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CEMENTOBETONOVE VOZOVKY V TUNELOCH — TECHNICKE
A PREVADZKOVE ASPEKTY NAVRHU

CEMENT CONCRETE PAVEMENTS IN TUNNELS - TECHNICAL
AND OPERATIONAL DESIGN ASPECTS

ANDREA ZUZULOVA

ABSTRAKT

Cementobetonové vozovky predstavujii spolahlivé a trvdcne rieSenie v ndrocnych podmienkach tunelovych stavieb. Ndavrh konStrukcie
vozovky musi zohladiiovat mechanické, environmentdlne a ekonomické poZiadavky, zahriiujiice stavebné ndklady (vrdtané projekcnej ¢in-
nosti), ndklady na budiicu stavebnii lidrzbu a zabezpecenie prevddzky. Prispevok sa zameriava na Specifikd ndvrhu a poZiadavky vystavby
a prevddzky cementobetonovych vozoviek v tunelovych tisekoch cestnej infrastruktiiry. Analyzované sii vyhody ako dlhd Zivotnost, vysokd
inosnost, znizené ndklady na vidrZbu a zdroveri su popisané moZné rizikd suvisiace s bezpecnostnymi poZiadavkami v tuneloch.

ABSTRACT

Cement concrete pavements represent a reliable and durable solution under the demanding conditions of tunnel construction. The
pavement design must take into account mechanical, environmental, and economic requirements, including construction costs (including
design activities), future maintenance costs, and operational safety. This paper focuses on the specific aspects of design, as well as the
construction and operational requirements of cement concrete pavements in tunnel sections of road infrastructure. It analyzes advantages
such as long service life, high load-bearing capacity, and reduced maintenance costs, while also describing potential risks related to safety

requirements in tunnels.

POZIADAVKY NA VOZOVKY V CESTNYCH TUNELOCH

V tuneloch ako v $pecifickych dopravnych objektoch sa kladu vy-
soké naroky na konstrukciu vozovky. Pri vybere vozovky sa Casto
porovnavaju dva typy konsStrukcii, a to asfaltobeténové a cemen-
tobeténové. Oba typy maju svoje vyhody a nevyhody, ktoré je po-
trebné vzdy zvazit s ohladom na okrajové podmienky. Vyber medzi
asfaltovou a beténovou vozovkou by mal byt zaloZeny na Specific-
kych poziadavkach projektu, klimatickych podmienkach, doprav-
nom zataZeni, planovanej dobe Zivotnosti, moznosti tdrzby a oprav
a dostupnosti finanénych zdrojov.

Na vozovku je potrebné sa pozerat v kontexte celého jej Zivotné-
ho cyklu. Preto je potrebné implementovat postupy s vyznamnym
akcentom na trvalo udrZatelnd vystavbu a najmé spravu. Udrzatel-
nost je jednym z kltucovych kritérii pre konStrukciu vozoviek. Nend-
ro¢nd udrzba, vysoka spolahlivost, dobré Zivotnost a aj nehorlavost
a netoxicita prispievajui k bezpecnosti v tuneloch ako aj k celkovej
udrzatelnosti cestnej siete. Optimédlna volba by mala byt zaloZena
na dokladnej analyze prevadzkovych podmienok a finan¢nych moz-
nosti pocas celej Zivotnosti vozovky. Tieto Specifické poziadavky na
kvalitu a vlastnosti vozoviek v tuneloch urcuji nirodné a eurépske
normy a technické predpisy. Vo viacerych krajinach, vratane Ne-
mecka, Rakiiska, Belgicka, Franctizska alebo Svédska, su tieto po-
Ziadavky velmi prisne nastavené, vzhladom na mozné vysSie rizika
bezpecnosti v tuneloch.

Aby bola zaistena bezpecnost a spolahliva dopravna dostupnost,
je pre vozovku v tuneli nutny dobry navrh a vhodny vyber materia-
lov. Navrh vozovky musi prihliadat na mechanické, environmental-
ne a ekonomické poziadavky, zahfiajice stavebné naklady (vratane
projekcnej Cinnosti), ndklady na budicu stavebnu udrzbu a zabez-
pecenie prevadzky (tab.1) [1].

Preto je potrebné pri navrhu vozovky v tuneloch jasne formulo-
vat vSetky poziadavky. Z hladiska prevadzkovej sposobilosti st to
najmi [2]:

* rovnost v prie¢nom aj pozdiznom smere;

* drsnost a odolnost proti vyhladzovaniu povrchu.

REQUIREMENTS FOR PAVEMENTS IN ROAD TUNNELS

Tunnels, as specific types of transport structures, place high
demands on pavement construction. When selecting the pavement
type, two main construction types are often compared: asphalt
concrete and cement concrete. Both have their advantages and
disadvantages, which must always be considered in light of the
boundary conditions. The choice between asphalt and concrete
pavement should be based on the specific project requirements,
conditions, traffic load, planned service life,
maintenance and repair options, and the availability of financial

climatic

resources.

Pavement should be viewed in the context of its entire life cycle.
Therefore, it is necessary to implement procedures with a strong
emphasis on sustainable construction and especially on sustainable
management. Sustainability is one of the key criteria for pavement
construction. Low maintenance requirements, high reliability,
good durability, as well as non-flammability and non-toxicity
contribute to tunnel safety and the overall sustainability of the
road network. The optimal choice should be based on a thorough
analysis of operational conditions and financial possibilities
throughout the pavement’s life cycle.

These specific requirements for the quality and properties of
tunnel pavements are defined by national and European standards
and technical regulations. In several countries, including Germany,
Austria, Belgium, France, and Sweden, these requirements
are set very strictly due to the potentially higher safety risks in
tunnels.

To ensure safety and reliable traffic accessibility, a good
design and appropriate material selection are essential for tunnel
pavements. The pavement design must consider mechanical,
environmental, and economic requirements, including construction
costs (including design activities), future maintenance costs, and
operational safety (see Table 1) [1].
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Tab.1 Porovnanie vlastnosti krytu vozovky
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Table 1 Comparison of pavement cover properties

Viastnost : Kr¥t vozovky : Property Pavement cover
cementobetonovy asfaltovy cement concrete asphalt concrete
Zivotnost 30-40 rokov 8-10 rokov Service life 30-40 years 8-10 years
Odolnost voci teplotdm vysoka nizka Temperature resistance high low
Poziarna odolnost vysoka nizka Fire resistance high low
Udrzba minimalna pravidelna Maintenance minimal regular
Komfort jazdy tvrdSi povrch vy$Si komfort Driving comfort harder surface higher comfort

Z hladiska prevadzkovej vykonnosti je to mechanicka ucinnost
(tinosnost). Dalsie poZiadavky na tunelové vozovky z hladiska ne-
Standardnych podmienok su:

e dlha Zivotnost (navrhové obdobie);

¢ malé naroky na udrzbu a dlhé cykly obnovy (tvarova stilost);

e svetelnd odrazivost povrchu (menSia energetickd narocnost);

e kryt vozovky z nehorlavého a netoxického materidlu.

Tieto poziadavky vyplynuli najmi z dopravnych nehdd s nasled-
nymi poZiarmi v stredne dlhych a dlhych tuneloch, pri ktorych sa
prejavili negativne vlastnosti asfaltovych zmesi (prenos horenia
po povrchu vozovky), energetickd narocnost na prevadzku tune-
la (osvetlenie a vetranie) a bilancie nakladov na obnovu vozoviek
(opravy a obnova v stiesnenych podmienkach). Vyber typu kon-

Strukcie vozovky je podmieneny aj dalSimi faktormi a nielen pro-
tipoZiarnymi:

e pritomnost a podiel ndkladnej dopravy;

* moznost prepravy nebezpecnych veci;

* moznosti alternativne;j trasy pri odstaveni tunela pri opravach.

N

Obr. 1 Tunel PovaZsky Chlmec s CB krytom vozovky
Fig. 1 Povazsky Chlmec tunnel with cement concrete pavement

Therefore, it is necessary to clearly define all requirements
when designing pavement in tunnels. From the perspective of
operational suitability, the key aspects are [2]:

 roughness in both transverse and longitudinal directions;

* surface roughness and resistance to polishing.

From the perspective of operational performance, mechanical
Additional
requirements for tunnel pavements, considering non-standard
conditions, include:

* long service life (design period);

* low maintenance needs and long renewal cycles (shape

stability);

* surface light reflectivity (lower energy demand);

efficiency (load-bearing capacity) is essential.

* pavement cover made of non-flammable and non-toxic

material.

These requirements have mainly arisen from traffic accidents
followed by fires in medium and long tunnels, where the negative
properties of asphalt mixtures became apparent (e.g., fire
propagation along the pavement cover), the high energy demands
of tunnel operation (lighting and ventilation), and the cost balance
of pavement renewal (repairs and reconstruction in confined
conditions).

The choice of pavement structure type is also influenced by
other factors beyond fire resistance, such as:

* the presence and proportion of heavy traffic;

* the possibility of transporting hazardous materials;

* the availability of alternative routes during tunnel closures for

maintenance.

Based on these requirements, cement concrete pavement is
preferred especially in cases of high-intensity heavy truck traffic
due to its long service life, brightness, durability of skid-resistant
surfaces, and minimal repair needs over its lifespan.

In many countries (e.g., Czech Republic, Austria, Germany,
Belgium, Slovenia, etc.), for tunnels longer than 1km, only cement
concrete pavement is permitted from a safety perspective.

Currently, all operational tunnels in Slovakia are equipped with
cement concrete pavement (see Fig. 1, Fig. 2), with the exception
of the oldest tunnel, Stratend (opened in 1972, 325m long), which
has an asphalt pavement.

ADVANTAGES OF CEMENT CONCRETE PAVEMENT

Cement concrete pavements are one of the key types of
pavement structures, particularly suitable for demanding
operational conditions where minimal maintenance is required
in environments with limited accessibility and operational risks
especially where good evacuation and rescue options are needed
in case of fire. This is a rigid pavement type, where the main
load-bearing function is concentrated in the surface layer, which
distributes the load to the underlying layers.
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Na zdklade tychto poziadaviek je prefero-
vand vozovka s cementobeténovym krytom,
najmé pri vysokej intenzite tazkej nakladnej
dopravy, z hladiska Zivotnosti, jej svetlosti
a trvanlivosti protiSmykovej ipravy a v nepo-
slednom rade minimdlnymi opravami pocas
Zivotnosti. TaktieZ v mnohych krajinach (Ces-
ko, Rakisko, Nemecko, Belgicko, Slovinsko,
atd.) pri dizke tunela nad 1 km je moZné z hla-
diska bezpecnosti navrhntt iba cementobetd-
novua vozovku. V sucasnosti je na Slovensku
vo vSetkych prevadzkovanych tuneloch iba
cementobeténova vozovka (obr. 1, obr. 2),
s vynimkou najstarSieho tunela Stratend (rok
uvedenia do prevadzky 1972, di7ka 325 m, as-
faltova vozovka).

VYHODY CEMENTOBETONOVE)J
VOZOVKY

Cementobeténové vozovKky predstavuju je-
den z klicovych typov konstrukcii vozoviek,
ktoré maju uplatnenie najmé v narocnych prevadzkovych podmien-
kach, kde sa vyZaduje minimalna udrzba v prostredi s obmedzenou
pristupnostou a previdzkovym rizikom, najmd moZnostou dobrej
evakudcie a zachrany v pripade vzniku poZiaru. Je to tuhy typ kon-
Strukcie vozovky, kde sa hlavna nosna funkcia sustreduje do krytu,
ktory roznésa zatazenie do podkladovych vrstiev. Typickymi vlast-
nostami cementobeténového krytu su:

e modul pruznosti beténu: 37 500 MPa;

e pevnost v tahu pri ohybe: > 4,5 MPa;

¢ hribka CB dosky v tuneloch: 24-30 cm.

Zivotny cyklus stavby bude mat zasadny vplyv na Cerpanie kapi-
tdlovych ndkladov pre spravcu komunikéacie, ako aj na ekonomické
a spolocenské naroky spojené s prevadzkou stavby. Kazda oprava
si vyZaduje obmedzenie dopravy. V stucasnosti je mozné, ako na
asfaltobetonovych, tak aj na cementobetonovych vozovkéch, robit
opravy rychlo, ale Ziadna z nich nie je finan¢ne nendro¢né. Taktiez
kazda oprava je v metodike hodnotenia aktudlneho stavu vozovky
zadefinovana ako porucha. Preto ¢im menej oprav, tym lepsia pre-
vadzkyschopnost vozovky. Asfaltovy kryt vozovky ma Zivotnost
iba 8—10 rokov. Zivotnost 25 rokov je Zivotnost podkladu asfaltovej
vozovky, nie krytu. Cementobetonovy kryt vozovky mé Zivotnost
rovnaku ako je Zivotnost celej vozovky, teda 30 rokov.

Obr. 2 Tunel Sibenik s CB krytom vozovky
Fig. 2 Sibenik tunnel with cement concrete pavement

Typical properties of cement concrete pavement include:

* modulus of elasticity of concrete: 37,500MPa;

e flexural tensile strength: > 4.5MPa;

* thickness of concrete slab in tunnels: 24-30cm.

The life cycle of the structure has a significant impact on capital
expenditure for the road operator, as well as on the economic and
social demands associated with the operation of the infrastructure.
Every repair requires traffic restrictions. Today, repairs can be
carried out relatively quickly on both asphalt and cement concrete
pavements, but neither is inexpensive. Moreover, every repair
is classified as a defect by the pavement condition assessment
methodology. Therefore, the fewer the repairs, the better the
operational performance of the pavement.

Asphalt pavement has a service life of only 8-10 years. The
often-quoted 25-year lifespan refers to the base layer of the
asphalt pavement, not the cover. Cement concrete pavement,
on the other hand, has a service life equal to that of the entire
pavement structure about 30 years.

Asphalt concrete pavements are about 15-20% less demanding
in terms of technology and cost during construction compared to
cement concrete. However, from an operational cost perspective,
they are more expensive due to the need for at least 2 to 3 cover
replacements during their service
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Obr. 3 Zivotny cyklus oprdv (investicii) cementobeténovej a asfaltovej vozovky

Fig. 3 Life cycle of repairs (investments) for cement concrete and asphalt pavements

TECHNICAL CONDITIONS
DETERMINING PAVEMENT
DESIGN

The design, construction, ope-
ration, management, and main-
tenance of roads are governed
not only by the relevant standards
from the STN and STN EN
systems but also by technical
regulations approved by the
Ministry of Transport of the
Slovak Republic.
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Asfaltobetonové vozovky st pri realizacii technologicky a finan-
¢ne menej naro¢né asi o 15-20 % v porovnani s cementobetono-
vymi. Z hladiska prevadzkovych nédkladov s finan¢ne narocnejsie
s nutnou uzaverou dopravy pri vymene krytu minimélne 2 az 3 krat
pocas Zivotnosti (obr. 3).

TECHNICKE PODMIENKY ROZHODUJUCE PRE NAVRH
VOZOVKY

Navrhovanie, realizicia, prevadzka, sprava a udrzba pozemnych
komunikécii sa okrem dotknutych noriem zo stustavy STN a STN
EN riadi aj technickymi predpismi rezortu, schvalenymi Minister-
stvom dopravy SR.

Technické podmienky TP 033 ,,Navrhovanie netuhych a polo-
tuhych vozoviek“ [2] a TP 098 ,,Navrhovanie cementobetonovych
vozoviek na cestnych komunikdcidch* [3] obsahuji zasady navrhu
konstrukéného usporiadania vozovky a postup pri posudzovani di-
menzii vrstiev a celej vozovky s uvazenim zataZenia od cestnych
vozidiel, inosnosti podloZia, vodného a teplotného reZzimu vozovky,
ako aj klimatickych podmienok. Zékladné kritérid, pomocou kto-
rych sa posudzujui konstrukcie vozoviek, su diferencované podla
velkosti dopravného zataZenia, priCom sa reSpektuju Standardné
a neStandardné vplyvy a podmienky v mieste stavby.

Pri procese rozhodovania v otdzke vyberu druhu krytu vozovky
su spracované technické podmienky TP 034 , Metodika stanove-
nia financnych kritérii na vyber hornej stavby vozoviek v cestnom
stavitelstve “[5], ktoré urCuju systematicky postup vyberu vozovky
na zdklade objektivnych kvantifikovatelnych ukazovatelov a kri-
térii definovanych aktudlnou troviiou poznania v oblasti technic-
kych, ekonomickych a ekologickych faktorov vystavby a prevadzky
cestnych komunikécii. Technické podmienky urcuji postup kom-
plexného technicko-ekonomického posudzovania a porovnavania
vozoviek podla materidlovo-konstrukénych charakteristik ich krytu.
Postup zahfna:

¢ definovanie primarnych kritérii pre vyber vozovky s cemento-

beténovym krytom;

e metddu a postup nakladovej analyzy Zivotného cyklu vozoviek

s roznym typom krytu a metédu pre vypocet ekonomickych
indikatorov a ich spolahlivosti;

e metddu postdenia sekunddrnych vplyvov a metédu pre vypo-

Cet ich zavaznosti a spolahlivosti;

e metddu pre konecny vyber typu krytu vozovky podla dosiahnu-

tych vysledkov a ich spolahlivosti.

V TP 034 je nazorne spracované komplexné technicko-ekonomic-
ké posudenie dvoch variantov a to asfaltovej a cementobetonove;j
vozovky. Hodnotenie je urobené dvomi spdsobmi, na zaklade pri-
marnych kritérii a z hladiska sekundarnych vplyvov.

Primarne kritéria umoZiiuju vybrat vozovku s cementobetono-
vym krytom bez dal§ieho posudzovania v pripade, ak ide sa o cestny
kych nakladnych vozidiel. Vyber preferovaného typu krytu vozovky
bol urobeny na zdklade nakladovej analyzy Zivotného cyklu stavby
(LCCA - Life cycle cost analysis).

Vyber preferovaného typu krytu vozovky z hladiska sekundar-
nych vplyvov (PSV) je bodovym hodnotenim. Vozovka s cemento-
beténovym krytom je preferovana najmaé pri vysokej intenzite tazkej
néakladnej dopravy, z hladiska Zivotnosti, jej svetlosti a trvanlivosti
protiSmykovej ipravy.

Ak preferovany variant nebol vybrany na zédklade primarnych kri-
térii, LCCA a PSV poskytujt dostatok objektivnych indikatorov pre
vyber preferovaného variantu, kedze LCCA a PSV st do istej miery
zaloZené na podobnych vstupoch (investi¢né naklady, naklady na
udrzbu a rehabiliticie, objem dopravy, Zivotnost vozovky atd.).
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Technical specifications TP 033 “Design of flexible and
semi-rigid pavements” [2] and TP 098
concrete pavements on roadways” [3] contain principles for the
structural design of pavements and procedures for assessing the
dimensions of layers and the entire pavement structure, taking
into account traffic loads, subgrade bearing capacity, water
and temperature regimes, and climatic conditions. The basic
criteria used to assess pavement structures are differentiated
according to traffic load intensity, while also respecting standard
and non-standard influences and conditions at the construction
site.

In the decision-making process regarding the choice of pavement
cover type, specification TP 034 “Methodology
for determining financial criteria for selecting pavement
superstructures in road construction” [5] provides a systematic
approach to pavement selection based on objective, quantifiable
indicators and criteria defined by the current level of knowledge
in technical, economic, and environmental aspects of road
construction and operation.

These technical specifications define the procedure for
comprehensive technical-economic assessment and comparison
of pavements based on the material and structural characteristics
of their cover. The procedure includes:

e defining primary criteria for selecting cement concrete

pavement;

* method and procedure for life-cycle cost analysis of pavements
with different cover types, and the method for calculating
economic indicators and their reliability;

* method for assessing secondary impacts and calculating their
significance and reliability;

* method for final selection of pavement cover type based on
the achieved results and their reliability.

TP 034 presents a clear and comprehensive technical-economic
assessment of two pavement variants: asphalt and cement concrete.
The evaluation is carried out in two ways based on primary criteria
and secondary impacts.

The primary criteria allow for the selection of cement concrete
pavement without further assessment if the road section has
an average daily traffic volume exceeding 3,000 heavy goods
vehicles. The preferred pavement type is selected based on a Life
Cycle Cost Analysis (LCCA).

The selection based on secondary impacts (PSV) is done
through a scoring system. Cement concrete pavement is preferred
especially in cases of high heavy vehicle traffic, due to its long
service life, surface brightness, and durability of skid resistance.

If the preferred variant is not selected based on primary criteria,
the LCCA and PSV provide sufficient objective indicators for
choosing the preferred option, as both are to some extent based on
similar inputs (investment costs, maintenance and rehabilitation
costs, traffic volume, pavement lifespan, etc.).

The Life Cycle Cost Analysis (LCCA) helps identify the
preferred pavement type in terms of maximizing the efficiency
of public spending (value for money). The Life Cycle Analysis
(LCA) is the first step of LCCA and involves predicting the loss
of functional performance (operational suitability and efficiency)
of the pavement and planning rehabilitations that continuously
extend its service life.

The methodology in TP 034 is applied to a case study comparing
an asphalt pavement designed for Nc = 27.48 x 10° standard axle
passes. To maintain a 30-year service life for the asphalt pavement

“Design of cement

technical
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Nékladova analyza Zivotného cyklu stavby (LCCA) umoziiu-
je identifikovat preferovany variant realizdcie typu krytu vozovky
z hladiska maximalizacie efektivnosti verejnych zdrojov (hodnota
za peniaze). LCA (Life Cycle Analysis) je prvym krokom LCCA
a spoCiva v predikcii straty funkcnej sposobilosti (prevadzkovej
sposobilosti a prevadzkovej vykonnosti) vozovky a planovani reha-
bilitacii, ktoré kontinudlne predlZuju Zivotnost vozovky.

Metodika je aplikovand v TP 034 na priklade asfaltovej vozovky na-
dimenzovanej na poCet prejazdov navrhovej napravy Nc = 27,48 . 10,
Aby bolo mozZné zachovat Zivotnost asfaltovej vozovky (AC) na 30
rokov, je potrebna ddsledna aplikdcia udrzby a dve rehabiliticie (vy-
mena asfaltového krytu) v priebehu Zivotného cyklu (obr. 4). Analyza
zivotného cyklu stavby LCA bola spracovana na zaklade vystupov
programu HDM-4 (Highway Development and Management) [7].

Metodika bola tiez aplikovana na nevystuZend cementobetonovi
vozovku (JPCP) s klznymi ocelovymi tfiimi s po¢tom prejazdov nd-
vrhovej napravy N = 31,93 . 10°. Pocas Zivotného cyklu st nutné
iba opravy sanacnou hmotou a vymena zalievok Skar, kryt ostava
pocas celej Zivotnosti vozovky (obr. 5).

Vyssie uvedené typy vozoviek (asfaltobeténovej a cementobe-
ténovej) na dialnici boli umiestnené v tuneli, ¢o predstavuje ne-
Standardné podmienky. Z hladiska LCCA st prepocitané dané typy
konstrukcii vozoviek a z ich porovnania je preferovany variant
cementobeténovej vozovky. Cistd stc¢asna hodnota zniZenia na-
kladov Zivotného cyklu pri vybere cementobeténovej vozovky je
31 374 028 mil. € (obr. 6). Vniitorné vynosové percento je 53,49 %.

Technické podmienky TP 115 ,, Osvetlenie cestnych tunelov*
[6] definuju zasady a poZiadavky pre osvetlenie tunela. Pri potrebe
osvetlenia cestného tunela sa rozliSuje kratky tunel alebo dlhy tunel.
Poziadavky na osvetlenie dlhych a kratkych tunelov sa liSia podla
schopnosti prichadzajicich vodicov vidiet cez tunel zo vzdialenosti
rovnajucej sa celkovej brzdnej drahe pred vstupnym portdlom. V TP
sa odporuca, aby sa pri vjazde obmedzili svetlé povrchy a povrch vo-
zovky pred portdlmi by mal byt ¢im tmavsi (vyuZitie tiefiu) a povrch

Tuel

(AC), consistent maintenance and two rehabilitations (replacement
of the asphalt cover) are required during its life cycle (see Fig. 4).
The Life Cycle Analysis (LCA) was conducted using outputs from
the HDM-4 (Highway Development and Management) program
[7].

The methodology was also applied to an unreinforced cement
concrete pavement (JPCP) with sliding steel dowels, designed
for Nc = 31.93 x 10° axle passes. Over its life cycle, only minor
repairs with patching material and joint sealant replacements are
needed, while the pavement cover remains intact throughout its
entire service life (see Fig. 5).

Both pavement types (asphalt and cement concrete) were
considered in a tunnel environment, which represents non-
standard conditions. From the LCCA perspective, the recalculated
pavement structures show a preference for cement concrete
pavement. The net present value (NPV) of life cycle cost savings
when choosing cement concrete pavement is €31,374,028 million
(see Fig. 6), with an internal rate of return (IRR) of 53.49%.

Technical specification TP 115 “Lighting of Road Tunnels”
[6] defines the principles and requirements for tunnel lighting.
It distinguishes between short and long tunnels, with lighting
requirements based on the driver’s ability to see through the
tunnel from a distance equal to the total braking distance before
the entrance portal. TP 115 recommends limiting bright surfaces
at the tunnel entrance, using darker pavement before the portal
(to benefit from shading), and light-colored pavement inside the
tunnel.

This highlights a key advantage of cement concrete, which is
naturally light in color, has favorable optical surface properties,
improves visibility, and reduces energy consumption for tunnel
lighting.

TP 024 “Pavement Management System” [4] is a tool for
effective budget allocation in pavement management, including
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Obr. 4 Vyvoj premennych parametrov vozovky v priebehu Zivotného cyklu — Variant AC (TP 034)
Fig. 4 Development of variable pavement parameters over the life cycle — AC Variant (TP 034)
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Obr. 5 Vyvoj premennych parametrov vozovky v priebehu Zivotného cyklu — Variant CB (TP 034)
Fig. 5 Development of variable pavement parameters over the life cycle — CB Variant (TP 034)

vozovky vo vnitri tunela md byt svetly. Z uvedeného vyplyva, Ze
cementobeton je prirodzene svetlej farby a md priaznivé optické
vlastnosti povrchu, lepSiu viditelnost a vyZaduje menej energii na
verejné osvetlenie.

Technické podmienky TP 024 ,, Systém hospoddrenia s vozovkami
[4] st nastrojom na efektivne delenie rozpoctu pri sprave vozoviek,

maintenance, repair, and reconstruction. The system ensures
efficient use of financial resources by road administrators.
It provides information on the operational suitability and
performance parameters of road pavements, taking into account
technical, traffic, and economic factors, and defines the processes
for maintenance and repair.

IDSV = 30.61

Tabulka 36 — Hodnotenie spolahlivosti vysledku LCCA
Table 36 - Reliability assessment of LCCA results

Z hladiska LCCA je preferovany Variant 2 - cementobeténova vozovka, JPCP
From the perspective of LCCA (Life-Cycle Cost Analysis), Variant 2
- cement concrete pavement, JPCP is preferred
Cista sti¢asna hodnota znizenia nékladov Zivotného cyklu pfi vybere Variantu 2 je 31 374,028 mil. €
The net present value of life-cycle cost savings when choosing Variant 2 is €31,374.028 million
Vnutorné vynosové percento pfi vybere Variantu 2 je 53,49 %
The internal rate of return for Variant 2 is 53.49%
Tabulka 35 — Postidenie sekundarnych vplyvov
Table 35 — Assessment of secondary impacts
Vozovky Vozovky s cemento-
Sekundérne vplyvy s asfaltovym krytom betonovym krytom
Secondary impacts Pavements Pavements with
with asphalt cover | cement concrete cover
geotechnické a hydrogeologické pomery
1a and gical condi 0 0
stabilné podloZie stable subgrade
2 stredné intenzity tazkej nakladnej dopravy 2 1
medium intensity of heavy freight traffic
5 ie v tuneloch use in tunnels 0 0
| Skusenosti s vystavbou a Gdrzbou cesty 2 4
with road ion and
7 na i azanych zo 1 3
from raw materials imported from abroad
8 | Zivotnost vozovky pavement service life 1 4
% ¢asova a technologicka narocnost oprav lokalnich 2 1
time and technological demands of local repairs
9b | v stvislych tsekov in continuous sections 3 1
10 nezavislost vystavby a oprav kontrukcie na meteorologickych vplyvov 2 1
independence of construction and repairs from weather conditions
1 moznost recyklacie pfi rekontrukcii vozovky 0 0
possibility of recycling during pavement reconstruction
12 | komfort jazdy ride comfort 0 0
13 protismykové vlastnosti povrchu po uvedeni do prevadzky 2 1
skid resistance of the cover after
14 |trvanlivost protiSmykovej dpravy povrchu 1 3
durability of skid-resistant surface treatment
15 | svetlost povrchu vozovky pavement cover 1 3
16 hluénost povrchu na novo budovanych pozemnych komunikaciach 3 2
noise level of the cover on newly built roads
172 dopad na Zivotné prostredie v stvislosti s vystavbou 0 0
i impact related to i
17b | pocas Zivotnosti impact during service life 1 3
bodova hodnota postdenia sekundarnych vplyvov CBHSV,, CBHSV,,
point score for secondary impact assessment 21 24

- ; Spolahios! vslecku LOCA
e, 5] (GSHEN, | SHNZC,,) 100, (%] Rolabity of |COA esuls
45-60 1-3 eoka

Tabulka 37 — Hodnotenie spolahlivosti vysledku LPSV
Table 37 - Reliability assessment of LPSV results

Zavaznost a spolahlivost vysledku PSV

Isv Severity and reliability of PSV results
_ vysokd
30-40 o

Tabulka 38 — Vyber variantu typu krytu vozovky
Table 38 - Selection of pavement cover type variant

" . PR " ” Vyber variantu typu krytu vozovky
Spolahlivost vysledku LCCA Zavaznost a spo spolahlivost vysledku PSV "
Reliability of LCCA results Severity and reliability of PSV results Selection of variant of pavement
cover type
velmi nizka
very low
nizka
low yb dla z& LCCAaPSV
A . 3 vyber podla zéverov a
Vﬁoﬁa gr'j':eﬁ?: selection based on LCCA and PSV
g d or conclusions
vysoka
high
velmi vysoka
very high

je vybrany Variant 2 - vozovka s cementobetonovym krytom, JP.CP
the selected variant 2 is the p with cement cover, JP.CP

Obr. 6 Postdenie sekunddrnych vplyvov pre vozovky na dialnici v tuneli (TP 034)

Fig. 6 Assessment of secondary impacts for highway pavements in a tunnel (TP 034)
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so zahrnutim udrzby, opravy a rekonstrukcie vozovky. Systém za-
bezpecuje efektivne Cerpanie finan¢nych prostriedkov pre spravcov
komunikécii. Obsahuje informécie o parametroch prevadzkovej spo-
sobilosti a prevadzkovej vykonnosti cestnej vozovky pri zohladneni
technickych, dopravnych a ekonomickych Cinitelov a urcuje proces
udrzby a oprav. Preto je dolezité uz v navrhu konstrukcie vozovky
zapracovat aj hladisko analyzy nikladov Zivotného cyklu spojenych
so spravou vozoviek pocas celej Zivotnosti a tiez triedu dopravného
zataZenia a pocet prejazdov navrhovych ndprav pocas celej Zivotnos-
ti vozovky.

Moznost pouZitia asfaltovych zmesi do tunela umoziuje dodatok
k technicko-kvalitativnych podmienkam TKP 26, podloZeny roz-
borovou tdlohu (RU) ,, Analyza moZnosti pouZitia asfaltovych zme-
si v cestnych tuneloch z hladiska ich protipoZiarnej bezpecnosti*
[8]. Cielom RU bolo preukazat moZnost pouZitia asfaltovych zmesi
v cestnych tuneloch bez zniZenia ich bezpecnosti z hladiska poziar-
nej ochrany. Rozborova tloha poukazuje na to, Ze horenie asfaltu je
mimoriadne komplikovany fyzikalno-chemicky dej, pri ktorom po-
stupne dochéadza k zahrievaniu, rozkladu, vznieteniu a spalovaniu,
za vzniku dymu, ako nésledok nedokonalého spalovania jednotli-
vych zloZiek asfaltu. Ale nevylucuje jeho horenie. Horenie asfaltu
rozdeluje do troch faz v zévislosti od zvysenia teploty.

Rozborovi tloha riesi iba jedno hladisko, a to horlavost asfaltu
(asfaltovych zmesi), nezaoberd sa komplexne hladiskom mechani-
ky a navrhovania vozoviek. Nie je moZné iba na zaklade horlavosti
asfaltu stanovit vhodnost pouZitia daného typu krytu do tunelov. RU
nerieSi ani ekonomicku efektivnost, preto tvrdenie o zniZeni finan-
¢nych nékladov je nepodloZené a mylné.

ZAVER

Cementobetonové vozovky v tuneloch predstavuji spolahli-
vé, trviacne a udrzatelné rieSenie pre moderné dopravné projekty
s vysokou Zivotnosfou, pevnostou a odolnostou voci extrémnym
podmienkam. Ich vyuZitie ma opodstatnenie najmi v tunelovych
usekoch, kde st prevadzkové, bezpecnostné a tidrzbové poZiadavky
mimoriadne prisne.

K navrhu konStrukcii vozoviek treba pristupovat systémovo
a komplexne. Preto je dolezité uz pri navrhu vozovky zapracovat aj
hladisko analyzy nakladov Zivotného cyklu spojenych so spravou
vozoviek pocas celej Zivotnosti. V platnych predpisoch a normach
je nastaveny systém zabezpecujuci efektivne Cerpanie financnych
prostriedkov pre spravcov komunikacii, ktorym je potrebné sa riadit.

Prispevok vznikol s podporou projektu VEGA 1/0463/24 ,,Imple-
mentdcia inovativnych rieSeni a technologii v systémovom pristupe
navrhovania vozoviek*.

doc. Ing. ANDREA ZUZULOVA, PhD.,
andrea.zuzulova@stuba.sk,
STU v Bratislave, Stavebnd fakulta

Recenzoval Reviewed: Ing. Miloslav Frankovsky

LITERATURA / REFERENCES

Tuel

Therefore, it is important to incorporate life cycle cost analysis
into the pavement design phase, considering the entire lifespan of
the pavement, the traffic load class, and the number of standard
axle passes over its lifetime.

The possibility of using asphalt mixtures in tunnels is addressed
in an addendum to the technical-quality conditions TKP 26,
supported by the analytical study (RU) “Analysis of the Possibility
of Using Asphalt Mixtures in Road Tunnels from the Perspective
of Fire Safety” [8]. The aim of this study was to demonstrate that
asphalt mixtures can be used in road tunnels without compromising
fire safety.

The study points out that asphalt combustion is a highly
complex physico-chemical process, involving gradual heating,
decomposition, ignition, and burning, accompanied by smoke due
to incomplete combustion of asphalt components. However, it does
not rule out the possibility of asphalt burning. The combustion
process is divided into three phases, depending on the temperature
increase.

Importantly, the study addresses only the flammability of
asphalt (and asphalt mixtures) and does not comprehensively
consider pavement mechanics or structural design. Therefore, it
is not sufficient to determine the suitability of asphalt pavement
in tunnels based solely on flammability. The study also does
not evaluate economic efficiency, making any claims about cost
savings are unsupported and misleading.

CONCLUSION

Cement concrete pavements in tunnels represent a reliable,
durable, and sustainable solution for modern transport projects,
offering high service life, strength, and resistance to extreme
conditions. Their use is particularly justified in tunnel sections,
where operational, safety, and maintenance requirements are
exceptionally strict.

Pavement structure design must be approached systematically
and comprehensively. Therefore, it is essential to incorporate
life cycle cost analysis already at the design stage, considering
the full lifespan of the pavement. Existing regulations and
standards provide a framework that ensures the efficient use of
financial resources by road administrators and should be followed
accordingly.

This paper was developed with the support of the VEGA
project 1/0463/24: “Implementation of Innovative Solutions and
Technologies in a Systemic Approach to Pavement Design.”
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