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SPECIFICKE PROBLEMY RAZENIA TUNELA CEBRAT
SPECIFIC PROBLEMS OF THE CEBRAT TUNNEL EXCAVATION

PETER BONA, ALEXANDRA JACKOVA

ABSTRAKT

O projekte tunela Cebrat bolo doposial publikovanych iba mdlo ¢ldnkov. ViicSina z nich sa venuje zmene trasy, vieobecnému opisu tech-
nického rieSenia a strucnému zhodnoteniu razenia. Obidve tunelové riry si uZ prerazené a teda je vhodny cas pribliZif odbornej verejnosti
skuisenosti nadobudnuté pocas razenia z pohladu pripravy projektovej dokumentdcie. AvSak na rozdiel od publikovanych prispevkov, ktoré
rozoberaju razenie vo vSeobecnej rovine, tento prispevok md ambiciu predstavit predovSetkym Specifické problémy, ktoré sa vyskytli pocas
realizdcie. Projektovaniu razenia tunela Cebraf sa spoloc¢nost Basler & Hofimann Slovakia s.r.o. venuje od roku 2016.

ABSTRACT

So far, only a few articles have been published about the Cebrat tunnel project. Most of them are dedicated to changing the route,
a general description of the technical solution and a brief evaluation of the excavation. Both tunnel tubes have already been driven
through, so it is a good time to bring the experience gained during the excavation to the professional public from the point of view of
the project documentation preparation. However, unlike the published papers that discuss excavation in a general way, this paper has
the ambition to present, above all, the specific problems encountered during construction. Basler & Hofmann Slovakia s.r.o. is has been
engaged in the design of the Cebrat tunnel excavation since 2016.

uvop

Na uvod prispevku niekolko zdkladnych informécii o tuneli
a razeni. Tunel je kategérie 2T-7,5/100. Zapadny portél je umiest-
neny na zaciatku tunela (v smere stanicenia dialnice), vychodny
portdl na konci tunela. Lavé tunelové rdra, pracovne oznaovana
ako severna tunelova rira (STR), ma dizku razenej ¢asti 3613 m,
celkova dizka je 3663 m. Pravé tunelova rira, pracovne oznacova-
na ako juzna tunelova rira (JTR), ma diZku razenej Casti 3635 m,
celkov4 dizka je 3688 m. V obidvoch tunelovych rirach sa nach4-
dzaju $tyri nddzové zalivy s celkovou dizkou 200 m v kaZdej rire.
Plocha vyrubu normélneho profilu (NP) bez spodnej klenby je
83,5 m2. Navrhnuty sposob razenia bol cyklicky. Razenie prebie-
halo takmer v celej dizke od vychodného portilu, od zapadného

INTRODUCTION

For the introduction, there is some basic information about
the tunnel and excavation. The tunnel is category 2T-7.5/100.
The western portal is located at the beginning of the tunnel (in
the direction of the highway stationing), the eastern portal is at
the end of the tunnel. The left tunnel, referred to as the northern
tunnel tube (STR), has a length of 3613m of the excavated part,
the total length is 3663m. The right tunnel tube, referred to as
the southern tunnel tube (JTR), has a length of 3635m in the
excavated part, the total length is 3688m. In both tunnel tubes,
there are four emergency bays with a total length of 200m in each
tube. The excavation cross-section area of the normal profile (NP)

D1 Hubova - Ivanchova

'smer Bratislava
direction Bratislava

western portal
e T -

legenda legend

original route

Obr. 1 Situdcia pévodnej a novej trasy tunela Cebrat
Fig. 1 Plan view of the original and new route of the Cebrat tunnel
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Obr. 2 Porovnanie povodného a navrhovaného priecneho rezu, 1 — teoretickd vniitornd hrana primdrneho ostenia (pévodnd trasa), 2 — vonkajsia hrana sekunddr-
neho ostenia, 3 — vniitornd hrana sekunddrneho ostenia, 4 — vniitornd hrana primdrneho ostenia (zamerand)

Fig. 2 Comparison of the original and proposed cross section, 1 — theoretical inner contour of the primary lining (original route), 2 — outer contour of the secon-
dary lining, 3 — inner contour of the secondary lining, 4 — inner contour of the primary lining (surveyed)

portalu sa vyrazilo iba cca 30 m v JTR resp. 20 m v STR. Razenie
od VP prebiehalo najskor dovrchne v dizke maximalne do 370 m,
zvysna Cast uZ bola razend tpadne. To znamen4, Ze pred koncom
razenia bolo nutné precerpavat vodu na dizke vyse 3 km.
problémov, inymi slovami povedané bez ,,mimoriadnych udalos-
ti*. Samozrejme, razenie tunela v dizke vyse 3600 m takmer vZdy
pripravi nejaké prekvapenia. Prva tloha autorov, projektantov,
bola zmena prie¢neho rezu.

UPRAVA PRIECNEHO REZU TUNELA V DOSLEDKU
ZMENY TRASY

Zmena trasy vyplynula z extrémne naro¢nych geologickych
a hydrogeologickych podmienok v pdvodne navrhnutej trase dial-
nice. Nové trasovanie [1] obchadza problematické zosuvné tze-
mia, z ¢oho vyplynulo prediZenie tunelovych rir z priblizne 2 km
na viac ako 3,6 km. Situacia pdvodnej a novej trasy je zndzornena
na obr. 1. Tato zmena si vyZiadala upravu priecneho rezu tunela,
kvoli zvySenym ndrokom na svetly prierez tunela (rozhlad, vetra-
nie). Vzhladom na to, Ze v tom Case bolo vyrazenych od VP pri-
blizne 140 m v STR, resp. 165 m v JTR, bolo potrebné pri tprave
priecneho rezu vziat do tvahy tvar pdvodného rezu. Tento fakt
bol zohladneny pri Gprave trasy nielen v smerovom vedeni, ale aj
pri Uprave nivelety, aby sa minimalizoval zdsah do uz vyrazené-
ho primarneho ostenia (obr. 2, vlavo stav pred tpravou nivelety).
Primarnym cielom bolo minimalizovat z4sah v strope kaloty. Do-
siahlo sa to posunom nivelety nadol priblizne o 17 cm. Na zédklade
geodetického zamerania bol neskor pre obidve tunelové riry na-
vrhnuty postup reprofilacie, s vyznac¢enim predpokladaného zasa-
hu do existujiiceho primarneho ostenia (obr. 2, vpravo).

REALIZACIA ROZSIRENIA NORMALNEHO PROFILU
NA PROFIL NUDZOVEHO ZALIVU

Dalgim $pecifikom bolo, Ze zo zaciatku razenie prebiehalo for-
mou prieskumného diela [2]. Je teda prirodzené, Ze profil nidzového

without the invert bench is 83.5m2. The conventional method of
excavation was proposed. Almost the entire tunnel length was
excavated from the eastern portal, from the western portal only
approx. 30m in JTR, and 20m in STR were excavated. First of
370m was excavated uphill from the VP, the remaining part was
excavated downhill. This means that during excavation of a length
of more than 3km, it was necessary to pump water out from the
tunnel.

The excavation of the tunnel along its entire length took
place basically without major problems, in other words without
“extraordinary events”. Of course, excavation of a tunnel with
alength of more than 3600m almost always brings some surprises.
The first task of the authors, the designers, was to change the cross
section.

TUNNEL CROSS SECTION MODIFICATION DUE TO THE
ROUTE CHANGE

The route change resulted from extremely difficult geological
and hydrogeological conditions in the originally proposed
route of the highway. The new route [1] passes by problematic
landslide areas, resulting in the extension of the tunnel tubes
from approximately 2km to more than 3.6km. The situation
of the original and new route is shown in Fig. 1. This change
required modification of the cross-section of the tunnel, due to
increased demands on the tunnel cross-section clearance (due
to drivers view limitation, and ventilation). Since at that time
approximately 140m in STR were driven from the VP, or 165m in
JTR, it was necessary to consider the shape of the original section
when modifying the cross section. This fact was considered when
adjusting the route, not only in the horizontal alignment, but
also when adjusting the vertical alignment, in order to minimize
interference with the already installed primary lining (Fig. 2,
on the left, the state before adjusting the vertical alignment).
The primary goal was to minimize the intervention in the roof



34. rocnik - €. 1/2025

Tuel

profil tunela . :
tunnel cross section \

profil niidzového zalivu

osa tunela

569,58

of the top heading. This was
achieved by moving the vertical
alignment down approximately
17cm. Based on the geodetic

emergency bay ‘ ‘ / /
oross section | \ | / / / measurement, a reprofiling pro-
‘ ! / /
i | / / y // cedure was later proposed for
| / .
i // s both tunnel tubes, with the
S | iy, s indication of the anticipated
v / . . . L
AN p ///:/*%t;\x\ y /// intervention into the existing
S : N /// primary lining (Fig. 2, right).
| e

TUNNEL WIDENING FOR
EMERGENCY BAY

\\\\( Another specific feature was
\\:\\% that, from the beginning, the
\ excavation took place under the

status of an exploratory work
“J“‘/‘ E [2]. It was therefore natural that
// ff the profile of the emergency bay
' e was not realized in the initial

sections of the excavation. For

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 3 Priecny rez NP a NZ v mieste priecneho prepojenia
Fig. 3 Cross-section of NP and NZ at cross passage

zalivu sa v ivodnych usekoch razenia nerealizoval. Z toho dévodu
bolo potrebné v oblasti nidzového zédlivu NZ4 navrhnit postup
realizdcie rozsirenia normalneho profilu na profil nidzového za-
livu. Prie¢ny rez s vyznacenim buranych Casti (Z1ta farba) a novo
razenych Casti (Cervena farba) je uvedeny na obr. 3. Vzhladom na
a vystrojovacie prvky navrhnuté v zmysle vystrojovacej triedy NZ
VTS5.

PROBLEMATICKE USEKY S NADMERNYMI
DEFORMACIAMI

Pocas razenia sa vyskytli dve hlavné oblasti, v ktorych boli za-
znamenané nadmerné deformadcie, resp. neocakavané spravanie sa
horninového masivu [3]. Tieto oblasti st zobrazené na obr. 4 v po-
zdiznom inZinierskogeologickom profile (profil je spracovany na
zaklade podkladu z inZinierskogeologického a hydrogeologického
prieskumu [4]).

Razenie od vychodného portalu prebiehalo podla ocakédvania
s priemernymi hodnotami deformécie do 30 mm, okrem konver-
gencnych profilov v tunelmetroch TM 320 a TM 650, kde bola
tato hodnota varovného stavu mierne prekrocena v JTR v jednom,
resp. dvoch bodoch. V STR sa vyskytla tito oblast s miernym po-
sunom. Vo vSetkych pripadoch i§lo o okamZity nabeh deformacie
s pomalym ustalovanim, ¢o sa vyriesilo dodato¢nym kotvenim.

OBLAST RAZENIA V OKOLI PRIECNEHO PREPOJENIA
PPO?7

Dalgia problematicka oblast sa objavila priblizne v TM 1850 az
TM 2100. Podla zaznamov z geologickej dokumentécie celieb sa
v useku vyskytovali slieflovce az slienité vapence s priemernou
hodnotou RMR 40 bodov. Spravanie sa horninového masivu vSak
malo az tlaCivy charakter s tym, Ze ustalovanie deformacii bolo
velmi pomalé. V primdrnom osteni vznikli lokdlne trhliny a ma-
ximalna deformécia v JTR dosiahla 128 mm (obr. 5), v STR boli
deformacie menSie, s maximalnou hodnotou do 87 mm.

this reason, it was necessary to
propose a construction procedure
for widening the profile in the
area of the emergency bay NZ4.
The cross-section with parts marked for demolition (yellow color)
and newly excavated parts (red color) is shown in picture no. 3.
Due to the favorable engineering geological conditions, the exca-
vation procedure and support were designed in accordance with
technological class NZ VT 5.

PROBLEM SECTIONS WITH EXCESSIVE DEFORMATIONS

During the excavation, there were two main areas in which
excessive deformations or unexpected behavior of the rock mass
were encountered [3]. These areas are shown in picture no. 4
in the longitudinal engineering geological profile (the profile is
processed based on the engineering geological and hydrogeological
investigation [4]).

Excavation from the eastern portal proceeded as expected
with average values of deformation up to 30mm, except for the
convergence profiles in tunnel meters TM 320 and TM 650,
where this warning level was slightly exceeded in JTR in one
or two locations. In the STR, a location with a slight shift was
encountered. In all cases, it was an quick increase of deformation
with slow decrease, which was aided by additional bolting.

EXCAVATION AT CROSS PASSAGE PPO7

Another problem area was encountered around TM 1850 to
TM 2100. According to records from the geological mapping
of tunnel faces, there were marls to marly limestones with an
average value of 40 of RMR rating in the section. However, the
rock mass presented almost a squeezing behavior, with the fact
that stabilization of deformations was very slow. Local cracks
appeared in the primary lining and the maximum deformation
in JTR reached 128mm (Fig. 5), in STR the deformations were
smaller, with a maximum value of up to 87mm.

Exceeding the A value of the warning levels took place in
targets at tunnel sides with a predominant horizontal component
of the deformation. The adopted measure was the change of
technological class from VT 4/2 to VT 5/1. In the section
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mezozoikum Mesozoic

hronikum — choésky prikrov
veporikum — kriziansky prikrov veporikum - Krizna nappe

Hronikum — Cho¢ nappe

zépadny portal
western portal

G5/GC F2/CG  flovee, ilovité bridlice, prevazne tektonicky porusené @ R2 - R4 ramsauské dolomity a dolomitické
R2 - R5 claystones, clayshales, mostly tectonically disturbed vapence, dolomitické brekcie
Ramsau dolomites and dolomitic
- G5/GC F2/CG  ilovce, slienité vapence, pieskovce, s vy$§im podielom siltovcov limestones, dolomitic breccias
R3 - R6 claystones, marly limestones, sandstones, with a higher proportion of siltstones
|:| G5/GC F2/CG  slienité vapence, ilovce, pieskovce, tektonicky viac porudené, s vy$sim podielom ilovcov
R3-R6 marly limestones, claystones, sandstones, tectonically more disturbed, with a higher proportion of claystones
R1-R2 slienité vapence, sliefovce, ilovce, pieskovce, s vy$§im podielom vapencov

marly limestones, marls, claystones, sandstones, with a higher proportion of limestone
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Obr. 4 PozdlZny inZinierskogeologicky profil, elipsami vyznaéené hlavné oblasti so zvySenymi hodnotami deformdcit
Fig. 4 Longitudinal engineering geological section, main areas with increased deformations marked by ellipses
gelny pohlad boény pohlad excavated in VT 4/2, additional bolting and
Ll e thickening of the primary lining was carried out by
adding 10cm thick shotcrete reinforced with steel
i L mesh. Before implementing the secondary lining,

20 mn
—i

the entire section had to be geodetically surveyed
! and re-profiled. The solution was based on the
i proposal of reprofiling the initial sections of the
excavation. After the survey, the sprayed concrete
of the primary lining was marked to indicate the
areas and depths of the expected reprofiling. Due
to the difficult engineering geological conditions
and high deformations, it was necessary to close
the profile of the primary lining with an invert
vault and change the type of reinforcement of the
secondary lining to type 3 (the second strongest
type of reinforcement) with a reinforced invert

vault.
am  He

EXCAVATION AT EMERGENCY BAY N21

The second main area with high deformation
was the area around emergency bay NZI. In the

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 5 Meraci konvergenény profil J1945
Fig. 5 Monitoring convergence profile J1945

Prekroc¢enie hodnoty A varovnych stavov sa tykalo bocnych
bodov s prevladajicou horizontdlnou zlozkou deformécie. Prijaté
opatrenie bola zmena vystrojovacej triedy z VT 4/2 na VT 5/1.
V tseku razenom vo VT 4/2 sa zrealizovalo dodatocné kotve-
nie a zosilnenie primarneho ostenia pridanim striekaného beté-
nu hribky 10 cm vystuZeného ocelovou sietou. Pred realizaciou
sekundarneho ostenia bolo potrebné cely tsek opidtovne zamerat
a navrhnut reprofilaciu. RieSenie vychadzalo z navrhu reprofilacie

mentioned section, the mass was composed of marls
and marly limestones with an average value of RMR
approx. 35 points. The tunnel face was intersected
by a shear fault accompanied by tectonically broken
rock in its vicinity. The fault was positioned longitudinally with
the tunnel. Excessive deformations were recorded in the sections
TM 2800 to TM 3200 in JTR, and in TM 2750 to TM 3200 in
STR. The highest deformation was measured in the profile before
the bay with a value of 129mm in JTR, or in the emergency bay
value up to 125mm in STR. At the beginning of this section, the
warning level was exceeded, usually at target locations 2 and 3 in
the top heading.
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uvodnych usekov razenia. Po zamerani bol opit zhodnoteny stav
aj s vyznacenim ploch a hibky predpokladaného zasahu do strie-
kaného betonu primarneho ostenia. Vzhladom na zhorSené inzi-
nierskogeologické podmienky a vysoké deformécie bolo potrebné
uzatvorit profil primarneho ostenia spodnou klenbou a zmenit typ
vystuZenia sekundarneho ostenia na typ 3 (druhy najsilnejsi typ
vystuzenia) s vystuZenou spodnou klenbou.

OBLAST RAZENIA V OKOLi NUDZOVEHO
ZALIVU N21

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

The excavations were performed in the technological class
VT 5/1 in both tubes outside the emergency bay. During the
excavation, no deformations were recorded in the top heading,
which would indicate a change in the properties of the rock
mass. Deformation increase started only during the excavation of
the abutment bench, with no sign of stabilization. In addition to
lateral deformations, vertical settlements and deformations of the
roof in the top heading were also recorded (Fig. 6). Parts of the

¢elny pohlad
front view

Druhou hlavnou oblastou s vysokymi hodnotami
deformécii bola oblast v okoli nudzového zalivu NZ1.
Masiv bol v uvedenom tseku zloZeny zo sliedovcov
a slienitych vapencov s priemernou hodnotou RMR
cca. 35 bodov. Celbu pretinal strizny zlom spreva-
dzany tektonicky porusenou horninou v jeho okoli.
Zlom sa pohyboval pozdiZne s tunelom. Nadmerné
deformécie boli zaznamenané v tseku TM 2800 aZ
TM 3200 v JTR, resp. TM 2750 az TM 3200 v STR.
Najvyssia deformacia bola dosiahnutd eSte v nor-
mdlnom profile pred zalivom s hodnotou 129 mm
v JTR, resp. v niidzovom zalive do 125 mm v STR.
Na zaciatku tohto useku bola prekrocend hodnota
varovného stavu obycajne v bodoch 2 a 3 v kalote.
V normalnom profile sa razilo vo vystrojovacej trie-
de VT 5/1 v oboch rdrach. Pocas razenia na kalote

boény pohlad
side view

8,361 m

neboli zaznamenané deformécie, ktoré by indikovali
zmenu vlastnosti horninového masivu. Nérast zacal
az pocCas razenia stupiia, bez naznaku ustalovania.
Okrem bocnych deformdcii sa prejavilo aj sadanie
adeformécie v strope kaloty (obr. 6). Casti normalne-

ho profilu razené vo vystrojovacej triede VT 5/1 boli
zosilnené a prekotvené, pricom v STR bola pouZzita

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 6 Meraci konvergencny profil J3002
Fig. 6 Monitoring convergence profile J3002
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aj docCasna protiklenba kaloty. Protiklenbu kaloty bolo potrebné
aplikovat lokdlne aj v niidzovom zélive v oboch rurach. V nudzo-
vom zdlive NZ1 v JTR bolo taktieZ zosilnené ostenie strickanym
beténom a sietou a prekotvené. Po vyrazeni zalivu v STR navyse
vznikla pozdiZna trhlina v strope zdlivu v JTR, v ddsledku ¢oho
bolo potrebné zosilnit ostenie v predmetnom useku dopliujicim
ostenim zo striekaného beténu vystuZeného sietou a priehradovym
nosnikom hribky 25 cm. Reprofildcia tohto tseku sa zrealizovala
v celej dizke zilivu kompletnou vymenou ostenia v JTR.

Tieto udalosti mali samozrejme dopad na sekundirne ostenie.
Za ucelom overenia pevnostno-deformacnych vlastnosti hornino-
vého masivu a zataZenia v problematickych tsekoch razenia bola
spracovand spitnd analyza na zaklade vysledkov geotechnického
monitoringu. Spétnd analyza bola realizovand pomocou 2D a 3D
vypoctovych modelov pocitanych metédou kone¢nych prvkov. Po-
mocou 3D modelu boli postupnou kalibraciou stanovené geotech-
nické parametre v danej oblasti. Nasledne v 2D modeli boli namo-
delované postupy vystavby a vygenerované zataZenie pouZité pre
analyzu tnosnosti sekundarneho ostenia. Pre overenie primarneho
ostenia boli pouzité vypoctové softvéry Plaxis 2D a 3D. Overenie
sekundarneho ostenia je spracované v programoch Strap a Aténa
2D. Charakteristiky ziskané pomocou spétnej analyzy boli porov-
nané s charakteristikami odporic¢anymi v inZinierskogeologickych

. bod1 _ bod2  bod3
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tunnel walls in the technological class VT 5/1 were strengthened
and re-anchored, in addition a temporary lined invert vault in
the top heading was built in STR. The invert vault in the top
heading had to be also applied locally in the emergency bay in
both tubes. In the emergency bay NZ1 in the JTR, the lining was
also reinforced with shotcrete and mesh and re-anchored. After
the bay in STR was excavated, a longitudinal crack appeared in
the roof of the bay in JTR, as a result of which it was necessary
to strengthen the lining in this section with additional lining made
of shotcrete reinforced with a mesh and a 25cm thick lattice
girder. The reprofiling of this section was carried out along the
entire length of the bay by a complete replacement of the lining in
the JTR.

Of course, these events had an impact on the secondary lining.
In order to verify the strength-deformation properties of the rock
mass and the load in the problematic sections of the excavation,
a back analysis was performed based on the results of geotechnical
monitoring. The back analysis was carried out using 2D and 3D
computational models calculated by the finite element method.
Using the 3D model, the geotechnical parameters in the given
area were determined by gradual calibration. Subsequently, the
construction procedures were modeled in the 2D model, and the
calculated load was used for the analysis of the bearing capacity of

. bod4  bod5

__hodnota A

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 7 Vyhodnotenie vektora deformdcie v pozdlznom profile v JTR, ruZovou farbou vyznacené oblasti so zvySenymi hodnotami deformdcii
Fig. 7 Evaluation of the deformation vector in the longitudinal section in JTR, areas with increased deformations marked in pink
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. bod4  bod5 _ hodnotaA

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 8 Vyhodnotenie vektora deformdcie v pozdlznom profile v STR, ruzovou farbou vyznacené oblasti so zvysenymi hodnotami deformdcit
Fig. 8 Evaluation of the deformation vector in the longitudinal section in STR, areas with increased deformations marked in pink
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prieskumoch [4], [5]. Porovnanim vysledkov spitnej analyzy pre
useky s nadmernymi deformaciami bola zistena zhoda s charak-
teristikami odporicanymi v uvedenych prieskumoch pre druhy
horninového masivu DHM 3, DHM 5 a DHM 7/1 (pre tektonic-
ké poruchové zény). Opidtovnym vypoctom sekundarneho ostenia
nudzového zdlivu sa ukdzalo, Ze zmenou geotechnickych para-
metrov doslo aj k ndrastu vnutornych sil priblizne o 16-22 %.
Posudenie na medzny stav tnosnosti ako aj pouZivatelnosti vSak
preukazalo dostato¢nu kapacitu vystuzenia navrhnutého v ramci
stupfia DRS (vystuZenie typ 2). VSetky opisané oblasti st vyzna-
&ené v pozdiznom profile s vyhodnotenou vektorovou deforméci-
ou pre jednotlivé tunelové riry na obr. 7 a 8.

VETRACIE VRTY

Upraveny harmonogram priac na tuneli si vyziadal zaciatok
realizicie prac na sekunddrnom osteni v Case, kedy eSte ani jed-
na tunelova rura nebola prerazend. Razenie prebiehalo iba z vy-
chodného portalu, ¢o neumoZiovalo demontdz lutne a presme-
rovanie vetrania. Vyska nadlozia v predmetnej oblasti bola vySe
40 m a tak logickym rieSenim bolo vetranie pomocou vetracich
vrtov. Vrty boli navrhnuté priblizne v TM 3426 v JTR resp. TM
3408 v STR. Realizédcia vrtov prebiehala z povrchu, v kvartér-
nych zeminach s vypaznicou priemeru 1500 mm. Vftanie v skal-
nych hornindch pokracovalo bez vypaZnice s priemerom vitania
1360 mm. V poslednom kroku bola osadena ocelova rira priemeru
1200 mm, vyvedena 1,5 m nad terén. Priestor medzi rirou a vr-
tom bol vyplneny cementovou zalievkou. Na obr. 9 je zobrazené
napojenie ventilatora umiestneného v tunelovej rure na vetraci
vrt.

Toto rieSenie si vyziadalo aj Upravu razenia v danom useku.
Rozmery profilu boli zvédcSené s pouzitim priehradovych nosni-
kov z druhého stupiia nadvySenia pre razenie pod mikropilétovym
dazdnikom. Na zaklade vysledkov statického vypoctu, bolo po od-
straneni vrtov potrebné zrealizovat druht vrstvu primarneho os-
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tenia, ¢im vzniklo ,,dvojplastové” primarne ostenie. Druhd vrstva

Tuel

the secondary lining. Plaxis 2D and 3D calculation software were
used to verify the primary lining. Verification of the secondary
lining is processed in the programs Strap and Aténa 2D. The
characteristics obtained using the back analysis were compared
with the characteristics recommended in engineering geological
investigation [4], [5].

By comparing the results of the back analysis for the sections
with excessive deformations, a match was found with the
characteristics recommended in the mentioned investigation
for the types of rock mass DHM 3, DHM 5 and DHM 7/1 (for
tectonic fault zones). The recalculation of the secondary lining
of the emergency bay showed that the change in geotechnical
parameters also increased the internal forces by approximately
16-22%. However, the assessment of the ultimate limit state and
the serviceability limit state demonstrated the sufficient capacity
of the reinforcement (reinforcement type 2) as designed in the
DRS level of documentation. All described areas are marked in
the longitudinal profile with the evaluated deformation vector for
individual tunnel tubes in Fig. 7 and Fig. 8.

VENTILATION BOREHOLES

The modified schedule of the tunnel works required to start the
secondary lining works at a time when not a single tunnel had
been broken through. Excavation took place only from the eastern
portal, which did not allow dismantling the lute and redirecting the
ventilation. The height of the overburden in the subject area was
over 40m, so the logical solution was ventilation using ventilation
boreholes. The boreholes were designed approximately in TM
3426 in JTR or TM 3408 in STR. Drilling was carried out from
the surface, in quaternary soils with a 1500mm diameter casing.
Drilling in bedrock continued without the casing with a drilling
diameter of 1360mm. In the last step, a steel pipe with a diameter
of 1200mm was installed, towering over the ground by 1.5m.
The space between the pipe and the borehole was filled with

ventilator
axial fan lutnovy tah plast

plastic pipe

ventilator sieetppe
axial fan ¥ lutnovy tah plast
. plastic pipe
| lutnovy tah

steel pipe

<
. ocelova chranicka i
S

Obr. 9 Napojenie na vetracie vrty
Fig. 9 Connection to ventilation boreholes

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.
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druhd vrstva primarneho ostenia
second layer of primary lining

prva vrstva primarneho ostenia
first layer of primary lining

cement grout. Fig. 9 shows the
connection of the fan located
in the tunnel to the ventilation
borehole.

This solution also required
modification of the excavation
in the given section. The di-

|
|
|
| Yy v
|
|
|

v v mensions of the cross sec-
odstranenie chranicky vrtu UOIT We‘re lngreased l?y
removal of steel pipe lattice girders installed in

the increased roof space
required for driving under the
micropile umbrella. Based

on the results of the static
calculation, after the removal

of the boreholes, it
necessary to install a second
layer of primary lining,
resulting in a “double-layer”

was

druhd vrstva primameho ostenia
second layer of primary lining

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 10 Primdrne ostenie v mieste vetracieho vrtu
Fig. 10 Primary lining at the location of the ventilation borehole

ostenia bola nadimenzovana tak, aby preniesla zataZenie od vypl-
neného vrtu. Dodatocné zabezpecenie pozostiva zo striekaného
beténu hribky 30 cm vystuzeného ocelovymi sietami, priehrado-
vych nosnikov a dopliiujicej prutovej vystuze (obr. 10).

ZAVER

Projektovanie tunela Cebrat v upravenej trase prebieha od roku
2016, pricom aktudlne sa spracovava dokumentécia skuto¢nej re-
alizicie stavby a manudly uZivania. V novembri 2022 bola slav-
nostne prerazend juznd tunelovd rira. Severnd tunelova rira bola
uspesne prerazend o tri mesiace neskor. Problémy, ktoré sa vy-
skytli po€as razenia, poukazuji na to, Ze aj v ,,dobrej geologii*
sa neda vyhnut problematickym oblastiam. Takisto subeh r6znych
druhov préc si obcas vyZiada alternativne rieSenia.

Vdaka patri zhotovitelom tunela (OHLA 7S a.s., Slovenské
tunely a.s.) ako aj zastupcom ZdruZenia Cebrat (OHLA ZS a.s.,
Vahostav a.s.) za velmi dobrt a bezpochyby tspesnu spolupracu.
Podakovanie takisto patri aj zastupcom investora a stavebného do-
zoru. V sucasnosti eSte prebiehaju v tunelovych rdrach dokonco-
vacie prace (vozovka, nitery, montaz technoldgie a i.).

Ing. PETER BONA,
peter.bona@baslerhofmann.sk,

Ing. ALEXANDRA JACKOVA,
alexandra. jackova@baslerhofmann.sk,
Basler & Hofmann Slovakia s.r.o.

Recenzoval Reviewed by: Ing. Miloslav Frankovsky
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primary lining. The second
layer of lining was designed
to carry the load of the filled
borehole.  The
lining support consists of 30cm thick sprayed concrete reinforced
with steel mesh, lattice girders and additional reinforcement rebars
(Fig. 10).

additional

CONCLUSION

The design of the Cebrit tunnel along the modified route
has been ongoing since 2016, while the as-built construction
documentation and user manuals are currently being processed.
In November 2022, the southern tunnel was ceremonially broken
through. The northern tunnel tube was successfully broken
through three months later. The problems encountered during the
excavation show that even in “good geology” problem areas can
be encountered. Also, the concurrence of different types of work
sometimes requires alternative solutions.

Thanks go to the contractors of the tunnel (OHLA ZS a.s.,
Slovenské tunely a.s.) as well as to the representatives of the
Cebrat Joint Venture (OHLA ZS a.s., Vihostav a.s.) for a very
good and undoubtedly successful cooperation. Thanks also go to
the representatives of the investor and construction supervision. At
the moment, finishing works are still underway in the tunnel tubes
(road, coatings, installation of technology, etc.).
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Ing. ALEXANDRA JACKOVA,
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