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ABSTRACT

Based on results from the former project “Predictamd Propagation of Rolling Noise” developed ia th
framework of the German-French cooperation andhdunihich an optimal low noise texture of dense road
surface has been designed, ODSurf, financed biyrérech Environmental Agency and the German Federal
Highway Research Institute is mainly devoted to ithplementation of new technologies and materials
particularly adapted for urban situations in teofisoise abatement to comply the European noisdatgn.
Different new solutions have been investigatedad@bieve our objectives, we improved and/or devalope
new predicting models and experimental techniquesparticular attention has been paid on the
consequences of texture, horn effect and air pugnpiodifications on tire-road noise emission. Theéoa¢
approaches and new optimized road pavement degi@pave been carried out in parallel. Furthermdre, t
improvement of “conventional” wearing courses hasrbpursued in order to supply to end-users a ampl
set of low-noise solutions adapted to their owmadions. First validation results are presentedhiey, these
new optimized pavements will be introduced in tbenmon DEUFRABASE, previously implemented for
suburban configurations, which will be completed artended to urban situations.

Keywords: Traffic noise emission, Pavements |-INClEssification of Subjects Number(s): 52.3

1. INTRODUCTION

In recent years, many documents were issued in feuto establish a strategy for reducing
transportation noise of at least 30% for the conyiears. Cities across Europe are interested imgett
up low-noise road surfaces to meet the requiremeitse 2002 Environmental Noise Directive (1).
Reducing noise at the source is still the best@agpg to decrease traffic noise harmful effectsaadr
residents. Knowing that a significant part of th&ffic noise emission is due to rolling noise (ewen
urban areas), two solutions can be investigategctly acting on the tire or on the pavement. lis th
project we focus our efforts on the pavement charastics.

In the past, porous coatings were tested in urbb@asa Even if substantial effects, in terms of aois
reduction, were observed just after the spreadihggging phenomena significantly reduced noise
attenuation after a few years of service. This pobwas mainly attributed to the vehicle low speeds
that could not ensure a self-cleaning of the potausr. Thus, in urban configuration, it becameeurg
to work on dense low noise pavements. Some intaggtrojects have shown the feasibility of this
type of surfaces. However, comparable noise perdomes with porous structures have not been
actually achieved.

According to the results obtained in the previouSUFRAKO-P2RN project "Prediction and
Propagation of Rolling Noise" (2), it is theoretigapossible to design a dense pavement structure
producing a minimum noise emission comparable tingle-layer porous asphalt. However, the
texture obtained being relatively different fromneentional ones, it is not possible to build upsthi
structure in a conventional manner with conventianaterials.

The prefabrication aspect becomes very importaweifvish to guarantee a constant quality of the
wearing course independent of weather and trafficditions. In addition, these solutions enable a
better maintenance, particularly in terms of replaent during interventions. Solutions currently
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exist but need to be optimized. The study of these pavement alternatives will be part of the pcoje
Consequently, this project will be dealing with netidg, design and manufacturing and experimental
validation after implementation.

Finally, one of the expected applications is to atedand expand, for urban configurations, the
current German-French database “DEUFRABASE” presipudeveloped under the previous
DEUFRAKO-P2RN project. To achieve these objectiths, project is structured in three main tasks:
Production of noise-optimized dense pavements coetpi@ more conventional low-noise pavements,
improvement of tire-road noise emission models @a@isd upgrading of the DEUFRABASE.

2. PRODUCTION OF OPTIMAL LOW-NOISE DENSE SURFACES

According to the results obtained in the formerjgco DEUFRAKO-P2RN (2) a road surface with an
optimized dense texture can theoretically reacheighted pass-by maximum sound pressure levelsin th
same range of those obtained with a single-layssysoasphalt (cf. Table 1).

Table 1 — Sound emission for a light vehicle — Carigon with conventional pavements

Difference, dBA

Type of surface Amax (90 km/h), dBA
(re. French ref ; re. German ef
Optimized theoretical dense surface 73.8 (-3.0; -7.7)
Single-layer PAC 0/6* 72.8 (-4.0; -8.7)
Single layer PAC 0/8** 74.4 (-2.4;-7.1)
DAC 0/10 (French reference)* 76.8 (0.0;-4.7)
German reference** 81.5 (+4.7 ;0.0)

French pavements (*) ; German pavements (**)

At the end of P2RN project, techniques and conweati materials did not allow to implement this
theoretical coating. One of the objectives of OD®woject is to develop a new process to performsite
this theoretical texture. New concepts in terms nodterials and implementation are particularly
investigated by German partners. A “ready-to-useldrpavement has to meet several criteria. Safaty a
durability are among them probably the most impurt&ven if this project is mainly dealing with the
acoustical aspect, it does not forget the othes.ombe results obtained with these optimized taphes
will be compared with low-noise conventional roadfaces developed by partners, members of French
road manufacturers.

2.1 German contribution

To carry out this project, academic and indusfpeitners worked together in order to conceive and
produce “"prefabricated" industrial pavement stroetubased on non-conventional materials. To
achieve this goal, a tender has been launched @nthain objectives were to search innovative
technologies in structuring the surface layer antiring innovation in road construction.

Three projects have been selected. The first ormheging the University of Kassel and
Mdiller-BBM company is dealing with the developmeoit a low-noise road surface layer using
prefabricated structures based on a high performmaement concrete technique (UHPC). Its surface
texture should be similar to that determined in frevious P2RN project (2) (cf. Figure 1). The
second one gathering University of Kassel, the ez University of Munich and Miller-BBM
company concerns the development of a road sutéaes made of low-noise cement concrete paving
stones. Finally, the third and last one, supporbsdthe University of Aachen, concerns the
development of an innovative low-noise pavementtasn synthetic materials.

On the three selected techniques, only the twad dines will be tested in-situ. Texture, noise, and
skid resistance evaluations will be achieved onwhele products. The results will be first compared
to theoretical predictions (3, 4) and then compated'traditional® German as well as French
innovative coatings. Final comparisons will be gadrout before the end of the project in 2015.
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Figure 1 — Theoretical texture of UHPC

2.2 French contribution

The French contribution is mainly dealing with tivaprovement of the theoretical models
predicting the main rolling noise mechanisms, tlagiaus experimental techniques necessary to
identify the physical parameters to be introducedhe predicting models (road surface texture,
distribution of the contact forces inside the cahtarea, acoustic absorption of the pavement
structure) and finally, measurement campaigns talate the different predictions. Based on these
experimental results a comparison between conveatitow-noise pavements for urban use and
prefabricated optimal German pavements will be iedrrout. Additionally, an upgrade and an
extension of the German-French database “DEUFRABAS&Ssifying a large set of road pavements
for various realistic urban propagation configusas will be provided. This last point will be ddead
in section 4.

2.2.1 Identification of physical parameters

Depending on the phenomenon to be modelled, théeimgnted techniques are based on various
approaches. Hybrid (3, 4), statistical (5), phybki@ and numerical (7) models can be used. To
implement those models, different input data cqroesling to the main physical parameters have to be
first identified. This identification is carried bihrough adapted experimental techniques. In the
framework of this project, the main characteristw®e measured are the 3D surface texture spectrum
and the absorption coefficient of the structure.

To measure the 3D surface texture spectrum, a fipeeguipment has been developed
(cf. Figure 2). This system can perform, in a reedse time, records of three-dimensional texture of
a zone whose length (1.5 m) and width (0.35 m)carapatible with standard car tire dimension. The
option that was chosen for this system is to usergactless laser sensor (longitudinal and vertical
sampling rates: 0.1 mm), able to provide altitudepoints located on a segment of a given length
(transducer 2D profiles). To reach the third dimensa displacement system ensures the transverse
scanning of the area to be measured. An acquissystem collects data from the sensor, regardless o
the displacement system management.
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Figure 2 — 3D Surface texture equipment
1: Chassis — 2: Motorized axle — 3: Brushless metdr Control unit

In order to validate the equipment and the deditatealyzing software, several reference textures
(cf. Figure 3) implemented on the Ifsttar referenest track were measured and compared
(cf. Figure 4) to previous measurements performedng the former P2RN project (2) using a 3D
stereoscopic technique (German partner: BASt) andassical 2D technique also based on a
contactless laser sensor (French partner: Ifstfdrg. following results have been found.

Figure 3 — A sample of 3D Surface texture: 1: Scef@ressing SD 8/10
2: Porous Asphalt Concrete PAC 0/6 — 3: Dense As@ancrete DAC 0/10 — 4: ISO Surface

Longitudinal spectra

Ly [68 (xg=te-bmi]

Texture Length A (mm)

Texture Length A (mm)

Figure 4 — 3D Surface texture spectra: Comparisstween ODSurf and P2RN equipments
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On the left figure above, Texture spectra are @dhfor nine different pavements while on the right
figure, the three measurement techniques have bagncompared on three of them (black lines:
SD 8/10, red lines: PAC 0/6 and light green linand Asphalt 0/4). Some differences are identified
in the higher part of the spectrum particularlyvbe¢n the two 3D approaches. However, the new 3D
texture spectrum is rather close to this measuritld tlie classical 2D technique. That confirms the
validity of the 3D technique presented in this papkich will be further used for measurements an th
different experimental sites located respectivalfFiance and Germany. Finally, these texturesheill
also used as input data for the multi-scale mogdetih dynamic tire-pavement contact and for the
modeling of the air pumping mechanisms (8, 9).

The second characteristic to identify is the abs8orpcoefficient. The ISO 13472-1 technique (10)
is implemented (cf. Figure 5).

Figure 5 — Absorption coefficient measurement adoay to 1ISO 13472-1 Standard.
Experimental device installed on the Ifsttar refere test track

Only the porous pavements of the Ifsttar referetese track were measured. For each pavement,
five various positions are selected and then awdtdg obtain a mean absorption spectrum for each of
them. Figures 6 and 7 show the frequency absormiaiution for a Porous Asphalt Concrete 0/6
(Figure 6) and a Very Thin Asphalt Concrete 0/&(Fe 7). Variations between the two pavements are
mainly due to their respective thickness and cotinggorosity.
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Figure 6 — Absorption coefficient spectrum of a PB6
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Figure 7 — Absorption coefficient spectrum of a \OA/6

The acoustic absorption will be further use forghay sound pressure level prediction from the
HyRoNE model (3, 4) and also to quantify the hoffie& on porous pavements. This last point will be
particularly investigated by French ENPC partneslagrtly detailed in the section 3.

2.2.2 Conventional low-noise pavement for urban use

After having validated the various approaches dfetBnt pavements of the Ifsttar test track and in
order to rank the different German and French pards) including the optimized pavements
designed during this project (cf. 82.1), it has ekecided to compare, in a first time, all those
pavements to the French conventional techniquedymiog one of the lowest tire-road noise.

Two formulations produced by the two French roathpanies (Colas and Eurovia), partners in the
project, were selected: a Very Thin Asphalt Coner@TAC) 0/4 and a VTAC 0/6. The first one has
already been built in Mouvaux in Northern Franced athe second one will be built in
Villeneuve-sur-Lot in South-Western France.

Concerning the first one (VTAC 0/4), built in 20@#fferent measurements have been performed in
March 2013 and more recently in July 2014: textwealysis, Coast-by noise (CB) (11),
Close-proximity noise (CPX) (12) and absorption )(10n the next tables and figures, some
preliminary results (CPX and absorption) of they(014 campaign are presented in addition to & firs
comparison with some other pavements. For the densd speeds, tire-road noise is predominant
with respect to engine noise and aerodynamic ndissan be expressed by the following regression
equation:

1)

LA€q ey (Soeed) = LAegcey, (S)eed Ref )+ Acpyx Dbglo{ﬂj

Speed Ref

In Table 2, the A-weighted equivalent sound presderels are obtained after recombining the
energy between the 1/3 octaves 400 Hz and 4 kHD &m/h after a regression analysis between 65
and 110 km/h for the various pavements on the eefes test track and, between 65 and 90 km/h for
the VTAC 0/4. This difference in the maximum sp@&ash maybe explain the rather high value of the
regression slope. 70 km/h has been chosen bectuseésponds to the regular speed on the urban
boulevard where the VTAC 0/4 was implemented. Weerthat at this speed, the VTAC 0/4 can be
considered as one of the quietest surface coafinite similar to PAC /6 and VTAC 0/6. This can be
also verified on the spectral comparison displaged-igure 8.
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Table 2 — CPX values: Comparison between diffetygrgs of surface at 70 km/h

Type of surface LrAegpx(70 km/h), dBA Regression slope-£g)
Surface dressing (SD 8/10) 99.0 36.9
Porous Asphalt Concrete (PAC 0/6) 93.9 19.3
Dense Asphalt Concrete (DAC 0/10) 95.7 33.9
Soft Asphalt Concrete (SAC 0/10) 94.2 29.4
ISO 10844 Reference track 95.3 33.0
Sand Asphalt (SA 0/4) 94.0 30.2
Very Thin Asphalt Concrete (VTAC 0/4) 93.8 38.0
Very Thin Asphalt Concrete (VTAC 0/6) 93.5 22.8
Very Thin Asphalt Concrete (VTAC 0/10) 95.7 31.0
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Figure 8 — CPX spectra: Comparison between lowepsvements and DAC 0/10 at 70 km/h

Another important issue concerns the maintenandhefpavement characteristics over time. To
answer this question, two different measurementv liieeen carried out at one year interval. For this
comparison, a lower urban speed (50 km/h) is setkcThe results are presented in Table 3. If we
integrate the uncertainties around the mean valuesan consider that there is no evolution oves th

period.

Table 3 — VTAC 0/4 CPX values: Comparison over pea interval at 50 km/h

Date LrAegpx(50 km/h), dBA Regression slope-fx)
March 2013 87.8 29.0
July 2014 87.7 415

Even if this VTAC 0/4 cannot be considered as aoperpavement like a PAC 0/6, it shows
interesting absorption characteristics as preseoteHigure 9. Although the absorption maximum is
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less than that of a PAC, it is still high enouglptoduce a substantial reduction of sound enerdlgeén
frequency range where the road traffic noise enérgyaximum. This explains its good positioning in
the ranking of low-noise pavements.
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Figure 9 — Absorption coefficient spectra: Compani®etween PAC 0/6, VTAC 0/6 and VTAC 0/4

3. IMPROVEMENT OF THEORETICAL APPROACHES FOR TIRE-ROAD NOISE

PREDICTION

To predict the global tire-road noise emission jamas mechanisms are to be modelled. That can be
carried out differently depending on the technigised. Even if hybrid models based on a physical
approach, in which the values of the main charasties are obtained after a statistical analysis on
experimental data, provide interesting predictibmse directly compared to pass-by measurement
results, it is always interesting to analyze maredepth the various mechanisms involved in the
tire-road noise process. In the project, the mamnprovements concern the modelling of the
air-pumping phenomenon, the multi-scale approaclithef dynamic contact and the impact of the
pavement texture on the horn-effect. Preliminaryutes have been drafted in the project mid-term
report (13) and already presented in the last idisle 2013 conference (9). The final validation of
each characteristic modelling will be further cadiout with a specific facility whose constructisn
currently underway.

4. UPGRADING OF THE DEUFRABASE

The present work is related to the extension otteent database named DEUFRABASE to urban
configurations. This database previously developetie framework of the former P2RN project (2),
posted on the BASt website (14), is mainly conaegnjjeometrical configurations corresponding to
non-urban situations with or without noise barmaed/or with or without embankments and cuttings.
To implement the future version including urban figarations, calculations under Python®
environment corresponding to several typical urpaometries will be performed. These new data will
be further used to complement the database.

From a technical point of view, several 2D stregiologies (vertical cut corresponding to linear
sources) will be investigated in order to buildeswndatabase integrating spectral attenuation data f
various receivers inside the streets and in frdrthe building facades (cf. Figure 10). To takeoint
account the urban facade diversity, different retitn and absorption conditions will be considered.
At this stage, atmospheric conditions will not beegrated in the model. Consequently, only
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homogeneous propagation conditions will be congider

Depending on the acoustic field characteristicghie medium, calculations will be carried out
using different codes. One is based on an energgipcoach more relevant for prediction in diffuse
fields (15). The other one is based on an undwapproach more adapted to prediction in presefice o
surfaces characterized by a complex acoustic impezl§16).

In a first time, the objective is to compute acousttenuations for several source-receiver
configurations, en presence of buildings charazeéstiby an acoustic absorption and an acoustic
diffusion.

RMeas

Emission database configuration

Figure 10: Principle of the method implementedddsan configurations.

In a second time, the database will be upgradetkrAfaving extracted data currently used in the
present DEUFRABASE, new data (sound attenuatiorts Reverberation Time) relative to urban
configurations will be integrated. The whole datdl e formatted through SQL tables that can be
accessed through a new interface which is stilg¢alone, using the Ifsttar I-Simpa software (17), o
an Ifsttar server on which it will be possible t® tonnected from the outside. This work, curreirtly
progress, will be over in the following months apdesented during the next Internoise 2015
Conference.

5. CONCLUSION AND OUTLOOK

To reduce traffic noise in urban area, differensgibilities can be envisaged. The most effective
solutions concern the reduction of the noise ermais&iom de source. The other being more related to
propagation conditions and to the traffic managetm&mong the solutions used to mitigate the source
emission, the use of low-noise pavement surfacaseanteresting because tire-road noise is also at
urban speeds an important part of traffic noisession. In the present project, several optimized
dense surfaces have been designed and develo@satmmany according to the previous results found
during the former DEUFRAKO P2RN project (2). Intzost future, they will be tested and compared
in terms of sound pressure levels to conventionbhn pavements currently developed in France.

During the first months of the project, in parallelthe German works, French partners worked on
the new updated models in order to better undedstiam main physical mechanisms occurring in the
tire-road contact zone and, on adapted experime¢atahiques for further validation. Concerning the
measurements techniques, they have been appleafirist time on various selected pavement textures
before being used for the optimized low-noise stefadeveloped in the project.

A first French site with a VTAC 0/4 has already besxperimented and compared to the other
pavements. A second site with a VTAC 0/6 will beasigred by the end of 2014. In the same period of
time, the German optimized low-noise dense pavemavitl be set on German open sites and
experimented with the same methods, in terms dfitexand noise emission. Considering the results
obtained during those French and German experirheatapaigns we will be able to rank the different
pavements with respect to their specific use andttoduce them in the new updated DEUFRABASE
which will allow end-users adapting the right sadutin terms of pavement for the right situation.
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