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TECHNOLOGIA, POSTUP A SPECIFIKA RAZENIA TUNELA
POVAZSKY CHLMEC

TECHNOLOGY, PROCEDURE AND SPECIFICS
OF THE POVAZSKY CHLMEC TUNNEL EXCAVATION

ANTON PETKO, VIT PASTRNAK

ABSTRAKT

Razenie tunela Novou rakiuskou tunelovou metodou v podmienkach flySovych hornin nie je ni¢ vynimocné. Dvojrirovy dialni¢ny tunel
Povazsky Chimec dlhy 2,2 km md vSak stanovené velmi prisne terminy a milniky. Zvldstnostou je to, Ze okrem vstupnych portdlov na jeho kon-
coch je spristupneny aj dal§imi portdlmi situovanymi v strednej casti jeho trasy. UmoZituje to terénna depresia, v ktorej sa tunel na tomto iseku
buduje v otvorenom vykope. Na jednej strane to z hladiska razenia komplikuje postup (nizke nadloZie, taZsie triedy), na strane druhej to ddva
moZnost na razenie z dalSich portdlov. Cldnok opisuje spésob, ako sa s tym zhotovitel zamysla vyrovnat, a zdroveii opisuje technolégiu razenia,
nasadenie kapacit a organizdciu razieb samotnych. Tunel je aktudlne razeny Siestimi celbami pomocou zvySeného nasadenia kapacit. Toto robi
vystavbu tunela PovaZsky Chlmec vynimocnou.

ABSTRACT

Driving tunnels using the New Austrian Tunnelling Method in conditions formed by flysch-type grounds is nothing exceptional. On the other
hand, the conditions and milestones set for the 2.2km long twin-tube PovaZsky Chlmec tunnel are very stringent. The rarity of this tunnel exca-
vation is that the tunnel is made accessible not only through portals at its ends, but also through other portals located in the middle of its route.
It is possible owing to a terrain depression; the tunnel is built in an open cut in this section. On the one hand, it complicates the procedure in
terms of the excavation (low overburden, more difficult excavation support classes); on the other hand, it offers the opportunity to excavate the
tunnel from other portals. The paper describes the procedure the contractor is going to cope with it. At the same time, it describes the excavati-
on technology, the deployment of capacities and organisation of the excavation itself. The tunnel is currently being driven on six headings app-

lying the increased deployment of capacities. This fact is the reason why the PovaZsky Chlmec construction is exceptional.

uvoD

Na Slovensku je v sucasnosti vo vystavbe osem tunelovych
stavieb na dsekoch dialni¢nej siete. V Case pripravy ¢ldnku sa
v tychto tuneloch razilo na osemnadstich ¢elbach. Z tohto poctu je
Sest’Celieb na tuneli Povazsky Chlmec. Toto je neobvykly rozsah
v oblasti simultanne prebiehajicej tunelovej vystavby, ktory
Slovensko doteraz nezaznamenalo a z ktorého vyplyva potreba
obrovského nasadenia strojnych a persondlnych kapacit.

Tunel Povazsky Chlmec je stilastou stavby D3 Zilina
(Strézov) — (Zilina — Brodno), ktord je situovand na severozapa-
de Ziliny a tvori spojnicu st¢asného tseku D3 a komunikécie
1/11 smerom na Kysucké Nové Mesto. Bude slizit na prevede-
nie tranzitnej dopravy mimo mesta Zilina v rimci severo-juzné-
ho dopravného koridoru. Usek je dlhy 4,25 km a pozostiva
z estakady ponad vodné dielo Hricov (1471 m diiky), z tunela
Povazsky Chlmec, mosta cez rieku Kysuca a z napojenia na
sti¢asnt komunikdciu 1/11. Zhotovitefom je ZdruZenie D3 Zilina
(Strdzov) — Zilina (Brodno), ktorého &lenmi si EUROVIA SK,
a. s., HOCHTIEF CZ a. s. a STAVBY MOSTOV SLOVAKIA,
a. s. Zhotovitelom tunela je HOCHTIEF CZ a. s. Podla harmo-
nogramu vyplyvajiceho z terminov danych objedndvatelom ma
byt'tunel vyrazeny za $trndst' mesiacov a vozovka v nom ma byt’
hotova v termine 23 mesiacov od zaciatku razenia.

ZAKLADNE INFORMACIE O TUNELI

¢ lehota vystavby: 1095 dni — ukoncenie: 30. 6. 2017;

« dizka tunelov — severnd tunelov4 rira 2252 m, juZna tune-
lova rira 2189,40 m;

e plocha hrubého vylomu tunelovej riry: 83,1-112,02 m?
(podla geoldgie a vystrojovacej triedy);

INTRODUCTION

Eight tunnel construction projects are currently underway in
Slovakia on the motorway network sections. Eighteen headings
were worked on at the moment of the preparation of this paper. Of
this number, six headings are on the Povazsky Chlmec tunnel.
This extent is unusual in the area of simultaneously running tun-
nel construction, which has not been recorded in Slovakia till now.
The necessity for immense deployment of mechanical and per-
sonnel capacities follows from it.

The Povazsky Chlmec tunnel is part of the D3 Zilina (StrdZov)
— (Zilina — Brodno) construction lot, which is located south-west
of Zilina and forms a link between the existing section of the D3
motorway and the 1/11 road heading toward Kysucké Nové
Mesto. It will be used for the diversion of transit transport outside
the town of Zilina within the framework of the north-southern
transport corridor. The 4.25km long section comprises a 1471m
long viaduct over the Hricov hydropower scheme, the Povazsky
Chlmec tunnel, a bridge over the Kisuca River and the connection
to the existing 1/11road. The contractor is the ZdruZenie D3 Zili-
na (StrdZov) — Zilina (Brodno) consortium, the members of which
are EUROVIA SK, a. s., HOCHTIEF CZ a. s. and STAVBY
MOSTOV SLOVAKIA, a. s. The contractor for the tunnel is
HOCHTIEF CZ a. s. According to the works schedule following
from the deadlines set by the project owner, the tunnel excavation
is to be completed in fourteen months and the roadway in it is to
be finished in 23 months from the beginning of the excavation.

BASIC INFORMATION ON THE TUNNEL

e construction duration: 1095 days —completion:
30/06/2017,
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Obr. 1 Vzorovy priecny rez tunelom
Fig. 1 Typical cross-section through the tunnel

e tunel je razeny vo flySovych sidvrstviach tvorenych
prevazne flovcami, pieskovcami a polymiktnymi zlepencami;

e Sirkové usporiadanie — kategdria tunela 2T — 8,0 podla STN
73 7507 r. 2008 — dva jazdné pruhy, Sirka medzi obrubnikmi
je 8 m (obr. 1);

e tunel bude mat’dva nidzové zdlivy a osem prie¢nych prepo-
jent;

 vetranie tunela bude pozdiine, zabezpecCené prudovymi ven-
tilatormi;

e tunel je razeny NRTM (obr. 2) — cyklickym razenim s roz-

pojovanim vrtno-trhacimi pracami, z dovodu kratkeho Casu

vystavby na taky narocny projekt je razeny az Siestimi Celba-

mi sdacasne;

zhotovitel’ vyuZil na tento tcel priestor stredového portdlu —

depresie terénu, kde je tunel podla zaddvacej dokumenticie

v tseku cca 40 m budovany v otvorenom vykope a z toho pri-

estoru sa razi naraz Styrmi ¢elbami, dalsie dve Celby st raze-

né zo zapadného portdlu, pricom neskdr sa bude razit’ aj

z vychodného portdlu;

Specifikom tohto projektu je nasadenie velkého mmnoZstva

kapacit pocas razenia.

HLAVNA VYZVA PROJEKTU

Hlavnou vyzvou projektu je popri ndjdeni optimalneho technic-
kého rieSenia v rdmci Zltého FIDICU splnenie harmonogramu
stavby. Kazdd stavba vZdy bojuje s terminom, ale tu bolo uz od
zaCiatku zrejmé, Ze to bude mimoriadne zlozita dloha. Celkovy
¢as vystavby je pldnovany na 36 mesiacov. V tejto Casovej lehote
sa musi stavba vyprojektovat, prerokovat' nové stavebné povole-
nie, vybudovat’ portdly, vybudovat’ tunel, osadit ho technolégiou
a sprevadzkovat. Pre zjednoduSenie je mozné uviest, Ze na pocia-

lengths of tunnel tubes — the northern tube 2252m, the
southern tube 2189.40m;

the excavated cross-sectional area of the tunnel tube:
83.1-112.02m? (depending on geology and the excavati-
on support class);

the tunnel is driven through flysch series of layers formed
mainly by claystone, sandstone and polymict conglome-
rates;

the tunnel roadway configuration — tunnel category 2T —
8.0 according to STN 73 7507 standard from 2008 — two
traffic lanes, kerb-to-kerb width of 8m (see Fig. 1);

there will be two emergency lay-bys and eight cross pas-
sages in the tunnel;

the axial ventilation in the tunnel will be provided by jet
fans;

the tunnel is driven using the the NATM (see Fig. 2) —
cyclical excavation with the drill-and-blast technique
applied to the disintegration; with respect to the construc-
tion time short for such a demanding project, the tunnel is
driven at up to six headings simultaneously;

the contractor used the space of the central portal (the ter-
rain depression) where, according to the tender documen-
tation, the tunnel is built in a ca 40m long section in an
open trench; the tunnel is driven from this section on both
sides, working on four headings concurrently; other two
headings are underway from the western portal; the exca-
vation from the eastern portal will start later;

a specific feature of this project is the deployment of
a large amount of capacities during the process of exca-
vation.
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Obr. 2 Najviac zastiipend vystrojovacia trieda NRTM 5.1, dizka zdberu max. 1 Jm
Fig. 2 The most frequently represented NATM excavation support class 5.1; excavation advance cycle length maximum of 1.7m

to¢nu pripravu projektu portdlov a raZieb vritane ziskania nového
stavebného povolenia a na vybudovanie portédlov je k dispozicii 6
mesiacov. Nasleduje razenie, na ktoré je vyhradenych 14 mesia-
cov. Potom prebehne betonaZz definitivneho ostenia v trvani 1 rok
a zostdva 9 mesiacov na dokonovacie price, betondz vozovky,
ndter tunela a montaz technoldgie. Paralelne s tym sa musi zhoto-
vit' mostnd konstrukcia nadvizujica na tunel na oboch jeho kon-
coch. VSetko su to relativne ndro¢né tlohy. ZloZité si najmé pri-
prava projektovej dokumentdcie a zaistenie novych stavebnych
povoleni v takom kratkom case. KIticom na splnenie planovaného
Casu vystavby je vSak razenie tunela. Tu je moZné organizédciou
prace najviac ¢asu ziskat, ale i stratit’

Je potrebné vyrazit'za 14 mesiacov 4,3 km tunelov. To znamena
priemerny postup 310 m kompletne vyrazeného tunela (vritane
zalivov, prepojenf a profildcie) mesacne. Také tempo razenia zod-
poveda skor planom s pouzitim TBM. Aby to bolo mozné dosiah-
nut' metédou NRTM, je nutné maximalizovat pocet Celieb. V tomto
pripade bolo zvoleno namiesto obvyklych Styroch celieb stucasné
razenie na 6 Celbach. Priemerné tempo razenia je stanovené na
1,7 m vyrazeného tunela denne na kazdu celbu.

ORGANIZACIA VYSTAVBY

Prvé dve Celby su razené zo zdpadného portdlu, kde sa buduje
severnd a juznd tunelové rira smerom na vychod. DalSie 3tyri
Celby su, odlisne od pdvodného riesenia investora, razené zo stred-
nej hibenej Casti tunela (obr. 3). Tu mala pOovodne najmi
z priestorovych dévodov prebiehat’iba betondz tunela v otvorene;j
jame, razenie tu prebiehat nemalo. Zo stredovej jamy sa razi sucas-
ne v severnom a juznom tuneli zdpadnym i vychodnym smerom.

THE MAIN PROJECT CHALLENGE

The main challenge of the project, apart from finding an
optimum technical solution within the framework of the
FIDIC yellow book, is meeting the works schedule. Each pro-
ject always fights the completion deadline, but in this case it
was clear from the beginning that it will be an exceptionally
difficult task. The total construction period is planned for 36
months. In this term, the construction has to be designed,
a new building permit has to be negotiated, portals have to be
built, the tunnel has to be constructed, the equipment has to be
installed and the tunnel has to be put into operation. For sim-
plification it is possible to say that 6 months are available for
the initial preparation of the design for the portals and exca-
vation, obtaining the building permit and constructing the por-
tals. The tunnel excavation, for which 14 months are assigned,
follows. The final concrete lining will be constructed during 1
year, and 9 months will remain for finishing works, casting of
the roadway concrete, tunnel coatings and installation of equ-
ipment. The bridge structures connecting to the tunnel at both
of its ends have to be carried out in parallel. All of these tasks
are demanding by themselves. The most difficult tasks are the
preparation of the design documents and securing new buil-
ding permits during such the short time. Anyway, the tunnel
excavation is the key for meeting the planned construction
deadline. By its organisation it is possible either to gain or to
lose most of the time.

It is necessary to excavate 4.3km of tunnels during 14
months. It means the average monthly advance rate of 310m
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Obr. 3 Schéma organizdcie razenia tunela PovaZsky Chlmec
Fig. 3 Povazsky Chimec tunnel excavation organisation chart

Po prerazeni severného a juzného tunela zo zdpadu a stredu bude
kapacita zo zdpadného portdlu presunutd na vychodny portél
a bude sa tu razit’ vychodnym smerom oproti postupujicemu raze-
niu zo stredového portdlu vychodnym smerom. Dika dseku raze-
ného tunela od stredového portdlu na zdpadny portdl je 1199 m a na
vychodny portdl 1025 m.

Na prvy pohlad to vyzerd ako jednoduché riesenie. Pokial je
malo Casu, pouZije sa vd¢si pocet [udi a strojov, aby bola tloha
zvladnuta. Je vS§ak nutné si uvedomit, Ze to znamenda zna¢nu kon-
centraciu kapacit na malom tzemf a to prindsa nemalé problémy.

Po prvé je potrebné zaistit'na relativne kratky ¢as zna¢ny pocet
robotnikov. Na Sest Celieb razenych v nepretrzitej prevadzke to
znamend mat’ podla pldnu celkovo 200 robotnikov — razicov,
strelmajstrov, banskych elektrikdrov a mechanikov. Bohuzial,
negativne sa prejavuje fakt, ze v okoli Ziliny je vo vystavbe 7
tunelov a je v chode razenie na 12 dalSich ¢elbach. Profesia tune-
lového robotnika ¢i strojnika je v dnesnej dobe vysoko Speciali-
zovand a pocet kvalifikovanych zamestnancov zo Slovenska ¢i
Ceska, ktori st k dispozicii, za¢ina byt uz vy&erpany. K tomu
takisto prispieva i sucasny tunelovy boom v nemecky hovoria-
cich krajinach a v Skandindvii, ktord vyznamni ¢ast' tuzemskych
kapacit odCerpava. Zarobky zo zahranicia su stale vyrazne vys-
Sie nez na tuzemskych stavbach a nie je lahké tuzemské kapaci-
ty vréatit spat’ domov.

Obdobny problém je i so zaistenim techniky. Je potrebné nasa-
dit' pit’az Sest’ vitacich vozov, striekacich strojov, tunelovych bag-
rov a dal§iu potrebnii techniku. Na jednej stavbe sti¢asne, ale iba
relativne kratko. Su to v8etko stroje, ktoré sa sice beZne vyskytuju,
ale nikdy v takej koncentricii na jednej malej stavbe v jednom
Case. VicSina existujucich kapacit materského koncernu a naSich
partnerov je nasadend na prebiehajucich zdkazkach. Preto sa
mnoho strojov muselo pre tito akciu kudpit &i prenajat.
Prenajimané mechanizmy sa zbierali doslova z celého sveta. Su tu
i stroje pozicané zo Spojenych Stitov americkych ¢i z Thajska.
Zaistenie techniky a persondlu bol od pripravarov stavby heroicky
vykon.

Poslednym z hlavnych obmedzeni, ktoré vzniklo v ddsledku
kratkeho Casu vystavby, je priestor. Stavba je situovand na okraji
Ziliny, nie v jej centre. Mohlo by sa teda zdat, 7e s priestorom

of the complete excavation of the tunnel (including lay-bys,
cross passages and profiling). Such the advance rate rather
corresponds to plans for the excavation using TBMs. If it is to
be viable when the NATM is used, it is necessary to maximi-
se the number of headings. In our case, we chose concurrent
excavation at 6 headings instead of customary four. The ave-
rage advance rate is determined at 1.7m of the excavated tun-
nel per day.

CONSTRUCTION ORGANISATION

The initial two headings proceed from the western portal,
from which the northern and eastern tunnel tubes are being
driven toward the east. Other four headings, in contrast with
the original solution, proceed from the central cut-and-cover
part of the tunnel (see Fig. 3). In this part, only the casting of
concrete for the tunnel tubes was to be carried out, first of all
for spatial reasons, and the tunnel was not to be driven from
this point. The excavation proceeds concurrently in both the
northern and southern tunnel tube, both in the western and
eastern directions. After the completion of the excavation of
the northern and southern tunnel tubes from the west and the
centre, the capacity will be moved from the western portal to
the eastern portal and the excavation will proceed from this
location west, opposite the headings from the central portal.
The sections driven from the central portal to the western por-
tal and the eastern portal are 1199m and 1025m long, respec-
tively.

It seems at first sight as a simple solution. If we lack time,
we will use a greater number of workers and machines to cope
with the task. It is however necessary to realise that it means
a significant concentration of capacities in a small area, which
brings not negligible problems.

First it is necessary to provide a significant number of wor-
kers for a relatively short time. It means to have 200 workers
— miners, shotfirers, mine electricians and mechanists to be
available for six headings, working around the clock.
Unfortunately, the fact that there are 7 tunnels under con-
struction in the Zilina surroundings and 12 other headings are
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Obr. 4 Situdcia stredovej jamy
Fig. 4 Central construction pit layout

nebude na stavbe problém. BohuZial, pre zhotovitela je opak prav-
dou. Pdvodné technické rieSenie investora nepocitalo s takym
nasadenim kapacit a tomu zodpovedaji i priestory pre stavbu
vyhradené. Zhotovitel sa, samozrejme, snazil zaistit'i dalsie plochy
pre zariadenie staveniska, ale konfigurdcia terénu a okolitej zdstav-
by znacne limituje a rozlohy zariadenia stavenisk sa prili§ zvicSo-
vat’ nedajui. Najvicsi problém to prinaSa v oblasti stredovej jamy
(obr. 4). Tu sd v prevadzke Styri Celby. Pokial z tunela vyjde vset-
ka technika, zariadenie staveniska vyzera ako parkovisko, ale uz sa
tam nedd ni¢ robit. Stroje sa tam skratka nevojdd. Preto je nevy-
hnutné vSetky operdcie spojené s pldnovanou ddrzbou strojov sta-
rostlivo pldnovat’ a vSetko, o je mozné vykondvat priamo
v stredovej jame alebo v tuneloch. Zdpadny a najmi vychodny por-
tal je zas limitovany mostmi, ktoré bezprostredne nadvédzuji na
tunel. Medzi razenym portdlom na vychode a zdpade a oporou
vychodnych a zapadnych mostov je priestor Siroky iba 10 az 20 m.
Miesta pre zdzemie razieb je tu minimum a takisto je nutné koor-
dinovat jeho vyuZitie a stavebnd ¢innost' v predportdli s kolegami
v zdruZeni, ktor{ ich potrebuji na vystavbu mostov.

Obr. 5 Vitaci voz Atlas — Copco Rocket Boomer E2C
Fig. 5 Atlas — Copco Rocket Boomer E2C drill rig

being worked on, manifests itself negatively. The profession
of a mine worker or mechanist is today highly specialised and
the number of qualified employees from Slovakia or Czechia
who are available begins to be exhausted. The current tunnel-
ling boom in German-speaking countries and in Skandinavia,
which drains a significant portion of domestic capacities, con-
tributes to it. Earnings from abroad are still much higher than
earnings from domestic construction sites and it is not easy to
return domestic capacities back home.

A similar problem also concerns procuring construction
equipment. It is necessary to employ five to six thousand dril-
ling sets, spraying machines, tunnel excavators and other
required equipment. On one construction site concurrently,
but only for a relatively short time. On the one hand, all of
these machines are commonly present on construction sites,
but never in such the concentration on one site at one time.
The majority of existing capacities of the mother concern and
our partners have been deployed on ongoing contracts. For
that reason we had to purchase or hire many of the machines
for this project. We collected machines for hiring literally
from the whole world. We have hired machines even from the
United States or Thailand. Providing the equipment and per-
sonnel was a heroic performance of our work preparation
staff.

The last of the main limitations which originated as
a result of the short time available for the construction is the
space. The construction is located at the edge of Zilina, not
in its centre. It could therefore seem that there will be no
problem with space. Unfortunately, the opposite is true. The
original technical solution did not take into account the dep-
loyment of so extensive capacities and the necessity for cor-
responding spaces to be assigned for the construction. Of
course, we tried to find even other areas for construction site
equipment, but the configuration of terrain and buildings in
the surroundings significantly limits us and the sizes of con-
struction sites cannot be expanded too much. The greatest




V sucasnosti je dokoneny zdpadny portdl a stredovd jama.
Prebieha planované razenie na dvoch celbach zo zdpadu a na
Styroch celbach zo stredového portdlu. Takisto na zdpadnom por-
tali prebieha v bezprostrednej blizkosti portdlov vystavba opory
mosta. Vychodny portdl je teraz vo vystavbe sicasne so stavbou
prilahlej opory a pristupovej cesty.

TECHNOLOGIA RAZENIA

Razenie a primarne ostenie

Razenie oboch tunelovych rir prebieha podla zdsad NRTM.
Celba je delend na kalotu, jadro, pripadne protiklenbu.

Na rozpojovanie horniny st pouzité prevazne (90 %) vrtno-
trhacie prace. Ostatny podiel tvori mechanické rozpojovanie
tunelovym bagrom Liebherr 944 Litronic, resp. CAT 328D LCR.

Na vitanie vyvrtov (obr. 5) sa pouZivaji dvojlafetové vitacie
vozy Atlas — Copco Rocket Boomer E2C, vybavené laserovym
navadzanim, pocitaCom (obr. 6) a ploSinou na nabijanie, resp.
vitacie vozy TAMROCK AXERA. Nabfjanie vyvrtov je manu-
alne, pouziva sa neelektricky roznet rozbuskami NITRONEL QS
a trhaviny ERGODYN 30E a EMULINIT. V tvodnych fazach
razby boli trhacie prace obmedzené kvoli seizmickym tcinkom
na vodovodné potrubie priemeru 800 mm pri stredovom portdli,
ktoré celby v smere na zdpad podchddzali vo vzdialenosti len
2 m od stropu kaloty. Seizmicky monitoring pri trhacich pracach
prebiehal kontinudlne. Priamo na potrubi si namontované seiz-
mografy nad kazdou tunelovou rdrou a hodnoty seizmickych
ucinkov si oznamované SMS sprdvami na mobilné telefony
zodpovednych pracovnikov.

OdtaZenie je realizované Celnymi kolesovymi nakladac¢mi
CAT 966 K do dumprov CAT 730, ktoré rozpojend horninu vyva-
7ajii na depéniu. Celba sa po trhacich pracach zadistuje (obtha)
od uvolnenych kusov horniny tunelovym bagrom Liebherr 944
Litronic, resp. CAT 328D LCR. Po rozpojeni a odtazeni nasledu-
je vzdy faza vystuzZovania, resp. budovania primarneho ostenia.
Striekany betdn je na tejto stavbe aplikovany pomocou strieka-
cich zariadeni MEYCO Potenza s teoretickym vykonom 30 m3
striekaného beténu/hod. s pouzitim bezalkalického urychlovaca
tuhnutia BASF Masterrock 183. Trieda beténu primérneho oste-
nia je C 25/30. Sdcastou primarneho ostenia sd priehradové nos-
niky typu ARCUS, KARI siete a hydraulicky upinatelné svorni-
ky HUS diiky 3 az 6 m, resp. IBO alebo SN kotvy.

Celba pri razeni je delend na kalotu a stupen. Priemerny denny
postup razenia na jednu Celbu je zatial 2,5 m/24 hod. a je pozna-
Ceny zaciatkami prdac, horS§imi horninovymi pomermi v pri-
portalovych tsekoch, obmedzenim trhacich prac a prehlbovanim
stredovej jamy na uroven stupna tunela za sucasného razenia
kalot v jednotlivych rdrach. Razenie a vystavba tunela a jemu
prislichajicich objektov prebieha v reZime nepretrZitej prevadz-
ky — 7 dni v tyzdni 24 hodin denne.

KAPACITY NA PROJEKTE

Ako uZ bolo spomenuté vysSie, pozoruhodné je nasadenie
strojovych kapacit a pracovnikov na tomto tuneli. V Case pri-
pravy ¢lanku sa na razeni tunela a priprave podielalo 37 tech-
nickych pracovnikov, 136 pracovnikov na obsluhu tunelovej
techniky a tuneldrov, subdodavatelia na geodetické merania,
trhacie price a geotechnicky monitoring.
Tunelové stroje nasadené na razenie:
¢ 5 dvojlafetovych vrtacich vozov (3x Atlas Copco Boomer
E2C a 2x Tamrock Axerra);

¢ 5 kolesovych celnych nakladacov (2x CAT 966 K,
2x KOMATSU WA470, 1x CAT 944);

¢ 6 tunelbagrov (4x LIEBHER 944 a 2x CAT 328D LCR);
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problem exists in the area of the central construction pit (see
Fig. 4). There are four headings in operation in this area.
When all equipment emerges from the tunnel, the constructi-
on site looks as a parking lot, but it is no more possible to
work there. The machines simply do not fit there. It is there-
fore necessary to carefully plan all operations associated
with the planned maintenance of machines and all that is
possible to carry out directly in the central pit or the tunnels.
In addition, the western and mainly the eastern portals are
limited by bridges immediately connecting the tunnel. The
distance between the mined portals in the east and west and
the abutments of the eastern and western bridges lies some-
where between ten and twenty metres. The spaces for the
tunnelling hinterland are minimum and, in addition, it is
necessary to coordinate their use and construction activities
in the pre-portal area with colleagues in the consortium, who
need them for the construction of bridges.

At the moment, the western portal and the central construc-
tion pit are finished. The planned excavation is underway at
two headings from the west and four headings from the cent-
ral portal. The construction of the bridge abutment in the
immediate vicinity of the portals used for the tunnel excavati-
on is also underway at the western portal. The eastern portal
is now under construction concurrently with the construction
of the adjacent abutment and an access road.

TUNNELLING TECHNOLOGY

Excavation and primary lining

Both tunnel tubes are being driven according to the princip-
les of the NATM. The excavation sequence is divided into top
heading, bench and, as the case may be, invert.

Rock is mostly (90%) disintegrated using the drill-and-blast
technique. The remaining proportion is formed by mechanical
disintegration using Liebherr 944 Litronic, respectively CAT
328D LCR tunnel excavators.

Twin-boom Atlas — Copco Rocket Boomer E2C drill rigs,
equipped with a laser guidance system, computer (see Fig. 6)
and a lifting platform for charging blast holes, or TAM-
ROCK AXERA drilling rigs are used for drilling the holes
(see Fig. 5). Blast holes are charged manually; non-electric
firing using NITRONEL QS detonators and ERGODYN 30E
and EMULINIT explosives is used. At the initial excavation
stages, blasting was restricted because of seismic effects on
an 800mm-diameter water pipeline at the central portal,
which was passed under by the west-leading headings at the
distance of a mere 2m from the top heading crown. The seis-
mic monitoring during the blasting operations proceeded
continually. Seismographs are installed on the pipeline above
each tunnel tube and the values of seismic effects are
announced through SMS reports to mobile telephones of res-
ponsible employees.

Muck is loaded by CAT 966K wheeled front end loaders on
CAT 730 dumpers, which transport the disintegrated rock to
the stockpile. After blasting, the excavation face is scaled by
Liebherr 944 Litronic, respectively CAT 328D LCR tunnel
excavator. After the disintegration of rock and removal of
muck, the stage of the installation of the excavation support,
or the construction of the primary lining follows. Shotcrete is
applied on this construction site by means of MEYCO
Potenza spraying machines with the theoretical output of
30m3 of shotcrete per hour, using BASF Masterrock 183alka-
li-free setting accelerator. The grade of the primary lining
concrete is C 25/30. Parts of the primary lining are ARCUS
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lattice girders, KARI welded mesh and hydrauli-

ODPALOVA ZPRAVA pracoviété / workplace TUNEL_POVAZSKY- cally expanded rock bolts 3 to 6m long, respecti-
tunel / tunnel CHLMED (Imporled) Iv IBO SN h
FIRING REPORT sekce / section JTR_STRED-VYCHOD vely or anchors.
HBITAD The excavation sequence consists of top heading
Graf vyvrtu and bench. The average daily advance rate at one

heading has still been 2.5m/24h. It has been affec-
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ted by initial problems of the excavation, worse
ground conditions in the portal sections, restricti-
ons on blasting operations and deepening of the
central pit to the level of the tunnel bench with the
top headings in individual tubes being driven
simultaneously. The excavation and construction
of the tunnel and structures associated with it is
carried out in the round-the-clock operation — 7
days in a week, 24 hours a day.

CAPACITIES ON THE PROJECT

As mentioned above, the deployment of mecha-
nical capacities and persons on this tunnel is
remarkable. At the time of the preparation of this
paper, 37 technical persons, 136 persons operating
the equipment and miners, sub-contractors for sur-
veying, blasting operations and geotechnical
monitoring participated in the tunnel excavation
and its planning.

Tunnelling machines applied to the excavation:

e 5 twin-boom drilling rigs (3x Atlas Copco

Boomer E2C and 2x Tamrock Axerra);
¢ 5 wheeled front end loaders (2x CAT 966 K,
2x KOMATSU WA470, 1x CAT 944);

Obr. 6 Protokol odvrtanej elby z pocitaca vitacieho vozu
Fig. 6 Excavation face drilling protocol from a drill rig computer

* 5 striekacich siprav MEYCO POTENZA;

e 6 dumprov (4x CAT 730 a 2x KOMATSU HM 300);
e 2 dvojramenné ploSiny Normet;

¢ | jednoramenna ploSina Normet;

¢ 3 manipuldtory MANITOU MRT1635.

ZAVER

Dovolime si tvrdit, Ze takyto rozsah raziacich kapacit nie je
nasadeny na ziadnom inom tunelovom projekte tak na
Slovensku, ako aj v Cechdch, aich zabezpecenie sucasného roz-
machu vystavby tunelov na Slovensku vdbec nebolo jednodu-
ché.

Zvycajne je po rozbehnuti razenia pre zhotovitela obdobie
a Cas na optimalizdciu razenia a dosiahnutia pldnovanych postu-
pov, ale na organizdciu a pripravu je menej ndro¢né. Na tomto
projekte je vSak nutné uz teraz planovat’a zabezpeCovat betondz
sekunddrneho ostenia. V Case vydania tohto ¢isla by mal byt
dsek od stredového portalu po zapadny portdl uz prerazeny
a mali by zacinat’ prvé betonaZze.

Ing. ANTON PETKO, Ing. VIT PASTRNAK,
HOCHTIEF CZ a.s., Zilina
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e 6 tunnel excavators (4x LIEBHER 944 and
2x CAT 328D LCR);

¢ 5 concrete spraying machines MEYCO POTEN-
ZA,

e 6 dumpers (4x CAT 730 and 2x KOMATSU HM 300);

e 2 Normet twin-boom work platforms;

e 1 Normet single-boom work platform;

3 MANITOU MRT1635 manipulators.

CONCLUSION

We dare say that such the extent of tunnelling capacities is
not deployed on any other tunnel construction project in
Slovakia, nor in Czechia, and providing them during the cur-
rent tunnelling boom in Slovakia was not at all simple.

There is usually a period and time for the contractor after
starting up the excavation, during which the excavation can be
optimised and the planed advance rates can be achieved. It is
less demanding as far as the organisation and preparation are
concerned. It is however necessary on this particular project
to plan and secure the casting of the secondary concrete lining
already now. At the time of publishing this journal issue, the
excavation of the section between the central portal and the
western portal should be finished and first concrete casting
operations should be starting.

Ing. ANTON PETKO, Ing. VIT PASTRNAK
HOCHTIEF CZ a. s., Zilina
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