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VOZOVKY V CESTNYCH TUNELOCH
PAVEMENTS OF ROAD TUNNELS
MARIAN KOVACIK
ABSTRAKT

V siicasnosti je na Slovensku v prevddzke 12 cestnych tunelov, ktoré sa nachddzaji na sieti dialnic a rychlostnych ciest. Na cestdch
L triedy je vybudovany jediny cestny tunel, tunel Stratend. Z pohladu pouZitych vozoviek by tieto pocty mohli byt ponechané, kedZe v dial-
nicnych tuneloch si v prevddzke vylucne vozovky s cementobetonovym krytom a naopak v tuneli Stratend na ceste 1/67 je pouZitd vozovka
s asfaltobetonovym krytom. Tento bol aZ do otvorenia tunela Branisko roku 2003 prevddzkovany ako jediny cestny tunel na Slovensku. Od
tohto casu sa na Slovensku budovali tunely len na dialniciach a rychlostnych cestdch, a to s ,,betonovou* vozovkou. V tomto cldanku je
analyzované, ¢i je to v sucasnosti jedind mozZnost a co vSetko na vyber a ndvrh vozovky vplyva.

ABSTRACT

Currently, there are 12 road tunnels in operation in Slovakia, which are part of the network of highways and expressways. Only one road
tunnel, the Stratend tunnel, is built as part of Class I road network. From the point of view of the used pavements, we could keep these
numbers, since only cement concrete pavements are in use in the highway tunnels, and on the contrary, in the Stratend tunnel on the 1/67
road, a road with an asphalt concrete pavement is used. Until the opening of the Branisko tunnel in 2003, this was operated as the only
road tunnel in Slovakia. From that time on, tunnels were built in Slovakia only on highways and expressways, with a “concrete” pavement.

This article analyzes whether it is currently the only option and what influences the choice and design of the pavement.

uvob

Spolocnost Basler & Hofmann Slovakia sa podiela na priprave
a realizdcii viacerych dialni¢nych tunelov a to aj v rdmci névrhu,
vypoctu a posudenia vozoviek. Z tunelov, ktoré st uz v prevadzke,
to boli tunely Svr¢inovec a Polana na dialnici D3, dalej Ovciarsko
a Zilina na dialnici D1 a nakoniec tunel Bikos, ktory je si¢astou
rychlostnej cesty R4. Z pripravovanych stavieb st to tunely Cebrat
na useku D1 Hubové — Ivachnova, ktory je momentalne vo vystav-
be, a dostavba druhej tunelovej riry tunela Horelica na , kysuckej*
D3, kde v stucasnosti prebieha verejné obstardvanie na vyber zho-
tovitela stavebnych préc.

Tak ako pri inych konStrukcidch, aj pri navrhu tunelovych vo-
zoviek sa detailné rieSenia prisposobuju poziadavkam klienta,
v tomto pripade realizdtora stavby. Takto ziskané skusenosti a po-
znatky je mozné aplikovat v dal§ich pripravovanych stavbach.

OKRAJOVE PODMIENKY PRE NAVRH VOZOVKY

Pri navrhu vozovky v tuneli, podobne ako pri navrhu vozovky
na volnej trase dialnice, sa musia dodrzat slovenské a eurdpske
technické normy (STN, STN EN), ako aj rezortné predpisy, napri-
klad technické podmienky (TP), technicko-kvalitativne podmien-
ky (TKP) a vzorové listy (VL). V stcasnosti je v stlade s tymito
predpismi mozné navrhnit ako tuhé vozovky s cementobeténo-
vym krytom (dalej ,,CBK*), tak aj polotuhé vozovky s asfaltobe-
tonovym krytom (dalej ,,AC*). Kazdy z tychto typov vozoviek ma
svoje Specifické vyhody a nevyhody a nie vSetky st vhodné pre
kazdé prostredie.

Pri navrhu vozovky v tuneli je potrebné zohladnit mnoZstvo fak-
torov, ktoré ovplyviuji vyber vhodného materidlu a konStrukcie.
Okrem dopravného zataZenia, klimatickych podmienok a typu
podlozia je potrebné uvazovat aj s tymito Specifickymi aspektmi:

* Dizka tunela: Klimatické podmienky, ktoré ovplyviiuji na-

vrh, maji dosah do vzdialenosti cca 300-600 m od portalov
tunela, preto najmaé pri kratkych tuneloch nie je potrebné uva-
Zovat s viacerymi hribkami konStrukcie vozovky.

INTRODUCTION

The company Basler & Hofmann Slovakia participates in the
preparation and construction of several highway tunnels, including
the design, calculation and assessment of pavements. The tunnels
that are already in operation are the Svr¢inovec and Polana tunnels
on the D3 highway, then Ov¢iarsko and Zilina on the D1 highway,
and finally the BikoS tunnel, which is part of the R4 expressway.
The constructions that are being prepared are the Cebrat tunnels
on the D1 section Hubova — Ivachnova, which is currently under
construction, and the completion of the second tunnel tube of the
Horelica tunnel on “Kysucka” D3, where a tender for the selection
of a construction contractor is currently underway.

As with other constructions, detailed solutions in the design of
tunnel pavements are adapted to the requirements of the client,
which in this case is the construction contractor. The experience
and knowledge gained in this way can be applied in other upcoming
constructions.

CONDITIONS OF PAVEMENT DESIGN

When designing a pavement in a tunnel, similar to when
designing a pavement on a freeway route, Slovak and European
technical standards (STN, STN EN) must be followed, as well
as departmental regulations, for example technical conditions
(TP), technical-quality conditions (TKP) and standard details
sheets (VL). Currently, in accordance with these regulations,
it is possible to design both rigid cement concrete pavements
(hereinafter “CBK”) and semi-rigid asphalt concrete (hereinafter
“AC”). Each of these types of pavements has its specific
advantages and disadvantages and not all of them are suitable for
every environment.

When designing a pavement in a tunnel, it is necessary to take
into account a number of factors that influence the choice of
suitable material and construction. In addition to the traffic load,
climatic conditions and type of subbase, it is also necessary to
consider the following specific aspects:
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Obr. 1 Vozovka na vychodnom portdli tunela Ovciarsko, Dialnica D1 Hricovské Podhradie — Lietavskd Liicka (CBK v jazdnych pruhoch a AC kryt v odstavnom

pruhu)

Fig. 1 Pavement at the eastern portal of the Ovciarsko tunnel, Highway D1 Hri¢ovské Podhradie — Lietavskd Liicka (CBK in traffic lanes and AC in parking lane)

« Dilata¢né bloky: Pre nivrh vozovky je dolezita dizka dila-
ta¢nych blokov definitivneho ostenia a zaroven typ podloZia
— horninovy masiv alebo beténova spodné klenba.

* Predportalové oblasti: V oblasti pred portdlmi tunelov
(obr. 1) je potrebné zohladnif meniacu sa Sirku vozovky
medzi tunelom a volnou trasou, ¢o mdze ovplyvnit systém
prie¢neho a pozdiZneho delenia cementobeténového krytu na
dosky (Skérorez).

Okrem technickych aspektov je zdsadnym faktorom navrhu aj
protipoZiarna bezpecnost. V tuneloch sa podla ¢lanku 8.2 TP 099
[1] mdZu pouzivat len nehorlavé materialy alebo materialy s niz-
kou horlavosfou, ¢o ovplyviiuje vyber vhodného krytu vozovky.

Nemenej dolezitym faktorom, ktory sa posudzuje pri vybe-
re typu vozovky, je ekonomické hladisko. Pred vyberom vhod-
ného typu konstrukcie vozovky je potrebné v zmysle TP 034 [2]

Fig. 2 Cement concrete pavement in the Svrcinovec tunnel after joints construction

e Tunnel length: Climatic conditions that affect the design
to a distance of approx. 300—-600m from the tunnel portals,
therefore, especially in the case of short tunnels, there is
no need to consider multiple thicknesses of the pavement
structure.

 Dilation blocks: The length of the dilation blocks of the
definitive lining is important for the design of the pavement,
as well as the type of subbase — rock mass or concrete tunnel
invert.

* Pre-portal areas: In the area in front of the tunnel portals
(Fig. 1), it is necessary to take into account the changing
width of the pavement between the tunnel and the free route,
which can affect the system of transverse and longitudinal
division of the cement concrete pavement into slabs (joints
layout scheme).

In addition to technical aspects,
fire safety is also a fundamental
design factor. According to Article
8.2 TP 099 [1], only non-flammable
materials or materials with low
flammability can be used in tunnels,
which affects the selection of
a suitable road pavement.

No less important factor that is
considered when choosing the type
of pavement is the economic point
of view. Before choosing a suitable
type of pavement construction,
it is necessary to process a com-
plex technical-economic assess-
ment, which defines the criteria for
choosing a pavement, in accordance
with TP 034 [2].

The type of pavement can be
selected based on:
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spracovat komplexné technicko-ekonomické postdenie, ktoré de-
finuje kritéria pre vyber vozovky. Typ krytu vozovky moze byt

vybrany na zaklade:
e primarnych kritérii;

e analyzy Zivotného cyklu stavby (LCA — Life Cycle Analysis).

Vyber krytu podla primarnych kritérii (bez dalSieho posudzova-
nia) je mozny len v takych pripadoch, ked bola vyskumom aj pra-
xou opakovane preukdzand vyhodnost takéhoto rieSenia. Medzi
kritérid, ktoré umoznuji bez dalSiecho podrobného posudzovnia
vyhodnosti vozovky s CBK, patria napriklad:

e tseky s roénym priemerom dennych intenzit vi¢sim ako 3000

nakladnych vozidiel;

¢ odstavné plochy pre tazké nakladné vozidla.

VOZOVKY
S CEMENTOBETONOVYM
KRYTOM

Cementobetonové vozovky (vo-
zovky s CBK) su vybornou volbou
pre tunely, najmi tam, kde je oca-
kavané vysoké dopravné zataZenie
tazkou nakladnou dopravou. Medzi
hlavné vyhody cementobeténovych
vozoviek patri ich dlhd Zivotnost
a vysoka odolnost proti trvalym de-
forméciam.

KonStrukcia
vozovky zahfia:

* kryt vozovky;

* podkladovi vrstvu (spodnu

a hornu podkladovi vrstvu);

e ochrannd vrstvu.

Kryt vozovky v tuneloch je tvo-
reny cementobeténovymi doskami
typu CB I, ktoré sa realizuju ako
dvojvrstvové, s hriabkou hornej vrst-
vy od 50 do 80 mm. PouZiva sa ka-
menivo s maximdlnym zrnom 8§ mm
na minimalizaciu hluku. Kamenivo
pouzité do hornej vrstvy CBK musi
spliiat vy$Sie nroky na tvarovy in-
dex a ohladitelnost.

Kryt cementobeténovej vozovky
je dilatovany systémom priecnych
apozdiznych dilataénych akontraké-
nych Skar (Skdrorez). Je dolezité,
aby bol skdrorez CBK v silade
s blokovou schémou tunela a to
z dovodu, aby bola zabezpecena
sucinnost jednotlivych dilatacnych
celkov tunela.

Skary CBK (obr. 2) st vystuZené
klznymi tffimi v prie¢nych Skdrach
a kotvami v pozdiznych Skarach.
Ideélna poloha vystuznych prvkov je
v strede dosky. Skary st po narezani
vybavené predtesnenim z mikro-
poréznej gumy. Definitivna Uprava
Skar zahffia frézovanie komodrok
vkryte,doktorych saumiestnia pred-
tesnenia a uzatvoria sa zalievkovou
hmotou. V sicasnosti sa pouZivaji

cementobetonove;j
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* primary criteria;
* analysis of the construction life cycle (LCA — Life Cycle
Analysis).

The selection of a pavement according to primary criteria
(without further assessment) is possible only in cases where
research and practice have repeatedly demonstrated the advantage
of such a solution. Among the criteria that demonstrate, without
further detailed assessment, the suitability of a CBK pavement
belong, for example:

* sections with an annual average of daily intensities greater

than 3,000 trucks;

* parking areas for heavy trucks.
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Obr. 3 Priehyb CBK v zdvislosti od zataZenia, a) priehyb CBK pri jednorazovom zataZeni — zataZend volnd hrana
dosky v rozpdti od 0,059 mm (modrd) do 0,686 mm (¢ervend); b) priehyb CBK pri opakovanom zataZeni — zataZend
priecna hrana dosky v rozpdti od 0,187 mm (modrd) do 0,562 mm (cervend)

Fig. 3 CBK deflection induced by the load, a) CBK deflection under single load — loaded free edge of the slab in the
range from 0.059mm (blue) to 0.686mm (red); b) CBK deflection during repeated loading — loaded transverse edge
of the slab in the range from 0.187mm (blue) to 0.562mm (red)
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dvojzlozkové samonivelacné zalievky aplikované za studena. Tie-
to maju najvhodnejsie vlastnosti z pohladu prilnavosti, roztaznos-
ti, dlhodobe;j elasticity, odolnosti voci klimatickym zmenam a UV
stability.

Ako podkladova vrstva sa najCastejSie pouZiva stmelend vrstva
z hydraulického spojiva (CBGM) alebo asfaltového spojiva (AC).
Pri pouziti hydraulického spojiva je dolezité, aby dilatacné Skary
krytu a podkladu boli v sulade, ¢o zamedzi vzniku a kopirovaniu
neziaducich ,,divokych* trhlin do krytu vozovky.

Ochranna vrstva vozovky je uloZena na upravenom horninovom
dne, resp. na spodnej klenbe tunela, a tvori ju nespevnend vrstva
(UM SD - nestmeleni zmes zo $trkodrviny, alebo MSK — me-
chanicky spevnené kamenivo) s drendZnou funkciou, ktorej tloha
je bezpecne odviest presakujicu vodu z horninového prostredia.
Zaroven jej hrubka musi byt dostatocnd, aby tepelny odpor cel-
kovej konstrukcie vozovky bol vyssi ako pozadovany, a tym bolo
splnené postdenie z hladiska ochrany pred nepriaznivymi ucin-
kami mrazu.

Obr. 4 Tunel Svréinovec — betond? hornej vrstvy krytu cementobetonovej vozovky
Fig. 4 Svrcinovec Tunnel — concreting of the upper layer of the cement concrete pavement

POSUDENIE VOZOVIEK S CBK

Posudenie CBK je presne Specifikované STN 73 6123 [3]
a TP 098 [4]. Postudenie z hladiska napiti vo vozovke sa dokla-
duje statickym vypo¢tom vykonanym na 3D modeli podloZia
s podkladovymi vrstvami vozovky. Vypoctom pomocou softvéru
uréeného na statické vypocty [6] sa preveruji maximélne tahové
napitia a priehyb dosiek (obr. 3) pri jednorazovom aj opakovanom
zatazeni CB dosiek a to ako od zataZenia dopravou, tak aj od za-
taZzenia od zmeny teplot, ktoré maju casto vacsi vplyv na vysledné
zloZenie konstrukcie.

Sucastou posideni su aj objemové zmeny krytu a stanovenie
maximalneho predpokladaného prediZenia CB dosiek tak, aby sa
stanovila ucinna Sirka dilataénych skar v kryte.

REALIZACIA VOZOVKY V TUNELOCH

Realizacia vozovky v tuneli prebieha v obmedzenom priestore
podzemného objektu, kde je naroCny pristup k stavebnym mate-
ridlom (obr. 4) a obmedzené moznosti technologickych tprav pri

ukladani jednotlivych vrstiev vozovky.
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CEMENT CONCRETE PAVEMENTS

Cement-concrete pavements (CBK pavements) are an excellent
choice for tunnels, especially where heavy traffic loads are
expected. The main advantages of cement-concrete pavements
include their long service life and high resistance to permanent
deformations.

The construction of a cement-concrete pavement includes:

e pavement slab;

* base layer (lower and top upper layer);

 protective layer.

The road pavement in the tunnels is made of cement concrete
slabs of the CB I type, which are realized as two layers, with a
thickness of the upper layer from 50 to 80mm. Aggregate with
a maximum grain size of 8mm is used to minimize noise. The
aggregate used in the upper layer of CBK must meet higher
demands for shape index and workability.

Dilation of the cement-concrete pavement is allowed by
a system of transverse and longitudinal expansion and contraction
joints (joints layout scheme). It is important that the
joints scheme of the CBK is in agreement with the
concrete cast blocks of the tunnel in order to ensure
the cooperation of the individual expansion units of
the tunnel.

CBK joints (Fig. 2) are reinforced with sliding pins
in the transverse joints and anchors in the longitudinal
joints. The ideal position of the reinforcing elements
is in the middle of the slab. After joint slots cutting,
the joints are pre-sealed with microporous rubber.
The definitive treatment of the joints includes
milling the chambers in the pavement, in which the
pre-seals are placed and sealed with grout. Currently,
two-component self-leveling grouts applied cold are
used. These have the most suitable properties in
terms of adhesion, extensibility, long-term elasticity,
resistance to climate changes and UV stability.

A cemented layer of hydraulic binder (CBGM) or
asphalt binder (AC) is most often used as a base layer.
When using a hydraulic binder, it is important that
the dilation joints of the pavement and the base are
in line, which will prevent unwanted “wild” cracks
from forming and copying into the road pavement.

The protective layer of the pavement is placed
on a leveled rock bottom, or on the tunnel invert, and it consists
of an unreinforced layer (UM SD — unconsolidated crushed
gravel mixture, or MSK — mechanically strengthened aggregate)
with a drainage function, the task of which is to safely remove
groundwater seeping from the rock mass. At the same time, its
thickness must be sufficient so that the thermal resistance of the
overall pavement structure is higher than required, and thus the
assessment in terms of protection against the adverse effects of
frost has been fulfilled.

ASSESSMENT OF CBK PAVEMENTS

CBK assessment is precisely specified in STN 73 6123 [3] and
TP 098 [4]. The assessment from the point of view of stresses in
the pavement is documented by a static calculation performed on
a 3D model of the subbase with underlying layers of the pavement.
Calculations using software intended for static calculations [6]
check the slab maximum tensile stresses and deflection (Fig. 3)
under single and repeated loading of CB slab, both from traffic
loads and from temperature changes, which often have a greater
influence on the final composition of the structure.
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Prvotné realizacia vozovky nepredstavuje jediné
prace pocas Zivotného cyklu vozovky. Je potrebné
vziat do tvahy aj prevadzku a udrZbu vozovky pocas
jej Zivotnosti (30 rokov pre vozovky s cementobeto-
novym krytom a 25 rokov pre asfaltobeténové vo-
zovky), o si vyZaduje pravidelnd obnovu funk¢énos-
ti, ktord okrem iného zahina pravidelné obhliadky
a merania. Tie si zvdc8a vyzaduju aj iastoCné, resp.
uplné uzavierky tunela ¢i minimélne jednej tunelo-
vej rary.

PRECHODOVE USEKY

Kedze st vozovky dialnic a rychlostnych ciest vo
volnych trasach (mimo tunelov) navrhnuté a zreali-
zované prevazne ako polotuhé s krytom z asfaltové-
ho beténu a tunely sa navrhuji prevazne s vozovkou
s CBK, je potrebné navrhnit rieSenia prechodového
useku medzi dvomi typmi konStrukcie vozovky tak,
aby nedochddzalo k poskodeniam v mieste ich sty-
ku.

- ¥ P Al e LD b=l . -

Obr. 5 Dialnica D1 Hri¢ovské Podhradie — Lietavskd Liicka, prechodovy tisek pri tuneli Zilina
— vystuZenie CBK pri prechode na mostny objekt

Fig. 5 Highway D1 Hri¢ovské Podhradie — Lietavskd Liicka, transition section near the Zilina
tunnel — reinforcement of CBK at the transition to the bridge object

TaktieZ to plati aj v pripade, ak trasa prechddza z tunela po krat- The assessments also include the volume changes of the
kom tiseku na mostny objekt (obr. 5), ked sa vozovka s CBK vy- | pavement and the determination of the maximum expected
stiva a7 k mostnému objektu. V tomto pripade je vSak vzhladom | dilation of the CB slabs in order to determine the effective width
na rozdielny typ podloZia vozovky potrebné upravit konstrukciu | of the dilation joints in the pavement.

vozovky tak, aby zvlddala dynamicky prechod medzi nasypom

a konStrukciou mostnej opory, resp. medzi nasypom a zakladovy- CONSTRUCTION OF TUNNELS PAVEMENT

mi konsStrukciami tunela.

Obr. 6 Vozovka s asfaltobeténovym krytom na dialnici Al v tuneli Gubristtunel (Svajéiarsko),
a) realizdcia loZnej vrstvy AC krytu, b) zhotovend vozovka s AC krytom i o ’ o ) .
Fig. 6 Asphalt pavement on the Al highway in the Gubristtunel (Switzerland), a) realization of This transition is achieved by adjusting (increasing)

the base layer of the AC pavement b) completed AC pavement

The construction of the pavement in the tunnel takes place in
the limited space of the underground structure,
where access to construction materials is difficult
(Fig. 4) and there are limited range of technological
possibilities when laying individual pavement layers.

The pavement construction is not the only work
during the life cycle of the pavement. It is also
necessary to take into account the operation and
maintenance of the pavement during its lifetime (30
years for cement concrete pavement and 25 years for
asphalt concrete pavements), which requires regular
restoration of functionality, which includes, among
other things, regular inspections and measurements.
They usually also require partial or complete closure
of the tunnel or at least one tunnel tube.

TRANSITION SECTIONS

Since the pavements of highways and expressways
in free routes (outside tunnels) are designed and
implemented mainly as semi-rigid with asphalt
concrete pavement and tunnels are designed mainly
with CBK pavement, it is necessary to design
solutions for the transition section between the two
types of pavement construction so that there is no to
damage in the place of their contact.

This also applies if the route passes from the tunnel
after a short section to the bridge structure (Fig. 5),
when the pavement with CBK extends to the bridge
structure. In this case, however, due to the different
type of road sub base, it is necessary to adjust the
pavement structure so that it can handle the dynamic
transition between the embankment and the bridge
support structure, or between the embankment and
the tunnel foundation structures.

the thickness of the pavement and reinforcing CBK
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Tento prechod sa docieli dpravou (zviac¢Senim) hrubky krytu
a vystuzenim dosiek CBK a $kar. Pohyb dosiek sa zabezpeci tpra-
vou typu kotvenia v $karach, pricom posledna doska CBK pred
AC krytom je na oboch koncoch oddilatovand po celej hrubke.
Prechod sa zvycajne realizuje na dizke 2-3 dosiek.

Pri prechode medzi volnou trasou a hibenym tunelom je hribka
CBK konstantna. K zmene hriibky dochadza len pri koncovych
doskach CBK. Na eliminéciu rozdielnych typov podkladov (v pri-
pade hibeného tunela tuhy a v pripade volnej trasy pruzny polpries-
tor) je potrebné v prechodovej oblasti upravit podloZie vozovky,
a to napriklad formou ndbehového klinu zo Strkodrviny, vystuze-
ného obojsmernou vystuznou geomrezou.

VOZOVKY S ASFALTOBETONOVYM KRYTOM

Na Slovensku sa asfaltobetéonové vozovky v dialni¢nych tune-
loch, na rozdiel od blizkeho zahranicia (obr. 6), doposial nenavr-
hovali vzhladom na znenie protipoZiarnych predpisov. Po aktuali-
zécii TP 099 [1] a TKP 26 [5] v roku 2022 je ich ndvrh, v pripade
ak materidly spifiaji poZiadavky na nehorlavost, moZny. Vyhodou
asfaltobeténovych vozoviek su niZ§ie obstaravacie naklady. Av§ak
ich zivotnost je kratSia neZ u cementobeténovych vozoviek, pri-
¢om su potrebné aj CastejSie pravidelné a mimoriadne obnovy
a opravy.

Asfaltobeténové vozovky st ndchylnejSie na tvorbu trvalych
deformaécii (kolaje), ktoré vznikajd aj pri pouZiti modifikovanych
asfaltov. TaktieZ je potrebné pocitat s pravidelnymi uzavierkami
tunelov poCas vymeny a obnovy obrusnej vrstvy, ¢o mdzZe mat
vplyv na celkovu prevadzku.

Vyraznou nevyhodou asfaltobetéonovych vozoviek je aj ich
vplyv na osvetlenie tunela. Tmavsi povrch asfaltu zniZuje jas v tu-
neli, ¢o si vyZaduje vyssi vykon osvetlovacej ststavy a tym aj
vyssie prevadzkové néklady.

ZAVER

Vyber spravnej konstrukcie vozovky v tuneloch je klucovym
faktorom, ktory ovplyviiuje jej funkcénost pocas celej Zivotnosti
vozovky. Okrem technickych parametrov, ako je dopravné zataZe-
nie, klimatické podmienky a typ podloZia, je potrebné zohladnit
aj ekonomické a prevadzkové faktory, ako su ndklady na tdrzbu,
opravy a prevadzkovanie technologickych zariadeni v tuneloch.
To st napriklad ndklady spojené s vySsimi obstardvacimi a pre-
vadzkovyminédkladminatechnologické vybavenie tunela, nakladmi
na udrzbu a opravy vozovky a v neposlednom rade celospoloc¢en-
sky dopad v pripade dlhSich uzdvierok tunelov.

Ing. MARIAN KOVACIK,
marian.kovacik @baslerhofmann.sk,
Basler & Hofmann Slovakia, s.r.o.
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slabs and joints. The movement of the slabs is ensured by adjusting
the type of anchoring in the joints, while the last CBK slab before
the AC pavement is dilated at both ends along the entire thickness.
The transition is usually made over a length of 2-3 slabs.

At the transition between the free route and the excavated tunnel,
the CBK thickness is constant. The thickness changes only at CBK
end slabs. To eliminate different types of foundations (rigid in the
case of an excavated tunnel and flexible half-space in the case of
a free route), it is necessary to modify the roadbed in the transition
area, for example in the form of a gravel run-up wedge, reinforced
with a two-way reinforcing geogrid.

ASPHALT CONCRETE PAVEMENTS

In Slovakia, asphalt-concrete pavements in highway tunnels, in
contrast to nearby countries (Fig. 6), have not yet been proposed
due to the fire regulations. After updating TP 099 [1] and
TKP 26 [5] in 2022, their design is possible, if the materials meet
the requirements for non-flammability. The advantage of asphalt-
concrete pavements is lower procurement costs. However, their
lifespan is shorter than that of cement-concrete pavements, while
regular and extraordinary renewals and repairs are also required
more often.

Asphalt-concrete pavements are more susceptible to the
formation of permanent deformations (rutting), which also occur
when modified asphalts are used. It is also necessary to take into
account the regular closures of the tunnels during the replacement
and renewal of the abrasive layer, which may affect the overall
traffic.

A significant disadvantage of asphalt-concrete pavements is also
their influence on tunnel lighting. A darker asphalt surface reduces
the brightness in the tunnel, which requires higher performance of
the lighting system and thus higher operating costs.

CONCLUSION

Choosing the right pavement structure in tunnels is a key
factor that affects its functionality throughout the life of the
pavement. In addition to technical parameters such as traffic load,
climatic conditions and subbase type, economic and operational
factors such as the costs of maintenance, repair and operation
of technological equipment in tunnels must also be taken into
account. These are, for example, the costs associated with higher
procurement and operating costs for the technological equipment
of the tunnel, costs for maintenance and pavement repairs, and
last but not least, the societal impact in the case of longer tunnel
closures.

Ing. MARTAN KOVACIK,
marian.kovacik @baslerhofmann.sk,
Basler & Hofmann Slovakia, s.r.o.
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