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Vazené Ctendrky a Ctendri,

v prvnich jarnich dnech leto$niho roku se k vdm dostdva prvnf ¢islo 23. rocniku Casopisu TUNEL, této vyznamné a trvalé aktivity Ceské
a Slovenské tunelaiské asociace. A pravé v jarnich mésicich roku 2014 mohlo dojit k vyznamné uddlosti, kterd by potésila nejen vSechny priznivce
dopravy v Praze — k 1. kvétnu mél byt v tunelovém komplexu Blanka kone¢né zahdjen provoz.

Nestane se tak. Kvuli dluhim z neproplacenych faktur a dal$im nestravitelnym postojum prazského magistratu (prohldSeni o neplatnosti smluv-
ni dokumentace ke stavbeé?!) zastavil hlavni dodavatel 7. prosince 2013 stavbu a spor se podle ofekévéni dostal k rozhodéimu soudu. PredbéZnym
rozhodnutim tohoto soudu z konce ledna 2014 byla platnost smlouvy mezi Prahou a Metrostavem potvrzena a bylo nafizeno pokracovat v praci ve
velmi omezeném rozsahu na vybranych objektech. Zcela zdsadni vyznam pro kone¢né resen{ problému bude mit jednédn{ rozhod¢iho soudu, k némuz
mad dojit 10. brezna. V idedlnim pfipadé by mohla byt stavba, jeji dokonceni a platby za provedené préce rychle a jednoznaéné legalizovany.

Je vSak zcela jasné, Ze tolik ocekdvané, a z dopravniho hlediska mimoradné prospésné uvedeni tunelového komplexu Blanka do provozu, se
odkladd. Na léto, na podzim, na piisti rok? Nabizim zdrZenlivé optimistickou variantu — bude to ,,do Svestek*. Zdsahy prazskych politika se v piipadé
tunelu Blanka ukdzaly natolik nepfedvidatelné, Ze Ize jen doufat, Ze jejich nezddouci aktivity v tomto sméru budou vyCerpany bliZicimi se podzim-
nimi komundlnimi volbami.

Ale vratine se k Casopisu, v tom je jasno. Uvodniky aktudlniho &isla TUNELU, spolu s péti odbornymi &lénky, pripadly firmém Minova Bohemia
s.r.0. a Orica Czech Republic, s.r.0., které obé spadaji do struktury vyznamné mezindrodni firmy Orica Ltd., kterd je vedoucim svetovym dodavate-
lem pramyslovych vybusnin a pokrocilych technologif trhacich praci v tunelech, povrchové i podzemni t€7bé a pii demoli¢nich pracich. Tfi ¢ldnky
pracovniki Minovy zaujmou odborniky na injektdZe a sanacni prdce, Orica ve svych Clancich predstavuje moderni provadéni trhacich praci
a sledovani jejich dynamickych d¢inka. S trhacimi pracemi mé souvislost i ¢ldnek, ktery je zaméfen na problematiku nadvylomu pri konvenéni razbé
pomoci vybusnin. Mirné polemicky vyznivé ¢lanek o alternativnim trasovéni délnice D1 v dseku Turany - Hubovd. Tfi zbyvajici ¢lanky, které popi-
suji podzemni dila na VD Mseno, okolnosti pouZiti a provedent ,,Zelvy* na Sudomérickém tunelu a rekonstrukci Strelenského tunelu, jsou technic-
ky velmi zajimavé a poucné.

Preji vem Ctendfiim inspirujici pocteni Elankii vybranych podle vlastniho zdjmu z nabidky predlozené v TUNELU ¢.1/2014, L

prof. Ing. JIRI BARTAK, DrSc.
predseda redakéni rady

Dear readers,

in the initial days of this year’s Spring you are receiving the first issue of the 23rd edition of TUNEL journal, which is one of important and lasting
activities of the Czech and Slovak tunnelling associations. These spring months of 2014 were those during which the significant event would have
pleased not only all sympathisers of underground structures but also the majority of the public comprehensively and rationally thinking about the most
convenient and environmentally friendliest system of vehicular traffic in Prague could eventually have taken place. It was the event of opening the
Blanka complex of tunnels to traffic with this deadline scheduled for the 1st May.

Unfortunately, it is not going to happen. The main contractor suspended the works on the 7th December 2013 because of debts resulting from unpa-
id invoices and other indigestible approaches of the Prague City Hall (the declaration of nullity of contractual documents relating to the construction?!).
As expected, the dispute has got to the court of Arbitration. The validity of the contract between the Prague City Hall and Metrostav a.s. was confir-
med through a preliminary decision of the court issued at the end of January 2014 and it was ordered that the work is to continue to a limited extent,
on selected objects. The Court of Arbitration hearing planned for the 10th March will be of fundamental importance for the final solution to the pro-
blem. Ideally, the construction, its completion and payments for completed work could be quickly and unambiguously legalised.

It is however totally clear that the opening of the Blanka complex of tunnels to traffic, which is so much awaited and, from the aspect of traffic, extre-
mely beneficial, is to be postponed; until the summer, autumn or the next year? I am offering a reservedly optimistic variant — it will be by the “plum
harvesting season”. The interventions of Prague politicians in the case of the Blanka tunnel turned out to be so unpredictable that it is only possible to
hope that their undesired activities regarding this project will be exhausted before the upcoming communal elections.

But let us return to the journal, where it is clear. Leading articles in the current issue and five technical papers were allotted to Minova Bohemia
s. 1. 0. and Orica Czech Republic, s. r. 0. The two companies come under the structure of Orica Ltd, an important global company, which is world’s lea-
ding supplier of industrial explosives and advanced technologies for blasting in tunnels, open-cast and underground mines and demolition. The three
papers by Minova employees will attract grouting and rehabilitation professionals; in their papers, Orica authors introduce the modern execution of blas-
ting and monitoring of dynamic effects of blasting. Another paper focusing on the problems of overbreaks in conventional drill and blast excavation also
relates to blasting operations. The paper on the alternative design for the alignment of the Turany — Hubova section of the D1 motorway sounds slightly
polemically. The remaining three papers, describing underground workings at the Mseno dam, the circumstances of the use and realisation of the “torto-
ise shell vault” at the Sudoméfice tunnel construction and the reconstruction of the Stelnd tunnel, are technically very interesting and instructive.

I would like to wish all readers inspiring reading of the papers they select from the offer submitted by TUNEL journal issue No. 1/2014 according

to their own interest. prof. Ing. JIéiBARTAK, DrSe.
Chairman of the Editorial Board
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VAZENI KOLEGOVE A CTENARI CASOPISU TUNEL,

je pro mne velkou cti, Ze vim mohu prostfednictvim prestiZzniho
Casopisu TUNEL predstavit na$i spole¢nost Minova Bohemia s.r.o.,
kterd je pro mnohé z vds dlouhodobym partnerem v oblasti podzem-
ni vystavby. NaSe spolecnost prosla od svého zaloZeni v roce 1995
dynamickym vyvojem, pfi zachovéni tradi¢niho vysokého standardu
servisu a nafeho puvodniho zaméfeni na technologie kotveni a in-
jektovani.

Dovoluji si predpoklddat, Ze fada z vds si stdle pamatuje pavodn{
nazev na$i spole¢nosti CarboTech-Bohemia s.r.o., ktery predchazel
fidzi s nadndrodni skupinou Minova. Dalsim duleZitym meznikem,
ktery zdsadné ovlivnil tvar spole¢nosti, byl rok 2007, kdy byla skupi-
na Minova prevzata novym vlastnikem — australskou spole¢nosti
Orica Limited, prednim svétovym vyrobcem prumyslovych trhavin
a roznétnych systému pro t€Zebni primysl, podzemni a povrchovou
vystavbu. Nabidka spoleCnosti Orica zahrnuje predev§im vyrobu
a dodavku sypkych a emulznich trhavin, specidlni ndlozkované trha-
viny, iniciaéni a elektronické roznétné systémy, systémy pro monito-
ring d¢inku trhacich praci a hardware/software vybaveni pro projekci
trhacich praci. Dfive zavedené produkty z oblasti kotven{ a injektovani
tak vhodnym zpusobem dopliiuji tuto velmi obsdhlou nabidku
a predstavuji pro oblast hornictvi a podzemni vystavby pomérné uni-
kdtni a zcela jist¢ atraktivni kombinaci materidlt a sluZeb.

Dlouhodobym cilem na$i spoleCnosti je predstavovat pro naSe
partnery dodavatele spolehlivych, provéfenych materidli a tech-
nologif, podpofenych kvalitnim technickym zdzemim a byt rovno-
cennym konzultantem projekénim kanceldfim a realiza¢nim firmdm
v oboru podzemni vystavby. Pozadavky na technicky ndvrh feSeni
nebo pomoc pii realizaci specidlnich praci v oblasti kotveni
a injektovani byly ze strany naSich partner velmi Casté.

Rada dnes béZnych materidli pouzivanych v podzemnim stavitel-
stvi v Ceské a Slovenské republice — napfiklad zavrtavaci SDA svor-
niky, zpevnujici a t€snici PU a OM pryskyfice, pfipadné gely a fada
dal$ich, byly na néa§ trh dspéSné uvedeny pravé nasi spole¢nosti.
Diky stdlému sledovani trendd, inovacim a blizkému kontaktu
s realizovanymi stavbami jsme byli v na$i snaze dspéS$ni a jsem
osobné presvédéen, Ze budeme udspésni i naddle. Potvrzenim této
skute¢nosti je staly zdjem a prizen lokdlnich spolecnosti a rovnéz
spolecnosti ze zahranici.

K rozvoji informovanosti o novych materidlech a technologiich
prispivd spole¢nost Minova Bohemia s.r.o. rovnéz poradanim kaz-
doro¢niho a dnes jiz tradi¢niho mezinarodniho semindre ,, Kotveni,
zpevnovdni a tésnéni horninového masivu a stavebnich konstrukci*,
na kterém se spolupodilime s VSB-Technickou univerzitou
v Ostravé, katedrou geotechniky pri Stavebni fakulté. V ramci pro-
gramu semindre jsou prezentovéany technologické novinky, zajimava
technickd fesent a referenéni stavby z CR i ze zahraniéi. Jiz 19. rog-
nik semindre se v leto§nim roce uskute¢nil v terminu 27.-28. tnora.

Véfim, ze i v dalsim obdobi budeme moci vyuzit své profesni
schopnosti v kombinaci s kvalitnim produktovym portfoliem
a sluzbami, véetné doplnéného sortimentu Orica tak, abychom byli
pro vds stdle Zddanym partnerem, schopnym spolu s vami celit
vyzvam, které prostiedi podzemnich staveb pfindsi, a to
s dirazem na maximalni bezpecnost a efektivitu.

Ke splnéni tohoto prani chybi ndim vSem v posledn{
dobé dostatek takovychto vyzev, tedy podzemnich sta-
veb. Zavérem chci poprat vSem <¢tendfum Casopisu
TUNEL a vSem ¢lenim CzTA a STA pevné zdravi
a mnoho zajimavych tunelovych staveb — jak pevné
doufam — v blizké budoucnosti.

ING. PETR KUCERA
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DEAR KOLEAGUES AND TUNEL JOURNAL READERS,

it is great privilage for me that I am allowed to introduce to you our
company, Minova Bohemia s. r. o., through the prestigious journal
TUNEL. Our company has been a long-standing partner in the field of
underground construction engineering for many of you. It has had been
dynamically developed since its foundation in 1995, with the traditional
high standard of services and our original focus on anchoring and grou-
ting technologies.

Allow me to assume that many of you can still remember the original
name of our company, CarboTech-Bohemia s. r. 0., which preceded the
merger with the multinational group Minova. Another important miles-
tone which fundamentally affected the company face was the year 2007,
when Minova Group was taken over by a new owner, Australian com-
pany Orica Limited, which is a world leading manufacturer of industri-
al explosives and initiation systems for the mining industry and underg-
round and surface construction. The Orica offer contains first of all the
manufacture and supply of bulk and emulsion explosives, special car-
tridged explosives, initiation and electronic initiation systems, systems
monitoring effects of blasting operations and harware/software equip-
ment for the design of blasting operations. The products from the field
of anchoring and grouting introduced in the past suitably supplement
this very wide offer and represent a relatively unique and certainly att-
ractive combination of materials and services for mining and underg-
round construction engineering.

The long-term objective of our company is to provide our customers
with reliable and proven materials and technologies supported by good
quality technical hinterland and to be a consultant equal to designing
offices and contractors in the field of underground construction.
Requirements of our partners for a technical proposal for a solution or
assistance in the realisation of special operations in the field of ancho-
ring and grouting have been very frequent.

Many today commonplace materials used in the underground con-
struction industry in the Czech and Slovak Republics — for example self-
drilling anchors, PU and OM and other resins or gels for consolidation
and sealing grouting have been successfully introduced to our market by
our company. We have been successful in our efforts owing to the con-
tinual observation of trends, innovations and close contacts with con-
struction projects being realised and I am personally convinced that our
success will continue to exist. This fact is confirmed by the permanent
interest and favour of local firms and also firms from abroad.

Minova Bohemia s. r. 0. has also contributed to the development of
the awareness of new materials and technologies by organising annual,
and today already traditional, international seminar “Anchoring, conso-
lidation and sealing of ground mass and structures™ on which we have
participated with the VSB - Technical University of Ostrava, Faculty of
Geotechnics of the Faculty of Civil Engineering. Technological novelti-
es, interesting technical solutions and reference projects from both the
CR and abroad are presented at the seminar. The already 19th seminar
was this year held on 27th — 28th February. I believe that we will be able
to use our professional skills in combination with the high-quality pro-
duct portfolio and services, inclusive of the supplemented Orica assort-
ment, even in the future, so that we remain your preferred partner, which
is, together with you, capable of facing challenges the
underground construction environment poses to us, put-
ting stress on the maximum safety and effectiveness.

For fulfilling this wish, we have recently been missing
enough challenges, underground construction projects.
To conclude, I would like to wish all TUNEL journal rea-
ders and all ITA-AITES CzTA and STA members good
health and many interesting tunnelling projects to emer-
ge, as | sincerely hope, in the near future.

reditel spole¢nosti Minova Bohemia s.r.o.
Company Director of Minova Bohemia s.r.o.
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VAZENI CTENARI CASOPISU TUNEL,

je pro me osobni cti mit pfileZitost prostfednictvim renomo-
vaného Casopisu TUNEL pozdravit jménem spole¢nosti Orica
Ctendfe a odborniky v oblasti podzemni vystavby a poprat nim
vSem spole¢né brzké prekondni recese a ndvrat k ¢innosti, které
jsme vénovali znanou ¢&dst naSeho profesniho Zivota — pod-
zemnimu stavitelstvi.

Dovolim si predpoklddat, Ze australskd spole¢nost Orica se
sidlem v Melbourne neni jiZ v Evropé a v naSich zemich zcela
neznamym pojmem. VZdyt fada nejvyznamnéjSich spole¢nosti
naSe vyrobky a technologie pouzivala jiz dfive — za vSechny si
dovolim uvést napriklad Metrostav a.s. (tunel na Islandu) ¢i
Skanska a.s. V pifpadé Ceské a Slovenské republiky je Orica
zastupovdna spole¢nostmi Orica Czech republic, s.r.o. a Orica
Slovakia s.r.o., pfi¢emZ obé jsou na naSem trhu aktivni od roku
1994.

Orica je svétovym vyrobcem a dodavatelem predevsim spe-
cidlnich trhavin a roznétnych systému. Jeji specializace je smé-
fovdna sice hlavné do oblasti povrchového a podpovrchového
hornictvi, presto i vystavba podzemnich dél patii mezi oblasti,
na které klademe diraz a vyvijime pro ni jedine¢né produkty.
Kromé trhavin a roznétnych systému nabizi Orica pro oblast
vyuziti trhavin pfi klasickych razbach podzemnich d¢l specia-
lizované software pro ndvrh trhaci prace a vysoce propracova-
ny systém monitoringu trhaci prace (sledovani otfest a jiné).

V ramci Ceské a Slovenské republiky — kromé vyse uvede-
ného — Orica nabizi specializované prace zahrnujici komplexni
pripravu trhaci prace od projektu, zaméfeni az po provedeni
trhaci price jako takové.

Diky globdlni fuzi, respektive integrace vyrobce a dodavate-
le kotevni a injek¢ni techniky Minova do struktury Orica (nové
Orica Ground Support), dokdZze Orica nyni svym klientim
nabidnout skute¢né nevidany rozsah materiélu a sluzeb, pokry-
vajici Siroké spektrum rozpojovani horniny trhavinami a stabi-
lizace vyrazeného prostoru pomoci kotevnich prvkid anebo
injek¢nich technologii.

Jsem presveédéen, ze vyhodnost komplexni nabidky, vysoky
standard kvality, pokrocilé technologie a odbornost pracovniku
Orica se pozitivné projevi v nasi dalSi spoluprdci a Ze spole¢-
nost Orica bude jednim ze zdkladnich kamenu vaseho tspéchu.

Za spole¢nost Orica vam preji dspé$ny rok 2014.

DEAR READERS OF TUNEL JOURNAL,

It is a great privilege for me to be granted the opportunity to
greet you, readers and professionals in the field of underground
construction, on behalf of Orica through the renowned journal
TUNEL and to wish all of us to overcome jointly and soon the
recession and return back to the activity we have dedicated a sig-
nificant part of our professional life — the underground construc-
tion industry.

I dare to assume that Melbourne-based Australian company
Orica is no more a name completely unknown in Europe and in
our countries. After all, numerous most important firms used our
products and technologies in the past. Let me mention for exam-
ple Metrostav a.s. (tunnels in Iceland) or Skanska a. s. In the case
of the Czech and Slovak Republics, Orica is represented by
Orica Czech Republic s.r.o. and Orica Slovakia s.r.o., which have
been active on our market since 1994.

Orica is a global manufacturer and supplier first of all of spe-
cial explosives and initiation systems. It is true that its speciali-
sation is focused mainly on the field of opencast and underg-
round mining, but underground construction also belongs among
the areas we put stress on and for which we develop unique pro-
ducts. Apart from explosives and initiation systems, Orica offers
specialised blast designing software and a highly sophisticated
system of monitoring of blasting operations (the observation of
vibrations etc.) for the field of the use of explosives in classical
excavation of underground workings.

Regarding the Czech and Slovak Republics, Orica offers, in
addition to the above-mentioned assortment, specialised work
incorporating comprehensive preparation of blasting events from
the design and survey up to the execution of blasts themselves.

Owing to the global merger, or better to say the integration of
Minova, the manufacturer and supplier of anchoring and grou-
ting technology, into the Orica structure (newly Orica Ground
Support), Orica is currently able to offer its clients a really unp-
recedented scope of materials and services, covering a wide
spectrum of the disintegration of rock with explosives and the
stabilisation of the excavated opening by means of anchoring
elements and grouting technologies.

I am convinced that the advantages of the comprehensive offer,
the high quality standard, advanced technologies and the exper-
tise of Orica employees will show up positively in our continu-
ing collaboration and that Orica will be one of the cornerstones
of your success.

I wish you, on behalf of Orica, success in 2014.

P 4
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ING. PAVOL SOKOL
Feditel spole¢nosti, Orica Czech Republic s.r.o.

Director of Orica Czech Republic s.r.o.
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TECHNOLOGIE STABILIZUJICI NADLOZI A PREDPOLI POUZITE
PRI VYSTAVBE TUNELOVEHO KOMPLEXU BLANKA

TECHNOLOGIES STABILISING THE OVERBURDEN AND
THE TUNNEL FRONT ZONE USED DURING THE CONSTRUCTION
OF THE BLANKA COMPLEX OF TUNNELS

PETR KUCERA, ADAM JANICEK, ONDREJ SILHAN

ABSTRAKT

Podzemni stavby se fadi mezi nejsloZitéjsi stavebni dila, nicméné i na jejich vystavbu je vyvijen znacny tlak z hlediska ekonomického
a bezpecnostniho. V porovndni s pozemni vystavbou je v pripade tunelii projektovd priprava vyznamné komplexnéjsi a mimo jiné resi mozné
riziko a dopad razby na povrch — predevsim méstskou zdstavbu. Prdvé toto riziko hraje pri vystavbe méstskych tunelii dileZitou roli z diivodui
Casto velmi nizkého nadloZi, nemoznosti provadeni precizniho a podrobného geologického priizkumu odpovidajictho sloZitosti stavby a rovnéz
geologickou skladbou nadloznich vrstev jsou méstské tunely raZené v malych hloubkdch vysoce obtiZnymi dily jak z pohledu projektovdni, tak
z pohledu samotné realizace. Cldnek uvddi zdkladni informace o pouzivanych technologiich p¥i stabilizaci nadlozi véetné popisu redlnych apli-
kaci v ramci vystavby tunelového komplexu Blanka.

ABSTRACT

Underground structures belong among the most complicated construction works. Nevertheless, significant economic and safety-related pres-
sures are put even on them. Compared with building, the preparation of designs for tunnels is significantly more complex and, among other
tasks, solves potential risks and the impact of the construction on the surface — first of all on urban settings. This risk plays an important role
in the construction of urban tunnels with respect to frequently very shallow overburden, the impossibility of carrying out precise and detailed
geological investigation adequate to the complexness of the construction and also, for example, the possibility of historic anthropogenic acti-
vities in the direct overburden. Urban tunnels driven at small depths, in combination with the surface water and underground water regime and
variable geological composition of the overburden layers, are very difficult construction tasks from the aspect of both the design and the reali-
sation itself. The paper provides basic information on the technologies used in stabilising the overburden, including the description of realistic

applications used during the construction of the Blanka complex of tunnels.

ovoDp

Pres vSechna rizika a nesporné obtiZe spojené s vystavbou mest-
skych tunelt je jejich role a prinos v ramci infrastruktury neod-
diskutovatelny, a to je davodem pro jejich vystavbu. S ohledem
na fakt, Ze mozna rizika jsou viceméné znamd, bylo mozno
vypracovat fadu technologii a adekvétnich produktu, které rizika
snizuji nebo témer eliminuji.

V pripadé cyklické metody razby (napriklad NRTM) je nutné
odlisit jednoduché podminky od sloZitych — geologie, vySka nadlo-
7i, pevnost nadloznich vrstev, riziko pro povrch atd. V piipade slo-
zitych podminek je standardni zaclenit do postupu razby technolo-
gie zajiStujici stabilitu nadloZi a predpoli (obr. 1). Konkrétné se
jednd o vyztuzovani nadlozi a predpoli (pre-reinforcement)
a o stabilizujici injektdZ (pre-grouting). V porovndni s klasickym
cyklem v jednoduchych podminkach tak neni reSena pouze stabili-
ta vyrazeného prostoru, ale i stabilita horniny pred ¢elbou dila.

VYZTUZOVANI NADLOZI[ A PREDPOLI

Stabilita nadloZi a predpoli je v piipadé méstskych tunela
s nizkym nadloZim zcela zdsadni. Rozvoj deformaci pfi podce-
néni tohoto aspektu razby se obtizné kontroluje v redlném case
a rovnéZz provadéni ,,okamzitych® zdsahu brzdicich akceleraci
deformaci zustdvd v roviné prani. Zdkladnim doporuenim je
proto i naddle vénovat maximalni pozornost a ¢as technologiim,
které pripadnym problémum dokédZou predchézet.

Pro vyztuzovani pifimého nadloZi jsou v dnes$ni dobé pouziva-
ny napr. ndsledujici dvé technologie — trubkovy mikropilotovy
ochranny deStnik a ochranny deStnik tvoreny injektovanymi
jehlami. V obou pripadech je preferovdana metoda primého vrtani

INTRODUCTION

Despite all risks and indisputable difficulties associated with the con-
struction of urban tunnels, their role and benefits for infrastructure is
indisputable, which is the reason for their construction. Taking into con-
sideration the fact that potential risks are more or less known, it was
possible to develop a range of technologies and adequate products redu-
cing the risks or nearly eliminating them.

In the case of conventional excavation methods (for example the
NATM) it is necessary to distinguish simple conditions from complica-
ted ones — geology, overburden height, the strength of overburden lay-
ers, risk to the surface etc. In the case of complicated conditions it is the
standard that they should be incorporated into the excavation technolo-
gy securing the stability of the overburden and the tunnel front zone
(Fig. 1), namely the pre-reinforcement of the overburden and the front
zone, the stabilisation of the excavated opening and pre-grouting.
Compared with the classical cycle in simple conditions, the stability of
ground mass ahead of the excavation face is solved in addition to the
stability of the excavated opening.

PRE-REINFORCING OF TUNNEL OVERBURDEN
AND TUNNEL FRONT ZONE

The stability of tunnel overburden and tunnel front zone is absolute-
ly crucial for urban tunnels under a shallow cover. The development of
deformations is hard to control if this tunnelling aspect is underestima-
ted. In such the cases, even the execution of “immediate” interventions
reducing the acceleration of deformations remains only at the level of
wishes. The basic recommendation is therefore to devote maximum
attention and time to the technologies which are capable of preventing
potential problems.
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— zavrtadvani vyztuZze deStniku do horniny.
U mikropilotového destniku se tak dcje
systémem zatahovanych paZnic a v pripadé
jehlovani jsou preferovany zavrtavaci
injekéni tyCe systému SDA (z anglického
Self-Drilling Anchors, zndmé pripadné pod
oznaenim prevzatym z némciny jako IBO
Injektion-BOhr Anker).

Trubkovy mikropilotovy destnik je upred-
nostnovan ve velmi obtiznych podminkach
vysoce rozvolnénych hornin a v pripadech,
kdy je stabilita nadlozi vyznamné ovlivnéna
pritoky vody. Jehlovani pomoci SDA zavrta-
vacich ty¢i je pak vyuzivino spiSe
v kompaktnich horninich s nizkou az stied-
ni pevnosti anebo v promenlivé geologii
stiidajicich se vrstev. Technologicky je jeh-
lovani méné ndro¢né a rychlejsi nez instala-
ce mikropilotového destniku. Umoznuje fle-
xibiln€ reagovat na aktudlni situaci zastize-
nou razbou anebo ovérenou predvrty. Jehly
mohou byt vrtdny pod volitelnym tklonem
s cilem vyztuzit vétsi nebo mensi mocnost
primého nadlozi dila, mohou mit variabiln{
presazeni jednotlivych de$tnika a v pripadé
SDA je mozno je kombinovat s vice typy
injek&nich materidlu. Pfesto volba typu
ochranného destniku je predev§im determi-
novana geotechnickymi podminkami.

Pro jehlovani se vyuZzivd v principu
shodnych SDA ty¢i jako pro radidlni kotve-
ni, pouze jsou s ohledem na zpusob zatize-
ni pochopitelné preferovany vétsi praméry
38/51/76 mm (obr. 2).

Vyztuzovani predpoli je Casto voleno jako
doplnéni stabilizace pfimého nadlozi pomoci
destnikd. Celba a hornina pred &elbou jsou
vyztuzeny pomoci del§ich injektovanych
sklolamindtovych prvku, zajistujicich stabili-

VYZTUZENI
PREDPOLI

CINJEKTAZ
PREDPOLI

L,
_\_’/
RAZICI -

CYKLUS

EXCAVATION
Kcvcus

tu Celby bez jejiho pripadného zhrouceni do
vyrubu s moZnou propagaci na povrch.
I v tomto pripadé jsou preferovany moderni
zavrtavaci sklolamindtové vyztuze systému SDA Spinmax, které
Ize rychle a bez nutnosti predvrtani osadit do horniny v celbé.

STABILIZUJICI A ZPEVNUJICI INJEKTAZ
Stabilizujici injektdZe jsou ¢asto volenou technologii v pfipade
silného zvodnéni horniny v nadloZi, horniny vyrazné poruSené
systémem trhlin nebo v pripadé, kdy hornina v nadlozi prechazi
v pokryvné vrstvy zemin relativné blizko nad obrysem dila.
Podle geologického prostredi jsou voleny rizné injekéni mate-
ridly — ve vSech pripadech se povazuje za vyhodu rychld aktivace

Obr. 2 Typickd instalace SDA jehel — zleva SDA R38 (Némecko), SDA R51 (Rakousko) a SDA T76 (Indie)
Fig. 2 Typical installation of SDA anchors — from the left side: SDA R38 (Germany), SDA R51 (Austria) and SDA T76 (India)

Obr. 1 Schéma raziciho cyklu
Fig. 1 Excavation cycle chart

The direct overburden is today reinforced using the following two
technologies: canopy tube pre-support and spiling canopies formed by
grouted spiles. In both cases, the direct drilling method, i.e. burying the
reinforcing elements in drillholes made in the ground, is preferred. In
the case of the canopy tube pre-support, it is formed by a system of
tubes pulled into drillholes and, in the case of spiling, self-drilling
anchors (SDA), which are known under the name taken over from
German as IBO anchors (Injektion-BOhr Anker).

The canopy tube pre-support is preferred in very complicated condi-
tions formed by highly loosened ground and in the cases where the
overburden stability is
significantly affected by
water inflows. The spi-
ling using the self-dril-
ling anchors is rather
used in compact ground
with low to medium
strength or in variable
geology formed consis-
ting of alternating lay-
ers. From the technolo-
gical point of view, spi-
ling (forepoling) is less
demanding and faster
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(kratkd doba do uplného vytvrzeni), stabilita injekéni smési than the installation of canopy tube presupport. It allows for flexible
(nemoznost rozplaveni nebo odplaveni vodou) a pevnost. responding to a current situation encountered during the excavation or
V piipadé pevnosti se rozumi kombinace pevnosti v tlaku, tahu, verified by advance probes. Spiles can be installed at an optional angle
stiihové pevnosti a pridrZznosti k horniné — divodem je zpusob with the aim of reinforcing bigger or smaller thickness of the direct
zatiZeni, respektive odlehCeni nadloZnich hornin pfi prichodu overburden; the overlapping of individual canopies can be variable and,
razby. Pro tyto dcely se jako jednoznatné vhodnéjsi prokdzaly in the case of the SDA, they can be combined with more types of grou-
chemické injekeni smési, které vynikaji pravé schopnosti maxi- ting materials. Despite this fact, the selection of the canopy type is
mdlniho spojeni horniny diky vysoké hodnoté pridrZnosti mainly determined by geotechnical conditions.

a pevnosti v tlaku i v tahu.

Nékteré vyse uvedené technologie byly v neddvné dob¢€ dspés-
né kombinovdny pro zaji§téni nadlozi pfi stavbé tunelového
komplexu Blanka.

Principal SDA anchors identical with the anchors for radial anchoring
are used for spiling; the only difference is that larger diameters of
38/51/76mm are naturally preferred for the spiling with respect to the
type of loading (see Fig. 2).

The pre-reinforcing of the excavation front zone is frequently chosen

TUNELOVY KOMPLEX BLANKA as a complement to the stabilisation of the direct overburden with cano-

Tunelovy komplex Blanka, presnéji soubor staveb méstského pies. The excavation face and the ground in advance of the face are rein-
okruhu v Praze Myslbekova — PCIC'TYIOIVk& Je v soucasné dobé forced by means of longer grouted glassfibre reinforced plastic elements,
nejvetsi podzemni stavbou budovanou v Ceské republice. Stavba which secure the stability of the face without contingent collapsing into

s vz

je realizovdna v ramci vystavby severozdpadni ¢dsti méstského
okruhu a jeji celkova délka ¢ini 6382 m. Bude tak doplnéna jiz
provozovana ¢ast okruhu délky cca 17 km s tunely Zlichovskym,
Mrazovkou a Strahovskym. Po zprovoznéni tak vznikne nejdelsi
tunelovy komplex v Ceské republice, ktery bude soucasné také
i nejdel$im souvislym razenym tunelem na tizemi Ceské repub- STABILISING AND STRENGTHENING GROUTING
liky diky své délce 2231 m.

Razba prvnich udseku tuneld byla zapocata v roce 2007

the excavated opening potentially propagating up to the terrain surface.
The modern SDA Spinmax system self-drilling glassfibre reinforced
anchors are used even in this case. They can be quickly and without
necessity for pre-drilling installed in ground mass at the excavation face.

Stabilising grouting is a frequently chosen technology in the cases of

a postupovala ve sméru od Troje k Letné pod korytem feky heavily saturated ground in the overburden, rocks significantly distur-
Vitavy s primérnymi mésicnimi vykony razby kaloty cca bed by a system of cracks or when the rock in the overburden passes to
110-140 metrt. Po dosaZeni oblasti pod parkem Stromovka viak earth cover layers relatively close above the excavation contour.

doslo ke zpomaleni a komplikacim razby zejména sniZenim kva- Different grouting materials are selected depending on the geological
lity horninového masivu dobrotivského a libeniského souvrstvi. environment; rapid activation (short time till the full hardening), the sta-
Poruchy rozpukanych skaleckych kiemenct v silné tektonicky bility of grouting mixes (impossibility of diluting them or washing off
porusené jilovitopis¢ité bridlici vedly ke zvySeni pfitoku pod- with water) and the strength are considered to be an advantage —in all
zemni vody z terasovych sedimentd, pfi¢emZ minimdlni vyska cases. Regarding the strength, it is the combination of the compressive
horninového nadlozi byla 1-3 m. Tyto komplikace bohuZel strength, the shear strength and the bond to the substrate. This is becau-
nakonec vyvrcholily dvéma mimofddnymi uddlostmi na severn{ se of the loading type or the process of unloading the overburden
tunelové troubé, jejichZ nasledkem bylo zastaveni praci, proset- ground mass during the passage of the excavation. Chemical grouting
fenf odpovédnymi stdtnimi orgédny a stanoveni nezbytnych opat- mixes proved themselves to be unambiguously more suitable for these
feni vedoucich k zajiStén{ bezpe¢nosti a ochrany zdravi pii praci purposes. They distinguish themselves by their capability of maximum
a bezpetnosti provozu pfi ndslednych pracich [1]. bonding to the ground owing to the high values of adhesion and both

Souddsti téchto opatreni bylo, mimo jiné, i systematické prova- compressive and tensile strengths.

déni ochrannych destniku a dopliujici zpeviujici chemickd injek-
taZ horninového prostiedi v nadlozi dila. Pfi navrhu téchto dopl-
nujicich opatfeni se spole¢nost Minova Bohemia s.r.o. podilela
jako odbornd konzultaéni a ndsledné dodavatelskd firma. Vysled-
kem spoluprice s generdlnim projektantem SATRA sr.o. a do- BLANKA COMPLEX OF TUNNELS
davatelem stavby Metrostav a.s. byl ndavrh a nasledné provedeni
sanacnich opatfeni s vyuzitim vyztuzeni nadlozi pomoci ochran-
nych destnika a stabilizujici injektdze.

Some of the above-mentioned technologies were recently success-
fully combined for the purpose of stabilising the overburden during the
construction of the Blanka complex of tunnels.

The Blanka complex of tunnels, more accurately the construction pac-
kage forming the Myslbekova — Pelc-Tyrolka section of the City Circle
Road (the inner circle) in Prague, is today the largest underground con-
OCHRANNE DESTNIKY struction project being implemented in the Czech Republic. The con-
struction is being realised as a part of the development of the north-wes-
tern segment of the City Circle Road and its length amounts to 6,382m.
In this way, the already operating about 17km long part of the circle road,
containing the Zlichov, Mrazovka and Strahov tunnels, will be comple-
mented. After opening it to traffic the longest continuous mined tunnel in
the Czech Republic will originate owing to its length of 2,231m.

The excavation of the initial sections of the tunnels commenced in

Ochranné destniky byly navrZeny celkoveé ve tfech odli¥nych
variantdch zohledniujicich razné geologické a hydrogeologické
podminky, zpusob a efektivnost provddéni v ndvaznosti na dals{
pracovni postupy.

V tomto konkrétnim pripade se jednalo o variantu trubkového
mikropilotového destniku 114/6,3 mm systému Symmetrix®
a dvé varianty ochrannych deStniki tvorenych zavrtdvanymi

jehlami systému SDA — varianta s ocelovymi ty&emi R 51L 2007 and proceeded from Troja toward Letnd under the Vltava River
a varianta kombinujici ocelové tye R 51L se sklolaminatovymi bed with average monthly advance rates of about 110—140m. However,
tyCemi Spinmax R32. after reaching the area under the Stromovka park, the rates decreased

Trubkovy mikropilotovy destnik byl instalovan v mistech and complications in the excavation were encountered, mainly due to
s minimalnim nadloZim, pfi¢emZ tento deStnik byl tvofen 33 ks the reduced quality of the rock mass consisting of the Dobrotiv and
ocelovych trubek celkové délky 12 m (4x3 m) a byl instalovan Liben members. Faults in broken Skalec quertzites found in heavily tec-
v kazdém 4. zabéru délky 0,8 m. Ur¢itym problémem, ktery se tonically disturbed clayey-sandy shales led to increased inflows of
objevil pfi vrtani deStniku, byly dfive osazené vyztuzné prvky groundwater from terrace sediments; the minimum height of the rock
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(svorniky) vrtané z pruzkumné $toly, které misty zcela znemoZz-
nily instalaci de$tniku (vrtdni na primér 122 mm). V téchto pfi-
padech (nedovrtani celé délky destniku) pak bylo vyuzito vyso-
ce flexibiln{ alternativy jehlovani pomoci ty¢e SDAR 51L. Diky
své subtilnosti, relativné malému praméru vrtaci korunky pouZi-
té pro zavrtdni prvka systému SDA, ale zdroven dostate¢né
tuhosti se jehlovanim podarilo prekondvat tseky s vyskytem vel-
kého mnoZstvi radidlni vyztuZze puvodni prazkumné §toly.

V tsecich, kde bylo nadlozi s lehce zvySenou mocnosti (jed-
nalo se o stani¢eni 1280-1360 m v obou tunelovych troubach),
bylo vyuZito jednodussi technologie ochrannych destniku reali-
zovanych pomoci zavrtdvacich ty¢f SDA R 51L délky 9 az 12 m
(obr. 3), pfi¢emz Casova ndrocnost na jejich zhotoveni byla pri-
blizng ¢tvrtinova v porovnani s trubkovym mikropilotovym dest-
nikem. Pocet jehel v deStniku byl v tomto pripadé stanoven na
39. Vrtani jehel se cyklicky opakovalo v kazdém tretim kroku,
&imz bylo dosaZeno prfitomnosti tii ochrannych destnikt nad
sebou v kazdém profilu razby, a tedy vysokého stupné vyztuZzeni
horniny. Pro vrtani se pouzivaly ztracené vrtaci roubikové korun-
ky ESS 76 mm, které bylo mozné v prvé radé ,,provléknout pri-
hradovym nosnikem a které ndsledné vytvorily dostate¢né velky
prostor pro injektdZ a zhotoveni t€la jehly.

V mistech s vertikdlnim ¢lenénim kaloty bylo pro vytvareni
ochrannych destnika vyuZito kombinace standardnich ocelovych
jehel SDA R 51L a odstranitelnych sklolamindatovych SDA
Spinmax R32 v mistech budouciho vyrubu. Pouziti kompozitu
(sklolamindtu) vyznamné zjednodusilo pobirdni horniny v druhé
Casti kaloty.

Pro injektdZ vSech typa ochrannych destnika byla pouZita pre-
fabrikovand cementova kotevni smés Ekoment RT. Kotevni smés
diky svym parametriim a rychlému ndbéhu pevnosti a pridrZnosti
k horniné umoznila zhotoviteli postupovat v razbé dila naprosto
plynule (pozadavek pridrznosti kotevni smési k podkladu
o hodnoté 0,4 MPa byl splnén po cca 8 hodindch od provedeni
injektdze prvku).

CHEMICKA INJEKTAZ HORNINOVEHO PROSTREDI
Druhym zdsadnim opatfenim bylo provadéni chemické injek-
taze horninového prostredi v nadloZi tvofeného zvétralymi az
silné zvétralymi bfidlicemi s vloZkami kfemenct dobrotivské-
ho a libenského souvrstvi. Pro tuto technologii bylo vyuZito
dvoukomponentnich polyuretanovych pryskyfic fady Carbo-
Pur, aplikovanych pres dlouhé injekéni jehly doplnéné
o obturdtory do predpoli. Délka téchto jehel byla volena podle
situace mezi 6 a 8 m. V pripadé horsi stability vyvrtu byly
lokdlné vkladané injekéni jehly nahrazeny zavrtdvacimi.

Obr. 3 Vrtdni deStniku z jehel R 51 do nadloZi tunelu
Fig. 3 Drilling into the tunnel overhead for a canopy formed by R 51 spiles

cover was 1-3m. These complications unfortunately culminated by two
extraordinary events on the northern tunnel tube. They led to the sus-
pension of work, the investigation by responsible state authorities and
the determination of measures necessary for maintaining health and
safety at work and the safety of operations during subsequent work [1].

Parts of these measures were, among others, the systematic executi-
on of protective canopies and complementing strengthening chemical
grouting injected into the ground mass in the tunnel overburden.
Minova Bohemia s.r.o. participated in proposing these supplementary
measures in the position of a consulting engineer and subsequently as
the sub-contractor. The collaboration with SATRA s.r.0., the general
designer, and Metrostav a.s., the construction contractor, resulted into
the design and subsequent implementation of rehabilitation measures
using the stabilisation of the overhead by means of protective canopies
and stabilisation grouting.

PROTECTIVE CANOPIES

Protective canopies were designed in three different variants allo-
wing for various geological and hydrogeological conditions and the
method and effectiveness of the installation in relation to the subsequ-
ent working procedures.

In this particular case it was the Symmetrix® 114/6.3mm canopy tube
variant and two variants of protective canopies formed by SDA anchors
— a variant with R 51L steel spiles and a variant combining the R 51L
steel spiles with Spinmax R32 glassfibre reinforced plastic rods.

The canopy tube pre-support was installed in the locations with mini-
mum overburden. The canopy consisted of 33 pieces of 12m long steel
tubes (4x3m) and was installed in each 4th of the 0.8m long excavation
rounds. A certain problem was encountered during the drilling for the
canopies. Excavation support elements (rockbolts) installed in the past
from the exploratory gallery locally precluded the installation of the
canopies (drilling of 122mm holes). The highly flexible alternative con-
sisting of spiling using the SDA R 51L anchors was applied in these cases
(failing to finish the drilling for full canopy length). Owing to its subtle-
ness, the relatively small diameter of the drill bit used for the installation
of the SDA anchors and, at the same time, the sufficient rigidity of the
anchors, the sections containing a large amount of radial reinforcement
installed from the original exploratory gallery were successfully passed.

In the sections where the thickness of the rock cover slightly increa-
sed (the chainage of 1,280-1,360m in both tunnel tubes), a simpler tech-
nology was used for the installation of protective canopies. SDAR 51L
anchors 9 to 12m long were used (see Fig. 3). The consumption of time
was approximately one quarter in comparison with the canopy tube pre-
support. In this particular case the number of spiles in a canopy was
prescribed to be 39. The drilling for the spiles was cyclically repeated
at every third excavation round. In this way the presence of three pro-
tective canopies stacked in each excavation profile were achieved,
which means a high degree of ground reinforcement. Sacrificial ESS
76mm button bits were used for drilling. It was possible to “thread”
these bits through the lattice girder and subsequently form a space suf-
ficient for grouting and installation of the spile body.

A combination of standard SDA R 51L steel spiles and removable
SDA Spinmax R32 glassfibre reinforced plastic (GRP) anchors instal-
led in the space of the future excavation was used for the creation of
protective canopies in the locations where the top heading excavation
sequence was sub-divided into side drifts and a central pillar. The use
of the composite material (GRP) significantly simplified the excavati-
on of rock in the second part of the top heading.

Prefabricated cementitious anchoring grout Ekoment RT was used
for the grouting for all types of the protective canopies. Owing to its
parameters and the rapid development of early strength and bonding to
rock, the anchoring grout allowed the contractor to continue to drive the
tunnel absolutely fluently (the requirement to the bond strength of the



Obr. 4 Injektd? predpoli tunelu polyuretanovou pryskyrici CarboPur
Fig. 4 Injection of CarboPur polyurethane resin into the tunnel front zone

Prednosti pouZité pryskyrice CarboPur jsou vysoké hodnoty
pevnosti, bezproblémova aplikace doplnénd o technickou podpo-
ru a strojni vybaveni a rovnéz vhodné chemické sloZzeni, umoz-
nujici jeji aplikaci v pritomnosti podzemni nebo pitné vody. Diky
rychlému vytvrzen{ pryskyfice v fadech minut po injektaZzi bylo
mozno plynule navizat dal§im krokem raziciho cyklu bez nutné
technologické prestavky, typické pro injekéni smési na bézi
cementu. Z tohoto duvodu bylo zaclenéni injek&nich praci do
cyklu razby bezproblémové a velmi plynulé [2] (obr. 4).

ZAVER

Negativni i pozitivni zkuSenosti z CR i ze svéta prokazaly
opravnénost zaclenéni technologii stabilizujicich nadloz{
a predpoli Celby do cyklu raZeni. S vyuZitim modernich postupu
a materidld je cyklus zpomalen minimélné, zaroven s vysokym
prispénim k mife bezpecnosti nejen pro podzemni dilo jako tako-
vé, ale 1 pro objekty nachdzejici se na povrchu.

Nutnost pouziti téchto technologii je pak zfejma u méstskych
tuneld s nizkym nadloZim, kdy je riziko spojené s nadmérnymi
deformacemi horniny umocnéné moznymi problémy na povrchu.
Pro zajisténi maximadlniho efektu technologii pro sanaci predpo-
1i 1ze predev§im doporudit jejich vhodnou kombinaci.

Spole¢nost Minova Bohemia s.r.o. se v podstaté od svého vzniku
v devadesdtych letech minulého stoleti specializuje na tyto technolo-
gie a diky svému relativné tizkému zaméreni je dnes schopna nabid-
nout a konzultovat vSechny jejich varianty tak, jak byly v tomto ¢lan-
ku zminény. Spolu s dal§imi produkty pro podzemni vystavbu — trha-
vinami a roznétnymi systémy Orica, kotevnimi prvky pro radidln{
svornikovdni, specializovanymi vyztuZemi a injekénimi systémy —
predstavuje Minova Bohemia s.r.o. spoleCnost s nejkomplexnéjsi
nabidkou a vice neZ dvacetiletou zkuSenosti v oboru.
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anchoring grout to the substrate of 0.4MPa was met after about 8 hours
after the grout application.

CHEMICAL GROUTING OF GROUND ENVIRONMENT

The second crucial measure was the execution of the chemical grou-
ting of the ground environment in the rock cover formed by weathered
to heavily weathered shales with quartzite interbeds of the Dobrotiv and
Liben Members. CarboPur range of two-component polyurethane
resins was used for this technology. The resins were applied into the
front zone through long injection tubes supplemented by packers. The
length of the injection tubes was chosen between 6 and 8m, depending
on the situation. Locally inserted injection tubes were replaced with
self-drilling tubes in the cases of worth drillhole stability.

The advantages of the CarboPur resin used are high values of
strength, hassle free application (complemented by technical support
and mechanical equipment) and suitable chemical composition allo-
wing its application in the presence of groundwater or potable water.
Thanks to the rapid hardening of the resin in the order of minutes after
the application, it was possible to fluently continue to carry out the next
step of the excavation sequence without a need for a technological
break, which is typical of grout mixes based on cements. For that rea-
son the incorporation of the grouting into the excavation cycle was wit-
hout problems and very fluent [2] (see Fig. 4).

CONCLUSION

Both negative and positive experience from the Czech Republic and
from the world proved the legitimacy of the incorporation of the tech-
nology stabilising the overburden and the tunnel excavation front zone
into the excavation cycle. The cycle duration is reduced only minimal-
ly when the modern procedures and materials are used. At the same
time, their use significantly contributes to safety not only for the
underground working itself but also for structures located on the ground
surface.

The necessity for using these technologies is obvious in the cases of
urban tunnels driven under shallow overburden, where the risk associ-
ated with excessive ground deformations is multiplied by potential pro-
blems at the surface. It is first of all recommendable for ensuring the
maximum effect of technologies for the stabilisation of the excavation
front zone that the technologies are suitably combined.

Minova Bohemia s.r.o. has specialised itself in these technologies in
substance since its origination in the 1990s and, thanks to the relatively
narrow scope of its focus, it is today capable of offering and consulting
all of their variants which are mentioned in this paper. Together with
other products for underground construction - explosives and Orica ini-
tiation systems, anchoring elements for radial rockbolting, specialised
support elements and grouting systems — Minova Bohemia s.r.o. is
a company with the most comprehensive offer and more than twenty
years of experience in the industry.
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REKONSTRUKCE TUNELU VELKY PRSTICKY - 2. ETAPA
RECONSTRUCTION OF VELKY PRSTICKY TUNNEL - STAGE 2

MILAN CHODACKI, ZBYNEK DRIENOVSKY

ABSTRAKT

Spolecnost Minova Bohemia s.r.o. realizovala v roce 2013 stavbu: ,,Rekonstrukce tunelu Velky Prsticky, 2. etapa*. Tunel se nachdzi na
Zeleznicni trati HruSovany nad Jevisovkou — Brno. Jednd se o jednokolejny Zeleznicni tunel délky 322,15 m, uvedeny do provozu v roce 1870.
Investorem stavby byla Sprdva Zeleznicni dopravni cesty, stdtni organizace, Stavebni sprdva vychod, Olomouc. Tato stavba navazovala na
predchozi etapy rekonstrukce tunelu a jeho okoli. A protoZe resila vSechny dosud neprovedené &dsti rekonstrukce, byla etapou posledni.
Predmétem rekonstrukce bylo predevsim provedeni vestavby nového betonového osténi s hydroizolaci tunelu a navazujici sanacni prdce.
Cldnek se zabyvd popisem praci provedenych v rdmci posledni fize rekonstrukce predmétného tunelu a technicko-technologickymi vyzva-
mi s nimi spojenymi.

ABSTRACT

In 2013, Minova Bohemia s.r.o. realised the project titled “The reconstruction of Velky Prsticky Tunnel, Stage 2”. The tunnel is loca-
ted on the HruSovany nad Jevisovkou — Brno railway line. This 322.15m long single-track railway tunnel was commissioned in 1870.
The Railway Infrastructure Administration, state organisation, Civil Engineering Administration East, Olomouc, was the project
owner. This project followed up the previous stages of the reconstruction of the tunnel and its surroundings. Because of the fact that
it solved all till that time unfinished parts of the reconstruction, it became the last stage. The reconstruction subject was, first of all,
to carry out a new built-in lining with a tunnel waterproofing system and connected rehabilitation work. The paper describes work
operations carried out within the last phase of the reconstruction of the tunnel and the technical and technological challenges asso-

ciated with them.

HISTORIE TUNELU

Pred popisem praci a technologif, které byly pouzity pri rekon-
strukci, bude uvedena zajimava historie z obdobi vystavby tune-
lu. Tunel Velky Prsticky byl soucdsti hlavni trati c.k. privilego-
vané Rakouské spole¢nosti stitni drdhy (némecky oficidln{
ndzev k. k. privilegierte Osterreichische Staatseisenbahn-Ge-
sellschaft, znama téz pod zkratkou StEG, pozdéjsi oficidlni
nazev Rakousko-Uherskd spole¢nost stitni drdhy) z Vidné do
Brna (Wien — Laa a.d.Thaya — HruSovany n. JeviSovkou — Stfe-
lice — Brno). Trat, jejiz soucasti je tunel Velky Prsticky, byla
budovdna jako konkuren¢ni spojeni pro zamyslenou Zelezni¢ni
cestu, kterou méla v imyslu zfidit spole¢nost Severni dréha cisa-
fe Ferdinanda, k jejiZ vystavbé nakonec nedoslo z davodu zestat-
néni obou soukromych spole¢nosti v roce 1891. Tunel Velky
Prsticky byl jiz v dobé vystavby stavebné dimenzovéan na even-
tudlni polozeni druhé koleje, cehoz ovSem nebylo nikdy vyuZzito.
Zajimavosti z vystavby je, Ze zde byl poprvé v Rakousko-
Uhersku pfi razbé tunelu pouzit dynamit. V té dobé se na stav-
béch tunelu jako trhavina pouZival stfelny prach. V ostatnich
ohledech se jednalo o vystavbu Zelezni¢niho tunelu i na tehdejs{
dobu standardnimi technologickymi postupy, s vysokym podi-
lem ruc¢ni prace — pouZita byla stard rakouskd metoda.

TUNELOVA TROUBA

V tunelu je celkem 43 tunelovych past (TP) ruzné stavebni
délky (nejkrat$i ma délku 2,75 m, nejdel$i 12,35 m). Rozhrani
past je ddno délicimi sparami (nékteré nejsou prubézné)
a zejména barevnym znacenim a ¢islovanim (odpovida evidenci
spravce tunelu). Zdivo je z kamennych kvadru, byly identifiko-
véany tfi az Ctyfi druhy piskovce, lokdlné bylo osténi sanovdno
betonem. TlousStka obezdivky je proménnd — v klenbé v rozsahu
cca 350-600 mm, v opérach cca 350-900 mm (tyto tloustky byly
zjistény v prubéhu realizace predchozich etap rekonstrukce).
Tunel neni izolovan klasickou izolaci, klenba je z horni strany
opatfena jilovou tésnici vrstvou. Ta byla zastiZena geotechnic-
kym prazkumem. V tunelu je 7 levostrannych zdchrannych

TUNNEL HISTORY

Before describing the work operations and technologies used
during the course of the reconstruction, we will briefly get acquain-
ted with the interesting history of the tunnel construction. The Velky
Prsticky tunnel was part of the mail track of the Imperial and Royal
Privileged Austrian State Railways Enterprise (official German
name: k. k. privilegierte Osterreichische Staatseisenbahn-Gesell-
schaft, known also under the StEG abbreviation; later officially
named the Austro-Hungarian State Railways Enterprise) from Wien
to Brno (Wien — Laa a.d. Thaya — HruSovany n. JeviSovkou — Strelice
— Brno). The track the Velky PrSticky tunnel is part of was develo-
ped as a connection competing with the railway track planned by
Emperor Ferdinand’s Northern Railway Line Enterprise, which
eventually was not realised due to the nationalisation of both priva-
te enterprises in 1891. The Velky Prsticky tunnel was designed for
the laying of a second track already at the time of the construction,
but this solution was never applied. Interesting information from the
construction period is that the tunnel construction was the first case
of the application of dynamite in Austria Hungary. Before it gun-
powder was used in tunnel construction as explosive. In the other
aspects, this railway tunnel was constructed using the technological
procedures which were at that time standard, with a high proportion
of manual work — the Old Austrian Tunnelling Method was used.

TUNNEL TUBE

The tunnel consists of 43 tunnel blocks (TB) of various structural
lengths (the shortest and longest block is 2.75m and 12.35m long,
respectively). The interfaces between the blocks are given by sepa-
ration joints (some of them are not continuous) and, first of all, by
colour coding and numbering (corresponding to tunnel administra-
tor’s register). The masonry is in stone blocks; three to four types of
sandstone were identified; the lining was locally repaired using
concrete. The lining thickness is variable — about 350-600mm at the
vault and about 350-900mm at sidewalls (these thickness values
were identified during the course of the realisation of the preceding
reconstruction stages). The tunnel is not provided with a classical



Obr. 1 Pohled na portdl Prstického tunelu
Fig. 1 A view of the Prstice tunnel portal

vyklenku. Tunel je jednokolejny, osa koleje leZ{ v ose tunelu
(obr. 1).

PORTALY, ODVODNENI

Portdlové stény a zdrubni zdi jsou vyzdény z piskovcovych
kvadra. Portdlovy vénec je proveden z Cistych rustikovych kvad-
ru. Piikopové zidky jsou vyzdény z rezného zdiva z lomového
kamene. Nadportdlové odvodnovaci prikopy jsou ohrani¢eny
korunou zdrubni zdi a pfikopovou zidkou, jejich dno je zpevné-
no betonovou mazaninou. Piikopy jsou svedeny do odvodnéni
podél trati.

ZHODNOCENI STAVU PRED REKONSTRUKCI

Sanaéni prace v predchozich etapach vyfteSily predev§im
lseky tunelu s nejintenzivnéj$imi prisaky vody, které se nacha-
zely zejména v misté historického rubového odvodnéni (vybu-
dovaného ve 20. letech 20. stoleti), nestabilitu svahu pred porta-
lem a rekonstrukci stfedni odvodnovaci stoky spole¢né s novym
Zelezni¢nim svrskem a spodkem. Poruchy osténi se presto nacha-
zely téméf po celé délce tunelu. Dochdzelo k prusakim vody,
a to jak ploSnym pres piskovcové zdivo a spéarovéni, tak linio-
vym v pracovnich spdrdch nebo bodovym z odvodnovalu,
z drendZnich trubek apod. Za Spatny se dal povazovat také stav
zdiva a spdrovani — vydrolend malta, posunuté zdici kameny,
lokéln€ i rozpad jednotlivych kament z méné kvalitniho piskovce.
Tunel byl poskozen také v portdlovych &astech. Pri¢inou bylo
§patné fungujici povrchové odvodnéni, pripadné rubové odvodné-
ni za osténim tunelu. V tdseku km 138,836 385 az km 138,912 455
byly plosné prasaky velmi rozsahlé a stav piskovcového zdiva
natolik Spatny, Ze za efektivni a nejekonomiétéjsi feSeni byla
zvolena vestavba nového osténi s mezilehlou deStnikovou izola-
ci. Realiza¢ni dokumentaci stavby zpracovdvala, ve spolupraci
s pracovniky dodavatele, spolecnost AMBERG Engineering
Brno, a.s.

CiL REKONSTRUKCE

Cilem rekonstrukce byl tunel se staticky zajiStenym osténim,
bez vyznamnéjSich prusaki vody, s funk&nim odvodnénim,
spliiujici normovy prijezdny prufez Z-GC. V useku tunelu TP3
a7z TP14 s nejvice poSkozenym osténim byl pozadovany stav
osténi zajistén vestavbou z vyztuzeného stiikaného betonu
a mezilehlou destnikovou hydroizolaci. Ta byla v patdch opér
ukoncena rubovou drendZzi napojenou do stfedového kandlu.
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waterproofing system; the vault has a sealing clay layer on its exter-
nal side. It was found by geotechnical investigation. There are 7
safety recesses in the left-side wall. The tunnel contains a single
track; the rail centreline lies on the tunnel centreline (see Fig. 1).

PORTALS, DRAINAGE

The masonry of portal walls and revetment walls is formed by
sandstone blocks. The portal frame is from neat rustic blocks. Ditch
walls masonry is from visible rubble stone. Drainage ditches above
the portal are bordered by the revetment wall crown and a ditch wall;
their bottoms are paved with concrete screed. The ditches are con-
nected to the drainage running along the track.

ASSESSMENT OF THE CONDITION BEFORE
RECONSTRUCTION

The rehabilitation work carried out during previous stages solved
first of all the tunnel sections exhibiting the most intense leaks of
water, which were found mainly in the location of the historic rever-
se-side drainage (built in the 1920s), the instability of the slope in
front of the portal and the reconstruction of the central drainage duct
together with the new track bed and trackwork. Nevertheless, defects
of the lining were found nearly throughout the tunnel length. The
water leaks which appeared were both areal, through the sandstone
masonry, linear, through construction joints, and point types, from
drains, drainage tubes etc. It was even possible to consider the con-
dition of masonry and pointing to be poor — crumbling away mortar,
shifted masonry blocks, locally even the disintegration of individual
masonry blocks from poorer quality sandstone. The tunnel was
damaged even in portal parts. The damage was caused by poorly
functioning surface drainage or reverse-side drainage behind the tun-
nel lining. In the section between chainages km 138.836 385 and km
138.912 455, the seepage areas were extensive and the condition of
the sandstone masonry was so bad that the method of building-in
a new lining with an intermediate waterproofing umbrella was selec-
ted as the most effective and economic. The detailed design for the
construction was carried out by AMBERG Engineering Brno, as., in
collaboration with contractor’s employees.

RECONSTRUCTION OBJECTIVE

The objective of the reconstruction was to provide a tunnel with
statically stabilised lining, without significant water leaks, with
functional drainage, meeting requirements for the Z-GC standard
clearance profile. In the section between TB3 through TB14 with the
most damaged lining, the required condition of the lining was ensu-
red by building-in a reinforced shotcrete structure with an interme-
diate waterproofing umbrella. The umbrella ended at sidewall foo-
tings, in reverse-side drains connecting to the central drainage duct.
Embedded water collecting channels embedded in grooves chiselled
out in the lining, covered with polystyrene and repair gunite, were
installed in locations with intense leaks located outside the built-in
structure. Deep pointing was carried out around the collecting ducts
and in the places where the pointing was crumbled away and inten-
se leaks in the lining were sealed by chemical grouting (see Fig. 2).

TECHNICAL SOLUTION

The built-in lining with the intermediate waterproofing system
was realised in the tunnel section between TB 3 and TB 14 (12 tun-
nel blocks, the total section length of 76.07m), where the lining con-
dition was the worst (a drainage facility which could not be revised
is located behind the lining). The new lining structure was construc-
ted on the foundation strips which were build as a part of the recon-
struction phase No. 1.

Prior to the installation of the waterproofing layer, the whole sur-
face of the stone masonry was sandblasted, incoherent parts were
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osa koleje osa vestavby
rail track centre line  built-in structure

centre line
plvodni osténi z piskovcovych kvédrﬁ\x ¢

original sandstone block lining

rezerva 50 mm pro nepresnost provede-
ni stitkaného betonu — 50mm reserve
for shotcrete inaccuracies

strop vyklenku ze
stiikaného betonu

shotcrete recess
ceiling

ochrannd a drendzni vrstva — drendzni kompozit tl. 6 mm — protective and drainage layer — drainage composite 6mm thick
izolace z mPVC tloustky 2 mm se signalni vrstvou; s injektdznim systémem pro vypliovou injektaz

plasticised PVC waterproofing membrane 2mm thick with signal layer

vestavba ze stfikaného Zelezobetonu SB30 XC2 XF3; vyztuz - pfihradové ramy + 2x KARI sit 6x6/100x100

built-in SB30 XC2 XF3 concrete structure; reinforced with lattice girders + 2x KARI mesh 6x6/100/100

Z-GC ve stavajici poloze (geodeticky zaméfeno)
Z-GC in existing position (measured by surveying)

drendzni svodnice; provedena v prvni etapé
water collecting duct; installed during first stage

lic vyklenku
recess inner surface

prostup (revizni tvarovka svodnic provedenych v pfedchozich stavbach)
opening (inspection piece of water collecting ducts during previous
projects)

mezerovity beton — porous concrete

rubova drendz DN 100 v betonovém lozi;
za vestavbou napojit do stiedové stoky
outer surface drainage DN 100 in concrete bed; to be
connected behind the built-in structure to central
drainage duct

- vyrovnavaci stérka (podklad pod izolaci) — levelling compound
- mezerovity beton — porous concrete

- rubova drendz DN 100 v betonovém lozi / outer surface drainage DN 100 in concrete bed
- vodotésné ukonceni izolace — termination of waterproofing

B WN =

kotevni trn @ 25 zalepeny do vyvrtu @ 35 (chemickd kotva)
anchoring dowel @ 25 glued in drillhole @ 35

- zdivo z betonovych tvéarnic tloustky 100 mm; vyplnéno betonem; dopinéno o prutovou vyztuz @ 10 — 100mm thick concrete block masonry; filled with concrete; addition of bar reinforcement o 10

rubova drendz DN 100 v betonovém loZi
outer surface drainage DN 100 in concrete bed

vodotésné ukoncent izolace — termination of waterproofing

Vov o s

Obr. 2 Vzorovy pricny rez
Fig. 2 Typical cross-section

V mistech s intenzivnimi prusaky vody pres osténi mimo vestav-
bu byly zfizeny zapusténé drendzni svodnice — drendzni Z1dbky
vloZené do vysekané ryhy v osténi, zakryté polystyrenem
a sanaénim torkretem. Kolem svodnic a v mistech, kde bylo sta-
vajici sparovani vydrolené nebo zvétralé, bylo provedeno hloub-
kové sparovani a v misté intenzivnich prusaka vody utésnéni
osténi chemickou injektdz{ (obr. 2).

TECHNICKE RESENI

Vestavba nového osténi s mezilehlou izolaci byla realizovana
v dseku tunelu TP 3-TP 14 (12 tunelovych pasu, celkova délka
useku je 76,07 m), kde byl stav osténi nejhorsi (za osténim se
nachdzi historické odvodnovaci zarizeni, které nebylo revidova-
telné). Konstrukce nového osténi byla postavena na zdkladové
pasy, které byly vybudovany v ramci 1. etapy rekonstrukce.

Pred pokladkou izola¢ni vrstvy bylo kamenné osténi tunelu
celoplosné otryskdno, zbaveno nesoudrZznych ¢asti a ostrych
vyénélku, které byly odsekdny a obrouSeny. VEtS{ nerovnosti
byly reprofilovany sana¢ni maltou. Za ocistény a reprofilovany
povrch byl povaZovdn takovy, jehoZ nerovnosti pod izolaci
(spary, prohlubné apod.) byly max. $itky 30 mm, délka
v kolmém sméru nebo vzdalenost nerovnosti byla max. desetina-
sobek hloubky.

Pred vlastnim osazenim hydroizolace byla provedena patni
rubovd drendz DN 100 z drendZzni trubky PVC DN 100 do loze
z betonu C30/37 XC4 XF3. LozZe bylo na vnitini strané (k ose
tunelu) upraveno tak, aby bylo mozno osadit li§tu pro ukonceni
izolace, tj. rovné Celo, vyska min. 35 mm. Trasa a sklon drendze
jsou paralelni s niveletou 50 mm pod TK. Vzddlenost od osy
koleje v drovni TK je minimédlné 3700 mm. Tam, kde nebylo
mozné tuto Sitku dodrZet, bylo osténi odfezdno diamantovou

removed from it and sharp projections were cut away and grinded.
Larger surface irregularities were re-profiled with repair mortar. The
surface was considered to be cleaned and re-profiled when the maxi-
mum width of the irregularities under the waterproofing layer
(joints, cavities etc.) was 30mm, their length measured perpendicu-
larly to the tunnel direction or the maximum distance between the
irregularities was ten times the depth.

DN 100 toe drains from DN 100 PVC drainage pipes were embed-
ded in C30/37 XC4 XF3 concrete prior to the placement of the
waterproofing layer. The concrete bed was treated on the internal
side (toward the tunnel centre line) to allow for the installation of
a waterproofing terminating bead, i.e. a min. 35mm high face. The
route and gradient of drainage are parallel with the alignment mea-
sured S0mm under the top of rail. The distance from the rail track
centre line in level of the top of the rail is min. 3,700mm. In the pla-
ces where it was not possible to maintain the width, the lining was
cut away with a diamond saw so that the minimum width was main-
tained. The drainage was installed on both tunnel sides, inclusive of
safety recesses. The drainage mouths were connected to the central
duct via manholes. Drainage manholes were provided with remo-
vable covers allowing inspection and clearing.

HDPE (High Density polyethylene) drainage composite was app-
lied to the cleaned lining as a drainage and protection layer. In both
cases where it was not possible to carry out re-profiling by the appli-
cation of spray (the impossibility not to maintain the tunnel clearan-
ce profile), a 500g/m? nonwoven polypropylene geotextile was
inserted under the drainage composite. A PVC-P waterproofing
membrane, complying with the EN 13491 standard, with a 0.2mm
thick signal layer, was installed transversally on the previously taken
over substrate (see Fig. 3). Membrane rolls were prepared in advan-
ce at lengths required for covering the strip between the invert edges
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pilou na takovou miru, aby byla min. §itka dodrzena. DrendZ se in one piece. Fixation blanks for welding the membrane to them
provedla po obou strandch tunelu vé&. zdchrannych vyklenku. were shotfired to the existing lining. The membrane was installed
Usti drenéze bylo svedeno pres revizni §achty do stiedové stoky. down from the vault crown. The fixation blanks were located about
éachty drendZi byly opatfeny snimatelnym uzdvérem, slouzicim 400mm from the membrane strip edge so that the waterproofing
ke kontrole a ¢isténi. strip could be welded using a welding automat. The spacing of the

Na ocisténé osténi byl osazen jako ochrannd a drendzni vrstva fixation blanks was about 1,000mm and 500mm on sidewalls and on
drendzni kompozit z vysokohustotniho polyetylénu (HDPE). | the vault, respectively. The membrane strip with the length corres-
V pifpadech, kde neslo z prostorovych divodii provést reprofila- ponding to the tunnel vault length was progressively welded to indi-
ci ndstfikem (nemoZnosti nedodrZeni prijezdného profilu tune- vidual shotfired fixation blanks in a way securing that the strip
lu), byla pod drendZni kompozit vloZena ochrannd netkand poly- weight was roughly uniformly distributed among individual fixation

propylenové geotextilie o gramaZi 500 g/m2. Na predem prevza-
ty podklad byla v pri¢ném sméru instalovana hydroizolaéni félie
na bazi PVC-P, odpovidajici EN 13491, s 0,2 mm silnou signdl-
ni vrstvou (obr. 3). Nabaly félie byly dopfedu pripraveny
v predepsanych délkédch tak, aby byly z jednoho kusu mezi
obéma kraji protiklenby. Do stdvajiciho osténi byly nastfeleny
natavovaci rondely, na které byla navarovdna félie, ve sméru od
stredu klenby. Terée se umistovaly cca 400 mm od okraje pruhu
félie, aby bylo mozno izola¢ni pas svafit svarovacim automatem.
Osovéa vzdélenost terél v bocich byla cca 1000 mm, resp. cca
500 mm v klenbé. Féliovy pas, ktery svou délkou odpovidal pro-
jektové délce tunelového oblouku, byl postupné prfivarovéan
k jednotlivym nastfelenym teréum tak, aby vaha tohoto pdsu byla
priblizné rovnomérné rozlozena po jednotlivych ter¢ich. Délka
presahu félie pro svafovani je min. 80 mm. Dvojice f6liovych
péasu byly postupné svaifeny dvoustopym svédrem. Minimdln{
vzddlenost T spoju je 500 mm. VSechny strojni svéry byly
odzkouSeny stlatenym vzduchem. Po kazdé sméné byl pouZit
tzv. Peel test, tj. zkouSka odtrhnuti svaru pomoci trhaciho zafi-
zeni (podle CSN EN 12316-2 Stanoveni odolnosti proti odlupo-
vdni).

V misté dilata¢nich spar bylo navrzeno zesileni pomoci sparo-
vého pésu Sitky 500 mm se Sesti vystupky. Sparové pdsy byly na
folii oboustranné privareny. Kontrola svaru se provedla pouze

blanks. The minimum length of the membrane overlaps required for
welding is 80mm. Pairs of membrane strips were welded together by
double-seam welds. The minimum spacing of T-joints is 500mm. All
machine-welded joints were tested by compressed air. The so-called
Peel test, i.e. a test of tearing the welded membranes apart by means
of peeling equipment (to CSN EN 12316-2 Determination of resi-
stance against peeling) was conducted after each shift.

An increase in the membrane thickness on expansion joints was
designed, using 500mm wide, six-fin waterbars. These joint strips
were welded to the membrane on both sides. The weld was inspec-
ted only visually. Taking into consideration the fact that the lining
was installed by spraying concrete through at least one steel mesh
and on the smooth membrane anchored in points, it was possible to
expect that an empty space could originate between the concrete
lining and the waterproofing layer. For that reason the CarboPress
grouting system was installed on the waterproofing membrane sur-
face, allowing additional grouting after the completion of the shotc-
rete. The system is a combination of longitudinally grooved, flexib-
le PVC grouting hoses and installation boxes. Individual grouting
hoses were terminated in a stainless steel box, which was fixed in
a way enabling the access after the completion of the closing shotc-
rete layer. When the grouting using microfine Portland cement with
additives was finished, the boxes were covered with 250x250x5mm
plastic plates anchored in corners with stainless steel bolts to the

vizudlné. Vzhledem k tomu, Ze osténi bylo provddeéno stiikdnim built-in lining.
minimdlné pres jednu vyztuznou sit'a na hladkou, bodové kotve- The new built-in lining was carried out using SB 30 (C 25/30 XFI
nou f6lii, dalo se ocekdvat, Ze lokdlné mohlo dochazet ke vzniku XC2) shotcrete, applied by a wet process shotcrete machine see
volné spary mezi betonem a izolalni vrstvou. Proto byl na izo- Fig. 4. The minimum thickness of the built-in structure is 300mm on
lacni f6lii osazen injektdZni systém pro dodatecnou injektdZ po the major part of its length. In the section where a minimum safety
provedeni stitkaného betonu typu CarboPress — kombinace margin space was available and, at the same time, it was not possib-
injek¢nich hadic z flexibilniho PVC podélné ryhovanych a dloz- le to maintain the built-in structure thickness of 300mm, the thick-
nych krabic. Jednotlivé injekéni hadice byly vyvedeny do nere- ness of the new lining was reduced to 250mm (verified by
zové skiiné, kterd je fixovéna tak, aby byla piistupnd po ukonce- a structural analysis). With respect to the existing lining, the actual
ni uzaviraci vrstvy stfikaného betonu. Po ukonceni injektdze thickness of the built-in structure was variable. Lattice girders are
mikrocementem na bdzi portlandskych mikrocementi s piisada- used as the support (see Fig. 2). The basic spacing of the girders is
mi byly krabice zakryty plastovymi deskami 250x250x5 mm, 950mm; in some sections it is modified. Concrete reinforcement is
v rozich kotvenymi nerezovymi Srouby do betonu osténi formed by four-rod frames from 25mm diameter rods and U-shaped
vestavby. shear hoops from 12mm diameter rods. The support frames are
Vestavba nového osténi tunelu byla provedena ze stifkaného anchored in the foundation concrete with M16 bolts. The frame
betonu SB 30 (C 25/30 XF1 XC2) strojem na stifkdn{ betono- | installation, first of all its geometry in the transversal direction and
vych smési — metoda mokrou cestou (obr. 4). Minimaln{ tloustka its position compared with the rail centre line and the top of the rail,

vestavby je na vétSiné délky 300 mm. V tuseku, kde vychdzi was set by surveying and was checked during the work. Mats of
minimdlni pojistny prostor a soucasné nebylo moZzno dodrZet KARI mesh 6x6/100x100 were attached at the inner surface and

tloustku vestavby 300 mm, bylo nové osténi ztenCeno na outer surface. The mesh mats at the outer surface are pressed against
250 mm (ov€feno statickym vypocCtem). Vzhledem the lining surface (waterproofing layer) via plastic spacers using
ke stdvajicimu osténi byla skute¢nd tlouStka vestavby proménna. distance-maintaining concrete reinforcement bars. These bars are
Vyztuz tvori prihradové ramy (obr. 2). Jejich zédkladni osova attached to the shear reinforcement bars and their lengths are adjus-
vzdalenost je 950 mm, v nékterych tdsecich je vzdalenost upra- ted to prevent extending of the mats to the concrete cover layer. The
vena. Betondrskou vyztuz tvori Ctyfprutové ramy z profilu minimum concrete cover at the external and internal surface of the
o pruméru 25 mm, smykovou vyztuz trminky tvaru U z prutu shotcrete lining is 40mm. The shotcrete was applied in three layers
praméru 12 mm. Vyztuzné ramy jsou do betonu zékladu kotve- as a minimum. The primary layer was carried out through the outer-
ny Srouby M16. Osazeni rdmu, zejména jeho tvar v pri¢ném surface mesh, whilst the core and closing layers were applied
sméru a poloha vici ose koleje a TK, bylo vytyeno geodeticky through the inner-surface KARI mesh. The lining was divided into
a kontrolovédno v prabéhu praci. Na rub a lic byly osazeny KARI expansion blocks corresponding to the division of the original lining.
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Obr. 3 Provddéni nové féliové hydroizolacni vrstvy
Fig. 3 Application of the new waterproofing membrane layer

sité 6x6/100x100. Rubové sité jsou k povrchu osténi (izolace)
dotladeny pres plastové distanéni podlozky pomoci distanénich
prutd z betondrské vyztuze. Ta je pripevnéna ke smykové vyztu-
zi a délkové upravena tak, aby na lici nezasahovala do kryc{ vrst-
vy betonu. Minimdlni kryti vyztuZe na rubu a lici stfikaného
osténi je 40 mm. Ostén{ se stiikalo minimalné ve tfech vrstvach.
Primdrni nastfik byl provddén pres rubovou vystuznou sit
a nastiik jadrové a uzaviraci vrstvy pres vnitini KARI sit. Osténi
bylo déleno na dilata&ni celky v souladu s délenim puvodniho
osténi. Pfi provadéni vestavby byly dilata¢ni spary Sitky 20 mm
tvoreny &ilkovanim. Vypln spdr je z nenasdkavého polystyrénu.
Lic je zatésnén mirelonovym provazcem a trvale pruznym
tmelem.
Zachranné vykilenky

V daném duseku se nachdzeji dva levostranné zdchranné
vyklenky. Ty zustaly v rdmci rekonstrukce zachovany. V paté
stén byla vysekdna v kamenném osténi ryha pro patni drendz. Ta
byla uloZena na podkladni beton a obetonovdna mezerovitym
betonem stejné jako v tunelu. DrendZ z vyklenku byla napojena
na hlavni drendZz v tunelu 90° koleny. Stény a strop vyklenku
byly vyrovndny a zaobleny sanacni maltou tak, aby izolace byla
ohybédna pouze pres rohy nebo do rohd s minimélnim polomérem
50 mm. V mistech zdchrannych vyklenku byla vyztuz nad
vyklenkem zesilend pravlakem. Izolace stén a stropu vyklenka je
stejnd jako v tunelu — félie z mékéeného PVC tloustky 2 mm se
signdlni vrstvou, pod ni ochrannd a drendzni vrstva (drendzni
kompozit). Osténi vyklenku bylo provedeno také ze stiikaného
betonu vyztuZzeného jednou vrstvou KARI siti 6x6/100x100.
Drenazni svodnice

V dseku mimo vestavbu s nejintenzivnéj$imi prasaky vody bylo
provedeno profiznuti stivajiciho osténi a vybourdni drdZek pro
svodnice v mistech uréenych projektovou dokumentaci, popt. podle
pozadavku investora na zdkladé aktudln{ prohlidky. Proriznuti bylo
do hloubky 250 mm a $ifky 100 mm. Po vyfiznuti a vybourdni se
drazka vycistila stlacenym vzduchem. V pripadé vypadlych kame-
na bylo osténi dozdéno do pravidelného profilu drdzky (obr. 5).
Byly provedeny odvodriovaci vrty dl. 3000 mm a min. @ 70 mm, do
kterych byla vloZena perforovand drenazni trubka @ 50 mm (obr. 6).
Vrty byly provedeny vrtnou soupravou typu Morath na pasovém
podvozku. Do svodnice typu ALFA byla vloZena mirelonova $iara
@ 30 mm a mechanické prikotveni svodnice k podkladu bylo pro-
vedeno nastrelovacimi hfeby. Svodnice byla po strandch vytmelena
lepicim tmelem SWX a zakryta deskou z nenasakavého polystyré-
nu. Nad polystyrénovou desku se do stran vyvrtaly otvory @ 9 mm

When the built-in structure was being carried out, the 20mm wide
expansion joints were formed by the installation of stop ends. The
joints are filled with non-absorbent polystyrene. The joint surface is
sealed with a mirelon rope.
Safety recesses

There are two left-sided safety recesses in the given section. They
remained maintained within the framework of the reconstruction.
Grooves for toe drains were chiselled at the bottom of the stone
masonry walls. The drains were placed on the blinding concrete and
covered with porous concrete in the same way as it was in the tun-
nel. The drains in the safety recesses were connected to the main tun-
nel drainage through 90° bends. The walls and ceilings of the reces-
ses were levelled and rounded by repair mortar so that the waterpro-
ofing membrane was bent only around corners or at corners with the
minimum radius of 50mm. In the locations of the safety recesses the
reinforcement above the recess was strengthened by a bearing beam.
The waterproofing layer on the walls and ceiling of the recess is
identical with that in the tunnel — a 2mm thick plasticised PVC
membrane with a signal layer, with the protective and drainage layer
(drainage composite) underneath. The recess was lined with shotc-
rete reinforced with one layer of 6x6/100x100 KARI mesh.
Drainage water collection system

The existing lining surface was cut through and grooves were
broken out for water collecting tubes in the section outside the
built-in structure, where the leaks were most intense. The grooves
were carried out in locations specified by the design or according
to project owner’s requirement on the basis of a current inspecti-
on. The grooves were 250mm deep and 100mm wide. After cut-
ting and breaking out, the groove was cleared with compressed
air. In the cases where stone blocks fell out, the masonry was
renewed to maintain the regular shape of the groove (see Fig. 5).
Drainage boreholes 3,000mm long and 70mm in diameter were
carried out and a @ 50mm perforated drainage tube was inserted
into them (see Fig. 6). A Morath-type crawler tracked rig was used
for the drilling. A Mirelon rope 30mm in diameter was inserted
into the ALFA-type of the collecting duct and the duct was mecha-
nically fixed to the bed with cartridge nails. SWX adhesive sea-
lant was applied to the sides of the collecting duct. The duct was
then covered with a non-absorbent polystyrene plate. Holes
@ 9mm for dowels anchoring the collection duct were drilled to
the sides above the polystyrene plate. The dowels were installed
at 0.5m spacing. A cover with repair mortar was carried out after
the installation of the dowels. Deep pointing with CT 95 repair
mortar was carried out in the surroundings of the collecting duct.

Obr. 4 Provddéni stiikaného betonového osténi
Fig. 4 Construction of shotcrete lining




Fig. 5 Drainage water collecting duct installed in a cut-out groove

pro osazen{ kotevnich trnti svodnice. Trny byly osazeny ve vzdéle-
nosti max. 0,5 m od sebe. Po osazen{ trnt se provedlo zakryti sanac-
ni maltou. V okoli svodnic se provedlo hloubkové sparovani sanac-
ni maltou CT 95. Svodnice byly vyvedeny pomoci flexibilni trubky
do stiedové kanaliza¢ni stoky.

Injektaz

Tésnici injektdZ byla provedena jako plo$na v mistech, kde
dochédzelo k intenzivnimu zamokfeni osténi tunelu. Zdrojem
zamokteni byly predev§im spary, do kterych byly provedeny vrty
(@ 14 mm a osazeny obturdtory @ 13/150 (délka podle potieby max.
300 mm) v rastru max. 300 mm. Jednotlivd mista a pouZitd injek-
tazni komponenta byly upfesnény podle podminek v dobe provade-
ni praci. Injektovalo se dvousloZkovou polyuretanovou pryskyfici
CarboPur WF. Otvory po injektdznich obturatorech byly opraveny
stejnym zpusobem jako pii sparovani.

Bezpecénostni znadeni v tunelu

Bezpetnostni znaceni bylo nové zfizeno na dseku tunelu s novym
osténim a obnoveno ve zbytku tunelu podle predpisu S6 SZDC.
Odvodnéni mimo tunel

Vpravo pred vjezdovym portdlem byla zrizena novad odkalovaci
jimka. Jimka byla umisténa v prostoru mezi stavajici zarubni zdi
a kridlem portdlu. Stdvajici kamennd dlazba byla rozebrdana
a odvezena a misto ni byla do betonového loze z betonu C30/37
XC4 XF3 tl. 100 mm ulozena horska vpust. Horska vpust je typu
TBV-Q HV 1500/900/1350. Pfed osazenim byla horskd vpust opat-
fena z rubové strany asfaltovym penetraénim natérem. Do této vpus-
ti byl v zadni ¢asti vyvrtdn otvor pro zadsténi stavajiciho drénu. Po
zausténi byl otvor zatésnén trvale pruznym gelem CarboCryl. Voda
byla odvedena elné do otevieného piikopu podél trati. Zbyly volny
prostor za vpusti byl vyplnén betonem C16/20 X0. Horni hrana
poklopu vpusti vyskove navazuje na dno prikopu za korunou nové
opérné zdi.

Vlevo pred vyjezdovym portdlem byla vyménéna horskd vpust,
do které bylo napojeno odvodnéni tunelu. Vpust je typu Eurobeton
MABA 600X1200X1500, uloZena do betonového loze z C30/37
XC4 XF3. Ped osazenim byla horska vpust' opatfena z rubové stra-
ny asfaltovym penetraénim natérem. Horni hrana poklopu je
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The ducts were connected to the central drainage duct through fle-
xible tubes.
Grouting

Sealing grouting was carried out in areas where intense wetting of
the tunnel lining appeared. The source of the wetting was mostly in
joints. Holes 14mm in diameter were drilled into the joints and packers
were installed in them (@ 13/150; the length as required but 300mm as
a maximum) at maximum spacing of 300mm. Individual locations and
the grouting component to be used were refined according to the con-
ditions existing at the moment of the work. CarboPur WF two-com-
ponent polyurethane resin was injected. Holes after the grouting pac-
kers were repaired in the same way as that applied to the pointing.
Safety signalling inside the tunnel

Safety signalling was newly installed in the newly lined tunnel

and was renewed in the remaining parts of the tunnel in compliance
with the Railway Infrastructure Administration’s S6 regulation.
Drainage outside the tunnel

A new setting reservoir was built on the right side, in front of the
entrance portal. The reservoir was located in the area between the
existing revetment wall and the portal wing. The existing stone-
block pavement was dismantled and was transported away. Instead
of it, 1,500/900/1,350mm TBV-Q HV type of mountain gully was
installed in the 100mm thick C30/37 XC4 XF3 concrete bed.
Before installation, the mountain gully was provided with an asphalt
penetration coat on the external surface. The hole for connecting the
existing drain was drilled into the rear side of the gully. After inser-
ting the drainage pipe, the opening was sealed with CarboCryl non-
setting gel. Water was diverted to the front face, to an open ditch run-
ning along the track. The remaining empty space behind the gully
was backfilled with C16/20 X0 concrete. The level of the upper edge
of the gully cover follows the bottom of the ditch behind the crown
of the new retaining wall.

The mountain gully located on the left side in front of the exit por-
tal was replaced by a new one and the tunnel drainage was conne-
cted to it. The Eurobeton MABA type of this 600X1,200X1,500
gully is laid in C30/37 XC4 XF3 concrete bed. Before installation,
the mountain gully was provided with asphalt penetration coat on
the external surface. The level of the upper edge of the gully cover
follows the level of the railway inspection path. The empty space
behind the gully was backfilled with C16/20 X0 concrete and the
stone-block pavement was brought up to the gully edge.

CONCLUSION

The work operations proceeded throughout the reconstruction
time in compliance with the approved detailed design, the technolo-
gical procedure and the works schedule, with a several-day advance.
Nevertheless, local discontinuities between individual shotcrete lay-
ers appeared as a result of a defect in the accelerator dosing pump.
The discontinuity was revealed after the removal of the stop end of
the built-in structure in the direction of the entrance portal, where
a crack copying the joint between individual layers of shotcrete
appeared. Subsequent survey boreholes and non-destructive testing
revealed that individual layers of shotcrete locally failed to connect.
For that reason the extent of the problem was investigated by means
of a georadar by KolejConsult & servis, spol. s r. 0. and by the Brno
University of Technology by means of cored boreholes. It was found
that a more significant local discontinuity existed in two tunnel
blocks. It was therefore necessary to prepare a proposal for subse-
quent rehabilitation. The purpose of this work was to remove dis-
continuities in the shotcrete lining of the built-in structure. The
objective was to fill these spaces with CarboPur WF two-component
polyurethane resin, using its strength-related and adhesive-related
function. Taking into consideration the necessity for maintaining the
safety, the rehabilitation extent was prescribed to cover the whole
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v trovni draZni stezky. Volny prostor za vpusti byl vypInén betonem
C16/20 X0 a kamennd dlazba byla pfivedena k okraji vpusti.

ZAVER

Préce po celou dobu rekonstrukce probihaly podle schvélené rea-
liza¢ni dokumentace, technologického predpisu a harmonogramu
praci s nékolikadennim predstihem. Nicméné, v dusledku poruchy
Cerpadla pro davkovani urychlovace ve stroji na strikdn{ betonovych
smési, doslo v nékterych mistech k lokdlnim nespojitostem jednot-
livych vrstev stifkaného betonu. K objeveni nespojitosti doslo po
odbednéni &ilka vestavby ve sméru od vjezdového portélu, kde byla
lokalizovana trhlina kopirujici spoj jednotlivych vrstev strikaného
betonu. Ndslednym pruzkumem jaddrovymi vrty a nedestruktivni
zkouskou bylo zjisténo, Ze doslo k lokdlnimu nespojeni jednotlivych
vrstev stifkaného betonu. Z tohoto davodu byl proveden prizkum
rozsahu problému georadarem provedenym spolecnosti
KolejConsult a ovéfujicimi jadrovymi vrty provedenymi VUT
Brno. Bylo zji§téno, Ze ve dvou tunelovych pasech se nachazi lokal-
ni nespojitost vyznamnéjsiho rozsahu, a proto musel byt vypracovan
névrh nésledné sanace. Ugelem praci byla sanace nespojitosti uvniti
osténi vestavby ze stitkaného betonu. Cilem bylo vyplnéni téchto
prostor dvoukomponentni polyuretanovou pryskyfici CarboPur WF,
kdy se vyuZzije jeji pevnostni a lepiva funkce. Rozsah sanace byl pro
zachovani bezpenosti stanoven po celé délce osténi vestavby mezi
tzv. 10 a 2 hodinou ve smyslu ciferniku hodin. Do osténi se proved-
ly vrty @ 14 mm a jejich délka byla upfesnéna podle geodetickych
podkladu pro kazdy tunelovy pas zvl4st's ohledem na proménnou
svétlou vysku tunelu, a tim i tlouStku vrstvy stiikaného betonu. Vrty
byly realizovany Sachovnicové v rastru 500x500 mm. Behem pro-
vadéni vrtnych praci byl sledovén i vyskyt trhlin a volnych prostor.
Do kazdého vrtu byl osazen obturdtor @ 13/115 mm.

Po ukonceni vrtnych praci byla provedena stiedotlakd vyplinova
injektdz dvoukomponentni polyuretanovou pryskyftici CarboPur
WE. InjektdZ se povazovala za ukonéenou pii dosaZeni tlaku 0,5
MPa (5 bar), nebo pfi vyronu injekénich hmot ze sousedniho vrtu.
V pripadé, Ze nebylo dosahovdno ofekdvané spotieby a propojeni
sousednich vrtu injektdZ{, se injekéni tlak zvysil aZz na 1,0 MPa.
Mnozstvi injekénich hmot aplikovanych do vrtu tak bylo proménné.

Pro ovéfeni vysledka sanace byly provedeny dalsi jadrové vrty
a pevnostni parametry jadra byly ovéfeny v laboratofi.

Vysledkem sanace byla realizace rekonstruovaného osténi
s projektem predpokladané statické funkce, a tim i dspe$né dokon-
Ceni rekonstrukce tunelu. Pri celé stavbé byly uplatnény nejen zku-
Senosti ze standardnich sanacnich praci a znalost sanacnich materi-
dlu, ale v pripadé nepredvidatelné udélosti s nespojitosti vrstev stfi-
kaného betonu bylo navrzeno a zrealizovdno funkéni technické
feSeni. Soucasti zakazky bylo v tomto pripadé€ i zpracovani reali-
zacni dokumentace stavby, kde spolecnost Minova Bohemia
s.r.0. spole¢né s projektantem zidroCila své dlouholeté zkuSenosti
z predchozich realizaci a dspé$né aplikovala technologie a vyrobky
ze Sirokého portfolia spole¢nosti.

ING. MILAN CHODACKI, milan.chodacki@orica.com,
ZBYNEK DRIENOVSKY, zbynek.drienovsky@orica.com,
MINOVA BOHEMIA s.r.o.

Recenzovali: Ing. Michal Gramblicka, Ing. Pavel Sourek
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Obr. 6 Provadéni odvodriovacich vrtii v misté drendznich svodnic
Fig. 6 Drilling for drainage holes in the locations of drainage
water collecting ducts

length of the built-in structure within the surface segment between
the hands of a clock at 10 o’clock a.m. and 2 o’clock p.m. Holes
14mm in diameter were drilled into the lining and their length was
refined according to the survey documents available separately for
each tunnel block, especially with respect to the variable net height
of the tunnel and the thickness of the shotcrete layer associated with
it. The drillholes were arranged in an alternating pattern in
a 500x500mm grid. The occurrence of cracks and empty spaces was
also followed during the drilling work. A packer 13/115mm was
inserted in each drillhole.

After finishing the drilling job, medium pressure grouting was
carried out using CarboPur WF two-component polyurethane resin.
The grouting was considered to be finished when the pressure of
0.5MPa (5bar) was reached or when the grout started to flow from
the neighbouring drillhole. When the anticipated consumption was
not achieved and neighbouring drillholes did not get interconnected
by the grout, the grouting pressure was increased to 1.0MPa. The
volume of grout applied into a drillhole was variable.

Additional cored drillholes were carried out and the strength-rela-
ted parameters of the cores were verified in a laboratory with the aim
of verifying the results of the rehabilitation.

The rehabilitation resulted in the creation of a reconstructed lining
with the static function expected by the design; the whole tunnel
reconstruction was therefore successfully completed. During the
entire construction period the experience from standard rehabilitati-
on operations and the knowledge of repair materials was applied. In
addition, in the case of the unpredictable event regarding the dis-
continuities of shotcrete layers, a functioning technical solution was
designed and implemented. Part of the whole contract was in this
case even the preparation of the detailed design, where Minova
Bohemia s. 1. 0. together with the designer capitalised on many years
of experience from previous projects and successfully applied tech-
nologies and products from company’s wide portfolio.

ING. MILAN CHODACKI, milan.chodacki@orica.com,
ZBYNEK DRIENOVSKY , zbynek.drienovsky@orica.com,
MINOVA BOHEMIA s.r.o.

[1] Technickd dokumentace vydand k realizaci projektu. AMBERG Engineering Brno, a.s. Cis. zakazky B129-6/3
[2] Firemni materidly Minova — Technické listy pfedmétnych materidla
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DOSTAVBA VJEZDOVEHO JIZNIHO PORTALU TUNELU TURECKY VRCH

COMPLETION OF THE SOUTHERN ENTRANCE PORTAL
OF TURECKY VRCH TUNNEL

MILAN CHODACKI, ZBYNEK DRIENOVSKY

ABSTRAKT

Jeden z poslednich stavebnich objektii, které zbyvaly realizovat pred celkovym dokoncenim stavby Modernizace Zelezni¢ni trati Nové Mesto
nad Vihom — Piichov, km 100,500-159,100 pro tratovou rychlost do 160 km/h — 1. etapa a 2. etapa (iisek Nové Mesto nad Vihom — Zlatovce)
pro investora Zeleznice Slovenskej republiky, byl viezdovy — jizni portdl tunelu Turecky vrch, ktery se nachdzi na tratovém tiseku Nové Mesto
nad Vihom — Trencianske Bohuslavice. Cldnek Fesi provddéni jednotlivych stavebnich praci a netradicni vyuZiti zndmych technologii a kon-
strukct, které byly vhodné a citlive zkombinovdny tak, aby vysledny celek zapadal do okolniho rdzu prirodni rezervace Turecky vrch patiici do
podhiiri Bilych Karpat. Po ukonceni pract se stal vjezdovy — jizni portdl tunelu Turecky vrch jednou z nejvyraznéjsich dominant celého moder-
nizovaného tratového tiseku.

ABSTRACT

One of the last construction objects remaining to be realised before the overall completion of the Upgrading of the Nové Mesto nad
Vidhom — Piichov railway track, chainage km 100.500 — 159.100, for the speed limit of 160km/h — (the Nové Mesto nad Vahom — Zlatovce
section) for Zeleznice Slovenskej Republiky (Slovak Railways) was the souther entrance portal of the Turecky Vich tunnel, which is loca-
ted on the Nové Mesto nad Vdhom — Trencianske Bohuslavice track section. The paper deals with the execution of individual constructi-
on work operations and the non-traditional use of known technologies and structures, which were properly and sensitively combined so
that the result as a whole fitted into the character of the surrounding Turecky Vrch nature reserve, which is part of the White Carpathians
foothills. After the works completion, the southern entrance of the Turecky Vrch tunnel became one of the most prominent features of the

entire upgraded track section.

ovob

Tunel Turecky vrch je prvni Zelezni¢ni tunelovou stavbou vybudova-
nou témér po padesdti letech na tzemi Slovenské republiky. Neni tedy
divu, Ze byl pfi feSeni tohoto projektu zdmér vSech zainteresovanych
stran takovy, aby vyslednd stavba byla nejen bezpe¢nd a plné vyhovo-
vala sou¢asnym ¢i budoucim poZzadavkim na provoz vysokorychlostni
Zelezni¢ni dopravy, ale také vhodné zapadla do krajiny sousedici
s chranénou krajinnou oblasti. Tento zdmeér se dafilo dodrZovat od prv-
niho ndvrhu projektové dokumentace aZ po dokonceni posledniho sta-
vebniho objektu v podobé provedeni svislého dopravniho znaceni na
prijezdové komunikaci pro vozidla integrovaného zéchranného systé-
mu. Pfed dokonéenim celé stavby se tunel jiz mohl py$nit mnohymi pro-
gresivnimi technickymi feSenimi. Mezi nejvyznamnéjsi patfily pouZiti
pevné jizdni drahy, absence zachrannych vyklenka, nouzové osvétleni
umisténé v nerezovych madlech, pozarni nadrz napdjend piimo
z prilehlého potoka ¢i srazZkovou vodou, nezavodnény pozarni vodovod
z HDPE a litiny nebo pozarni dvefe do tnikové $toly odoldvajici aero-
dynamickym tlakim. VétSina téchto feSeni vCetné velikosti pri¢ného
fezu vychézi z poZadavku na moznost provozovat soupravy rychlosti az
200 km/hod, i ze skute¢nosti, kdy soucasné predpisy umoziiuji nejvyssi
rychlost 160 km/hod (obr. 1).

Tunel Turecky vrch je tvofen razenou Eésti v délce 1740 m, dvéma
hloubenymi dseky, v oblasti severniho portdlu o délce 10 m a 25 m
u jizntho portdlu a také raZenou tnikovou Stolou ustici v prostoru byva-
1ého nadjezdu jiZ opusténé silnice pres Zelezni¢ni trat' v délce 244.7 m.
Veskeré detaily provadeéni stavebnich praci fesila projektovd dokumen-
tace, mimo dokoncovéni jiznitho portédlu, které doreSil projektant
v prubéhu dokoncovacich praci v soudinnosti se zhotovitelem.

Charakter a morfologie masivu, kterym prochdzi tunel — mezozoické
horniny, dolomity a vdpence, porusené ¢astymi puklinami — a ostry thel,
pod kterym nové trat’ jen pomalu vstupuje do svahu, komplikovaly
vytvoreni kamenného kuZele u portdlu a podél pravé strany navazujici-
ho hloubeného tunelu délky 25 m, stejné tak i zasyp zeminou. Oblast
provadéni zemniho kuZele a zdsypu byla navic zna¢né prostorové ome-
zena plochou zdboru drdZnich pozemku. Proto byl pavodné navrZeny
zemni kuZel u portdlu nahrazen betonovym blokem, kterému na stavbé
fikali ,,monoliticky sarkofag™.

INTRODUCTION

The Turecky Vrch tunnel is the first railway tunnel structure built in
the Slovak Republic almost after fifty years. It is therefore not surprising
that when this project was being designed, the objective of all stakehol-
ders was to develop the resultant structure which would be not only safe
and fully compliant with current or future requirements for the operati-
on of high-speed railway transport, but also would suitably fit into the
landscape of the neighbouring nature reserve. This intention was
successfully adhered to from the first design draft until the completion
of the last construction object in the form of vertical traffic signs on the
access road for the Integrated Rescue System vehicles. Already before
the completion of the entire project, the tunnel could pride itself on
numerous progressive technical solutions. Among the most important
ones, there was the use of the slab track, the absence of safety recesses,
emergency lighting installed in stainless steel handrails, a fire protection
reservoir fed directly from an adjacent stream or by rainwater, a dry
HDPE and cast iron fire main or aerodynamic pressures resisting fire-
check doors to the escape gallery. Most of these solutions, including the
size of the cross-section, are based on the requirement for the possibili-
ty of operating trains at the speed of up to 200km/h despite the conditi-
on where the current regulations permit the highest speed of 160km/h
(see Fig. 1).

The Turecky Vrch tunnel consists of a 1,740m long mined part, two
cut-and-cover sections at the northern and southern portals 10m and 25m
long respectively, and a 244.7m long mined escape gallery having its
mouth in the area of a former crossing of an already abandoned road over
the railway track. All details of the construction work were solved by pro-
ject design documents, with the only exception of the completion of the
southern portal. This part of the design was finished by the designer in
collaboration with the contractor during the course of the finishing work.

The character and morphology of the rock mass the tunnel passes
through — Mesozoic rock types, dolomites and limestone disturbed by
frequent cracks — and the acute angle at which the new track only slow-
ly enters the slope, complicated the formation of a stone cone at the
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Obr. 1 Pohled na dokonceny vjezdovy portdl
Fig. 1 A view of the completed entrance portal

Nadportdlova oblast odt¢Zeného skalniho masivu byla docasné zajis-
téna stifkanym betonem vyztuZenym ocelovymi svafovanymi sitémi
a prikotvenym do horninového masivu ty¢ovymi kotvami.

Reilo se, jak déle postupovat v dokoncovacich pracich.

V této dobé byla jiz hotovd zdrubni zed navazujici na levou stranu
portdlu tunelu.

Nové navrzené dokonéeni rozpracovaného dila bylo sloZeno ze tif
hlavnich stavebnich prvka:

* kotveny zasyp svahu nad portdlem;

e zifzeni zpevnéného odvodnovaciho Zlabu — vytvoreni potencidlni
vodotece v prostoru erozni ryhy se zatsténim do horské vpusti
nachdzejici se nad pozdrni nadrzf;

e provedeni obkladu betonového bloku portdlu a hloubeného tunelu
dratokamennymi matracemi (obr. 2).

Kotveny zdsyp byl navrzen proto, aby cely prostor nadportilové
oblasti v blizkém ¢asovém horizontu pokryla zelen. Na vrstvu strikané-
ho betonu byla rozprostfena geotextilie, slouzici k zdsobovéni podkladu
vlhkosti. Hlavni konstrukéni prvek tohoto zdsypu tvori souvisld kon-
strukce z ru¢né sklddanych raglovych pytli plnénych ornici a smésf trav-
niho semene. Trvalou polohu zdsypu zajistuje prekryti ocelovou vyso-
kopevnostn{ siti Tecco®, kterd je prikotvena ty¢ovymi kotvami CKT 22
lepenymi polyesterovymi lepicimi ampulemi Lokset. Reseni portalové
Casti tunelu vyuzivajici shora uvedené technologie je patrné ze schema-
tického fezu (obr. 3).

Obr. 2 Bocni pohled na portdlovou cdst s drdatokamennymi matracemi
Fig. 2 A lateral view of the portal part with gabions

portal and along the right side of the neighbouring 25m long cut-and-
cover tunnel and the covering with earth. The area in which the stone
cone and the covering were to be carried out was in addition signifi-
cantly limited by railway right-of-way land. For that reason, the origi-
nally designed ground cone at the portal was replaced with a concrete
block, which was called by builders the “monolithic sarcophagus”.
The area of the removed rock mass above the portal was temporarily
stabilised by shotcrete reinforced with welded steel mesh and anchored
to the rock mass with anchor rods.
They solved how to proceed further in the finishing work.
At that time the revetment wall connecting to the left side of the tun-
nel portal had already been completed.
The newly designed completion of the incomplete work consisted of
three main construction elements:
* the anchored covering of the slope above the portal;
e the construction of a paved drainage trough — the creation of
a potential stream in the area of the erosion trench, ending in
a mountain gully located above the fire protection reservoir;

e the execution of the cladding of the portal concrete block and the
cut-and-cover tunnel with steel mats filled with stone (gabions) (see
Fig. 2).

The anchored stone cover was designed so that the entire space of the
area above the portal was covered with greenery
in a near time horizon. Geotextile serving to feed
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the substrate with moisture was spread on the
shotcrete layer. The main structural element of
this cover is formed by a continuous structure
consisting of manually placed raschel bags filled
with topsoil and a mixture of grass seeds. The
permanent position of the cover is secured by
Tecco® high-strength steel mesh, which is
anchored with CTK 22 anchor rods encapsulated
in Lokset polyester resin. The solution to the tun-
nel portal part using the above-mentioned tech-
nologies is obvious from the schematic cross-
section presented in Fig. 3.

3 The paved drainage trough connects in the
' upper level to the erosion trench dividing the
rock mass and, at the same time, to a longi-
tudinal trough located at the revetment wall
SRR crown, which is located in the direct vicinity of

the tunnel portal (see Fig. 4). The trough ends in
the area of the mountain gully so that contingent
rainwater feeds the fire protection reservoir. The

Obr. 3 Schematicky rez portdlovou édsti tunelu
Fig. 3 Schematic section through the portal part of the tunnel

entire structure of the trough is formed by stone-
block pavement laid in welded mesh reinforced




Obr. 4 Zpevneény odvodnovaci Zlab
Fig. 4 The paved drainage trough

Zpevnény odvodnovaci zlab navazuje v horni drovni na erozni ryhu
rozdélujici skalni masiv a zdroven na podélny Zlab, nachdzejici se
v koruné zarubni zdi, kterd piimo sousedi s portilem tunelu (obr. 4).
7Zlab je zaistén do prostoru horské vpusti, tak aby piipadné srazkové
vody dotovaly zdsobu vody v poZdrni nddrZzi. Celd konstrukce Zlabu je
tvorena kamennou dlazbou do betonu vyztuZeného svafovanymi sitémi.
Jako na celé stavbe, tak i v tomto pripade byl vyuzit andezit z lomu
Zajezova. S ohledem na geometrii a sklon zlabu bylo nutné vytvorit
v plose Zlabu soustavu stupriu, které maji za dkol docilit usmérnéni
a zpomaleni proudici srdzkové vody.

Obklad z tenkych dritokamennych matraci (gabiont) tvoif kone¢nou
tipravu a vzhled portdlové &asti. Prvni vrstva gabionl byla uloZena na
monoliticky zdkladovy pds. Opét byla dodrzena podminka pouZiti ande-
zitu. Kose, které byly vyrobeny na miru presné podle tvaru portalu, byly
kladeny vzdy po Ctyfech fadach ve Ctyfech vyskovych drovnich. Kazda
jednotliva horizontdln{ vrstva kot je kotvena ocelovymi trny tvofeny-
mi betonarskou oceli.

Dal$im prvkem prispivajicim k bezpe¢nosti provozu je zajisténi skaly
po odtéZeni do témér svislého sklonu nad zarubni zdi. Bylo zvoleno
zajisténi kotvenou vysokopevnostni ocelovou siti Tecco®, které je pro-
vedeno aZ po hranici drdZniho pozemku. Pfi provédéni praci bylo zjisté-
no, ze z oblasti za hranici pozemku dochdzi k paddni kameni malé
a stiedni velikosti. Tato skute¢nost byla potvrzena dodateCnym pruzku-
mem terénu. Vzhledem k rozsahu dotéené plochy bylo rozhodnuto
o vystavbé dynamické bariéry, kterd zabrani nejen padu kameni na
Zeleznici, ale zabrani také padu zvére, kterd se v dané oblasti hojné
pohybuje. Unosnost a vysku bariéry stanovil projektant na zakladé vyse
zminéného prizkumu (obr. 5).

ZAVER

Prdce na tomto stavebnim objektu byly provddény za ztizenych kli-
matickych podminek — teplotdch pod bodem mrazu a ¢asto i pfi sného-
vych prehankach. S ohledem na bliZici se termin kolaudace nové vybu-
dovaného tunelu Turecky vrch nebylo moZno prodlouZit dobu vystavby.
Préce byly provedeny s dirazem na kvalitu a v prvni fadé na dodrzové-
ni bezpecného prubéhu provddéni praci za provozu. Dokonéenim
poslednich stavebnich praci na této stavbé se podafilo naplnit zamér
vybudovat dilo splnujici evropské standardy. Vysledkem préce je tune-
lovy portdl, ktery mnoZstvim pouzitych rozli¢nych technologii patii do
,»ykladni skiiné* sou¢asného podzemniho stavitelstvi.
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Obr. 5 Dynamické bariéry a zajisteni svahu
Fig. 5 Dynamic barriers and the slope stabilisation

concrete. As within the whole construction site, andesite from the
Zajezova quarry was used even in this case. It was necessary with res-
pect to the geometry and gradient of the trough to create a system of
steps within the trough surface having the task of streamlining and
reducing the velocity of flowing rainwater.

The cladding with thin gabions forms the final treatment and look of
the portal part. The first layer of gabions was laid on a cast-in-situ foo-
ting strip. The condition of using andesite was again adhered to. The
gabions produced to measure exactly according to the portal shape were
laid in four rows and were stacked at four levels. Each individual hori-
zontal layer of gabions is anchored with steel dowels created from conc-
rete reinforcing rods.

Another element contributing to the operational safety is the stabilisa-
tion of rock after excavating the rock face to form a nearly vertical slope
above the revetment wall. The rock was stabilised with anchored Tecco®
high-strength steel mesh extending up to the railway right-of-way bor-
der. It was found during the work that small to medium-size stones fell
from the area beyond the border of the area. This fact was confirmed by
an additional survey of the terrain. Taking into consideration the extent
of the affected area, the decision was made that a dynamic barrier would
be constructed which would prevent not only stones from falling on the
railway track but also the abundant game living in the area in question.
The load-bearing capacity and the height of the barrier were determined
by the designer on the basis of the above-mentioned survey (see Fig. 5).

CONCLUSION

The work on this object was carried out under difficult climatic condi-
tions — temperatures under the freezing point, frequently during snow sho-
wers. With respect to the approaching deadline for the practical completi-
on of the newly built Turecky Vrch tunnel, it was not possible to extend
the construction period. The work was carried out with stress placed on
quality and, in the first place, on maintaining safety at work performed
with the operation uninterrupted. The aim of implementing a civil engi-
neering project meeting European standards has been achieved by com-
pleting the last construction work item. The work result, the tunnel portal,
has its place in the showcase of the current underground construction
industry with respect to the quantity of various technologies used.
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POUZITI ELEKTRONICKYCH ROZNETNYCH SYSTEMU
PRI VYSTAVBE TUNELU

THE USE OF ELECTRONIC INITIATION SYSTEMS
IN TUNNEL CONSTRUCTION

PAVOL SOKOL

ABSTRAKT

Nedilnou soucdsti technologickych postupi konvencnich razeb liniovych podzemnich staveb v pevinych skalnich hornindch jsou trhact prdce.
0Od doby zdZehovych, nobelovskych rozbusek ubehlo mnoho desetileti. PoZadavky na bezpecnost, rychlost a efektivitu trhacich pract stdly za vyvo-
Jem novych typu roznéni. V soucasnosti jsou nejnovéjsim typem rozneéty elektronické.

ABSTRACT

Blasting operations are inseparable part of technological procedures for conventional excavation of linear underground structures driven
through hard rock. Many decades have passed since the time of Nobel’s burning fuses. Requirements for safety, speed and effectiveness of blas-
ting operations were in the background of the development of new ignition types.

ovob

Elektronické roznéty umoznuji presné nastaveni Casovani
detonace s vy$$imi ¢asovymi rozsahy, a to pfimo na stavbé
v zdvislosti na aktudlnich podminkdch. Nezanedbatelnou
vyhodou je vyS8i mira bezpenosti oproti klasickym zaZeho-
vym nebo elektrickym roznétim a diky moZnosti nastaveni
teoreticky libovolnych ¢asovacich stupfit minimalizace neZa-
doucich seizmickych vlivii trhacich praci. Clének na dvou
redlnych projektech predstavuje zakladni vyhody vyuzivani

INTRODUCTION

Electronic ignition systems allow for precise setting of detona-
tion time with larger time ranges directly on site, depending on
existing conditions. A not negligible profit lies in the higher level
of safety compared with classical burning or electric ignition and
the minimisation of undesired seismic effects of blasting operati-
ons owing to the possibility of setting theoretically arbitrary delay
stages. Using two real projects as examples, the paper presents
basic advantages of the use of electronic ignition systems during
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Obr. 1 Situace tunelu Eppstein
Fig. 1 Eppstein tunnel layout
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elektronickych roznétnych systému pii razbé podzemnich lini- the excavation of underground linear workings, taking into consi-
ovych dél, a to s ohledem na zvySeni bezpecnosti a produk- deration the improvements of the safety and productivity of work.
tivity provadeni praci.
EPPSTEIN TUNNEL

TUNEL EPPSTEIN The town of Eppstein is located approximately 20km from

Mésto Eppstein lezi zhruba 20 km od Frankfurtu nad Frankfurt on Main. Owing to the location in the region, the
Mohanem. Diky své poloze v regionu je Zeleznitni stanice Eppstein railway station is an important and favoured transfer
Eppstein v§znamnym a oblibenym pfestupnim mistem, které point, yvhich is used every mpnth by over 35,000 people from the
mésiéné vyuzivd pres 35 000 obyvatel z okoli metropole Frankfurt on Main surroundings. The nearly one-century-old sta-

tion structures and adjacent buildings were no more capable of
accommodating the continuously growing volume of passenger
traffic and transported goods. Taking into consideration the
effort to accommodate the transport infrastructure to current
requirements, the Eppstein town hall came to an agreement with
the regional administration, the German Railways and other aut-
horities involved in the execution of major renovation of the rail-
way station.

The construction of a new, 339m long, double-track tunnel
(marked in Fig. 1 in red) has been planned as a part of this project.

Frankfurtu nad Mohanem. Témér jedno stoleti staré stavby nad-
raz{ a prilehlych objektu jiZz nebyly schopné pojmout trvale ros-
touci objem pasazéru a zboZi. S ohledem na snahu pfizpusobit
dopravni infrastrukturu dne$nim poZadavkim se dohodla radnice
mésta Eppstein s regiondlni spravou, némeckymi drahami
a dals$fmi dotenymi urady o provedeni zdsadni renovace nadrazi.

V ramci téchto praci byla napldnovéana vystavba nového dvoj-
kolejného tunelu délky 339 m (na obr. 1 vyznacen Cervené) para-
lelné se stavajicim tunelem délky 210 m z roku 1877 (vyznacen

modfe). o o e The tunnel runs in parallel with the existing 210m long tunnel
Vzhledem k horninovému prostredi, tvorenému prevazné fyli- built in 1877 (marked in blue).
ty, byla vyloucena razba mechanizovanymi Stity (roli sehrdla With regard to the ground environment consisting mostly of
samoziejmé také délka nového tunelu) i vystavba v oteviené phylites, driving the tunnel using mechanised shields was exc-
jamé. Zhotovitel stavby (Baresel GmbH) se proto rozhodl pouzit luded (the length of the new tunnel also played its role) as well
klasickou metodu razeb s vyuZitim trhacich praci. Aby nedoslo as constructing the tunnel in an open pit. Baresel GmbH, the
k omezovén{ provozu na Zelezni¢ni trati v priibéhu vystavby, sta- contractor, therefore decided to use the classical Drill and Blast
novil objednatel (DB Netz AG) dva asové dseky denné pro pro- excavation method. To avoid operational restrictions on the rail-
vadeéni trhacich praci. way line during the course of the construction, DB Netz AG, the
Stévajici tunel navic zustal v plném provozu aZ do dokonleni project owner, specified two intervals in a day for the execution
a zprujezdnéni tunelu nového, naceZ byl stary tunel odstaven of blasting.
z provozu v&etné napojeni na Zelezni¢ni sit. Z toho diuvodu bylo In addition, the full operation of the existing tunnel remained
nutné v priubéhu stavby ochranit stary tunel a objekty v blizkosti | uninterrupted until the completion of the new tunnel and ope-
nového tunelu pied nepfiznivymi dopady vibraci vznikajicich ning it to traffic. Only then was the old tunnel, inclusive of its
pfi trhacich pracich. Méfené hodnoty vibraci uréovaly maximal- connection to the railway network, decommissioned. It was for
ni okamZitou velikost ndloZe, jinymi slovy maximélni mnozstvi | that reason necessary during the course of the construction to
trhaviny s danym &asovanim rozbusek a naslednou tdpravou protect the old tunnel and structures in the vicinity of the new
délky zdbéru. tunnel against unfavourable effects of vibrations originating

during blasting operations. The measured vibration values
determined the maximum instantaneous magnitude of the char-
ge, in other words the maximum weight of the explosive with
the respective timing of detonators and subsequent adjustment
of the excavation round length.

The expert opinion provided during the course of the design
preparation stage defined warning and limit values of the per-
mitted response of blasting operations, such as limit vibration

Odborny posudek zpracovany v prubéhu piipravy projektu
definoval varovné a limitni hodnoty dovolené odezvy trhacich
praci jako mezni rychlosti kmitdni. Tyto hodnoty byly stanoveny
pro horizontdlni i vertikalni smér a byly méfeny uvnitf stavajici-
ho tunelu (tab. 1).

Pro okolni zdstavbu byly limity rychlosti kmitdni stanoveny
némeckou normou DIN 4150-3. Navic bylo stanoveno maxi-
malni dovolerzé m’novi/st\./l’ trhaviny s pffsluén}’/m éaéovém’m na velocities are. These values were set for both horizontal and
900 g v portilove Césti a ,3900 gramu v podzf:m1. Z, tc?hoto vertical directions and were measured inside the existing tunnel
vyplynuly dovolené délkyozaberu na 0,9 m v portdlové ¢dsti a na (see Table 1).

3 m pfi paralelnf razbé. Puvvodné byl profil tunelu rvozdé:len nas The vibration velocity limits for buildings in the vicinity were
jednotlivych Celeb, které mely byt odpaloviny oddélene s cilem | jeiermined by the German Standard DIN 4150-3. In addition,

minimalizovat vibrace (0}“' 2). . o the maximum permitted weight of explosives with the respecti-
POkUd_ by zaznamenane rychlosti zustdvaly E’Od staflovenyml ve timing was set at 900g and 3,000g for the portal section and
meznimi hodnotaml,o bylo planpvano provadét odstrely dvou the underground, respectively. The permitted excavation round
sousedicich segmentu Celby najednou (celou kalotu nebo celé lengths of 0.9m and 3m for the portal section and the parallel
opefi). Pokud by vysledky méfent pro takto provedené odstrely driving, respectively, followed from this setting. The tunnel
byly naddle pod meznimi hodnotami, pfedpoklddalo se provede- profile was originally divided into 5 individual headings, which
ni odstrelu celé Celby najednou. Pocva tunelu by byla nédsledné were to be blasted separately with the aim of minimising vibra-
docisténa strojni mechanizaci. tions (see Fig. 2).
Tab. 1 Varovné a limitni hodnoty meznich rychlosti kmitdini Table 1 Warning and limit values of vibration velocities
Stavajici tunel Existing tunnel
Horizontélni varovna hodnota 10 mm/s Horizontal warning value 10mm/s
Vertikalni varovna hodnota 20 mm/s Vertical warning value 20mm/s
Horizontaln{ limitni hodnota 25 mm/s Horizontal limit value 25mm/s

Vertikalni limitni hodnota 40 mm/s Vertical limit value 40mm/s
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Obr. 2 Schéma Celby rozdelené na segmenty pro trhaci prdce
Fig. 2 Excavation face divided into segments for blasting

S ohledem na efektivnost ndkladu chtél zhotovitel stavby
maximalizovat délku zdbéru ve stanovenych Casovych usecich
pro odstrely s dodrzenim stanovenych meznich hodnot rychlosti
kmitani. To by melo za nasledek zrychleni vystavby a zdsadni
zkraceni terminu dokonceni razeb.

Technické Feseni

Odborny posudek uvadél, Ze bude velmi ndro¢né nebo az
nemozné provést odstrel celé Celby najednou s vyuZitim kon-
vencnich roznétnych systému, aniz by byly prekrofeny mezni
hodnoty rychlosti kmitédni, jelikoZ jsou u t€chto systému dostup-
né pouze omezené stupné casovani. Nasledkem toho,
a s ohledem na pozadavek zrychleni vystavby tunelu, bylo fese-
nim nasazeni elektronického roznétu zajistujici detonace jednot-
livych ndlozi diky presnému nastaveni Casovani.

Baresel GmbH mél jiz z dfivéjsich projektd v husté obydle-
nych oblastech zkuSenosti s vyuzivanim technologii nabize-
nych spole¢nosti Orica. Jednalo se napr. o tunel Gisela u Nec-
kargemiindu, kde bylo elektronického roznétu uspésné vyuzito
pro minimalizaci vlivu trhacich praci na Zivotni prostredi.

Pro tunel Eppstein byl zvolen systém eDev™, ktery byl spe-
cidlné¢ vyvinut pro pouzivani v tunelovych projektech.
V porovnédni s konvenénimi systémy nabizi téméf neomezeny
pocet nastavenych Casovani detonace, jelikoZ kazdou rozbusku
je mozné nastavit v krocich 1 ms v rozpéti 0—10 000 ms. Pro
zdkaznika navic predstavuje tento systém vyznamné zjednodu-
Seni ve skladovani, protoZe se pouziva jediny typ rozbusky, kterd
je programovéna az po instalaci do Celby. Systém umozZnuje
nastaveni az 500 rozdilnych ¢asovani na jeden zdbér a vyuziva
koncept &islovani zpozdéni pro rychly zdcvik a uZivani strel-
mistry na stavbach [1]. S ohledem na mistni geologické
a environmentdlni pozadavky je mozné nastavit specificky roz-
sah Casovdni, které 1ze v daném projektu pouZit. Navic je diky
tomuto systému umoznéno, pokud je to poZadovano, provedeni
odstrelu po jednotlivych vyvrtech. Dile je pro zlepSeni kontroly
obrysu a minimalizaci poSkozeni okolniho masivu mozné napro-
gramovat skupinové odstrely. Instalace elektronickych rozbusek
je zachycena na obr. 3.

Podle doporuceni posudku se mély vibrace zpusobené trhaci
praci méfit celkové a trvale ve dvou obytnych budovdch a na péti
bodech ve stavajicim tunelu, které se mély ndsledné pohybovat
s postupem razby. Protoze se denné planovaly dva odstrely, vzni-
kl zna¢ny objem méfeni. Pfi pouZiti konvenénich pfistroju na
méfeni otfesu by tento objem vézal persondl pro instalaci

If the recorded velocities had remained under the prescribed
limit values, it was planned that two neighbouring face segments
would have been blasted concurrently (the top heading or the
whole bench). If the measurement results of blasting carried out in
this way had show that the values of the velocities still remained
under the limits, it was assumed that the whole excavation cross-
section would have been blasted at the same time. The tunnel bot-
tom would have been subsequently trimmed mechanically.

Taking into consideration the cost effectiveness, the contractor
wanted to maximise the excavation round lengths in the intervals
specified for blasting, with keeping the prescribed limit vibration
values met. It would have resulted into the acceleration of the con-
struction operations and principal reduction of the excavation
completion deadline.

Technical solution

The expert opinion stated that it would be very difficult or even
impossible to blast the whole excavation cross-section at the same
time or using conventional initiation systems without exceeding
the limits of vibration velocities with respect to the fact that these
systems offer only limited delay times. As a result, taking into
consideration the requirement for the acceleration of the tunnel
construction process, the solution was found in the application of
the electronic initiation system capable of ensuring detonations of
individual charges owing to the precise setting of delays.

Baresel GmbH had experience from using technologies offered
by Orico even from previous projects implemented in densely
populated areas. Among them there was, for example, the Gisela
tunnel near Neckargemiind, where an electronic initiation system
was successfully used for the minimisation of the impact of blas-
ting operations on the environment.

The eDev™ system developed specifically for using on tunnel-
ling projects was chosen for the Eppstein tunnel. In comparison
with conventional systems, it offers nearly unlimited number of
set detonation timings because each detonator can be set at 1ms
steps within the range of 0-10,000ms. In addition, this system
represents for a customer the significant simplification of storing
because only one detonator type, which is programmed only after
the installation into the excavation face, is used. The system
allows for setting up to 500 different delays in one excavation
round. It uses a concept of numbering delays for the purpose of
reaching short learning curves and for the use by shotfirers on
construction sites [1]. Taking into consideration local geological
and environmental requirements, it is possible to set a specific
range of delays which can be used on a particular project. In addi-
tion, it is possible owing to this system, if required, to fire indivi-
dual blastholes separately. Further on, it is possible to program

Obr. 3 Instalace elektronickych rozbusek do celby
Fig. 3 Installation of electronic detonators into the excavation face
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a demontdZ méficich pifstroju. Kromé toho by byli obyvatelé ve
svych domech rédno a veler obtéZzovéni odeditdnim pristroju.
Neustdlé instalovani a demontdZz ve stdvajicim tunelu by dale
vedly ke zpozdénim v drazni dopravé a neslo by to s sebou zby-
te¢nd rizika pro persondl. Proto byl instalovan méfici systém —
Nitro Consult Vibration (NCVIB) s funkci dalkového odecitani,
pro automaticky a trvaly zdznam, dokumentaci, znazornéni
a archivovani sbiranych dat. Vysledky méfeni se do serveru
NCVIB posilaji vysilatkou (GSM). Opravnéni uZivatelé se
muZou pohodIné pres internet vSude a kdykoliv na data podivat
a zpracovavat je. Pouzitd ¢idla jsou schopna zaznamenat otfesy
az do 250 mm/s, akustické tlaky az do 2000 Pa, narazové viny
v rozsahu 10 Hz-5 kHz a hladinu hluku mezi 20 a 130 dB.
Kromé toho je mozné k systému NCVIB pripojit snimace namé-
fenych hodnot pro pohyb, teplotu, vlhkost vzduchu a hladinu
spodni vody.

Vysledek

V souladu s doporu¢enim odborného posudku byly prvni zdbé-
ry pripraveny a odpdleny jako jednotlivé segmenty, pfi¢emz
kalota byla rozdélena v poméru 60/40. Vysledné hodnoty vibra-
ci dosazené po téchto individudlnich odpalech neprekrocily
varovné ani limitni hodnoty. Po konzultaci s vedenim stavby
a stielmistrem byla v dal§im kroku nasledné odpdlena celd kalo-
ta najednou a dosazené hodnoty vibraci opét neprekrocily stano-
vené limity. Bylo proto rozhodnuto o odstielu opéri ihned po
odstrelu kaloty tak, aby bylo plné vyuZito stanoveného ¢asového
useku pro trhaci prace. Mezni hodnoty vibraci opet nebyly pre-
kroCeny. Jiz prvni odstrely tak ukdzaly vyhody pouzivani elek-
tronického roznétu ve srovnani s konvenénimi systémy. Vysoka
presnost rozbusek v kombinaci s moznosti individudlniho odpa-
lu jednotlivych vyvrta a inovativni navrh celého odstrelu zajisti-
ly maximélni moZnou kontrolu dopadu trhacich praci na okolni
prostiedi. Dusledkem téchto pozitivnich vysledku tak doslo od
pétého odstrelu k prechodu na odstrel celé ¢elby tunelu v jednom
kroku (navrtdni Celby v celém profilu je na obr. 4). Na jeden
zabér bylo pouZzivano 180 ks rozbusek eDev™, 180 kg trhaviny
Senatel™ Powerfrag™ a 50 m zapalné Snury Cordtex™ 100N,
pricemz detona¢ni ¢as byl prumérné 6,5 sekundy. Celkem bylo
provedeno 272 odsttelu.

Jedine¢né vlastnosti systému NCVIB splnily a prekonaly kla-
dené pozadavky. Odpadl ¢as nasazeni persondlu pro odelitdni
méficich pristroju (celkem pro 272 odstielu) a tento ¢as se mohl
smysluplné vyuzit jinde. Diky pohodlnému dédlkovému odeditd-
ni dat se také dalo zabranit dennimu vyruSovdni obyvatel
a nebylo nutné blokovat provoz ve stdvajicim tunelu déle, nez
bylo potieba (ve stanovenych asovych intervalech odstielu).
Navic moZnost integrovat tato data do softwaru SHOTPlus™ T,
kde lze srovnat méreni s modelem trhacich praci, vede k cilené
identifikaci pfi¢in maximélnich rychlosti kmitdni. V¢asné varo-
vani vedeni stavby prostfednictvim SMS ¢&i e-mailu umoznilo,
aby se jiz pred prekrocenim limitnich hodnot uéinila potfebna
opatreni a dalo se jim tak zcela predejit.

Pouzitim systému eDev™ se podafilo zajistit vice neZ zdvoj-
ndsoben{ rychlosti raZby ve srovndni s puvodnim terminem.
V kazdém casovém tseku stanoveném pro trhaci prace se poda-
filo provést odstiel celého profilu Celby. Dvacet tydnu po zahé-
jeni praci byly razby ukon&eny, coz predstavuje 7 mésicu pred
pldnovanym terminem. To umoZnilo zhotoviteli stavby zvysit
produktivitu a ndsledné efektivné vyuZit svych pracovnich kapa-
cit na jinych projektech. Diky neustdlému monitoringu hodnot
vibraci s pouZitim on-line systému NCVIB a pouZitim Spicko-
vych roznétnych systému a trhavin byly trhaci prdce a razby
dokonceny bezpecné a s ohledem na néklady efektivne.

k- €.1/2014

Obr. 4 Celd Celba pripravend k odstrelu (kalota véetné opéri)
Fig. 4 The whole excavation face prepared for blasting (top heading and
bench)

group blasting with the aim of improving the contour control and
minimising damage to surrounding rock mass. The installation of
electronic detonators is presented in Fig. 3.

According to the expert opinion recommendation, vibrations
induced by blasting should be measured as a whole and perma-
nently in two residential buildings and on five points inside the
existing tunnel; these points should subsequently move with the
advancing excavation. A significant amount of measurements ori-
ginated because of the fact that two blasting events were planned
for each day. If conventional vibration measurement apparatuses
had been used, this amount would have had bind personnel for the
installation and dismantling of the measurement apparatuses. In
addition, residents would have been bothered in the morning and
evening by reading the apparatuses. The incessant installation and
dismantling inside the existing tunnel would have further led to
railway transport delays and it would have carried unnecessary
risks for personnel with it. For that reason the Nitro Consult
Vibration (NCVIB) measurement system with the remote reading
function was installed for automatic continual recording, docu-
menting, displaying and storing of the collected data. Measurement
results are sent to the NCVIB server by a transmitter (GSM).
Authorised users can see the data and process it everywhere and at
any time simply through Internet. The sensors used are capable of
registering vibration up to 250mm/s, acoustic pressures up to
2,000Pa, shock waves within the range of 10Hz — 5kHz and the
noise levels between 20 and 130dB. It is in addition possible to
connect transducers of values measured for movement, temperatu-
re, air humidity and water table level to the NCVIB system.

Result

In compliance with the expert opinion recommendation, the ini-
tial excavation rounds were prepared and blasted as individual
segments, with the top heading divided in the proportion of 60/40.
Resultant vibration values achieved after these individual blasting
events did not exceed the warning or limit values. After consulting
the project manager and the explosives engineer, the whole top
heading was blasted at the same time and the achieved vibration
values again did not exceed the prescribed limits. The decision
was therefore made that the bench would be blasted immediately
after the top heading blasting so that the interval set for the blas-
ting operations was fully used. Again, the limit vibration values
were not exceeded. It means that already the initial blasting events
proved the advantages of using electronic initiation compared
with conventional systems. The high precision of the detonators in
combination with the possibility of individual firing of individual
blastholes and the innovative design for the whole blasting event
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Obr. 5 Instalace neelektrického roznétu v éelbé tunelu na Letné
Fig. 5 Installation of non-electric initiation at the tunnel heading in Letnd

TUNELOVY KOMPLEX BLANKA

V ramci vystavby tunelového komplexu Blanka, dobfe zna-
mého Siroké odborné verejnosti, byly pro maximalni omezeni
vlivu nezddoucich G¢inku pfi rozpojovani hornin pomoci trha-
cich praci pod souvislou zdstavbou (zejména pod starSimi
a pamatkové chranénymi objekty s dynamickou odolnosti
5-15 mm/s) postupné vyzkouSeny ruzné technologie tlumeni
téchto nezddoucich G¢inku. Zkousela se technologie predsti-
pnuti spary na obrysu (presplitting), technologie déleni Celby
pri odstfelech neelektrickymi roznéty (obr. 5) apod. Vzhledem
k tomu, Ze tyto postupy nedosdhly poZzadovanych vysledka,
nebot’ dochdzelo spiSe ke zpomaleni vystavby a v neposledn{
fadé k prekroCeni limitnich hodnot rychlosti kmitdni, bylo
rozhodnuto ustoupit od dosud pouzivaného neelektrického

ensured maximum possible control of impacts of blasting on the
surrounding environment. With respect to these positive results,
the procedure was changed starting from the fifth blasting event to
blasting the whole tunnel excavation face in one step (drilling
holes into the whole profile is shown in Fig. 4). One excavation
round required 180 eDev™ detonators, 180kg of Senatel™
Powerfrag™ explosive and 50 metres of Cordtex™ 100N detona-
ting cord; the average detonation time was 6.5 seconds. The total
number of blasting events amounted to 272.

The unique properties of the NCVIB system fulfilled and even
exceeded the imposed requirements. The time of employing per-
sonnel in reading measurement apparatuses (for 272 blasts in total)
fell off and could be used meaningfully somewhere else. Thanks to
the comfortable remote reading of data, it was in addition possible
to prevent the daily disturbing of people and it was not necessary
to block the traffic in the existing tunnel for a time longer than
necessary (during the intervals set for blasting). In addition, the
possibility of integrating this data into the SHOTPlus™ T softwa-
re, where it is possible to compare the measurements with the
model of blasting operations, leads to the purposeful identification
of causes of maximum velocity vibrations. The early warning of
the project management through SMS or e-mail has allowed for the
measures necessary to be implemented before limit values are
exceeded, thus making the prevention possible.

By using the eDev™ system the excavation rate was success-
fully more than doubled compared with the original deadline.
Miners managed to blast the whole tunnel profile during each
interval set for blasting operations. Twenty weeks after the com-
mencement of the excavation, 7 months before the planned dead-
line, the work was finished. Owing to this fact, the contractor
could increase the productivity and subsequently effectively use
its working capacities on other projects. Thanks to the continual
monitoring of vibration values using the NCVIB on-line system
and the use of leading edge initiation systems and explosives, the
blasting and excavation operations were finished safely and, as far
as costs are concerned, effectively.

BLANKA COMPLEX OF TUNNELS

Various technologies of reducing undesired effects of the disin-
tegration of rock by blasting under a continuous urban develop-
ment (first of all under older and historic buildings with the dyna-
mic resistance of 5-15mm/s) were successively tried within the
framework of the development of the Blanka complex of tunnels,
which is well known to the wide professional public. The contour
joint pre-splitting technology, the technology of dividing the exca-
vation face when non-electric initiation was used (see Fig. 5) and
other technologies were tried. Because of the fact that these pro-
cedures did not reach the required results, rather reducing the con-
struction speed and, at last but not least, exceeding the limit valu-
es of vibration velocity, the decision was made that the non-elec-

tric initiation system which had been

used till that time would be abando-
ned and the electronic system suppli-
ed by Orica would be used. Blasting
was performed using i-kon™ elec-
tronic detonators and the eDev™
programming and firing system.
With respect to the fact that it was
the first operational application of
electronic detonators to the excavati-
on of tunnels in the Czech Republic,
the computer simulation of the top
heading excavation was carried out
first, using the SHOTPlus™ T pro-
gram. The simulation allowed for

Obr. 6 Prubéh rychlosti kmitdni pFi neelektrickém roznétu (ndloZ 1,2 kg/vyvrt, Casovani 50/100/200 ms)
Fig. 6 The vibration velocity record for non-electric initiation (charge of 1.2kg per borehole, timing 50/100/200ms)

verifying the values of partial char-
ges in relation to the excavation
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SHOTPIus™ T, pomoci které byly 40

ovéreny hodnoty velikosti dil¢ich

ndlozi ve vztahu k zédbéru a pred-
poklddanému seizmickému zatiZe-
ni stavebnich a inZenyrskych ob-
jektu na povrchu. Simulace proké-
zala, Ze je mozné provést vylom celé plochy celby kaloty
tunelu na jeden odstrel a zvySit dil¢i ndloZe v jednom vyvrtu
az o 250 % (podle zdsady ,jeden vyvrt, jeden samostatny
Casovy stupen rozbusky“). Navic bylo mozné zvysit délku
zabéru az na 2,80 m a presto sniZit seizmické zatizeni objek-
ta na povrchu az o 30 %. Tato dukladné analyza a pfiprava
vedly nakonec k rozhodnuti zhotovitele stavby k redlnému
ovérovani funk&nosti systému v in-situ a naslednému provoz-
nimu zavedeni rozbusek i-kon™.

Pro trhaci prace v oblasti zdstavby Letné, kde bylo pro
vylom v kalotdch potfeba velkého poctu rozbusek (az 200
kust na jeden odstiel), bylo pouZito elektronickych rozbusek
i-kon™ s nastavenym jednotnym intervalem Casovani mezi
jednotlivymi ¢asovymi stupni po 75 ms, s celkovou dobou
odstfelu az 15 s. Programovdni bylo provdadéno pfimo na
misté odstielu po nabiti rozbusek do vyvrta. VySe uvedené
predpoklady pak byly potvrzeny provedenym meérfenim rych-
losti kmitani pfi pouZiti roznétu neelektrického (obr. 6 priklad
mefeni) a porovndnim s vysledky méfeni pri systému
s elektronickym roznétem (obr. 7). Ddle bylo z provozné-tech-
nického hlediska potvrzeno, Ze doba pripravy trhacich praci
pomoci elektronickych rozbuSek je plné srovnatelna
s rozbuSkami neelektrickymi [2].

ZAVER

Vyraznou prednosti pouZiti elektronického roznétu je fakt,
Ze lze trhaci prace provést bezpecnéji, s mensimi seizmicky-
mi vlivy na okolni prostfedi a blizkou zdstavbu. PouZitim vét-
§tho poctu rozbusek s programovatelnym ¢asem zpozdéni pro
jednotlivou rozbusku Ize dosdhnout prodlouzeni délky zdbé-
ru a lepsi fragmentace rubaniny pro ndsledny odkliz. To se
odrdzi v rychlejSim a efektivnéj$im provedeni téchto praci
s dusledky pro cely proces razeb podzemniho dila. To je ové-
feno na fadé projektd podzemniho stavitelstvi po celém svété.
Je jen otdazkou casu, kdy se elektronické roznétné systémy
vyraznéji prosadi i na tizemi Ceské a Slovenské republiky.

ING. PAVOL SOKOL, pavol.sokol@orica.com,
ORICA Czech Republic s. r. o.

Recenzovali: prof. ING. JIRI BARTAK, DrSc.,
prof. RNDr. ZDENEK KALAB, CSc.
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Obr. 7 Prubéh rychlosti kmitdni pri elektronickém roznétu (ndloZ 2,6 kg/vyvrt, éasovdni po 75 ms)
Fig. 7 The vibration velocity record electronic initiation (charge of 2.6kg per borehole, timing steps of 75ms)

round length and the anticipated seismic loads acting on buildings
and civil engineering structures on the surface. It proved that it
was possible to blast the whole top heading profile in one blasting
step and to increase partial charges in one blasthole by up to 250%
(according to the “one blasthole, one independent detonator
timing step” principle. In addition, it was possible to increase the
excavation round length up to 2.80m and, despite it, to reduce
seismic loads acting on buildings on the surface by up to 30%.
This thorough analysis and preparation eventually led to the con-
tractor’s decision to verify the functionality of the system in-situ
and to apply i-kon™ detonators subsequently in the operation.

Regarding the blasting operations in the area of the Letnd deve-
lopment, where a large number of detonators (up to 200 pieces per
one blast) was required, miners used i-kon™ detonators with
a unified timing interval between individual delay degrees set at
75ms, with the total blast duration of up to 15s. The programming
was carried out directly in the blast location after detonators had
been loaded into blastholes. The above-mentioned assumptions
were subsequently confirmed by measuring the vibration velocity
where the non-electric initiation was used (see Fig. 6 for an exam-
ple of the measurement) and by comparing it with the results of
measurements where the electronic initiation system was used
(see Fig. 7). In addition, it was confirmed from the operational-
technical point of view that the duration of the preparation of blas-
ting using electronic detonators is fully comparable with non-elec-
tric detonators [2].

CONCLUSION

The fact that blasting operations can be carried out more safely,
with smaller seismic impacts on the surrounding environment and
buildings in the vicinity is a significant advantage of the applica-
tion of electronic initiation. It is possible through using a larger
number of detonators with delays programmable for each indivi-
dual detonator to achieve the extension of the excavation round
length and better fragmentation of the muck to be subsequently
removed. This is reflected in the quicker and more effective exe-
cution of this work, which affects the entire process of underg-
round excavation. This fact has been verified worldwide on
a number of underground construction projects. It is only the mat-
ter of time when electronic initiation systems assert themselves
even in the region of the Czech and Slovak Republics.

ING. PAVOL SOKOL, pavol.sokol@orica.com,
ORICA Czech Republic s. r. o.

[2] PRAVDA, V. Zprdva o zkouskdch pouZiti elektronického roznétu na tunelovém komplexu Blanka. Metrostav 2009
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MESTSKA DRAHA (CITYBANAN) - VYSTAVBA TUNELU
POD KOSTELEM GUSTAVA VASY

UNDERGROUND MASS TRANSIT SYSTEM (CITYBANAN) - TUNNEL
CONSTRUCTION UNDER GUSTAV VASA CHURCH

OLA ANDERSSON, SVEN-ERIK JOHANSSON

ABSTRAKT

Dopravni urad (Trafikverket) stavi méstskou drdhu (Citybanan) v centru Stockholmu. Stavba byla zahdjena v roce 2008, a to hloubenim
pfz’stupovychvsvachet, pricem? predpoklddané uvedent dila do provozu je v roce 2017. Jde o nejvetsi projekt moderni doby v oblasti infra-
struktury ve Svédsku, ktery zahrnuje mimo jiné 6 km dlouhy Zelezni¢ni tunel s prislusnym obsluZnym tunelem pod centrem Stockholmu.

ABSTRACT

The Transport Authority (Trafikverket) has been developing an underground mass transit system (Citybanan) in central Stockholm.
The works commenced in 2008 by sinking of access shafts and the commissioning of the system is planned for 2017. The project is the
largest deed of the modern time in the area of Swedish infrastructure. It comprises, among other structures, a 6km long railway tun-

nel including a service tunnel running under a central Stockholm.

ovob

Vystavba tuneltl v takto husté obydlené oblasti pfindsi vyzvy, proto-
Ze obyvatelé i 1idé zde pracujici se setkdvaji s nezddoucimi ucinky
vyvolanymi razbou, predev§im se seismicitou a hlukem. Komplikaci je
samotné trasovan{ tunelt, které vedou mimo jiné kolem nebo pod kos-
tely a stanicemi metra. Pro tyto stavby byly pracovnimi skupinami slo-
Zenymi ze zdstupcu cirkve, metra a Dopravniho tradu stanoveny limit-
ni hodnoty vibraci. Pfimo pod jednou, z historického hlediska vyznam-
nou stavbou, kostelem Gustava Vasy, stavi spolecnost Bilfinger Berger
Civil budouci obsluzny tunel. Severnim smérem, tésn€ u kostela, bude
navic budovén samotny Zelezni¢ni tunel (obr. 1).

Pfi stanovovéni maximélnich pfipustnych seismickych d¢inka byl
zohlednovén historicky a spole¢ensky vyznam budov. Proto byla pro
kostel Gustava Vasy prijata piisnéjsi kritéria limitnich hodnot seismic-
kého kmitani neZ napiiklad pro kancelérské nebo obytné budovy v dané
oblasti. Vibrace byly on-line monitorovany a vyhodnocovany systé-
mem NCVIB (Nitro Consult’s web systém pro analyzu vibraci), ktery
kromé zpétné analyzy umoznuje zohlednit jejich limitni hodnoty jiz pti
vytvdieni pldna pro vrténi a ve volbé konstrukce naloZe, pripadné typu
roznétného systému. Tyto plany byly vytvafeny pomoci programu
SHOTPlus™ T.

INTRODUCTION

The development of tunnels in such a densely populated area
brings challenges because of the fact that citizens and people working
in the area experience undesired effects induced by underground
excavation, first of all seismic vibrations and noise. The alignment of
the tunnels itself is a complication because it leads close to or under
churches and metro stations. Working groups, with representatives
from the church/metro and together with the Transport Authority,
have set vibration limits for these structures. The contractor, Bilfinger
Berger Civil, has been carrying out the future service tunnel directly
under one of historically valuable structures, Gustav Vasa Church. In
addition, the railway tunnel itself will be built in close proximity of
the church, in a northerly direction (see Fig. 1).

The historic and social importance of buildings was taken into con-
sideration when the maximum allowable seismic effects were being
determined. For that reason stricter criteria were adopted for the limit
values of seismic vibration for Gustav Vasa Church than, for example,
for office or residential buildings in the particular area. Vibrations
were monitored and assessed on-line by the NCVIB (Nitro Consult’s
web system for vibration analysis), which, apart from other features,

allows for taking their limit values into consideration as early

as at the stage of preparing plans for drilling and selecting
the charge structure or the firing system type. These plans
were created using the SHOTPlus™ T program.

The use of electronic eDevIM detonators, the timing of
which can be set as required with high accuracy, is an
important condition for the effective usability of the NCVIB
evaluation system and the SHOTPlus™ T program. The use
of the Exel (formerly NONEL) type of non-electric firing
systems is difficult in such cases, mainly when separate
firing of individual blastholes is required.

GUSTAV VASA CHURCH

The church was built at the beginning of the 20 century
and was provided with a Baroque-style altar with plaster
stuccowork and plaster figures. The 15m high altar had been
installed in the Uppsala cathedral (Uppsala Domkyrka) in
the 15t half of the 18™ century. It was removed in the 19™
century and deposited in the Nordic Museum (Nordiska

Obr. 1 Situovdni tunelit méstské drdahy v blizkosti kostela Gustava Vasy

Fig. 1 Layout of the urban transit tunnels in the vicinity of Gustav Vasa Church

Museet). At the beginning of the 20t century it was moved
again and rebuild in Vasa Church. The altar is an invaluable
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Dulezitym predpokladem efektivni vyuZitelnosti vyhodnocovaciho cultural treasure wich under no circumstances could be damaged
systému NCVIB a programu SHOTPIus™ T je pouziti elektronickych from the blasting operations.
rozbusek eDevIM, které 1ze podle potfeby s velkou presnosti Casovat.
Uplatnéni neelektrickych roznétnych systému typu Exel (difve Nonel) LIMIT VALUES
je v takovychto pripadech obtizné, zejména kdyZ je vyZadovdna neza-

L . . L The underground mass transit system project is not the first project
visla detonace jednotlivych vyvrtu. g y proj proj

in which blasting was used in the vicinity of historic monuments. In
KOSTEL GUSTAVA VASY Fhe past, .blasting was us.ed in the vicinity of Gustav.Vasa church, f.‘or
instance in the construction of metro tunnels and stations at the begin-
ning of the 1940s. It was also used in this area during the constructi-
on of utility tunnels. Unfortunately, no documents showing the cour-
se of blasting operations or the seismic vibration loads the church had
been exposed to have not been found.

A risk analysis was carried out at the designing stage. This analy-
sis determined the vibration limit for the church on the basis of the
Swedish Standard (Svensk Standard) SS 460 48 66 to be 45mm/s (the
v10 value for buildings founded on rock and comprising large span
LIMITNIf HODNOTY high vaults). When it was recalculated to the shortest distance betwe-
en the blasts in both the railway and service tunnels and the lowest
level of the church, which is approximately 18m, the standard value
amounted to 34mm/s. Church representatives believed that the limit
values determined according to the Swedish Standard were too high

Kostel byl postaven na zalétku 20. stoleti a byl opatfen oltdfem
v baroknim stylu. Na oltdri se nachdzeji sadrova Stukatura a sadrové
figury, 15 m vysoky retdbl byl v 1. poloviné 18. stoleti umistén
v Uppsalské katedrale (Uppsala Domkyrka). V 19. stoleti byl odstranén
aulozen v Severském muzeu (Nordiska Museet). Na pocatku 20. stole-
ti byl znovu navrdcen do kostela Gustava Vasy. Oltdr je kulturnim
pokladem nevy¢islitelné hodnoty a nesmél byt za zddnych okolnosti
vlivy trhacich praci ohroZen.

Projekt méstské drdhy neni prvni, na némz byly v blizkosti historic-
kych pamadtek provadény trhaci prace. V minulosti byly jiz provadény
pobliz kostela Gustava Vasy napiiklad na tunelech a stanicich metra na
konci 40. a na zacétku 50. let 20. stoleti. V této oblasti byly rovnéz pou-

Zity pii stavbé tunelll pro inZenyrské sité. Nebyly viak dohledany 7adné | and supported their assertion by opinions of two German experts,
dokumenty, které by ukdzaly, jak v té dobé trhacf prace probihaly, nebo who supposed that exceeding the value of horizontal vibration of
jakému zatiZeni seismickym kmiténim byl kostel vystaven. 6mm/s was not allowable. At the same time they assumed that the
Ve stadiu projektové pripravy byla vypracovana analyza rizik pro development of cracks in external plastering could be expected even
prace vyvolavajici seismické ucinky. V té byla urcena limitni hodnota at this low limit value. To prevent damage to plaster, the experts
pro kostel na zdklade S$védské statni normy (Svensk Standard), recommended that the seismic vibration values be limited to
SS 460 48 66 na 45 mm/s (hodnota v10 pro budovu se zdklady na hor- 1.5mm/s.
niné a s vysokymi klenbami s velkym rozpétim). Pfepocteno na nej- The statement of the German experts posed a great challenge to the
krat$i vzdélenost mezi odstfely v Zelezniénim a obsluzném tunelu project. However, it was impossible to meet the German experts’
a nejnizSim patrem kostela, coZ je cca 18 m, Cinila smémd hodnota 34 | o yirement with respect to the necessity to keep to the project time

mmy/s. Zastupci cirkve se domnivali, Ze mezni hodnoty podle §védské
stdtni normy jsou prili§ vysoké a toto tvrzeni podlozili vyjadrenim dvou
némeckych odborniki. Ti se domnivali, Ze nesmi byt prekroCena
v zadné Casti kostela hodnota vibraci v horizontdlnim sméru 6 mm/s.
Zéroven také predpokladali, Ze i pii této nizké limitni hodnote Ize oce-
kdvat vznik prasklin na vnéjsich omitkach. Aby se zabranilo opaddvan{
omitky, doporucili tito odbornici limitni hodnotu 2 mm/s. Pro cenny
oltdr, ve vSech Castech konstrukce, odbornici doporuéili omezeni hod-
noty seismicity na 1,5 mm/s.

Vyjédfeni némeckych odborniku postavilo projekt pred velkou vyzvu.
Pro dodrZeni ¢asovych pldna projektu bylo nemoZné pouZit doporuceni designed using the alarm value.
némeckych expertu. Veden{ projektu zahdjilo v roce 2008 obsahlou préci
na zjisténi stavu kostela, které se pozdéji stalo zdkladem pro urent limit- BLASTING WORK

schedules. In 2008, the project management commenced extensive
work on determining the church condition, which later became the
basis for the determination of the limit values for the church and its
inventory and, at the same time, the basis for the monitoring program.
The work result was the determination of the limit vertical vibration
value of 18mm/s, with this limit value applicable irrespective of the
distance. The alarm value determined at 13mm/s, which activated
inspections by conservators, was associated with the limit value. In
the interest of avoiding exceedings of the limit value, blasting was

nich hodnot pro kostel a jeho inventdf a zdroven pgdkladem pro kon- Surface blasting commenced at Odenplan at a relatively great
trolni program. Vysledkem prace bylo stanoveni limitni hodnoty pro distance from the church and tunnel blasting approached from the

vibrace na hodnoté 18 mm/s ve vertikdlnim sméru, pfic¢emz uvedend
limitn{ hodnota platila bez ohledu na vzdalenost. S limitni hodnotou byla
spojena varovnd hodnota urcend na 13 mm/s, jeZ aktivovala kontroly
restaurdtorti. V zdjmu snahy vyhnout se prekro¢eni limitni hodnoty byly
odstrely dimenzovany podle varovné hodnoty.

north where it was necessary to take into account the metro and buil-
dings above the service tunnel and above the space of the station. It
was therefore well possible to adjust the blasting to the limit value of
the church. The results of the monitoring of the initial blasting work
became the basis of decisions regarding the necessity of additional
TRHACI PRACE preventive measures.

The limit values were not understood as values limiting things in
the legal sense. The term limit values meant that blasting would be
designed in a way securing that these values would be maintained.
Should they be exceeded, it could happen only in individual blasting
intervals and the contractor had to modify drilling and timing patterns
before the next blasting, so that the limit values were not repeatedly
exceeded (for more details see the part dealing with the monitoring
program below). If the limit values had been used as legal limiting

Povrchové trhaci price byly zahdjeny na Odinové namésti
(Odenplan) relativné daleko od kostela. Trhaci prace v tunelech se bli-
zily ze severu, protoZe bylo nutno brit ohled na metro a budovy nad
obsluznym tunelem a prostorem stanice. Proto bylo mozné trhaci prace
dobfe upravovat na limitni hodnotu uréenou pro kostel. Vysledky méfe-
ni z prvnich trhacich praci se staly podkladem pripadnych rozhodnuti
o0 potiebe dalSich preventivnich opatreni.

Limitni hodnoty nebyly chdpédny jako hodnoty omezujici v prdvnim

slova smyslu. Limitnimi hodnotami bylo minéno, Ze trhaci préce budou | Vvalues, it would have to be necessary to design blasting to suit much
dimenzovény tak, aby byly tyto hodnoty dodrzeny. Pokud by doglo lower vibration values (1/3 to 1/2 of the limit value), to ensure that
k jejich piekrogen{, mohlo se tak stit pouze v jednotlivych intervalech | they could not be exceeded.

odstfelu a dodavatel musel do dalsiho odstrelu upravit vrtné schéma During the blasting, the limit values could be adjusted, show that
a schéma Casovani tak, aby nebyly znovu prekroceny mezni hodnoty damage was caused to the structure or the inventory.
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(vice v ¢asti o kontrolnim programu nize). Pokud by se namisto toho pou-
Zily limitn{ hodnoty jako pravni hodnoty omezent, bylo by nutné dimen-
zovani trhacich praci provadét na mnohem niz§i hodnoty vibraci (1/3 az
1/2 limitni hodnoty), aby bylo zajisténo, Ze nemuZe dojit k jejich pre-
krocent.

Celou dobu existovala moznost upravit limitni hodnoty, pokud by kon-
troly po odstfelu ukézaly, Ze doslo ke $koddm na konstrukci nebo inventafi.

ZKUSEBNI ODSTREL

Na zdkladé zkusebnich odstfelt a prvnich odstielt pod jinymi budo-
vami v tomto projektu, které se nachazeji daleko od kostela, bylo prove-
deno predbéZné vyhodnoceni urlujici maximalni spolupusobici mnoz-
stvi ndloZe (MIC) pro ruzné &ésti obsluzného a Zelezni¢niho tunelu.

Vysledné hodnoty vypolti pro jednotlivé trovné jistoty podle
Langeforsova vztahu (1), v pripadé dobrého tlumeni seismicity mezi
horninou a zdklady, jsou uvedeny v tabulce 1. Dobré tlumeni predpo-
klddalo vrstvu sedimentu mezi skalnim podlozim a zdklady. Bez vrstvy
sedimentu bylo spoluptsobici mnoZstvi ndloZe odhadnuto na polovinu.

BéZné je pri dimenzovéni odstrelt dostatetné 84% droven jistoty. To
znamend, Ze riziko prekroCeni limitni hodnoty normélné leZi na drovni
cca 15 %, pokud byl postupné upravovan vypoctovy vzorec, jak se
odstrely blizily ke kostelu.

Odstrely byly dimenzovany podle varovné hodnoty (tab. 1).

Skdlovaci faktory, které byly pouzity pii vypoctech, byly A = 584,

B =-1,5 a standardni odchylka s =0,2.

Aby se zabranilo prekroceni limitni hodnoty, bylo vyZadovano, aby
kaZda jednotlivd ndloZ detonovala v unikdtnim okamZiku. To znamena-
lo zabrénit spole¢nému pusobeni detonace ze dvou nebo vice vyvrtu.
Pokud by k tomu doglo, zvysilo by se spoluptisobici mnoZstvi naloze na
nejméné dvojndsobek.

Dodavatel praci provadél pribéznd vyhodnoceni, kdy byl pro
kazdy jednotlivy odstiel vyhodnocen vysledek predchoziho odstrelu
a poté byly provedeny zmény nutné pro splnéni uréenych poZadavku
na seismicitu.

PROVADENI ODSTRELU

Kriticky tsek pri razb€ obsluzného tunelu pod kostelem mél délku asi
60 metru. Zde bylo maximdlni spoluptsobici mnoZstvi ndloze (MIC)
sniZzeno na nejniz$i hodnotu 1,9 kg/vyvrt v zdlomu a pribirce. Na obry-
su byly umistény naloZe o velikosti 1,8 kg/vyvrt. To znamend, Ze z asi
30 odstreld provedenych pod kostelem odpovidalo mnoZstvi ndloZe

stanovené pro 98% urover jistoty a varovnou hodnotu 13 mmy/s.

TRIAL BLASTING

Blasting trials and initial blasting under other buildings which were
parts of this project and which were located far from the church, pro-
vided a base for preliminary determining maximum instantaneous
charge (MIC) for different parts of the service and railway tunnels.

The resultant values calculated for individual confidence levels
according to the Langefors’ relationship (1) for the case of good attenu-
ation of seismic vibrations between ground and foundations are presen-
ted in Table 1. The good attenuation level was provided by a layer of
sediments between the rock and the foundation. Without the sediment
layer, the interaction of the charge weight was estimated to be a half.

The confidence level of 84% is normally sufficient for designing
a blast. This means that if we step-by-step adjust the calculation for-
mula with the blasts approaching the church, the risk of exceeding the
limit value normally lies at about 15%.

The blasting magnitude was designed according to the alarm value
(Table 1).

The following scaling factors were applied to the calculations:
A =584,B =-1.5 and the standard deviation s = 0.2.

It was required with the aim of preventing the exceeding of the
limit values that each individual blast hole was detonated at a unique
moment. It meant preventing concurrent interaction of the detonation
from two or more blastholes. If this had happened, the interaction of
the charge weight would have to be at least doubled.

The contractor carried out continual assessments, where the result
of the preceding blasting was assessed for each individual blasting
event and changes necessary for meeting the specified requirements
for seismic vibration were carried out subsequently.

EXECUTION OF BLASTING

The section critical for the excavation of the service tunnel under
the church was about 60m long. In this section, the MIC was reduced
to the lowest value of 1.9kg per cut blasthole and easer blasthole.
Charge weights of 1.8kg per blasthole were used in the excavation
contour line. It means that about 30 blasts carried out under the
church corresponded to the charge weight determined for the 98%
confidence level and for the alarm value of 13mm/s.

Despite the limitation of the MIC, the length of the excavation
round in the critical section of the service tunnel under the church
was left at 3—4m. With the exception of one blast (the velocity of

Tab. 1 Prognéza spolupusobicich maximdlnich mnoZstvi ndloZi (MIC) a limitni/varovné hodnoty v kostele pri dobrém tlumeni vibraci mezi horninou

a zdkladovymi zdmi

Table 1 Prognosis of the interacting MIC and limit/alarm values for the church at good attenuation of vibrations between rock and foundation walls

Cast tunelu Staniceni Limitni / varovna Spoluptsobici mnozstvi naloze Prostorova
hodnota, (mm/s) pro rizné trovné jistoty (kg) vzdalenost (m)
Tunnel part Chainage Limit / alarm Interacting weight of charge Distance in
value (mm/s) for various certainty levels (kg) space (m)
84 % 98 %
Obsluzny tunel 32+610 — 32+655 18 5,0 2,8 23
Service tunnel 13 3.2 1.8
Zelezniéni tunel, zapadni 32+625 — 32+660 18 47 2,6 22
tubus tunelu / Railway 13 2,9 1,6
tunnel, western tunnel tube

_ o fRY
”“’“‘(ﬁ) "

v = rychlost kmitani [mm/s] / v = vibration velocity [mm/s]
A a B = $kélovaci faktory / A and B = scaling factors
R = radiéini vzdalenost [m] / R = radial distance [m]

0 = maximalni spoluptisobici mnozstvi naloze [kg] / O = maximum instantaneous charge [kg]
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Navzdory omezeni spolupusobicich mnoZstvi ndloze mohl byt zabér
v obsluzném tunelu v kritickém dseku pod kostelem ponechdn na délce
3-4 m. Ze vSech provedenych odstfeld hodnoty vibraci, kromé jedno-
ho (18,3 mm/s), neprekrocily stanovenou limitni hodnotu 18 mm/s.
Piekrogeni limitni hodnoty bylo patrné zpusobeno spole¢nou detonaci
dvou vyvrta, které byly propojeny pii vrtani a doslo u nich ke spole¢né
iniciaci.

V ¢asti Zelezni¢niho tunelu nachdzejici se nejblize kostelu byly pro-
vadény odstrely o délce zabéru 3,3—4 metry se spolupusobicimi mnoz-
stvimi ndloZe do 4.1 kg (obr. 2). Rozdil mezi obrysovymi a ostatnimi
vyvrty byl v délce dsekl bez néloZi, v bleskovicovych nélozich a ve
velikosti, resp. délce spodni ndloze. Z davodu niz$i koncentrace ndloze
bylo nutno sniZit rozte¢ vyvrti pro jednotlivé odstiely, coz mélo za
nésledek, Ze pro obsluzny tunel o plose celby 55 m’ byl pocet vyvrtu
191 ks na odstfel. Vrtaci prace na m® vylomu se zvyily na 3,5 vrtané-
ho metru na m®, coz odpovidd specifickému mnozstvi ndloze
2,5 kg/ m>. Vy$8i mnoZstvi ndloZe a délka vrtani byly v tomto pri-
padé zvoleny k minimalizaci po¢tu razicich cyklu. Vrtdni pro odstiel
zabere s dne$nimi vykonnymi stroji mnohem mén¢ ¢asu ve srovna-
ni se situaci pfed nékolika desitkami let. OdtéZeni, odvoz rubaniny
a vyztuzovani jsou pracovni ukony, které je nutno opakovat po kaz-
dém odstrelu, pricemz jejich pocet je omezen. Jde tedy o ziskédni co
nejvetsiho objemu horniny pri kazdém odstrelu.

Diky flexibilnimu feseni Orica Handi Loader™, kde lze predem volit
ze Ctyf ruznych programu nabijeni, a kde kazdy program obsahuje 5
ruznych mnoZstvi néloZe, $lo na miru upravit pozadovanou typovou
naloz pro kazdy jednotlivy typ vyvrtu. Velikosti spodnich a hmotnosti
bleskovicovych néloZi lze upravit podle pozadavku uZivatele.

NEELEKTRICKY ROZNETNY SYSTEM EXEL

Rozdélenim &elby na Casové oddélené sekce pii pouZiti roznétného
systému Exel a pfiméfenym potem vyvrtu lze zvlddnout vystavbu
tunelu, a presto dodrzet pozadavky na dynamické zatizeni. Pokud je
v§ak pocet vyvrta v jednom odstielu velmi vysoky a jsou ddna zdsadni
omezeni vibraci v jednotlivych mistech, je velmi té7ké zajistit, aby
vSechny vyvrty detonovaly zvI4st, a to i presto, Ze je Celba rozdélena na
samostatné roznétné sekce. Nebezpe&im pak je prili§ velké spoluptso-
bici mnozstvi ndloZe, a tim zvySené hladiny seismicity. Se 32 dostup-
nymi intervaly systému Exel LP navic nenf moZné vice nez 190 vyvrti
Casové obsdhnout. Alternativou je tak rozdelit odstrel do nékolika dil-
&ich, coZ je vsak Casové ndrocnd metoda. PouZiti neelektrickych roz-
nétnych systému a kratSich Casu odstelt neni v takovychto pripadech
mozné.

Druhou alternativou je zkrdtit délku zdbéru, pfipadné ho rozdélit na
Celo a stény, coZ je rovnéZ z pohledu technologickych postupu ¢asoveé
ndroné. A u velkych projekti je ¢as vystavby jednim z rozhodujicich
faktoru.

VYUZITi TECHNOLOGIE ELEKTRONICKEHO
ROZNETU eDev™

Dopravni trad (Trafikverket) a spole¢nost Bilfinger Berger Civil se
rozhodly pro tento citlivy dsek pod kostelem Gustava Vasy a stanici
metra Odenplan pouzivat pouze elektronické rozbusky.

Pro tento ucel byl vybran systém eDev™ . Prvni generace eDev™
mela moznost celkového asu zpozdéni 10 sekund v krocich po 1 ms.
Nova generace eDev II™ , piedstavend ve Svédsku na podzim roku
2012, ma prodlouzeny Cas zpozdéni az 20 sekund v krocich po 1 ms.
Presnost je 0,01 % naprogramovaného ¢asu. Maximdln{ pocet rozbusek
na jeden odstfel je 800, coZ je dostacujici pro vetsinu dnes provadénych
trhacich praci v tunelech.

Na obrdzku je zobrazen cely systém s Blastboxem, Scannerem,
Testboxem a elektronickou rozbuskou (obr. 3).

Plan roznétu

Pro tento projekt se pouzival program SHOTPlus™ T spolecnosti
Orica, ktery umoZfiuje vytvafeni pldnt pro vrtdni, naloze a roznét.
Program méd moZnost exportu pldni pro vrténi ve formétu IREDES.
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18.3mm/s) the vibration values at all the executed blasts did not exce-
ed the prescribed limit value of 18mm/s. The excess of the limit value
was probably caused by the concurrent detonation of two blastholes,
which were interconnected during the drilling operation and were ini-
tiated concurrently.

Blasting for the excavation of the railway tunnel, loated at the closest
distance from the church, was carried out with round lengths of 3.3 —4m
with MIC of 4.1kg (see Fig. 2). The difference between the contour
holes and the other holes was in the length of sections without charges,
blasting detonating cord charges and in the weight (or length) of the bot-
tom charge. Because of the lower concentration of the charge it was
necessary to reduce the spacing, which resulted into the number of 191
blastholes for the service tunnel with the excavated cross-sectional area
of 55m?2. The drilling for the excavation increased to 3.5m of drillhole
per m3, which corresponds to the specific weight of the charge of
2.5 kg/m3. Higher specific charge weight and drill length is, in this case,
to perfect to minimise the number of excavation cycles. Blasthole dril-
ling using modern high-performance equipment takes much less time
compared with the situation several decades ago. Muck loading, muck
removal and installation of support are working operations which must
be repeated after each blasting event and the number of blasts is limited.
It is therefore necessary to gain the largest possible volume at each blas-
ting step.

Thanks to the flexible Orica Handi Loader™ solution, where it is pos-
sible to select one of four different charging programs in advance and
where each program contains 5 different charge weights, it was possib-
le to tailor the type charge to each individual blasthole type. The weight
of the bottom charge and the detonating cord charge can be modified
according to the requirements of the user.

NON-ELECTRIC INITIATION SYSTEM EXEL

By dividing the excavation face into sections separated in time using
the Exel electronic initiation system and by an adequate number of blast-
holes it is possible to cope with the tunnel construction and, at the same
time, to fulfil requirements for dynamic loading. However, if the num-
ber of blastholes in one blasting step is very high and principal limitati-
ons for vibrations in individual locations are set, it is very difficult to
ensure separate detonation of each blasthole, even if the tunnel face is
devided into individual sections separated in time. There is the risk of
too large MIC and increased vibration levels associated with it. In this
case, with over 190 blastholes and using the 32 intervals available in the
Exel LP system, there are just notenoughdelay times. In such a case, the
alternative is dividing the blasting step into several blasts, which is
however a time consuming method. The use of non-electric initiation

Obr. 2 Polohy odstielui (hnédé) a aktivnich méFicich bodu (zelené) — kostel
Gustava Vasy

Fig. 2 Locations of blasts (brown) and active measurement points (green) —
Gustay Vasa Church
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Simulace zkusebniho odstfelu umoZiuje stanoveni a kontrolu spravnosti
tihl odluénych ploch a poradi roznétd. Na dal$im obrézku je vystup ze
simulace odstielu ¢elby tunelu ve forme barevného spektra, které zna-
zorfuje ruzné thly odlu¢nych ploch pro rizné vyvrty v odstielu (obr. 4).
Volba ¢asovani roznétu

Vybér intervalu piibirkovych vrtu se provadi po analyze ¢asového
prubéhu vibraci. Na zdkladé analyzy detonacniho Casu jednotlivého
vyvrtu v odstrelu v programu Cycad byla zvolena hodnota zpozdéni
35 ms ve vyvrtu. To predstavuje bezpené feseni pro zajisténi toho, aby
Z&dny vyvrt nespolupusobil s ostatnimi asové blizkymi. Tak kratky Cas
zpozdeéni ale neni mozny s neelektrickymi roznétnymi systémy, které
maji nomindlni &asy intervalt od 100 do 400 ms. Pro vyvrty v zdlomech
pak byl zvolen delsi Cas zpozdéni 100 ms, aby se hornina méla Cas
oddelit a aby nedochdzelo k jejimu hromadéni v zdlomech (obr. 5).

Obrézek 6 zndzorfuje Casovy pribéh od elektronického roznétu
s Casem odstielu 7,8 sekundy. Jsou z n€j patrné Casové intervaly rozné-
tu az do 1600 ms, kdy jsou Casy intervali 100 ms. Pak se as intervalu
snizuje na 35 ms mezi jednotlivymi vyvrty (obr. 6).

Analyza odstfelu

Systém SHOTPlus™ T umoZiiuje analyzu prubéhu roznéti pii
trhacich pracich. Piiklad vystupu pro obsluzny tunel je patrny z obr. 7.
Jak je zfejmé ze zdznamu, systém umoznuje selekci konkrétniho vyvr-
tu pro danou vrcholovou hodnotu vibraci.

Importem dat z méfeni vibraci ze systému NCVIB do
SHOTPIus™ T lze provést analyzu toho, ze kterého vyvrtu
v odstrelu pochdzi nejvys$si namérend hodnota. Tato funkce slouZi
pro kalibraci dal§tho odstrelu.

Tabelle Bilfinger

Obr. 4 Vysledek simulace odstrelu
Fig. 4 Blasting simulation result

Obr. 3 Systém eDev II™ — Blastbox, Scanner, Testbox a elektronickd rozbus-
ka

Fig. 3 The eDev II™ system — Blastbox, Scanner, Testbox and an electronic
detonator

systems and shorter blasting times is impossible in such the cases.

The other alternative is reducing the length of the excavation round or
dividing it into the face and sidewalls. But this alternative is also time
consuming in terms of technological procedures; construction duration
is one of crucial factors for large projects.

THE USE OF eDev™ ELECTRONIC INITIATION SYSTEM

The Transport Authority (Trafikverket) and Bilfinger Berger Civil
decided to solely use electronic detonators in the sensitive section under
Gustav Vasa Church and the Odenplan metro station.

The eDev™ system was selected for this purpose. The first eDev™
generation allowed the total delay time of 10 seconds, divided into 1ms
intervals. The new eDev II™ generation which was introduced in
Sweden in the autumn 2012, has the delay time extended to 20 seconds
divided into 1ms intervals. The accuracy is 0.01% of the programmed
time. The maximum number of detonators per one blast is 800, which is
sufficient for most today executed blasting operations in tunnels.

The picture presents the entire system with a Blastbox, Scanner,
Testbox and an electronic detonator (see Fig. 3).

Blast initiation plan

The Orica SHOTPIus™ T program allowing for the development of
plans for drilling, charging and initiation was used for this project. The
program allows for exporting the drilling patterns in the IREDES for-
mat. The simulation of a trial blast allows for the determination and
checking of the correctness of the bending angle and the initiation sequ-
ence. The next picture shows the output of a tunnel excavation face blas-
ting trial in the form of a colour spectrum depicting different angles of
planes of separation for different blastholes (see Fig. 4).

Blast initiation timing selection

The selection of intervals for cut easer blastholes is carried out after
analysing the vibration recordings. The delay value of 35ms in
a blasthole was selected on the basis of the analysis of the detonation
time of an individual blasthole using the Cycad program. It represents
a safe solution for securing that no blasthole interacts with other blast-
holes with close delays. However, such short delay time is not possible
in non-electric initiation systems having nominal delays ranging from
100 to 400ms. Delay time of 100ms was chosen for cut blastholes so that
there was sufficient time for the rock to separate and its accumulation in
the cuts was prevented (see Fig. 5).

Picture 6 presents vibration recording from an electronic initiation with
the blasting time of 7.8 seconds. In the picture, it is possible to see the indi-
vidual delays up to 1,600ms, when the interval times are 100ms. Then the
intervals between individual blastholes are reduced to 35ms (see Fig. 6).
Blast analysis

The SHOTPIlus™ T system allows for analysing the initiation sequ-
ence during blasting operations. An example of the output for the servi-
ce tunnel is presented in Fig. 7. As is evident from the picture, the sys-
tem allows for selecting a particular blasthole for the peak value on the
vibration curve.

It is possible to detect the blasthole in which the highest measured
value originated, by importing vibration data provided by the NCVIB
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system to the SHOTPlus™ T system.
This function serves to adjust the next
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— blasting.

Bilfinger Berger Civil used stringchar-
ges throughout this complete project.
However, this project was specific in the
change of the weight, or the length of bot-
tom charges. It usually amounts to 0.5kg
with a bottom charge, which can be
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adjusted according to the selected length
and weight of the stringcharge. In this
case the contractor used various approa-
ches to the string structure. In some cases
it used a longer bottomcharge at the blast-
f : hole bottom, which meant that the blast-
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& holes were charged along a longer section

Obr. 5 Analyza detonaéniho ¢asu jednotlivého vyvrtu v odstielu se provddi v programu Cycad
Fig. 5 The analysis of detonation time of an individual blasthole in a blasting event is carried out using Cycad

program

Bilfinger Berger Civil pouzival tradi¢né na odstrely bleskovicové
ndloze. Tento projekt byl ale specificky zménou velikosti, resp. délky
spodnich néloZi. Ta byva normdlné cca 0,5 kg pro spodni ndloz, kte-
rou lze upravit podle zvolené délky a gramaze bleskovice. Dodavatel
aplikoval razné pristupy v konstrukei ndloZi. V nékterych piipadech
pouzil delsi ndlozku na dné vyvrtu, coz znamenalo nabité vyvrty na
delsim dseku neZ normdlné s bleskovicovou ndlozi. To pfindsi vyssi
ucinek odstfelu na dné vyvrtu, kde je hornina obvykle nejpevnéjsi.
Poté probéhne zbyvajici rozpojeni za pomoci bleskovicové néloze.

Problém vznikajici pri pouZiti bleskovicové néloze, kdy nejsou vyvr-
ty zcela naplnény trhavinou, je ten, Ze rozbuska muZe byt vytaZena
z poCinové nalozKy pred detonaci. To muZe nastat pri pouZiti elektro-
nické rozbusky, protoze vSechny vyvrty jsou na povrchu propojeny
vodicim dritem (harness wire), ktery elektronické rozbusky spojuje
a doddvd jim roznétny impulz. Tento drdt se neodstreluje, jako je tomu
v neelektrickych roznétnych systémech. Pro vyfeseni tohoto problému
byly pouZity plastové ucpavky (obr. 8) umisténé do vyvrta, které zajis-
tuji rozbusku v po€inové nalozi az do zacdtku detonace.

ZAVER
Veskeré meérici body dodédvaji data na webovy portdl systému

NCVIB. Nejvyssi limitni hodnota pro prichozi vibrace v konstrukci
byla 18,3 mm/s. Varovnd hodnota 13 mm/s

than normally and had the stringcharge at
the end. This system provides a higher
blast effect at the blasthole bottom where
the rock strength is usually the highest.
Then the remaining disintegration process using the stringcharge takes
place.

A problem originating when the stringcharge is used where blastholes
are not completely filled with the explosive is that the detonator can be
pulled out of the initiation charge before the detonation. It may happen
when an electronic detonator is used because all boreholes are linked on
the surface by a harness wire interconnecting the electronic detonators
and gives the initiation impulse to them. This wire is not blasted away
as in the case of non-electric initiation systems.

Plastic plugs (see Fig. 8) were used to solve this problem. They were
inserted into blastholes, where they fix the detonator in the initiation
charge until the detonation begins.

CONCLUSION

All measurement points send vibration data to the NCVIB system
web portal. The highest limit value for vibrations coming to the structu-
re was 18.3mm/s. The alarm value of 13mm/s was exceeded 14 times,
which in led to checks from conservators. The checks carried out in the
church by the conservators only revealed one change, loose plaster fal-
ling out of an old crack. The change did not result in any stabilisation
measures in other than the measures implemented before.

byla prekrocena 14krit, coz vedlo ke kontro-
1dm ze strany restaurétoru. Kontroly provede-

né restaurdtory v kostele odhalily pouze jednu
zménu — odpadnuti sddrové omitky ze staré
trhliny. Zména neméla za nasledek zadna
dalsi zajiStovaci opatfeni kromé jiz drive
provedenych.

Podél trasy mestské dréhy se nachdzi vice
citlivych mist, protoZe miji celkem Sest koste-
14, zelenou a modrou trasu metra a ddle fadu
jinych zafizeni, kde bylo pouziti elektronic-
kych rozbuSek rozhodujici pro postup a pro
zajisténi dodrZeni urcenych hladin vibraci.
Spole¢nost NCC pouZzila elektronické rozbus-
ky v Sachtdch v primé blizkosti stanice modré
trasy metra a rovnéz zde se podafilo dodrzet
zdbéry a hladiny seismickych G&inki. Usek
budovany na ostrové Riddarholmen se vSemi
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jeho pamétkové chranénymi budovami rovnéz o0 05
vyzadoval opatrné odstranovani horniny.
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Spole¢nost Ziiblin, kterd pracovala na ostrove
Sodermalm, podchdzela razbou dila mnoho
citlivich zafizeni a budov, kde bylo pouZiti

Obr. 6 Priklad zdznamu odstielu za pouZiti eDev™
Fig. 6 An example of a blasting event record using eDev™
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Obr. 7 Priklad vystupu ze systému SHOTPlus™
Fig. 7 An example of an output from the SHOTPlus™ system

elektronickych rozbusek
pro provedeni zcela roz-
hodujici.

Celkové bylo v rdmci
tohoto projektu pouZzito
vice nez 100 000 elektro-
nickych rozbusek pfi trha-
cich pracich. Dodavatelem
je spolecnost Orica. Sou-
hrnné 1ze fici, Ze za pred-
pokladd danych pro vy-
stavbu obsluzného a Zelez-
ni¢niho tunelu pro mest-
skou drdhu doslo k vel-
kému prulomu v pou-
Zivani elektronickych roz-
busek a ovéreni této tech-
nologie v podzemnim sta-
vitelstvi. Tato reference déva prostor k jejimu rozsifeni a uvedeni do
bézné praxe. Moznost prodlouzit, resp. zachovat délku zdbéru
v obtiznych a slozitych mistech pri zachovéni akceptovatelné velikosti

PSR

seismického kmitani Setif Cas, a tim i sniZuje ndklady.

Obr. 8 Blokovaci pruZina pro poc¢inovou
ndloZ s rozbuskou

Fig. 8 Plastic plug fixing a detonator and
an initiation charge
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There are also other sensitive passages along the tunnel line since
it passes 6 churches, the Green and Blue metro lines and also nume-
rous of other facilities where the use of electronic detonators was cru-
cial for the progress and for maintaining the prescribed vibration
limits. The contractor NCC used electronic detonators in shafts loca-
ted in the close proximity to the Blue line metro station and even there
were the excavation round lengths and vibrations limitssuccessfully
maintained. The section built on Riddarholmen Island with all its lis-
ted buildings also required careful excavation. Ziiblin AG, which car-
ried out tunnels on Sodermalm Island, passed under many sensitive
facilities and buildings where the use of electronic detonators was
absolutely crucial for the work.

In total, over 100,000 electronic detonators have been used in the
project supplied by Orica. Overall, it is possible to say that a major
breakthrough was achieved in the use of electronic detonators and the
verification of this theory in the underground construction industry,
under the conditions specified for the construction of service and rail-
way tunnels for the urban transit line. This reference provides space
for expanding the use of electronic detonators and putting them into
routine practice. The possibility of extending the excavation round
length, or maintaining it even in difficult and complicated sections,
with the acceptable seismic vibration level maintained, saves time
and, at the same time, reduces costs.
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SUCASNE MOZNOSTI ELIMINACIE NAKLADOV NA NADVYLOMY
PRI KONVENCNOM RAZENI TUNELOV

CURRENT POSSIBILITIES OF ELIMINATING EXPENSES
FOR OVERBREAKS IN CONVENTIONAL TUNNELLING

ANTON PETKO

ABSTRAKT

Nadvylomy ako negativny faktor v procese vystavby podzemnych diel zvySujii nezanedbatelnou mierou ndklady stavby v zdvislosti od meto-
dy rozpojovania horniny, geologickych pomerov, spésobu zaistenia vyrubu a budovania definitivnej konstrukcie — ostenia tunela. Prispevok
definuje jednotlivé druhy nadvylomov pri razeni tunelov konvencnou metodou — cyklickym razenim a v skratke analyzuje priciny ich vzniku
v Sir§om kontexte aj z pohladu projekcnych rieSent, stanoveni tolerancii a nadvysent profilu vyrubu ako aj z pohladu technologie razenia.
Nosnou témou je poukdzat’ na sucasné moZnosti elimindcie ndakladov na nadvylomy pre rézne vyrubové triedy.

ABSTRACT

Overbreaks as a negative factor in the process of the construction of underground structures increase construction costs to a non-
negligible degree depending on the ground disintegration method, geological conditions, the system of excavation support and con-
struction of the final tunnel structure — the final lining. This paper defines individual types of overbreaks occurring during the exca-
vation of tunnels using the conventional method, i.e. cyclical excavation. It in brief analyses causes of their creation in a wider con-
text, also from the aspect of design solutions, the setting of tolerances and overcutting of the excavated profile, as well as from the
aspect of the tunnelling technique. The main topic is the effort to point out the current possibilities of eliminating expenses of overb-

reaks for different excavation classes.

ovoD

Problematika nadvylomov, pri¢iny ich vzniku, ich velkosti, pravidiel
uhradzania ndkladov a preberania rizik s nimi spojenych je vyznamna
hlavne pri razeni a vystavbe Novou rakiskou tunelovacou metédou
(NRTM). Tu je potrebné vyrub vystuzit' primdrnym a sekunddrnym
ostenim do urcitého projektovaného tvaru a nadvylomy ndkladne
vyplnat’ strickanym beténom primdrneho ostenia, alebo za ur€itych
podmienok beténom sekunddrneho ostenia. Vyvoj zmluvnych pod-
mienok pre realizaciu velkych podzemnych stavieb je taky, Ze objed-
navatel hlavne na Slovensku vypisuje Castejsie sitaze podla ,.Zltej
knihy FIDIC* (naprojektuj a postav), kde prendsa zodpovednost’ za
projektovi dokumentaciu, volbu technoldgie vystavby a zodpovednost’
za nadvylomy vyhradne na zhotovitela. Tymto objedndvatel meni stav,
ked technologicky nutny nadvylom (TNN) a jeho vyplnenie bolo
sti¢astou poloZiek vykazu vymer, ked uhradzal geologicky podmiene-
né nadvylomy a velkoryso stanovent stavebnu toleranciu primdrneho
ostenia, alebo ked'si bolo moZné ndrokovat vyplnenie nadvylomu z ne-
vyCerpanych deformacii (Casti takzvaného docasného nadvylomu).
Konkurenc¢né prostredie preto nuiti skiiseného zhotovitela precizne kal-
kulovat’ ponuku, prispdsobovat’ projekt a technolégie a vo fize rea-
liz4cie stavby maximélne redukovat' nadvylomy a naklady s nimi spo-
jené. Preto sa otdzka nadvylomov dostdva eSte vyraznejsie do popredia
odbornej verejnosti a zhotovitelskych firiem.

Projektova dokumenticia, staticky vypocet a dimenzovanie ostenia
tunelov razenych metédou NRTM navrhuje a rdta s teoretickym tva-
rom a hribkami vrstiev a prvkov tvoriacich ostenie tunela a urcitymi
parametrami horniny v okoli vyrubu. Tak ako kazda stavebna konst-
rukcia, md aj tunelové ostenie projektom stanovenu urcitd toleranciu
geometrického tvaru a polohy. Rovnako je to aj s teoretickou liniou
vyrubu, ktord z negativnej strany ohranicuje hriibku ostenia tunela.

Pri razen{ a budovani ostenia musia byt'dodrzané minimélne hribky
ostenia a jeho poloha so zohladnenim povolenych tolerancii. Vnitornd
linia tunelového ostenia je projektovand linia, ktord moze mat’zvycaj-
ne toleranciu 0 az +5 cm, kde znamienko + je myslené v radidlnom
smere od osi tunela, pricom musia byt dodrzané minimalne hribky
ostenia. Vnutornou liniou ostenia teda nemozno polohovo pohybovat’
voci projektovanym hodnotdm (dodrZanie gabaritu, vnitornych pries-
torov). Vyssie uvedené tolerancie vyplyvaji z nepresnosti budovania

INTRODUCTION

The problems of obverbreaks, the causes of their origination, their sizes,
the rules of reimbursing for costs and taking over the risks associated with
them are important mainly in the process of tunnelling and construction
using the New Austrian Tunnelling Method (the NATM). This method
requires supporting the excavated opening by primary and secondary
linings to achieve certain design geometry and overbreaks have to be cost-
ly backfilled with the primary lining shotcrete or, under certain circu-
mstances, with the secondary lining concrete. The development of con-
tractual terms for the realisation of large underground construction projects
is that project owners, mainly in Slovakia, call tenders more frequently in
accordance with the “Yellow FIDIC Book” (design and build), where they
transfer responsibility for design documents, the selection of the construc-
tion technique and overbreaks solely to the contractor. In doing so, the pro-
ject owner changes the state where the technologically unavoidable overb-
reaks (TUO) and their backfilling were parts of bills of quantities, where
the project owner either paid for overbreaks attributable to geology and for
the generously set construction tolerance of the primary lining or it was
possible to claim the backfilling of the overbreak at the expense of non-
realised deformations (parts of the so-called temporary overbreak). The
competitive environment therefore forces experienced contractors to pre-
cisely calculate the bids, modify the design and technologies and, at the
construction realisation stage, to reduce overbreaks and costs associated
with them to the minimum. This is why the issue of overbreaks is getting
even more markedly to the forefront of the interest of the professional pub-
lic and contractor firms.

Design documents, structural analyses and dimensions of tunnels driven
using the NATM propose and calculate with a theoretical geometry, the
thicknesses of layers and dimensions of elements forming the tunnel lining
and with certain parameters of the ground mass surrounding the excavated
opening. As any other building structure does, even a tunnel lining has
a certain tolerance for the geometry and position. The same applies to the
theoretical excavation contour line, which limits the tunnel lining thickness
from the external side.

During the tunnel excavation and construction of the lining it is neces-
sary to maintain the minimum thickness of the lining and its position
taking into account the permitted tolerances. The inner contour of a tunnel
lining is a design line, which can usually have a tolerance prescribed
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sekundarneho ostenia, polohovania debniaceho voza, technoldgie
betondZe, nepresnosti merania. Hlavne vSak vyplyvaju z rozdielu teo-
retickej osi diela (vySkové a smerové vedenie v oblastiach smerovych
a vyskovych oblikov, resp. klotoid) voci polygénu tvorenému jednot-
livymi blokmi betonaze sekunddrneho ostenia (tisecky) v zavislosti od
diiky debnenia (blokov betonaze) sekundarneho ostenia a velkosti
polomerov oblikov, resp. parametrov klotoid. Na druhej strane ostenie
ako stavebnti konStrukciu ohranicuje linia vyrubu ako akési stratené
debnenie. Z dovodu dodrzania minimélnej projektovanej hribky pri-
marneho a sekunddrneho ostenia nemoZno teda pripustit’ ani posun
linie vyrubu smerom do profilu. V praxi sa volia také postupy, aby
k vzniku takzvanych podprofilov pri razeni nedochddzalo a aby sa
nepresnosti pri razeni prejavovali pokial mozno v smere do horniny
(nadprofily). Presnost’ vylomu teda uréuje nadbytocnd, staticky nepo-
trebnu hribku ostenia.

DEFINICIA NADVYLOMU

., Nadvylom mozno vseobecne definovat’ ako kladny rozdiel medzi
skutocnym hrubym a projektovanym hrubym priecnym prierezom tune-
la* [1], kde hruby priecny prierez tunela je dany liniou vyrubu.
Z globdlneho hladiska moZzno nadvylom definovat’aj ako rozdiel medzi
skuto¢nym hrubym prierezom a teoretickym (staticky potrebnym) hru-
bym prieCnym prierezom tunela bez tolerancii. Stavebnd toleranciu
primdrneho ostenia (zvazZovanu uZ v projekte) mozno z urcitého uhla
pohladu pokladat’za TNN.

ROZDELENIE NADVYLOMOV

Nadvylomy moZno rozdelit'do tychto hlavnych skupin:

e technologicky nutny (podmieneny) nadvylom,

e geologicky podmieneny nadvylom,

* nadvylomy z nevycerpanych deformécif,

e zavineny nadvylom ako dosledok porusSenia technologickej dis-

cipliny a nepresnosti.

,»»Technologicky nutny (podmieneny) nadvylom (TNN) predsta-
vuje trvalé zvicSenie hrubého projektovaného priecneho prierezu
diela, ktorého hodnotu podmieniuje zvolend metéda rozpojovania hor-
nin“ [1]. TNN je zdvisly aj od hribky primarneho ostenia a ostatnych
sposobov zaistenia diela — napr. pouZitia viacerych ochrannych dazd-
nikov (pipe-roof) vitanych a budovanych vejdrovite za sebou, alebo
predhananych ihiel.

Vlastnosti hornin v okoli vyrubu podmienuji vyrazne tvar hrubého
vylomu. Ak nadvylom vznikne z dévodu neZiadiceho vypadavania
a rozvolhenia horniny do profilu odlu¢ovanim horniny na plochach
diskontinuit, vrstevnatosti, pripadne vplyvom tlakov a nestability vyru-
bu nad rdmec rozpojenej horniny danou technolégiou rozpojovania
a ak sa toto nedalo predpokladat’, alebo sa tomu nedalo zabranit’ tech-
nickymi opatreniami (ihlovanie, hnané paZenie, pipe-roof...), hovorime
o geologicky podmienenom nadvylome.

Nadvylom z nevyc¢erpanych deformacii (Cast’ takzvaného docas-
ného nadvylomu) je priestor, ktory ostane po prebehnuti a ustdlen{
deformécii na hodnotu niZsiu, ako predpokladal projekt a ako bolo sta-
novené navysenie profilu. V podstate je zdmerom, aby deformdcie
riziko podprofilov a ich odstranenie v rdmci profildcie je ndkladnejSie
ako vyplnenie priestoru po nedoznenych deforméciach. Zelany stav je,
aby sa velkost’skuto¢ne prebehnutych deformécii ¢o najviac pribliZila
predpokladanym hodnotdm, ale aby ich v Ziadnom pripade neprekro-
¢ila. Prax je vSak takd, Ze rezerva na deformdcie stanovend projektan-
tom sa naplni spravidla na cca 40 %-50 %.

Zavineny nadvylom je nadvylom, ktory vznikol nedodrzanim tech-
nologickej discipliny, nepresnostami pri samotnom vedeni diela, pri
vylome obrysu diela, zle zvolenou technoldgiou, predimenzovanymi
trhacimi pracami, nedostatonymi prvkami zaistenia, nespravne vole-
nou dlzkou zdberu ¢i nespravnym delenim celby, oneskorenym zabu-
dovanim vystuznych prvkov a pod. Rozdelenie nadvylomov je ilustro-
vané na obr. 1.

Teoria technologicky podmieneného nadvylomu. Zvicsenie pro-
filu z dovodu technoldgie je potrebné udrzovat’ pocas celého razenia

at 0 to +5cm, where the + sign means the radial direction away from the
tunnel centre line, with the necessity to maintain the minimum lining thick-
ness. It is therefore impossible to move the position of the inner contour of
the lining against design values (clearance profile, inner spaces). The
above mentioned tolerances follow from the inaccuracy of the secondary
lining construction, the setting of the movable formwork into position, the
concrete casting technology or inaccuracies of measurements. The main
reason for the tolerances lies in the difference between the theoretical cent-
re line of the tunnel (vertical and horizontal alignment in the areas of hori-
zontal and vertical curves, or clothoides) and the polygon formed by indi-
vidual secondary lining casting blocks (line segments), depending on the
length of the secondary lining formwork (the casting blocks) and the radii
of curves, or on the parameters of clothoides. On the other hand, the lining
as a building structure is bordered by the excavation contour, acting as
a sort of sacrificial formwork. It is therefore impossible for the reason of
maintaining the minimum design thickness of the primary and secondary
liners to permit any shifting of the excavation contour inside the profile.
In practice, such procedures are chosen which prevent undercutting
during the excavation and which, if possible, allow the excavation ina-
ccuracies to develop in the direction toward the ground mass (excessive
profiles). The accuracy of and excavated opening therefore determines
the excessive thickness of the lining, which is unnecessary in terms of
structural analysis.

DEFINITION OF AN OVERBREAK

,»An overbreak can be generally defined as a positive difference betwe-
en the actual gross cross-section and the design gross cross-section of
a tunnel” [1], where the tunnel gross cross-section is determined by the
excavation contour line. From the global point of view, an overbreak can
be defined as the difference between the actual gross cross—section and the
theoretical (statically necessary) gross tunnel cross section without tole-
rances. The construction tolerance of the primary lining (taken into consi-
deration as early as the design phase) can be regarded as the TUO.

DIVISION OF OVERBREAKS

Overbreaks can be divided into the following main groups:

* technologically unavoidable (conditioned) overbreak

* overbreak attributable to geology

e overbreak due to non-realised deformations

e avoidable overbreaks attributable to breaching of technological dis-

cipline and inaccuracies

“The technologically unavoidable overbreak (TUO) represents
a permanent increase in the gross design cross-section of a tunnel, the mag-
nitude of which is attributable to the ground disintegration method selec-
ted” [1]. The TNO in addition depends on the thickness of the primary
lining and on other systems of the excavation support — e.g. the use of
several protective umbrellas (pipe roof) drilled and installed in sequences
of fans, or forepoling.

The properties of the ground mass surrounding the excavation signifi-
cantly influence the shape of the gross excavation cross-section. When an
overbreak develops because of undesired loosening and falling of ground
into the profile resulting from the separation of ground on discontinuity
surfaces, bedding planes or due to pressures and instability of the excava-
tion outside the framework of the ground disintegrated using the particular
disintegration technique, and if it could not be anticipated or could not be
prevented by technical measures (spiling, forepoling, pipe-roof ), we refer
to the overbreak attributable to geology.

The overbreak due to non-realised deformations (part of the so-cal-
led temporary overbreak) is the space which remains after the develop-
ment and stabilisation of deformations at a magnitude which is lower than
it was expected by the design and than the tunnel height increase was
designed. In essence, the intention is that deformations are not greater
than it is set by the detailed design. When they are greater, there is a risk
of undercutting and removing it by profiling is more expensive than back-
filling the space after fully non-realised deformations. The desired state is
that the magnitude of the actually realised deformations approximates the
assumed magnitude as much as possible but on no account exceeds it. But
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preto, aby bolo vobec moZné stanovenou technolégiou razenia vyrazit' | the practice is that 40%-50% of the reserve for deformations set by the

celé dielo. Podstatnou zloZzkou TNN je nutnost’,,vypustania“ obryso- designer are usually drawn.

vych vrtov — tzv. divergencie obrysovych vrtov v kazdom zdbere cyk- Avoidable overbreak is an overbreak which developed due to the bre-
lického razenia z toho dovodu, aby mohla byt linia obrysovych vrtov aching of technological discipline, inaccuracies in the tunnel alignment, in
v novom zdbere zavitand na projektovanej minimélnej linii hrubého the excavation contour line, due to wrong technology, excessive blasting
profilu (obr. 2). Te6riu TNN pri razeni tunelov trhavinami podrobne charges, insufficient support elements, incorrectly chosen excavation
rozpracoval prof. Doj¢ar a publikoval v [1], a preto v tomto Clanku round length or incorrect excavation sequence, delayed installing of sup-
nebude podrobne popisovand. Potrebné je vSak pripomentt, Ze port elements etc. The division of overbreaks is illustrated in Fig. 1.

v kvalitnych a neporuSenych hornindch zodpovedajticich podla klasifi-
kacie NRTM vyrubovym triedam €. 2 a 1, je divergencia obrysovych
vrtov zavisla od konstrukcie lafety a kladiva vrtného voza. Divergencia
je pre dané zariadenie hodnota konStantnd a nezavisi od diiky zaberu.
Dika zdberu ovplyvriuje nadvylom jedine z hladiska devidcie obryso-
vych vrtov (odklon vrtov od projektovaného smeru z dévodu rdzne;j
polohy vrstiev hornin réznych vlastnosti, nevhodnych reZimovych
parametrov vitania, nevhodného néradia). Cim dIh3{ zéber, tym VACs{
merny nadvylom z dovodu devidcie obrysovych vrtov. Velkost’ diver-
gencie uvddza prof. Doj¢ér [1] pre vrtny voz Atlas Copco 352 ako hod-
notu 88 mm + rezerva = 120 mm a devidciu 30 mm/m vrtu. Vyrobca
vrtnych vozov Atlas Copco uvadza bez ohladu na typ vrtného voza
hodnotu divergencie 100 mm a devidciu taktiez 30 mm/m vrtu.
Teéria prof. Dojcdra je aplikovatelnd v prostredi a vo vyrubovych
triedach, kde primdrne ostenie nie je potrebné vobec, alebo ho mozno

Theory of the overbreak attributable to technology. The profile
overcutting with respect to technology must be maintained throughout the
tunnel excavation period so that it is even possible to excavate the entire
tunnel using the prescribed technology. A substantial element of the TUO
is the necessity of the divergence of contour drillholes in each excavation
round of the cyclical excavation, which is required for the drilling for the
contour line in the following round to be carried out on the gross profile
minimum line required by the design (see Fig. 2). The TUO theory during
the excavation using blasting was in detail elaborated by Prof. Dojcér. He
published it in issue No. 2/2000 of this journal and, for that reason, it will
not be described in detail in this paper. It is however necessary to note that
the divergence of contour drillholes carried out into good quality and
undisturbed ground mass corresponding to the NATM excavation classes
No. 2 and 1 depends on the structure of the drilling jumbo feed and drif-

budovat' s odstupom od &elby min. na dizku lafety vitacej stipravy. ter. The divergence is a value which is constant and independent of the
V pripade potreby zabudovania primarneho ostenia este pred vitanim excavation round length. The excavation round length affects the overb-
nasledujiceho zdberu do geometrickej analyzy TNN vstupuje aj hrtib- reak only as far as the deviation of contour drillholes is concerned (the
ka primdrneho ostenia. Za predpokladu, Ze rozpojenie a vylom horni- deviation of drillholes from the designed direction due to various positi-
ny bude teoreticky len pomocou trhacich prac a ohrani¢eny obrysovy- ons of layers with various properties, inadequate regime parameters of
mi vrtmi, je plocha nadvylomu Sy zavisld aj od projektovanej hribky drilling or improper tools). The longer excavation round length, the grea-
primédrneho ostenia Hsbp a od hodnoty predstihu Lp (obr. 3). Predstih je ter the specific overbreak due to the deviation of contour drillholes.
g LEGENDA - LEGEND

1) hranice profilu tunelu stanovena v DZS
tunnel contour line determined in detailed design
) lic definitivniho osténi - final lining internal surface
) rub definitivnino osténi - final lining external surface
1) nadvyseni primamiho osténi z diivodu stavebnich toleranci zhotovitele 50 mm
primary lining height increased by contractor’s construction tolerances of 50mm
) nadvySeni primarniho osténi o predpokladané deformace dle DZS 50 mm — primary
lining height increased by anticipated deformations according to detailed design of 50mm
) nadvySeny lic primérniho osténi o tloustku hydroizola¢niho souvrstvi 35 mm - primary
lining internal surface height increased by the thickness of waterproofing layers of 35mm
! nadvySeny lic primarniho osténi — increased height of the primary lining internal surface
) nadvyseny rub primarniho osténi; hranice vyrubu
increased height of the primary lining external surface; excavation contour line
(9" hranice technologicky podminéného nadvyrubu proplacena pausainé véetné vypiné
stifkanym betonem — borderline of unavoidable excavation paid as a part of the flat rate
40 hranice geologicky podminéného nadvyrubu
borderline of overbreak attributable to geology
{1) skutecny tvar nadvyrubu - real overbreak shape
42 nezavinény nadvyrub proplacen po posouzeni geologickou sluzbou objednatele
unavoidable overbreak paid for after assessing by client’s geological service

)

©

S

o) (0

Hranice nadvyrubu / Overbreak borderline

Trida vyrubu (TV) / Excavation class a b c d n
TV3 200 400 65 200 135
V4 250 500 115 250 135
TV 5a 250 500 115 300 135

a - technologicky podminény nadvyrub véetné nadvyseni pro konvergence, tolerance primarniho osténi a hydroizolaéni souvrstvi
unavoidable overbreak, including the increase in the height for convergences, teolerances of primary lining and waterproofing layers
b - geologicky podminény nadvyrub véetné nadvyseni pro konvergence, tolerance primarniho osténi a hydroizolaéni souvrstvi
overbreak attributable to geology, including the increase in the height convergences, tolerances of primary lining and waterproofing layers

¢ - skute€ny technologicky podminény nadvyrub (c=a-n) / real unavoidable overbreak (c=a-n)
d - tloudtka primarniho osténi / primary lining thickness

POZNAMKA / NOTE
hodnoty a, b se méfi od hranice 3 — a and b values are measured from borderline 3
celkové nadvyseni lice primarniho osténi n = 135 mm - total increase in the primary lining height n = 135mm

Obr. 1 Nadvylomy a nadvysenia profilu (Realizacni dokumentace stavby SOKP513 Vestec - Lahovice, SO602S0603 RaZené tunely, IKP Consulting Engineers, s.r.o.
11/2007)
Fig. 1 Overbreaks and possible overcutting (Detailed design for SOKP513 Vestec - Lahovice, SO602S0603 Mined tunnels, IKP Consulting Engineers, s.r.o. 11/2007)
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Divergencia L / Divergence L Vzdialenost obrysovych vrtov = D

Spacing of contour holes = D

Vzdialenost obrysovych vrtov =D+
Spacing of contour drillholes = D+
I

Direction|
of excavation

Obrys celby
Excavation face contour

Obr. 2 Divergencia obrysovych vrtov
Fig. 2 Divergence of contour holes

Cast’ zdberu bezprostredne za Celbou, v ktorej nie je zabudované pri-
marne ostenie jednak z dovodu napojenia prvkov primarneho ostenia
nasledujiceho zdberu (mreZovina) a jednak z ddvodu moznosti navita-
nia obrysovych vrtov nasledujiceho zdberu v linii teoretického hrubé-
ho vylomu. Obrysovy vrt tak musi pretinat’liniu obrysu vnttorne;j stra-
ny primdrneho ostenia na konci vystuzeného zdberu Ogy, a liniu teore-
tického hrubého vylomu v elbe Oy vo vzdialenosti predstihu. Cim
VACST predstih, tym je nadvylom mensi, avSak z dovodu bezpecnosti
a stability je poZiadavka ihned zabudovat primérne ostenie v ¢o naj-
vigSom rozsahu. Pre napojenie dalSieho ostenia je spravidla nutné pre-
loZenie dvoch 6k mreZoviny, hodnota Lp je v praxi cca 30 cm. Pre
strednd hodnotu nadvylomu HNs z podobnosti trojuholnikov moZzno
odvodit' nasledujtici vztah:

strednd hriibka nadvylomu [m]

L, dlzka zaberu [m]

pyojektované hribka striekaného betonu [m]
dlzka predstihu [m]

Uvedena tedria je z dovodu velkych nadvylomov v praxi nahradza-
nd kompromisom, kde je obrysova linia vrtov posunutd smerom do
profilu a nerozpojend hornina po trhacich pracach je doprofilovand na
potrebnd liniu mechanicky tunelovym bagrom, pripadne hydraulickym
kladivom alebo frézou. Velkost’ technologicky nutného nadvylomu
ovplyviuje hlavne:

* divergencia (odklon) obrysovych vrtov,

e devidcia zakrivenie vrtu pocas vitania — smer a sklon vrstiev,

nespravny pritlak...,

e presnost vytyCovania obrysovych vrtov,

* technickd droven pouZitej vitacej techniky,

e konStrukcia lafety a kladiva — hodnota vzdialenosti Casti lafety

a kladiva od obrysu uz zaisteného zdberu po bod zavitania tyce,

* postup na odstrel — dlzka zaberu,

o hgl’lbka primarneho ostenia,

e dlzka predstihu.

REALNE MOZNOSTI ELIMINACIE NADVYLOMOV

Technickych mozZnosti ako zniZit’ objemy nadvylomov je viacero.
V dalsom budi prezentované opatrenia, moZnosti, technolégie
a postupy ako sa nadvylomom vyhnt, alebo ich zmensit. Ak vSak
chceme hovorit’ o ,,redlnych® mozZnostiach, je treba si uvedomit, Ze
opatrenia zamedzujlice nadvylom predstavuji tiez urcité ndklady,
ktoré mdzu byt'vyssie ako ndklady spojené s nadvylomom samotnym.
Preto je potrebné k tejto problematike pristupovat’ individualne od
projektu k projektu, od tunela k tunelu. Prvym krokom tejto analyzy
je stanovenie ceny nadvylomu pre konkrétny tunel. Cena za nadvylom
sa skladd z ndkladov na nakladanie, vodorovné premiestnenie
v podzemi a na povrchu, uloZenie na sklddku, vyplnenie striekanym

The magnitude of the divergence for Atlas Copco 352 drilling jumbo is
cited by Prof. Dojcar [1] as the value of 88mm + reserve of 120mm and
the drillhole deviation of 30mm/m. The manufacturer of Atlas Copco dril-
ling sets indicates the divergence value of 100mm and the deviation of the
drillhole also of 30mm/m, irrespective of the drilling set type.

Prof. Dojcér’s theory is applicable to the environment and excavation
classes where the primary lining is not at all required or the lining can be
installed at some distance from the excavation face equal to the drilling set
feed as the minimum. If it is necessary to install the primary lining before
the drilling for the following round, the thickness of the primary lining also
enters the geometrical analysis. Under the condition that the disintegration
and excavation of ground is theoretically carried out solely by blasting and
is bordered by contour holes, the cross-sectional area of the overbreak Sy
depends even on the design thickness of the primary lining Hgyp, and on the
advance length Ly (see Fig. 3). The advance is the part of the excavation
round length immediately behind the face, which is not provided with the
primary lining both because of the necessity for connecting the elements
of the following excavation round (steel mesh) and because of the possi-
bility of drilling contour holes for the following excavation round on the
theoretical gross cross-section contour line. This means that the contour
drillhole must cut the line of the contour of the inner side of the primary
lining at the end of the previously supported excavation round Og, and the
line of the theoretical gross excavation contour at the heading O, at the
distance equal to the advance length. The greater advance the smaller
overbreak, but the immediate installation of the primary lining to the largest
possible extent is required for safety reasons. The overlapping of two mesh
mats at the length Lp about 30cm is needed in practice for joining the fol-
lowing section of the lining. The mean value of overbreak HNg can be deri-
ved from the following relationship for the similarity of triangles:

HNq =2 sbp
2 Lp
where HNjg average overbreak thickness [m]
L, excavation round length [m]
Hgpp design thickness of shotcrete [m]
Lp advance length [m]

Because of large overbreaks, the above-mentioned theory is substituted
by a compromise where the contour line of drillholes is shifted in the direc-
tion inside the profile and the neat contour is achieved by removing the
ground not disintegrated by the blasting (profiling) by means of a tunnel

B 7 Lp “Hs
—~ b Lz
obrysovy vrt

contour drillhole éelba

———\

SB striekany betdn — shotcrete

Oy linia teoretického hrubého vylomu v ¢elbe
borderline of theoretical gross excavation at the heading

Osp linia obrysu vnutornej strany primarneho ostenia
contour line of the primary lining internal side

Lp hodnota predstihu [m] - advance value [m]

Hspp projektovana hribka priméameho ostenia [m] — primary lining design thickness
S plocha nadvylomu [m?] — overbreak area [m?]

HNs stredna hribka nadvylomu [m] — average overbreak thickness [m]

Lz dizka zaberu [m] - excavation round length [m]

H projektovand hribka striekaného betonu [m] - shotcrete design thicknes [m]

Obr. 3 Nadvylom a primdrne ostenie
Fig. 3 Overbreak versus primary lining
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beténom (spravidla rovnakych parametrov ako striekany betén konst- excavator, a hydraulic breaker or a roadheader. The magnitude of the

rukcie primarneho ostenia). Naklady na rozpojenie sa spravidla zane- technologically unavoidable overbreak is influenced most of all by:

dbdvaju, v rdmci TNN pri trhavinovom razenf je naviac nakladom len * the divergence of contour holes

mernd spotreba trhavin a vrtov na objem nadvylomu, v pripade geo- » the borehole deviation during the process of drilling — the trend and

logicky podmieneného nadvylomu ide o prirodzené odlicenie dip of rock beds, improper thrust etc.

(vypadnutie) horniny po plochach odlu¢nosti. Cenu za nadvylom Cp e the accuracy of setting the contour holes out

je potrebné stanovit podla konkrétnych ndkladov na projekte. Pre e the technical level of the drilling equipment used

zmysluplnost’ opatreni eliminujicich nadvylomy potom plati nerov- e the feed and drifter structure — the difference between the distance of

nost’ Cy>C, the parts of the feed and drifter from the contour of the already sup-
kde C,, je suma nédkladov na opatrenia eliminujice nadvylomy. ported excavation round and the distance of the drill rod collaring

from the contour line
MOZNOSTI ZMENSENIA TECHNOLOGICKY NUTNEHO e the pull length
(PODMIENENEHO) NADVYLOMU e the thickness of the primary lining

Technologicky nutny nadvylom je zavisly na technoldgii rozpojova- * the advance length

nia. Pri trhacich pracach ovplyviiuje TNN konstrukcia lafety, vrtného
kladiva a devidcia vrtu, ktord je priamotmernd dlzke vrtu (zdberu). REAL POSSIBILITY OF ELIMINATING OVERBREAKS

TNN teda mozno ovplyvnit: There are several technical possibilities of reducing the volumes of
e vhodnym vyberom vitacieho zariadenia (jeho lafety), overbreaks. The following text will present measures, possibilities, tech-
¢ vhodnym vrtnym ndradim, korunkami (zmenSenie hodnoty devidcie), nologies and procedures available for avoiding or reducing overbreaks.
* dlzkou zédberu. However, if I want to speak about “real” possibilities, it is necessary to be
Pre parameter dlzka zaberu prakticky plati, Ze ¢im kratsi je zaber, tym aware of the fact that measures preventing overbreaks are associated with

mens{ je merny nadvylom. Tu je vSak na mieste postidenie podla nerov- certain costs, which may be higher than the cost connected with the overb-

nosti Cp, > C,,. Ak je v rdmci jednej vyrubovej triedy dany interval dlzky reak itself. This is why it is necessary to approach this issue individually,
zdberu (pre VT 3 je L, = 1,8-2.2 m), zhotovitel spravidla voli vicSiu from design to design, from tunnel to tunnel. The first step of this analysis
dlzku zdberu. Do hodnoty Co je v tomto pripade potrebné zardtat' naviac is the determination of the overbreak cost for the particular tunnel. The
ndklady na CastejSie striedanie operdcif, dobu na CastejSie odvetranie po overbreak cost consists of the cost of loading, the horizontal transport in
trhacich pracach pri kratich zéberoch, naviac niklady na vystuzné prvky the underground and on the ground surface, the disposal on a stockpile,
—kotvy, vystuzné obluky, prelozenie ocelovych vystuznych sieti pri napd- backfilling with shotcrete (usually with parameters identical with those of

jani zdberov a na ihly (pokial si uhrddzané v metrovej cene za triedu a ich
pocet je rovnaky v rdmci vyrubovej triedy bez ohladu na dlzku zéberu).
Néklady na trhacie préce st v pripade kratSich zdberov s ohfadom na spo-
trebu a cenu rozbusiek spravidla tiez vyssie ako pri zaberoch dlhsich. Vo

.....

the primary lining shotcrete). The cost of disintegration is usually neglec-
ted. In addition, at the TUO whre blasting is used, the cost covers only the
specific consumption of explosives and drillholes per the overbreak volu-
me; regarding overbreaks attributable to geology they are the cases of natu-
ral separation (falling) of rock along planes of separation. The cost C,, of
an overbreak must be determined according to specific costs applied to the
particular project. The following inequality applies to the reasonability of
the overbreaks eliminating measures:
C, > C,

where C, is the sum of the costs incurred due to the overbreaks elimi-

nating measures.

pokial' mozno dlhsiemu zaberu. Elimindcia nadvylomov skracovanim
zdberu v rdmci vyrubovej triedy nebyva hlavnou pri¢inou skrétenia zdbe-
ru (vécSinou st to geologické podmienky), ale pri rozhodovani o dlzke
zdberu je potrebné brat’do tvahy aj vplyv dlzky zaberu na nadvylomy.

NajvhodnejSou metédou sa v pripade vyrubovych tried podla NRTM 3,
4, a 5 javi kombindcia trhacich prac s redukovanym obrysom
a mechanické doprofilovanie.

V kvalitnejSich podmienkach vyrubovych tried 3,2 a 1 je to nahrade-
nie vyztuznych oblikov, sieti a striekaného beténu, za striekany betén POSSIBILITIES OF REDUCING TECHNOLOGICALLY

s rozptylenou vystuZou a to len v rozsahu staticky poZadovanom pre pri- UNAVOIDABLE (CONDITIONED) OVERBREAKS

marne ostenie a ndsledné vyplnenie nadvylomu lacnejSim beténom A technologically unavoidable (conditioned) overbreak depends on the
sekunddrneho ostenia pocas betondZe sekundaru. Vrstva pod hydroizo- disintegration technology. In the case of the use of blasting, the TUO is
laénym stivrstvim musi byt bez rozptylenej vystuze a splnat' TKP okrem affected by the structure of the feed and drifter and the drillhole deviation,
iného aj po stranke nerovnosti. Navysenie hribky sekunddrneho ostenia which is positively correlated with the drillhole length (the pull). The TUO
oproti projektovane;j je vSak tieZ obmedzené podmienkami pre zamedze- can be therefore affected by:
nie zmrastovacich puklin spdsobenych nerovnakou hribkou konstrukcie * the proper selection of the drilling set (its feed)
(zavisi aj od vystuzenia sekunddrneho ostenia), vyvoja hydrata¢ného tepla e proper drilling tools, bits (the reduction of the deviation magnitude)
a taktieZ zdvisi od konstrukcie debniaceho voza. e the round length
Regarding the round length parameter, it practically applies that the

MOZNOSTI ZMENSENIA ZAVINENEHO NADVYLOMU shorter round length the smaller specific overbreak. However, it is appro-

Tu sii moZnosti najiirsie. Priciny zavineného nadvylomu pri trhavino- priate to assess it according to the inequality C;, > C,,. When the round
vom razen{ sd: length interval is specified for a particular excavation class (for excavation

Nespravne navitany obrys — zIi poloha vrtu pri zavitani a/alebo class 3 it is L, = 1.8 — 2.2m), the contractor usually chooses the greater
nespravne nastaveny uhol divergencie — vrt sa dostane mimo teoretickej length of the excavation round. In this case it is in addition necessary to
hranice TNN. Pri vitani vrtnymi vozmi bez pocitaca (Atlas Copco 352) include the cost associated with the more frequent changing of operations,
zavisi poloha vrtov na dobrom odhade vitaca, ktory liniu zavftania obry- the time required for the ventilation of smoke after blasting at shorter
su odhaduje pomocou posledného vyztuzného oblika, ktory je postave- rounds, the costs of support elements — anchors, support arches, overlaps
ny do spravnej pozicie. Uhol divergencie vita¢ odhaduje pomocou vzdi- of steel mesh mats at the joints and spiles (if their installation is contained
alenosti blizsieho konca lafety od uz zabudovaného primarneho ostenia. in the unit price per metre of the installation in the particular class and their

MoZnost elimindcie — pouZitie vrtného voza vybaveného poci- quantity is identical for the particular excavation class, irrespective of the
tacom a navadzaného laserom. Tieto zariadenia si vybavené okrem round length). In the cases of shorter round lengths, with respect to the
iného programami Bever Control, resp. TML (Tunnel Manager consumption of detonators, the cost of blasting is usually also higher than
Lite), alebo TMP (Tunnel Manager Pro), senzormi a snimacmi the cost at greater round lengths. It then applies in most cases that Cy, > Cy
pol6h a pohybu Casti ramien, lafiet a vrtného kladiva. Umoziuji . For that reason greater round lengths are preferred in practice if it is pos-
obsluhe podla vopred naprogramovanej vrtnej schémy na obrazovke sible. The elimination of overbreaks by reducing the length of excavation
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Obr. 4 Obrazovka pocitaca s vrtnou schémou (vlavo)a nastavenie divergencie (vpravo)
Fig. 4 Computer screen with a drilling pattern (left) and the divergence setting (right)

kontrolovat'bod zavitania a nastavit'odklon vrtu od osi diela — diver-
genciu (obr. 4). Tato moZnost’ by mala byt vyuZivand uZ pri zdbe-
roch dlhsich ako 1,5 m. V pripade kratS$ich zaberov rozpojova-
nych este trhavinovo (vyrubové triedy 4, a s Casti 5) je vhodnd kom-
binacia trhacich prac so zmenSenym (vynechanym) obrysom
a mechanické doprofilovanie.

Poskodenie horniny v okoli vyrubu tcinkami trhacich prdc
(v zahranicnej literatire oznaCované ako ,,Blasting damage®). Za urci-
tych podmienok je mozné toto obmedzit, preto si nadvylomy spdsobe-
né neziaddcim rozpojenim tymito d¢inkami radené do zavinenych nad-
vylomov (obr. 5).

Moznosti eliminécie tychto nadvylomov su: riadeny vylom — contour
blasting — metéda obvrtania, predStep (pre-split) a metéda hladkého
vylomu (smooth blasting). V siastnosti je pouZivand hlavne metéda
hladkého vylomu. Principidlne spo¢iva v hustejSie navitanom obryse,
radidlne odlahcenych ndloZiach obrysovych vrtov, v pouZiti obrysovych
trhavin a v ¢asovani obrysu pokial mozno jednym ¢i dvoma casovymi
stupnami. Vplyv na horninu v okoli vyrubu mézu mat aj naloZe
v predobrysovych vrtoch. Pri modernych metddach riadeného vylomu
st tomu prisposobované aj vyssie uvedené ndloze. Spravne navrhnutie
riadeného vylomu zdvisi od mnohych faktorov (kvality horniny, smere
a pocetnosti diskontinuit, diiky zdberu). Zdkladné pravidla pre vypocet
parametrov metdd riadeného vylomu opisal okrem inych autorov aj
prof. Doj¢ér [2]. Do pozornosti by bolo vhodné uviest' nové moznosti
casovania elektronickymi rozbuskami (napr. elektronicky systém roz-
netu i-con od firmy Orica). Tie maju oproti klasickym elektrickym roz-
buskam alebo rozbuskdm neelektrického roznetu (systtm NONEL)
Casovanie zabezpecené nie pyrotechnickym oneskorovacom, ale elek-
tronickym ¢ipom, ktorého presnost’ v ¢asovani jednotlivych casovych
stupriov je neporovnatelne vyssia v porovnani s pyrotechnickym ones-
korovacom. Vyrobca uvddza pre elektronicky systém odchylku casovej
presnosti pod 0,01 %. Detondcia obrysovych vrtov v jednom ¢asovom
okamihu je dolezitd pre dosiahnutie hladkého vylomu (obr. 6).
Nevyhodou je vSak niekolkondsobne vysSia cena elektronickych rozbu-
Siek oproti rozbuskam s klasickym oneskorova¢om. V zahranici sa preto
kombinuje tento elektronicky systém v obrysovych vrtoch s roznetom
v ostatnej Casti Celby neelektrickym roznetom typu NONEL.

Iné zavinené nadvylomy si nadvylomy z nepresnosti vedenia diela,
neskorého zabudovania vystuze, nedodrzania technologickej discipliny,
nedostatoéného odvodnenia prostredia atd. MoZnosti elimincie — kon-
trola vyrubu skenovanim, pripadne inymi metédami, analyza pricin

rounds within one excavation class is usually not the main reason for redu-
cing the round length (mostly it is because of geological conditions), but it
is necessary to take into consideration also the influence of the round
length on overbreaks when the decision about the round length is being
made.

The method most suitable for the NATM excavation classes seems to
be the combination of blasting for the reduced excavation contour
with the completion by mechanical profiling.

Regarding better quality conditions categorised as excavation classes 3,
2 and 1, the most suitable method is replacing support arches, mesh and
shotcrete with randomly reinforced shotcrete in the extent statically requi-
red for the primary lining and subsequently backfilling the overbreak
with cheaper secondary lining concrete during the casting of the
secondary lining. The layer under the waterproofing layers must not con-
tain random reinforcement and must meet the specifications, among others
the criterion for surface unevenness. The increase in the secondary lining
thickness over the design thickness is, in addition, limited by conditions for
the prevention of shrinkage cracks resulting from the uneven thickness of
the structure (depending even on the content of the secondary lining rein-
forcement), the development of hydration heat and also depends on the
movable formwork design.

POSSIBILITIES OF REDUCING AVOIDABLE OVERBREAKS

In this case the range of possibilities is the widest. There are the follo-
wing causes of avoidable overbreaks attributable to blasting:

Incorrect drilling of contour holes — incorrect position of a drill bit at
the moment of collaring and/or an incorrectly set divergence angle — the
drillhole gets beyond the theoretical border of the TUO. When drill jum-
bos without computers (Atlas Copco 352) are used, the position of drill-
holes depends on the estimation of the drill rig operator who estimates the
contour line for collaring according to the previous support arch, which
was previously set into correct position. The divergence angle is estimated
by the operator according to the distance of the closer end of the feed from
the previously installed primary lining.

The possibility of elimination — the use of a laser-guided, computer-
controlled drill rig. This equipment is equipped, among other facilities,
with the Bever Control or the TML (Tunnel Manager Lite) systems, sen-
sors and transducers monitoring the positions and movement of parts of
booms, feeds and drifters. It allows the operator to control the collaring
point on a computer screen and to set the angle of deviation from the
tunnel centre line, the divergence, according to a pre-programmed drilling
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pattern (see Fig. 4). This possibility
should be used as early as at excavati-
on rounds longer than 1.5m. In the
cases of shorter round lengths where
rock is still disintegrated by blasting
(excavation classes 4 and partly even
5) it is reasonable to combine blasting
with reduced (left out) contour holes
and mechanical profiling.

Damaging the rock in the exca-
vation surroundings by the effects
of blasting operations (referred to as
“Blasting damage” in foreign literatu-
re). Under certain conditions it is pos-
sible to reduce it. For that reason
overbreaks caused by undesired
disintegration by these effects are
categorised as avoidable overbreaks
(see Fig. 5).

Possibilities of eliminating these
overbreaks are as follows: controlled

rozsah poskodenia - extent of damage

Obr. 5 Uéinky trhacich prdc na horninu v okoli vyrubu
Fig. 5 Blasting effects on surrounding rock

nadvylomov, geodetickd kontrola smerového a vyskového vedenia diela,
pravidelna kontrola liniovych laserov, kontrolné merania.

MOZNOSTI ZMENSENIA NADVYLOMU
Z NEVYCERPANYCH DEFORMACI(

Prakticky sa aplikuju tieto zdkladné opatrenia:

contour blasting — the contour dril-
ling method, pre-splitting techni-
que and smooth blasting method.
The smooth blasting method is cur-
rently used most frequently. In principle it lies in drilling more closely
spaced contour holes, using decoupled charges in contour holes, using
contour blasting explosives and timing of the contour blasting using only
one or two delays. The charges in contour drillholes may also influence
the excavation of surrounding rock mass. The above-mentioned charges
are accommodated to this requirement when modern controlled blasting
methods are used. Cor-

rect design for controlled
blasting depends on ma-

razové viny a hladky vylom pro pouziti presného elektronického ¢asovania
shock waves and smooth excavation for the use of precise electronic timing

ny factors (rock quality,
trending and spacing of

obrysové vrty - contour drillholes

razoveé viny — shock waves

joints, the excavation
round length). Basic rules
for the parameters of the
controlled blasting met-
hod calculation have been
described, among other
authors, also by Prof. Doj-
¢ar [2]. It would be rea-
sonable to bring to the
attention new options for
timing using electronic
detonators (e.g. the elec-
tronic timing system I-con
manufactured by Orica).

hladky vylom - smooth excavation

razoveé viny a vylom pro pouziti rozbusiek s pyrotechnickym spozdovacom
shock waves and excavation for the use of detonators with pyrotechnic delay fuse

Compared with classical
electric detonators or
non-electric  detonators

obrysové vrty — contour drillholes

razové viny - shock waves

zbna vylomu - excavation zone (NONEL system), these
detonators timing is not
secured by a pyrotechnic
delay fuse. Instead of it an
electronic chip is used. Its
precision in timing indivi-
dual delays is incompa-
rably higher compared
with the pyrotechnical
delay fuse. The manufac-
turer indicates the devia-
tion of the timing precisi-
on for the electronic sys-

Obr. 6 Vplyy elektronického roznetu na hladky vylom
Fig. 6 The effect of electronic firing on smooth excavation

tem to be under 0.01%.
The detonation of contour
charges at one time is



23. rocnik - €. 172014

Obr. 7 Nadvylom
Fig.7 An overbreak

 spravne navrhnutie hodnoty navysenia profilu z titulu defor-
mdcii pre konkrétne vyrubové triedy,

* kontrola vyvoja deformacii v rimci geotechnického monitorin-
gu pocas razenia,

e pripadnd redukcia hodnoty navySenia pocas razenia po doklad-
nej analyze vyvoja a ustdlenia deformdcii v jednotlivych triedach.

important for reaching the smooth excavation (see Fig. 6). On the other
hand, the several times higher cost of electronic detonators compared
with detonators with classical delay fuses is disadvantage. For that rea-
son, abroad, they combine this electronic system for contour holes with
the NONEL non-electric firing system.

Other avoidable overbreaks are overbreaks attributable to inaccura-
cy in the navigation of the excavation work, delayed installation of exca-
vation support, breaching of technological discipline, insufficient draina-
ge of the environment etc. Elimination possibilities — checking the
excavation by scanning or other methods, analysing the causes of overb-
reaks, survey checking on horizontal and vertical guidance of the work,
regular inspection of the alignment setting lasers, check measurements.

POSSIBILITIES OF REDUCING OVEBREAKS DUE
TO NON-REALISED DEFORMATIONS

The following basic measures are applied in practice:

e correct designing of the profile overcutting with respect to defor-
mations for particular excavation classes

¢ checking on the development of deformations as a part of geotech-
nical monitoring during the course of the excavation

e if required, reducing the profile overcutting during the course of the
excavation after a thorough analysis of the development and settling
of deformations at individual excavation classes

CONCLUSION

This paper presents a global view of the issue of overbreaks not only
from the technological point of view but also from the designing aspects.
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Obr. 8 Priklad protokolu kontroly profilu a zistené nadvylomy
Fig. 8 The example of a profile check report with overbreaks identified in it
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Tab. 1 Moznosti elimindcie nadvylomov a ich vhodnost'pre jednotlivé vyrubové triedy podla NRTM
Tab. 1 Possibilities of eliminating overbreaks and their suitability for individual NATM excavation classes

elimindcia nadvylomov

Vyrubové triedy podla NRTM — NATM excavation classes

elimination of overbreaks |

pouzitie pocitacom riadeného vrtného voza
application of computer controlled drilling rig

posun linie obrysovych vrtov do profilu (vynechanie obrysu)
a doprofilovanie mechanicky — shifting of the contour
drillholes line into the profile (leaving out the contour)

and excavation profile completion mechanically

pouzitie predstépu
pre-splitting

pouzitie hladkého vylomu
application of smooth excavation

pouzitie elektronického roznetu
application of electronic initiation

prehodnotenie konvergencii v ramci vyrubovej triedy a redukcia
rezervy na konvergencie — reassessing convergences within
the excavation class and reducing the reserve for convergences

vyplnenie nadvylomov betdnom sekundérneho ostenia
overbreak backfill with secondary lining concrete

redukcia dizky zaberu
reduction of advance length

vhodny vyber vitacieho zariadenia
proper selection of drilling equipment

vhodny vyber vrtného naradia
proper selection of drilling tools

rozpojovanie obrysu frézou
disintegration of the profile with roadheader

kontrola geometrie vyrubu
excavation geometry checking

kontrola vySkového a smerového vedenia
vertical and horizontal alignment checking

ZAVER

V tomto prispevku je prezentovany globdlny pohlad na problematiku
nadvylomov z hladiska nielen technologického, ale aj projekéného.
Navysenie profilu vyrubu z dovodu stavebnych tolerancii (nepresnosti pri
merani, vedenia diela, nepresnosti polohy prvkov ostenia, vystrojenia tune-
la) a navySenie z dévodu deformécii mozno do urcitej miery a z urcit¢ho
uhla pohladu tieZ pokladat'za nadvylomy. Na druhej strane je pravdou, Ze
tunel a jeho primdrne ostenie nie je presnou konstrukciou. Stavebna tole-
rancia zavisi od subjektivnych faktorov — skusenosti osadky, kvality pro-
jektu a od objektivnych faktorov, ako je velkost'plochy prie¢neho prierezu,
dlzky neprerazenych tsekov, pouzitej technoldgie, geologickych podmie-
nok. Tu je na mieste redlne postdenie velkosti stavebnej tolerancie.

V tab. 1 je dany prehlad mozZnosti, ktoré maji vplyv na velkost’
a cenu nadvylomov a ich vhodnost’ pre jednotlivé vyrubové triedy
podla NRTM. Konkrétne opatrenia je vSak potrebné hodnotit’ technic-
ky a finan¢ne pre kazdy projekt osobitne.

ING.ANTON PETKO, anton.petko@skanska.sk,
SKANSKA SK a. s.

Recenzovali: Ing. Mdria Samovd, Ing. Jdn KuSnir
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DVOUKOLEJNY ZELEZNICNI TUNEL SUDOMERICE
- ZKUSENOSTI ZE ZAHAJENI VYSTAVBY

SUDOMERICE DOUBLE-TRACK RAILWAY TUNNEL
= EXPERIENCE FROM THE WORKS COMMENCEMENT

LIBOR MARIK, TOMAS JUST

ABSTRAKT

Vystavba IV. tranzitniho Zeleznicniho koridoru z Prahy do Tabora, Ceskych Budéjovic a ddle smérem na rakousky Linec pokracuje dal-
Stm visekem mezi Tdaborem a Sudoméricemi v celkové délce 11,837 km. Po zprovoznéni viseku Votice — BeneSov u Prahy, na kterém se nachd-
7i celkem 5 tunelii, se jednd o dalsi Cdst koridoru, kde smérové i vyskové vedeni traté vyZaduje razbu tunelu. Sudoméricky tunel md délku
444 m a je kromé dvou portdlovych hloubenych pasi razen pomoci NRTM. V oblasti jizniho portdlu tunel kiiZuje pod tihlem cca 45° komu-
nikaci prvni tiidy s nadlozim necelé 3 m. Cldnek popisuje prvni zkuSenosti z vystavby tunelu a okolnosti vedouct k tipravdm technického

FeSeni aZ pri zpracovadni realizacni dokumentace stavby.

ABSTRACT

The development of the 4'h railway transit corridor from Prague to Tdbor, Ceské Budéjovice and further toward Linz, Austria, continues
by the next, 11.837km long, section between Tdbor and Sudomerice. After bringing the Votice — BeneSov u Prahy section, containing the total
of 5 tunnels, into service, this is another part of the corridor where the horizontal and vertical alignment requires the construction of mined
tunnels. With the exception of two cut-and-cover portal blocks, the 444m long Sudomerice tunnel will be driven using the NATM. In the area
of the southern portal, the tunnel crosses a Class 1 road at the angle of about 45°, with the overburden nearly 3m thick. The paper descri-
bes initial experience from the tunnel construction and the circumstances leading to the changes in the technical solution which were

carried out later, during the work on the detailed design.

1. ZAKLADNI INFORMACE

Zelezni¢ni trat’ prochdzi v modernizovaném tseku z v&t3i Gdsti
poli a v Kkatastrdlnim tdzemi obci Stoklasnd Lhota a VrdZzna
i zalesnénym uzemim. Zdvoukolejnéni stavajici jednokolejné
traté znamend jeji roz§iteni i na mimodrazni pozemky. V dseku
Chotoviny — Sudoméfice, kde se Sudomericky tunel nachdzi, je
trat’ vedena ve zcela nové stopé. Trat’ je elektrifikovand stridavou
trakéni soustavou 25 kV/50Hz. Cilem modernizace je dosaZzeni
prechodnosti kolejovych vozidel tratové tiidy D4 UIC, lozné
miry UIC GC a zvySeni tratové rychlosti na 160 km/h. V dobé
zpracovani dokumentace pro zadani stavby (DZS) byl ve vystav-
bé tsek ddlnice D3 od Chotovin do Tabora a v dseku Mezno —
Chotoviny probihal na délnici zkuSebni provoz. ObsluZznost
uzemi zajiStovala komunikace I/3 ES5 ve sméru Praha — Tébor —
Ceské Budé&jovice — Linec, které v oblasti jizniho portélu kiizuje
nove navrzeny tunel. NadloZi tunelu v misté kfiZeni s komunikac{
nedosahuje ani 3 m, a to véetné konstruk¢nich vrstev vozovky.
Situaci v misté kfizeni komunikace s tunelem ukazuje obr. 1.

Tunel lezi ve smérovém oblouku o poloméru R=2802 m a jeho
niveleta stoupa smérem od jizniho k severnimu portdlu ve sklonu
0,86 %. Vodonepropustnost ostén{ zajistuje féliova mezilehld izo-
lace navrZend v rozsahu horni klenby tunelu jako systém ,,dest-
nik*. Voda je odvadéna k bo¢nim tunelovym drendzim a ddle gra-
vitaéné k jiznimu portalu. Definitivni osténi v razeném udseku
tunelu tvori monoliticky beton C25/30 a tlousStka osténi &in{
min. 300 mm. Hloubené dseky tunelu jsou navrzZeny z t€hoz beto-
nu o tloustce min. 600 mm.

Tunel je navrzen v souladu se vzorovym listem dvoukolejného
Zelezni¢niho tunelu a razen pomoci NRTM. Podle prognézy geo-
technickych podminek byl v DZS razeny usek tunelu rozdélen do
5 technologickych tfid vyrubu (TTV), pricemz podchod komuni-
kace I/3 byl v délce 27 m navrzen s vertikdlnim ¢lenénim profilu

1. BASIC INFORMATION

In the section being modernised, the railway track runs across
fields and, in the cadastral district of Stoklasna Lhota and Vrazna,
also across a wooded area. The doubling of the existing single-
track line means that the new alignment design has to run even
outside the current railway right-of-way. In the Chotoviny —
Sudomeérice section, where the Sudomeérice tunnel is located, the
track is led along a completely new path. The line is electrified by
a 25kV/50Hz AC traction system. The objective of the moderni-
sation is to achieve the loading gauge UIC GC and the loading
class D4 UIC and to increase the speed limit over the track to
160km/h. When the design for tendering (hereinafter referred to
as the DZS) was under preparation, the D3 motorway section bet-
ween Chotoviny and Tabor was under construction and the trial
operation was in progress in the Mezno — Chotoviny motorway
section. The area was serviced by the I/3 E55 road leading from
Prague via Tdbor and Ceské Budéjovice toward Linz. This road
crosses the newly designed tunnel in the area of the southern por-
tal. The overburden thickness (inclusive of the roadway structural
layers) in the area of the crossing with the road even does not
reach 3m. The layout of the crossing of the road with the tunnel
is shown in Fig. 1.

The tunnel is located on an R=2,802m directional curve and its
vertical alignment ascends from the southern portal toward the
northern portal at the gradient of 0.86%. The waterproofing capa-
city of the lining is secured by an intermediate membrane system
covering the tunnel upper vault as an umbrella. Water is diverted
to tunnel drains and flows further by gravity to the southern por-
tal. The final lining in the mined tunnel section consists of C25/30
cast-in-situ concrete. Its minimum thickness amounts to 300mm.
The same concrete grade is designed for the cut-and-cover secti-
ons, where the minimum lining thickness is 600mm.




TuoufHel

23. rocnik - €.1/2014

jizni (vjezdovy) portal P
southern (entrance) tunnel %

- 5065-25-02

-

CESKE BUDEJOVICE \.,

pon TN

- jeyiod QoUeUd
[eyiod paul
jeviod Auazel

jeriod Anopzalh

*" pfistupova komunikace a nastupni/zachranna
plocha pro jednotky IZS a HZS cca 188 m?

access road and and mustering area for the IRS
. and the FRS units about 188m?

The tunnel is designed in com-
pliance with the Standard Sheet
for a double-track railway tunnel
and is to be driven using the
NATM. According to a prog-
nosis of the geotechnical condi-
tions, the mined tunnel section
was divided in the DZS into 5
excavation support classes, with
the side drifts and central pillar
excavation sequence (the so-cal-
led vertical sequence) designed

for the 27m long passage under
the I/3 road and the top heading,
bench and invert sequence (the
so-called horizontal sequence)
assumed for the other excavation
support classes.

The realisation of the con-
struction itself was preceded by

Ipfedpokladand poklesova kotina.
anticipated settlement trough

Obr. 1 Situace v oblasti kiiZeni komunikace a nového tunelu
Fig. 1 Map of the area of the crossing between the road and the new tunnel

tunelu, u ostatnich tfid vyrubu se predpokladalo horizontalni ¢le-
néni Celby.

Vlastni realizaci stavby predchazely prdce a ¢innosti zajiStova-
né investorem i zhotovitelem. Na strané investora to bylo zajiste-
ni zejména preloZek koliznich inzenyrskych siti. Na strané zhoto-
vitele projednani a vydani realizacni projektové dokumentace,
uzavieni dohod s tfetimi stranami (dlouhodobé prondjmy pozem-
ki pro zafizeni staveniS$té a mezideponie) a daldi legislativou
vyZadované povinnosti.

2. GEOTECHNICKE POMERY V TRASE TUNELU

Geomorfologicky ndleZi zajmové tizemi do Taborské pahorka-
tiny. Jednd se o tzemi o rozloze 1600 km?, které je souddsti
Stredoceské pahorkatiny. Prevazujicimi horninami jsou granity
stiedoCeského a moldanubického plutonu. Nejvy$§im bodem Ta-
borské pahorkatiny je Velky Mehelnik s vyskou 633 m n. m.
V trase tunelu se v nadloZi nachdzi zemedélsky vyuzivané plochy,
v oblasti jizniho portdlu zasahuje nad tunel cip lesniho porostu.
Terén se v oblasti jizniho portdlu nachézi ve vySce 533 m n. m.,
v oblasti severnfho portdlu ve vySce cca 542 m n. m. a nejvySsi
bod v trase tunelu v tunelovém metru (TM) 276 ma vysku 555 m
n. m. Vyska nadlozi neprekracuje 18 m.

Kvartérni pokryv zastupuji deluvidlni sedimenty, jejichZ moc-
nost se pohybuje v intervalu od 0,2 m do 1 m. Jedna se o hlinité
pisky s primési siln¢ aZ mirné zvétralych dlomku horniny, nebo
o stfedné az hrubé zrnité pisky s pfimési jemnozrnné zeminy.
Geotechnické parametry kvartérniho pokryvu hraji roli pouze pri
ndvrhu svaha stavebnich jam na obou portélech.

Uzem{ pod vrstvou kvartérnich sedimentii tvoif biotitické-silli-
matické pararuly, které mohou byt lokdlné migmatitizované.
Jednd se o preménéné horniny vzniklé ze sedimentu za d¢inku
vysokych teplot. Pfi provddéném geotechnickém pruzkumu byly
zastiZeny pfimo migmatity, na skalnim vychozu rovnéZz prunik
kvarcitické ruly orientovany kolmo na osu tunelu. V trase tunelu
se nepredpoklddd vyskyt vyzna¢néjSich zlomovych linii.
Pritomnost poruSenych z6n avizuje provedeny geofyzikdlni pru-
zkum, na zdkladé jehoZ interpretace lze oCekdvat v trase tunelu

work and activities ensured by
both the project owner and the
contractor. On the project owne-
r’s side, it was first of all the task
of ensuring the diversions of utility networks colliding with the
tunnelling operations. On the contractor’s side, it was the task of
negotiating of the detailed design, concluding contracts with third
parties (long-term leases of land for the construction site faciliti-
es and intermediate stockpiles) and fulfilling other obligations
required by the legislation.

2. GEOTECHNICAL CONDITIONS ALONG
THE TUNNEL ROUTE

Geomorphologically, the area of operations is part of Tabor
Upland, which is a 1,600km? area forming a part of the Central
Bohemian Uplands. Granites of the Central Bohemian and
Moldanubic pluton prevail in this area. The highest point of Tabor
Upland is Velky Mehelnik hill with its height of 633m a.s.l. On
the terrain surface above the tunnel route, there are agriculturally
used areas; a corner of woods extends over the tunnel in the area
of the southern portal. The terrain in the areas of the southern por-
tal and the northern portal is found at the altitude of 533m
a.s.l. and about 542m a.s ., respectively. The highest point on the
tunnel route, which is located at tunnel chainage of 276m, is at the
elevation of 555m a.s.l. The overburden height does not exceed
18m.

The Quaternary cover is represented by deluvial sediments the
thickness of which ranges from 0.2m to Im. They comprise
loamy sands with the admixture of heavily to moderately weat-
hered rock fragments or medium to coarse-grained sands with the
admixture of fine-grained soil. Geotechnical parameters of the
Quaternary cover play a role only in the design of slopes of the
construction pits at both portals.

The ground under the Quaternary sediments layer is formed by
biotite-sillimatic paragneiss, which can be locally migmatitised.
It is a metamorphic rock originated from sediments under the
effects of high temperatures. Migmatites were encountered
during the geotechnical investigation; in addition, the penetrati-
on of quartzite gneiss oriented perpendicularly to the tunnel
centre line was found on rock outcrops. The occurrence of more
significant fault lines is not expected along the tunnel route. The
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oblasti s vétsi hustotou diskontinuit, nebo hlub§im dosahem zvét-
rani. Pfi dokumentaci jadrovych vrta byly zastizeny zény podrce-
ni s pfitomnosti tektonickych jili o mocnosti nékolika decimetru.

Z hydrogeologického hlediska lze ocekdvat vzhledem k malé
vySce nadlozi a kvalité horninového masivu prusaky vody
z povrchu tzemi zavislé na atmosférickych srazkach. Vlivem
razby tunelu muze dojit v okol{ vyrubu k rozevieni diskontinuit
a zvétSeni prusaka vody, kterd je v raZbou neporuSeném masivu
vdzéana na puklinovy systém. Pukliny jsou s vyjimkou tektonicky
porusenych z6n jiz mélce pod terénem seviené a prakticky nepro-
pustné.

Zéna silné az zcela zvétralych pararul, které je mozno klasifi-
kovat tfidou R5 a R6, postihuje vrstvu do hloubky cca 2 m pod
bdzi kvartérnich sedimentd. Zéna mirného zvétrani zasahuje do
hloubky 4 m, vyjime¢né 6 m pod droven terénu a hornina je v této
oblasti zarazena do tfidy R4. Pod touto vrstvou se jiz nachdzeji
horniny navétralé tiidy R3, resp. zdravé tridy R2. Vzorky ode-
brané z jadrovych vrtu vykazuji zfetelnou foliaci se vzddlenosti
ploch od 10 mm do 200 mm. Sklon foliace prevladd v rozmezi
10° aZ 25°. Vzhledem k provrasnéni se smér a sklon foliaénich
ploch lokdlné méni. Masiv postihuje nepravidelné, vSesmérné
rozpukdni. Pukliny jsou vSak zpravidla seviené s vyplni oxidu
Zeleza. Hustota diskontinuit s hloubkou klesa a v drovni cca 10 m
pod terénem je klasifikovdna jako stfedni (D3).

Geotechnicky pruzkum byl proveden osmi jadrovymi vrty
a geofyzikdlnim prazkumem pomoci mélké refrakéni seismiky
a odporového profilovani. V dobé psani ¢lanku jiz byly vyhlou-
beny obé stavebni jamy portdlovych dsekl tunelu a v obou pripa-
dech se potvrdila prognéza stanovend v ramci geotechnického
pruzkumu provadéného pro potieby projektu stavby a doku-
mentace pro zadani stavby. Obecné lze fici, Ze geotechnické pod-
minky jsou priznivéjsi v oblasti severniho portalu, v oblasti jizni-
ho portdlu zasahuje z6na zvétrani do vétsich hloubek.

3. TECHNICKE RESENI JIZNIHO PORTALU A KRIZEN(
S KOMUNIKACI I/3

3.1 Pavodni navrh podle DZS

Sklonové poméry tunelu, moznost napojeni inZenyrskych siti
pro zafizeni stavenisté i lep$i pristup k portdlu vedly k rozhodnuti
razit tunel smérem od jihu k severu. V dob¢ zpracovani zaddvaci
dokumentace nebyla jesté v provozu ddlnice D3 a vyznam komu-
nikace 1/3 z hlediska obsluznosti tizemi, a s tim spojend intenzita
dopravy, nedovolovaly preruseni provozu po dobu vystavby tune-
lu. Proto se rozhodl projektant zaddvaci dokumentace pro pod-
chod komunikace razenim s vertikdlnim ¢lenénim vyrubu za pro-
vadéni doplnujicich stabilizaénich opatfeni. Ta si vyZadovala pre-
devsim vyska nadloZi a i¢inky provozu na komunikaci. Nad raze-
nym tunelem o plofe vyrubu cca 110 m? se pod konstruk&nimi
vrstvami vozovky nachdzeji kvartérni sedimenty a zcela zvétralé
pararuly o celkové mocnosti jen 2,7 m. Proto bylo v zaddvaci
dokumentaci navrzeno pred zahdjenim razby zpevnéni nadlozi
pomoci dvou fad horizontdlnich sloupt tryskové injektdZe po
obvodu kaloty. Jednalo se o celkem 63 horizontdlnich vrta
s predpoklddanym primérem sloupu tryskové injektaze 40 cm,
provadénych s rozte¢i 50 cm. Do takto zpevnéného nadlozi bylo
navrzeno provedeni mikropilotového destniku, rovnéz ve dvou
fadach po obvodu kaloty. K vyrubu priléhajici prvni fadu tvorilo
41 ks vodorovnych mikropilot & 108/16 mm délky 25 m. Nad
nimi bylo pod vlastni komunikaci navrtino 26 ks vodorovnych
mikropilot délky 15 m.

geophysical investigation report forewarns of the presence of
faulted zones. It is possible on the basis of its interpretation to
expect areas with closer joint spacing or the deeper reach of
weathering along the tunnel route. Crushed zones with the pre-
sence of tectonic clay about several decimetres thick were
encountered when the core boreholes were being logged.

From the hydrogeological point of view it is possible, with res-
pect to the small height of the overburden and the quality of the
ground mass, to expect the seepage of water from the terrain sur-
face depending on atmospheric precipitation. Increased joint
aperture in the vicinity of the excavation and the increased see-
page of the water which is bound to the fissure system in the
ground mass undisturbed by tunnelling may be caused by tunnel-
ling operations. With the exception of tectonically disturbed
zones, the fissures are closed and virtually impermeable already
at a shallow depth under the terrain surface.

The zone of heavily to completely weathered paragneiss which
can be categorised as classes R5 and R6 is located up to the depth
of about 2m under the Quaternary sediments base. The moderate
weathering zone reaches the depth of 4m, exceptionally 6m,
under the terrain surface and the rock mass in this area is catego-
rised as class R4. Under this layer there is R3 class slightly weat-
hered rock mass or R2 class competent rock mass. Specimens
taken from core boreholes exhibit distinct foliation with the joint
spacing varying between 10mm and 200mm. The prevalent foli-
ation dip angle ranges from 10° to 25°. Because of folding, the
trend and dip angle of the foliation surfaces locally vary. The rock
mass is affected by irregular, omni-directional jointing. However,
the joints are usually closed, containing iron oxide filling. The
joint spacing diminishes with depth. At the depth of about 10m
under the terrain surface it is classified as medium density (D3).

The geotechnical investigation was carried out by means of
eight core boreholes and a geophysical survey using shallow seis-
mic refraction and resistivity profiling methods. When this paper
was being prepared, the excavation of both construction pits for
the portal sections of the tunnel had been completed and the pro-
gnosis determined by the geotechnical investigation conducted
for the needs of the project and the design for tendering (the DZS)
was confirmed in both cases. It is possible to say in general that
the geotechnical conditions are more favourable in the area of the
northern portal, whilst the zone of weathering in the area of the
southern portal reaches greater depths.

3. TECHNICAL SOLUTION FOR THE SOUTHERN PORTAL
AND THE CROSSING WITH THE 1/3 ROAD

3.1 Original proposal according to the DzS

The tunnel gradient, the possibility of connecting utility net-
works for site facilities and the better access to the portal led to
the decision that the tunnel would be driven in the south-north
direction. At the time of the preparation of the design for tende-
ring the D3 motorway had not been in service yet and the impor-
tance of the I/3 road in terms of the area serviceability and the
traffic volume associated with it did not allow the interruption of
traffic for the tunnel construction period. For that reason the aut-
hor of the design for tendering chose to propose a road underpass
to be driven using the side drifts and central pillar excavation
sequence together with accompanying stabilisation measures.
The measures were required first of all with respect to the height
of the overburden and the effects of traffic on the road. There are
Quaternary sediments and completely weathered paragneiss at
the total thickness of a mere 2.7m under the structural layers of
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the roadway above the mined tunnel with
the excavated cross-sectional area of
110m?. For that reason the consolidation of
the overburden by means of two rows of
horizontal jet grouted columns around the
top-heading circumference was proposed
in the design for tendering. It comprised
the total of 63 horizontal boreholes with
the assumed diameter of the jet grouted
column of 40cm, installed at the spacing of
50cm. Canopy tube pre-support, also com-
prising two rows around the top heading
circumference, was proposed to be instal-
led in the overburden consolidated in the
above-mentioned way. The first row adja-
cent to the excavated opening was formed
by 41 pieces of 25m long horizontal tubes

Obr. 2 Puvodni &lenéni vyrubu pro razbu pod komunikaci
Fig. 2 The original excavation sequence for driving the tunnel under the road

V délce 27 m byla razba pod komunikaci navrZena
v technologické tfidé vyrubu Vb, s vertikdlnim ¢lenénim vyrubu
na dvé opéerové Stoly a stiedni Stolu. Primarni osténi ze stifkané-
ho betonu C20/25-X0 tloustky 400 mm bylo vyztuZzeno dvéma
vrstvami siti KARI 8/100x8/100. Stabilitu elby zajistovaly sklo-
lamindtové kotvy délky 25 m a v kazdém zabéru ndstfik betonu
o tloustce 100 mm. Vnitrni do¢asné osténi tloustky 300 mm bylo
provedeno ze stejného betonu a vyztuzeno rovnéz dvéma vrstva-
mi siti KARI 8/100x8/100. Kazda ze tif Stol vertikdlniho ¢lenéni
byla ddle horizontdlné ¢lenéna na dva dil¢i vyruby. Prostorové
vztahy v misté kfizeni tunelu s komunikaci, vertikdlni ¢lenéni
vyrubu a opatfeni pro zajisténi stability nadloz{ ukazuje obr. 2.

Po podchodu komunikace presel vyrub do technologické
tiidy vyrubu Va s jiz horizontdlnim ¢lenénim profilu tunelu
a tloustkou primédrniho osténi 300 mm. Snahou ndvrhu podle
DZS bylo minimalizovani poklesu pfi podchodu komunikace
a rizika tvorby nadvyrubu jak po obvodu tunelu, tak v oblasti
Celby. Vzhledem ke geotechnickym vlastnostem horninového
masivu, a predev§im malé vySce nadlozi pod komunikaci,
nebylo moZné pocitat se vznikem nosného prstence v okoli
vyrubu a vytvoreni nadvyrubu by znamenalo zvySené riziko
zavalu. Po dobu razby pod komunikaci se pocitalo se snizenim
rychlosti na komunikaci na 30 km/h a kratkodobym preru$enim

Obr. 3 Prostredi pod vrstvami vozovky v nadloZi tunelu (foto Marik)
Fig. 3 Environment in the tunnel overburden under the roadway layers
(photo by Marik)

@108/16mm. Above this row, 26 horizon-
tal canopy tubes 15m long were installed.

Excavation support class Vb was designed for the 27m long
section under the road, with the excavation sequence consisting
of two sidewall drifts and a central tunnel. The 400mm thick pri-
mary lining built using C20/25-X0 sprayed concrete was reinfor-
ced with two layers of 8/100x8/100 KARI mesh. The stability of
excavation face was provided by 25m long glassfibre reinforced
plastic (GRP) anchors and a 100mm thick layer of shotcrete app-
lied at each excavation round. The 300mm thick inner temporary
lining was carried out using the same concrete grade and was also
reinforced with two layers of 8/100x8/100 KARI mesh. Each of
the three drifts (two sidewall drifts and the central tunnel) was
further divided horizontally into two partial excavations. The spa-
tial relationships in the location of the crossing of the tunnel with
the road, the vertical excavation sequence and the measures for
the stabilisation of the overburden are presented in Fig. 2.

After passing under the road, the excavation support class was
changed to Va, already with the horizontal sequence (top heading
and bench) and the primary lining thickness of 300mm. The aim
of the proposal according to the DZS was minimising the subsi-
dence during the work on the road underpass and the risks of the
development of overbreaks both along the tunnel excavation cir-
cumference and in the area of the excavation face. With respect to
the rock mass geotechnical properties and, first of all, to the small
height of the tunnel overburden under the road, it was not possib-
le to count on the development of a load-carrying ring around the
excavated opening and the origination of an overbreak would
have meant an increase in the risk of collapsing. The plan was
that, during the tunnelling under the road, the speed limit on the
road would be reduced to 30km/h and the traffic would be inter-
rupted for a short time only during blasting operations. The qua-
lity of the rock mass after removing the roadway layers is shown
in Fig. 3.

3.2 Changes from the completion of the DZS until
the commencement of tunnelling

During the period beginning by the completion of the design
for tendering, through the tendering process and ending by the
commencement of tunnelling operations, the D3 motorway was
opened to traffic and the volume of traffic on the I/3 road signifi-
cantly diminished. On a proposal from the author of the design
for tendering (the RDS), the contractor decided to submit to the
project owner, the Railway Infrastructure Administration, an
alternative method to be used for the tunnel construction under
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provozu jen po dobu provadéni
trhacich praci. Kvalitu horninového
masivu po sejmuti vrstev vozovky

ukazuje obr. 3.

3.2 Zmény od zpracovani DZS po
realizaci tunelu

V obdobi od dokonceni dokumen-
tace pro zaddni stavby, provedeni
soutéZe na vybér zhotovitele a za-
hédjeni stavebnich praci na tunelu do-
§lo ke zprovoznéni délnice D3
a vyraznému poklesu intenzity do-
pravy na komunikaci I/3. Na ndvrh
zpracovatele realiza¢ni dokumentace
stavby (RDS) se rozhodl zhotovitel

predlozit investorovi SZDC alterna-
tivni zplsob provedeni tunelu v ob-
lasti kfiZzeni pomoci metody ,,Zelva®.
Jednd se o metodu, kterd kombinuje vystavbu tunelu v oteviené
stavebni jamé a razbu pod zastropenim, které tvori klenbova kon-
strukce betonovand pfimo na upraveny profil dna stavebni jamy.
Klenba provizorniho zaji§téni tunelu pfipomind tvarem Krunyf
Zelvy a dala tak pouzité metodé ndzev. Razba opéfi probihd jiz
standardné pomoci NRTM se zajiSténim stability vyrubu primar-
nim osténim ze strikaného betonu a kotvami SN délky 6 m.
Princip metody je zfejmy z pri¢ného fezu tunelem v misté Zelvy,
ktery ukazuje obr. 4.

Navrh technického feSeni vychdzel z predpokladu zkraceni
uzavirky komunikace na minimum, minimalizace zdboru pozem-
ku, co nejmensiho rozsahu poskozeni komunikace a nenavySeni
investi¢nich ndkladu. Ndvrh byl rozpracovén do drovné ideového
feSeni a predloZen investorovi k vyjadreni. Diky vstficnému pri-
stupu zdstupct investora SZDC i autorského dozoru byl ndvrh
prijat s podminkou, 7Ze zména nevyvold navySeni investi¢nich
nékladu a nepovede k prodlouZeni terminu vystavby. Déle bylo
podminkou, Ze zhotovitel zajisti souhlasné stanovisko dotéenych
orgdnu statni spravy i jednotlivych dcastniku vystavby. Vhledem
k tomu, Ze DZS nepiedpoklddala vykup pozemku pro konstrukci
»zelvy, musel zhotovitel projednat i docasny prondjem dotcené-
ho pozemku od soukromého vlastnika. Zména realizaéni doku-
mentace, a zejména jeji projednéni a zajisténi souhlasnych stano-
visek, vyzadovaly Cas, ktery nebyl v harmonogramu praci pavod-
né predpokldaddn. Razba tunelu méla byt zahdjena pravé od jizni-
ho portdlu. Proto byl harmonogram praci prepracovan a vystavba
byla zahdjena hloubenim stavebni jamy severniho portdlu. Tak
vznikl Casovy prostor, ktery umoznil navrzené technické reSeni
kladné projednat.

Zajisténi provozu na komunikaci I/3 bylo puvodné navrZeno
vytvofenim nové prelozky situované do prostoru zafizeni stave-
ni$té na jiznim portdle. To by znamenalo provedeni vysokého
nasypu v tésném sousedstvi stdvajici komunikace, ktery by
musel byt i s vrstvami vozovky nésledné likvidovan. Na misto
kiiZzeni komunikace a tunelu bylo svoldno jednéni za Gcasti kom-
petentnich zastupci SZDC, RSD CR Stredoceského a JihoGes-
kého kraje, odboru dopravy Jihoc¢eského kraje a Tébora, Policie
CR a mistné piislu§né spravy a tidrzby silnic. Po vysvétleni pro-
blematiky kfiZeni tunelu s komunikaci, a zejména ujisténi zhoto-
vitele o predpoklddané dobé preruSeni provozu, doslo k po-
zitivnimu zdvéru, Ze provoz na komunikaci muZe byt po dobu
vystavby Zelvy preruSen a preveden na objizdné trasy. Tim doslo
nejen ke zkraceni stavebnich praci, ale i optimalizaci z hlediska
investi¢nich ndkladi spojenych s vystavbou a likvidaci nové

Obr. 4 Novy ndvrh kriZeni s komunikaci — metoda ,,Zelva‘
Fig. 4 The new proposal for the crossing with the road — the “tortoise shell method”

the crossing, namely the so-called “tortoise shell” cover-and-cut
method. This method combines the cut-and-cover method and the
cover-and-cut method, where the tunnel “roof” is formed by
a concrete vault cast directly on the shaped bottom of the “con-
struction pit”. The shape of the temporary support vault of the
tunnel resembles the shell of a tortoise, which fact gave the name
to the method. The excavation of the bench proceeds using the
standard NATM, with the excavation stability secured by shotc-
rete primary lining and 6m long SN anchors. The method prin-
ciple is obvious from the tunnel cross-section in the “tortoise
shell” location, which is presented in Fig. 4.

The proposal for the technical solution was based on the
assumption that the duration of the road closure would be redu-
ced to the minimum, the extent of the land to be used for the con-
struction would be minimised, damages caused to the road would
be as small as possible and the investment cost would not be inc-
reased. The proposal was prepared up to the level of the solution
to ideas and was submitted to project owner’s comments. Thanks
to the helpful approach of the representatives of the project
owner, the Railway Infrastructure Administration, and consulting
engineer’s supervision, the proposal was accepted under the con-
dition that the change would not cause any increase in the invest-
ment cost and would not lead to any delay in the construction
completion. The other condition was that the contractor would
provide the approval of concerned state administration bodies and
individual construction participants. With respect to the fact that
the DZS had not expected purchasing of land for the “tortoise
shell” structure, the contractor had to negotiate even the tempora-
ry leasing of the land in question from the private owner. The
change in the detailed design and, first of all, negotiations and
obtaining approvals, required time which had not been expected
in the original works programme. It was just the southern portal
from which the tunnel excavation was to be started. This was the
reason why the works programme was revised and the construc-
tion started by the excavation of the construction pit for the nort-
hern portal. Thanks to this change there was time available for
successful negotiations about the proposed technical solution.

The original proposal for securing traffic on the I/3 road was to
create a new diversion road located in the area of the constructi-
on site facility at the southern portal. It would have meant the
necessity for the construction of a high embankment in close pro-
ximity to the existing road, which would have to be subsequently
removed including the roadway layers. A meeting was convened
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prelozky. Alternativni feSeni se tak priblizilo podmince, Ze nepo-
vede ke zvySeni investi¢nich ndkladu oproti DZS. Na zédkladé
tohoto rozhodnuti byla vypracovdna realizacni dokumentace
a zhotovitel mohl zménu technického feSeni ocenit a predlozit
investorovi stavby.

Dne 9. 10. 2013 bylo vydédno rozhodnuti o tplné uzavirce sil-
nice I/3 v misté kfiZeni s novym Zelezni¢nim tunelem na dobu od
12.10. do 15. 12. 2013. Bohuzel se vlivem zdlouhavého projed-
navdni zmeény posunulo do zimniho obdobi a hrozily problémy
nejen s provddénim stavebnich praci (betondZe konstrukce
»zelvy“ a obnova konstrukénich vrstev komunikace), ale
i s pripadnym zaji$ténim zimni ddrzby objizdné trasy vedené po
silnicich niz8ich tfid. O to vétsi byla snaha zhotovitele zrealizovat
prace v co nejkrat§im terminu, coZ se i diky pfiznivému pocasi
podafilo a provoz na silnici I/3 byl obnoven o 5 dnu difve, neZz
predpoklddal harmonogram.

V prabéhu 59 dna byly zrealizovény ndsledujici prace: pokdceni
5 ks stromt mimo lesni zelen, odstranéni konstrukénich vrstev
vozovky o plose cca 350 m?, odvrtani a instalace 147 ks svislych
mikropilot @ 108/16 mm délky 4,0-11.,5 m, postupné odtéZeni cca
3400 m® materidlu tfidy t&Zitelnosti 2—4, instalace 89 ks predpina-
nych tyCovych kotev @ 26,5 mm délky 10 a 11 m a 125 ks SN
kotev @ 32 mm délky 5 m umisténych pod patou ,,zelvy*, vytvaro-
véani zemniho télesa ,,zelvy* s ulozenim separacni vrstvy a vyztuze
klenby Zelvy, vlastni betondZ v 8 blocich o objemu celkem cca
750 m® betonu C20/25 (resp. C30/37 v blocich, pod kterymi bude
nejdiive provddéna razba). Po ndrustu pevnosti betonu byl prove-
den postupny hutnény zdsyp stavebni jamy a znovuzfizeni kon-
struk¢nich vrstev komunikace. Soucasné byl v dobé uzavirky zrea-
lizovan souvisejici stavebni objekt — rozsiten{ silnice 1/3 v¢. osaze-
ni svodidla H2 na strané komunikace prilehlé ke stavebni jameé.

Zkraceni terminu oproti pivodné pldnovanému 15. 12. 2013 je
nejen dspéchem zhotovitele stavby, ale i pozitivnim signdlem pro
technickou vefejnost, Ze navrzené zmeény beéhem vystavby byly
dobrou volbou pro feSeni ndro¢ného kfiZeni komunikace
s tunelem a splnily vklddand ocekdvani.

3.3 Nové technické feseni v misté kiizeni komunikace
a tunelu

Pfi ndvrhu technického feSeni vychézel projektant RDS ze zku-
Senosti ziskanych pri pouZiti vystavby tunelu pomoci metody
»zelva®“ na vychodnim portdle ddlni¢niho tunelu Branisko na
Slovensku a zejména pak na Zeleznicnich tunelech Mald Huba
a Hnévkovsky I. na tratovém tseku Zabreh na Moravé — Krasikov.
I kdyz v Ceské republice metoda Zelva neni moc rozifend,

Obr. 5 Dno stavebni jamy ve tvaru klenby tunelu (foto Marik)
Fig. 5 The construction pit bottom in the shape of the tunnel vault (photo by
Maiik)
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to the crossing between the road and the tunnel. It was attended
by competent representatives of the Railway Infrastructure
Administration, the Road and Motorway Directorate of the CR
for the Central Bohemian and South Bohemian regions, depart-
ments of transport of the South Bohemian region and Tébor, the
Police of the CR and the locally relevant department of the
Administration and Maintenance of Roads. After explaining the
problems of the crossing of the tunnel with the road and, first of
all, after contractor’s affirmation regarding the assumed duration
of the traffic interruption, a positive conclusion was reached that
traffic on the road could be interrupted during the “tortoise shell”
construction and traffic could be diverted to by-pass routes. The
result of this decision was not only the fact that the duration of
construction works was reduced, but also the fact that the invest-
ment costs associated with the construction and removal of the
new diversion road were optimised. In this way the alternative
solution approximated the condition that it would not lead to any
increase in investment costs compared with the DZS. Based on
this decision, the detailed design was carried out and the contrac-
tor could prepare the estimation of the change in the technical
solution and submit it to the project owner.

The approval to completely close traffic on the I/3 road in the
location of the crossing with the new railway tunnel from the 12th
October to the 15th December 2013 was issued on the 9th October
2013. Unfortunately, due to the lengthy discussions about the
change, the work got shifted to a winter season and problems
threatened not only with the execution of the construction work
(the casting of the concrete “tortoise shell” and renovation of the
roadway structural layers), but also with securing the winter
maintenance of the by-pass route leading along lower-class roads,
if necessary. The greater was contractor’s effort to carry out the
work in an as short as possible time. Thanks to favourable weat-
her, this effort was successful and traffic on the 1/3 road was res-
tored 5 days ahead of the scheduled deadline.

The following work was carried out during 59 days: cutting
down 5 trees outside the forest green area, removing structural
layers of the roadway within an area of about 350m?, drilling for
and installation of 147 pieces of 4.0-11.5m long vertical micropi-
les @ 108/16mm, gradually excavating about 3,400m’ of excava-
tion class 2—4 material, installing 89 pieces of 10m respectively
11m long pre-tensioned rod anchors @ 26.5mm and 125 pieces of
5m long, @ 32mm SN anchors located under the “tortoise shell”
toe, shaping the ground body forming the substrate for the “torto-
ise shell” to be cast on, placing a separation layer on it, placing
reinforcement for the “tortoise shell” vault, casting 8 concrete
blocks with the total volume of 750m> for the casting blocks
under which the excavation was to start, using C20/25 concrete
grade (or C30/37). When the concrete strength sufficiently grew,
the construction pit above the vault was gradually backfilled with
compaction and the structural layers of the road were restored.
Concurrently with these operations, a related structure was reali-
sed during the traffic closure — the 1/3 road width was enlarged
and H2 safety barriers were installed along the road side adjacent
to the construction pit.

The shortening of the term compared to the originally schedu-
led date of 15/12/2013 is not only the contractor’s success but
also a positive signal for the technical public that the changes pro-
posed during the construction were a good choice for the soluti-
on to the complicated crossing of the road with the tunnel and that
they met the expectations.
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Obr. 6 Tvarovadni profilu Zelvy stiikanym betonem (foto Marik)
Fig. 6 Shaping of the “tortoise shell” surface with shotcrete (photo by Marik)

v zahrani¢i je hojné vyuZivana predevs§im s ohledem na rychlé
uvedeni povrchu tzemi do pavodniho stavu a omezeni negativ-
nich G¢inka vystavby na Zivotni prostiedi.

Z divodu minimalizace rozsahu stavebn{ jamy zajistovaly jeji
boky kotvené mikropilotové stény. Hloubka stavebni jamy dosa-
hovala v nejhlub$im mist¢ 8 m. Kotveni bylo provedeno
v zdvislosti na hloubce jamy ve dvou, resp. tfech trovnich, pomo-
ci predpinanych tycovych kotev délky 10 m a 11 m s délkou kore-
ne 5 m. Sily z kotev prendSely do mikropilot ocelové prevazky
a stabilitu horniny mezi mikropilotami zajistoval nastfik betonu
vyztuzeny siti KARI 8/100x8/100. Celo stavebni jamy bylo pro-
vedeno svahovanim a kotvenim kotvami SN & 25 mm délky 4 m
provadénymi do cementové zalivky. Celni svah jamy chranila
opet vrstva vyztuZeného stiikaného betonu.

Dno stavebni jamy bylo tvarovano do pulkruhu jako ,,bednéni*
ndsledné provadéné klenby Zelvy (obr. 5). Vzhledem k popiso-
vanému rozpukdni horninového masivu vznikaly pfi tvarovani
dna stavebni jamy odchylky od teoretického tvaru, které byly
vypliovany stiikanym betonem. Tvar klenby pomdhala uréovat
sit KARI. Tvarovéni lice stavebni jamy stfikanym betonem uka-
zuje obr. 6. Na vytvarované dno stavebni jdmy byla poloZena
separacni PE félie a ochrannd vrstva geotextilie, kterd chranila
folii pred poskozenim pri montdzi vyztuze Zelvy. Mezi mikropi-
loty zajisténi bo¢nich stén stavebni jamy byly Sikmo umistény
kotvy SN & 32 mm délky 5 m provadénymi do vrtu délky 4 m
s cementovou zdlivkou. Zbyvajici 1 m kotvy byl po montazi pru-
tové vyztuze zabetonovan do patky Zelvy Sitky 1,5 m. Tloustka
Zelvy ve vrcholu klenby 600 mm smérem k paté narustala. Po
montdZi prutové vyztuze klenby nésledovala betondz s délkou
bloku betondze 6 m. Cely postup vystavby po jednotlivych kro-
cich ndzorné ukazuje obr. 7.

Ackoli projekt predpokladal beton konstrukce C16/20, rozhodl
se zhotovitel kvuli urychleni doby vystavby pouZit beton C25/30
a pro bloky, pod nimiz méla byt zahdjena razba tunelu, dokonce
beton C30/37. Tim bylo dosaZeno rychlej$iho nérustu poZadova-
né pevnosti betonu pro provedeni zpétného zdsypu a obnoveni
konstrukce vozovky v nadlozi tunelu. Zasyp musel byt hutnén
tak, aby splnoval pozadavky pro podkladni vrstvy vozovky
a nedochdzelo vlivem seddni k poSkozeni nové zfizené Cdsti
komunikace. Po provedeni zdsypu a obnoveni vrstev vozovky
(obr. 8) byla zahdjena razba kaloty pod Zelvou. Projektovana tro-
ven dna kaloty je pod drovni patek Zelvy. Aby se zamezilo vypa-
ddvani rozpukané horniny zpod patek Zelvy, byl podél patek
ponechéan ochranny pruh horniny minimdlni $itky 1 m. Tato ast
kaloty byla dotéZena a zajiSténa primarnim osténim az pri razbé

Obr. 7 Faze vystavby Zelvy (foto Jira)
Fig. 7 The ,tortoise shell“ construction phase (photo by Jira)

3.3 New technical solution for the location of the cros-
sing between the road and the tunnel

When preparing the technical solution, the author of the detai-
led design (the RDS) built on the experience gained during the
construction of the tunnels where the “tortoise shell” method had
been applied, i.e. the eastern portal of the Branisko tunnel,
Slovakia, and, first of all, the Mald Huba and Hnévkov I railway
tunnels on the Zabreh na Moravé — Krasikov track section.
Despite the fact that the “tortoise shell” method is not too much
spread in the Czech Republic, it is frequently used abroad, main-
ly with respect to the quick reinstatement of the original terrain
surface and the limitation of the negative environmental effects of
construction.

The sides of the construction pit were stabilised by anchored
micropile walls with the aim of minimising the pit extent. The
construction pit depth at the deepest place reached 8m. The
anchors were installed in two or three tiers, depending on the pit
depth. Pre-tensioned rod anchors 10m and 11m long with 5Sm long
roots were used. Forces were transferred from anchors to micro-
piles by means of steel walers and the stability of the ground bet-
ween micropiles was provided by shotcrete reinforced with
8/100x8/100mm KARI mesh. The front end of the construction
pit was sloped and anchored using 4m long SN anchors & 25mm
inserted into cement grout. The front-end slope of the pit was
again protected by a layer of reinforced concrete.

Obr. 8 Rozsah obnoveni vozovky nad tunelem (foto Marik)
Fig. 8 The extent of the restoration of the road above the tunnel (photo by

Maiik)



opéfi tunelu. Tvar kaloty a zbytky separaéni félie pod konstrukci
zelvy ukazuje obr. 9.

Usek razeny pod Zelvou ma délku 50 m a je volen jednak
s ohledem na bezpecnou vysku nadloZi pro razbu tunelu za Zel-
vou v technologické tfidé vyrubu Va, jednak s ohledem na zjed-
noduseni zajisténi doCasnych svaha stavebni jamy jizniho portd-
lu i trvalych svahu portdlu tunelu a zdfezu traté pred portdlem.
Uprava rozsahu &asti tunelu raZeného pod Zelvou vedla
k odstranéni do¢asné mikropilotové stény zajistujici stabilitu sta-
vebni jamy i trvalé Zelezobetonové konstrukce portdlové stény,
zajistené pomoci trvalych predpinanych, pramencovych kotev.

Dne 28. 11. 2013 bylo zahdjeno odtéZovani stavebni jamy jiz-
niho portdlu soucasné s navazujicim zarezem Zelezni¢niho spod-
ku. Razba tunelu pod ochranou ,,zelvy* byla zahajena 2. 12. 2013
a prvni zdbery v kaloté razené pod Zelvou dokumentuje obr. 10.
Za 9 dnu vyrazil zhotovitel 48 m kaloty a k 10. 12. 2013 ukongil
2 m pred koncem Zelvy jeji razbu. Celba byla zajisténa stitkanym
betonem se siti, kotvami SN a pfipravena pro preruSeni praci
v obdobi vdno¢nich svatka.

Od 11. 12. 2013 byla zahdjena razba op€fi, kterd jiz probihala
podle zdsad NRTM s délkou zdbéru 1 m. V oblasti tunelu pod
»Zzelvou* byly zastizeny horniny tfidy tézitelnosti R3-R5, jedna-
lo se zejména o polohy silné zvétralé pararuly bez pritomnosti
podzemni vody. Rozpojovani ¢elby probihalo mechanicky pomo-
ci tunelbagru, naklddka a odvoz rubaniny pomoci nakladace
a dumperu. Se vrustajici vzdélenosti od portdlu a zvétSujici se
vyskou nadlozi se podminky pro razbu zlepSovaly a pii dalSim
postupu razby za Zelvou se jiz predpokladalo k rozpojovani hor-
niny vyuziti trhacich praci. Vyrub z tunelu byl uklddadn na prileh-
lou mezideponii s tim, Ze veSkery vyrubany materidl bude v rdmci
stavby zabudovan. Vhodné materidly budou zabudovany do tcle-
sa Zelezni¢niho spodku, nevhodné materidly budou uloZeny pri
zdsypech zéfezu stavajici Zelezni¢ni trati.

V dobé psani ¢lanku byla kalota tunelu pod Zelvou vyraZena
v délce 48 m a probihala razba opéfi tunelu. Do preruSeni praci
pred vanoénimi svatky bylo planovdno dotéZeni a zajiSténi tune-
lu pod Zelvou v délce 48 m primdrnim osteénim tloustky 300 m se
dvéma vrstvami siti KART KY80 8/150x8/150. Kotveni boku
tunelu je navrZzeno kotvami SN & 25 mm délky 6 m provadény-
mi do cementové zélivky. Technologicka tfida pro razbu tunelu
pod Zelvou byla nazvédna Vc a jeji vytvoreni odpovidd pozadav-

In the cross-section, the construction pit bottom was shaped
as a semi-circle, providing “formwork” for the subsequent cas-
ting of the “tortoise shell” vault (see Fig. 5). Taking into con-
sideration the above-mentioned rock mass jointing, deviations
from the theoretical shape originated when the bottom was
being shaped. They were backfilled with shotcrete. KARI
mesh helped to determine the geometry of the vault. The sha-
ping of the surface of the construction pit bottom with shotc-
rete is shown in Fig. 6. When the construction pit bottom sha-
ping had been finished, the pit surface was covered with
a separation PE membrane and a protective geotextile layer,
which protected the membrane against damaging during the
placement of the “tortoise shell” reinforcement. SN anchors
& 32mm and 5m long were installed between the micropiles
supporting the side walls of the construction pit. They were
inserted into 4m long inclined boreholes filled with cement
grout. When the installation of bar reinforcement had been
finished, the remaining 1m length of the anchor was embedded
in the 1.5m wide footing of the “tortoise shell” vault. The
thickness of the vault grew from 600mm at the top down to the
footing. The installation of rod reinforcement of the vault was
followed by the casting of concrete with the casting block
length of 6m. The entire construction process consisting of
individual casting blocks is illustrated in Fig. 7.

Despite the fact that the design required concrete grade
C16/20 for the structure, the contractor decided to use concre-
te grade C25/30 with the aim of reducing the construction
duration. Even concrete grade C30/37 was used for the blocks
under which the tunnel excavation was to be started. In this
way faster growth in the concrete strength required for back-
filling the pit and restoration of the roadway structure above
the tunnel was achieved. The backfill had to be compacted to
meet requirements for the roadbase layers so that damaging of
the newly constructed part of the road due to settlement was
prevented. The excavation of the top heading under the “torto-
ise shell” started after the completion of the backfill and resto-
ration of the roadway layers (see Fig. 8). The designed level of
the top heading bottom is under the level of the “tortoise shell”
vault footings. A protective strip of ground with the minimum
width of Im was left along the toes with the aim of preventing
the fractured rock from falling from under the footings. This

Obr. 9 Tvar kaloty pod Zelvou (foto Marik)
Fig. 9 The shape of the top heading under the “tortoise shell” (photo by Marik)
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Obr. 10 Zdrez pred portilem — zahdjeni raZby (foto Jira)
Fig. 10 Open cut in front of the portal — the commencement of excavation
(photo by Jira)

kim zvldstnich technickych kvalitativnich podminek stavby,
které jsou soucdsti zaddvaci dokumentace. Prevdznou vétSinu
pouzitych prvku zajistén{ stability vyrubu v nové technologické
tridé tvorily poloZzky ocenéné v nabidce zhotovitele.

4. TECHNICKE RESENI STAVEBNI JAMY SEVERNIHO
PORTALU

Na rozdil od stavebni jamy jizniho portdlu, kterd t€sné soused{
s komunikaci 1/3 a jejiz technické fesent je touto skute¢nosti limi-
tovdno, byla stavebni jama severniho portdlu provadéna v do-
state¢né vzddlenosti od této komunikace. Pfi hloubeni stavebni
jamy se potvrdily predpoklady geotechnického prazkumu, svahy
stavebni jamy vykazovaly dobrou stabilitu a geotechnické pod-
minky byly leps$i nez v oblasti jizniho portdlu. Jiz pfi odkryti
kvartérnich sedimenti a vrstev zcela zvétralé pararuly bylo
z fragmentace horniny zifejmé, Ze geotechnické podminky budou
na tomto portdle vyrazné priznivejsi nez na jiznim portdle.

Ochrana prvni etaze stavebni jamy byla provedena pomoci pro-
tieroznich matraci. Stavebni jama severniho portalu byla dokon-
Cena véetné zarodku kaloty raZeného tdseku tunelu. Ten bude
zaroven slouzit jako rubové bednéni ¢asti bloku betonaze defini-
tivniho osténi tunelu, které zasahuje do stavebni jamy. Prace na
odtéZeni stavebni jamy severniho portdlu byly zahdjeny soucasne
s realizaci navazujictho zdrezu Zelezni¢niho spodku dne 19. 8.
2013 skryvkou ornice. Postupné bylo odtéZeno cca 10 000 m®
zemin a horniny do tfidy tézitelnosti 6, rozpojovani horniny bylo
provadéno mechanicky pomoci impaktora. Obr. 11 ukazuje sta-
bilni celbu kaloty.

VytéZeni a zajisténi stavebni jamy severniho portdlu vyplnilo
Casovy prostor potfebny pro vyreSeni zmén na jiznim portédle
a poskytlo materidl, ktery bylo tfeba podle harmonogramu celé
stavby Sudoméfice — Tdbor pouZit do jinych objektd na moderni-
zovaném useku Zeleznice.

5. ZAVER

V obdobi od zpracovani dokumentace pro zadani stavby do
zahdjeni vystavby tunelu doSlo v dané lokalité ke zmeéndm, které
umoznily tdpravu technického feSeni dfive nemyslitelnou.
Provadeni dprav technického feSeni az v drovni realizaéni doku-
mentace stavby predstavuje hned z nékolika divodu velmi ndroc-
ny proces. Prvnim divodem je Casovy tlak ze strany zhotovitele
i investora na vypracovani a odsouhlaseni zmény technického

part of the top heading excavation was finished and provided
with a primary lining later, during the excavation of the tunnel
bench. The top heading shape and remains of the separation
membrane under the “tortoise shell” structure are presented in
Fig. 9.

The section excavated under the “tortoise shell” is 50m long.
This length was chosen taking into consideration both the
height of the overburden safe for the excavation of the tunnel
beyond the “tortoise shell” categorised as excavation support
class Va and the simplification of the support of the temporary
slopes of the southern portal and the permanent slopes of the
tunnel portal and the open cut for the track in front of the por-
tal. The change in the extent of the part of the tunnel excava-
ted under the “tortoise shell” led to the removal of the tempo-
rary micropile wall securing the stability of the construction
pit and the permanent reinforced concrete portal wall structu-
re stabilised by means of permanent pre-tensioned stranded
anchors.

The excavation of the construction pit for the southern por-
tal commenced on 28/11/2013, concurrently with the excavati-
on of the adjoining cutting for the track bed. The excavation
under the “tortoise shell” started on 02/12/2013. Initial top
heading excavation rounds are documented in Fig. 10. During
9 days the contractor excavated 48m of the top heading and
terminated the excavation 2m before the end of the “tortoise
shell” on 10/12/2013. The excavation face was stabilised with
steel mesh reinforced shotcrete and SN anchors and was pre-
pared for the suspension of work during the Christmas holi-
days.

The excavation of the bench commenced on 11/12/2013,
already using the NATM with the excavation round length of
Im. Rock excavation classes R3-R5 were encountered in the
area of the excavation under the “tortoise shell”. The rock con-
sisted mainly of heavily weathered paragneiss without the pre-
sence of groundwater. The face was disintegrated mechanical-
ly using a tunnel excavator and muck was removed by means
of a loader and a dumper. The excavation conditions improve
with the increasing distance from the portal and it is expected
that rock will have to be disintegrated by blasting during the
excavation following beyond the “tortoise shell”. The muck is
deposited on an intermediate stockpile and all material will be
used later for the construction. Suitable materials will be used
for the track bed, whilst unsuitable materials will be used for
backfilling the cuttings on the existing railway track.

At the time of writing this paper the excavation of the top
heading of the tunnel under the “tortoise shell” was completed
at the length of 48m and the excavation of the tunnel bench
was in progress. It is planned that the excavation of the 48m
long section of the tunnel under the “tortoise shell” will be
finished and provided with a 300mm thick primary lining rein-
forced with KY80 8/150x8/150 KARI mesh before the
Christmas holiday work interruption. SN anchors & 25mm and
6m long inserted into cement grout are designed to anchor the
tunnel sidewalls. The excavation support class for the tunnel-
ling under the “tortoise shell” was designated Vc. Its creation
corresponds to requirements of the special specifications for
the construction which are part of the design for tendering. The
vast majority of the elements used for stabilising the excavati-
on through the new-class ground is formed by items estimated
in the contractor’s bid.
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Obr. 11 Severni portdl — &elba kaloty (foto Marik)
Fig. 11 Northern portal — top heading excavation face (photo by Marik)

feSeni do trovné realizatni dokumentace. Harmonogram
vystavby zpravidla se zménami technického feSeni nepodlitda
a jeho upravy vyzaduji vstficny postoj ze strany vSech tcastni-
ku vystavby. Druhym duvodem je platnd legislativa, pro kterou
jsou zmény béhem vystavby zpravidla neZddouci a je k nim pri-
stupovdno se zna¢nou mirou neduvéry. Dal§im duavodem je
navySeni ceny realizacni dokumentace stavby, kterd je spojena
se zvySenou pracnosti oproti standardnimu rozpracovani DZS
do podrobnosti RDS.

Jedinym kritériem pfi vybérovych fizenich na zhotovitele stav-
by je cena, kterd tladi doli nejen cenu stavebnich, ale
i projekénich praci. Proto musi zhotovitel pri kalkulaci vyhod-
nosti ¢i nevyhodnosti zmény technického feSeni zohlednit pfinos
navrzenych zmén. Jednoduchym kritériem byva v takovych pri-
padech hodnoceni ¢isté ekonomické. V pfipadé zmén navrzenych
v oblasti kfizeni tunelu s komunikaci I/3 neSlo pouze
o ekonomicky prinos navrzeného feSeni. V tomto piipadé bylo
prioritou sniZeni rizika spojeného s razbou tunelu s nizkym
nadlozim pod provozovanou komunikaci. Obdobny pripad nebyl
dosud na tizemi Ceské republiky realizovan a ani v zahrani¢i neni
Castym jevem. Ekonomicky efekt byl proto v tomto pripadé dru-
hotady a omezil se pouze na pozadavek nenavyseni investi¢nich
nékladd oproti zadéni.

=3

Obr. 12 Sv. Barbora po posvéceni na jiznim portdle (foto Marik)
Fig. 12 St. Barbara statuette after the consecration at the southern portal
(photo by Marik)
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4. TECHNICAL SOLUTION FOR THE CONSTRUCTION PIT
FOR THE NORTHERN PORTAL

In contrast with the construction pit for the southern portal,
which is in close proximity of the I/3 road and the technical
solution for which is limited by this fact, the construction pit
for the northern portal is carried out at a sufficient distance
from this road. The geotechnical investigation assumptions
were confirmed during the construction pit excavation. The
slopes of the construction pit exhibit good stability and the
geotechnical conditions are better than those encountered in
the area of the southern portal. It was already obvious from the
fragmentation of ground mass assessed after uncovering the
Quaternary sediments and layers of completely weathered
paragneiss that the geotechnical conditions at this portal would
be significantly more favourable than those at the southern
portal.

The protection of the first stage of the construction pit was
carried out by means of anti-erosion mats. The construction pit
for the northern portal has been finished, including a “dummy
lining” section in front of the top heading of the mined tunnel
section. It will in addition serve as the external formwork for
the part of the final casting block cast in rock, which extends
into the construction pit. The excavation of the construction pit
for the northern portal started on 19/08/2013, concurrently with
the excavation of the cutting for the track bed, by stripping top
soil. About 10,000m> of soil and excavation-class-6 rock were
step-by-step excavated. Rock was disintegrated by impact bre-
akers. The stable top heading face is shown in Fig. 11.

The excavation of the construction pit for the northern por-
tal and its stabilisation filled the time space needed for solving
changes at the southern portal. In addition, it provided the
material which was, according to the overall schedule for the
Sudomérice — Tabor construction lot, necessary for other
structures on the railway section being modernised.

5. CONCLUSION

There were changes in the location in question during the
period from the completion of the design for tendering to the
commencement of the tunnel construction. Owing to these
changes it was possible to implement changes in the techni-
cal solution that had been unthinkable before. Implementing
changes in the technical solution as late as at the level of
detailed design is a very complicated process for several rea-
sons. The first reason is the time pressure from the contrac-
tor and project owner on the preparation of and obtaining
approvals to the change in the technical solution up to the
detailed design level. Works schedules usually do not take
changes in a technical solution into account and their chan-
ges require an accommodating approach from all constructi-
on participants. The other reason is the legislation in force,
for which changes during the construction period are usual-
ly unwelcome. They are approached with a significant
degree of mistrust. Another reason is an increase in the detai-
led design cost due to the increased laboriousness compared
with the standard incorporation of the DZS into the details of
the detailed design.

The only criterion for contractors applied in tenders is the
cost, which pushes down not only the cost of construction
work but also the cost of design work. For that reason the con-
tractor considering the advantages and disadvantages of
a change in the technical solution must take into account the
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Obr. 13 Oficidlni zahdjeni razby tunelu (foto Marik)
Fig. 13 The official commencement of tunnelling operations (photo by Marik)

Razba tunell je obecné vzdy spojena s uréitou mirou rizika.
Duivodem je skuteCnost, Ze moznosti prozkoumdni horninového
masivu maji své meze, projektovd dokumentace muZe mit pres
systém kontroly nedostatky a svou roli hraje i lidsky faktor pri
provadeéni dila. V pripadé, kdy je to technicky a legislativne
mozné, by mél projektant tunelu zcela vyloudit riziko spojené
s ofekdvatelnymi nepfiznivymi vlivy, nebot nelze vyloucit, Ze se
v prubéhu razby objevi skute€nosti neoekdvané, spojené zpravi-
dla se zménou geotechnickych podminek. Mimoradné udélosti
spojené s vystavbou tuneld v CR ukazuji, Ze jejich pfi¢inou je
zpravidla kumulace téchto negativnich vliva.

Zmény provedené v prubéhu vystavby Sudoméfického tunelu
vedou nepochybné ke sniZeni rizika pfi provadéni. Bylo jich
dosazeno diky vstiicnému pfistupu vSech primych ucastnika
vystavby, ale i diky starostim a obyvatelum obcfi, pies které vedly
po dobu uzavirky komunikace objizdné trasy a které se musely
vyrovnat se zvySenym zatiZenim tranzitni i staveniStni dopravou.

Investorem stavby je SZDC Stavebni sprava Praha, zhotovite-
lem geotechnického monitoringu a geotechnikem stavby je firma
ARCADIS CZ a. s. Tunely provadi firma OHL ZS, a. s. na zékla-
dé realiza¢ni dokumentace zpracované firmou IKP Consulting
Engineers, s.r.o. Autorsky dozor jako zpracovatel predchoziho
stupné dokumentace provadi firma SUDOP Praha a.s.

Dne 5. 12. 2013 byla v témér symbolickém terminu slavnostné
posvécena soska sv. Barborky, kterd bude po dobu stavby trvale
dohliZet na bezpeény prubéh praci. Fotografie na obr. 12 ukazuje
vyrezdvanou sosku, kterd se osadi do kapli¢ky na jiznim portdlu
tunelu. RaZzbu na jiZznim portdlu oficidlné zahdjila pani
Ing. Kristianovd, hlavni inZenyrka projektu za SZDC, obétova-
nim lahve Sampanského (obr. 13).

ING. LIBOR MAIél’K, libor.marik@ikpce.com,
IKP Consulting Engineers, s. r. 0.,

ING. TOMAS JUST, tjust@ohlzs.cz,

OHL 7S, as.

Recenzovali: prof. Ing. Jiri Bartik, DrSc., Ing. Martin Srb
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benefits of the proposed changes. A purely economic assess-
ment is usually the simplest criterion in such cases. However,
the economic benefit of the proposed solution was not the
only criterion in the case of the changes proposed for the area
of the crossing between the tunnel and the 1/3 road. In this
particular case the priority lied in reducing the risk associated
with the excavation of a tunnel with shallow overburden and
under a road with traffic on it. No similar case has been reali-
sed in the Czech Republic yet and its occurrence abroad is
also infrequent. The economic effect was therefore of secon-
dary importance. It restricted itself only to the requirement for
the investment cost not exceeding the tendering cost.

Tunnelling is in general always associated with a certain
degree of risk. It is so because of the fact that the possibilities
of the investigation of ground mass are limited, designs may
have flaws undiscovered by checking systems and the human
factor plays also its role in the construction process. In the
cases where it is technically and legislatively possible, the
designer should completely eliminate risks associated with
predictable unfavourable effects because it is impossible to
exclude that unexpected facts, associated usually with changes
in geotechnical conditions, appear during the tunnelling work.
Extraordinary events associated with the construction of tun-
nels in the Czech Republic indicate that their causes usually lie
in the accumulation of these negative effects.

Changes made during the course of the Sudoméfice tunnel
construction have undoubtedly led to the reduction of risks
during the work. They were achieved not only owing to the
accommodating approach of all direct participants of the con-
struction but also thanks to mayors and residents of the villa-
ges through which the diversion routes led during the traffic
closure and which had to cope with increased loading caused
by transit and construction site transportation.

The project owner is the Railway Infrastructure Admi-
nistration, Prague, the geotechnical monitoring provider and the
geotechnical engineer on site is ARCADIS CZ a. s. The tunnels
are carried out by OHL ZS, a.s. on the basis of the detailed design
carried out by IKP Consulting Engineers, s. r. 0. Consulting engi-
neer’s supervision is carried out by the author of the preceding
stage of the design, SUDOP Praha a.s.

A statuette of St. Barbara was ceremonially consecrated on
the nearly symbolic date of 5th December 2013 (a day after
this saint name day). It will continually oversee the safe cour-
se of the work during the course of the construction. The photo
in Fig. 12 shows the carved statuette, which will be installed in
a small chapel at the southern portal of the tunnel. The exca-
vation from the southern portal was officially started by Ceng.
Kristianovd, the main project engineer, on behalf of the
Railway Infrastructure Administration. She sacrificed a bottle
of champagne (see Fig. 13).

ING. LIBOR MAIéfK, libor.marik @ikpce.com,
IKP Consulting Engineers, s. r. 0.,

ING. TOMAS JUST, tjust@ohlzs.cz,

OHL 7S, a.s.
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PROTIPOVODNOVA OPATRENI V JABLONCI NAD NISOU
PREVOD POVODNOVYCH PRUTOKU RAZENYMI STOLAMI

FLOOD PREVENTION MEASURES IN JABLONEC NAD NISOU
DIVERSION OF FLOOD FLOWS THROUGH MINED TUNNELS

MIROSLAV VLK, PETR SENK

ABSTRAKT

Jablonec nad Nisou, mésto v podhiiri Jizerskych hor je spojované s vyrobou svétozndmé biZuterie, podporou sportu a drsnymi prirodni-
mi podminkami. Prdve jeho poloha na iiboli hor predznamendvd i dalsi, ménée zndmy fenomén tohoto mésta. Tim je dlouhodobd a historic-
kymi uddlostmi doloZend snaha ochrdnit mésto pred povodnémi, které s jistou pravidelnosti zateZuji nejen mésto samotné, ale i cely region
ovlivneny specifickymi podminkami v povodich horskych rek. Z tohoto pohledu by vhodnéjsi ndzev mésta znél Jablonec nad Nisami. Ve sku-
tecnosti je totiz sevien toky LuZické Nisy pritékajici od SmrZovky a Bilé Nisy, kterd pritékd ze strmych 1iboci od obce Bedrichov. V 19. sto-
leti bylo Jablonecko postizeno nékolika povodnémi, z nich? nejhorsi byla v roce 1897. V reakci na tyto uddlosti bylo v podhiri Jizerskych
hor vybudovdno nekolik prehradnich nddrZi. V souvislosti s vystavbou téchto dél doslo i k nejveétsi a nejnicivejsi havdrii vodniho dila v deji-
ndch Ceskych zemi, protrZeni prehrady na Bilé Desné v roce 1916. Na MSenské Nise, jak se tehdy nazyval MSensky potok, byla vybudovdna
tFistupriovd prehradni nddr? MSeno. Souddsti tohoto dila byly i dva razené $tolové privadéce slouZici jako derivacni Stoly pritokii z obou
Nis. Cldnek se vénuje koncepci a technickému FeSeni pravé dokoncenych viprav protipovodiiové ochrany mésta Jablonec nad Nisou se zamé-
Fenim na razbu a osténi souvisejicich podzemnich objekni.

ABSTRACT

Jablonec nad Nisou (Gablonz an der Neisse)), a town located at the foothills of the Jizerské Hory Mountains (Isergebirge), is asso-
ciated with the manufacture of world-famous imitation jewellery, its support to sports, and harsh natural conditions. Its location on
mountain slopes predetermines another, less known, phenomenon of this town. It is the long-term effort, which is even documented by
historic events, to protect the town against floods, which have nearly regularly burdened not only the town but also the entire region
affected by specific conditions in the catchment areas of mountain rivers. From this point of view, a more proper name of the town
would be Jablonec on Nisas, taking into consideration the fact that it is clamped between the LuZickd Nisa river, flowing from the
town of Smrzovka, and the Bild Nisa river, flowing down steep slopes from the village of BedFichov. In the 19t century the Jablonec
region was affected by several floods, the worst of which was in 1897. Several dam reservoirs were built in the Jizerské Mountains
Joothills in reaction to these events. The largest and most devastating collapse of a dam in the history of Czech provinces, the burs-
ting open of a dam on the Bild Desnd River (Weisse Desse) in 1916, also happened in connection with the development of these dams.
A three reservoir dam was built on the MSeno Nisa (this name was used for the Mseno Brook at that time). This project even contai-
ned two mined intake tunnels used for the derivation of flows from the two Nisa rivers. The paper deals with the concept and techni-
cal solution for the just finished changes in the flood prevention measures for the town of Jablonec nad Nisou, with the focus on the
underground excavation and lining of related underground structures.

uvoD INTRODUCTION

Ochranny systém protipovodnovych opatfeni (PPO) mésta
Jablonce byl navrzen prof. Dr. Otto Intzem z Cach, rakouskym
specialistou na vodohospoddrské stavby, a budovdn v letech
1902-1911 vyznamnym stavitelem Franzem Schénem z Prahy.

V novodobé historii vodniho dila (VD) MSeno vznikl poza-
davek na zvyseni bezpecnostni funkce PPO. Verejnosti poza-
dovand garance rekreacni funkce nddrze vsSak vyzadovala

0br. 1 Udolni nddrz VD Mseno
Fig. 1 MSeno storage reservoir

The protective system of flood preventing measures (FPM)
for the town of Jablonec was designed by Prof. Dr. Otto Intz
from Aachen, an Austrian specialist in water management pro-
jects. It was realised by an important builder, Franz Schon from
Prague from 1902 to 1911.

The requirement for improving the safety function of the
FPM originated in the recent history of the Mseno dam.
However, the guaranteed reservoir recreational function
demanded by the public required a high level of the water sur-
face to be maintained and it reduced the retention capacity of
the reservoir (see Fig. 1). Timely handling of the water surface
level was limited by the small capacity of the surface outflow
of the MSeno Brook, which, in addition, runs across a densely
developed area of Jablonec.

After the repeated devastating floods during past 15 years, it
was therefore proposed that the original flood prevention mea-
sures, should be supplemented by a system of catching and
diverting flood flows over the MSeno dam reservoir and buil-
ding a third tunnel with the function of a high-capacity outflow.
This tunnel, the new outflow tunnel, will timely and in
a controlled manner evacuate water accumulated in the reser-
voir. It will significantly increase the retention effectiveness of
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Obr. 2 Prehlednd situace PPO

Fig. 2 Synoptic map of the FPM

udrZovat vysoky stav hladiny a sniZovala retencni prostor
nadrze (obr. 1). V¢asné manipulace s hladinou byly omezeny
madlo kapacitnim povrchovym odtokem korytem MSenského
potoka, navic vedenym husté zastavénym tzemim Jablonce.

Po opakujicich se ni¢ivych povodnich v poslednich 15 letech
bylo proto navrzeno doplnéni puvodnich protipovodinovych
opatreni (PPO), které je zaloZeno na zachyceni a prevodu
povodnovych vod pres prehradni nddrz VD Mseno s doplnénim
o treti Stolu s funkci kapacitniho odtoku. Tato $tola — nova
odpadni — bude vas a fizené odvddét zadrzené objemy vod
z nadrZe, a tim vyrazné zvysi retenéni G¢innost celého systému
PPO, ktery je navrZzen, aby zvladl az 10 000letou vodu.

Naévrh feSeni je rozloZzen do jednotlivych stavebnich objek-
tu, které komplexné zahrnuji vystavbu hlavnich prvku PPO,
doplnénych vyvolanymi dpravami prilehlych objekta, prelo-
7ek inZenyrskych siti, dprav povrchi a splnéni poZzadavka
Gcastniku vystavby (obr. 2):

¢ SO 01 Rozdélovaci objekt LuZicka Nisa

¢ SO 02 Privodni $tola

¢ SO 03 Rozdélovaci objekt Bild Nisa

* SO 04 Vtokovy objekt

e SO 05 Nové odpadni Stola

e SO 06 Vyustni objekt

e SO 07 Prelozky inZenyrskych siti

* SO 08 Uprava komunikace

e SO 09 Pripojky na vefejny rozvod el. energie

e PS 01 Luzickd Nisa

e PS 02 Bild Nisa

e PS 03 Vtokovy objekt

* PS 04 Ridici systém

Prvni privodni $tola je puvodni a je vedena od Bilé
— Janovské Nisy, tato $tola md dostate¢nou kapacitu prutoku
20 m?/s, (odpovida 50leté vodé) md délku cca 1800 m a za-
ustuje do Msenského potoka nad hornim prehradnim stupném

the entire FPM system, which is designed to cope with an up to
10,000-year recurrence flood.

The design is divided into individual construction objects,
which comprise the complex development of the main FPM ele-
ments, supplemented by induced changes in adjacent structures,
relocations of utility networks and surface finishes, and fulfil-
ling requirements of other parties to the project (see Fig. 2):

* SO 01 Luzické Nisa distribution structure

e SO 02 Intake tunnel

e SO 03 Bil4 Nisa distribution structure

* SO 04 Intake structure

* SO 05 New outlet tunnel

* SO 06 Outflow structure

* SO 07 Relocations of utility networks

* SO 08 Road modification

e SO 09 Connections to public power distribution network

e PS 01 LuzZicka Nisa River

* PS 02 Bild Nisa River

e PS 03 Intake structure

e PS 04 Management system

The first intake tunnel running from the Bil4d Nisa to the
Janovska Nisa is original. It has a sufficient discharge capacity
of 20m3/s (corresponding to 50-year recurrence flood). It is
about 1,800m long and is connected to the MSeno Brook upst-
ream from the upper MSeno III dam stage. The tunnel, the final
lining of which was built in unreinforced concrete cast behind
a divided formwork (bottom, sidewalls, vault), is in a good
technical condition even after 110 years. The reconstruction of
the SO 03 distribution structure in the cadastral area of the vil-
lage of Janov nad Nisou was the only work designed for the
purpose of augmenting the water diverting function.

The second intake tunnel leading from the LuZickd Nisa
SO 02 runs from the Paseky municipal district near Podhorska
Street, following the original tunnel alignment. It was proposed
that its existing profile with the capacity of 10m?/s should be
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enlarged to increase the discharge ca-
pacity to 20m’/s (corresponding to
100-year recurrence flow). Part of the
project was a reconstruction of the
Luzickd Nisa River bed by adding the
SO 1 distribution structure. In addition,
modifications covered the downstream
portal with the connected stone-paved
bed ending in the Mseno I dam reservoir.
A new part of the FPM system is the
new outlet tunnel (SO 05) consisting of
the following three elements:

1. SO 04 intake structure embedded
into the right bank of the lower
Mseno I dam reservoir.

2. SO 05 new outlet tunnel incorpora-
ting a hoisting and inspection shaft.

3.S0 06 outlet structure with an
attenuation path, which is conne-
cted to the LuZickd Nisa upstream
from the confluence with the Bila
Nisa, at the lower edge of the town
of Jablonec nad Nisou, outside the
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intensely developed area.

PARAMETERS OF UNDERGROUND
PARTS OF THE FPM PROJECT

Obr. 3 Privodni tola SO 02 — pFicny Fez
Fig. 3 SO 02 intake tunnel — cross- section

Mzeno III. Stola, jejiz definitivni osténi bylo provedeno z pros-
tého betonu do déleného bednéni (dno, steny, klenba) je i po 110
letech v dobrém technickém stavu. Z duvodu posileni funkce
prevodu vod byla navrzena pouze rekonstrukce rozdélovaciho
objektu SO 03 v katastru obce Janov nad Nisou.

Druhd privodni $tola od Luzické Nisy SO 02 je vedena od
mistni ¢asti Paseky u ulice Podhorska, jeji stavajici kapacita byla
10 m¥/s, proto bylo navrZeno jeji zvétseni na profil o kapacité
pritoku 20 m’/s (odpovida 100leté vodd) v piivodni trase §toly.
Soucasti stavby byla rekonstrukce koryta Luzické Nisy
s rozd&lovacim objektem SO 01. Upravou prosel i dolni portil
s navazujicim kamennym korytem dsticim do prehradni nadrze
MsSeno 1.

Novou casti systému PPO je SO 05 nova odpadni Stola, ktera
se skldda ze tri Casti:

1. Vtokového objektu SO 04 zasazeného do pravého brehu

dolni nadrze MSeno I.

2. Vlastniho SO 05 nova odpadni $tola, zahrnujici t€Zni
a revizni Sachtu.

3. Vyustni objekt s tlumici trati SO 06, ktery je zadstén do
LuzZické Nisy nad soutokem s Bilou Nisou, na dolnim okra-
ji mésta Jablonce nad Nisou mimo intenzivné zastavéné
uzemi.

PARAMETRY PODZEMNICH CASTI STAVBY PPO

SO 02 Pfivodni Stola

Délka privodni S$toly je 632 m. Délka hloubené casti
u horniho vtokového portdlu je 40,6 m, délka razené Casti je
591.4 m. Plocha vyrubu je 13-16,5 m2 podle pfislu§né techno-
logické tfidy razby (obr. 3).

Svétld plocha staré Stoly byla cca 3,45 m?, svétld plocha
nové piivodni $toly je 6,87 m? a podélny sklon $toly je 0,5 %
v celé délce Stoly.

SO 02 Intake tunnel

The intake tunnel length is 632m.
The length of the cut-and-cover part at the upstream intake por-
tal is 40.6m; the length of the mined section is 591.4m. The
excavated cross-sectional area is 13—-16.5m?2, depending on the
respective excavation support class.

The net cross-sectional area of the old tunnel was approxi-
mately 3.45m?2, the net cross-sectional area of the new tunnel is
6.87m? and the longitudinal gradient of the tunnel is 0.5%
throughout the tunnel length (see Fig. 3).

The tunnel was driven using the NATM with the partial appli-
cation of blasting. Four excavation support classes were desig-
ned, ESC2 through to ESCS5.

SO 04 Intake structure — mined part

The mined part of the intake structure is connected to SO 05
and ends by the mined portal in the construction pit which was
carried out as a dry cofferdam in the existing MSeno dam
embankment. The cofferdam is located under the MSeno dam’s
minimum operating water surface level. The mined part is for-
med by 6 blocks; the first two blocks (viewed from the interfa-
ce with SO 05) have the internal cross-section identical with
that of SO 05 and they ascend on the gradient of 1.97%. In the
neighbouring mined section at the length of two blocks the ver-
tical alignment follows a crest curve with the radius of 16.25m
and continues to ascend along the last two blocks at the gradi-
ent of 100% (45°) up to the mined portal in the construction pit.
The tunnel profile is continually enlarged to assume the shape
of a funnel throughout the length of the tunnel running on the
crest curve and gradient of 45° up to the mined portal. In this
way the mined part fluently links the two branches in the cut-
and-cover part of the intake structure (see Fig. 4).

SO 05 New outlet tunnel

The tunnel starts behind the SO 06 outlet structure. It is
1,256.57m long and ends at chainage km 1,298, where it joins
the intake structure.
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Obr. 4 Upadni razba SO 04 — pFi¢ny Fez
Fig. 4 Downbhill excavation for SO 04 — cross-section

Stola byla razena NRTM za pouZiti omezenych trhacich praci.
Byly navrzeny ¢tyfi technologické tfidy NRTM, TT2 az TTS.
SO 04 Vtokovy objekt - razena ¢ast

Razena ¢ast vtokového objektu navazuje na SO 05 a konéi
razenym portdlem ve stavebni jamé, kterd je vybudovana jako
suchd jimka ve stavajici hrazi VD Mseno situované pod trov-
ni min. provozni hladiny VD MSeno. RaZend ¢dst je tvofena 6
bloky, prvni dva od rozhrani s SO 05 maji vnitini prifez
totoZzny s SO 05 a jsou vedeny ve stoupdni o sklonu 1,97 %.
V navazujici razené &dsti v délce dvou bloku je niveleta vede-
na vrcholovym obloukem o poloméru 16,25 m a pokracuje
v délce poslednich dvou bloka

se stoupanim o sklonu 100 %

The cut-and-cover part of the tunnel at the downstream por-
tal is 3.03m long, whilst the complete mined part is 1,253.54m
long. The longitudinal gradient of the tunnel is 1.97% throug-
hout its length. The excavated cross-sectional area is 14-17m?,
depending on the respective excavation support class. The net
cross-sectional area of the new outlet tunnel is 7.08m?2. A 24 9m
deep hoisting and inspection shaft with the inner diameter of
6m (see Fig. 5) is located on the tunnel, in the vicinity of the
connection to SO 04.

The new outlet tunnel was driven using the NATM with the
limited extent of the frill-and-blast. Four NATM excavation
support classes were designed, ESC2 through to ESCS5.

(45°) az k razenému portdlu ve
stavebni jamé. V délce Stoly
vedené ve vrcholovém oblouku
a sklonu 45° az k raZenému
portdlu navic dochdzi k ply-
nulému roz§ifovani prufezu
Stoly ve tvaru ndlevky. Tim ra- |

Zend cast plynule navazuje na E
dvé vétve vtoku v hloubené l:
&4sti objektu (obr. 4). |

S0 05 Nov4 odpadni §tola | |

§=151%

(=13 50m

TéZni a revizni Sachta

Stola zalind za vyistnim | | Ay oar oo
objektem SO 06, md celkem I B ol | 2 - &alm T
délku 1256,57 m a k9n01 ve st. ;—r..r-'?"?"'r I W i
1,298 km, kde na ni navazuje [ { }

SO 04 vtokovy objekt. / e HG i ?,, ki .“'*"f?"""' —r—

Délka hloubené &asti Stoly o= =/ iz | r" s
na dolnim portdle je 3,03 m o | ! Is % ,;? o3
a celkova razena ¢ast ma délku v L L jlg
1253,54 m. Podélny sklon e L P = i V| el
Stoly je 1,97 % v celé délce. ji oy
Plocha vyrubu je 14-17 m? ! . 10.00 i 1‘ E. 105@
podle piisluiné technologické I" ’E i I .

tiidy razby. Svétla plocha nové |
odpadni Stoly je 7,08 mZ2.

SO 05 Nova odpadni $achta
New outlet tunnel

4

Hoisting and inspection shaft

SO 04 Viokovy objekt
Intake structure

.

V blizkosti napojeni na SO 04
je na S$tole umisténa téZni

Obr. 5 SO 04 vtokovy objekt a SO 05 technologickd Sachta, podélny Fez
Fig. 5 Intake structure SO 04 and service shaft SO 05, cross-section
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PRICNY REZ - PORTALOVY USEK TT5A
CROSS SECTION - TT5A PORTAL SECTION

ocelové jehly IBO 51; dl. 3,0 m
(6,0 m - portalovy destnik); 159

15 ks kazdy treti zabér A
IBO 51 steel spiles; 3.0m long
(6.0m long for portal canopy);
15 pcs in every third excavati-
on round

ddilni vystroj K212 0,6 m )
(max 0,7 m) - colliery
support K21 a 0.6m
(max. 0.7m)
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C20/25-X0, 1x KARI mesh  stavebni drenaz; DN 150 mm, do $térkodrti
150x150/6 construction drainage; DN 150mm,
in crushed gravel —A

zpevilovaci injektaz; provadéna z véjifovych radialnich vrtd
ze stavajici Stoly — consolidation grouting carried out

through fans of radial holes drilled from the existing gallery | ONGITUDINAL SECTION - TT5A PORTAL SECTION

PODELNY REZ - PORTALOVY USEK TT5A

SB20 min. tl. 200 mm;
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7B dno z litého betonu; C20/25 ti. 200 - 300 mm, '
1x ocel. sit 150x150/6 - RC poured concrete bottom;
C€20/25 200-300mm thick, 1x steel mesh 150x150/6

Obr. 6 Privodni Stola SO 02 — pFicny Fez

Fig. 6 Intake tunnel SO 02 — cross-section

a revizni Sachta, kterd md hloubku 24,9 m a vnitini pramér
6 m (obr. 5).

Novd odpadni §tola byla raZzena metodou NRTM za pouZiti
omezenych trhacich praci. Byly navrzeny &tyfi technologické
tiidy NRTM, TT2 az TT5.

Z geologického hlediska je zdjmova oblast tvofena krkonos-
sko-jizerskym plutonem s monoténni skladbou prevazné
z porfyrickych granitu a granodioriti. Charakteristickym
rysem téchto hornin jsou vyrostlice naruzovélych Ziveu, které
jsou znamé pod oznaCenim libereckd Zula. Proménlivé zastou-
peni jednotlivych minerélt tvoficich horninu a jejich velmi
rozdilnd odolnost vuc¢i zvétrdvani jsou pri¢inou pritomnosti
&etnych velmi rozmérnych nezvétralych bloku uvniti zvétralé-
ho a rozloZeného masivu. Je proto velmi obtiZné stanovit hra-
nice mezi jednotlivymi zénami zvétravani. Tato skute¢nost
ovliviiovala délku zdbéru i zpusob zajisténi jednotlivych tiid.
Pro upresnéni konkrétnich podminek byly provadény kontrol-
ni geologické vrty z Celby.

Hydrogeologické poméry jsou z dostupnych archivnich pod-
kladu popsédny jako jeden podzemni kolektor vody s hladinou
podzemni vody (HPV) 2 az 7 m pod terénem v zavislosti na
terénu a lokdlnich depresich nepropustného podloZi.

TECHNICKE RESENI A PRUBEH RAZEB

Privodni Stola SO 02

Novy profil §toly je zvétsen na dvojndsobnou kapacitu pra-
toku. Prerazba stdvajiciho profilu je vedena tak, Ze lic primar-
niho osténi nové $toly je veden v rubu osténi stavajici Stoly.
Hned v pocatku razby privodni Stoly se objevily komplikace
pripravené staviteli puvodni §toly. Obsyp hloubené &ésti stdva-
jici Stoly pod komunikaci 1/14 Podhorska byl proveden jako
sklddand kamennd rovnanina po obvodé horni klenby Stoly a ta
byla ndsledné presypand nehutnénym jemnozrnnym materia-
lem, kopanym perkem apod.

From the geological point of view, the area of operations is
formed by the monotonous composition KrkonoSe (Giant
Mountains) — Jizerské Mountains pluton, consisting mainly of
porphyritic granites and granodiorites. A characteristic feature
of these rock types lies in the occurrence of pink white insets,
which are known under the name of Liberec Granite. The vari-
able presence of individual rock-mass-forming minerals and
the very different resistance to weathering are the causes of the
presence of numerous large unweathered blocks within the
weathered and decomposed massif. It is therefore very difficult
to determine borders between individual weathering zones.
This fact affected the excavation round length and the system
of the excavation support for individual classes. Checking geo-
logical boreholes were carried out from the excavation face
with the aim of refining the actual conditions.

Hydrogeological conditions are described on the basis of the
file documents available as one underground aquifer with the
water table level located 2 to 7m under ground surface, depen-
ding of the terrain configuration and local depressions in the
impermeable underlier.

TECHNICAL SOLUTION AND TUNNELLING HISTORY

Intake tunnel SO 02

The new profile of the tunnel is increased to provide the
doubling of the discharge capacity. The existing profile is con-
verted, with the outer surface of the existing tunnel becoming
the inner surface of the new tunnel. Complications prepared by
the builders of the original tunnel emerged at the very begin-
ning of the intake tunnel. The cut-and-cover part of the existing
tunnel under the 1/14 road (Podhorska Street) was backfilled
with rubble placed by hand on the upper vault circumference.
The hand-placed rubble was subsequently covered with a non-
compacted fine-grained material, the so-called dug perk and
other earth.
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zpeviovaci injektaz; provadéna z véjifovych radialnich vrti
ze stavajici Stoly - consolidation grouting carried out
through fans of radial holes drilled from the existing gallery

ocelové jehly samozavrtové IBO 51; dl. 3,0 m
(6,0 m); 15 ks kazdy treti zabér

zpeviovaci injektaz; provadéna z véjifovych radialnich
vrtli ze stavajici Stoly - consolidation grouting through
fans of radial holes drilled from the existing gallery

SB tl. 200 mm; ocelovy pfihradovy
ram 2x ocel. sit 150x150/6

laminatové tyce

SC 200mm thick; steel lattice ~Z} 1BO 51 self-drilling anchors; 3.0m (6.0m) long; 1BO 32; dI. 1,0
girder, 2x steel mesh 150x150/6 [ 15 pes i every third excavation round az1,5m,12ks
S 40,5 m; jako
injektazni tyce
IBO 32 glass-
4. fibre reinforced
v Lol ! ! e b plastic rods;
v dul[ll vystroj K242 0,6 m (max. 0,7 m) nevystrojend &ast zabéru :gs:j?c‘:lieégjl?m 2 3 0to 1.5m
4 colllery.support I§24 a 0.6m‘ (max. 0'7?1) unsupported part of concrete lining long; 12 pcs
: : : i excavaTion round length of existing :soﬁrr:litlﬁg 32
i bezpeénostni nastiik = gallery rods

celby a vyrubu; SB

tl. min. 50 mm - safety
spray on the face and
excavation; SC min.
thickness 50mm

REALIZACE ZPENOVACI INJEKTAZE ZE STAVAJICi STOLY
REALISATION OF CONSOLIDATION GROUTING FROM
THE EXISTING GALLERY

Zpusob provedeni obsypu stdvajici Stoly znemoZnil pouZiti
puvodné navrzeného technologického postupu zajisténi vyru-
bu z rdma dulni korytkové vyztuze K24, hnanych paZnic union
a stifkaného betonu. Tento klasicky postup byl puvodné navr-
Zen s ohledem na velmi malé aZ nulové nadloZi mezi potrubim
kanalizace DN300 situovanym ve st. cca 6 m a velmi nizkym
nadlozim pod provozovanou komunikaci prvni tridy, ktera
prosla rekonstrukei 2 roky pred zahdjenim vystavby PPO. Po
vyhodnoceni vlastnosti pavodni zaklddky a vrstvy obsypu
bylo navrzeno komplikovanéjsi predstihové zajisténi nadlozi
Stoly. Byly realizovédny dva stupné objemové nizkotlaké zpev-
fujici cementové injektaZe provedené z radidlnich vrti vede-
nych ze stavajici Stoly. V kazdém tfetim zabéru razby byl dopl-
nén ochranny destnik z injektovanych jehel IBO 51 dl. 3 m.
Délka zdbéru byla 0,60 m v délce puvodné hloubeného tseku
cca 30 m (obr. 6).

o _"!tw.
0br. 7 Celba SO 02 po odpalu
Fig. 7 SO 02 heading after blasting

The existing tunnel backfilling technique made the use of the
originally designed technological procedure for the excavation
support of the new tunnel (K24 yieldable colliery TH frames,
UNION sheet pile forepoles and sprayed concrete) to be re-dri-
ven through the old tunnel backfill impossible. This classical
support had been originally designed taking into consideration
the very thin to zero separation from a DN 300mm sewerage
pipeline (located at the chainage of about 6m) and the very
shallow overburden under an operating first class road, which
passed reconstruction 2 years before the commencement of the
work on the FPM. A more complicated advance tunnel support
system was designed after assessing the properties of the origi-
nal backfill (hand-placed rubble and dug perk). Two steps of
low-pressure consolidation cement grouting were realised from
radial holes drilled from the existing tunnel. A protective umb-
rella consisting of 3m long grouted IBO 51 spiles was installed
in every third excavation round. The excavation rounds were
0.60m long throughout the 30m length of the originally cut-
and-cover section (see Fig. 6).

The primary lining itself consisted of K24 yieldable colliery
TH frames, KARI mesh and shotcrete. The consolidation grou-
ting met expectations and the subsequent tunnelling under the
road was finished successfully, with minimum deformations of
the road ranging within the order of millimetres.

After the excavation passage along the originally cut-and-
cover portion of the existing tunnel, the excavation proceeded
through natural rock, in accordance with the assumptions of the
design for tendering and the supplementary EG investigation
(see Fig. 7).

The detailed design for the underground excavation was
supplemented by the design for the excavation of technological
recesses required for turning and passing of wheeled machines.

The other diversification of the excavation operations lied in
the provision of support of the lining of the existing inspection
shaft, which will be preserved even in the new tunnel because




Obr. 8 Vtokovy objekt SO 04 — zahdjeni tipadni raZby
Fig. 8 Intake structure SO 04 — commencement of downhill excavation

Vlastni primarni osténi tvorily rdmy dulni vyztuze K 24,
KARI sité a stiikany beton. Provedend zpevnujici injektaz spl-
nila ofekdvani a ndslednd razba pod komunikaci probéhla
v poradku a s miniméalnimi deformacemi komunikace v fddech
milimetra.

Po pruchodu razby pavodné hloubenou &dsti stdvajici Stoly
uz probihala raZba v rostlé horniné podle predpokladu zadava-
ci dokumentace a dopliikového geotechnického prizkumu
(GTP) (obr. 7).

V realiza¢ni dokumentaci stavby (RDS) byly doplnény do
projektové dokumentace (PD) razby technologické vyklenky
pro otdceni a vzdjemné vyhybani se kolové techniky.

Dal$im zpestrenim raZzeb tak bylo pouze podchyceni osténi
stavajici revizni Sachty, kterd je zachovdna i v nové §tole, proto-
Ze je v ni doloZeno sidleni netopyra v poctu do 10 jedinca.

V konci razeb zhotovitele Cekala jesté razba pod vysokotla-
kym plynovodem s nizkym nadloZim, kterd byla feSena vhod-
nou upravou nalozi pri trhacich pracich. Razba §toly SO 02
byla dokoncena v listopadu 2012.

RaZba vtokového objektu SO 04

Hlavnim tkolem bylo optimalizovat pfi¢ny profil razby
a ndsledné profil definitivniho osténi. Razeny tsek SO 04 byl
puvodné v celé délce navrZen s plynulou zménou tvaru pri¢né-
ho fezu.

Vlastni razba pak byla realizovdna z&dsti dpadné ze staveb-
ni jamy hloubené &asti SO 04. Cést o sklonu 100 % — v délce
dvou bloku a potfebného odstupu od &elby pro zahdjeni praci
na definitivnim ostén{ (obr. 8).

Mensi &ast pak byla vyraZena dovrchné od té€Zni Sachty
SO 05, smérové byla vedena ve vyskovém zakruZovacim
oblouku.
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of the fact that it had been documented that it was inhabited by
bats in the number of up to 10 individuals.

In addition, tunnelling under a high-pressure gas pipeline
under shallow overburden awaited the contractor. It was solved
by the adequate adjustment of charges during blasting operati-
ons. The excavation of the SO 02 tunnel was finished in
November 2012.

Underground excavation for SO 04 intake structure

The main task was to optimise the excavated cross-section
and, subsequently, the profile of the final lining. A cross-secti-
on continually changing along the tunnel length was originally
designed for the mined section of SO 04.

The tunnel excavation itself was carried out partially on
a down gradient from the construction pit for the cut-and-cover
part of SO 04. The part on the gradient of 100% — at the length
corresponding to the length of two blocks plus the distance
back from the excavation face required for the beginning of the
work on the final lining (see Fig. 8).

The smaller part was excavated uphill from the hoisting shaft
SO 05; the vertical alignment was on a crest curve.

Taking into consideration the relatively unfavourable geolo-
gical conditions formed by heavily weathered granite beds, the
tunnel excavation was carried out under the protection of tube
canopies each consisting of 33 pieces of 11m long grouted
tubes 108/8mm. Spiling canopies consisting of 3m and 4m long
IBO 32 groutable rods and 6m long IBO 51 were installed
during the uphill excavation.

Despite difficult geological conditions and the very steep
gradient of the mined section of the SO 04, the excavation was
finished without complications. Deformations of the primary
lining varied within the order of millimetres; increased defor-
mations of the terrain surface were measured only on the edge
profile adjacent to the revetment wall.

No additional measures were applied with respect to the sub-
sequent development (deformations becoming stable) and the
fact that there was a walkway there which was to be complete-
ly reconstructed after the completion of the SO 04.
Underground excavation for SO 05 outlet tunnel

The commencement of the excavation for SO 05 was com-
plicated by different levels of utility networks, first of all HV
and LV cables in the area of both construction pits. A delay in
the order of months in the commencement of the work on
diversions originated at the downstream portal. The delay was
attributable to the procedures of administrators of the networks.
It influenced the entire course of the construction.

The most suitable solution to this problem lied in shifting the
hoisting shaft outside the area of colliding utility networks and
complying with other restrictions, e.g. observing the protected
area around an important listed tree. It was necessary to obtain
the approval to a change in the construction before the comple-
tion and parameters of hoisting shafts were modified. These
measures resulted in the excavation system where muck was
transported up to the surface only via shafts (see Fig. 9).

An auxiliary hoisting shaft was designed with the aim of
eliminating negative time-related implications. It was located
away from the tunnel, at the chainage of 761m, and was inter-
connected with the main route by a 15m long perpendicular
tunnel. Its cross-section is enlarged in comparison with the
basic tunnel cross-section. The larger profile allowed for
establishing of an intermediate point-of-attack on the main
tunnel alignment, allowing safe excavation in both directions
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Vzhledem k pomérn¢€ nepriznivym geologickym podminkam
v siln€ zvétralych polohach Zuly probihala razba v celé délce
pod ochranou mikropilotovych de§tnika. Z razeného portdlu
bylo navrtdno 33 ks injektovanych trubkovych mikropilot
108/8 mm, délky 11 m. Pri dovrchni razbé byly pouzity po
obrysu Celby jehlové destniky z injektovanych samozavrtnych
ty¢i IBO 32 délek 3 m a4 m a IBO 51 délky 6 m.

Pres obtizné geologické podminky a velmi strmy tklon
razby v Cdsti raZzeného tseku SO 04 probéhla razba bez kom-
plikaci. Deformace primdrniho osténi se pohybovaly v fadu
milimetra, zvy$ené deformace na terénu vykdzal pouze krajni
profil prilehly k zaporové sténé.

Vzhledem k dal§imu vyvoji — ustalovani a faktu, Ze zde byl
jen chodnik pro pési, ktery po dokonceni SO 04 byl zcela
rekonstruovdn, nebylo pfistoupeno k Zddnym dodate¢nym
opatrenim.

Razba nové odpadni stoly SO 05

Zahdjeni razby SO 05 zkomplikovaly odliSné polohy inZe-
nyrskych siti, pfedev§im kabeli VN a NN v prostoru obou sta-
vebnich jam, u dolniho portdlu bylo ve vazbé na postup sprav-
cu siti dosazeno zpozdéni terminu zahdjeni prelozek v fadu
mésicu, které ovlivnilo cely prubéh vystavby.

Nejvhodnéjsim feSeni tohoto problému bylo posunuti polo-
hy téZni Sachty mimo kolidujici inZenyrské site, pti dodrzeni
dal§ich omezeni, napf. ochrannym pasmem vyznamného chra-
néného stromu. Musela byt projedndna zména stavby pred
dokonlenim a upraveny parametry té€znich jam. Dusledkem
téchto opatfeni byla razba s pouZzitim jen svislé dopravy ruba-
niny na povrch (obr. 9).

Pro eliminaci negativnich &asovych dopadu byla navrZena
vloZzend pomocnd téZni Sachta, kterd byla umisténa stranou
Stoly ve st. 761 m, propojend s hlavni trasou kolmou Sto-
lou délky 15 m. Jeji pri¢ny fez je zvétSen oproti zdkladnimu
prufezu Stoly. VEt§i profil umoznil jednak bezpe&né obou-
stranné rozrazeni do hlavni Stoly, tak i lep$i manipulaci
s technikou pfi spousténi do Stoly.

Vv e

Razba od dolniho portdlu probihala v pevnéjSich a zdravéjSich
horninéch, neZ byl puvodni predpoklad GTP. Byly to pevnosti
R2 a7 R1, coZ zpusobovalo problémy pfi vrtdni a rychlosti postu-
pu. Oproti GTP se i predpoklddané poruchové pasmo v prvnich
500 m raZeb projevilo sniZzenim pevnosti horniny na stupen R3.

Obr. 10 Celba nové odpadni §toly SO 05 — nezvétrald hornina
Fig. 10 Excavation face of the new outlet tunnel SO 05 — unweathered rock
mass

i y
Obr. 9 Tezba v jameé SO 05
Fig. 9 Excavation in SO 05 pit

and better handling of equipment being lowered down the
tunnel.

The excavation for the downstream portal passed through
rock mass stronger and sounder than it was originally assumed
by the geotechnical investigation. The strengths ranged from
R2 to R1. They caused problems regarding drilling operations
and advance rates. Compared with the geotechnical investigati-
on, the weakness zone anticipated for the initial 500m stretch of
excavation manifested itself by reduced strength of rock mass
down to the level of R3. The excavation therefore proceeded
through the NATM support class 2 and, in weakness zones, the
NATM support class 3 (see Fig. 10 and 11). Structures in the
tunnel overburden, residential buildings, a cemetery with
a ceremonial hall and, first of all, buildings on the Jablonec
Hospital grounds enforced the application of limited blasting
procedures.

Tunnelling through the upstream hoisting shaft was affected
by larger inflows of groundwater associated with the close vici-
nity of the MSeno dam reservoir.

Intense inflows were encountered even during the sinking of
the shaft itself. They prevented the use of blasting in hard,
slightly weathered granite beds. The entire shaft was sunk
using mechanical disintegration of ground mass.

The underground excavation proceeded under Riegrova Street
on a down gradient, under the diminishing-height overburden,



Obr. 11 Celba nové odpadni stoly SO 05 — zvétrald Celba s bloky nezvétralé
horniny

Fig. 11 Excavation face of the new outlet tunnel SO 05 — weathered face with
blocks of unweathered rock

Razba tak probihala prevdazné v TT NRTM 2, v poruchovych
zénach TT NRTM 3 (obr. 10, 11). Pouziti omezenych trhacich
praci si vynutily objekty v nadloZi $toly, obytné budovy, hibitov
s obradni sini a zejména budovy v areédlu jablonecké nemocnice.

Razba z horni tézni Sachty byla ovlivnéna véts§imi pritoky
podzemni vody danymi té€snou blizkosti pfehradni nddrze VD
Mseno.

Také pri hloubeni samotné Sachty se vyskytovaly silné prito-
ky, které znemoznovaly pouziti trhacich praci v tvrdych polo-
hdach navétralych Zul. Celd Sachta byla proto vyhloubena se
strojnim rozpojenim hornin.

Samotna razba probihala se sniZujicim nadlozim pfi dpadni
razbé pod ulici Riegrova v prostredi silné zvétralych Zzul pev-
nosti R4 az zcela zvétralych R5, v TT NRTM 4 lokdlne
v pevnéj§ich hornindch v TT3, v8e podle pfedpokladi PD
a GTP (obr. 12).

Nejobtiznéjsi geologické podminky pro razbu byly zastiZzeny
pti dovrchni razbé z pomocné teZni Sachty.

Rozrdzka z pristupové §toly byla nedaleko mista s nejniz§im
nadlozim, které bylo pod okruzni kfizovatkou na ul. Riegrova
a Harrachovskd. Minimdlni nadloZi zde dosahovalo jen 10 m,
z toho 8 m kvarterni sedimenty a navdzky a 2 m zcela zvétra-
1é Zuly R5(R6). Razba tak probihala vyhradné v TT NRTM 4,
pro nejnepriznivéjsi podminky byla pripravena TT NRTM 5
s hnanymi paZnicemi union pies ramy dualni vyztuze K24
a stiikany beton tl. 150 mm. Tento typ zaji§téni v§ak nakonec
nebylo nutné pouZit. S pouZitim technologie razby v principech
NTRM a presnym sledovanim vysledku geotechnického moni-
toringu (GTM) byla tato oblast bezpe¢né vyrazena bez jakych-
koliv negativnich dopadu.

DEFINITIVNI OSTENI STOL

Obeé stoly SO 02, SO 05 i $tola vtoku maji definitivni osténi
feSeno obdobné. Osténi je zelezobetonové z betonu C30/37-
XC2, XF3 a oceli B500B. Beton osténi byl proveden jako
vodostavebny, Stola byla navrZena bez mezilehlé izolace.
Tésnéni blokovych a dilataénich spar zajistuji sparové tésnici
pésy a pojistny injek¢éni systém spar.

Lic pri¢ného fezu §tol je vzdy v celé délce §tol konstantni.
Zakladni délka bloku je 6 m. Vyztuz definitivniho osténi horn{
klenby je samonosnd. Samonosnost zajistuji tfiprvkové prihra-
dové rdamy. Z duvodu rychlosti armovdni byla pfi¢na i podélna
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through the environment formed by heavily weathered granite
with the R4 strength up to completely weathered granite with
the RS strength, the NATM excavation support class 4, locally
through stronger support class 3 rock mass, all of that corres-
ponding to the assumptions of the detailed design and the EG
investigation (see Fig. 12).

Geological conditions the most complicated for the excavati-
on were encountered during the uphill driving from the auxili-
ary hoisting shaft.

The intermediate point-of-attack which was established from
the access tunnel was near the place with the lowest overbur-
den, which was located under the roundabout intersection bet-
ween Riegrova and Harachovskd Streets. The minimum over-
burden height reached a mere 10m in this location, with 8m of
it formed by Quaternary sediments and 2m formed by comple-
tely weathered granite class R5 (R6). The excavation passed
solely through the NATM excavation support class 4. The
NATM excavation support class 5 with UNION sheet pile fore-
poles installed over K24 colliery frames and a 150mm thick
shotcrete layer was prepared for the most unfavourable condi-
tions. However, it was not eventually necessary to use this

Obr. 12 Razba nové odpadni stoly SO 05
Fig. 12 Excavation for the new outlet tunnel SO 05



. ronik - €. 172014

Obr. 13 Revizni Sachta SO 05 — definitivni osténi
Fig. 13 Inspection shaft SO 05 - final lining

vyztuz skldddna z jednoosych siti a lokdlné doplnénych vol-
nych pruta.

Definitivni osténi revizni Sachty md lic kruhového prufezu.
Realizace probéhla technologii kontinudlni betondze do taZe-
ného bednéni. Sachta byla poté vystrojena nerezovym leznym
oddélenim se Sikmymi Zebiiky (obr. 13).

Vstup do revizni Sachty je feSen pres nadzemni domek, ve
kterém je umisténo ovladani technologie vtokového objektu
(obr. 14). Domek je vyzdén z zulovych kamenu a opatfen sed-
lovou strechou. Vizudlné byl sladén s pohledové vyznamnou
vzdu$nou ¢dsti kamenné hraze VD MSeno.

Z pohledu vlastniho provddéni praci na povrchovych
i podzemnich objektech 1ze konstatovat, Ze stavba byla prove-
dena podle zaddvaci dokumentace, nedoSlo k vyznamnym
zménam konstrukci mimo popsané pripady. Nejvyraznéjsim
aspektem vystavby tak zustdvd ovlivnéni doby vystavby pru-
béhem prelozek IS. Neopominutelnym aspektem byla
i negativni odezva &ésti verejnosti na provadéné rozpojovani
s pouzitim trhacich praci. V silné¢ obydlené dotené oblasti
bylo sledovdni a prubézné fizeni projevu trhacich praci nedil-
nou soucdsti razby.

OBCANE JABLONCE PRO | PROTI STOLAM

Uzemni projedndni a projednani stavebniho povoleni rozdé-
lilo jabloneckou verejnost na dva tdbory. Cést ob&ant stavbu
PPO uvitala a hodnotila zejména zvySeni ochrany jejich mésta,
druhd c¢ast odmitala PPO pro jejich tddajnou zbytecnost
a nehospoddrnost. Razantnost této vefejné rozpravy zaujala
i média, a tak prabéh vystavby byl timto faktem rovnéZ pozna-
menan.

Po zahdjeni raZzeb se postupné ozvalo nékolik majiteld
nemovitosti ddajné poSkozenych razbou. Zajimavé bylo, Ze
udajné poskozené objekty byly ve vzddlenosti od $tol 100 m
a vice. Z6ny vlivu razby pritom byly stanoveny pro SO 02
max. 25 m a pro SO 05 max. 45 m od pudorysu §tol. Tyto hod-
noty byly nastaveny na zdkladé odpala ve zkuSebnich vrtech
v ramci predbézného GTP.

Udajné nejvyznamnéjiimi domy, které mély byt poskozeny
ucinky trhacich praci, byly funkcionalistické vily Dr. Schme-
lowského a Haskova vila. Byla proto provedena kontrolni
méfeni d¢inku trhacich praci nad rdmec bézného rozsahu GTM
a vypracovany posudky soudnich znalct, zadanych investorem
stavby Povodi Labe a méstem Jablonec.

Vysledky méreni jednoznacné prokdzaly, Ze seismické G¢inky

v

vyvolané trhacimi pracemi a §ificimi se horninovym prostfedim

support type. The excavation in this area was safely finished
without negative impacts using the NATM principles and pre-
cise observation of geotechnical monitoring results.

FINAL LININGS OF TUNNELS

The linings of both SO 02 and SO 05 tunnels and the tunnel
at the intake are designed similarly. The tunnels are lined with
C30/37-XC2, XF3 concrete reinforced with B500B steel bars.
The lining concrete was processed as concrete for hydraulic
construction. No intermediate waterproofing layer was desig-
ned for the tunnel. The sealing of joints between blocks and
expansion joints is provided with waterbars and a safety joint
grouting system.

The inner surface of the tunnel cross-sections is always con-
stant throughout the tunnel length. The basic length of a block
is 6m. The reinforcement of the upper vault lining is self-sup-
porting. The self-supporting property is ensured by three-ele-
ment lattice girders. Both the transverse and longitudinal rein-
forcement was assembled from single-axis welded mesh mats
and locally supplemented by loose rods, taking into considera-
tion the installation speed.

The final lining of the inspection shaft is circular in cross-
section. It was carried out using the continual process of casting
behind the climbing formwork. A ladder compartment with
inclined stainless steel ladders was subsequently installed in the
shaft (see Fig. 13).

The entry to the inspection shaft is via an at-grade building,
housing the intake structure control facility (see Fig. 14). The
building masonry is from granite blocks and the roof is of the
saddle type. It was visually harmonised with the visually signi-
ficant downstream face of the MSeno stone masonry dam.

As far as the execution of the work on at-grade and underg-
round structures is concerned, it is possible to state that the con-
struction was carried out in accordance with the design for ten-
dering and, with the exception of the above-mentioned cases,
no significant structural changes were implemented. The influ-
ence of the course of work on diversions of utility networks on
the construction duration remains to be the most distinctive
aspect of the construction. Even the negative response of a part
of the public to the disintegration of rock mass by blasting was
another not negligible aspect. The monitoring and continual
controlling of manifestations of blasting operations within the
densely populated area of operations was an inseparable part of
the tunnelling process.

JABLONEC CITIZENS AGREEING AND DISAGREEING
WITH THE TUNNELS

The discussion about the land-use plan and the building per-
mission split the Jablonec public into two groups. A part of the
community welcomed the FPM and appreciated first of all the
improved protection of their town, whilst the other part refused
the FPM for their alleged uselessness and wastefulness. The
animation of this public discussion even attracted media and
the construction process was also affected by this fact.

Several owners of properties which had been allegedly dama-
ged by the underground excavation brought their claims after
the commencement of excavation. It was interesting that the
allegedly damaged structures were located at the distance of
100m and greater from the tunnels. The excavation impact
zones were determined for the SO 02 and SO 05 at max. 25m
respectively 45m from the tunnels ground plan. These values



Obr. 14 Vtokovy objekt po dokonceni
Fig. 14 Intake structure after completion

jako vIny objemové a povrchové nemohou mit Zadny negativni
vliv na posuzované stavebni objekty. Redlné namérené hodnoty
se pohybovaly do 6 mm/s, maxima dosdhla 10 mm/s, ndvrhové
limitni hodnoty byly stanoveny na 15 mm/s.

Skute¢nd intenzita kmitdni tak byla podstatné pod stanove-
nymi pripustnymi limity pro stavby nejnizsi tfidy dynamické
odolnosti podle CSN 73 0040 ZatiZeni stavebnich objektii
technickou seizmicitou a jejich odezva a byla i pod hladinou
otfesu a vibraci vyvolanych uZivanim stavby.

Opodstatnénost intenzifikace PPO v Jablonci nad Nisou byla
v prubéhu stavby dvakrdt potvrzena fizenym pirevodem povod-
fnovych prutoki obéma Stolami z LuZické i Bilé Nisy
a bleskovou povodni na jare 2013.

ZAVER

Vystavba razenych Stol probihala bez vyznamnéjsich kom-
plikaci, potvrdily se predpoklady charakteru zastizenych hor-
nin z GTP, v ¢asti razby SO 05 byla kvalita horninového masi-
vu dokonce lepsi. Chovani zulového masivu se priznive proje-
vilo zejména niZ§imi hodnotami deformaci vyrubu i terénu.
Z vysledkt kontrolnich méfeni seismickych G¢inku trhacich
praci a drednich méfeni byl potvrzen jejich bezpecny navrh.
Z pohledu harmonogramu razeb se pozitivné projevil vliv
vybudovani pomocné t€zni Sachty. Jeji efekt byl v eliminaci
pocate¢niho zpozdéni zpusobeného nepredpoklddanou okol-
nosti a pak zejména pri realizaci definitivnich osténi zkrace-
nim dsekd pro dopravu materiélu.

Realizace vodohospodéiskych objektu probihala v soubéhu
s podzemnimi objekty a vyrazné vystavbu neovlivnila.

Navrh definitivniho postupu vystavby §tol tak pfiznivé pri-
spel k potfebnému tempu realizace a k dokonleni stavby
v zasmluvnéném terminu a predani kompletniho dila investo-
rovi akce Povodi Labe s. p. k uzivani v listopadu 2013.

ING. MIROSLAV VLK, miroslav.vlk@metrostav.cz,
METROSTAYV a. s.,

ING. PETR SENK, senk@valbek.cz,

VALBEK spol. s r. o.
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LITERATURA / REFERENCES

25. rocnik - €. 1/2014

were set on the basis of blasts in test drillholes carried out as
a part of the preparatory EG investigation.

The purportedly most important buildings which were clai-
med to be damaged by blasting effects were Dr. Schmelowsky’s
functionalistic villa and Hédsek’s villa. For that reason check
measurements of effects of blasting were carried out beyond
the limits of common geotechnical monitoring and assessments
were carried out by sworn experts hired by the project owner,
the Labe River Basin and the Jablonec municipality.

The results of the measurements unambiguously proved that
seismic effects induced by blasting, propagating through
ground mass in the form of indirect waves and surface waves,
could not produce any effect on the building structures being
assessed. The really measured values reached up to 6mm/s;
maximums reached 10mm/s, whilst the design values were set
at 15mm/s.

The real vibration intensity was significantly lower than the
allowable limits set for structures with the lowest dynamic resi-
stance class according to CSN 73 0040 Loads of technical
structures by technical seismicity and their response and it was
even under the level of vibrations induced by the common use
of the buildings.

The justification for the intensification of the FPM in
Jablonec nad Nisou was confirmed twice during the constructi-
on period by the controlled transfer of flood flows through both
tunnels from the LuZickd Nisa and Bild Nisa Rivers and by the
flash flood in the spring of 2013.

CONCLUSION

The mined tunnels were carried out without more significant
complications. The assumptions of the EG investigation regar-
ding the rock types to be encountered were confirmed. The rock
mass quality in a part of the excavation for SO 05 was even bet-
ter. The granite massif behaviour manifested itself favourably
mainly through lower values of deformations of the excavated
openings and of the terrain surface. The results of check mea-
surements of seismic effects of blasting operations and official
measurements confirmed that the design was safe. In terms of
the tunnelling schedule, the effect of the construction of the
auxiliary hoisting shaft manifested itself positively. The effect
lied in the elimination of the initial delay caused by the unpre-
dicted circumstance and, most of all, during the installation of
final linings owing to the reduced length of the material tran-
sport routes.

Water management structures were realised concurrently
with the underground structures and the work did not signifi-
cantly influence the construction works.

The design for the definite procedure for the construction of
the tunnels therefore favourably contributed to the required
speed of the realisation, the on-time completion of the works
and the hand-over of the complete works to the project owner,
the Labe River Basin, state enterprise, to be put into service in
November 2013.

ING. MIROSLAV VLK, miroslav.vlk@metrostav.cz,
METROSTAYV a. s.,

ING. PETR SENK, senk@valbek.cz,

VALBEK spol. s r. o.
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REKONSTRUKCE STRELENSKEHO TUNELU
STRELNA TUNNEL RECONSTRUCTION

PETR MIKULASEK

ABSTRAKT

Cldnek pojedndvd o rekonstrukci Zeleznicniho tratového viseku mezi Horni Lid¢T a stdtni hranici se Slovenskou republikou. Popisuje
priibéh vystavby jednotlivych stavebnich etap. Také se dotykd problematiky rekonstrukce Strelenského tunelu a jeho historie. StéZejnim
prvkem stavby, ktery je zde popsdn, je bezpochyby zFizeni pevné jizdni drdhy systému OBB-PORR. Tato konstrukce je prvni svého druhu
v CR a na $irsi vyuziti teprve &ekd. Generdlni dodavatel zamysli pouZit tento typ ve vyrazné vétsim rozsahu na stavbé modernizace trati
Rokycany — Plzen. Druhd polovina &ldnku je zamérena na rekonstrukci predportdlovych zdrubnich zdi a portdlii. V zdveru je popsdn
celkovy prinos stavby. Autor textu vychdzi z viastnich zkuSenosti, které nabyl pri vrcholovém Fizeni stavby vietné koordinace praci vSech
dodavateli. Pro ndzornost je cldnek doplnén fotografiemi, na zdkladé kterych si étendr sam miuize udélat predstavu o vysledku celé rekon-
strukce.

ABSTRACT

The paper deals with the reconstruction of the railway track section between Horni Lide¢ and the state border with the Slovak Republic. It
describes the course of individual construction stages. In addition it refers to the problems of the Strelnd tunnel reconstruction and the tunnel
history. The principal element of the construction which is described in the paper is, undoubtedly, the installation of the OBB-PORR — system
slab track. This structure is the first of its type in the CR and still waits for wider use. The general contractor intends to use this type to a sig-
nificantly greater extent on the project for the modernisation of the Rokycany — Plzen railway line section. The second part of the paper is
Jfocused on the reconstruction of pre-portal revetment walls and portals. The overall contribution of the project is described in the conclusion.
The author of the text uses his own experience he gathered in the top management of the construction, including the coordination of the work
of all sub-contractors. For clarity, the paper is accompanied by photos. Readers can get an idea about the result of the entire reconstruction

on the basis of the photos.

ovoD

Stavba je souddsti trati ¢. 280 spojujici Hranice na Moravée
(CR) s Pichovem (SR). Jednd se o paterni, celostdtni trat’
mezindrodnitho vyznamu, zafazenou do vybrané evropské
Zelezni¢ni sit¢ TEN-T. Trat’se odpojuje od II. tranzitniho kori-
doru ve sméru na Vala§ské Mezifi¢i — Vsetin — Horn{ Lidec.
Didle pak pokracuje na dzemi Slovenské republiky. Rekon-
struovany udsek je vymezen v km 21,085 (stdtni hranice
CR/SR) do km 27,271 pro kolej ¢. 1 a v km 22,480 do km
23,750 pro kolej ¢. 2. Trat je dvoukolejna a elektrifikovana.
Prochézi sloZitym terénem Lyského prusmyku, stiidaji se zde
pasaze vedené na vysokych ndspech, ale také ve slozitych
zéarezech a odfezech. Oblast je také charakteristickd vysokym
thrnem ro¢nich srdzek a velice nepfiznivymi klimatickymi
podminkami v zimé.

HISTORIE STRELENSKEHO TUNELU A SOUCASNOST

Svou polohou se nachdzi v blizkosti ¢esko-slovenské hrani-
ce, pobliz Zelezni¢ni stanice Horni Lide¢. Zahdjeni praci
298,17 metru dlouhého tunelu se datuje do roku 1935. Podle
dobovych informaci [1] stavbu realizovala firma Krysa-
Posista. Razba byla realizovdana rakouskou metodou s osmi
zdlomovymi pasy a byla vedena v masivu vrstevnatych bridlic,
prostoupenych piskovci s misty jilovitou vrstvou. Velkd vétsi-
na dé€lniku podilejicich se na samotné stavbé byla z blizkého
okoli, avSak na kamenickych pracich se podileli odbornici az
z daleké TItdlie. Dohled nad pracemi byl svéfen do rukou
Ing. Dahintera, kterému se podafrilo prorazit tunel 3. 12. 1935.
Prvni vlak tunelem projel o rok pozdéji, tedy roku 1936.
Z dobovych informaci vyplyva, Ze si stavba tunelu vyzadala
jedinou obét, a to délnika z nedaleké obce Studlov.

Strelensky tunel je veden jako dvoukolejny s evidenénim
Cislem 263 na trati Horni Lide¢ — Pachov v km 23,123-23 421.
Tunelovd trouba se sklddd z 35 tunelovych past, prumérné

INTRODUCTION

The structure is part of the railway line No. 280 connecting
Hranice na Moravé (the CR) with Pidchov (the SR). It is an arte-
rial national track of international importance, which is inclu-
ded in the selected pan-European railway network TEN-T. The
line deviates from the Transit Corridor II in the direction of
in the territory of the Slovak Republic. The reconstructed sec-
tion is determined by chainage km 21.085 (the border between
the CR and the SR) and chainage km 27.271 for track No. 1 and
chainages km 22.480 and 23.750 for track No. 2. The line has
two tracks and is electrified. It passes across a complicated ter-
rain formed by the Lysd Pass; sections running on high emban-
kments alternate with difficult open cuts and shelves. The area
is in addition characterised by a large annual precipitation
depth and very unfavourable climatic conditions in winter.

STRELNA TUNNEL HISTORY AND PRESENT

The tunnel is located in the vicinity of the border between the
Czech Republic and the Slovak Republic, near Horni Lidec
railway station. The commencement of the work on the
298.17m long tunnel dates to 1935. According to information
published at that time [1], the construction was carried out by
Krysa-Posista firm. The Austrian tunnelling method with eight
cut blocks was used. The excavation proceeded through rock
mass consisting of shale beds interlayered with sandstone,
locally containing a clayey layer. The majority of workers par-
ticipating on the construction came from the neighbourhood,
with the exception of stone masonry work, in which professio-
nals from distant Italy participated. The supervision over the
work was entrusted to the hands of Eng. Dahinter, who succe-
eded in breaking the tunnel through on 03/12/1935. However,
the first train passed through the tunnel a year later, in 1936. It
follows from information available at that time that the tunnel



TuHel

délky 7,85 m. Dale obsahuje celkem Ctrndct unikovych
vyklenkt umisténych 30-40 m od sebe. Ostén{ tunelu je tvo-
feno zulovymi bloky, misty doplnéné piskovcovymi bloky.
Vzniklé nadvylomy jsou vyplnény mezerovitym betonem.
Hydroizolace tunelu je provedena pomoci plo§ného asfaltové-
ho krytu s vlozkou z médéného plechu tloustky 0,2 mm, ktery
je opatfen oboustrannym asfaltovym nétérem Elastic. Tato izo-
lace je chrdnéna vrstvou mezerovitého betonu tloustky
300 mm. Spodni protiklenba tunelu je tvofena kamennym
zdhozem, prolitym betonem. Tato neni izolovdna. Vétrani
tunelu je feSeno prirozenou cestou.

Technicka data:

Investor: Sprava zelezniéni dopravni cesty, statni organizace

Projektant: Generalni projektant Moravia Consult Olomouc,
a.s.

Zhotovitel: Generalni dodavatel Subterra, a.s.

Termin zahdjeni: 2. 9. 2011

Termin dokonceni: 30. 9. 2013

Tunel: dvoukolejny, elektrifikovany, délka 298 m

Zelezniéni svrdek: Castecné klasicky svréek — prazce B91/S1, upev-
néni pruzné, bezpodkladnicové, kolejnice 60E2
a 60E2 HSH, svafeny do bezstykové koleje ¢as-
te¢né v tunelu — pevnd jizdni draha

Trakce: stejnosmérna soustava, 3 kV, sestava J
Mosty: 8 ks — pouze rekonstrukce

Propustky: 4 ks — nové, 2 ks — pouze rekonstrukce
FINANCOVANI STAVBY

Realizace stavby mohla probéhnout predevsim diky spolufi-
nancovani Evropskou unii. To bylo zaji§téno prostfednictvim
Fondu soudrZnosti v rdmci Operacniho programu Doprava.
Vyse podpory ze strany EU ¢inila 81,98 % zpusobilych vydaja
stavby, coZ je 250 951 622 K¢&. Zbyvajici ¢ast ve vysi 18,02 %
vydaju stavby byla dofinancovéna z prostiedku Statniho fondu
dopravni infrastruktury.

POSTUP VYSTAVBY

Stavba byla rozdélena do Ctyf stavebnich etap. Koncem
roku 2011 byla zahdjena tzv. nultd etapa, kterd probihala
v dennich vylukach. V tomto kroku byly vybudovany zdklady
novych trak&nich stozdru a zahdjeny prdce na zabezpelova-
cim zafizeni.

Od jara roku 2012 probéhla prvni a zdroven nejdel3i staveb-
ni etapa, kdy byla provedena rekonstrukce 1. tratové koleje
v km 21,085-27,271. Jeji soucdsti byla kompletni rekonstruk-
ce Zelezni¢niho svriku a spodku véetné vystavby pevné jizdni
dréhy, rekonstrukce tunelu a predportdlovych zdi, nové vybu-
dovani trakéniho vedeni, zabezpefovaciho zafizeni a vSech
mostnich objekti na zminéném tseku. Stavebni etapa se
dotkla i zfizeni nového ndstupisté u koleje ¢. 1 v zastdvce
Strelnd, a to v€etné vybudovani nového pristresku pro cestuji-
ci. Prace v této etapé probihaly v rdmci nepretrzité vyluky
1. tratové koleje, kdy v sousedni koleji byl zachovan provoz.

V zéavéru roku 2012, po dokonéeni prvni etapy, byla zahdje-
na druhd etapa ve vyloucené 2. tratové koleji. Stavajici kolej
byla pouze presypédna Stérkem frakce 32/63 nad troven teme-
ne kolejnice tak, aby byl umoZnén potiebny pristup kolové
techniky predevsim k tunelu a jeho okoli. V rdmci toho postu-
pu byly realizovdny prdce na rekonstrukci mostu, propustku,
sanaci Casti tunelové trouby a C&ésti predportdlovych zdi.
V misté realizace mostu a propustku doslo k lokdlnimu vytr-
zeni koleje. Zaver etapy byl ve znameni ¢istén{ a zprovoznéni
koleje, zpétného vloZeni kolejovych poli vytrzenych na
mostech.
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construction claimed only one victim, a worker from the near
village of Studlov.

The Stielnd tunnel is registered as a double-track tunnel reg.
No. 263, which is located on the Horni Lide¢ — Puchov line at
chainage km 23.123-23.421. The tunnel tube consists of 35
tunnel blocks with the average length of 7.85m. It contains
fourteen safety recesses at intervals of 30-40m. The tunnel
lining is formed by granite blocks, which are locally supple-
mented by sandstone blocks. Overbreaks are filled with porous
concrete. The tunnel waterproofing system is formed by an asp-
halt layer with an insert of 0.2mm thick cooper sheet provided
with Elastic asphalt coat on both sides. This waterproofing
layer is protected by a 300mm thick layer of porous concrete.
The tunnel invert is formed by rubble with concrete poured in
it. It is not provided with waterproofing. The tunnel ventilation
is solved in the natural way.

Technical data:
Project owner: Railway Infrastructure Administration,

state organisation

Designer: Moravia Consult Olomouc,
the general designer
Contractor: Subterra, a. s., the general contractor

Commencement date: 02/09/2011
Completion deadline: 30/09/2013

Tunnel: double-track structure, electrified, 298m long

Trackwork: partly classical trackwork - B91/S1 sleepers,
elastic fixing without base plates, 60E2 and
60E2 HSH rails, continuously welded; slab
track in a part of the tunnel

Traction: direct current system, 3kV, assembly J

Bridges: 8 — only reconstruction

Culverts: 4 new, 2 to be reconstructed

PROJECT FUNDING

The project could be realised most of all thanks to the co-fun-
ding by the European Union. It was ensured through the
Cohesion Fund within the framework of the Operational
Programme “Transport”. The amount of the subsidy from the
EU was 81.98% of eligible construction expenses, which
means CZK 250,951,622. The remaining part, 18.02% of the
construction expenses, was funded from the means of the State
Fund of Transport Infrastructure.

COURSE OF CONSTRUCTION

The construction was divided into four construction stages.
The so-called “stage zero” commenced at the end of 2011, with
the work carried out in one-day track possession times.
Foundations of new traction masts were built and work on the
system was carried out during this stage.

The first and at the same time the longest construction stage,
during which the track No. 1 was reconstructed at km
21.085-27.271, commenced in the spring of 2012. The work
comprised the complete reconstruction of the trackwork and
trackbed, including the construction of the slab track, the
reconstruction of the tunnel and revetment walls, the installati-
on of new power catenaries, the interlocking system and all
bridge structures within the above-mentioned section. This
construction stage in addition covered the construction of
a new platform along track No. 1 at Stfelnd intermediate stati-
on, including the construction of a new shed for passengers.
The work on this stage proceeded during an uninterrupted track
No. 1 possession, whilst track No. 2 remained in service.

At the end of 2012, after finishing the first stage, the second
stage commenced by working on the track No. 2 closed to
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Treti stavebni etapa byla zahdjena v breznu roku 2013, kdy
doslo k rekonstrukci 2. tratové koleje v km 22,480 do km
23.,750. Soucésti postupu byla realizace Zelezni¢niho spodku
a svrsku, zbyvajicich ¢asti tunelové trouby, predportilovych
zdi, ndstupisté a pristresku.

REKONSTRUKCE TUNELU

Price na rekonstrukci tunelu vychazely z jeho dukladné
pasportizace, provedené firmou AMBERG Engineering Brno
a. s. metodou TunnelMap [2). Z vysledku pasportizace vyplynu-
lo, Ze samotnd izolace tunelu je v dobrém stavu, avSak v mistech
délicich spar dochdzi k vyrazn€j§imu zatékdni. Proto doslo
k vyfezani a vybourdni zldbku v ose délicich spar na Sitku
200 mm a hloubku 300 mm. Do vzniklého zldbku byly vlozeny
svodnice typu Omega, které byly prichyceny k osténi pomoci
nastielovacich hiebl. Z divodu moZného promrzdni byl také
vloZzen do Zldbku polyuretanovy pédsek priméru 20 mm, aby
nedoslo k samotnému poskozeni svodnic. V drovni cca 1 m nad
Stérkovym lozem byly svodnice doplnény Cdistici tvarovkou.
Samotna svodnice je v paté zakonCena pfechodovym dilem na
kruhovou drenazni trubku Eurodrain DN 60 mm, ktera svede
vodu do stfedové stoky tunelu. Celd drazka byla po osazeni
odvodnovaciho systému prekryta nenasidkavym polystyrenem
a zaplnéna stifkanym betonem SikaRep 4 N. JelikoZ puvodni
odvodniovace rubu osténi byly funkéni, doslo k jejich dukladné-
mu proc¢isténi. Plocha osténi byla oci$téna a byl rovnéz odstranén
degradovany povrch za pomoci vysokotlakého vodniho paprsku.
V tomto kroku doslo k mechanickému odstranéni pavodniho
vysparovani, a to az na hloubku 50-100 mm. Ke sparovani byla
pouzita sparovaci hmota SIKA MonoTop — 622 Evolution.

Pasportizace také objevila lokdlni zamokfeni osténi. Tento
problém byl feSen za pomoci tésnicich injektazi. Ty byly pro-
vadény z leSenové konstrukce postavené na spodni protiklen-
bé. Nejprve byly zfizeny vrty pro obturdtory pruméru 14 mm
za pomoci elektrickych kladiv. Do vrti poté byly osazeny
mechanické obturdtory o pruméru 13 mm. Samotnd injektdz
byla provdadéna polyuretanovou pryskyfici Carbopur WF
pomoci injektdZniho Cerpadla DV 97.

DalSim krokem, ktery bylo nutno realizovat, bylo sepnuti
trhlin v obezdivce tunelu. To bylo feSeno za pomoci drazek
dlouhych 1000 mm, vzddlenych cca 300 mm od sebe, oriento-
vanych kolmo na smér trhliny. Do téchto drazek se pomoci
polymercementové malty vlepila nerezova, heliakalni vyztuz
pruméru 8 mm [3].

Poslednim tkolem byla oprava jednoho z vyklenku, ktery
byl ¢asteéné ziicen, respektive jeho zadni strana. Tato zadni
sténa byla rozebrdna tak, aby byl vytvoren prulez do prostoru
za osténim. Ruéné bylo z tohoto prostoru odstranéno mnozstvi
zvodnélé zeminy a zfizeno odvodnéni za rubem osténi vyklen-
ku. Prostor po odstranéni materidlu byl zpétné vyplnén novym,
propustnym materidlem. Zadni sténa vyklenku byla vyzdéna
na cementovou maltu. V zdvére¢né fazi dostal tunel témér po
osmdesati letech vlastni osvétleni (obr. 1).

PORTALY A PREDPORTALOVE ZARUBNI zDI

K samotnym portdlim tunelt pfiléhaji predportdlové zdrub-
ni zdi. Zdrubni zdi ¢eské strany jsou koncipovdny jako gravi-
taéni, Casteéné po délce rozeprené za pomoci Zelezobetono-
vych Zeber se Sikmymi ndbéhy. Zdi jsou rozdéleny na 31 celka
po cca 6 m. Nad trovni rozpérnych trdmu, které jsou pouze
u prvnich 18 dilatanich celku, je umisténa korunni zidka
s podélnym odvodnénim smérem od portdlu tunelu. Zdi jsou
doplnény Sesti pary tunikovych vyklenku. Celkova délka
zdrubnich zdi je 187 m. Vyska zarubnich zdi smérem od por-
tdlu k zastdvce Strelnd klesd. Ve svém nejvyS$S$im misté maji
zéarubni zdi vysku 9,15 m, kterd postupné klesd az na 0,75 m.

traffic. The existing track was only covered with gravel fracti-
on 32/63 reaching above the tops of rails so that the required
access was possible for wheeled equipment, first of all to the
tunnel and its surroundings. The work on the reconstruction of
bridges, culverts and rehabilitation of a part of the tunnel tube
and a part of the revetment walls was carried out within the fra-
mework of this procedure. The rail track in the locations of the
bridges and culverts was removed. The end of this stage was
into token of clearing the track and bringing it into service, lay-
ing back the track lengths removed from the bridges and cul-
verts.

The third construction stage started in March of 2013.The
track No. 2 section between chainage km. 22.480 and 23.750
was reconstructed during this stage. Part of the process was the
realisation of trackbed and trackwork, remaining parts of the
tunnel tube, the revetment walls, the platform and the shed.

TUNNEL RECONSTRUCTION

The work on the tunnel reconstruction was based on
a thorough condition survey carried out by AMBERG
Engineering Brno a. s. using the TunnelMap [2] technique. It
followed from the condition survey results that the tunnel
waterproofing was in a good condition, but more significant
leakage existed in the locations of dividing joints. For that rea-
son a 200mm wide and 300mm deep channel was cut and bro-
ken out on the axes of the dividing joints. Omega-type collec-
ting ducts were inserted into the channels. They were fixed to
the lining by means of cartridge nails. With respect to the pos-
sibility of freezing, a 20mm-diameter polyurethane strip desig-
ned to prevent damaging of the collecting ducts was inserted
into the channel. An inspection piece was inserted into the duct
at the level of about 1m above the gravel ballast. The collecting
duct is terminated at the toe by a piece allowing for the transi-
tion to a Eurodrain DN 60mm circular pipe, which will divert
water to the central tunnel drain. The whole channel was
covered with non-absorbing polystyrene and was filled with
SikaRep 4 N shotcrete. Because the original system draining
the outer surface of the tunnel was functional, it was only
thoroughly cleared. The surface of the lining was cleared and
the degraded surface layer was blasted away by high-pressure
water-jet. In this step, the original pointing of joints was
removed mechanically up to the depth of 50-100mm. SIKA
MonoTop — 622 Evolution mortar was used for the new
pointing.

..-"r.'l / o -b‘

Obr. 1 Pohled na sanovanou tunelovou troubu
Fig. 1 A view of the rehabilitated tunnel tube




Obr. 2 Portdl tunelu a zdrubni zdi, pohled ze slovenské strany
Fig. 2 Tunnel portal and revetment walls, viewed from the Slovak side

Zarubni zdi ze slovenské strany jsou téz koncipovdny jako
gravitaéni, avSak nejsou rozepreny jako na Ceské strané. Jsou
tvoreny 13 dilataénimi celky proménné Sitky 3—13 m. Jelikoz
je zde dodrZen volny pochuzi prostor mezi koleji a licem zdi,
nejsou v téchto zdech zfizeny unikové vyklenky. Vyska zdi je
opét promeénnd a klesd smérem od portélu, kde dosahuje maxi-
malni vyS$e 9 m az do drovné $térkového loze. Celkova délka
téchto zdi je 120 m (obr. 2).

Zarubni zdi a portdly tuneli byly pied rekonstruke{
v kritickém stavu. Pohledové vrstva zdi byla zna¢né hloubko-
vé naruSena. To bylo zpusobeno proménnou kvalitou betonu
pri vystavbé. Provedené vyvrty ukdzaly kolisajici kvalitu beto-
nu v rozmezi tiid C 4/5-C 30/37. K tomuto faktu se nepfizni-
v¢ pridala i skute¢nost, Ze byly po dlouhou dobu vystaveny
extrémnim klimatickym podminkdm.

Na zaklade téchto zjisteéni byla degradovand vrstva betonu
v tloustce 200 mm mechanicky odstranéna celoplo$né.
Ndsledné po odfrézovani této vrstvy doslo k o€isténi povrchu
stlacenym vzduchem a tlakovou vodou. V dilata¢nich sparach
byly profiznuty ryhy v Sifce 200 mm. Do nich se osadily svod-
nice, které byly zaustény do stiedové stoky. Sanace stén po
odstranéni degradované vrstvy probihala tak, Ze byly navrtany
trny v rastru 500x500 mm. Na trny byly zavéSeny vyztuzné

Obr. 3 Sanace predportdlové zdrubni zdi
Fig. 3 Rehabilitation of pre-portal revetment walls
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The condition survey in addition disclosed locally wetted
areas of the lining. This problem was solved by means of sea-
ling grouting. It was carried out from a scaffolding structure
erected on the invert. Holes for packers 14mm in diameter
were drilled first, using electrical hammers. Mechanical pac-
kers 13mm in diameter were subsequently installed in the
drillholes. The grouting itself was carried out using CarboPur
WF polyurethane resin injected by DV 97 grouting pump.

The next step which had to be taken was to clamp cracks in
the tunnel lining. It was solved by means of 1,000mm long
grooves spaced at 300mm, oriented perpendicularly to the
crack. An 8mm-diameter helical stainless steel rod was glued
into the groove using polymer-cement mortar [3].

The last task was to repair one of the safety recesses, to be
more precise its rear side, which was partially broken. This
rear side was dismantled to create an opening to the space
behind the lining. A lot of water-saturated ground was manu-
ally removed from this space and drainage was installed
behind the lining of the rear side of the recess. After remo-
ving the material, the space was backfilled with new perme-
able material. The rear wall masonry of the recess was rene-
wed using cement mortar. In the closing phase, nearly after
eighty years of its existence, the tunnel was provided with its
own lighting (see Fig. 1).

PORTALS AND PRE-PORTAL REVETMENT WALLS

Pre-portal revetment walls are connected to the tunnel por-
tals. The revetment walls on the Czech side are designed as
gravity structures, partially braced against each other along
the length with transverse haunched reinforced concrete ribs.
The walls are divided into 31 blocks about 6m long each.
A parapet wall drained longitudinally away from the portal is
installed above the level of the bracing beams, which are
installed only on initial 18 expansion blocks. Six pairs of
safety recesses are provided in the walls. The total length of
the revetment walls amounts to 187m. The height of the
revetment walls decreases in the direction from the portal
toward the Stfelnd intermediate station. At the highest point
the revetment walls are 9.15m high; the height gradually
diminishes down to 0.75m.

Revetment walls on the Slovak side are also designed as
gravity structures, but they are not braced as those on the
Czech side are. They are formed by 13 expansion blocks with
the width ranging from 3 to 13m. No safety recesses are pro-
vided there because of the fact that a free walkway space is
maintained between the track and the inner surface of the
walls. The height of the walls is again variable, dropping in
the direction away from the portal, where it reaches the maxi-
mum of 9m, down to the gravel ballast level. The total length
of the walls amounts to 120m (see Fig. 2).

The revetment walls and tunnel portals were in a critical
condition before the reconstruction. The visible surface of the
walls was significantly damaged to some depth. It was cau-
sed by variable quality of concrete during the construction.
Core samples taken from the walls proved the variable quali-
ty of concrete ranging from grade C 4/5 to grade C 30/37.
The fact that the walls were exposed to extreme climatic con-
ditions for such the long time unfavourably contributed to
this condition.

With respect to these findings, the 200mm layer of the
degraded concrete was mechanically removed from the
whole surface. Subsequently after milling this layer away, the
surface was cleaned with compressed air and high-pressure
water. Grooves 200mm wide were cut in expansion joints.
Water collecting ducts were installed in these grooves. They
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nekovové kompozitni sité praméru 6 mm s oky 100x100 mm.
O pouziti kompozitnich siti bylo rozhodnuto z duvodu blud-
nych proudu, které by v pripadé uziti kovovych siti zpisobo-
valy korozi materidlu. Pfesah siti ¢inil minimédlné 200 mm
(obr. 3). Novd sana¢ni vrstva byla provedena pomoci stfika-
ného betonu tridy SB25 (C20/25 XF1) typ 1I/J2. Celkova
vrstva stfikaného betonu byla cca 150 mm, pfi¢emz kryti
vyztuzné sit€ bylo cca 120 mm. Pivodni dilatadni celky byly
zachovany.

Stavajici odvodnovaci systém byl feSen soustavou odvodno-
vacu pruméru 80 mm, které byly po vySce zdrubni stény ve
tiech faddch. Pruzkum prokdzal, Ze jsou funkéni, pouze &és-
tecné zanesené. Vycisténim tlakovou vodou byla obnovena
jejich funkce [4].

Stejny postup rekonstrukce jako u zdrubnich zdi byl pouzit
i pro oba portaly tunelu.

PEVNA JiZDNi DRAHA — UNIKATNI KONSTRUKCE V €R

Z technického hlediska v8ak stavba bezesporu drzi jeden pri-
mat. V tunelu a prilehlé ¢asti bylo navrzeno pouziti pevné jizd-
ni drahy (PID) systému OBB-PORR. Toto feSeni je novinkou
v CR. JelikoZ se jedna o prvni realizaci u nds, je konstrukce ve
fazi provozniho ovérovani a dlouhodobého sledovani
a vyhodnocovéni ze strany SZDC s.o. Vliv na navrh tohoto
technického feSeni méla skuteCnost, Ze puvodni stav tunelu
a jeho prostorové uspordddni nabizelo velmi stisnéné podmin-
ky. Stdvajici tunel byl v minulosti pouze sanovén, a tudiz jeho
prujezdny profil zustal zachovan. TaktéZ spodni klenba tunelu
zustala zachovdna. Puvodné byl svrSek v tunelu a predportéli
tvofen drevénymi praZci, které v tak extrémnich podminkéch
horského charakteru oblasti a nedostate¢né udrzby byly
v naprosto Zalostném stavu. Nové feSeni tedy vychdzelo
z pouZiti trvanlivéjsich betonovych a predev§im modernéjsich
materidlu. PouZiti betonovych prazcu za predpokladu zacho-
véni stdvajici nivelety koleje nebylo mozné z davodu dodrze-
ni minimdlni normové tloustky §térkového loZe pod prazcem.
Proto, aby zustal zachovédn prujezdny prifez tunelu (tudiZ
zustala zachovdna puavodni niveleta koleje) a aby zédroven
nenastal problém s tloustkou §térkového loZe, bylo navrzeno
pouziti PJD. Jeji délka je 415,760 metru v kazdé koleji a je
z Vvetsi Casti situovdna v témér celé délce tunelu. Déle pak
pokraCuje v mistech zarubni zdi na Ceské strané portédlu tune-
lu. PID je v celé délce navrzena v piimém tuseku trati (obr. 4).

Technické feSeni PJD systému OBB-PORR vychazi
z rakouského patentu rakouskych spolkovych drah a firmy
Porr Bau GmbH. Jde o konstrukci Zelezni¢niho svrSku bez
Stérkového loze. Systém desek vychdzi z modulu zdkladniho,
obdélnikového prvku o rozmeérech 5160x2400 mm. Jedna se
o nepredpjaty, vyztuzeny prefabrikat. Deska obsahuje 8 pdrt
integrovanych kolejovych podpor typu Vossloh 300-1 v osové
vzdélenosti 650 mm. Soulasti desky jsou dva odvzdusnovaci
otvory umisténé v poloviné jeji délky. Také je zde pét otvora
obsahujicich zavitovd pouzdra, kterd slouzi k osazeni rektifi-
kaénich $roubu. Pro podlévini desek betonovou smési slouz{
dva zalévaci otvory o rozmérech 870x600 mm. Z divodu vodi-
vého propojeni jednotlivych desek jsou pri okraji desky osaze-
na zdvitovd pouzdra, na kterd se pomoci Sroubu pripevni
médéné propojky a spoji se s nimi sousedni deska. Napojeni
PJD na zelezniéni svrSek klasické konstrukce se Sterkovym
lozem je feSeno prechodovou oblasti, kterd zajistuje plynuly
nérast tuhosti ze svr§ku klasické konstrukce na betonovou
konstrukci a naopak. Pfechodovd oblast je Cdste¢né tvorena
specidlnimi prechodovymi deskami. Ty maji polovi¢ni délku
oproti standardnim deskdm PJD, tj. 2560x2400 mm. Opatfeny
jsou Ctyfmi zalévacimi otvory. Prechodové desky obsahuji
4 pary integrovanych kolejovych podpor typu Vossloh 300-1

were connected to the central drain. After removing the
degraded surface layer, the rehabilitation of the walls conti-
nued by drilling holes at 500x500mm grid and dowels were
fixed in them. Non-metallic composite mesh mats with the
diameter of 6mm and mesh of 100x100mm were fixed to the
dowels. The decision to use the composite mesh was made
taking stray currents into consideration, which would have
caused the corrosion of the material in the case of using
metallic mesh. The minimum overlapping of the mesh mats
was 200mm (see Fig. 3). The new repair layer was applied
using shotcrete grade SC25 (C20/25 XF1) type 11I/J2. The
complete shotcrete layer was 150mm thick; the concrete
cover of the mesh was about 120mm thick. The original
expansion blocks were maintained.

The existing drainage system was solved by a system of
80mm-diameter drains, which were installed in three tiers on
the revetment walls. The survey proved that they were func-
tional, only partially clogged. Their function was restored by
clearing the drains with high-pressure water [4].

The same procedure as that applied to the reconstruction of
revetment walls was applied to the tunnel portals.

SLAB TRACK - UNIQUE STRUCTURE IN THE CR

From the technical point of view, the project undisputedly
holds one primacy. The design prescribed the use of the
OBB-PORR system of slab track (ST) in the tunnel and the
adjacent track section. This solution is a novelty in the CR.
Because this is the first application in the Czech Republic,
the structure is in the phase of the verification and long-term
observation and assessment by the Railway Infrastructure
Administration, state organisation. The proposal for this
technical solution was affected by the fact that the original
condition of the tunnel and its spatial arrangement offered
very restrained conditions. The existing tunnel was rehabili-
tated in the past, therefore its clearance profile remained
unchanged. The tunnel invert also remained unchanged. The
trackwork in the tunnel and the pre-portal section was origi-
nally formed by wood sleepers, which were originally in an
absolutely piteous condition due to so extreme mountain-cha-
racter conditions and insufficient maintenance. The new solu-
tion was based on the use of more durable concrete and,
above all, more modern materials. The use of concrete slee-
pers was not possible if the existing vertical alignment was to
be maintained because of necessity for maintaining the mini-
mum standard thickness of ballast under sleepers. For that
reason the use of the ST was proposed, so that the tunnel cle-
arance profile was maintained (thus also the original vertical
alignment was maintained) and the problem with the thick-
ness of ballast was prevented. The slab track is 415.760m
long on each track and the major part of its length covers
nearly the entire tunnel length. On the Czech side of the tun-
nel it continues in the locations of the revetment walls. The
whole length of the ST lies on a straight section of the track
(see Fig. 4).

The technical solution to the OBB-PORR ST system is
based on a patent of the Austrian federal railways and
Austrian firm Porr Bau GmbH. It is a trackwork structure
without ballast. The system of slabs is based on the
5,160x2,400mm modulus of the basic rectangular element. It
is a non-pre-tensioned pre-cast slab. It contains 8 pairs of
integrated Vossloh 300-1-type rail supports spaced at
650mm. Part of the slab are two air release holes located in
the middle of its length. In addition, there are five holes in
the slab, containing threaded sleeves for the installation of
rectification bolts. Two 870x600mm filling holes are in the
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Rez P 80 - varianta v misté pracovni spary — P 80 cross-section - variant at a construction joint
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7 - podkladni beton C30/37 — C30/37 blinding concrete

8 izola¢ni natér — waterproofing coat

10 zasyp Stérkem fr. 16/32 — grit backfill fraction 16/32
11 Gistici tvarovka - clearing piece

13 drendzni svodnice tvaru omega — Omega drainage collecting duct
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6 drazka pro odvedeni vody do stfedové stoky cca 0,25 m, Sitky 10 mm — groove diverting water to central drainage a ca 0.25m, 10mm wide
- odfrézovani betonu spodni protiklenby pro uloZeni drenazni trubky — milling the concrete invert away for installation of drainage pipe
- flexibilni drendzni trubka DN 60 - uloZzena na povrchu spodni klenby — flexible drainage pipe DN 60 — placed on the invert surface

- o8etfeni stykové plochy stavajici protiklenby a podkladniho betonu — treatment of the contact area between invert and blinding concrete

9 tvarovka pro napojeni svodnice tvaru omega na drendzni trubku — piece for connecting Omega collecting duct to drainage pipe

12 trubka DN 60 s krytem; vstup pro Cisténi drendze — DN 60 tube with cover, drainage clearing entrance

14 nevyhovujici préjezdny priifez ZG-CD - inadequate ZG-CD clearance profile
15 redukovany prijezdny prifez pro pantografovou oblast — reduced clearance profile for pantograph area

1 zaméfeny lic osténi = lic osténi po sanaci
A4 surveyed inner face of lining = face after
- rehabilitation
2 osa koleje - track”s axix
3 - kolejnice 60E2 — 60E2 rall
- uzel upevnéni vossloh 300-1
Vossloh 300-1 fixation node
- PJD - kolejova nosna deska
slab track — load-carrying track slab
- zalivkovy beton C20/25 vyztuzeny kari siti
2,2 x 5,5 m (oka 150 x 300 mm, g 6 mm)
C20/25 filling concrete reinforced with
2.2 x 5.5 KARI mesh mats
(mesh 150 x 300mm, 6mm dia)

_ (\1”3] - distancni tfminek kari sité, vyska 60 mm,
A g 5 mm — distance-setting stirrup 60mm
{(12) high, 5mm dia

- podkladni beton C30/37
C30/37 blinding concrete

a1 - 4x podéIné vyztu? o 12 mm
b 4x longitudinal reinforcing rod 12mm dia
o 10 -timinek @ 5 mm — strirrup 5mm dia
3 3 o 4 ocelové trny @ 20 mm d.0,35-0,50 m
Ny, T steel dowels 20mm dia, 0.35 — 0.50m long
5 -zasyp Stérkem fr. 16/32
8 backfill with gravel fraction 16/35

- poklop pfikopového Zlabu U
U channel ditch cover

- sanované dno stavajici stoky
rehabilitated bottom of existing duct

- vrstvy stavajici betonové protiklenby tunelu
existing tunnel invert concrete layers

Obr. 4 Rez v misté pevné jizdni drdhy
Fig. 4 Cross-section through the tunnel with the slab track

opet v osové vzddlenosti 650 mm. Navic oproti standardnim
deskdm jsou zde 3 pary integrovanych podkladnic, které slou-
Zi pro osazeni ztuzujicich kolejnic, které zajiStuji podélnou
a pri¢nou tuhost celé konstrukce. Na dsek prechodovych desek
navazuje usek klasického svrsku se §térkovym loZzem. Prazce
v tomto tdseku byly uZity shodné jako u PJD systému RHEDA,
typ B 320 némeckého vyrobce Rail One GmbH. Na prechodo-
vé desky PJD navazuji ptedpjaté prazce B 320 U60 — U.
PraZce jsou osazeny upevnénim Vossloh 300 — 1 — U pro pojiz-
déné kolejnice 60E2 a pro ztuzujici kolejnice je zde upevnéni
Vossloh  310. ZtuZujici kolejnice tedy probihaji
z prechodovych desek na prazce B 320 U60 — U. Na tyto nava-
zuje tsek predpjatych prazca B 320 U60 s upevnénim Vossloh
300 — 1 — U (obr. 5).

slab to allow pouring concrete under it. Threaded sleeves are
installed at the edges of the slabs. Cooper coupling pieces
are fixed in the sleeves with bolts and the individual slabs
are conductively coupled with them. The connection of the
ST to the classical ballasted trackwork structure is solved by
means of a transition zone which ensures the fluent increase
in the stiffness from the classical structure trackwork to the
concrete structure and vice versa. The transition zone is par-
tially formed by special transition slabs. Their length is half
of the length of standard ST slabs, i.e. 2560x2400mm. They
are provided with four filling holes. The transition slabs con-
tain 4 pairs of Vossloh 300-1 integrated rail supports, again
spaced at 650mm. In addition, in contrast to the standard
slabs, there are 3 pairs of integrated bearing plates there,
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Pfechodova oblast pevné jizdni drahy - Slab track transition zone
podélny fez A-A (v ose koleje €. 1) — longitudinal section A-A (on track No.1 axis)
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el zalivkovy beton C20/25 - C20/25 filling con;.:-retemesh b
podkladni beton C30/37 - C30/37 blinding concrete

standardni desky PJD - standard slab track slabs |
-

pfechodové desky — transition slabs

prazce B 320 - B 320 sleepers

pevnd jizdni draha - slab track

pfechodové oblast - transition zone

situace (ptidorys koleje €. 1) - layout (ground plan of track No. 1)

ztuzujici kolejnice - stiffening rails
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standardni desky PJD — standard slab track slabs _|_

pevnd jizdni draha — slab track

pfechodové desky — transition slabs

prazce B 320 — B 320 sleepers
_T‘ pfechodova oblast — transition zone
|

Obr. 5 Schéma prechodové oblasti
Fig. 5 Transition zone chart

Pro zajisténi plynulého nédrtstu pruZnosti kolejové jizdni
drahy mezi PJD a klasickou konstrukei kolejového rostu jsou
navrZeny pruzné podlozky pod patu kolejnice s riznou hodno-
tou tuhosti. Ve sméru od PJD smérem ke klasickému svrsku
jsou osazeny podlozky s tuhosti Cstat = 24 kN/mm, déle nésle-
duje usek s tuhosti Cstat = 40 kN/mm a poté usek s tuhosti
Cstat = 60 kKN/mm.

Stérkové loZe je v prechodovych oblastech stmeleno dvou-
sloZkovou pryskyrici MC -Ballastbond 70. Stmeleni se prova-
di ve dvou féazich. Prvni je provedena pri realizaci praci po
rozprostieni a zhutnéni Stérkové vrstvy, kdy je niveleta loZe
snizena o 80 mm tak, aby bylo umoznéno provedeni podbiti
a zdaroven aby nebyla zasaZena stmelend vrstva. Druhd faze
nasleduje po roce provozu, kdy dojde ke stmeleni v mezi-
prazcovych prostorech a za hlavami prazcu. Po stmelenf $tér-
kového loZe v meziprazcovych prostorech a za hlavami praz-
cu uz nedojde v té€chto usecich k dali smérové a vyskové
uprave.

Konstrukce PJD byla zhotovitelem realizovdna pod dohle-
dem supervize rakouské firmy PORR, ktera je spolu s OBB
autorem technického feSeni konstrukce.

Nespornou a hlavni vyhodou pevné jizdni drdhy je jeji
vysokd zivotnost, prakticky bezudrzbova konstrukce, nizka
konstrukéni vyska a oproti klasickému svrsku vysokd stabili-
ta geometrické polohy koleje. Systém PID OBB-PORR také
prinasi nespornou vyhodu v tom, Ze se diky vysoké mife pre-
fabrikace zkracuje samotny Cas vystavby a také ulehcuje

which are used for the installation of stiffening rails ensuring
the longitudinal and lateral stiffness of the whole structure.
The zone of transition slabs is followed up by a classical bal-
lasted trackwork section. Sleepers used in this section are
identical with the sleepers of the RHEDA B 320 U60 — U
type of ST manufactured by Germany-based Rail One
GmbH. Pre-tensioned sleepers B 320 U60 — U follow after
the transition slab tracks. The sleepers are provided with
Vossloh 300 — 1 — U fixation system for 60E2 running rails
and Vosloh 310 for the stiffening rails. The stiffening rails
therefore pass from the transition slabs to B 320 U60 — U
sleepers. The section with B 320 U60 pre-tensioned sleepers
with the Vossloh 300 — 1 — U fixation system follows (see
Fig. 5).

Elastic rail pads with various values of toughness are
designed to be placed under the foot of rail to secure fluent
increasing of the stiffness of the trackwork between the ST
and the classical track grating structure. Viewed in the direc-
tion from the ST toward the classical trackwork, there are
pads with the toughness Cstat = 24kN/mm there, followed by
a section with the toughness Cstat = 40kN/mm and a section
with toughness Cgtat = 60kN/mm is at the end.

The gravel ballast in the transition zones is cemented with
MC -Ballastbond 70 two-component resin. The cementation
is carried out in two phases. The first phase is realised during
the work on the spreading and compacting of the ballast,
when the trackbed surface height is reduced by 80mm so that



Obr. 6 Dokoncend pevnd jizdni drdha v predportdli tunelu z ¢eské strany
Fig. 6 Finished slab track in the tunnel pre-portal area on the Czech side

samotnd vystavba. Nevyhodou jsou vysoké zrizovaci naklady
a vysS8i ndklady na opravu v pripadé vykolejeni vlakové sou-
pravy (obr. 6).

ZAVER

Po dokonceni samotnych stavebnich praci se zhotovitel
vénoval predevs§im dokladové strance. Probéhlo odborné
méreni hluku, které potvrdilo, Ze nejsou potiebné dodatecné
stavebni dpravy pfilehlych vytypovanych objektd uréenych
k bydleni. Predev§im diky kompletni vyméne Zelezni¢niho
svrsku a svareni kolejnic do bezstykové koleje doslo ke snize-
ni hluku Zelezni¢ni dopravou pod predepsané limity dané nafi-
zenim vlddy ¢.148/2006 Sb.

Veskeré stavebni objekty, kterych se dotkla stavebni ¢innost,
byly geodeticky zaméfeny a byla zpracovana podrobna geode-
ticka dokumentace skute¢ného provedeni. Vzhledem k tomu,
7e se jednd o stavbu financovanou z prostfedkt Evropské unie,
nechal zhotovitel zpracovat posouzeni interoperability pro
subsystémy TSI CR INS 2011/275/EU, TSI SRT 2008/163/ES
a TSI PRM 2008/164/ES.

V ramci prodlouZené zdruky na dilo se zhotovitel zavdzal, Ze
bude do roku 2020 v soudinnosti s odborem SZDC OTH sle-
dovat a vyhodnocovat pevnou jizdni drdahu, jakoZto zcela nové
pouzité konstrukce Zelezni¢niho svrsku. Sledovat se bude
nejen vizudlni stav konstrukce, ale i parametry geometrické
polohy koleje. Na zdkladé vysledka dlouhodobého sledovani
rozhodne investor o dalSim vyuziti pevné jizdni drdhy typu
PORR v rdmci ostatnich staveb v CR.

ING. PETR MIK ULASVEK, pmikulasek@subterra.cz,
SUBTERRA, a.s.

Autor fotografii: MILOSLAV OTTA, Dis.,
motta@subterra.cz, SUBTERRA, a.s.

Recenzovali: Ing. Mojmir Nejezchleb, Ing. Martin Lidmila
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tampering is possible without touching the cemented layer.
The second phase will follow after one-year operation, when
the cementation is reached between sleepers and behind the
ends of sleepers. When the cementation of the ballast betwe-
en sleepers and behind ends of sleepers is finished, no other
adjustment of the horizontal and vertical alignment will take
place in this section.

The ST structure was realised by the contractor under the
supervision by Austrian PORR, which is, together with the
OBB, the author of the technical solution to the structure.

The indisputable and main advantage of the slab track is its
high durability, a virtually maintenance-free structure, low
structural height and the high stability of the geometrical
position of the track in comparison with classical trackwork.
The OBB-PORR ST system in addition brings an indisputab-
le advantage in the fact that it reduces the construction time
and facilitates the installation owing to the high degree of
prefabrication. On the other hand, high installation costs and
higher costs of repairs in the case of train derailing are disa-
dvantageous (see Fig. 6).

CONCLUSION

After finishing the construction work itself, the contractor
dedicated himself mainly to the documentation. The professi-
onal measurement of noise which was carried out confirmed
that the construction measures applied to adjacent selected
residential buildings were not sufficient. The level of noise
induced by railway traffic was reduced under the limits
prescribed by the Government Decree No0.148/2006 Coll.
first of all thanks to complete replacing the trackwork and
creating a continuously welded rail.

All civil engineering objects which had been touched by
construction activities were measured by surveying and
detailed survey documentation of the as-constructed state
was carried out. With respect to the fact that the project was
funded from the means of the European Union, the contrac-
tor had the assessment of interoperability for TSI CR INS
2011/275/EU, TSI SRT 2008/163/ES and TSI PRM
2008/164/ES sub-systems carried out.

The contractor bound himself on the basis of an extended
guarantee to monitor and assess the slab track and the newly
used trackwork structures, all of that in collaboration with the
Rail Track Management Department of the Railway
Infrastructure Administration. Subjected to the monitoring
will be not only the visual condition of the structure, but also
the parameters of the geometrical position of the track. The
project owner will decide on the basis of the long-term moni-
toring results on the future use of the PORR-type of slab
track within the framework of other projects in the CR.

ING. PETR MIKULASEK, pmikulasek@subterra.cz,
SUBTERRA, a.s.

Author of photos: MILOSLAV OTTA, DIS.,
motta@subterra.cz, SUBTERRA, a.s.
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SYNERGICKY EFEKT TUNELA VELKA FATRA, ALEBO KOMPLEXNE
RIESENIE DOPRAVY V USEKU TURANY - HUBOVA

SYNERGIC EFFECT OF THE VELKA FATRA TUNNEL,
OR COMPREHENSIVE SOLUTION FOR TRANSPORT
IN TURANY - HUBOVA SECTION

JAN SNOPKO, VERONIKA OCENASOVA, JANA CHABRONOVA

ABSTRAKT

Prispevok v tivodnej casti uvddza najvyznamnejsie problémy v viseku dialnice D1 Turany — Hubovd, ktoré pocas pripravy tidolného
variantu, vedeného v morfologicky, geotechnicky, urbanisticky a environmentdlne exponovanom tizemi, neboli vias detekované.
Ndsledne prispevok informuje o mozZnych alternativnych variantoch dialnice, s dorazom na synergicky efekt 9435 m dlhého dialnicno-
Zeleznicného tunela Velkd Fatra, ktory vyuZitim siibezného trasovania dialnice a modernizovaného Zeleznicného koridoru poniika kom-
plexné riesenie dopravy v viseku Turany — Hubovd.

ABSTRACT

In the opening part, this paper briefly describes the most significant problems existing within the Turany — Hubovd section of the D1 motor-
way, which were not detected during the course of the preparation of the valley variant running across the morphologically, geotechnically,
urbanistically and environmentally exposed area. Subsequently the paper informs about possible alternative variants of the motorway, with
stress put on the synergic effect of the 9,435m long Velkd Fatra motorway-railway tunnel, which offers a comprehensive solution to the tran-

sport in the Turany-Hubovd section by designing parallel alignments of the motorway and the railway corridor to be modernised.

uvoD

V poslednych troch rokoch bolo na postdenie jednotlivych
variantov v trase dialnice D1 Turany — Hubova spracovanych
niekolko technickych S§tadii, ktorych vysledok hovoril jasne
v prospech alternativnych tunelovych variantov v tomto
useku.

Napriek jasnym zdverom poslednych 4 §tidii je zrejmé, Ze
v sucCasnosti prebiehajica opidtovnd priprava dseku D1
Turany — Hubova sa zacina uberat’ s drobnymi obmenami
tym istym ddolnym variantom. Aj preto si dovolime stru¢ne

INTRODUCTION

Several technical studies assessing the individual variants
for the Turany — Hubova D1 motorway section have been pre-
pared during the past three years. Their result spoke clearly in
favour of alternative tunnel variants for this section.

Despite clear conclusions of last 4 studies, it is obvious
that the repeated preparation of the Turany — Hubova secti-
on of the D1 motorway has started to follow the same val-
ley variant, with only minor modifications. This is one of
the reasons why we dare to briefly summarise the most

Tunel Svréinovec
Svréinovec tunnel
(420 m)

Tunel Kysuca
Kysuca tunnel
(584 m)

Tunel Horelica
Horelica tunnel
(605 m)

Tunel Polana
Polana tunnel

Tunel Cebrat
Cebrat tunnell
(2026 m)

Usek D1 Turany-
Hubova / Turany-
Hubova section D1

(898 m)

Tunel Pov. Chimec
Pov. Chimec tunnel
(2249 m)

Tunel Ovéiarsko
Ovgiarsko tunnel
(2367 m)

Tunel Zilina
Zilina tunnel
(687 m)

Tunel Vigiové
Visniové tunnel
(7520 m)

Obr. 1 Situdcia planovanych dialhicnych koridorov na severe Slovenska
Fig. 1 Situation of palnned motorway corridors in the north of Slowakia
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zosumarizovat’ najzlozitejSie problémy pdvodného tdolného
variantu dialnice D1:

* rozsiahly aktivny Sitovsky zosuv (nad Kralovianskymi
jazerami),

e problémy zakladania mostnych pilierov v strmych bre-
hoch Kralovianskych jazier a v aredli prevadzkovaného
lomu,

e rozsiahly aktivny zosuv pri Kralovanoch, ktorého Smy-
kové plochy siahaji 25-28 m pod droven terénu,

e stabilita samotnej stavebnej jamy pre razenie zo zdpad-
ného portélu tunela Rojkov,

e drendZny uc¢inok tunela Rojkov na raSelinisko eurépske-
ho vyznamu,

e geotechnické problémy tibocného tunela Rojkov, ktory je
vedeny v tektonickych linidch pozdii rieky Vah,

e bezpecnost’ prevadzky na samotnej dialnici sdvisiaca
s dizkou priameho slne¢ného svitu v zimnych mesiacoch
(riziko namfzania estakdd pod masivom Kopy v ddoli
Viéhu),

e samotnd ekonomika prevadzky tykajica sa tspor PHM
a Casu cestujucich,

e ndvrh a doplnenie rozsiahlych dodato¢nych technickych
opatreni na zmiernenie vplyvu dialnice D1 Turany —
Hubova na tdzemie sustavy NATURA 2000, ktoré su
podmienené Stidiou vypracovanou odbornou skupinou
RNDr. Petra Rotha CSc.,

e existujice a stdle hroziace ni¢ivé vplyvy na chrdnené
tizemia eurdpskeho/globalneho vyznamu ako aj prirodu
a krajinu vobec.

HISTORIA PROJEKTOVEJ PRIPRAVY

Uz v polovici 80. rokov minulého storocia, ked sa zacali
prvotné posudzovania trasy dialnice v tomto tseku, vychad-
zal z analyz ako najprijatelnejSi variant s tunelom Korbelka.
V zavereCnom stanovisku rezortu Zivotného prostredia
z 12. novembra 2002 sa uvadza, ze environmentalne i socio-
ekonomicky najprijatelnejSie rieSenie D1 v dseku Turany —
Hubov4 je variant B1 s tunelom Korbelka, a to nielen pre pri-
rodu ale i pre miestnych obyvatelov. Napriek zdverom spravy
IGHP a procesu posudzovania vplyvov na Zivotné prostredie
(EIA), ktory odporucil variant B1 s tunelom Korbelka, naria-
dilo Ministerstvo dopravy post a telekomunikdcii (dalej len
MDPaT) listom ¢&islo 1053/2430-05 zo dna 30. 6. 2005 pri-
pravovat’ tidolny variant B2 s tunelmi Sitovo, Mald Fatra,
Rojkov a Havran (celkova dizka tunelov bola 4900 m).

Pocas zrychlenej pripravy dokumentdcie pre tzemné roz-
hodnutie, ktord bola spracovand v roku 2007 ako sucast pri-
pravy projektov PPP, zodpovedny rieSitel’ vyhladal spoloc¢en-
sky optimdlnu trasu s maximdlnym moZnym prisposobenim
sa konfigurdcii terénu, pri ktorej nie st potrebné v Stidii uva-
zované tunely Sdtovo a Mald Fatra (InZinierske stavby,
2/2008). Spominané tunely Stitovo a Mala Fatra, ktoré pod-
chédzali chrdnené Gzemia a ich ochranné pdsma, boli nahra-
dené cca 30 m hlbokymi zdrezmi.

Zrychlend priprava a ndsledné vybavenie sihlasnych stano-
visk k predloZenej dokumentdcii pre tzemné rozhodnutie
malo za nasledok, Ze problematika dorieSenia vztahov
k dotknutym subjektom, mimovlddnym organizdcidm
a k spravcovskym organizdcidm ndrodnych parkov bola pre-
sunutd do dalSieho stupiia pripravy dokumentécie, nehovori-
ac o nevykonani aspon predbezného rozboru geotechnického
rizika v trase udolného variantu.

Dokumentacia DSP [2] predmetného tseku D1 bola
opidtovne spracovand v zrychlenom tempe ako sucast pripra-
vy projektov PPP a nedorieSené inZinierskogeologické
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complex problems of the original valley variant of the D1
motorway:

e the extensive active landslide near Sitovo, (above the
Kralovany Lakes),

e problems of founding bridge piers on steep banks of the
Kralovany Lakes and in the area of the operating quarry,

* the extensive active landslide near Kralovany, the slip-
ping planes of which reach 25-28m under the terrain sur-
face,

e the stability of the construction pit for the tunnelling
from the western portal of the Rojkov tunnel,

e the drainage effect of the Rojkov tunnel on a peat bog of
European importance,

e geotechnical problems of the Rojkov hillside tunnel run-
ning through tectonic lines along the river Vih,

e the safety of traffic on the motorway itself relating to
duration of the direct sunlight in winter months (the risk
of the icing of viaducts under the Kopy massif in the Vih
valley),

e the economy of traffic regarding fuels and oils (FO) and
the consumption of time of travellers,

e the proposal for and addition of extensive supplementary
technical measures intended to mitigate the impact of the
Turany — Hubova D1 section on the area of the NATURA
2000 complex, which are conditioned by the study pre-
pared by an independent professional group led by
RNDr. Petr Roth, CSc.,

e the existing and permanently threatening damaging
effects on the protected area of European/global impor-
tance and the nature and landscape in general.

HISTORY OF THE DESIGNING STAGE

The variant containing the Korbelka tunnel was found as
the most acceptable on the basis of analyses conducted as
early as the middle 1980s when initial assessing of the motor-
way alignment in this section commenced. In the concluding
opinion of the department of environment dated the 12th
November 2002 we can read that the variant B containing the
Korbelka tunnel is the most acceptable for the Turany —
Hubovd section of the D1 motorway from environmental and
socio-economic points of view, which means the most accep-
table not only for the nature but also for local inhabitants.
Despite the conclusions of the report on the environmental
impact assessment process (the EIA) which was prepared by
the IGHP (Engineering-geological and hydrogeological sur-
vey enterprise) and which recommended the variant B1 con-
taining the Korbelka tunnel, the Ministry of transport, posts
and telecommunications (hereinafter referred to as MTPT)
ordered by its sheet No. 1053/2430-05 dated 30/06/2005 that
the valley variant containing the Sitovo, Mald Fatra, Rojkov
and Havran tunnels (the aggregate length of the tunnel
amounting to 4,900m) was to be prepared.

During the accelerated preparation of documents required
for the zoning and planning approval, which was carried out
in 2007 as a part of the preparation of PPP projects, the res-
ponsible solver found a socially more optimal route, with
maximum possible adaptation to the terrain configuration, in
which the Siitovo and Havran tunnels which are considered in
the study were not necessary (quotation from the IS -
InZinierske Stavby journal 2/2008). The above-mentioned
Sdtovo and Mald Fatra tunnels, which passed under nature
conservation areas and their protected zones, were replaced
by about 30m deep open cuts.
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a geotechnické problémy, ako aj v prechddzajicom stupni
nedorieSend problematika vztahov k dotknutym subjektom,
sa opitovne prestivala dalej na plecia koncesiondra.

V mdji 2009 bola podpisand koncesnd zmluva na vystavbu
D1 formou PPP (BALIK 1). Napriek vyssie uvedenym pro-
blémom a protestom mimovladnych organizacii boli rozbeh-
nuté takzvané pripravné prace (odhumusovanie, odlesnenie,
vystavba pristupovych komunikécif).

Dna 27. 5. 2010 vyzvalo 118 slovenskych a ¢eskych ved-
cov a odbornikov Eurépsku komisiu, aby zacala proti
Slovensku infringement pre poruSenie eurépskych smernic
pri vystavbe dialnice D1 v tseku Turany — Hubovd. Vyzvu
adresovali komisdrovi Janezovi Poto¢nikovi.

Ani po 7nédsobnej intervencii byvalej vlady SR Eurépska
investi¢nd banka neposkytla Gver na vystavbu pre tento tsek
dialnice a z toho dévodu padlo financovanie celého ,,balika
PPP 1°.

V druhej polovici roku 2010 bola pre Narodnu dialni¢nd
spolo¢nost’ vypracovana technickoekonomicka Stadia [7], kto-
rej cielom bolo ndjst’'z hladiska ekonomického, ekologického
a realiza¢ného najvyhodnejs$i dopravny koridor pre navrhova-
nu komunikéciu nadradenej cestnej siete kategdrie D26,5/120
(2T-7,5/100) v dseku medzi obcami Turany a Hubova, ktory
by zéaroven sldzil aj pre vedenie modernizovanej koridorovej
7elezni¢nej trate Zilina — KoSice v tomto dseku. Navrh vede-
nia nadradenej komunikécie dialni¢ného typu bol Studovany
v dvoch variantoch [7]:

SEVERNY VARIANT s tunelom Korbelka a tunelom Hav-
ran. Celkovd dlzka tunelov v tomto variante je 8750 m. Cel-
kov4 dizka $tudovaného tseku je 14,756 km.

JUZNY VARIANT s dialni¢no-Zelezni¢nym tunelom Velk4
Fatra celkovej diiky 9435 m. Celkovd dizka Studovaného
dseku v tomto variante je 13,750 km.

V oktébri 2012 bola odbornou skupinou RNDr. Petra Rotha
CSc. prepracovand a odovzdana revizia Studie ,,Hodnotenie
dodatocnych technickych opatreni na zmiernenie vplyvu dia-
Inice D1 Turany — Hubovd na iizemie sistavy NATURA
2000 [5]. Na zdklade zdvidznych zdverov tejto Stidie je
potrebné zrealizovat’ cely rad zmiernujicich opatreni ¢o zna-
mend, Ze pribudnd nielen nové stavebné objekty, ale hlavne
dochddza k posunom osi dialnice (napr. zdpadny portdl tune-
la Rojkov [8], dsek v mieste ,,nového zosuvu*, v mieste lomu
Siitovo) s nevyhnutnym zdsahom do trvalych ziberov pre
stavbu dialhice, ¢o si vyzaduje v exponovanom tzemi udol-
ného variantu nanovo vybavit'izemné rozhodnutie a stavebné
povolenie, vrdtane opidtovného vypracovania potrebnych
dokumentacii DUR a DSP.

V decembri 2012 bola vypracovana studia: ,, Analyza pria-
meho slnecného svitu na iusek dialnice DI Turany -
Hubovd “[6], ktord poukazuje na mozné riziko prevadzkova-
nia dialnice D1 sposobené namfzanim mostnych konstrukeif
v zimnom obdobi. Toto riziko vyplyva z takého dévodu, Ze na
usek dialnice pocas trojmesacného zimného obdobia, nedo-
pada Ziadne priame slne¢né Ziarenie, alebo len v zanedba-
telnych hodnotach.

V auguste 2013 Ministerstvo dopravy a regiondlneho rozvoja
dostalo dopracovanu reviziu ,, Technicko-ekonomického posii-
denia variantov dialnice DI v useku Turany — Hubovd* [1],
v ktorej spracovatel Stidie pre vypocet ekonomiky prevadzko-
vych nédkladov jednotlivych variantov dialnice D1 nepouZil pre
v8etky 3 varianty spolo¢ny pociatocny a spolo¢ny koncovy bod
tak, ako bol pouzity v technickej Studii [4]. Aj napriek tejto
zéasadnej nezrovnalosti porovndvania prevadzkovych ndkladov
jednotlivych variantov, ked v porovndvanom tdolnom variante

The accelerated preparation and subsequent obtaining of
approving opinions on the documents submitted for the issu-
ance of the zoning and planning approval resulted in the fact
that the problems of final solving relationships with affected
subjects, non-governmental organisations and organisations
managing the national parks were postponed to the next stage
of the document preparation, not speaking about carrying out
an at least preliminary analysis of geotechnical risks along
the route of the valley variant.

The final design [2] for the respective D1 motorway secti-
on was repeatedly prepared at an accelerated speed as a part
of the preparation of PPP projects and the unresolved engine-
ering geological and geotechnical problems were, identically
with the problems of relationships with affected subjects
which had not been resolved at the preceding stage, again
shifted to the shoulders of concessionaires.

The concessionaire agreement for the development of the
D1 motorway in the PPP form (PACKAGE 1) was signed in
May 2009. Despite the above-mentioned problems and pro-
tests lodged by non-governmental organisations, the so-cal-
led “preparation work™ (topsoil stripping, deforestation, con-
struction of access roads) was launched.

On 27/05/2010, 118 Slovak and Czech scientists and pro-
fessionals called on the European Commission to launch
infringement proceedings against Slovakia for breaching
European directives in the process of the development of the
Turany — Hubova section of the D1 motorway. The appeal
was addressed to Mr. Janez Poto¢nik, a commissionaire.

Even after 7 interventions of the former government of the
SR, the European Investment Bank did not grant a loan for
the development of this motorway section. It was the reason
why the funding for the entire “PPP 1 Package” fell through.

In the second half of 2010 the Technical and Economic
Study [7] was carried out for the National Motorway
Company. Its objective was to find the transport corridor
most advantageous in terms of economy, ecology and realisa-
tion for the proposed D 26.5/120 (2T-7.5/100) category high-
level network road in the section between the villages of
Turany and Hubovd, which would be at the same time used
for the alignment of the modernised railway corridor for the
Zilina — Kogice line in this section. The proposal for the
alignment of the high-level motorway-type road was studied
in two variants:

NORTHERN VARIANT containing the Korbelka and
Havran tunnel. The aggregate length of the tunnels in this
variant amounts to 8,750m. The total length of the section
being studied is 14.756km.

SOUTHERN VARIANT containing the 9,435m long Velka
Fatra motorway-railway tunnel. In this variant, the total
length of the section being studied is 13.750km.

Quoted from the Technical-economic study, TAROSI c.c.,
s. 1. 0.2010. See ref. [7].

In October 2012 a professional group led by RNDr. Petr
Roth, CSc., reworked and submitted the reviewed study on
“The assessment of additional technical measures designed to
mitigate the impact of the Turany — Hubové section of the D1
motorway on the NATURA 2000 complex area” [5]. It is
necessary on the basis of the binding conclusions of this
study to realise a range of mitigation measures which means
that not only new building structures will be added (see Ref.
[8]), but, first of all, the motorway centre line will have to be
shifted (for example the western portal of the Rojkov tunnel
[8], the section in the location of the “new landslide”, the sec-
tion in the quarry location) with the unavoidable intervention
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Alignment variant with the proposed ,Velk4 Fatra“ integrated railway corridor
= . Vyhladové napojenie R1 (R3) - Future link to the R1 (R3) |
e R SRl 4..‘- - - —
@‘) ZU 0,000 000 km, D1 - varianta s tunelom Korbelka

Section starting at D1 km 0.000000 - variant containing Korbelka tunnel
ZU 0,000 000 km, D1 - varianta s tunelom Velk4 Fatra
Section starting at D1 km 0.000000 - variant containing Velka Fatra tunnel
KU 13,500 000 km, D1 Dubné Skala - Turany
Dubna Skala - Turany section ending at D1 km 13.500000
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KU 14,756 730 km - var. s tunelom Korbelka a Havran
Section ending at D1 km 14.756730 - var. with Korbelka and Havran tunnels
KU 13,750 000 km, D1 - var. s tunelom Velka Fatra

Section ending at D1 km 13.750000 - var. with Velka Fatra tunnel

KU 14,756 730 km, D1 - var. s tunelom Korbelka a Havran
Section ending at km 14.756730 km

Obr. 2 Alternativne trasovania dialiice DI v tiseku Turany — Hubovd

Fig. 2 Alternative alignments of the Turany — Hubovd section of the D1 motorway

»chybalo cca 3,1 km dialhice*, vys§ie menovana sprava hodno-
ti variant s tunelom Korbelka ako najvyhodnej$i a naj-
efektivnejsi.

VysSie vymenované problémy a preferovanie ,,technicky
a Casovo menej naro¢ného tdolného variantu* D1 (ako bol
tento variant oznacovany) spdsobili, Ze zrychlend a inten-
zivna priprava tdolného variantu po takmer 6 rokoch skonci-
la v slepej ulicke.

Cielom nasledovnych kapitol je predstavit' dva alternativne
tunelové varianty trasovania dialnice D1 v dseku Turany —
Hubov4, ktoré boli na zdklade objedndvky Ndrodnej dialnic-
nej spolocnosti a. s. vypracované este v roku 2010 spoloc-
nostou TAROSI c.c., s.r.o [7] a ktoré eliminuji v dvode
vymenované problémy a zdroven obchadzaji v morfologicky,
geotechnicky, urbanisticky a environmentdlne exponované
lzemie.

ZAUJMOVA OBLAST

Zaujmova oblast’ pre navrhované alternativne tunelové vari-
anty a porovndvany tdolny variant je vymedzend spolo¢nym
pociato¢nym a koncovym bodom. Uvedena metodika (pouZitie
spolo¢nych pociatoénych a koncovych bodov) bola pouzita
z dovodu relevantného porovnania prevddzkovych ndkladov
jednotlivych variantov dialnice D1 Turany — Hubova (obr. 2).

Zaciatok Studovaného tseku dialnice D1 Turany — Hubova
a tym aj zaCiatok oboch navrhovanych variantov je osadeny

into the right-of-way for the construction of the motorway,
which requires a new zoning and planning approval and buil-
ding permit to be obtained for the VALLEY VARIANT, inc-
luding the repeated preparation of documents for the building
location permit and the final design.

In December 2012, the study on “The analysis of direct
sunlight on the Turany — Hubovd section of the D1 motor-
way” [6] was prepared. It points out the potential risk of ope-
rating the D1 motorway due to the icing of bridge structures
during winter seasons. This risk follows from the fact that no
or negligible direct sunlight falls on this motorway section
during winter seasons. See conclusions presented in Ref. [6].

In August 2013, the Ministry of Transport, Construction
and Regional Development (MTCRD) received the comple-
ted review of “The Technical-Economic Assessment of vari-
ants of the D1 motorway in the Turany — Hubova section [1],
in which the author of the study did not use the common star-
ting point and common ending point for all of the 3 variants
(as it was used in the Technical study on “The Zilina — Dubn4
Skala motorway and road connection” PK Ossendorf,
08/2011) [4]. Even despite this fundamental inconsistency in
comparing operational costs of individual variants, where
“about 3.1km of the motorway were missing” in comparison
with the valley variant, the above-mentioned report assesses
the variant containing the Korbelka tunnel as the most advan-
tageous and most effective. See the conclusions of the study
referred to as [1].
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Tab. 1 Porovnanie navrhovanych variantov v iiseku dialhice D1 Turany — Hubovd

Table 1 Comparison of variants proposed for the Turany — Hubovd section of the D1 motorway

POPIS JUZNY VARIANT SEVERNY VARIANT (B1) UDOLNY VARIANT
DESCRIPTION (VELKA FATRA) KORBELKA A HAVRAN VARIANT B2
SOUTHERN VARIANT NORTHERN VARIANT (B1) VALLEY VARIANT

(VELKA FATRA) KORBELKA AND HAVRAN VARIANT B2

Navrhovana kategoria dialnice D 26,5/120 D 26,5/120 D 26,5/ 100

Proposed motorway category 2T-7,5/100 2T -7,5/100 2T-7,5/80

Dizka trasy $tudovaného Useku (km) 13,750 14,756 17,883

Length of the section under study (km)

Dizka mostov (m) 1120,00 2 006,00 4 156,30

Length of bridges (m)

Tunely (poet/dizka (m)

/ vetracie Sachty (m)) 1/9435/ 57 2/8749/0 2/4708/0

Tunnels (number/length (m)

/ ventilation shafts (m)

Uspora PHM* (m3 / rok oproti

Gdolnému variantu 3690 2790 0,000

FO savings * (m3 / year compared

with the valley variant

Roc¢na Uspora na prev. nakladoch

vozidiel oproti Udolnému variantu

(€/rok) / Annual savings in oper. 11 826 000 8 942 500 0,000

costs of vehicles compared with

the valley variant (€ /year)

Prevadzkové naklady na elektricku

energiu tunelov (€ /rok) — Operational 1 370 000 1250 000 660 000

costs of power for tunnels (€/year)

* Predpokladand dennd spotreba PHM za den na danom viseku D1 vychddza z odhadovanej priemernej intenzity dopravy v roku 2020 na
D1 17 262 OV/24 hod, 5 288 NV/24 hod. Za zdkladny variant berieme iidolny variant.

* The assumed daily consumption of FO on the particular Dl1section is based on the average traffic volume in 2020 on the D1 estimated
to be 17,262 PV/24 hours, 5,288 GV/24 hours. The valley variant is considered as the basic variant

v km 13,500 000 osi D1 uZ vyprojektovaného predchadzajui-
ceho udseku D1 Dubna Skala — Turany v blizkosti obce
Turany.

Spolo¢ny koncovy bod oboch navrhovanych variantov dseku
dialnice D1 Turany — Hubovéd je v stanieni 1,403 448 km
nasledujiceho — uz vyprojektovaného tdseku D1 Hubovd —
Ivachnova.

Subezny Zelezni¢ny koridor v dseku Turany — Hubova bude
po opusteni vychodného portalu tunela Velka Fatra pokraco-
vat'do stanice Ruzomberok Zelezni¢nym tunelom Cebrat’

SEVERNY VARIANT S TUNELMI KORBELKA A HAVRAN

Zaciatok rieSeného dseku km 0,000 000 D1 Turany —
Hubova zacina vychodne od obce Turany, kde v staniceni
13,500 000 km nadvdzuje na pripravovani dialnicu D1
Dubna Skala — Turany. Studovand trasa zvi¥a vedend na
telese nasypu prechddza ddolnou nivou rieky Vih, pomocou
mostnych objektov preklenuje rameno Vahu, samotnd rieku
Vah, sdbeznd cestu a ucelovd komunikdciu. Nasledne
trasa vchadza do 5851 m dlhého tunela Korbelka. ]V)alej pod-
chddza strednu cast’ Kralovianskej Kopy a v pravotodivom
obliku vychddza medzi obcami Stankovany a Lubochna.
Mostnym objektom diiky 328 m prechadza ponad ddolie Va-
hu, cestu I/18 a jestvujicu Zeleznicu a vstupuje do dal§ieho
dialni¢ného tunela Havran s dizkou 2898 m.

Dialnica opusta tunel Havran v mieste krizovania Kom-
jatnianskej doliny s idolim Vdhu pod vybeZkom kopca Sihot),
ndsledne mostnymi objektmi s medzilahlou mimotroviiovou

The above-mentioned problems and the preference given to
“the valley variant as less demanding in terms of technology
and time” (as this variant was named) caused that, after near-
ly 6 years, the accelerated and intense valley variant ended up
in a blind alley.

The objective of the chapters below is to introduce the two
alternative tunnel variants of the D1 motorway alignment in the
Turany — Hubov4d section which were prepared on the basis of
an order placed by NDS a. s. (National Motorway Company),
the project owner, by TAROSI c. c., s. 1. 0. as early as 2010.
These variants eliminate the problems mentioned at the begin-
ning and, at the same time, bypass the morphologically, geo-
technically, urbanistically and environmentally exposed area.

AREA OF INTEREST

The area of interest for the alternative tunnel variants being
proposed and the valley variant being subjected to the com-
parison is delimited by common starting and ending points.
The presented methodology (the use of common starting and
ending points) was applied to allow for relevant comparing
the construction costs of individual variants of the Turany —
Hubova section of the D1 motorway (see Fig. 2).

The beginning of the Turany — Hubova section of the DI
motorway being studied, which is identical for both variants
being proposed, is set at km 13.500000 of the Dubna Dkala —
Turany section of the D1 motorway alignment (in the vicini-
ty of the village of Turany), for which the design had been

completed before.
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krizovatkou Hubova prekondva rieku Véh a konéi v km 1,403 The end point common for both variants is at chainage km

448 nasledujiceho uz vyprojektovaného tseku D1 Hubova — 1.403448 of the following Hubovad — Ivachnova section of

Ivachnova (obr. 3). the D1 motorway, the design for which has already been
V km 1,000 bude vybudovana novd mimodrovnova kriZo- completed.

vatka Turany. Ide o klasickd trubkovitd krizovatku, ktorej The parallel railway corridor in the Turany — Hubova secti-

privddza¢ mostnym objektom preklenuje samotnd dialnicu, on will, after leaving the eastern portal of the tunnel, continue

pripravovany Zelezni¢ny koridor, jestvujicu Zeleznicu a rieku to Ruzomberok railway station through the Cebrat tunnel.

Vih. V pripade pokradovania dialnice trasou SEVERNEHO
VARIANTU alebo JUZNEHO VARIANTU bude v stcas- NORTHERN VARIANT CONTAINING KORBELKA
nosti budovana krizovatka TURANY ako aj cca 1,9 km AND HAVRAN TUNNELS

dlhy dsek dialnice slazit ako napojenie dialnice D1 na Statnu

The beginning of the Turany - Hubova section of the D1
cestu I/18.

motorway being studied, i.e. km 0.000000, starts east of the

_ _ village of Turany, at the chainage km 13.500000 of the D1
GEOLOGICKE POMERY V TRASE SEVERNEHO VARIANTU motorway, where it links to the Dubnd Skala — Turany secti-

Od zédpadného portalu je masiv budovany horninami mazic- on of the D1 motorway being under preparation. The align-
kého suvrstvia (bridlicami, slienmi a slienitymi vapencami). ment being studied mostly runs on an embankment. It runs
Vo vzdialenosti zhruba 1,80 km od zdpadného portdlu sa along the Vah river flood plain, crosses over a shoulder of the
nachddza zlom ukoncujici vyskyt neokémskych vdpencov Vih, the Vih itself, a parallel road and a tertiary road by

mazického stvrstvia, za ktorym sa nachddza zaklesnuty blok means of bridge structures. The following alignment enters
choc¢skych karbonatov. Smerom k vychodnému portdlu by sa the 5,851m long Korbelka tunnel. Further on, the alignment

mala navrhovana trasa pohybovat' v blizkosti ndsunovej plo- passes under the central part of Kralovianskd Kopa massif
chy choc¢ského prikrovu. and continues on a right-hand curve between the villages of
V tseku (9,082-9,527 km) trasa severného variantu preko- Stankovany and Lubochna. It crosses over the Viah valley, the
néava aluvidlnu nivu rieky Vih. Uzemie tvoria fluvidlne sedi- 1/18 road and an existing railway track to enter the next
motorway tunnel, the 2,898m long Havran tunnel.
Tab. 2 Zdkladné udaje o tuneloch severného variantu s tunelmi Korbelka The motorway leaves the Havran tunnel in the location
a Havran

where Komjatnd Valley crosses the Vih valley, under a spur
of Sihot hill. Subsequently, it crosses over the Vih river on
ZAKLADNE UDAJE - TUNEL Korbelka Havran bridge structures inc'orporating the intermediate Hubova fl,y-
BASIC DATA — TUNNEL over and ends at chainage km 1.403000 of the next Hubova —
Ivachnova section of the D1, the design for which has alrea-
dy been finished (see Fig. 3).

Table 2 Basic data on the Northern Variant tunnels Korbelka and Havran

Dizka tunela (m)

1 2
Tunnel length (m) 5851,50 898,50 A new Turany flyover will be constructed at chainage km
Sirkové usporiadanie v zmysle 1.000. It is a classical trumpet intersection where the link
STN 73 7507 road crosses over the motorway itself, the railway corridor
i ing | 2175 2T-75 bei d, the existing rail d the river Vih
Road width geometry according eing prepared, the existing railway an e river Vdh on
to STN 73 7507 a bridge structure. If the motorway continues along the

NORTHERN VARIANT or the SOUTHERN VARIANT
alignment, the currently under construction TURANY inter-
section and an about 1.9km long section of the motorway will
be used as the D1 motorway link to the I/18 state road.

Zaciatok osi tunela v km dialnice D1
Beginning of the tunnel centre line | 3,230 000 km D1 | 9,526 500 km D1
at D1 motorway chainage

Koniec tunela v km dialhice D1

End of the tunnel at D1 9,081 500 km D1/ 12,425 000 km D1 GEOLOGICAL CONDITIONS ALONG THE NORTHERN
rvnotorway chainage VARIANT ALIGNMENT
gtl:sgﬁzrlb ovl;ir(l;tzn(lﬁr;l (m) 7.50 7,50 From the western portal onward, the massif is formed by

the Mazic Member (shales, marl and marly limestone). At the

Sirka chodnikov (m) 100 100 distance of about 1.80km from the western portal there is
Walkway width (m) ’ ’ a fault terminating the occurrence of Neocomian limestone of
Celkové vyska priechodného the Mazic Member, behind which there is a wedged block of
prierezu v tuneli (m) 480 480 Cho¢ carbonates. In the direction of the eastern portal, the
Total tunnel clearance profile ' ’ alignment being proposed should run in the vicinity of the
height (m) overthrust plane of the Choc thrust sheet.
Pozdizny sklon (%) In the sect‘ion between chainages km 9.082 and 9.52?, the
Longitudinal gradient (%) 070 0,70 alignment of the Northern Variant crosses the alluvial flood-
— plain of the river Vdh. The area is formed by fluvial sedi-
MaX: priecny skion (%) o -2,50 - 2,50 2,50 - 2,50 ments — stream-bed facies gravels with the nappe consisting
LERLT RSB EIOERE ) of loams, clays and sands. The thickness of the gravel accu-
Vetranie pozdizne pozdizne mulation reaches 5-14m.
bez Sachty bez Sachty Further on, the motorway alignment continues through the
Ventilation longitudinal longitudinal 2898m long Havran tunnel, which will be driven through the
without shaft without shaft Kriznany thrust sheet, through the above-mentioned strata
Névrhové rchiost (kmih) with r.nz‘lrly limest(.)ne‘, clays‘tone‘ and shale prevailing,‘ locally
Design speed (km/h) 100 100 containing dolomites and sandstone. In deeper parts of the

massif, it is possible to expect tectonic disturbance by
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masiv Kopy 1187,20 m n.m. — Kopa massif 1187.20m a. s. |.
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Obr. 3 Pozdizfny profil severnym variantom s tunelmi Korbelka a Havran

Fig. 3 Longitudinal section through the Northern Variant containing the Korbelka and Havran tunnels

menty — Strky korytovej facie s pokryvom hlin, ilov
a pieskov. Hribka Strkovej akumulécie dosahuje 5—14 m.

Nasledne trasa dialnice pokracuje tunelom Havran diiky
2898 m, ktory bude razeny v hornindch kriznanského prikrovu
vo vyssie spomenutych suvrstviach s dominanciou slienitych
véapencov, ilovcov, bridlic, lokdlne dolomitov a pieskovcov.
V hlbsich Castiach masivu moZno ocakavat’ tektonické poru-
Senie systémom zlomov a k nim prislichajicich puklin.
Portalova oblast je charakterizovand svahovymi sedimentmi
hribky az 8 m.

OPIS TUNELOV KORBELKA A HAVRAN V TRASE
SEVERNEHO VARIANTU

V trase severného variantu dialnice D1 useku Turany —
Hubovad boli navrhnuté dva dialni¢né tunely Korbelka
a Havran s celkovou dizkou 8750 m, ktorych zdkladné udaje
st uvedené v tab. 2.

Razenie oboch tunelov v trase severného variantu bolo navrh-
nuté konvenénym spdsobom podla zasad NATM s c¢lenenim
vyrubu na kalotu a stupen. V pripade zhorSenych geologickych
pomerov sa vyrub tunela uzatvori do spodnej klenby.

Samotnd stavebnd konStrukcia tunela je zloZend z dvoch vrs-
tiev primdrneho ostenia a sekundarneho ostenia, ktoré si odde-
lené hydroizolacnym stvrstvim chrdniacim tunel pred prenika-
nim vody z horninového masivu do dopravného priestoru.

V oboch tuneloch Korbelka a Havran st navrhnuté bezpec-
nostno-stavebné dpravy, ktoré vytvdraju priestory a trasy pre
pohyb pasazierov vozidiel pocas mimoriadnych udalosti
(porucha vozidla, havdria, pripadne poZiar v tuneli a tieZ pre
umiestnenie technologickych zariadeni sliZiacich v uvede-
nych pripadoch). Navrhnuté bezpecnostno-stavebné Upravy
zodpovedajice STN 73 7507 a smernici TP 11/2011 vydanej
MDPaT pozostavaji z:

e nuddzovych zdlivov — st navrhnuté v kaZzdej konvencne
razenej tunelovej rdre so vzdajomnou vzdialenostou
750 m diiky 40 +10 m pre miestnost elektrozariadent,

e prie¢nych prepojeni — navrhnuté so vzajomnou vzdiale-
nostou 250 m, ktoré si v mieste nidzovych zdlivov
navrhnuté ako prejazdné pre vozidla HaZJ,

a system of faults and cracks associated with them. The por-
tal area is characterised by slope sediments up to 8m thick.

DESCRIPTION OF THE KORBELKA AND HAVRAN
TUNNELS ON THE NORTHERN VARIANT ROUTE

Two motorway tunnels, the Korbelka and Havran with the
aggregate length of 8,750m, were proposed for the route if
the Turany — Hubova section of the D1 motorway. Basic data
on the tunnels is presented in Table 2.

The conventional NATM was proposed for the excavation
of both tunnel tubes on the Northern Variant alignment, with
the excavation sequence consisting of top heading and bench.
In the case of worsened geological conditions the tunnel
excavation will be closed by an invert.

The tunnel structure itself consists of two layers, the pri-
mary lining and secondary lining, which are separated by
waterproofing layers protecting the tunnel against the intrusi-
on of water from the ground mass into the road space.

Safety-structural measures are proposed for both the
Korbelka and Havran tunnels. They create spaces and routes
for the movement of passengers of vehicles during extraordi-
nary events (vehicle breakdown, accident or tunnel fire and
also for the installation of tunnel equipment to be used in the
above-mentioned cases). The proposed safety-structural mea-
sures corresponding to STN 73 7507 and the TP 11/2011 spe-
cifications issued by the MTCRD consist of:

e emergency lay-bys — they are proposed for each conven-
tionally driven tunnel tube at intervals of 750m; the
length is 40m + 10m added for electrical equipment
room;

e cross passages — they are proposed at intervals of 250m;
vehicular cross passages are proposed for fire brigade
equipment;

e combined niches for emergency calling and fire hydrants
are proposed at intervals of 150m;

e recesses for drainage inspection manholes — at intervals
of 50m.
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e zdruzenych vyklenkov nidzového volania a vyklenkov SOUTHERN VARIANT CONTAINING THE VELKA FATRA

poziarneho hydrantu — navrhnuté so vzdjomnou vzdiale- MOTORWAY-RAILWAY TUNNEL
nostou 150 m,

e vyklenkov Cistenia drendZe — vo vzdjomnej vzdialenosti
50 m.

The Turany — Hubova section of the D1 motorway being
solved begins east of the village of Turany, where it connects
the Dubna Skala — Turany section of the D1 motorway being
prepared at its chainage km 13.500,000. The route being stu-
died mostly runs on embankments, passes along the Vih

JUZNY VARIANT S DIALNICNO-ZELEZNICNYM TUNELOM

VEL“ FATRA River floodplain and crosses over a shoulder of the Vah, the
Zaciatok rieSeného dseku km D1 Tur'any — Hubova zaCina Vih itself, a parallel road and a tertiary road by means of
vychodne od obce Turany, kde v stanieni 13,500 000 km bridge structures. Subsequently the motorway route enters

nadvizuje na pripravovand dialnicu D1 Dubna Skala —

)€ the Velka Fatra tunnel, the western portal of which is identi-
Turany. Studovand trasa zvicSa vedend v telese ndsypu pre-

cal with the portal of the Korbelka tunnel contained in the

chadza tidolnou nivou rieky Vih a pomocou mostnych objek- | NORTHERN VARIANT. The Turany flyover with the conne-
tov preklenuje rameno Véhu, samotni rieku Vih, sibeZnl | (jop (o the 1/18 road is proposed to be at chainage km 1.000
cestu a ucelovi komunikdciu. Ndsledne trasa dialnice vchad- of the Turany — Hubovi section of the D1 motorway.

za do tunela Velka Fatra, ktorého zdpadny portil je totoZny so The Velkd Fatra tunnel complex passes under the southern
fgaTcgly\IInkporia(l)%?It)ulnéla lgio;bel’ka v IS_IEI\:ERNOM \;ARIj edge of Kralovianskd Kopa hill, around the villages of
. vm PR useku turany — ’u f)va Je navrhnuta Lubochna and Hubov4, under the Lubochna valley and terra-
mimouroviovd krizovatka Turany s napojenim na cestu 1/18,' in depressions south of the villages of Hubova and Kitny
K:;llll’(l)]:ilgr\llsykel'((;(r(r)lp lexob\clznlzaubl(:)aclgga I;Ogi};iiz; I-llililz)};hgi(arsj Vrch. The motorway alignment emerges on the surface above
. J *oby, A o P the right bank of the Bystry Brook in the location of the vil-
sku dolinu, terénne depresie juzne od obce Hubovd a Kutny lage of Bystrd, near this brook’s mouth to the Vah between
h. T dialni had h nad ym breh o ) :
vren rasa crathice vyenadza na bovres n p/rayym renotm the villages of Hubovd and Hrboltova. The motorway crosses
Bystrého potoka, v lokalite Bystrd, nedaleko ustia potoka do over the Vih River valley on a 703m long bridge structure
Véahu medzi obcami Hubova a Hrboltova. Dialhica prekona- ’
va ddolie Vdhu mostnym objektom diiky 703p metrov and, on a right-hand curve, passes to the right bank slopes of
the valley, where, at the chainage km 13.750 of the section

a pravotoCivym oblikom prechddza na pravobrezné svahy - ) )
tdolia, kde sa pripdja na pripravovany tsek DI v tseku being solved, it connects the D1 motorway being prepared.

Hubov4 — Ivachnova The gradient of the alignment is designed at 0.40—1.00%

Sklon nivelety je v celej dizke navrhnuty od 0,40-1,00 % throughout its length so that the tunnel complex passes under
tak, aby navrhnuty tunelovy komplex podiSiel hlboké terénne deep terrain depres.smnS of the Lubochna valley ant.j the val-
depresie Lubochnianskej doliny a dal$ie tidolia juzne od obce ley south of the village of Hubova. From the chainage km
Hubové. Od stanienia 13,500 km z dévodu vloZenia vysko- = 13.500 onward, the gradient is gradually increased to 4.5% to
vého oblika a napojenia na daldi udsek dochadza allow for the insertion of a vertical curve and connection to
k zvi¢$ovaniu sklonu aZ na 4,5 % (obr. 4). the following section (see Fig. 4).

Trasa subezného Zelezni¢ného koridoru sa v km 12,000 The route of the parallel railway corridor diverges from the
odkldna od dialnice na sever a vyndra sa na lavom brehu motorway north at chainage km 12.000 and emerges on the
rieky Védh. Nasledne mostnym objektom prekondva rieku left bank of the river Vah. Then it crosses over the Vah, the
Vih, cestu I/18 a sticasnd Zelezni¢ni trat' a vchddza do dalSie- 1/18 road and the current railway track on a bridge and enters
ho navrhovaného Zelezni¢ného tunela Cebrat. the next railway tunnel being proposed, the Cebrat tunnel.
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Obr. 4 Pozdizny profil juznym variantom s tunelom Velkd Fatra
Fig. 4 Longitudinal section through the Southern Variant containing the Velkd Fatra tunnel
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Tab. 3 Zdkladné iidaje o dialhicno-Zeleznicnom tuneli Velkd Fatra v trase
Jjuzného variantu

Table 3 Basic data on the Velkd Fatra motorway-railway tunnel on the
Southern Variant alignment

ZAKLADNE UDAJE: Velka Fatra | dialnica Zeleznica

BASIC DATA: Velka Fatra motorway roadway

Dizka tunela (m) 9435 9782

Tunnel length (m)

Sirkové usporiadanie v zmysle

STN 73 7507 2T-75

Road width geometry according

to STN 73 7507

Zaciatok osi tunela v km 3,230 000 km D1 | 4,230 000 nzkm

Beginning of the tunnel centre line D1 km 3.230000 railway km

at chainage 4.230000

Koniec tunela v km 12,665 000 km D1 | 14,012 000 nzkm

End of the tunnel at chainage D1 km 12.665 000 | railway km
14.012000

Sirka medzi obrubnikmi (m) 7,50 -

Curb-to-curb width (m)

Vzdialenost osi kolaji (m) = 4,20

Track centre distance (m)

Sirka chodnikov (m) 1,00 2,37

Walkway width (m)

Celkova vyska priechodného

prierezu v tuneli (m) 4,80 6,00

Total tunnel clearance profile

height (m)

Pozdizny sklon (%) 0,50 - 1,00 0,70

Longitudinal gradient (%)

Max. priecny sklon (%) -2,50; + 2,50 -

Maximum transverse gradient (%)

Vetranie pozdizne s dvomi Sachtami

Ventilation longitudinal with two shafts

Névrhova rychlost (km/h) 100 200

Design speed (km/h)

V km 1,000 D1 vybudovand nova mimoudrovniova kriZovat-
ka Turany, ktora v sdcasnosti budovany usek dialnice D1
vyuZije ako privadza¢ na Statnu cestu I/18. (Pozri opis
v kapitole SEVERNEHO VARIANTU.)

V km 13,600 D1 bude vybudovana novd mimotrovinova
kriZovatka Hubovd, ktord umoznuje vyjazd na Stdtnu cestu
1/18, ako aj pripadné napojenie na R3 (variant cez Komjatnud
dolinu). Ndvrh samotnej kriZovatky zachovava bod napojenia
na Statnu cestu I/18 a v maximdlnej miere vyuZiva teleso
useku dialnice D1 Hubova — Ivachnova.

GEOLOGICKE POMERY V TRASE JUZNEHO VARIANTU

Od zdpadného portdlu, je masiv budovany horninami
mazického suvrstvia (bridlicami, slienmi a slienitymi vdpen-
cami). Na zdklade dostupnych tdajov z geofyzikdlneho pries-
kumu, moZno oCakavat, Ze zhruba vo vzdialenosti 1,30 km od
zapadného portdlu sa bude nachddzat prechod z komplexu
hornin kriznanského prikrovu do hornin vdpencovo-dolomi-
tického chocského prikrovu, ktorého troska je v tomto tseku
zaklesnuta az pod niveletu tunela.

The new Turany grade-separated intersection (GSI) built
at km 1.000 of the D1 motorway will use the D1 motorway sec-
tion being currently built as a link road to the I/18 state road.
(See the description in the NORTHERN VARIANT chapter).

The new grade-separated Hubova intersection will be deve-
loped at km 13.600 of the D1 motorway. It allows for exiting
to the I/18 state road and contingent connection to the R3 (the
variant crossing Komjatnd Valley). The intersection design
maintains the point of the connection to the I/18 state road
and uses to maximum extent the embankment of the Hubova
— Ivachnova section of the D1 motorway.

GEOLOGICAL CONDITIONS ON THE SOUTHERN VARIANT
ALIGNMENT

From the western portal onward, the massif is formed by
the Mazik Member (shales, marl and marly limestone). It is
possible to expect on the basis of data available from the
geophysical investigation that, at the distance of about
1.30km from the western portal, the transition from the
Kriznany thrust sheet rocks to rocks forming the limestone-
dolomitic Choc thrust sheet, a part of which is even wedged
under the tunnel alignment in this section, will be encoun-
tered.

The passage under both deep terrain depressions, the
Lubochna and Hubova valleys, should be bordered by steep
tectonic disturbances with the character of faults. The over-
burden height in this section reaches 25-30m; fractured and
weathered bedrock is expected to take a 10—25m portion of
this thickness. The valley filling consists of fluvial water-bea-
ring gravel-sand sediments with a Holocene cover formed by
clays and loams, which are covered on the edges by deluvial
debris. It is recommended that both these sections be stabili-
sed by grouting carried out from the surface.

We expect that the tunnel section approximately between
chainage km 8.000 and the eastern portal of the Velkd Fatra
tunnel will be driven through the Kiznany overthrust sheet
rock types. We expect the occurrence of marly limestone,
shales, marlite, locally also dolomites and sandstone of the
Mazik and Poruba Members.

In the section between chainage km 12.665 and 13.750, the
motorway alignment continues on a bridge over the Bystry
Brook and the river Vih, passes over the alluvial floodplain
of the river and passes to right side slopes, where it ends. The
bedrock consists of Mesozoic rock types. At the valley edge,
the fluvial sediments are partially replaced by deluvial sedi-
ments.

VELKA FATRA MOTORWAY-RAILWAY TUNNEL

The motorway-railway tunnel complex Velka Fatra consists
of parallel tunnel tubes for dual carriageways and a parallel
tunnel tube for the double-track railway line. All three tubes
are interconnected by cross passages. With respect to the
lengths of the tunnel tubes being proposed, the excavation of
the complex was solved not only by conventional tunnelling
but also by means of a full-face, shielded tunnel boring
machine.

It is necessary for the purpose of the effective use of con-
ventional excavation (the NATM) to increase the longitudinal
gradient of the alignment by approximately 0.5% (the new
gradient of 1.00%) so that a cut-and-cover tunnel can be rea-
lised in the location of deep terrain depressions (Lubochna
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Prechod popod obe hlboké terénne depresie, Lubochnian- valley and Hubova valley) or so that this bonus can be used
sku a Hubovski dolinu by mal byt ohranic¢eny strmymi tekto- as a temporary portal for the possibility of driving the tunnel
nickymi poruchami charakteru zlomov. VySka nadloZia from 6 portals — 12 headings.

v tomto useku dosahuje cca 25-30 m, z toho porusené When the benefit of the terrain depressions (Lubochna and
a zvetrané skalné podloZie by malo mat’ hribku 10-25 m. Hubové valleys) is not taken advantage of and the length of

Vypln udolia tvoria fluvidlne zvodnené Strkopieséité sedi-
menty s holocénnym pokryvom ilov a hlin, na okrajoch tdo-
lia presypané deluvidlnymi sutami. Oba tieto Useky bude
vhodné zabezpecit injektdZnymi pracami z povrchu.
Priblizne od km 8,000 aZ po vychodny portdl tunela Velka
Fatra, predpokladdme razenie v horninédch kriznanského prik-
rovu. Ocakdavame vyskyt slienitych vapencov, bridlic, slie-
novcov, lokdlne dolomitov a pieskovcov mazického a porub-

the mined tunnel is taken into consideration, the 2x9,435m
long motorway tunnels can be driven using two shielded
full-face tunnelling machines with the cutterheads 12.0m in
diameter.

A 14-month time is assumed for the preparation for the
continual excavation (shielded full-face tunnelling machine
- TBM); this period covers the construction of access roads,

ského stvrstvia. a construction site facility and portal pits for the tunnelling,
V dseku (12,665-13,750 km) trasa dialnice pokratuje the manufacture of the full-face tunnelling machine, its
mostnym objektom cez Bystry potok a rieku Vah prekondva supply and assembly in the space of the portal pit.
aluvidlnu nivu rieky a prechddza do pravostrannych svahov, All muck from tunnel tubes will be transported during the
kde konéi. Uzemie je budované fluvidlnymi Strkovitymi sedi- TBM excavation of the tunnels by means of belt conveyors
mentmi, ktorych hriibka dosahuje 4-8 m. PodloZie je tvorené discharging directly to stockpiles located at the western por-
mezozoickymi horninami. Na okraji tdolia si fluvidlne sedi- tal of the Velka Fatra tunnel. The muck excavated from the
menty Ciasto¢né prestriedané deluvidlnymi. motorway tunnel tubes (2,780,000m3) and the double-track

railway tunnel represents a volume of 3,480,000m3 of natu-
ral rock, which represents 4,530,000m3 material when the

DIALNICNO-ZELEZNICNY TUNEL VELKA FATRA

Dialni¢no-Zelezni¢ny tunelovy komplex Velkd Fatra — swelling coefficient k = 1.3 is applied. Suitable muck can be
pozostdva z dvoch tunelovych rdr pre smerovo rozdelenu crushed and used for embankments on green bridges — eco-
cestnii dopravu a sibeZnej tunelovej riry pre dvojkolajni logical corridors and other groundwork structures.

Zelezni¢nu trat. VSetky tri tunelové riry si vzdjomne pospa-
jané prieCnymi prepojeniami. Razenie tunelového komplexu
bolo vzhladom k dlzke navrhovanych tunelovych rir uvazo-
vané nielen pomocou konven¢ného razenia ale aj pomocou
plnoprofilového raziaceho stroja TBM s plastom.

Pre efektivne vyuzitie konvencného razenia (NATM) je
potrebné zvysit niveletu tunelov o cca 0,5 % (novy pozdiiny

The structural-technical solution for the railway corridor is
closely associated with the continual excavation technique.
The load-bearing structure of the tunnel is formed by
a single-shell lining consisting of 450mm thick segments,
which ensure the waterproofing capacity and eliminate the
drainage effect of the tunnel. The inner structural arrange-

sklon 1,00%) tak, aby bolo moZné v mieste hlbokych terén- ment of the tunnel follows from the need for positioning the
nych depresif (Lubochnianska dolina, Hubov4 dolina) zreali- | railway track, cable and pipelines and other equipment
zovat'hlbeny tunel v otvorenej stavebnej jame, pripadne tento throughout the section length. The tunnel invert is filled with
bonus vyuzit' ako doCasny portdl pre mozZnost’ razenia zo non-structural mass concrete, with a duct collecting other
6 portdlov — 12 Celieb. water embedded in it. Cable ducts will be located in walk-

V pripade nevyuZitia terénnych deRresii (Eubochnianska ways along the track sides. The surface of the walkways is
a Hubovd dolina) a s prihliadnutim na dlZku razenych tunelov designed in accordance with stipulations of the Commission

je mozné razit' dialni¢né tunely dizky 2x9435 m pomocou | pecision No. 2008/163/ES to be at the level of the top of
dvoch plnoprofilovych raziacich strojov — TBM s pldstom

s priemerom raziacej hlavy & = 12,00 m.

Pre kontinudlne razenie (TBM s plastom) sa uvaZuje so
14mesaénym Casovym intervalom pripravy, ktory zahtna
vybudovanie pristupovych ciest, zariadeni staveniska
a portdlovych jam pre razenie, vyrobu raziaceho stroja TBM,
jeho doddvku a montdZz v priestore portdlovej jamy.

rails. The dry fire main will be located on the inner side of
the pair of tunnels. It will be installed in a channel covered
with pre-cast slabs. In one case of the single-tube double-
track tunnel, the dry fire main will be installed in a channel
under both walkways (see Fig. 5).

The structural-technical solution for the motorway tunnels

Potas razenia tunelov pomocou metédy TBM bude vietka is again closely associated with the continual excavation
ribanina z tunelovych rir dopravovani pomocou pasovych technique. The load-carrying structure of the tunnel is for-
dopravnikov priamo na sklddky materidlov nachddzajice sa med by a double-shell lining, where the first layer is
pri zapadnom portali tunela Velka Fatra. Mnozstvo vytazenej a reinforced concrete liner consisting of 450mm thick pre-
rdbaniny z tunelovych rir dialni¢nych tunelov (2 780 000 m3) cast segments with watertight joints, which is installed
a dvojkolajného Zelezni¢ného tunela predstavuje objem immediately after the completion of the excavation of the
3 480 000 m3 hornin, ¢o pri koeficiente nakyprenia k = 1,3 respective section. This lining secures immediate waterproo-

predstavuje 4 530 000 m3 materidlu. Vhodna ribanina moze
byt po predrveni pouZzitd do ndsypov presypanych zelenych
mostov — biokoridorov a dal§ich zemnych konstrukcif.
Stavebnotechnické rieSenie Zelezni¢ného tunela tzko sivisi
s technoldgiou kontinudlneho razenia. Nosnd konStrukcia
tunela je tvorend jednovrstvovym ostenim prefabrikovanych

fing capacity of the working and eliminates the drainage
effect of the tunnel. The second layer is formed by the secon-
dary (final) liner with an intermediate waterproofing mem-
brane, which has the character of cladding (see Fig. 5).

The lower part of the motorway tunnel will be used as

segmentov, ktoré zabezpedi vodotesnost diela a eliminuje dre- a duct for cable routes, the access road for intervention units
ndZny Gcinok tunela. Vnitorné konstrukéné usporiadanie tune- and, at last but not least, as an escape gallery. Entrances to
la vyplyva z potreby umiestnenia kolajovej trate, kdblovych this gallery will be through staircases leading from the cross
a potrubnych vedeni a dal§ich zariadeni po celej dlzke dseku. passages provided at intervals of 250m.
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DVOJKOLAJNY ZELEZNICNY TUNEL
DOUBLE-TRACK RAILWAY TUNNEL

mi.Ha

SEVERNA TUNELOVA RURA
NORTHERN TUNNEL TUBE

JUZNA TUNELOVA RURA
SOUTHERN TUNNEL TUBE

Obr. 5 Vzorovy priecny rez dialhicno-Zeleznicnym tunelom Velkd Fatra
Fig. 5 Typical cross-section through the Velkd Fatra motorway-railway tunnel

Spodna Cast’ tunelovej riry bude vyplnena prostym beténom,
v ktorom je osadeny zberac ostanych vdd. Po bo¢nych stranach
pevnej jazdnej drahy budid v chodnikoch umiestnené chranicky
pre kéblové trasy a potrubie suchovodu (obr. 5).

Stavebnotechnické rieSenie dialni¢nych tunelov opédtovne
uzko suvisi s technoldgiou kontinudlneho razenia. Nosna kon-
Strukcia tunela je tvorend dvojvrstvovym ostenim, kde prvi
vrstvu tvori Zelezobeténové ostenie z prefabrikovanych seg-
mentov s vodotesnymi spojmi, ktoré sd realizované ihned po
vyrazeni daného useku. Toto ostenie zabezpecuje okamZitd
vodotesnost’ diela a eliminuje drendZny Gc¢inok tunela. Druhd
vrstvu tvori sekundarne — findlne ostenie tunela s medzilahlou
hydroizola¢nou membranou, ktoré mad obkladny charakter
(obr. 5). Spodna Cast’dialniéného tunela bude slazit ako kolek-
tor pre kablové trasy, pristupovd komunikacia pre zdsahové
jednotky a v neposlednom rade aj ako tnikova chodba. Vstupy
do tejto tnikovej chodby budd zabezpecené cez schodiska
z prieCnych prepojeni so vzdjomnou vzdialenostou 250 m.
V hornej Casti sa nachddza dopravny priestor s prejazdnym
gabaritom vysky 4,80 m. Sirkové usporiadanie vozovky je
navrhnuté v zmysle STN 73 7507 s dvomi jazdnymi pruhmi
§irky 3,75 m a postrannymi chodnikmi Sirky 1,00 m.

V pripade, Ze by bol pocas realizacie tunelovych rdr naraze-
ny vydatny zdroj podzemnej vody, je potrebné orientovat sa
na moznost'vyuzitia podzemného diela ako zdroja pitnej vody.
Toto plati aj pre konven¢né razenie tunela. Z hladiska tech-
nického i hygienického nie je problémom vybudovat’ zichyt
hlavnych vyverov podzemnej vody a ich zvedenie do tunelo-
vej rury. Takéto technické rieSenie — vyuzitie podzemnych vod
z tunela sa pouzilo v medzivojnovom obdobi pocCas vystavby
vrcholového Zelezni¢ného tunela na trase B. Bystrica —
Diviaky (Cremogniansky vrcholovy tunel diiky 4 697,15 m),
z ktorého pitnd voda zasobuje verejny vodovod B. Bystrice.

V tunelovom komplexe Velkd Fatra sid v zmysle STN 73 7507,
STN 73 7508, TP 11/2011 navrhnuté bezpecnostno-stavebné
upravy tak, aby vytvarali priestory a trasy pre pohyb pasazi-
erov, vozidiel po¢as mimoriadnych udalosti a tieZ pre umiest-
nenie technologickych zariadeni:

e nddzové zdlivy dialni¢nych tunelov — so vzdajomnou

vzdialenostou 750 m, diiky 40 + 10 m pre miestnost’
elektrozariadeni,

In the upper part, there is the road space with the vertical
clearance of 4.80m. The roadway width configuration is
designed in accordance with the above-mentioned standard,
with two 3.75m wide traffic lanes and 1.0m wide walkways
on both sides.

Should an abundant source of groundwater be tapped
during the construction of the tunnel tubes, it would be
necessary to follow the possibility of using the underground
working as a source of drinking water. This applies also to
conventional tunnelling. As far as technical and sanitary
aspects are concerned, building a facility capturing the main
groundwater boils during the course of mining operations
and diverting them to the tunnel tube poses no problem.
Such a technical solution — the use of groundwater from
a tunnel — was used in the interwar period, during the con-
struction of a summit railway tunnel on the Banskd Bystrica
— Diviaky railway line (the 4,697.15m long Cremo$nd sum-
mit tunnel). Drinking water from this tunnel feeds Banskd
Bystrica public water distribution system with drinking
water. A similar solution was under consideration in the ini-
tial phases of the preparation of design documents for the
Branisko motorway tunnel.

Safety-structural measures corresponding to STN 73 7507,
STN 73 7508 and TP 11/2011 are proposed for the Velka
Fatra tunnel complex to create spaces and routes for the
movement of passengers of vehicles during extraordinary
events and spaces for the installation of tunnel equipment:

* emergency lay-bys in motorway tunnels — at intervals of
750m; the length 40m + 10m added for electrical equip-
ment room;

* cross passages between motorway tunnels — carried out
at intervals of 250m; vehicular cross passages are pro-
posed for fire brigade equipment;

e combined niches in motorway tunnels (SOS + FM +
manholes) — designed at intervals of 150m;

* recesses for drainage inspection manholes in motorway

tunnels — at intervals of 50m.
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e prieCne prepojenia dialhi¢nych tunelov — so vzajomnou
vzdialenostou 250 m, ktoré su v mieste nidzovych zali-
vov navrhnuté ako prejazdné pre vozidla HaZJ,

e zdruzené vyklenky dialni¢nych tunelov (SOS+PV+CD)
— navrhnuté so vzdjomnou vzdialenostou 150 m,

e vyklenky Cistenia drendZe dialhi¢nych tunelov — vo vza-
jomnej vzdialenosti 50 m,

* priecne prepojenia so Zelezni¢nym tunelom — vo vzdjom-
nej vzdialenosti 500 m,

¢ vyklenkov poziarneho hydrantu v Zelezni¢nom tuneli —
vo vzajomnej vzdialenosti 100 m,

e vetracie Sachty rozdelujice tunel na 3 vzduchotechnické
celky. )

V dialhi¢nom tuneli Velkd Fatra je navrhnuté pozdlZne vet-
ranie s dvomi vetracimi Sachtami, ktoré rozdeluju tunel na 3
samostatné vzduchotechnické dseky. V tuneli si osadené pru-
dové ventilatory priemeru D = 1120 mm o taZznej sile 1160 N,
el. motorom 30 kW, teplotnou odolnostou 250 °C, 90 min.
V celkovom pocte prudovych ventildtorov je uvaZovana
rezerva min. 2 ks v kazdej tunelovej rire pre pripad poruchy:

e prava tunelova rira, stipajica: celkom 22 ks pridovych
ventilatorov D 1120,

e Tavd tunelovd rura, klesajica: celkom 24 ks pridovych
ventilatorov D 1120.

Pri normélnej dopravnej prevddzke pri rychlostiach vozidi-
el 40 az 80 km/h sa obidva tubusy vyvetrajui pozdlZznym vet-
ranim s pridovymi ventildtormi pod klenbou tunela. Vetracie
Sachty zaistia odvod znecCisteného vzduchu z daného vetraci-
eho udseku a privod Cerstvého vzduchu.

Pri kongescii vozidiel v tuneli alebo za mimoriadnych kli-
matickych podmienok (inverzné pocasie, hmla, vichrica
a pod.) bude podla situdcie postupne zvySovany vykon vetra-
nia na zdklade ddajov snimacov CO, opacity, merania rych-
losti a smeru prudenia vzduchu v tuneli.

V pripade nehody a poZiaru v jednom tuneli bude automa-
ticky spustené vetracie zariadenie daného tseku. Vo vetracom
useku, kde vznikol poZiar, sa automaticky spusti odsavaci ven-
tildtor v prislusnej vetracej Sachte na min. vykon 250 m3/s.
MnozZstvo odsdvaného vzduchu zodpovedd dimenzovaniu
VZT zariadeni na normovy poziar 50 MW.

VYHODY TUNELA VELKA FATRA

Obidva alternativne tunelové varianty st oproti posudzova-
nému a preferovanému tidolnému variantu dialnice D1 v dse-
ku Turany — Hubova nielen kratSie (viac ako 3 km)
a vyhodnejsie z ekologického hladiska, ale aj menej naro¢né
na samotny proces pripravy dokumentdcie (rddovo mensi
pocet stavebnych objektov). St menej ndrocné z hladiska
Casu schvalovacieho procesu dokumenticie, technickej né-
rocnosti realizdcie, ako aj prevddzkovych ndkladov vozidiel
a Casovej uspory cestujicich.

NavySe, juzny variant s dialni¢no-Zeleznicnym tunelom
Velkéd Fatra (9435 m), oproti severnému variantu (B1) s tunelmi
Korbelka a Havran (8749 m) pontka nasledovné vyhody:

e trasa juzného variantu je o 1 km krat§ia oproti severnému
variantu s tunelmi Korbelka a Havran (trasa je o 4,13 km
kratSia oproti idolnému variantu),

e doteraz ako jediny variant v iseku D1 Turany — Hubova
nielenZe zohladnuje, ale aj rie§i vyhladovd modernizéciu
Zelezni¢ného koridoru Zilina — Kosice, ktory je sticastou
trans-eurépskeho zelezni¢ného koridoru Va,

e napriek dlzke tunelovych rir 9435m, navrhované traso-
vanie tunela pod terénne depresie Lubochnianskej
a Hubovskej doliny umozni razit tunel nielen pomocou
TBM - metddy, ale aj pouzitim metddy cyklického raze-
nia, bez vysokej ¢asovej naro¢nosti (moznost razenia zo
6 portdlov — 12 Celieb),
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e cross passages to the railway tunnel — at intervals of 500m;

e niches for fire hydrants in the railway tunnel — at intervals

of 100m;

e ventilation shafts dividing the tunnel into 3 ventilation

units.

The Velka Fatra motorway tunnel ventilation system is lon-
gitudinal, with two ventilation shafts dividing the tunnel into
3 separate ventilation sections. There are jet fans with the dia-
meter D = 1,120mm, the intensity of draught of 1,160N,
30kW electric motor, the heat resistance of 250°C for 90
minutes. There is a reserve of 2 pieces in the total number of
jet fans, which are taken into consideration for each tunnel
tube in case of a defect:

e right-hand tunnel tube, the ascending one: 22 pieces of D

1120 jet fans in total,
e left-hand tunnel tube, the descending one: 24 pieces of D
1120 jet fans in total.

At normal traffic volume at the speed of vehicles of 40 to
80km/h, both tunnel tubes will be fully ventilated by the lon-
gitudinal ventilation system with jet fans installed under the
tunnel vault. The ventilation shafts will provide the evacuati-
on of polluted air from the respective ventilation section and
the supply of fresh air. In cases of congestions of vehicles
inside the tunnel or under extraordinary climatic conditions
(inverse weather, fog, windstorm etc.), the ventilation output
will be gradually increased depending on the situation, accor-
ding to data from CO sensors, opacity and measurements of
the velocity and direction of airflow inside the tunnel.

In the case of an accident and fire in one tunnel tube, the
ventilation system of the respective section will be automati-
cally switched on. The extraction fan will be automatically
switched on in the ventilation shaft respective to the section
in which the fire originated, with the minimum output of
250m3/s. The amount of air being extracted corresponds to
the ventilation equipment design for the standard 5S0MW fire.

VELKA FATRA TUNNEL ADVANTAGES

Compared with the valley variant of the Turany — Hubova
section of the D1 motorway being assessed and preferred,
both alternative tunnel variants are not only shorter (by over
3km) and more advantageous in terms of ecology, but also
less demanding in terms of the process of preparing the
design documents (the number of construction objects is in
a smaller order). They are less demanding as far as the time
required for obtaining approvals to documents, the technical
exactingness of the realisation, operational costs and time
savings of travellers are concerned.

In addition, the Southern Variant containing the Velkd Fatra
motorway-railway tunnel (9,435m) offers the following
advantages over the Northern Variant (B1) containing the
Korbelka and Havran tunnels (8,749m):

e The Southern Variant alignment is shorter by 1km com-
pared with the Northern Variant containing the Korbelka
and Havran tunnels (by 4.13km shorter compared with
the valley variant);

e The until now only variant for the Turany — Hubov4 sec-
tion of the D1 motorway not only takes into considerati-
on, but also solves the planned modernisation of the Zili-
na — KoSice railway corridor, which is part of the trans-
European railway corridor Va;

* Despite the 9,435m length of the tunnel tubes, the propo-
sed route of the tunnel running under the Lubochna and
Hubova valleys will allow for driving the tunnel not only
using a full-face tunnelling machine but also using the
cyclic excavation method, without high demands on time
(the possibility of driving from 6 portals — 12 headings);
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e rozdelit' tunel pomocou dvoch vetracich Sacht (max.
hibky 40-50 m) na 3 samostatné vzduchotechnické celky
a pouiit’pozdiiny systém vetrania dialni¢nych tunelov,

e vzdjomné prepojenie dialni¢nych tunelov a Zelezni¢ného
tunela pomocou priecnych prepojeni zvysi pocet pristu-
povych komunikacii pre zdchranné jednotky,

* moznost etapizdcie vystavby: v prvej etape sa budu razit’
dialni¢né tunely s Casovym odstupom (vyhlad 20-30
rokov) ndsledne Zelezni¢ny tunel,

e navrhované a rozostavané suvisiace useky dialnice D1
Dubnd Skala — Turany (cca 1,90 km) a Hubovd —
Ivachnova (1,44 km) budu vyuzité ako dialni¢né privad-
zace na Stdtnu cestu 1/18,

* zjednoduSend manipuldcia a doprava materidlu vytazené-
ho z tunelovych rir na depdniu.

ZAVER

V stcasnosti prebieha opit posudzovanie variantov dialni-
ce D1 v dseku Turany — Hubova. Bohuzial aj napriek vSet-
kym spomenutym faktom, jednozna¢nym zaverom predchad-
zajucich Stadif a problémom, ktoré sprevadzali doterajSiu pri-
pravu D1 v tseku Turany — Hubov4, je velmi pravdepodobné,
Ze opétovne sa hladd ,,len optimalizdcia® respektive modifi-
kécia sporného udolného variantu, ktory bol a zostava traso-
vany morfologicky, geologicky, technicky a environmentalne
naro¢nom dzemi.

Bolo by vhodné sa poucdit z poslednych 6-tich rokov, ked
priprava dialnice D1 Turany — Hubova skoncila v slepej ulic-
ke, pozriet sa na problematiku trasovania multimodédlneho
dopravného koridoru z hladiska strategického rozvoja
a modernizécie Zeleznice (20-30 rokov) a zdaroven z pohladu
mozZnosti a vyuZitelnosti environmentdlne citlivého a vzdic-
neho tzemia.

Navrhovany juZny variant s dialni¢no-Zelezni¢nym tune-
lom Velka Fatra pontka nielen komplexné rieSenie dopravy
v useku Turany — Hubovd, ktory je tcastou transeurépskeho
multimoddlneho koridoru Va, ale aj obchddza inZiniersko-
geologicky ndro¢né tzemia s rozsiahlymi svahovymi defor-
maciami a zdroven zachovava environmentdlne cennu oblast),
kde sa stretdva 6 chrdnenych tzemi eurépskeho vyznamu, pre
budice generdcie.

ING. JAN SNOPKO, snopko@tarosi.sk,

ING. VERONIKA OCENASOVA, ocenasova@tarosi.sk,
TAROSI c.c., s.r.o,
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e The tunnel can be divided by two ventilation shafts (with
maximum depths of 40-50m) into three separate ventilation
sections and it is possible to use the longitudinal ventila-
tion system for motorway tunnels;

e The interconnection between the motorway tunnels and
the railway tunnel by cross passages will increase the
number of access routes for rescue units;

e The possibility of dividing the project into phases: the
motorway tunnels will be driven in the first phase with
the first tube lagging behind the other (20-30-year inter-
val is expected), the railway tunnel will follow;

e The Dubna Skala — Turany (about 1.90km) and Hubova
— Ivachnova (about 1.44km) related sections of the D1
motorway being proposed and being under construction
will be used as motorway link road to the I/18 state road;

e The simplified handling and transport of material drawn
from the tunnel to the stockpile.

CONCLUSION

The process of assessing the Turany — Hubova section of the
D1 motorway is currently again underway. Unfortunately, it is
very likely despite all above-mentioned facts, unambiguous
conclusions of the previous studies carried out till now and pro-
blems accompanying the preparation of the Turany — Hubovd
section of the D1 motorway that “only the optimisation” or
modification of the disputed valley variant the alignment of
which remains within the morphologically, geologically, tech-
nically and environmentally demanding area is again sought.

It would be reasonable to learn lessons from the past 6
years when the preparation ended in a blind alley, to look at
the problems of the alignment of the multimodal transport
corridor from the aspect of the strategic development and
modernisation of railway (20-30 years) and, at the same time,
from the aspect of possibilities and usability of the environ-
mentally sensitive and rare territory.

The proposed Southern Variant containing the Velkd Fatra
motorway-railway tunnel not only offers a comprehensive
solution to transport in the Turany — Hubovd section, which
is part of the trans-European multimodal corridor Va, but also
bypasses engineering-geologically complicated areas with
extensive slope deformations and, at the same time, preserves
for future generations the environmentally rare area in which
6 protected areas of European importance meet.
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FOTOREPORTAZ ZE ZAHAJENI VYSTAVBY
SUDOMERICKEHO TUNELU

PICTURE REPORT FROM THE COMMENCEMENT OF CONSTRUCTION
OF SUDOMERICE TUNNEL

t ot

Obr. 1 Pocdtek hloubeni severniho portdlu 10. 9. 2013
Fig. 1 Commencement of excavation for northern portal 10/09/2013

N

Obr. 2 Tvarovdni télesa Zelvy 7. 11. 2013
Fig. 2 Forming the ,,tortoise‘ body 07/11/201

Obr. 4 Razba kaloty pod Zelvou 12. 12. 2013
Fig. 4 Top heading excavation under the ,,tortoise shell“ 12/12/2013

Obr. 3 Zasypdvdni jamy nad Zelvou 26. 11. 2013
Fig. 3 Backfilling the pit over the ,,tortoise shell“ 26/11/2013

Obr. 5 Hornina na &elbé 100 m od portdlu 11. 2. 2014
Fig. 5 Ground mass at the heading 100m ahead of the portal 11/02/2014
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

ALTER KAISER WILHELM TUNEL - COCHEM, NEMECKO
ALTER KAISER WILHELM TUNNEL - COCHEM, GERMANY

Subterra joint-stock company won the competition for the rea-
lisation of the reconstruction of the Old Emperor Wilhelm’s tun-
nel (Alter Kaiser Wilhelm Tunnel). Unfortunately, the work was
delayed because of the fact that it had to wait for the completion
of the construction of the new “Cochem” tunnel and its opening
to traffic. The construction therefore should be commenced in this
summer. The tunnel itself, originally a double-track structure, was
build in 1874 through to 1877. It will be converted to a single-
track structure with the final concrete lining cast behind tunnel
formwork. The tunnel width and height will also be modified.
At the same time the tunnel depth will be increased using
mining techniques and other work items will be realised. The
period planned for the realisation of the construction work itself
is 18 months measured from the commencement.

V druhé poloviné roku 2012 se akciova spolecnost Subterra
zuCastnila verejné soutéZe na realizaci rekonstrukce starého tune-
Iu cisare Viléma (Alter Kaiser Wilhelm Tunnel, AKWT) na Zelez-
ni¢ni trase mezi obei Ediger—Eller a meéstem Cochem v Némecku.
Nabidka spole¢nosti byla tispés$nd, v prosinci 2012 byla podepsa-
na smlouva a ndsledné byla stavba k 1. 2. 2013 zahdjena
s predpokladem zahdjeni stavebnich praci na vlastnim tunelu
15.7.2013.

Protoze vSak nutnou podminkou k zahdjeni téchto stavebnich
praci na tunelu AKWT je ukonceni vystavby a uvedeni do provozu
nového ,.cochemského* tunelu (NKWT) zajistované jinou spolec-
nosti, doslo kvuli zpozdéni praci na tomto novém tunelu i k posunu
zahdjeni praci na rekonstrukci tunelu AKWT. Podle posledniho
vyvoje a projednani s investorem by mély byt prace na rekonstruk-
ci zahdjeny pravdépodobné béhem dubna letosniho roku.

Samotny tunel, ktery byl postaven v letech 1874 az 1877,
puvodné dvojkolejny dl. 4,2 km s definitivni obezdivkou prove-
denou z kamennych bloku, se bude upravovat na jednokolejny
tunel s definitivni obezdivkou provedenou z betonu do tunelové
formy. Sitka tunelu bude zmengena z piivodnich 7,23 m v tirovni
kolejnice na 5,75 m, vySka tunelu bude upravena z puvodnich
6,68 m od temene kolejnice na novou vysku 6,4 m.

Soucasné dojde pomoci razi¢skych praci i k prohloubeni tunelu
0 1,3 m a ve spodni ¢asti bude nove osazena drendZ pro odvodné-
ni tunelu. Soucdsti praci je téZ ruseni stavajicich tunelovych bez-
pecnostnich vyklenku a dokondeni 8 tunelovych propojek s nové
vybudovanym tunelem. Doba realizace vlastnich stavebnich praci
na rekonstrukci tunelu je 18 mésicu od jejich zahdjeni.

ING. JAN VINTERA, JVintera@subterra.cz,
SUBTERRA a.s.

TUNEL BANCAREVO NA DALNICI E 80 NIS = DIMITROVGRAD V SRBSKU

Razba pravého tunelu (PTT) se v soulasné dobe provadi
z vychodniho vyjezdového portdlu. K 31. 1. 2014 bylo vyraze-
no na tomto tunelu v kalot¢ 580 bm (v¢etné 20 bm vyraZenych
z protiCelby z vjezdového portdlu) a v operi 550 bm véetné uza-
vreni protiklenby v kritickych dsecich. Razeni tunelu probiha ve
velmi sloZitych geologickych a geotechnickych podminkach —
oslabené z6ny (rozpadlé) piskovcu a prachovcu — pod ochran-
nymi deStniky z IBO kotev R 32. Konvergence v tomto tseku
v tunelu presahuji projektem predpoklddané maximalni hodno-
ty, takZe razba je Casto zpomalovana provadénim doplnujicich

Obr. 1 Bancarevo — razba levého tunelu
Fig. 1 Bancarevo - left-hand tunnel tube excavation

Obr. 2 Bancarevo — pohled na razbu kaloty levého tubusu
Fig. 2 Bancarevo — view of the left-hand tube top heading excavation

zabezpecujicich opatreni. Do prorazky PTT v dobé psani pris-
pévku zbyva cca 45 m, termin prorazky se predpoklddd na pre-
lomu tnora a brezna leto$niho roku.

Razba levého tunelu (LTT) probihd téz z vychodniho portélu.
Ke konci ledna zde bylo vyraZeno v kaloté¢ 280 bm véetné nou-
zového zdlivu v délce 50 bm, a v opéfi 190 bm. V soucasné dobé
probiha razba v pomérné priznivych geologickych podminkach.
V tvodnich 30 bm metrech tunelu bylo z davodu piekrocen{ pro-
jektem predpokladanych konvergenci zesileno primérn{ ostén{ siti
a stifkanym betonem tl. 7 cm véetné osazeni radidlnich kotev



Obr. 3 Bancarevo — stavebni jama u zdpadniho portdlu
Fig. 3 Bancarevo — construction pit at the western portal

TUNEL NORDFJORDUR, ISLAND
NORDFJORDUR TUNNEL, ICELAND
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dl. 8-9 m. I naddle se vSak projevuji v nékterych usecich tunelu
deformace, které prekracuji projektem stanovené hodnoty, coz
se pravidelné fesi s investorem na tydennich kontrolnich dnech
stavby.

Stavebni jama u vychodniho vyjezdového portdlu je
v souCasné jiz kompletné dokoncena vcetné kotveni, na sta-
vebni jamé u vjezdového zdpadniho portdlu je dokoncen
vykop a zajisténi svahu a Cela stavebni jamy do drovné dna
kaloty tunelu.

V prvni poloviné dnora je pldnovano zahdjeni betondzi
zdkladovych past v hloubenych dsecich vychodniho portélu,
betondze definitivni obezdivky v PTT by mély byt zahdjeny
v prubéhu biezna po proraZzce tohoto tunelu.

ING. JAN VINTERA, JVintera@subterra.cz,
SUBTERRA a.s.
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Eskifjordur, pricemz do konce roku bylo vyrazeno cel- . N =

kem 309 m. V tnoru 2014 se predpoklada zahdjeni pro- ARES R i Al u.....u.fn'.}‘."ﬂhg_f i :.

tirazby z portdlu Fannardalur. Veskeré razebni prace
budou provddény dovrchné metodou Drill&Blast
v bé&Zném profilu 54,7 m2, resp. 77,3 m? v bezped-
nostnich vyhybndch a zédlivech. V rdmci celého projek-
tu bude vytéZeno 456 000 m? horniny. Celkové délka nové trasy
spojujici osady Eskifjordur a Neskaupstadur bude 15,2 km na
rozdil od stavajicich 24 km. Soucasna trasa prekondva hrbet fjor-

du s rozdilem nadmorské vysky cca 200 m. Jeji ddrzba je zvIast

Obr. 2 Stavba tunelu Nordfjorour
Fig. 2 Nordfjorour tunnel construction

Obr. 1 Trasa tunelu Nordfjorour
Fig. 1 Nordfjorour tunnel alignment

v zimnim obdobi komplikovand a velmi ndkladnd. Termin dokon-
Ceni a predani dila je planovén na zafi 2017.

ING.ALES GOTHARD, ales.gothard@metrostav.cz,
METROSTAYV a.s.

Obr. 3 Pohled na zarizeni stavenisté pri portdlu Eskifjorour
Fig. 3 Construction facilities at Eskifjorour portal
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ZAVAZNY POZAR V TUNELU LOCHKOV NA SILNICNIM OKRUHU KOLEM PRAHY
SERIOUS FIRE IN LOCHKOV TUNNEL ON PRAGUE CITY RING ROAD

A Polish truck caught fire in the Lochkov tunnel on 13th
January 2014. The situation is well visible from the shots of
cameras. Driver’s behaviour was incomprehensible; he did not
at all attempt to extinguish the fire. The tunnel management sys-
tem detected the standing vehicle after two minutes and traffic
in the tunnel tube was stopped after another 4 minutes. The state
of fire was assessed after seven minutes from the fire ignition.
Fire fighters arrived after additional nine minutes and the fire
was put out during five minutes. Detailed analyses were not
available at the moment of writing this contribution, but they
will certainly be published gradually. However, it is possible
already today to state that visible damaging exists along the
length of 60m. The concrete roadway is damaged up to the depth
of about 18mm. The inner lining suffered no significant dama-
ge, but its surface is covered with sooth. Again, just as in many
previous catastrophic fire events, it was proved that the weakest
link of the safety chain is man. A professional driver showing no
fundamental awareness of behaving in a tunnel should never set
out on drives on European roads.

Zadatek pozaru

Dne 13. ledna 2014, tésné po pulnoci, byla intenzita provozu
v tunelu Lochkov smérem k ddlnici D5 nepatrnd, oblas projiz-
délo ndkladni vozidlo a zfidka i vozidlo osobni. V té dobé vjel
do tunelu i polsky kamion, kterému patrné vytékal olej a od toho
mu hotel motor. V 1:15:07 (Casy jsou ddny synchronizovanym
Casem kamer) asi 300 m pred zdpadnim vyjezdovym portdlem
ridi¢ zastavil a zapnul varovna blikajici svétla. Na kamerach je
jiz vidét ohen dosahujici vysky okolo dvou metru. Celd situace
je velmi dobrfe viditelnd, nebot’ plameny byly doprovidzeny
malym vyvinem koure, ktery smefoval k zapadnimu portalu.
Nepochopitelné chovani fidi¢e

Ridi¢ vystoupil z kabiny a obchdzel hotici kabinu, aniz by udi-
nil pokus o haseni nebo alespon o ozndmeni poZzaru na dispe-
¢ink. V té dobé projizdi bez zastaveni dalSi kamion a osobni
vozidlo. V cCase 1:18:15 jeden kamion zastavuje, ale po malé
chvilce odjizdi, bez zastaveni projizdi dal§i osobni vozidlo.
V této dobé aktivuje fidici systém Zlutd varovnd svétla. Dals{
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Obr. 2 Ndstup hasicu z levé tunelové trouby v Case 1:31 (pohled z kamery
CCTV)

Fig. 2 Mustering of firefighters from the left-hand tunnel tube at 1:31 (view-
ed by a CCTV camera)

HDSM1E - 13,1 3014 1-24:36

Obr. 1V &ase 1:24 zachvatil pozdr celou kabinu, svételné signdly Stuj sviti,
stejné jako osvétleni nouzovych tinikovych cest a hlavni osvétleni je na plny
vykon (pohled z kamery CCTYV)

Fig. I At 1:24 the fire engulfed the whole cabin; Stop traffic lights are swit-
ched on, as well as the lighting along escape routes; the main lighting is run-
ning at full capacity (viewed by a CCTV camera)

kamion zastavuje v 1:19:02 tésné pred hoficim vozidlem. Oba
fidi¢i obchdzeji horici vozidlo, pak oba nastupuji a odjizd¢ji
z tunelu. V té dobé jiz hoti masivné celd kabina a motorova Cast.
Pokud by vzplanul i vedle stojici kamion, katastrofa by byla roz-

------

kamiony a jedno osobni vozidlo.
Cinnost fidiciho systému a likvidace pozaru

Ridici systém tunelu Lochkov vyhodnotil prostfednictvim
videodetekce stojici vozidlo v ¢ase 1:17. Prostfednictvim svetel-
nych ndvestidel byl v 1:21:29 zastaven provoz ve sméru k D5,
a to aktivaci Cervenych ndvéstidel. Na kamefe snimajici prostor
pred hoficim vozidlem je mozné videt, jak patrné posledni
vozidlo, které jesté vjelo do tunelu pred jeho uzavrenim, zasta-
vuje na signdl navéstidla Staj, ale v ddlce vidi hofici vozidlo.
Ridi¢ tohoto osobniho vozidla zacal neprodlen¢ couvat. V Case
1:22 fidici systém vyhlaSuje stav pozdru a je spusténa havarijni
pozarni sekvence pracujici podle predem pripraveného scénare.
Kromeé jiného rozsvéci svétla na plny vykon, takZe jsou vSechny

Obr. 3 Kabina po dohaseni
Fig. 3 Truck cabin after the end of extinguishing




zabery z kamer pomérné kvalitni. V dobé 1:24 jiz celd kabina
masivné horfi, plameny $lehaji na strop.

V Case 1:31 prijizdéji do levé tunelové trouby hasiéi a pres
propojku pronikaji k hoficimu vozidlu a ihned zahajuji haseni.
Pozér je uhasen v cca 1:36 a pak probihd dels$i dobu dohaSova-
ni. Zasadni vyznam mélo, Ze nedoslo k pozédru plné naloZeného
ndkladového prostoru, ktery tvorily i plasty, jejichZ hofeni spo-
jené s vyvinem toxickych Skodlivin je extrémné nebezpecné.
Ridici centrum v Rudné zajistilo odvétrani tunelu a vrak vozid-
la byl nésledn€ odtaZen. Bezprostiedné poté, asi v pul teti rdno
byly zahdjeny prace na zprovoznéni levé tunelové trouby, tedy
té nezasazené, pro obousmerny provoz, ktery byl obnoven okolo
pul sedmé réno.

Poskozeni tunelové trouby

Touto mimorddnou uddlosti se ihned zabyvali pracovnici
Pragoprojektu, a.s., Eltoda, a.s. a samozfejmé slozky IZS.
Podrobné analyzy nejsou v dobé psani tohoto prispévku
k dispozici a budou jist€ postupné publikovédny. Jiz dnes je
mozné konstatovat, Ze viditelna poskozeni jsou v délce 60 m.
Betonovad vozovka je poskozena az do hloubky cca 18 mm.
Vnitini osténi neni poskozeno zasadnéj§im zpusobem, ale jeho
povrch je pokryt sazemi.

V z6né pozaru doslo k poskozeni technologickych zafizeni.
Nékterd z nich, jako napiiklad osvétlent, sice dil¢im zpusobem
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funguji, ale péet svitidel je poSkozeno Zarem a je nutné je vyme-
nit. Stejné tak bude nutné nahradit poskozeny linedrni teplotni
kabel a patrné i $térbinovou anténu. V tomto pripade se jednd
o pomérné velmi drahd zafizeni. Samozfejmé je nutné vymenit
i kabeldz, nékteré dopravni znacky, kamery. Dobré je, Ze nedo-
Slo k poskozeni ventildtort. VSechna zafizeni musi byt po vyme-
nach komplexné vyzkousena, a to hlavné z hlediska funk¢nosti
celého ridiciho systému.

Dil¢i poudeni

Opét, stejn¢ jako v mnoha predchozich pripadech katastrofic-
kych pozaru, se ukézalo, Ze nejslab§im ¢lankem celého bezpeé-
nostniho fetézce je Clovék. Profesiondlni ridi¢, ktery nemd
zédkladni povédomi o chovéni v tunelu, by nemél na evropské
silnice vabec vyjizdét.

Druhym zjisténim je, Ze bezvadné fungujici systém vyuzivaji-
ci nejmodernéjsi technologie se vyplaci zdsadnim zptisobem. Pfi
predstavé, ze by v tu samou minutu, kdy vozidlo zastavi, systém
nereagoval a pozar by zachvétil celé vozidlo, a pripadné
i vozidla stojici za nim, mrazi. Takovéto velké poZary odstavuji
tunel na mnoho mésicu ¢&i let (Mont Blanc), ekonomické ztraty
jsou obrovské, nemluve o ztratich na lidskych Zivotech.

PROF. ING. PAVEL PﬁIBYL, CSc., PribylP@eltodo.cz,
ELTODO, a.s

MODERNIZACE CENTRALNIHO RIDICIHO SYSTEMU AUTOMOBILOVEHO TUNELU SITINA

V BRATISLAVE ,ZA PROVOZU"

MODERNISATION OF CENTRAL MANAGEMENT SYSTEM FOR SITINA AUTOMOBILE TUNNEL

IN BRATISLAVA ,UNDER TRAFFIC*

The Sitina tunnel is located in Bratislava, on the D2 motor-
way, in the Lamacskd Cesta — Staré Grunty section. It is a twin-
tube structure with two traffic lanes in each direction. With the
aim of adding functionalities following from the past experien-
ce from the Sitina tunnel operation and meeting the requirement
for the incorporation of the newest trends regarding safety, it
has been proceeded to the modernisation of the central manage-
ment system, for which a very short time was set aside — from
September to the end of 2013. It is a relatively unique approach,
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Obr. 1 Ukdzka obrazovky pro rizeni dopravy v tunelu Sitina
Fig. 1 Example of the screen for the management of traffic in Sitina tunnel

which significantly reduces the duration of closures during the
reconstruction of the management system, which is always the
heart of the whole tunnel equipment system. During each of the
planned closures the existing management systems was first
deactivated. Then the management was transformed to the
modernised management system so that relevant tests could be
conducted and the functionality of the new solution could be
tested. At the end of each closure, after completing all tests, all
equipment of the Sitina tunnel was returned to the original state
and the tunnel functioned in the common operation system.
Detected errors were repaired until the
following closure and client’s comments
IEMALLEL ;o c continually incorporated into the
T e — ] system. The model of the tunnel equip-
ment serving originally to testing was
supplemented by the workplace of ope-
rators with the visualisation of the Sitina
tunnel central management system, with
real responses of the equipment being
managed to the commands. The moder-
nisation of the Sitina tunnel central
management system was carried out
quickly and without complications.

Tunel Sitina se nachdzi v Bratislavé na
ddlnici D2 v udseku Lamacska cesta —
Staré Grunty. Jednd se o dvoutubusovy
tunel s dvéma jizdnimi pruhy v kazdém
sméru. Vychodni tunelovd roura ma
délku 1415 metru, zdpadni 1440 metru.
Maximdlni denni intenzita provozu
obéma tunelovymi rourami dosahuje az
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Obr. 2 Tunel Sitina
Obr. 2 The Sitina tunnel

65 tisic vozidel za den. Od uvedeni do provozu dne 24. 6. 2007
je tunel s vyjimkou nutnych uzavirek slouZzicich zejména pro
udrzbu stavebnich a technologickych casti tunelu a nutnych
revizi a kontrol technologického vybaveni v nepretrzitém pro-
vozu.

Centralni fidici systém (dale CRS) byl subdoddvkou firem
ELTODO a.ss. a Eltodo dopravni systémy s.r.o., které se
vyznamné podilely i na doddvce dalSich tunelovych technologii,
pro konsorcium Taisei-Skanska. Z duvodu doplnéni funk&nosti
vyplyvajicich z dosavadnich zkuSenosti z provozu tunelu Sitina
a s pozadavkem zapracovat nejnovéjsich trendy z hlediska bez-
pecnosti bylo pristoupeno k modernizaci CRS.

V roce 2013 byl proto mezi investorem Narodna dialni¢na
spolo¢nost, a.s. Bratislava a firmou ELTODO dopravni
systémy s.r.o. uzavien kontrakt na provedeni modernizace
CRS Sitina. V ramci této akce byla provedena obnova prvki
sitové komunikacni infrastruktury, vizualizacnich serveru
a poc&itacu pro operétorska pracovisté. Tato obnova byla prove-
dena s ohledem na moZznost budouciho pripojeni fidictho dispe-
¢inku na dalSi tunely a doplnéni dal$ich technologii, které
umozni je§té zvysit informovanost operdtort o aktudlni situaci
v tunelu a jeho okoli (napfiklad velkoplo$né zobrazeni
a roz§ifen{ systému automatické detekce dopravnich incidenta).
Z duvodu zvySeni kapacity datového tlozisté byl doddn také
novy databdazovy server. V souvislosti s obménou hardwarovych
prostredku probéhla i obména piislusného softwarového vyba-
veni na aktudlni podporované verze operacnich systému
a aplikac¢niho softwaru.

Pro modernizaci fidictho systému byl vy&lenén velmi kratky
termin — od zdfi do konce roku 2013, pri¢emz byly striktné
poZadovany minimdlni dopady na vedeni dopravy tunelem.
Specialisté firmy ELTODO dopravni systémy s.r.o. realizovali
celou pripravu modernizace ve formé tzv. factory tests v Praze,
¢imz se zasadné urychlilo reSeni. Zakladem byl model techno-
logického vybaveni tunelu Sitina, ktery simuloval redlné pome-
ry ziskané z historickych databdzi. Po odzkouSeni zdkladni
funkénosti na tomto modelu byly jiZ provadény testy na
redlném tunelu v nekolika pldnovanych noénich uzavérach.
Pfi nich byla provedena nejprve instalace nové sitové

MOZAIKA ZE SVETA

PODZEMNI TEPELNA ELEKTRARNA V SOULU

Jako prvni na svété budou v severni ¢asti hlavniho mésta
Korejské republiky Soulu vybudovany v podzemi dva plynové
generatorové bloky o vykonu 800 MW. Jde o roz$iteni tepelné

Obr. 3 Tunel Sitina — pohled na portdly
Obr. 3 The Sitina tunnel — view of the portal

infrastruktury a hardwarového vybaveni s tim, Ze puvodni
vybaveni bylo ponechdno zatim na mist€. Pfi té€chto pracich
byly vyuzity predchozi zkuSenosti ziskané v prubéhu rekon-
strukce fidictho systému Strahovského automobilového tune-
lu, kterd probihala rovnéz za provozu.

Jednd se o pomérné unikdtni pfistup, ktery vyznamné zkracu-
je doby uzéavér pri rekonstrukcich fidiciho systému, ktery je
vzdy srdcem celého tunelového vybaveni. Pri kazdé z téchto
plénovanych uzavér byl nejprve stavajici ridici systém deakti-
vovan. Poté bylo fizeni prevedeno na modernizovany fidici
systém, aby mohly probéhnout prislusné testy a byla odzkouse-
na funkénost nového feseni. Na konci kazdé uzavéry po ukon-
eni testu byla veskerd technologie tunelu Sitina navrdcena do
puvodniho stavu a tunel fungoval v béZném provozu. Do nésle-
dujici uzdvéry byly opraveny zji§téné chyby a byly prubézné
zapracovavany pripominky zdkaznika.

Model technologického vybaveni tunelu slouZici pivodné pro
testovani byl doplnén operdtorskym pracovistém s vizualizaci
CRS tunelu Sitina s redlnymi odezvami Fizené technologie na
povely. Toto vybaveni bylo nainstalovano na fidici pracovisté
tunelu Sitina, na kterém byli operatofi fizeni tunelu prubéZné
proskolovani pracovniky firmy ELTODO dopravni systémy s.r.o.
pro praci s timto modernizovanym ridicim systémem tak, aby
po ostrém prechodu na novy systém byli jiz plné pripraveni
s nim pracovat. Ddle byla vytvofena a preddna dokumentace
k ovlddani modernizovaného CRS, kterd se postupné upravova-
la a doplnovala v souvislosti s vyvojem praci na CRS tunelu
Sitina i jeho modelu.

Dokonceni implementace modernizovaného CRS tunelu
Sitina probéhlo pfi posledni uzdvére dne 4.-5. 12. 2013, kdy byl
po vykondni komplexnich zkouSek funkEnosti systému prove-
den trvaly prechod na modernizovany CRS. Usp&iné provedeni
komplexnich zkousek bylo zavrSeno predanim dila.

Vsechny vySe uvedené skutecnosti prispély k tomu, Ze moder-
nizace CRS tunelu Sitina probéhla rychle a bez komplikaci.

ING. TOMAS SMERDA, smerdat@eltodo.cz,
ELTODO, a.s.

elektrarny Mapo, které je asi 1,5x draz$i nez povrchové reseni
a bylo vynuceno nedostatkem mista na povrchu v intravildnu
mésta. Nad podzemni &&sti elektrarny bude zfizen méstsky
park.




CROSSRAIL TWO

Soucasnd stavba londynské podzemni Zeleznice zndma jako
Crossrail je z hlediska razeb v poloviné. V fijnu 2013 bylo
vyraZzeno priblizné 21 km tunelu z celkové délky 42 km. Prvni
z osmi tunelovacich stroju Phyllis v t€ dobé ukond&il svou 17
mésicu trvajici razbu a dorazil do centrdlni stanice Farrington.
Zde probiha jeho demontdz. Dalsi stroj Ada v zdpadni césti
trasy ukonéi svou razbu v prubéhu zimnich mésicu, zbyvaji-
cich Sest stroju pokracuje ve své prici, kterou skonéi nejpo-
zdéji pred koncem roku 2014.

Celkova délka Crossrailu je 118 km a krizuje Londyn od
vychodu na zdpad. Je projektovdn na ro¢ni kapacitu 200 mil.
cestujicich. V centrdln{ &4sti trasy pojede 24 vlaku za hodinu,
tedy pramérné jeden za 2,5 min. Kazdd z 65 novych souprav
bude mit délku pres 200 m a pojme 1500 cestujicich.

Jesté mald zajimavost — pfi zemnich pracich na stavenisti
North Woolwich byly objeveny pozustatky lidského osidlen{
prostoru podél TemzZe z doby pred 9000 lety. Archeologové
zdokumentovali mezolitickou vyrobnu kamennych néstroju
véetné asi 150 ks opracovanych pazourku.

Nicméné vyhled rustu obyvatelstva Londyna i rust pracov-
nich prilezitosti na jeho tzemi si vynutil zimér postavit dru-
hou Zelezni¢ni trat’ podchédzejici Londyn. Crossrail II by mél
byt uveden do provozu do roku 2030.

LONDYNSKA PODZEMNI DRAHA 1863-2013

V roce 2013 se zafijové C&islo Casopisu Tunnels and
Tunnelling vratilo k 150. vyroci zahdjeni provozu londynského
metra. Kdo md zdjem bliZze poznat historii nejstar§iho evrop-
ského metra, najde zde &tyri ¢lanky s touto tematikou. Prvni je
vénovan popisu vystavby prvnich linek metra, kdy predevs§im
hloubené useky byly velkym zdsahem do provozu mésta
a zivota jeho obyvatel. Musela byt demolovdna fada domu a jak
autor poznamendava, investor stavby a mésto Londyn dopad
stavby na chudé obyvatele dost prehlizeli.

Druhy cléanek sleduje rozvoj tras metra az do obdobi po
druhé svétové vdlce a mimo jiné pripomind dlohu podzemni
dréhy coby véale¢ného dkrytu obyvatelstva. JiZ v prvni svétové
valce se Londynané ukryvali v podzemnich stanicich pred
bombardovdnim, které provadély némeckd letadla a vzdu-
cholodé Zeppelin. Velké obavy vyplyvaly ze zranitelnosti
podzemnich tras vodou z feky Temze, vZdyt klenba nejstars{
¢asti metra — tunelu pod TemZzi — byla jen tfi metry pode
dnem reky.

Jak se blizila druhd svétova vilka, britskd vldda prijimala
opatreni smerujici k vyuZivdni stanic metra jako védle¢ného
tkrytu obyvatelstva metropole. V dobé mnichovské krize byly
narychlo vybudovény betonové zdtky u zminéného tunelu pod
Tem?Zi, ktery proto nebyl provozovan. Toto nevyhovujici rese-
ni bylo nésledné odstranéno a nahrazeno osazenim 25 protipo-
vodiiovych uzdvéru (ocelovych vrat) u 19 stanic. Samoziejmé
i v dkrytu v podzemi doslo ke ztratdm na Zivotech, napriklad
kdyz pfi bombardovdni bylo naruS$eno vodovodni potrubi
a kanaliza¢ni stoky a voda zaplavila stanice. Zmatek pfi dteku
do podzemi byl také pri¢inou ztrdt na Zivotech, napriklad 173
osob zahynulo pfi zficeni schodi§té po zdsahu bomby.

Rokum 1963 a7 2013 se vénuje dalsi ¢ldnek, hlavni stavbou
tohoto obdobi bylo prodlouZeni linky Jubilee Line.

Budoucnost rozvoje podzemni drdhy struéné komentuje
ctvrty Clanek.

ZELEZNICNI TUNELY NA TRASE STUTTGART - ULM

Do Stuttgartu a jeho okoli jsou v soucasnosti soustfedény
nejvetsi tuneldiské aktivity v Némecku. Mimochodem, proto
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také sem bude sméfovat odborny zdjezd CzTA ITA-AITES
v Cervnu tohoto roku.

Nova zZelezni¢ni trat’ ze Stuttgartu na Ulm hned na zacatku
stoupd o 326 m na trase délky necelych 16 km. Jeji soucasti
bude 8,8 km dlouhy tunel Bossler s jednotnym gradientem
25 %o a tunel Steinbiihl délky 4,75 km. Razba obou tunela pro-
biha konve¢ni metodou a byla slavnostné zahdjena 16. Cerven-
ce 2013.

ZELEZNICNI TUNEL NENI SILNICE

Policie v Bochumu zadrZela sedmadvacetiletého fidice,
ktery si ve vysoké opilosti spletl cestu a odvdzné projel Zelez-
ni¢nim tunelem. Nevhodné k napodobeni!

BRENNERSKY BAZOVY TUNEL

Investor brennerského bazového tunelu spolecnost BBT
vypsala 30. zari 2013 dva ,,mamuti tendry celkem za 830 mil.
eur. VEtsi z nich je zakazka na sekci Tulfes — Pfons (460 mil.
eur). O mdlo lacin€j$i je zakdzka na Cést trasy z jihu souvise-
jici s podchodem feky Isarco — Isarco River Underpass (370
mil. eur).

Sekce Tulfes — Pfons zahrnuje podzemni dila o celkové
délce 38 km vcetné patndctikilometrového prodlouZeni pru-
zkumného tunelu za Ahrentalem na Pfons, coz bude prvni dsek
na rakouské strané razeny TBM. Dalsi Casti zakdzky budou
9,1 km dlouhy tunikovy tunel z tunelového Zelezni¢niho
obchvatu Innsbrucku a dva spojovaci tunely.

Zakazka Isarco River Underpass zahrnuje nepfiliS dlouhy
tsek razby hlavniho tunelu z jiZzni strany véetné 1,5 km hlou-
beného tunelu, dva spojovaci tunely a hlavné nutné souviseji-
ci prace ve stisnéném prostoru ddoli, které misty pripomina
soutésku. Bude nutno preloZit statni silnici, upravit stavajici
trasu Zeleznice, postavit dva mosty i do¢asné zménit tok reky
Isarco.

Pripravné prace na obou stavbich maji byt zahdjeny v 1été
2014.

KONEC CERNEHO SEZNAMU TUNELARU VE VELKE BRITANII

Osm velkych stavebnich spole¢nosti se omluvilo za to, Ze
v minulosti pred rokem 2009 vedly a pouZivaly tzv. Cerny
seznam délnikG — tuneldra. Jejich jména byla uvéddéna
v databazi The Consulting Association (TCA). Tim negativné
ovliviiovaly davéryhodnost a profesni zdatnost osob uvede-
nych v databazi. Spolecnosti vyhlasily, Ze nabidnou poskoze-
nym osobdm kompenzaci.

BLOKADA TUNELU V PAKISTANU

Silniéni pristup do horského okresu Chitral, ve kterém Zije
asi 600 tis. obyvatel, byl zaCatkem listopadu 2013 prerusSen.
Tunel Lowari lezici ve vySce pres 3000 m byl zablokovin
korejskou stavebni spole¢nosti Sambo spoleéné s NHA
(National Highway Authority — obdoba ceského IVQSD). Jako
duvod k uzavreni tunelu byl uveden nedostatek financnich
prostfedku. V dusledku blokddy tunelu byl znemoZnén odjez
z Chitralu i skupiné japonskych turistu. Mistni piedstavitelé
prohldsili, 7e se o né postaraji, dokud nebudou potfebné
finanéni prostiedky stitem spolenosti NHA poskytnuty
a blokdda tunelu bude pak ukoncena.

Pokud by se tak nestalo, vyrazi mistni obyvatelé pres sedlo
Shandur Pass (3810 m n. m.) nejprve do Gilgitu a pak do
Isldmabddu. S sebou vezmou i japonské turisty.
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PROTIPOVODNOVA OPATRENI NA NEWYORSKEM METRU

V ¢. 3/2013 byla informace o zaplaveni newyorského metra
pri extremni morské boufi Sandy. Provozovatel metra pristou-
pil k budovéani opatfeni, kterd by méla podobné uddlosti
zabrdnit. Jen na dolnim Manhattanu identifikoval asi 600 mist,
ktera je nutné zabezpecit pred vniknutim vody. Byl vyzkousSen
prototyp nafukovaciho vaku, ktery by mél slouZzit jako ucpav-
ka tst{ eskaldtorovych, tratovych i dal$ich tunelu. SloZeny vak
by byl uschovan v kontejnerovém dkrytu zabudovaném na pri-
slu$nych mistech tunelt a v piipadé potieby by byl nafouknut
do provoznich rozméra — prumér 4,9 m, délka 9,8 m. Podle
informaci vyrobce je schopen utésnit Zelezni¢ni, automobilo-
vé i dal3i typy tunel proti vniknuti vody.

POKROK V PRIPRAVE HRANICNIHO ZELEZNICN[HO TUNELU NA
TRASE LYON - TURIN

Sendt francouzského parlamentu schvalil 19. listopadu 2013
francouzsko-italskou dohodu o trati Lyon — Turin, kterd byla
podepsana v Rime v lednu 2012. Tim byla oteviena cesta ze
strany francouzské vlady k ratifikaci mezindrodni dohody. Na
fimském jedndni dne 20. listopadu 2013 na nejvyssi drovni
mezi [talif a Francii byla potvrzena priorita vystavby bdzové-
ho hrani¢niho tunelu mezi obéma staty. Bylo rozhodnuto
o zaddn{ zakédzky na stavbu prazkumné Stoly ze savojské stra-
ny v roce 2014 tak, aby mohla byt zahdjena v roce 2015.

ING. MILOSLAV NOVOTNY, novotny@ita-aites.cz,
CzTA ITA-AITES

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

TUNELARSKE ODPOLEDNE 3/2013
TUNNEL AFTERNOON 3/2013

The third Tunnel Afternoon organised by the ITA-AITES
Czech Tunnelling Association was held on the 20th November
2013 in Prague. It was focused on the organisation and manage-
ment of tunnelling construction projects and site supervision
ensured by the resident engineer. After the initial lecture delive-
red by Ing. Martin Srb (3G Consulting Engineers s.r.o.),
Mag. Gerhard Harer (OBB Infrastruktur) acquainted the audien-
ce with the very interesting topic of the preparation and realisati-
on of the Koralm tunnel through the eyes of the project owner.
Dr. Albert Steindorfer (3G Geotechnical Grup Graz) presented the
second lecture. It was focused on the construction inspection over
KAT 2 section of the Koralm tunnel. Ing. Martin Srb further con-
tinued with topics taken over from the Geomechanics Colloquy
held in Salzburg in October 2013, dealing with the principles of
management and inspection of C510 Liverpool Street constructi-
on lot of the Crossrail project in London and with the Semmering
base tunnel.

In the second part, Ing. Milan Majer (SZDC, s.0. — the Railway
Infrastructure Administration, state organisation) presented the
topic of the preparation and realisation of the Ejpovice tunnel

Obr. 1 Predndska Ing. Martina Srba
Fig. 1 The lecture of Ing. Martin Srb

from the project owner’s perspective. Ing. Milan Majercik (NDS,
a. s. — the National Motorway Company of Slovakia) described
the activities of a project owner in the preparation and realisation
of tunnel structures in Slovakia. The topic of the last contribution
was the checking on designs for the excavation of tunnels for the
5th extension of the Prague Metro Line A. Ing. Roman Sabata
(ILF Consulting Engineers, s.r.0.) concluded with it the whole
afternoon of lectures.

Tématem tretiho Tunelarského odpoledne, které se uskuteéni-
lo 20. listopadu 2013 v Praze, byla organizace a fizeni tunelo-
vych staveb a stavebni dozor. Prabéh predndsek ridil Ing. Martin
Stb (3G Consulting Engineers s.r.0.). Na zacdtku privital kromé
Ceskych predndsejicich a posluchaca i dva zahraniéni hosty —
Mag. Gerharda Harera (OBB Infrastruktur) a Dr. Alberta
Steindorfera (3G Geotechnical Grup Graz), oba ze sousedniho
Rakouska. Po stru¢ném tvodu do problematiky se jiz ujal slova
prvni zahraniéni fe¢nik, Mag. Gerhard Harer, ktery pohovoril
na velice zajimavé téma pripravy a realizace Zelezniéniho,
32 km dlouhého tunelu Koralm z pohledu investora.




Nésledoval druhy zahrani¢ni host, Dr. Albert Steindorfer,
s predndskou o stavebnim dozoru na Cdsti KAT 2 tunelu
Koralm. Prendsky byly tlumoceny Ing. Martinem Srbem
a doc. MatouSem Hilarem do ¢eského jazyka.

Dalsi dve témata prezentoval Ing. Martin Srb jako prispévky
prevzaté z Geomechanického Kolokvia v Salzburku v fijnu 2013.
Jednalo se o principy fizeni a kontroly stavby C510 Liverpool
Street projektu Crossrail v Londyné a také o bazovy Zelezni¢ni,
27 km dlouhy tunel Semmering. V této druhé predndsce byla
pozornost vénovana zejména uloze a zodpovédnosti zadavatele.

Po kritké prestivce vystoupil Ing. Milan Majer (SZDC, s.0.)
s tématem pripravy a realizace tunelu Ejpovice z pohledu investora.
Velmi zajimavou formou pfibliZil zaddvén{ stavby, prubéh soutéZe
a zaddvdani doprovodnych ¢innosti. Ing. Milan Majercik (NDS, a.s.)

23. rocnik - €. 1/2014

pokracoval popisem &innosti investora pii priprave a realizaci tune-
lovych staveb u naSich sousedu na Slovensku. Posluchaci se mohli
presvédCit, ze nékteré problémy jsou shodné i mimo naSe dzemi.
Dal§im tématem seminéfe byla kontrola projektovani raZeb tunel
metra V.A, kterou Ing. Roman Sabata (ILF Consulting Engineers,
s.r.0.) zakonil celé predndskové odpoledne.

Predndsky si pfislo vyslechnout pres sto odbornikl na proble-
matiku podzemnich staveb. Lze jen doufat, Ze pfizei zdjemcu
o Tunelafskd odpoledne zustane zachovéna i v roce 2014.

Prezentace prednesené na TO 3/13 Ize vyhledat na www.ita-aites.cz.

ING. MARTIN SRB, srb@3-g.cz,

3G CONSULTING ENGINEERS s.r.o.,
ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, CzTA ITA-ATIES

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

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU MYSLBEKOVA
— PELC-TYROLKA (BLANKA)

Po vynuceném omezeni tempa vystavby koncem roku 2013
byly préace na tunelovém komplexu Blanka bohuZel preruseny
definitivné. Tento stav trvd od 7. 12. 2013. Od této doby tak
mohly byt ddle provddény pouze nezbytné udrzovaci prace
a ostraha stavenisté.

Zacitkem ledna 2014 stdle pokracovala intenzivni jednani
mezi zhotovitelem a objednatelem ve smyslu obnoveni finan-
covani projektu a pokradovani stavebnich praci smérujicich
k dokonceni a uvedeni dila do provozu.

PRODLOUZENI TRASY METRA V.A

Nové budovand trasa metra V.A spoji stdvajici stanici
Dejvickd s Nemocnici Motol a vzniknou tak ¢tyfi nové stanice
prazského metra. Jak jiz bylo feCeno v predeslém ¢isle asopi-
su TUNEL, dokoncuji se stavebni price a zvétSuje se objem
praci spojenych s doddvkami technologie.

Na celé trase v soucasné dob¢ probehlo jiz témér 100 pred-
prejimek a 70 prejimek stavebnich pfipravenosti provoznich
soubort pro montdZ technologii.

Obr. 1 Stanice Borislavka — prunik VZT §toly a Sachty
Fig. 1 Borislavka station — connection of the ventilation gallery to the shaft

THE CZECH REPUBLIC

CONSTRUCTION LOTS WITHIN
MYSLBEKOVA - PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD (BLANKA TUNNEL)

After the reduction of the construction speed enforced at the
end of 2013, the work on the Blanka complex of tunnels was
suspended completely. This condition has remained to exist
since 7/12/2013. The maintenance necessary and the guarding
of construction sites have been the only activities which could
be carried out since that time.

Intense discussions between the contractor and the client
regarding the resumption of the project funding and continuation
of the construction activities required for the completion and
commissioning of the works still continued at the beginning
of 2014.

METRO LINE V.A EXTENSION

The newly built 5th extension of Metro Line A will link the
existing Dejvickd station with the Motol Hospital and four
new Prague Metro stations will originate. As mentioned in
the previous TUNEL journal issue, the construction work is
being finished and the volume of work relating to the suppli-
es of equipment is growing.

Nearly 100 preliminary handover inspections were current-
ly conducted and 70 operating units were structurally com-
pleted and handed over throughout the line length for the
installation of equipment.

As far as Nemocnice Motol station is concerned, the only
cut-and-cover station on the extension line, there are civil
works as well as the work on components, services, and finis-
hes in progress, i.e. the installation of lightning rods on the
glazed roof deck, cladding of the walls throughout the stati-
on length and the installation of sewerage and water pipeli-
nes. In addition, the assembly of structures for the station
lighting proceeds. The work on the pedestrian subway under
Kukulova Street and the ending at the University College
Motol Hospital also continues. At the moment, the construc-
tion pit is being excavated down to the formation level, with
concurrent tensioning of stranded anchors stabilising the pit
itself.

In the Petfiny single-vault station, where the final lining
and internal load-bearing structures have been completely
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Obr. 2 Napojeni levé koleje na stdvajici trasu
Fig. 2 Connection of the left-hand track to the existing metro line

Obr. 3 Stanice Petiiny — pohled do obratového tunelu
Fig. 3 Petriny station — view down the tunnel for dead-end tail track

V jediné hloubené stanici Nemocnice Motol probihaji prace
HSV a PSV, montdz jimacich ty¢i hromosvodu v proskleném
stre$nim plasti, obklady napri¢ celou stanici a montaz kanali-
zacniho a vodovodniho potrubi. Ddle pokracuje montdz kon-
strukei pro osvétleni stanice. Prace pokracuji také na podcho-
du pod ul. Kukulova ustici do objektu FN Motol. Nyni probi-
hé hloubeni na zdkladovou sparu se sou¢asnym napindnim pra-
mencovych kotev pro zajisténi vlastni jamy.

V jednolodni stanici Petfiny, kde je kompletné dokonlené
definitivni osténi a vnitini nosné konstrukce, probihaji prace
HSV a PSV, montdZ tunelového vodovodu, kanalizace
a definitivniho osvétleni stanice a osazuji se okna a dvere ve
vestibulu. Déle se dokoncuji kabelové konstrukce v obratovém
tunelu a probihaji prace na definitivnim osténi strojovny hlav-
niho vétrani tak, aby byla zaji§téna stavebni pfipravenost pro
navéZeni ventildtort hlavniho vétrdni na zacatku brezna 2014.
V soucasné dobé byla dokon&ena betondz vyplnovych betona
pod dlazbu ndstupisté, na které se zacne montovat leSeni pro
obklad klenby stanice ze smaltovanych plechu. Ve vytahové
Sachté je kompletné dokonceno schodisté vcetné praci HSV
a PSV. Dne 3. 2. 2014 probéhla predprejimka prostoru pro
ndkladni vytah ve vestibulu stanice pro firmu OTIS, kterd
dodava vytahy a eskaldtory pro celou trasu metra V.A. V ramci
kolejového svrsku probihd montaz vyhybky pred stfednim
obratovym tunelem a kolejnic v obratovém tunelu, kterd bude
hotova do konce tnora 2014.

finished, there are civil works as well as the work on compo-
nents, services, and finishes in progress, i.e. the installation
of the tunnel water main, sewerage and the final lighting of
the station and the installation of windows and doors in the
concourse. In addition, the installation of cable supporting
structures in the tunnel for the dead-end tail track is being
finished and the work on the final lining of the main ventila-
tion plant room proceeds with the aim of ensuring the com-
pletion of civil works required for the bringing of main ven-
tilation fans in planned for March 2014. At the moment, the
casting of mass fill concrete under platform floor tiles, which
the scaffolding for the cladding of the station vault with vit-
reous enamel panels will be erected on, is underway. The sta-
ircase has been completely finished in the lift shaft, including
civil works and the work on components, services, and finis-
hes. The preliminary handover inspection of the space for the
freight lift located in the concourse was conducted on
3/2/2014, jointly with OTIS, the supplier of lifts and escala-
tors for the entire extension of the metro line A. The work on
the trackwork proceeds by assembling the switch before the
central tunnel for the dead-end tail track and laying rails in
this tunnel. It will be finished by the end of February 2014.

Nadrazi Veleslavin station, which is partially mined and
partially built by the cut-and-cover method, is nearly com-
pleted as far as civil works are concerned. At the moment, the
openings which remained after the installation of equipment
are being bricked up, metalwork is being performed and
water and sewerage pipelines are being installed in the stati-
on and the adjacent cut-and-cover structure. In addition, rou-
tes for the final lighting of the station are being assembled.

In the single-vault station Borislavka, dividing walls are
being carried out and walls are being plastered and painted to
finish the civil works required for the installation of equip-
ment. Cable supporting structures have been finished in the
station, are being finished in the escalator tunnel and their
installation continues in the lift shaft, in which internal load-
bearing structures were completed at the end of January. The
final lining of the bottom has been completed and the upper
vault waterproofing has been finished in the part of FrantiSek
access tunnel leading from the station to the ventilation shaft.
The casting of the upper vault is underway so that the venti-
lation tunnel is completely finished in the middle of March
2014 and is prepared for bringing the main station ventilati-
on fans in. The assembly of the scaffolding for the installati-
on of the station upper vault cladding commenced on the
platform.

The main ventilation structure is originating in E1 con-
struction pit, which is located between Borislavka and
Dejvickd stations. Load-bearing structures have been com-
pletely finished and the civil works as well as the work on
components, services, and finishes are in progress with the
aim of ensuring the completion of all operating units by
1/3/2014.

Another important task is to secure the possibility for tra-
ins to ride along the entire line on the final trackwork. As of
27/1/2014, the casting of trackbed concrete has been finished
in its entirety. The left-hand track is currently passable from
Nemocnice Motol station up to Borislavka station. It will be
completely finished up to the connection to the existing
metro line A on 14/2/2014. The possibility for riding along
the right-hand track has been ensured from Nemocnice Motol




Stanice Nadrazi Veleslavin, kterd je z Casti razend a z Casti
hloubend, je z hlediska stavebniho témér dokoncena.
V soucasné dobé¢ se ve stanici a prilehlém hloubeném objek-
tu zazdivaji otvory po montdzi technologie, provadéji se
zdmecnické prdce a montuje vodovodni a kanaliza¢ni potru-
bi. Déle probihd montdz tras definitivniho osvétleni stanice.

V jednolodni stanici Borislavka se provadéji pricky, omitky
a malba stén k zajisténi terminu STP pro technologii. Kabelové
konstrukce jsou dokonceny ve stanici, dokoncluji se
v eskaldtorovém tunelu a probihaji ve vytahové Sachte, ve které
se koncem ledna dokon¢ily vnitini nosné konstrukce. Dno &ésti
pristupové S$toly FrantiSek od stanice ke vzduchotechnické
Sachté je jiz v definitivnim osténi, klenba je zaizolovdna
a realizuje se jeji betondZ tak, aby byla vzduchotechnickd Stola
kompletné dokonéena v poloviné brezna 2014 pro zavazeni
ventildtoru hlavniho vétrdni stanice. Na ndstupisti byla zahdje-
na montaz leSeni pro realizaci obkladu klenby stanice.

Ve stavebni jamé El1, kterd se nachdzi mezi stanici
Borislavka a stanici Dejvickd, vznikd objekt hlavniho vétrani.
Byly kompletné dokon¢eny nosné konstrukce a nyni probihaji
prace HSV a PSV tak, aby byla zaji§téna stavebni pfipravenost
v8ech provoznich soubort k 1. 3. 2014.

Dalsi dulezitou ¢innosti je zajisténi sjizdnosti celé trasy po
definitivnim kolejovém svrsku. Kolejové betony byly k 27. 1.
2014 dokonceny v celém rozsahu. Leva kolej je v soucasné
dobé sjizdnd od stanice Nemocnice Motol az po stanici
Borislavka a kompletné bude dokoncena v napojeni na stava-
jici trasu metra dne 14. 2. 2014. Sjizdnost pravé koleje je zajis-
téna ze stanice Nemocnice Motol az po stanici Nadraz{
Veleslavin s tim, Ze bude kompletné dokonéena dne 15. 4.
2014. Montaz kolejnic probihd ddle od stanice Dejvickd sme-
rem ke stanici Nadrazi Veleslavin. Zavazeni kolejnic se nyni
realizuje ze stanice Kacerov.

Vsechny prace provadéné na trase metra V.A jsou vykona-
vany v souladu s harmonogramem stavby.

DALNICE D8 - 0805 — LOVOSICE — REHLOVICE

V tunelu Prackovice (SO E 601) byly v uplynulém obdobi
provadény stavebni priace pouze na odvodnéni tunelu. Je
dokoncena poklddka a uloZeni kanaliza¢niho potrubi
u prazského portdlu. Kanalizace u usteckého portdlu se bude
provadet az po dokonceni opér mostniho objektu mezi tunely.

V tunelu Radej¢in (SO F 602) byly provddény dokoncovaci
prace na definitivnim osténi a tpravy povrchu betonu pod
ndtéry. V severni tunelové troubé probihd realizace kabelovo-
du a bloku pod obrubniky.

Pro pozérni nddrz a vodovod tunelu jsou provedeny betono-
vé konstrukce pozdarnich nddrzi N1 a N2 vcetné izolaci
a zdsypu. Zhotovitel dila zde od objednatele o¢ekédva stanovis-
ko ke konceptu reSeni projektové dokumentace zkuSebniho
pozaru.

MODERNIZACE TRATI ROKYCANY - PLZEN

Na stavbé ,Modernizace trati Rokycany — Plzen byla
v sobotu 4. 1. 2014 zahdjena pldnovand nepretrzitd vyluka
1. tratové koleje (1.TK) v useku Rokycany — Chrdst u Plzné,
kde probihaji stavebni prace v ¢asti Rokycany — Ejpovice. Na
daném useku probéhla demontdZ stdvajicich néavéstidel
a trakéniho vedeni. Byla snesena 1.TK a odtéZeno stdvajici
Stérkové loze. Dile se v této ¢asti rekonstruovanych koleji pro-
vadi i rekonstrukce a novostavba mostl, propustku a vystavba
nového podchodu v zastdvce Klabava a Zelezni¢ni stanice
Ejpovice. Ve stanici Ejpovice bylo rozebrdno stdvajici nastu-
pist€ u 1.TK a zahdjeny prdce na stavb€ nové provozni budovy.
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station up to NdadraZzi Veleslavin station. This track will be
completely finished on 15/4/2014. Rails are being laid further
from Dejvickd station toward Ndadrazi Veleslavin station.
Rails are currently brought in from Kacerov station.

All work operations carried out on the 5th extension of
the metro line A proceed in compliance with the contractual
schedule.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE — REHLOVICE

The work on the tunnel drainage was the only work carried
out recently in the Prackovice tunnel (SO E 601). The instal-
lation of the sewerage pipeline has been finished at the
Prague portal. The sewerage at the Usti nad Labem portal
will be carried out only after the abutments of the bridge
located between the two tunnels are completed.

As far as the Radej¢in tunnel (SO F 602) is concerned,
finishing work on the final lining and levelling concrete sur-
faces to be painted was carried out. Cableways and blocks
under kerbs are being installed in the northern tunnel tube.

Concrete structures of the fire protection reservoirs N1 and
N2, including waterproofing and backfills, have been com-
pleted for the fire protection reservoir and the fire mains in
the tunnels. In this case, the contractor has been waiting for
the project owner’s information about his opinion on the con-
cept of the trial fire design solution.

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

Regarding the project on “Modernisation of Rokycany —
Plzen Railway Track Section”, the uninterrupted closing to
traffic on track No.1 in the Rokycany — Chrést section, where
the work is being carried out in the Rokycany — Ejpovice sec-
tion, started on 04/01/2014. In this section, the dismantling of
existing signal posts and overhear power catenaries has been
completed. Track No.l was removed and the current gravel
ballast was excavated and taken away. In addition, bridges
and culverts are being reconstructed or new ones are being
constructed in this part of the rail track being reconstructed
and new pedestrian subways are under construction at
Klabava intermediate station and Ejpovice railway station.
The existing platform along track No.l was dismantled at
Ejpovice station and the work on the new service building
was commenced.

A hard surfaced temporary access road leading to the
4150m long twin-tube (single-track tubes) Ejpovice tunnel’s
portal is being built in the section between Ejpovice and the
Plzen Doubravka intermediate station, the alignment of
which runs completely out of the current route. In the entran-
ce tunnel portal location, there is simultaneous work on the
saving archaeological survey in progress. The survey has
already disclosed more archaeologically interesting situati-
ons. The excavation operations in this location have therefo-
re been suspended and the completion of the archaeological
survey has to be waited for.

In December 2013, contractor’s representatives took over
moulds for the production of the Ejpovice tunnel lining seg-
ments from Herrenknecht in Maribor, Slovenia. At the same
time, the manufacture of the full-face tunnelling machine is
in progress at Herrenknecht’s plant in Schwanau, Germany.
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V tuseku mezi Ejpovicemi a zastivkou Plzen Doubravka,
kde se buduje novd prelozka traté zcela mimo stdvajici trasu,
se provadi v soucasné dobé zpevnénd provizorni pristupova
komunikace k vjezdovému portdlu tunelu Ejpovice, ktery tvori
dva jednokolejné tunely délky 4150 m. V misté vjezdového
portédlu tunelu probihaji zdroven prace na zachranném archeo-
logickém vyzkumu, pfi kterém jiZ bylo zachyceno vétsi mnoz-
stvi archeologicky pozitivnich situaci. Provddéni zemnich
praci je zde z téchto davodu zatim stdle pozastaveno a ddle se
tak ¢ekd na vlastni dokonceni archeologickych praci.

V prosinci 2013 byly zdstupci zhotovitele ve slovinském
Mariboru prevzaty formy pro vyrobu segmentového osténi
tunelu Ejpovice od firmy Herrenknecht. Zaroven pobiha
i vyroba samotného stroje TBM v némeckém Schwanau od
stejné firmy.

PRUZKUMNA STOLA PRO RADLICKOU RADIALU
JIHOZAPADNI MESTO - SMICHOV

Usnesenim Rady hl. m. Prahy v zdvéru lonského roku bylo
rozhodnuto o realizaci stavby ,,Pruzkumnd $tola a zajist€n{
podrobného inZenyrskogeologického pruzkumu pro stavbu
¢. 9567 Radlicka radidla JZM — Smichov*, pro kterou byla jako
nejvhodnéjsi vybrana nabidka spolecnosti SUBTERRA a.s. Na
zdkladé tohoto rozhodnuti by méla realizace tohoto dila zacit
v dubnu letosniho roku a skoncit na konci roku 2016.

Priizkumni §tola o profilu 13,5 m? a délce 850 m m4 prede-
v§im ovérit geologické poméry v trase budoucich silni¢nich
tunelt Radlické radidly. Zkoumdny budou také hydrogeolo-
gické poméry sledované lokality a v neposledni fadé ziskdva-
ny podklady pro budouci zpracovani statickych vypocta defi-
nitivnich konstrukcef tunelu.

Kromé téchto &innosti bude probihat soubézné s razbou pru-
zkumné Stoly i geotechnicky monitoring, jako je méreni defor-
maci terénu a konvergenci v tunelu, které zajistuje investor.

Lze tedy konstatovat, Ze tento priuzkum zcela urcité poskytne
hodnovérné podklady pro nasledny navrh a bezpe¢nou realizaci
budoucich tunelu Radlické radiély, které kone&né€ na Zlichové
propoji vnitini méstsky okruh s ddlnici D5 smérem na Plzen.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m pokracuju
aj v zimnych mesiacoch raziace priace v oboch tunelovych
rurach. PrerdZka tunelovych rur sa predpokladd na konci febru-
dra 2014. Tunel Sibenik bude suCastou useku dialnice DI
Janovce — Jablonov s celkovou dlzkou 9,5 km. Zhotovitelom
stavby je zdruZenie Eurovia SK, a.s., Eurovia CS, a.s., Stavby
mostov Slovakia, a.s. Ukoncenie stavby a uvedenie dialhicného
useku do prevadzky sa predpokladad v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na jesen roku 2013 sa zacala aj vystavba 12 km dlhého dial-
ni¢ného useku D3 Svréinovec — Skalité, ktorého S}iéast’ou su
tunely Polana (890 m) a Svr¢inovec (445 m). Usek dlzky 12 km
bude stavany v polovi¢nom profile, teda oba tunely budi mat
jednu tunelovu rdru. Vystavbu dseku zabezpe¢i zdruZenie Sty-
roch spolo¢nosti Vdhostav—SK, a.s., Doprastav, a.s., Strabag, a.s.
a Metrostav Slovakia a.s. V sticasnosti sa spracovédva projekto-
va dokuemntdcia, zaciatok prdc na tuneloch je mozné ocakdvat
v letnych mesiacoch.

EXPLORATORY GALLERY FOR THE RADLICE RADIAL
ROAD LINKING SOUTH-WESTERN SATELITE TOWN
WITH SMICHOV

The Decree of the Prague City Council issued at the end of
2013, through which it decided on the realisation of the pro-
ject “Exploratory gallery and provision of detailed enginee-
ring geological survey for construction lot No. 9567 The
Radlice radial road linking the South-western satellite town
with the municipal district of Smichov” for which
SUBTERRA a. s. was selected as the contractor being the
best bidder. Based on this decision, the works should com-
mence in April 2014 and be finished at the end of 2016.

The objective of the exploratory gallery with the cross-sec-
tional area of 13.5m? and length of 850m is to verify geolo-
gical conditions along the lengths of the future tunnels on the
Radlice radial road alignment. In addition, the survey will be
focused on the hydrogeological conditions in the location to
be investigated and, at last but not least, on gathering source
documents for the future processing of structural calculations
for final tunnel structures.

Apart from these activities, geotechnical monitoring will
be conducted simultaneously with the exploratory gallery
excavation. The project owner will monitor the deformations
of terrain and tunnel convergences.

It is therefore possible to state that this survey will certainly
provide reliable source documents for the subsequent design
and safe construction of the future tunnels on the Radlice radi-
al road, which will finally connect (in Zlichov) the inner City
Circle Road with the D5 motorway heading toward Plzen.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAY a. s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a. s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

The work on the 588m long Sibenik motorway tunnel has
continued even during winter by driving both tunnel tubes.
The breakthrough of the tunnel tubes is expected to take
place at the end of February 2014. The Sibenik tunnel will be
part of the 9.5km long Janovce — Jablonov section of the D1
motorway. The contractor is a consortium consisting of
Eurovia SK, a.s., Eurovia CS, a.s. and Stavby mostov
Slovakia, a.s. The completion of the works and opening of
the motorway section to traffic is expected in 2015.

POLANA AND SVRCINOVEC TUNNELS

The construction of the 12km long section of the D3 motor-
way between Svréinovec and Skalité, parts of which are the
Polana tunnel (890m) and Svr¢inovec tunnel (445m), com-
menced in the autumn of 2013. The 12km long section will
be constructed with the profile reduced to a half; therefore
both tunnels will be single-tube structures. This motorway
section will be constructed by a consortium consisting of four
companies — Vahostav—SK, a.s., Doprastav, a.s., Strabag, a.s.
and Metrostav Slovakia a.s. At the moment, the design is
being prepared and the work on the tunnels is expected to
start in summer.

TUNNELS ON THE D1 MOTORWAY

Contracts for the construction of additional two sections of
the D1 motorway containing tunnels were signed at the end
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TUNELY NA DIALNICI D1 of 2013. The first of them is the Hubova — Ivachnova section
containing the 2.0km long Cebrat tunnel, where the contrac-
tor will be a consortium formed by Vahostav — SK, a.s. and
OHL 7S, a.s. The second section is between Hri¢ovské
Podhradie and Lietavska Lucka; it contains the Ovciarisko

Na konci roku 2013 boli podpisané zmluvy na vystavbu dal-
Sich dvoch tsekov dialnice D1 s tunelmi. Prvym je tsek
Hubov4 — Ivachnovi s tunelom Cebrat's dizkou 2,0 km, kde zho-
tovitefom stavby bude zdruZenie spolo¢nosti Vdhostav — SK, a.s.

a OHL ZS, as. Druhym je dsek Hri¢ovské Podhradie — tunnel (2.3km) and Zilina tunnel (0.6km). The contractor for
Lietavsk4 Licka s tunelmi Ov&iarsko (2,3 km) a Zilina (0,6 km), this section will be a consortium consisting of Doprastav, a.s.,
ktory bude stavat’ zdruZenie Doprastav, a.s., Vdhostav—SK, a.s., Vidhostav—SK, a.s., Strabag, a.s. and Metrostav Slovakia a.s.
Strabag, a.s. a Metrostav Slovakia a.s.
ING. MILOSLAV FRANKOVSKY, ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s., Bratislava TERRAPROJEKT, a. s., Bratislava

VYROCI / ANNIVERSARIES

OSMDESATPET LET ING. KARLA MATZNERA
EIGHTY-FIFTH ANNIVERSARY OF THE BIRTH OF KAREL MATZNER

Few have the opportunity to wish a friend or collea-
gue all the best on the occasion of the eighty-fifth anni-
versary of the birth knowing that he or she lives to see
it in an admirable physical and psychical condition.
This opportunity has been granted to us, members of
the ITA-AITES Czech Tunnelling Association, by
Ceng. Karel Matzner. The 16th March 2014 was the
day on which 85 years had passed since his birth in
Ceské Budgjovice.

Ceng. Karel Matzner was not only a long-standing
member of the ITA-AITES Czech Tunnelling

Mailokdo mé tu moZnost, aby popral svému
priteli ¢i kolegovi k jeho pétaosmdesdtym naro-
zenindm s tim, a to chci zduraznit, Ze se tohoto
vyznamného jubilea dozivd v obdivuhodné
fyzické i psychické kondici. Tuto prileZitost
nam, ¢lenim Ceské tuneldiské asociace ITA-
AITES i svym zndmym a prdtelim, poskytl
Ing. Karel Matzner 16. biezna 2014. V ten den
uplynulo totiZ 85 let od jeho narozeni v Ceskych
Budé¢jovicich.

Ing. Karel Matzner byl nejen dlouholetym

¢lenem Ceské tunelafské asociace ITA-AITES, | Association, but he was also its general secretary and,
ale byl také v letech 1996 az 2004 jejim gene- concurrently, the editor in chief of TUNEL journal
rdlnim sekretdifem a soucasné S$éfredaktorem Casopisu from 1996 to 2004. We can state that he has done very much for our
TUNEL. MuZeme konstatovat, Ze pro na$i asociaci vykonal association, which is the reason why he has been rightly named its
velmi mnoho, a byl proto opravnéné jmenovén jejim ¢estnym honorary member.

¢lenem. Even his career is admirable. He graduated from the Czech Technical

I jeho profesni draha je obdivuhodna. Ceské vysoké udeni University in Prague with a degree from civil engineering from the
technické v Praze, Fakultu inZenyrského stavitelstvi, obor Department of Hydrotechnics, the branch of water management in
hydrotechnika absolvoval na vodohospodéarském sméru v roce 1953. He entered Vodni Stavby enterprise and participated in the con-
1953. Nastoupil k podniku Vodni stavby a podilel se na stav- struction of the Lipno hydroelectric scheme (in the position of the site
bach prehrad Lipno (jako hlavni stavbyvedouci podzemni manager for the underground powerhouse) and in the Lipno,
hydrocentrdly), a na vodnich dilech Nechranice, Zelivka 1 Nechranice, Zelivka I and Vrchlice waterworks in the position of the
a Vrchlice jako hlavni inZenyr stavebni spravy. Ndsledné pra- chief engineer of the construction management team. Subsequently he
coval 25 let u podniku Metrostav jako vedouci odboru reali- worked 25 years with Metrostav enterpise in the position of the chief
zace metra a pozdéji zastdaval funkci technického asistenta of the Metro Realisation Department and, later, he held the position of
generalniho feditele podniku. Byl vyslan do AlZziru, kde technical assistant to the general director. He was sent to Algiers, where
v letech 1987 az 1989 pracoval na pripravé metra s pripadnou he worked in 1987 through to 1989 on the preparation of the develop-
ucasti podniku Metrostav. ment of metro with the possible participation of Metrostav.

Bohata byla také jeho publikacni a redaktorskd ¢innost, coz His publication and editor’s activities, the proof of which is not only
doklddd nejen vyvoj a droven Casopisu TUNEL, ale i fada the development and level of TUNEL journal but also a range of books
knih i filmu o vystavbé praZského metra. and films on the development of Prague Metro were also abundant.

Mimoradnym rysem Ing. Karla Matznera byla a je nejen Karel Matzner’s exceptional feature has been and is not only his love
jeho laska ke sportu, ale predev$im aktivni sportovni Zivot. to sports, but first of all, his active sporting life. He does sports even
Sportuje i dnes ve veku, kdy vétSina lidi na aktivni pohyb today, at the age at which the majority of people have resigned to the
rezignovala ze zdravotnich divodu, ale za mnohdy i z lenosti. active movement, mostly for health reasons but often only out of lazi-
Coby atlet — veterdn, se stal ve své vékové kategorii nékoli- ness. As a veteran athlete, in his age category, he became several times
krat mistrem svéta, Evropy, ale také mistrem Jizni Ameriky not only world champion and the champion of Europe, but also the
i Cinské republiky Tchaj-wan v riznych béZeckych discipli- champion of South America and the Republic of China, Taiwan in vari-
néch. Pracoval jako predseda SdruZeni veterdnti Ceského atle- ous running events. He was the chairman of the Czech Athletic Union’s
tického svazu, dodnes je jeho Cestnym predsedou, a byl Veteran’s Association and is its honorary chairman till now. He was
i ¢lenem predstavenstva Evropské a Svétové veteranské also a member of the European and World’s Veteran’s Association
asociace. board.
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My mlads$i se muZeme jen divit. V letoSnim lednu jen nepfi-
zen pocasi (nedostatek sn€hu) zabréanila, aby Ing. Karel
Matzner po devétadvacaté absolvoval padesdtikikometrovy
béh na lyzich — Jizerskou padesatku.

Karle, za viechny Tvé pritele a kolegy z Ceské tunelafské
asociace ITA-AITES Ti preji do dalSich let dobré zdravi
a neutuchajici vitalitu.

ING. MILOSLAV NOVOTNY,
byvaly sekretar CzTA ITA-AITES

We younger people can only wonder. It was only the unfavourable
weather (the lack of snow) that prevented Ceng. Karel Matzner from
taking part in the fifty-kilometre race - Ski Classics 2014 — Jizerskd
Padesatka for the twentyninth time.

Karel, let me wish you on behalf of all your friends and colleagues
from the ITA-AITES Czech Tunnelling Association great health and
unflagging vitality in the coming years.

ING. MILOSLAV NOVOTNY,
Jormer ITA-AITES CzTA secretary

NA PAMATKU H. PROF. ING. MARTY DOLEZALOVE, CSc.

specialistky na matematické modelovani metodou koneénych prvku

IN MEMORY OF H. PROF. ING. MARTA DOLEZALOVA, CSc.,

a specialist in mathematical modelling using the Finite Element Method

Dne 23. prosince 2013 zemrela ve véku 81
roku, obklopena svymi nejbliZz§imi, vyznaénd
predstavitelka Ceské a svétové geotechniky,
pani h. profesorka Ing. Marta Dolezalova,
CSc. Byla zndma doma i v zahrani¢i svymi
pracemi o matematickém modelovani metodou
koneénych prvku, které interpretovala v obo-
rech inZenyrstvi geotechnického, stavebniho,
hornického a hydraulického. Zde dosdhla $pic-
kové drovné nejen v nasi republice, ale i ve
svétovém kontextu. Vénovala se zejména pre-
hraddm, tunelim a jinym podzemnim stavbdm,
povrchovym dolam, ale uplatnila se i u rady
dal8ich typu objektu.

Narodila se v Budapesti jako Fried Marta a jeji rodina byla
v dobé holocaustu v roce 1944 postizena ztratou otce. Marta
ukoncila s vyznamenanim stfedni $kolu a byla vybrédna na stu-
dium v SSSR, kde v roce 1955 absolvovala Vysokou Skolu
vodniho stavitelstvi v Odése. V dobé studia se provdala za Cs.
studenta Milana DoleZala a spolu potom odjeli do CSR, kde
Marta obdrzela Ceskoslovenské stitni oblanstvi. Umisténku
dostali oba na stavbu prehrady a podzemni vodni elektrarny
Lipno. Jejim stavbyvedoucim na vtokovém objektu tehdy byl
Ing. Karel Matzner. Rychle se ucila Cesky, ale vyborné si rozu-
méla s partami slovensko-madarskych délnikti. Tfi roky tam
stravené byly vybornou Skolou praktického inZenyrstvi, ale
inteligen¢ni kapacitou a zamérenim Marta touzila po intenziv-
ni dusSevni ¢innosti. V roce 1959 se i s manZelem dostali do
Prahy, kde Marta nastoupila jeSt€ pred ukonéenim své mater-
ské dovolené do projektového dstavu Hydroprojekt, ve kterém
pracovala az do roku 1989. Preruseni bylo jen v 60. letech na
5 roku stravenych v Moskve, kde manZzel pracoval. Marta vyu-
zila tamniho pobytu k dalSimu studiu a v moskevském
vyzkumném udstavu VODGEO obhdjila kandidatskou dizerta-
ci zaméfenou na vyzkum a sanaci trhlin v télesech zemnich
hrazi. V Hydroprojektu se stala jednim z prvnich uZivatela
a propagdtori matematického modelovani metodou koned-
nych prvkua, které pak neustdle vyuZzivala a zdokonalovala
v praxi a dosdhla uplatnéni i v mezindrodnim meéfitku. Posléze
— po nekolika letech prace v tehdejsim Hornickém tstavu
CSAV - vyuzila prevratnych udélosti roce 1989 k tomu, aby
zalozila vlastni firmu DOLEXPERT-GEOTECHNIKA, ve
které se dvéma nejbliz§imi spolupracovniky — Ing. Vlastou
Zemanovou a RNDr. Ivo Hladikem — pracovala az do svych
poslednich dnu.

Honorary professor Ing. Marta Dolezalovd, CSc.,
a distinguished representative of Czech and global
geotechnics, died on 23rd December 2013 at the age
of 81 years, surrounded by her loved ones. She was
known at home as well as abroad with her work on
mathematical modelling using the Finite Element
Method, which she interpreted in the fields of geo-
technical, civil, mining and hydraulic engineering.
She achieved excellence in this field not only in the
Czech Republic but also in the global context. She
dedicated herself mainly to dams, tunnels and other
underground structures, surface structures and open-
cast mines, but asserted herself also on many other
types of structures.

She was born in Budapest as Fried Marta. Her family was stric-
ken by the loss of her father during the holocaust in 1944. Marta
ended the high school with honours and was chosen for studies in
the USSR, where she graduated from the University of Hydraulic
Engineering in Odessa. During the course of her studies she mar-
ried a Czech student, Milan Dolezal. Later they left for the
Czechoslovak Republic, where Marta obtained Czechoslovak citi-
zenship. Both of them received the employment allocation to the
construction of the Lipno dam and the underground powerhouse.
At that time, Ing. Karel Matzner was in the position of the site
agent for the intake structure. She quickly learned Czech, but she
also very well understood the working crews consisting of
Slovakian and Hungarian workers. The three years she spent there
provided excellent education in practical engineering.
Nevertheless, owing to her intelligence capacity and focussing,
Marta desired for more intense mental activities. In 1959, she and
her husband got to Prague, where Marta, before the end of her
maternity leave, entered Hydroprojekt designing office, where she
worked till 1989. The only interruption was in the 1960s, when
she spent 5 years in Moscow, where her husband had his employ-
ment. Marta used this stay for additional studies and, while wor-
king with the Moscow-based VODGEO research institute, she
finished and defended her candidate thesis focused on the research
and repair of cracks in earth-filled dams. In Hydroprojekt, she
became one of the first users and promoters of mathematical
modelling using the Finite Element Method. She permanently
used and improved it in practice and achieved its application even
on an international scale. Subsequently, after several years of wor-
king with the at that time existing Institute on Mining of the
Czechoslovak Academy of Sciences, she used the opportunity
offered by the revolutionary events of 1989 and founded her own
firm DOLEXPERT-GEOTECHNIKA, in which Ing. Vlasta




Pod vedenim Marty vypracovala skupina po dobu své
ginnosti fadu matematickych modelu, stabilitnich feSen{
a expertnich posudkli pro velké inZenyrské stavby v CR
i v zahrani¢ni. Jsou to napfiklad sypané piehrady Rimov,
Stanovice, Nova Bystrica, Slezska Harta, PadeS a Ase-
novec v Bulharsku, Goldisthal (3D — trojrozmérny model)
v Némecku. Rekonstrukce prehrad Jirkov, Bystricka, Zer-
manice, Sance, Mostisté, Térlicko. Dale tunely a stanice
prazského metra (Ndm. Miru, Staroméstskd a Karlovo
nam.), podzemni laboratof v Madarsku, tunel Bfezno.
Podzemni kaverny hydroelektriren Machu Picchu
a Mantaro v Peru, Dlouhé strdné na Morave, podzemni
zasobnik plynu Héje. Povrchové doly — interaktivni vyuzi-
ti méfeni a modelovéani pro stdlou kontrolu a posouzeni
bezpecnosti postupu pro tézbu hnédého uhli v Sokolovské
uhelné panvi tak, aby nedoslo k ohroZeni karlovarskych
lazenskych artéskych pramenu. Prdce na nékterych
z téchto objektu probihaji az do soucasnych dna — pokra-
¢uji v nich RNDr. Hladik a Ing. Zemanova. Uzce
a dlouhodobé spolupracovala Marta s Ustavem hydrogeo-
logie, inZenyrské geologie a uzité geofyziky Priro-
dovédecké fakulty Univerzity Karlovy v Praze. Kromé
prednasek tam vedla a oponovala diplomové a kandidatské
prace, vyjadrovala se k ndvrhim na granty, se zaujetim
podporovala a vychovdvala mladé talentované kolegy.

Marta Dolezalovd byla nesmirné aktivni i v zahrani¢ni
spolupréci. Psala a prednasela ve 4 jazycich — esky, madar-
sky, anglicky a rusky, publikovala mnoZstvi prispévku
a zprav na mezinarodnich konferencich a svétovych kon-
gresech a univerzitdch v zahranici. Jeji celozivotni dilo je
obrovské — je autorkou vice nez 400 odbornych publikaci
véetné vyzkumnych dkola, kongresovych prispévku a ¢lan-
ki v Casopisech. Spolupracovala s madarskymi kolegy
a institucemi, témér kazdorocné se zucastnila zasedani
Madarské inZenyrské geotechnické komory, predndsela
a vedla semindfe na katedfe hydrogeologie a inZenyrské
geologie v Miskolci, prednasela na univerzité v Pécsi, kterad
ji udélila titul Eestného profesora. Velmi tésnd byla jeji spo-
luprdce s profesorem Chandra C. Desai z university
v Tucsonu, Arizona, a to nejen primo na univerzite, ale
hlavné jako ¢lenky redakéni rady casopisu International
Journal of Geomechanics a ¢lenky spolecnosti IACMAG
(International Association for Computer Methods and
Advances in Geomechanics). Byla zahrani¢nim c¢lenem
Ruské akademie architektury a inZenyrskych ved, ¢lenkou
Zeskych a slovenskych vyboru spole¢nosti ISSMGE, ISRM;
byla také ¢lenkou CzTA ITA-AITES. Za svou aktivni ¢in-
nost a spolupraci obdrZela Marta celou fadu uznani, plaket
a diploma.

I pres tézka léta tzv. normalizace, kdy ji z politickych
divodu byla silné omezena publikacni ¢innost a tcast na
mezindrodnich konferencich, dokdzala pokracovat ve
vyzkumné a védecké praci. Ve svém oboru byla prukopni-
ci i jako Zena, protoZe jeji zaméreni bylo prevdzné domé-
nou muzu.

Osobni vasni bylo pro Martu DoleZalovou cestovani,
které vétSinou spojovala s ucasti na odbornych akcich.
Velmi rada také varila. Cely zivot Cetla a to v nékolika
jazycich nejen technickou literaturu.
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Zemanova and RNDr. Ivo Hladik were her closest collaborators.
She worked with them till her last days.

Under the leadership of Marta, the team developed several
mathematical models, stability solutions and expert assessments
for large civil engineering construction projects in the CR and
abroad during the course of their work. Among them, there were,
for example, Rfmov, Stanovice, Novd Bystrica, Slezska Harta,
PadeS, Asenovec (Bulgaria) and Goldistal (3D model -
Germany) earthfill dams; reconstruction of Jirkov, Bystficka,
Zermanice, Sance, Mosti§té and Térlicko dams; Prague metro
tunnels and stations (Nameésti Miru, Staroméstskd and Karlovo
Nameésti), an underground laboratory in Hungary, the Bfezno tun-
nel, underground caverns for hydropower plants Machu Picchu
and Mantaro in Peru, Dlouhé Strané pumped storage scheme in
Moravia, the underground gas storage cavern Hdje, opencast
mines (the interactive use of measurements and modelling for
continual checking and assessing the safety of the procedure for
brown coal extraction in the Sokolov coal basin designed to pre-
vent threatening of artesian springs in Maridnské Lazn€ spa). The
work on some of these structures has been proceeding till now,
carried out by RNDr. Hladik and Ing. Zemanovd. Marta collabo-
rated for a long time with the Institute of hydrogeology, enginee-
ring geology and applied geophysics of the Scientific Faculty of
the Charles University in Prague. Apart from lectures, she headed
diploma and candidate theses and opposed them. She commented
proposals for grants, supported and educated with passion young
talented colleagues.

Marta Dolezalova was extremely active even in collaboration
abroad. She wrote and lectured in 4 languages — Czech,
Hungarian, English and Russian, published lots of papers and
reports at international conferences and world congresses, as well
as foreign universities. Her lifetime work is huge — she is the
author of more than 400 technical publications, including rese-
arch tasks, congress papers and papers for journals. She collabo-
rated with Hungarian colleagues and institutions, attended nearly
every year sessions of the Hungarian Engineering Geotechnical
Chamber, delivered lectures and led seminars at the Department
of Hydrology and Engineering Geology in Miskolc, lectured at
the university in Pécs, which awarded her the title of honorary
professor. Her collaboration with professor Chandra C. Desai
from the university in Tuscon, Arizona, was very close, not only
directly at the university but, first of all, in the position of
a member of the editorial board of International Journal of
Geomechanics and a member of TACMAG (International
Association for Computer Methods and Advances in
Geomechanics). She was a foreign member of the Russian
Academy of Architecture and Engineering Sciences, a member of
Czech and Slovak boards of ISSMGE and ISRM associations; in
addition she was a member of the ITA-AITES CzTA. For her
active work and collaboration, Marta was awarded numerous
honourable mentions, plaques and diplomas.

Even despite the hard years of the so-called normalisation,
when her publication activities and attendance to international
conferences were severely limited for political reasons, she
managed to proceed in her research and scientific work. She
was a pioneer in her discipline even as a woman because her
focus was mainly the domain of men.

The personal passion of Marta Dolezalovd was travel. She
mostly connected it with her participation in professional events.
She also very much loved cooking. She read throughout her life,
in several languages and not only technical literature.

She belonged among humanly and socially exceptionally intel-
ligent personalities, the work with whom was a pleasure. She was
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Lidsky a spoleCensky patfila k vzacnym vysoce inteligentnim
osobnostem, se kterymi bylo Stésti spolupracovat. Byla preciz-
ni a velmi ndro¢na nejen na sebe, ale i na své kolegy. Byla vsak
velice laskavd a ochotné preddvala své teoretické znalosti
i praktické vystizné zkuSenosti. Méla rada vasnivé debaty,
dovedla hdjit své nazory n€kdy i proti vétsiné, kdyz Slo
o dobrou vec.

Celd nase geotechnickd spoleénost ji upiimné dékuje za celo-
Zivotni dilo a velmi lituje jejiho odchodu na vrcholu tvuréich sil.

ING. JIRI HUDEK, CSc.,
PUDIS a.s.,
ING. MILAN DOLEZAL, CSc.

precise and very demanding not only to herself but even to her
colleagues. On the other hand, she was very kind and obligingly
handed over her theoretical knowledge and practical experience.
She loved passionate discussions. She was able to defend her opi-
nions, sometimes even against the majority, when a good thing
was being discussed.

All members of our geotechnical society sincerely thank her
for her lifelong work and are very sorry for her departure on the
top of her creative forces.

ING. JIRI HUDEK, CSc.,
PUDIS a.s.,
ING. MILAN DOLEZAL, CSc.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

Z HISTORIE POHLEDNIC
FROM THE HISTORY OF POSTCARDS

The history of postcards begins indirectly in the Baroque.
However, they experienced their golden age in the 19th and
20th centuries. Their look developed from historic forms, when
one side was used for writing addresses and the other for pic-
tures, where a small space designed for the text was next to the
picture, up to the current form, where the text is written to the
space which originated by reducing the size of the space for the
address. A significant share of the mass interest in postcards
has also the development of printing technologies — from litho-
graphy through many others, e.g. photographic printing, gravu-
re printing, up to photographs and photolithography. The most
frequently used material was paper, but wood, plastic, metal,
glass, textile, gold or silver membranes and also human hair
were also used. At the time of mobile phones, phones unfortu-
nately replace postcards. Nevertheless, they have their allure
and are also a subject of collecting.

The authors of the short series would like to introduce some
interesting postcards, but also tunnels commemorating photos
from their private collections. In the first part, it would be the
VySehrad tunnel in Prague, which is probably the most photo-
graphed tunnel on Czech postcards. In the subsequent parts,
there will be tunnels in Bohemia and Moravia, in Europe and
outside it. Where it is possible, the authors will at the same
time supplement the selection of interesting, mostly historical,
postcards and photos with a brief description of the structure or
historical attractions both from the tunnel construction and
operation.

Jak staré jsou pohlednice, pfesn¢€ nevime. Historie pohlednic
zaind nepfimo v baroku, v podobé grafickych ozdobnych
obchodnich listku a vizitek, na které se mohlo dopsat jméno
nebo cely text. AZ 19. stol. prineslo v roce 1840 prvni soukro-
mou pohlednici, kterd byla posldna poStou s prvni zndmkou na
svété. O predchudci pohlednic — korespondencnim listku — je
znamo vice. JiZ v roce 1861 byl patentovan v USA, ale neujal
se. Rakouskd poSta zavedla jeho pouZivdni v roce 1869.
Pozdéji bylo na koresponden&nich listcich povoleno provadet
reklamni pfitisky a ke zrodu pohlednice bylo uz blizko. Autora
prvni pohlednice nicméné nezname.

Zlatym vékem pohlednic byl prelom 19. a 20. stoleti. V té
dobe pohlednice ziskdva ustdlenou podobu — jedna strana obra-
zova, druhd adresni. Vedle obrazku malé misto pro kratky text,
adresa tedy zabird celou jednu stranu. Dnes toto usporddani
nazyvame dlouhd adresa. Tato podoba se za¢ind ménit nekdy
kolem roku 1905, misto pro adresu je zmensSeno, text uz se
nepiSe na obrazovou &dst, ale na uvolnéné misto na adresni
¢asti pohlednice.

Znacny podil na masovém zdjmu o pohlednice md i rozvoj
tiskovych technik. Pfi jejich vyrobé se nejprve uplatnovala lito-
grafie. Dal$imi technikami byly svétlotisk a autotypie, hlubo-
tisk, pozdg€ji predevsim fotografie a jesté pozdéji ofset. S prvni
svétovou vélkou prichdzi dpadek. Pohlednice musi byt levn4,
prestava se pouZzivat ndkladnd litografie, prednost dostdvaji
lacingjsi techniky, klesd grafickd droven. Ale pohlednice Zije.
V povile¢nych letech a az do let padesdtych 20. stol. ma
pohlednice prevazné podobu Eernobilé fotografie, barvami hyri
pouze prani (vdno¢ni, k jmenindm...), na jejichZ tvorbé se
Casto podileji zndmi vytvarnici. V 60. a 70. letech 20. stol. zaci-
nd svét pohlednic ovlddat barevnd fotografie reprodukovana
ofsetem. Poslat pohled z dovolené je témér spoleCenskou nut-
nosti.

Co do materidlu se na vyrobu pohlednic pouzival predevsim
papir, ale také drevo, plast, kov, sklo, textil, zlata a stfibrna
félie a také lidské vlasy. Vzhledoveé byly pohlednice plastické,
reliéfni, s gramofonovym nosi¢em, se zvukem zvirat, mecha-
nicky pohyblivé, skladaci, ruiznd leporela a také tzv. pohledni-
ce ,,Proti sverlu®, které pri prilozeni ke svetelnému zdroji ¢ds-
te¢né a nékdy i Uplné ménily svuj vzhled.

A rodi se také kategorie sbératelu sbirajicich staré pohledni-
ce. Nejen pro jejich krdsu a rozmanitost, ale i pro jejich doku-
mentarni hodnotu. Obor sbératelstvi pohlednic se nazyva ,,filo-
kartie* (coz je rovnéz nazev Casopisu vydavaného ,,Klubem
sbératelstvi pohlednic ORBIS PICTUM® v Brn¢).

Odkazy na www strdnky s tématikou historie a sberatelstvi
pohlednic: www filokartie.cz

POHLEDNICE S TUNELY

Dnes posilame zprdavy i obrazky mobilnim telefonem nebo
prostfednictvim internetu. A presto se mnozi z nds, kdyZ jsou



mimo domoyv, zastavi u stinku s pohlednicemi. A najit v dopis-
ni schrance pohlednici od nékoho blizkého stéle tesi.

Pohlednice zachytily krdsnd a zajimavad, Casto dnes jiZ neexi-
stujici mista, staly se svedky urbanistickych a architekto-
nickych zmén krajiny i sidel, daly nahlédnout do mezilidskych
vztahu. Poddvaji svédectvi o viem, co obklopovalo spole¢nost
své doby. A nenf tudiZ k podivu, Ze se na nich setkdvdme také
i s fadou podzemnich staveb — tunelt. Od velmi zndmych k t€ém
méné povédomym. A budi-li néco udiv, pak jen to, Ze se to déje
aZz do dne$ni doby!

Autofi kratkého seridlu by tak chtéli svym kolegum i Sirs{
odborné vetejnosti priblizit nékteré zajimavé pohlednice, ale

VYSEHRADSKY TUNEL V PRAZE
VYSEHRAD TUNNEL IN PRAGUE

Even though the Vysehrad tunnel is not the longest, it forms an
important dominant of Prague. It was driven through Ordovician
rock mass. Individual beds were strong, therefore hard to disinte-
grate. For that reason 4000 dynamite cartridges had to be used for
the construction. The tunnel is formed by a single 34m long tube.
It has been in operation since 1904; it has even been passed by
trams since 1910. It has been preserved until today in perfect con-
dition. No more extensive reconstruction was necessary during the
entire tunnel lifetime.

Vysehradsky tunel sice nepatfi mezi nejdelsi ¢i nejvétsi, presto
od svého vzniku tvori neodmyslitelnou prazskou dominantu. Od
prvotnich ndvrhu, stejné jako tomu byvd i dnes, mél fadu odpurca,
kterym byla tato stavba trnem v oku. Nakonec se ,,staromilce®
podarilo presvéd¢it az prislibem realizace cimbufi na portdlech
tunelu. I pres to se vSak radé lidi zdd, Zze pamdtnd vySehradska
skéla je od téch dob né¢jaka nizsi.

Cely tunel byl vyrazen ve skalnich ordovickych hornindch
zastoupenych vrstvami drobovych a jilovitych bridlic stridajicich
se s kfemenci a piskovci s kiemennym tmelem. Prevladala navet-
rald hornina, stfedné rozpukand a tence deskovité vrstevnatd 2 az
12 cm. Zastizené vrstvy jsou strmé uloZeny ve sklonu cca 70°
a jsou zhruba kolmé na tunel. Jednd se o vrstvy pomérné pevné
a t€Zce rozpojitelné. Z dostupnych udaju dokresluje tuto skute¢nost
fakt, Ze pro jeji naruseni jen na podolské strané muselo byt pouZi-
to na 4000 dynamitovych patron.
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i fotografie, ze svych sbirek, pripominajici tunely. V prvnim
dilu je to VySehradsky tunel v Praze, asi nejfotografovanéjsi
tunel na ceskych pohlednicich, v dal§ich potom tunely
v Cechach a na Moravé, v Evropé a mimo ni. K vybéru zaji-
mavych, prevdzné historickych, pohlednic a fotografii autori
zaroven pripoji, podle moznosti, kratky popis stavby, nebo his-
torické zajimavosti jak z vystavby, tak i provozu tunelu.

DOC. ING. VLADISLAV HORAK, CSc.,
horak.vl@fce.vutbr.cz,
FAST VUT Brno

VySehradsky tunel je tvoren jednou tunelovou troubou délky
34 m, trasa tunelu je v oblouku o poloméru 86,5 m. Jizni (branicky)
portdl je kolmy k ose, severni (podskalsky) svird s osou obecny
thel 113°. Jde o jediny sdruZeny méstsky tunel u nds vyuZzivany jak
automobilovou, tak i pesi a tramvajovou dopravou. V pri¢ném rezu
je $itka tunelu v drovni chodnikl cca 8,8 m, maximdlni vyska od
vozovky cca 6 m. Geometricky tvar osténi tvori primkova plocha,
vnitin{ lic klenby je sloZen ze dvou oblouku, 4,15 m a 8,2 m.

Osténi (v tomto pripadé obezdivka) tunelu je tvoreno klenbou
z kamennych kvddra a betonu s asfaltovou hydroizolaci. Klenba
neni ve spodni ¢asti uzaviend. Masivni osténi portdlu a prizdivka
vnitfniho lice tunelu je z granodioritu s velmi pozoruhodnym
a komplikovanym kamenofezem, vyvolanym pudorysnym zakii-
venim trasy tunelu. Tloustka prizdivky je 80 cm. Portdlové Casti
jsou déle doplnény architektonickymi prvky s historizujici archi-
tekturou z kamenného kyklopského zdiva (prevazné z piskovce,
ale i ze Zelezobetonu).

Vystavba tunelu probihala od 26. kveétna 1902 spolecné
s realizaci nabreZzi. Pfevdzna ¢ast stavebnich praci vSak spadala do
roku 1903. Do provozu byl tunel uveden s drobnym zpozdénim
misto 26. listopadu aZ 11. prosince 1904.

Dopravni vyuziti tunelu se v jeho vice nez stoleté historii postup-
né meénilo a nebylo vzdy zdarma. Vybirané myto Cinilo 1 halit za
hnanou krdvu, 4 halite za trakar a 2 halife za osobu.
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Od roku 1910 zacaly tunel vyuzivat prvni tramvaje, v obdobi
1949-1967 to byly trolejbusy na trase z Pankrédce na Vaclavské namésti.

Tunel se do dnesni doby dochoval, zda se, ve vyborné kondici.
Zavazngjsi rekonstrukce nebylo nutné provadet, i pres prekroceni
dnes pozadované zivotnosti 100 let. Céstecnd rekonstrukce (tésnéni,
vyplnovd injektdZ rubu obezdivky a presparovani) byla provedena na
konci 60. let.

Vetsi komplikace vytvérel proces zvétravani a u¢inky dopravy na
vlastni skalni masiv. Pro zajisténi bezpecnosti tak k predpjatym hor-
ninovym kotvam, zpevnujicim skdlu od 80. let, pfibyla v roce 2006
dalsf stabiliza¢ni opatfeni povrchovych partif skalntho masivu.
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Pred realizaci tunelu bylo spojeni mezi Prahou a Podolim moZzné
pouze horem pres vySehradskou pevnost silné€ svazitymi cestami.
Jak se tehdy fikalo: ,,Cesta byla pristupnd jen povozim dobrym
potahem opatfenych.” TakZe dnes, s odstupem mnoha let,
o vyznamu této dopravni stavby nelze vibec pochybovat. Nakonec
i pokusy nalézt trasu pro podstatné delsi, tzv. vySehradsky tunel II,
to jen potvrzuji.

ING. PAVEL SOUREK, pavel.sourek@satra.cz,
JAKUB KARLICEK, jakub.karlicek@satra.cz,
SATRA spol. s r.o.

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORT

www.ita-aites.cz

=2 ARCADIS

Oznameni

ARCADIS CZ a.s., divize Geotechnika a Cesko-Slovenska spole¢nost pro mechaniku zemin
a geotechnické inzenyrstvi s patronaci UTAM AV CR

pofadaji ve dnech 12. a 13. kvétna 2014 v budové Akademie véd CR, Praha 1, Narodni tfida 3

PRAZSKE GEOTECHNICKE DNY 2014

Pondéli 12. 5. 2014
Dopoledni program: odborny seminaf:
Unsaturated soils in engineering practice
(Nenasycené zeminy v inZenyrské praxi)

Odpoledni program:
Prezentace uchazecli o Cenu akademika Quido Zaruby
pro mladé inZenyrské geology a geotechniky,
vyhlaseni vitéze a predani ceny.

Ucast na PGD 2014 je zdarma, akce je sponzorovana pofadajicimi organizacemi.
Pozvéanky vcetné podrobného programu a zdvaznych prihlasek budou rozesilany béhem dubna 2014.

Ceska asociace inzenyrskych geologti, Cesko-Slovenska spole¢nost pro mechaniku zemin

a geotechnické inZenyrstvi a ARCADIS CZ a.s.

vyhlasuji 13. ro¢nik soutéze
o Cenu akademika Quida Zaruby

pro mladé inzenyrské geology a geotechniky do 35 let za nejhodnotnéjsi
a nejzajimavéjsi praci z oblasti geotechnického vyzkumu, prazkumu

i stavebni praxe predlozenou v roce 2013

Prihlasky do soutéze zaslete do 4. dubna 2014 na adresu: ARCADIS CZ a.s.,
Ing. M. Frombergerova, Geologicka 4, 152 00 Praha 5, tel. 234 654 101, fax: 234 654 102, e-mail: michaela.frombergerova@arcadis.cz
Autor ocenéné prace ziska diplom a prispévek na thradu tcasti na mezinarodni konferenci IAEG, ISRM, ITA, ISSMGE apod.

Podrobna pravidla na www.arcadis.cz

CSSISMGE

22. Prazska geotechnicka prednaska:
Performance-based design in geotechnical
engineering
(Prof. Malcolm Bolton, Cambridge University, UK)

Soucasti prvniho dne PGD bude doprovodna vystavka
odbornych firem.

Utery 13.5. 2014
Workshop: What is wrong with EUROCODE 7
(moderuje Prof. Malcolm Bolton)

Pamétni medaile udélovana
k Cené akademika Q. Zaruby
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OZNAMENI O KONANI VALNEHO SHROMAZDENI
CESKE TUNELARSKE ASOCIACE ITA-AITES

Viem &leniim Ceské tuneldiské asociace ITA-AITES si dovolujeme oznamit, Ze jeji valné shromazdéni se bude konat ve stfedu
4. ¢ervna 2014. Bude to volebni valné shromédzdéni, protoZe jeho soucdsti budou volby pfedsedy a ¢lenu predsednictva asociace na

funkcni obdobi 2015 az 2017.

Vyzva k podédni ndvrhi na predsedu a ¢leny predsednictva i pozvdnka na valné shromédzdéni véetné jeho programu bude viem

¢lentim asociace v souladu se stanovami zasldna.

ING. MARKETA PRUSKOVA, Ph.D., pruskova@ita-aites.cz,
generdlni sekretdr CzTA ITA-AITES

CINNOST SEKCE TUNELY V ROCE 2013, PLAN CINNOSTI NA ROK 2014
ACTIVITIES OF THE TUNNELS SECTION IN 2013; WORK PLAN FOR 2014

Members of the Tunnels Section of the Czech Road Society
actively participated in the work of the PIARC working
groups in 2013. The broadest participation of the Czech
Republic’s representatives was dedicated to the collaboration
in the activities of the WG 5, a member of which is
Ing. Ludvik Sajtar from a Czech company, Satra spol.
s 1. 0. Documents on tunnels on the Prague City Circle Road
were carried out following requirements of the WG 5.

A meeting of a board formed by the ITA-AITES and PIARC
societies with the aim of solving issues of safety in all underg-
round spaces for infrastructure took place in Prague on 30th
September and 15t October 2013. A part of the meeting was
a visit to the Blanka complex of tunnels in Prague.

V souladu se strategickym planem ¢innosti pracovnich sku-
pin spolec¢nosti PIARC ¢asti TC 3.3 tunely pro obdobi 2012
az 2015 byl rok 2013 rokem shromaZdovani podkladi
a informaci potfebnych pro zpracovani kol a zprdv téchto

pracovnich skupin pro pristi svétovy kongres této spole¢nosti
v roce 2015.

vvvvvvvvvvv

tunely Ceské silni¢ni spole¢nosti (CSS) byla v roce 2013
vénovdna spoluprdci na ¢innostech pracovni skupiny WG 5.
Pfedeviim diky fadnému ¢lenu WG 5 panu Ing. Sajtarovi a ve
spoluprici s provozovatelem tunel TSK Praha, Policii CR,
technologem tuneli méstského okruhu Praha Eltodo EG a.s.
a sekci Tunely CSS, byla spole&nosti Satra s.r.o. zpracovina
dokumentace té€chto tuneld podle pozadavkd hodnoticiho
dotazniku WG 5. Ve dnech 2.-3. 10. 2013 uporadala spolec-
nost Satra s.r.o. jednani pracovni skupiny WG 5 v Praze. Na
jednéni, kterého se ucastnili dopisujici ¢lenové této pracovni
skupiny z CR, probéhla prvni sumarizace podkladi z 18
doposud predanych vyplnénych dotazniki z 29 vybranych
méstskych podzemnich komplext pozemnich komunikaci
a dohodnut zpusob jejich dal§tho zpracovani do zdvére&né
zpravy v roce 2015.

Utast zastupci CR na &innostech v ostatnich pracovnich
skupindch PIARC, na rozdil od drivejsi aktivni dcasti zejmé-
na v pracovni skupin€¢ WG 2 vénované bezpecnosti v tunelech
v minulych dvou obdobich, byla pro obdobi 2012-2015 ome-
zena na ¢innost dopisujicich &lend.

Jednani vyboru vytvoreného spolecnostmi ITA-AITES
a PIARC pro feSeni otdzek bezpe¢nosti ve vSech infrastruk-
turnich podzemnich prostorach, probéhlo podle planu v Praze

na tunelu Blanka a na Novotného ldvce ve dnech 30. 9. 2013
a 1. 10. 2013. Prubéh jedndni byl predmétem samostatné
informace v odbornych ¢asopisech CSS a CzTA ITA-AITES.

Bieznové jednani sekce Tunely CSS bylo organizovino
s navstevou vyrobnich dilen technologickych doddvek spolec-
nosti Eltodo EG HvoZdansk4, Praha 4.

Na mezindrodni konferenci Podzemni stavby Praha 2013
spolupracovala sekce tunely CSS pfi sekci 6 vénované bez-
pecnosti a 4drzbé podzemnich staveb. V této sekci byla pred-
nesena informace pana Mgr. Rainera o organizovéni fizeni
provozu, udrzby a oprav v tunelech délnic a silnic CR ve spra-
vé RSD.

Jednani v Cervnu bylo, s ohledem na mimoradné vysoké
teploty a poruchu klimatizace v ndv§tévnim stfedisku tunelu
Blanka na Letné, omezeno na prohlidku dokoncovaného
tunelu.

V zari sekce jednala na Pragoprojektu a.s., kde vyslechla
informaci o ndvrhu dpravy odboceni tvodni ¢4sti trasy ddlni-
ce D3 z SOKP a tunelovych feSenich této trasy v oblasti
Jilového.

Sekce Tunely pripravila tfi prispévky pro nové organizova-
nou ¢ast druhého dne Silniéni konference 2013 vénované
objektim na pozemnich komunikacich.

Prosincové jedndni sekce bylo usporddano v sidle spolec-
nosti Metroprojekt Praha, kterd ucastniky pozvala na oslavu
svétku sv. Barbory, patronky tuneldfu.

Plan ¢innosti sekce Tunely €SS na rok 2014

V pracovnich skupindch spole¢nosti PIARC budou
v prubéhu roku 2014 za dcasti ¢lenu sekce dokoncovany zpra-
vy o jejich ¢innostech v obdobi 2011-2015.

V ndvaznosti na obdobné ¢innosti v CSS v minulych letech
bude soucasti ¢innosti sekce i v roce 2014 priprava prezenta-
ci tuneld pozemnich komunikaci v &. 3 Casopisu Silnién{
obzor a prezentaci stejného pfedmétu v ramci Silni¢ni konfe-
rence 2014.

Jako v uplynulych dvou letech budou jednédni sekce dale
zamefovdna na zlepSovdni ¢innosti provozovdni, udrzby, pro-
hlidek a rekonstrukci tuneld pozemnich komunikaci silni¢n{
sit¢ CR. Pravidelnd &tvrtletni jedndni sekce v roce 2014 se
planuji na 19.3.,18.6.,17.9.a 4. 12. 2014.

ING. JIRI SMOLIK, JSmolik@subterra.cz,
sekce Tunely CSS
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