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1. Introduction

Road surfaces change their acoustic surface properties during their lifetime. Texture may
increase due to stone loss or, on the other hand, may decrease due to compaction and
sweating of bitumen. Open surfaces may fill with dirt leading to reduced or modified acoustic
absorption and increase of flow resistivity.

Where surfaces are applied to reduce environmental noise, they specifically depend on
optimal surface characteristics for that function and thus are found to be especially vulnerable
to surface degradation.

The general unpredictability of the acoustic aging and the related uncertainty in planning of
maintenance and resurfacing has limited the wide spread use of these surfaces as noise
mitigation measures.

The CEDR organization has contracted a consortium, consisting of TRL from the UK, Muller-
BBM from Germany, Aalto University in Finland and as consortium leader M+P from
Netherlands, to undertake a project to develop procedures that enable the implementation of
the acoustic performance of road infrastructure elements, such as road surfaces, into
pavement management systems (PMS).
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2. Overview of project workplan

Developing an aging model for the acoustic performance of road surfaces is a complex task. In
this project we have developed the aging model with a hybrid approach that consisted of the
following elements:

1. Study of the acoustic aging of road surfaces, by categorizing them into types, in climatic
zones, in usage types and by types of aging processes on the basis of spectral
composition and thus identifying possible usage characteristics that may be of influence.

2. Application of straight statistical analysis of the data sets to identify the relevant
parameters and to define the quantitative coefficients for these parameters. The
technology of Multi-variant statistics comprises several ways to address these questions.
We have followed mainly the ANOVA method.

Overall we have worked according to the following plan.

1. We have gathered data on the age related acoustic performance from several areas in

a.

b.

Europe. We have identified three interesting regions:

Scandinavian area. This area is characterized with harsh winters and the extended
use of studded tyres.

Mid-European area: In this area studded tyres are not allowed, but still severe
winters are common. On the other hand, in summer time high temperatures may
occur and also frequent rain is the case.

Southern-European Area: in this area winters are mild and frost is not often the
case, summer temperatures are high and rain fall is moderate.

The data preferably refers to repeated acoustic measurements at the same location over
a series of years. As an alternative, we have used network monitoring data in which the
surface type and age of all measured sections are recorded.

2. We identified time series in the measurement data and we have attributed relevant

a.

traffic data, environmental data and road construction data.

With respect to road type, we mainly concentrated on regional roads and highways
where traffic runs straight and minor curving occurs. Urban roads behave totally
differently due to the extra wear of turning HVO s .

Since we expect that traffic intensity and traffic composition is of interest for the
understanding of the aging, we have gathered this data for the tested locations.

To be able to understand the mechanisms of acoustic aging we preferred spectral
data

3. The data was studied in two ways:

a.

Identification of the mechanisms underlying the loss of performance over time
through analysis of the spectral shifts in the sound recordings of traffic on these
roads.

Straight statistical analysis of the performance data in relation to the traffic data, in
order to define the relevant parameters, explaining the aging and the coefficients.
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In the analysis, a totally separate approach was used for road surface aging under
Scandinavian conditions. These conditions are not only characterized by harsh and long
winters with sometimes extreme low temperatures, but, even more importantly, the extended
usage of studded tyres in winter time. Such tyres are allowed in Norway, Sweden and Finland
but are forbidden in other areas in Europe. The impact of studded tyres requires a separate
approach to the topic of aging. Firstly because the wear process of studied tyres is totally
different from the wear process by general tyres and secondly because, the intensity of LV& is
most relevant to the wear, in contrast to the expected result in mainland Europe where truck
intensity is expected to be the dominant factor.

The topic of Scandinavian roads is therefore addressed as a separate item and is studied by
Aalto University. Their results are reported in [6] .
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3. Overview of available data

For the study we collected data from the indicated regions. In about 50% of the cases spectral
information was available.

3.1. Netherlands

3.1.1. Overall data sets

table | Overview of NL data available for the study (source M+P).
Data set Nr_of Surface type Road type 7 c_)f Co_vered SPB/CPX e
sections repetitions time
2-layer
Repeated 30 porous highway 9 9yrs SPB Y
asphalt
Porous .
Repeated 11 asphalt 0/16 highway 3-8 9yrs SPB Y
Repeated 11 Th'”o}‘eaye' highway 37 8yrs SPB Y
Survey n.a. different Regional n.a. n.a. CPX P/H
road
Thin Layer Regional
Repeated 15 0/6 road 3-6 7yrs. CPX P/H

3.1.2. Data from Dutch national road authority (Rijkswaterstaat)

Within the framework of the IPG program an extensive study was performed into the
reproducibility, repeatability and related aging of 2 layer porous asphalt constructions (2L-
PAC). In four repeated sessions a series of 6 2L-PAC with 4/8 top layer and 2 with 2/6 top
layer were laid down. Six road building companies were involved in laying surfaces with a 4/8
top layer, each laying their product at two locations. Two of the six companies also applied the
sections with the 2/6 top layer. Connected to the IPG program M+P also repeatedly measured
several sections of thin surface layers (TSLs) and several sections with single layer porous
asphalt construction (1L-PAC). All sections are located on highways.

On a yearly basis M+P performed repeated statistical pass-by (SPB) measurements (as
defined in ISO 11819-1). Note that some of the reported SPB levels are obtained at the Dutch
standard height of 5,0 m. Since we are mainly interested in the development over time and not
the comparison of levels on different locations, it is not regarded a problem to use these data.
All data combined in time series are from the same height.
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figure 1 Repeated SPB measurements on 2L-PAC (1% row), 1L-PAC (2" row), TSL( 3" row)
and 2L-PC (porous concrete) (4" row). Left: LVs at 110 km/h, right: heavy vehicles (HV & s

at 80 km/h.
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3.1.3. Data from province Gelderland

Within the framework of contracts for provinces M+P repeatedly measured different types of
road surfaces on regional roads. These data are mainly close proximity (CPX) data (as defined
in ISO/CD 11819-2). For one province the relevant noise reducing surfaces in the network
were measured with a CPX system.

On regional roads that are operated by the provinces, Stone Mastic Asphalt (SMA) 0/8 and
Dense Asphalt Concrete (DAC) 0/11 or 0/16 are still the regular surfaces. An valuable data set
for our analysis of aging of these types of surfaces is obtained from the province of
Gelderland. In the framework of a large monitoring program for low noise surfaces in that
province newly laid low noise surfaces were followed with CPX measurements over a period of
2 to 4 years. Also the adjoining regular surfaces were measured for reference. In figure 2 data
are given. We distinguish two situations:

1. The reference surface is laid simultaneously with the test surfaces. In this case we know
the age of the reference surface. These results are presented in the left graph of figure 2.

2. The reference surface existed and was not renewed. The actual age is not known. These
results are presented in the right graph of figure 2.

o after 2 year

e after2 year

A after4 year

rel. level cars after 2/4 years [dB(A)]
rel. level cars after 2/4 years [dB(A)]

relative level cars new [dB(A)] relative level cars new [dB(A)]

figure 2 Performance after 2 and after 4 years of a number of dense SMA and DAC
surfaces. Presented is the reduction of the CPX level in initial condition (x-axis) against
the reduction after 2 (red circles) and four (green triangles) years relative to a fixed
reference level. The reference level is the average CPX L V desgel on a series of aged
DAC 0/11 surface. Left presents data when the initial condition presented a new surface.
Right graph are data when the initial situation was an existing surface of unknown age.

The data presented in the left graph of figure 2 shows that the average of this series of new
SMA 0/5, 0/8 and 0/11 surfaces is about 1,0 dB below the reference value. After 2 years the
average value is only 0,2 dB lower and after 4 years 0,8 dB. The average loss in the first 4
years after laying is estimated to be about 0,14 dB per year. (ref. [4] ).

The right graph shows a different situation where the surface was not new and the 2 and 4
years refer to actually older surfaces. Here one sees that the average level in the initial
condition is already about 0,7 dB above the reference and after 2 years no additional
degradation is observed. The few surfaces in the right part of this graph are obviously rather

Corderense =l Eurepean
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new surfaces and there the shown degradation is understandable and in line with the left
graph.

3.2. Flanders/Belgium

In Flanders interest in noise reducing surfaces is raised only recently. Two programs are
performed:

1. asurvey of the Flanders highway system with a CPX system

2. adedicated test on the acoustic properties of a series of surfaces on a regional road N19
at Kasterlee.

table Il Overview of B (Flanders) data available for the study (source Flemish Road
Authority)
Data set Nr_of Surface type Road type Nr._ 9f Co_vered SPB/CPX HV
sections repetitions time
Repeated 10 various Ri%ig;al 3 1lyrs SPB/CPX Y
survey n.a. various highway n.a. 9yrs CPX Y

Kasterlee sectionsCPX-SRTT b Kasterlee sections CPX-AVON  —+SMA-C
99 99
o8 ‘/’\0\‘_‘ o /\/* -s-quiet TSL0/4

7 R less-quiet TSL 0/4

\

a6
—= low noise TSL0/6 D

95

94 ,Ré < 94 /‘/ ——21-PAC
«_,__-—'—-'—4—‘ i

93 = v 93

N M ; high friction TSL 0/6

a1 a1 low noise TSL 0/6 NL

CPX-P at80 km/h

CPX-H at80 km/h
l(
N
)

a0 a0
0 0,2 04 06 038 1 1,2 1,4 0 0,2 0,4 06 08 1 1,2 1,4 low noise TSL 0/6 25

mm F

figure 3 Repeated CPX measurements on TSL and 2L-PAC test sections in Kasterlee (B).
Graphs on the left with the SRTT (Standard Reference Test Tyre) tyrethat represents car
tyres, graphs on the right with the AVON tyre that represents truck tyres.

3.3. Denmark

The Danish Road Directorate studies the behaviour of different low noise surfaces under
highway conditions. On three highway locations test surfaces are laid and annually tested. The
first test site is the M10 near Solrgd where in 2004 and 2005 a total of six test surfaces of
different types were laid. In 2006 12 surface types were laid on the M64 near Herning. In 2008
8 test surfaces were laid on the M68 also near Herning.

Test sections were evaluated annually with SPB measurements for light vehicles (LV&), 2-axle
and multi-axle heavy vehicles (HV®&). Both the total A-weighted values and the spectral

composition of the Pass-by sound is available. Measurement data are available up to 2010. All
results are presented in [1] .
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table 111 Overview of DK data available for the study (Source DRD)
Nr of Nr. of Covered time
Data set sections Surface type Road type repetitions SPB/CPX HV
Repeated 3*6 various highway 7 2, 4 and 6yrs SPB Y

In this study we focus on the M10 and M64 sections since the research data covers a longer
time segment of 6 years.

Tests performed in Denmark on dense DAC and SMA reference surfaces on the M10 and M64
highways learn that the levels for L V @tsaround 100 km/h increase by about 0,5 to 0,7 dB/yr.
For multi axle H V Gnerements in the order of 0,2 to 0,3 dB/yr are reported in [1] .

In the graph below (see figure 4) data over 6 years at the M10 section are presented. The
linear equations refer to the best fit function through the data points.

85 91
cars on M10 (DK) ~Y; 0,5788x + 81,624 TRUCKS on M10 (DK)

y = 0,2658x + 88,558
y = 0,7372x + 80,157 /\.\

S y=0,342x + 81,79 A ~
_ g V./,. ) \»r.-;,-',bﬁ-\\". +80,205 | __ /</ 3 \’_‘“ 0,4037x + 87,54
=T 83 X = 89 . .
< / Y - 0,9206x + 79,271 | Z —_— X —E N v=01261x +87,842
ke = Ea 3 ~ A A
= o y =0,6935x + 79,312 | = /’/“% P Xy 0,3372x + 87,169
] // \//"\\/ T - - @
2 -— 7/ 2 _ v = 0,3347x + 86,62
@ @
&g / ERVIEES / - -

-\ ¥ =0,1628x + 86,07

-=-AC8B0 ~-AC11d SMAG+ -=-AC80 --AC11d —SMAG+
—SMA8 ~SMA8+ UTLAC —SMA8 ~—SMA8+ UTLAC
79 85
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0
Age [yrs] Age [yrs]

figure 4 Age related overall levels on 6 surface types on the M10 test location. The
equations refer to the best fitting regression line. Colour code for surface type.

Presented below are data from Danish tests of several surfaces on M64 near Herning.

L —— AB1t 90.0 AB11t
Personbiler 20 kmit Abk Tunge flere aksler 85 km/t AB62a
81 ) 88.0 — — AB8a
ABSa —_— — —
~
- — S -— =DAB
=19 — —DA6 KI2 ) 86.0 = — Ki2
= =2 — =
3 DA8 Kl %
S £ 840
7 — —DA8KI2 <
82.0
75
80.0 T T T T .
73 0 1 2 3 4 5 Alder [ar]
0 1 2 3 4 5 Alder [ar]
83 —AB11t 90.0 —:\311
Personbiler 90 km/t ——SMA6 Tunge flere aksler 85 km/t e SMA.
6
81
= SMAG+ 88.0 _ SMA
——c —%
SMA8 r————— ssTwA
e E I A d
F ’ —TB6K <
< 77 <
3 —TBSk % 84.0
75 82.0
73 - T 80.0 . T : T
0 1 2 3 4 5  Alder [ar] 0 1 2 3 4 5 Alder [ar]

figure 5 Repeated SPB measurements on L V gleft) and H V ¢right) on Danish motorway
test sections: M64 near Herning.
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3.4. Spain

In Spain the Spanish road authority CEDEX has performed several repeated measurements
on a highway and regional road in the south of Spain near Malaga. Road surfaces were
1L-PAC, 2L-PAC and TSL. As a reference a dense asphalt concrete with 22 mm chipping size
(ACSURF 22) is tested. Measurements are done with a CPX system and both the SRTT and
AVON tyre were used as to represent the effect of the surface on LV& and HV&.

table IV Overview of ES data available for the study (source CEDEX)

Nr of Nr. of Covered
Data set locations Surface type Road type repetitions time SPB/CPX HV
Repeated CPX A7 various highway 3 2yrs. CPX L/H
Repeated CPX A66 11 mm TSL highway 3 4yrs. CPX L/H
11 mm TSL Regional
Repeated CPX N521 and ACSURF 9 2 1yr. CPX L/H
22 road
96,0 1
PA
§ 98,0
= = L 4
£ < 97,0 L *
=]
E b ¢
< 96,0
g H o b4
® S 950 |# + *
g g0 1% e ' .
t': = 94,0 + > <
5 g $ ¢
v 93,0 £
& .
92,0 - - - . . . - .
92,0 ; ; . ! 0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0
0,0 1,0 2,0 3,0 4,0 Age [year]
Age [year]

figure 6 CPX-I level @80 km/h on 1L-PAC (left) and 2L-PAC (right) in Spain. Presented are
the averages of CPX SRTT and CPX AVON tyres at 80 km/h. Most data are determined
at the A-7 near Malaga.

3.5. Germany
In Germany two data sets are used for the study.

1. A series of repeated SPB measurements on 1L-PACS (referred to in German as OPA)
on several locations on German highways. In total the data set covered 11 years, but
data are distributed over more locations. Not all locations covered that total period.

2. A series of repeated CPX measurements on German Highways in Bavaria. It is
interesting to note that separate data is available from the left, middle and right lane of
the highway.

o)
o
- |

N
|
‘Hl

Contératcn Europdanne
_12_ Seri Direscteurs des Routes
Corderense =l Eurepean
Directon of Roads



CEDR Call 2012: Noise

e

table V Overview of D data available for the study (source BASt and M-BBM)
Nr of Nr. of Covered
Data set locations Surface type Road type repetitions time SPB/CPX HV
repeated 6 highway 3-4 4-6 yrs. CPX
Porous -
Repeated 12 Asphalt 0/10 highway 2-5 12 yrs. SPB Y
86 ""'1""""""7‘ """"""" [ HE I’ """ :"""{ """ 90 T H
85 - OPA pc ------ ------ ------- 89 -
P8 T "
SO O .
7 O N RS S S N S— 86
: IR ¢
981 T R = 98 T § ‘ ! Pt
S : ! : i : ; ! : S L ; y=0,08x+ 84,64
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ol L $ e SN T S O N U S S S O
¢ o R A A PR I
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age [years] age [years]
figure 7 Repeated measurements at different locations in Germany on 1L-PAC 0/8. Left
LVorightt HV 6 s
From the data sets in figure 7 the average development of thenoi se reduci ng ¢
and HV6és is calculated. The reduction is r
reduction is calculated for a period of 0-7 years since beyond that period to scarce data is
available.
9,0 - figure 8 Reduction as a function
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In Bavaria a seriesof CPXmeasur ements with the standard
(CPX-P) are performed on several locations on the autobahn. The relevance lies in the fact
that data are obtained on separate lanes. The graph below shows the results of a thin hot
rolled layer of 6mm (DSH-5) for the A99, which is the ring road around Munich. Two
characteristics are noted:

1. theright lane is from the start noisier than the middle of left lane

2. the loss of acoustic performance is stronger on the right lane than on the left and middle
lane.

The absolute values of comparable lanes on both driving directions are similar.
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figure 9 Results from repeated CPX-P measurements on the A99 in Bavaria. Road surface
type is thin hot rolled layer of 6 mm (DSH-5). In each graph the data for separate lanes
are given (1, 2 and 3 for right, middle and left lane). Left and right graph indicate different
directions.

In 8§ A2.2 all available Bavarian data is presented. It can be seen that the characteristics found
in the graphs above are also recognizable in the other graphs found there.

3.6. Scandinavia

Scandinavian data refers to totally different conditions with respect to wear, due to harsh
winter conditions and the use of studded tyres. In Norway, Sweden and Finland several
research projects are performed with the objective to find noise reducing road surfaces that
maintain their properties under these harsh conditions. The available data show the strong
deteriorating effects on road surface acoustics because of the Scandinavian conditions. Some
examples of the quick wear of surfaces are shown below.

The development of the acoustic properties over time for the Norwegian, Swedish and Finnish
situation is treated in a separate report composed by Aalto University in Finland (ref. [6] ).

table VI Overview of N data available for the study (source Sintef)
Data set Nr of locations Surface type Road type Nr. of repetitions Covered time
Repeated 3 DAC Regional 4* 4 yrs*
Repeated 3 SMA Regional 4* 4 yrs*
Repeated 6 SMA Highway 4* 4 yrs*
f a)
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Data set Nr of locations Surface type Road type Nr. of repetitions Covered time

Repeated 5 DAC Highway 4* 4 yrs*
Single-layer . . N

Repeated 2 porous Highway 4 4yrs

Repeated 4 Thin layer Regional 3* 3yrs*

Repeated 1 Single-layer Regional 3* 3 yrs*
porous

Repeated 3 Double-layer Regional 3* 3yrs*
porous

Repeated 4 SMA Highway 2% 2 yrs*

Repeated 1 Thin layer Regional 2* 2 yrs*

Repeated 3 DAC Regional 2% 2 yrs*
Double-layer . . .

Repeated 1 porous Highway 1 1lyrs

Repeated 1 Double-layer Regional 1* 1yrs*
porous

table VIl Overview of SF data available for the study (source Aalto University)

Data set Nr of locations Surface type Road type Nr. of repetitions Covered time

Repeated 2 SMAG6 Urban 3 3yrs

Repeated 2 SMAG6 Urban 2 2yrs

Repeated 2 Double-layer porous Urban 3 3yrs

Repeated 4 Double-layer porous Urban 2 2yrs
Single-layer semi-

Repeated 3 open Urban 3 3yrs

Repeated 9 Single-layer semi- Urban 2 2 yrs
open

Repeated 8 Single-layer semi- Highway 1 1lyr

open

From Sweden no source data was available, but only processed data in the form of graphs
and tables.
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data E6, E16, E18

CPX@50 km/h, tyre ASTM E524
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figure 10 Graphs: repeated CPX data of SRTT and AVON on test sections in Norway,
Finland and Sweden.

3.7. France

In France surfaces are regularly tested with respect to their acoustic performance by the Road
research organization IFFSTAR, the French Road authority SETRA and the regional road
laboratory of LRPC in Strasbourg.

In total on about 70 locations repeated SPB measurements are performed on a wide variety of
surface types. Separate data sets for L V @rsd H V Gare available. An overview of the available
data is given below (see figure 11). In a separate study (ref. [5] ) of the research institute
IDRRIM the data for 1L-PAC 10 and for semi-open TSL6 were analysed in terms of their age
related acoustic performance (see figure 12).

table VIII  Overview of F data available for the study (source IFFSTAR)

Data set | ol .Of SRS Road type Nr.. qf Coyered SPB/CPX HV
ocations type repetitions time
repeated >70 various H|ghwract))ggig|onal 2-6 11yrs. SPB Y
f a)
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figure 11 Data base of SPB results in France. Data are categorized according to road
surface type. Each type contains repeated data at several locations. Right:
L V @<05 km/h, Left HV6 € 85 km/h.Source: SETRA and LRPC Strasbourg.

figure 12 Right: age related acoustic performance of 1L-PAC 0/10 (highways) Left: age
related performance of semi-open TSL 0/6. Results for L V &@®0 km/h (ref. [5] ).

French data for 1L-PAC 0/10 indicate a change in acoustic performance over time of about
0,5 dB per year for L V @see figure 11-left and figure 12-left). For heavy vehicles no change is
observed in figure 117 right. In the case of a finer mixture and less porosity (TSL 0/6) the initial
reduction is about 2 dB higher, but due to the stronger increase over time, the final level is
about the same as 1L-PAC 0/10 (see figure 12-right).

The data displayed in figure 11 indicate an average change in acoustic performance of Dense
Asphalt Concrete surfaces (BBMSG 0/10 and 0/14) of about +0,2 dB per year for L V @rd
nearly no change for heavy vehicles.
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