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Abstract

Developing a new low noise road surface can benatime-consuming and costly process. Thus, the
use of SPERoR| has clear advantages. The scope of this papersisow how SPERoNcan assist
on the development of an improved low noise surf&oem the initial definition of the input physical
parameters to the discussion on how the outputtiiesncan be used in the design of the new road
surface. The results of coast-by measurementsvaiitiate the SPERdNoutcomes and show the
advantages of this approach. Finally, other apiitina of SPERoR! are presented such as, acoustic
monitoring of roads, conformity of production ohew road surface, among others.
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1 Low Noise Road Surfaces

As proposed by [1], a “low noise road surface” ibad surface that, when interacting with rolling
tyres, under mixed traffic conditions, can achieweinitial noise reduction of at least 3 dB(A) when
compared to common pavements. Although there samudard definition for a common road surface,
as this might differ from country to country, itassumed that a dense asphalt concrete (DAC) with
maximum chipping between 11 and 16 mm, can be ased reference. In Germany for example, a
non-structured mastic-asphalt (gussasphalt) isidéfin the RLS-90 — the regulation for traffic mois
calculations.

There are a number of road surface propertiesaffextts the acoustic performance of roads [2]:

1. Road texture;

2. Porosity: is the percentage of voids which are ofemhe air in a given volume of total
pavement mix. Accordingly, the surfaces can besdiasl in terms of porosity as: dense layers
(air-void of 4-9%), semi-dense (air-void of 9-14%gmi-open (air-void of 14-19%) and
open/porous layers (air-void is over 19%).

2.1. Thickness of the porous layer: influences wherentla@imum absorption occurs in the
frequency spectrum;
2.2. Air flow resistance: is important in leading the fdw in the pores of the surface;
2.3. Tortuosity: is a measure if the curved nature &f dir path through the surface layer
(shape of interconnecting voids).
3. Stiffness/Elasticity.
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The parameters given above interact with each offfes means that a porous road surface normally
also has a rougher texture than a dense surfacey Biéempts in the past to create mathematical
relationships between the parameters of a roadcidiven above and the pass-by level of a car on
such a road surface have failed. The reason ferishthat the fundamental physical principles for
rolling noise generation are to a high degree moeal as shown e. g. in [3]. To be able to caleulat
the rolling noise on a road surface it is therefoeeessary to have a simulation tool. One such tool
which will be described in the following chapterdapotential applications are shown in the second
part of this paper.

2 SPERoN Tool

SPERoN is a noise prediction modelling framework that &edi to predict the influence of road
properties on tire/road noise. As a hybrid modglliframework the SPERJNmodel consists of a
physical and a statistical part that simulatesdifferent components of tire/road noise. The plalsic
part predicts the tire/road contact forces anddfiadistical part consists in a series of multiaria
linear regression models to predict the noise spectesulting from tire vibrations, airflow related
mechanisms, tire cavity noise and aerodynamic \ehioise. Therefore the name SPERa# an
acronym for Statistical Physical Explanation of [Rgl Noise.

The model is available to a wide public through &1GGraphical User Interface) software
application, the SPERSN Acoustic Optimization Tool (AOT). The user cawéstigate the effect of
changes at the physical characteristics of a readh as the texture (i.e. roughness), the acoustic
absorption and the flow resistance or the dynatifinass. The results are presented as an estimated
noise spectra and levels.

2.1 The SPERoN'model

The SPERoR model calculates the coast-by noise of a vehicleadging up 4 incoherent sound
sources components: tire-vibratiph,ibr, the aerodynamic sound sourqﬁ§,, the tire cavity modes
pzca\,, and the residual sound sourq:ﬁ,ssid, describing mainly the aerodynamic noise aroureddér
body [4]:

pzcoast—by = pzvib + pzair + pzcav + pzres[dB(A)] (1)

Thus, in the SPERON- Acoustic Optimization Tool (AOT), the input chateristics of road surface
necessary to obtain results on the coast-by ndigesehicle are [5]:

* Road texture: that is a measure for the roughnetisearoad surface. This property directly
influences the generation of vibrations and consetiy the sound emission of tires. This is a
direct input parameter for the model.

e Acoustical impedance: is a measure for the soufidction and absorption properties of a
road surface. A derived quantity of the acoustipenance is the absorption coefficient,
which is the ratio of the sound energy absorbethéroad surface and the sound energy
incident on the surface. This value varies betw@¥n(surface totally reflecting) and 100%
(totally absorbing).

* (AinFlow resistance: is the resistance that isezigmced by the air that is expelled from the
contact area between tire and road during thengpprocess. When the resistance is high the
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air is effectively compressed in the contact aned might produce sound. This is also a
direct input parameter for the model.

e Mechanical impedance: is defined as the ratio ef ithput force and vibration velocity
measured at a certain point of the structure. Teehanical impedance used in the SPERoN
model is the driving point impedance which is tlaia of input force (F) and vibration
velocity (v) at the excitation poinZ,, = F /v.

In order to build a road surface model, the inpatameters can be measured, retrieved from

literature or “designed”, depending on the purpofthe study.
The SPERoN structure is as follows:

Input paramete Physical Model Statistical Model Output
(t-domain) (f-domain) (f-domain)
Load V
Road Surface (defined) (defined)
properties: | |
- Airflow Tire vibrations coefficients,
resistance; and contact forces exponents Loar (f)
- (quasi) 3D-
textures | Lcalibrated"
measured or defin Tire parameters

(macroscopic)

measured / dabatase

Figure 1 — SPERoNstructure (adapted from [6])

2.2 Model Accuracy

The validation of this model was perfomed by thenparison of eight coast-by measurement results
with the results of SPERdNalculations [7].

The SPEROR input parameters were set to adjust to the comditiof the measurements. The
considered rolling speed was of 90 km/h, the teedu(both for measurements and simulations) was
Michelin Energy E3A 195/65 R15 with a tire load 383 kg. The overall coast-by levels giving in
(Figure 1) are the sum of*®ctave band levels from 315 Hz to 2000 Hz bothtiermeasured and the
calculated values. The calculations were done domperature conditions of 20 °C, therefore the
measured 1/3octave band levels were correctethiftotamperature.
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Figure 2 — Comparison of measurement and SPERaNIlatibn results depending on the surface for
a velocity of 90 km/h.
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Figure 3 — Total level differences at 90 km/h.

The results show that the total sound levels foragld surfaces have a mean precision of 1,5 dB for
all investigated road surfaces. Road surface Aleev® be a non-realistic road surface that in-liézal
would not comply with most of the requirements foad surfaces; more information on the road
surfaces can be found in [8]. This means that dalistic and practical road surfaces the total doun
levels have a mean precision of 1,0 dB.

3 Practical Application of the SPERoON model

A practical application of the SPERoN model to ttexelopment of a new road surface made of
concrete block surfaces is presented in this seclibese road surfaces present extra challenges as
they are made of small elements that have disagitiie for the rolling noise. This means that sach
surface has not only a macrotexture (which is éxtute of a surface in the wavelength region from
0,5 mm to 50 mm) [9] being relevant for the noisaration but also joints between the single paving
blocks.
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In a research project both of these properties (ob@cure and joints) have been investigated toterea
a low noise dense concrete block pavement.

For the macrotexture of the paving blocks the tesinbm former research projects such as ITARI
[10] have been further developed and adapted gopthduction of paving blocks. Using SPERGN

is possible to define a road surface (or pavinglltexture as a 3 dimensional matrix and calcodati
the pass-by level as a function of speed for afstites being practically used.

This resulted finally in a paving block surfacesaswn in the following figure.

Figure 4 — Paving stone with an acoustically optadi macrotexture.

The macrotexture is a relevant parameter regartiadire/road-noise generation, but especially for
paving stone road surfaces it is essential algptinize the joints in between the single stonesnt
an acoustic point of view these joints should beraall as possible, but for constructional reasbiss
not possible just to minimize them without losingnstructional durability in the long term. In fact
there are a number of different joint parametech ss:

e the joint width

< the joint orientation

e the joint filling

» the chamfer of the stones

« the density of joints (or the size of the stones)
and these parameters are interacting each other avhead surface has to be built. This means that a
road surface with a larger stone size needs alsewbat larger joint-widths to ensure constructional
durability. For the tire/road-noise generation heare both the density of joints (which is a funatio
of the stone size) and the joint width are releaard tire/road-noise will increase with both ofghe
parameters.
This means that there is a target conflict betweenstructional and acoustic needs that can be
optimized by performing SPERSNalculations.
Figure 5 shows a 3 dimensional texture datasetdidy joints in one configuration.
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Figure 5 — Texture dataset with one joint configeraand some vertical displacement from stone to
stone.

Such datasets were made for different joint gedesetmhe tire/road-noise levels were than calcdlate
and compared for different configurations.

In the following figure the results are shown fdfetent joint widths and stone sizes.

Joint width
dB(A) 1mm 3 mm 5 mm 7mm | 9mm
_: 10 cm 61,1 61,6 61,8 62,0] 62,2
g 20 cm 59,3 59,7 60,1 60,2 60,4
o 30 cm 59,3 59,6 59,9 60,1 60,2
% 40 cm i 58,6 58,9 59,1 59,2 59,1

Figure 6 — SPERON results for different joint wislénd stone sizes.

The sound pressure levels given in figure 6 repteiee vibrational component (which is most
relevant at low driving speeds) at a driving spee&0 km/h. Each given sound pressure level thus
represents the mean value of 144 calculationsii(8 gepths, 3 edge forms, 4 vertical displacemehts,
joint orientations). The lowest mean value is gi¥@na maximum stone-width and a minimum joint-
width and vice versa. Another interesting resuthi the level difference for different stone wiglis
much bigger than for different joint-widths: Fromnall to big joint-widths the level differences are
about 1 dB, while for different stone widths theesgu is about 3 dB [4]. Another important result is
that the joint orientation can be optimized, sot ttie joints are not in a rectangular angle to the

driving direction. This reduces the impact of teading edge of the tire on the joint and thus itle¢ t
road-noise.

Near-field measurements according to ISO 11819-B49e shown the differences (see Fig. 7).
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Figure 7 — Sound-pressure level of the tire/roadaon different test tracks.

The figure shows that just another orientation bé tjoints reduces the tire/road-noise by
approximately 2 dB from 83 dB (A) to 81 dB (A) fardriving speed of 30 km/h in the near field.
Applying the macrotexture described above reduteset values by another 2 dB, so that a near field
level of 79 dB (A) can be achieved.

4 Future applications

Research projects [11] have shown that there igrademand on effective and innovative measures to
reduce road traffic noise and — especially — a@drnoise. Standard procedures being used in #ie ro
surface construction do not allow for much furtimaprovement of the acoustic properties [12]. To
handle upcoming noise issues it may be necessampmve road surface concepts generally and -
probably — to work with multi-modal applicationshi$ could for example mean to combine aesthetics
and acoustics together, as can be seen in thdiged:

nﬁ@

}4@

Figure 8 — Pattern stamping in concrete block parem

There is a great potential to apply these surfacesban environments where the sound levels are a
major concern, especially in residential areas.F&ME model can be very helpful in supporting the
research of such road surfaces.
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