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TUNEL POVAZSKY CHLMEC NA DALNICI D3
ZILINA (STRAZOV) - ZILINA (BRODNO) OD PROJEKTU K REALIZACI

POVAZSKY CHLMEC TUNNEL
ON ZILINA (STRAZOV) - ZILINA (BRODNO) SECTION
OF THE D3 MOTORWAY - FROM DESIGN TO REALISATION

LIBOR MARIK

ABSTRAKT

V kvétnu 2014 byla zahdjena vystavba dvoutroubového ddlnicniho tunelu Povazsky Chlmec v tiseku ddlnice D3 Zilina (Strdzov) — Zilina
(Brodno). V dobé vyddni ¢ldnku byly vyhloubeny stavebni jamy zdpadniho i vychodniho portdlu i stavebni jama sted. Na zdpadnim portd-
le dokoncil zhotovitel zpetny zdsyp obou Zelv a vyrazil pod nimi plny profil tunelu. Probihd razba kaloty i opéFi v obou tunelovych troubdch.
Ve stavebni jame stred je konstrukce Zelvy rovnéZ zasypdna a razba probihd v obou tunelovych troubdch smérem k vychodnimu i zdpadni-
mu portdlu. Na vychodnim portdle se provddi zajistovact prdce portdlového svahu a raZba dosud nebyla zahdjena. Proto neni v ¢ldnku tech-
nické reSeni vychodniho portdlu popsdno a bude predmétem nékterého z dalich ¢ldankii. Text popisuje prdci konzultantu a projektantu od
fdze poradenské cinnosti pri zpracovdni nabidky zhotovitele stavebnich praci pres vlastni projektovdni realizacni dokumentace tunelu v reZi-
mu ,,navrhni a postav“ podle Zluté knihy FIDIC aZ po prvni zkuSenosti 7 realizace, které umoZiiuji porovndni predpokladii projektu se sku-
tecné zastiZenymi geotechnickymi podminkami. Spolu s ¢ldnkem autorii Petka a Pastridka z firmy HOCHTIEF CZ a. s., ktery vychdzi rov-
néz v tomto Cisle ¢asopisu Tunel, poskytuje ucelenou informaci o prvnim roce projektovdni a vystavby tunelu PovaZsky Chlmec.

ABSTRACT

The construction of the twin-tube Povazsky Chlmec motorway tunnel in the D3 motorway section between Zilina (StrdZov) and Zilina
(Brodno) commenced in May 2014. At the time of publishing this paper, the excavation of construction pits for both the western and eas-
tern portals and the construction pit in the middle of the route was finished. At the western portal, the contractor finished backfilling of both
“tortoise shell” structures and the excavation of the full tunnel profile under them. The excavation of the top heading and bench is under-
way in both tunnel tubes. Backfilling the “tortoise shell” structures in the mid-point excavation pit is also finished and the excavation pro-
ceeds in both tunnel tubes toward both the eastern and western portals. The portal slope at the eastern portal is being stabilised and the
tunnel excavation has not begun yet. For that reason the technical solution to the eastern portal is not described in the paper. It will be the
topic of some of the future papers. The text describes the work of consultants and designers, from the phase of consulting activities during
the work on construction contractor’s bid, through the work on the detailed design in the “design and build” regime according to the FIDIC
Yellow Book, up to the initial experience from the realisation, which allow for comparing the design assumptions with actually encounte-
red geotechnical conditions. Together with the paper by Petko and Pastridk from HOCHTIEF CZ a. s., which is also published in this
TUNEL journal issue, it provides self-contained information on the first year of designing and constructing the PovaZsky Chlmec tunnel.

UVOD A ZAKLADNI INFORMACE

Délnice D3 prochdzi v dseku Zilina (StrdZov) — Zilina (Brodno)
tizemim, které vyZaduje kvuli ndro¢né morfologii terénu celou fadu
umélych staveb. Trasa v celkové délce 4250 m prekonava nejprve
smérove rozdélenou mostni estakddou délky 1493 m (levy most)
a 1437 m (pravy most) vodni nadrZ Hri¢ov. Ta plynule prechézi do
zapadniho portdlu tunelu Povazsky Chlmec, aby se z néj po vice nez
dvou kilometrech opét vynorila a presla na smérové rozdéleny most
pres feku Kysucu délky 410 m (levy most) a 402 m (pravy most).
Stavba byla zahdjena v kvétnu 2014 a planovany termin uvedeni do
provozu je v Cervnu 2017. SoutéZ byla vypsdna a realizace probiha
v rezimu ,,navrhni a postav s definovanim smluvnich podminek
podle zluté knihy FIDIC. To projektantovi i zhotoviteli umoznuje
v rdmci pravidel uvedenych v zaddvaci dokumentaci optimalizovat
jiz ve fazi nabidky technické feSeni i postup vystavby. Tunel je
navrZen jako dvoutroubovy kategorie T2-8 s $itkou vozovky mezi
obrubniky 8 m a vyskou prujezdného prufezu 4,8 m. Pii provozo-
vani tunelu se nepocitd s obousmeérnym provozem. V pripadé uza-
vieni jedné tunelové trouby bude doprava prevedena na objizdnou
trasu. To md vliv zejména na technologické vybaveni tunelu. Tunel
je raZzen pomoci NRTM v celé délce s horizontalnim ¢lenénim vyru-
bu. Hloubené tuseky jsou navrZeny nejen v oblasti vychodniho
a zapadniho portdlu, ale i ve stfedni stavebni jamé, kde kvalita hor-
ninového masivu a vy$ka nadloZi neumoznuji tunel razit. Z celkové
délky jiZni tunelové trouby 21865 je raZzeno 21205 m. V severni

INTRODUCTION AND BASIC INFORMATION

The D3 motorway runs in the Zilina (Strézov) — Zilina (Brodno)
section across a territory requiring numerous artificial structures
because of the complicated terrain morphology. The alignment at
the aggregated length of 4250m first overcomes the Hricov dam
reservoir on a dual carriageway viaduct (the left-hand and right-
hand bridges 1493m and 1437m long, respectively). The route flu-
ently passes at the western portal into the Povazsky Chlmec tunnel.
It emerges from it after more than 2 kilometres and passes to the
dual carriageway bridge over the Kysuca River (the left-hand and
right-hand bridges 410m and 402m long, respectively). The con-
struction operations commenced in June 2014 and the deadline
planned for its opening to traffic is June 2017. The public call for
bids was issued and the realisation proceeds in the “design and
build” regime, with the contractual conditions defined according to
the FIDIC Yellow Book. It allows the designer and contractor to
optimise the technical solution and construction procedure already
in the tendering phase, within the rules specified in the tender
documents. The tunnel is designed as a twin-tube structure, cate-
gory T2-8, with the kerb-to-kerb width of 8m and the clearance
profile height of 4.8m. Bidirectional traffic tunnel operation is not
counted with. In the case of closing one tunnel tube, traffic will be
diverted to a bypass route. This system has mainly an impact on the
tunnel equipment. The tunnel is driven throughout its length using
the NATM, with the so-called “horizontal” excavation sequence
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Obr. 1 Puvodni zajisténi svahu zdpadniho portdlu — popis v textu
Fig. 1 Original stabilisation of the western portal slope — decription in text

tunelové troubé celkové délky 2249 m je razeno 2200 m. Plocha
vyrubu se pohybuje od 83 m? v pifpadé tunelu na patkdch aZ po 105
m? u tunelu se spodni klenbou a méni se s tloustkou primarniho
osténi, velikosti nadvySeni teoretického tvaru o predpoklddané
deformace, stavebni tolerance a tlousStku hydroizolaéniho souvrstvi.
Vyska nadlozi dosahuje az 125 m. Trasa tunelu vSak prochdzi
i izemim, kde naopak mald vyska nadlozi vede k razbé pod zastro-
penim, zndmé také pod ndzvem metoda ,,Zelva“. Tato konstrukce je
na zdpadnim portdle pouZita na jizni tunelové troubé v délce 37,5 m
a na severni tunelové troubé v délce 50 m. Ve stiedni stavebni jamé
je nasazena pro zahdjeni razby v severni tunelové troubé smérem
k vychodnimu portdlu a délka dseku razeného pod Zelvou je 34,5 m.
Ke zvlastnostem tunelu Povazsky Chlmec patfi jiste i skute¢nost, ze
napjaty harmonogram vystavby vyZzaduje razbu tunelu azZ z osmi
Celeb. Po dvou ze zdpadniho a vychodniho portélu a celkem ze &tyf
Celeb z prostoru stredni stavebni jamy. Tato skute¢nost je pri tunelu
takové délky nepochybné raritou. Oblast Ziliny, ve které se tunel
nachdzi, patfi do dzemi s moznosti vyskytu zemétfeseni. Proto jsou
docasné i trvalé konstrukce tunelu a stavebnich jam posuzovény i na
seismické tcinky. Razbu tunelu provadi ze stfedni stavebni jamy
firma HOCHTIEF CZ a. s., od zdpadniho portdlu jeji subdodavatel
firma TuCon, a.s.

INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE POMERY
Uzemi v trase tunelu je sou&asti pieninského bradlového pasma.

Severni a jizn{ ¢ast koridoru tunelu je tvorena flySovym souvrstvim
vapnitych jilovea a piskoveu. Ve vrchni &ésti tohoto souvrstvi
se nachdzeji exotické slepence a piskovce, které prevladaji nad vrst-
vami jiloveu a slinovcd. Hlavni slozkou piskoveu je kiemen
(20-60 %), dlomky karbonatovych hornin (5-56 %), granitoidnich
a metamorfovanych hornin (4-29 %) a dlomky vulkanitu (5 %).
Tmel je karbondtovy (3-30 %). Z hlediska tektoniky tzemi leZ{
tunel na vychodnim okraji z6ny paralelnich zlomu severo-jizné ori-
entovaného Zzilinského systému. Pokryvné ttvary tvori deluvidln{
komplex kvarternich sedimentd vyvinutych na svazich ddoli, které
v mensich mocnostech zasahuji i do vrcholovych ¢asti dzemi nad
tunelem. Jednd se o jily stredni az nizké plasticity s polohami pisci-
tého jilu a kamenito jilovité suté. V zdpadni portdlové oblasti a ve
svahu nad zdpadnim portdlem se pod t€mito vrstvami nachdzi tera-
sové sedimenty o mocnosti 1 m az 7 m. Jednd se o pisky s pfimési
jemnozrnné zeminy, jil Stérkovity, $térk jilovity a Stérk s primési
jenozrnné zeminy. VySkové zasahuji tyto terasové sedimenty
v oblasti zdpadniho portdlu do kaloty tunelu a komplikuji stabilitu
pristropi.

Hladina podzemni vody byla zjisténa jen lokdlné v hloubce od
4 m do 15 m na bazi terasovych sedimentu, resp. v podloZnich vrst-
vich mezozoického komplexu. Pri provadéni hydrogeologického

(top heading, bench and invert). The cut-and-cover sections are
designed not only for the areas of the eastern and western portals,
but also for the mid-point construction pit, where the quality of
ground mass and the overburden height do not allow for driving the
tunnel. Of the total length of the southern tunnel tube of 2186.5m,
2120.5m are driven by mining. In the northern tunnel tube with the
total length of 2249m, 2200m long section is driven by mining.
The excavated cross-sectional area ranges from 83m” in the case of
the tunnel on footings up to 105m? in the case of the tunnel with
invert. It changes with the varying thickness of the primary lining,
the magnitude of overcutting the theoretical excavation and the
anticipated deformation, construction tolerance and thickness of
the waterproofing series of layers. The overburden height reaches
up to 125m. Nevertheless, the tunnel route passes even through an
area where, on the contrary, small overburden height leads to the
cover-and-cut method known as the “tortoise shell” method. At the
western portal, this construction method is applied to a 37.5m and
50m long sections of the southern and northern tunnel tubes, res-
pectively. It is used in the mid-point excavation pit for the begin-
ning of the excavation in the northern tunnel tube toward the eas-
tern portal. The section driven using the “tortoise shell” method is
34.5m long. In the mid-point excavation pit, this method is applied
to the beginning of the excavation in the northern tunnel tube
toward the eastern portal. The length of the section driven under
the “tortoise shell” structure amounts to 34.5m. Among special fea-
tures of the Povazsky Chlmec tunnel, there is certainly the fact that
the tight construction programme requires the work at up to eight
headings: two from the western portal, two from the eastern portal
and four from the space of the mid-point construction pit. Taking
into consideration the tunnel length, this fact is undoubtedly
a rarity. The area of Zilina in which the tunnel is located lies in
a region where the occurrence of earthquakes is possible. For that
reason both temporary and permanent structures of the tunnel
and construction pits are designed even for seismic effects.
HOCHTIEF CZ a. s. is the contractor for the excavation of the tun-
nel from the mid-point construction pit, while TuCon, a.s. is its
sub-contractor for driving the tunnel from the western portal.

ENGINEERING GEOLOGICAL AND HYDROLOGICAL
CONDITIONS

The area along the tunnel route is part of the Pieniny Klippen
Belt. The northern and southern parts of the tunnel corridor is for-
med by flysch series of calcareous claystone and sandstone layers.
Exotic conglomerates and sandstone are located in the upper part
of this series, prevailing over the claystone and marlstone. The
main component of the sandstone is quartz (20-60%), fragments of



pruzkumu ani jeden vzorek odebrané vody nevykazoval agresivitu
na betonové konstrukce.

V rdmci inZenyrskogeologického pruzkumu byl horninovy masiv
rozdélen do &tyt kvazihomogennich celk pro raZené dseky tunelu
a tif celku pro hloubené portdlové tseky a stfedni stavebni jamu.
Pro kazdy celek bylo popséno ofekédvané chovani masivu pri razbé
nebo hloubeni, stanoveny rizikové faktory a popsdna doporuceni
pro zajistén{ stability vyrubu, resp. svahu stavebnich jam a pro bez-
pecnost provadéni. Tato doporuéeni nejsou pro provadeéni zdvazna
a zhotovitel si muZe vypracovat vlastni interpretaci vysledku pru-
zkumu, ktery je soucdsti zaddvaci dokumentace. V takovém piipa-
dé na sebe bere geotechnické riziko.

SPOLUPRACE PRI PRIPRAVE NABIDKY
V REZIMU ,NAVRHNI A POSTAV"

SoutéZ na stavbu ddlnice D3 v tseku Zilina (Strézov) — Zilina
(Brodno) byla vypsdna v rezimu Zluté knihy FIDIC. Vzhledem
k tomu, Ze dsek tunelu tvori 50 % trasy a jeho cena tvorila vyznam-
nou ¢ast z celkové nabidkové ceny, zacala tizka spoluprace mezi fir-
mou HOCHTIEF CZ a. s. a IKP Consulting Engineers, s.r.o. jiz ve
fazi zpracovani nabidky na vybér zhotovitele. Na rozdil od zadava-
ci dokumentace podle Cervené knihy FIDIC, kdy je technické fese-
ni zdvazné, je v pripadé Zluté knihy FIDIC dloha projektanta
a konzultanta nezastupitelnd. Druhym konzultantem firmy
HOCHTIEF CZ a. s. byli kolegové z firmy 3G Consulting
Engineers s.r.0., jejichZ dlohou byla vlastni interpretace vysledka
inzenyrskogeologického pruzkumu a v ndvaznosti na zji$téné infor-
mace optimalizace technologickych tfid vyrubu. Ulohou firmy IKP
Consulting Engineers, s.r.0. byla optimalizace rozsahu a zpusobu
zajisténi stavebnich jam, rozsahu hloubenych a raZenych dsekt
tunelu, optimalizace tvaru pri¢ného fezu tunelu, dimenzi definitiv-
niho osténi, prognéza nasazeni nevyztuzeného definitivniho osténi,
optimalizace blokového schématu a bezpe&nostnich prvka (pocet
a poloha tunelovych propojek, nouzovych zliva, vyklenku poZér-
niho hydrantu, skiini SOS, vyklenku Cisténi drendZe atd.). Pro urde-
ni dseku definitivniho osténi provddéného se spodni klenbou, nebo
na patkach slouZily vysledky zpracované firmou 3G Consulting
Engineers s.r.o. Na zdkladé progndzy rozdéleni razené Casti tunelu
do technologickych tfid vyrubu byla vytvofena prognéza useku
tunelu s raznym stupném vyztuZeni definitivniho osténi, pripadné
osténi bez vyztuze. Vzhledem k Casu na zpracovani nabidky
i omezenym nakladim na konzultadni &innost vychézel projektant
ze zkuSenosti ziskanych pii projektovéni tuneli v obdobnych geo-
technickych podminkéch. V pripadé tunelu PovaZsky Chlmec se
jednalo i o zkuSenosti ziskané pri projektovani realizaéni dokumen-
tace délni¢niho tunelu Branisko obdobnych rozméru, ktery byl rov-
nez z Casti razen v prostredi flySe.

Vzhledem k avizovanym geotechnickym podminkdm bylo nutné
stejnou pozornost, jako razenym tsekum tunelu, vénovat i sta-
vebnim jamdm. V oblasti portdla zastihly prizkumné vrty polohy
piskovcu, jilovcu a slepenct rizného stupné zvétrani. Pomérné hlu-
boko zasahovala i vrstva pokryvnych ttvaru. V oblasti stfedni jamy
situaci komplikovala pfitomnost svahovych suti a skuteCnost, Ze
udolim, do kterého je stfedni jama situovdna, protékd potok.
Prelozkou jeho koryta nebylo jesté garantovéno, Ze v prostredi pro-
pustnych sedimenti neproudi podzemni voda, kterd bude mit nega-
tivni dopad na stabilitu svaha stavebni jamy. Obecné proto byla
navrzena takova technickd feSeni, kterd byla méné citlivd na zménu
geotechnickych parametrd horninového prostiedi a pritomnost pod-
zemni vody. Snahou projektanta bylo minimalizovat hloubku
a rozsah stavebnich jam i Cas potfebny pro vystavbu definitivnich
konstrukei a provedeni zpétnych zdsypu.

Veskeré navrhy technického reseni byly konzultovény se zastup-
ci zhotovitele z hlediska ndkladu, ¢asu potfebného pro provadéni,
logistiky dopravy materidlu i nasazenf strojnich sestav a persondlu.
Vysledkem byl hruby vykaz vymér a navrh technologického postu-
pu vystavby, ktery slouZil zhotoviteli pro stanoveni ceny a doby
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carbonate rock (5-56%), granitoide and metamorphosed rock
(4-29%) and fragments of volcanic rock (5%). The fragments are
cemented by carbonate cement (3—30%). From the aspect of tecto-
nics, the area lies at the eastern edge of the north—south oriented
parallel faults of the Zilina system. The cover is formed by
a deluvial complex of Quaternary sediments developed on the slo-
pes of the valley, thinner layers of which extend even to the peak
parts of the area above the tunnel. It consists of medium to low plas-
ticity clay and stony-clayey debris. Terrace sediments Im to 7m
thick are found under these layers in the western portal area and on
the slope above the western portal. They consist of sands with the
admixture of fine-grained soil, gravelly clay, clayey gravel and gra-
vel with the admixture of fine-grained soil. As far as the levels are
concerned, these terrace sediments extend into the tunnel top hea-
ding in the area of the western portal and complicate the top heading
stability.

The water table was identified only locally at the depth ranging
from 4m to 15m, on the base of terrace sediments, or in the under-
lying layers of the Mesozoic complex. When the hydrogeological
survey was being carried out, not a single sample of water exhibi-
ted aggression to concrete structures.

The ground mass was divided within the framework of the engi-
neering geological survey into four quasi-homogeneous blocks for
mined tunnel sections and three blocks for the cut-and-cover portal
sections and the mid-point construction pit. The anticipated beha-
viour of the ground mass during the tunnel excavation or the exca-
vation of pits was described separately for each block, risk factors
were determined and recommendations were described regarding
securing the tunnel excavation stability, respectively the stability of
slopes of construction pits, and the safety at work. These recom-
mendations are not binding for the work and the contractor can pre-
pare their own interpretation of the results of the survey which is
part of the tender documents. In such a case the contractor take the
geotechnical risk on themselves.

COLLABORATION DURING THE PREPARATION
OF THE TENDER IN THE “DESIGN - BUILD” REGIME

The contract for the construction of the D3 motorway section
between Zilina (StrdZov) and Zilina (Brodno) went out to tender in
the FIDIC Yellow Book regime. With respect to the fact that the
tunnelled section forms 50% of the alignment and its cost forms
a significant part of the overall tender cost, close cooperation bet-
ween HOCHTIEF CZ a. s. and IKP Consulting Engineers, s.r.o.
started already in the phase of the preparation of the bid for the selec-
tion of the contractor. In contrast with the preparation of the final
design according to the FIDIC Red Book, where the technical solu-
tion is binding, the role of the designer and consultant is non-substi-
tutable in the case of the FIDIC Yellow Book. The other consultants
for HOCHTIEF CZ a. s. were colleagues from 3G Consulting
Engineers s.r.o. Their task was to interpret the results of the engine-
ering geological survey and, building on the obtained information, to
optimise the excavation support classes. The task of IKP Consulting
Engineers, s.r.0. was to optimise the scope and method of the support
of construction pits, the scope of cut-and-cover tunnel sections, the
tunnel cross-section and the final lining dimensions, to forecast the
application of the unreinforced final lining, to optimise the block dia-
gram and safety elements (the number and location of cross passa-
ges, emergency stopping lay-bys, fire hydrant niches, SOS boxes,
drainage cleaning recesses etc.). Results prepared by 3G Consulting
Engineers s.r.o. served for the determination of the final lining sec-
tions, whether with invert or on footings. A prognosis of tunnel sec-
tions with various final lining reinforcement contents or an unrein-
forced final lining was developed on the basis of the prognosis of the
division of the mined tunnel part into excavation support classes.
With respect to the time available for the preparation of the tender
and the limited expenditures for consultancy, the designer built on
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Obr. 2 Puvodni zajisténi svahu stavebni jamy zdpadniho portdlu — popis v textu

Fig. 2 Original stabilisation of the slopes of the construction pit at the western portal — decription in text

vystavby. Na zpracovani nabidky se podileli i kolegové z némecké
centrdly firmy HOCHTIEF. Priprava nabidky byla vyzvou
i zajimavou tymovou praci se spolecnym cilem optimalntho ndvrhu
technicky naroc¢ného dila.

TECHNICKE RESENI ZAPADNIHO PORTALU

Svahy stavebni jamy byly stabilizovany vrstvou stifkaného beto-
nu o minimélni tloustte 150 mm se dvéma vrstvami siti KARI
100x100x6 mm. V dolnich partiich skalntho podloZi byly pouZity
kotvy SN pruméru 32 mm a délky 8 m v Sachovnicovém rastru
1,5x1,5 m. Vrstva pokryvnych titvara byla prokotvena kotvami SN
pruméru 32 mm a délky 6 m v Sachovnicovém rastru 1,5x1,5 m.
Stavebni jama byla ddle kotvena ve dvou tdrovnich predpjatymi
lanovymi kotvami. Prvni kotevni droven 10 m nade dnem jamy tvo-
filo 29 ks predpjatych lanovych kotev 6 @Ls 15,5 mm, délky 22 m
s délkou korene 10 m. Druhou kotevni droven 5 m nade dnem jamy
tvorilo 44 ks predpjatych lanovych kotev 6 @Ls 15,5 mm, délky
20 m s délkou korene 10 m. Portdlovy svah byl zajistén kromé jiz
popsané vrstvy vyztuzeného stiikaného betonu a SN kotev predpja-
tymi lanovymi kotvami ve trech drovnich. Prvni kotevni droven
10 m nade dnem jamy tvorilo 22 ks predpjatych lanovych kotev 6
@Ls 15,5 mm, délky 25 m s délkou kofene 10 m. Druhou kotevni
troven 7 m nade dnem jamy tvorilo 15 ks predpjatych lanovych
kotev 6 @Ls 15,5 mm, délky 22 m s délkou kofene 10 m a treti
kotevni droven 5 m nade dnem jamy tvotilo 19 ks predpjatych lano-
vych kotev 6 @Ls 15,5 mm, délky 20 m s délkou korene 10 m.
Vsech 129 ks lanovych kotev v celkové délce 2778 m bylo navrZe-
no v trvalém provedeni a predepnuto pres Zelezobetonovou previz-
ku o rozmérech 600x1000 mm. Pro zahdjeni razby ze stavebni jamy
zajistoval pristropi nad kazdym tunelem mikropilotovy deStnik
z 60 ks mikropilot @76/10 mm délky 16 m vrtanych s osovou roz-
te¢i 300 mm. Zpusob zajisténi stavebni jamy a sklony portdlového
svahu ukazuje pohled na severni svah jadmy na obr. 2.

Objekt technického reseni zdpadniho portalu je v zaddvaci doku-
mentaci oznacen jako nezdvazny. Proto se rozhodli zdstupci firmy
HOCHTIEF CZ a. s. po konzultaci s projektantem jiz ve fazi nabid-
ky upravit technické feseni s cilem zmensit objem zemnich praci,
sniZit objem Cinnosti s technologicky vynucenymi pauzami (beto-
naz prevazek, provadéni lanovych kotev ve tfech drovnich)
a zkrdceni hloubeného dseku pro rychlé zahdjeni razby tunelu. Pri
navrhu zajisténi zdpadniho portdlu vychazel projektant
z technického feseni, které jiz diive pouZila firma HOCHTIEF na
tunelu Euerwang v Némecku. Jednalo se o konstrukci Zelvy po stra-
ndch v patdch upnutou do fady velkoprumérovych pilot, zajistuji-
cich stabilitu stavebn{ jamy i boku tunelu. Vzhledem k reliéfu teré-
nu se délka dseku raZzeného pod Zelvou v severni a jizni tunelové
troubé 1isi. V jizni tunelové troub¢ délka useku Cini 37,5 m,
v severni tunelové troubé je 50 m. Pricny fez v misté obou Zelv zna-
zornuje obr. 3.

the experience gathered in designing tunnels in similar geotechni-
cal conditions. In the case of the Povazsky Chlmec tunnel, it was
the experience gained during the work on the design of means and
methods for the Branisko motorway tunnel with similar dimensi-
ons, which was also partially driven through a flysch environment.

With respect to the predicted geotechnical conditions, it was
necessary to pay the same attention as to the mined tunnel sections
also to the construction pits. Boreholes in the portal areas encoun-
tered layers of sand, claystone and conglomerates with various
degrees of weathering. Even the cover layer extended relatively
deep. In the mid-point excavation pit area, the situation was com-
plicated by the presence of slope debris and the fact that a stream
flows along the valley to which the mid-point pit is designed. The
diversion of the stream did not guarantee that groundwater did not
flow through the environment formed by permeable sediments. It
would have a negative impact on the stability of slopes of the con-
struction pit. In general, such technical solutions were proposed
which were less sensitive to changes in geotechnical parameters of
the ground environment and the presence of groundwater.
Designer’s effort was to minimise the depth and extent of con-
struction pits and the time required for the construction of final
structures and the execution of backfills.

All proposals for the technical solution were consulted with con-
tractor’s representatives regarding the costs, the time required for
the works, the logistics of transport of materials and the deploy-
ment of mechanical equipment sets and personnel. The consultan-
cy resulted in a gross bill of quantities and a proposal on the con-
struction technological procedure, which was used by the contrac-
tor for the determination of the cost and duration of the works.
Colleagues from the Germany-based HOCHTIEF head office also
participated in the tender preparation. The preparation of the tender
was a challenge and interesting team work with a common objec-
tive to develop an optimum design for such the technically deman-
ding project.

TECHNICAL SOLUTION TO THE WESTERN PORTAL

The construction pit slopes were stabilised by a shotcrete layer
with the minimum thickness of 150mm, with two layers of KARI
welded mesh 100x100x6mm. SN anchors 32mm in diameter and
8m long were used in the lower parts of the bedrock, in a diamond
pattern, staggering at 1.5x1.5m. The cover layer was stabilised by
6m long, 32mm in diameter SN anchors, installed in a diamond
pattern staggering at 1.5x1.5m. The construction pit was further
anchored at two levels by pre-tensioned cable anchors. The first
anchoring level 10m above bottom of the pit consisted of 29 pre-
tensioned anchors 6-strand, Ls 15.5mm, 22m long, with the roots
10m long. The second anchoring level located 5Sm above the pit
bottom consisted of 44 pre-tensioned cable anchors 6-strand, Ls
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Obr. 3 Pri¢ny Fez v misté Zelv na zdpadnim portdle — popis v textu
Fig. 3 Cross-section in the location of “tortoise shell” structures at the western portal — decription in text

Projektovani konstrukce nardZelo na Cetnd tskali. Jako nejvetsi se
ukdzal problém s volbou matematického modelu, ktery by vystizné
a vérohodné dokdzal zohlednit interakci kotvené, pilotové stény
a konstrukce Zelvy ve vSech fazich vystavby, a to se zohlednénim
vSech z toho plynoucich zatéZovacich stavi. Propojenim vyztuze
klenby Zelvy a pilot vznikl sty¢nik, ktery byl schopen prendset vniti-
ni sily mezi obéma konstrukcemi. Citlivostni analyza ukazala, ze
v zdvislosti na obtizné¢ predvidatelné deformaci pilot se hodnoty
vnitinich sil v klenbé Zelvy i ve sty¢niku pilot a Zelvy méni v fadu
desitek procent. Vzajemné ovlivnéni obou relativné tuhych konstruk-
cf bylo nutno posoudit z hlediska jejich moZného chovani v prabéhu
vystavby. Faktory ovliviiujicimi vypoCet byly nejen geotechnické
parametry horninového prostredi a materidlové charakteristiky kon-
strukci, ale i presny zpusob provadéni ovlivnény matematicky obtiz-
né stanovitelnym lidskym faktorem. Vypocet byl provadén
v programech PLAXIS a SCIA Engineer s tim, Ze ani jeden z téchto
programti nebyl schopen danou problematiku feSit komplexné.
V programu PLAXIS byly modelovany faze vystavby vletné razby
tunelu pod Zelvou. Matematicky model MKP zohledrioval interakci
konstrukce s horninovym masivem. Z hlediska fazi vystavby se jed-
nalo o vykop stavebni jamy do drovné pro vrtani pilot, jejich vrtani
a betondz, vyhloubeni stavebni jamy do drovné prevézky pro predpi-
néni lanovych kotev, predepnuti lanovych kotev, vyhloubeni staveb-
ni jamy s tvarem dna pro betondZ Zelvy, rozepreni pilot klenbou
Zelvy, vyrazeni kaloty i opéfi tunelu a provedeni zpétného zdsypu do
drovné hlavy pilot. Vypocet vychézel z modelu v programu PLAXIS.
Nisledne byly v programu SCIA Engineer nastaveny takové okrajo-
vé podminky, které v daném zatéZovacim stavu vystihovaly defor-
macni a silové chovani konstrukce, jak bylo modelovano v programu
PLAXIS. Tak byla provedena kalibrace obou modelu. Konstrukce
byla pak v programu SCIA Engineer podrobena dal§imu zatéZovan{
nelinedrni kombinaci zat€Zovacich stavu, které v programu PLAXIS
nebylo mozné simulovat. Jednalo se zejména o nelinedrni zatiZeni
teplotou v zimé i v 1été, smrstovani s vlivem dotvarovani betonu
a seismické ti¢inky zemétreseni pro oblast Ziliny. Zatizeni zdsypem
bylo v modelu rozlozeno na vertikdlni a horizontdlni slozku. Do kom-
binaci zatéZovacich stavu tyto sloZky vstupovaly jako samostatné
zatéZovaci stavy, aby bylo mozné vySetfit jejich nejnepiiznivéjsi Gci-
nek z hlediska tinosnosti celého systému ,,piloty — Zelva“. Vypoctené
vnitini sily z programu SCIA Engineer byly vstupnimi hodnotami pro
dimenzovan{ konstrukce v programu FINEBETON.

Vystavba jamy zdpadniho portalu byla zahdjena v listopadu 2014.
Pro kaZdou tunelovou troubu byla nejprve vyhloubena mélkd, sva-
hovand stavebni jama, z jejihoZ dna byly vrtany vzdy dvé rady vel-
koprimérovych pilot o pruméru 800 mm a délky 19 m, 18 m
a 16 m. Piloty vrtané s osovou vzdalenosti 1 m nad konstrukei Zelvy
zajistovaly stabilitu bokd stavebni jamy, pod konstrukei Zelvy sta-
bilizovaly boky tunelu. I kdyZ se zpocdtku zhotovitel obdval, zda
bude mozné poZadovanou hloubku vrtani dosdhnout, a investor

15.5mm, 20m long, with the roots 10m long. The portal slope was
stabilised, in addition to the above described layer of unreinforced
shotcrete and SN anchors, by three tiers of pre-tensioned cable
anchors. The first anchoring level consisted of cable anchors 6-
strand, Ls 15.5mm, 25m long, with the roots 10m long. The second
level 7m above the pit bottom consisted of 15 pre-tensioned cable
anchors 6-strand, Ls 15.5mm, 22m long, with the roots 10m long
and the third anchoring level 5.5m above the bottom of the pit con-
sisted of 19 pre-tensioned anchors 6-strand, Ls 15.5mm, 20m long,
with the roots 10m long. All of the 129 cable anchors at the aggre-
gated length of 2778m were designed as permanent structures and
were pre-tensioned through 600x100mm reinforced concrete
walers. Prior to the commencement of tunnelling from the con-
struction pit, the top heading of each tunnel tube was secured by
canopy tube pre-support consisting of 60 tubes 76/10mm, 16m
long, drilled at 300mm spacing. The system of stabilising the con-
struction pit and the slopes of the portal slope are shown in the
view of the northern slope of the pit in Fig. 2.

The object of the technical solution to the western portal is refer-
red to as unbinding in the tender documents. For that reason, the
representatives of HOCHTIEF CZ a. s., after consulting the desig-
ner already in the tendering stage, decided to modify the technical
solution with the aim of reducing the volume of earthmoving, redu-
cing the volume of activities with technologically enforced breaks
(casting of concrete walers, the installation of three tiers of cable
anchors) and reducing the length of the cut-and-cover section to
allow the quick commencement of the tunnel excavation. In the pro-
cess of designing for the stabilisation of the western portal, the
designer built on the technical solution which had been earlier app-
lied by HOCHTIEF to the Euerwang tunnel, Germany. The soluti-
on lied in the “tortoise shell” structure, clamped between two rows
of large-diameter piles securing the stability of the construction pit
and the sides of the tunnel. With respect to the terrain relief, the
lengths of the sections excavated for the northern and southern tun-
nel tubes under the “tortoise shell” structure are different. The sec-
tion in the southern tunnel tube amounts to 37.5m, whilst its length
in the northern tunnel tube amounts to 50m. The cross-sections in
the locations of the two “tortoise shell” structures are presented in
Fig. 3.

Numerous pitfalls impinged on the work on the structure design.
The biggest problem turned out to be with the selection of the mat-
hematical model which would be appositely and plausibly able to
take into consideration the interaction between the anchored pile
wall and the “tortoise shell” structure in all construction phases,
taking into account all loading stages following from it. A joint
capable of transmitting inner forces between the reinforcement of
the “tortoise shell” structure and the reinforcement of the piles,
which originate by tying the two structures together. The sensitivity
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Obr. 4 Obnazend vyztuz pilot a vlepend kotevni Zeleza pro napojeni Zelvy
Fig. 4 Exposed reinforcement of piles and the anchoring bent bars glued into
them for connecting the “tortoise shell” structures to them

poZadoval alternativni feSeni pro pripad, Ze by se kvuli pevnosti
horniny nepodafilo piloty dovrtat, v8e probéhlo podle predpokladi
projektu. Takto vzniklou pilotovou sténu zajistovala v jedné drovni
fada predpjatych lanovych kotev délky 18 m a 16 m s koreny délky
8 m, vrtanych s osovou vzdalenosti 2 m. Druhou troven zajiSténi
pilotové stény predstavovala klenba Zelvy, kterd slouZila jako roz-
péra pro zachyceni vodorovnych sil. Konstrukci Zelvy propojovala
s velkoprimérovymi pilotami specidlni kotevni Zeleza vlepend do
betonu pilot. Pro vytvoreni niky slouzici k napojeni vyztuze pilot
a Zelvy byly v armokosi pilot naprojektovény ,.kapsy* vyplnéné
snadno odstranitelnym materidlem (polystyrenem). Tam, kde se
nepodarilo vlozku do armokoSe spravné upevnit, musela byt kapsa
dodate¢né vySramovéna. Kapsu v pilotové sténé i s kotevnimi Zele-
zy pro napojeni Zelvy na piloty ukazuje obr. 4. Celkem bylo odvr-
tano na severni tunelové troubé 18 ks pilot délky 16 m, 12 ks pilot
délky 18 m a 70 ks pilot délky 19 m. Na jizni tunelové troubé se jed-
nalo o 12 ks pilot délky 16 m, 14 ks pilot délky 18 m a 50 ks pilot
délky 19 m. Celkem zajistuje 87,5 m tunelu razeného pod Zelvou
3228 m pilot a 78 predpjatych kotev v délce 1326 m kotvenych pres
7elezobetonovou prevazku o rozmérech 700x800 mm. Celo staveb-
ni jimy pro tvarovani Zelvy stabilizovala $tétovd sténa kotvend
v kone¢ném feseni ve dvou trovnich predpjatymi lanovymi kotva-
mi. Sténa stejné konstrukce zajiStovala stabilitu stavebni jamy na
rozhrani budouciho hloubeného a razeného tunelu (obr. 5). Po odvr-
tan{ pilot zahdjila firma EUROVIA hloubeni stavebni jdmy mezi
pilotovymi sténami na droven prevazky lanovych kotev. Na této
drovni doslo k prvni technologické pauze spojené s vytvrdnutim
betonu prevdzky a korent lanovych kotev. Tuto fdzi vystavby
ukazuje fotografie na obr. 6. Nésledné probihalo téZeni stavebni

Obr. 5 Zajisteni Cela jamy $tétovnicovou sténou
Fig. 5 Excavation front end supported with a sheet pile wall
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analysis showed that the values of inner forces in the “tortoise shell”
vault and in the joint vary within the order of tens of per cent,
depending on the deformation of piles, which is hard to predict. The
mutual influence of the two relatively rigid structures had to be
assessed from the aspect of the possible behaviour of the structures
during the course of the construction. Among the factors influen-
cing the analysis, there were not only geotechnical parameters and
material characteristics of structures, but also the exact procedure of
the execution affected by the human factor, which is difficult to
determine. The analysis was carried out in PLAXIS and SCIA
Engineer programs, with neither of them capable of solving the par-
ticular problems comprehensively. PLAXIS software was used for
modelling construction phases, inclusive of the tunnel excavation
under the “tortoise shell” structure. The FEM model took into
account the interaction between the structure and the ground mas-
sif. From the aspect of construction phases, it was the excavation of
the construction pit down to the level for drilling for the piles, dril-
ling and casting of concrete piles, excavating the construction pit
down to the level of the waler for pre-tensioning the cable anchors,
excavating the construction pit with the bottom shaped to the form
of the bed for casting the concrete “tortoise shell” structure, bracing
the piles by the “tortoise shell” vault, excavating the tunnel top hea-
ding and bench and backfilling the pit up to the level of the top of
the piles. The calculation was based on the model created in the
PLAXIS software. Subsequently, such boundary conditions were
set in the SCIA Engineer software which gave a true picture of the
deformational and forces-related behaviour in the particular loading
stage as modelled in the PLAXIS software. In this way both models
were calibrated. The structure was subsequently subjected to other
loading by a non-linear combination of loading stages which could
not be simulated in the PLAXIS software using the SCIA Engineer
software, mainly the non-linear loading by temperature both in win-
ter time and in summer time, concrete shrinkage and creep and seis-
mic effects of earthquakes on the region of Zilina. The loads indu-
ced by the backfill were broken down into vertical and horizontal
components in the model. These components entered the combina-
tions of loading stages as independent loading cases so that analy-
sing their most unfavourable effect was possible from the aspect of
the load-carrying capacity of the whole piles-tortoise shell system.
The values of inner forces calculated in the SCIA Engineer softwa-
re became input values for designing the dimensions of structures in
the FINEBETON software.

The work on the excavation pit for the western portal started in
November 2014. A shallow, sloped construction pit was excavated
first. Always two rows of large-diameter piles with the diameter of
800mm and the lengths of 19m, 18m and 16m were carried out
from the bottom of this pit. The piles bored above the “tortoise

fotolphoto courtesy of Libor Matik
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Obr. 6 Odtézeni stavebni jamy do iirovné prevdzek
Fig. 6 Excavation of the construction pit down to the level of walers

jamy na droven jejiho dna ve tvaru klenby Zelvy. Diky pouZiti vhod-
né mechanizace i kvalité¢ horninového masivu se zhotoviteli podafi-
lo doséhnout pozadovaného tvaru bez vétsich odchylek od projekto-
vaného tvaru. Zemni téleso, vytvarejici bednéni Zelvy, bylo tvoreno
pokryvnymi utvary a silné zvétralymi slinovci a jilovei na jejich
bézi. Zemni price spojené s tvarovanim dna stavebni jamy do tvaru
klenby ukazuje obr. 7. Mensi odchylky vyplnil zhotovitel hubenym
betonem stahovanym pomoci dievénych $ablon, jak ukazuje obr. 8.
Na upraveny povrch dna stavebni jamy vyrovnany do tvaru klenby
Zelvy, pokryty separacni folif a geotextilii byla po blocich betonaze
smontovdna vyztuZz a provedena betondZ klenby Zelvy (obr. 9).
Vzhledem k napjatému harmonogramu vystavby pouzil zhotovitel
pro bloky betondZze bliZe k portdlu vyssi pevnostni tfidu betonu, nez
predepisovala projektovd dokumentace, aby diive dosdhl pevnosti
potfebné pro zahdjeni razby pod Zelvou. Ta byla ve smlouvé pro rea-
lizaci tunelu milnikem, jehoZ nesplnéni by znamenalo penalizaci.

Projektové feSeni umoznovalo razbu pod Zelvou bez omezeni
délky zabéru jak v kaloté, tak v opefi a razba proto postupovala
diky dobré rozpojitelnosti masivu tunelovym bagrem velmi rychle.
Po vyraZeni kaloty a opérfi v dseku pod Zelvou doslo k vytvarovani
boki tunelu do tvaru raZeného tunelu pomoci stiikaného betonu
primérniho osténi, nandSeného na stény z velkopramérovych pilot.
Podstiikdn{ patek Zelvy zéroven slouZilo jako podpurny prvek
nutny pro zasyp Zelvy (obr. 10). Stavba postupovala bez vét-
Sich technickych komplikaci a v dobé vydéni ¢asopisu jsou jiz
ob¢ Zelvy na zdpadnim portile zasypany (obr. 11), tunel pod
nimi vyraZen a razba pokracuje ddle v obou troubdch pomoci
NRTM s horizontdlnim ¢lenénim vyrubu smérem do stiedni
stavebni jdmy.

P .. ] v v . fto/phota courtesy of Libor Marik
Obr. 7 Tvarovdni dna jamy pro betondz Zelvy

Fig. 7 Shaping the excavation pit bottom for casting the concrete “tortoise
shell” structure
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shell” structure at 1m spacing secured the stability of the sides of
the construction pit and stabilised the tunnel sides under the “tor-
toise shell”. Even though the contractor in the beginning feared
weather it would be possible to reach the required boring depth and
the client required an alternative solution in case the boring could
not be achieved owing to the rock strength, everything worked out
in compliance with the design. The pile wall constructed in this
way was stabilised by one tier of 18 or 16m long pre-tensioned
cable anchors with roots 8m long, installed at 2m spacing. The
second level of the pile wall support was provided by the “tortoise
shell” vault, which acted as bracing resisting horizontal forces. The
“tortoise shell” structure was interconnected with the large-diame-
ter piles by special anchoring steel pieces glued into concrete of the
piles. “Pockets” were designed for the reinforcing cages of the
piles for the creation of a niche to be used for the interconnection
between the piles and the “tortoise shell” structure. The pockets
were filled with easily removable material (polystyrene). Where
the correct fixing of the insert to the reinforcement cage failed, the
pocket had to be subsequently broken out with a pick hammer. The
pocket in the pile wall with anchoring steel pieces for connecting
the “tortoise shell” to piles is presented in Fig. 4. The total of 18
piles 16m long, 12 piles 18m long and 70 piles 19m long were car-
ried out at the northern tunnel. At the southern tunnel tube, 12 piles
16m long, 14 piles 18m long and 50 piles 19m long were con-
structed. In total, 3228m of piles and 78 pre-tensioned anchors at
the aggregated length of 1326m, installed through reinforced conc-
rete walers, support the 87.5m long section of the tunnel excavated
under the “tortoise shell” vault. The front end of the construction
pit in which the “tortoise shell” ground support was to be shaped,
was stabilised by a soldier beam and lagging wall, which was in the
final solution anchored by two tiers of pre-tensioned cable anchors.
A wall of the same design provided the stability of the constructi-
on pit at the interface between the future cut-and-cover tunnel and
the mined tunnel (see Fig. 5). After the completion of the piles,
EUROVIA started to excavate the construction pit between the pile
walls to the level the waler for the cable anchors. The first techno-
logical break required for hardening of the concrete of the waler
and the roots of the cable anchors was necessary at this level. This
construction phase is presented in Fig. 6. Subsequently the con-
struction pit was excavated down to the level of its bottom in the
shape of the “tortoise shell”. Owing to the use of suitable mecha-
nical equipment and the quality of the ground mass, the contractor
managed to achieve the required shape without substantial deviati-
ons from the designed shape. The ground body substituting the
formwork for the “tortoise shell” consisted of superficial deposits
and heavily weathered marlstone and claystone located at their
base. The earthmoving operations associated with shaping of the
construction pit bottom into the vault are presented in Fig. 7.
Smaller deviations were filled by the contractor with lean concre-
te, which was struck off with wooden templates, as shown in Fig.
8. Concrete reinforcement was installed in blocks corresponding to
the concrete casting blocks, on the treated surface of the construc-
tion pit bottom having the shape of the “tortoise shell” vault.
A separation membrane and felt were spread on it and the “shell”
concrete was cast on them in the blocks (see Fig. 9). With respect
to the tight construction schedule, the contractor used a higher than
prescribed by the design grade of concrete for the blocks closer to
the portal so that concrete achieved the strength required for the
commencement of the excavation under the “tortoise shell” earlier.
It was a milestone in the tunnel construction contract. The failure
to meet it would have meant a penalty.

The design solution allowed for excavating under the “tortoise
shell” structure without limiting the excavation round length both
in the top heading and the bench. Also owing to the good cuttabi-
lity for a tunnel excavator, the excavation advanced very quickly.
After the completion of the excavation of the top heading and
bench in the section under the “tortoise shell”, the shape of the
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fotolphoto courtesy of Libor Maiik
Obr. 8 Vyrovndvaci beton pro dosaZeni presného tvaru Zelvy
Fig. 8 Levelling concrete for achieving the precise shape of the “tortoise
shell” vault

STREDNI STAVEBNI JAMA

Nedostate¢nd vyska nadlozi zhruba ve stredu trasy tunelu vyvo-
lala nutnost otevreni treti stavebni jamy, nachazejici se v ddoli situ-
ovaném do prabéZné zlomové poruchy s orientaci severovychod-
jihozdpad. Dno vyrazné asymetrického tvaru tdoli vyplnuji fluviél-
ni sedimenty horskych toku. Povrchovou vrstvu ndplav tvoii jily
s ostrohrannymi dlomky horniny a valouny z rozloZenych slepenca
skalnich vychozt nad ddolim. Pod touto vrstvou se nalézajf $térko-
vité zeminy razného stupné zahlinéni i mocnosti. Na bdzi pokryva
se nachézeji vrstvy hrubozmnych slepenci s vysokym obsahem
opracovanych valounu aZ balvanu s pevnym, karbonitovym tme-
lem. Vychodni, bradlovy svah spada prudce do tudoli a na jeho dpati
Ize pozorovat sutové kuzele. Zapadni svah je spiSe pozvolny
s malou mocnosti pokryvnych ttvara. Hladina podzemni vody byla
zastizena v pokryvnych ttvarech ve hloubce 2 azZ 4 m pod trovni
terénu. Udolim protékd bezejmenny potok, ktery tvoii pravostranny
pritok Vahu. Jeho vydatnost je izce spojena s klimatickymi pomé-
ry v dané lokalité. Vzhledem k dotovéni{ potoka z prament vyvéra-
jicich na dpati okolnich hor nevysycha ani v letnich mésicich. Podél
potoka vede lesni cesta.

Pred zahdjenim praci na hloubeni stavebni jamy bylo nutné pre-
lozit jak cestu, tak koryto potoka. V zaddvaci dokumentaci byla sta-
vebni jdma navrZena jako svahovand a stabilitu jejich boku zajisto-
valy kotvy (hrebiky) typu SN osazované do cementové zdlivky
a dale predpjaté lanové kotvy kotvené pres Zelezobetonové prahy.
Lokdln{ stabilitu svahi zajiStovala vrstva stifkaného betonu se sitf
KARI. Stavebni jdma hloubky 17 m aZz 21 m byla navrZena
s jednotnym sklonem svahl 3:1 a7 k povrchu dzemi, portdlové

Jotolphoto courtesy of Libor Marik

Obr. 9 Separacni vrstvy a montdz vyztuze Zelvy
Fig. 9 Separation layers and the placement of the “tortoise shell” concrete
reinforcement

TuHel

mined tunnel on the sides was reached by means of primary lining
shotcrete, which was applied to the surface of the large-diameter
pile wall. The application of shotcrete under the footings of the
“tortoise shell” at the same time served as a support element neces-
sary for the backfill of the “tortoise shell” structure (see Fig. 10).
The works proceeded without substantial technical complications
and, the backfill of both “tortoise shell” structures at the western
portal was completed (see Fig. 11), the excavation of the tunnel
under them was finished at the time of publishing the journal and
the tunnel excavation proceeds in both tunnel tubes using the
NATM with the excavation sequence consisting of top heading,
bench and invert (the so-called horizontal sequence), heading
toward the mid-point construction pit.

MID-POINT CONSTRUCTION PIT

The insufficient overburden height roughly in the middle of the
tunnel route necessitated opening of the third construction pit,
which is located in a valley situated to a continuous north-east —
south-west heading fault. The bottom of the significantly asymme-
trically shaped valley is filled with fluvial sediments of mountain
streams. The surface of the alluvion is formed by clay with sharp-
edged fragments of rock and boulders from the decomposed con-
glomerates forming rock outcrops above the valley. Gravelly soils
of a variable degree of the loam content and variable thickness are
found under this layer. Layers of coarse-grained conglomerates
with a high content of worked cobbles to boulders with hard car-
bonate cement lie on the cover base. The eastern klippe slope stee-
ply descends to the valley and talus cones can be seen at its foot.
The western slope is rather slow, with the thickness of the cover
small. The water table was encountered in the cover at the depth
under the terrain ranging from 2m to 4m. A nameless creek for-
ming a right-bank tributary of the Vah River flows along the val-
ley. Its yield is closely connected with climatic conditions in the
particular locality. With respect to the springs springing at the feet
of the surrounding mountains, the stream does not dry up even in
summer months. A forest road leads along the stream.

It was necessary before the commencement of the work on the
excavation of the construction pit to relocate both the road and the
bed of the stream. In the tender documents, the construction pit was
designed with slopes and the stability of the slopes was secured by
SN-type anchors (bolts) inserted into boreholes filled with cemen-
titious grout and pre-tensioned cable anchors anchored through
reinforced concrete walers. The local stability of slopes was provi-
ded by a layer of shotcrete with KARI mesh. Uniform 3:1 slopes
up to the terrain surface were designed for the 17-21m deep con-
struction pit; the portal slopes were designed at 5:1 gradient up to

Obr. 10 VyraZeni opérFi pod Zelvou a podstiikdni jejich patek primdrnim osténim
Fig. 10 Excavation of the bench under the “tortoise shell” structure and

application of shotcrete under its footings as a part of the primary lining
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Obr. 11 Zdsyp Zelv na obou troubdch zdpadniho portdlu

fotolphoto courtesy of Libor Maiik

Fig. 11 Backfill of the “tortoise shell” structures at both tunnel tubes at the western portal

svahy byly navrZeny ve sklonu 5:1 aZ na uroven terénu. Zpusob
puvodniho zajisténi je patrny z obr. 12, ktery znédzornuje zdpadni
portdlovy svah severni tunelové trouby. Svahy byly ¢lenény na
etdze s lavickami. V paté kazdé etdze byla navrzena kotevni Groven
lanovych predpjatych kotev 6 & Ls15,5 v délkach 16 m, 18 m, 20
m, 22 m a 24 m vrtanych s rozte¢i 3 m. Celkem bylo navrzeno
219 ks predpjatych lanovych kotev v celkové délce 4266 m, stika-
ny beton o celkové plose 4590 m?, vyztuz stifkaného betonu ze siti
KARI o hmotnosti 51,6 tun a kotvy SN délky 6 m a 8 m v celkovém
poctu 1874 ks a celkové délce 14 244 m. Do stavebni jamy byly
situovany v obou tunelovych troubach nouzové zilivy a mezi nimi
prijezdna tunelova propojka.

Ve fdzi zpracovani nabidky na vybér zhotovitele doslo
v souvislosti s tGpravou blokového schématu definitivniho osténi
a redukef poctu bezpecnostnich stavebnich tprav i k redukei poctu
nouzovych zalivii. ZmenSenim poctu nouzovych zélivu z 6 na 4 byly
oba zdlivy ze stiedni stavebni jamy odstranény. Cilem nového tech-
nického feSeni v rdmci zpracovani nabidky bylo sniZit objem zem-
nich praci, zmen3it padorysné rozméry stavebni jdmy a vzhledem
k ne zcela priznivym geotechnickym podminkam i dobu jejiho otev-
feni. Proto doSlo ke zkrdceni jamy ve sméru tunelovych trub,
k jejimu ziZeni diky odstranéni nouzovych ziliva a v misté ofekd-
vanych pfitoki podzemni{ vody opét ndvrhu konstrukce Zelvy. Toto
feSeni umoznovalo zasypani ¢asti stavebni jamy nad Zelvou jeste
drive nez ostatni ¢asti jamy a minimalizovat tak riziko neocekava-
nych situaci. Vzhledem k omezené ploSe zdboru pozemku nebylo
vZdy moZné zmirnit sklon svaht a projektant pfistoupil v hornich
partiich stavebni jamy k pouziti kotvenych zdporovych stén. Obr. 13
a 14 porovndvaji pavodni a nové technické feSeni vychodniho por-
tdlu severni tunelové trouby, kde byla ptivodné svahovana stavebni
jdma nahrazena zéporovou sténou a konstrukci Zelvy.

the terrain surface. The original system of stabilisation is obvious
from Fig. 12, demonstrating the western portal slope of the nort-
hern tunnel tube. The slopes were divided into stages with berms.
An anchoring level of 6 pre-tensioned cable anchors 6-strand, Ls
15.5mm, 16m, 18m, 22m and 24m, spaced at 3m, was designed for
the foot of each stage. In total, 219 pre-tensioned cable anchors at
the aggregated length of 4266m, shotcrete in the total area of
4590m?, concrete reinforcement with KARI mesh at the total
weight of 51.6 tonnes and 1874 SN anchors 6m and 8m long at the
aggregated length of 14.244m were designed. The emergency stop-
ping lay-bys in both tunnel tubes and a cross passage passable for

vehicles between them were situated into the construction pit.
The block diagram for the final lining was modified, the number
of the safety construction elements was reduced and the number of
emergency stopping lay-bys was reduced in the phase of develo-
ping the final design. The two emergency stopping lay-bys were
removed from the mid-point construction pit by reducing the num-
ber of lay-bys from 6 to 4. The objective of the new technical solu-
tion within the framework of tendering was to reduce the volume
of earthmoving, reduce the ground plan dimensions of the con-
struction pit and, with respect to the not fully favourable geotech-
nical conditions, to reduce the duration of opening the pit. For that
reason the length of the construction pit in the direction of the tun-
nel tubes was reduced and its width was also reduced owing to the
cancellation of the emergency stopping lay-bys; the “tortoise shell”
structure design was returned to the location of anticipated increa-
sed groundwater inflows. This solution allowed for backfilling the
part of the construction pit above the “tortoise shell” structure even
earlier than the other parts of the pit. As a result, the risk of unex-
pected situations was minimised. With respect to the reduced land
acquisition area, it was not always possible to reduce the gradients
of slopes and the designer proceeded to the

application of anchored soldier pile and
lagging walls in the upper parts of the con-
struction pit. Figures 13 and 14 compare
the original and new technical solutions to
the eastern portal of the northern tunnel
tube, where the originally designed sloped
construction pit was replaced with the sol-
dier pile and lagging wall and the “tortoise
shell” structure.

Trial holes were dug using mechanical
equipment available before the commen-
cement of earthmoving operations. They
confirmed the presence of debris mixed
with loam and supported the rightness of
the decision to give up the idea of the con-

struction pit sloped at 3:1 respectively up

Obr. 12 Puvodni svahovdni a zajisténi zapadniho portdlu severni tunelové roury — popis v textu
Fig. 12 Original sloping and stabilisation of the western portal of the northern tunnel tube — decription in text

to 5:1. The construction operations started
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Pred zahdjenim zemnich praci byly
dostupnou mechanizaci provedeny kopané
sondy, které potvrdily pritomnost zahling-
nych suti a podpofily spravnost rozhodnuti
upustit od svahované stavebni jamy ve

T -

sklonu svaha 3:1, resp. aZ 5:1. Stavebni
prace zacaly vrtanim zdpor, pri¢emz jejich
hloubka vychazela z prognézy irovné baze
pokryvu uréené na zdkladé inZenyrskogeo-
logického prazkumu, ktery byl souddsti
zaddvaci dokumentace. Obr. 15 dokumen-
tuje pocdtecni faze vrtdni zdpor a ukazuje
geologické pomery na vychodnim portalo-
vém svahu severni tunelové trouby.
Vzhledem k proménnému horizontu pis-

kovcu a slepenci musela byt hloubka vrta-
ni podle informaci zhotovitele ¢asto upra-
vovdna a projektant musel na tuto skutec-
nost rychle reagovat zménou trovné preva-
zek pro lanové kotvy. Vyhodnoceni vrti pro zdpory po obvodu sta-
vebni jamy poskytlo pomérné presnou predstavu o rozhrani pokryv-
nych dtvart i kvalit€ skalntho podkladu, coZ projektant vyuzil
k presnéj$imu navrhu konstrukce Zelvy i zahdjeni raZeb na vSech ¢ty-
fech portalech stavebni jamy. Na rozdil od zdpadniho portalu spoci-
vaji patky Zelvy ve stfedn{ stavebni jame na rostlém terénu vyztuZe-
ném vertikalné vrtanymi mikropilotami. Vzhledem k posunu termi-
nu zahdjeni raZeb do zimnich mésici byly puvodné nad profilem
kaloty navrzené Zelezobetonové vénce nahrazeny kotvenymi ocelo-
vymi prevdzkami, které nad tunely drZely paty zdpor. ZajiSteéni
svahu, fize vystavby Zelvy a stisnéné poméry stfedni stavebni jamy
ukazuje obr. 16. Problematiku raZeb popisuje dalsi kapitola.

TECHNOLOGICKE TRIDY VYRUBU A RAZBA TUNELU

V zaddvaci dokumentaci byly pro zajisténi stability vyrubu navr-
Zeny na zdklad€ interpretace vysledku inZenyrskogeologického pru-
zkumu technologické tfidy vyrubu a jejich rozdéleni po trase obou
tunelovych trub. Ve fazi zpracovani nabidky na vybér zhotovitele
tunelu provadela firma 3G Consulting Engineers s.r.0. v ramci kon-
zulta¢ni ¢innosti pro firmu HOCHTIEF CZ a. s. novou interpretaci
geotechnickych poméra a dpravu jednotlivych prvku zajisténi sta-
bility vyrubu v ramci jednotlivych technologickych tiid vyrubu.
Realiza¢ni dokumentace zpracovand firmou IKP Consulting
Engineers, s.r.o. respektovala pocet trid vyrubu a jejich rozdéleni po
trase tuneld ze zad4dvaci dokumentace, zohlednovala vsak redukci
prvku zajisténi vyrubu podle ndvrhu 3G Consulting Engineers s.r.0.
Technologicky postup vystavby byl ve fdzi zpracovani realizacni
dokumentace konzultovan se zdstupci firmy HOCHTIEF CZ a. s.,

Obr. 13 Puvodni FeSeni vychodniho portdlu severni tunelové trouby — popis v textu
Fig. 13 Original solution to the eastern portal of the northern tunnel tube — decription in text

by drilling for soldier beams. The drilling depth was built on the pro-
gnosis of the cover base level determined on the basis of the engine-
ering geological survey which was part of the tender documents. Fig.
15 documents the initial phases of the drilling for soldier piles. It
shows geological conditions at the eastern portal slope of the nort-
hern tunnel tube. With respect to the variable horizon of sandstone
and conglomerates, the drilling depth, according to contractor’s
information, had to be frequently modified and the designer had to
quickly respond to this reality by changing the level of the walers for
cable anchors. The assessment of the boreholes for soldier piles
around the circumference of the construction pit provided
arelatively exact idea of the interface between the cover and bedrock
and the quality of the bedrock. The designer used it for more accu-
rate designing for the “tortoise shell” structure and the commence-
ment of tunnelling at all four portals in the construction pit. In con-
trast with the western portal, the footings of the “tortoise shell” struc-
ture in the mid-point construction pit lie on unmade ground reinfor-
ced with vertically bored micropiles. With respect to shifting the
term for commencing the tunnel excavation to the winter season, the
originally proposed reinforced concrete collars above the top hea-
ding profile were replaced with anchored steel walers, holding the
toes of soldier beams above the tunnel. The stabilisation of slopes,
the “tortoise shell” construction phases and the constrained conditi-
ons in the construction pit are presented in Fig. 16. The problems of
the tunnel excavation are described in the following chapter.

EXCAVATION SUPPORT CLASSES AND THE TUNNEL
EXCAVATION
Excavation support classes and their

distribution along the routes of both tunnel
tubes were designed in the tender docu-
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ments for ensuring the stability of the
excavated opening on the basis of the
interpretation of the engineering geologi-
cal survey results. In the phase of prepa-
ring the tender design, 3G Consulting
Engineers s.r.0. carried out new interpreta-
tion of geotechnical conditions and modi-
fication of particular elements of the exca-
vation support within the framework of the
consultancy for HOCHTIEF CZ a. s. The
design of means and methods carried out
by IKP Consulting Engineers, s.r.o. res-
pected the number of excavation support
classes and their distribution along the
route of the tunnels contained in the tender
documents, but took into account the

Obr. 14 Nové reSeni s ohledem na inZenyrskogeologické podminky — popis v textu
Fig. 14 The new solution taking into account engineering geological conditions — decription in text

reduction of the excavation support ele-
ments according 3G Consulting Engineers
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Obr. 15 Geologické poméry na vychodnim svahu iidoli
Fig. 15 Geological conditions on the eastern slope of the valley

kterd je garantem tunelového useku stavby. Grafické zndzornéni
zastoupeni jednotlivych tfid vyrubu po délce tunelovych trub uka-
zuje obr. 17.

Do nejtézsich geotechnickych podminek byly navrzeny technolo-
gické tiidy vyrubu 6.3, 6.2 a 6.1. Tyto tiidy jsou situovédny do pfi-
portdlovych dsekt a do tektonickych poruch. V usecich razby, kde
byly ofekavany velmi Spatné geotechnické pomery, byla v zaddvaci
dokumentaci navrZena razba pod mikropilotovym deStnikem.
Jednalo se zejména o useky s nizkym nadlozim, navazujici na sta-
vebni jamu zépadniho portélu. Tato tfida nebyla pfi razbé pouZzita. Po
prekondni pfiportdlovych tdsekl a zlepSeni IG poméru byl
v realiza¢ni dokumentaci planovan prechod do technologickych tiid
vyrubu 5.2 a 5.1. V tsecich velmi pevnych a stabilnich hornin, tvo-
fenych zejména slepenci a neporuSenymi piskovci, jsou navrzeny
technologické tfidy vyrubu 4.2 a 4.1. Pro kotveni jsou ve tiiddch 5
a 6 pouzivany kotvy SN, nebo v pripadé, kdy hrozi zavalovan{ vrtu,
kotvy IBO. Ve tidach 4 se s vyhodou rychlé aktivace a snadného
osazovani pouzivaji hydraulicky upinatelné svorniky. Tloustka osté-
ni se méni od 250 mm v nejtézsich triddch, az po 100 mm ve tiidé
4.1. Tato tloustka osténi jiZ nemd z hlediska celého tunelu zddnou
nosnou funkci a ve statickém vypoctu neni uvazovdna. Zajistuje
pouze integritu horninového prstence a stabilizuje lic vyrubu
z hlediska bezpecnosti. Z tohoto divodu je vyztuZena jednou siti
KARI Q188. Hlavnim nosnym prvkem je prokotveny horninovy
prstenec. V této tfidé se nepouzivaji vyztuzné rdmy, coz klade
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Obr. 16 Celkovy pohled na vychodni svah stavebni jamy
Fig. 16 Overall view of the eastern slope of the construction pit
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s.r.o.” proposal. The technological procedure of the construction
was consulted in the phase of the preparation of the design of
means and methods with representatives of HOCHTIEF CZ a. s.,
which is the guarantor of the tunnelled section of the project. The
graphical representation of individual excavation support classes
along the length of the tunnel tubes is shown in Fig. 17.

Excavation support classes 6.3, 6.2 and 6.1 were designed for the
most difficult conditions. These classes are designed for pre-portal
sections and tectonic failures. The application of the canopy tube
pre-support was proposed in the design for means and methods for
the tunnelling sections where very poor geotechnical conditions
were expected, first and foremost the sections under very low over-
burden joining the construction pit for the western portal. This
class was not applied during the tunnel excavation. The transition
to better excavation support classes 5.2 and 5.1 was planned in the
design of means and methods for tunnelling after the portal secti-
ons were overcome and the EG conditions was improved.
Excavation support classes 4.2 and 4.1 are designed for sections
running through very strong and stable rock formed mainly by con-
glomerates and undisturbed sandstone. SN anchors or IBO
anchors, in the cases where there is the threat of collapsing bore-
hole walls, are used for anchoring in classes 5 and 6. In class 4,
hydraulically expanded rock bolts are used with respect to the
quick activation and easy installation. The thickness of the lining
varies from 250mm in the hardest classes to 100mm in class 4.1.
The lining with this thickness has no more any structural function
from the aspect of the whole tunnel and is not taken into account in
the structural analysis. It only provides the integrity of the rock ring
and stabilises the surface of the excavated opening in terms of safe-
ty. For this reason it is reinforced with only one layer of KARI
Q188 mesh. The main load-carrying element is the rock ring stabi-
lised with anchors. Reinforcing frames are not used in this class,
which fact puts increased demands on miners and on maintaining
the excavation shape. The major differences in the excavation sta-
bility systems between classes 6.3 and 5.2 and class 4.1 are pre-
sented in Fig. 18.

In the environment formed by flysch, with alternating marl lay-
ers, claystone layers and sandstone layers, geotechnical conditions
frequently change at each excavation round. It is mainly manifes-
ted by the degree of jointing and orientation of discontinuities (see
Fig. 19). The situation is more favourable in the case of tunnelling
through agglomerates. For that reason, only the number of needles
required for the stabilisation of the excavation contour is designed
in the documents, with the assumption that their positions around

fotolphoto courtesy of Libor Maiik
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Progndza rozdéleni technologickych tfid podle realizacni dokumentace
Prognosis of the division into excavation support classes according the the design of means and methods
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Obr. 17 Progndza zastoupeni tiid vyrubu podle realizaéni dokumentace

Fig. 17 Prognosis of the representation of excavation support classes according to the design of means and methods

zvySené ndroky na razice a dodrZovani tvaru vyrubu. Zisadni rozdi-
ly ve zpusobu zajisténi stability vyrubu ukazuji obr. 18 s tiidami
vyrubu 6.3,52 a4.1.

V prostiedi flySe se pfi stfiddni vrstev slinovca, jiloved a pis-
kovcu geotechnické podminky mnohdy méni v kazdém zdbéru. Jde
zejména o stupen rozpukdni a orientaci diskontinuit (obr. 19).
V pripade razby v slepencich je situace priznivéjsi. Pro stabilizaci
obrysu vyrubu jsou proto v dokumentaci navrZeny jehly pouze
pocétem s tim, Ze jejich poloha po obvodé kaloty bude uréena az na
zdkladé vyhodnoceni skuteéné zastizenych podminek. Funkci
NRTM inZenyra na stavbé provadi firma 3G Consulting Engineers
s.ro., kterd zajiStuje trvaly geotechnicky dohled, a spoleéné se
zastupci firmy HOCHTIEF CZ a. s. navrhuji zatfidovan{ do tech-
nologickych tiid vyrubu. V piipad€, Ze dochézi k tpravé zpusobu
zajisténi v rdmci tiidy (rozmisténi jehel po obvodu kaloty, zména
typu a délky kotev, stabiliza¢ni opatfeni na Celbé atd.), jsou tyto
zmény posouzeny a odsouhlaseny projektantem realizaéni doku-
mentace. Pro rozhodovéni o zpusobu zajisténi vyrubu a volbu tech-
nologické tridy vyrubu slouzi kromé vizudlniho sledovéni vysledky
geotechnického monitoringu, ktery pro zhotovitele provadi firma
ARCADIS CZ a.s. Vysledky méfeni jsou po vyhodnoceni v radu
hodin pristupné vSem kompetentnim dastnikim vystavby na
webovém portile BARAB, ktery umoZziuje zobrazovani jak vysled-
ku geotechnickych méfeni, tak pasportizace Celeb a jejich fotodo-
kumentace. Prace spojené s vytyCenim tunelu, stejné jako mereni
pro osazovéni vyztuznych rdma primédrniho osténi a méfeni defor-
maci vyruby provadi na strané zhotovitele firma Angermeier
Engineers, s.r.o. Kromé kazdodenniho vyhodnocovani geotechnic-
kych poméri a optimalniho nastaveni zpusobu razby probihaji
v l4dennim rytmu kontrolni dny monitoringu, na kterych se za
Gcasti zdstupct Ndrodni délni¢ni spole¢nosti vyhodnocuje minulé
obdob{ a stanovuje ofekdvany postup vystavby pro dal§i obdobi.
Zpusob zajistén{ stability vyrubu a postupu raZeb je pro jednotlivé
technologické tfidy vyrubu prehledné usporadan do tab. 1.

Kromé technologickych tiid vyrubu uvedenych v tabulce byla pri-
pravena technologicka tfida vyrubu pro razbu pod Zelvou na zépadnim
portdle a ve stfedni stavebni jadme a pro razbu pod mikropilotovym
destnikem. Mikropilotovy destnik byl pouzit pouze pro razbu jizni
tunelové trouby ze stiedni stavebn{ jamy smérem na zdpad, ktera pod-
chézela vysokotlaké vodovodni potrubf zasobujici mésto Zilina pitnou
vodou a nad kterou se nachdzelo preloZené koryto potoka i stavenistni
komunikace, kterd slouZi pro odvoz rubaniny na deponii. Zahdjeni
razby jizni tunelové trouby smérem na vychod a severni tunelové trou-
by smérem na zdpad zajistovalo misto ptivodné planovaného mikropi-
lotového destniku pouze jehlovani po obvodu kaloty. Jehly byly

the top heading circumference will be determined later on the basis
of actually encountered conditions. The function of the NATM engi-
neer on site is performed by 3G Consulting Engineers s.r.0., which
provides continual geotechnical supervision and, together with
HOCHTIEF CZ a. s. representatives, proposes the categorisation into
excavation support classes. When the excavation support is modified
within the framework of a class (the distribution of needles around
the top heading circumference, a change in the type and length of
anchors, stabilisation measures at the excavation face etc.), these
changes have to be assessed and approved by the author of the design
of means and methods. Decisions on the excavation support system
and selection of the excavation support class are made on the basis of
not only visual monitoring but also of the results of the geotechnical
monitoring, which is carried out for the contractor by ARCADIS CZ
a.s.. After the assessment, the results of measurements are available
to all competent parties to the construction on the BARAB web por-
tal, which allows for presenting the results both of the geotechnical
measurements and the condition survey of the headings and their
photo documentation. Operations associated with setting out the tun-
nel axis, the measurements for the installation of reinforcing arches
for the primary lining and measurements of excavation deformations
are carried out by Angermeier Engineers, s.r.0.. Monitoring Control
Days are held once in two weeks in addition to the daily assessment
of geotechnical conditions and optimum setting of the excavation
procedure. The past period is assessed and the expected excavation
procedure for the subsequent period is discussed in the meetings, in
the presence of representatives of the Narodnd Dialni¢na Spolo¢nost’
(the National Motorway Company). The method of ensuring the sta-
bility of excavation and the excavation procedure for individual exca-
vation support classes is synoptically arranged in Table 1.

Apart from the excavation support classes presented in the table, an
excavation support class was prepared for tunnelling under the “tor-
toise shell” at the western portal and in the mid-point excavation pit
and for the excavation under the protection of the canopy tube pre-
support. The canopy tube pre-support was applied only to the exca-
vation of the southern tunnel tube in the mid-point construction pit
toward the west, which passed under a high-pressure water pipeline
supplying the town of Zilina with drinking water, with the relocated
bed of a stream and the construction road serving for the transport of
muck to the stockpile above it. The initial excavation of the southern
tunnel tube toward the east and driving the northern tunnel tube
toward the west was supported only by forepoling around the top
heading circumference instead of the originally planned canopy tube
pre-support. In this particular case, the spiles were inserted into




Tab. 1 Zdkladni parametry zajisténi vyrubu v technologickych triddch podle RDS

Table 1 Basic parameters of the excavation support in the classes according to the design of means and methods
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tfida vyrubu jed. 6.3 6.2 6.1 5.2 5.1 4.2 4.1
excavation support class unit 6.3 6.2 6.1 5.2 5.1 4.2 4.1
délka zabéru [m] 0}751=+1;3 0,75-1,3 0,75-1,3 1,0-1,7 1,0-1,7 1,5-22 bez omezeni
excavation round length [m] 0.75-1.3 0.75-1.3 0.75-1.3 1.0-1.7 1.0-1.7 15-2.2 without limit
plocha vyrubu m?] 105,2 105,2 101,4 86,0 86,0 84,8 83,1
excavated cross-sectional area m3 105.2 105.2 101.4 86.0 86.0 84.8 83.1
plocha kaloty / top heading [m?] 58,9 58,9 56,2 56,2 56,2 55,3 54,0
cross-sectional area m? 58.9 58.9 56.2 56.2 56.2 5553 54.0
plocha opéfi [m?] 29,8 29,8 29,2 29,8 29,8 29,5 29,1
bench cross-sectional area m?] 29.8 29.8 29.2 29.8 29.8 29.5 29.1
plocha dna m 16,5 16,5 16,0

bottom cross-sectional area m? 16.5 16.5 16.0

tloustka osténi [mm] 250 250 200 200 200 150 100
lining thickness [mm] 250 250 200 200 200 150 100
pocet siti KARI [ks] 2 KY80 2Q188 2Q188 2Q188 1Q188 1Q188 1Q188
number of KARI mesh layers [pes] 2 KY80 2Q188 2Q188 2Q188 1Q188 1Q188 1Q188
pocet kotev v kaloté [ks] 9/10 8/9 7/8 6/7 6/7 5/6 5/6
number of anchors in top heading [pes] 9/10 8/9 7/8 6/7 6/7 5/6 5/6
délka kotev v kaloté [m] 6 4,6 4 4 4 3 3
engths of anchors in top heading [m] 6 4,6 4 4 4 3 3
pocet kotev v opéfi [ks] 11 11 11 11 11 11

number of anchors in bench [pes] 11 11 11 11 11 11

délka kotev v opéfi [m] 6 4 4 4 4 3

lengths of anchors in bench [m] 6 4 4 4 4 3

jehly [ks] 20 - 30 20- 30 15-20 15-20 podle potreby | podle potfeby

spiles [pes] 20-30 20-30 15-20 15-20 as needed as needed

celbovy klin ano podle potfeby | podle potieby podle potieby ne ne ne
face wedge yes as needed as needed as needed no no no

v tomto pripadé osazeny do cementové zalivky, pri razbé tunelu jsou
jiZ osazovéany na sucho. Razba severni tunelové trouby ze stfedni sta-
vebni jamy smérem na vychod probihala pod konstrukci Zelvy, kterd
byla v dobé zahdjenf razi¢skych pracf jiz Caste¢né zasypéna. Stisnéné
poméry se vzdélenosti portalt pouhych 12,5 m ukazuje obr. 20. Podél
klenby Zelvy vede pod zdsypem staveniStni drendZ, kterd odvadi vydat-
ny pritok podzemni vody zejména na severnim boku konstrukce Zelvy.
Diky tomu se podarilo omezit pritoky vody do tunelu. Pred zahdjenim
razby pod Zelvou a provedenim jejiho zdsypu byla oblast nad profilem
kaloty dseku razeného za Zelvou zpevnéna a zatésnéna vypliiovou
injektdZi. Nad profilem kaloty byl navrtdn dvojity deStnik, jehoZ vrty
byly vyplnény injektdZni smési a vyztuZeny vloZenou betondfskou
vyztuZi. Pfirazbé v tomto dseku nedochézelo k tvorbé nadvyrubu. I tak
je usek razeny za Zelvou silné zvodnény a v kaloté jsou pro odvedeni
vody z masivu navrzeny svodnice. Dalsi pritoky se objevily pfi razbeé
opéfi jizni tunelové trouby smérem na zdpad, a to hned u portdlu.
Razba hloubéji v hofe probihd zatim bez vétSich pritoku a prisaky
podzemni vody jsou vétSinou vazané na puklinovy systém horninové-
ho masivu. Po prvnich zdbérech kaloty se razba na vsech Celbach raze-
nych ze stfedni stavebni jamy pomérné rychle dostala do pevného hor-
ninového masivu, tvoreného prevazné slepenci, a délka zabéru se pro-
dlouzila z I m aZ na 3 m.

Zvysena pozornost byla vénovéana prechodu z razby pod Zelvami do
tiseku razeného NRTM na zdpadnim portéle. Davodem byly jednak
geotechnické podminky, jednak skutecnost, Ze Celo stavebni jamy pazi
Stétovnice, které nebyly do masivu beranény, ale vsazovany do vrtu,
které byly nésledné vyplnény vytéZzenym materidlem. Razba kaloty
pod Zelvou poskytla presné informace o horninovém masivu, ktery
bude nutné stabilizovat, az kalotu nebude chrénit konstrukce Zelvy.
V obou tunelovych troubdch do pristropi zasahovala §térkova terasa,
resp. vrstva silné zvétralych slinovct a jilovei. Stétova sténa tvorila
prekdzku pro podzemni vodu a neslo vylou€it zvodnéni materidlu
v nadloZi. Pro dalsi razbu bylo proto navrZeno zajiténi nadlozi pomo-
ci hnaného paZenf ocelovymi paznicemi UNION délky 4 m, které byly

cement grout; during the excavation of the tunnel itself, they are alre-
ady installed in holes without grout. The excavation of the northern
tunnel tube from the mid-point construction pit proceeded toward the
west under the “tortoise shell” structure, which was at the time of the
commencement of the tunnelling operations already partially back-
filled. The constrained conditions where the distance between the
portals is only 12.5m are shown in Fig. 20. Construction site draina-
ge leads along the “tortoise shell” vault under the backfill. It evacua-
tes the abundant groundwater inflow mainly on the northern side of
the “tortoise shell” structure. Owing to it, the rates of flows of water
into the tunnel were successfully reduced. The area above the top
heading profile of the section driven behind the “tortoise shell” was
reinforced and sealed by sealing grouting prior to the commencement
of the excavation under the “tortoise shell” structure and the executi-
on of the backfill. A double-umbrella consisting of concrete reinfor-
cement bars inserted into boreholes filled with grout was carried out
above the top heading profile. No overbreaks happened during the
course of tunnelling in this tunnel section. Nevertheless, the section
excavated under the “tortoise shell” structure is heavily saturated
with water and water collection lines are designed from the top hea-
ding out of the massif. Other inflows appeared just at the portal
during the excavation of the bench in the southern tunnel tube in the
western direction. The tunnel excavation proceeding deeper into the
mountain is for the time being without significant inflows and the
seepage of groundwater is mostly bound to the ground massif fissu-
re system. After the initial top heading excavation rounds, the exca-
vation process at all headings proceeding from the mid-point con-
struction pit got relatively quickly to hard rock mass, consisting
mainly of conglomerates. The excavation round length was increased
from 1m up to 3m.

Increased attention was paid to the transition from driving under
“tortoise shell” structures to the NATM-driven section at the western
portal. The reason lied in geotechnical conditions and in the fact that
the front end of the construction pit is braced with sheet piles, which
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svorniky SN/IBO 32 mm, délka 6 m, 250 kN
a) rockbolts SN/IBO 32mm, lenght 6m, 250kN

043

svorniky IBO R51, délka 4 m, 450 kN (v pfipadé potfeby)
rockbolts IBO R51, lenght 4m, 450kN (if necessary)

L 12300 L
1 A

svorniky hus. délka 4 m, 150 kN
b) hydraulically expanded rockbolts, lenght 4m, 150kN

b
svorniky hus. délka 3 m, 120 kN
hydraulically expanded rockbolts, lenght 3m, 120kN
¥ 12100 ¥
C) svorniky hus. délka 3 m, 120 kN
hydraulically expanded rockbolts, lenght 3m, 120kN
e

3

Obr. 18 Technologické tiidy vyrubu a) 6.3,b) 5.2 ac) 4.1
Fig. 18 Excavation support classes a) 6.3,b) 5.2 and c) 4.1

TuHel

were not hammered into the massif. Instead, they were
inserted into boreholes, which were subsequently filled
with muck. The top heading excavation under the “tortoi-
se shell” structure provided precise information on the
ground massif. It will have to be stabilised when the top
heading is not protected by the “tortoise shell”. A gravel
terrace or a layer of heavily weathered marlstone and
claystone, extended into the top heading in both tunnel
tubes. The soldier pile and lagging wall created an obstac-
le for groundwater and it was not possible to exclude the
saturation of the overhead material with water. For that
reason the support using sheet piling with 4m long
UNION steel sheet piles driven into the ground around the
“tortoise shell” structure circumference with the boom of
the drill rig was designed for the next tunnel excavation.
In the locations where the gravel terrace passed into clays-
tone layers, the sheet piles were replaced by needles inser-
ted into cement grout. In addition, it was necessary to pre-
vent the loss of stability of the excavation face, which
would have led to an uncontrollable extension of the exca-
vation round length. For that reason, boreholes for 8m
long IBO anchors were drilled into the excavation face
and UNION steel sheets were attached to them in a flat
position and were pressed to the excavation face with nuts
and plates on the IBO anchors (see Fig. 21). The continu-
ous thread on the IBO anchors allowed for active suppor-
ting of the top heading excavation face immediately after
the completion of the excavation round by means of lag-
ging. The technological procedure proposed for the con-
struction allowed for safe passing through the risk zone on
the contact between the “tortoise shell” structure and the
NATM-driven section. Even though design documents
expected the subsequent excavation in the ca 70m long
section to be carried out under canopy tube pre-support,
the decision was made after assessing the geotechnical
conditions that excavation support class 6.3 would be app-
lied. This decision turned out to be correct and the tunnel
excavation using this class proceeded, owing to the expe-
rienced approach of the contractor, TuCon, a.s., without
more significant problems. The length of an excavation
round in this section did not exceed 1m. Despite the top
heading excavated cross-sectional area of nearly 60m” and
the low overburden, the excavation deformations in the
section behind the “tortoise shell” section to not exceed
I15mm and are reduced to a virtually non-measurable
value with the excavation proceeding deeper into the
mountain. Small deformational manifestations of the
ground mass have still been the common denominator of
the excavation at all headings. They remain far behind the
values of warning states.

CONCLUSION

The Povazsky tunnel construction proceeds through
variable geotechnical conditions formed by the
Carpathian flysch, ranging from heavily weathered inter-
beds of sandstone, marlstone and claystone at the western
portal up to very hard conglomerates in the sections in the
middle of the tunnel length. Both the tender documents
and the design of means and methods define one excava-
tion support class for the whole tunnel cross-section. The
actually encountered geotechnical conditions show that it
would be reasonable to define excavation support classes
for individual parts of the excavation sequence (top hea-
ding, bench and, respectively, bottom) in the design and,
depending on the situation encountered at the excavation
face, categorise the excavation into respective excavation




. . . . . fotolphoto court of Libor Marik
Obr. 19 Sklony diskontinuit na celbe
Fig. 19 Dipping of discontinuities at the excavation face

lafetou vrtaciho vozu zahndny po obvodu Zelvy. V mistech, kde $térko-
vé terasa prechdzela do vrstev jilovct, nahradily paZiny jehly osazova-
né do cementové zalivky. Ddle bylo nutné zabranit ztraté stability celby,
ktera by vedla k nekontrolovatelnému prodlouZen{ zdbéru. Proto byly
do Celby navrtany kotvy IBO délky 8 m a na né naplocho nasazeny
paziny UNION, které byly na ¢elbu pritlaeny pomoci matic a desek na
IBO kotvach (obr. 21). Priubézny zavit IBO kotev umoznoval okamzité
po provedeni zdbéru pomoci pazin aktivné podepirat Celbu kaloty.
NavrZeny technologicky postup vystavby umoznil bezpecny pruchod
rizikovou zonou na kontaktu Zelvy a tseku razeného NRTM.
I kdyZ projektovd dokumentace predpoklddala dalsi razbu v dseku cca
70 m pod mikropilotovym destnikem, bylo po vyhodnoceni geotech-
nickych poméra rozhodnuto o nasazeni technologické tiidy 6.3. Toto
rozhodnuti se ukdzalo jako spravné a razba v této tiidé probihala diky
zkuSenému pfistupu zhotovitelské firmy TuCon, a.s. bez vétSich pro-
blému. Délka zdbéru v tomto tseku nepresahovala 1 m. I pfes plochu
kaloty témé&f 60 m” a nizké nadloZ{ se deformace vyrubu v tseku za Zel-
vou pohybuji do 15 mm a s postupem razby smérem déle do hory se
snizuji az na prakticky nemefitelné hodnoty. Malé deformacni projevy
horninového masivu jsou doposud spole¢nym jmenovatelem razeb na
v8ech Celbach a zustdvaji daleko za hodnotami varovnych stavi.

ZAVER

Stavba tunelu Povazsky Chlmec probihd v pestrych geotechnickych
podminkdch karpatského flySe od siln€ zvétralych poloh piskovcd, sli-
novcu a jiloveu na zdpadnim portale aZ po velmi pevné slepence ve
stiednich dsecich tunelu. Zaddvaci i realizatni dokumentace definuje
jednu technologickou tridu vyrubu pro cely pri¢ny profil tunelu.
Skuteéné zastizené geotechnické podminky ukazuji, Ze by bylo vhod-
né technologické tiidy vyrubu v projektové dokumentaci definovat pro
jednotlivé dil¢i vyruby (kalota, opéri, pripadné dno) a podle situace
zastiZené na Celbé provést zatiidéni do prislusné technologické tiidy
pro kazdy dil¢i vyrub zvlast. Nejmarkantnéjsi byla v tomto smyslu
situace ve stfedni stavebni jamé, kde do kaloty zasahovaly vrstvy
pokryvu s razbou klasifikovanou do technologické tfidy vyrubu 6.3,
zatimco opeii razené v pevnych slepencich jiz zdaleka nevyzadovalo
tak masivni zpUsob zaji§téni, jaky predepisuje tiida 6.3.

Diky vstiicnému pfistupu zkuSenych zdstupct investora NDS
i stavebniho dozoru ze sdruzeni firem EUTECH&ESP&MUL-
LER&API-D3 se daif dosahnout shody v ndzoru na zpusob zajisténi
stability vyrubu podle geotechnickych podminek zastizenych pri
vystavbé a aplikovat v praxi zakladni principy NRTM. Névrh na zatii-
dovani do technologickych tid i jejich tpravy predkladajf zdstupci zho-
tovitele stavby, firmy HOCHTIEF CZ a. s. Pfi dosud provedenych raz-
bach doslo jiz k celé fadé tiprav zpusobu zajisténi vyrubu, at’se jednd
o0 zmenu typu, nebo délky kotev, rozsahu jehlovani, vynechdni vyztuz-
nych rdma pii razbé opéii nebo vrstvy vyztuznych siti. Napoméh4 tomu
realizace stavby podle Zluté knihy FIDIC. Tento smluvni vztah na roz-
dil od ¢ervené knihy nevyZaduje zdlouhavé a mnohdy odrazujici pro-
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Obr. 20 Stisnéné poméry ve stredni stavebni jame
Fig. 20 Constrained conditions in the mid-point construction pit

support classes separately for each partial excavation. In this sense,
the most marked situation was in the mid-point construction pit,
where cover layers categorised as class 6.3 extended into the top hea-
ding, whilst the bench excavation through hard conglomerates was
far from so massive support system which is prescribed by class 6.3.

Thanks to the helpful approach of experienced representatives of
the client, the Narodnd Dialni¢na Spolocnost, and the supervision
provided by the EUTECH&ESP&MULLER&API-D3 consorti-
um, the consensus of opinion on the method of ensuring the stabi-
lity of excavation according to geotechnical conditions encounte-
red in the construction process is successfully achieved and the
basic NATM principles are applied in practice. The proposal for
the categorisation into excavation support classes and their modi-
fications are submitted by representatives of the contractor,
HOCHTIEF CZ a. s.. Lots of changes in the excavation support
system have been made during the course of the till now comple-
ted excavation, comprising changes in the types or lengths of
anchors, the scope of forepoling, leaving out reinforcing frames
during the bench excavation or leaving out a layer of mesh, etc. It
is helped by the realisation of the works in compliance with the
FIDIC Yellow Book. This contractual relationship, in contrast with
the Red Book, does not require lengthy and often discouraging
negotiations about deviations from the design of means and met-
hods. It therefore allows for really economic and safe excavation
of tunnels. Each modification of elements designed to secure the
stability of excavation is authorised by a mine designer in the form
of his official written statement.

fotolphoto courtesy of Libor Marik
Obr. 21 Celba na rozhrani Zelvy a iiseku NRTM na zdpadnim portdle
Fig. 21 Excavation face at the interface between the “tortoise shell” structu-
re and the NATM-driven section at the western portal
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Matrice pro vyhodnoceni prvki zajiSténi stability vyrubu v kaloté
Matrix for the evaluation of support elements to stabilizing the top heading
excavation

VT 41 VT 412 VT 51

VT 5/2 VT 61 VT 6/2 VT 6/3

Obr. 22 Vyhodnoceni technologickych trid vyrubu podle TP06-1/2006

Fig. 22 Assessment of excavation support classes according to TP06-1/2006 specifications

jedndvani zmén oproti realizani dokumentaci a umoznuje tak skutec-
né ekonomickou a bezpe¢nou razbu tunela. Kazda Gprava prvka
zajisténi stability vyrubu je autorizovéna banskym projektantem for-
mou jeho oficidlniho, pisemného vyjadreni.

Zadavaci dokumentace vyZaduje vyhodnocovat technologické tiidy
vyrubu uvedené v realizatni dokumentaci podle metodiky uvedené
v TP 06-1/2006. Jedn4 se o pieklad rakouské normy ONORM B2203-
1, kterd definuje smluvni podminky mezi investorem a zhotovitelem
pii konvenéni razbé tuneld a mimo jiné uréuje pomoci matric zpusob
Uctovani za razbu v technologické tfidé vyrubu. V ramci realizacni
dokumentace byly proto vytvoreny pro kazdou technologickou tridu
vyrubu v zdvislosti na zpasobu vystrojeni, délce zdbéru a plose dil¢ich
vyrubl matrice, které zndzornuje obr. 22. Vzhledem k tomu, Ze pri
vystavbe plati smluvni podminky podle Zluté knihy FIDIC a nikoli
podle pravidel uvedenych v technickych podminkach TP 06-1/2006,
ma toto vyhodnocovani pouze akademicky vyznam a z hlediska
smluvnich vztahl mezi investorem a zhotovitelem nehraje Zddnou
roli. PFi posuzovdni tiprav zpusobu zajiStén{ stability vyrubu a postupu
praci nelze proto vysledky vyhodnoceni ve smluvnim vztahu pouZit.

V porovnani s predpoklady zaddvaci i realizaéni dokumentace probi-
hé razba v piiznivéjSich geotechnickych podminkéch. Deformacni pro-
jevy horninového masivu jsou zlomkem ocekdvanych hodnot.
Zastoupen{ technologickych tfid vyrubu zatim sméruje k leh¢im tiiddm
s mensim poltem vystrojovacich prvki a deliim zdbérem. Celkové
vyhodnoceni razeb bude mozné provést az po vyrazeni celého tunelu.

Unikétni razba tunelu az z osmi Celeb je ndrocnd na organizaci
¢innosti na jednotlivych pracovistich a podminkou pro dodrZen{ har-
monogramu vystavby.

Ing. LIBOR MARIK, HOCHTIEF CZ a.s.
libor.marik@hochtief.cz
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The tender documentation requires assessing the excavation sup-
port classes contained in the design of means and methods using the
methodology contained in the TP 06-1/2006 specifications. These
specifications are a translation of the Austrian ONORM B2203-1,
which defines contractual conditions between the client and the
contractor during conventional tunnel excavation and, among
others, determines the method of charging for the excavation in
a particular excavation support class by means of a matrix. For that
reason, the matrices presented in Fig. 22 were developed for each
excavation support class, depending on the support system, the
length of the excavation round, and the cross-sectional area of par-
tial headings. With respect to the fact that contractual conditions
according to the FIDIC Yellow Book are applied instead of the rules
contained in TP 06-1/2006 specifications, this assessing has only
academic importance and plays no role in terms of contractual rela-
tionships between the client and the contractor. For that reason, the
results of the assessment cannot be used in assessing the modifica-
tions of the excavation stability method and the works procedure.

In comparison with the assumptions contained in the tender docu-
ments and the design of means and methods, the excavation proceeds
in more favourable geological conditions. The values of the defor-
mational manifestations of the ground massif are a fraction of the
expected values. The representation of excavation support classes is
for the time being heading toward easier classes with a smaller num-
ber of support elements and longer excavation rounds. Carrying out
the overall assessment of the excavation will be possible only after
the completion of the excavation of the entire tunnel.

The unique tunnel excavation from up to eight headings is deman-
ding in terms of the organisation activities at individual workplaces.
But it is a condition for complying with the works schedule.

Ing. LIBOR MARIK, HOCHTIEF CZ a.s.
libor.marik @hochtief.cz
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