AKUSTIKA, VOLUME 46 / October 2023
www.akustikad.com

ACOUSTIC CHARACTERISTICS OF
ROAD SURFACES

AKUSTICKE CHARAKTERISTIKY
POVRCHU VOZOVEK

PETRA MARKOVA, VITEZSLAV KRIVANEK, BLANKA HABLOVICOVA, JAN MACHANEC

CDV — Transport Research Centre, Brno, Czech Republic, petra.markova@cdv.cz, vitezslav.
krivanek@cdv.cz, blanka.hablovicova@cdv.cz, jan.machanec@cdv.cz

Abstract: The article is focused on the tyre/road noise and vibration measurements of the mo-
torway network in the Czech Republic between 2012 and 2020. Three different surfaces were
measured, namely a conventional stone mastic asphalt pavement (SMA 11S) and two cement
concrete pavements with different treatments — burlap drag and exposed aggregate. A basic
statistical analysis of the noise values in different years after laying was performed. Cement
concrete treated by burlap drag method has lower noise values than SMA 11S. This is to be
expected as burlap drag method is considered a low-noise cement concrete treatment. How-
ever, it has worse skid resistance properties and so the exposed aggregate cement concrete
(EACC) began to be used. SMA 11S and EACC have very similar noise levels in all years tested,
suggesting that they behave acoustically in the same way. Vibrations were investigated during
field measurements with an accelerometer mounted on the CPX trailer. The noise and vibration
results could thus be compared with each other. There is a positive correlation between them.

Keywords: tyre/road noise, stone mastic asphalt; exposed aggregate cement concrete; close

proximity method (CPX)

1. INTRODUCTION

According to the World Health Organization,
noise is the second most serious pollutant
from transport affecting health [1, 2, 3, 4] and
causing economic, social and health losses. It
is now becoming a serious problem for soci-
ety. Traffic noise affects the quality of life of
people living near roads. The noise generat-
ed by the rolling of the tyre on the surface is
the result of several mechanisms, which are
the stick-snap adhesion, air pumping and
stick-slip mechanism (primary sources) [5].
Secondary sources are sound amplifying
mechanisms ("horn effect”) and Helmholtz
resonators (sound like the sound produced by
whistling through the neck of a bottle), which
have been the subject of many studies [6, 7,
8]. So, the noise is amplified by the road tex-
ture. Tyre/road noise is the dominant source
of road noise for vehicles with internal com-
bustion engines from about 40 km/h, while for
electric vehicles the rolling noise is dominant
from 20 km/h [9]. The importance of the sur-

1. UVOD

Hluk je dle Svétové zdravotnické organizace
druhou nejzdvaznejsi skodlivinou z dopravy
ovliviujici zdravi [1, 2, 3, 4] a zpUsobujici eko-
nomické, socialnii zdravotni ztraty. V soucasné
dobé se stava pro spolec¢nost vaznym problé-
mem. Hluk z dopravy ma vliv na kvalitu zivota
vznika odvalovanim pneumatiky po povrchu
vozovky, je vysledkem pUsobeni vice mecha-
nismU, kterymi jsou nadraz dezénového blokuy,
sanivzduchu a tfeni mezi pneumatikou a povr-
chem (primarni zdroje) [5]. Sekundarnimi zdroji
jsou potom zvuk zesilujici mechanismy (,efekt
trubky”) a Helmholtzovy rezonatory (zvuk po-
dobny zvuku vznikajicimu pfi piskani pres hrd-
lo lahve), kterymi se zabyva mnoho studii [6, 7,
8]. Na styku pneumatika/vozovka je tedy gene-
rovan hluk, ktery je diky texture vozovky zesilo-
van. Odvalovani pneumatiky po vozovce je od
rychlosti cca 40 km/h dominantnim zdrojem
hluku ze silni¢niho provozu pro vozidla se spa-
lovacimi motory, u elektromobild je hlué¢nost
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face type and condition of the road increases
interms of the overall noise load generated by
road traffic. Indeed, environmental protection
to minimise the cost to human health or sus-
tainability represents a significant potential
for further development.

2. TYRE/ROAD NOISE MEASUREMENT
METHODS

The following measurement methods for tyre/
road noise shall be used for the determination
of road traffic noise:

» Coast-by method (CB) — A test car with test
tyres passes the microphone with the en-
gine switched off at different speeds. Usu-
ally, the maximum sound level is measured,
and regression is used to find the noise
level for reference speeds (80 km/h for cars
and 70 km/h for trucks).

« Controlled Pass-By method (CPB)—Two se-
lected cars, one small and one large, with
selected tyres, pass the microphone with
the engine running. The maximum noise
level is measured and the average value for
specific speeds is calculated.

» Statistical Pass-By method (SPB) — Sepa-
rate vehicles in the traffic flow are passing
the side microphone. The type of vehicle,
its speed, and maximum noise level are
detected. Using more than 100 cars and
80 trucks and subsequent regressions,
the normalised noise levels for passenger
(50, 80 and 110 km/h) and heavy (50, 70
and 85 km/h) vehicles are calculated. The
method recognises 3 categories of roads
according to maximum speed limits: low
(45—64 km/h), medium (65—99 km/h), high
(100 km/h and more). The result is the Sta-
tistical Pass-By Index (SPBI).

» Close-proximity method (CPX) — Arefer-
ence tyre mounted on atrailer towed be-
hind the car (or mounted on a measuring
car) is allowed to roll along the test track
with microphones mounted near it. The av-
erage sound pressure level for each road
segment is recorded for reference speeds
of 50, 80 and 110 km/h.

z odvalovani dominantni jiz od 20 km/h [9].
DuleZitost typu povrchu a stavu pozemni ko-
munikace se z hlediska celkové generované
hlukové zatéze ze silnicniho provozu zvysuije.
Ochrana Zivotniho prostfedi s cilem minimali-
zovat naklady na lidské zdravi ¢i udrzitelnost
totiz pfedstavuje vyznamny potencial dalSimu
rozvoiji.

2. METODY MERENIi HLUGNOSTI PNEUMA-
TIKA/VOZOVKA

Pro stanoveni hlu¢nosti z provozu na pozem-
nich komunikacich se pro hluk styku pneu-
matika/vozovka pouzivaji nasledujici metody
meérent:

+ Metoda volnobézného priljezdu (CB) —
Testovaci automobil s testovanymi pneu-
matikami miji mikrofon s motorem vypnu-
tym pfi rdznych rychlostech. Obycejné
se mefi maximalni hladina zvuku, pomoci
regrese se zjistuje hladina hluku pro refe-
rencni rychlosti (80 km/h pro osobni a 70

km/h pro nakladni vozidla).

« Rizend metoda pfi prijezdu (CPB) — Dva
vybrané automobily, jeden maly a jeden
velky, s vybranymi pneumatikami, miji mi-
krofon se zapnutym motorem. Méfi se ma-
ximalni hladina hluku, dale se pocitd pri-
meérna hodnota pro konkrétni rychlosti.

« Statistickd metoda pfiprdjezdu (SPB)— Sa-
mostatna vozidla v dopravnim proudu miji
postranni mikrofon. Zjistuje se typ vozidla,
jeho rychlost a maximalni hladina hlu-
ku. Za pouZziti vice nez 100 osobnich a 80
nakladnich vozidel a nasledné regrese se
pocitd normalizovana hladina hluku pro
osobni (50, 80 a 110 km/h) a nakladni (50,
70 a 85 km/h) vozidla. Metoda rozeznava
3 kategorie silnicnich komunikaci podle
maximalnich povolenych rychlosti: nizka
(45—64 km/h), stiedni (65—99 km/h), vyso-
ka (100 a vice km/h). Konecnym vysledkem
je statisticky index pfi prijezdu (SPBI).

« Metoda malé vzdalenosti (CPX) — Refe-
rencni pneumatika osazena na privesu ta-
zeném za automobilem (pfipadné namon-
tovand na meéricim automobilu) se necha
odvalovat po testované draze s mikrofony
pfipevnénymi v jeji blizkosti. Pro referenc-
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« On Board Sound Intensity method (OBSI) —
Similar to the CPX method but uses acous-
tic intensity probes instead of microphones
=> OBSI is not sensitive to ambient noise
and does not need a special trailer.

Side microphones are used 7.5 m from the cen-
tre of the test path for the CB, CPB, and SPB
methods, on one side for the CPB and SPB
methods and on both sides for the CB method.
The SPB and CPX methods are the most used
methods for measuring the acoustic proper-
ties of pavements in Europe and the SPB and
OBSI methods are used in the USA. Changes in
the acoustic properties of road surfaces in the
Czech Republic have been monitored by CDV
specialists using the CPX method according to
valid standards. The CPX method makes it pos-
sible to measure and evaluate long sections
of roads independently of the traffic intensity.
Method is described in detail in ISO/CD 11819-2,
which specifies the basic measurement require-
ments, including a speed correction for each
surface type. Standard ISO/TS 11819-3 defines
two reference tyres for use in the CPX method.
It also specifies the conditions for the handling
of reference tyres, including their storage, as
well as the introduction of maximum tyre wear
and hardness corrections, which must be within
a defined interval. To this purpose, the techni-
cal specification ISO/TS 13471-1 has also been
issued, setting out procedures for considering
the effect of temperature on noise emissions at
the tyre/road interface.

All measurements were carried out using
a specialised CPX open trailer (see Figure 1)
designed by Transport Research Centre (CDV),
which meets all the requirements of ISO/CD
11819-2. Uniroyal Tigerpaw 225/60 R16 SRTT
was used for all measurements. In addition to
ISO/TS 11819-3, this tyre is also recommended
by the automotive industry as a standard tyre
for ASTM F2493 reference testing. A new tyre
is used every year for measurement purposes
to minimise the effect of wear and degradation.

ni rychlosti 50, 80 a 110 km/h je zazname-
navana prameérna hladina akustického tla-
ku pro kazdy segment silnice.

« Metoda s intenzitni sondou (OBSI) — Po-
dobnd CPX metodé, pouzivd vsak misto
mikrofond sondy akustické intenzity =>
neni citlivda na okolni hluk, nepotfebuje
specialni pfrivés.

« U metod CB, CPB a SPB se pouZivaji po-
stranni mikrofony vzdalené 75 m od stie-
du testované drahy, u metod CPB a SPB
na jedné strané a u metody CB po obou
stranach. Metody SPB a CPX jsou nejpou-
Zivanéjsi pro mereni akustickych vlastnosti
vozovek v Evropé, metody SPB a OBSI pak
v USA. Metoda CPX je podrobné popsana
v norme ISO/CD 11819-2, ktera specifikuje
zakladni pozadavky na meéreni, véetné ko-
rekce rychlosti pro kazdy typ povrchu. Nor-
ma ISO/TS 11819-3 definuje dve referenc-
ni pneumatiky pro pouziti v metodeé CPX.
Rovnéz specifikuje podminky pro zacha-
zeni s referencnimi pneumatikami, véetné
jejich skladovani, jakoz i zavedeni maxi-
malniho opotfebeni pneumatik a korekci
tvrdosti, které musi byt v definovaném in-
tervalu. Za timto ucelem byla rovnéz vyda-
na technicka specifikace ISO/TS 13471-1
stanovujici postupy pro zohlednéni vlivu
teploty na emise hluku na rozhrani pneu-
matiky a vozovky.

VSechna méreni byla provedena pomoci speci-
alizovaného otevieného privésu CPX (viz obra-
zek 1) vyvinutého Centrem dopravniho vyzku-
mu (CDV), ktery spliiuje vSechny pozadavky
normy ISO/CD 11819-2. Pro vSechna mérenibyla
pouzita pneumatika Uniroyal Tigerpaw 225/60
R16 SRTT. Tato pneumatika je kromé normy
ISO/TS 11819-3 doporucovana také automobi-
lovym primyslem jako standardni pneumati-
ka pro referencni zkousky podle normy ASTM
F2493 Aby se minimalizoval dopad opotfebeni
a degradace, byla pro ucely mereni kazdy rok
pouzivana nova pneumatika.
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Fig. 1: Measuring trailer for CPX measurement.

3. CPXMEASUREMENT RESULTS

The following noise results are focused on
the motorway network in the Czech Repubilic,
where stone mastic asphalt (SMA) and cement
concrete (CC) are mainly used as surfaces.
All data presented were obtained by the CPX
measurements described above. The average
long-term changes in the variable pavement
noise parameter for the different technolo-
gies are described with respect to their age
or homogeneity. The noise of conventional
wearing course (SMA 11S — S means with in-
creased resistance to permanent deforma-
tion) and low-noise cement concrete treated
by burlap drag method was monitored on one
of the selected sections of the D1 motorway
between 2012-2020, providing along-term
data series. The section consists of sub-sec-
tions defined by motorway exits and seg-
ments of these sub-sections were measured.
The values of all segments of one sub-section
were averaged and Figure 2 shows the aver-
age values of the sub-sections. The noise of
the road surfaces does not increase equally
over time, so the change in the acoustic char-
acteristics of the road surfaces is not linear,
as can be seen in Figure 2.

Obr. 1: Métici ptivés pro méreni CPX metodou.

3. Vysledky méfreni metodou CPX

Nize uvedené vysledky hlu¢nosti jsou zame-
fené na dalniéni sit na Gzemi Ceské republiky,
kdy se jako povrch pfevazné pouzivaji obrus-
na vrstva s technologii asfaltového koberce
mastixového (SMA) a cementobetonového
krytu (CBK). VSechna prezentovana data byla
ziskana meéfenim CPX popsanym vysSe. Jsou
zde popsany pramérné dlouhodobé zmény
proménného parametru hlu¢nosti vozovky
pro jednotlivé pouzivané technologie s ohle-
dem na jejich stafi ¢i homogenitu. Na jednom
z vybranych uUsekU byla sledovédna hlu¢nost
bézné obrusné smeési s maximalni velikosti
frakce kameniva 11 mm (SMA 11S — S znamena
zvysSenou odolnost vUci trvalym deformacim)
a nizkohlu¢né upravy cementobetonového
krytu (juta) na dalnici D1, a to mezi roky 2012—
2020, diky ¢emuz bylo mozné ziskat ojediné-
lou dlouhodobou datovou fadu. Usek se skla-
da z dil¢ich Usekd vymezenych dalni¢nimi
exity, pficemz byly promeérfovany segmenty
téchto dil¢ich Usekl. Hodnoty vSech segmen-
td jednoho dil¢iho Useku byly zprimérovany
a obrézek 2 pak ukazuje primérné hodnoty
dil¢ich usekl. Z obrazku 2 je mozné ziejmé,
ze zmeéna akustickych charakteristik vozovek
neniv Case linearni, tedy ze hluk v Case nena-
ristd neustdle stejné.
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Fig. 2: Long-term comparison of the noise of

a conventional wearing course (SMA 11S) and
low-noise cement concrete treated by burlap drag
method on the DI motorway on the section Vysk-
ov - Hladké Zivotice for a reference speed of 80
km/h, measurements from 2012-2020.

All data were obtained from several research
projects for the Technology Agency of the
Czech Republic (TACR) and the Ministry of
Transport. The research projects were carried
out over a maximum period of 4 years, and
thus the measured sites were interlinked and
interconnected between the research proj-
ects, making it possible to obtain a long-term
data series for the pavements shown in Fig-
ure 2. These values are a composite of mea-
surements taken between 2012 and 2020 [10].
The resulting noise levels of the pavements
depend on the different meteorological con-
ditions and traffic intensities at each location.
Any significant measured fluctuations were
excluded from the assessment. The dotted
line in the graph (Figure 2) indicates a linear
progression of increasing noise over time. The
largest errors occur at the beginning and at
the end of the lifetime of a surface when con-
sidering a linear process. However, this erroris
significantly lower than the simplest possible
approach for lifetime assessment, i.e. the av-
erage, which is shown as dashed line in Figure
2. The use of the average lifetime noise value
is determined as the difference between the
end-of-life (highest) and after-laying (lowest)

10 11 12 13 14 15

Years after laying (year)

Obr. 2: Dlouhodobé srovndni hlucnosti bézné
obrusné smési (SMA 11S) a nizkohluc¢né upravy
cementobetonového krytu (juta) na ddlnici DI
na useku Vyskov - Hladké Zivotice pro referencni
rychlost 80 km/h, méfeni z let 2012-2020.

VSechna data byla ziskdana z nékolika vyzkum-
nych projektd pro Technologickou agenturu
Ceske republiky (TACR) a Ministerstva dopra-
vy. Redené projekty trvaly maximalné po dobu
4 let, a tak se mérené lokality mezi vyzkumny-
mi projekty vzajemné prolinaly a navazovaly
na sebe, diky cemuz bylo mozné ziskat dlou-
hodobou datovou fadu pro zminéné obrusné
vrstvy, které jsou vyobrazeny na obrazku 2.
Jednd se o hodnoty slozené z méreni reali-
zovanych v letech 2012—-2020 [10]. Vysledna
hlu¢nost obrusnych vrstev se odviji od odlis-
nych meteorologickych podminek a doprav-
nich intenzit na kazdé z lokalit. Pfipadné vy-
znamné nameérené vykyvy byly z hodnoceni
vylouceny. TeCkovana Cara v grafu (obrazek
2) naznacuje linedrni prabéh nardstani hluku
v Case. Z neho je ziejmé, Ze na zacatku zivot-
nosti, respektive ke konci zivotnosti daného
krytu vozovky se z hlediska akustiky v pfipa-
dé uvazovani linedrniho prdbéhu dopoustime
nejvetsi chyby. Tato chyba je vSak vyrazné
nizsi nez pripadny uvazovany nejjednodussi
mozny pfistup pro hodnoceni v ramci celé zi-
votnosti, tj. prameér, ktery je na obrazku 2 zob-
razen cdarkované. Pouziti primérné hodnoty
hlu¢nosti za dobu zivotnosti je stanovena jako
rozdil hodnot na konci Zivotnosti (nejvyssi)
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values. However, the CNOSSOS-EU [11] meth-
odology still uses the average value to deter-
mine the lifetime noise value of aroad sur-
face type, precisely because the long-term
changes of individual surfaces over time are
not known.

While Figure 2 compares the noise values of
SMA 11S and cement concrete treated by bur-
lap drag method, Table 1 compares the noise
values of the same asphalt mixture with ex-
posed aggregate cement concrete with the
highest grain size of 8 mm (EACC 8). The data
in Table 1refer to the section between Prague
and Brno. Again, segments of sub-sections
were measured. The average value of specific
year is then the average value of sub-section
values, where sub-sections are defined by
motorway exits. Prague — Brno section was
modernized in 2013-2021 and therefore it
was not possible to obtain as long-term data
series as in the case of the previous section
in Figure 2. The expected service life of the
reconstructed asphalt pavement is approx-
imately 15 years and the concrete pavement
is expected to last twice as long. Therefore, it
is currently not possible to have a complete
picture of the change in noise levels over the
expected lifetime of these road surfaces. The
noise values of SMA 11S and EACC 8 surfac-
es within the modernized section of the D1
motorway are similar, as can be seen in Ta-
ble 1. The standard deviation (SD) indicates
the extent to which the mean values of the
individual sub-sections differ from their over-
all average value. The values are closer the
smaller the SD is. The noise values of the two
monitored surfaces differentiated by age on
the sub-sections are very similar. Thus, each
surface within the section achieves similar
acoustic values in a specific year after laying,
regardless of traffic volume, different meteo-
rological conditions, or other influences.

a po pokladce (nejnizsi). Metodika CNOSSOS-
-EU [11] vSak zatim stdle pouziva k urceni ce-
loZivotni hodnoty hluku daného typu povrchu
vozovky primérnou hodnotu pravé proto, ze
nejsou znamy dlouhodobé zmény jednotlivych
povrchd v ¢ase.

Zatimco v obrazku 2 byly porovnavany hodno-
ty hluCnosti pro obrusné vrstvy SMA 11S a be-
tonu s povrchovou Upravou vleCenou jutou,
tak v tabulce 1 jsou porovnany hlu¢nosti stej-
né asfaltové smesi s CBK s povrchovou Upra-
vou obnazeného kameniva (vymyvany beton)
s maximalni velikosti frakce kameniva 8 mm.
Data v tabulce 1 jsou vztazena na Usek mezi
Prahou a Brnem. Méfeni bylo opét provadéno
po segmentech jednotlivych dil¢ich Usekd.
Primérna hodnota daného roku je pak primeé-
rem hodnot dil¢ich useku, které jsou vétSinou
vymezeny dalni¢nimi exity. Usek Praha — Brno
byl modernizovan v letech 2013—2021 a proto
nebylo mozné ziskat tak dlouho ¢asovou fadu,
jako v prfipadé predchoziho Useku na obrazku
2. Ocekavana zivotnost rekonstruovanych as-
faltovych obrusnych vrstev je cca 15 let a u be-
tonového krytu se predpoklada dvojnasobek.
V soucasné dobé proto nelze mit Uplnou pred-
stavu 0 zméné hlu¢nosti po celou dobu pred-
poklddané Zivotnosti téchto povrchl vozovek.
Z dil¢ich vysled méfeni v tabulce 1 je mozné
ramcove fict, Ze pfi modernizaci dalnice D1 je
hodnota hlu¢nosti pro SMA 11S a cementobe-
tonovy kryt s obnazenym kamenivem obdob-
nd. Smerodatna odchylka (SMODCH) uvadi, na-
kolik se priimérné hodnoty jednotlivych dil¢ich
useku lisi od jejich celkové prdmérné hodnoty.
Cim je SMODCH mensi, tim jsou si hodnoty bliz-
Si. Hodnoty hlu¢nosti obou sledovanych povr-
chl rozliSenych podle stafi na dil¢ich Usecich
jsou si velmi podobné. Kazdy z povrchd v rdm-
ci Useku tak dosahuje v jednotlivych letech
od pokladky podobnych akustickych hodnot
bez ohledu na intenzitu dopravy, rozdilné me-

Age of surface in years after laying

Surface
0 1 2 3 4 5 6
EACC 8 - avg. (dB(A)) 97.6 98.0 98.4 98.8 99.0 99.2 99.5
- minimum (dB(A)) 96.7 971 97.7 97.8 98.0 98.2 99.3
- maximum (dB(A)) 98.7 99.1 99.3 99.5 99.6 99.7 99.8
- SD (dB(A)) 0.47 0.43 0.41 0.41 0.43 0.41 0.19
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Age of surface in years after laying

Surface

0 1 2 3 4 5 6
Number of sub-sections (-) 14 28 26 18 I 8 6
SMA 11S - avg. (dB(A)) 97.7 98.2 98.5 98.8 99.1 99.2 99.5
- minimum (dB(A)) 974 97.7 98.1 98.4 98.6 98.8 99.2
- maximum (dB(A)) 98.2 98.8 99.1 99.2 99.5 99.5 99.7
- SD (dB(A)) 0.24 0.27 0.26 0.25 0.24 0.20 0.17
Number of sub-sections (-) 12 28 26 18 12 8 6

Tab. 1: Summary of measured data from indi-
vidual sections of the D1 motorway (Prague —
Brno), years 2014—2020 for the stone mastic
asphalt (SMA 11S) and exposed aggregate ce-
ment concrete (EACC 8) surfaces.

Surface noise measurements, collection and
evaluation of these data do not take as long,
S0 it is not possible to compile long-term se-
ries of data for individual surfaces and thus
establish clear differences between surfac-
es. In contrast, the variable parameters of
unevenness and skid resistance, which are
important and essential for road safety, are
long-term monitored. The progress of the
noise level of road surfaces depends not only
on the type of pavement and the aggregate
fraction used but also on the quality of the
design, the degree of compaction, etc. Other
parameters that could be considered in the
long-term changes of the noise level of road
pavements will be monitored within the TACR
project CKO4000058.

4. DISCUSSION — OTHER POSSIBLE FAC-
TORS AFFECTING NOISE LEVELS

Noise can also be affected by vibration. Sev-
eral foreign studies have focused on this is-
sue [12, 13]. Therefore, internal research fo-
cusing on field measurements was conduct-
ed with an accelerometer mounted in several
positions on a CPX measurement trailer. In the
end, the most suitable position was chosen to
be in the axis of the reference SRTT tyre. This
position was the least affected by other influ-
ences of all tested locations and is shown in
Figure 3.

teorologické podminky Ci dalsi vlivy.

Tab. 1: Souhrnny prehled namérenych dat
z jednotlivych Usekd na délnici D1 (Usek Pra-
ha — Brno), v letech 2014—2020 pro obrusnou
smés SMA 11S a CBK vymyvany beton.

Méreni hlu¢nosti povrchl vozovek, sbér
a hodnoceni téchto dat neprobiha tak dlouho,
proto neni mozné poskladat dlouhodobé rady
dat pro jednotlivé povrchy a stanovit tak jed-
noznacne rozdily mezi jednotlivymi obrusny-
mi vrstvami. Oproti tomu proménné parame-
try nerovnosti a protismykové vlastnosti, jez
jsou vyznamné a zasadni z hlediska bezpec-
nosti provozu na pozemnich komunikacich,
jsou sledovany dlouhodobé. Vyvoj hlu¢nosti
povrchl vozovek se odviji nejen od typu ob-
rusné vrstvy a pouzité frakce kameniva, ale
také od kvality provedeni, miry zhutnéni apod.
V ramci projektu TACR CKO4000058 se budou
sledovat dalsi parametry, které by mohly byt
zohlednény v dlouhodobém vyvoji hlu¢nosti
obrusnych vrstev pozemnich komunikaci.

4. Diskuse —dalSi mozné faktory
OVLIVNUJICI HLUCNOST

Hlu¢nost mUze byt ovliviiovana také vibracemi.
Tuto problematiku fesi vice zahrani¢nich studii
[12, 13]. Proto byl fesen interni vyzkum zameé-
feny na terénni méreni s akcelerometrem, kte-
ry byl umistén v nékolika pozicich na méficim
pfivesu CPX. Nakonec bylo jako nejvhodnéjsi
misto vybrano umisténi v ose referencni SRTT
pneumatiky. Tato pozice byla nejméné ovlivné-
na dalSimi vlivy ze vSech testovanych umisténi
a je zobrazena na obrazku 3.
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Fig. 3: Accelerometer location on the CPX meas-
uring trailer.

Road sections with different surfaces and
ages were identified, namely old and new as-
phalt (SMA), cement concrete (burlap drag,
exposed aggregate) and cobblestones. The
assessed sections were 500 m long and were
measured at a speed of 80 km/h. One section
was therefore recorded in 22.5 s. The begin-
ning of the evaluated section was most of-
ten at the mile marker for easy orientation. It
should be noted that there were no significant
unevenness or bridge closuresin the selected
areas that could distort the measurements.
The measured values were evaluated after
0.5 sin postprocessing. In addition, a single
overall value has always been set for a given
section, which is easier to work with for fu-
ture year-on-year comparisons. The data for
each section are plotted in Figure 4, where the
dotted line shows the linearly averaged total
value, which is also given numerically on the
right side of the graph for each line. The X-ax-
is shows the distance travelled and the Y-axis
shows the acceleration measured by the ac-
celerometer, which was positioned as shown
in Figure 3. A more detailed description of the
individual sections is given in the note under
Figure 4. Roads that are older or have more
unevenness show more discomfort when
driving, which also corresponds to the values
in the graph. The highest acceleration values
were measured on cobblestones, followed by
old SMA 11, old cement concrete (burlap drag),
and noticeably better values were measured
on new cement concrete (exposed aggregate)
and asphalt SMA 11S, where the differences
were minimal. Although driving on the con-
crete pavement and crossing its expansion

Obr. 3: Umisténi akcelerometru na méficim
privésu CPX.

Byly vytipovany Useky, které meély rozdilné
obrusné vrstvy a rlzné stéfi, a to stary a novy
asfalt (SMA), beton (juta, vymyvany beton)
a dlazebni kostky. Vyhodnocované Useky mely
délku 500 m a pojizdély se rychlosti 80 km/h.
Jeden Usek se tedy projel za 22,5 s. PoCatek
vyhodnocené oblasti byl pro snadnou orienta-
ci nejcastéji u kilometrovniku. Nutno podotk-
nout, Ze ve vybranych oblastech se nenacha-
zela zadna vyrazna nerovnost ¢i mostni zave-
ra, kterd by mohla mérfeni zkreslit. Namerené
hodnoty byly v ramci postprocessingu vyhod-
nocovany po 0,5 s. Mimo to byla vzdy také pro
dany Usek stanovena jedna celkova hodnota,
se kterou je jednodusi do budoucna praco-
vat v pfipadé meziro¢nich porovnanich. Data
u jednotlivych Usekl jsou vynesena do obraz-
ku 4, kde teCkovana Cara zobrazuje linearné
zprameérovanou celkovou hodnotu, kterd je
také Ciselné uvedena v pravé ¢asti grafu u ka-
zdé z Car. Na ose X je vyobrazena ujeta vzdale-
nost a na ose Y zrychleni namérené akcelero-
metrem, ktery byl umistén dle obrazku 3. Po-
drobnéjsi popis jednotlivych usekl je uveden
v poznamce pod obrazkem 4. Vozovky, které
jsou starsiho typu nebo maji vice nerovnosti,
vykazuji vétsi diskomfort pfi jizdé, cemuz také
koresponduji hodnoty v grafu. Nejvyssi hod-
noty zrychleni byly naméfeny na dlazebnich
kostkach, nasledovalo staré SMA 11, stary be-
ton (juta) a o poznani lepsi hodnoty byly na-
mefeny u zanovniho betonu (vymyvany beton)
a asfaltu SMA 11S, kde byly rozdily minimaini.
| kdyz jizda po betonové obrusné vrstve a pre-
jizdénijejich dilatacnich spar plsobi vyraznéji,
tak rozdil v nameéfenych hodnotach oproti za-
novnimu asfaltovému povrchu nebyl tak velky.
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joints has a more significant effect, the dif-
ference in the measured values compared to
the new asphalt surface was not so great. All
values mentioned are site-specific and there-
fore it is not possible to generalise that such
values would also be measured at other sites,
even if they were the same type of pavement.

20
18
16

0 100

—pold SMA 11 ——new SMA 115

Fig. 4: Evaluated accelerometer data.

Note: SMA 11 approximately 15 years old, the
surface had fatigue cracking, potholes and
patching; new SMA 11S laid on a highway was
3 years old with no visible deformations; ce-
ment concrete treated by burlap drag meth-
od 17 years old had repaired joint transitions
with iron spikes, because of significant height
differences; exposed aggregate cement con-
crete was without deformations, 3 years old.
Cobblestone pavement of unknown age (more
than 30 years) was placed on 3rd class road.

The vibrations when driving on the road de-
pend on the location of the sensor, the cho-
sen springing, the tyre and its pressure. In
CPX noise measurement, the conditions for
the measuring tyre, such as its type, load,
inflation, and other parameters, are clearly
defined. For the vibration measurement, ev-
erything was followed similarly to the noise
measurement, where the sensor was placed
as close to the wheel hub as possible, as the
wheel has a defined dimension, tyre and in-

CC burlap drag

VSechny uvedené hodnoty se tykaji konkrét-
nich lokalit a nelze to tedy zobecnovat, ze by
byly takové hodnoty nameéreny také na jinych
lokalitach, ac€ by se jednalo o stejny typ obrus-
neé vrstvy.

300

400 500

EACC 8 ——cobblestones

Obr. 4: Vyhodnocené pritbéhy namérenych hod-
not akcelerometru

Poznamka: SMA 11 stary priblizné 15 let, po-
vrch mél sitové trhliny, vytluky a vyspravky;
SMA 11S novy byl na dalni¢ni komunikaci, sta-
fi 3 roky bez viditelnych deformaci; CBK juta
stari 17 let, povrch mél opravené sparoveé pre-
chody zZeleznymi trny, z dlvodu vyraznych
vyskovych rozdilG; CBK vymyvany byl bez
deformaci, stafi 3 roky. Dlazebni kostky byly
na komunikaci 3. tfidy neznamého stafi (vice
nez 30 let).

Vlastni vibrace pfi jizdé po pozemni komuni-
kaci jsou zavislé na umisténi snimace, zvo-
leném odpruzeni, pneumatice a jejim tlaku.
Pri méreni hlu¢nosti metodou CPX jsou jasné
dané podminky pro méfici pneumatiku jako je
jeji typ, zatizeni, nahusténi a dalsi parametry.
U méfeni vibraci bylo vS§e dodrzovano obdob-
neé jako u mereni hlucnosti, kdy byl snimac
umistén co nejblize vlastnimu naboji kola, je-
likoz kolo ma definovany rozmeér, pneumatiku
a nahusténi. Cilem bylo zajistit stale stejné
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flation. The aim was to ensure the same con-
ditions during each measurement so that the
results could be compared with each other.

CONCLUSION

The long-term progression of the acous-
tic characteristics of the technologies used
on roads is currently unknown. In fact, many
technologies have been innovated, such as
the change from cement concrete treated by
burlap drag method to exposed aggregate
cement concrete or “grinding” technology
and others. However, the measurements have
not yet been carried out over along enough
period to obtain a statistically significant
set of data, as is the case, for example, with
skid resistance. Therefore, the partial results
and measurements obtained so far will be
continued to expand the noise data (project
CK04000058).

The paper deals with the noise at the con-
tact between tyre and road surface on the
modernised section of the D1 motorway from
Prague to Brno. The data were obtained by
measurements using the close-proximity
(CPX) method. The results presented in this
paper show that the noise values for the mea-
sured sections with stone mastic asphalt with
the highest grain size of 11 mm (SMA 11S) and
exposed aggregate cement concrete with
the highest grain size of 8 mm (EACC 8) are
similar, almost the same. This shows that it
is not necessary to lay conventional asphalt
surfaces on the motorway network due to the
lower noise level. It can be concluded that the
change in the acoustic characteristics of the
roadways is not linear over time (the noise
does not increase consistently over time),
which is evident from the measured and anal-
ysed data of VySkov — Hladkeé Zivotice section.

Noise can also be affected by vibration and
other possible factors. Pavements that are
older or have more unevenness are more un-
comfortable to drive on, and the measured
noise levels correspond to this. Newer asphalt
(SMA 11S) had the lowest measured values,
followed by new cement concrete (exposed
aggregate), old cement concrete (burlap drag
method), old asphalt (SMA 11), and cobble-
stones had the worst measured noise values.

podminky béhem jednotlivych mérenich tak,
aby se daly vysledky mezi sebou porovnat.

ZAVER

V soucasné dobé neni znam dlouhodoby vy-
voj akustickych charakteristik technologii po-
uzivanych na vozovkach. Mnohé technologie
jsou totiz inovovany, napfiklad pfechod z ce-
mentobetonového krytu upraveného viece-
nim jutové textilie na vymyvany beton nebo
technologii ,grinding” a jiné. Méfeni vSak za-
tim neprobihaji dostatecné dlouhou dobu
pro ziskani statisticky vyznamného souboru
dat tak, jak je tomu napfiklad u protismyko-
vych vlastnosti. Proto bude na doposud zis-
kané dil¢i vysledky a méfeni navazano, ¢imz
dojde k rozsifeni udaji o hluénosti (projekt
CK04000058).

Pfispévek se zabyva hlu¢nosti na styku pne-
umatiky a povrchu vozovky na modernizova-
ném Useku dalnice D1 z Prahy do Brna. Data
byla ziskdna meéfenim s vyuzitim metody
malé vzdalenosti CPX. Vysledky prezento-
vané v c¢lanku ukazuji, ze hodnoty hlu¢nosti
pro zmeérené useky s asfaltovym kobercem
mastixovym a cementobetonovym krytem
s obnazenym kamenivem jsou obdobné, té-
mer stejné. Z tohoto vyplyva, ze neni nezbyt-
né nutné na dalni¢ni siti pokladat bézné as-
faltové povrchy vzhledem k nizsi hlu¢nosti.
Z namérfenych a zanalyzovanych dat Useku
Vyskov — Hladké Zivotice Ize konstatovat, ze
zmeéna akustickych charakteristik vozovek
neniv ¢ase linearni, hluk v ¢ase nenarlsta ne-
ustale stejné.

Hlu¢nost mUze byt ovliviiovana také vibracemi
a dal$imi moznymi vlivy. Z vysledkl Ize
konstatovat, ze vozovky, které jsou starsiho
typu nebo maiji vice nerovnosti, vykazuji vétsi
diskomfort pfi jizde, a tomu také odpovidaji
hodnoty hlu¢nosti. Na novéjsim asfaltu (SMA
11S) byly naméfeny nejnizsihodnoty, nasledoval
novy beton (vymyvany beton), stary beton
(Uprava jutou), stary asfalt (SMA 11) a nejhorsi
namefené hodnoty mely dlazebni kostky.
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