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SEKUNDARNI OSTENI TUNELU POVAZSKY CHLMEC, KONSTRUKCNI
RESENI, PROVADENI A OSETROVANI
SECONDARY LINING OF THE POVAZSKY CHLMEC TUNNEL,
STRUCTURAL SOLUTION, CONSTRUCTION AND CONCRETE CURING

LIBOR MARIK

ABSTRAKT

Koncepce sekunddrniho osténi musi byt jasnd jeSté pred zahdjenim raZeb. V reZimu stavby ,,navrhni a postav“, kdy projektovd-
ni realizacni dokumentace probihd s minimdlnim predstihem pred realizaci a mnohdy dokonce paralelné, je domysleni vSech detai-
lii a provedeni optimalizace reseni sekunddrniho osténi zdkladnim predpokladem technicky i ekonomicky tispéSného provedeni dila.
Cldnek popisuje jednotlivé etapy projektovdni i realizace sekunddrniho osténi ddlnicniho tunelu Povazsky Chlmec od volby délky
bloku betondzZe a optimalizace blokového schématu, pres dimenzovdni osténi na zdkladé skutecné zastiZenych geotechnickych pod-
minek, zvldsini pripady bednéni hloubenych tunelii ve stredni stavebni jame aZ po problematiku vlastni betondZe vyztuZenych
i nevyztuZenych usekii osténi a jeho oSetfovdni po odbednéni. V dobé psani Eldnku jsou betondZe definitivniho osténi v obou tune-
lovych troubdch ukonceny a je mozZné rekapitulovat.

ABSTRACT

The concept of a secondary lining has to be clear before starting tunnel excavation oper-ations. In the “Design and Build” regi-
me, where the process of designing the construction means and methods takes place in a minimum advance of the realisation and
often even in parallel, thorough thinking out of all details and optimising the solution to the secondary lin-ing is a basic condition
for technically and economically successful execution of the works. The paper describes individual stages of designing and reali-
sing the secondary lining of the PovaZsky Chlmec tunnel, starting from the selection of the concrete casting block length and opti-
misation of the flow chart to structurally analysing the lining on the basis of actually en-countered geotechnical conditions, speci-
al cases of formwork for the cut-and-cover tunnels in the mid-point construction pit, up to the problems of casting concrete in the
reinforced as well as unreinforced lining sections and curing concrete after stripping of the formwork. At the time of writing this

paper the casting of the final lining concrete in both tunnel tubes is al-ready finished and it is possible to recapitulate.
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Zikladni informace o projektovdni a vystavbé tunelu
Povazsky Chlmec na délnici D3 v tseku Zilina (StriZov) — Zi-
lina (Brodno) poskytuje ¢ldnek uverejnény v Cisle 3/2015 Caso-
pisu Tunel. Vystavba tunelu pokratuje podle predpoklada
a v dobé vyddni tohoto ¢&isla je v obou tunelovych troubéach
dokonc¢ena betondz sekundarniho osténi. Dalsi prace v tunelu jiz
budou spojené s vystavbou kabelovodul, vozovky, chodniki
a vnitrniho vybaveni tunelu. Spravna volba typu konstrukce
a hospodarny ndvrh sekunddrniho osténi ovliviiuje vysi inves-
ti¢nich ndkladu stejné, jako optimalizace postupu razby tunelu,
nebo obecné §itka komunikace a volba pri¢ného fezu tunelu.
Proto jsou v ¢ldnku zminény faktory, které pfimo nebo nepiimo
ovliviuji ekonomiku ndvrhu sekundérniho osténi tunelu a mini-
malizuji rizika pfi provadéni i provozovani tunelu.

Vzhledem k reZimu vystavby ,,navrhni a postav* podle Zluté
knihy FIDIC je optimalizaci technického feSeni jak ve fazi pro-
jektu, tak realizace vénovdna mimorddnd pozornost. Sekun-
dérn{ osténi predstavuje vyznamnou &éast z celkové ceny dila,
pri¢em?z jeji vysi ovliviiuje i rychlost provadéni a minimalizace
rizik spojenych s moznymi vadami pfi vystavbe, které je nutné
v zdrucni dobé na ndklady zhotovitele sanovat. Betonaz prvni-
ho bloku osténi byla zahdjena 21. 12. 2015, posledni kubik
betonu byl do portdlového bloku uloZen 30. 11. 2016. BetondZz
osténi v celkové délce 4435,5 m trvala se dvéma bednicimi
vozy necely rok.

OPTIMALIZACE TECHNICKEHO RESENI

Realizace sekundérniho osténi tunelu pfichdzi v harmonogra-
mu praci na fadu aZ po vyhlouben{ a zaji§téni svaha stavebnich

INTRODUCTION

Basic information about designing and realising the con-
struction of the Povazsky Chlmec tunnel on the D3 motorway
in the Zilina (StraZov) — Zilina (Brodno) section is available
in a paper published in issue No. 3/2015 of TUNEL journal.
The tunnel construction proceeds according to the expectati-
ons, at the moment of the publication of this issue the casting
of the secondary lining concrete is finished in both tunnel
tubes. Other work in the tunnel will already be associated with
the construction of cableways, the roadway, walkways and
internal equipment of the tunnel. The correct selection of the
structure type and economical design of the secondary lining
influence the amount of investment costs in the same way as
the optimisation of the tunnel excavation procedure or, in
general, the roadway width and choice of the tunnel cross-sec-
tion geometry. For that reason the paper mentions the factors
which directly or indirectly influence the economy of the tun-
nel secondary lining design and minimise the risks encounte-
red during the construction and operation of the tunnel.

With respect to the “Design and Build” construction regime
according the FIDIC Yellow Book, the optimisation of the
technical solution carried out in the phases of designing as
well as realising the structures is paid special attention. The
secondary lining represents a significant proportion of the
total cost of the works, while its amount is affected even by
the speed of the works and the minimisation of the risks asso-
ciated with potential defects during the course of the con-
struction works which have to be made good during the war-
ranty period at contractor’s cost. Casting of the first block of
the concrete lining started on 21st December 2015; the last
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jam, vyrazeni tunelu a zaji$téni jeho stability primdrnim osténim
a provedenim hydroizola¢ni félie. Projektant realizacni doku-
mentace tunelu musi vSak myslet pfi ndvrhu technického feseni
komplexné a sekunddrnim osténim se zabyvat jiz na samém
pocdtku projekénich praci. Prvnim v poradi je ndvrh tvaru pric-
ného fezu tunelu, ktery vychdzi z geometrickych a geotechnic-
kych pozadavku. Ke geometrickym poZadavkim patii prede-
v3fm kategorie tunelu a prujezdny prufez.

V piipadé tunelu Povazsky Chlmec se jednd o kategorii tune-
lu 2T-8,0 a prujezdny prurez s vySkou 4,8 m podle STN
737507. Kategorii tunelu 2T-8,0 se rozumi dve tunelové trouby
s Sitkou vozovky mezi obrubniky 8 m, tj. dva jizdni pruhy
o Sifce 3,75 m a dva vodici prouzky o Sifce 0,25 m. Spole¢ne
s minimdln{ Sitkou chodniku 1 m jsou celkovd pozadovana
Sitka a vyska tunelu zakladnimi parametry pro navrh pri¢ného
fezu tunelu. Lic tunelového osténi je pfi tomto poméru vysky
a Sitky idedln¢ tvoren jedinou kruznici, nebot pravé tvar blizici
se kruhu ve vétsin¢ pripadi nejlépe vzdoruje horninovému
tlaku, md pozitivni dopad na prubéhy vnitinich sil v osténi
a pfimo souvisi s moznostmi jeho dimenzovani. VEtsi §itka
vozovky mezi obrubniky jiz vede bud k velkému vzepéti klen-
by v pripadé kruhového tvaru pri¢ného rezu, nebo ke staticky
nevyhodnému zplos§téni klenby v jeji horni ¢asti. To md v prv-
nim pripadé za ndsledek zvétSeni plochy vyrubu, ve druhém
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cubic metre of concrete was cast behind the formwork of the
portal block on 30th November 2016. The casting of the conc-
rete lining at the total length of 4435.5m using two travelling
tunnel formwork units lasted for less than one year.

OPTIMIZATION OF THE TECHNICAL SOLUTION

The construction of the secondary lining takes a turn on the
works schedule only after the completion of the excavation of
construction pits and stabilisation of their slopes, the comple-
tion of the tunnel excavation, stabilisation of the excavation
by the primary lining and installation of a waterproofing
membrane. Despite this fact, the author of the design of
means and methods has to think comprehensively when pro-
posing the technical solution and deal with the secondary
lining as early as the beginning of design work. First in line is
the proposal for the tunnel cross-sectional geometry, which is
based on geometrical and geotechnical requirements. Among
the geometrical requirements there are first of all the tunnel
category and the clearance profile.

In the case of the Povazsky Chlmec tunnel it is the 2T-8.0
category and the 4.8m high clearance profile according to the
STN 737507 standard. The tunnel category 2T-8.0 means two
tunnel tubes with the kerb-to-kerb width of 8m, i.e. two 3.75m
wide traffic lanes and two 0.25m wide marginal strips.
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Obr. 1 Porovndni puvodniho a optimalizovaného tvaru tunelu
Fig. 1 Comparison of the original and optimised tunnel geometry




pripadé vetsi namdhdni konstrukce. Spole¢nym jmenovatelem
obou pifpadu je negativni dopad do ceny dila.

Vzhledem k tomu, Ze stavba tunelu PovaZsky Chlmec probi-
hd v reZimu ,,navrhni a postav* podle zluté knihy FIDIC, doslo
v prvni fdzi optimalizace k tpravé tvaru pri¢ného fezu tunelu
s cilem minimalizace plochy vyrubu a vySe uvedenému zaoble-
ni klenby, jak ukazuje obr. 1. Sedy stav predstavuje tvar tunelu
ze zaddvaci dokumentace, Cerveny stav tvar tunelu po optima-
lizaci, kdy je lic osténi tvoren jedinou kruZnici o poloméru
5,35 m.

Sekundarni osténi se betonuje po blocich betonaze o délce
max. 12,5 m. V tunelu se kromé standardnich blokt betondze
pouze klenbového tvaru bez zvlaStnich tprav vyskytuji i dalsi
typy bloku s vyklenky na &isténi drendZe, vyklenky pozéarniho
hydrantu, vyklenky kabin SOS, vyklenky s prostupem do tune-
lovych propojek a bloky betondze v misté nouzovych zélivu.
Rozmistén{ téchto prvku v tunelu je svdzdno normami a pied-
pisy a vytvoreni optimélniho blokového schématu minimalizu-
je rizika provadéni i zjednoduSuje ddrzbu za provozu. Pro ridi-
&e znamend snaz§i orientaci v tunelu v pfipadé mimoradné udd-
losti. Spole¢nou snahou vSech ucastnika vystavby je proto
minimalizace po¢tu atypickych bloka betonéze.

Pro vzdélenosti vyklenku plati nasledujici pravidla:

vzdélenost vyklenkd na Cisténi drendZe max. 50 m;
vzdélenost vyklenkt poZdrniho hydrantu max. 150 m;
vzdélenost vyklenku kabin SOS max. 150 m;
vzdalenost nouzovych zdliva max. 750 m;
vzdalenost tunelovych propojek max. 300 m.

Vsechna tato ¢isla umoznuji s vyhodou pouZit blokové sché-
ma s délkou bloku betondZe bud 10 m, nebo 12,5 m. Z hledis-
ka minimalizace poctu do jisté miry rizikovych spar mezi bloky
betondze i z hlediska rychlosti vystavby je vyhodnéjsi pouziti
bloku betondze délky 12,5 m. Délka bloku betondZe 10 m se
pouzivd zpravidla u osténi z betonu odolného proti prusakiim
s ohledem na omezen{ vzniku trhlin v osténi. To vSak nenf pri-
pad tunelu Povazsky Chlmec, kde se s ohledem na prognézu
geotechnickych poméra spise o¢ekdvalo nasazeni nevyztuzené-
ho sekunddrniho osténi.

V prvni fazi optimalizace doslo ke sloucen{ vyklenku na Cis-
téni bo¢ni tunelové drendze, vyklenku pozdrniho hydrantu
a kabiny SOS do jednoho bloku betondZe. Dalsi zdsadou bylo
umisténi kabiny SOS vzdy proti dsti tunelové propojky
a v poloviné vzdalenosti mezi propojkami. Ridi¢ tak mé jisto-
tu, Ze v misté dniku do vedlejsi tunelové trouby najde i misto
s moznosti nahldSeni poruchy vozidla na tunelovy dispecink.
Diky zvétSeni délky bloku betondZe z 10 m na 12,5 m, sjedno-
ceni vyklenki a optimalizaci jejich vzdjemné vzddlenosti se
podafilo sniZit pofet nouzovych zdlivi ze 3 na 2, zmenSit
vyrazné pocet atypickych bloku betondZe s vyklenky a sjedno-
tit jejich délku tak, aby kromé portdlovych bloku betonaze
délky 12 m byly vSechny ostatni bloky délky 12,5 m. VSechny
vyklenky, véetné zadsténi tunelovych propojek, byly situovany
v ose bloku betondZe a kolmo na osu tunelu.

NRTM JAKO OBSERVACNI METODA
PRI NAVRHU SEKUNDARNIHO OSTENI

Novd rakouskd tunelovaci metoda (NRTM) je oznafovédna
jako observacni metoda, kterd umoznuje operativné reagovat
postupem razby a zpusobem zaji§téni stability vyrubu na sku-
te¢né zastizené geotechnické podminky. Pokud to spravné defi-
nované smluvni podminky dovoluji, jsou pfi razbé vynakladany
jen takové finanéni prostredky, které jsou z hlediska zajisteéni
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Together with the minimum width of 1m for the walkway, the
total required width and height of the tunnel are the basic para-
meters for the design of the tunnel cross-section. At this pro-
portion of the height to width, the contour of the inner surface
of the tunnel lining is ideally formed by a single circle, becau-
se of the fact that a shape approximating a circle in the majori-
ty of cases best resists the ground pressure, has a positive
impact on the variation of internal forces in the lining and is
directly related to the possibilities of designing the dimensions.
The greater kerb-to-kerb width results either to a great height of
the vault in the case of a circular geometry of the cross-section
or to statically disadvantageous flattening of the vault in its
upper part. As a consequence, the cross-sectional area of the
excavation increases in the first case, whilst the stress in the
structure is higher in the latter case. A negative impact on the
works cost is a common denominator of both cases.

With respect to the fact that the Povazsky Chlmec construc-
tion is carried out in the Design and Build regime according
to the FIDIC Yellow Book, the tunnel cross-section was chan-
ged in the first phase of optimisation with the objective to
minimise the excavated cross-sectional area and round the
vault as mentioned above (see Fig. 1). The grey state repre-
sents the tunnel geometry from the tender design, while the
red state represents the tunnel geometry after the optimisati-
on, where the internal surface of the lining is formed by
a single circle with the radius of 5.35m.

The casting of the lining concrete proceeds in casting
blocks with the maximum length of 12.5m. Apart from stan-
dard vaulted concrete casting blocks without special modifi-
cations, even other types of the blocks exist, namely blocks
with recesses for clearing the drainage, recesses for fire
hydrants, recesses for SOS cabins, recesses with openings to
tunnel cross passages and concrete casting blocks used in the
locations of emergency lay-bys. The arrangement of these ele-
ments along the tunnel length is determined by standards and
regulations and the creation of an optimal scheme minimises
the construction risks and simplifies maintenance without
interruption to traffic. For drivers it means easier orientation
in the tunnel in the case of an extraordinary event. For that
reason the minimisation of the number of atypical concrete
casting blocks is a common effort of all parties to the con-
struction.

The following rules are applicable to the spacing of recesses:

spacing of recesses for clearing drainage (manholes) max. 50m;

spacing of recesses for fire hydrants max. 150m;
spacing of recesses for SOS cabins max. 150m;
spacing of emergency lay-bys max. 750m;
spacing of tunnel cross passages max. 300m.

All of these figures allow for the advantageous use of
a block scheme with the concrete casting block lengths either
10m or 12.5m. From the aspect of the minimisation of the
number of the to some extent risky joints between concrete
casting blocks and from the aspect of the speed of constructi-
on it is more advantageous to use 12.5m long blocks. The 10m
length of the concrete casting block is usually applied to
lining concrete from the water seepage resistant concrete with
respect to the restriction on the creation of cracks in the
lining. But this is not the case of the Povazsky Chlmec tunnel,
where the application of unreinforced concrete secondary
lining was rather expected with respect to the predicted geo-
technical conditions.
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bezpecné razby a pii dodrzeni pozadované kvality provadéni
nezbytné nutné. V prabéhu raZeb je provddén geotechnicky
monitoring a kromé geotechnickych méreni je na kazdé Celbé
hodnocena i kvalita horninového masivu. Vysledky geotechnic-
kého monitoringu vSak neslouzi pouze pro optimalizaci razby,
ale i jako podklad pro dimenzovéani sekunddrniho osténi. Po
vyrazeni tunelu projektant vyhodnotil vysledky geotechnického
monitoringu a horninovy masiv v razené Casti tunelu rozdélil
z hlediska dimenzovéni sekundarniho osténi do tri geotechnic-
kych typua (kvazihomogennich celkt).

V nejhorSich podminkdch predev§im v oblasti zdpadniho
a vychodniho portdlu, nebo v misté tektonické poruchy mezi
stfednfi stavebni jamou a vychodnim portdlem byla pouZita ,,té7ka
vyztuz©. V lepSich geotechnickych podminkdch byla pouZzita
,lehkd vyztuz* a v misté dobrych geotechnickych podminek bylo
pouZzito nevyztuZené sekunddrni osténi. Bez ohledu na geotech-
nické podminky byly vZdy vyztuZeny bloky betondZe v misté
napojeni tunelovych propojek a v misté nouzovych zalivu.

Zvlastni pripad predstavuji useky tunelu razené pod Zelvou,
kde je tloustka sekunddrniho osténi zvétsena z 300 mm na min.
400 mm a osteéni je vyztuzené. S ohledem na skute¢né zastize-
né geotechnické podminky neni nikde v tunelu pouZit profil se
spodni klenbou a tunel je zaloZen na pasech. Pouze jediny blok
betondze v severni tunelové troub€ na vychodnim portile, ktery
je zatiZen vyrazné asymetrickym zatiZenim, je zaloZzeny z divo-
du nutného rozepreni zékladovych pdst na zédkladové desce.
NRTM je tak jako observacni metoda pouZita nejen k optimali-
zaci postupu razby tunelu a bezpe¢nému zajisténi vyrubu pri-
mérnim osténim, ale i v oblasti ndvrhu a dimenzovani sekun-
dérniho osténi.

PARAMETRY A TYPY KONSTRUKCI
SEKUNDARNIHO OSTEN(

Z hlediska konstrukéniho feseni je monolitické osténi tunelu
Povazsky Chlmec moZzné rozdélit na osténi hloubenych dsek
tunelu a tsekd raZenych bud pomoci NRTM, nebo raZenych
pod klenbovym zastropenim. Tento zpusob vystavby je zndmy
jako metoda Zelva. Zdsadni rozdil v technickém feSeni osténi
hloubenych a raZenych tunell je ve zpusobu napojeni klenby
tunelu na zdkladové pdsy a v tloustte konstrukce. V pripadé
hloubenych tunelt je vyztuZ zdkladovych pédst propojena
s vyztuzi klenby, v raZenych tsecich tunelu jsou zvlast vyztu-
Zeny zdkladové pasy a zvlast klenba tunelu s tim, Ze vyztuz
neni propojena. [ v raZzenych usecich tunelu s nevyztuZenym
osténim klenby jsou zdkladové pdsy vzdy vyztuZzené.

Nepropojovdni vyztuZe zdkladovych pdst a vyztuZe klenby
tunelu ma mnoho vyhod. Patfi k nim snadné provadéni bo¢nich
tunelovych drendZi i ukonceni hydroizola¢ni félie, sniZenf rizi-
ka poSkozeni hydroizola¢nf félie o tréici vyztuz, snaz§i montaz
vyztuze klenby ve vyztuZenych dsecich tunelu a lep§i mozZnost
rektifikace vyztuZze klenby neZz v pripadé provdzani s vyztuzi
zdkladového pésu. Na tunelu Povazsky Chlmec je osténi navr-
zeno ve trech zdkladnich tloustkdch. V hloubenych dsecich
tunelu je teoreticka tloustka konstrukce min. 600 mm, v dsecich
razenych pod Zelvou min. 400 mm a v razenych tdsecich tunelu
min. 300 mm. Jednd se o tloustku osténi ve vrcholu klenby,
kterd se smérem k bokum tunelu zvétiuje. Vnitini lic osténf je
ve vSech usecich geometricky shodny. Sekundérni osténi tune-
Iu razeného pod Zelvou na zdpadnim portdle ukazuje obr. 2.

Razba tunelu probihala v geologicky pestrém prostiedi od
zvétralych piskoveu aZ po velmi pevné slepence. Tomu odpo-
vidal zpusob rozpojovani horniny a délka zabéru. V mék&ich,
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In the first phase of the optimisation, the recess for clearing
the tunnel side drains, the recess for fire hydrant and the SOS
cabin were merged into one concrete casting block. Another
principle lied in locating the SOS cabin always across the
mouth of the tunnel cross passage and in the middle of the
distance between cross passages. Thus drivers can be sure that
they will find a place where they can report a vehicle defect
to the tunnel traffic management centre in the location of the
escape exit to the neighbouring tunnel tube. Owing to increa-
sing the concrete casting block length from 10 to 12.5m, mer-
ging the recesses and optimising their spacing, the number of
emergency lay-bys was successfully reduced from 3 to 2, the
number of atypical casting blocks containing recesses was
significantly reduced and their length was unified so that,
apart from 12m long portal blocks, all other blocks were
12.5m long. All recesses, including the mouths of tunnel cross
passages, were located in the middle of the concrete casting
block and were positioned perpendicularly to the tunnel cent-
re line.

THE NATM AS THE OBSERVATIONAL METHOD
APPLIED TO THE SECONDARY LINING DESIGN

The New Austrian Tunnelling Method (NATM) is described
as an observational method allowing for operative responding
to actually encountered geotechnical conditions by adjusting
the excavation procedure and the system of securing the sta-
bility of the excavation. If properly defined contract conditi-
ons allow it, only such financial means are expended which
are necessary from the aspect of ensuring safe excavation and
adhering to the required quality of works. Geotechnical moni-
toring is carried out during the course of the excavation and,
apart from geotechnical measurements, even the rock mass
quality is assessed at each heading. However, the results of
the geotechnical monitoring are used not only for the optimi-
sation of the excavation procedure, but also as source docu-
ments for designing dimensions of the secondary lining. After
the completion of the tunnel excavation the designer assessed
the geotechnical monitoring results and divided the rock mas-
sif in the mined part of the tunnel from the aspect of the struc-
tural analysis of the secondary lining into three geotechnical
types (quasi-homogeneous units).

“Heavy concrete reinforcement” was applied to the worst
conditions, first of all in the area of the western and eastern
portals or in the location of the tectonic fault between the mid-
point construction pit and the eastern portal. “Lightweight
concrete reinforcement” was applied to better geotechnical
conditions, whilst unreinforced secondary lining was used in
good geotechnical condition locations. Concrete casting
blocks in the locations of the connections of tunnel cross pas-
sages and in locations of emergency lay-bys were always rein-
forced, irrespective of geotechnical conditions.

The sections excavated under the “tortoise shell”, where the
thickness of the secondary lining is increased from 300mm to
the minimum of 400mm and the concrete is reinforced, are
special cases. With respect to the actually encountered geo-
technical conditions, profiles with an invert are not designed
and the tunnel is founded on footings. Only the concrete cas-
ting block behind the eastern portal of the northern tunnel
tube, which is loaded significantly asymmetrically, is founded
on a base slab with respect to the necessity for bracing the
footings. The NATM is used as an observational method not




Obr. 2 Sekunddrni osténi tunelu raZeného pod Zelvou
Fig. 2 Secondary lining of the tunnel excavated under the tortoise shell

tunelovym bagrem snadno rozpojitelnych hornindch, kde se
délka zaberu pohybuje do cca 1,5 m, se darilo pomérne presné
drzet projektovany teoreticky tvar vyrubu bez vét$ich nadvyru-
bu. U rozpojovani horniny pomoci trhacich praci s délkou zabé-
ru presahujici 3 m jiz dochazelo k technologicky i geologicky
podminénym nadvyrubum. Z hlediska rychlosti vystavby i ceny
dila je dulezité, do jaké miry je nutné takto vzniklé nadvyruby
vyplnit a zda jsou vyplnény draz§im a pomaleji aplikovatelnym
stifkanym betonem, nebo pri betondZi sekundédrniho osténi lev-
néj$im monolitickym betonem. Na tuto skutecnost zahrani¢n{
predpisy pamatuji [2] a podminka pro povolenou odchylku od
projektované tloustky sekundarniho osténi se objevila i v zada-
vaci dokumentaci ve ,, Zvldstnich technicko kvalitativnich pod-
minkdch“ (ZTKP). Monolitickym betonem sekundédrniho osté-
ni tak je mozné vyplnit nadvyruby az do hodnoty 100 % pro-
jektované tloustky sekundarniho osténi. V pripadé teoretické
tloustky osténi 300 mm muZe mit konstrukce skutenou tloust:
ku az 600 mm.

Tunel je izolovan pomoci mezilehlé hydroizolacni félie.
Protoze zdvazné predpisy [1] i pozadavky vyrobce hydroizo-
la¢n{ félie predepisuji maximdlni moZznou krivost povrchu pri-
madrniho osténi (pomér priméru nerovnosti k jeji vySce nesmi
byt mensi nez 10:1), tato podminka zdroven zaruCuje, aby se
tloustka sekundarniho osténi nemeénila skokem. To by mohlo
mit negativni vliv na vznik trhlin jak z davodu nerovnomérné-
ho otepleni pfi hydrataci betonu, tak z davodu rozdilné tuhosti
konstrukce. V pripadé nevyztuzeného osténi zadavaci doku-
mentace pripousti lokdlni oslabeni jeho tloustky o 50 mm v roz-
sahu maximalné 5 % povrchu pfislu§ného bloku betonéze.

Osténi hloubenych tsekd tunelu je s ohledem na zatiZeni
ndsypem a omezené moznosti bo¢niho rozepreni zdsypovym
materidlem navrZeno z betonu C30/37. Ze statického hlediska
by bylo mozné v raZenych tusecich tunelu osténi navrhnout
z betonu C25/30 a ve vétsi Cdsti tunelu to tak skutecné je.
Vyjimkou jsou priportdlové useky tunelu, ve kterych je zada-
vacimi podminkami i zdvaznymi predpisy [1] pozadovéano pou-
ziti betonu C30/37 XF4. Nazor na délku takto exponovaného
tseku se v prubéhu vystavby ménil. V zaddvacich podminkéch
byla pozadovédna délka tseku 150 m. PoZadavky ZTKP pro-
dlouzily délku dseku na 300 m a v revizi TKP26 z roku 2015 se
jiz objevuje délka 600 m od kazdého portdlu. Pro vystavbu
tunelu je postupovano podle ZTKP stavby, a to zejména s ohle-
dem na pouziti nevyztuZeného sekunddrniho osténi, kde by
pouziti betonu C30/37 s vyS§im obsahem cementu vedlo ke
zvyseni rizika vzniku trhlin.
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only for optimising the tunnel excavation procedure and safe
support of the excavation by a primary lining, but also in the
area of designing the secondary lining and its dimensions.

PARAMETERS AND TYPES OF SECONDARY LINING
STRUCTURES

From the structural solution point of view, the cast-in-place
lining of the Povazsky Chlmec can be divided into liners of
cut-and-cover tunnel sections and liners of sections excavated
using the NATM or excavated under a vaulted roof. The latter
construction technique is known as the “Tortoise Shell
Method”. The fundamental difference between the technical
solution to cut-and-cover and mined tunnels lies in the system
of connecting the tunnel vault to the footings and in the thick-
ness of the structure. In the case of cut-and-cover tunnels, the
concrete reinforcement of footings is interconnected with the
vault reinforcement, whilst in mined tunnel sections the foo-
tings and the tunnel vault are reinforced separately, without
interconnecting the reinforcement. The concrete of footings is
always reinforced, even in mined tunnel sections with unrein-
forced concrete vaults.

The system where the reinforcement of footings is not inter-
connected with the reinforcement of tunnel vaults has many
advantages. Among them there are the easy execution of tun-
nel side drains and termination of the waterproofing membra-
ne, as well as the reduction of the risk of damaging the mem-
brane by piercing with sticking up reinforcement bars, easier
installation of vault reinforcement in reinforced concrete sec-
tions of the tunnel and better possibility of rectifying the vault
reinforcement than in the case of the interconnection with the
reinforcement of footings. Three basic thicknesses are desig-
ned for the PovaZsky tunnel lining. In cut-and-cover sections
the minimum theoretical thickness of the structure is 600mm;
in sections excavated under the tortoise shell the minimum is
400mm and in mined tunnel sections the minimum is 300mm.
It is the thickness of the lining at the crown of the vault, which
grows toward the tunnel sides. The contour of the internal sur-
face of the lining is geometrically identical. The secondary
lining of the tunnel excavated under the tortoise shell at the
western portal is presented in Fig. 2.

The tunnel excavation proceeded through a geologically
variable environment, ranging from weathered sandstone up
to very hard conglomerates. The rock disintegration technique
and the length of excavation rounds corresponded to this fact.
In weaker rock easy to disintegrate by a tunnel excavator,
where the excavation round length fluctuates up to ca 1.5m,
the designed theoretical excavation contour was maintained
without larger overbreaks. In the case of the rock disintegrati-
on by means of blasting with the excavation round length
exceeding 3m, technologically and geologically conditioned
overbreaks already occured. It is important from the aspect of
the construction speed and the cost of the works to which
extent it is necessary to fill such overbreaks and whether they
are to be filled with more expensive shotcrete, the application
of which is slower, or they are to be filled with cheaper cast-
in-place concrete during the casting of the secondary lining
concrete. Foreign regulations remember this fact [2] and the
condition for the permissible deviation from the designed
thickness of the secondary lining appeared even in the tender
documents in the ,,Special technical and qualitative specifi-
cations“ (STQS). The overbreaks up to the value of 100% of
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Obr. 3 Vzddlenost portdlu severni trouby ve stiedni stavebni jamé
Fig. 3 The distance between portals in the mid-point construction pit

V oblasti stfedni stavebni jamy prechdzi obé tunelové trouby
z razenych useku do krdtkych hloubenych useku. V pripadé
severni tunelové trouby (STT) odpovidd délka hloubeného
dseku jednomu bloku betondze, tj. 12,5 m, jak ukazuje obr. 3,
na kterém je vpravo vidét Zelva jesté pred vybetonovdnim
sekundarniho osténi. V jizni tunelové troubé (JTT) odpovida
délka hloubeného dseku tfem blokum betondze, tj. 37,5 m.
Vzdalenost portdli JTT ukazuje obr. 4. Do stredni stavebni
jamy je situovana tunelova propojka a proti usti propojky do
tunelovych trub sdruzeny vyklenek pozdrniho hydrantu, kabiny
SOS a Sachty na Cisténi bo¢ni tunelové drendze. Z hlediska
rubového bednéni znamend prunik propojKky s tunelovymi trou-
bami i sdruzené vyklenky geometricky sloZity tvar.

Vzhledem k malé délce hloubenych tseku tunelu se zhotovi-
tel rozhodl nevyrabét systémové rubové bednéni, jaké je pouzi-
to na lici osténi ze strany dopravniho prostoru tunelu, a pouZzil
konstrukci vytvofenou z vyztuznych ramu, ocelovych siti a stif-
kaného betonu, kterd je oznacovdna jako ,faleSné primdrni
osténi“. Faze vystavby této konstrukce ukazuji obr. 5 a 6. Na
obr. 5 probihd montaz vyztuznych siti na prihradové nosné ramy
a upevnovani geotextilie na vnéjsi stranu konstrukce. Obr. 6
ukazuje fale$né primdrni osténi po provedeni prvni vrstvy
néstiiku betonu. Tato konstrukce byla pouzita i pro rubové bed-
néni jediného bloku betondZe hloubeného useku severni tune-
lové trouby na zdpadnim portéle. Jako prvni jsou postaveny pri-
hradové nosné ramy, které jsou vzdjemné zajistény rozpinkami

Obr. 5 MontdZ vyztuzZe faleSného primdrniho osténi
Fig. 5 Installation of the false primary lining concrete reinforcement

Obr. 4 Délka hloubeného iiseku jizni trouby ve stredni stavebni jamé

Fig. 4 The length of the cut-and-cover tunnel section in the mid-point con-
struction pit

the designed thickness of the secondary lining can be filled
with cast-in-place secondary lining concrete in this way. In
the case of the 300mm theoretical thickness of the lining the
actual thickness of the structure can reach up to 600mm.

The tunnel waterproofing is carried out using an intermedi-
ate waterproofing membrane. Because binding regulations [1]
and waterproofing membrane manufacturer’s requirements
prescribe the maximum allowable curvature of the primary
lining surface (the proportion of an irregularity to its height
must not be less than 10:1), this condition at the same time
secures that the secondary lining thickness does not change by
jump. It could negatively influence the origination of cracks
both due to uneven heating during the concrete hydration pro-
cess and the different stiffness of the structure. In the case of
the unreinforced lining the tender design accepts the local
reduction of its thickness by 50mm within the maximum
extent of 5% of the surface of the respective casting block.

The C30/37 concrete grade is designed for the lining of cut-
and-cover sections of the tunnel with respect to the loads
generated by embankments and the limited possibilities of
bracing the sides with the backfill material. From the structu-
ral point of view it would be possible to propose concrete
grade C25/30 for mined tunnel sections and it really is so in
a larger proportion of the tunnel length. The portal sections of
the tunnel where the use of C30/37 XF4 grade concrete is
required by the tender conditions and binding regulations [1]
are exceptions. The opinion on the length of such an exposed
section varied during the construction works. The tender con-
ditions required the section length of 150m. The STQS condi-
tions increased the length of the section to 300m and the
length of 600m from each portal appeared in the Technical
Specifications from 2015. The length specified in the STQS is
applied, first of all with respect to the application of the unre-
inforced secondary lining concrete, where the application of
C30/37 grade concrete with a higher content of cement would
lead to increased risk of the creation of cracks.

In the area of the mid-point construction pit both tunnel
tubes pass from mined sections to short cut-and-cover secti-
ons. In the case of the northern tunnel tube (NTT), the length
of the cut-and-cover section corresponds to the length of one
concrete casting block, i.e. 12.5m, as shown in Fig. 3, where
the tortoise shell can be seen even before the secondary lining
concrete was cast. In the southern tunnel tube (STT), the
length of the cut-and-cover section corresponds to the length




Obr. 6 Prvni ndstrik betonu falesného primdrniho osténi
Fig. 6 Application of the initial shotcrete layer of the false primary lining

Vv,

a vnéjsi vrstvou siti KARI. Na vrstvu siti se pripevni ocelové
pletivo B-SYSTEM, nebo geotextilie, aby bylo mozné provést
néstiik betonu.

Prvni vrstvou stifkaného betonu se vytvori skofepina, na kte-
rou se postupné nanaseji dalSi vrstvy stiikaného betonu. Po
navazani druhé, vnitini vrstvy siti se provede dostfikani kon-
strukce do projektované tloustky 300 mm, jak ukazuje obr. 7.
PouZitim vyztuZnych rdmu, siti a stiikaného betonu se podafilo
vymodelovat vSechny sloZité prostupy i vyklenky hloubenych
tuneld. Na vytvorené fale$né primdrni osténi se upevni hydroi-
zolacni f6lie, smontuje se samonosnd vyztuz sekundarniho
osténi a pro bednénf lice osténi je pouZit stejny bednici viz,
jako v razenych udsecich tunelu. Pohled na faleSné primarni
osténi v misté kiiZeni s tunelovou propojkou ukazuje obr. 8.

Pri ndvrhu technologického postupu praci je nutno zohlednit
tnosnost falesného primdrniho osténi na zatiZeni zasypem
i smési betonu pri betonazi osténi tunelu. V pripadé hloubené-
ho dseku na zapadnim portdle byl zasyp proveden predrcenou
rubaninou z tunelu. Z hlediska tnosnosti bylo faleSné primarn{
ostén{ zasypdno jen do cca 3 m, horni ¢4st klenby falesného pri-
marniho osténi bylo nutné vzhledem k zatiZeni betonovou
smési rozeprit do stén stavebni jamy. Fale$né primarni osténi na
zdpadnim portdle ukazuje obr. 9, ze kterého je patrnd konstruk-
ce osténi, troven zdsypu i ocelové prevazky pro rozepreni kon-
strukce pri betondZi sekundarniho osténi.

V pripadé stfedni stavebni jamy se v prvni fazi rovnéz predpo-
klddalo zasypdani rubaninou. Od pocatku stavby vSak vzbuzovala
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of three concrete casting blocks, i.e. 37.5m. The distance bet-
ween the STT portals is presented in Fig. 4. A tunnel cross
passage is located in the mid-point construction pit and the
combined recesses for the fire hydrant, SOS cabin and tunnel
side drainage clearing manhole are located across the mouths
of the cross passage to the tunnel tubes. From the aspect of the
external formwork, the intersection of the cross passage with
tunnel tubes and the combined recesses represent a complex
geometrical shape.

With respect to the small depth of the cut-and-cover tunnel
sections, the contractor decided not to produce the external
formwork system which is used for the lining installed from
the side of the tunnel roadway space. Instead they used
a structure formed from support frames, welded mesh and
shotcrete, which is labelled as a “false primary lining”. The
phases of the construction of this structure are shown in
Figures 5 and 6. The installation of welded mesh on lattice
girders and the geotextile is fixed on the external side of the
structure in Fig. 5. Fig. 6 presents the false primary lining
after the application of the first layer of shotcrete. This struc-
ture was used even for the external formwork of the only
concrete casting block of the cut-and-cover section of the
northern tunnel tube at the western portal. In the first step the
lattice girders are erected. They are secured by braces and an
external layer of KARI mesh. B-system steel fabric or geo-
textile is fixed on the mesh layer so that the application of
shotcrete is possible.

The initial shotcrete layer creates a shell, which is subsequ-
ently, step by step, covered with other layers of shotcrete.
When the installation of the second, inner layer of mesh is
finished, concrete is sprayed up to the full designed thickness
of 300mm, as shown in Fig. 7. All complicated openings and
recesses in cut-and-cover tunnels were successfully modelled
by using lattice girders, mesh and shotcrete. Subsequently the
waterproofing membrane is fixed to the false formwork, the
self-supporting reinforcement of the secondary lining is
assembled and the same tunnel form traveller is used for for-
ming the inner surface of the lining as that used in the mined
tunnel sections. A view of the false primary lining at the inter-
section with a tunnel cross passage is presented in Fig. 8.

When the method statement for the work is being designed,
it is necessary to take into account the load-bearing capacity
of the false primary lining loaded by the backfill and concre-
te mixture during pouring of the tunnel lining concrete. In the

Obr. 7 Lic falesného primdrniho osténi po dostiikdni betonu
Fig. 7 Internal surface of the false primary lining after completion of spraying
concrete

Obr. 8 Fale$né primdrni osténi v misté napojeni tunelové propojky
Fig. 8 False primary lining in the location of the connection of the tunnel
cross passage
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Obr. 9 Zasyp a prvky rozepreni pred betondzi sekunddrniho osteni
Fig. 9 Backfill and bracing elements before casting of secondary lining concrete

obavy moZnost obtizné odhadnutelnych piitoku vody do staveb-
ni jamy jednak z ddoli nad jémou, jednak z okolnich svahu.
Hydrotechnické vypocéty na normové hodnoty desté provadéné
v souvislosti s dimenzovanim odvodnéni jamy po dobu vystavby
tyto obavy potvrdily. Zdplavy spojené s privalovymi desti, které
oblast v prubéhu vystavby postihly, viak ukazovaly, Ze skutec-
nost muze byt jeSté mnohem hor$i neZ normové vypolty.
Vzhledem k destnikovému systému hydroizolace by nepredsta-
voval hydrostaticky tlak bezprostfedni ohroZeni statické funkce
osténi, doslo by vSak ke znaénému zvySeni piitokt vody do tune-
lovych drendZi s nebezpecim vyluhovéani jemnych ¢astic ze zdsy-
pového materidlu. Proto navrhl projektant realiza¢ni dokumenta-
ce po dohodé se zhotovitelem zaplaven{ stavebni jamy do vysky
vrcholu klenby tunelu popilkem, coZ oblast hloubenych tunelt
utésni a prosakujici povrchovou vodu prevede pres stavebni
jdmu tdolim dolt tak, jako pred vyhloubenim stavebni jamy.

Po kladném projednani navrhu se zastupci investora zacaly pri-
pravy na zaplavovani stavebni jamy popilkem. Je$t¢ pred zahdje-
nim praci se v8ak priroda postarala o redlnou simulaci vyse popi-
sovaného stavu. Ve stavebni jame bylo provedeno fale$né primér-
ni ostén{ a jama byla pro potfeby zaplavovani prehrazena tésnymi
prepdzkami. V tomto okamziku pfiSel piivalovy dést’a voda sté-
kajici ddolim i protékajici sutovymi kuZzely na svazich okolnich
hor vyplnila prostor mezi faleSnym primarnim osténim a svahy
stavebni jamy zhruba do vySky 4 m, jak ukazuje obr. 10. Pokud
by jiz byly nainstalovdny drendze, proniklo by toto obrovské
mnozstvi vody do drendzniho systému tunelu a odtékalo smérem
k zdpadnimu portdlu. V pfipadé zasypéni stavebni jamy vysoce
propustnou rubaninou by se tato situace opakovala pii kazdém
privalovém desti, nebo v obdobf jarniho tani. Ndhoda ukdzala, ze
mySlenka utésnéni stavebni jamy popilkem je spravna.

= L o= A

Obr. 10 Zaplaveni stiedni jamy po privalovém desti
Fig. 10 Flooding of the mid-point construction pit after torrential rains
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case of the cut-and-cover tunnel at the western portal, crus-
hed muck from the tunnel was used for backfilling. With res-
pect to the load-bearing capacity, the false primary lining was
backfilled only up to the level of ca 3m and it was necessary,
taking into consideration the load induced by the concrete
mixture, to brace the upper part of the false primary lining
vault against the walls of the construction pit. The false pri-
mary lining at the western portal is presented in Fig. 9. The
lining structure, the backfill level and the steel walers allo-
wing the bracing of the structure during the casting of the
secondary lining concrete.

In the case of the mid-point construction pit, backfilling
with muck was also planned for the first phase. However, the
possibility of hard-to-guess water inflows to the construction
pit from the valley above the pit and from surrounding slopes
gave rise to concerns from the beginning of the works. The
hydrotechnical calculations using standardised precipitation
rate values which were conducted in the context of designing
the construction pit drainage during the course of the con-
struction confirmed the concerns. However, the flooding
associated with torrential rains which affected the area during
the course of the construction indicated that the reality could
be much worse than according to standardised calculations.
With respect to the umbrella-type waterproofing system, the
hydrostatic pressure did not represent a major threat to the
structural function of the lining, but the water inflows to tun-
nel drainage would significantly grow, with the danger of
leaching of fine particles from the backfill material. For that
reason the author of the design of means and methods, in
agreement with the contractor, proposed flooding of the con-
struction pit with fly ash up to the level of the top of the tun-
nel vault. This measure would seal the area of the cut-and-
cover tunnels and would transfer the seeping surface water
over the construction pit, down the valley, as it flew before
the excavation of the construction pit.

After a positive discussion of the proposal with representa-
tives of the project owner, preparations for flooding the con-
struction pit with fly ash commenced. But the nature took
care of the real simulation of the above-mentioned state even
before the commencement of the work. The false primary
lining was completed in the construction pit and sealed bulk-
heads were carried out in the pit for the needs of flooding. At
this moment a torrential rain arrived and water flowing down
the valley and through talus cones on the slopes of surroun-
ding mountains filled the space between the false primary
lining and the slopes of the construction pit approximately up
to the level of 4m, as shown in Fig. 10. If the installation of
the drains had been finished, this huge amount of water
would have got into the tunnel drainage system and would
have been drained away toward the western portal. In the
case of filling the construction pit with the highly permeable
muck, this situation would be repeated during each torrential
rain or during the spring thawing period. An accident showed
that the idea of sealing the construction pit with fly ash was
good.

It was necessary for the determination of the time schedu-
le for flooding to know the fly ash strength build-up rate
because the false primary lining structure was not able to
transfer the hydrostatic pressure without taking the gradual
setting of individual fly ash layers into account. When the
proposal was being prepared, it was based on the assumption
that the fly ash would reach the strength of 0.3MPa and
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Pro stanoveni ¢asového postupu zaplavovani bylo nutné znét 3MPa after two days and 28 days, respectively. Under these
nabeh pevnosti popilku v ¢ase, protozZe zatizeni hydrostatickym assumptions, the maximum rate of 0.5m per day was prescri-
tlakem bez zohlednéni postupného tuhnuti jednotlivych vrstev bed for flooding the pit. The method statement permitted the
popilku nebyla konstrukce falesného primarniho osténi schop- maximum contingent asymmetry between flooding of the
na prenést. Pfi ndvrhu se vychézelo z predpokladu, Ze popilek right-hand and left-hand parts of the structure of 0.5m. It was
dosdhne po dvou dnech pevnosti 0,3 MPa a po 28 dnech 3 MPa. further proved by a structural analysis that, with respect to
Za téchto predpokladii byla predepsdna maximdlni rychlost the loads on the lining of the cut-and-cover tunnels by conc-
zaplavovdni jémy 0.5 m/den. Pfipadnou nesymetrii zaplavova- rete mixture, it was necessary to flood the construction pit up
ni mezi pravou a levou &asti konstrukce pripoustél technolo- to the level of 2.5m above the bottom, thus to support the
gicky postup praci max. 0,5 m. Statickym vypoctem bylo dale false primary lining. The working phases of the gradual flo-
prokdzéno, Ze s ohledem na zatiZzeni betonovou smési osténi oding of the construction pit with fly ash are presented in
hloubenych tuneld je jdmu nutno zaplavit a tim fale$né primér- Figures 11 and 12. When the casting of the lining concrete of

ni osténi podeprit min. do vysky 5,5 m nad jejim dnem.
Pracovni faze postupného zaplavovani stavebni jamy popilkem
ukazuji obr. 11 a 12. Po vybetonovani osténi hloubenych tune-
14 zaplavovéni pokracovalo min. do drovné vrcholu klenby dél-
ni¢nich tunelu.

the cut-and-cover tunnels was finished, the process of floo-
ding continued minimally up to the level of the top of the
vault of the motorway tunnels.

CONCRETE REINFOREMENT SYSTEM AND CASTING
OF LINING CONCRETE

With the exception of atypical concrete casting portal
blocks, the concrete of all tunnel blocks is poured behind
12.5m long traveller formwork. A proposal for a correct
concrete formulae is the first step to success. It has to cor-
respond to the tunnel lining specifics. Other requirements are
imposed on concrete for cut-and-cover tunnels, other ones on
reinforced concrete liners, other on unreinforced linings of
mined tunnels. An important role in this field is played by the
build-up of strength during the initial phase after casting the
concrete and the development of hydration heat. Portal conc-
rete casting blocks are not at all supported after stripping of
the formwork and the concrete is always reinforced. The
design prescribed the stripping strength of 10MPa at the top
of the vault so that the self-supporting capacity of the struc-
ture is guaranteed and the bond between concrete and steel is
not corrupted or excessive deformations do not develop.

A better situation from the aspect of boundary conditions
can be expected in the case of cut-and-cover tunnels where
concrete is cast behind a false primary lining which is braced
by muck backfill or even flooded with fly ash. In this way of
bracing the cut-and-cover tunnels are already approaching
the boundary conditions in the mined sections of the tunnel,
where the lining vault is “inserted” into the primary lining,
respectively into the excavated opening, along the entire cir-
cumference. According to the conditions of the tender
MR design, the casting of secondary lining concrete is permitted
po at the moment when the rate of the primary lining deformati-
ons does not exceed 2mm per month. The stripping strength
of 6MPa at the top of the vault is prescribed for the reinfor-
ced concrete lining of mined tunnel sections, whilst the mini-
mum stripping strength of 4.5MPa had to be applied accor-
ding to the TKP26/2015 specifications to unreinforced conc-
rete linings despite the fact that the project STQS permitted
: the stripping strength of 3MPa. According the Austrian regu-
mn . 5 lation [2] this value is already identified as risky from the
aspect of the creation of cracks. It recommends the strength
value within the interval between 2MPa up to 3MPa.

4% The secondary lining concrete casting rate varies between
: 4 to 5 blocks per week (7 days), i.e. 50m to 62.5m of the tun-
B ' : FERORY nel. The most complicated element of the formwork is a spe-
= cial extension of the traveller form in the location of an emer-
gency lay-by. This so-called “backpack” is assembled in the

ZPUSOB VYZTUZOVANI A BETONAZ OSTENI

Kromé atypickych portdlovych bloku betonédZe jsou vSechny
bloky tunelu betonovany do posuvného bednéni délky 12,5 m.
Névrh spravné receptury betonu je prvnim krokem k tdspéchu
a musi odpovidat specifikim tunelového osténi. Jiné naroky
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Obr. 11 Prvni fdze zaplavovdni stredni jamy popilkem
Fig. 11 First phase of flooding of the mid-point construction trench with fly ash
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Obr. 12 Zaplaveni faleSného osténi pod vrchol klenby tunelové propojky

Fig. 12 Flooding the false lining under the top of the tunnel cross passage vault

jsou kladeny na beton hloubenych tunelu, jiné na vyztuZené,
jiné na nevyztuZené osténi raZenych tuneld. Vyznamnou roli
pfitom hraje nérust pevnosti v pocdtedni fdzi po betondZi
a vyvin hydrata¢niho tepla. Portdlové bloky betondZe nejsou po
odbednéni ni¢im podepreny a jsou vidy vyztuZeny. Aby byla
po odbednéni zaruena samonosnost konstrukce a nedoslo vli-
vem deformace k poruseni soudrznosti mezi betonem a oceli
nebo nedoslo k nadmérné deformaci, byla projektem stanovena
odbednovaci pevnost ve vrcholu klenby na 10 MPa.

Lepsi situaci z hlediska okrajovych podminek lze ocekavat
u hloubenych tunelii betonovanych do fale$ného primérniho
osténi rozepreného zdsypem z rubaniny nebo dokonce zaplave-
ného popilkem. Timto zpusobem rozepieni se jiz konstrukce
hloubenych tunelt bliZi okrajovym podminkdm v raZenych
usecich tunelu, kdy je klenba osténi po celém obvodé uloZena
do primarniho osténi, resp. do vyrubu. Betonaz sekundarniho
osténi smi byt podle poZzadavki zaddvacich podminek zahdje-
na v okamziku, kdy rychlost deformace primarniho osténi
neprekro¢i 2 mm/mésic. Pro vyztuZené osténi raZenych tseka
tunelu je predepsdna odbednovaci pevnost ve vrcholu klenby
6 MPa, pro nevyztuzené osténi bylo nutné podle TKP26/2015
pouzit odbednovaci pevnost min. 4,5 MPa, ackoli ZTKP stav-
by pripoustély odbednovaci pevnost min. 3 MPa. Podle rakous-
kého predpisu [2] je tato hodnota jiz oznaCena jako rizikova
z hlediska vzniku trhlin a doporucuje hodnotu pevnosti v inter-
valu mezi 2 MPa aZ max. 3 MPa.

Rychlost betondze sekunddrniho osténi se pohybuje 4 az 5
bloku za tyden (7 dni), coZ predstavuje 50 m aZ 62,5 m tunelu.
Nejkomplikovanéj$im prvkem bednéni je specidlni ndstavba
bedniciho vozu v misté nouzového zdlivu. Tento tzv. ,,ruksak* je
v zdlivu smontovdn po montdZi samonosné vyztuze a po prijez-
du bednictho vozu do zdlivu je k nému pripevnén. Nouzovy zdliv
Sitky 14,5 m a vySky témérf 9 m je v misté zausténi tunelové pro-
pojky nejndro¢néj$im mistem jak z hlediska bednéni, tak i z hle-
diska montdze vyztuze. Do néj se v ose bloku betondze zatstuje
tunelovd propojka o §ifce 6 m a vySce 5,2 m. Na obr. 13 je samo-
nosnd vyztuz nouzového zdlivu se zadsténim do tunelové pro-
pojky a vynechanim vyztuze v mist¢ Cela bloku betondze.
Vpravo stoji nastavec bedniciho vozu pro bednéni zélivu.

Zvlastni kapitolou v postupu betondze osténi jsou chranicky,
které slouZi pro vedeni kabeld k jednotlivym prvkum technologic-
kého vybaveni tunelu. Chranicky jsou nejvyse v trojicich vedeny
z kabelovych Sachet umisténych pod tunelovym chodnikem do
osténi bo¢nich stén tunelu. Chranicky jsou ve vyztuZenych dse-
cich tunelu upevnény na vyztuz osténi. V nevyztuZenych dsecich
tunelu jsou upevnény k specidlné instalovanym ocelovym ra-
mum. Alternativné je mozné chrani¢ky umistit do ,,rukdvu*

emergency lay-by after the installation of the self-supporting
reinforcement and is mounted on the traveller formwork
after its arrival. The 14.5m high and nearly 9m wide emer-
gency lay-by at the mouth of the tunnel cross passage is the
most complicated place both from the aspect of formwork
and from the aspect of the installation of concrete reinforce-
ment. The 6m wide and 5.2m high mouth of the tunnel cross
passage is connected to the lay-by on the block axis. The
self-supporting reinforcement of the emergency lay-by with
the connection to the tunnel cross passage and the reinforce-
ment omitted in the location of the casting block stop end is
presented in Fig. 13. The traveller lay-by formwork extensi-
on piece stands on the right side.

A special chapter in the lining concrete casting procedure
is dedicated to protective pipes used for cable lines leading
to individual elements of the tunnel equipment. The protecti-
ve pipes are led at the most in triads from cable shafts placed
under the surface of tunnel walkways and run in the lining
around the whole circumference of the tunnel. In the reinfor-
ced concrete tunnel sections the protective pipes are fixed to
the lining concrete reinforcement. In unreinforced concrete
tunnel sections they are fixed to specially installed steel fra-
mes. It is alternatively possible to place the protective pipes
into waterproofing membrane “sleeves” torched on the tun-
nel waterproofing layer. In this way the quantity of concrete
reinforcement is further minimised.

UNREINFORCED CONCRETE LINING, DESIGN
AND CONTRACTUAL RELATIONSHIPS

Unreinforced concrete secondary lining has a long tradition
in Slovakia. It was already used at the first motorway tunnel
driven using the NATM, the 4975m long Branisko tunnel,
which was opened to traffic in 2003. The geotechnical condi-
tions encountered along the route of both tunnel tubes allo-
wed for using unreinforced concrete linings even in the
Povazsky Chlmec tunnel, in sections featuring minimum
deformations and good quality ground conditions. The condi-
tion survey of each excavation face was carried out in each
excavation round during the course of the tunnel excavation,
with drawing the dips of geological layers and their interfa-
ces, describing water inflows and their yields and describing
the quality of the ground mass encountered. In the NTT and
STT, 894 headings and even 1112 headings, respectively,
were documented in this way in the top heading. According to
the tunnel chainage, the corresponding condition survey was
assigned to the secondary lining concrete casting blocks and




Obr. 13 Samonosnd vyztuz a bednéni nouzového zdlivu
Fig. 13 Self-supporting reinforcement and formwork of an emergency lay-by

z hydroizola¢ni félie natavené na tunelovou izolaci. Tim se déle
minimalizuje mnoZzstvi vyztuze v osteéni.

NEVYZTUZENE OSTENI, PROJEKT, PROVADENI
A SMLUVNI VZTAHY

Nevyztuzené sekunddrni osténi mé na Slovensku dlouholetou
tradici a bylo pouzito jiz na prvnim ddlnicnim tunelu raZzeném
pomoci NRTM, tunelu Branisko délky 4975 m, uvedeném do pro-
vozu v roce 2003. Geotechnické poméry zastizené v trase obou
tunelovych trub umoznily i v tunelu Povazsky Chlmec v dsecich
s minimdlnimi deformacemi vyrubu a kvalitnim horninovym pro-
stfedim pouZiti nevyztuzeného osténi. Pfi razbe tunelu byla v kaz-
dém zabéru provddéna pasportizace elby se zakreslenim sklonu
geologickych vrstev a rozhrani, popisem pritoku vody a jejich
vydatnosti a popisem kvality zastizenych hornin. V severni tune-
lové troubé bylo timto zpusobem v kalot€ tunelu zdokumentova-
no 894 Celeb, v jizni tunelové troubé dokonce 1112 Celeb. Podle
tunelového stani¢eni byla odpovidajici pasportizace eleb prifaze-
na blokim betondZe sekundérniho osténi a razend &ést tunelu roz-
délena na kvazihomogenni celky.

O pouziti nevyztuZzeného osténi rozhodl projektant realizacni
dokumentace na zdkladé vyhodnoceni kvality masivu v daném
bloku betondZe, podle vysledki méfeni deformace vyrubu
a vysledku statickych vypoctu. V jizni tunelové troubé s délkou
razeného dseku 2120,5 m je nevyztuzené osténi pouZito v celkové
délce 1262,5 m (59,5 %), v severni tunelové troubé s délkou raze-
ného dseku 2200 m je nevyztuzené osténi pouZito v celkové délce
1325 m (60,2 %).

Na rozdil od Zelezobetonu, kde je mozné vznik trhlin regulovat
zpusobem vyztuZeni prufezu, jsou u prostého betonu néstroje
k omezeni vzniku i vyvoje §itky trhlin znaéné omezené. Jedn4 se
o vhodny ndvrh betonové smési, spravny technologicky postup
provadéni a vhodné zvoleny okamzik odbednéni a oSetfovani
betonu po odbednéni. Nédvrh betonové smési je znaéné zavisly na
moZnosti vyuZiti mistnich zdroju a vyladéni receptury po stréance
reakce cementu a chemickych prisad. V pripadé betonu pevnostni
tiidy C25/30 XF2 se podafilo Ing. Mikovi z firmy Beton Bohemia
nalézt recepturu s pozadovanym hydrataénim teplem i narustem
pevnosti betonu v pocatecni fazi po betondzi. V pripadé betonu
C30/37 XF4, ktery je predepséan do vzdalenosti 300 m od portélu,

Opatfenim k omezeni vzniku trhlin byla vénovédna pozornost
zejména ve fazi po odbednéni pii oSetrovani konstrukce proti
tepelnému Soku a vysychdni. Jako zdsadni se ukdzalo rozhodnut{
zhotovitele pouZit pro omezeni tepelného Soku oSetfovaci viz
délky 25 m (dva bloky betondZe), ktery je taZen bezprostredné za
bednicim vozem a chrani konstrukci v okamziku, kdy hydratacn{
teplo dosahuje maximélnich hodnot. O3etiovaci viiz tvorii ocelova
konstrukce, na kterou je pripevnéna tepelné izolacni félie. Na

26. rocnik - €. 172017

the mined tunnel section was divided into quasi-homogene-
ous units.

The author of the design of means and methods decided on
the use of the unreinforced concrete lining on the basis of the
assessment of ground mass quality in particular concrete cas-
ting blocks, according to the results of measurements of
deformations of the excavated opening and results of struc-
tural analyses. In the STT, where the mined section is
2120.5m long, the unreinforced concrete lining is used at the
total length of 1262.5m (59.5 %), in the NTT, where the
mined section is 2200m long, the unreinforced concrete
lining is applied to the total length of 1325m (60.2 %).

In contrast with reinforced concrete, where the origination
of cracks can be regulated by the design of the cross-section
reinforcement, the tools for restricting the origination and
development of the width of cracks are significantly limited.
They comprise an appropriate design of concrete mixture,
a correct technological procedure of works, an appropriately
chosen moment of stripping and curing the concrete after
stripping. The concrete mixture design is significantly
dependent on the possibility of using local sources and
tuning the formulae from the aspect of the reaction of cement
and chemical agents. In the case of the C25/30 XF2 concrete
grade, Ing. Mika from Beton Bohemia managed to find for-
mulae with required hydration heat and concrete strength
build-up in the initial phase after casting the concrete. In the
case of the C30/37 XF4 concrete grade, which is prescribed
up to the distance of 300m from the portal, the situation was
more complicated due to the necessary amount of cement.

Measures designed to restrict the origination of cracks
were paid attention mainly in the phase after stripping the
formwork, during curing of the concrete structure designed
to prevent thermal shocks and drying out. Contractor’s deci-
sion to use a 25m long concrete curing travelling scaffold
which was towed immediately behind the traveller formwork
and protected the structure at the moment when the heat of
hydration reached maximum values, turned out to be crucial.
The concrete curing travelling scaffold is formed by a steel
structure with a thermally insulating membrane attached to
it. At the beginning, in the middle and at the end of the scaf-
fold there are inflatable collars installed around the whole
circumference (see Fig. 14). When the curing scaffold setting
is finished, the collars are inflated, thus the space between
the thermally insulating membrane and the tunnel lining is
sealed. The microclimate created in this way protects the
structure against rapid cooling and drying out. Taking into
consideration the fact that one concrete casting cycle from
setting the travelling formwork into position through casting
concrete, the required strength build-up and formwork strip-
ping takes ca 30-35 hours, each concrete casting block is pro-
tected for 60 to 70 hours after stripping.

Even though unreinforced linings have already been used in
Slovakia in several tunnels, no rules exist yet to define the
conditions when the structure is handed by the contractor over
to the client as far as the origination and development of
cracks is concerned. With respect to the fact that the measu-
res designed to restrict them are limited, their origination is,
for the above-mentioned reasons, virtually unavoidable. Their
existence is in the majority of the cases without negative
impacts on the load-carrying capacity or the utility function
of the Ilining. Defining the rules for the structure
handover/takeover represents rather making administrative
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Obr. 14 OSetiovaci vuz pro sniZeni teplotniho Soku
Fig. 14 Concrete curing travelling scaffold for reducing the thermal shock

zalatku, v prostiedku a na konci vozu jsou po celém obvodé nain-
stalovdny nafukovaci manZety, jak ukazuje obr. 14. Po ustaveni
oSetrovaciho vozu jsou manZety nafouknuty, a tak ut€snén prostor
mezi tepeln¢ izolacni folif a osténim tunelu. Vzniklé mikroklima
chrani konstrukci jak pfed rychlym ochlazenim, tak pred vysy-
chanim. Vzhledem k tomu, Ze jeden cyklus betondZe od ustaveni
bedniciho vozu pres betondz, pozadovany ndbéh pevnosti
a odbednéni trvd cca 30-35 hodin, je kazdy blok betonédZe chranén
60 az 70 hodin po odbednéni.

I kdyz je nevyztuzené osténi na Slovensku pouZito jiz na na vice
tunelech, neexistovala az do konce roku 2016 pravidla, kterd by
definovala podminky pfi pfevzeti konstrukce mezi objednatelem
a zhotovitelem z hlediska vzniku a rozvoje §itky trhlin. Vzhledem
k tomu, Ze opatfeni k jejich omezeni maji své limity, jejich vznik
je z difive uvedenych divodu prakticky nevyhnutelny a jejich exi-
stence je v prevazné vétsiné pripadl bez negativniho dopadu na
nosnou ¢i uzitnou funkei osténi, predstavuje definovani pravidel
pro preddni/prevzeti konstrukce spiSe administrativni zpruhledné-
ni vztaht ve vystavbé. Kritéria pro pripustnou §itku trhliny nevyz-
tuZeného ostén{ lze najit i v zahrani¢nich smérnicich pro projekto-
vani a provadéni tunelu [3], [4], [6], [7], [8], [9]. Zadavatel témi-
to kritérii deklaruje, Ze mu je problematika vzniku trhlin zndma
a jejich existenci v definovaném rozsahu pripousti. Zhotovitel tim
bere na védomi, Ze je povinen v mozné mite vznik a vyvoj trhlin
pomoci opatfeni pii vystavbé omezit a v piipadé jejich nadlimit-
niho mnoZstvi ¢i Site provede na své ndklady jejich sanaci.

V Ceské republice tato diskuse probéhla v souvislosti s prové-
dénim nevyztuzeného osténi na tunelu Libouchec na délnici D8,
ktery byl uveden do provozu v roce 2006. Kritéria vzniku a vyvo-
je trhlin nevyztuzeného ostént, kterd tehdy vznikla jako konsenzus
projektanta realizatni dokumentace a zéstupcu RSD CR, byla
v obdobném znéni implementovana do revize technicko-kvalita-
tivnich podminek TKP18 Beton pro konstrukce z ledna 2016 [5].

ZAVER

Sekundédrni osténi tunelu Povazsky Chlmec je navrZeno na
zdkladé vyhodnoceni informaci o geotechnickych pomérech
v trase tunelu ziskanych po jeho vyraZeni. Sitkové usporadani
tunelu kategorie T2-8 s $itkou komunikace 8 m, optimalizace tvaru
tunelu provedend v pocdtcich projekénich praci a s ni spojené priz-
nivéjsi namahdni tunelového osténi zvysilo Sanci na pouZiti nevyz-
tuzeného osténi, které je v tunelu nasazeno na 60 % délky jeho
razenych useku. I pies velké obavy zéstupcu stavebniho dozoru ze

TuofHel

relationships in construction more transparent. Criteria for the
allowable width of a crack in an unreinforced concrete lining
can be found even in foreign directives on designing and con-
structing tunnels [3], [4], [6], [7], [8], [9]. Through these cri-
teria the contracting entities declare that the problems of the
origination of cracks are known to them and their existence
within the defined scope is acceptable for them. By accepting
the criteria the contractors note that they are obliged to
restrict the origination and development of cracks during the
course of the construction to the extent possible and, in the
case of their amount or width exceeding the limits, to repair
them at their own cost.

In the Czech Republic this discussion took place in the
context of the construction of the unreinforced concrete
lining in the Libouchec tunnel on the D8 motorway, which
was opened to traffic in 2006. The criteria for the origination
and development of cracks in unreinforced concrete liners
originated then as a consensus between the author of the
design of means and methods and representatives of the
Road and Motorway Directorate of the Czech Republic. They
were implemented in similar wording into the review of tech-
nical and quality specification TKP18 for structural concrete
from January 2016 [5].

CONCLUSION

The Povazsky Chlmec tunnel secondary lining is designed
on the basis of the assessed information on geotechnical con-
ditions along the tunnel route gathered after the completion
of the tunnel excavation. The tunnel roadway configuration
T2-8 with the roadway width of 8m, the optimisation of the
tunnel cross-sectional geometry carried out at the beginning
of the work on the design and the more favourable stressing
of the tunnel lining associated with it increased the chances
of using the unreinforced concrete lining, which has been
implemented to 60% of the length of the tunnel length.
Despite the great concern of representatives of the Engineer
of the formation of cracks in the unreinforced lining, cracks
in the lining have been successfully virtually eliminated
during the initial months after casting the concrete owing to
the correctly designed concrete formulae and adherence to
the construction procedure.

The cracks in the lining may have even a structural cause.
The secondary lining concrete is cast after the stabilisation of
the deformations of the primary lining. The tunnel lining is
designed for the rock pressure which is currently transferred
by the primary lining and which would start to act on the
lining in the case of the degradation of the primary lining and
anchors reinforcing the rock ring in the excavation surroun-
dings. The primary lining quality tests conducted on samples
taken from linings of Austrian tunnels in the context of the
construction of second tunnel tubes show that sprayed conc-
rete is in very good condition even after 30 years after the
tunnel opening to traffic [10] and the primary lining is still
capable of transferring rock pressures. It is therefore a ques-
tion when the secondary lining will really be loaded by the
combinations of the loads assumed in structural analyses.

After the optimisation of the technical solution the number
of concrete casting blocks in the STT was reduced from 222
to 175 and in the NTT from 229 to 180. The number of emer-
gency lay-bys was reduced from three to two. The experien-
ce of HOCHTIEF CZ a. s. with constructing tunnels abroad
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vzniku trhlin v nevyztuzeném osténi se dari diky spravné navrzené
recepture betonu a dodrzovani technologického postupu vystavby
trhliny v ostén{ v prvnich mésicich po betonazi prakticky eliminovat.

Trhliny v osténi mohou mit i statickou pfi¢inu. Betonaz probiha
po ustdleni deformaci primarniho osténi. Osténi tunelu je dimen-
zovéano na horninovy tlak, ktery je v sou¢asné dob¢ prendsen pri-
mdrnim osténim a ktery by na osténi dolehl v ptipadé degradace
primarniho osténi i kotev vyztuzujicich nosny horninovy prstenec
v okoli vyrubu. Zkousky kvality primédrniho osténi provadéné na
vzorcich odebranych z osténi rakouskych tunelt v souvislosti
s vystavbou druhych tunelovych trub ukazuji, Ze stifkany beton je
i po 30 letech po uvedeni tunelu do provozu ve velmi dobré kon-
dici [10] a primdrni osténi je schopné horninovy tlak prenaset. Je
proto otdzkou, kdy bude sekunddrni osténi skute¢né zatiZeno
kombinacemi zatiZeni predpoklddanymi ve statickém vypoctu.

Po optimalizaci technického feSeni se oproti zaddvaci doku-
mentaci sniZil pocet bloki betondZe v JTT z 222 ks na 175 ks
a v STT z 229 ks na 180 ks. Poet nouzovych zaliva se sniZil ze
tii na dva. Pf vystavbé jsou uplatiiovany zkuSenosti firmy
HOCHTIEF CZ a. s. s provadénim tuneld v zahrani¢i a pri navr-
hu technologickych postupt projektant i zhotovitel spolupracuji se
specialisty z matefské firmy v SRN.

Tunel Povazsky Chlmec realizuje pro investora NDS a. s. firma
HOCHTIEF CZ a. s.. Geotechnicky monitoring po dobu vystavby
provadi firma ARCADIS CZ a.s., stavebni dozor investora zaji$-
tuje sdruZeni firem EUTECH&ESP&MULLER&API-D3. Geo-
detické price pri razb¢ i betondzi sekunddrniho osténi provadi
firma Angermeier Engineers, s.r.o. a ndvrh betonové smesi i kon-
zultace pri realizaci poskytuje firma BETON Bohemia ZL
s. 1. 0. Realiza¢ni dokumentaci zpracovava projek¢ni slozka firmy
HOCHTIEF CZ a. s. Funkci geotechnického dozoru na stavbé
béhem razeb provadéla firma 3G Consulting Engineers
s.r.o. Pohled pres portdlovy blok smérem k estakddeé pres
Hricovskou vodni nddrz (obr. 15) ukazuje ndrocnost staveb na
tuseku délnice D3 Zilina (Strazov) — Zilina (Brodno) a je symbo-
lickym prislibem zdarného dokonéeni dila.

Ing. LIBOR MARIK, Libor.Marik@hochftief.cz,
HOCHTIEF CZ a. s.

Recenzovali Reviewed: prof. Ing. Jifi Bartdk, DrSc.,
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Obr. 15 Portdl tunelu a ndvaznost na estakddu pres Hricovskou vodni nddri
Fig. 15 The tunnel portal and continuation to the viaduct over Hricov water
reservoir

was applied during the construction and the designer and the
contractor collaborate with specialists from the mother com-
pany in the FRG.

The Povazsky Chlmec tunnel is realised by HOCHTIEF
CZ a. s. for the project owner, NDS a. s. (National Motorway
Company). Geotechnical monitoring during the construction
works is carried out by ARCADIS CZ a.s., client’s site super-
vision is ensured by a consortium of companies
EUTECH&ESP&MULLER&API-D3. Surveying is carried
out during the excavation and casting of secondary lining
concrete by Angermeier Engineers, s.r.o. and concrete mix-
ture is designed and consultancy during the realisation is pro-
vided by BETON Bohemia ZL s. r. 0. The design of means
and methods is carried out by the designing organisational
unit of HOCHTIEF CZ a. s. The function of geotechnical
supervision on the site during the tunnel excavation was per-
formed by 3G Consulting Engineers s.r.o. A view through the
portal block toward the viaduct over HriCov water reservoir
(see Fig. 15) documents the demands of structures on the
Zilina (Strdzov) — Zilina (Brodno) section of the D3 motor-
way and is a symbolic promise of the successful completion
of the works.
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