeni, vyjma
portdlové stény jsou ostatni stény kotveny bez pouZiti kotevnich
prevazek, a to primo pies jednotlivé zapory vytvorené ze sloZe-
ného prutu z dvojice ty¢i IPE 300;

* tUpravy délky a rozteCe svislych prvkid zdporového pazent;

e zmény (zvétSeni) profilu vrtu pro zépory.

Utelem navrZenych zmén bylo zejména zkriceni doby vystavby.

RazZeny tunel
V DSP bylo pro geotechnické podminky zastizené v ramci po-
drobného geotechnického prizkumu stanoveno pét zdkladnich tech-
nologickych tfid vyrubu NRTM (2, 3, 4, 5a, 5b). Pro kazdou vystro-
jovaci tfidu byly stanoveny zakladni vystrojovaci prostredky:
o stifkany beton SB25 (C20/25) tloustky 150, 200, 250, 300
a 400 mm;
e vyztuzné prihradové oblouky vysky 100, 130, 180, 230
a 300 mm;
* svafované vyztuzné sité;
e prilozky raznych profilti a délek;
* svorniky riiznych typi a délek (HUS, SN, IBO);

horizontally before the internal flanges of the rolled-steel I section is
carried out at the prescribed levels.

Minor optimisations of the above-mentioned technical solution
were proposed, discussed and adopted within the framework of the
development of the final design (design of means and methods).
The geometry and concept of the stabilisation of the construction
pits remained unchanged. Changes in individual elements and
modifications of their geometry related to:

* changes in the number of anchoring levels;

* changes in the number and lengths of strands in individual

anchors;

* a change in the profile of the soldier beams, with the exception
of the portal wall, the other walls are anchored without using
anchored walers, directly through individual composite soldier
beams formed by pairs of IPA 300 sections;

* modification of the lengths and spacing of vertical elements of
the soldier beams and lagging walls;

* changes (enlargement) in the diameter of the boreholes for
soldier beams.

The purpose of the proposed changes was first of all to reduce the

construction period.

Mined tunnel

Five basic NATM excavation support classes (2, 3, 4, 5a, 5b)
were determined for the geotechnical conditions encountered at the
final design level within the framework of the detailed geotechnical
investigation. The following means of support were determined for
each excavation support class:

* shotcrete SC25 (C20/25) 150, 200, 250, 300 and 400mm thick;

* reinforcing lattice girders 100, 130, 180, 230 and 300mm high;

¢ welded mesh;

e straps with various cross-sections and lengths;

e various types and lengths of rock bolts (HUS, SN, IBO);

¢ needles driven ahead of excavation face;

* micropiles;

* jet grouting.

The scope of application of the individual support elements
depends on the geotechnical prognosis for stability of excavation and
results of geotechnical measurements conducted during the course of
the construction.

Minor optimisations and modifications were adopted, first of
all for excavation support class 5, within the framework of the
development of the design of means and methods. As opposed to
the previous design degree, the 119m long class 5b application
section was divided into 47m long and 72m long 5bl and 5b2
application sections, respectively. Class 5bl differs from class 5b2
by the omission of the vertical excavation sequence (side drifts and
central pillar) in the top heading. In addition, the system of drilling
for the canopy tube pre-support was modified for class 5b to drilling
from the so-called “chapels”, i.e. drilling from gradually expanded
excavation. Horizontal jet grouted pillars designed to stabilise the
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e predrazené jehly;

* mikropiloty;

e tryskova injektaz.

Rozsah pouziti jednotlivych vystrojovacich prvkl je zavisly na
geotechnické progndze stability vyrubu a vysledcich geotechnickych
méfeni béhem stavby.

V ramci tvorby RDS byly navrZeny, projednany a pfijaty drob-
né optimalizace a zmény zejména pro vystrojovaci tfidu 5. Oproti
predchozimu stupni doslo k rozdéleni tfidy 5b délky 119 m na tfidu
5bl délky 47 m a tfidu 5b2 délky 72 m. Trida 5bl se lisi od 5b2
vypusténim vertikalniho ¢lenéni vyrubu v kaloté. Déle byl pro tfidu
5b upraven zplsob vrtani mikropilotového destniku z tzv. kaplicek,
tedy postupné se rozSifujictho vyrubu. Zamkové pilife z trysko-
vé injektdZe pro zajisténi stability vyrubu v kaloté byly nahrazeny
24 kusy sklolaminatovych injektovanych kotev Durglass typu P30x5
délky 12 m. Instalace kotev je navrzena kazdych 8,1 m, tedy vzdy
po dokonceni razby jedné kaplicky pod ochranou mikropilotového
destniku. Prognéza zastoupeni jednotlivych vystrojovacich tfid byla
prevzata z predchoziho stupné dokumentace.

INFORMACE Z PRUBEHU REALIZACE

Pfipravné prace

Predpokladany termin zahdjeni praci a predani stavenis$té byl
v soutéZnich podminkach (tedy i v nabidce zhotovitele) stanoven na
1.9.2017. Tento termin zajiStoval potfebny ¢as pro nezbytné predsti-
hové prace (uzavieni ndjemnich smluv s vlastniky pozemka nutnych
pro vybudovani stavebnich dvori a stavenistnich komunikaci, kaceni
mimolesni i lesni zelené apod.). Vybér zhotovitele byl poznamenan
prutahy a predani prvni etapy a rozhodujici ¢asti stavenisté probehlo
az 24. 4. 2018. Toto zpozdéni mélo dopad zejména na zajisténi pro-
najml pozemki pro docasné zabory, které byly ve vétSiné pripada
zemé&dé&lsky vyuZivany, a proto bylo nutné vyckat do sklizné, a to
i vzhledem k zemédé€lskym dotacnim programtim. Naro¢né a kom-
plikované bylo i dohledani vSech vlastniki téchto pozemki a uzavie-
ni najemnich smluv. V ramci pripravy zakazky byly totiz uzavieny
pouze smlouvy o smlouvich budoucich a souhlasy s provedenim
stavby. Sjednani podminek prondjmu, véetné ceny, bylo jiZ véci zho-
tovitele. Potfebné pozemky a staveniStni komunikace k vyjezdové-
mu portdlu tunelu Deborec byly pripraveny do konce Cervence 2018.

V dostatecném predstihu pred vlastni stavbou bylo nutné roz-
b&hnout procesy pro vybudovani staveniStni piipojky VN, povoleni
trhacich praci velkého rozsahu, povoleni stavby zafizeni stavenisté
a povoleni vypousténi dilnich vod.

Vykop a zajisténi stavebnich jam portald tunelu

Zemni prace na vyjezdovém portdle byly zahajeny 30. 7. 2018.
V soubéhu s postupnym prohlubovanim stavebni jamy probihalo
i odtéZovani navazujiciho zéfezu ZelezniCni trati a budouci obsluzné
komunikace. Nejprve byla odtéZena svahovana horni partie stavebni
jamy na troven hlav kofenovych zapor. Svahy stavebni jamy byly
zajistény KARI siti a stiikanym betonem. Pro nastfik byla zvolena
prefabrikovand smés a suchy zpisob nastiiku. Obvod stavebni jamy
byl z vnéjsi strany ochranén vybudovanym zemnim valem a draté-
nym oplocenim. Dalsi etapou praci bylo vrtani a osazovani svislych
prvki kotenovych zapor v prostoru stavebni jamy budouciho hlou-
beného tunelu. Kofeny zapor byly provedeny z prostého betonu, zby-
14 cast vrtu byla az k povrchu zasypéna stabilizovanym materidlem
z vyvrtu. Pii nasledném prohlubovani byl prostor mezi zadporami
postupné vypliiovan dfevénymi pazinami a zapory aktivovany v na-
vrzenych kotevnich drovnich predpjatymi pramencovymi kotvami.
V ramci realizace stavebni jamy portalu byl pro zajisténi razby tvod-
nich metri tunelu proveden mikropilotovy deStnik délky 12 m vrtany

excavation in the top heading were replaced with 24 pieces of 12m
long, P30x5 type, Durglass groutable glassfibre reinforced plastic
anchors. The anchors are designed to be installed every 8.1m, i.e.
always after completion of excavation of one ‘“chapel” under the
protection of the installation of the canopy tubes. The prognosis
for the representation of individual excavation support classes was
borrowed from the preceding design degree.

INFORMATION FROM THE PROGRESSING REALISATION

Preparation work operations

The assumed deadline for the work commencement and handing
the construction site over to the contractor was set in the competition
conditions (therefore also in contractor’s tender) to 1% September
2017. This term provided the time required for the advanced
works (closing lease agreements with owners of land necessary for
developing of construction yards and construction site roads, cutting
and felling non-forest and forest greenery etc.). The contractor selec-
tion was affected by delays. The handing of the first stage and the
deciding part of the construction site over took place as late as 24"
April 2018. This delay had an impact first all on ensuring rentals
of plots of land for temporary use for construction, which had been
used agriculturally, therefore it was necessary to wait until harvest,
even with respect to agricultural funding programmes. Even finding
of all owners of the plots of land and closing lease agreements was
complicated. The reason was that the only preliminary agreements
of lease and agreements with the construction works were concluded
within the framework of the construction preparation. Negotiating the
lease conditions including costs was already the contractor’s business.
The plots of land and construction site roads to the exit portal of the
Deborec tunnel were prepared before the end of July 2018.

It was necessary to start the processes for building a high voltage
connection line and obtaining permission for large-scale blasting,
construction permission, and permission for construction site
facilities and disposing of mine water.

Excavation and stabilisation of construction pits
for tunnel portals

The earthwork operations commenced on 30" July 2018. The
gradual excavation of the adjoining cutting for the railway track
and the future service road proceeded concurrently with the gradual
deepening of the construction pit. The sloped upper part of the
construction pit was excavated first, up to the level of the heads of the
root-strengthened soldier beams. Slopes of the construction pit were
stabilised with KARI welded mesh and shotcrete. A prefabricated
mixture for the dry process was chosen for the shotcrete application.
The circumference of the construction pit was protected from the
external side by an earth embankment and chain link fence. In the
next work stage, drilling and installation of vertical elements of
the root-strengthened soldier beams was carried out in the space of
the construction pit for the future cut-and-cover tunnel. The roots
of the soldier beams were wrapped by unreinforced concrete, the
remaining part of the borehole was backfilled up to the surface with
the stabilised material obtained during drilling. During the course
of the subsequent deepening, the space between the soldier beams
was step-by-step filled with wooden lagging and the soldier beams
were activated at the designed anchoring levels with pre-tensioned
stranded anchors. Canopy tube pre-support 12m long was carried
out within the framework of the work on the construction pit for
the purpose of stabilising the initial metres of the tunnel excavation.
Holes for the tubes were drilled in parallel with the tunnel centre
line (without the fan-shaped opening). The sloped walls in the space
in front of the cut-and-cover tunnel (with the exception of the walls
braced by the soldier beams and lagging) were stabilised similarly to



rovnobézné s osou tunelu (bez rozevieni do véjite). Svahované stény
v prostoru pfed hloubenym tunelem (mimo zaporové paZzeni) byly
zajistény obdobné jako horni partie KARI siti a stfikanym betonem
doplnénym o kotevni trny (hebiky). Vykop a zaji§téni stavebni jamy
vyjezdového portdlu byly dokonceny do 30. 11. 2018 a nasledné
byly zahdjeny piipravné prace pro razbu tunelu.

Stavebni jama vjezdového portilu byla budovdna obdobné jen
s drobnymi rozdily. Z diivodu umisténi horni hrany portilové stény
v blizkém soubéhu s mistni komunikaci bylo mezi stavebni jamu
a komunikaci osazeno z bezpecnostnich divodii silni¢ni svodidlo
JSEM-2/H2 v délce 100 m. Kofenové zapory zde byly vrtany ve
dvou etapach. Prvni z drovné upraveného pivodniho terénu podél
komunikace, kde byly provedeny zépory portilové stény a zbylé za-
pory z urovné dna horni svahované partie. V tomto piipadée byl vrtan,
pro zajisténi bezpec¢ného prichodu razby pod silni¢ni komunikaci,
mikropilotovy deStnik délky 18 m. Prace na hloubeni a zaji$téni sta-
vebni jamy vjezdového portalu byly provadény v klidnéjsim tempu
pfizpisobeném jinym prioritdm v rdmci koordinace vystavby v ob-
dobi od 22. 11. 2018 do 6. 7. 2019.

Razba tunelu z vyjezdového portalu

Pred vlastni razbou tunelu bylo vybudovano nezbytné zatizeni sta-
venisté. Na docasné pronajatych plochéch je umisténo zazemi stavby
sloZené z kancelafskych a socidlnich kontejnerti, parkovaci plochy,
venkovni skaldové plochy, plochy pro meziskladku rubaniny a dr-
tici linku. V trvalém zaboru na pidorysu stavebni jamy a ¢asti na-
vazujiciho zafezu trati jsou kontejnerové sklady, venkovni skladové
plochy, havarijni sklad, opravarenska hala, elektrodilna, ventiltor,
plocha pro myti mechanizace a pod trovni terénu zasobnik techno-
logické vody a sestava pro CiSténi a Gpravu vypousténé vody. Vzhle-
dem k nemoznosti vyuziti existujiciho zdroje vody je technologicka
voda navaZena a pitnd zajiSt€na formou balené vody. Zdroj elektrické
energie je z vybudované staveniStni kioskové trafostanice 630 kVA.
Beton je dovdZen z betonarky ve Voticich s dojezdovou vzdalenosti
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the upper part, with KARI welded mesh and shotcrete, supplemented
by anchoring nails. The excavation of the construction pit for the
exit portal was finished before 30™ November 2018 and preparation
operations for the tunnel excavation commenced subsequently.

The construction pit for the entrance portal was built similarly,
only with minor differences. For safety reasons, a 100m long JSEM-
2/H crash barrier was installed between the construction pit and
the local road running close, in parallel with the upper edge of the
portal wall. Drilling for the root-strengthened soldier beams was
carried out at two stages. The first one from the level of the levelled
original terrain along the road, where the soldier beams of the soldier
beam — lagging portal walls were installed; holes for remaining
soldier beams were drilled from the level of the bottom of the upper
sloped part. In this case, boreholes were carried out for 18m long
canopy tube pre-support designed to ensure safe passage under the
road. The work operations on the excavation and stabilisation of the
construction pit for the entrance portal proceeded at a slower pace,
adapted to other priorities within the framework of the coordination
of the construction activities in the period between 22™ November
2018 and 6" June 2019.

Tunnel excavation from the exit portal

The required site facilities were built prior to the commencement
of tunnel excavation. Office and social containers, a parking area,
an external storage area and an area for intermediate tunnel muck
stockpile and a crushing plant were installed on the temporarily
leased land. Container stores, external storage areas, an emergency
warehouse, a repair and maintenance shed, an electrician workshop,
a fan, an equipment washing area and, under the terrain level, an
industrial water reservoir and a discharge-water cleaning and
treatment facility are placed on the land within the ground plan of
the construction pit and a part of the adjoining cutting for the track
permanently acquired for construction. Industrial water is brought by
tankers and drinking water is ensured in the form of bottled water.
Electric power is supplied from a 630k VA transformer kiosk built on
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Obr. 4 Pohled na vyjezdovy portdl véetné umisténi zarizeni stavenisté a soucasnou polohu Zeleznicni trati
Fig. 4 View of the exit portal inclusive of location of construction site and current location of the railway track
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foto Tomds Jut photo Tomds Just
Obr. 5 Vrtdni mikropilotového destniku v tunelu
Fig. 5 Drilling for canopy tube pre-support in the tunnel

13 km. Pohled na vyjezdovy portél véetné umisténi zafizeni stave-
nisté je na obr. 4.

Razba tunelu byla zahijena z vyjezdového portalu 19. 1. 2019.
Na zaklad€ znalosti geologie ovéfené pii hloubeni stavebni jamy se
postupovalo podle VT5b1. Nejprve byly instalovany celbové lami-
natové kotvy a nésledné€ byly uvolnény lanové kotvy a demontovany
prevazky v profilu kaloty. Poté byl vybouran prostup zédporovou por-
talovou sténou. Razba ve VT5b1 probihala pod ochranou mikropilo-
tovych destniki tvorenych z 33 ks mikropilot z injektovanych trub
@ 114/10(8) mm, délky 12 metra. Prvni deStnik byl navrtan soub&z-
n¢ s osou tunelu jiz pii hloubeni stavebni jamy, dalsi véjite destnikt
byly vrtané z Celby tunelu z postupné se rozsifujiciho profilu, tzv.
kaplicek s prekrytim 4 m — viz obr. 5. Vyhodou tohoto feseni je vy-
uziti celé délky mikropiloty bez nutnosti vyfezavani ¢asti mikropilot
zasahujicich do profilu tunelu v ptipadé jejich vrtani ze standardniho
nezajistény prostor nad hlavami pracovnikd v piipadé vyfezavani
mikropilot. Negativem pak je nutnost vyroby vétsiho poctu prihrado-
vych rami (BTX), které umozni postupné rozsifovani vyrubu a také
zvétSeni kubatury vyrubu a stfikaného betonu primarniho osténi.
V tomto piipadé byly pouZity tfi typové sady rami BTX doplnéné
o vkladané distancni prvky tii velikosti. Celkem bylo z tunelu navrta-
no 6 véjifa destnikt a ve VT5b1 bylo vyrazeno prvnich 59 m od por-
talu. V této vystrojovaci tiid¢ byl profil horizontaln¢ ¢lenén na kalo-
tu, jadro a dno s protiklenbou. Cely profil byl uzaviran v primarnim
po 16,2 m. V nasledujicich vystrojovacich tfidach jiz byl raZzen pouze
profil na patkach, horizontaln€ ¢lenény na kalotu a jadro. Postupné
se prechazelo pres vystrojovaci tiidy VT5a, VT4 a VT3 az do VT2
a zpét na VI3 a VT4. V tab. 1 je znazornéno skutecné zastoupeni
vystrojovacich tiid a jejich porovnani s predpokladem dle projektu
v popisovaném useku vyraZzeném do 31. 8. 2019. Jsou zde uvedeny
také informace o primérnych délkach zabéra a praimérné rychlosti
razby v jednotlivych VT.

V prubehu razby byly zastizeny zvétralé az navétralé pararuly pev-
nostni tfidy R4 aZ RS, misty aZ R6. Hornina byla silné rozpukana se
smérem sklonu foliace cca 270-300° a nepriznivym tklonem vrstev
cca 40-45° smérem ven z Celby. V oblasti geologickych poruch do-
chézelo k obCasnému nezadoucimu vyjizdéni blokd horniny z neza-
jisténého vyrubu. S pfibyvajicimi metry razeb se zvySovala pevnost
horniny, zastizené pararuly byly mimné zvétralé, postupné az zdravé
pevnosti R4 aZ R3. Od stani¢eni TM 183 do TM 302 byly zastiZeny
pevné kompaktni horniny prezentované kvarcity pevnostni tfidy R2.
Od TM 102 bylo k rozpojovéani horniny vyuZivano trhacich praci. Na
obr. 6 je zachycena Celba v kalot€ ve staniceni 127,3 TM.

foto Milan Kissler photo Milan Kossler

Obr. 6 Pohled na éelbu ve stanic¢eni 127,3 TM
Fig. 6 View of excavation face at chainage TM 123.7

the site. Concrete is brought from a batching plant in Votice located
at the access distance of 13km. A view of the exit portal including the
location of the construction site is presented in Fig. 4.

The tunnel excavation commenced from the exit portal on 19"
January 2019. Taking into consideration the knowledge of geology
verified during the excavation of the construction pit, the excavation
proceeded in compliance with requirements for the ESCS5bl
excavation support class. In the first step, glassfibre reinforced plastic
anchors were installed into the excavation face. Subsequently, the
cable anchors were loosened and the walers within the top heading
cross-section were dismantled. An opening was cut through the
soldier beam and lagging wall. The excavation categorised as the
ESC5B1 proceeded under the protection of umbrellas, canopy tube
pre-support, consisting of 33 grouted canopy tubes @ 114/10(8)mm,
12m long. The holes for the first umbrella were driven in parallel
with the tunnel centre line already during the excavation of the
construction pit. Drilling for the next umbrella fans was carried out
from the face of the tunnel excavation, from the gradually expanded
profile, the so-called “chapels”, with 4m overlaps — see Fig. 5. The
advantage of this solution is that the whole length of the tube is used,
without necessity for cutting away parts of the tubes extending into the
tunnel profile in the case of drilling for them from the standard tunnel
profile. This solution is, in addition, safer because no unsupported
space originates above the heads of workers in the case of necessity
for cutting away parts of the tubes. The negative fact is that a greater
number of lattice girders (BTX) are necessary to make the gradual
expansion of the excavation possible; in addition, the volumes of
excavation and shotcrete for the primary lining are greater. In this
case, three type sets of BTX lattice girders supplemented by three
sizes of spacer elements were used. In total, drilling for 6 fans of
tubes was carried out in ESC5b1 class in the initial 59m long section
behind the portal. In this excavation support class, the excavation
sequence was divided horizontally into top heading, bench and invert.
The whole profile was closed by the primary lining, in the beginning
in 8.1m long sections, later, in more favourable geology, in 16.2m
long sections as the maximum. In the subsequent excavation support
classes, only a profile of tunnel on footings was driven, with the
horizontal excavation sequence consisting of top heading and bench.
The excavation gradually proceeded through support classes ESC5a,
ESC4 and ESC3 up to ESC2 and back to ESC3 and ESC4. The actual
representation of excavation support classes and its comparison with
the assumption according to the design in the described section being
excavated until 31* August 2019 is presented in Table 1. In addition,
the table presents information about average lengths of excavation
rounds and average rate of excavation in individual support classes.

Weathered to slightly weathered paragneiss classified as strength



Tab. 1 Porovndni zastoupeni vystrojovacich tiid na dosud vyraZeném tiseku
dl.335m

Tab. 1 Comparison of representation of excavation support classes on the
335m long, so far finished excavation section
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5b1 47 m 59m 63 0,94 m 0,64 m
5b1 47m 59m 63 0.94m 0.64m
5a 84 m 43 m 38 1,13 m 1,26 m
5a 84m 43m 38 1.13m 1.26m
4 36m 46 m 34 1,35 m 2,71m
4 36m 46m 34 1.35m 2.71m
3 72m 29 m 19 1,53 m 2,90 m
3 72m 29m 19 1.53m 2.90m
2 24 m 158 m 89 1,78 m 3,22m
2 24m 158m 89 1.78m 3.22m

Na razbu tunelu je pouzita obvykla stojni sestava tvofena nasle-
dujicimi stroji:
e vrtny viz ATLAS COPCO BOOMER ROCKET L2C s adapté-
rem pro vrtani mikropilot;
¢ tunelbagry LIEBHERR R 934 B Litronic a LIEBHERR R 944 C
Litronic s pfisluSenstvim;
* mobilni pracovni ploS§ina DC16/HL;
 otocny teleskopicky manipuldtor Manitou MRT 1640;
¢ kolovy kloubovy naklada¢ VOLVO L180H;
» mobilni stiikaci stroj MEYCO POTENZA;
e kloubové dempry VOLVO A25D 6x6 TS, A25E 6x6 TS
a CAT 725;
* pomocné stroje kompresor INGERSOL, injektdzni cerpadla na
cementovou a chemickou injektaz.
Predpokladané prace jsou provadény v nepfetrzitém dvousmeén-
ném provozu.

Trhaci prace
Soubor vstupnich hodnot pro trhaci prace byl zpracovin ve stej-
nojmenném dokumentu jako soucast DSP a zadédvaci dokumentace.
V tomto dokumentu byly stanoveny hodnoty mezni naloZe na casovy
stupen pro jednotlivé tfidy NRTM od 2,4 do 8,0 kg. Tyto hodnoty
byly prevzaty a zapracovany do generdlniho projektu trhacich praci,
ktery byl piiloZen k Zadosti o povoleni trhacich praci na mistné pii-
slugny Obvodni batisky dfad (OBU). Nasledné OBU vydal rozhodnu-
ti o povoleni trhacich praci za dodrZeni podminek v ném uvedenych,
mezi které zapracoval rovnéZ pripominky dcastnikd fizeni. Nékteré
uvedené podminky mély omezujici dopad na planovany postup pra-
ci. Jednalo se zejména o omezeni maximalni nidloZe na jeden Casovy
stupeni na 2,4 kg a omezeni na provadéni trhacich praci pouze v den-
nich hodinich od 7:00 do 22:00 hod. V dusledku omezeni naloZe
na ¢asovy stupeil nebylo mozné provadét zabéry na délku vétsi nez
1,6 m, a to ani ve vystrojovaci tfidé 2 umoziujici zabér az 2,2 m.
Omezeni trhacich praci na denni dobu neumoznilo provadét vice nez
2 zabery za den. Dal§imi stanovenymi podminkami, které jiz nemély
nepiiznivy dopad na provadéni samotné razby, bylo doplnéni objektti
k pasportizaci a vodnich zdroji k monitorovani nad ramec projektem
predpokladané oblasti dosahu t¢inkd trhacich praci (pasmo izoseis-
ty o rychlosti kmitani 5 mm/s). Redlné dosud zaznamenané hodnoty
seismickych tcinkt trhacich praci jsou pod 1/10 hodnoty varovné-
ho stavu. Rozpojovani horniny je provadéno pomoci trhavin Austin
Powder (Emulex 1, Emulex 2+ a Austrogel P) a Explosia (Perunit E).

Roznét je neelektricky prostfednictvim rozbuSek Shockstar TS.
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classes R3 to RS, locally even R6, were encountered during the course
of the excavation. The rock was heavily fractured with the foliation
dipping at ca 270-300° and unfavourable dipping of rack beds ca
40-45° off the excavation face. Sporadic undesirable slipping of
rock blocks from the unsupported excavation took place in the area
of geological faults. The rock strength increased with the growing
metres of excavation; the paragneiss encountered was moderately
weathered, gradually even fresh, with the strengths R4 to R3. From
chainage TM 183 to TM 302, hard compact rock represented by R2
strength class quartzite was encountered. From TM 102, blasting
was used for disintegration of rock. The excavation face at the top
heading at chainage TM 127.3 is presented in Fig. 6.
The tunnel was driven using a common set of equipment consisting
of the following machines:
* ATLAS COPCO BOOMER ROCKET L2C drill rig with an
adaptor for drilling for canopy tubes;
e LIEBHERR R 934 B Litronic and LIEBHERR R 944 C Litronic
excavators with accessories;
* DCI16/HL mobile mine access platform;
e Manitou MRT 1640 rotary telescopic manipulator ;
¢ VOLVO L180H articulated wheeled loader;
* MEYCO POTENZA mobile spraying machine;
e VOLVO A25D 6x6 TS, A25E 6x6 TS and CAT 725 articulated
dumpers;
e auxiliary machines: compressor INGERSOL, grouting pumps
for both cement and chemical grout.
The construction site is operational 24/7 in 2 work shifts.

Blasting operations

The set of input values for blasting operations was prepared in
a document of the same name as part of the final design and the
tender design. The values of the limit charge weight per delay
ranging from 2.4 to 8.0kg were set in this document for individual
NATM excavation support classes. These values were taken over and
incorporated into the general blasting design, which was attached to
the application for blasting permit submitted to the locally relevant
Regional Mining Authority (RMA). Subsequently, the RMA issued
the blasting permit containing conditions to be observed with
comments of parties to the proceedings incorporated in them. Some
of the conditions had a restricting influence on the planned rate of
excavation. Among them there was, for example, reduction in the
maximum charge limit for execution of blasting to 2.4kg per round
and restriction of blasting to be carried out only in the daytime from
7:00 am to 22:00 pm. As a result of the reduction of the charge per
round it was not possible to increase the excavation round length
more than to 1.6m, even not in excavation support class 2 allowing
for the round length up to 2.2m. The limitation of blasting operations
to the daytime did not allow the tunnellers to carry out more than
2 excavation rounds per day. Other prescribed conditions, which did
not have unfavourable influence on the excavation work, comprised
an addition of structures to be subjected to a condition survey and
water sources to be monitored over the scope of the assumed area
of the effect of blasting operations (isoseismal zone of Smm/s peak
particle velocity). The real, until now recorded, values of seismic
effects of blasting operations are lower than 1/10 of the value of the
warning state. Rock is disintegrated using explosives Austin Powder
(Emulex 1, Emulex 2+ and Austrogel P) and Explosia (Perunit E).
Shockstar TS non-electric detonators are used for priming.

Geotechnical monitoring

As described above in the abstract, monitoring is mentioned in this
paper only briefly with respect to the paper on GTM published in the
previous issue of TUNEL journal. Project monitoring is not part of
contractor’s task. It is provided by the project owner through another
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Geotechnicky monitoring

Jak jiz bylo uvedeno v abstraktu, vzhledem k publikovanému ¢lan-
ku o GTM v predchozim ¢isle ¢asopisu Tunel, je v tomto piispévku
monitoring zminén jen strucné. Stavebni objekt monitoringu neni
soucasti zakazky zhotovitele, ale zajistuje jej investor prostiednic-
tvim dodavatele SG Geotechnika a.s. Soucasti monitoringu je obvyk-
1y rozsah provadénych méfeni a sledovani: méteni deformaci priméar-
niho osténi (konvergencni méreni), extenzometrickd méteni, méteni
zatizeni primarniho osténi (tenzometry), inklinometrickd mérent,
geodetické sledovani deformaci svaht stavebnich jam, dynamicka
a akustickd méfeni (icCinky trhacich praci), geodetické sledovani po-
vrchu (nivelace), hydrogeologicky monitoring, inZenyrskogeologic-
ké sledovani kvality horninového masivu, technicky dozor investora,
geodetickd dokumentace vyrubu kaloty (profilace), méfeni tvaru pri-
marniho osténi (skenovéni), pasportizace okolni zastavby. Vysledky
z GTM jsou vyhodnocovany na pravidelnych schiizkdch rady moni-
toringu (RAMO) konanych s 14denni Cetnosti a v pfipadé potieby
operativné. RAMO je sloZena ze zdstupcl investora, projektanta,
zhotovitele raZeb a zhotovitele GTM, piipadné pfizvaného specia-
listy. Cilem je minimalizovat moznost vzniku mimoradnych situaci,
a pokud by nastaly, tak jejich rychlému a odbornému zvladnuti. Na
poradach RAMO jsou projedndvany a upravovany dil¢i nasazeni vy-
strojovacich prvka a doplitkovych opatieni v jednotlivych VT tak,
aby byla razba efektivni a ekonomickd. VSechny aktudlni vysledky
a dokumentace jsou dostupné vSem zainteresovanym Ucastnikiim
vystavby on-line v informac¢nim systému GTM BARAB.
ZAVER

Dosavadni zkuSenosti z vystavby tunelu Debore¢ potvrzuji dileZi-
tost kvalitni pfipravy zakazky. Na strané zadavatele je to dostatecny
inZenyrskogeologicky priizkum, bezvadnd zadavaci dokumentace,
zajisténi legislativnich poZadavki, projednani realizace a souviseji-
cich dopadii se samospravou obci, dotéenymi organizacemi a vlast-
niky pozemku. Na stran€ zhotovitele, po ziskani zakazky, pak vCasné
zajisténi potrebnych povoleni, dohod, ndjemnich smluv a v dnesni
dobé i problematické zajisténi potiebnych kapacit (persondlnich,
strojnich 1 materidlovych) v daném case.

V dobé tvorby tohoto prispévku je vyraZzeno 60 % délky tunelu
a dosavadni vysledky jsou pfiznivé. Pomér skutecného zastoupe-
ni jednotlivych VT oproti prognéze v projektu je posunut smérem
k leh¢im vystrojovacim tfiddm. Rovnéz chovani horninového masi-
vu prezentované méfenim deformaci na primarnim osténi je vyrazné
nizsi oproti predpokladim. Kone¢né zhodnoceni bude mozné az po
vyrazeni zbyvajici ¢asti a nisledném dokonceni celého tunelu, coz
by mélo probéhnout v 2. poloviné roku 2020.

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL 78, a.s.

Recenzoval Reviewed: Ing. Vlastimil Hordk
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contractor, SG Geotechnika a.s. Among others, the monitoring
comprises the following usual scope of measurements and
observations: measurements of deformations of the primary lining
(convergence measurement), extensometer measurements (strain
gauges), inclinometer measurements, monitoring of deformations
of slopes of construction pits by surveying methods, dynamic and
acoustic measurements (effects of blasting operations), monitoring
of terrain surface by surveying (levelling), hydrogeological monito-
ring, engineering geological monitoring of rock mass quality, client’s
technical supervision, survey documentation of the top heading
excavation (profiling), measurements of the primary lining contour
(scanning), condition surveying of buildings in the excavation vicinity.
GTM results are being assessed at regular meetings of the Monitoring
Board (MB) held with the frequency of 14 days or operatively if
necessary. The Monitoring Board consists of representatives of
the project owner, the contractor for tunnel excavation and the
contractor for the GTM, and, if necessary, a specialist invited to the
meeting. The objective is to minimise the possibility of development
of extraordinary events and, if they take place, to allow for quick
and professional coping with them. During the Monitoring Board
meetings, partial use of excavation support elements and application
of supplementary measures in individual excavation support classes
are discussed and modified so that the excavation is effective and
economic. All current results and documents are available on-line
to all interested construction parties in GTM BARAB information
system.

CONCLUSION

Previous experience from the construction of the Debore¢ tunnel
confirms the importance of good quality preparation of the works. On
the project owner side, it is sufficient engineering geological survey,
faultless tender design, meeting legislative requirements, timely
concluding negotiations about the realisation and relating impacts
with self-government of municipalities, affected organisations and
land owners. On the contractor’s side, after getting the order, it is
timely obtaining all permissions, agreements, lease agreements
and, today, even the problematic ensuring the required capacities
(personal, mechanical and material).

As of the moment of writing this paper, 60 per cent of the tunnel
length has been completed and the results obtained to date are
favourable. The proportion of the actual representation of individual
excavation support classes in comparison with the prognosis in the
design is shifted towards lighter classes. Also the rock mass behaviour
presented by the measurement of the primary lining deformations is
significantly easier in contrast to assumptions. The final assessing
will be possible only after the excavation of the remaining part is
finished and after the subsequent completion of the whole tunnel,
which should take place in the 2™ half of 2020.

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL Z8, a.s.
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STUDIE SIRENI RAZOVE VLNY V TUNELU
STUDY OF SHOCK WAVE PROPAGATION IN TUNNEL

PETR P. PROCHAZKA, DAGMAR JANDEKOVA, MARTIN J. VALEK

ABSTRAKT

Cldnek se zabyvd vlivem umisténi zdroje vybuchu na osténi tunelu. Experimenty jsou provedeny v mé¥itkovych modelech. Vysledky
priitbéhu pretlaku v case (spektrum) jsou ziskdny pomoci senzoril, které jsou cilené umistény na osténi. Ziskand mérent jsou strucné disku-
tovdna vzhledem k poskozeni nosné konstrukce tunelu s kruhovym priirezem.

ABSTRACT

The paper deals with the influence of the explosion source location on the tunnel lining. Experiments are performed in scale models.

The results of the overpressure over time (spectrum) are obtained by means of sensors which are placed on the lining. The obtained

measurements are briefly discussed in view of the damage to the tunnel supporting structure with circular cross-section.

uvob

V soucasné dobé je dulezitym prvkem navrhu podzemnich kon-
strukci sledovani vlivu rdzovych vln a jejich interakci s ndslednym
vinénim. Napéti vyvolané interakci razovych vin miZe byt inicio-
véano teroristickymi utoky, improvizovanym vybuSnym zafizenim
na vozidle (VBIED) vcetn¢ vybuchu plynu, dopravni nehody atd.
PredloZeny ¢lanek se proto zabyva prubéhy razovych vin zptso-
benych explozi v tunelu v zavislosti na umisténi naloZe. Jelikoz
rdzovéa vlna vznikd ve vzduchovém prostfedi, dochazi k tvorbé
vzdusnych rdzovych vin (VRV). Réazovd vlna je specificky typ
kompresni vlny, jeZ se vyznacuje rychlym nabéhem na maximalni
hodnotu pfetlaku s ndsledovanym postupnym poklesem a mnohdy
i zvySenim tlaku, a to aZ na droven odpovidajici aktudlnimu at-
mostérickému tlaku. Obecné plati, Ze detonace vybuSniny muize
rozhodujicim zpiisobem poskodit konstrukci jednou ,,primérni*
razovou vinou, pokud je s ni v kontaktu nebo pokud je vybuch
iniciovan v otevieném prostoru v urcité vzdalenosti od konstrukce.
Jind situace nastava, pokud je vybuch zptisoben v uzavfeném nebo
polozavieném prostoru, kde dochézi k interakci ,,primarni* razové
viny a naslednych vln, takZe pretlakové spektrum je obecné velmi
nepravidelné a dokonce rozhodujici pro zatizeni konstrukce muze
byt nasledné chovani vlivu vin v ¢asové Skale.

Vliv rdzové viny zpisobeny vnéjSim zdrojem vybuchu na po-
loviné rotacniho plasté v raznych fazich jeho $ifeni je pozorovan
v [1]. Podobny problém je diskutovan v [2], kde je iniciace vybu-
chu umisténa uvnitf trubice. Je sledovan jak vliv rdzovych vin, tak
teploty.

Vliv indukovanych razovych vin na terén je popsan v [3]. Byly
provedeny vybuchové zkousky v podzemi pro ovéfeni seismickych
0c¢inkl na drovni terénu, po explozi.

Ucinky vlhkosti, teploty a oxida¢nich reakci na vyskyt vybuchti
ve smésich benzin-vzduch lze povazovat za srovnivaci médium
pro jiné vybuSniny. Experimenty na toto téma jsou provadény ve
valcovém tunelu v [4]. Experimentdlni vysledky ukazuji kritické
hodnoty vySe uvedenych parametri na vyskyt vybuchu.

Vliv exploze v ¢astecné uzavrené konfiguraci je studovan v [5].
Kromé toho je do pojednéni zahrnut i vliv dodatecného spalovani.

V soucasné dobé€ je nejpouZivanéjSim materidlem pro podzem-
ni stavby beton, a to bud klasicky vyztuZeny ocelovou armaturou,
nebo vyztuZzeny rozptylenymi vlakny. Beton vyztuZeny vlakny
se vyznacuje cementovou matrici a nerovhomérné rozloZenymi
a nahodné orientovanymi vlakny z rdznych materialt (synteticky

INTRODUCTION

At present, an important element in the design of underground
structures is the monitoring of the impact of shock waves and their
interactions with subsequent waves. The shock wave interactions
can be initiated by terrorist attacks, improvised explosive devices
on the vehicle (VBIED) including gas explosion, traffic accidents,
etc. The presented paper therefore discusses the waveforms of the
explosion in the tunnel, depending on the location of the charge. As
the shock wave is generated in the air environment, the formation
of airborne shock waves (ASW) occurs. Shockwave is a specific
type of compression wave that is characterized by a rapid rise to the
maximum overpressure value, followed by a gradual decrease to a
level of current atmospheric pressure. Secondary waves can increase
the pressure on the structure due to wave interactions. In general,
detonation of an explosive can severely damage a structure with one
“primary” shock wave when in contact with the structure or when an
explosion is initiated in an open space at a certain distance from the
structure. Another situation occurs when an explosion is appears in a
closed or semi-closed space where the “primary” shock wave and the
subsequent waves interact, so that the pressure spectrum is generally
very irregular and even the behavior of the wave may decisively affect
the load of the structure in the time scale.

The effect of the shock wave caused by the external source of
explosion on the semi-cylindrical shell at various stages of its
propagation is observed in [1]. A similar problem is discussed in
[2] where explosion initiation is located inside the tube. Both the
influence of shock waves and temperature are monitored.

The impact of induced shock waves on the terrain is described in
[3]. Underground explosion tests were conducted to verify seismic
effects at ground level, after explosion.

The effects of moisture, temperature and oxidation reactions on the
occurrence of explosions in gasoline-air mixtures can be considered
as a comparative medium for other explosives. Experiments on
this subject are conducted in a cylindrical tunnel and the results are
described in [4]. The experimental results show the critical values of
the above parameters for the occurrence of the explosion.

The effect of explosion in a partially closed configuration is studied
in [5]. In addition, the effect of afterburning is also included in the
treatise.

At present, concrete, either classical, reinforced with steel bars
or fiber reinforced concrete, is the most widely used material for
underground structures. Fiber reinforced concrete is characterized
by a cement matrix and unevenly distributed and randomly oriented
fibers of different materials (synthetic polypropylene, steel, glass,
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polypropylen, ocel, sklo atd.); vldkna mohou byt také riznych tva-
ru a velikosti. Vlakna pfispivaji k tuhosti konstrukce, zejména pii
vytvrzovani a pii zahofeni, kdyZ vlivem expandujici pary vznikaji
v betonu pukliny. Diky témto specifickym vlastnostem ma takovy
kompozit vyssi pevnost v tahu.

V tomto ¢lanku je studovan vliv vybuchu, ktery je iniciovéan v be-
tonové trubce, ktera simuluje osténi tunelu. Experimentélni testy
byly provedeny na TU Pardubice. Vysledky testl jsou ¢aste¢né po-
rovnany s vysledky ziskanymi v [2], kde je navrZen numericky pfi-
stup. Realizuje se jeden experiment skladajici se z tc¢inkd dvou ex-
plozi v trubce o priméru 1 m. S pouZzitim vysledkd ziskanych v [7]
a pravidlech podobnosti publikovanych v [8], se navrhuje odhad
poskozeni riznych materialu, které tvoii osténi. Je uvazovan prosty
beton a beton vyztuzZeny syntetickymi nebo ocelovymi vlakny.

PRIPADY LOKALITY NALOZE

V pripadé detonace naloZe ve volném prostoru ma prubéh VRV
charakteristicky tvar zndzornény na obr. 1 vcetné nejcastéji vyhod-
nocovanych veli¢in podle Friedlandera.

Pokud je naloZ umisténa uvnitf uzavieného nebo polouzaviené-
ho prostoru (napf. tunelu), a navic je lokalizovana v podélné ose
tunelu s kruhovym pii¢nym fezem, je prubéh pretlaku popsan na
obr. 2.

Pretlak v zavislosti na Case je popsan funkci
P(1) = exp((t — 1)/ T)cos2ma (1 — 1)/ T,

kde 7 je Cas urCeny prasecikem te¢ny funkce P v ¢ -1, s asovou
osou a @ je kruhové frekvence vinéni.

AP maximalni pretlak
AP maximal overpresure

I*impulz
I*impulse

pretlak

overpresure,

t+ doba trvani pretlakové ¢asti
t+ time of overpressure part

R ¢as [ms]
time [ms] .
~ rdoba trvani podtlakové Esti
Ttime of vacuum part
Obr. 1 Priibéh pretlaku v ¢ase podle Friedlandera
Fig. 1 Overpressure in time according to Friedlander
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Obr. 2 Priibéh pretlaku pro umisténi ndloZe v ose tunelu
Fig. 2 Overpressure progression for the loading of the charge in the tunnel
axis

etc.); the fibers can also be of various shapes and sizes. The fibers
contribute to the rigidity of the structure, particularly in the curing
state, when cracks in the concrete are formed by dehydration, and in
the case of combustion, when super-vapor tries to escape out of the
structure and spalling occurs. Due to these specific properties, such
composite has a higher tensile strength.

In this paper, the effect of an explosion initiated in a cylindrical
concrete tube that simulates a tunnel lining is studied. Experimental
tests were conducted at TU Pardubice. The test results are partially
compared to the results obtained in [2] where a numerical approach
is proposed. Experiments consisting of the effects of two explosions
in a 1m diameter cylinder are realized; the first explosion is made
in a cylinder with regular concrete and the other with reinforcing
steel fibers. Using the results obtained in [7] and the similarity rules
published in [8], it is possible to estimate the damage to the various
lining materials.

CASES OF LOCATION OF THE CHARGE

In the case of detonation of a charge in a free space, the ASW
course has a characteristic shape shown in Fig. 1 including the most
frequently evaluated quantities according to Friedlander.

If the charge is located within a closed or semi-enclosed space
(e.g. a tunnel) and is additionally located in the longitudinal axis
of the circular cross-sectional tunnel, the overpressure pattern is
described in Fig. 2.

Time overpressure P is described by the time 7-dependent function

P(t) = exp((t - 1)/ Dcos2mm (t — 1)/ T,

where 7, is the time of impingement, 7is the time which is specified
by the intersection of the tangent of the function P at 7 — 7, with the
time axis, and w1is the circular frequency of the waves.

In the case of detonation of the charge located outside the tunnel
axis, the overpressure spectrum is significantly complicated as the
effects of ASW reflections and interactions occur. The resulting
pressure-time dependency contains several consecutive pressure
peaks, with the highest overpressure being achieved by the secondary
waves. In the following chapters, the case of placement of the charge
off the longitudinal axis of the tunnel will be studied in more detail.

ARRANGEMENT OF EXPERIMENT

In the scale model, the tunnel is made up of five rings, joined
together on the lock and secured against the movement of the
structure by longitudinal beams, see Fig. 3.

Measured samples and detonators were delivered by the Institute
of Energy Materials of the University of Pardubice. The weight of the
charges was measured with the accuracy to 0.05 grams. Semtex 1A

4§ ¥ -3
ot

Obr. 3 Sestava skruZi pouZitych pro experimentdlni méreni
Fig. 3 Set of rings used for experimental measurements




V pfipadé detonace niloZe umisténé mimo osu tunelu se tento
tlakovy priubéh vyrazné komplikuje, jelikoZ dochazi k vlivu od-
razl a interakcim VRV. Vyslednd zavislost tlaku na ¢ase obsahuje
nékolik po sobé ndsledujicich tlakovych vrcholi, pricemZ nejvys-
§i pretlak nemusi byt dosaZen ,,primarni“ vlnou. V nasledujicich
kapitolach bude podrobnéji studovan pripad uloZeni ndloZe mimo

podélnou osu tunelu.

USPORADANI EXPERIMENTU

Osténi tunelu je v méfitkovém modelu sestaveno z péti skruzi,
srazenych k sob€ na standardni spoj a zajiSténych proti pohybu
tramky (obr. 3).

Mefené vzorky a rozbusky byly dodany Ustavem energetickych
materidld Univerzity Pardubice. Hmotnost ndlozi byla méfena
s presnosti na 0,05 gramu. NaloZe Semtexu 1A nebyly umistény
v zadném obalu a byly ru¢né tvarovany do koule, ktera byla na-
sledné€ umisténa na stojanku vyrobeném ze Spejli ve vysce 20 cm
nad povrchem skruZze, jak je patrné z obr. 4. Umisténi na takovémto
typu stojanku bylo voleno s ohledem na co nejmensi ovlivnéni vin
odrazejicich se od spodni strany skruze.

Meéreni prubéhu odrazného tlaku VRV v zavislosti na Case bylo
provedeno tlakovymi snimac¢i umisténymi v pripravcich zhotove-
nych pro toto méteni (obr. 5). Ocelovy pfipravek, do kterého byla
upnuta Cidla, byl od skruzi izolovdn gumovou podlozkou tloustky
2 mm. K méfeni odrazného pretlaku byly pouZity tlakové snimace
Kistler 211B3.

Umisténi ndloze bylo pro vSechny odpaly totoZné a odpovidalo
schématu na obr. 6. U senzoru A, ktery byl pfimo nad nélozi, byla
vzdédlenost 80 cm. Senzor B se nachdzel ve vzdalenosti 125 cm
smérem k Usti sestavy skruzi a tlakovy snimac pro dopadajici pre-
tlak byl umistén na trojnoZce ve vySce 75 cm nade dnem a 24 cm
od uasti skruzi. VSechny naloZe byly iniciovany rozbuskou zespod
mifici Sikmo mezi obé€ tlakova cidla tak, aby se minimalizovala
pravdépodobnost dopadu stiepin na tlakovy snimac.

R T e
Obr. 5 Detail uchyceni tlakového snimace
Fig. 5 Pressure sensor mounting detail

senzor A
senzor A

senzor B
senzor B

80 cm
senzor C
senzor C

b
semtex 1A
semtex 1A
z 20cm

Obr. 6 Schéma experimentdlniho uspordddni sestavy skruZi s vyznacenymi po-
zicemi tlakovych snimacii

Fig. 6 Schematic of the experimental arrangement of the ring assembly with
the marked positions of the pressure sensors
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Obr. 4 Stojdnek ze Spejli pro umisténi ndloZe 20 cm nad spodni stranou skruZe
Fig. 4 Skewers stand for placing a charge of 20cm above the bottom of the ring

charges were not placed in any package and were manually shaped
into a sphere, which was then placed on a stand made of skewers at a
height of 20cm above the bottom of the ring, as shown in Fig. 4. This
type of stand is supposed to minimize the effect of waves reflecting
from the bottom of the rings.

The measurement of the ASW reflection pressure over time was
carried out by pressure transducers located in the mounts prepared for
this measurement, see Fig. 5. The steel fixture to which the sensors
were mounted was insulated from the rings by a 2mm rubber pad.
Kistler 211B3 pressure transducers were used to measure reflective
overpressure.

The location of the charge was the same for all the blasts and
corresponded to the diagram in Fig. 6. For sensor A, which was
directly above the charge, the distance was 80cm. Sensor B was at
a distance of 125cm towards the mouth of the ring assembly. All
charges were initiated by a detonator from below pointing obliquely
between the two pressure sensors to minimize the likelihood of
impact of the splinters on the pressure transducers.

EXPERIMENT

Two shots with the charge mass of 10 grams were carried out, which
was estimated according to the load capacity of the concrete lining
and evaluated as typical for the course of the overpressure waves in
the time scale. They differ only in the size of the overpressure and
the velocity of the shock wave. Sensor A located directly above the
charge showed three pressure peaks during the first 3ms after the
explosion, see Fig. 7, where detailed views of the pressure spectrum
are also shown.

Time scale overpressure patterns are plotted for different time
ranges (due to the possibility of more detailed investigation of
spectra properties), so that the first is a plot for steel fiber reinforced
concrete and the second is for normal concrete.

The first, highest peak corresponds to the impact of the shock
wave going directly from the charge. The distance between the
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Obr. 7 Naméreny pretlak na cidle A od ndloZe o velikosti 10 g
Fig. 7 Measured overpressure on sensor A from 10g charge

EXPERIMENT

Byly provedeny dva odpaly s hmotnosti (razi) niloze 10 g, ktera
byla odhadnuta podle inosnosti betonového osténi a vyhodnocena
jako typicka pro pribéh pretlakovych vin v Casové Skale, pribch
razovych vln pro rizné velikosti naloZi ukazuje, Ze ma podobny
charakter. Lisi se pouze velikosti pretlaku a rychlosti razové viny.
Cidlo A umisténé pfimo nad néloZi ukazalo béhem prvnich 3 ms
po explozi tfi vrcholy tlaku (obr. 7), kde jsou zobrazeny i detaily
pretlakového spektra.

Prvni, nejvétsi vrchol odpovida dopadu razové viny jdouci pfimo

Obr. 8 Drdha rdzové viny dopadajici na cidlo A
Fig. 8 Track of shockwave incident on sensor A
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Obr. 9 NaméFend pretlakovd spektra na ¢idlu B od ndloZe o velikosti 10 g a jejich detailni pribéh v asovém priblizeni
Fig. 9 Measured pressure spectra on sensor B from a 10g charge and their detailed progression in time approach




od naloze. Vzdélenost mezi ndlozi a kalotou je 80 cm a vlna ji ura-
zila za 1,1 ms, coz odpovidd primérné rychlosti 73 cm/ms. Druhy
vrchol je od razové viny odrazivsi se od spodni Casti skruze pfimo
pod néloZi (obr. 8). Zde je vzdalenost, kterou musela vlna urazit,
120 cm. Treti vrchol je od viny odrazené z boku. Vzdalenost, kte-
rou musela urazit vlna, je 130,5 cm a praimérnd rychlost 62 cm/ms,
ale scitaji se dvé vlny, které dorazi soucasné, a tak je vétsi nez dru-
hy vrchol, 240 kPa oproti 160 kPa. Tlak prvni viny byl 300 kPa.

Pribéh pretlaku na ¢idlu B je moZzno vidét na obr. 9. Tady jiZ neni
situace s odrazy tak jednoduchd. Prvni pfima vlna nema nejvétsi
ucinek, ten maji odraZené vlny, které se sejdou v jednom okamziku
v bodu B.
ZAVER

V predlozeném prispévku je studovan vliv polohy naloZe v po-
louzavieném prostoru modelového tunelu na prabéh pretlakového
spektra, a tim na zatiZeni vrchni ¢asti — kaloty. Stru¢né jsou disku-
tovany piipady narazu na bariéru v otevieném prostoru (Friedlan-
derGv graf), osovd poloha nédloZze v tunelu (spektrum popsino
funkci kombinace exponencidly a trigonometrické funkce) a ko-
necné je podrobnéji sledovén a diskutovan ptipad umisténi naloze
pobliZ pocvy. V prvnich dvou pfipadech je popis pribéhu pretlaku
pomérné dobie vystizitelny uvedenymi grafy (funkci), v pripadé
poslednim, podrobnéji diskutovanym, je situace komplikovanéjsi.
Numerické postupy vychdzeji z teorie kone¢nych deformaci, po-
stupu podle Galerkin-Petrovovy metody a tzv. Arbitrary Lagrangi-
an-Eulerian metody konecnych prvka [9-10].
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charge and the calotte is 80cm and the wave reached it in 1.1ms,
corresponding to an average speed of 73cm/ms. The second peak is
from the shockwave reflected from the bottom of the ring directly
below the charge, see Figure 8. Here is the distance that the wave had
to travel 120cm. The third peak is from the wave reflected from the
side. The distance traveled by the wave is 130.5cm and the average
speed is 62cm/ms, but two waves arriving at the same time are
added together, and thus larger than the second peak, i.e. 240kPa vs.
160kPa. The first wave pressure was 300kPa.

The overpressure at sensor B can be seen in Fig. 9. Here the
situation involving reflections is not that simple. The first straight
wave does not have the greatest effect; it has reflected waves that
meet at point B at one time.

CONCLUSION

The paper deals with the influence on the course of the overpressure
spectrum due to charge location inside the semi-enclosed space of
the model tunnel. This spectrum is related to the top of the tunnel
and therefore the load of the calotte can be derived from it. Cases
of impact on the barrier in the open space (Friedlander graph), the
axial position of the charge in the tunnel (the spectrum described
by the function of the combination of exponential and trigonometric
function) are briefly discussed and the case of the location of the
charge near the thill is studied. In the first two cases, the description
of the overpressure course is quite well understood by the graphs
(functions), in the case of the last — off axis of the tunnel — is
discussed in more detail, as the situation is more complicated. In the
case of numerical procedures, they are usually based on the finite
deformation theory, the Galerkin-Petrov method and the so-called
Arbitrary Lagrangian-Eulerian finite element method [9-10].
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STATIKA I?EGRADOVANEHO PRIMARNIHO OSTENI
SPOLUPUSOBICIHO S OSTENIM SEKUNDARNIM
2. CAST
STATICS OF DEGRADED PRIMARY LINING INTERACTING
WITH SECONDARY LINING
PART 2

ALES ZAPLETAL

ABSTRAKT

Tento cldanek navazuje na stejnojmenné pojedndni v ¢isle 3/2019 tohoto casopisu. Tam jsou odvozeny vztahy potrebné pro pochopeni
toho, co je zde prezentovdno. Cldnek v ¢isle 3/2019 je vénovdn statice systému ,,degradované primdrni osténi — sekunddrni osténi* pri
homogenni degradaci primdrniho osténi. Vliv sekunddrniho osténi na projevy degradace je zanedbdn. Tady pojedndme o tomtéZ systému
za predpokladu, Ze degradace primdrniho osténi je heterogenni, pricem? heterogenita je dvouvrstevnatd a bude respektovdn viiv sekun-
ddrniho osténi na projevy degradace. Vyklad je proveden pro stav rovinné deformace. Vysledky je viak moZno aplikovat na iilohu v 3D. Na
konci ¢ldnku bude vyklad rozSiten na vicevrstevnatou degradaci primdrniho osténi.

ABSTRACT

This paper is a follow-up to the paper of the same name published in issue No. 3/2019 of this journal, containing the derivation of
relationships required for understanding of the things presented in the new paper. The paper published in issue No. 3/2019 attends to the
statics of a “degraded primary lining — secondary lining” system under conditions of the homogeneous degradation of the primary lining.
The influence of the secondary lining on the phenomenon of degradation is neglected. In this paper, we discuss the same system under the
assumption that the degradation of the primary lining is heterogeneous, where the heterogeneity is double-layered and the influence of the
secondary lining on the phenomenon of degradation is respected. The explanation is carried out for the planar deformation state. But the
results are applicable to a problem in 3D. At the end of the paper, the explanation will be extended to the multilayered degradation of a

primary lining.

VYMEZENI POJMU

Homogenni degradaci primarniho osténi rozumime takovou de-
gradaci, pfi které se jeho modul pruznosti E, zméni na modul 6E,,
6<1, 0#0, 6= konstanta. Pro veli¢inu 0 jsme v 3/2019 zavedli
nazev koeficient degradace primdrniho osténi. Tento nazev bude
nadale naleZet v§em veli¢inam &, které zavedeme, a které se budou
lisit indexaci.

Heterogenni degradaci primarniho osténi nazyvame takovou de-
gradaci, pii které se plivodni modul pruznosti £,, méni na modul
6p E,, kde 5p je funkci polohy v télese primarniho osténi.

Dvouvrstevnatou degradaci nazyvame takovou heterogenitu, pfi
které je primarni osténi ve své tloustce rozdéleno na dvé vrstvy,
uvniti homogenni, z nichZ prvni, L, bliZi hofe, je pfifazen koefi-
cient degradace 51, zatimco vrstv€ druhé, L,, bliZsi sekunddrnimu
osténi, pfisuzujeme koeficient degradace d,.

Rozmezi mezi horninou a primarnim osténim nazveme vnéjSim
rozhranim s oznaCenim R,, 0 rozmezi mezi prvni a druhou vrstvou
degradace budeme hovofit jako o vnitinim rozhrani s ozna¢enim
R,. Rozmezi mezi primarnim a sekunddrnim osténim nazveme
vnéjsim rozhranim R,.

Primérni osténi povazujeme pred i po degradaci za pruzné téleso.
Totéz plati o osténi sekundarnim. Hornina je pruzné-plasticka.

TlousStka primarniho osténi zstdva degradaci nedotéena. Poisso-
nova konstanta primarniho ost€ni i jeho objemova tiha ¥, se degra-
daci rovnéZ neméni.

DEFINITION OF TERMS

Under the term of homogeneous degradation of a primary
lining we understand such a degradation where the modulus of
elasticity E, of the lining is changed to modulus 6E,, 6 <1, 6 #0,
0 = constant. In the issue No. 3/2019 we introduced the term of
coefficient of degradation of a primary lining for quantity 6. This
term will hereinafter be used for all quantities & which will be
introduced and which will vary with indexing.

The term of heterogeneous degradation of a primary lining is
used for such a degradation where the modulus of elasticity E,
changes to modulus 5,,EP’ where 5,) is a function of the position
within the primary lining body.

The term of double-layer degradation is used for such a
heterogeneity where the primary lining is divided within its
thickness into two layers, each one homogeneous inside. Here the
coefficient of degradation §, is assigned to the first layer L, (closer
to the surrounding ground), whilst the coefficient of degradation
0, is assigned to the other layer L, (closer to the secondary lining).

The interface between ground and primary lining will be called
the external interface denoted R; the interface between the first
and the second layer of degradation will be referred to as the
internal interface denoted R,. The interface between the primary
and secondary lining will be called the external interface R,

We consider the primary lining to be an elastic body before and
after degradation. The same applies to the secondary lining. The
ground is elastic-plastic material.

The primary lining thickness remains unaffected by the
degradation. Also Poisson’s ratio of the primary lining and its unit
weight ¥, are not changed due to degradation.




Posledni vypocet z posloupnosti vypoctl stanovujici vnitini sily
a deformace soustavy ,,hora — nedegradované primarni osténi —
sekundarni osténi*, oznacime jako vypocet V-1. Platnost principu
akce a reakce v ném zarucuje, Ze kontinuum, leZici na jedné strané
rozhrani R , m=1,2,3, plsobi na toto rozhrani zatiZenim, které je
stejné velikosti, ale opacného znaménka jako zatiZzeni od kontinua,
leziciho na opacné strané rozhrani. Vyjadiime to vyrokem, Ze zati-
Zeni rozhrani je v rovnovdzném stavu.

Teoreticky rozbor statickych nasledki degradace (viz 3/2019) se
sklada ze dvou Casti. Prva Cast, kterd pracuje s vysledky vypoctu
V-1 (tedy vysledky pofizenymi pro nedegradované primarni osté-
ni), dvojim zpisobem narusuje pravidla mechaniky kontinua:

e Zohlednuje jenom ¢ast objemové tihy primarniho osténi o veli-
kosti (Sl.yp, i=1,2.

* Na rozhranich R poruSuje princip akce a reakce. To znamen4,
Ze dvé zatizeni rozhrani, popsand v predchozim odstavci, jsou
nejenom opa¢ného znaménka, ale i riizné velikosti. Rekneme, Ze
zatizeni rozhrani je v nerovnovdzném stavu. Tato nerovnovédha je
zdrojem degradac¢nich zatiZeni, na rozhranich R puasobicich.

Degradacni zatiZeni a chybéjici ¢ast objemové tihy primarniho
osténi o velikosti (1 —5l.) 7, nechdme pusobit na soustavu ,,hornina
— degradované primarni osténi — sekundarni osténi ve vypoctu,
ktery oznacime jako vypocet V. Ten je druhou ¢asti teoretického
rozboru degradace. Jeho vysledky, spolu s vysledky prvé casti,
umoziuji nalezeni kone¢ného feseni tlohy o statickych nasledcich
degradace. Kone¢né feSeni uvadi rozhrani R do rovnovédzného
stavu.

VYCHOZi VZTAHY PRED DEGRADACI

PRIMARNIHO OSTENI

* VSechna rozhrani R , m=1,2,3, jsou v rovnovdzném stavu. Pfi-
tom plati:

ey,

Vnéjsi rozhrani R,
Na vnéjsi rozhrani R, pisobi ze strany horniny zatiZeni, vyjadfe-
né vektorovou funkci

q,(A)=q,(A)V,(A), &)

kde g,(A) je vektor zatiZeni, skaldr ¢,(A) udavd intenzitu zatizeni
a jednotkovy vektor v, (A) smér, ve kterém zatiZeni ptisobi. Vektor
V,(A) je orientovan do vyrubu. Symbol A urCuje polohu na vnéjsim
rozhrani.

Vnitini rozhrani R,
Na vnitfnim rozhrani R, psobi ze strany vrstvy L na vrstvu L,
v misté B rozhrani zatiZeni

4,(B)=q,B)v(B). 2
Ze strany vrstvy L, pak nutné musi na vrstvu L, piisobit zatiZeni
—4,(B)=q,(B)[-v\(B)]. 3

Vektor g (B)/—q,(B) je vektorem zatiZeni, ¢,(B) je jeho intenzi-
ta. Jednotkovy vektor v,(B)/-v,(B) stanovi smér piisobeni vektoru
zatiZeni, kterym vrstva L /L, pisobi na vrstvu L,/L,. Je orientovan
do vyrubu/do hory.

Vnéjsi rozhrani R,

Na vngj8im rozhrani R, piisobi na primérni osténi ze strany se-
kundérniho osténi zatiZeni, které je v bodé C rozhrani

28. rocnik - ¢. 4/2019

We will denote the last of the series of calculations determining
the internal forces and deformations of the “surrounding ground
— non-degraded primary lining — secondary lining” system as
calculation V-1. The action-reaction principle in the system
guarantees that the continuum lying on one side of each interface
R, m=1,2,3 acts on the interface by a loading of the indentical
intensity, but with the opposite sign to the load from the continuum
lying on the opposite side of the interface. We will express it by
a statement that the load acting on the interface is in the state of
equilibrium.

Theoretical analysis of structural consequences of degradation
(see 3/2019) consists of two parts. The first part, which operates
with the results of calculation V-1 (i.e. with results provided for
non-degraded primary lining), breaks the rules of the mechanics of
continuum in two ways:

« It takes only a part of the unit weight of the primary lining equal
to 8.7, i = 1,2, into consideration.

e It breaks the action-reaction principle on the R interfaces.
It means that the two loads acting on the interface,which are
described in the column above, differ not only in the signs, but also
in the intensities. We will say that the load acting on the interface
is in the state of disequilibrium. This disequilibrium is a source of
degradation loads acting on the R interfaces.

We will put the degradation load and the missing part of the
unit weight of the primary lining with the intensity of (1-5) %, on
the “surrounding ground — degraded primary lining — secondary
lining”, in the calculation denoted as calculation V. This calculation
is the second part of the theoretical analysis of degradation. Its
results, together with the results of the first part, allow for finding
the final solution to the problem regarding structural consequences
of degradation. The final solution brings the R interfaces into the
state of equilibrium.

STARTING RELATIONSHIPS BEFORE DEGRADATION
OF PRIMARY LINING

e Allinterfaces R , m=1,2,3 are in the state of equilibrium, where
it applies the following:

External interface R,
The external interface R, is exposed to the load from the
surrounding ground side, expressed by vector function

q,(A)=q,(A)V,(A), ey

where ¢,(A) is the load vector, the scalar g,(A) gives the loading
intensity and the unit vector v, (A) gives the direction of the acting
load. Vector v, (A) is oriented toward the excavation. Symbol A
determines the position on the external interface.

Internal interface R,
On the internal interface R,, at point B of this interface, the
following load acts on the L, layer from the side of the L, layer:

q,(B)=q,(B)v(B). 2

Then the following load must necessarily act on the L, layer from
the side of the L, layer:

—4,(B)=q,(B)[-\(B)]. 3

Vector q,(B)/—q,(B) is the load vector, ¢,(B) means its intensity.
Unit vector v,(B)/—V,(B) gives the direction of vector of the load
by which the L /L, layer acts on the L,/L, layer. Itis oriented toward
the excavation/the surrounding ground.

External interface R,

On the external interface R, at point C of this interface, the
following load acts on the primary lining from the side of the
secondary lining:



28. rocnik - €. /2019

q,0)=q(C)v(C). “)

V rovnosti (4) je ¢ (C) vektor zatiZent, skaldr ¢,(C) udava inten-
zitu zatiZeni a jednotkovy vektor v,(C) smér, ve kterém zatiZeni
plsobi. Vektor v(C) je orientovén do hory.

U¢inky zatiZeni

Zatizeni q,(A), q,(C) a objemovd tiha primarniho osténi ¥, vy-
volavaji v nedegradovaném priméarnim osténi napjatost, kterou ve

< - . L <
vrstvé L, popiseme tenzorovym polem (0,"), , a ve vrstvé L, ten-
zorovym polem (O'I.J.LZ)M.

VZTAHY PRI DEGRADACI PRIMARNIHO .

OSTENI: OBECNY PRIPAD DVOUVRSTEVNATE
DEGRADACE

* Koeficient degradace vrstvy L /L, je §/6,. Plati 6,<0,, neboli:
degradace vrstvy priléhajici k hote je pokrocilejsi, nez degradace
vrstvy prilehlé k sekundarnimu osténi.

e Prva slozka degradace

** Nejprve odd€lime podél vnéjsich rozhrani R, R, primarni osténi
od horniny a sekundarniho osténi. Aby to ani primarni osténi ani
hora/sekundérni osténi po statické strance nezaznamenaly, musime
podél R, a R, plsobit na primérni osté€ni zatiZenim ¢,(A) a g(C)
a na horu/sekunddrni osténi zatizenim —q,,(A)/—q (C).

Dale odd€lime podé€l rozhrani R, vrstvu L, od vrstvy L,. Aby se
po statické strance nic nezmeénilo, nechame podél R, pasobit na
vrstvu L, zatiZzeni —¢ (B) a na vrstvu L, zatiZeni g (B).

Nyni z vrstev L,, L, sejmeme veSkera zatiZeni. To znamena, Ze
z L, sejmeme zatiZeni q,(A), —q,(B) a zatiZeni objemovou tihou
(polozime y, = 0). Z L, sejmeme zatiZeni q,(B), q(C) a zatiZeni
objemovou tihou.

Vrstvy se odpruZi a zméni tvar, takZe je nebude mozno navratit
zpét do vyrubu. Provedeme degradaci vrstev tim, Ze modul pruz-
nosti, pfed degradaci pro celé primarni osténi jednotny, o velikosti
E,, nahradime ve vrstvé L, modulem 61 E, a ve vrstvé L, modulem
0,E,

Chceme-li nyni navrétit vrstvy na své misto ve vyrubu, musime
jim vratit onu deformaci, kterou mély pfed odpruzenim.

Toho dosdhneme (proc¢ viz 3/2019), kdyz:

Na L, nechiame puisobit objemovou tihu o velikosti 6, 7, a podél
R /R, zatiZeni 6, q,(A)/§, [—q,(B)].

Na L, nechiame piisobit objemovou tihu o velikosti 8,7, a podél
R/R, zatiZeni 6,q,(B)/6,q,(C).

Tato zatiZeni vyvolaji:

ve vrstvé L, napjatost 9, (0,"),,, &)

ve vrstvé L, napjatost  6,(0,"),, . 6)

o+ Zatizeni 6, q,(A), 6,[-q,(B)], 6,4,(B), 6,4(C) a zatiZeni obje-
movou tihou &, , ve vrstvé L, a 8,7, ve vrstvé L, vyvolavaji v de-
gradovaném primarnim osténi deformace, shodné s deformacemi
nedegradovaného primédrniho osténi podle vypoctu V-1 (pro¢
viz 3/2019). Proto se prvd sloZka degradace nepodili na tvorbé
novych deformact, ke kterym v diisledku degradace primdrniho
osténi dochdzi. ProtoZe deformace primdrniho osténi jsou zdro-
Jjem zatiZeni sekunddrniho osténi, nemiiZe prvd slozka degradace
zménit to zatiZeni sekunddrniho osténi, které na néj piisobilo pred
degradact.

q,C)=q(C)v(C). “)

In equation (4), ¢,(C) is the load vector, the ¢,(C) scalar gives
the loading intensity and the unit vector v,(C) gives the direction
of the acting load. Vector v(C) is oriented toward the surrounding
ground.

Load effects

The loads ¢,(A), ¢,(C) and the unit weight of the primary lining
7, induce the stress state in a non-degraded primary lining which
will be described by means of a tensor field (Gl.jLJ)M for the L, layer
and tensor field ( cr,/."Z)Vf1 for the L, layer.

RELATIONSHIPS FOR DEGRADATION OF PRIMARY
LINING: GENERAL CASE OF DOUBLE-LAYER
DEGRADATION

* The coefficient of degradation of the L /L, layer is §/5,. The
valid relation is 6, < 6, which is expressing that the degradation of
the layer adjacent to the surrounding ground is more advanced than
the degradation of the layer adjacent to the secondary lining.

¢ The first component of degradation

oo First we will separate the primary lining from the surrounding
ground and the secondary lining along the R, R, external interfaces.
So that neither the primary lining nor the surrounding ground/the
secondary lining are affected in terms of statics, we have to act on
the primary lining by loads ¢,(A) and ¢ (C) and on the surrounding
ground/the secondary lining by loads —¢,(A)/—¢(C).

Further we will separate the L, layer from the L, layer along the
R, interface. So that nothing is changed in terms of statics, we will
act with load —¢,(B) on the L, layer and with load ¢ (B) on the L,
layer.

Now we will remove all loads from the L, and L, layers. It means
that we will remove loads ¢,(A) and —¢ (B) and the load resulting
from the unit weight (putting y, = 0) from the L layer. Also we
will remove loads ¢,(B) and ¢(C) and the load resulting from unit
weight from the L, layer.

The layers will spring off and will change the shape. For that
reason, it will be impossible to return them back to the excavation.
We will carry out degradation of the layers by replacing the
modulus of elasticity, before the degradation of the uniform value
E, for the whole primary lining, by modulus 6§, E, for the L, layer
and modulus 6, E,, for the L, layer.

If we want to return the layers to their positions in the excavation,
we have to return them the deformation shown before the springing
off.

We will achieve it (for the reason see 3/2019) when:

We will load the L, layer with the unit weight with the value of
0,7, and will act with loading 6, q,(A)/J, [-q,(B)] along the R /R,.

We will load the L, layer with the unit weight with the value of
0,7, and will act with loading &, ¢,(B)/8,q(C) along the R /R..

These loads will induce:

Stress state in the L, layer 61 (O}/L‘)vfw 5)
Stress state in the L, layer 52 (O-{sz)Vfl' (6)

*e The loads 0, ¢,(A), 6,[-q,(B)], 6,q,(B), 6,4(C) and the loads
resulting from the unit weight 6, , in the L layer and §,7, in
the L, layer induce deformations in the degraded primary lining,
identical with the deformations of the non-degraded primary lining
according to the calculation V-1 (for the reason see 3/2019). For
that reason the first component of degradation does not contribute
to the development of new deformations caused by degradation of
the primary lining. As the deformations of primary lining are the
source of loads acting on the secondary lining, the first component

of degradation cannot change the load which was acting on the

secondary lining before degradation.



¢ Druha slozka degradace

Poté, co navratime degradované vrstvy se zatiZzenim, které na-
vrat umoZiiuje, na svd mista, shleddvdme, Ze na rozhranich R ,
m=1,2,3, plisobi degradacni zatiZeni a vrstvam L,, k=1,2 se nedo-
stavé uplné€ objemové tihy .
e Degradacni zatizeni jsou nasledujici:

Narozhrani R, (1-8) q,(A)=(1-8) q,(A)V,(A). 7

Narozhrani R, (1-8,)¢q,(B)[+V,(B)]+
+(1-6)q,(B)[-v,(B)]=

=(6,-6,)q,(B) [+V,(B)]=
=(6,-6)q,(B)[-v,(B)]. (®)

V rovnosti (8) upfednostnime smér [-V,(B)] pfed smérem
[+v,(B)], protoZe pro tento smér je koeficient nerovnovihy
(6,-90,)>0, coz miZze mit vyznam pfi praktickém vypoctu.

(1-6))4,(C)=(1-6,)q(C)v(O). (€))

Na rozhrani R,

e Vrstvam se nedostava objemové tihy o velikosti:

(1-8)7,. (10)

Ve vrstvé L,

Vevrstvé L, (1-6)7,. (11)
* Vnitini sily a deformace primarniho a sekundarniho osténi
od degradace primarniho osténi

Degradacni zatizeni (7)—(9) i deficitni objemovou tihu primar-

niho osténi podle (10), (11) nechdme pusobit na soustavu ,hora
— degradované primarni osténi — sekundarni osténi ve vypoctu V,
ktery je mozno provést dvojim zptsobem:
e Soustavu ,.hornina s napjatosti ziskanou ve vypoctu V-1 — na-
pjatosti prosté degradované primarni osténi (tj. primarni osténi
s modulem pruznosti 6 E, ve vrstvé L, a 6,E, ve vrstvé L,) — sekun-
déarni osténi s napjatosti po vypoctu V-1 zatiZime degrada¢nimi
zatiZzenimi (7)—(9) a deficitni objemovou tihou primaru. Nechdme
probéhnout vypocet V.

V primarnim osténi vypocet V poskytne pole napéti od druhé
slozky degradace, s oznacenim (O'I.le)V pro vrstvu L, a (O'leZ)V pro
vrstvu L,.

Vysledna pole napéti degradovaného primarniho osténi budou
souctem poli od prvé a druhé slozky degradace.

Tedy:
51(61.}.“)%1 + (O-ile)V ve vrstvé L, (12)
62(01.142)‘/71 + (O',fz)v ve vrstvé L,. (13)

Jsou to pole po degradaci.

Deformace primérniho osténi, stanovené vypoctem V, jsou de-
formacemi od degradace.

Napéti/deformace sekunddrniho osténi, stanovené vypoctem V,
jsou napétimi/deformacemi po degradaci /od degradace.
e Soustavu ,.hornina s napjatosti ziskanou po vypoctu V-1 — de-
gradované primarni osténi (tedy primérni osténi s modulem pruz-
nosti 6,E, ve vrstvé L a 0,E, ve vrstvé L)) s napjatosti od prvé
slozky degradace, kterd je 6,(0,"), , VL, a 6,(0,"), v
déarni osténi s napjatosti po vypoc¢tu V-1 zatizime degrada¢nimi
zatizenimi a chybéjici objemovou tihou primaru, tedy zatiZzenimi
od druhé slozky degradace. Nechame probéhnout vypocet V.

L, —sekun-
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¢ The second component of degradation

After returning the degraded layers exposed to loading allowing
for the return to their positions, we find that degradation loads act
on the R , m=1,2,3 interfaces and the L, k=1,2 layers lack full
unit weight y,.

e The degradation loads are as follows:

On the R interface (1 —51) q,A)=(1 —51) q,(A)V,(A). @)

On the R, interface  (1-06,)q,(B) [+V,(B)]+
+(1-6)q,B)[-v,(B)]=
=(0,— 5)6](3)[+V(3)]
=(6,—- 5)61(3)[ v(B)]. (3)

In equation (8), we will prefer the direction [-v,(B)] to the
direction [+V,(B)] because the coefficient of disequilibrium for
this direction is (§,—,) >0, which can be important in a practical
calculation.

On the R interface (1-6,)¢,(C)=(1-6,)q(C) v(C). 9)

e The layers lack unit weight with the following values:

In the L, layer (1-8)7,. 10)
Inthe L layer (1-6,)7,. (11)

 Internal forces and deformations of primary and secondary
lining due to degradation of the primary lining

In the calculation V, we will load the ‘“surrounding ground

— degraded primary lining — secondary lining” system with the
degradation loads (7)—(9) and the deficient unit weight of the
primary lining according to (10) and (11); it is possible to perform
this calculation in two ways:
*» We will load the “ground with stress obtained in calculation V-1
— stress free degraded primary lining (i.e. primary lining with the
moduli of elasticity 6,E,, in the L, layer and 6,E,, in the L, layer) —
secondary lining w1th the stress atter the V-1 calculatlon system
with the degradation loads (7)—(9) and the deficient unit weight of
the primary lining. We will run the calculation V.

In the primary lining, the calculation V will provide the field of
stress induced by the second component of degradation, denoted as
((7 ), for the L layer and (6 ?), for the L, layer.

The resultlng fields of stress of the degraded primary lining
will be a sum of the fields generated by the first and the second
component of degradation, i.e.:

51(GUL‘)V4 +(0":/_L‘)V in the L, layer, (12)

62(61_/_“)\/7] + (q/_Lﬁ)V in the L, layer. (13)

Those are the fields after degradation.

Deformations of the primary lining determined by the calcula-
tion V are deformations caused by degradation.

Stresses/deformations of the secondary lining determined by the
calculation V are stresses/deformations after degradation /caused
by degradation.
*» We will load the “ground with stress obtained after the calculation
V-1 —degraded primary lining (i.e. primary lining with the moduli
of elasticity §,E, in L, layer and 6,E, in L, layer) with the stress
induced by the first component of degradation, which is equal to
6,(c, L') inL, and (o, L’) in L —secondary lining with the stress
determmed after the calculatlon V-1” system with the degradation
loads and the missing unit weight of the primary lining, i.e. with
the loads induced by the second component of degradation. We will
run the calculation V.

The fields of stresses in the primary lining determined by the
calculation V will be the final fields of stresses after degradation,
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Vypocétem V stanovena pole napéti degradovaného primarniho
osténi budou kone¢nymi poli napéti po degradaci, tedy poli, pro
ktera plati vztahy (12), (13).

Deformace primédrniho osténi, stanovené vypoctem V, jsou de-
formacemi od degradace.

Napéti/deformace sekundarniho osténi, stanovené vypoctem V,
jsou napétimi/deformacemi po degradaci /od degradace.

VZTAHY PRI DEGRADACI PRIMARNIHO
OSTENI: ZAKLADNI PRIPAD DVOUVRSTEVNATE
DEGRADACE

Je to ten pfipad, pri kterém je degradaci napadena jenom vrstva
L,, zatimco vrstva L, je degradace prosté. Jinak feCeno, jednd se
o postupnou degradaci primérniho osténi, kterd zacind u hory, $ifi
se dovniti primarniho osténi a dosahla tloustky vrstvy L,. Za t€chto
okolnosti je 6, <1 a 6,=1. Z toho plynou nasledujici vztahy pro
degradacni zatiZeni:

Narozhrani R, (1-9,)q,(A) v, (A). (14)

Narozhrani R, (1-6,)¢q,(B)[-V,(B)]. (15)
Narozhrani R, (1-6,)g(C)v{(C)=(1-1)g(C)v(C)=0. (16)

To znamena, Ze rozhrani R, neni zdrojem degradacnich zatiZent,
feSeni problému se zjednoduSuje a odehravd se pouze ve vrstve L,.
BliZe o tom pojedname v kapitole ,,Jak postupovat pti numerickém
vypoctu®, odstavci ,,Zakladni pfipad degradace®.

VZTAHY PRI DEGRADACI PRIMARNIHO OSTENI:
HOMOGENNI DEGRADACE

Vrstva L, je identickd s vrstvou L, v tom smyslu, Ze §,= 6, = 6.
Proto je degradacni zatiZeni na vnitinim rozhrani R, nulové, jak
plyne z rovnosti (8), kdyZ do ni dosadime &, = §;:

(6,-6))q,(B)[-v,(B)]= (6,6 q,(B) [-V,(B)] =0. amn

Degradacni zatiZeni piisobi pouze na vnéjsich rozhranich R, R,
ajsou:

Narozhrani R, (1-8)q,(A)=(1-8)q,(A) V,(A). (18)

Narozhrani R, (1-8)g(C)=(1-6)g(C)v,(C). (19)
O podrobnostech pojedname v kapitole ,,Jak postupovat pfi nu-
merickém vypoctu, odstavci ,,Homogenni degradace*.

JAK POSTUPOVAT PRI NUMERICKEM VYPOCTU

V tunelarské statice jsou znamy pojmy ,,vydechnuti horniny*
a ,.koeficient vydechnuti“ a je znamo, jaky maji vyznam. Pojmy
»vydechnuti“ a , koeficient vydechnuti“ pouZijeme se stejnym vy-
znamem i v této kapitole. Ve vypoctu V bude vydechovat reduko-
vand napjatost vypoctu V—-1.

Pred zapocetim vypoctl je nutno sit MKP navrhnout tak, aby
déleni primarniho osténi na prvky umoziovalo rozdéleni na vrstvy
L,L,

¢ Obecny pripad degradace

1. Posledni vypocet z posloupnosti vypocta soustavy ,,hora
— nedegradované primarni osténi — sekundarni osténi*,
oznacime jako vypocet V-1.
Modul pruznosti primarniho osténi je E,, jeho objemova tiha y,.

i.e. the fields for which the relationships (12) and (13) are valid.
The deformations of the primary lining determined by the
calculation V are deformations caused by degradation.
The stresses / deformations of the secondary lining determined
by the calculation V are stresses/deformations after degradation /
caused by degradation.

RELATIONSHIPS FOR DEGRADATION OF PRIMARY
LINING: BASIC CASE OF DOUBLE-LAYER DEGRADATION

The case is concerned where only the L, layer is disturbed by
degradation, whilst the L, layer is free of degradation. In other
words, it is the case of gradual degradation of the primary lining
starting at the surrounding ground and spreading inwards the
primary lining, reaching the thickness of the L, layer. Under those
conditions, 6, <1 and 6,=1. The following relationships result
from it for degradation loads:

On the R, interface (1— 51) q,(A)V,(A). (14)

On the R, interface  (1— 51) q,(B)[-v,(B)]. (15)

On the R, interface  (1-6,)¢(C)v{(C)=
=(1-1)g(C)v(C)=0. (16)

It means that the R, interface is not a source of degradation loads,
the solution to the problem is simplified and takes place only in the
L, layer. We will discuss it closer in chapter “How to proceed in
numerical calculation”, in the section “Basic case of degradation”.

RELATIONSHIPS FOR DEGRADATION OF PRIMARY
LINING: HOMOGENEOUS DEGRADATION

The L, layer is identical with the L, layer in the meaning that
0,=06,=0. For that reason the degradation load on the internal
interface R, is equal to zero, as follows from equation (8), when
we insert 6, =4,

(6,-6,)q,(B)[-v,(B)]= (6, 6)) q,(B) [-V,(B)] =0. a7)

Degradation loads act only on the external interfaces R, and R,
and are equal to:

On the R interface (1 fé)qH(A): (1 fﬁ)qH(A) v, (A). (18)
On the R;interface (1-68)g(C)=(1-0)q,(C) v{(C). (19)

We will discuss the details in chapter “How to proceed in
numerical calculation”, in the section “Homogeneous degradation”.

HOW TO PROCEED IN NUMERICAL CALCULATION

The terms “stress relaxation” due to excavation and “relaxation
coefficient” are known in tunnel engineering statics and their
meanings are also known. The terms “stress relaxation” and
“relaxation coefficient” will be used with the same meanings also
in this chapter. The reduced stress determined by calculation V-1
will be relaxed in the calculation V.

Before starting the calculation it is necessary to design such
the FEM network where the division of the primary lining into
elements also allows subdivision into L, and L, layers.

* General case of degradation

1. We will denote the last calculation from the sequence of
calculations for the “surrounding ground — non-degraded
primary lining — secondary lining” system as calculation
V-1.
Modulus of elasticity of the primary lining is E,, its unit
weight is y,. Let the stress tensor of primary lining after

calculation V-1 be (GﬁL')wI in the L layer and (6[,/‘“)‘/7I in the

L, layer. The normal forces, moments and shear forces in the
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3.2

4.1

4.2

Tenzor napéti primarniho osténi po vypoctu V-1 budiz (o-ile)V—l
ve vrstvé L, a(q.le)Vf1 ve vrstv€ L,. Normalové sily, momenty
a posouvajici sily primarniho osténi stanovené vypoctem V-1
a vztazené k jeho jednotlivym vrstvdm oznacime jako N, %,
M, 5, T, Y provrstva L aN M % T, % pro vistvu L,.
Pripravime vypocet V.

Napéti v horniné/sekundarnim osténi pfevezmeme z vypoctu
V-1. Napéti v primarnim osténi polozZime rovno nule. Vrstvé
L /L, pfitadime modul pruznosti §,E,/ 8,E,. Vrstvé L /L, piifa-
dime objemovou tihu o velikosti (1-6,) 7, /(1-6)) 7,.
Vypocet V za predpokladu, Ze do prvka primarniho osténi
je mozno nacist nasobek tenzori (qu')V_l, (O'ng)v_r

Do vrstvy L /L, natteme napéti 6,(0,"), ,/6,(0,"), . Horninu
nechdme vydechnout do vrstvy L, s koeficientem vydechnuti
(1-6,)). Vrstvu L, nechdme vydechnout do vrstvy L, s koefi-
cientem vydechnuti (52—61). Sekundarni osténi nechame vy-
dechnout do vrstvy L, s koeficientem vydechnuti (1-6)).
Nechame probéhnout vypocet V.

Vypocet V za predpokladu, Ze do prvka primarniho osténi
neni mozno nacist nasobek tenzora (GUL')H, (G,-,«Lz)v,l-
Napéti ve vrstvach L, L, zlstane vynulovano. Horninu neché-
me vydechnout do vrstvy L, s koeficientem vydechnuti (1-6,).
Vrstvu L, nechdme vydechnout do vrstvy L, s koeficientem
vydechnuti (6,—6,). Sekundarni osténi nechdme vydechnout
do vrstvy L, s koeficientem vydechnuti (1-6,).

Nechame prob€hnout vypocet V.

Po vypoctu V za predpokladu, Ze do prvka primarniho
osténi je moZno natist nasobek tenzora (0,"), |, (0,7, .
Na vrstvy L, L, nahliZime jako na samostatné nosné celky.
Vypocteme jejich vnitini sily. Jsou to sily po degradaci.
Deformace vrstvy L /L, jsou deformacemi od degradace.
Vypocteme vnitini sily sekundéarniho osténi. Jsou to sily po
degradaci.

Deformace sekundarniho osténi jsou deformacemi od degra-
dace.

Po vypoctu V za predpokladu, Ze do prvki primarniho osté-
ni neni moZno nacist nasobek tenzoru (O',;;Ll)vfp (O'I.J.LZ)H.
Integraci pies napéti v jednotlivych vrstvach L,, L, ziskdme
vnitini sily od druhé slozky degradace: N, M ", T ", pro
vistvu L a N %, M =, T > pro vrstvu L,. Vnitini sily po de-
gradaci budou 6N, b, + NS, M '+ M\, 6T, + T )1
ve vrstvé L, adN = + N, M, 1= + M =, 6T, = + T -ve
vIstveé L.

Deformace vrstvy L /L, jsou deformacemi od degradace.
Vypocteme vnitini sily sekundarniho osténi. Jsou to sily po
degradaci.

Deformace sekundérniho osténi jsou deformacemi od degra-
dace.

e Zakladni pripad degradace

1.

Posledni vypocet z posloupnosti vypocta soustavy ,.hora
— nedegradované primarni osténi — sekundarni osténi,
oznacime jako vypocet V-1.

Modul pruznosti primérniho osténi je E,, jeho objemova tiha
je 7,. Tenzor napéti priméarniho osténi po vypoctu V-1 ve vrst-
vé L, budiz (qu')V_]. Normalové sily, momenty a posouvajici

7 =4 3 L L L
sily ve vrstv€ L, jsou N, 1, M, 1, T, 1.

3.1

3.2

4.1

4.2
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primary lining determined by calculation V-1 and related to
the particular primary lining layers will be denoted as N =
M, o, T, “forthe L, layerand N, >, M
We will prepare the calculation V.
We will take the stress in the ground / in the secondary lining
over from the calculation V—1. The stress in the primary lining
will be put equal to zero. We will assign modulus of elasticity
0,E,/SE, to the L /L, layer. We will assign unit weight with
the value of (1-6,)7,/(1-0,) 7, to the L /L, layer.
Calculation V under the assumption that it is possible
to insert a multiple of tensors (()'i/L') (GU.LZ)M into the
primary lining elements.

We will insert the stress 5]((;/,“)‘,71/52(0'#)%] into the L /L,
layer. We will let the ground stress relax (relieve) into the L,
layer with the stress relaxation coefficient (1—5]). We will
let the L, layer stress relax into the L, layer with the stress
relaxation coefficient (5,-6,). We will let the secondary
lining stress relax into the L, layer with the stress relaxation
coefficient (1-0,).

We will run the calculation V.

Calculation V under the assumption that it is not possible
to insert a multiple of tensors (GUF') (GULZ)M into the
primary lining elements.

The stress in the L, L, layers will remain equal to zero. We
will let the ground stress relax (relieve) into the L, layer with
the stress relaxation coefficient (1-0,). We will let the L, layer
stress relax into the L, layer with the stress relaxation coefficient
(6,—6,). We will let the secondary lining stress relax into the L,
layer with the stress relaxation coefficient (1-4,).

We will run the calculation V. _

After the calculation V under the assumption that it is
possible to insert a multiple of tensors (O'I./,L‘) (crijl)VfI into
the primary lining elements.

We think of the L, L, layers to be independent load-bearing
units. We will determine their internal forces. They are forces
after degradation.

The deformations of the L /L, layer are deformations caused
by degradation.

We will calculate internal forces in the secondary lining. They
are forces after degradation.

The deformations of the secondary lining are deformations
caused by degradation.

After the calculation V under the assumption that it is not
possible to insert a multiple of tensors (G,yh)vfw (o;j.’ﬁ)vfl into
the primary lining elements.

By integration over stress in the particular layers L, L,, we will
obtain internal forces induced by the second component of
degradation: N, M »1, T "for the L, layer and N /-, M ">, T -
for the L, layer. The internal forces after degradation will be
ON, 4+ NI, OM '+ MP, 6T, 4 + T in the L, layer and

V-1~ 17 V-1

ON, b+ N oM, =+ M), 8T, + T ~in the L, layer.

The deformations of the L /L, layer are deformations caused
by degradation.

We will calculate internal forces in the secondary lining. They
are forces after degradation.

The deformations of the secondary lining are deformations
caused by degradation.

V-1

"2, T, " for the L, layer.

V-1 Tyl

V-1?

Vv-1?

V-1’

* Basic case of degradation

1.

We will denote the last calculation from the sequence of cal-
culations for the ‘“‘surrounding ground — non-degraded pri-
mary lining — secondary lining”’ system as calculation V-1.
Modulus of elasticity of the primary lining is E,, its unit
weight is y,. Let the stress tensor of primary lining after
calculation V-1 be (O-i/LI)V—I in the L, layer. The normal forces,

moments and shear forces in the L, layer are N, b, M 1, T L.
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3.2

4.1

4.2

Pripravime vypocet V.

Napéti v hornin€, sekundérnim osténi a vrstvé L, pfevezmeme
z vypoCtu V-1. Napéti ve vrstvé L, poloZime rovno nule. Vrst-
vé L, piifadime modul pruZnosti 6,E,, jeji objemovi tiha bude
(1-6)7,

Vypocet V za predpokladu, Ze do vrstvy L, je moZno nadist
nasobek tenzoru (O'I-J-L')v_u'

Do vrstvy L, naCteme napéti 51(0'UL1)V_1. Horninu nechdme
vydechnout do vrstvy L, s koeficientem vydechnuti (1-46,).
Vrstvu L, nechdme vydechnout do vrstvy L, s koeficientem
vydechnuti (1-6).

Nechdme probéhnout vypocet V.

Vypocet V za predpokladu, Ze do vrstvy L, neni moZno na-
Cist nasobek tenzoru (‘7,;,~L')v_1'

Napéti ve vrstv€ L, zistane vynulovano. Horninu nechdme
vydechnout do vrstvy L, s koeficientem vydechnuti (1-6,).
Vrstvu L, nechame vydechnout do vrstvy L, s koeficientem
vydechnuti (1-9,).

Nechdme probéhnout vypocet V.

Po vypoctu V za predpokladu, Ze do vrstvy L, je moZno
nacist nasobek tenzoru (Gile)V—l'

Na vrstvy L, L, nahliZime jako na samostatné nosné celky.
Vypocteme jejich vnitini sily. Jsou to sily po degradaci.
Deformace vrstvy L /L, jsou deformacemi od degradace.
Vypocteme vnitini sily sekunddrniho osténi. Jsou to sily po
degradaci.

Deformace sekundarniho osténi jsou deformacemi od degra-
dace.

Po vypoctu V za predpokladu, Ze do vrstvy L, neni moZno
nacdist nasobek tenzoru (O'lyL')v_u'

Na vrstvy L,, L, nahlizime jako na samostatné nosné celky.
Integraci pfes napéti ve vrstvé L, ziskdme vnitini sily N ",
M ", T, od druhé slozky degradace. Vnitini sily po degra-
daci budou 6 N, “+Nf, oM “+M ", 6T, L+ T 1
Deformace vrstvy L, jsou deformacemi od degradace.
Integraci pfes napéti ve vrstvé L, ziskdme vnitini sily N,
M =, T F. Jsou to vnitini sily po degradaci.

Deformace vrstvy L, jsou deformacemi od degradace.
Vypocteme vnitini sily sekundarniho osténi. Jsou to sily po
degradaci.

Deformace sekundarniho osténi jsou deformacemi od degra-
dace.

* Homogenni degradace

1.

Posledni vypocet z posloupnosti vypoéta soustavy ,.hora
— nedegradované primarni osténi — sekundarni osténi*,
oznacime jako vypocet V-1.

Modul pruznosti primérniho ost€ni je E,, jeho objemova tiha
je 7,. Tenzor napéti primarniho osténi po vypocCtu V-1 budiz
(G),.,- Normalové sily, momenty a posouvajici sily primarni-
ho osténi stanovené vypoctem V-1 oznaCime jako N, , M, ,
T,,
Pripravime vypocet V.

Napéti v horniné/sekundarnim osténi prevezmeme z vypo-
¢tu V-1. Napéti v primdrnim osténi poloZime rovno nule. Pri-
marnimu osténi pfifadime modul pruznosti E,, jeho objemo-
vé tiha bude (1-6)7,.

V-1’

2. We will prepare calculation V.

We will take the stress in the ground, in the secondary lining
and in the L, layer over from calculation V-1. The stress in the
L, layer will be put equal to zero. We will assign modulus of
elasticity 6,E, to the L, layer; its unit weight will be equal to
(1-6)7,

3.1 Calculation V under the assumption that it is possible to
insert a multiple of tensor (GI.,.L')Wl into the L, layer.

We will insert the stress 51((7’.].“)\/4 into the L layer. We will let
the ground stress relax (relieve) into the L, layer with the stress
relaxation coefficient (1-6,). We will let the L, layer stress
relax into the L layer with the stress relaxation coefficient
(1-6).

We will run the calculation V.

3.2 Calculation V under the assumption that it is not possible
to insert a multiple of tensor (0,"),  into the L, layer.

The stress in the L, layer will remain equal to zero. We will let
the ground stress relax (relieve) into the L, layer with the stress
relaxation coefficient (1—51). We will let the L, layer stress
relax into the L, layer with the stress relaxation coefficient
(1-6).

We will run the calculation V.

4.1 After the calculation V under the assumption that it is
possible to insert a multiple of tensor (GU."')Wl into the L,
layer.

We think of the L, L, layers to be independent load-bearing
units. We will determine their internal forces. They are forces
after degradation.

The deformations of the L /L, layer are deformations caused
by degradation.

We will calculate internal forces in the secondary lining. They
are forces after degradation.

The deformations of the secondary lining are deformations
caused by degradation.

4.2 After the calculation V under the assumption that it is not
possible to insert a multiple of tensor (GijLI)V—l into the L,
layer.

We think of the L, L, layers to be independent load-bearing
units.

By integration over stress in the layer L, we will obtain internal
forces N\, M "+, T/ induced by the second component of
degradation. The internal forces after degradation will be
ON, “+Nf SM v M, 6T, +T 1.

The deformations of the L, layer are deformations caused by
degradation.

By integration over stress in the layer L, we will obtain
internal forces N ", M ", T . They are internal forces after
degradation.

The deformations of the L, layer are deformations caused by
degradation.

We will calculate internal forces in the secondary lining. They
are forces after degradation.

The deformations of the secondary lining are deformations
caused by degradation.

* Homogeneous degradation

1. We will denote the last calculation from the sequence
of calculations for the “surrounding ground - non-
degraded primary lining — secondary lining” system as
calculation V-1.
Modulus of elasticity of the primary lining is E,, its unit
weight is y,. Let the stress tensor of primary lining after
calculation V-1 be (CFU.)V?]. The normal forces, moments and
shear forces in the primary lining determined by the calculation

V-1 will be denoted as N, , M, |, T, .

v-1° v-1?




3.1 Vypocet V za predpokladu, Ze do primarniho osténi je
mozno nacist nasobek tenzoru (Gl:,.)‘H.
Do primarniho osténi nacteme napéti 5(0',,1.)‘,_]. Horninu neché-
me vydechnout do primarniho osténi s koeficientem vydech-
nuti (1-9). Sekundérni osténi nechame vydechnout do primér-
niho osténi s koeficientem vydechnuti (1-6).
Nechame probéhnout vypocet V.

3.2 Vypocet V za predpokladu, Ze do primarniho osténi neni
moZno nacist nasobek tenzoru (Gi,.)v_l.
Napéti v primarnim osténi zistane vynulovano. Horninu ne-
chame vydechnout do primarniho osténi s koeficientem vy-
dechnuti (1-9). Sekundarni osténi nechame vydechnout do
primérniho osténi s koeficientem vydechnuti (1-9).
Nechame probéhnout vypocet V.

4.1 Po vypoctu V za predpokladu, Ze do primarniho osténi je
mozno nacist nasobek tenzoru (G-
Vypocteme vnitini sily primarniho osténi. Jsou to sily po de-
gradaci.
Deformace primérniho osténi jsou deformacemi od degra-
dace.
Vypocteme vnitini sily sekundarniho osténi. Jsou to sily po
degradaci.
Deformace sekundarniho osténi jsou deformacemi od degra-
dace.

4.2 Po vypoctu V za predpokladu, Ze do primarniho osténi
neni mozno nacist nasobek tenzoru (G-
Integraci ptes napéti ziskdme vnitini sily primarniho osténi od
druhé slozky degradace N, M, T,. Vnitini sily po degrada-
cibudou 6N, +N,, oM +M 6T, +T,
Deformace primarniho osténi jsou deformacemi od degra-
dace.
Vypocteme vnitini sily sekundarniho osténi. Jsou to sily po
degradaci.
Deformace sekundarniho osténi jsou deformacemi od degra-
dace.

VICEVRSTEVNATA DEGRADACE
PRIMARNIHO OSTENI

Rozsifit naSe poznatky na vicevrstevnatou degradaci primar-

nfho osténi neni obtiZné, a to i tehdy, kdy je primarni osténi jiz
pfed degradaci vrstevnaté heterogenni. Jak postupovat pii vypo-
¢tu degradace takovéhoto primarniho osténi ukdZeme v této ka-
pitole. Ulohu takto komplikujeme zdmérmé, abychom vytvorili
zazemi pro piipad, Ze statik bude mit dostatek experimentdlnich
udaju i vile, aby vypocet degradace pojal jako tlohu o degradac-
ni vIné, primarnim osténim se §i¥ici. ReSeni takové tlohy by bylo
zaloZeno na fadé po sobé jdoucich a na sebe navazujicich vypoctu.
KaZzdy aktudlni vypocet (vypocet V) by vychazel z predchoziho,
ktery by z hlediska aktudlniho vypoctu byl v pozici vypoctu vrs-
tevnaté heterogenniho primarniho osténi pied jeho degradaci (vy-
poctu V-1).
e Necht je tedy nedegradované primarni osténi tvofeno n vrstva-
mi L, k=1,2,..,n, 0o modulech pruznosti E,. V8echny vrstvy maji
stejnou objemovou tihu ¥, i stejnou Poissonovu konstantu. Prvni
vrstva sousedi s horou, posledni se sekundarnim osténim. Koefici-
enty degradace jsou &, § € (0, 1).

Vrstvy jsou ohraniCeny rozhranimi R , kterych je n+1. Vné&jsi
rozhrani R, odd€luje primarni osténi od hory, vn&jsi rozhrani R

1
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2. We will prepare the calculation V.
We will take the stress in ground/in the secondary lining over
from the calculation V—1. The stress in the primary lining will
be put equal to zero. We will assign modulus of elasticity 6E,
to the primary lining; its unit weight will be equal to (1-0) ¥,..

3.1 Calculation V under the assumption that it is possible to
insert a multiple of tensor (cr/.,,)vfI into the primary lining.
We will insert the stress (‘5((7,.!.)%1 into the primary lining. We
will let the ground stress relax (relieve) into the primary lining
with the stress relaxation coefficient (1—38). We will let the
secondary lining stress relax into the primary lining with the
stress relaxation coefficient (1—0).

We will run the calculation V.

3.2 Calculation V under the assumption that it is not possible
to insert a multiple of tensor (O'i/_)vf1 into the primary lining.
The stress in the primary lining will remain equal to zero. We
will let the ground stress relax (relieve) into the primary lining
with the stress relaxation coefficient (1—0). We will let the
secondary lining stress relax into the primary lining with the
stress relaxation coefficient (1—0).

We will run the calculation V.

4.1 After the calculation V under the assumption that it
is possible to insert a multiple of tensor (o)),  into the
primary lining.

We will calculate internal forces in the primary lining. They
are forces after degradation.

The deformations of the primary lining are deformations
caused by degradation.

We will calculate internal forces in the secondary lining. They
are forces after degradation.

The deformations of the secondary lining are deformations
caused by degradation.

4.2 After the calculation V under the assumption that it is

not possible to insert a multiple of tensor (©),., into the
primary lining.
By integration over stress, we will obtain internal forces
of primary lining induced by the second component of
degradation N, M, T,. The internal forces after degradation
are 6N, +N,, M, +M 0T, +T,

The deformations of the primary lining are deformations

caused by degradation.

We will calculate internal forces in the secondary lining. They

are forces after degradation.

The deformations of the secondary lining are deformations

caused by degradation.

V-1

MULTILAYERED DEGRADATION OF PRIMARY LINING

To extend our knowledge to multilayered degradation of a
primary lining is not difficult, even when the primary lining is
layered-heterogeneous already before degradation. In this chapter,
we will present how to proceed in the calculation of degradation
of such the primary lining. We complicate the problem in this way
intentionally to create background in case the structural engineer
has enough experimental data and the will to solve the problem of
degradation as a problem of a degradation wave spreading through
the primary lining. The solution to such the problem would be based
on a series of consecutive calculations. Each actual calculation
(calculation V) would be based on the previous calculation, which
would, from the aspect of the actual calculation, be in the position
of the calculation of the layered heterogeneous primary lining
before its degradation (calculation V-1).
¢ So let the non-degraded primary lining be formed by n layers
L, k=1,2,..,n, with the moduli of elasticity E, . The unit weight
7, and Poisson’s ratio are also identical for all the layers. The first
layer adjoins the surrounding ground and the last layer adjoins the
secondary lining. Coefficients of degradation are §,, & € (0,1).



28. rocnik - €. /2019

oddéluje primarni osténi od sekundarniho. Ostatni rozhrani jsou

vnitini a oddé€luji jednotlivé vrstvy.

* Poslednim z vypoctu soustavy ,hornina — nedegradované hete-

rogenni primarni osténi — sekundarni osténi* je vypocet V-1. Ten-
. <o <o L

zorové pole napéti ve vrstvé L, je (0,%), .

e Soustavu ,,hornina — degradované heterogenni primarni osténi-

-sekundarni osténi* vySetfujeme ve dvou krocich.

eV prvém kroku se uplatiiuje prvé slozka degradace, ktera vnasi

do vrstvy L, napéti 5k(0'iij)V71, tedy napéti stanovené ve vypoctu

V-1, redukované prisluSnym koeficientem degradace.

e Ve druhém kroku stanovime acinek druhé slozky degradace. Pro-

vedeme to ve vypoctu V, ktery pripravime takto:

1. Napéti v horniné/sekundarnim osténi pfevezmeme z vypoctu
V-1. Napéti v primarnim osténi poloZime rovno nule.

2. Vsem vrstvim L, pfifadime moduly J,E,, a redukované obje-
mové tihy o velikosti (1-6)) 7.

3. Rozhrani R zatizime degradacnimi zatiZenimi podle nasledu-
jiciho pravidla:
Vné&jsi rozhrani R|: hornina vydechuje do vrstvy L, s koefici-
entem vydechnuti 1-6,.
Vngjsi rozhrani R _ : sekundérni osténi vydechuje do vrstvy L,
s koeficientem vydechnuti 1-9,.
Vnitfni rozhrani R , m=2,3,..,n: je-li § >0 |, pak vrstva L
vydechuje do vrstvy L skoeficientem vydechnuti 6 -9 .
Je-li 6,<0, |, pak vrstva L | vydechuje do vrstvy L s koefi-
cientem vydechnuti 6 ,—§, .

4. Mohou nastat tyto zvlastni pripady:

4a: Jestlize 6, =0, ,, m=2,3,..,n, pak zadnd z vrstev L , L, | ne-
vydechuje do té druhé.

4b: Jestlize 6, = 1/0, =1, pak hora/sekundarni osténi nevydechuje.

4c: Jestlize § > 6,  asouCasné §, >0, ., pak vrstva L, vydechuje
souCasné do vrstvy L 1L .

S degradacnimi zatiZenimi, stanovenymi podle bodu 3, a reduko-

vanymi objemovymi tthami provedeme vypocet V.

» Napéti stanovené vypoétem V, je napétim od druhé slozky de-

gradace. Ve vrstvé L, je oznaCime symbolem (O'I.J.Lk)v, k=1,2,...n.

* Napéti od obou kroki vypoctu je ve vrstvé L, souctem J,( O-z_'ij)V—l +

+(0'ULk)V, k=1,2,..,n. Je to napéti vrstvy L, priméarniho osténi po

degradaci.

e Napéti sekundarniho osténi, stanovené vypoctem V, je napétim

po degradaci.

e Veskeré deformace, ve vypoctu V stanovené, jsou deformacemi

od degradace.

ZAVER

Clanek je koncipovan tak, aby k praktickému vypoétu bylo
moZno piistoupit bez znalosti teorie degradace, kterd je obsaZena
v 3/2019 tohoto Casopisu. Staci si vybrat z nabidky kap. ,Jak po-
stupovat pfi numerickém vypoctu* a poté podle pokynill nabidky
postupovat.

Ing. ALES ZAPLETAL, DrSc.,
aleszapletal@seznam.cz, SATRA, spol. s r.o.

Recenzoval Reviewed: Ing. Jiii Horejsi

The layers are bordered by interfaces R , the number of which is
equal to n+1. The external interface R, separates the primary lining
from the surrounding ground; the external interface R separates
the primary lining from the secondary lining. The other interfaces
are internal interfaces and they separate particular layers from each
other.

e The calculation V-1 is the last of the calculations for the

“surrounding ground — non-degraded heterogeneous primary

lining — secondary lining” system. The tensor stress field in the L,

layer is (GU.LA)M.

e The “surrounding ground — degraded heterogeneous primary

lining — secondary lining” system will be investigated in two steps.

e In the first step, the first component of degradation is applied.

This component induces the stress 5,((0'1./.“)‘/4 in the L, layer, ie.

the stress determined in the calculation V-1 and reduced by the

corresponding coefficient of degradation.

eeIn the second step, the effect of the second component of

degradation will be determined. We will perform it in the calculation

V, which we will prepare as follows:

1. We will take the stress in the ground/the secondary lining over
from calculation V—1. We will put the stress in the primary
lining equal to zero.

2. We will assign moduli 6, E, and reduced unit weights with the
values of (1-0,) 7, to all L, layers.

3. We will load the R interfaces with the degradation loads
according the following rule:

The external interface R,: the ground relaxes stress into the L,
layer with the relaxation coefficient 1-,.

The external interface R _ : the secondary lining relaxes stress
into the L layer with the relaxation coefficient 1-9 .

Internal interfaces R , m=2,3,..,n: if 6 >6 , then the L
layer relaxes stress into the L layer with the relaxation
coefficient § -6, . If 6, <&, . then L  layer relaxes stress
into the L layer with the relaxation coefficient §,_,—&, .

4. The following special cases can occur:

d4a: If 6 =6 |, m=2,3,..,n, then none of the L , L layers does
relax stress into the other one.

4b: If 6,=1/6 =1, then the surrounding ground/the secondary
lining does not relax stress.

4c: If 6, >0, | and, at the same time, § >0, then the L layer
relaxes stress simultaneously into the L, | layer and the L
layer.

We will perform the calculation V with the degradation loads
determined according to point 3 and with the reduced unit weights.
e The stress determined by calculation V is stress induced by the
second component of degradation. In the L, layer, we will denote
it with the symbol (o;.j.’*)v, k=1,2,...n.

e The stress in the L, layer due to both steps of calculation is the

sum 5k(c71./,“)v71 + (O'UL*')V, k=1,2,..,n. Itis the stress in the L, layer of

the primary lining after degradation.

 The stress in the secondary lining determined by calculation V is

the stress after degradation.

e All of the deformations determined in calculation V are defor-

mations caused by degradation.

CONCLUSION

The paper is conceived in such a way that the practical calculation
can be started without knowledge of theory of degradation contained
in issue No. 3/2019 of this journal. It is sufficient to choose from
the offer of the chapter “How to proceed in numerical calculation”
and to proceed, following the instructions of the offer.

Ing. ALES ZAPLETAL, DrSc.,
aleszapletal@seznam.cz, SATRA, spol. s r.o.
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FOTOREPORTAZ Z EXKURZE CZTA NA BRENNERSKY BAZOVY
TUNEL - PRACOVISTE AHRENTAL
PICTURE REPORT FROM CZTA EXCURSION TO BRENNER BASE
TUNNEL -AHRENTAL WORKPLACES

FOTO ING. LIBOR MARIK / PHOTO COURTESY OF ING. LIBOR MARIK

Obr. 1 Bednéni atypickych profili Obr. 2 Podzemni prostory budouci multifunkéni stanice Innsbruck
Fig. 1 Formwork for atypical profiles Fig. 2 Underground spaces of the future multifunctional station Innsbruck

Obr. 3 Kaverna s napojenim jednokolejnych tuneli Obr. 4 Sekunddrni osténi kaverny pred napojenim na Inntaltunnel
Fig. 3 Cavern with connection of single-track tunnels Fig. 4 Secondary lining of the cavern before the connection to Inntaltunnel

Obr. 5 Dvoukolejné napojeni na Intalltunnel Obr. 6 Objekt zarizeni stavenisté
Fig. 5 Double-track connection to Intalltunnel Fig. 6 Construction site facility
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FOTOREPORTAZ Z EXKURZE CZTA NA BRENNERSKY BAZOVY
TUNEL - PRACOVISTE WOLF A PADASTERTAL
PICTURE REPORT FROM CZTA EXCURSION TO BRENNER BASE
TUNNEL - WOLF AND PADASTERTAL WORKPLACES

FOTO ING. LIBOR MARIK / PHOTO COURTESY OF ING. LIBOR MARIK

Obr. 1 Infocentrum Tunnelwelten Steinach am Brenner Obr. 2 Stabilizace cCelby jednokolejného tunelu stiikanym betonem
Fig. 1 Tunnelwelten Steinach am Brenner information centre Fig. 2 Stabilisation of excavation face of single-track tunnel with shotcrete

Obr. 3 Smeér Innsbruck 25 km — Smér Franzensfeste 32 km Obr. 4 Prekotventi osténi poSkozeného horninovym tlakem
Fig. 3 Innsbruck direction 25km — Franzensfeste direction 32km Fig. 4 Additional anchoring of the lining damaged by rock pressure

Obr. 5 Deponie Padastertal pro 7,7 mil. m’ rubaniny Obr. 6 Kaple Sv. Vendelina obétem pri vystavbé
Fig. 5 Padastertal stock pile for 7.7 million m’® of muck Fig. 6 Saint Vendelin chapel dedicated to the victims during construction
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FOTOREPORTAZ Z PRUBEHU VYSTAVBY TUNELU DEBOREC
A MEZNO NA 4. ZELEZNICNIM KORIDORU
PICTURE REPORT FROM THE COURSE OF CONSTRUCTION
OF THE DEBOREC AND MEZNO TUNNELS ON THE RAILWAY
CORRIDOR NO. 4

AUTOR MILAN KOSSLER, SG GEOTECHNIKA A.S. / AUTHOR MILAN KOSSLER, SG GEOTECHNIKA A.S.

Obr. 1 Hloubeni paZené jamy vyjezdového portdlu tunelu Deborec (fijen 2018)
Fig. 1 Excavation of braced construction pit for exit portal of the Debore¢
tunnel (October 2018)

Obr. 2 Prvni metry razeb tunelu Deborec z vyjezdoveho portalu ve zvétralych
pararuldch (leden 2019)

Fig. 2 Initial metres of excavation of the Deborec tunnel from the exit portal
through weathered paragneiss (January 2019)

Obr. 3 Instalace mikropilotového destm’ku v ndrocnych IG pomérech v pocdt-
ku razby tunelu Deborec (dinor 2019)

Fig. 3 Installation of the canopy tube pre-support in complicated EG condi-
tions at the beginning of the Deborec tunnel excavation (February 2019)

Obr. 5 Celba tunelu Debore¢ v provrdsnénych pararuldch (srpen 2019)
Fig. 5 Deborec tunnel excavation face in folded paragneiss (August 2019)

Obr. 4 Pohled na zajisténou jamu vjezdového portdlu tunelu Deborec (Cerven
2019)

Fig. 4 A view of the stabilised construction pit for the entrance portal of the
Deborec tunnel (June 2019)

Obr. 6 Slavnostni zahdjeni raZeb tunelu Mezno (srpen 2019)
Fig. 6 Ceremonial commencement of excavation of the Mezno tunnel (August
2019)



Tunel Ejpovice
Pozarni bezpecnost.

Po Uspésném zajisténi pozarné bezpecnostnich feseni v tunelovém komplexu ,Blanka” bylo nasi firmou realizovano
protipozarni zabezpedenii v tunelu Ejpovice, ktery je soucasti modernizace traté Rokycany - Plzen. Systémy tésnéni insta-
laci spole¢nosti Promat se diky tomu nachézi jak v nejdelsim silni¢nim, tak i v nejdel$im Zelezniénim tunelu nasi republiky.
Zprovoznénim zZelezni¢niho tunelu se podstatné zkrétila cesta vlakem z Prahy do Plzné a doslo k navyseni spojl na trati.

Trouby tunelu jsou navzajem propojeny osmi propojkami.V propojkéach je umisténa rozvodna NN a sdélovaci mistnost a ty
pak tvofi samostatné pozarni Useky. V propojkéach ¢. 1, 4 a 7 jsou zfizeny trafostanice a v propojce ¢. 6 technologicka Sachta,
kterd Usti v objektu Energocentra. Byly utésnény prostupy elektroinstalaci a rezervnich chrénicek pfipravenych pro dalsi mozné
rozvody instalaci pfi pozadované pozarni odolnosti El 90.

Vytvorili jsme prepézku z minerélni viny s pozarné ochrannou stérkovou hmotou PROMASTOP®-CC a pozarné ochrannym
tmelem PROMASEAL®-AG. Vyhodou pouzitych materiald je odolnost proti vihkosti a rychlost montéaze. Déle jsme dotésnili
stavebni sparu pruhy mineralni viny s univerzalni pozarné ochrannou stérkovou hmotou PROMASEAL®-A spray. Takto prove-
dené spéra odolava i dilatacim. V technologické Sachté propojky ¢&. 6 jsme vytvofili kabelovy kandl z pozarné ochranné staveb-
ni desky PROMATECT®-LS v tloustce 40 mm pro ochranu VN kabeld. Vyhodou této konstrukce je po prefabrikaci jednoduché
montaz na stavbé a dosazeni vysoké pozarni odolnosti.

Promat s.r.o. | V. P. Ckalova 22/784 | 160 00 Praha 6 | www.promatpraha.cz

Pozarni bezpecnost staveb
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200+ monitorovanych stavebnych objektov
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Protoze jen tymova prace vede k Uspéchu.
Skupina STRABAG pokryva svou nabidkou celé
spektrum sluzeb ve stavebnictvi. Diky know-how
a nadseni nasich pracovnik{ jsme pfipraveni
realizovat kompletni stavebni projekty presné
podle pozadavk( nasich zakaznikd. Vérime

v silu tymu, nebot pravé ta nam umoznuje
proménovat predstavy zadavatel( ve skutec¢nost —
s ddrazem na kvalitu, pfesnost a hospodarnost.

Spolehnout se na nas mizete pfi realizaci
projektu jakékoliv velikosti. Diky Siroké siti
pobodek na tzemi celé Ceské republiky
jsme Vam vzdy nablizku.
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Prorazka vychodni hlavni trouby v ¢asti Pfons Brennerského
bazového tunelu

Nejveétsi zakazka na Brennerském bazovém tunelu na rakouské
strané je sekce Pfons.

Slavnostni prordzka kaloty vychodniho hlavniho tunelu jiznim
smérem na této sekci se konala 1. Cervence 2019 za Gcasti mnoha
vyznamnych hostl, mezi kterymi byl napt. pan Pat Cox, koordinétor
ze strany EU. Odstrel aktivovala jeho manzelka Kathleen, ktera po-
znamenala, Ze sv. Barbora, jejiZ posvécena soska byla umisténa v tsti
pristupového tunelu, bude jist€ i nadale ochrarovat celé dilo.

V souvislosti se slavnostni prorazkou se uskutecnilo setkéni staros-
th ¢i primatorti velkych mést, ktera lezi na trase celého Zelezni¢niho
koridoru TEN vedouctho ze Skandinavie ke Stfedozemnimu mofi.
Byli pozvani koordinitorem EU. Jejich setkani slouZzilo k vyméné
nazord na prinos celého koridoru po dobudovani BBT vcetné prinosu
pro obyvatele Zijici v blizkosti této grandidzni stavby. Ten bude spoci-
vat pfedev§im ve sniZeni vlivu tranzitni dopravy na Zivotni prostiedi.
B Strabag zahajil prace na pripravé tézby solnych minerala

v Anglii

Pod ndrodnim parkem VfesoviSté severniho Yorku v severovy-
chodni Anglii je nejvétsi svétové lozZisko solnych minerali obsahuji-
cich predevsim draslik, siru, magnezium a vapnik, coZ jsou diileZité
mineraly pro rostliny a pouzivaji se k vyrobé umélych hnojiv. LoZisko
se nachézi v hloubce okolo 1,5 km. Kvili ochrané prirody narodniho
parku bude pfistup k lozisku i budouci tézba zajistovana 37 km dlou-

hym tunelem, ktery vyusti na povrch pobliz mésta Wilton na mot-
ském pobfeZi. Zde je umistén portal, ze kterého Strabag jiZ razi prvni
usek tunelu délky 13 km, na jehoZz konci bude vyhloubena mezilehla
Sachta, zajistujici dalsi usek razby.

Pro budouci dopravu téZenych minerali bude tunel vybaven paso-
vymi dopravniky, které ro¢ni t€zbu ve vysi 20 miliont tun dopravi
do zpracovatelského zavodu u Wilsonu. Souciésti projektu jsou také
dvé montazni kaverny pro 2. a 3. 12 km dlouhé tseky tunelu. Strojni
razbu budou provadeét tfi razici stroje o praméru 6 m.

Na jedné ze Sachet byl nasazen hloubici stroj od firmy Herrenk-
necht, ktery vyhloubil Sachtu do hloubky 115 m, coZ je novy rekord,
protoze prozatim prii strojnim hloubeni Sachet bylo dosaZeno jen
84 m.

Od hloubky 115 m se pokracuje konvencné, projektovana hloubka
Sachty je 350 m.

Bl Nové Zelezni¢ni propojeni mezi Mnichovem a brennerskou
trati

Podle dohody mezi némeckymi a rakouskymi drahami (DB
a OBB) bylo vybréno pét variant nové dvojkolejné trati mezi Mni-
chovem a udolim Innu v Tyrolich, kde se nova trat napoji na jiz
vybudované dseky sméfujici k Brennerskému biazovému tunelu.
Pfiprava téchto variant trvala ¢tyfi roky, ve kterych byly varianty
projednavany se 155 regiondlnimi samospravami. Pak nisledovalo
predstaveni variant verejnosti, kterd méla moznost rok a pul pred-
kladat své pfipominky. Jejich zpracovani vyustilo ve 110 riznych
poZadavka, které pfislusni specialisté posoudili a pfipadné zapra-
covali do navrZenych variant.
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Pro dalsi rozhodovani bude zasadni, zda nové Zeleznice povede vy-
chodné nebo zépadné od mésta Rosenheim. Aby se nejen tato otdzka
rozhodla, predloZenych pét variant se nyni detailnéji rozpracovava.
B Zemfrel Dick Robbins (1933-2019)

Spolecnost Robbins Company s hlubokym smutkem oznamila, Ze
jinavzdy opustil Richard James Robbins, ktery byl jejim prezidentem
a CEO od roku 1958 do roku 1993. Dick Robbins zemfel v kruhu své
rodiny 30. kvétna 2019 v Seattlu ve stat€¢ Washington.

Cest jeho pamatce!

B Razba vodovodniho privadéce v krasovém vapenci

TBM firmy Robbins o priméru 3,5 m v Provenci ve Francii dokon-
¢ilo v dubnu 2019 razbu 2,8 km dlouhého vodniho piivadéce Janots.
Mimotadnosti a komplikaci razby v masivu krasového véapence bylo
zastizeni dvou mimoradné velkych jeskyni s bohatou krapnikovou
vyzdobou, z nichz ta vétsi méla objem cca 8000 m®. Razici stroj do
ni vnikl po 1035 m razby. I kdyzZ to byla ta nejvétsi jeskyné, postup
pfi jejim prekonani byl celkem uspokojivy. Ve sméru razby byly vy-
betonovany 4 m vysoké betonové stény, aby se stroj pfi postupu mohl
0 né rozepfrit.

Pri dalsi razbé za jeskyni se aplikovaly prizkumné vrty a geofyzi-
kalni metody pro zjisténi anomalii pred razicim strojem.

Ve staniceni 2,157 km stroj pronikl do dalsi krasové jeskyné, bo-
huZel v oblasti jejiho stropu. Jeskyné méla objem asi 4500 m?, délku
22 m, §itkul5 m a hloubku pod razicim strojem 14 m. Posadka pro-
zkoumala jeskyni a zahdjila prace k zabezpeCeni stability a vyplné
jeskyné betonem a pénobetonem, kterych bylo do jeskyné nacerpano
asi 1500 m®. Nejvétsim problémem bylo zajisténi rozepieni stroje pii
razbé, v této souvislosti bylo nutno vyrazit Sest obchvatnych Stol. Pre-
konani krasové jeskyné trvalo 4 mésice.

B Posledni prorazka na 62,1 km dlouhé kmenové stoce v Mexi-
co City

Po deseti letech razeb probéhla v kvétnu 2019 posledni prorazka na
62,1 km dlouhé kmenové stoce v Mexico City. RaZbu celého sbérace
provadélo Sest razicich strojii EPBs o praméru 8,93 m od firmy Ro-
bbins. Dopravu rubaniny zajistovaly pasové dopravniky.

Na poslednim useku délky 10,2 km bylo nutné vyporadat se s ob-
tiznymi geotechnickymi podminkami, coZ vlastné platilo pro celou
délku sbérace. Posledni tsek se razil v hloubce az 85 m pod povr-
chem tzemi v ¢edici, ktery se stiidal s vodonosnymi pisky s vysokym
hydrostatickym tlakem. Stroje byly navrZeny na vodni tlak od 4 do
6 atm.

Mnoho c¢innosti pfi razbé a udrzbé strojii se provadélo v hyperba-
rickém reZimu, ktery byl pouZit na celém sbéraci padesatkrat.

B Prvni TBM pouzité v Himalaji dokoncilo razbu s ro¢nim
predstihem

V disle 1/2018 casopisu Tunel jsme informovali, Ze nepélské tra-
dy se rozhodly zvolit pro razbu 12,2 km dlouhého tunelu tunelovaci

ZPRAVY 2 TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 1/2019
TUNNEL AFTERNOON 1/2019

Foreign countries were the theme of the first Tunnel Afternoon
in 2019 already for the third time — the topics of the lectures lay in
current tunnel construction projects abroad. The first lecture was
delivered by Ing. Radek Bernard, Ph.D. (Dr. Sauer & Partners).
It was focused on the excavation for a new metro line in the envi-
ronment formed by sand and claystone in Toronto, Canada. The

stroj. Bylo to prvni nasazeni TBM v jizni ¢asti Himélaje, kde se
ocekdvala souvrstvi piskovcd, jiloveu a vrstvy konglomeriti, ale
blizsi znalost o geologické stavbé této Casti ,,mladého* Himalaje
naprosto chybéla, natoz zkusenosti s razbou TBM.

Investor z Casovych diivodu (Cas potfebny pri konvenéni razbé se
predpokladal 12 let!) se nakonec rozhodl pro razbu dvojitym TBM
od firmy Robbins. Jeho odvaha se mu vyplatila. Stroj o priméru
5,06 m prorazil tunel v dubnu 2019 s rocnim pfedstihem oproti
harmonogramu razby, pfi¢emz razba byla zahdjena v fijnu 2017.
Zhotovitelem stavby byla nepalskd pobocka ¢inské firmy China
Overseas Engineering Group.

Po dokonceni stavby bude tunelem pfivadéno 42 m*/sec vody
urc¢ené hlavné pro zavlahy.

s M 2

B Zahajena priprava prvni Svédské vysokorychlostni Zelez-
nice

Svédska stitni organizace zodpovédna za rozvoj dopravy pové-
fila firmu Atkins, aby zahdjila ptipravu prvni §védské vysokorych-
lostni Zelezni¢ni traté. Jde o ,,vychodni* trasu délky 260 km, kte-
ra spoji mésto Jarna v blizkosti Stockholmu s méstem Linkoping
na jihu Svédska. Trasa zahrnuje 30 tunelti délky od 100 m aZ do
6000 m, celkova délka tunelt bude 25 km. Predpokladana doba
zahdjeni provozu na této trase je rok 2035. Trat bude projektovana
na provozni rychlost 250 km/hod.

Planované schéma vysokorychlostnich trati zahrnuje tfi trasy
celkové délky 440 km, které spoji mj. velkd mésta Stockholm,
Malmé a Goteborg.

B Pouziti droni pri geotechnickém monitoringu

Spole¢nost Geodata ve spolupraci s firmami 3GSM a Geore-
search ukoncila dvoulety vyzkumny program, jehoZ vysledkem je
provadéni deformac¢niho monitoringu pomoci dronu. Presnost mé-
feni deformaci je v fadu 1 cm. Systém je také urcen pro prizkum
obtizné pfistupnych prostor.

Monitoring pomoci dronu byl testovin v prostordch vyzkumné-
ho centra (Zentrum am Berg), o jehoZ vznik se zaslouzil hlavné
prof. Galler. Pfi testovani bylo pouZito nékolik rozdilnych dronti
vybavenych riznymi kamerami. Nakonec byl vybran dron DJI PH
Phantom 4 Pro s kamerou pracujici s rozliSenim snimki 20 Me-
gapixeli. Obtiznym prvkem vyzkumu bylo vytvofeni algoritmu
pro ,,letovy plan“ dronu a vypracovani programu na zpracovani dat
vysledi méfeni provedenych dronem. Letovy plan zajistuje, aby
dron pii kazdém méreni letél v uréené vzdalenosti od povrchu pod-
zemniho dila.

Spolecnost Geodata pldnovala, Ze bude cely systém deformac-
niho monitoringu s uZitim dronu komercné nabizet jeSt€ v roce
2019.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

NEWS FROM TUNNELLING CONFERENCES

next lecture titled Construction of a shaft for a pumping station in
Abt Dhabi, the United Arab Emirates, was prepared by Ing. He-
lena Brooksova TouSova (Mott MacDonald). The third lecture was
titled Repair to collapsed aqueduct tunnels in Georgia. It was deliv-
ered by Ing. Jakub Nosek, Ph.D. (3G Consulting Engineers s.r.0.).
The topic of the lecture delivered by Ing. Jifi Bfichna¢ (Metrostav




a. s.) lays in the excavation and primary lining of the tunnel on
the PreSov by-pass. Ing. Jifi Hof¢icka (Metrostav a.s.) delivered
a lecture on cable tunnels near Bergen, Norway. The last lecture
of this Tunnel Afternoon was on realisation of the Herrschafts-
buck tunnel in Germany. It was delivered by Ing. Pavel Farsky

(Subterra a.s.).

Prvni Tunelarské odpoledne roku 2019 se uskutecnilo 18. zari
2019 v Centru vzdélavani Skupiny Metrostav. Jeho namétem bylo
jiZ potieti zahranici — prednasky mély za téma soucasné zahranic-
ni tunelové projekty. Pripravou byli povéreni Ing. Vaclav Soukup
(Metrostav a.s.) a prof. Ing. Matous Hilar, M.Sc., Ph.D. (3G Con-
sulting Engineers s.r.0.). Prof. Ing. Matous Hilar, M.Sc., Ph.D. celé
Tunelarské odpoledne rovnéz moderoval.

Jako prvni vystoupil Ing. Radek Bernard, Ph.D. (Dr. Sauer &
Partners) s pfednaskou Razba nové trasy metra v prostiedi pisku
a jila v Torontu v Kanadé. Jednalo se o nové budovanou linku
metra prochazejici ulici Eglinton v Torontu, ktera bude mit 25 sta-
nic na 19 km trasy. Otevieni je planovano na konec roku 2021.
Predpokladané néklady jsou 8,4 mld. Can$. T¥i stanice jsou raZené,
ostatni jsou hloubené. Ing. Bernard ptsobil necely rok (do srpna
2019) na této stavbé v pozici tzv. Senior SEM tunel inZenyra.

Dalgsi pfednasku s nizvem Vystavba Sachty pro cerpaci stani-
ci v Abu Dhabi ve Spojenych arabskych emiratech piipravila
Ing. Helena Brooksova Tousova (Mott MacDonald). Prednésejici
stru¢né popsala historii uzemi, soucasnou ekonomickou situaci,
problémy se ziskavanim vody a hospodareni s ni. Z tohoto podnétu
vznikl projekt STEP — Strategic Enhancement Programme. Jedna
se o hluboky tunelovy systém, ktery shromazduje vSechny odpadni
vody na ostrové Abti Dhabi a na pevniné a gravitacné je odvadi
do velké Cerpaci stanice Al Wathba v pousti. Hlavni tunel ma sa-
mocistici spad, zacind v hloubce 24 m na ostrové a konci v 80m
hloubce, kde je napojen do Sachty s celkovou hloubkou pies 100 m
a primérem 50 m. Diky tomuto projektu dojde k ukonceni ¢innos-
ti 45 stavajicich Cerpacich stanic. Procisténad voda bude odvedena
zpét do Abu Dhabi a bude pouzivina na zavlaZovani.

Tteti pfednaska méla niazev Oprava zavalenych vodovodnich
tuneld v Gruzii a prednesl ji Ing. Jakub Nosek, Ph.D. (3G Con-
sulting Engineers s.r.0.). Prezentovany projekt zahrnoval soustavu
ti tuneld a vodnich nadrZzi privadéjicich vodu do vodni elektrarny.
Elektrarna se méla v roce 2017 stat tfeti nejvétsi vodni elektrarnou
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v Gruzii, ale pti zkusebnim provozu doslo k mnohacetnym zava-
Itm a dalSim poruSenim v tunelech. Prednaska pojednavala o pri-
¢inach havdrii a o provadéné oprave, na které se Ing. Nosek podilel
v roli tunelového specialisty investora na stavbe.

Po prestavce mél Ing. Jifi Bfichnac¢ (Metrostav a.s.) prednasku
na téma RaZba a primarni osténi tunelu na obchvatu PreSova.
Jedna se o dalnicni dsek 7,87 km dlouhy se dvéma mimotroviio-
vymi kfizovatkami a 2,24 km dlouhym tunelem. Popsal prace na
vychodnim i zdpadnim portale, vlastni razby, geologické podmin-
ky, technologii razby, vystrojovaci tfidy atd. Razby byly zahdje-
ny 1. 8. 2018 z vychodniho i zapadniho portdlu. Prorazka kalot se
uskutecnila 13. 6. 2019.

Ing. Jifi Hoi¢icka (Metrostav a.s.) prednesl t¢éma Kabelové tu-
nely u norského Bergenu. Je to soucasti tzv. projektu Rv. 555 So-
trasambandet, ktery obsahuje 9 km nové 4pruhé komunikace, 4 tu-
nely, 28 mostil, visuty most, 22 tunelovych portalt a 5 droviiovych
krizovatek. Soucésti je prelozka kabelit VVN, kterd bude vedena
tunely Knarrevik (1895 m, razba pod mofem) a Breivik (1787 m,
razba v zastavbé). Pravé v tunelu Knarrevik musi zhotovitel prova-
dét zvlastni opatfeni pro razbu pod motrem, je pripraven specialni
bezpecnostni §tit, ktery by mél byt instalovan v pripadé havérie,
pokud by hrozilo, Ze do tunelu pronikne voda z mote. Z divodu
uziti Drill&Blast probihd také seismické méteni.

Realizace tunelu Herrschaftsbuck v Némecku byla posledni
prednéska tohoto Tuneldrského odpoledne, vedl ji Ing. Pavel Far-
sky (Subterra a.s.). Tunel Herrschaftsbuck je na dalnici A98, nakla-
dy se predpokladaji ve vysi 31,5 mil. €. Vystavba probiha v obdobi
06/2017-01/2020. Jizni tunelova trouba je dlouhd 475,63 m a se-
verni tunelova trouba ma délku 485 m. Tunel mé jednu tunelovou
propojku priblizné v poloviné tunelu. Na trase se vyskytly krasové
jevy. Na zapadnim portéle probéhl odfez jiz pri predchozi etapé vy-
stavby, asi pred 12 lety, proto tam doslo k extrémnimu stupni eroze
portalové stény a lokdlnim sesuviim, které bylo nutné fesit. Vlastni
razby probihaly od srpna 2017 do dubna 2018.

Na zavér se uskutecnila kratkd diskuse. Celkem se tohoto Tunelér-
ského odpoledne zicastnilo okolo 85 lidi. VEtsinu prednesenych pfi-
spévkil je mozné vyhledat na webovych strankach www.ita-aites.cz
v sekci seminéare.

Ing. MARKETA PRUSKOV A, Ph.D.,
CzTA ITA-AITES

VIil. ROENIK MEZINARODNI KONFERENCE POZARNI BEZPECNOST TUNELU 2019
VIII™ INTERNATIONAL CONFERENCE ON FIRE SAFETY IN TUNNELS 2019

The international conference KBK Fire 2019 (Fire safety in tun-
nels) was held in Roznov pod Radhostém from 25" September to
26" September 2019. The lectures delivered during the conference
were focused on fire protection systems for civil engineering and
technology parts of road tunnels.

Ve dnech 25. 9.-26. 9. 2019 se v RoZnoveé pod Radhostém kona-
la mezindrodni konference PoZarni bezpec¢nost tuneli. Byly zde
predneseny prednasky tykajici se pozarniho zabezpeceni staveb-
ni a technologické Casti silni¢nich tunelt. Mgr. FrantiSek Rainer,
RSD CR, piednesl informaci o systému prohlidek provozovanych
silni¢nich tunelt v CR. Ing. Ale§ Lebl informoval o piipravova-
nych liniovych stavbach tuneld v CR. V dal§ich predniskich se
feSila problematika udrzby technologického zafizeni stivajicich
provozovanych tunelii v Ceské a Slovenské republice. Byla po-

d4na informace o pfipravované revizi CSN 73 7507 Projektovani
tunell pozemnich komunikaci a na Slovensku TP 99 ProtipoZiarna

bezpecnost cestnych tunelov. Zajimavou prednasku o psycholo-
gii chovéni fidic¢a v silni¢nich tunelech pfednesl Ing. Petr Pospi-
Sil. V dalsim bloku prednasek byly podany informace o novych
technologickych zafizenich tykajici se pozéarni detekce, pozarniho
modelovani a analyzy poZarnich zdsahd. Ing. Jakub Cernoch in-
formoval o svitidlech LED s nerezovym krytem pro pouZiti v sil-
ni¢nich tunelech, které maji vyfeSen odvod tepelné zitéze. Ustav
informatiky SAV a Zilinské univerzity v Ziling informoval o po¢i-
tacovém modelovani pro pozarni bezpecnost tunelti. Dale zde byly
prezentovany nové systémy technologického vybaveni zamétené
na pozarni bezpecnost silni¢nich tuneld od mnoha dalSich firem.
Na zavér konference Ing. Libor Matik seznamil pfitomné s kon-
venénimi metodami tunelovani.

Ing. MIROSLAV NOVAK,
METROPROJEKT Praha a.s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D — NOVA LINKA PRAZSKEHO METRA

V cervnu 2019 byla geologickym prizkumem slavnostné zahdje-
na nulta etapa vystavba trasy Metra D nové linky prazského metra.

vvvvvv

oblasti stanic Pankrac, Olbrachtova a jeho cilem je zajiSténi co nej-
vystiznéjSich technickych informaci pro spravné zhotoveni dalSich
stupniti projektové dokumentace a naslednou realizaci.

Prizkumné prace jsou navrZzeny celkem ze 4 mist a pokryvaji obé
razené stanice a jejich mezistani¢ni tsek raZeny podle zasad NRTM.
Naprosta vétSina priazkumnych d€l je navrZena tak, Ze Casti jejich
nosnych konstrukei (zejména primarni osténi) budou soucasti nos-
nych konstrukci budoucich stanic a mezistani¢nich tuneld. Nebudou
tedy tvorit prekazky pri budoucich razbach, ale budou jejich soucasti.

Dvé lokality geologického prizkumu orientované do stanice Pan-
kréc, projektem oznacené jako PAD1b a PAD4, ma realiza¢né na sta-
rosti firma Metrostav a.s. Dominantnim objektem prvniho pracovisté
PADI1b, z kterého budou provadény prizkumné prace, je stavebni
jama, resp. Sachta kruhového profilu 308 m? a hloubky cca 30 m.
V soucasné dobé jsou zde kromé vystavby Sachty realizovany ochra-
ny a pripojky inZenyrskych siti. Druhé pracovisté¢ PAD4 (obr. 1) ob-
sahuje prazkumnou Stolu, ktera smérove, vyskove i tvarové kopiruje
cca polovinu kaloty budouctho prestupniho tunelu stanice Pankrac
o celkové délce 90 m, i na tomto pracovisti se hloubi pfistupova Sach-
ta a objekty zafizeni staveniSte.

Treti lokalitu geologického prizkumu v dispozici mezistani¢niho
useku Olbrachtova — Pankrac oznacenou jako VO-OL (obr. 2) realizu-
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Obr. 2 Lokalita VO-OL
Fig. 2 Locality VO-OL

Obr. 1 Lokalita PAD 4
Fig. 1 Locality PAD 4

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

In June 2019, the zero stage of the development of the Metro D
Line, the new line of Prague Metro, commenced ceremonially by
geological survey. The geological survey itself is to be conducted
in the geologically most complicated area represented by Pankrac
and Olbrachtova stations. Its objective is to provide as apposite as
possible technical information for correct development of the next
degrees of design documents and the following realisation.

The exploratory operations are designed for 4 localities in total,
covering both mined stations and the section between them, which
will be excavated using the NATM principles. The vast majority of
the exploratory structures are designed with the objective to allow
parts of their load-carrying structures (first of all primary linings) to
become parts of the load-carrying structures of the future stations
and interstation tunnels. It means that they will not create obstacles
during the course of future tunnel excavation and will become their
parts.

Two localities for geological survey oriented into Pankrac station,
denoted by the design as PAD1b and PAD4, will be taken care of
in terms of the realisation by Metrostav a.s. The construction pit,
respectively a ca 30m deep shaft with 308m?circular cross-sectional
area, is the dominant structure of the first workplace, PAD1b. At
present, protections and utility network connections are under con-
struction here apart from the construction of the shaft. The other
workplace, PAD4 (see Fig. 1), comprises an exploratory gallery
copying ca a half of the future 90m long passenger transfer tunnel at
Pankréc station as far as its direction (horizontal alignment), eleva-
tion (vertical alignment) and shape are concerned. An access shaft
is being sunk and construction site facilities are being built even at
this workplace.

The third locality of the geological survey, denoted as VO-OL, is
found in the Olbrachtova — Pankrac interstation section (see Fig. 2).
It is being realised by HOCHTIEF CZ a. s. It comprises an explora-
tory gallery copying the excavation of the future 258m long running
tunnels heading towards Pankrac station as far as their direction,
elevation and shape are concerned. It will enter the space of the sta-
tion itself in the form of a bottom gallery with the assumed length
of 56m. The main activities in this locality comprise drilling for



je firma HOCHTIEF CZ a. s. Obsahuje pruzkumnou $tolu, ktera smé-
rové, vyskové i tvarové kopiruje vyrub budoucich tratovych tunelt
smérem ke stanici Pankrac o celkové délce 258 m. Do prostoru vlast-
ni stanice vstoupi ve tvaru patni Stoly v predpoklddané délce 56 m.
Hlavni zde probihajici ¢innosti je vrtini, betonaz pilot a hloubeni
Sachty priblizné stejnych rozméri jako v piipadé Sachty na PAD 1b.

Posledni, ¢tvrta lokalita projektem oznacend jako OL1 je v péci firem
Strabag a.s. a Energie — stavebni a bariska a.s. Zde realizovand pra-
zkumna $tola smérové, vysSkove i tvarové kopiruje sanacni Stolu, ze
které bude zajiStovano podlozi zékladi zde situované vyskové budovy
pred prichodem razeb vlastnich tratovych tuneli, které budou tuto bu-
dovu podchazet pii minimalnim nadlozi. I na tomto pracovisti probiha
realizace objektil zafizeni staveniSteé, vrtani a betondz pilot Sachty.

V neposledni fadg je tfeba fici, Ze za to hlavni, tedy zaznamenani.
a interpretaci dat ziskanych geomonitoringem prostfednictvim prova-
déného geologického prizkumu, jsou zodpovédné firmy Inset s.r.o.
a GeoTec-GS, a.s. DuleZitou osobou, a to obstaravatelem pro zadava-
tele stavby, tedy koordinatorem celého projektu je InZenyring doprav-
nich staveb a.s. a nositelem myslenky, tedy projektantem stejné jako
autorskym dozorem je METROPROJEKT Praha a.s.

Kromé probihajictho geologického prizkumu se projekt Metra D
velmi intenzivné pripravuje i na své dalsi realizacni etapy. Pro prvni
realizaCni etapu v useku Pankrac — Olbrachtova probiha finalizace
zpracovavani dokumentace pro vybér zhotovitele a tak je mozné, zZe
pri Cteni nasi pristi aktuality se jiZ také dozvime, kdy bude vypsana
soutéz na zhotovitele této etapy. Pfiprava dalSich realizaCnich etap
v useku Olbrachtova — Nové Dvory a Nové Dvory — Pisnice potom
kopiruje vyvoj etapy prvni, a to vSe se snahou, aby cel4 trasa projek-
tu Metra D byla dokoncena a dana do provozu v jeden Cas a v celé
své délce.

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

NOVE ZELEZNICNi TUNELY NA IV. ZELEZNICNIM
KORIDORU

V rdmci stavby ,,Modernizace trati Sudoméfice — Votice* se buduji
dva nové Zelezni¢ni tunely. Investorem stavby je Sprava Zelezni¢ni
dopravni cesty, s.0., a zhotovitelem stavby spole¢nost OHL ZS, a.s.

Tunel Mezno
Tunel Mezno je raZeny Zelezni¢ni dvoukolejny tunel celkové dél-
ky 840 m, z toho raZena Cast tvofi 768 m, navazujici hloubend Cast
u vjezdového portalu ma délku 48 m a u vyjezdového portalu 24 m.
Dne 11. 9. 2019 byla slavnostné zahdjena razba tunelu vysvéce-
nim soSky svaté Barborky (obr. 3). Razba je vedena dovrchné ze sta-
vebni jamy vyjezdového (prazského) portdlu. Uvodnich 15 m razby

Obr. 3 Slavnostni zahdjeni razby tunelu Mezno
Fig. 3 Ceremonial commencement of driving the Mezno tunnel
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piles, concreting them and sinking a shaft with the dimensions ap-
proximately identical with the dimensions of the shaft on PAD1b.

The last, fourth, locality is denoted by the design as OL1. It is in the
care of Strabag a.s. and Energie — stavebni a banska a.s. The explora-
tory gallery being carried out in this locality copies the rehabilitation
gallery (as far as the direction, elevation and shape are concerned),
from which the subgrade of foundations of a high-rise building locat-
ed in this area will be reinforced prior to the arrival of the excavation
of the running tunnels themselves, which will pass under this building
with only a minimum overburden. Drilling for piles and concreting
them and concreting of piles for a shaft are underway even at this
workplace.

At last but not least, it is necessary to say that the responsibility
for the main work, recording and interpretation of the data obtained
by geomonitoring through the geological survey to be conducted is
attributed to Inset s.r.o. and GeoTec-GS, a.s. An important person,
namely the procurer for the project employer, i.e. the coordinator of
the whole project, is represented by InZenyring dopravnich staveb
a.s., whilst the bearer of the thought, i.e. the consulting engineer, is
METROPROJEKT Praha a.s. It is, in addition, authorised to carry out
consulting engineer’s supervision.

Apart from the ongoing geological survey, the design for the Metro
D project is being very intensely prepared even for the subsequent
realisation stages. The work on the tender design for the first realisa-
tion stage in the Pankric — Olbrachtova section is being finalised, it
is therefore possible that we will learn while reading our next current
news when the tender for the contract for this stage will be called.
The preparation of other realisation stages in the Olbrachtova — Nové
Dvory and Nové Dvory — Pisnice sections copies the development of
the first stage, with an effort for the whole Metro D project route to
be finished and opened for service at one moment and at the whole
length.

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

NEW RAILWAY TUNNELS ON RAILWAY CORRIDOR
NO. IV

Two new railway tunnels are under construction are within the
framework of the “Modernisation of the Sudoméfice — Votice track*
project. The Railway Infrastructure Administration, state organisa-
tion, is the project owner and OHL ZS, a.s., is the contractor.

Mezno tunnel

The Mezno tunnel is a mined double-track railway tunnel with the
total length amounting to 840m; the mined section forms 768m of
that length; the linking cut-and-cover parts at the entrance portal and
exit portal are 48m and 24m long, respectively.

The tunnel excavation was ceremonially commenced on 11™ Sep-
tember 2019 by consecration of the statuette of Saint Barbara (see
Fig. 3). The excavation proceeds uphill from the bottom of the con-
struction pit for the exit (Prague) portal. The initial 15m long section
was excavated through ground categorised as support class 5, with
the excavation round length of 1.0m, under the protection of canopy
tube pre-support prepared in advance within the framework of the ex-
cavation of the construction pit. Further on, the excavation proceeds
through VT4 support class ground, with the average excavation round
length of 1.5m. Mostly fractured paragneiss strength class R4, with
medium joint spacing, is encountered by the excavation. The rock is
being disintegrated using explosives. Muck is deposited and crushed
directly in the construction arrangement area and is subsequently
used within the framework of developing a new route for the corridor.
The work on the excavation and stabilisation of the construction pit
for the entrance portal proceeds concurrently with the excavation of
the pit for the exit portal. As of 30" September 2019, 51m of the tun-
nel top heading excavation have been finished (see Fig. 4).
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Obr. 4 Celba kaloty tunelu Mezno v TM 39
Fig. 4 Excavation face of the Mezno tunnel top heading at TM 39

bylo realizovano ve vystrojovaci tfidé (VT) 5 se zabérem 1,0 m pod
ochranou mikropilotového destniku pripraveného v predstihu v ram-
ci hloubeni stavebni jamy. Déle se pokracuje ve VT4 s primérnym
zabérem 1,5 m. RaZbou jsou zastiZeny prevazné rozpukané pararuly
pevnostni tiidy R4 se stfedni hustotou diskontinuit. K rozpojovani
horniny je vyuZzivano trhacich praci. Pfimo v areélu zafizeni staveni-
$t€ je vyrub deponovan, drcen a nasledné vyuZivan v ramci budovani
nové trasy koridoru. Soubé€zné s razbou probihaji prace na hloubeni
a zajisfovani stavebni jamy vjezdového portalu. K 30. 9. 2019 bylo
vyrazeno 51 m tunelu v kaloté (obr. 4).

Tunel Deborec

Tunel Deborec je raZeny Zelezni¢ni dvoukolejny tunel celkové dél-
ky 660 m, z toho razend ¢ast tvoii 562 m a navazujici hloubené ¢asti
u obou portalid maji délku 49 m.

Aktudln€ pokraCuje razba tunelu z vyjezdového (severniho) porta-
lu. Do tunelmetru (TM) 297 probihaly razby v priznivych geologic-
kych podminkach ve VI2-VT4 s primérnou délkou zabéru 1,6 m.
Zastizeny byly prevazné ruly navétralé az zdravé se stiedni hustotou
diskontinuit pevnostni tiidy prevazn€ R3. Misty se v ruldch vysky-
tovaly polohy kvarcitl pevnostni tfidy R2 a7 R1. Nésledné se kvali-
ta horninového masivu zacala zhorSovat. Zastizeny byly rozpukané
podrcené horniny prevazné pevnosti R4-RS5 se zhorSenou stabilitou.
Od TM 335 bylo razeno ve VT5a. 0d 9. 9. do 4. 10. byly prace naraz-
béch preruseny z divodi prekroceni varovnych stavi deformace pri-
marniho osténi. Byla pfijata stabiliza¢ni opatfeni (realizace doCasné
protiklenby v kaloté a dodatecné radialni kotveni v dseku cca 30 m)
a proveden prizkumny jadrovy horizontalni predvrt délky 40 m z Cel-
by kaloty. K 30. 9. 2019 bylo vyraZeno 341 m tunelu v kalot€ a 307 m
v opéfi (obr. 5).

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a.s.

SLOVENSKA REPUBLIKA
TUNELY NA DIALNICNEJ SIETI

Tunely Ov¢iarsko a Zilina

Na tseku D1 Hricovské Podhradie — Lietavska Licka s dizkou
13,2 km sa nachadzaji dva dialni¢né dvojrirové tunely: Ovciar-
sko a Zilina. Zhotovitelom stavby je ZdruZenie spolo¢nosti Do-
prastav, a.s., Strabag s.r.o., Vdhostav — SK a.s., Metrostav a.s. Dial-
ni¢ny tsek tvori juzny obchvat mesta Zilina. Stavebnikom a zaroveii
budiicim spravcom tunela je Narodna dialni¢né spoloc¢nost, a.s. Dial-
ni¢ny usek uSetri motoristom 10 minut.
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Obr. 5 Mikropilotovy destnik vrtany z profilu tunelu Debore¢ v TM 341
Fig. 5 Canopy tube pre-support carried out from the Deborec¢ tunnel cross-
-section at TM 341

Deborec tunnel

The Debore¢ tunnel is a mined double-track tunnel with the total
length of 660m, the mined part of which is 562m long and the link-
ing cut-and-cover parts at both portals are 49m long.

The tunnel excavation currently continues from the exit (northern)
portal. Up to the tunnel chainage TM 297, the excavation was car-
ried out in favourable geological conditions formed by excavation
support classes VT2-VT4, with the average excavation round length
of 1.6m. Mostly slightly weathered to fresh paragneiss with medium
joint spacing, mostly categorised as strength class R3, was encoun-
tered. Layers of R2 to R3 strength class quartzite occurred locally
in the paragneiss. Subsequently, quality of the rock mass began to
deteriorate. Jointed and fractured rock mostly categorised as strength
classes R4-RS, exhibiting deteriorated stability, was encountered.
From tunnel chainage TM 335 on, tunnelling proceeded through
excavation support class VT5a. From 9" September to 4™ October,
the excavation was interrupted because of the fact that the warning
state levels determined for deformations of the primary lining were
crossed. Stabilisation measures were adopted (realisation of tempo-
rary invert in the top heading, installation of additional radial anchor-
ing in a ca 30m long section and execution of a 40m long cored,
horizontal exploratory borehole ahead of the top heading excavation
face). As of 30" September, 341m and 307m of excavation have been
finished in the top heading and bench, respectively (see Fig. 5).

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a.s.

THE SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ovciarsko and Zilina tunnels

There are two double-tube motorway tunnels in the 13.2km
long Hri¢ovské Podhradie — Lietavskd Lucka section of the DI
motorway: the Ov¢iarsko and the Zilina. A consortium formed by
Doprastav, a.s., Strabag, s.r.o., Vdhostav — SK a.s. and Metrostav a.s.
is the construction contractor. The motorway section forms a southern
by-pass of the town of Zilina. Narodn4 Dialni¢na Spolo¢nost a. s.
(National Motorway Society) is the project owner and future
administrator of the tunnel. The motorway section will save motorists
10 minutes.

The construction of the Ovciarisko tunnel itself commenced in
1996 by excavation of an exploratory gallery. The exploratory gallery
was broken through in April 1998. The work on the primary lining
of the full profile of the tunnel started in September 2014 and was
finished in April 2016 (NTT) respectively July 2016 (STT).



Samotné vystavba tunela Ovciarsko zacala v roku 1996 razenim
prieskumne;j Stolne. Prieskumna Stoliia tunela bola prerazena v aprili
1998. Primarne ostenie v plnom profile zacalo v 09/2014 a bolo hoto-
vé v 04/2016 (STR), resp. v 07/2016 (JTR).

Price na tuneli Zilina zacali v 07/2014 zemnymi Gpravami na z4-
padnom portdli. Realizacia primarneho ostenia zacala v 11/2014 a po
731 ditoch v néaroénych geologickych podmienkach bol tunel Zilina
prerazeny.

V sucasnej dobe st oba tunely vo findlnej faze realizacie. Dokon-
Cuju sa kryty chodnikov z liateho asfaltu, skisobna prevadzka tech-
nologického vybavenia tunela (osvetlenie, vzduchotechnika, riadiaci
systém dopravy a technologie, poZiarna signalizicia, tiesiové volanie
SOS, videodetekcia, dispecing, dopravné znacenie) a zaroven prebie-
ha priprava na preberacie konanie, aby mohli zrealizované dialni¢né
tunely sliZit verejnosti.

Po tspesnej skisobnej prevadzke technologického vybavenia tune-
la budu tunely pripravené na taktické cvicenie a odovzdanie do spravy
Narodnej dialni¢nej spolocnosti.

Tunel Cebrat

Sucastou dialnicného tseku D1 Hubovd — Ivachnova bude aj
dvojrirovy tunel Cebrat s dizkou 3,8 km. V uplynulych mesiacoch
boli diagnostikované rozsiahle problémy so stabilitou Gzemia na
zdpadnom portéli tunela Cebrat a nadvizujicom tseku dialnice,
ktoré si vyzaduji rozsiahle zmeny v technickom rieSeni, ktoré mu-
sia byt postdené v procese EIA a nasledne povolené v zmysle sta-
vebného zdkona . Z tohto dovodu su aj v sicasnosti eSte stile prace
na tomto tuneli pozastavené a realizuje sa len projekt geologickej
dlohy.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, a.s., a Vi-
hostav — SK, a.s.

Tunel Visiiové

Najdlhsim slovenskym dialnicnym tunelom ma byt tunel Visnové
s dizkou 7,5 km, ktory je sicastou tseku dialnice D1 Lietavska Liicka
— Vistiové — Dubn4 Skala, vedeny juZne od krajského mesta Zilina.

Obe rury tunela ViSiiové boli prerazené v auguste 2018, po 40 me-
siacoch razenia. Betonaz sekundarneho ostenia je hotova na viac ako
60 % dizky tunela.

Schvalen4 a podpisand dohoda o ukonceni prac medzi objednavate-
Tom, Narodnou dialni¢nou spolo¢nostou, a zhotovitelom, zdruZenim
Salini Impregilo S.p.A. — Duha, bola 6. marca 2019. K 14. 10. 2019
st akékolvek prace na tuneli ako aj na stvisiacom dialnicnom tseku
pozastavené a zo strany Narodnej dialnicnej spolocnosti prebiehaju
pripravy na verejné obstardvanie prac suvisiacich s pokracovanim
a dokoncenim stavby.

Odhadovany termin mozného ukoncenia prac je najskor v roku
2023.

Tunel Presov

Tunel PreSov je dialni¢ny tunel vo vystavbe na Slovensku a na-
chadza sa na useku dialnice D1 PreSov zapad — PreSov juh. Trasa tu-
nelovej Casti juhozédpadného obchvatu Presova bude tvorena dvoma
nezavislymi tunelovymi rirami, STR je dizky 2230,50 m a JTR dizky
2244,00 m.

Na zaciatku oktobra 2019 su raziace prace na tuneli PreSov pred
dokoncenim (plny profil) a naplno prebieha realizicia sekundérneho
ostenia v obidvoch tunelovych rdrach.

Z raziacich prac zostava dokoncit cca 1000 m protiklenby a nie-
kolko vyklenkov. Z tunela tak bude nutné eSte vyrazit a vyviest cca
20 000 m* horniny. Tieto prace planuje zhotovitel dokoncit eSte
v roku 2019.

Price na sekunddrnom osteni sa rozbehli sic¢asne v JTR zo za-
padného portdlu a v STR z vychodného portdlu. S predstihom boli
realizované zakladové pasy, nasledne drendZne odvodnenie na rube
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The work on the Zilina tunnel commenced in July 2014 by bulk
excavation at the western portal. The realisation of the primary lining
started in November 2014 and the Zilina tunnel breakthrough in
complicated geological conditions took place after 731 days.

Both tunnels are currently in the final phase of realisation. Spreading
mastic asphalt on walkways, trial operation of tunnel equipment
(lighting, ventilation, traffic and equipment control system, fire
detection and alarm system, emergency call system, videodetection,
control centre, traffic signalling) are being finished and, at the same
time, preparation for handover proceedings is underway so that the
finished motorway tunnels can serve the public.

The tunnels will be prepared for a tactical exercise and handing over
to the administration carried out by Narodna Dialni¢nd Spoloc¢nost
after the completion of the trial operation of the tunnel equipment.

Cebrat tunnel

The 3.8km long Cebrat double-tube tunnel will be part of the
Hubova — Ivachnové section of the D1 motorway. Extensive problems
with the stability of the area at the western portal of the Cebrat tunnel
and the connecting sections of the motorway were diagnosed in recent
months. They require extensive changes in the technical solution,
which have to be assessed in the EIA process and subsequently be
approved in the meaning of the Building Act. For that reason the work
operations on this tunnel are still suspended and only the Geological
Task project is being realised.

A consortium formed by OHL ZS, a.s., and Vdhostav — SK, a.s., is
the construction contractor.

Visiiové tunnel

The 7.5km long ViStiové tunnel, which is part of the Lietavskd
Luicka — Visiiové — Dubna Skala section of the D1 motorway, leading
south of the regional capital Zilina, is to be the longest motorway
tunnel in Slovakia.

Both tubes of the Visnové tunnel were broken through in August
2018, after 40 months of tunnelling. Over 60% of concreting the
secondary lining has been finished.

The agreement on the termination of work between Narodnd
Dialni¢né Spolo¢nost and the consortium formed by Salini Impregilo
S.p.A. and Diha a. s. was approved and signed on 6™ March 2019.
As of 14" October 2019, all work operations on the tunnel and the
connecting sections of the motorway have been suspended and
preparations for public procurement of the works related to the
continuation and completion of the construction, organised by
Narodna Dialni¢néd Spoloc¢nost, are underway.

The estimated deadline for the completion of the works is no earlier
than 2023.

Presov tunnel

The Presov tunnel is a motorway tunnel under construction in
Slovakia. It is located in the PreSov West — PreSov South section of
the D1 motorway. The route of the tunnelled part of the PreSov south-
western bypass will be formed by two independent tunnel tubes; the
northern tunnel tube will be 2230.50m long and the southern tunnel
tube length will amount to 2244.00m.

At the beginning of February 2019, the work on the PreSov tunnel
excavation is before completion (full profile) and the realisation of the
secondary lining is in full swing in both tunnel tubes.

The excavation of ca 1000m of invert and several niches remains to
the completion of excavation. It means that ca 20,000m?* of rock will
have to be excavated and removed from the tunnel. The contractor
plans to finish this work still in 2019.

The work on the secondary lining commenced concurrently from
the western portal in the STT and from the eastern portal in the
NTT. Strip footings were realised in advance; drainage behind the
external surface of the primary lining, waterproofing layers, concrete
reinforcement of the upper vault and concreting of the upper vault
followed subsequently. All above-mentioned operations have been
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primérneho ostenia, hydroizolacné vrstvy, armattra hornej klenby aj
samotna betonaz hornej klenby. Vsetky zmienené operacie su realizo-
vané s odstupom zhruba 6 blokov pred operaciou nasledujicou. Cely
,,VI4Gik* opercii je v si¢asnosti rozvinuty na dizke okolo 350 m.

V sticasnosti je v STR zabeténovanych celkom 35 blokov dizky
12 m, vJTR je to 19 blokov. Betonari presli s debniacimi vozikmi cez
prvé priecne prepojenia, kde v ramci betonaZe hlavného tunela zabe-
ténovali aj kréky priecnych prepojeni. V roku 2019 predpokladdme
postup betondZe na hranu nidzovych zélivov. V kazdej tunelovej rire
bude nutné vybeténovat dva nidzové zalivy a rovnako zostiva vy-
beténovat este sedem krckov priecnych prepojeni v kazdej tunelovej
rare. Pri jednej betonaZi hornej klenby pouziju betondri v priemere
cca 115 m? beténovej zmesi.

Pre betondz nidzovych zilivov bude v priebehu novembra 2019
montované debnenie pre nddzové zalivy, ktoré bude pri vjazde deb-
niaceho vozu Standardného profilu tunela do nidzového zalivu pri-
montované na tento debniaci voz.

Celu stavbu juhozapadného obchvatu PreSova realizuje ZdruZenie
D1 PreSov (EUROVIA SK, a.s., EUROVIA CS, a.s., Doprastayv, a.s.,
Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov realizuje Met-
rostav a.s.

Tunel Bikos

V juli 2019 sa slavnostnym poklepanim zdkladného kamena za-
Cala vystavba rychlostnej cesty R4 Presov, severny ochvat, I. etapa.
Stucastou 4,3 km dlhého tseku rychlostnej cesty budovanej v plnom
profile bude aj dvojrirovy tunel Bikos s dizkou 1155 m. V jesen-
nych mesiacoch roku 2019 prebiehaju pripravné prace pre zaciatok
razenia tunela. Zhotovitelom stavby je zdruzenie spoloc¢nosti Va-
hostav SK, a.s. a TuCon, a.s. Predpokladané ukoncenie rychlostnej
cesty a jej uvedenie do prevadzky sa ocakéva na jar 2023.

Ing. VLADIMIR DURSA, Doprastay, a.s,
Ing. JIRT KOTOUC, Metrostay a.s.,
Slovenskd tuneldrska asocidcia

TUNELY NA ZELEZNICNEJ SIETI
Zelezniéné tunely Diel a Milochov

Tunel Diel

Tunel Diel prechadza masivom vrchu Diel, ktory tvori centralnu
¢ast meandru Vahu v oblasti Nosickej priehrady. Tunel je navrhnu-
ty dizky 1082 m. Razenie tunela prebiehalo v masive popod kiipele
Nimnica. Zapadny portdl je situovany na okraji obce Nimnica, vy-
chodny portal (obr. 6) v tizemi lesa nad cestou druhej triedy I1/507,
ktora vedie z Pichova do Povazskej Bystrice po pravom brehu
priehrady. Tunel Diel md prerazenu unikovu Stoliiu, ktora Gsti do
priestoru vychodného portélu tunela.

Po ukonceni raziacich prac pokracuje vystavba tunela realizaci-
ou sekundéarneho ostenia v hlavnej tunelovej rire a v unikovej §tol-
ni (obr. 7). K dneSnému diiu (10. 10. 2019) je v tuneli zhotovenych
83 desatmetrovych blokov z celkového poctu 109. V tnikovej §tdl-
ni st zabeténované 3 horné klenby dizky 6 m z celkového poctu 54.
Vo dne tunela prebiehajt prace na spodnych klenbéch, vypliovych
beténoch a zdkladovych doskéch z beténu vystuzeného ocelovym
vlaknom ako podklade pre Zelezni¢ny zvrSok. Pripravuje sa ukla-
danie kablovodov v priestore nidzovych chodnikov po oboch stra-
nach tunela. Z dalSieho vybavenia tunela prebieha proces pripravy
pre poziarny vodovod a nerezové madla, ktoré budud inStalované
pozdlZ tunela ako bezpecnostny prvok.

Na oboch portaloch tunela sa zacinaji prace na kone¢nych te-
rénnych upravach. Nosnym pohladovym prvkom bude obklad zo
zvéranych gabiénov vyplnenych lomovym kamenivom.

realised at the distance of roughly 6 blocks before the following
operation. The whole “train” of operations is at the moment deployed
along a tunnel section about 350m long.

At present, concreting of 35 blocks 12m long and 19 blocks has
been finished in the NTT and STT, respectively. Concrete placers with
their tunnel form travellers passed first cross passages, where they
concreted also the necks of the cross passages within the framework
of concreting the main tunnel lining. We expect concreting operations
will reach the edge of emergency lay-bys in 2019. It will be necessary
to concrete two emergency lay-bys and necks of seven cross passages
in each tunnel tube. Ca 115m® of concrete are consumed for one
upper vault concrete casting block on average.

Formwork for concreting the lining of the emergency lay-bys will
be assembled during November 2019. It will be fixed to the form
traveller at the moment of the arrival of the form traveller for the
standard tunnel profile to the emergency lay-by.

The whole construction of the south-western bypass of PreSov is
realised by the consortium named Zdruzenie D1 PreSov (EUROVIA
SK,a.s., EUROVIA CS, a.s., Doprastayv, a.s., Metrostav a.s., Metrostav
Slovakia a.s.); the PreSov tunnel is being realised by Metrostav a.s.

Bikos tunnel

In July 2019, the construction of the R4 PreSov express highway,
northern by-pass, stage No. I, commenced in July 2019 by ceremonial
tapping the cornerstone. The 1155m long double-lane Biko§$ tunnel
(excavated full-face) will be part of the 4.3km long section of the
express highway. In the Autumn 2019, the preparation for starting
the tunnel excavation is in progress. The construction contractor
is a consortium consisting of Vihostav — SK, a.s. and TuCon, a.s.
The completion of the express highway and opening it to service is
planned for Spring 2023.

Ing. VLADIMIR DURSA, Doprastay, a.s.
Ing. JIRT KOTOUC, Metrostay a.s.
Slovenskd tuneldrska asocidcia

TUNNELS ON RAILWAY NETWORK
Diel and Milochov railway tunnels

Diel tunnel

The Diel tunnel passes through the Diel hill massif, which forms
the central part of the Vah River meander in the area of the Nosice
dam. The tunnel design length amounts to 1082 metres. The tunnel is
being driven through the massif under the Nimnica spa. The western
portal is located on the outskirts of the municipality of Nimnica; the
eastern portal (see Fig. 6) is being constructed in the area above the
11/507 secondary road leading from Puchov to Povazska Bystrica

Obr. 6 Tunel Diel — hlbeny tunel na vychodnom portdli
Fig. 6 Diel tunnel — cut-and-cover tunnel at the eastern portal




Obr. 7 Tunel Diel — sekunddrne ostenie v tinikovej $tolni
Fig. 7 Diel tunnel — secondary lining in the escape gallery

Tunel Milochov

Na preklenutie tpitia vrchu Stavnd, juZne od miestnej ¢asti Hor-
ny Milochov mesta Povazska Bystrica, je navrhnuty novy tunel Mi-
lochov. Projektovand dizka tunela je 1861 m. Tunel bude mat jednu
unikovu §toliu, ktord bude vyustovat v obci Horny Milochov.

Raziace prace zo zédpadného portdlu st ukoncené (obr. 8). Vyra-
zenych je 115 m v kalote a na cely profil tunela 105 m.

Razenie z vychodného portdlu pokracuje pracami v dvoch trov-
niach, v kalote a stupni s dnom tak, aby sa od seba nevzdialili na
predpisanu vzdialenost urcenu projektom pre kazddi vystrojova-
ciu triedu. Ku diiu 10. 10. 2019 bolo v kalote vyrazenych 824 m
a v stupni, resp. dne 673 m.

Raziace prace prebiehaju vo vystrojovacej triede IV, kde sa na
Celbe striedaju pieskovce a ilovce v roznych formach od zvetra-
nych, cez tektonicky porusené az po zdravé. V pieskovcoch sa ob-
javuje pritok puklinovej vody, ilovce su suché, no porusené, a pri
razeni sa vytvaraju nadvylomy v strope.
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along the right bank of the reservoir. The Diel tunnel escape gallery
has been broken through. It has its exit in the area of the eastern portal
of the tunnel.

After completion of tunnel excavation, the tunnel construction
continues by the realisation of the secondary lining in the main tunnel
tube and the escape gallery (see Fig. 7). As of today (10" October
2019), 83 pieces of 10m long blocks from the total number of 109
have been carried out. In the escape gallery, concreting of 3 upper
vaults from the total number of 54 has been finished. At the tunnel
bottom, the work on inverts, mass fill concrete and foundation slabs
from concrete reinforced with steel fibres, serving as the base for
trackwork, is underway. Placing of cableways in the space under
walkways on both sides of the tunnel is under preparation. Of the
other tunnel equipment, the process of preparation for the fire main
and stainless steel handles installation takes place. The handles will
be installed along the tunnel as a safety element.

At both portals, the work on final terrain finishes is beginning.
Cladding with welded gabions filled with rubble stone will become
the crucial architectural facing element.

Milochov tunnel

The new Milochov tunnel is designed for overcoming the bottom
of Stavna hill south of the municipal district of Horny Milochov of
the town of Povazské Bystrica. The tunnel length design amounts to
1861 metres. The tunnel will have one escape gallery ending in the
municipality of Horny Milochov.

The excavation from the western portal (115 metres in the top
heading and 105 metres of the full-face excavation) has been finished
(see Fig. 8).

The tunnel excavation from the eastern portal continues by working
at two levels, in the top heading and in the bench with bottom. The
objective is not to exceed the distance prescribed by the design for
each excavation support class. As of today (10" October 2019), 842m
of the excavation in the top heading and 673m in the bench has been
finished. .

The tunnel excavation proceeds through excavation support class
IV, where sandstone and claystone in various forms ranging from
weathered through tectonically faulted up to fresh alternate. Fissure
water inflows appear in sandstone; claystone is dry, but faulted, and
overbreaks occur in the crown during excavation.

The excavation has reached the point from which it is possible to
excavate the escape gallery from the tunnel interior. The portal is
prepared for the gallery in the municipality of Horny Milochov. Only

Obr. 8 Tunel Milochov — zdpadny portdl
Fig. 8 Milochov tunnel — western portal
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Postupom razenia sme sa dostali na uroveni, odkial je mozné za-
Cat zvnutra tunela razit dnikovu $toliu, pre ktord je v obci Horny
Milochov uz pripraveny portal. Z portalu sa bude razit len prvych
10 m. Hlavna Cast $tdlne bude razend z tunela dovrchne.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolocnosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel
realizuje spolo¢nost TUBAU, a.s. a tunel Milochov spolo¢nost
Subterra a.s. Generalnym projektantom pre investora Zeleznice
Slovenskej republiky je spoloc¢nost REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

initial 10m of the gallery will be driven from the gallery portal. The
main part of the gallery will be driven uphill from the tunnel.

The entire construction is realised by the Nimnica Consortium
consisting of the companies of Doprastav — TSS Grade - SUBTERRA
— EZ Praha. The Diel tunnel is being realised by TUBAU, a. s., whilst
Subterra a.s. is the contractor for the Milochov tunnel construction.
REMING CONSULT a.s. is the general designer for the project
owner, Zeleznice Slovenskej Republiky (Slovak Railways).

Ing. JAM KUSNIR, REMING CONSULT a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY — OPET NA SKOK V CECHACH
PICTURE POSTCARDS WITH TUNNELS — AGAIN IN CZECHIA

There are over 150 tunnels on railway tracks administered by the
Railway Infrastructure Administration, state organisation. Many
of them are documented even on (usually older) picture postcards.
Six of them, presented in eight picture postcards, will get a turn in
this part of the series. Except one, these tunnels are little known.
Slightly paradoxically, the most famous one — the Chocen Tunnel —
no longer exists because it had been removed and replaced by rock
cutting long seventy years ago. And it is just this tunnel which is
commemorated by an occasional post envelope instead of a picture
postcard.

Obr. 1 Déc¢in — Podmokly (Tetschen — Bodenbach). Pohlednice podle akvarelu.
Nezndmy vydavatel. 1900. [sbirka autorii]

Pri levém okraji obrdzku se nachdzi jizni (décinsky) portdl tunelu OvcT sté-
na — téZ obr. 2 a 3. Pravé cdsti pohlednice dominuje Décinsky zdmek, v letech
1628-1932 sidlo hrabat Thun-Hohenstein. Tato stavba s dlouhou historii byla
v letech 1968—1991 systematicky devastovand sovétskou posddkou. Dnes je ma-
Jetkem mésta Décina a je zdsadné opravovand. Pri ndbreZi Labe vlevo je zakot-
vend rada drevénych dopravnich lodic. Pohlednice byla dne 14. 7. 1900 zasland
p. Aloisem Vilémem Ebrlem slecné Anince Iserové do Vipenného Podola.

Fig. 1 Décin — Podmokly (Tetschen — Bodenbach). A picture postcard by water-
colour. Unknown publisher. 1900. [authors‘ collection]

Located at the left edge of the picture, there is the southern (Décin) portal of
the Ovct Sténa tunnel — also in Pictures 2 and 3. The right side of the picture
postcard is dominated by Décin Castle, the seat of Thun-Hohenstein counts from
1628 to 1932. This building, boasting of the long history, was systematically
devastated by Soviet garrison in the years 1968—1991. Today it is owned by the
town of Décin and is being subjected to major repairs. For the left, there is a
row of wooden transport boats anchored at the Elbe embankment. The picture
postcard was posted by Mr. Alois Vilem Ebrle to Miss Aninka Iser to the village
of Vdpenny Podol on 14" July 1900.

Na zelezni¢nich tratich Spravy Zelezni¢ni dopravni cesty, statni
organizace, se nachdzi pies 150 tunel. Rada z nich je dokumen-
tovand i na (obvykle starSich) pohlednicich. V tomto dilu seridlu
se dostava rada na Sest z nich, zobrazenych na osmi pohlednicich.
A7 na jeden jde o tunely malo zndmé. Ponékud paradoxné ten nej-
znaméjsi — Chocerisky tunel — jiz neexistuje, ponévadz byl jiz pred
dlouhymi sedmdeséti lety sneseny a nahrazeny skalnim zafezem.
A pravé tento tunel také neni pfipominany pohlednici, nybrz pfile-
zitostnou dopisni obélkou.

TUNEL OVCi STENA

Otevfeni Zeleznice Praha — Drdzdany 8. 4. 1851 znamenalo prudky
rozvoj Décina (Tetschen) na pravém biehu Labe a pfedevsim Pod-
mokel (Bodenbach) na prot&jsim, levém biehu feky. Tunel se naléza

pravé v Podmoklech, na tratovém tseku DéCin hl. n. — Dolni Zleb
statni hranice s SRN, a to mezi stanicemi DéCin hl. n. a D&Cin Pripef.
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Obr. 2 Pozdrav 7 Podmokel (Bodenbach). Briockelt & Sperl, Tetschen a. Elbe
450. 1900. [sbirka autorii]

Na pohlednici je cdst dosud samostatného mésta Bodenbach (dnes Décin IV
— Podmokly) pri levém brehu Labe. JiZni (décinsky) portdl tunelu Ovci sténa
(rovnéZ na obr. 1 a 3) je v pozadi pravého okraje snimku.

Fig. 2 Greetings from Podmokly (Bodenbach). Brockelt & Sperl, Tetschen
a. Elbe 450. 1900. [authors‘ collection]

A part of the till now independent town of Bodenbach (today Décin IV — Podmokly)
on the left bank of the Elbe is shown in the picture postcard. The southern
(Décin) portal of the Ovci Sténa tunnel (also in Figures I and 3) is in the back-
ground of the right-side edge of the picture.
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Obr. 3 Décin — Podmokly (Tetschen — Bodenbach). Labskd partie s Hornim
Podluzim (Obergrund). B. K. Sch. W. I. (153). 1908. [sbirka autorii]

V levém dolnim rohu pohlednice je jiZni (décinsky) portdl tunelu Ov¢i sténa (stej-
né jako na obr. 1 a 2). Piivodné samostatnd mésta Podmokly (vlevo) a Décin
(vpravo), sloucend ve dvojmésti roku 1942, spojuje posledni cesky retézovy most
cisarovny AlZbéty, otevieny 2. 12. 1855 a sneseny 1933; jeho pilite dnes slouZi
mostu TyrSovu. Za mostem vpravo je stary décinsky pristav. Pozornost zasluhuje
¢ily plavebni ruch na Labi, stejné jako rada vorii zakotvend pri levém brehu reky.
Fig. 3 Décin — Podmokly (Tetschen — Bodenbach). The Elbe river scenery with
Horni Podluzi (Obergrund). B. K. Sch. W. 1. (153). 1908. [authors ¢ collection]
In the bottom left corner of the picture postcard, there is the southern (Décin)
portal of the Ovci Sténa tunnel (also in Figures 1 and 2). The originally inde-
pendent towns of Podmokly (pictured left) and Décin (pictured right), merged in
a doubletown in 1942, are connected by the last Czech chain bridge, the Empress
Elisabeth Bridge, which was inaugurated on 1°" December 1855 and removed
in 1933; its pillars are today utilised by the Tyrs’ Bridge. The old Décin port is
behind the bridge, on the right side. The lively shipping on the Elbe and the row
of rafts anchored at the left bank of the river deserve attention.

Pojmenovani tunelu bylo odvozeno z terénni prekazky, kterou je pis-
kovcova skéla, ptivodné némecky pojmenovana Schiferwand (Ovci
sténa), v soucasnosti v§ak nazyvana sténa Pastyiska. Vlastni tunel
ma délku 279 m, dvé koleje a byl dokonceny v roce 1849. Pohledni-
ce s timto tunelem ostatné byla v tomto seridlu uvedena jiz v Tunelu
&.3/2014 — ukazovala v§ak severni vyjezdovy (Zlebsky) portal, kdy?
nyni se jedna o portal protéjsi — obr. 1 az 3. [1, 3, 5]

Obr. 5 Bez ndzvu. Photochromie D O & N. Serie 230 No 3740. Okolo 1940?
[sbirka autorii]

Na pohlednici je zachyceny pivodni jizni skalni portdl Jakubského tunelu (také
na obr. 4). V 50. letech 20. stoleti byla pred portdlem zrizend krdtkd tézkd gale-
rie. Na protéjsim, levém brehu Labe se nachdzi obec Choratice (némecky Karti-
tz). V pozadi vievo je vidét Lotariiv vrch (510 m n. m.), v centrdlni cdsti obrdzku
se nachdzi typickd homole Chmelnik (508 m n. m.).

Fig. 5 Without name. Photochromy D O & N. Series 230 No 3740. About
19402 [authors ¢ collection]

The original southern rock portal of the Saint Jacob’s tunnel (Jakubsky tunel)
is shown in the picture postcard (also in Figure 4). In the 1950s, a short heavy
protection gallery was constructed in front of the portal. On the opposite bank
of the Elbe, there is the village of Choratice (Kartitz in German). Lothar’s Hill
(510m a. s. I.) can be seen in the background for the left; the typical Chmelnik
hummock (508m a. s. l.) is in the central part of the picture.

JAKUBSKY TUNEL

Pravobrezni labska Zeleznice byla vybudovana mezi lety 1870
—1874 rakouskou Severozdpadni drahou, a to jako soucdst spo-
jeni Vidné s hranicemi Némecka u DéCina. Trat byla posléze od
roku 1909, s dokoncenim béhem 1. svétové valky, zdvoukolejné-
na. V 50. letech 20. stol. byla Zeleznice opravovana se soubéznou
elektrifikaci. Dvoukolejny tunel piekonavd pro Ceské stiedohoii
charakteristicky zné€lcovy ttvar, dnes pojmenovany Div¢i kamen.
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Obr. 4 Panensky kamen (Jungfernstein) u Nebocad (Neschwitz). 1469. Neznd-
my vydavatel. Okolo 1930? [sbirka autorii]

Obec Neschwitz (dnes Nebocady) v soucasnosti administrativné ndlezi do mistni
cdsti Décin — XXXIII. Znélcovy ostroh Jungfernstein byl pred 2. svétovou vdlkou
Cesky nazyvany ,, Panensky kdamen“. Novéji nese pojmenovdni ,, Divci kamen .
Fig. 4 Panensky kdmen (Jungfernstein) near Nebocady (Neschwitz). 1469.
Unknown publisher. About 1930? [authors ¢ collection]

The village of Neschwitz (today Nebocady) is administratively part of the Décin
— XXXIII municipal district. The Jungfernstein phonolite promontory was named
“Panensky Kdmen” before World War 2. The newer name is “Divci Kdamen”.
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Obr. 6 NddraZi Mikulov v Cechdch (Niklasberg i. Bohmen). 22891 Verlag:
Arthur Dix, Moldau. Okolo 1920? [sbirka autorii]

Pohlednice s nddraZickem a jihovychodnim (Mikulovskym) portdlem tunelu
s velmi okoutenym zdklenkem. Na budové nddraZi je dvoujazycny ndpis Mikulov
— Niklasberg.

Fig. 6 Mikulov v Cechdch (Niklasberg i. Bohmen) railway station. 22891 Ver-
lag: Arthur Dix, Moldau. About 1920? [authors ¢ collection]

A picture postcard showing a small railway station and the south-eastern
(Mikulov) portal with a very smoked discharging arch. Bilingual lettering Miku-
lov — Niklasberg is on the station building.
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Ma délku 86,80 m a nachazi se na tratovém useku Lysa n/L — Dé-
&in — Prostedni Zleb, mezi zastavkou Téchlovice (na jihu) a stanici
Boletice n/L (na severu) — obr. 4 a 5. Pojmenovéni nese podle bliz-
ké osady Jakuby. [1, 3, 4]

MIKULOVSKY TUNEL

Mikulovsky tunel se nachazi na tratovém tseku Dubi — Moldava,
mezi stanici Mikulov v Kru$nych horach a zastdvkou Mikulov —
Nové Mésto (obr. 6). Ma délku 334 m, je jednokolejny, v proti-
smérnych smérovych obloucich a otevieny byl roku 1885.

Regionalni Moldavskou horskou drahu stavéla mezi lety 1873 az
1885 spolecnost Prazsko-duchcovské drahy pro vyvoz uhli do Né-
mecka. Vedla z Mostu pres Osek, Hrob, Dubi a Mikulov do Mol-
davy. Propojeni do Némecka vSak bylo 1946 sovétskymi vojaky
rozebrano. Dnes se nicméné zvaZuje obnoveni.

Roku 1998 byla drdha zatazena mezi kulturni pamatky. Aktualni
technicky stav tunelu vSak umoziiuje rychlost jen 10 km/h. [1, 6]

Obr. 8 Udoli Feky Teplé (Tepl-Tal). No. 17117 Verlag von J. P. Braunbock, Tepl.
Orig.-Aufn. B. L. N. Kolorovand fotografie. 1926. [sbirka autorit]

Na pohlednici je jizni portdl tunelu Dolnohamerského III od Zeleznicni zastdvky
Louka u Maridnskych Ldzni.

Fig. 8 Tepld River valley (Tepl-Tal). No. 17117 Verlag von J. P. Braun-
bock, Tepl. Orig.-Aufn. B. L. N. Coloured photograph. 1926. [authors‘
collection]

The picture postcard shows the southern portal of the Dolnohamersky Il tunnel
viewed from the intermediate railway station for Louka u Maridnskych Ldzni
spa.

Obr. 7 Udoli feky Teplé (Tepl-Tal). Nezndmy vydavatel. Kolorovand fotografie.
Okolo 1920. [sbirka autorii]

Na pohlednici je jizni portdl tunelu Dolnohamerského 1. Ndsleduje bezprostred-
né za mostem pres hluboké iidoli Teplé a silnicni komunikaci vedenou soubéZné
s Fekou.

Fig. 7 The Tepld River valley (Tepl-Tal). Unknown publisher. Coloured photo-
graph. About 1920 [authors‘ collection]

The picture postcard shows the southern portal of the Dolnohamersky I tunnel.
It is located immediately behind a bridge over the deep Tepld River valley and
the road leading in parallel with the river.

TUNELY V UDOLI REKY TEPLE

Regiondlni neelektrifikovana Zeleznicni trat Marianské Lazn¢ —
Karlovy Vary dolni nadrazi spojuje v délce 56 km ob¢ nejvyznam-
néjsi lazeniska mésta CR. Provoz na ni byl zahajeny v roce 1898.
Ve své prevazné délce je Zeleznice vedena podél toku feky Teplé.

Na trase se nachézi celkem Sest tuneli, z nichZ nejdelsi je BeCov-
sky (248,20 m) a nejkratsi Dolnohamersky II (40,60 m). Na obr. 7

je pfipominan tunel Dolnohamersky I, dlouhy 132,38 m, na obr. 8
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Obr. 9 150 let drdhy Olomouc — Praha 1845 — 20/8 — 1995. PrileZitostnd obdlka
Ceské posty k vjznamnému drdznimu vyrodi. [sbirka autorii]

Ndmeétem obdlky jsou historické rytiny dnes jiZ neexistujictho Choceriského tu-
nelu — shora: podélny rez s vétracimi Sachtami, piidorys a portdly. Vlevo je praz-
sky portdl (s vrocenim MDCCCXXXXV) a vpravo portdl olomoucky (s dedikact
cisari Ferdinandu I.). Jen s nostalgii Ize vzpomenout doby, kdy k zasldni dopisu
postacily pouhé 3 K¢ Po necelych 25 letech je to osmindsobek.

Fig. 9 150 years of the Olomouc — Praha rail track 1845 — 20/8 — 1995. Occa-
sional envelope of Czech Post for the important railway anniversary [authors
collection]

The theme of the historic envelope is historical engravings of the today no more
existing Chocerl tunnel — down from the top: longitudinal section with ventila-
tion shafts, ground plan and portals. For the left, there is the Prague portal
(with datation MDCCCXXXXV) and, for the right, the Olomouc portal (with
dedication to Emperor Ferdinand I). It is only with nostalgia to remember the
time when only 3 Czech crowns were enough for posting a letter. After less than
25 years it is eight times more.




je to nasledujici tunel Dolnohamersky III, dlouhy 115,10 m. Oba
tunely, nachéazejici se mezi zelezni¢ni stanici BeCov nad Teplou
a zastavkou Louka u Maridnskych Lazni, byly oteviené ve stejném
roce jako cela draha.

CHOCENSKY TUNEL

Pohlednice se zdpadnim (prazskym/choceiiskym) portdlem dnes
neexistujiciho Choceniského tunelu byla uvedend jiz v Tunelu
¢. 3/2014.

Byvaly Zelezni¢ni tunel (obr. 9) se nachdzel na tratovém useku
Chocen — Brandys nad Orlici, v bezprostiedni blizkosti nadrazi
Chocen. Na jeho projektovani se mél podilet stavitel drahy Ing. Jan
Perner, ktery pri prohlidce stavby ze schidka vagénu utrpél dne
9. 9. 1845 smrtelné zranéni. Tunel mél délku 255,97 m a byl zpro-
voznén v roce 1845 jako dvoukolejny. V letech 1947 az 1949 byl,
s ohledem na velmi Spatny stav, sneseny a nahrazeny hlubokym
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zafezem s charakteristickymi pilifovymi opérnymi sténami. I diky
tomu lze dnes z vlaku spatfit typickou vrstevnatost kiidovych hor-
nin. [1]
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80™ BIRTHDAY OF ING. JIRI HUDEK, CSc.

Dne 19. 12. 2019 se doziva 80 let
ve velmi svézi kondici jeden z na-
Sich prednich odbornikii v oblasti
geotechniky a predevs§im mechaniky
skalnich hornin Ing. Jifi Hudek, CSc.

Jifi Hudek se narodil v roce 1939
v Koliné. Od mladi ho zajimala pte-
devsim geologie. V 17 letech délal
prijimaci zkousky na Pfirodovédec-
kou fakultu UK v Praze — obor geo-
logie, kam ovSem Ccisté z kiddrovych
divodu svého zivnostenského ptvo-
du nebyl pfijat, nebot jeho otec i dédecek byli majitelé kolinské-
ho pekarstvi. Na pfihlasku pro jistotu vSak zaskrtl z pfislusného
seznamu $kol i prvni fadek — CVUT Fakultu pozemnich staveb,
avSak aniZ by tehdy véd€l, co to za Skolu je. Obor pozemni stavby
a konstrukce na této fakulté zacal studovat v roce 1957 a zdarné
jej ukoncil promoci v roce 1962. Po absolvovani jednoro¢ni vojen-

ské sluzby v Litoméficich nasel Jifi Hudek v zafi 1964 zaméstnani

v Prazském projektovém tstavu (PPU), kde byl piijat do tehdy jes-
té malého strediska geologického prazkumu.

ANNIVERSARIES

On 19" December 2019, Ing. Jifi Hudek, CSc., one of our top
experts in the field of geotechnics and, first of all, rock mechanics,
will live to be eighty years old.

Jifi Hudek was born in Kolin in 1939. Geology has been his main
object of interest since the youth. At the age of 17 he passed entrance
exams to the Faculty of Natural Science of the Charles University
in Prague — the study field of geology, but was not accepted purely
for political reasons, for his business enterprise origin. His father
and grandfather owned a bakery in Kolin. Fortunately, he crossed in
the relevant list of schools also the first line — the Czech Technical
University in Prague, Faculty of Building, without knowing at that
time what this school was good for. He started to study the field
of building and structures at that faculty in 1957 and successfully
finished the study by graduation in 1962. In September 1964, after
completing the one-year military service in Litoméfice, he found
employment at Prazsky Projektovy Ustav (Prague Design Institute),
where he was accepted to, at that time still small, department of
geological surveying.

The Prague Design Institute was delimited in 1966 to Projektovy
Ustav Dopravnich a InZenyrskych Staveb — PUDIS (Design Institute
for Transportation and Engineering Construction).
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Z prazského projektového tstavu (PPU) vznikl delimitaci v roce
1966 Projektovy tistav dopravnich a inZenyrskych staveb — PUDIS.
Pracovni aktivita Jifiho Hudka je dale celoZivotné spjata s timto
podnikem, a to od jeho vzniku dodnes (1966-2019), ucelenych
53 let. Nejprve to bylo v souvislosti s tehdy pifipravovanym pro-
jektem a prizkumem pro novou vystavbu prazské podpovrchové
tramvaje. Koncepce podzemni tramvaje byla vSak jiz v r. 1967
opusténa a operativn€ se preslo na dnesni systém metra. Takto se
jubilant ocitl pfimo v tunelafském oboru, pfedevsim v jeho pra-
zkumnych a monitorovacich ¢innostech. Od pocatku se vénoval
predevsim zkuSebnim metoddm mechaniky zemin a skalnich hor-
nin (laboratornim i terénnim) a dale zpracovavani geotechnickych
Casti prazkumi pro rizné stavby. V roce 1968 se ve svych 29 letech
stal vedoucim oddéleni geotechnickych a stavebné-technickych
prizkumi PUDIS.

V obdobi 1967-1977 koordinoval a pfimo se podilel na zpraco-
véani geotechnickych ¢asti prizkumu pro trasu metra ,,C* (Gseky
ohrani¢ené stanicemi Florenc — Kacerov, Kacerov — Haje), pro trasu
A" (tseky Dejvickd — Namésti Miru a Namésti Miru — Zelivské-
ho) a pro trasu B (dsek Florenc — Nadrazi Smichov). Velmi cenné
geotechnické poznatky, ziskané predev§im z prizkumi pro prazské
metro, dokdzal zhodnotit ve své kandidatské disertacni praci ,,Pre-
tvdrné charakteristiky ordovickych sedimentdrnich hornin pro mo-
delové teSeni horskych tlakii* z roku 1976. V osmdesatych letech
minulého stoleti se v Praze obdobnym zpiisobem vénoval projektu
a vystavbé Strahovského tunelu s jeho rozsdhlymi prizkumnymi
¢innostmi. V devadesatych letech pak predevsim velmi narocnému
prazskému tunelu Mrazovka, dale se pak podilel i na prizkumu
a monitoringu silni¢niho tunelového komplexu Blanka.

Pii realizaci prizkumi se predevSim specializoval na zjiStova-
ni pretvarnych a pevnostnich vlastnosti horninového prostiedi pro
naro¢né inZenyrské stavby — zejména tunely. V souvislosti s timto
v pribéhu vice nez 50 let fidil a interpretoval vysoky pocet terén-
nich zkouSek umisténych v geotechnickych rozrazkach prazkum-
nych Stol, Sachet ¢i presiometrickych a dilatometrickych zkousek ve
vrtech. Modifikace nekterych zkousek na horninovych blocich sam
vyvinul a poprvé pouZil — napiiklad torzni zkouSku in situ. O svych
poznatcich pak referoval na svétovych kongresech Mezindrodni
spolecnosti pro mechaniku hornin — ISRM v r. 1979 ve §vycarském
Montreux a v roce 1987 v kanadském Montrealu. Kromé terénnich
zkousSek pro zjisténi pevnosti a tuhosti horninového masivu in situ
Jifi Hudek vytvoril a v roce 1973 pouzil modifikaci metody sta-
noveni primérni napjatosti horninového masivu odlehcenim Stolou,
atona 1. provoznim useku trasy ,,A* prazského metra.

Jifi Hudek je téZ vyhledavanym odbornikem pro realizaci a vy-
hodnoceni presiometrickych a dilatometrickych zkousek ve vrtech,
které v PUDIS realizuje od roku 1979. Na 3. vinohradském tunelu,
posléze na tunelu Mrazovka a ve Stromovce na tunelovém kom-
plexu Blanka, bylo podle jeho postupu pomoci presiometrickych
zkousek ovérovano zpevnéni (zvySeni tuhosti) horninového pro-
stfedi pomoci sanacnich injektazi.

Ziskané zkuSenosti z prizkumi, a to nejen pro podzemni stav-
by, interpretoval Jifi Hudek naptiklad pfi zpracovéani souboru po-
drobnych inZenyrskogeologickych map Prahy (v méfitku 1 : 5000),
pro které od roku 1968 priibézné sestavoval a upresnoval prehledy
mistnich geotechnickych charakteristik zastiZzenych zemin a hor-
nin. Pro znamou publikaci Praha a inZenyrskd geologie, vydanou
PUDIS v roce 1979 k vyro¢i osmdesitych narozenin akademika
Q. Zaruby, sestavil J. Hudek uceleny prehled mistnich geotechnic-
kych charakteristik pro geologické poméry v Praze.

Kromé velmi bohaté tuzemské odborné Cinnosti 1ze z geotechnic-
kych praci realizovanych v zahrani¢i uvést naptiklad spolupraci na

Jifi Hudek’s working activity has been lifelong linked to this
company, since its inception to this day (1966w—2019), for full 53
years. In the beginning, it was in connection with the, at that time in
preparation, design and survey for the new development of Prague light
rail transit line (subsurface tram line). The concept of light transit line
was abandoned in 1967 and the operations were operatively switched
to the current system of metro. Thus the jubilarian found himself
directly in the tunnel construction industry, first of all its survey and
monitoring activities. From the beginning he focused himself mainly
on testing methods for soil and rock mechanics (laboratory as well
as field testing) and further on processing geotechnical parts of
surveys for various construction projects. In 1968, at his age of 29,
he became head of PUDIS department of geotechnical, construction
and technical surveys.

In the period 1967—1977 he coordinated and directly participated in
preparation of geotechnical parts of surveys for the Line C of Prague
metro (sections bordered by Florenc — Kacerov and Kacerov — Héje
stations), the Line A (Dejvicka — Namésti Miru and Namésti Miru —
Zelivského sections) and for the Line B (Florenc — Nadrazi Smichov
section). He managed to assess the very valuable geotechnical
findings, obtained first of all from surveys for Prague metro, in his
Candidate Thesis named ,,Deformational characteristics of Ordovician
sedimentary rock for model solutions to mountain pressures’” from
1976. In the 1980s, he devoted himself in a similar way to the Strahov
tunnel in Prague with its extensive surveying activities. In the 1990s,
he focused first of all on the complicated Prague tunnel, Mrazovka.
Further on, he even participated in the survey and monitoring of the
Blanka complex of road tunnels.

Regarding the realisation of surveys, he mainly specialised himself
in determination of deformational and strength-related properties
of ground environment for demanding civil engineering projects —
in particular tunnels. In this context, during the course of over 50
years, he was in charge of and interpreted a high number of field
tests carried out in stubs for geotechnical investigation galleries,
shafts or pressuremeter and dilatometer tests in boreholes. He himself
developed and first used modifications of some tests on rock blocks
— for example in situ torsion testing. Later he reported on his findings
at world congresses organised by the International Society for Rock
Mechanics, the ISRM, in Swiss Montreaux in 1979 and Canadian
Montreal in 1987.

Apart from field tests for determination of strength and toughness
of rock mass in situ, Jifi Hudek developed a modification of the
method for determination of primary stress in rock mass by means
of discharging the stress through a gallery. He applied it to the
operational section No. 1 of the Line A of Prague metro in 1973.

Jifi Hudek is, in addition, a sought after expert for realisation and
assessment of pressuremeter and dilatometer tests in boreholes.
He has conducted them in PUDIS since 1979. Consolidation
(increasing of toughness) was verified on the Vinohrady tunnel No.
3, subsequently on the Mrazovka tunnel and, in Stromovka Park, on
the Blanka complex of tunnels according to his procedure using pre-
excavation grouting.

Jifi Hudek interpreted the experience gained from surveys and
investigations carried out not only for underground construction, for
example, in the preparation of the package of detailed engineering
geological maps of Prague (1 : 5000 scale), for which he put together
and specified overviews of local geotechnical characteristics of the
soils and rock encountered. Jifi Hudek assembled a self-contained
overview of local geotechnical characteristics for geological
conditions in Prague to be used for the well-known publication
Prague and Engineering Geology, which was issued by PUDIS on the
occasion of Academician Q. Zaruba’s eightieth birthday.

In addition to domestic extensive professional activity, it is possible
to mention geotechnical works realised abroad — collaboration on the



prizkumu pro letisté a primyslovy komplex APRO v Libyi (1981),
prizkumy pro prehrady Foum el Kchanga a Taksebt v predhuii
Atlasu v Alzirsku (1986-1987), presiometrické a dilatometrické
zkousky ve vrtech hlubokych az 100 m pro tunely v rakouském Se-
mmeringu (1991-1992) a geotechnické posouzeni 1. faze projektu
pro délni¢ni tunel Kandovan v pohoti Elburz v Iranu (1994-1995).

K cinnosti Jiftho Hudka se vaze vice nez 100 piispévka do
sbornikt technickych konferenci a publikovanych ¢lankt v odbor-
nych Casopisech. Byl vzdy aktivnim prispévatelem casopisu Tunel
a v prvé poloviné devadesatych let byl i clenem jeho redak¢ni rady.

Za vsechny spolupracovniky, jak ty drivéjsi, tak ty soucasné,
bych chtél fici: tak, jak jsem Jifiho Hudka zaZil (a je to vice nez
20 let), ¢im dél vice si ho vaZim predevsim pro jeho schopnost spo-
jit exaktni inZenyrsky pfistup geotechnického specialisty s dlouho-
letym hlubokym pochopenim zakonitosti geologie. Té geologie, ke
které mél od mladi tak blizky vztah!

Dékuji mu tedy za vSechny kolegy, které svym Saramantnim
a laskavym pfistupem v odborné praci obohatil — nejen profesné,
ale i lidsky. Pfeji mu predevsim pevné zdravi, §tésti a mnoho rados-
ti do dalSich let.

RNDr. RADOVAN CHMELAR, Ph.D.
¢len redakéni rady
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survey for the APRO airport and industrial complex in Libya (1981),
surveys for the Foum el Kchanga and Taksebt dams in foothills of
the Atlas mountain range in Algeria (1986-1987), pressuremeter
and dilatometer tests in up to 100m deep boreholes for tunnels in
Semmering, Austria (1991-1992) and geotechnical assessment of
phase No. 1 for the Kandovan motorway tunnel through the Elburz
mountain, Iran (1994-95).

Activities of Jifi Hudek are connected with more than 100 papers
published in proceedings of technical conferences and papers
published in professional journals. He has always been an active
contributor to TUNEL journal and, in the first half of the 1990s, was
even a member of its Editorial Board.

I would like to say on behalf of all collaborators, the former as well
as current: as I have known Jifi Hudek (and it has been for more than
20 years), I appreciate him above all for his ability to combine exact
engineering approach of a geotechnical specialist with long deep
understanding of principles of geology. The geology to which he has
been so close since his youth! So I thank him for all my colleagues
he has enriched in their professional work, by his charming and kind
approach not only professional, but also human. I wish him good
health, happiness and a lot of joy in the coming years.

RNDr. RADOVAN CHMELAR, Ph.D.
Member of Editorial Board

ZPRAVODAJSTVIi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELIG ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

ZPRAVA Z ODBORNEHO ZAJEZDU CESKE TUNELARSKE ASOCIACE DO RAKOUSKA

VE DNECH 2. AZ 5. RiJNA 2019

REPORT FROM TECHNICAL EXCURSION OF CZECH TUNNELLING ASSOCIATION

TO AUSTRIA FROM 2"° TO 5™ OCTOBER 2019

The Czech Tunnelling Association organises every year a
technical excursion to interesting underground construction sites
in Europe. The objective of this year’s tour was Innsbruck, Austria,
and the construction of world’s longest railway tunnel, the Brenner
Base Tunnel (BBT, web — https://www.bbt-se.com). The route of
the new Brenner tunnel itself is 55km long. It connects Innsbruck
with Fortezza in Italy. Its part is also the railway tunnel leading
along the Inn river valley from Innsbruck to Kufstein (inaugurated
in 1994), which will be connected with the BBT by new tunnel
structures. In this way the BBT length will reach 64km and the
tunnel will become the longest railway tunnel in the world.

Letos byl cilem odborného zédjezdu rakousky Innsbruck a stavba
nejdelSiho Zelezni¢niho tunelu na svété, Brennerského bazového
tunelu (BBT, web — https://www.bbt-se.com). Innsbruck je maleb-
né meésto u paty alpskych hiebend, u néhozZ mozna stoji za zmin-
ku zajimavost spjata s olympijskym hnutim. Konala se zde zimni
olympidda, a to dvakrat kratce po sobé (v letech 1964 a 1976).
V roce 1976 to byla z nouze cnost, protoZe puvodné vybrany kan-
didat Denver poradatelstvi vzdal v roce 1973.

Trasa samotného nového Brennerského tunelu je dlouhd 55 km
a spojuje Innsbruck s italskou Fortezzou. Jeho soucésti je i existu-
jici Zelezni¢ni tunel vedouci tdolim feky Inn z Innsbrucku do Kuf-

steinu (uvedeny do provozu v roce 1994), ktery bude s BBT pro-

pojen novymi tunelovymi objekty. Tim dosdhne délka BBT 64 km
a stane se nejdel$im Zelezni¢nim tunelem na svéte.

Stavbu tvori dva jednokolejné tunely se soustavou pristupovych
tuneldl, rozplet a propojek. Schéma trasy je uvedeno na obr. 1.

Celkové bude v ramci stavby BBT vyraZeno asi 230 km pod-
zemnich dél. Z toho pfiblizné polovina konvencéné (metodou
Drill & Blast) a polovina mechanizované (tunelovacimi stroji
TBM). V tuto chvili je dokon¢eno cca 130 km, které byly provede-
ny prevazné konvencni metodou razby.

Jednokolejné tratové tunely maji vnitini primér 8§ m. Vzdalenost
tubust se pohybuje od 40 do 70 m. Tunelové propojky jsou situovany
a 333 m. Pro pfipad pozaru jsou v trase budovany tfi nouzové tunely
délky 450 m, umisténé mezi tratovymi tunely. Tyto tunely jsou roz-
mistény kazdych cca 20 km trasy. Maji slouZit jako nouzovy tkryt
pro cestujici, ktefi by sem uprchli z hotici vlaku (ten by mél vzdy do-
jet k jednomu z té€chto nouzovych tuneld a zde zastavit). V prostoru
nouzovych tuneld ¢ini vzdalenosti tunelovych propojek 90 m. Pro-
jekt pocitd s dimyslnym systémem vétrani téchto nouzovych tunelt
tak, aby v nich byl mirny pietlak a nedostal se tam kouf.

Vyskove asi 12 m pod tratovymi tunely je vedena prizkumnd
Stola v délce 55 km. Jeji primér je 5 m. Pivodné se predpokladalo,
Ze pruzkumna §tola bude vyraZena v predstihu pfed razbou trato-
vych tunelll, aby poskytla podklady mimo jiné i pro navrh tune-
lovacich stroju. Takto se ale nepodafilo stavbu pripravit a zahjit.
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Obr. 1 Schéma trasy BBT
Fig. 1 BBT route map

Realita je takova, Ze priizkumnd Stola se razi v minimalnim ¢aso-
vém predstihu (v fddu mésici), ktery neumoziiuje plné zohlednit
poznatky ze Stoly pfi ndvrhu tunelovacich strojii. Alespoti se ziskaji
informace o poruchovych zénich v horninovém masivu, které po-
miiZzou tratové tunely razit bezpecné. Stola rovnéZ poslouzi jako
drenazni prvek. Také z ni bude moZzno, v ptipadé€ potieby, provadét
predstihova technickd opatfeni do prostoru tratovych tuneld.
Vyska nadloZi dosahuje az 1800 m. Geologické podminky v tra-
se jsou rozmanité, zjednodusené receno smérem od Innsbrucku

Obr. 2 Ucastnici zdjezdu pFed infocentrem ve Steinachu
Fig. 2 Participants of the tour in front of information centre in Steinach

(zdroj https://www.bbt-se.com  source https://www.bbt-se.com)

razba prochazi prokiemenélymi fylity, bridlicemi, rulami a na ital-
ské strané Zulami.

V tratovych tunelech je navrhova rychlost pro osobni vlaky
250 km/h, pro nakladni dopravu 120 km/h.

Stavebnikem je rakousko-italsky verejny investor, spole¢nost BBT
SE. V ni maji Rakusané a Italové shodné podily 50 %. Tato spolec-
nost najima jednotlivé zhotovitele, ktefi BBT stavi. Stavba je rozdé-
lena na osm usekl (pét na rakouské, tfi na italské strané). Celkové
ndklady cini asi 9,3 mld. EUR (stav k 1. 1. 2018). Asi polovinu na-

(foto Libor Mafik photo courtesy of Libor Mafik)




kladt hradi Evropska unie. Cena dila se neustdle méni, tj. roste. Jed-
nak vlivem inflacnich doloZek ve zhotovitelskych smlouvach a také
proto, Ze stavba probihd ve velice obtiznych geotechnickych pod-
minkéch a o pfekvapeni neni nouze (viz ,,pozdé* razend prizkumna
Stola).

Priprava tohoto projektu byla dlouhd a narocna. Zapocala nékdy
pred tficeti lety a béhem té doby piivodni navrh stavby poznal mnoho
zmén. Mezistatni dohoda mezi Rakouskem a Itélii o vystavbé tunelu
byla podepsana v roce 2004, v roce 2011 se zacalo stavét. Dilo by
meélo jit do provozu v roce 2028.

V ramci exkurze byla navstivena dvé pracovisté. Nejprve to byl
usek ,, Tolfes — Pfons® (41,5 km raZeb, cena dila cca 380 mil. EUR,
zhotovitelem je sdruzeni Strabag/Salini-Impregilo). Zde jsou razby
jiz ukonceny, probihaly od roku 2014 do cervence 2019. Po kratké
prednasce v kanceléri a bezpec¢nostnim Skoleni probéhlo farani pod
vedenim pana Ivana Zamberlana. MoZna nejzajimavéjsimi informa-
cemi pro nasince, ktery vétSinou nema zkusenosti z razeb alpskych
tuneld, byly jim prezentované poznatky o deformacnim chovani pri-
zkumné Stoly. Ta se deformuje v fadu centimetr az decimetrd vli-
vem pribliZzeni vyrubt dalSich tunelt v jejim nadloZi (trafové a nou-
zové tunely). Nebo zkuSenosti s prichodem poruchovych péasem,
dosahujicich délek v fadu desitek az stovek metrd. Nejvétsi nadvy-
lom, ktery zde razi¢i zaznamenali, mél objem cca 6000 m® (vysypalo
se asi 30 m nadlozi).

Cilem druhé exkurze bylo infocentrum stavby ve Steinachu a pra-
covisté na useku ,,Pfons-Brenner (52 km razeb, cena dila cca 966
mil. EUR, zhotovitel sdruzeni PORR/G. Hinteregger & Sthne/So-
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cieta Italiana per Condotte d’Acqua/Itinera). Tady prace zaCaly na
podzim 2018. Po prohlidce pékného navstévnického centra a ivodni
prezentaci panem Michaelem Kronthalerem z BBT SE nésledovalo
farani. BohuZel nebyl vidét nezajistény vyrub, provadél se nastiik
stitkanym betonem. Predstaveno bylo také feSeni naklddani s tou
Casti rubaniny, kterd je zpétné nepouZitelna jako kamenivo do be-
tonu. V ramci tohoto dseku stavby se uloZi cca 18 mil. m? rubaniny
na trvalou deponii, ktera vznikd v jednom z alpskych tdoli vedle
méstecka Steinach. Udoli bude zaplnéno rubaninou do vysky aZ né-
kolika desitek metri. Horska feka tekouci tidolim bude ,,pfeloZena“
vySe a vedena timto novym dnem tdoli. Autor ¢lanku si troufa tvrdit,
Ze toto feSeni by v naSich zemépisnych Sitkach nejspis narazilo na
neprekonatelny odpor nékterych tcastnikti stavebniho fizeni.

Za zminku stoji i to, Ze se tratové tunely na rakouském tzemi pred
Innsbruckem kiizi, protoze v Rakousku jezdi vlaky po pravé koleji
a v Italii je to naopak (je to vidét na obr. 1). Dal$im technickym pro-
blémem, pramenicim z toho, Ze se jedna o tunel vedeny z jednoho
statu do druhého, je napf. to, Ze v obou zemich se pouZivaji jiné Zelez-
ni¢ni napdjeci soustavy (v Rakousku stfidava, v Italii stejnosmérnd).

Zavérem autor za vSechny ucastniky odborného zdjezdu dékuje
Liborovi Mafikovi za perfektni domluvu a organizaci exkurzi. Dalsi
momentky ze zdjezdu Ctenaf najde na jiném misté tohoto vydani Ca-
sopisu Tunel v rubrice Fotoreportdz.

Zdar Bih na pristim odborném tunelarském zédjezdu.

Ing. TOMAS EBERMANN, Ph.D.
¢len redakcni rady

Redakce ¢asopisu Tunel preje vsem svym étenarim jen to nejlepsi do roku 2020.
The editorial staff of TUNEL journal wishes all its readers the very best in 2020.

Pohlednici laskavé zapuj¢il doc. Ing. Vladislav Horak, CSC., spoluautor seridlu o pohlednicich s tématikou podzemnich staveb.

The postcard was kindly loaned by doc. Ing. Vladislav Horak, CSC., Co-author series about postcards with the theme of underground structures.



Vystavba Zelezniéniho tunelu Milochov, Slovensko
Construction of Milochov railway tunnel, Slovakia
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» letni, zimni sportovni dny a sportovni klub
» prispévek na bydleni pro mimoprazské zaméstnance
» mésiéni priplatky za odbornost zaméstnanc
» stipendijni program a dalSi vyhody pro studenty
» a mnoho dalsiho...

9 Mdzete s nami rist a myslet ve velkém...

Stan se i ty clenem naseho tymu!
SUDOP PRAHA a.s. je nejvétSi ¢eska projektova, konzultaéni a inzenyrska
spolec¢nost, ktera plisobi v oboru dopravniho inZzenyrstvi jiz vice nez 65 let.

Kontakt - Ing. Bukovska, mail.: veronika.bukovska@sudop.cz
Seznam aktualné vypsanych pozic na www.sudop.cz.

SUDOP PRAHA a.s., OlSanska 1a, Praha 3, 130 00
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