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Context

* Right political context:
Zero Pollution Action Plan
Smart and Sustainable Mobility Strategy

* Noise one of the three large externalities linked to the
transport sector;

e Current legal framework
(Directive 2002/49/EC) + (a series of “source” legislation for
tyres, cars, buildings, aircrafts, trains) + (national) + (local)
= 357

* 10 infringements ongoing
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Sustainable and Smart
Mobility Strategy
(SSMS)

Revision of airport charges Directive

Revision of Urban Mobility Package

ZPAP: reduction noise

TAXONOMY

Develop coherent rules for environmental,
energy and safety performance of tyres

Aviation label

Green Deal

Zero Pollution Action Plan
(ZPAP)

By 2030, reduce by 30% those
chronically disturbed by noise

Improving the EU noise-related
regulatory framework on tyres, road
vehicles, railways, aircrafts, also at

international level

Set noise reduction targets at EU
level in the Environmental Noise
Directive

European
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Objective

* By 2030 reduce by 30% the share of people chronically disturbed
by transport noise;
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The Directive 2002/49/EC

 Mandatory process

* Mandatory reporting to the
Commission

* No EU limits -> National ones

* Maps ‘wherever there is noise’
(even below national limits and
reporting thresholds)

 Action plans ‘wherever there
POTENTIALLY can be noise’
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Looking forward
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Results

road traffic scenario T T

quiet roads A = A i

quiet tyres B = B i
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Quieter engines

Engine noise

Electric vehicles

Low-noise road surface

Mitigation at the source

Low-noise tyres

Anti-propagation measures

Other measures
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Potential of tyres and road surfaces

* We expect tyres to provide around 3-4 dB reduction
(Meaning that using only the best tyres on the market, this is the possible

gain)

* Question: what happens to tyre abrasion, wet grip (much less on rolling resistance)

« We expect road surfaces to provide 1-4 dB reduction

« What it the durability and the life cycle cost?




Conclusions

» Tyres have a potential and are the most cost-effective measures, delivering
on all roads and at any speed above 30 km/h

« Tyres are the only solution for electric vehicles

« Road surfaces are extremely effective and should therefore be used where
levels are too high and other solutions are not possible (e.g.: barriers, speed
reduction)

* As these solutions are necessary to achieve the ZPAP target, we are
reflecting on how to promote such solutions




cc) (U

BY

© European Union 2022

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are

ndfowned by the EU, permission may need to be sought directly from the respective right holders. = European

= Commission |



https://creativecommons.org/licenses/by/4.0/

Electric Vehicle nolse control by Assessment
and optimisation of tyre/ road interaction

www.life-evia.eu

Introduction to project’s activities
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General Framework

Tackle noise pollution from road traffic noise focusing on a future

perspective in which electric and hybrid vehicles will be a
consistent portion of flow

Combine knowledge of road optimization and tyre development

in order to test an optimized solution for reducing noise in urban
areas
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LIFE E-VIA targets are in line with those of Europe...

In September 2020, Eurocities published a position paper on the future of road traffic noise reduction
policies in European cities.

The position paper aimed to identify actions to achieve the target of a 3 dB reduction at source by 2032,
through the introduction of quieter and less polluting vehicles, tyres and road surfaces, among others, by:

- Green Public Procurement criteria for road surfaces with noise and air pollution benefits
- A proposal for a regulation for labelling road surfaces with noise and air pollution benefits
- Systematic renewal of tyres and road surfaces to accelerate the benefits of noise reduction technologies

https://eurocities.eu/wp-content/uploads/2020/09/EURQCITIES statement_noise_policy_in_Europe_2020.pdf
In March 2022, in their joint position paper, ‘EU legislation on road traffic noise’, the European
Automobile Manufacturers’ Association (ACEA), the European Tyre and Rubber Manufacturers’
Association (ETRMA) and the European Tyre and Rim Technical Organisation (ETRTO) joined forces to

make several key recommendations to policy makers, notably on noise abatement and environmental
noise. They call, among other things, for:

- The systematic use of low-noise road surfaces, particularly in noise hotspots

https://www.acea.auto/publication/position-paper-eu-legislation-on-road-traffic-noise/
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LIFE E-VIA OBJECTIVES + EXPECTED IMPACTS AND PRESENTATION OF RESULTS

4 N

Design of optimized surfaces
(volumetrics, materials, and surface
texture) for mixed fleets with
increasingly electric and hybrid
vehicles proportion, in order to
minimize noise from EV

Designing of a new low-emission Holistic low noise tyres for electric Tyre-pavement coupling study and
asphalt vehicles prototype implementation
Filippo Giammaria Pratico Carsten Hoever Julien Cesbron

4 N

Improvement of the soundscape and
citizens' perception
Awareness-raising on project issues
and results

The LIFE E-VIA project in Florence and Evaluation of pavement characteristics,
replication strategy EV noise emissions and Guidelines
Arnaldo Melloni issuing Francesco Bianco

Soundscape analysis
Chiara Bartalucci
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Electric vehicles and their noise emission,
compared to

Internal Combustion Engine Vehicles
(ICEV)

Quiet pavement technologies and
their performance over time, for
urban areas and EV

Tyre role in the new context of EV and
ICEV

4 N

Selecting mixtures
(volumetrics,
materials, and
surface texture), for
the tracks to be
constructed in
France and Italy, in
order to minimize
noise from EV

< 4

CPB CPX
measurements measurements

t !

Tyre-pavement
coupling study and
prototype
implementation. A
test track have
been constructed in
a prototypal areain
Nantes and several
types of tyres have
been tested to
optimize the
criteria regarding
noise

Mixture
optimization

Soundscape

Evaluation of EV
noise emissions, in
order to populate
an EV noise model
according to
CPX & SPB 2015/996/EC
directive,

in the pilot area CNOSSOS-EU

measurements

f

Pilot area:
Implementation

Optimized tyre on
Development and building of EV tyres : field Y

which are designed to give an optimal
holistic relation between low exterior
noise and other key performances

Replicability and

exploitation
measurements

Dissemination, communication, networking and Project Management activities
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Come si progetta un asfalto per la mitigazione vibro-
acustica? Designing to mitigate vibrations and noise

Scenari complessi-complex scenarios

Mitigazione vibrazionale-vibrations

Mitigazione Acustica-Noise




Scenari complessi — Complex scenarios
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https://www.eng.ed.ac.uk/research/themes/railway-engineering

Mitigazione vibrazionale- mitigating vibrations
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Hertzian
spring

Welds

0.3m

Track excitation in relation to frequency (adapted from Esveld, 2001)

wavelength

Wheels
20-
100Hz

Rolling
defects

3m

Bogie 5-20Hz

10m

Sprung mass
0.7-5Hz

Ballast and
formation

120m



Pavement excitation

https://www.hindawi.com/journals/ace/2018/2714657/




Mitigazione vibrazionale-Mitigating vibrations

Generation Propagation Receiver -Effects and
generation

Ground-borne (low f: 8- Pavement-geological Building foundations

20Hz) strata and floors

Air-borne Air propagation Building, front rooms,

windows, doors

Mitigation class Vehicle (tyre); Track (pads, slabs, rails), Base isolation, walls,

rolling stock (bogie pavement (roughness), doors, windows

suspensions, brakes, transmission path

wheels), (trenches,

Railtrack (rails), embankment),

pavement (composition, Geometry,

geometry, damping Tanks, trench barriers,

layers), infrastructure wave barriers

overall design




Come si progetta un asfalto piu «silenzioso»?
Designhing quiete asphalt concretes

1. Soluzioni note (non-progetto) -adopting known solutions

2. Soluzioni su misura od innovative (progetto)-Designing

2.1 Che cosa significa progettare una miscela? Overall design

2.2 Che cosa significa progetto acustico di una miscela? Noise design




1. Soluzioni note- Esempi-References for adopting known solutions

* Sandberg U., and Ejsmont J., Tyre/road noise. Reference book, INFORMEX.

e Pratico, F.G., Swanlund, M., George, L-A., Anfosso, F., Tremblay, G., Tellez, R., KAMIYA, K., Del Cerro, J.,
Van der Zwan, J., Dimitri, G.(2013). Quiet pavement technologies, Pages : 105, PIARC Ref. :
2013R10EN, ISBN : 978-2-84060-327-6.

* Lodico D., Donavan, P., CTHWANP-RT-18-365.01.1, Quieter Pavement: Acoustic Measurement and
Performance, February 2018




1. Soluzioni note- bibliografia-References for adopting known solutions

Nominal Texture (mm)
Reference Type of Thickness Maximum or/and air Acoustic indicator  Noise reduction Noise increase
solutions (mm)  Aggregate size void content used (dB) (dB/year)
or NMAS (mm) (%)
(Donavan and Janello, 2018) ARFC 25 mm 9.5 mm 20-21% CPX/OBSI / 0.5 dB/Year
OGFC-AR 19 mm 9.51 mm OBSI 4.3 (vs. HMA) 2.1
(Anderson et al., 2013; Pierce et al., 2009) OGFC-SBS 19 mm 9.51 mm OBSI 3.4 (vs. HMA) 1.45
HMA 30 mm 12.5mm OBSI / 1.03
(Bendtsen et al., 2010, 2009; lllingworth et Rodkin, 2002) OGAC 25 mm 9.5 mm / / / 0.11-0.19
DGAC 30 mm 12.5mm 9% SPB / 0.24*-0.29**
OGAC 30 mm 12.5mm 15% SPB 1.7 (vs. DGAC) 0.20*-0.12**
(Bendtsen et al., 2010, 2009; Rochat et al., 2010) OGAC 75 mm 12.5 mm 12% SPB 3.3 (vs. DGAC) 0.10*-0.31**
RAC-O 30 mm 12.5mm 12% SPB 2.3 (vs. DGAC) 0.40*-0.36**
BWC 30 mm 12.5mm 7% SPB 0.9 (vs. DGAC) /

DGACI11 33 mm 11 2.8 SPB/CPX / 0.72*-0.8**
UTLAC 22 mm 8 14.4 SPB/CPX 2.2 (vs. DGACI11) 1.06*-0.35**

OGAC 28 mm 8 15.3 SPB/CPX 2.9 (vs. DGACI11) 0.8*-0.09**

(Bendtsen and Nielsen, 2008)

SMAS8 29 mm 8 12.4 SPB/CPX 0.4 (vs. DGACI11) 0.5*-0.21**
SMAé6+ 26 mm 6+5/8 3.0 SPB/CPX 1.6 (vs. DGACI11) 0.93*-0.63**
SMA8+ 33 mm 8+8/11 5.7 SPB/CPX 2.5 (vs. DGACI11) 1.32*-0.67**




2. Tailored and/or innovative solutions: balancing...Soluzioni su
misura od innovative: Contemperare..

Principali aspetti della progettazione di miscela-

Domain of interest

Principali caratteristiche volumetrico-
compositive, e superficiali affette-

Principali performance ed
istanze affette-main

Granulometria aggregati ed eventuali altri materiali di
apporto

Caratteristiche chimico-fisiche, di forma, di tessitura
superficiale, natura mineralogica degli aggregati ed
eventuali altri materiali di apporto

Qualita e quantita del legante bituminoso

Quantita e qualita materiali addizionali
prevalentemente inerti o no

Tipologia di compattazione

Spessore

Temperature di trasporto, stesa, e compattazione

main volumetrics

Gb, Gmb, Gmm,
Gsb, Gsa, Pb, Pba,
AV, Q=neff,
VMA, VFA, DP

LTx
a2 Rs, sp, sk, A, N, kg’
Ottica e riflessione

impacts

Funzionali (Acustiche, di
aderenza, di tessitura, ....).
Meccaniche (......) e di
Durata (PD, TC, F;
abrasione, PM).
«Globali»?(LCA, LCC, costi)




2.1 Che cosa significa progettare una miscela? The essence of design...

Soluzioni su misura od innovative: Contemperare..

Solution i-th B Superpave compaction
v Acoustic absorption
Mix Design Airflow resistance
Mechanical Impedance
Corelok
In-lab Test—|—
¥ Permeability
RET“S Skid test
Aﬂai},rsis Sand patch test
Comparison Marshall stability
—t Plan of experiments




2.2 Che cosa significa progetto acustico di una miscela?
Noise-oriented design of a pavement mixture

1

3

Mix Design

—»

Composition |5

@I Construction

v

Traffic volume

_I_.

Texture I@-

él'l Road/tire

Permeability —>| Safety m
. (0) ' 9]
Friction e > PMS !
Noise Level |5 —» AC,UC.EX Lr
Other propertieqj @

F.G. Pratico, P.G. Briante, Prediction of surface texture for better performance of friction courses, Construction and Building
Materials, Volume 230, 2020, 116991, ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2019.116991.




2.2 Che cosa significa progetto acustico di una miscela?

Noise-oriented design of a pavement mixtiz=—=

Soluzioni su misura od innovative

Dalla granulometria alla tessitura al rumore From gradation to noise

0 55 g 5
/01 50 e ol i H
45 | £
|2 |
40 ! 1
U%Z 35 A o m =
0.010.1 1 10 0 20 40 60 80 ACX AC11
%
. Aggregate Texture p——»{ Noise
gradation 6— >
{y e
04 i N X
Prediction model _T
%Yor| Filler |- (€9 €q. 4.2)
le(Aj)=th(A*)+mj'abs {|°glu[)‘j/(a ' NMAS?O)]}"'bj'NMAS?o"'Cj

F.G. Pratico, P.G. Briante, Prediction of surface texture for better performance of friction courses, Construction and Building
Materials, Volume 230, 2020, 116991, ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2019.116991.




Noise-oriented design of a pavement mixt
Soluzioni su misura od innovative dal progetto alla validazione (miscele porose)-Porous
mixtures

KL: ISO 10534-2 “

AD: ISO 13472-1

Noise performance

Tl ; Construction

Filippo G. Pratico, Rosario Fedele, Domenico Vizzari, Significance and reliability of absorption spectra of quiet pavements,
Construction and Building Materials, Volume 140, 2017, Pages 274-281, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2017.02.130.




2.2 Che cosa significa progetto acustico di una miscela?

L[” Mix Design |—>| Composition |5

Noise-oriented design of a pavement mixt

[ Concion |
e

Permeability Safety ][I
Friction S PMS u
Noise Level [ AC,UC.EX ||

Variabili di progetto e variabili acustiche affette (miscele porose)-Porous mixtures [ 1 Ot roreied] )
Causes Acoustical effects
TI Mix desigr:J ACOUSt.iC
properties
g
AV a(f) fmax
TH Symbols: AV: air void content; TH: layer
thickness; NMAS: nominal maximum aggregate
NMAS Rs size; R : resistivity; q2: t@uosity; a(d): acoustic
q2 absorption spectrum; max frequency at which
the first maximum of a(f) occurs; Q, F, F: Filippo Giammaria Pratico, On the dependence of acoustic
functions (see equations above) performance on pavement characteristics, Transportation
’ Research Part D: Transport and Environment, Volume 29,
Task 1: fo = Fl(q TH)
2014, Pages 79-87, ISSN 1361-9209,
Task 2: 42 =Q(NMAS,TH> https://doi.org/10.1016/j.trd.2014.04.004.
- S|

Task 3: fouw = F,(NMAS,TH ) >




2.2 Che cosa significa progetto acustico di una miscela?

Noise-oriented design of a pavement mixture ===

Variabili di progetto e variabili acustiche affette (miscele porose)-Porous mixtures

=2 Strong correlation

«=» Weak correlation

x No correlation

S0 Sk viscous and thermal factors;

R,: resistivity (Ns/m?);

Q): porosity;

q’: tortuosity;

NMAS: nominal maximum aggregate size
(mm);

TH: thickness (mm).

Pavement Acoustics
engineering

Filippo Giammaria Pratico, On the dependence
of acoustic performance on pavement
characteristics, Transportation Research Part D:
Transport and Environment, Volume 29, 2014,
Pages 79-87, ISSN 1361-9209,
https://doi.org/10.1016/j.trd.2014.04.004.




2.2 Che cosa significa progetto acustico di una miscela?

ﬂ| Mix Design |—>| Composition
7| Construction

Noise-oriented design of a pavement mixture  |==t—=—>

Variabili di progetto e variabili acustiche affette —Job mix formula and texture

o=

)

1
D V
* [nputs: 2

* 95th percentile passing sieve (Dyc)
* fractal dimension D;
* the ratio of V, and VMA

* Output: Lqpy

M. Losa, P. Leandri, G. Licitra, Mixture design optimization of low-noise pavements
Transp. Res. Rec., 2372 (1) (2013), pp. 25-33, 10.3141/2372-04



https://doi.org/10.3141/2372-04

2.2 Che cosa significa progetto acustico di una miscela?
Noise-oriented design of a pavement mixture

=]

2

vl

"

L Lhl—
\e)

L ».(Low)= B, +a,B%+ %VM& +a,,D, +a, D,
Lepy(Mid)=p, +a,D,+a ,D;+a,  VMA+a, B%
Lepy (Hfgh) =p,+a,D,+a,D,
* Inputs: ﬂ.
95t 45t percentile passing sieve (D)
e fractal dimension Dy
. V,, VMA, B%
e Output: LCPX (Low (315-800 Hz; Mid (1000—-1600 Hz); High(2000-5000 Hz))

M. Losa, P. Leandri, G. Licitra, Mixture design optimization of low-noise pavements
Transp. Res. Rec., 2372 (1) (2013), pp. 25-33, 10.3141/2372-04



https://doi.org/10.3141/2372-04

2.2 Che cosa significa progetto acustico di una miscela?
Noise-oriented design of a pavement mixture

Variabili di progetto e variabili acustiche affette (miscele porose)-Porous mixtures

9
LN(Si) = ¢y + 2 X Lixos5-8 + C3 X L1x16-63 + Ca X (Omean — %o)

e Output: LN(Si): tire-pavement noise level at the measurement speed Si-A weighting;

* Inputs:
 Si: the measured speed, km/h;
e LTX,0.5-8: Surface texture (wavelengths from 0.4 mm to 10 mm)
e LTX,16—-63: Surface texture (wavelengths from 12.5 mm to 80 mm)
e amean: acoustic absorption coefficient of porous asphalt mixture

» a0: acoustic absorption coefficient of dense graded asphalt mixture (? 0.034)
* cl, c2,c3 and c4: model coefficients which need to be adapted to the vehicle speed.

De Chen, Cheng Ling, Tingting Wang, Qian Su, Anjun Ye, Prediction of tire-pavement noise of porous asphalt mixture based on mixture surface
texture level and distributions, Construction and Building Materials, Volume 173, 2018, Pages 801-810, ISSN 0950-0618,
https://doi.org/10.1016/j.conbuildmat.2018.04.062.



https://www.sciencedirect.com/topics/materials-science/asphalt-mixture
https://www.sciencedirect.com/topics/engineering/model-coefficient

Noise-oriented design of a pavement mixture

Calculation of the Expected pass-by Noise level Difference from Texture
level variation of road surface (ENDT)-ISO 10844:2011 (no more in 2021)

ALty ; = Lix ;= Lty ref. 2
C'=0,25 Ath,5 mm
B=310m/10 for i=1..13

A=310Lmi *bi ALtx )10 for =1 ...13
l

2.2 Che cosa significa progetto acustico di una miscela?

=]

R

_

Output: ENDT
Inputs: Ltx, A

9 END7=101g(4/B) dB - C




2.2 Che cosa significa progetto acustico di una miscela?
Noise-oriented design of a pavement mixture

Variabili di progetto e variabili acustiche affette- main variables

e Output: Estimated road noiseness level (Descornet, 2000), and Controlled Pass-By method (Goubert, 2007)
* Input: Inputs: Ltx, A




2.2 Che cosa significa progetto acustico di una miscela?

Noise-oriented design of a pavement mixture [====r

Traffico-Traffic

Permeability Safety ][I ﬂ
— 3 0
Friction © PMS
Noise Level [ AC,UC.EX ||

Oterpoperied] )

V: velocita. Q: flussi. Lp: SPL. LW: LW,0,dir is the directional sound power level of the specific noise (rolling, impact, squeal,
braking, traction, aerodynamic, other effects) of a single vehicle in the directions ), ¢, defined with respect to the vehicle’s
direction of movement (Stylianos Kephalopoulos, Marco Paviotti, Fabienne Anfosso-Lédée, 2012- CNOSSOS. Goubert, 2007)

&
1000 v

L, quzme(w,go) Ly, (l,y,q_o)+10>< Ig (for r#4)

L, ~k-10log| — | (dB)
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Overview 20211

33 8 Sales by Group Sector in %
. billion

Ss———~—"" in Sales Contract Manufacturing 3%

Autonomous Mobility
and Safety
22%

ContiTech
17%

190,875
“~~—" employees

Vehicle Networking and

" Information
527 sites ma)
~S~— In 58 countries

Tires
35%

1IFRS 5 has been adopted for Vitesco Technologies since 2021. As at: Dec. 31, 2021



safer, smarter and more susta,;l

Continental is one of the world's leading tire
manufacturers and offers a wide range of
products for passenger cars, commercial and
specialty vehicles as well as two-wheelers.
This also includes services for the tire trade
and fleet applications, as well as digital
management systems for tires.

‘f— * vf Continuous investment in research and
A o ! s development makes a significant contribution
: “ toward safe, cost-effective and sustainable
-h (Ontinental @ mobily.
m—;, mpm— €11 8 billion
%m-f;—zf ' : ) - O insales

" S 57,217

employees

T N A <

As at: Dec. 31, 2021
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Our
esponsibilit

We will be the
MOsSt progressive
tire company in
terms of
environmental
and social
responsibility.




Our eight strategic fields cover all four phases of the value chain

Materlal Sourcmg Operatlons Use Phase End of Life

Sustainable Materials Green Operations Clean and Safe Mobility @ Renewing and Recycling
1
ResponSible Employer /
@ Responsible Citizen

Responsible Sourcing L
Circular Economy Solutions
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“Within action B7 [..] EV tyres [are developed and build] which are designed to give an
optimal holistic relation between and

l l l

Rolling resistance Safety Wear

5
Affects the energy efficiency of a vehicle. @ Wet/dry braking High achievable mileage is crucial

for user acceptance of a tyre.

Contribution to CO, emission. Aquaplaning

Long tyre lifespan reduces particle

High achievable mileage is crucial Safe driving is a paramount Y
emission and waste.

for user acceptance of EVs. requirement a tyre has to fulfill.

|ﬂ[> The sustainability of a low noise tyre is only given when a holistic performance is assured.

LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 6 October 2022
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Tyre performance target conflicts

Best 4
rolling label
Lateral
Aquaplaning ;
waorn tyre Under Slick
wet grip consideration Tyre
for future
regulations Bad
Noisier Tyre Noise Quieter
braking aquaplaning
performances
Asked by
interior noise I \refhlctle Standard
vehicle manufacturers m
stability customers and under-tread
consumers
comfort F N
Best Thicker under-tread
Rolling r 1
Resistance, Very thick
corering Greenhouse under-tread
power Gas Emissi
lateral as Emission
acceleration
Bad N
Noisier Tyre Noise Quieter
Source: Tyre & Road Traffic Noise, ETRMA, 2021
@ntinentali LIFE E-VIA Final Event Dr Carsten Hoever, © Continental AG Public 6 October 2022

Internal




LIFE E-VIA requirement book for a holistic noise optimized
EV tyre

205/55 R16
91 SL/94 XL Corresponding to 615 kg / 670 kg
H (max. speed 210 km/h) Minimum requirement

400 kg Based on median EV weight in Compact
segment
Based on LI and tyre load. In accordance with the ETRTO
Standard Manual.
Representative angle (-1.5° to -
2.5°

Rolling conditions Free and under torque

Noise performance Excellent exterior noise Special focus on performance on noise
performance on an EV operating optimized road surface property to be
under urban driving conditions up to  developed in B1/B2. Good performance
50 km/h, up to 80 km/h.

R117 compliant, Label class A
R117 compliant Label class B Class A if achievable

Other performances R30 and R177 compliant, market
competitive

(Ontinental® LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 6 October 2022 10
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Possible noise mitigation measures are determined
by the physics of tyre/road noise generation

N Vibration '
2 propagation

(

Tyre vibrations are
radiated as sound
waves into the air

Excitation of the tyre in
the footprint due to tread
block impact and road
roughness

Propagation of
vibrations from the .
contact region to the
tyre body

Sound
3. radiation

Tyre/road
1. contact

Attenuate vibration propagation by adding

material mass or damping. b ion/ . I
— Target conflict with rolling resistance (ELESphET qttenuatlon) aong
the propagation path possible.

and resource usage. a a

Minimize tyre excitation by
* noise optimized tread
profiles

* |ow noise roads \/

E-VIA approach of choice

Possible noise
mitigation
measures

Only passive measures

@ntinentali LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 6 October 2022 11
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Study 205/55 R16 European

market summer tyres vs. slick summer tyre

LIFE1E ENVAT/000201

Z7CERAM TeST
UTAC CERAM R:;:L"“ et Grip Rolling Sound Flat Trac Dry Grip m;'l‘::: LL::'EI;:'".J
R117 R117
50 80 RS51ICEA | R51ICEC ':S:bl;:E RS1EVA | RS1EVC 20% 50%
) ) List Tread RR (ind WG (-1dB (-1d8 (without | (without u th “t (withT* (withT* u u ind Mean LoA |LaA (Integer| Weight
» Slick tyre sets baseline for < s (index)| rdex) | witht | with | Tcom) | Tocom) | (WithoUt |0 rection)|correction)| 1. || (index) | " o) m/s) (kg)
T° corr) (N/?) | (N/9)
. . . corr) coor) (dB(A)) | (dB(A)) d (dB(A)) | (dB(A))
achievable noise reduction @A) | (aiay (dB(a))
* Wet Grip and Aquaplaning
performance not acceptable D Normal 7.985 | 138 64.3 70.1 67.1 69.1 66.7 65.8 1576 | 1304 | 0.4 84.32 78.62 8.77
A E Normal 8.011 1.39 63.1 69.9 70.2 66.9 69.1 66.3 65.2 0.99 8.03
F Normal 9.171 1.20 62.8 69.8 68.8 65.6 67.8 65.5 64.9 1647 1346 0.86 81.88 67.66 9.62
G Normal 8.439 1.25 61.9 68.2 69.7 65.8 68.5 66.1 64.0 1427 1134 0.94 74.92 49.33 9.34
H Normal 7.914 1.43 62.0 68.7 69.0 65.7 67.9 04.7 64.2 1519 1238 1.04 77.36 58.27 9.41
» Difference between regular summer
. . I 7.047 63.9 70.7 } ; 3 8 g 1144 5 ! ! g
patterns and slick defines range of ! Norma e R e B el e e
highest possible noise reduction from Average al 630 | 700 | so5 | es1 | e84 659 | 649
pattern optimisation. Normal
o | Average delta to +1.4 +1.8 +1.2 +2.0 +1.5 +2.3 +1.5
| slick
« Does not yet account for o
requirements from target conflicts. Worst case delta +2.7 +4.4 +1.9 +2.8 +2.2 +3.1 +2.4
o slick Adapted from: ETRTO Tyre Performance Study,
GRBP-73-11, January 2021
LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 6 October 2022 12
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+ Comparison of the four best tyres for wet safety

* Rating:
* 0 > worst performance among all tyres
* 10 - best performance among all tyres

* Best for wet safety = bad for rolling noise

Noise R117 50 km/h
10

Aquaplaning Lateral Noise R117 80 km/h

Aquaplaning Longitudinal Noise R51 ICE Acc

Wet Grip Noise R51 ICE Con

Dry Grip Noise R51 ICE Lurban

Flat Trac 2 Noise R51 EV Acc

Flat Trac 1 Noise R51 EV Con

Rolling Resistance

Source: Tyre & Road Traffic Noise, ETRMA, 2021

« Circumferential groove essential for wet safety for summer tires

« Continental study on impact of circumferential grooves on R117
80 km/h noise performance

Slick tire:
grooves:

72.5 dB(A)"

71.2 dB(A)*

Necessity to include circumferential reduces the noise reduction
potential for the tyre pattern by approximately 1.0 dB(A) to 1.5 dB(A).

With circumferential

LIFE1E ENVAT/000201

*: levels not directly comparable to ETRTO

LIFE E-VIA Final Event

Dr. Carsten Hoever, © Continental AG Public

Internal

6 October 2022
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Study on previous slide due to different test track



Development starting point was a Continental EcoContact 6
tyre which is a typical premium European Summer tyre

WET GRIP:

(Fuel Efficiency and Wet Label class A). 2 A
F;;L E;FICIENCY:
Strategy was to use existing, validated technologies © 710872

in a smart and novel way.

Focus was mainly on the tread design as this maximizes the control of target conflicts. Tread design has a high impact
on noise generation, especially in combination with noise-optimized road surfaces, but only limited impact on target
conflicts like rolling resistance or wear.

Accounting for the necessity to include circumferential grooves in the optimized tread pattern to account for wet
safety requirements, the noise reduction potential was expected to be in the range of 0.5 dB(A) to 1.5 dB(A).

LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 6 October 2022 14
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t@, Compared to internal combustion engine vehicles (ICE), EVs are typically

¢™¢" characterized by...

~ Université
)2 Gustave Eiffel

...considerably wider RPM ranges at which maximum torque is ==
(instantaneously) available, and s0| ®  accelerodon. FRONT wheef '
— acceleration - REAR wheel
...a higher-power-to-mass ratio. 3 o[ decolrmon-REARwheor | »Zer
z
F 60_
; Higher tire torque (acceleration) is known to increase rolling noise. ‘ ‘ Liiailiii il
* 2'0 3‘0 4'0 5'0 GP 7'0 89 99 19011‘0
] — acceleration rate 1
4} |--©--- deceleration rate T B gy
@ This is believed to be caused by the increased importance of tangential tread % 2f bk
block vibrations (stick-slip und snap-out). o : lalis
4 2‘0 310 4|O 5‘0 6‘0 7‘0 Q‘0 9‘0 I(;O I‘IO
/ \ / \ speed (km/h)
block impact (radial) stick-slip (tangential) snap-out (tangential) i
Source: U. Sandberg, J. Ejsmont; Tyre/road noise reference book, Informex, 2002.
LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 10/6/2022 16
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» E-Via reference tires and serial tires from

UGE test vehicles.

» Indoor drum test without/with torque.

ﬂ > Ran_k!ng and relative differences change SOOI
significantly under torque. :
= constant | constant O?\II:TII_ ienCEI‘Oeg?\lem
n » This needs to be considered in the rolling o0 km/h | 80 km/h

noise optimization within the E-Via project. E-Via Ref.  205/55 R16 0,0 0,0 0,0
Test vehicle 1 195/65 R15 1,8 1,6 -1,7
E-Via Ref. 195/65 R15 1,7 0,2 -0,1
Test vehicle 2 185/65 R15 2,7 14 0,9
E-Via Ref 185/65 R15 0,1 -0,9 0,7

@ntinentali\ LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 10/6/2022 17
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Six different summer tires.

Tested on the same test track with

the same vehicle.

No obvious systematic relation

Lo (@=0 M/s?) & L. (a>0 m/s?)

under acceleration.

72.0

LIFE E-VIA Final Event

70.0
®
~ 680 00 .
< L X
% e ® . weeeet e
o e 9 . ® . 0".'. .......
% B ‘..7.".......'.'.'.'.'.'.'.'.'.'.'.'.'.'.-.-.-.u"' IR PR I
T 660 00 e P °
R T e I
§ e e o
........... 3
8 ... °
64.0
62.0
0.0 0.5 1.0 1.5 2.0 2.5
acceleration in m/s?2
Dr. Carsten Hoever, © Continental AG Public 10/6/2022 18

niten o



. ®

Lmax,CRS d B(A)

Six E-Via prototype tyres 1t development loop (V1-V6).

E-Via VTAC prototype road surfaces without/with crumb
rubber (P/PCR) at the UGE test track in Nantes.

Two different test vehicles.

63.0

62.5

62.0

61.

(&)]

61.

o

60.

&)]

60.

o

59.

a1

59.

o

Vi

62

8.0
6.0
4.0
2.0
0.0

® Nantes P Leaf

B> >

Constant speed at 50 km/h

V2 V3 V4 V5 V6

69
68
67
66
65
64
63

Lmax acc d B(A)

AL, dB(A)

Nantes PCR Leaf mNantes P Kadjar mNantes PCR Kadjar

~ Université
)2 Gustave Eiffel

Constant speed: PCR for all tyre/vehicle combinations
except one quieter than for P.

Acceleration: in 33% of cases PCR louder than P.

Acceleration: AL, for all tyre/vehicle combinations
except one higher for PCR than for P.

50 km/h with full acceleration
V1 V2 V3 V4 V5 V6

I |,
I II I II I II I II ’V’OSfprom:sm

m Nantes P Leaf Nantes PCR Leaf = mNantes P Kadjar tyre/'”oad

COmbinations stjj;
LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public on PCR 19
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~, Université
)2£ Gustave Eiffel
E-Via prototype tyres 2"d development loop
compared to EC6 reference tire.
1y’ E-Via prototype road surfaces without/with crumb rubber Pattern1 > Reference
(P/PCR) at the UGE test track in Nantes. Reforence: serial =T —
production tire
G _ _
teo ~ TWoO different test vehicles.
Delta to reference
1.2
. . . 10
A Lower ratio shear/radial stiffness ... o9
<o
lowers pass-by level for constant speed, and & o2
© 00
increases pass-by level under acceleration. 02 ]
-0:6
. . . . . Pattern 1 Pattern 2
A\ & Opposite effect for increased ratio shear/radial stiffness. Free roling ® Acceleration
LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 10/6/2022 20
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LIFE E-VIA tyre development

;—m; )‘f( Université
: i~ Gustave Eiffel

Q2 2020 Now

Virtual
development
loop 2

Development
loop 1

Development
loop 3

@ntinentali LIFE E-VIA Final Event Dr. Carsten Hoever © Continental AG Public 10/6/2022 22
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Target conflict analysis Pass-by noise performance

Reference Pass-by noise Difference in pass-by noise level compared to reference
—FE-VIA constant 50km/h
106%
Weart 104% Pass by nojse -0.3dB(A) -1.0dB(A) -0.8 dB(A)@

...and how
does it
look like?

Pass-by noise

Handling combined

Have a look at
the LIFE E-VIA
Expomove booth!

n Wet grip Rolling

resistance

LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 6 October 2022 24
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A ®

Within LIFE E-VIA existing, validated technologies were combined in a smart and novel way to
develop a holistic noise optimized EV tyre.

Compared to the reference tyre a reduction in pass-by noise of up to 1.0 dB(A) was observed.

The performance level of the reference tyre could be maintained for important areas of target
conflicts.

In addition, the project created valuable insight into the interaction of vehicle, road surface
and tyre design, especially under torque conditions.

LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 10/6/2022 26
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With the contribution of
the LIFE programme of
the European Union

LIFE18 ENV/IT/000201

www.life-evia.eu

@ntinentali LIFE E-VIA Final Event Dr. Carsten Hoever © Continental AG Public 10/6/2022 27
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Evaluated is the maximum sound pressure level L., measured L. fOr a reference acceleration of 2 m/s? is interpolated.

between AA" and BB’ for accelerated pass-bys which pass PP’ with It is still under discussion if the pass-by level for constant rolling,
50+1 km/h. Lmax.crs: N€€EdSs to be considered in this interpolation or not.
Additional constant speeds pass-bys are measured following the On all slides which follow the sound pressure level change under
same procedure. acceleration is given as: ALacc = Limnax (a =2 m/sz) — Linax,crs
PP’
i AN i BB’ | 65.2
i : i 65.0
I ! I L ax(@=2 m/s?) ¢
i + i 64.8
: 1 : @
i i i 040 N
® ! ® > o1 ] e OJ
I I i i AL, ° ® e o0
i i I c - @’
Gy Gy ey ™ ST
| ! ! + I 64.0 max,CRS .o o
| : | ! . %%
| i i i 638 | e
i i 4 i R TR i °
i : : i 636 ...........
i I I I i 63.4
¢ > e > 0.0 0.5 1.0 15 2.0 2.5
20m 20m acceleration in m/s?

LIFE E-VIA Final Event Dr. Carsten Hoever, © Continental AG Public 10/6/2022 29
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Tyre-pavement coupling study and
prototype implementation
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Exponential increase of electric vehicles
(EVs) in European Union (3.9M of EVs and

18% of new registrations in 2021) Evolution of the total number
of electric vehicles in EU27

Projection scenario: 15 to 30% of EVs market (light passenger cars)

share in 2030

Electric motors quieter than internal
combustion engine (ICE): tyre/road a
interaction becomes the prominent source
of noise emission for EVs in urban area
from about 20 km/h

2M
Future market of EV tyres will stay within
standard tyre dimensions 1“” I
EVs have some specificities in comparison i - _-mB B I
With ICE Vehicles SUCh as Vehicle range 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

optimization, higher torque and curb
weight

5M

3M

@® BEV @ PHEV
Source : https://alternative-fuels-observatory.ec.europa.eu/

07/10/2022
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a"; Action B2 — Tyre-pavement coupling study

o Implementation action of the LIFE E-VIA project

o Tyre-pavement coupling study divided in 4 sub-
actions:
= B21: Acoustical characterization of EVs on existing

LIFE E-VIA
traCkS "Electric Vehicle nolse control by Assessment and
. optimisation of tyre/road interaction”

= B22: Construction of a B1-based test track F—
prototype zaliverabls :epor(onAactilon B2 . — -

= B23: Characterization of the B1-based prototypal T eemmmemmmme
teSt SeCtion Authors Julien CESBRON, Marie-Agnés  PALLAS,  Simon

= B24: Selection of optimized EV tyres _ e e e

o Contributing partners: UNI EIFFEL, UNIRC, o

Contact person Julien CESBRON

| PO O L, C R D E-mail julien.cesbron@univ-eiffel.fr

o Final deliverable published on 13/05/2022,
available on the website: https://life-evia.eu

LIFE E-VIA - Tyre-pavement coupling study 3 A%  07/10/2022
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o Measurement campaign performed on UNI EIFFEL reference test track

1901 2000 20502085 2228 2300
[ | |
AN
BAU a — T\ — = -
- = l “ 2 l T — CShzone Bmln_'-:g:n;____
| I Gz [ e ] ez I i Jl ______'_”'"'""““
- g o - I = 7 2150 . secondary
| 1 "1 ' \‘“\Q\-.&;mn s N .
1378 1506 1522 1622 1631 168611701 1781 ]\x____:._-;/ W,
1837 /‘
Main entrance
N - ISO 10844 E1- DAC0/10 E3 - SMAo/10

3 impervious
road surfaces

A -PAo/6 M3 - VTAC 0/4

3 absorbing
road surfaces
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Mean Profile

1.6

141

12+

55

50 -

L.r [dBre. 1um]
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a

ction B21 - Acoustical characterization of EVs

Depth (MPD) - ISO 134731

E1

Es || A |[m || M

Texture spectra -1SO 13473-4
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I
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Sound absorption - ISO 13472-1
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a"; jon B21 - Acoustical characterization of EVs

o Types of pass-by measurements
= Standard Controlled Pass-By (CPB) on all road surfaces (E1, E3, N, A, M2, M3
= Microphone array pass-by measurements (only on N road surface - ISO 10844 )

o Pass-by conditions:
= (Constant speed : from 20 to 110 km/h in 5 km/h steps
= Full acceleration for start speeds from 0 to 50/90 km/h initial speed
= Regenerative deceleration from 40 to 90 km/h initial speed

LIFE E-VIA - Tyre-pavement coupling study 6



a"; jon B21 - Acoustical characterization of EVs

o 6 recent EVs (5 passenger cars and 1 light commercial vehicle)
o EV segments: 2 supermini, 2 small family, 1 large family and 1 light commercial

Peugeot €208 - 2020 BMW i3 -2018 Tesla Model 3-2019

Supermini

LIFE E-VIA - Tyre-pavement coupling study 07/10/2022



o Passenger cars fitted with their original equipment tyres

o Renault Kangoo ZE fitted new tyres for comparison with a Kangoo Diesel (ICEV)

Peugeot e-208

Michelin Primacy 4
195/55 R16

Renault ZOE

iR
Michelin Energy E-
185/65 R15

Vv

LIFE E-VIA - Tyre-pavement coupling study

BMW i3 Tesla Model 3

B;'idgestone Eoi EPo Michelin Pilot Sport 4S
175/55 R20 (front) - 195/50 R20 (rear) 235/35 ZR20

Nissan LEAF Renault Kangoo ZE

et S i FrEe
Michelin Energy Saver Michelin Energy Saver
205/55 R16 195/65 R15

e

AN
A 07/10/2022



on B21 - Acoustical characterization of EVs

o Comparison of Renault Kangoo ZE (KZE) and diesel (KD) at constant speed:
= Separation of engine and rolling noise components for the ICEV KD

= (ross-over speed of the two components around 40 km/h for test section N

= Rolling noise component of KD very close to the overall noise of KZE: tyre/road noise
dominates the noise emission of the electric vehicle at constant speed

CPB noise level - L

(distance 7.5m)

Amax
Road surface N
80 T T T T T T T T T T
75+ LAmax,r(V) =62.8 + 38.8 Iog10(VNref)
70
< 650
=
~— 60
s
E 55
- *  measures KD
50 - rolling noise KD
propulsion noise KD
45 + total noise KD
*  measures KZE
40 1 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 100

speed (km/h)

LIFE E-VIA - Tyre-pavement coupling study

Microphone array noise levels
(distance 2.7m, speed 50 km/h)

KZE (EV)

-1 0 1 2 3 4 5

abscissa (m)
1

abscissa (m)

60 65 70 75
dBA
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umr : ..
ge n B21 - Acoustical characterization of EVs

‘

o CPB noise levels at constant speed 50 km/h (regressed, corrected at 20°C):

= Similar classification of road surfaces for different EV models
= Road surfaces with low macro-texture (M3, N) and/or absorption (A, M2, M3) are the quietest
= Noise level difference between 4.8 dBA and 7.9 dBA, depending on EV model

Renault ZOE#2 BVWi3
70 70

70

65 65 65

60 60 60

55 55 55

M3 A M2 N E1 E3 M3 A M2 N E1 E3 M3 A M2 N E1 E3

20 Nissan LEAF# Renault Kangoo ZE

70

A=48dBA

M3 A M2 N E1 E3 M3 A N M2 E1 E3 M3 A M2 N E1 E3

LIFE E-VIA - Tyre-pavement coupling study 10 07/10/2022



umr : ..
ge on B21 - Acoustical characterization of EVs

= Difference of 3.6 dBA between the quietest and the loudest EV
= No clear relationship between vehicle segment and noise levels
= Rear wheel louder than front wheel for the loudest EVs (Renault ZOE and Nissan LEAF)

(a) Peugeot e208 — 48.2 km/h (b) Renault zoe#2 — 50.6 km/h
CPB noise level at constant speed 50 km/h d |
(regressed, corrected at 20°C)
2
N

70

abscissa (m) abscissa (m)

(c) BMW i3 — 48.8 km/h (d) Nissan Leaf — 50.1 km/h
A = 3.6 dBA - . . . . i ; ; i ,

65|

abseissa (m)

(e) Tesla Model 3 —51.1 km/h

60 |

hesght (m)
= 3

hesght (en)
;=

dBA
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umr : ..
ge on B21 - Acoustical characterization of EVs

o CPB and microphone array noise levels in full acceleration conditions:

= (lassification of test section similar to passages at constant speed except for N (impervious
surface with low macro-texture) becoming among the noisiest, especially at low speeds

= Noise increase for N in the order 5 dBA in acceleration compared to constant speed
= Combination of electric motor noise and torque effect increasing rolling noise

CPB noise level Microphone array noise levels at 50 km/h
L,rin front of the microphone (Renault ZOE, front wheel drlven)
80 Renault ZOE#2 4 L
1 Constant speecL%
751 1 E
5 700 - z
©
L —+—A,238°C
T 651 ——E1,21.7°C | ]|
—<0—E3,224°C
60 —&—M2,33.3°C|
—6— M3, 27.2°C
—&—N,28.3°C
55 1 1 1 1
6 ' ' —
R ‘E' 15
24T e | %ns
S 205
%’ & m@@@' B Gz, .
8 2 = ’%’%% -
<
O ’ ’ ’ e e e e s - abscissa (m)
30 40 50 60 70 80 90 100 110
Speed (km/h) 60 65 70 75

dBA
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Action B22 — Prototype construction

o Design of a low-noise asphalt concrete mix for electric vehicles by UNIRC
within action B1, following a holistic optimization

o Two different mixes of very thin asphalt concrete (VTAC) 0/6 have been
proposed (with or without crumb rubber)

Fraction (mm) Mix without crumb rubber Mix with crumb rubber

4/6.3 7.0% 7.0%
2/4 33.0% 33.0%

0/2 52.0% 51.0%

0/1 (RARX-CR) 1.9%
1.6% 1.0%

Filler bitumen 6.1%
Total bitumen 6.4% 6.4%

o Thickness of the compacted mixture: 0.025m
o Underlayer: Dense-Graded Asphalt Concrete 0/10 + as dug gravel

07/10/2022
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o Prototype constructionin September 2020
o Test site: Université Gustave Eiffel reference test track in Nantes (France)

LIFE E-VIA - Tyre-pavement coupling study 07/10/2022



Action B23 — Prototype characterization

o Measurement campaigns in Sep/Nov 2020 and spring 2021
o CPB and microphone array measurements for a selection of EVs

o Measurement of road surface properties influencing tyre/road noise
= 3D surface texture
= Sound absorption - extended surface method
= Dynamic stiffness

o Other road surface properties related to friction
= SRT pendula friction tests
= MPD measurements

= Dynamical wet friction test
= Wehner and Schulze tests

o Close-ProXimity (CPX) measurements

o Simultaneous CPB/CPX measurements

LIFE E-VIA - Tyre-pavement coupling study 15
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Action B23 — Prototype characterization

o Characterization of road surface texture according to ISO 13473-1and ISO 13473-4

Texture spectra

Mean Profile Depth (MPD)

T T

15 T T T T

0.5

MPD [mm]
LT [dBre. 1um]

N |IET[|E3|| A |[M2||M3|| P [PCR

25 | |
500 250 125 63 315 16 8

Texture wavelength [mm]

16
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Action B23 — Prototype characterization

o Sound absorption measurement according to ISO 13472-1 — Extended surface method

o Characterization of direct dynamic stiffness with an impedance head and impact hammer

Sound absorption coefficient Dynamic stiffness

1 T T T T T T T T T T | 180
—+— A - July 2020
0.9 —%— M2 - July 2020
—o— M3 - July 2020 170
0.8 —e—- P - Sept. 2020 — |
—a— PCR - Sept 2020 g . =% agsas "»."W
£07 Z B0 L v aeaee e T
.5 - L= - ———-Pp
L 0.6 o —s— PCR
t = .|
5 o 190 — — DAC 0/10
c’® 2 —-—-PERS
c
o —_ L
304 a 140 e
[e) - o
@ [e)) .
<03 3 130+ L
o e
0.2 N S/
120 o T = e
0.1F i N Y
g —— | | | ” 1 10 | . . | . . |
315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 100 200 500 1000 2000

Testsecion| P | __PCR___
m 0.26(@2500Hz 0.177@2500Hz
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Action B23 - Prototype characterization

o Controlled Pass-By (CPB) noise measurements of EVs at constant speed

Renault ZOE Renault KANGOO Z.E.
(Michelin Energy EV 185/65 R15)  (Michelin Energy Saver 195/65 R15)

= CPB overall noise levels in dBA
at constant speed 50 km/h

(corrected at 20°C)

Test
FEERERES
section

62.6 63.1
61.2 61.8
| >dB(A)
=-4
=-4.5 dB(A)

Prototype test sections P and PCR
are 3.9 dBA to 4.7 dBA quieter
than the reference DAC 0/10 E1

N ??Q@ WRW N e

07/10/2022
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o CPB noise levels on the prototype in full acceleration conditions

Renault ZOE

(Michelin Energy EV 185/65 R15)

80 : T T T S——
75 E
S
[T
< 65 —%—E1,21.7°C | |
—&— N, 28.3°C
60 - —e—P,13.1°C |+
—=— PCR, 12.9°C
55 1 1 1 1 1 1 P 1
6 T : . ; — S
<,
= 4+ _
g 2 «)érﬁl % ......
£
0 N 1 PR N S S SR S N S S | T 1 PRI BTSSR S S
30 40 50 60 70 80 90 100 110

Speed (km/h)

LIFE E-VIA - Tyre-pavement coupling study

19

Action B23 — Prototype characterization

Renault KANGOO Z.E.
(Michelin Energy Saver 195/65 R15)

80 L L L R L B | KL B
—=——E1, 20.6°C
75 —&—N, 25.8°C 7
. —e—P, 12.9°C
< 70t —=&— PCR, 14.0°C | _
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a"; Action B23 — Prototype characterization

o Close-ProXimity (CPX) noise measurements according to ISO 11819-2

Renault Scénic — UNI EIFFEL Mercedes Vito — I-POOL
(Michelin Energy Saver 195/60 R15) (SRTT P225/60 R16 - ISO 11819-3)

CPX overall noise levels at 50 km/h (corrected at 20°C)

S tetseon | & | p | e

Michelin Energy Saver 195/60 R15 86.7 dBA 83.6 dBA 84.0 dBA

SRTT P225/60 R16 90.2 dBA 88.5 dBA 87.8 dBA

P and PCR meet the Core criterion of GPP for a low-noise pavement (Lpx < 90 dBA with SRTT tyres)
PCR close to the more stringent Comprehensive criterion of GPP (Lpy < 87 dBA with SRTT tyres)

AN
07/10/2022
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o -PACtIon B24 — Selection of optimized EV tyres

o Technical demonstrators of tyres delivered by CRD to UNI EIFFEL for
testing on the prototype test sections P and PCR:

= 1set of reference tyres + other tyre sets (variations of tread pattern, construction
and compound similar to the reference tyre)

= Aim: optimizing the balance of exterior noise performance and other tyre
performance (e.g. rolling resistance, grip) for EV vehicles

o Constant speed and accelerated pass-by noise measurements, according to
UNECE R51.03, on the tyre versions provided by CRD

= Pass-by measurements with 1 EV and 1 ICE vehicle fitted with the test tyres

o CPX measurements with the tyre versions on the prototypal test sections
and further standard road surfaces

LIFE E-VIA - Tyre-pavement coupling study 21
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umr A . .
o -PACtION B24 — Selection of optimized EV tyres

o 2 pass-by conditions according to UNECE R51.03 procedure:

= Constant speed 50 km/h
= Full acceleration with 50 km/h when facing the microphone

o 6 tyre versions (205/55 R16) designed by CRD tested on 2 vehicles
| Nissn Renault KADJAR (ICEV)

LIFE E-VIA - Tyre-pavement coupling study 22
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ction B24 - Selec

o Results for the Nissan LEAF — overall noise levels at 50 km/h

Nissan LEAF - Constant speed 50 km/h
69,0
68,0
67,0
66,0
65,0
64,0
63,0
62,0

61,0 A
Pt mca e
w0 SRRZ2FNxe--==Z=

59,0

LAmax (dBA)

V3 v4 V5 '

Tyre version

V1 (ref) V2

Nissan LEAF - constant speed 50 km/h

Tyre version
V1 (ref) V2 V3 va V5
2,0

15
1,0

0,5 I
- | -

ALAmax (dBA)

=B 1,0

-1,5
-2,0

0,0 —
-0,5 I I I

e P - |eft veh. side
e PCR - |eft veh. side
@ a» o P - right veh. side

@» a» o PCR - right veh. side

M P - left veh. side P -rightveh.side M PCR - left veh. side PCR - right veh. side
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65,0
64,0
63,0
62,0
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60,0

LAmax (dBA)

59,0
58,0

2,0
15
1,0
0,5
0,0
-0,5
-1,0
-1,5
-2,0

ALAmax (dBA)

M P - |eft veh. side

Nissan LEAF - Full accel. 50 km/h

o
C

e P - |eft veh. side
e PCR - |eft veh. side
@ e» o P - right veh. side

@ @ o PCR - right veh. side

Vi(ref) V2 v3 V4 Vs 3

Tyre version

Nissan LEAF - full accel. 50 km/h

Tyre version
V1 (ref) V2 V3 va V5 3

P - right veh. side B PCR - left veh. side PCR - right veh. side
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o -PACtION B24 — Selection of optimized EV tyres

o Overall CPX noise levels measured at constant speed 50 km/h

= P and PCR among the quietest road surfaces : noise reduction between 4.2 and 5.8 dBA

=  PCR up to 1.1 dBA quieter than P (depending on tyre version)

= Noise reduction relative to tyre V1: up to -0.6 dBA on PCR for V2 and -1 dBA on P for V4

vi v2
Surface Vv L,-Aeq ALrAeq Surface Vv L,—Aeq ALrAaq
M3 50.3+0.5 80.1+0.3 -7.7 M3 50.4+0.5 79.840.5 -7.7
PCR 50.0+0.8 82.4+0.4 5.4 PCR 50.2+0.3 81.8+0.8 -5.6
P 50.7+0.8 83.1+0.4 -4.7 P 50.7+0.3 82.8+0.5 -4.6
A 50.5+0.5 84.5+0.9 -3.3 A 50.4+0.8 84.5+1.0 -29
N 50.3+0.5 85.7+0.6 -21 N 50.7+0.6 85.3+0.6 -2.1
M2 50.6+0.4 86.24+0.9 -1.6 M2 50.0+£0.5 85.9+0.7 -15
E1 50.6+0.6 87.8+0.7 NA E1 50.1+0.5 87.44+0.7 NA
E3 50.4+0.7 88.3+0.5 +0.5 E3 50.1+0.4 879+04 +0.5
V3 V4
Surface Vv LfAeq ALrAeq Surface Vv LrAeq AL,Aeq
M3 50.3+0.4 80.14+0.5 -7.4 M3 50.0£0.7 79.2+0.4 -8.6
PCR 50.3+0.3 82.2+0.5 -5.3 PCR 50.3+0.8 82.0+0.9 -5.8
P 51.3+0.7 83.3+0.4 -4.2 P 50.2+1.3 82.1+0.6 -5.7
A 50.3+0.8 84.3+1.0 -3.2 A 50.4+0.4 84.24+1.0 -3.6
N 50.5+0.7 85.4+0.6 -2.1 N 50.1+0.5 85.1+0.6 -2.7
M2 50.6+0.6 86.2+0.8 -1.3 M2 50.8+£0.7 86.0+0.9 -1.8
E1 50.0+0.6 87.5+0.7 NA E1 50.7+0.6 87.8+0.7 NA
E3 49.7+0.5 87.9+05 +0.4 E3 50.2+0.9 88.1+06 +0.3

LIFE E-VIA - Tyre-pavement coupling study
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0,4
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-0,8
-1
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Conclusions of action B2

o Road surface influence on CPB noise levels ranges between 4.8 dBA and 7.9 dBA at
constant speed 50 km/h, depending on EV model

o Tyre/road noise dominates EV noise emission at constant speed: road surfaces with
low macro-texture and/or absorption are the quietest

o In full acceleration, increase of electric motor noise and rolling noise (torque effect)
leads to an increase of CPB noise levels (e.g. +5 dBA on test section N)

o Implementation of two VTAC 0/6 prototype test sections P and PCR: same
formulation but PCR contains 1.9% of crumb rubber

o Surface properties of P and PCR: low MPD and texture levels, very low acoustical
absorption, dynamic stiffness close to conventional asphalts

o CPB noise levels at constant speed 50 km/h: test sections P and PCR are 3.9 dBA to
4.7 dBA quieter than the reference DAC 0/10 test section E1

o Pand PCR test sections meet the Core criterion of GPP for a low-noise pavement
(Lcpx < 90 dBA with SRTT tyres at 50 km/h)

o EV tyre optimization: further noise reduction vs. reference tyre at best in the order
of 1 dBA at constant speed and 1.5 dBA in full acceleration

Cesbron et al. - CFA 2022 - Marseille 25 14/04/2022



-8 Thank you for your attention

o Contact:
= julien.cesbron(@univ-eiffel.fr

* marie-agnes.pallas@univ-eiffel.fr

o Link:

= http://www.umrae.fr/
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LIFE18 ENV/IT/000201

%)ﬁﬁﬁm LIFE E-VIA PROJECT
| 7 October 2022 - COMUNE DI FIRENZE

PILOT AREA IMPLEMENTATION: Paisiello street

1)Two-way road without significative curves
2)High density population in the area
3)Busy road due to traffic toward the city center

4)Close to public offices

(Regional Agency for Environment Protection)

5) Close to the most relevant park in Florence
(Cascine)

6) Close to one of the most important intervention
of urban requalification (ex Manifattura Tabacchi)
with new dwellings, primary school, fashion school

(Polimoda University)
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*ﬁ-)%’fﬁing LIFE E-VIA PROJECT
- 7 October 2022 — COMUNE DI FIRENZE

Construction related procedures:
 Technical documents: prepared in September 2020

 New mixture (technical minimum requirements actions B1 e B2). December 2020

e Tender conduction March 2021

* Definitive awarding June 2021

* Implementation July 2021

Post operam
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LIFE E-VIA
Electric Vehicle noise control by
Assessment and optimisation of

tyre/road interaction
LIFE18 ENV/IT/000201

Questo asfalto fonoassorbente & stato realizzato nell’ambito del
progetto europeo LIFE E-VIA,
co-finanziato dalla Commissione Europea
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REPLICATION 1/2

According to the satisfactory results of the post operam test and measures, three more
areas in Florence have been identified for the replication:

Laying of the Life E-VIA asphalt along the entire Paisiello Street. Citizens asked
municipality to extend the repaving, since they directly perceived acoustic

benefits. o i
- Via Bolognese k ’ 0 ) y
g E 5 siello METR"*’@ Biomolecular Diagnostic
| % Area Pettini Bur %% 9 o | Ffin b
- Via Senese & 0 Biete 9
& e sang
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% =] orta-Ro iy Uy
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O”O 4
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T s8 @ :Pacheiy ® A total amount of € 500,000
£ @ Preses have been budgeted for these
E]E =] 5;40. 1 1
Interventions
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REPLICATION 2/2

Moreover, the Life E-VIA asphalt was proposed:

1. as remediation action for critical areas identified in the Noise action plan of the Comune of

Inzago (MI); new pavements and has already been laid and tested with more than
satisfactory results in two different road sections.

Tabella 2 — Tratti strodali oggetto del Piono d’Azione

Strada Provinciale EX 5.5. 11 “Padana Superiore”

Section 1 Tratto Lunghezza Tipologia di strada (Codice della
[Km] Strada, D.L. n. 285 del 1992)
Dal km 168+350 al km 170+850 25 F-Stradalocale
Ch — extraurbana secondaria
& S qr'_-iﬁzd 'E‘-"'Zﬁ;ﬁgﬁ E.—'_, w ff rcl-?‘ aa Er” g - P m &
Codifica Scenario di . e s L'aeq Attenuazione N T?J@? s oy [ _-“‘“Ei' _a. =9 & 3fap 0N a8
. Periodo di riferimento I 0 N g LR o - |0 E 28
Mlsura [dB(A)] [dB(A)] 'f,_? %" ) r@""" Ty _—.‘-:‘1|"-[|:§ n r] [I &c‘? |;\:
17 R = H {
sco1 TR notturno 39,8 55 ' = g 04U 2l
sCo2 TR notturno 34,3 ’ T | 28,
0! oy Jgadl 8. o
SC03 TR notturno 40,9 : . . y (a0 T £y 29080 G ©.0
4,5 e | WL T g o —"!':'!ﬁ%ﬁ‘ [TRF o850 05 5o & 4
SCo4 TR notturno 36,4 ’ e g o ol Qry ==t =" L.'_':-.E'-?E:;'I-_-I:.-?ﬂ!? &5 Sp h
: & 905 0 & L
ey SIS oq
6 P g ¢ me Th
. im0 4 o, 1]
Section 2 I‘I.‘.[Sﬁ'—; > dT% e 00 g,
d, I::I‘. i =4 ; .f L?::l
?'-#J b o ':-. 1.‘%“:
Codifica Scenario di . . . Lae Attenuazione @
. Periodo di riferimento q T
Misura [dB(A)] [dB(A)]
SCO01 (2021) TR notturno 344
5.3 .
SCO01 (2020) TR notturno %8 | s &7 b %

2. as remediation action for critical areas identified in the In the Noise action plan of Livorno
Province main roads (not yet realized)
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' EXpOMOVE'ZZ Evaluation of acoustic emissions of electric vehicles and guideline preparation

CONTENT INDEX

» INTRO — WHEEL/PAVEMENT INTERACTION NOISE
» MEASUREMENTS METHODS

» TEST SITE
» GUIDELINE PREPARATION

IPOOL srl

CNR SpinOff - Acoustics and Environment
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¢ emissions of electric vehicles and guideline preparation

INTRODUCTION INTRODUCTION

INTRO — WHEEL/PAVEMENT INTERACTION NOISE

(o]
()]

Noise sources

engine noise
-=— tire/road noise
-total

N O
g O

» power unit and
mechanical parts

» tyres rolling

(=}
(4]

» aerodynamics
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o

OVERALL NOISE [dB(A)]
N
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»‘% of acoustic emissions of electric vehicles and guideline preparation
"\ (> |

INTRODUCTION INTRODUCTION

INTRO — WHEEL/PAVEMENT INTERACTION NOISE

Tyre vibrations Aerodynamics

Vibratory phenomena caused by = Mechanisms around the tyre and
the impact of the tyre against the  near the road surface.
road surface during its motion.  These are source of noise at
These affect mainly frequencies medium and high frequencies.
below 1 kHz

3
c.o“'“\
IPOOL srl
CNR SpinOff - Acoustics and Environment
S

W



\,V ExpoMove’ZZ valuation of acoustic emissions of electric vehicles and guideline preparation

INTRODUCTION INTRODUCTION

Tyre Vibrations

Radial vibrations Tyre belticarcass Adhesion "stick-snap™
@ vibrations:

> Sidewall deformation

» Tread block impact and
deformation

» Stick/slip

» Stick/snap

Stick-slip (tangentie! motions)

“ ‘-l"-?."_l;_qg‘%ry ;7'.—6\‘7"

L,g v L A L S, o e

IPOOL srl

CNR SpinOff - Acoustics and Environment




uation of acoustic emissions of electric vehicles and guideline preparation

ExpoMove’22

INTRODUCTION INTRODUCTION

Aerodynamics

Y

1

> " forme nthe yre footprint.
-y
V=, ; » Turbulence
"0,
REd "S?f»'*yiqz'*\\t*r[?“ % . « s
ISR Y » Air resonant radiation

NGRS ) > Air pumping
» Cavity resonance inside
the tyre tube

» Cavity resonance inside
the tread pattern

IPOOL srl

CNR SpinOff - Acoustics and Environment
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MEASUREMENTS METHODS

CPX - UNI EN 1SO 11819-2:2017

Two microphones located
close to a reference tyre
(SRTT, size 225/60 R16)

Continuous acquisition of
sound pressure and
position / speed

t

emissions of electric vehicles and guideline preparation

MEASUREMENTS
METHODS

o
o““sb
IPOOL srl
CNR SpinOff - Acoustics and Environment
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:" .;v,;- \/v ExpoMove 22 acoustic emissions of electric vehicles and guideline preparation

MEASUREMENTS METHODS

CPX
LCPX at ref. speed of 50 km/h . . . .
S v’ Spatial basis (section) equal to 20 m; MEASUREMENTS
"""""""""""""""""" . _ i} _ _ METHODS
oa! ] v" “Continuous” evaluation of vehicle / road

interaction;

921

v' Third-octave bands spectrum for each
section;

Lepy [AB(A)]
8

v' Lcpx A-weighted levels from the third-
octave bands spectrum for each section;

=]
o]
T

——Limite GPP+1

- - ~Limite GPP+2 : v' Overall pavement values as spatial
average;

86

84

v  The Lcpx level is corrected for air
temperature and tyre hardness.

20 30 40 50 60 70 80 90

Road Section 20.2 m long

3
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MEASUREMENTS METHODS

of acoustic emissions of electric vehicles and guideline preparation

GPP LIMITS
Conformit MEASUREMENTS
e (within 4-1>; weeks) METHeD
> 90 dB(A) @ 50 kmi/h,
Revision of Green Public Procurement » 95 dB(A) @ 70 km/h,
st os e Mgl feicn EUR 28013 > 98 dB(A) @ 90 km/h.
i R EN June 2016
Shane © Donatello, " Miguel  Gama . Caldag, Du rablllty
- (within 5 years)
e > 93 dB(A) @ 50 km/h
> 98 dB(A) @ 70 km/h

> 101 dB(A) @ 90 km/h.
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MEASUREMENTS METHODS

CPB - NF S 31-119-2

Several Pass-by events were
rec.orded in the two CPB MEASUREMENTS
points, at several speeds. METHODS

SLM were placed according to
the figure below
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aluation of acoustic emissions of electric vehicles and guideline preparation

Acquisition

dB(A) Values Samples inspection

e Calibration file .wav e Calibration e Listen to every
e Sample files .wav e A Filtering sample MEASUREMENTS
e Speed e Fast time e Trimming signals METHODS
e Temperature integration 125(ms) * 1/3 Octave banks
\ J \ J \ J
10 Passage "n" N Passage "n" w Discarded passage "n"
( o | [t = 125ms @ | o L]

Sound Level dB(A)
Sound Level dB(A)
3
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MEASUREMENTS METHODS

[dB]
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Max(LEQA) [dBA]
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Frequency [Hz]

v “Point”
interaction;

evaluation of vehicle /

road

v' Dependence on local surface condition;

v' Third-octave bands spectrum between

100 Hz and 5 kHz;

ation of acoustic emissions of electric vehicles and guideline preparation

MEASUREMENTS
METHODS
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:" \/V‘ ExpoMove’22 of acoustic emissions of electric vehicles and guideline preparation

MEASUREMENTS METHODS

EXTENDED SURFACE - 1SO 13472-1 (2022)

Single microphone, time
subtraction technique (no
calibration needed).
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MEASUREMENTS METHODS

60 [ : ' ' ' ' ‘ ' '

50

40

30 MEASUREMENTS
208 v High snr for MLS and sine sweep signals; METHODS

10

0
v Surface evaluation: sampled area 1.34m;

A0

-20

v' Third-octave bands spectrum between
250 Hz and 4 kHz;

=30

0.008 0.01 0.012 0.014 0.016 0.018 0.02 0.022 0.024
Time (s)

v Imperfect subtraction leads to small
| errors;

v Technigue uncertainty 0.05: low “snr” for
highly reflective pavements;

Assorbimento a

v Specific for absorptive pavements.
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MEASUREMENTS METHODS

IMPEDANCE / KUNDT TUBE ON SITE - 1SO 13472-2 (2010)

/—\ MEASUREMENTS
' METHODS

Double microphone, FRF
calculation technique (no
calibration needed). IPOOL srl
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of acoustic emissions of electric vehicles and guideline preparation

MEASUREMENTS METHODS
] ‘Acou‘stic al1bsor‘ption‘coeff‘. a(f). |
3
0ol 3 rcR MEASUREMENTS
oal v' “Point” evaluation; METHODS
0.7" 1 v' Third-octave bands spectrum between
06 | 250 Hz and 1.6 kHz;
o5/ - ¥ Low frequency overestimation in
04l ] presence of leaks;
0.3+ ] v Unreliable for absorptions over 0.15:
0zl | I i lateral energy losses;
[ s S E PEEEE, B S R A Sa——— .. :
01 ::::i::::?z::::2::::%::::%:::::5::::1::::@:::::}::::: v' Specific for reflective pavements.
(2)00 2I50 31‘5 460 5(I)O 61;,0 860 1060 12I50 1660
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ExpoMove’ZZ aluation of acoustic emissions of electric vehicles and guideline preparation

TEST SITE

MEASUREMENT PLAN (Via Paisiello, Florence)

150 m
1
[ - I
Wheel . : '
PN @@ @
| Extended Surface(ISO
: 13472-1)
Impedance Tube (ISO TEST SITE
Road : : . 13472-2)
center ' . !
I I !
| 1
Measuring I ' !
point . . - N

50m 50m
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TEST SITE

3D texture and dynamic stiffness static measurements
Performed in October 2021 (during the night)

alle ore 05:00
wrezsas enn

emissions of electric vehicles and guideline preparation
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TEST SITE

TEST SITE
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TEST SITE

MEASUREMENT PLAN (Via Paisiello, Florence)

TN o ‘
&y g
S A 50145 29
AN ) 46118225755 |
‘-PCR 2
137 & R
. @DP

@ " 98 Acoustic abs. measurment point
14 A CPB measurment point

iz For each acoustic

19 D .
B e absorption measurement

A

point both the wheel

track and center lane are
evaluated. TEST SITE

CPB is measured in two
position, 7.5 m (1.2 m
height) and 15 m (2.4 m
height) from the center
lane.
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EXpOMOVE'ZZ valuation of acoustic emissions of electric vehicles and guideline preparation

TEST SITE

RESULTS

4 measurement sessions:

e QOctober 2021

* February 2022
e July 2022 TEST SITE

e October 2022 (yesterday...)
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2 15 = : v ~
CPX 7 ' + 16 A 13/E e 46/6 > Sy
2 y AV E J 40 §m Didi i
5

e/

First measurement session
(October 2021) and
confrontation with Nantes
prototype pavements

5 TEST SITE

Lcpx @ 50km/h [dBA]

Firenze 89.6+1.1 87.5%1.5

Nantes 88.1+0.9 87.5+x1.1 o o e
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Lcpx @ 50 km/h - Via Paisiello - October 2021 L.px 2 50 km/h - Via Paisiello - February 2022
97 T T T T T T T T T T 97 T T T T T T T T T T T
96 . 96 .
L e e e R 1 L e e e 1
94 |
93 b
92 n
= | g TEST SITE
g - :
88 :
—— Limite GPP+1
87 ~ — -Limite GPP+2| T 87 ——Limite GPP+1| |
—-PCR - - ~Limite GPP+2
85 1 85 —+P 1
84 1 84 .
83 Il 1 1 1 1 1 1 1 1 1 1 83 1 1 1 1 1 1 1 1 1 1 1
12 14 16 18 20 22 24 26 28 30 32 12 14 16 18 20 22 24 26 28 30 32

Sections - 20.20 m

Sections - 20.44 m
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TEST SITE
CPX
Lopx @ 50 km/h - Via Paisiello - July 2022 L cpx @ 50 km/h - Via Paisiello - October 2022

97 T T T T T T T T T T 97 T T T T T T T T T T T
96 r g 96 i
95+ e 1 o e e 1
94 [ 94 | .
93 93}
92 92

< o < o

m m

2 90 S 90 TEST SITE

& &

O89 S8

88 88
——Limite GPP+1 ——Limite GPP+1
87 - - - -Limite GPP+2| 87t -~ ~Limite GPP+2| -
——PCR ——PCR
86 & i I 86 I o 1
85+ . 85 |
84 r 1 84 1
83 | | | | | 1 1 1 1 1 1 83 | | | | L L L L | | L
10 12 14 16 18 20 22 24 26 28 30 32 10 12 14 16 18 20 22 24 26 28 30 32
Sections - 20.02 m Sections - 20.02 m
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EXpOMOVE'ZZ Evaluation of acoustic emissions of electric vehicles and guideline preparation

TEST SITE

CPX st

90.5 .

90

89.5

LCPX [dBA]
3

88.5

88

TEST SITE

87.5

87
ott-21 nov-21 dic-21 gen-22 feb-22 mar-22  apr-22  mag-22  giu-22 lug-22 ago-22 set-22 ott-22

—®—P(R =@=—P

PCR 87.6*1.0 88.3+1.0 89.51+0.8 89.3+0.9
P 89.811.0 89.2+1.0 90.2+0.8 904+1.0
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TEST SITE
0.5 Pavement overall comparison
KUNDT TUBE ' | S A R R A A R AN R A R R m=nstes
PCR
Evaluations for center 047 ]
lane, wheel track and c 0
0 03 |
average on the pavement. |
i 2
Calculation of DLRI 202
(overall absorption).
0.1r
Pavements DLBI comparison TEST SITE

600 800 1000 1200 1400 1600
Frequency [Hz]

1.5 |

DLRI [dB]

e

Overall Wheel Track Center Lane il w
CNR SpinOff - Acoustics and Environment
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TEST SITE

October 2021

0.5 Pavement overall comparison
. ; ; ; | ; ; ; | 1

PCR
04 7

o
w
T
|

TEST SITE

Absorption
o
N

0.1

0 | | | | | | | T T S AT S ST MY SN Y M IS SO S NN M R
200 400 600 800 1000 1200 1400 1600

Frequency [Hz] &
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TEST SITE

February 2022

0.5 Pavement overall comparison
. ; ; ; | ; ; ; | 1

PCR
04 7

o
w
T
|

TEST SITE

Absorption
o
N

0 L A o NEedh SEESNL B ASSEL 3
200 400 600 800 1000 1200 1400 1600

Frequency [Hz] — :
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TEST SITE

July 2022

0.5 Pavement overall comparison
. ; ; ; | ; ; ; | 1

PCR
04 7

o
w
T
|

TEST SITE

Absorption
o
N

0 L owialBaci. i oSSR 25150 NRIR NI B WY INE
200 400 600 800 1000 1200 1400 1600
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TEST SITE

Measurement session comparison - PCR
; ; ; ; | L R

0.5 ' ' | L B
Ist session
IInd session

04+ Ilird session |-

0.3 r .

TEST SITE

Absorption
o
N

1400 1600

0 | | | | | | | | | | | | | TR W NS SN SR MU S
200 400 600 800 1000 1200

Frequency [Hz]
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TEST SITE

Measurement session comparison - P
. -—

0.5 ' ' | L S L
Ist session
IInd session
04+ Ilird session |-
503 -
a
O
D TEST SITE
< 02r q
0 ; ; ; | : i | | s Mo R N I T O R | B
200 400 600 800 1000 1200 1400 1600

Frequency [Hz]
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TEST SITE

EXTEDED SURFACE VS KUNDT TUBE (llird Session)
Extended Surface vs Kundt - PCR (corrected ext surf)

0.5

Ext surf
Kundt

04 7

o
w
T
|

TEST SITE

Absorption
o
N

0.1

0 . . ———
102 10°
Frequency [Hz]
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TEST SITE

0.5

0.4

Absorption
o o
N w

Extended Surface vs Kundt - P (corrected ext surf)

Ext surf
Kundt

Frequency [Hz]

aluation of acoustic emissions of electric vehicles and guideline preparation

TEST SITE
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TEST SITE

CPB — SEL CALCULATION FOR MODELING

70

65

Sound Level dB(A)
N (o]
[&)] o

i
o

w
[$)]

1
SEL =10log| =

SE

+ 0o

2
=D

To

— 00

L Threshold -10dB
Passage "n"

4]
[&)]
T

4]
o
T

sEL10(‘.|B

data

O Lmax
L |===:10d8
I SEL energy

o

20 40 60 80 100 120 140

T, = reference duration of 1s
p(t) = sound pressure

P, = Reference sound pressure of 20uPa

=] |
%] =]

=]
=]

Sound Level dB(A)

[4;]
(4]
T

SEL speed
Passage "n"
SEL ) eq it
data ¢ |
— — — -GaussFit
| | SEL energy
!
\
\
\
- N
-~ g S
e ~
N
N
Ve d N
s
/ N
4 . . . . \
20 40 100 120 140

of acoustic emissions of electric vehicles and guideline preparation
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DN of acoustic emissions of electric vehicles and guideline preparation

TEST SITE

SEL Threshold -10dB SEL speed

Passage "n"

Passage "n"

SEL10dB _____ @" ] SELspeed : @,. 1

65 F ————— g | ; |
data data

O Luae — — — - GaussFit

60 | |———--10dB 60 [ SEL energy
[ SEL energy

Sound Level dB(A)
3

Sound Level dB(A)

TEST SITE
L,r = 66.3287 dB(A) L,g = 66.1595 dB(A)
* Find peak value of the passage and -10dB ¢ 7.5m before and after to reach the
threshold. microphone position
* Longer tail of integrated energy ORI ——
* Longer segment at low-speed runs [km/h] | time [ms]
15 3,781 32
30 1,905 16

Yﬁ‘
Qgﬁ
60 0,968 8 IPOOL sl
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TEST SITE

- SELThreshoId -10dB SEthreshold -10dB
B R EEE R R R R R R

Data analysis 65 | |- - — 01 Goadnes o

gty

Statistical shape
70 T T T T T T T T T T T T T T T T T T T T T !“ T T

* Linear regression

50

e Adjusted R squared

L e [4B(A)]

* Footprint of the prediction

I
I
]
451
!
|
40 F

I
K i o e e e S e 4

S @ SOPESBLISES WHS RGeS

1/3 octave band [ Hz | TEST SITE
footprint

SELThreshold 10dB

L, [dB(A)]

6,3k
5k
4k
3.15k
2.5k
2k
1.6k T

1.25k

1k I
790 [nn [
630 S R{AG[A RIALN
500 RERNREREREREREEND
400 O0000ong
315

250
200
160
125
100

80

63 IPOOL srl

49 it = T 50 CNR SpinOff - Acoustics and Environment
20 30 40 50 60 70 8l 20 25 30 35 40 45 50 55 60 65 70 75

Speed [km/h] Speed [ km/h |

1/3 octave band [ Hz ]

Hyundai loniq on Reference
Pavement — Via Paisiello
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GUIDELINE PREPARATION

CNOSSOS Parameters - EV

The cars whose noise was measured by CPB
methodology are electric vehicles, with different
tires, measured both in the section made with
traditional asphalt (hereafter "reference asphalt"
or "REF"), and in the section made with asphalt
with rubber powder (hereafter "Crumb Rubber"
or "CR").

The objective of the study is to obtain values
related to electric cars, to be included in the
calculation model described in Directive
996/2015 and Directive 1226/2022 CNOSSQOS, on
specific calculation software (SoundPlan 8.2).

GUIDELINE
PREPARATION

\
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GUIDELINE PREPARATION

CNOSSOS Parameters - EV

It was preliminarily assumed that for electric
vehicles the noise emitted by the propulsion can
be considered negligible. The formula on the
basis of which the coefficients are to be obtained
is 2.2.4 of Directive 996/2015:

Vm
Lwrim = Agim + Brim % lg (v_) + ALwgim
ref

Which describes the contribution of rolling noise
emitted by vehicles and it has a dependance
both on vehicle type in the parameters A and B,
and directly on the speed Vm.

GUIDELINE
PREPARATION

\
cﬂﬁm‘“
<

To do this, we first look for correlations between
SEL and measured vehicle speeds. PO
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GUIDELINE PREPARATION
SEL asfalto di riferimento - 500Hz
70,0
68,0
.
®
66,0 ° ?
H
64,0 e A E— e T e T
e e
..... PO
g 4
62,0 ’ e : ..... e L e ¢ ¢ °
PR .
- o . o
s 60,0 ¢ 'Y S [T : ! N
o e e °
vl ._,-" ) [ ]
e L] H b
----- e%e =7,3351In(x) + 33,041
8O I s Y R?=0,5125
'Y |
56,0 5 : . ¢
°

GUIDELINE

PREPARATION

50,0

20 30 40 50 60 70 20

velocita [km/h]
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GUIDELINE PREPARATION

SEL asfalto di riferimento - 1000Hz

70,0

68,0

66,0 I 4

64,0

art
.
.
.
.
.t

.t
e
.
....
att
-

.- )
62,0 ] o

R =0,8761

y =10,725In(x) +22,412

60,0

SEL [dB]

58,0

56,0

54,0

52,0

Evaluation of acoustic emissions of electric vehicles and guideline preparation

GUIDELINE
PREPARATION

50,0
20 30 10 50 60
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70
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GUIDELINE PREPARATION

66,0

64,0

62,0

60,0

58,0

SEL [dB]

56,0

54,0

52,0

50,0

SEL asfalto di riferimento - 2000Hz

Evaluation of acoustic emissions of electric vehicles and guideline preparation

GUIDELINE
PREPARATION
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GUIDELINE PREPARATION

CNOSSOS Parameters - EV

SEL - da relazioni misure

Referring to Equation 2.2.4, and considering that
the contribution of propulsion noise for electric 700
vehicles is neglected, first of all, the trend of the
predicted SELs, at the measurement point, was
obtained by means of a logarithmic fit made for
all measured vehicles passing on the reference
asphalt (considered appropriately identical to

—63 Hz

65.0
——125Hz

60.0
———250 Hz
55.0

500 Hz
50.0

SEL [dB]

A\

=1 kHz

the reference asphalt referred to in Directive 45.0
996/2015). 400 2k
— 4 kHz
35.0
A graph is shown with the inferred values of the 300 TR GUIDELINE
. . 20 40 60 80 PREPARATION
SEL value as a function of vehicle speed and velocita [km/h]

frequencies.
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EXpOMOVE'ZZ ic emissions of electric vehicles and guideline preparation

GUIDELINE PREPARATION

CNOSSOS Parameters - EV

Confronti Leq

By means of iterative solver, the values of the . e
coefficients Ar and Br were therefore derived —— 125Hz - Misure

30.0 250Hz - Misure

that would allow the model obtained by . oo Miure
CNOSSOS calculation method to be matched oo :it:z:mfsure
with the results deduced from the evaluation of

e 8kHz - Misure
the logarithmic fit obtained.

o
|

Leq [dB]

15.0 63Hz - SP

125Hz - SP
250Hz - SP
500Hz - SP
1kHz - SP
2kHz - SP
4kHz - SP
8kHz - SP

10.0
It should be noted that the comparison was so  m-m-m-m-a—mEamas
made not on a SEL (single event level, relating to 00
the contribution of the passage of a single
vehicle) but of the value that such a vehicle
would produce, as an equivalent Leq level, in GUIDELINE
one hour of time: CNOSSOS’s output is a Leq. PREPARATION

o
cﬁﬁm‘&
-

20 40 60 80
velocita [km/h]

ERODEOODODE

A graph showing comparisons between
logarithmic fits inferred from measurements and

. IPOOL srl
CaICUIated Ievels |S Shown_ CNR SpinOff - Acoustics and Environment
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GUIDELINE PREPARATION

CNOSSOS Parameters - EV

Confronti Leq

The process adopted made it possible, against oo e 3h Misure
e ey . = 125Hz - Misure

the initial measurement data, to obtain 200 e
coefficients expendable on computational e o one Mure
models for road traffic evaluation, considering — 2kHz - Misure
20.0 = 4kHz - Misure

e« 8kHz - Misure

Leq [dB]

among the component categories of the vehicle

15.0

- B 63Hz-SP

fleet an additional category that could represent o B 125Hz-5P

. . ’ @ 250Hz-SP

electric vehicles. .. B awaseeeews A

’ B 1kHz-SP

The coefficients obtained through evaluation 0.0 8 2w
..

described above are shown in tabular form. “ v " ©m oses

velocita [km/h]

| e3Mz | a5z | 250Kz | S00Hz | IkHz | 2kHz | 4kHz | 8Kz _ GUIDELINE
B s 83,3 85,5 88,8 92,8 90,0 79,3 69,2 PREPARATION
. Br [P 21,5 12,4 26,9 34,6 36,7 33,7 14,6

e

L

IPOOL srl

CNR SpinOff - Acoustics and Environment
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GUIDELINE PREPARATION

CNOSSOS Parameters— Road Surface [Crumb Rubber]

Confronti SEL ref-CR [50km/h]
The difference between the performance of 700 15

reference asphalt with that of Crumb Rubber
asphalt was researched.

==\ 1.0

\
\
\
\
\ 0.0
\
\
[ -0.5
‘\
\ -1.0
\
\ -1.5
\.
-2.0
-3.0

65.0

60.0

To obtain these values, a function of speed and
vehicle type, logarithmic fits were analyzed for
the measurement session conducted on

55.

SEL [dB]
o

(O3]
o
o
DELTA Ref-CR [dB]

10/15/2021, between comparable vehicles, and 450
deltas were observed. 40.0
Histogram with SEL levels calculated from the et 1k ke 2k 3k
measurements and indication of the delta freq [Hz]
between them, calculated as SEL_ref - SEL_CR, GUIDELINE
. mmmmn SEL_ref (50km/h) s SEL_CR [50km/h] == == = Delta_Ref-CR PREPARATION
for 50km/h is shown.

0

L

IPOOL srl
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GUIDELINE PREPARATION

Parametri CNOSSOS — Road Surface [Crumb Rubber]

Confronti SEL ref-CR [50km/h]
A slight worsening is observed at low and very 700 15

high frequencies and a slight improvement at
center frequencies (1kHz and 2kHz), i.e., the
most representative of the noise emitted by
motor vehicles.

==\ 1.0

\
\
\
\
\ 0.0
\
\
[ -0.5
\
\ B
\ .
\
\ -1.
\.

65.0

60.0

SEL [dB]
(9]
U1
o

._\
o
DELTA Ref-CR [dB]

w
©
o

Given the values of DELTA obtained, the values of
the coefficients ai,m and Bm that would allow >
the model obtained by CNOSSOS calculation 40.
method to be matched with the results obtained 50

were evaluated by iterative solver using the o3 iz 125 250 “2502:: [1sz;' 2tz ke sl

formula: GUIDELINE
mmmmn SEL_ref (50km/h) s SEL_CR [50km/h] == == = Delta_Ref-CR PREPARATION
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GUIDELINE PREPARATION

Parametri CNOSSOS — Road Surface [Crumb Rubber]

Confronto Delta Misura-SoundPlan

A histogram comparing, at the various 15

frequencies, the deltas calculated by logarithmic 10

fit as outlined above, and the deltas obtained by 05

modeling using SoundPlan8.2, and CNOSSOS g °°

method is shown, which demonstrates how the %"-5 I

process adopted allowed, against the initial o m Delta calcolato 5P

measurement data, to obtain suitable e

coefficients to describe the operation of the road 0 --I I

surface for electric vehicles. - 3 125250500 1 2 4 8

The coefficients obtained through evaluation freq [Hz]

described above are shown in tabular form. GUIDELINE
| | 63Hz | 125Hz | 250Hz | 500Hz | 1kHz | 2kHz | 4kHz | 8kHz PREPARATION

| o, EE 2,4 1,6 03 07 09 05 1,7
g 100 100 100 10 10 10 1,0 10 >
1] o
IPOOL st w
CNR SpinOff - Acoustics and Environment
<3
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ExpoMove’22

GUIDELINE PREPARATION

Results Comparison

\ , 2

We now report, in tabular and graphical form, simulations carried out in the test area
(Paisiello Street), in which different scenarios were carried out, in order to hypothesize what
the impact might be, in urban streets, for moderate speeds, of a gradual increase in electric
mobility over traditional mobility.

The different scenarios were considered (for a representative reputedly suitable speed of
50km/h), which are shown in tabular form:

_ Tot. Veichle / h % traditional veichle (Catl) % EV(Cat2) Road Surface*

100% 0% Reference

50% 50% Reference

0% 100% Reference

100% 0% CrumbRubber

50% 50% CrumbRubber GUIDELINE
0% 0% CrumbRubber PREPARATION

*:the same CrumbRubber asphalt coefficients calculated on electric vehicles (Cat5) were also considered for conventional light vehicles

(Catl). .

L

IPOOL srl
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Livello di rumore

EV: 50% - C1: 50% - REF
in dB(A)

stic emissions of electric vehicles and guideline preparation
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pustic emissions of electric vehicles and guideline preparation

Livello di rumore

EV: 100% - C1: 0% - REF
indB(A)

<= 40,0
40,0 < <= 42,5
42,5< <= 45,0
45,0 < <= 47,5
47,5< <= 50,0
50,0 < <= 52,5
52,5< <= 550
550< <= 57,5

57,5<
60,0 <
62,5<
65,0 <
67,5 <
70,0 <

<= 60,0
<= 62,5
<= 65,0
<= 67,5
<= 70,0

GUIDELINE
PREPARATION

4
c.““x“\

IPOOL srl

CNR SpinOff - Acoustics and Environment




\/V ExpoMove’ZZ oustic emissions of electric vehicles and guideline preparation

Livello di rumore
EV: 0% - C1: 100% - CR
in dB(A)

= 40,0
40,0 < <= 42,5
425< <= 45,0
45,0< <= 47,5
47,5¢< <= 50,0
50,0 < <= 52,5

52,5< <= 55,0

55,0 < [ <= 57,5
57,5< <= 60,0
60,0 < <= 62,5
62,5 < <= 65,0
65,0 < <= 67,5
67,5 < <= 70,0
70,0 <

GUIDELINE
PREPARATION

&
c.““‘b‘\
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Livello di rumore

EV: 50% - C1: 50% - CR
in d8(A)

<= 40,0
40,0 < 42,5
42,5< 45,0
45,0 < ;

47,5<

50,0 <
52,5«
55,0< |
57,5<
60,0 <

GUIDELINE
PREPARATION

4
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IPOOL srl

CNR SpinOff - Acoustics and Environment




\/V ExpoMove’ZZ oustic emissions of electric vehicles and guideline preparation

Livello di rumore
EV: 100%-C1: 0% -CR
in dB(A)

<= 40,0
40,0 < 42,5
42,5¢< y
45,0< f

47,5<
50,0 <
52,5¢< }
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PREPARATION

&
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Evaluation of acoustic emissions of electric vehicles and guideline preparation

<= 0,48
<= 0,53
<= 0,58
<= 0,63

GUIDELINE
PREPARATION
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The three activities carried out by Vie en.ro.se partner that | am going to present
today are:

1) Ante and post-operam perceptive survey with
residents close to the pilot area

2) Ante and post-operam noise measurements
campaign at receivers

3) Dissemination impacts
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ANTE AND POST-OPERAM PERCEPTIVE SURVEY
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Informative letter and questionnaire — delivering modalities

KJ\ K’ COMUNE DI
NP FIRENZE

DIREZIONE AMBIENTE

SERVIZO Rt kgiens Pubblica, Ambientale ¢
PO Igiene Pubblica, Ambientale = Vivibilita Urbg

Oggetto: Compilazione e ritiro qus

Gentile cittadina’o.

come da comunicazione scritta rcevut

www_life-evia en) coordinato dal comuni

residenti di via Paisiello.

Alleghiamo alla presente il questionand
contattare |'incaricato dal comune di Fire|
Tannuzzi, tel. 0335 4379140, e-mail chiard

Nel caso in cun abbia gia meevute il quest]
analogamente, di contattare |'incaricato d
- Dott.ssa Giulia Ianmuzzi, tel. 055 4379

Ricordiamo che il trattamento dei dati
risultati sard realizzata con modalita tali
intervistata.

La ringraziamo anticipatamente per la cof
Per ultenion informazioni:
Ing. Chiara Bartalucei — 055 4379140

Dott.ssa Gessica Pecchioni — 033 26233

11 Responsahile

LIFE/ENV/TTO00201 LIFE E-VIA

COMUNE DI

: | Vie en.ro.g
% FIRENZE .

Ingegneria

THE PROJECT

Exposure data from the European Environment Agency demonstrate that more thal
high noise levels negatively impacting human health. Traffic noise alone is harmful t
in the World Health Organization European Region. 20% of Europeans are regularly
significantly damage health, espedially in urban areas. The introduction of electric
potential to reduce noise in urban areas, but the noise generated by tyres rolling on {
and further reduction. As emerged in Noise in Europe Conference (April 2017) and in
2018, the increased stringency of EU at source standards needs to be balanced again
surface and/or tyre improvements and urban planning measures as well. One of th
best to reduce noise in urban areas, from both the point of view of noise and air qualj
Therefore, the project LIFE E-VIA (Electric Vehicle nolse control by Assessment an|
www life-evia_eu) intends to: - tackle noise pollution from read traffic noise focusing]
and hybrid vehicles will be a consistent portion of flow; - combine knowledge of ro:
order to test an optimized solution for reducing noise in urban areas and Life Cycle ¢
The Project LIFE E-VIA, co-financed by the European Union through the Life prograr
January 2023. Il Progetto, co-finanziato dall’'Unione Europea attraverso il Program)
terminera a gennaio 2023. The project is coordinated by the Municipality of

Mediterranean University of Reggio Calabria, Continental, Vie en.ro.se Ingegneria, U

Room

Bedroom

Owverlooking wio Paisiello

Single Bedroom

Livingroom

Kitchen

Bathroom

Other: o [Please specify)

D'3. How do you assess the intensity of the fellowing four types of seund in the so
[make an ¥ mark for each type of sound in the box that best matches your opinion

undscape around you?

Type of sound

Low

Fair

Traffic (2g. Cars, motorcycles, clacson )

Wery Low

High Very High

Mechanicalfelectrical sounds (5. music,
industries, sirens, constructions... )

Anthropic sounds es. voices, laughter,
children, steps...)

Nature sounds |es. wind, rustling leaves,
birds ._.)

D, Hows do you assess the quality of the soundscape around you?

[Please, tick the box that best matches your opinicn]

[ e [+ [ 2] =

4

5

&

7

THE SURVEY
The goal of this guestionnaire is to collect data on the perception of the - In
we kindly ask you to answer 10 guestions related to the perception of the dscap|
will be treated as strictly lential and the publi of the survey results will eng

Excellent

D5. Do you think the soundscape arcund you is appropriate for this place?

Please answer all gquestions in order, following the instructions provided. {Plzase, tick the box that best matches your opinion)
Absolutely 0 ‘ 1 2 ‘ 3 | 4 5 3 7 8 9 ‘ 10 | Completely
PERSONAL INFORMATION inappropriate approprigte
11 Age: O18-25 O2640 O41-55 O56-65 O66-75 O>75
12 Gender- OF le O Mal D6, To what extent does it agree with the following statements about the sound environment around it??
- ender- emale ale (Please tick the box that best matches your opinicn for each row)
13. Education: O Primary school OO Middle School O High School O Bachelor] The soundscape Strongly o Neither agree -
4. Occupation: is: disagree isagree nor disagree Agree TOnETY agres
I5. City of Residence: Eﬂfﬂfﬂ.'b‘f O m] 0 0
16 Nationality: ch o =l
- - Interesting [l u]
Boring [l O
D1. Does your home have windows overlooking via Paisiell Relaxing 8] ]
Disturbing [m] a
Lively Ll 0
D2. If so, which are the rooms that overlook via P: Monotonous (] O
(Make an X mark in the box for each room overlooking
D7. How do you assess the quality of the urban landscape around you?
[Please tick the box that best matches your opinion)
[ VeryBad [ 0 [ 1 [ 2 [ 3 [ 4[5 [ 6] 7] 85 [10] Excellent |

DE. Do you think that implementation of interventions for the reduction of noise could increase the value of your home?

[Please tick the box that best matches your opinion)

[Motatan [ 0 | T | 2 |

3] 4]

5

[ &6 [7

8]

5 ] 10 |

Surely |

D39, Do you think that your health can be affected by the reduction of noise levels dose to your home?
[Plzase tick the box that best matches your opinion)

[Motarat [ 0 [ 1 [ 2 T 3 [ 2] s e[ 7] 8 35 [10] Suey |
D10, How do you assess your sensitivity to soumds?
[Please tick the box that best matches your opinion)

[ Veylow [ 0o [ 1 [ 2T 3[4 5[ 6] 78] 8 [10]VeryHigh |

A couple of days before the
guestionnaires’  delivering,
an informative letter has
been provided to residents.

letters and
have been
in the

Informative
guestionnaires
delivered directly
residents’ mailbox;
guestionnaires have been
collected in the same way
after filling.
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Ante-operam questionnaire’s structure -

Question
code
Age 11

G e n d e r I 2 In aggiunta al questionario da lei gentilmente compilato a luglio prima che venisse realizzata la stesa di un asfalto
ottimizzato per la riduzione del rumore in un tratto di Via Paisiello. le chiedi cor di compilare un
muove breve questionario che alleghiamo alla presente.

.
E d u C a t I O n I 3 i’uer quals.iasaffdl.luhbighljgua:d}a;:]‘:lla cm.npi].azi.t;nchp;:é o:ant-ﬁ:;'ta:e .l'ﬁ{lr;micalo ttlal ctgn.uhne d‘zﬁn Ie da Vie. en.rr:.:;
egneria ara ucei e-mail chiara ucci/@vienrose it — Dott.ssa a lannuzzi e-
Pe rso n a I D ata o giEliagfmi.annu.zziui]\dmse.it: tel. 053 4379140). N
OCC u pat I O n |4 Una volta pilato da lei ed tualmente dai suci familiar, le chiediamo gentilmente di lasciare /il
questionari‘o nella cassetta delle lettere dell’impianto sportive M. Pacini dell’A S D LF. Firenze Calcio, in via
. . Paisiello 151, entro il 28/09/2021.
C I ty Of re S I d e n Ce I 5 Ricordi che il tratt to dei dati p li avverra in modo riservato e la successiva pubblicazione dei
nisultati sara realizzata con modalita tali da non consentire la riconducibilita delle rsposte espresse alla persona
M M intervistata.
N a t I O n a I I ty I 6 La ningraziamo anticipatamente per la cortese e preziosa collaborazione.

D2

DIREZIONE AMBIENTE
SERVIZO RS, lgisne Pubbliica, Ambisntale = del Temtorio

PO Igiene Pubblica Ambientale = Vivibiita Urbana

Firenze. 20 settembre 2021

Oggetto: Compilazione e ritiro questionario post-operam progetto LIFE E-VIA
Gentile cittadina’o,

come da comunicazione scritta ricevuta lo scorso 3 luglio, nell’ambito del progetto europeoc LIFE E-VIA —
www life_evia eu) coordinate dal comune di Firenze, & in corso un’indagine sulla percezione del rumore rivolta ai
residenti di via Paisiello.

Rooms with windows on Paisiello street

LIFE/ENV,ATOO0201 LIFE E-VIA

UFE+2018.

Intensity of sounds D3 ﬁéﬁ*ﬁﬁm 3 e onrose-
Quality Of Soundsca pe D4 EmusnredamﬁumﬂleEumpEanEmimmemﬁgencEeEnngnETﬂﬁtmﬁanlﬂ)milliﬂnmdﬁmmamaﬂemdhy

high noise levels negatively impacting human health. Traffic noise alone is harmful to the health of almost every third person
in the World Health Organization European Region. 20% of Europeans are regularly exposed to night sound levels that could
significantly damage health, especially in urban areas. The intreduction of electric mobility is widely viewed as having the
potential to reduce noise in urban areas, but the noise generated by tyres rolling on the road nevertheless ne eds careful study

Appropriateness of soundscape i e e o e s G S e e e

surface and/or tyre improvements and urban planning measures as well. One of the solutions universally recognized as the

Perception of Soundscape
and Landscape

best to reduce noise in urban areas, from both the point of view of noise and air guality, is the introduction of electric mobility.
Therefore, the project LIFE E-VIA (Blectric Vehicle nolse control by Assessment and optimization of tyre/road interaction—

. . www_life-evia_eu] intends to: - tackle noise pollution from road traffic noise focusing on a future perspective in which electric
aracteristics or soundsca pe i vebices it o porie o Ao - ok s of rodeptimicaion s e
order to test an optimized solution for reducing noise in urban areas and Life Cycle Cost with respect to actual best practices .

The Project LIFE E-V1A, co-financed by the European Union through the Life programme, started in July 2019 and will end in

Qual ity of urban landsca pe D7 ermina a gennae 2053 Tre preect 5 Soontmatas oy the Muncpaly o Forence ana Inoes 25 parnas he

Mediterranean University of Reggio Calabria, Continental, Vie en_ro_se Ingegneria, University Gustave Eiffel and I-POOL

Effects on home value D8 e st s sl ol et e g, n oo e e s,

we kindly ask you to answer 10 questions related to the perception of the soundscape dose to your home. Your personal data
will be treated as strictly confidential and the publication of the survey results will ensure the non-recognition of the responses.
D 9 Please answer all questions in order, following the instructions provided.

Expected effects of planned
interventions Effects of noise reduction on health e

Sensitivity to noise Personal sensitivity to noise D10 5 Eocmon © Py o Ot g e ' g P, Ot

14. Occupation:
I5. City of Residence:
Is. i i

Dl Does your home hawve wil rlocking via Paisi ONo [ Yes

D2. i so, which are the rooms that owerlook via Paisiello?
{Mzke an X mark in the box for each room overlocking via Paisiello)
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Post-operam questionnaire’s structure = —

Bedroom 1
Single Bedroom 1

[
Livingroom ]
Kitchen 0
o

[

Bathroom

Other: . |Please spedfy)

L
Qu estlo n D3, How do you assess the intensity of the following four types of sound in the soundscpe around you?
[make an ¥ mark for each type of sound in the box that best miatches your opinion )
cod e Type of sound Very Low Low Fair High Very High
Traffic |eg. Cars, motorcycles, clacson ...} 0 [m] ] O ]
Mechanicalfelectrical sounds (es. music,

industries, sirens, constructions...) = H
I 1 Anthropic sounds (es. voices, laughter,
children, steps...)

Nature sounds (es. wind, rustling leaves,
I 2 birds ._)

0 [m] 1]
O [m] [m] | O
O [m] O

[m] |

Gender

Education 13 04 ooy sttty o e g romdyou?
Personal Data . [ o T 1 2 [ 2 T & T 5 1] swl p? [ = 3 | 1o ]
Occupation 14 [Very 8o | Bt

City Of reSidence |5 D5. Do you think the soundscape around you is appropriate for this place?

{Please, tick the box that best matches your opinion)

Nationality 6 il
Dwelling Information Windows orientation D1 T esee sk th o st hest e your opmionor ot row)
. . . o The soundscape Strongly A Nei'l:l'u_!rm'ree agree

Rooms with windows on Paisiello street D2 — dgee | O | nordmge | PR L R

eresi 3 0 3 3 3

. zanng [ l 0 [ [

Intensity of sounds D3 e b o 5 ; ;

. Lively O O ] [ [

Quality of soundscape D4 Moroioneus = = = i i

D7. How do you assess the quality of the urban landscape around you?

Perception of Soundscape Appropriateness of Soundscape D5 A
and Landscape DE. To what extent has the noise of traffic you perceived changed in the past months?

[Please tick the box that best matches your opinion)

Characteristics of soundscape D6 e B T N 7 =7 20 B T

[i 1] 2 3] 4 5 6 | 7 | ] [ s ] 10

Quality Of urban Iandscape D7 D3, How do you assess the effects of the re-paving of via Paisiello with the new asphalt on the traffic sound you perceive

Traffic Noise Perceived changes in traffic noise D8 | (e koot ot s your i)
Verymuch | m‘:im | [ slightly preienant Foco | |Auba::r::r [ Molte

0 [ 1 2 | 3 | 5 6 | 7 | 8 | 9 | 10
. Effects on traffic sounds D9
Effects Of reahSEd D10. Do you think that the implementation of a low-noise asphalt has increased the value of your home?

nt ons yv | |1‘ 2|3| ||5|E|]|.3i|9|1|]| Surely |
EI I eC tS Ol l pel Sona I hea I tI l D 1 1 D11. Do you think that your health can be improved by the recent reduction of noise levels dose to your home?

[Please tick the box that best matches your opinion)

Sensitivity to noise Personal sensitivity to noise D12 Borarar [ 6 [T [ 2[5 [ e[ =[5 ] 5[] sy ]

D12 How do you assess your sensitivity to sounds?
[Please tick the box that best matches your opinion)
| Veyiow | 0 [ 1 [ 2 [3]a[s |67 ]a]s [10]veyHign]
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Collected questionnaires

Delivered Filled Delivered Filled
92 56 101 56
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Ante-operam descriptive analysis

HOW DO YOU ASSESS THE QUALITY OF THE SOUNDSCAPE
AROUND YOU?

Excellent 42

Bad quality 0-3
39% m4-7

Fair

Very bad  Excellent

DO YOU THINK THAT YOUR HEALTH CAN BE AFFECTED
BY THE REDUCTION OF NOISE LEVELS CLOSE TO YOUR
HOME?

2% No

Surely/Yes Not atall  Surely

64%

HOW DO YOU ASSESS THE INTENSITY OF
TRAFFIC NOISE IN THE SOUNDSCAPE AROUND
YOuU?

Fair 22% = LOW
M FAIR
mHIGH
High 73%
HOW DO YOU ASSESS YOUR SENSITIVITY TO
SOUNDS?
Very Low 3%
0-3
High Medium™ 4-7
52% 45% msg-10
o J— 10

Very Low  Very High
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Comparison between ante and post-operam scenarios

Perception of traffic sounds

25
20
15
10
5
0 L ——
Very low Fair High Very high NA

B Ante operam M Post operam

Is the sounscape enjoyable?

Strongly disagree Disagree Uncertain Agree Strongly Agree

B Ante operam M Post operam
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Comparison between ante and post-operam scenarios

To what extent has the noise of traffic you perceived How do you assess the effects of the re-paving of via Paisiello
changed in the past months? with the new asphalt on the traffic sound ?

eg

Increased (0-4) Negative (0-4)
M Irrelevant (5)
W Positive (6-10)

m N/A

m Stable (5)

B Decreased (6-
10)

Decreased
61%

The implementation of a low-noise asphalt has
increased the value of your home ?

Not at all/No (0-3)
H Not sure (4-6)
M Yes/Surely (8-10)
HN/A
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Link between Pearson chi-square test and regression model

Variable y i DoF p-value
Age 2.3173 5 0.8037
Gender 2.1455 3 0.5428
Education 43015 6 0.636
Dccupation 7.3956 5 0.1928
Residency 11813 2 0.554
Mationality 2.1569 2 0.3401
Windows overlooking 2.7451 1* 0.09755
via Paisiello
Rooms overlooking 12243 5 0.9425
via Paisiello
Intensity of perceived 0.53804 3 0.8875
sounds
Perception of traffic sounds 18.153 4+ 0.001152
Perception of technological 5.4923 5 0.1311
sounds
Perception of anthropic 41765 5 0.5743
sounds
Perce pElnfrnat ural 37771 4% 0.4447
Soundscape quali 11.889 3 0.007774
Soundscape congruence 10.5 3 0.01476
Soundscape attributes 13.709 7 0.0566
Enjoyable 54343 5 0.3652
Chaotic 4 8532 5 04341
Interesting 1.7825 4+ 07757
Boring 5.547 5 0.3528
Soundscape - xing 6.1182 4+ 0.1905
Disturbing 15.221 5 0.009457
Lively 3.2017 5 0.6689
Monotonuous 53131 5 0.3789
Landscape quality 1.4815 3 06565
Sound sensitivity 2.5753 3 0.46138

Pearson chi-square test: some variables turn out to be
significantly dependent on situation (ante/post).

To better analyze whether the re-pavement has brought
improvements in terms of perception of sounds we use
the variable “soundscape quality”, which is “sensitive”
on situation, as dependent variable in a regression
model.

With the use of regression models we can establish if
there are relationships between the response variable
(“soundscape quality” ) and other covariates relating to
perceptions of sounds or characteristics of the
surrounding environment in the ante/post intervention
periods.
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Ordinal logit model

logit("soundscape quality".;) = a, — (B1* traf fic_sounds + 3, * interesting_soundscape + 5 *
nature_sounds+ [, * relaxing_soundscape+ [s * sensitivity_sounds

qual amb Coef. 5td. Err. Z F>|z| [95% Conf. Interwvall]
traffico
Unchanged -7.047367 2.399337 -2 .94 0.003 -11.74998 -2 .344753
Yas -8.004159 3.208891 -2 .49 0.013 -14_ 29347 -1.714848
interessante
Unchanged 5.3200859 2.0439402 2.60 0.009 1.303335 9_.336843
Yas 1.914986 1.5586173 1.23 0.218 -1.135057 4 _ 96503
natura
Unchanged - _ 6013872 1.685393 -0.36 0.721 -3.904697 2_701922
Yas 9 _055464 3.1114%3 2.91 0.004 2.957049 15 .15388
rilassante
Unchanged 4 _ 754028 2.527349 1.88B 0.060 -.1954857 9. 707541
Yas 3.73245 2.3110863 1.62 0.1086 -. 7971497 B.262049
sen=sibkilita
Unchanged 4 _ 547256 2.190113 2_0B 0.038 .2547141 B._B397%98B
Yas 1.598098 1.349631 1.18 0.236 -1.047129 4 _ 243325
/eutl 3_.385244 2.201415 - .9494507 7.679939
/oeut2 6.073346 2.42071 1.328842 10.81785
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Results

 For the traffic sounds variable who did not vary the response
between the two periods or who responded that they heard less ﬁ
traffic in the post-intervention period tended to give a higher score ) )
on the soundscape quality than those who found a worsening in the
traffic perception.
environment, we notice that in the first case those who find the
environment interesting in the same way in the two periods
compared to those who find it less interesting tend to perceive a ‘
better soundscape quality. While for the "relaxing" characteristic, v
those who find the relaxing environment in the same way or more W

relaxing in the second period compared to who find the environment
less relaxing tend to perceive a higher soundscape quality.

]
* Finally, those who responded that they were sensitive to the
environment in the same way tend to perceive a better soundscape \

quality than those who were less sensitive in the second period.

* Instead for the nature sounds the model shows that who hear more
the sounds of nature in the post-intervention period than those who
hear them less tend to perceive a better soundscape quality.

* Looking at the characteristics of the "interesting" and "relaxing"
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ANTE AND POST-OPERAM NOISE MEASUREMENTS
CAMPAIGN
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Introduction

In order to obtain an objective basis for
the citizens evaluation at a facade level, a
long-term (2 weeks) ante and post- noise
monitoring campaign has been carried out
by VIENROSE and I-POOL partners.
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Introduction

2 monitoring positions have been defined: one in
the road section interested by the LIFE E-VIA
asphalt (150 m) and the other in the road section
interested by the new but standard asphalt (150
m).

A traffic counter has been positioned on light
poles both in the ante and post-operam phase in
similar positions, in order to be able to weight
measured noise levels according to traffic flows
in different periods.

.
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Results

For the two periods: rainy days have been excluded and 4 weekdays have been
considered for the comparison; weight according to different traffic flows have been

applied.

Lden Lnight
Leg (ante-post) 3.4 4.4

Lden Lnight
Leg (ante-post) 0.2 1.5
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Website: 12.000 visits and >2.300 users

Social:

» Facebook, 265 sessions and 02:44 minutes as
average visit duration

» Linkedln, 99 sessions and 11:43 minutes as
average visit duration

Articles: 26 scientific papers of which 18 presented
during conferences (about 900 people reached)

Students directly addressed: 60

Brief articles on Italian magazines mainly concerning
the pilot case: 22

Participants to the webinar dedicated to the LIFE E-
VIA project (14/5/2021): 130
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Electric Vehicle nolse control by Assessment
and optimisation of tyre/ road interaction

www.life-evia.eu

Soundscape analysis

Noise measurements at the facade and dissemination impacts
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Ridurre efficacemente il rumore con
pavimentazioni realizzate con materiali riciclati

o ) 6:; ool = \ TR
%@:& -./ Balkgan Road Research Cantra ".'-l' ._’ . i’h :
it - ARPAT m Vo G bt s e -* I "‘ -'{-ﬁ

BECOpnNeELS

T
UNIVERSITA DI P1SA o i eimaion aiuctale



reide

* In Italy (2021), only 30% of Reclaimed Asphalt Pavement is recycled, a poor

result if compared to the European average (60%) or other virtuous countries (up

to 98%).

« About 60% of the End-of-Life Tyres generated in ltaly every year (ca. 350.000 ton)
are co-incinerated as the market demand for recycled rubber is limited. Most of

that “alternative fuel” is recovered in Turkish cement factorie

&




Since 2008, more than 670 km of ltalian roads have
been paved with rubberized asphalts (in Spain more

than 7.000 km over the same period).

Most of the time, rubberized asphalt was chosen to

mitigate traffic noise.

Asphalt Rubber (wet process) and a hybrid-dry

technology are used most often.

Low-noise asphalt layers do not use RAP in order to

guarantee an adequate texture.
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d nereide

The aim of the NEREIDE project was to assess the acoustic performance of innovative asphalt
pavements, specifically designed for reducing the traffic noise and characterized by a high content

of reclaimed asphalt pavement (RAP) and crumb rubber recycled from End-of-Life Tyres (ELT).

The expected goals:

to allow the use of valuable materials obtained from waste recycling (RAP, ELT) thus reducing

the consumption of virgin materials (i.e., to promote resource efficiency and waste management);

to achieve acoustic performance better than those currently available, allowing a significant

noise reduction in urban areas and health improvement;

to improve safety in urban areas by obtaining draining and appropriately textured surfaces;

to improve air pollution and workers’ exposure by means of warm mix asphalt technologies.
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6 new wearing course mixes have been designed:

v OPEN, GAP and DENSE graded mixtures
v WET and HYBRID DRY mixes + Warm Mix Asphalt Technologies (T £ 140°C)
v Up to 25% of RAP in wearing courses

v 42 tons of Crumb Rubber and 327 tons of RAP used in trials (ca. 4 km)

v'118.000 MJ saved thanks to Warm Mix Asphalt

v Good and stable friction
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Comparing measures ANTE — POST mitigation actions, it results:
v’ Lden value measured on each site (each consisting of 6 different trials sections) is
equal to - 3.5 dB for site | and - 4.0 dB for site Il.
v'In terms of disability-adjusted life years (DALY), the total DALY is reduced by 4.

v’ The psychoacoustic assessment carried out through

iInterviews or questionnaires showed a general positive
impact as a lowering of perceived noise.

Percentage highly annoyed [%]
— Comparison of the percentage of highly annoyed people (after and before)
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Other environmental benefits:

v The Life Cycle Assessment (LCA) showed that the simultaneous implementation of
warm asphalt technologies and recycled materials can lead to a 50% reduction of the
environmental burdens, compared to the standard scenario (conventional Hot Mix

Asphalt).

v' The use of Warm Mix Asphalt allowed 30% reduction of the workers’

exposure to PAHs and other harmful substances usually present
in asphalt’s fumes.
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 In July 2019, an experimental noise requalification plan
was coordinated by ANAS and the asphalt mixes

developed by NEREIDE and LEOPOLDO projects were

tested.

* Thanks to the excellent results of the trials, ANAS
introduced two “low-noise rubberized asphalt mixes” into

their Technical Specifications:

“one giant leap towards a more circular economy!”
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General information

PROJECT LOCATION: Florence (Italy)

DURATION
Start: 01/09/2021 End: 31/08/2024

PROJECT’'S PARTNERS

Coordinating Beneficiary:

Comune di Firenze

Associated Beneficiaries:

ASSTRA Associazione trasporti

Ecopneus S'c'p'a' COMUNEDI ) 9 Never waste 28 L]
MOPI s.r.l. FIRENZE | MOPI... | a’;.:t ::“
Universita di Firenze = Always use ecopneus
Universita Mediterranea di Reggio Calabria SHE

Vie en.ro.se Ingegneria s.r.l.

UNIVERSITA
DEGLI STUDI

‘%A Vie en.ro.se. % | FIRENZE

Ingegneria
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Overall objective

Reduction of noise from roads in densely populated urban areas,
where tram and road traffic noise and vibration superpose, by
means of low-noise/vibration surfaces and retrofitting solutions
having life cycle costs comparable to those of standard surfaces.

Solutions to be tested in the pilot area:

« Low-noise pavings to reduce noise and vibrations due to
road traffic noise

« Bogie skirts, sound-absorbing panels, and watering spray
systems to reduce tram noise

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181
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Expected impacts

Reduction of:

1. Annoyed people, about 2.000 people will be positively affected by road noise reduction (Lden/Lnight
reduction of at least 3 dB(A))

2. CPX@50 km/h 3.5 dB(A)

3. Tram noise reduction from 5 dB (in terms of broad band reduction) up to 20 dB (at specific
frequencies by using solutions able to cancel the squeal noise source)

4. Vibration levels for bystanders and dwellers in terms of vibration magnitude of 5%
5. CO2 emission in the pilot construction: 62%

6. People annoyed: at least 25% of the sample

7. Life cycle cost of the low-noise surfaces: 10%

8. Worker exposure to asphalts fumes: 62%

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 u
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Policy implications

« Implementation and updating of the Directive 2002/49/EC especially regarding the definition and
realization of noise Action Plans, by providing innovative solutions to concurrently mitigate noise
produced by road traffic and tramways

 Contribution to the Directive 996/2015/EC concerning the CNOSSOS noise assessment method

 Contribution to provide updated results regarding citizens perception of noise and vibrations due
to tramways and road traffic, evaluating Psychoacoustic parameters

« Contribution to the assessment of vibration impacts of optimized asphalts which is not deeply
addressed from a legislative point of view

B This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 “
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* Road traffic + buses at speed between 20 and 50
kmm/h in both southbound and northbound
directions

! !
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Road traffic: low noise/vibration pavings
design

This project has received funding from the European Union’s Life Programme under Grant Agreement N° LIFE20 ENV/IT/000181
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ol some pictures (1/8)

Material and consumables supply

() _.Bz
P B1 (-MIX (Pilot
A21 design) case)
® (Analyses,
A2.2, DOE)
A2.3,
° A2.4 S8
A1 (CR, (Data) B
WMA) BSO/ 70

+
LowTherm4G

Design of the Experiments (DOE) to set up the job mix formula (JMF):

* Reference mix: B50/70-6.35=B50/70+Aggregates+Filler; INVIAY

* Mix with bitumen from MOPI: BP1-6.35=B(MOPI)+Aggregates+Filler;

* Mix with bitumen and LowTherm4G: B50/70-6.35-LT=B50/70+LowTherm4G+Aggregates+Filler.

Symbols. B=Bitumen,; 50/70=Penetration grade; 6.35=Percentage of bitumen by weight of the mixture; HMA=Hot Mix Asphalt; WMA=Warm Mix Asphalt.

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 u
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Tests on bitumens
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Tests on bitumens (Preliminary results)
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*Capitolato speciale d'appalto ANAS. 2022.

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 °
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First set of specimens

B50/70-6.35-LT=B50/70+LowTherm4G+Aggregates+Filler.
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First set of specimens (Preliminary results)
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First set of specimens (Preliminary results)
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*Capitolato speciale d'appalto ANAS. 2022.
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o some pictures (7/8)

First set of specimens (Preliminary results)
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** Capitolato speciale d'appalto ANAS. 2022.
# Pratico et al. Estimating the resistivity and tortuosity of a road pavement using an inverse problem approach. Congress ICSV24, 2017.

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 e
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First set of specimens (Preliminary results)
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Impact hammer test
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This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 G
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Tram Noise: on-board solutions design FIRENZE
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This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 e



LIFE E-VIA PROJECT

Final event, 7t October 2022

Tram Noise

TRAM NOISE
engine noise

120
. rolling noise TRAM SPEED RANGE

aerodynamic noise
= Negligible in the tram speed range

110

o

S,
Stops-related noise (braking/starting) E -

= .
Ml CURVING NOISE g
e Flanging noise SP;ED 50

e Squeal noise
ROUTE N
10 20 40 80 160 320
2-4kHz / >100dB SPEED [km/h]

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 e
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Possible on-board solutions - SOA

On-board (installed directly on the tram vehicles) — 2 typhologies:

1. Lubrification -> prevent the causes from which squeal phenomena stems from:
- Solid lubrification = generally graphite sticks
- Liquid lubrification = liquid dispensed to the wheel by a dedicated system
2. Acoustic barriers -> bogie skirts -> mitigate the propagation of squeal noise and all sources present in the
wheel area (squeal noise, rattling and clanking, braking, engine, rolling)
T

Tram bogie skirt Liquid and solid lubrification systems

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 e
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Bogie skirts - SOA

Scientific literature reports that:

* an absorptive barrier is typically 3-4 dB(A) more effective than a reflective barrier;

* astandard bogie cover is not effective in reducing noise, since it can become a secondary source of noise, while a
cover enriched with acoustic functions allows significant sound attenuation (-5:-15 dB(A));

* the adoption of bogie shrouds together with low height barriers comports an expected wheel noise reduction of
8-10dB(A). This potential has been reported also in [41].

Front and side view of baseline skirt model (S1) with one carbody-mounted and one bogie-mounted part. Alternative skirt models S2 and S3 are
included in side view only.

This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 e



LIFE E-VIA PROJECT

Final event, 7t October 2022

Bogie skirts development

1. Study of existing solutions
2. Study of Florence Tram bogie configuration & constraints
3. Possible areas of intervention

1. Development of a reflecting/absorbing strategy

3 geometries of tram bogie skirt tested in [1]

. Reflecting surfaces . Occupied bogie volumes Possible areas of intervention
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T
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Candidate intervention area
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This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 g




LIFE E-VIA PROJECT

Final event, 7t October 2022

Conclusions

New solutions to reduce noise and vibrations due to road traffic and tramways are investigated.

Designing of the new paving solution started from the state of the art (e.g. low noise paving
defined into E-VIA project), aiming to obtain reductions in terms of both noise and vibration

levels.

Referring solutions developed for tram noise (bogie skirts and sound absorbing panels),
significant noise attenuations are expected according to current simulations results.

Within the beginning of 2023 the designing phase is expected to be concluded and preliminary
test will be started.

B This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 e
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Thank you for your attention!

Email Address: francesco.borchi@unifi.it

https://www.lifesneak.eu/

B This project has received funding from the European Union’s Life Programme under Grant Agreement No LIFE20 ENV/IT/000181 a
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Context and issues




1. CONTEXT AND ISSUES

Exposure to road traffic in the city of Paris

13% Parisians exposed to road noise levels that

exceed French limit values (Lden)

6% Parisians exposed to road noise levels that
exceed French limit values at night (Ln)

88% Parisians exposed above WHO
recommendations
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1. CONTEXT AND ISSUES

Road noise in Paris : a complex issue

62% of Paris inhabitants declaring themselves as
very and somewhat annoyed by noise (CREDOC
Study for Bruitparif, 2016/2021)

Due to improvements on engine acoustic
emissions, actions aiming to reduce rolling noise
(road requalification, anti-noise road surfaces...)
have greater effects even at fairly slow speeds
like 30 km/h for private vehicles.

Yet, people significantly complain about
motorcycles and high noise peaks (quoted as the
most annoying among transports sources for
61%).

Cool & Low Noise Asphalt | 4
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The Cool-&-LoW Noise
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2. THE COOL-&-LOW NOISE ASPHALT PROJECT

LIFE PROJECT: Cool & Low Noise Asphalt

Period : 01/07/2017 to 30/06/2023 @ G\*
Coordinator : City of Paris N

Y PARIS BRUITPARIF
Associated partners : Bruitparif / Colas / Eurovia
Budget : 2,345 M€ g
Cofunding at 60% by the European Commission COLA/S// - EURO\\{L&*

Université Paris Descartes
(thermal monitoring)

Cool & Low Noise Asphalt |




2. THE COOL-&-LOW NOISE ASPHALT PROJECT

Cool & Low Noise Asphalt : the project’s objectives

Noise aspect
Reduce the noise pollution generated by road traffic on urban roads thanks to these new pavements

By reducing the noise emitted by the contact of vehicle tires with the asphalt (rolling noise)

Thermal aspect

* Mitigate the effect of Urban Heat Islands (UHIs)
* By testing the surface water retention capacities, the micro-climatic impacts generated by their
spraying with non-drinkable water during hot periods, and the effects of their color (albedo) on heat

restitution.
* The new coatings tested show a micro-granularity allowing to retain a water film which will refresh the

air by evaporating

Durability aspect

» Reinforce the durability of these coatings in terms of their acoustic, mechanical and thermal properties
* While limiting their additional cost compared to conventional coatings, in order to promote the
dissemination of these solutions in urban areas

-2°C -3°C -3dB -2dB

Q)
vV o8 g

Cool & Low Noise Asphalt |



2. THE COOL-&-LOW NOISE ASPHALT PROJECT

Cool & Low Noise Asphalt : 3 pilot sites in Paris

Strong noise exposure I‘E’ ®
High density of population m

Speed limitation : 50 km/h
Oriented E/W for the thermal purposes
Road works already planned

Other criteria (light or no slope, non-drinkable water
available...)

400 m long per site z *

il ' ‘ ; SMAphon
200 m standard pavement 1@ 1@ .‘ I |

200 m with experimental formula

Long-term monitoring

Continuous meteorological sensors

Continuous acoustic sensors on facades

+ periodic campaigns using CPX method

Periodic mechanical tests in order to monitor the durability
of the new asphalts

Cool & Low Noise Asphalt | 8




2. THE COOL-&-LOW NOISE ASPHALT PROJECT

Cool & Low Noise Asphalt : schedule

Address Measurement Type of coating Roadworks
start date

FREMICOURT 37, rue 28/03/2018 Acoustic : SMAPhon 31/05/2018
Frémicourt
13, rue 12/04/2018 Reference
Frémicourt
LECOURBE 214, rue 11/07/2018 Acoustic : Puma 30/07/2018
Lecourbe
236, rue 11/07/2018 Reference
Lecourbe
COURCELLES 62, rue de 11/07/2018 Acoustic : BBPhon + 24/09/2018
Courcelles
88, rue de 11/07/2018 Reference
Courcelles
“Fremicourt street
Cool & Low Noise Asphalt | 9
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3. RESULTS

LA10
80 — :
Facade buildings : results
0}
Reductions in rolling noise clearly observable during the passage o
of isolated vehicles at night : el
-Road traffic speeds relatively higher St
-Other sources of noise reduced (construction work, human il
activity, etc.) 451
LA10 22h-6h indicator clearly reflects the reduction associated “ el
with rolling noise vy & o T Zin

For the other periods of the day, the acoustic indicators show a
reduced benefit.

Cool & Low Noise Asphalt | 11



3. RESULTS

Rolling noise reduction in dB(A) with new asphalt mixes

Compared to existing
LA10 22h-06h

«B-SMAPhon =HE=BBphon+ =E=PUMA
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3. RESULTS

CPX measurements : results

The project objectives in terms of reducing rolling noise
compared to standard solutions have almost been achieved for
the SMAphon and the BBphon +.

-5 dB(A) compared to the existing in 2019 and —1 dB(A) in 2022.
-3 dB(A) compared to reference in 2019 and —1 dB(A) in 2022.

Compared to existing
CPX (50 km/h)

=B-5SMAPhon =E=BBphon+ =E=PUMA

Compared to reference
CPX (50 km/h)
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RESULTATS 1. TITRE DE LA PARTIE

Cool & Low Noise Asphalt: results

Noise reduction in dB(A) with new asphalt mixes (facade all noise
sources combined) : around 0,5 dB(A) for SMAphon and Bbphon+

A LAeq 22h-6h
Facade
compared to
the reference
1,3 1,1

-1, -1, -0,7 -0,6

Bbphon+ -1,4 -1,1 -1,1 -0,5

0,9

Cool & Low Noise Asphalt | Titre de la présentation 15




RESULTATS 1. TITRE DE LA PARTIE

Cool & Low Noise Asphalt: results

Survey of users and residents of Frémicourt Street (October 2019) Y
63% noted a reduction in road noise following the change of road surface
Among them, 67% consider this reduction to be medium or significant

Survey of users and residents of the 3 pilot sites (September 2021)
85% are in favor of extending the solutions to other Parisian sites.
73% have an overall positive assessment of the project.

Reasons of dissatisfaction :

- motorcycles noise...

- parts of the streets with cobblestones

- portions too short to be efficient

Long-term monitoring will document the evolution of acoustic and thermal performance
over time (After-Life — 5 years).

Economic additional cost of less than 10% compared to a standard coating

Products integrated into the pavement catalog of the City of Paris

Solution already implemented on other sites in Paris and Turin

Quantification of socio-economic impacts under assessment

Cool & Low Noise Asphalt | 16
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Firenze 7 ottobre 2022
PROJECT LIFE E-VIA

. Electric mobility and low-noise asphalts:

the results of the LIFE E-VIA project and contributions

from other projects
Emissions and noise

monitoring: a focus on

Networking per la riduzione del rumore e delle emissioni:

i progetti pilota

[ o [ [
pilot projects Gaetano Licitra - ARPAT
RP1 consortium meeting
M-S REGIONE
o0 /‘ /
( ARPAT
istema NquDnd|9 Agenzia regionale
per la Protezione per la protezione ambientale
This project has received funding from the European Union’s Horizon delll Ambiente della Toscana

2020 research and innovation programme under the Grant
Agreemen t n° 860441.



NEMO:

Noise and Emissions Monitoring and
Radical Mitigation

NEMO will create and test a completely new remote sensing technology
that can measure noise and emissions from individual road vehicles and
trains in real time, along with the multispectral camera technology to
measure emissions from cruise ships. The system will make possible a
limited access or charging system based on actual environmental impacts.

The new technologies will be tested and validated in several European
cities, as a tool to control noise and air quality and reduce damage to
people and the environment.

https://nemo-cities.eu/



NEMO:

Radical Mitigation

www.nemo-cities.eu

May 2020 — April 2023 . .
Vehicle Sensing

Noise and Emissions Monitoring and

Integration

Project funding: * Exhaust emissions
€6 564 892,50 .
* Noise
18 partners w5
11 countries v
S,
7 demo sites = 2 g

From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)

e Physical: road infrastructure

* Virtual: IT platform, V2I-12V, sensors
synchronization

Mitigation

* New asphalts &
multifunctional barrier to
reduce/absorb noise &
emissions


http://www.nemo-cities.eu/

NEMO'’s main objectives

 To develop a new, ready-to-use technology to measure environmental
impacts, such as air and noise pollution of road and rail traffic

 To integrate the new technologies into existing infrastructures to offer
a complete turn-key monitoring solution

* To create an IT service where collected data from the system is
connected and analyzed to inform vehicle operators and road or rail
authorities about pollution levels and potential restrictions or charges.

https://nemo-cities.eu/



NEMO'’s main objectives

 To develop mitigation solutions such as green noise barriers and road
surface designs to reduce vehicle noise emission and prevent most
microplastics from tires’ wear and tear to reach the marine
environment

 To validate the new noise and emission remote sensing technology and
the mitigation solutions in several European locations, as a tool to
control the acoustic and air quality and reduce the damage on people
and environment.

e To develop standardized measurement methodologies to ensure
reliability of collected data and harmony with existing methods for
vehicle inspections

https://nemo-cities.eu/



Partners

# Organisation name Country

1 | Fundacion CARTIF (coordinator) ES

2 | M+P Raadgevende Ingenieurs Bv NL

3 | Muller-BBM GmbH DE
Muller-BBM Rail Technologies

4 GmbH DE

5 Agenzia Regionale per la Protezione T
Ambientale Della Toscana

6 | Sintef AS NO

7 | Gate 21 DK

8 | Université Gustave Eiffel FR

9 | Universidad de Cantabria ES

10 | Opus RS Europe S.L. ES

11 | Comune di Firenze IT
European Federation for Transport

12 : BE
and Environment

13 | Ricardo AEA Litd. UK

14 | Opus Technology Solutions AB SE

15 | Kapsch TrafficCom AG AT

16 | Fundacion Valenciaport ES

17 Joint Res§arch Centre (European BE
Commission)

18 | Audiotec Ingenieria Actstica S.A. ES

from Kickoff meeting presentation — 26 maggio 2020




NEMO

Partners

Project coordinator: CARTIF

AT
ARPAT

RAIL TECHNCLOGIES

| CARTIF [VW MULLER-BBM MULLER-BBM

JerE TegEr
it il

4 Universite
@ g GAEE >:-.( Gustave Eiffel E .nPUE e

12

» = TRANSPORT & IR oPUS
FIRENZE = ENVIRONMENT 2
k"apsfn -~ v FUNDACICON ....‘-.“ - E::um.:: lllll |

Y~ VALENCIAPORT ﬁ.l,ldiﬁtec

Joint Research Centre

from Kickoff meeting presentation — 26 maggio 2020



. n
Aims:

Integrating measurements systems (air and noise) in the transportation infrastructres

Implementation of scalable mitigation solutions reducing noise impact and improving air quality in
cities

Development of systems for the enforcement against high-emitters in LEZ or other sensitive areas

M License plate ALPR cameras
B . picture
,:,.,'. e m o L. L ars —— — ; AT E'C.AM -
Photograph of the

exhaust plume

Exhaust emissions,
speed, acceleration
| and ambient readings = -
{ T — Cabinet

N-RSD,
comms and CPUs /




Remote sensing technology
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From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)
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Pilot projects ( WP leader)

Work Done



Pilot projects:




NEMO

Pilot projects
General information:

General objective:

Validate the new Noise and Emission RS technology and the mitigation solutions in several European
locations, as a tool to control the acoustic and air quality and reduce their damage on people and
environment. Test feasibility for rail vehicles and for shipping.

Specific objectives:

Reallife pilots in 3 cities (Florence, Madrid and Valencia) and in 1 railway line (Susteren)
to demonstrate

NEMO solutions and the implementation of a standardized methodology. The pilots will be carried out
together with local administrations and related stakeholders, to guarantee the smooth execution of each
activity, to put in motion the required mobility policies and to monitor the impact and results of the pilots.



® ® NEMO
General information:
Duration: M22 - M33
Partners involved: CART, M+P, MLL, MRAIL, TOSC, SINT, G21, IFT, UC, ORSE, IND, FIRE, T&E,
RIC, OTS, KTC, VPF, JRC, AUD
Gantt
2020 2021 2022 2023

McJur Jul Ag Set OciNo Dic Ene Fet Mc Ab. Mc Jur Jul Ag Ser OciNo Dic En¢ Fet Mic Ab. Mc Jur Jul Ag Set OciNo Dic Ene Fet Mc Abr
1 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

WP 7 Pilot projects L

7.1 Preparation and securement of permits * »D7.1
7.2 Demoin Florence M22 D7.2

7.3 Demo in Madrid M23 D7.3
7.4 Demo in Susteren M24 D7.4

7.5 Demo in Valencia M25 D7.5



Real-life environments

Florence

» The demo in Florence will be focused on urban road traffic.
» ARPAT and the municipality of Florence (FIRE) will lead this demo.

» Their direct involvement will facilitate the entire execution of the demo, granting
permits, providing technical data of the identified vehicles and sending notifications
to the drivers.

» This demo is focused on the implementation of HE identification programs in
combination with existing LEZs in Europe.

» One mixture of NEMO’s urban porous asphalt will be tested in a road city as well.

https://nemo-cities.eu/wp-content/uploads/2022/07/NEMO_Demo-Press-Kit_v1b.pdf



Real-life environments

Madrid

The demo in Madrid will be focused on urban and peri-urban road traffic. An
integration of the B Prototype in a gantry of the major motorway that surrounds the
city (M-30) will test a fixed monitoring scenario.

This demo will be complemented with the LEZ “Madrid Central”, which will be
improved with Remote Sensing.

In addition to the above, the mitigation potential of the multifunctional barrier in real
conditions will also be assessed in a real road

https://nemo-cities.eu/wp-content/uploads/2022/07/NEMO_Demo-Press-Kit_v1b.pdf



Real-life environments

Valencia, Spain

The demo in Valencia will be focused on railway traffic emissions and sea traffic noise and

emissions.
The port of Valencia is the main port in the Mediterranean in container traffic and the fifth in

Europe26. In 2018, 6,048 ships arrived at the Port. All the trains that arrive at the port (+3,600 per
year) are diesel and will remain diesel for at least the next decades.

The E-RSD will be a system that can be integrated into the railway environment. The E-RSD cross-
rail configuration will be mounted with the laser crossing the track at a height of approximately
5 meters to measure gaseous emission by diesel traction.

The E-CAM will be deployed on the port ground to measure the emissions form large ship cruises.
The lessons learned in this experiment will be transferred to other transport modes.

https://nemo-cities.eu/wp-content/uploads/2022/07/NEMO_Demo-Press-Kit_v1b.pdf



Real-life environments

The Netherlands

The demo in the Netherlands will be focused on railway traffic noise.
The N-RSD will focus on detecting noisy wagons in a train. Freight trains are composed of a
series of wagons and some of these may be significantly noisier than average.

NEMOQO’s solution will establish noise emissions from individual wagons in a train and
thereby be able to identify the high emitters. Photocells and force sensors in the rail will
determine the speed of the passing train and the position of each wagon.

The identification of the vehicle in terms of UIC registration shall be done either by the
code readable through RFID or by optical reading of the displayed code at the side of the
passing wagon. The system will operate on both tracks with opposing directions

https://nemo-cities.eu/wp-content/uploads/2022/07/NEMO_Demo-Press-Kit_v1b.pdf



Noise monitoring i

inter.noise

21-24 AUGUST
GLASGOW

Classification of noisy vehicles from unsupervised measurements

Bert Peeters'

M+P

Wolfskamerweg 47, Vught
The Netherlands

Ard Kuijpers®

M+P

Wolfskamerweg 47, Vught
The Netherlands

Rotterdam

Figure 1: The NEMO noise-RSD measurement setup in Rotterdam, October 2021

From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)
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Noise monitoring
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From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)
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Noise monitoring

Rotterdam

a0

L.J‘l,ma.m [dB{A)
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Selected passbys: noise level vs. speed
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speed [km/h]

N = 53955

100

From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)

acceleration [m/s7]

1.5

NEMO

Noisy vehicle # Noise driving

High emitter = vehicle making (much) more
noise than “expected”?

* To determine a ‘normal’ level
Lamax,rer PEr vehicle category

* High emitter if Lymaxrer < Lamaxmeas

Consider driving style:
e fast acceleration is not forbidden

* noisy drivers or noisy vehicles
require different measures

e to enable relation with type approval

m‘ﬁ E:::::.-.‘é':.:::!:::ii
inter.noise

o528 9022



Noise monitoring

Rotterdam
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LAmax for vehicle category M1

measurement
reference
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=10
speed [km/h]

Lﬂmax,ref (Ur ﬂ) =CptCy'V+cCg-a

The coefficients c,, ¢, and c, are different
for each vehicle category (M1, N1...)
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Noise monitoring

Rotterdam

measured LAmax - calculated L ..
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* Some vehicles are 15 to 20 dB(A) louder than similar vehicles under similar conditions (speed, acceleration)
* Highest 1% is 10 dB louder than the majority —> these are all passenger cars!

From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)
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Noise monitoring i

Barcelona

L | camera
L3 5

From OPUS RSE presentation at ACUSTICAT 2022 (https://www.opusrse.com/)



Emissions measurements:
main achievements so far

Emissions remote sensing

100

PT021
80 ® 50002
® Al004

60 || ®IrR002
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20
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* Evaluated by JRC vehicle emissions
laboratory at Ispra.

» Excellent correlation between PEMS-
equipped vehicles and the sensor.

From OPUS RSE (https://www.opusrse.com/)
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Florence

Urban road traffic: The demo project will test a dynamic remote sensing system in an urban
environment. It will deploy a crossroad configuration of the remote sensing devices.

Initial characterization: The dynamic, portable system has been deployed in different
locations of the city in order to demonstrate the flexibility and ease of use of the system
and to initially characterize the emissions and noise of the fleet of vehicles circulating in
Florence. Meanwhile, ambient air quality has been monitored with general air quality
Sensors.

Pavement validation: A pavement test section will be implemented by the municipality of

Florence in a city street. The porous asphalt mix will be tested, and real-life performance
will be evaluated.

https://nemo-cities.eu/florence/



Demo in Florence

Work Done: Parco delle Cascine

NEMO

Florence




Demo in Florence

Work Done:

"Parco delle Cascine"

Florence



NEMO

Demo in Florence

Work Done: E-RDS: more than 2 weeks Laying of new pavement in September
N-RSD: from 14/06 to 21/06 Air quality measurements in August

Added value: experience exchange between ARPAT and Polish Ministry of the Environment in a
TAIEX event in Florence




Demo in Florence

Work Done: E-RSD and air quality measurements with ARPAT mobile laborarory according to the
Italian legislation

Added value: NO-NOx-NO2 (UNI EN 14211:2012), PM10 (UNI EN 12341:2014), SO2 (UNI EN
14212:2012), CO (UNI EN 14626:2012), O3 (UNI EN 14625:2012)
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NEMO

Demo in Florence
mean values PM,,
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NEMO

NO, media oraria periodo 1 Luglio 22--28 Settembre22

Demo in Florence
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Q

Demo in Florence:
mean values in different areas

Sampling period

e from: 1 luglio 2022
e to: 28 settembre 2022

e | wem | W
_ NEMO Gramsci Mosse NEMO Gramsci Mosse

NO, (pug/m?3 293K) 14 39 26 29 62 41

PM 10 (pg/m3) 17 23 19 31 38 34




Grazie

https://nemo-cities.eu/



Social media

You can also follow us and connect on social media.

LinkedIn: https://www.linkedin.com/showcase/nemo-cities

Twitter: https://twitter.com/NemoCities
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