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Abstract: This paper focuses on noise modelling and the assessment of road noise impacts in relation to residential areas and eco-
nomic costs using modelling. The intention of the whole project and the authors' work is to contribute to the determination of changes
in road noise levels for relevant decision-making processes with direct applicability in social sciences (regional development, sociol-
ogy, demography, economics) related to health risk assessment (public health). The longevity, noise reduction levels and external
cost changes of using low noise roads should therefore be appreciated. The purpose is to remove the identified disparity and to make
publicly available, through a certified methodology, the data needed to assess the long-term effects of noise pollution from low-noise

roads for use by regional development, thus contributing to the strategy of Directive 2002/49/EC.

Keywords: Road noise modelling, road surface, economic evaluation, low-noise pavement, CPX method

DOI:

1. INTRODUCTION

Noise is a mixture of sounds that vary in volume and frequen-
cy. An important characteristic of noise is its intensity, which
is determined by the amount of acoustic energy. Noise has
become one of today's major environmental problems as the
overall environmental noise level continues to rise. In cities,
the most significant source of excessive noise affecting large
numbers of people is traffic. Transport development brings
with it several negative impacts in addition to the positive
ones. The negative ones include, among others, excessive noi-
se pollution in the area around roads. It operates continuously
day and night in the affected areas and affects many people.
A noise map is used to assess the noise situation of the area.
It is @ map continuously showing the distribution of noise in
the area with isophones, i.e., curves with the same noise level.
The noise map therefore generally presents a description of
the noise pollution in the environment, especially in the case
of a larger area where noise levels vary from place to place.
Its processing is not based on specific point measurements
in the field, but on model calculations. Model calculations
are less costly, more feasible and more useful with regard to
planned investment actions, changes in transport or other

1.UvoD

Hluk ptedstavuje smés zvukd, které maji proménlivou hlasitost
a kmitocet. DllezZitou charakteristikou hluku je jeho intenzita,
kterd je ddna mnozstvim akustické energie. Hluk se stal jednim
ze zavaznych soucasnych problém( Zivotniho prostiedi, pro-
toze celkova hlu¢nost prostiedi neustale stoupa. Ve méstech
je nejvyznamnéjsim zdrojem nadmérného hluku pusobiciho
na velky pocet obyvatel doprava. Rozvoj dopravy s sebou pfi-
nasi vedle pozitivnich i fadu negativnich dopadd, ke kterym
mimo jiné patfi pravé nadmérna hlukova zatéz v okoli pozem-
nich komunikaci, jez v postizenych oblastech plsobi bez pre-
stani ve dne v noci a ovliviuje velké mnozstvi lidi. K posou-
zeni hlukové situace slouzi pro danou oblast hlukova mapa.
Jedna se o mapu spojité zobrazujici rozlozeni hluku v oblasti
s vyznacenim izofon, tedy kfivek se stejnou hlu¢nosti. Hlukova
mapa obecné tedy prezentuje popis hlukové zatéze v prostie-
di, zvlasté v pfipadé rozséhlejsiho Uzemi, kde se hladina hluku
méni misto od mista. Jeji zpracovani nevychazi z konkrétnich
bodovych méfeni v terénu, ale z modelovych vypoctd, které
jsou méné nakladné, Iépe realizovatelné a vyuZzitelnéjsi s ohle-
dem na planované investi¢ni akce, zmény v dopravé nebo jind
opatreni, kterd vedou ke zlepseni stavu Zivotniho prostredi.
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measures that lead to environmental improvements. Noise
mapping can find wide application, e.g., in Environmental
Impact Assessment (EIA); as a basis for zoning, construction
or building permit proceedings, when dealing with citizens'
complaints about excessive noise; in the determination
of the noise burden of the population of the calculation
area; in the design of noise reduction measures; in Strate-
gic Noise Mapping (SNM) and action plans according to the
EU Directive 2002/49/EC [1]. They are now also used extensi-
vely in the development of Sustainable Urban Mobility Plans.
Mathematical modelling is the tool that enables this simulati-
on of noise propagation in the field.

The introduction of a uniform international methodolo-
gy CNOSSOS-EU [2] is currently a hot topic. The methodolo-
gy has already been implemented in the legislation of EU
Member States as binding for the 4™ round of Strategic Noise
Mapping. This should lead to a harmonisation of calculations
across European countries. The name of the European metho-
dology CNOSSOS-EU stands for Common NOise aSSessment
methOdS. In 2008, the EU Commission began developing this
methodology under the leadership of the Joint Research Cen-
tre (JRC), in which the Czech Republic also has representatives
from the National Reference Laboratory (NRL) for Municipal
Noise. This methodology deals with noise from road, rail and
air transport, industrial activities, and the calculation of noise
propagation from these sources in the en- vironment. This
methodology deals with noise from road, rail and air trans-
port, industrial activities, calculation of noise propagation
from these sources in the environment and enables the
assessment of theimpact  of noise pollution on the popu-
lation in individual buildings. The main objective of the me-
thodology is to establish a uniform approach for noise assess-
ment, which will be subsequently used in the regular Strategic
Noise Mapping according to the above-mentioned Euro-
pean Directive. The Ministry of Health of the Czech Repubilic,
as the coordinator of health protection against noise, aims to
adopt the CNOSSOS methodology as a national calculation
methodology. However, a prerequisite for implementation is
sufficient technical information on the noise parameters of in-
dividual noise sources. For the time being, the use of average
road surface noise is still considered for acoustic calculations.
This is a single value obtained by averaging all noise values
measured over the lifetime of the road surface. The trends and
changes in noise levels of different types of road surfaces are
not yet known.

By the end of 2022, the fourth round of SNM should be com-
pleted and the resulting data must be presented in accordan-
ce with Directive 2007/2/EC on the establishment of an Infra-
structure for Spatial Information in the European Community
(INSPIRE) [3]. EU Member Sta- tes are obliged to use the alrea-
dy mentioned uniform calculation methodology CNOSSOS-EU
(Directive 2015/996/EC [4]) for calculations within this round
of the SNM. This methodology now also requires working with
individual road surface types for the preparation of strategic
noise maps.

In the Czech Republic, several different methodologies are
currently used for modelling noise pollution from road trans-
port. The methodology for the calculation of road traffic noise
was first described in the publication Methodological guide-
lines for the calculation of traffic noise levels [5]. This metho-
dology has been gradually updated [6, 7, 8], and the current
one is the Calculation of noise from car traffic, update of the
methodology, Manual 2018, version 2020 [9]. The calculation

Hlukova mapa muze najit Siroké uplatnéni, napf. pfi posuzo-
vani vlivl na Zivotni prostredi (EIA), jako podklad pro uzemni,
stavebni ¢i kolaudacni fizeni, pfi feSeni stiznosti obc¢anl na
nadmérny hluk, stanoveni hlukové zatéze obyvatelstva vypo-
Ctové oblasti, ndvrhy protihlukovych opatfeni, strategické hlu-
kové mapovani a akéni plany dle smérnice EU 2002/49/EC [1].
V soucasnosti jsou ve velké mife téz vyuzivany pfi tvorbé Plantd
udrzitelné mobility mést. Nastrojem umoznujicim tuto simula-
ci Siteni hluku v terénu, je matematické modelovani.

Aktudlni je v soucasné dobé zavedeni jednotné mezinarodni
metodiky CNOSSOS-EU [2], kterd je jiz implementovana v le-
gislativé ¢lenskych statd jako zdvazna pro 4. kolo strategic-
kého hlukového mapovani, ¢imz by mélo dojit ke sjednoceni
vypoctl napfi¢ evropskymi staty. Nazev evropské metodiky
CNOSSOS-EU je zkratkou pro Common NOise aSSessment
methOdS, v prekladu ,spole¢né metody hodnoceni hluku”
V roce 2008 zacala tuto metodiku vytvaret Komise EU pod ve-
denim Spole¢ného vyzkumného strediska (JRC), ve kterém ma
také Ceska republika své zastupce z NRL pro komunalni hluk.
Tato metodika se zabyva hlukem ze silni¢ni, Zelezni¢nii letecké
dopravy, z priimyslové ¢innosti, vypoctem Siteni hluku z téch-
to zdrojli v prostrfedi a umoznuje provadét hodnoceni dopadl
hlukové zatéze na obyvatelstvo v jednotlivych budovach. Je-
jim hlavnim cilem je zavedeni jednotného pfistupu pro hod-
noceni hluku, ktery bude nasledné vyuzivan pfi pravidelném
Strategickém hlukovém mapovani dle vyse zminéné evropské
smérnice. Snahou Ministerstva zdravotnictvi CR, jako gestora
ochrany zdravi pfed hlukem, je pfijeti metodiky CNOSSOS jako
narodni vypoctové metodiky. Pfedpokladem je vSak dostatek
technickych informaci o hlukovych parametrech jednotlivych
zdroja hluku. Zatim se pro akustické vypocty stale uvazuje vy-
uziti prdmérné hodnoty, tedy jedné celozivotni hodnoty hlu-
ku povrchu daného typu vozovky, protoze dosud neni zndm
vyvoj a zmény hlu¢nosti jednotlivych typd povrchid vozovek.

Do konce roku 2022 by mélo byt ¢tvrté kolo SHM dokon-
¢eno a vyslednd data musi byt prezentovana v souladu se
smérnici 2007/2/EC o zfizeni infrastruktury pro prostorové in-
formace v Evropském spolecenstvi INSPIRE [3]. Clenské staty
EU maji povinnost v rdmci tohoto kola SHM pouzit pro vypo-
Cty praveé tuto jiz zminénou jednotnou vypoctovou metodiku
CNOSSOS-EU (smérnice 2015/996/EC [4]). Tato metodika nové
vyzaduje pro zpracovani strategickych hlukovych map praco-
vat i s jednotlivymi typy povrchd pozemnich komunikaci.

V CR se v soucasnosti pro modelovani hlukové zatéze ze
silni¢ni dopravy vyuziva nékolik rdznych metodik. Metodika
pro vypocet hluku ze silni¢ni dopravy byla poprvé popsa-
na v publikaci Metodické pokyny pro vypocet hladin hluku
z dopravy [5]. Tato metodika byla postupné aktualizovana [6,
7, 8], v soucasnosti je aktudlni Vypocet hluku z automobilové
dopravy - aktualizace metodiky, Manudl 2018 verze 2020 [9].
Vypocetni metodou dle Smérnice EU pro hodnoceni a fizeni
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method according to the EU Directive for the assessment and
management of environmental noise is for the time being the
French methodology NMPB-Routes 1996 [10], respectively
NMPB-Routes 2008 [11]. It describes the detailed procedure
for calculating noise levels near the roads caused by traffic.
This method is used as a national calculation methodology in
EU countries (e.g., France, Italy). In the Czech Republic, this me-
thodology is legislatively anchored for the use of SNM by the
Decree of the Ministry of Health No. 315/2018 Coll., which is
currently being amended [12].

The obtained noise propagation maps represent the primary
input for further use and processing. Our work on acoustic cal-
culations of noise propagation in the area uses the knowledge
of changes in road noise in individual years. The obtained
results and their subsequent processing can then be used in
decision-making processes. These have then direct applicabi-
lity and interconnectedness in social sciences (territorial deve-
lopment - sociology, demography, economics) in relation to
health risk assessment (population health). The intention is to
assess the long-term, noise reduction rate and external cost
change of using pavements with noise reducing characteris-
tics (low-noise (Czech abbreviation is NH) pavements). Within
the results presented in this paper, the calculations were per-
formed in SoundPLAN 8.1 software using the French NMPB
methodology of 2008 [11].

2. MODELLING AND CALCULATIONS

2.1 Noise modelling and noise map types

A noise map is a graphical representation of the acoustic si-
tuation in the outdoor environment of a given area. In order to
produce a noise map, the following input data requirements
must be met. The road network layer that defines the line sour-
ce of noise. Information is also needed on the width layout of
the roads, i.e, number of lanes, width of the road, width of the
dividing strip, one-way traffic, bridge structures etc. This lay-
er must contain attributes indicating the average number of
cars and trucks that pass through the monitored section in a
given time interval and their average speeds, or an attribute to
distinguish different types of road surface (e.g., asphalt pave-
ment, cobblestones). The digital ground model (DGM) deter-
mines the elevation ratios in the model. The layer can be ob-
tained directly by interpolation from contour lines or elevation
points. The layer of the built-up area together with an attribu-
te indicating the number of floors, the height of the building
and the DGM is used to quantify the amount of attenuation
caused by the obstacle. The building layer may contain an
attribute for the number of inhabitants or dwellings, which is
then used to evaluate the number of inhabitants affected by
noise in each decibel band. The area of interest definition is
a user-defined polygon that defines the area for which noise
levels will be calculated. Noise barriers or berms also have a
significant impact on noise propagation. These data are often
kept in road passports, but it is almost always necessary to
complete and check these data. In the Czech Republic, noise
barriers are not registered in any unified publicly accessible
database and are therefore added to noise models based on
field surveys. The input for the noise calculation is the annual
average daily traffic volume (AADT), which can be obtained by
conducting short-term traffic counts using conversion coeffi-
cients to characterize annual, weekly, and daily variations in

hluku ovliviiujiciho Zivotni prostiedi je prozatim francouzska
metodika NMPB-Routes 1996 [10], respektive NMPB-Routes
2008 [11], kterd popisuje detailni postup vypoctu hladiny hlu-
ku, které jsou v blizkosti komunikaci zpUsobeny dopravou.
Tato metoda je jako narodni vypoctova metodika pouzivana
ve statech EU (napf. Francie, Italie). V CR je tato metodika legis-
lativné zakotvena pro pouziti SHM vyhlaskou MZ €. 315/2018
Sb., ktera je v soucasné dobé novelizovana [12].

Ziskané mapové podklady Sifeni hluku v Gzemi predsta-
vuji primdrni vstupni podklad pro dalsi pouZiti a zpracovani.
V rdmci nasi odborné prace o akustickych vypoctech Sifeni
hluku v Uzemi jsou vyuZity poznatky o zménach hluc¢nosti vo-
zovek v jednotlivych rocich. Ziskané vysledky a jejich nasledné
zpracovani pak mohou byt vyuZity v rozhodovacich proce-
sech. Ty maji nasledné pfimou uplatnitelnost a provézanost ve
spolecenskych védach (rozvoj izemi - sociologie, demografie,
ekonomie) ve vztahu k hodnoceni zdravotnich rizik (zdravi
obyvatelstva). Zdmérem je ocenit dlouhodobost, miru snizeni
hlukové zatéze a zménu externich nakladu pfi vyuZiti vozovek
s obrusnymi vrstvami se snizenou hluc¢nosti (nizkohlu¢nych
(NH) vozovek). V ramci vysledkll prezentovanych v tomto ¢lan-
ku byly vypocty realizovany v softwaru SoundPLAN 8.1 fran-
couzskou metodikou NMPB z roku 2008 [11].

2. MODELOVANI A VYPOCTY

2.1 Hlukové modelovani a typy hlukovych map

Aby vznikla hlukova mapa, coz je grafické zobrazeni akus-
tické situace ve venkovnim prostifedi daného Gzemi, musi byt
splnény pozadavky na vstupni datové podklady, a ty jsou na-
sleduijici. Vrstva silni¢ni sité, ktera definuje liniovy zdroj hluku.
Nutné jsou rovnéz informace o sitkovém usporadani komuni-
kaci, tj. pocet jizdnich pruhd, sitka komunikace, Sitka déliciho
pasu, jednosmérny provoz, mostni objekty atd. Tato vrstva
musi obsahovat atributy udavajici primérny pocet osobnich
a ndkladnich automobild, které projedou sledovanym Usekem
v daném casovém intervalu a jejich priimérné rychlosti, pfi-
padné atribut, kterym odlisime rozdilné druhy povrchu silni-
ce (napf. asfalt, dlazba). Digitalni model terénu (DMT ¢i DGM
v anglickém jazyce) urcuje vyskové poméry v modelu. Vrstvu
je mozno ziskat pfimo interpolaci z vrstevnic &i vyskovych
bodd. Vrstva zastavby spolu s atributem uddvajicim pocet pa-
ter, vysku budovy a s DMT slouzi k vycisleni velikosti Gtlumu
zpUsobeného prekazkou. Vrstva budov muze obsahovat atri-
but poctu obyvatel ¢i obydli, které nasledné slouzi k vyhodno-
covani poctu obyvatelstva zasazenych hlukem v jednotlivych
decibelovych pasmech. Vymezeni oblasti zajmu je uzivatelem
definovany polygon, ktery vymezuje oblast, pro kterou bu-
dou hladiny hluku po¢itany. Vyrazny vliv na Sifeni hluku maji
téz protihlukové stény ¢i valy. Tato data jsou casto vedena
v pasportech komunikaci, ale téméf vzdy je nutné doplnéni
a kontrola téchto dat. V CR nejsou protihlukové stény evidova-
ny v zadné jednotné vefejné pfistupné databazi, a proto jsou
do hlukovych modell dopliiovany na zakladé terénnich pra-
zkum. Vstupnim tdajem pro vypocet hluku je ro¢ni primér
dennich intenzit dopravy (RPDI), ktery |ze z hodnot ziskanych
provedenim kratkodobého specidlniho s¢itani dopravy ziskat
pomoci prepoctovych koeficientd charakterizujicich rocni,
tydenni a denni variace intenzity dopravy. Tyto pfepoctové
koeficienty jsou urceny zvlast pro jednotlivé kategorie vozi-
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traffic volume. These conversion coefficients are determined
separately for each vehicle category and the character of the
traffic on the road (road category, road class, share of recrea-
tional traffic). The results of national Road Traffic Census (RTC)
intensities are also used as input data for modeling. The values
of the conversion coefficients together with the instructions
for their use are given in TP 189 Determination of traffic inten-
sities on roads in the current version [13]. Noise mapping is the
process of creating a graphical presentation from measured or
calculated data about the existing noise situation in a given
location. The values of noise indicators used in noise mapping
are compared with defined limit values (for SNM) or hygiene
limits (for noise studies). These indicators give information on
when these limit values are exceeded. Fig. 1 shows an example
of the project structuring option in SoundPLAN software.

£ - o |
L eve L2 Epay B 2y 3
“Oibjects” [ e ——
P 7 - LT Can Aeva
T o kg ; R
2. Lewel Tlevatican Buildings Planning | Mciae Calc Area
“Geodiles” pmtection
el
Lievek Pleieg » BEM
Situations
Plasrirg with Fedce SROAECIDS » XA
4, Level + I
eCakodation deta” [ Grid Moiur Mg planaing” withost moae protestion ]
[ Tazade Mohun Niag planning” with sass protection ]

Fig.1: Basic project structuring options in SoundPLAN [14]

Noise maps can also be thought of as maps where areas
affected by noise are indicated by a color scale. Since there is
no universal type of noise map that handles all the necessary
information, noise maps can be subdivided as follows:

- Emission noise map, this type of noise map is based on
traffic noise measurements at a reference distance of
7.5 m from the road axis. The result is a color graphical
representation of the road at a basic resolution of 5 dB
according to the noise load on the road.

«  The banded area noise map is used when an area is affec-
ted by noise.

- The differential noise map can be used to present the noi-
se situation, e.g., before and after the implementation of
noise abatement measures.

«  Point noise map, which defines calculation points in front
of the facades of individual buildings where the acoustic
situation is monitored [15].

2.2 Calculation of economic costs of asphalt pavements in
the Czech Republic

The acoustic calculations are also influenced by the tech-
nical parameters of the roads in terms of noise. The data ob-
tained from the modelling of noise propagation in the area,
including the detailed effects on the population, can be used
in the economic assessment of the noise burden and in the
comparison of conventional and low-noise asphalt mixtures.
According to many years of experience of experts, it can be
said that the service life of the entire road construction in

del a charakter provozu na komunikaci (kategorie komunika-
ce, tfida komunikace, podil rekreac¢ni dopravy). Jako vstupni
udaje se pro modelovani pouzivaji také vysledky intenzit
celostatniho scitani dopravy (CSD). Hodnoty prepoctovych
koeficientll spolu s ndvodem na jejich pouziti jsou uvedeny
v TP 189 Stanoveni intenzit dopravy na pozemnich komuni-
kacich [13]. Hlukové mapovani je procesem vytvareni grafické
prezentace z namérenych, resp. vypoctenych Udajl o stavaji-
ci hlukové situaci v dané lokalité. Pfi hlukovém mapovani se
pouzivaji hlukové ukazatele, jejichz hodnoty jsou srovnavany
s definovanymi meznimi hodnotami (pro SHM) nebo hygienic-
kymi limity (pro hlukové studie) a informuji nas o prekroceni
téchto limitnich hodnot. Obr. 1 znazorruje pfiklad moznosti
strukturovani projektu v softwaru SoundPLAN.

. 2
1. arowvefi: ‘ !I @
"Objekty"
protihiuk. stény  Oblastwyjioftu
protibluk, valy | hiuku

L2 By @

wrstewnice
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"Vypottova data" *
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obr.1: Zdkladni
vSoundPLANu [14]

mozZnosti  strukturovdni  projektu

Hlukové mapy si mlzeme také predstavit jako mapy, kde
jsou barevnou Skalou vyznaceny oblasti zasazené hlukem. Je-
likoz neexistuje univerzalni typ hlukovych map, které by zpra-
covavaly viechny potiebné informace, Ize délit hlukové mapy
nasledné:

«  Emisni hlukovd mapa, tento typ hlukové mapy je vytvo-
fen na zakladé méreni dopravniho hluku v referencni
vzdalenosti 7,5 m od osy komunikace, kdy vysledkem je
barevna graficka prezentace komunikace v zavislosti na
zatizeni komunikace hlukem v zakladnim rozliSeni 5 dB.

«  Pasmova plosna hlukova mapa, ktera se vyuziva pfi plos-
ném zasazeni Uzemi hlukem.

«  Rozdilova hlukova mapa, kterda muze slouZit pro prezenta-
ci hlukové situace napf. pfed a po realizaci protihlukového
opatreni.

«  Bodova hlukova mapa, kde jsou definovany vypoctové
body pred fasadami jednotlivych objektd, ve kterych je
sledovana akusticka situace [15].

2.2 Vypocet ekonomickych naklada asfaltovych obrus-
nych vrstevv CR

Akustické vypocty jsou z hlediska hlu¢nosti ovlivnény
i technickymi parametry vozovek. Udaje ziskané z modelovéni
siteni hluku v Uzemi, podrobné dopady na obyvatelstvo ne-
vyjimaje, Ize vyuzit pfi ekonomickém hodnoceni hlukové za-
téze a porovnani béznych a nizkohlu¢nych obrusnych smési.
Dle mnohaletych zkusenosti odbornikd Ize fici, ze Zivotnost
celé konstrukce vozovky je v CR 25 let. Oproti tomu Zivotnost
obrusnych vrstev je nizsi. Zivotnost béznych obrusnych vrstev
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the Czech Republic is 25 years. In contrast, the service life of
the pavement (abrasive layer) is lower. The service life of con-
ventional pavements is around 12 years, and the service life
of low-noise pavements is approximately 8 years. The service
life of the entire pavement structure was set at 24 years for
the purpose of the calculation. The conventional pavement
should be laid twice (two cycles) and the NH surface three ti-
mes (three cycles) in this time.

All cost values obtained by the procedures below have to
be converted into a price in the survey year, using the values
from the real GDP trend listed on the website of the Czech
Statistical Office. For maximum simplicity, the calculations
are performed over the entire lifetime for one year only (the
increase would be the same percentage for all years anyway,
so this simplification is possible). The calculations presented
in this paper are made for the year 2021, when the latest up-
date of the Branch Classifier of Building Structures and Works
(Czech abbreviation is OTSKP) [16] was approved. The branch
provides prices for various actions on transportation construc-
tion projects.

As already mentioned in a published article in the journal
Akustika [17], the costs associated with the construction of the
pavement layer (construction costs), which include paving,
horizontal road markings (HRM) or milling, must be included
in the overall economic assessment. Other costs are the health
and social costs incurred on behalf of inhabitants who are ad-
versely affected by traffic noise (externality costs). The basic
input data for the calculation of externalities is the calculati-
on of noise in the monitored area (noise maps). The economic
comparison also includes maintenance, which only includes
special cleaning of low-noise pavements, as this is the only
item that differentiates maintenance of conventional and NH
surfaces. To these costs introduced earlier [17], two more pa-
rameters related to the surface replacement itself were subse-
quently added. Specifically, the traffic-engineering measures
(e.g., traffic signs or lights, Czech abbreviation is DIO) used to
designate roadway work and the costs for delays (congestion)
that may occur during resurfacing.

The placement of the temporary (portable) DIO is carried
out according to TP 66 [18]. Sample schemes for marking
workplaces in the municipality, outside the municipality and
motorways and roads for motor vehicles are provided. The pri-
ces for each DIO method are listed in the OTSKP. Delays occur
most often in two ways. In the case of four- and six-lane roads,
the replacement of the surface occurs mainly on a lane-by-la-
ne basis; therefore, delays due to the traffic reduction to the
fewer lanes are expected. For calculation purposes, only one
lane was chosen to be closed at a time. According to the Ope-
rating Directive 8/14 RSD (Road and Motorway Directorate)
[19], in such cases the delay up to the traffic intensity of 42,000
vehicles per day for four lanes or 75,000 vehicles per day for six
lanes is almost negligible. Reconstruction of the road surface
is usually carried out on two-lane roads by closing one lane
by means of traffic shuttles controlled by traffic lights. Traffic
volume varies throughout the day and the use of TP 189 [13]
was chosen to determine the number of vehicles during spe-
cific hours. These daily variation values were then averaged as
follows: 1t and 2" class motorways were aggregated under
motorways; 1 class roads with status E (international) and |
(state) were aggregated under 1% class roads; 2"* and 3™ class
roads, local and purpose roads were aggregated under other
roads. The calculation of the loss time is then mainly governed
by TP 81 [20] and TP 188 [21]. The calculation of the monetary

se pohybuje okolo 12 let a Zivotnost obrusnych vrstev se sni-
Zenou hluénosti je pFiblizné 8 let. Zivotnost celé konstrukce
vozovky byla pro potfeby vypoctu stanovena na 24 let. Bézny
povrch je tfeba za tuto dobu polozit 2x (dva cykly), NH povrch
pak 3x (tfi cykly).

Vsechny hodnoty nakladd, ziskanych postupy uvedenymi
nize, je nakonec tieba prevést na cenu ve zjistovaném roce, a
to pomoci hodnot z redIného vyvoje HDP uvedeného na stran-
kach Ceského statistického Gfadu. Pro co nejvyssi zjednodu-
Seni jsou vypocty provadény po celou dobu Zivotnosti jen
pro jeden rok (navyseni by stejné bylo u vsech let procentudl-
né stejné, proto je toto zjednoduseni mozné). Vypocty uvade-
né v tomto prispévku jsou provedeny pro rok 2021, kdy byla
schvélena zatim posledni aktualizace Oborového tfidniku sta-
vebnich konstrukci a praci (OTSKP) [16], ktery uvadi ceny rliz-
nych akci na dopravnich stavbach.

Jakjizbylo uvedeno v publikovaném ¢lanku v ¢asopise Akus-
tika [17], do celkového ekonomického hodnoceni je potieba
zapocitat ndklady spojené se stavbou obrusné vrstvy (staveb-
ni ndklady), kam se pocita pokladka, vodorovné dopravni zna-
ceni (VDZ) ¢i frézovani. Dalsimi naklady jsou pak zdravotni a
socialni ndklady vynalozené za obyvatele, ktefi jsou negativné
ovlivnéni hlukem z dopravy (ndklady za externality). Zaklad-
nim vstupnim Udajem pro vypocet externalit je vypocet hluku
ve sledovaném uzemi (hlukové mapy). Soucasti ekonomic-
kého porovnani je déle Udrzba, do které je zapocitano pouze
specialni ¢isténi nizkohluénych vozovek, protoze pouze touto
polozkou se udrzby béznych a NH povrch lisi. K témto nékla-
dim predstavenym drive [17] byly nasledné pridany dalsi dva
parametry tykajici se samotné vymény povrchu. Konkrétné
dopravné-inzenyrské opatreni (DIO) pouzité pfi oznaceni pra-
ce na pozemnich komunikacich a naklady za zpozdéni (kon-
gesce), ke kterym béhem vymény povrchu muze dojit.

Umistovani do¢asného (pfenosného) DIO se provadi podle
TP 66 [18]. Jsou zde uvedena vzorova schémata pro oznaco-
vani pracovnich mist v obci, mimo obec a na dalnicich a sil-
nicich pro motorova vozidla. Ceny za jednotlivé zplsoby DIO
jsou uvedeny v OTSKP. Ke zpozdéni dochézi nejcastéji dvéma
zplsoby. U Ctyt — a Sestipruhovych komunikaci dochazi k vy-
méné povrchu prevazné po jednotlivych pruzich, proto se
u nich pocita se zpozdénim vlivem sjizdéni do mensiho poctu
pruhd. Pro potieby vypoctu bylo zvoleno uzavieni vzdy pouze
jednoho pruhu. Dle Provozni smérnice 8/14 RSD [19] je v tako-
vych pfipadech zpozdéni az do intenzity dopravy 42 000 voz/
den u Ctyfpruhovych, resp. 75 000 voz/den u 3estipruhovych
témér zanedbatelné. U dvoupruhovych silnic probiha rekon-
strukce povrchu silnice nejcastéji uzavienim jednoho pruhu
pomoci kyvadlové dopravy fizené svételnou signalizaci, tj. se-
mafory. Intenzita dopravy se v prlibéhu dne lisi a pro stanove-
ni poctu vozidel v konkrétnich hodinach bylo zvoleno pouziti
TP 189 [13]. Tyto hodnoty dennich variaci pak byly zpriméro-
vany nasledujicim zpGsobem: délnicel. a Il. tfidy byly sjednoce-
ny pod dalnice; silnice I. tfid se statusem E a | byly sjednoceny
pod silnice I. tfidy; silnice II. a lll. tfid, mistni a uc¢elové komuni-
kace byly sjednoceny pod silnice ostatni. Vypocet ztratového
Casu se pak fidi predevsim TP 81 [20] a TP 188 [21]. Vypocet pe-
nézniho ocenéni ze zpozdéni je provadén podle ¢eské meto-
diky z roku 2013 [22], kterd uvadi ocenéni ¢asu pro osobni i na-
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valuation of delay is performed according to the Czech metho-
dology from 2013 [22], which provides time valuation for both
passenger and freight transport. The traffic volume and ratio
of trucks on the subject section of road can be determined
from a National Traffic Census. In the case of freight transport,
it is then necessary to consider the load that normally moves
on the designated road (number of ton-hours). The average
weights for all trucks (light, medium, heavy, trailer combinati-
ons) were determined by analyzing the payload weight of all
valid data from the Czech Vehicle Register [23]. This method of
calculation is quite demanding and therefore it is possible to
proceed to a simplified determination of the cost of delay. It is
only necessary to determine the average time that the vehicle
will be delayed if it passes through the reconstructed section.
This time indication can be easily converted into a monetary
valuation according to the methodology mentioned above.

3. MODEL SITUATION FOR ECONOMIC
CALCULATION

To compare the most common typical conditions, three situa-
tions were evaluated - an urban canyon, a city bypass, and
a road through built-up area. The noise on the facade of the
protected layer of the built-up area within the acoustic mo-
dels created is always around 60 dB at night. (Corresponds to
the highest hygienic limit valid in the Czech Republic, which
is set with correction for the old noise load.) The first model
case is an urban canyon, where the actual residential built-up
area with 692 inhabitants is in proximity on both sides of the
road. It is a realistic section of a two-lane road type S 7.5 with
a length of 351 m with a traffic intensity of 14,000 vehicles per
day (10% of which is freight traffic) and a vehicle velocity of
50 km/h. The second model case is a real example of a city by-
pass of a municipality using a four-lane motorway type D 27.5.
There are 9,986 inhabitants in the area. The length of the sec-
tion is 3,215 m with a traffic volume of 36,800 vehicles per day
(freight traffic is again 10% of this) and a simulated velocity
of 110 km/h. The third and last model case is road through
built-up area, where the real section of the four-lane local
road MS 18.5/13.5 passes through the area with 5,030 inhabi-
tants. The length of the section is 1,373 m, the traffic intensi-
ty is 28,000 vehicles per day (freight traffic is again 10%) with
a vehicle velocity of 50 km/h. For all model situations, two
types of asphalt pavement were simulated over the service life
of the pavement structure, i.e., 24 years. One replacement is
assumed over this period for a 40 mm thick SMA 11S surface
(conventional); this is two cycles of twelve years. Two surface
replacements in 24 years are required for the SMA 8 NH (low-
-noise) 30 mm thick surface; this is three cycles of eight years.
The initial condition is not counted as a surface replacement,
therefore the number of expected required replacements is
one less than the number of cycles. The DIO of the urban ca-
nyon is calculated according to scheme B/6 in TP 66 [18], that
of the city bypass according to scheme D/3 and that of the
road through built-up area according to scheme B/9.

Tab.1 shows the construction costs, maintenance costs and
externalities of the three model situations described above for
the two selected asphalt surfaces. The values in the table are
rounded to the nearest thousand and do not include the cost
of delays caused by surface reconstruction.

kladni dopravu. Intenzitu dopravy a pomér nakladnich vozidel
na predmétném Useku komunikace Ize stanovit z celostatni-
ho scitani dopravy. U nakladni dopravy je pak tfeba pocitat
s nadkladem, ktery se po urcené komunikaci bézné pohybuje
(pocet tunohodin). Priimérné hmotnosti pro vsechna nakladni
vozidla (lehka, stfedni, téZkd, ndvésové soupravy) byla stano-
vena na zdkladé rozboru uzite¢né hmotnosti viech validnich
dat z registru vozidel CR [23]. Tento zpUsob vypo¢tu je znaéné
narocny, a proto lze pfistoupit ke zjednodusujicimu uréeni na-
klad(i za zpozdéni. Je tieba si pouze stanovit primérnou dobu,
po kterou se vozidlo zdrzi, pokud bude projizdét predmétnym
usekem. Tento ¢asovy Udaj Ize snadno prevést na penézni oce-
néni dle zminované metodiky.

3. MODELOVE SITUACE PRO EKONOMICKY
VYPOCET

Pro srovnani nejcastéjsich typickych stavl byly hodnoceny tfi
situace — uli¢ni kanon, obchvat obce a pratah hlavni komuni-
kace obci. Hluk na fasadé chranéné zastavby v rdmci vytvo-
fenych akustickych modeld se vzdy pohybuje v no¢ni dobé
v Urovni cca 60 dB. (Odpovida nejvy$simu hygienickému limitu
platnému v CR, ktery je stanoven s korekci na starou hlukovou
zatéz.) Prvnim modelovym pfipadem je pozemni komunika-
ce v obci s uli¢nim karionem, kdy se vlastni obytna zastavba
s 692 obyvateli nachazi v tésné blizkosti po obou stranach
silnice. Jedna se o redlny usek dvoupruhové komunikace
typu S 7,5 o délce 351 m s intenzitou dopravy 14 000 vozidel
denné (ndkladni doprava je z toho 10 %) a s rychlosti vozidel
50 km/h. Druhym modelovym pfipadem je redlny pfiklad ob-
chvatu obce pomoci ¢tyfpruhové komunikace typu D 27,5.
Ve veskeré zastavbé v oblasti se naléza 9 986 obyvatel. Délka
Useku je 3 215 m s intenzitou dopravy 36 800 vozidel denné
(nakladni doprava je z toho opét 10 %) a simulovana rychlost
¢ini 110 km/h. Tretim a poslednim modelovym pfipadem je
pritah obci, kdy redlny Usek ¢tyfpruhové pozemni komunika-
ce MS 18,5/13,5 prochazi oblasti obce s 5 030 obyvateli. Délka
Useku je 1 373 m, intenzita dopravy je 28 000 vozidel denné
(nakladni doprava je opét 10 %) s rychlosti vozidel 50 km/h.
U v8ech modelovych situaci byly simulovany dva typy asfalto-
vé obrusné vrstvy v prabéhu zivotnosti konstrukce vozovky,
tj. 24 let. U povrchu se smési SMA 11S tloustky 40 mm (bézny
povrch) je pocitdno s jednou vyménou za tuto dobu; jednd
se o dva cykly po dvanacti letech. Dvé vymény povrchu bé-
hem 24 let jsou potfeba u obrusné vrstvy se snizenou hlu¢-
nosti SMA 8 NH (nizkohlu¢ny povrch) tloustky 30 mm; jde o tfi
cykly po osmi letech. Pocatecni stav se nepocita jako vyména
povrchu, proto je pocet predpokladanych potfebnych vymén
o jednu mensi nez pocet cykll. DIO uli¢niho kanonu je poci-
téano podle schématu B/6 v TP 66 [18], obchvatu obce pak dle
schématu D/3 a prlitahu podle schématu B/9.

V Tab. 1 jsou uvedeny stavebni naklady, ndklady za udrzbu
a externality tii vySe popsanych modelovych situaci pro dva
zvolené asfaltové povrchy. Hodnoty v tabulce jsou zaokrouh-
lené na tisice a nezahrnuji naklady za zpozdéni pfi rekonstruk-
ci povrchu.
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Costs for: urban canyon [CZK] city bypass [CZK] road through built-up area Naklady pro: uli¢ni kafon [K¢] obchvat obce [KE] pratah obci [K¢]
[CZK] Povrch SMA 115 SMA 8 NH SMA 115 SMA 8 NH SMA 115 SMA 8 NH
Pavement SMA 115 SMA 8 NH SMA 115 SMA 8 NH SMA 115 SMA 8 NH Stavebni néklady 1455 000 1928000 | 45463000 | 61526000 | 10613 000 14 318 000
Construction costs 1,455,000 1,928,000 45,463,000 61,526,000 10,613,000 14,318,000 klddk 1168 000 1568 000 37 860 000 50 800 000 8 787 000 11 791 000
laying 1,168,000 1,568,000 37,860,000 50,800,000 8,787,000 11,791,000 vDzZ 45 000 67000 822000 1233000 216 000 324000
HRM 45,000 67,000 822,000 1,233,000 216,000 324,000 frézovani 203 000 293 000 6571000 9493 000 1525000 2203000
milling 203,000 293,000 6,571,000 9,493,000 1,525,000 2,203,000 DIO 39000 77 000 210000 419 000 85 000 169 000
DIo 39,000 77,000 210,000 419,000 85,000 169,000 Udriba 0 389 000 0 12 600 000 [} 2924000
Maintenance 0 389,000 0| 12,600,000 0 2,924,000 Externality 13430000 | 11833000 | 119802000 | 80313000 | 185159000 | 147501000
Externalities 13,430,000 | 11,833,000 | 119,802,000 | 80,313,000 | 185,159,000 | 147,501,000 Lo 6423000 5767000 | 76772000 | 56674000 | 86362000 | 69972000
Laen 6,423,000 5,767,000 | 76,772,000 | 56,674,000 | 86,362,000 | 69,972,000 Lo 6656 000 5821000 | 42971000 | 23620000 | 96648000 | 76259 000
Ly 6,656,000 5,821,000 | 42,971,000 | 23,620,000 | 96,648,000 | 76,259,000 Lncqron 351000 245 000 59000 19000 2149000 1270000
Laeq 160 351,000 245,000 59,000 19,000 2,149,000 1,270,000 Celkem 14885000 | 14150000 | 165265000 | 154439000 | 195772000 | 164743 000

Total

14,885,000

14,150,000

165,265,000

154,439,000

195,772,000

164,743,000

Tab. 1: Comparison of the economic costs of two types of asphalt
pavement for three model situations over the service life of the
road construction (24 years)

The basis for the calculation of externalities are noise maps,
which are produced according to the procedure described in
Chapter 2. Fig. 2 shows the legend with the noise load bands
at a scale of 5 dB during the day that are used in the noise
maps shown in Figs. 3 to 5. The figures always show, on the left,
the noise map of the subject area for the best possible noise si-
tuation, i.e., for the SMA 8 NH surface after laying; on the right,
on the contrary, the noise situation of the SMA 11S surface at
the end of its service life, i.e., in the twelfth year. Figs. 3-5 show
the maps for L, ... i.e, the noise situation during the dayti-
me. The number of affected inhabitants in the individual noise
bands can be determined from the noise maps and the annual
noise externality can be calculated on this basis.

Fig. 2: Legend and color scale for noise maps. L
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Fig. 3: Daytime noise maps of the modeled urban canyon area,

Tab. 1: Porovndni ekonomickych ndkladi dvou typt asfaltovych
vrstev u tfi modelovych situaci za dobu Zivotnosti konstrukce vo-
zovky (24 let)

Zékladem pro vypocet externalit jsou hlukové mapy, které
se vytvareji postupem uvedenym v kapitole 2. Na Obr. 2 je za-
kreslena legenda s padsmy hlukové zatéze ve Skéle po 5 dB bé-
hem dne, které jsou pouzity v hlukovych mapéch zobrazenych
na Obr. 3 az 5. Na obrdzcich je vzdy vlevo zobrazena hlukova
mapa predmétného Uzemi pro nejlepsi moznou hlukovou si-
tuaci, tj. pro povrch SMA 8 NH po pokladce; vpravo naopak
hlukova situace povrchu SMA 11S na konci své Zivotnosti, tj.
ve dvandctém roce. Na Obr. 3-5 jsou zobrazeny mapy pro uka-
zatel L, ., tj. hlukova situace v denni dobé. Z hlukovych map
Ize urcit pocet zasazenych obyvatel v jednotlivych hlukovych
pasmech a na zakladé toho je mozné vypocitat ro¢ni externa-
lity z hlukové zatéze.

<= 40
40 < <= 45
45 < <= 50
50 < <= 55

55 <
60 <
65 <
70 <

<= b0
<= 65
<= 70

Obr. 2: Legenda a barevnd Skdla k hlukovym mapdm, L,, ...

situation for SMA 8 NH after installation on the left, for SMA 11S
at end of life on the right.

Obr. 3: Denni hlukové mapy modelovaného tzemi uli¢niho kario-
nu, vlevo situace pro SMA 8 NH po poklddce, vpravo pro SMA 115
na konci Zivotnosti.
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Fig. 4: Daytime noise maps of the modeled city bypass, situation

for SMA 8 NH after installation on the left, for SMA 11S at end of

life on the right.

Obr. 4: Denni hlukové mapy modelovaného tzemiobchvatu obce,
vlevo situace pro SMA 8 NH po poklddce, vpravo pro SMA 115
na konci Zivotnosti.

I 100 300

1061

i

Obr. 5: Denni hlukové mapy modelovaného uzemi pritahu obci,
vlevo situace pro SMA 8 NH po poklddce, vpravo pro SMA 115
na konci Zivotnosti.

4. DISCUSSION OF ECONOMIC IMPACTS IN
RELATION TO INHABITED AREAS

A large variety of software is currently used for noise calcula-
tions, e.g., CadnaA, LimA, Mithra, SoundPLAN, etc. Common
features of all these programs are the combination of environ-
mental noise propagation calculations with map and schema-
tic editing tools. Noise modelling for all assessed areas was
performed on the 3D model of the area of interest created in
SoundPLAN software. It is an international acoustic software
that has a modular structure, allowing for efficient modelling
and calculation of the noise load. The setting of the initial
conditions of the calculation and the correctness of the input
data are crucial for the correctness of the prediction of the cal-
culations. It is also important to mention that the noise map
created based on the modelling can show noise conditions
not only for the existing, but also for the non-existing, planned
future urban traffic situation, which we took advantage of in
the modelling. This offers the possibility to optimize the si-
tuation leading to the avoidance of violations of the hygienic
noise limits, which are regulated by Government Regulation
No. 272/2011 Sb. [24].

Fig. 5: Daytime noise maps of the modeled road through built-
-up area, situation for SMA 8 NH after installation on the left, for
SMA 115 at end of life on the right.

4. DISKUZE EKONOMICKYCH DOPADU VE
VZTAHU K OBYDLENEMU UZEMiI

Pro vypocty hluku se v sou¢asné dobé pouziva velké mnozstvi
nejrliznéjsich softward, napi. CadnaA, LimA, Mithra, Sound-
PLAN aj. BéZnymi funkcemi vsech téchto program( je spojeni
vypoctl Siteni hluku v prostredi s nastroji pro editaci map a
schémat. Modelovani hlukové zatéze pro vsechna hodnoce-
na uzemi byla provedena na vytvofeném 3D modelu zajmo-
vého Uzemi v softwaru SoundPLAN. Jednd se o mezinarodni
akusticky software, ktery ma modularni strukturu, umoznuje
efektivni modelovéni a pocitani miry hlukové zatéze. Zasadni
vyznam pro spravnost predikce vypoctd ma nastaveni poca-
te¢nich podminek vypoctu a spravnost vstupnich podkladd.
Je také dulezité zminit, ze hlukova mapa vytvorend na zakladé
modelovani mliZze zobrazovat hlukové poméry nejen pro sta-
vajici, ale i pro neexistujici, planovanou budouci urbanistickou
dopravni situaci, ¢ehoz jsme v rdmci modelovani vyuzili. Tim
se nabizi moznost optimalizace situace vedouci k zamezeni
porusovani hygienickych limit0 hluku, které jsou upraveny Na-
fizenim vlady €. 272/2011 Sb., o ochrané zdravi pfed nepfizni-
vymi Gcinky hluku a vibraci [24].
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The outputs of the modelling are noise maps, which are
the building blocks for calculating the cost of negative noise
impacts on the population, otherwise known as externalities.
The Czech methodology from 2012 [25] was chosen to calcu-
late the financial valuation of externalities. According to the
methodology, economic costs are calculated based on three
parameters. The first is noise annoyance, where the whole po-
pulation is affected and is determined based on a noise indi-
cator L (all-day impacts). The second parameter is the inc-
reased risk of myocardial infarction determined for the whole
population, which according to the methodology [25] is cal-
culated from the daily time LAeqth.The third parameter is sleep
disturbance (L ), which in the methodology [25] is reduced to
a calculation for the working population in terms of econo-
mic impact. Tab. 1 shows the individual cost items over the
24 years; this is, of course, the sum of the costs in each year. This
is the zero year (after laying) to the last year of the service life
of the pavement (eighth for the conventional surface, twelfth
for the NH surface). Thirteen values were calculated for the
SMA 11S surface and nine values for SMA 8 NH. Averaging pro-
vides a better orientation over the 24-year cycle. The economic
cost for externalities of year 1 was obtained by averaging the
values of years zero and one, year 2 was obtained by averaging
the externalities for years one and two, and so on (see [17]).
The annual cost of externalities incurred after laying and at the

Vystupem modelaci jsou hlukové mapy, které jsou zaklad-
nim stavebnim kamenem pro vypocet nakladt dopadl nega-
tivnich vlivd hluku na obyvatelstvo jinak znamym jako exter-
nality. Pro vypocet finan¢niho ocenéni externalit byla zvolena
Ceskd metodika z roku 2012 [25]. Podle ni se ekonomické na-
klady pocitaji na zakladé tfi parametrd. Prvnim je obtéZzovani
hlukem, kdy je ovlivnéna celd populace a je uréena na zékladé
hlukového indikatoru L, (celodenni dopady). Druhym pa-
rametrem je zvysené riziko infarktu myokardu stanoveném
na celou populaci, které se dle metodiky [25] pocitd z denni
doby LAeqlléh.TFetl’m parametrem je ruseni spanku (L ), jeZ v me-
todice [25] z hlediska ekonomickych dopad je redukovano na
vypocet u pracujici populace. Tab. 1 udava jednotlivé poloz-
ky ndklad(l za 24 let, jednd se samoziejmé o soucet nakladd
v jednotlivych letech. Jedna se o nulty rok (po pokladce) az
posledni rok Zivotnosti obrusné vrstvy (osmy u bézné vrstvy,
dvanacty u NH povrchu). Pro povrch SMA 11S bylo vypocitano
tfinact hodnot, pro SMA 8 NH pak hodnot devét. Lepsi orien-
taci ve 24letém cyklu pak zajistuje pradmérovani. Ekonomické
naklady za externality roku 1 byly ziskdny zprimérovanim
hodnot let nula a jedna, roku 2 byly ziskdny zprdmérovanim
externalit za prvni a druhy rok a tak dale (viz [17]). Ro¢ni na-
klady za externality po pokladce na konci zivotnosti jsou, zao-
krouhleny na tisice, uvedeny v Tab. 2.

Externality povrchu SMA 118 [KE] Externality povrchu SMA 8 NH [K¢]

Model situations

Externalities of surface SMA 11S [CZK]

Externalities of surface SMA 8 NH [CZK]

After laying
(year 0)

End of service life
(year 12)

After laying
(year 0)

End of service life
(year 8)

Modelované
situace

Po pokladce
(rok 0)

Konec Zivotnosti
(rok 12)

Po pokladce
(rok 0)

Konec Zivotnosti
(rok 8)

urban canyon

236,000

289,000

202,000

270,000

Uli¢ni karion

236 000

289 000

202 000

270 000

city bypass

2,135,000

3,873,000

1,084,000

3,336,000

Obchvat obce

2135000

3873000

1084 000

3336000

road through
built-up area

2,953,000

4,045,000

2,099,000

3,607,000

Pratah obci

2953 000

4 045 000

2099 000

3 607 000

end of service life, rounded to the nearest thousand, is shown
in Tab. 2.

Tab. 2: Annual externality costs for the model situations for both
surfaces after laying and at the end of service life.

The externality results show a clear trend of a gradual inc-
rease in cost with increasing pavement age, as demonstrated
in a previous paper [17]. However, this Czech methodology
should be updated, as the World Health Organization [26] al-
ready states that the risk of hypertension (and myocardial in-
farction) should be calculated by the all-day bother indicator
L. Alternatively, a European study [27] could be used, but it
values the L indicator financially above 50 dB, distinguishes
monetary valuation between annoyance and health, and uses
a different weighting factor for each vehicle. It is therefore ra-
ther less appropriate in the specific environment of the Czech
Republic.

All calculations are indicative only and should be treated
with a degree of detachment. It is always best to make speci-
fic calculations for each situation (especially for construction
costs, not excluding congestion). Furthermore, it should be
considered that the presented construction cost results show
situations where the initial state of the solution was chosen to
be the construction of a new road, or possibly a new surface
that has just been constructed. Thus, no costs for DIO, milling
or potential delays are calculated. Thus, the construction costs
at the outset only include paving, HRM and maintenance for
the low-noise surface SMA 8 NH.

Tab. 1 shows that laying and health impacts represent the
highest costs. The impact of delays, which has not yet been
included in economic terms, is another very important factor.
To determine the appropriate method for calculating conges-

Tab. 2: Rocni ndklady za externality modelovych situaci pro oba
povrchy po poklddce a na konci Zivotnosti.

Vysledky externalit ukazuji jasny trend postupného rlstu
nakladu s pfibyvajicim stafim povrchu vozovky, coz bylo de-
monstrovano v predchdazejicim pfispévku [17]. Tuto Ceskou
metodiku by vsak bylo vhodné aktualizovat, protoZze Svétova
zdravotnickd organizace [26] jiz udavd, Ze riziko hypertenze
(a infarktu myokardu) by mélo byt pocitano indikatorem ce-
lodenniho obtéZovani L, . Pfipadné by se mohla pouzit ev-
ropska studie [27], ktera oviem financné ocefiuje indikator L, _
vyssi nez 50 dB, rozliSuje ocenéni za obtéZovani a za zdravi a
pro kazdé vozidlo je tfeba pouZzit jiny vahovy faktor. V konkrét-
nim prosttedi CR je proto spise méné vhodna.

Veskeré vypocty jsou pouze orientacni a je tfeba k nim pfi-
stupovat mirné s nadhledem. Pro kazdou fesenou situaci je
nejvhodnéjsi vzdy provést konkrétni vypocty daného feSeni
(predevsim pro stavebni naklady, kongesce nevyjimaje). Déle
je tfeba brat v Uvahu, Ze prezentované vysledky stavebnich
nakladd zobrazuji situace, kdy byla za pocate¢ni stav feseni
zvolena vystavba nové vozovky &i pfipadné zrovna vybudova-
ny novy povrch. Tedy Ze nejsou pocitany naklady za DIO, fré-
zovani ani pfipadné zpozdéni. Stavebni naklady tak v pocatku
pocitaji jen s pokladkou, VDZ a udrzbou u nizkohlu¢ného po-
vrchu SMA 8 NH.

Z tab. 1 vyplyva, Ze nejvyssi ndklady predstavuje vlastni po-
klddka a vliv na zdravi. DalSim velmi vyznamnym faktorem,
ktery doposud nebyl zahrnut po strdnce ekonomické, je vliv
zpozdéni. Pro urceni vhodné metody vypoctu nakladi za kon-
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tion costs, a choice was made between the European study
from 2019 [27] and the Czech methodology from 2013 [23].
The European study includes data from EU Member States
(28 at the time). The average costs of each country (including
the Czech Republic) are presented, as well as the EU average
calculated from them. The concessions here include the cost
of the delay itself and social costs. However, they are calcula-
ted per distance, specifically in euros or euro cents per vkm,
i.e, vehicle kilometer, which expresses the movement of
1 vehicle over 1 kilometer. Alternatively, they are calculated per
ton-kilometer (expressing the transport of 1 ton of freight over
1 kilometer) or per passenger-kilometer (expressing the trans-
port of 1 person over 1 kilometer). In contrast, the Czech me-
thodology gives congestion costs directly in Czech crowns per
hour. The Czech methodology was chosen for the sake of the
greatest possible simplification and generalization. However,
it can also be recommended to update this methodology.

Tab. 3 shows the calculations for the model situations wit-
hout and with congestions. The second column shows the cost
difference without congestion over the 24-year lifetime of the
road structure. For all three situations, the use of a low-noise
surface versus a conventional surface is financially more favo-
rable by a given amount. The equalization of the costs of these
two surfaces will occur when the simulated areas are occupied
by the number of inhabitants shown in the third column. At
that point it will not matter which surface is used. If the popu-
lation in this specific area is less than this number, then it will
be more economically viable to apply SMA 11S asphalt mixtu-
re. The financial amounts for delays per day of resurfacing are
recorded on the right-hand side of Tab. 3. The table describes
the results for congestion by method and by time. For the me-
thod, the choice is between congestion caused by the traffic
reduction to the fewer lanes or the use of traffic lights. There
should not be any economic losses in reducing the number of
lanes on four-lane roads, according to the Operating Directi-
ve 8/14. In these cases, it would still be economically more
advantageous to use the low-noise surface SMA 8 NH for the
simulated sections. In the urban canyon case, financial costs
for delay would have been incurred when using traffic lights.
Calculating a surface replacement of ten days, reducing the
velocity to 40 km/h when "passing through the construction”
and a cycle duration (between green signals in the same direc-
tion) of 270 seconds (during the day it does not change), the
economic loss would be 720,000 CZK. In this case, the cost of
the SMA 11S surface would be 15,605,000 CZK and the cost of
the SMA 8 NH surface would be 15,590,000 CZK. The differen-
ce would thus be negligible, only 15,000 CZK over 24 years.

gesce bylo voleno mezi evropskou studii z roku 2019 [27]
a Ceskou metodikou z roku 2013 [23]. Evropska studie zahr-
nuje data z ¢lenskych statt EU (v té dobé 28). Jsou zde uve-
deny primérné naklady jednotlivych statd (véetné CR) a také
z nich vypocteny pramér pro EU. Kongesce zde zahrnuji nakla-
dy na samotné zpozdéni a socidlni naklady. Jsou viak pocita-
né na vzdalenost, konkrétné v eurech ¢i eurocentech na vkm,
tj. vozovy kilometr, ktery vyjadfuje pfemisténi 1 vozidla na
vzdélenost 1 kilometr. Pfipadné jsou rozpocitané na tuno-
kilometr (vyjadfuje pfepravu ndkladu o hmotnosti 1 tuny
na vzdalenost 1 kilometr) ¢i osobokilometr (vyjadfuje pfepra-
vu 1 osoby na vzdalenost 1 kilometru). Ceska metodika oproti
tomu udévé naklady za kongesce pfimo v korunach ¢eskych
za hodinu. Pro co moznd nejvétsi zjednoduseni a zobecnéni
byla proto zvolena ¢eskd metodika. Oviem Ize doporucit také
tuto metodiku aktualizovat.

Tab. 3 zobrazuje vypocty pro modelové situace bez kon-
gesci i s kongescemi. Druhy sloupec uvadi rozdil naklad(i bez
kongesci za 24 let Zivotnosti konstrukce vozovky. PouZiti niz-
kohlu¢ného povrchu vici béznému povrchu je u vsech trech
situaci finan¢né vyhodnéjsi o dané sumy. K vyrovnani nakladd,
kdy bude jedno, ktery povrch se pouzije, dojde pfi obydleni
simulovanych oblasti po¢tem obyvatel uvedenym ve tietim
sloupci. Pokud se bude v této konkrétni oblasti nachazet men-
i nez tento pocet obyvatel, pak bude ekonomicky vyhodnéjsi
provést pokladku asfaltové smési SMA 11S.V pravé ¢astiTab. 3
jsou zaznamendny financni castky pro jeden den vymény
povrchu. Tabulka popisuje vysledky pro kongesce dle zpUso-
bu a dle ¢asu. U zplsobu se voli mezi kongescemi vzniklymi
sjizdénim do mensiho poctu pruhd nebo pouzitim svételné
signalizace. Pfi sjizdéni do mensiho poctu pruhl u Ctyfpru-
hovych komunikaci by dle smérnice RSD nemélo dochézet
k Zddnym ekonomickym ztratam. V téchto pfipadech by pak
bylo na simulované uUseky stale ekonomicky vyhodnéjsi pou-
ziti nizkohlu¢ného povrchu SMA 8 NH. U pfipadu uli¢niho ka-
nonu pfi pouziti semaford uz by financni naklady za zpozdéni
vznikly. Pfi pocitani vymény povrchu deset dni, snizeni rych-
losti na 40 km/h pfi ,projizdéni stavbou” a délce cyklu (mezi
zelenymi signély ve stejném sméru) 270 sekund (béhem dne
se neméni), by ekonomicka ztrata byla 720 000 K¢. V takovém
pfipadé by naklady za povrch SMA 115 cinily 15 605 000 K¢ a
pro povrch SMA 8 NH by vyslednd suma byla 15 590 000 K¢,
rozdil by tak byl zanedbatelny, jen 15 000 K& béhem 24 let.

With congestions
According to the time [CZK]

Model \ Without congestions [

situation

According to
the method

Difference in
costs [CZK]

Equalization of
costs in the

5 min/day 10 min/day

Bez kongesci
Vyrovnani
nakladd p¥i

poctu obyvatel

Kongesce
Dle ¢asu [K¢]

Modelova

¥ Rozdil nékladd
situace

[Ke]

Dle zplisobu

[K&/den] * 5 min/den 10 min/den

built-up area

* four-lane road by lane reduction, two-lane road by traffic lights

Tab. 3: Comparison of costs without congestions and including
congestions.

If the cost of delay is calculated by considering that each
vehicle is delayed for 5 minutes, then the results would be
as follows. The cost for a ten-day reconstruction would be

number of [CzK/day] * Uliéni karion 735 000 374 72 000 279 000 558 000
inhabitants Obchvat obce 10 826 000 7258 0 854 000 1708 000
urban canyon 735,000 374 72,000 279,000 558,000 Pratah obci 31029 000 885 0 558 000 1116 000
city bypass 10,826,000 7,258 0 854,000 1,708,000
road through 31,029,000 885 0 558,000 1,116,000 * ¢tyfpruhova komunikace sjizdénim, dvoupruhova komunikace semaforem

Tab. 3: Porovndni ndkladi bez kongesci a se zahrnutim kongesci.

Pokud by se naklady za zpozdéni pocitaly uvahou, ze kaz-
dé vozidlo se zdrzi 5 minut, pak by ¢isla vypadala nasledovné.
P¥i zdrzeni kazdého vozidla 5 minut v pfipadé uli¢niho kario-
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17,675,000 CZK for SMA 11S and 19,730,000 CZK for SMA 8 NH
within a delay of 5 minutes per vehicle in the case of the ur-
ban canyon. In this case, the calculation showed that 1,582
residents would need to occupy the modelled section to
overcome the benefit of the low-noise surface. With each ve-
hicle delayed for 10 minutes, at least 2,791 residents would
already have to live in the area for NH to be beneficial, as the
SMA 11S mixture is already beneficial by 4,845,000 CZK over
24 years. For the city bypass, with a vehicle delay of 5 minu-
tes (for a reconstruction lasting ten days), it would be chea-
per by 2,286,000 CZK over the lifetime of the road structure
to use SMA 8 NH, which is more advantageous when the area
is occupied by more than 9,421 inhabitants. The benefit of the
NH surface would already be lost by increasing the delay of
each vehicle to 10 minutes, and the conventional pavement
SMA 11S would be economically more acceptable over the
service life of the pavement structure by 6,254,000 CZK for up
to 11,584 inhabitants in the section. A ten-day reconstruction
of the road through built-up area with a delay of 5 minutes for
each vehicle would mean that the SMA 8 NH surface is econo-
mically more favorable by 25,449,000 CZK over 24 years than
the SMA 11S surface with more than 1,631 inhabitants in the
area. If the delay increased to 10 minutes for each vehicle, then
the NH benefit would be reduced, but it would still be prefe-
rable (over 2,375 inhabitants) to use the SMA 8 NH surface in
this area by 19,879,000 CZK.

Construction costs are only counted in the economic com-
parison a few times over the service life of the entire road con-
struction. Laying and HRM are counted twice for the SMA 11S
surface, milling and DIO only once. Extra one needs to be ad-
ded to each activity for the SMA 8 NH surface. The service life
of the SMA 11S surface is approximately 12 years and that of
SMA 8 NH is only 8 years. With a pavement structure life of 24
years, this amounts to two cycles for the normal surface and
three cycles for the low-noise surface. Maintenance costs are
only reflected in the NH surface and are greatly influenced by
the area of the road section in question. The most significant
economic cost is externalities, which often make up most to-
tal costs; 84-90% for an urban canyon without congestions,
52-73% for the city bypass, and 90-95% for the road through
built-up area. The lower of the values reflect the share when
using SMA 8 NH and the higher for SMA 11S. The value of
externalities depends on the number of inhabitants and the
noise level affecting them. A smaller number of inhabitants
affected by high noise may be more costly than a larger num-
ber of inhabitants affected by lower noise. In general, however,
the more residents in an area are bothered by road traffic noi-
se, the higher the externality costs will be. Externalities are
the costs of exposure to road noise on the population of an
area over a whole year. The NH surface is preferable precisely
because of its public health benefit, if the cost of delay is not
included. However, accounting of congestion can completely
erase the economic benefit of the low-noise surface externa-
lities. In this case it also depends heavily on how the cost of
delay is calculated.

5. CONCLUSION

Extensive acoustic model calculations were based on the asse-
ssment of the change in noise in the area due to road surface
degradation (evaluation of the annual change) for three typi-
cal conditions (urban canyon, city bypass and road through

nu by néklady za desetidenni rekonstrukci byly 17 675 000 K¢
u smési SMA 11S a 19 730 000 K& u SMA 8 NH. Vypoctem
bylo v tomto piipadé prokazéno, ze pro prevazeni benefitu
nizkohlu¢ného povrchu by modelovany Gsek muselo obyvat
1 582 obyvatel. Pfi zdrzeni kazdého vozidla 10 minut uz by
mélo pro vyhodnost NH v oblasti bydlet alespor 2 791 oby-
vatel, protoze smés SMA 11S je jiz vyhodnéjsi o 4 845 000 K¢
za 24 let. U obchvatu by pfi zpozdéni vozidel 5 minut (pfi re-
konstrukci trvajici deset dni) bylo levnéjsi o 2 286 000 K¢ za Zi-
votnost konstrukce vozovky pouzit smés SMA 8 NH, kterd je
vyhodnéjsi pfi obydleni oblasti vice jak 9 421 obyvateli. Navy-
Senim zpozdéni kazdého vozidla na 10 minut by se jiz benefit
NH povrchu ztratil a béZnd smés SMA 11S by za Zivotnost kon-
strukce vozovky byla ekonomicky pfijatelnéjsi o 6 254 000 K¢,
ato azdo 11 584 obyvatel v Useku. Zdrzeni 5 minut kazdého
vozidla by pfi desetidenni rekonstrukci povrchu pritahu obce
by znamenalo, ze je smés SMA 8 NH od 1 631 obyvatel v ob-
lasti ekonomicky ptiznivéjsi o 25 449 000 K¢ za 24 let neZ smés
SMA 11S. Pokud by zdrZeni narostlo na 10 minut pro kazdé vo-
zidlo, pak by se benefit NH snizil, stale by vSak bylo vhodné;si
0 19 879 000 K¢ pouzit v této oblasti (a to nad 2 375 obyvatel)
smés SMA 8 NH.

Stavebni ndklady se do ekonomického porovnani pocitaji
pouze nékolikrat za Zivotnost konstrukce vozovky. U povrchu
z SMA 11S se zapocitavaji dvakrat pokladka a VDZ a jednou
frézovéni a DIO, pro povrch SMA 8 NH se ke vSemu pfricte jed-
na ¢innost navic. Zivotnost obrusné vrstvy z SMA 11S je totiz
pfiblizné 12 let a z SMA 8 NH jen 8 let, kdy to pfi Zivotnosti
konstrukce vozovky 24 let ¢ini dva cykly pro bézny povrch a
tfi cykly pro povrch NH. Naklady za udrzbu se projevi pouze
u NH povrchu a jsou zna¢né ovlivnény plochou feseného Use-
ku komunikace. Nejvyznamnéjsim ekonomickym nakladem
jsou externality, které casto tvofi vétSinovy podil celkovych
nakladd; u uli¢niho karionu bez kongesci 84-90%, obchvatu
52-73% a pritahu 90-95%, kdy nizsi z hodnot vyjadfuje po-
dil pfi pouziti SMA 8 NH a vyssi pro SMA 11S. Vyse externalit
zavisi na poctu obyvatel a hladiné hluku, ktera je ovliviiuje.
Mensi pocet obyvatel ovliviiovanych vysokym hlukem moze
byt ndkladnéjsi nez vy3si pocet obyvatel obtézovanych nizsim
hlukem. Obecné vsak Ize konstatovat, Ze ¢im vice obyvatel je
v oblasti obtézovano hlukem ze silni¢ni dopravy, tim budou
naklady za externality vyssi. Externality jsou naklady plsobe-
ni silni¢niho hluku na pocet obyvatel v oblasti za cely rok. Po-
kud nebudeme do vypoctu zapocitdvat naklady za zpozdéni
vlivem vymény povrchu, pak je vyhodnéjsi pouzit NH povrch
pravé z divodu jeho benefitu na zdravi obyvatel. Zapocitani
kongesci vsak maze ekonomicky zcela smazat pfinos na exter-
nalitach nizkohlu¢ného povrchu. Zde vsak také znacné zavisi
na zplsobu vypoctu nakladl na zpozdéni.

5.ZAVER

Na zékladé rozsahlych vypocta akustickych model(, které byly
zaloZzeny na hodnoceni zmény hlu¢nosti v Uzemi vlivem de-
gradace povrchu vozovky (vyhodnoceni kazdoro¢ni zmény)
pro t¥i typické stavy (uli¢ni karion, obchvat obce a pritah obci)
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built-up area) on different types of roads (motorways, 2™ class
road and local road). These calculations were then applied to
the economic evaluation. The economic evaluation is carried
out over the entire expected service life of the road (24 years).
This includes construction costs, special maintenance, and
intangible costs, but converted into a monetary valuation,
namely the impact on the health of exposed persons and the
impact of delays. According to the modelling and calculations,
the total economic cost of the asphalt pavement is mostly in-
fluenced by the number of inhabitants and congestion, which
also depends on the chosen method of calculation. Including
congestion in the economic evaluation can reduce or com-
pletely erase the benefit of externality costs for NH surfaces,
which without congestion often account for the majority of
total costs. However, it must be remembered that the cost to
human health is calculated in years, whereas the cost of delay
due to reconstruction is calculated in days. The advantage of a
low-noise surface in the economic comparison over the entire
considered service life of the road (24 years) may be elimina-
ted if, for example, the reconstruction of a road surface with
high traffic volume is extended by "only" one week, because
congestion costs will increase when congestion occurs.

Various situations under different conditions were shown
in the paper. It should be noted that the total cost of asphalt
mixtures for pavement layers must always be calculated on
a situation-specific basis. This unequivocal recommendation
is consistent with the conclusions that correspond with the
expert opinion of the "road construction community", which
were summarized in the findings of the Asphalt Pavements
2021 conference [28].
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