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Summary

The member states of the EU will have to implement CNOSSOS-EU from 01.01.2019 on. This requires
to adapt existing emission databases to this new framework. In particular, road pavements are often
country specific. CNOSSOS-EU offers a set of 9 coefficients per vehicle category to account for a
particular pavement but with little guidance about how to tune these coefficients. In the French
context, the noise emission model for road traffic was updated in 2009 in relation to the publication
of NMPB 2008. It is based on a large database of statistical pass-by measurements on a representative
set of national pavement formulations for the two categories of light and heavy vehicles. The emssion
model introduces a classification in 6 categories {R1, R2, R3} x {Drainage, Non Drainage} that is
extensively used in the context of strategic noise mapping. Since the propagation part of CNOSSOS-
EU is very close to NMPB 2008, the approach taken here for a particular pavement formulation is to
match sound power levels and adjust the available 9 coefficients so that the discrepancy is as small
as possible. Although they both combine an engine noise component and a rolling noise component
the emission models of CNOSSOS-EU and NMPB 2008 differ significantly in terms of formulation
and input parameters. Therefore an exact analytical resolution was not possible and simplifying
assumptions were necessary. Moreover, the focus was put on aged pavements on horizontal roads. In
addition, we considered only steady speeds above 50 km /h. The results presented illustrate that with
the coefficients obtained, a good agreement is observed on L, both for CNOSSOS-EU category 1
and 3, with discrepancies lower than 1 dB(A) in most of the cases. The procedure works better on
Non Drainage than on Drainage pavements.
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that CNOSSOS-EU and the current French predic-
tion framework have the propagation model for ter-
restrial noise sources in common, although the prop-
agation part of directive 2015/996,/EC is only a sub-
set of NMPB2008. But the emission model defined

1. Introduction

The French current noise prediction framework
for roads was released in 2009. It features an
emission model [1] and a propagation model [2]

named NMPB2008. In France, the implementation of
2002/49/EC directive (END) [3] has been relying on
it since round 2 of END.

A common noise prediction method was adopted
by the member states (MS) of the European Union
in 2015. Tt is specified in directive 2015/996/EC [4]
which is the outcome of the so-called CNOSSOS-
EU project. This directive is meant to substitute for
the original Annex II in END. In short one can say
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in CNOSSOS-EU is significantly different from its
French counterpart.

Directive 2015/996/EC will be mandatory from
01.01.2019 on. For several MS, this means that
country-specific emission values must be obtained in
due time in order to account for the specificity of na-
tional pavements, among other aspects. A similar ex-
ercise is to be carried out for rail emissions. For the
MS, evaluating the consequences of the model shift is
also of interest. This paper focuses on road emission.

The French emission model is based on a large
database of statistical pass-by measurements on a
representative set of national pavement formulations
for the two categories of light and heavy vehicles.
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The emssion model introduces a simplified classifica-
tion in 6 categories {R1, R2, R3} x {Drainage, Non
Drainage} that is extensively used in the context of
strategic noise mapping.

This paper summarizes the work carried out to-
ward adapting the harmonized EU framework and
the French one [5] for light vehicles and heavy ve-
hicles. Medium heavy vehicles deserve a specific ap-
proach and are adressed elsewhere at Euronoise 2018
[6]. The paper is organized as follows. Section 2 out-
lines the European noise emission model for roads and
road traffic. Section 3 is the counterpart of the pre-
vious section for the FR model. Section 4 describes
a first method used to identify pavement-specific co-
efficients. It is based on rolling noise only. Since the
results obtained with this approach are not completely
satisfactory, an alternative identification on the total
sound power is proposed in Section 5.

In this paper, the following notations are used :
EU for the EUropean model [4],

FR for the FRench model [1],

v, the mean vehicle speed (in km/h),

Octaves from 63 to 8000 Hz are indexed by i €
{1,...,8},

@ stands for the energy sum:

Ly La
Ly & Ly = 101og,,(10T + 107 ) (1)

2. European road emission model

The most detailed specification of the EU model for
road emission is given in 2015/996/EC [4]. The EU
model is expressed in octave bands from 63 to 8000
Hz and considers 4 clearly defined vehicle categories
and a fifth open one. Category 1 corresponds to light
vehicles (LV), category 2 to medium heavy vehicles,
category 3 to heavy vehicles and category 4 to pow-
ered two-wheelers. In the EU model emission values
are not A-weighted. The sound power level is given
by the sum of so-called rolling noise and propulsion
noise components:

Ly, gu,i(v) = Ly gu,i(v) © L, pu,i(v) (2)

where L, gy (v) is rolling noise power, Ly, gy (v) the
engine noise power and v is vehicle speed. Eq. 2 is valid
for the whole range of vehicle speeds, except that that
Lw gu,:(20) is used for v < 20 km/h.

Except for category 4 (powered 2-wheelers) where
rolling noise is negligible, rolling noise is given by:

L, gui =Ar gui + BrEu,ilog (3)

Uref

+ AL’I",EU,i (4)

where A, gy, et B, gy are tabulated for each oc-
tave band and for each vehicle category at the ref-
erence speed vy = 70 km/h. AL, gy, is the sum

of various corrections for deviations from a reference
situation. where among other aspects constant vehi-
cle speed, horizontal road, a wvirtual reference pave-
ment made of a combination of DAC 0/11 and SMA
0/11. These two pavement formulations hardly exist
in France if at all although the first one is close to the
French BBSG 0/10. In our study we can assume that
the correction of interest corresponds to the deviation
from the reference pavement AL, ..+ gy, so that:

v
AL?‘,EU,i = ALr,pav*,EU,i =ao; + Bloglo r (5)

ref

where «; is the spectral correction in dB at v
for octave i. 8 is meant to adjust for the influence of
speed on the variation of rolling noise and it does not
depend on frequency.

To summarize we have:

L, pui =[ArEui + il (6)
+ (Br.gu,i + B)logy, (7)

Uref

Propulsion noise is a linear function of vehicle
speed:

U — Uref

Ly evi =Am.EUi + Bm EU (8)

ref

+ ALm7EU7¢ (9)

where A, gu,; and By, gy, for octave i are tabu-
lated for each vehicle category and ALy, gy ; accounts
for the deviations from the reference conditions relat-
ing to road gradient, acceleration and pavement type.
The latter correction is named ALy, peot, gu,i and ac-
counts for the influence of the absorption factor of the
pavement on propulsion noise. The other factors can
be ignored in our case.

ALm,EU,i = ALpavt,EU,i = min (Oli; 0) (10)

So that the expression of propulsion noise can be
summarized by:

U — Uref

Ly evi =Am,EUi + B, EUL ) (11)
re

+ min (a;;0) (12)

A complete software implementation of this emis-
sion model in Scilab was developed in the framework
of this study. Its validity was checked against the offi-
cial EU reference software [7, 5]. It was used in relation
to the optimization tasks described in Sections 4 and
5.
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3. French road emission model

The FR model is specified in [1] and its rationale
outlined in [8]. The model expressed in third octave
bands from 100 to 5000 Hz. In our study the third oc-
tave bands were combined into octaves i € {2,...,7}.
The FR model accounts for two vehicle classes: light
vehicles (LV) and heavy vehicles (HGV). LV corre-
sponds to category 1 in the EU model and HGV to EU
category 3. The FR model distinguishes 6 pavement
classes made of the product of 3 noise level classes R1,
R2 and R3 and 2 spectral distributions (Non drainage
and Drainage). R3 is the noisiest category.

The FR model is A-weighted and assumes that the
emission spectrum does not depend on vehicule speed
nor on vehicle category (Figure 1). The emission spec-
trum is indeed a traffic noise spectrum where 15%
HGYV is assumed.
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Figure 1. Fixed frequency distribution R; for Drainage and
Non drainage pavements.

The maximum A-weighted pass-by sound level at
frequency 7 is the energy sum of two components with
the same notations as for the EU model for vehicle
speed, rolling and engine noise components:

L amax,FR,i(V) = Ly pr(V) ® Ly, pr(v) + R;(13)

where R; is spectral distribution. Although vehicle
speed is the main parameter, the FR model that also
depends on age, flow type (constant speed, deceler-
ated or accelerated) and on the road gradient.

The rolling noise component is expressed as follows.

v
L, pr(v) = A rr + B rrlogy, . (14)

ref
where A, pr and B, pr are tabulated for LV, HGV
and R1, R2 and R3 [1]. vrer = 90 km/h for LV and
Uret = 80 km/h for HGV.

The formulation for engine noise is similar

L, rr(v) = A rr + Bm rrlogy (15)

Uref
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where A,, pr and B,, rr are the corresponding
set of tabulated values for LV and HGV][1]. For v <
20 km/h the model assumes L,, pr(v) = Ly, rr(20).

The sound power level of a vehicle Ly, rg is related
to its maximum pass-by sound level by

Lw,rr = Lamaz,FR + 25.6 (16)

To summarize:

Lwrr,i(v) = Ly pr(v) & Ly rr(v) (17)
+R;+256 (18)

In Sections 4 and 5 the implied numerical calcula-
tions were performed with the Scilab software used to
generate the graphic appendix in [1].

4. Matching FR and EU models on
rolling noise only

4.1. Modelling

In order to account for the characteristics of a par-
ticular pavement formulation in the CNOSSOS-EU
emission model, we need to obtain suitable values for
the 9 coefficients «; i € {1,...,8}, and § for each
vehicle category. To do so a possible approach is to
identify the FR and the EU model. We can at least
try to solve

Lwrri— Lwev:=0 (19)

for i € (2...7) and EU vehicle categories 1 and 3.
For i = 1 a linear extrapolation from the lower end
of the spectrum is acceptable. For ¢ = 8 we can do
the same with the higher end of the spectrum. About
vehicles, there is no close match for category 2 in the
FR model. For category 4 the pavement correction is
not relevant.

We assumed here a horizontal road, constant vehicle
speed and a 10-year old pavement. This assumption
is typical in the context of strategic noise mapping.

Ly rr® Ly, rr + R +25.6 (20)
=L, gui® Loy.gui + Aw,i (21)
where A,,; is A-weighting for octave 3.
At higher speeds, a common approximation is that

rolling noise dominates. Therefore one can simplify
Eq. 20 and write:

Lr,FR + Rl + 25.6 =~ LT‘7EU7i + Aw,i (22)

or more explicitly

AR+ Brrrlogig (55) + Ri +25.6  (23)

= [Ar pu,i + il + (Br,gu,i + B8) logy (%) (24)
+Aw,i (25)
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This leads to the following system of equations:

o = Arrr+ Brrrlog (23)
+R; +25.6 — Ay, — Arpua (26)
8= B,rr—Brrus

Unfortunately it is not possible to solve for  in Eq.
26 since B, gy, is frequency-dependent. But we can
try to minimize the cost function

flz) = / " B, v)do 27)

VUmin

where

E(.’I,‘,U) = AT,FR+BT7FR10g10% +Rz +256 (28)
— [[Ar BU,i + i) (29)
+ (Br,ev,i + ) logy % + Aw,i:|

and [Umin, Vmax| 1S a category-specific speed range.
For instance we used [50,130] km/h for LV.

4.2. Results

This section summarizes the results from the mini-
mization defined in the previous section. The reader
shall refer to [5] for more details.

For EU category 1, the matching of sound power
levels in dB(A) is systematically better for non
drainage pavements than for drainage ones. This
is preferrable to observing the opposite, because
drainage pavements are much less frequent than non
drainage ones. Whatever the pavement category the
maximum deviation is 1.7 dB(A) whatever the speed
considered and lower or equal to 0.5 dB(A) for speeds
above 50 km/h. The matching is best for pavement
R2 (Figure 2). The largest discrepancies are observed
for R1 Drainage class (Figure 3). The overall adjust-
ment seems satisfying. However the values obtained
for a; at the octaves from 63 Hz to 500 Hz are quite
large. B is always negative with absolute values lower
than 2.5.

Like for EU category 1 the adjustment for cate-
gory 3 is systematically better for non drainage pave-
ments. For EU category 3 vehicles, the discrepancy
between EU and FR models can reach 1.8 dB(A) on
the total sound power level whatever the speed. It re-
mains below 1.3 dB(A) for speeds above 50 km /h. The
best match is shown in Figure 4 and the worst one in
Figure 5. As shown in these figures, the discrepancy
originates from the propulsion/engine components be-
tween the two models that are significantly different.
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Figure 2. Best fit of the EU model against the FR model
based on L, for LV and R2 Non drainage pavement.
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Figure 3. Best fit of the EU model against the FR model
based on L, for LV and R1 Non drainage pavement.

5. Matching FR and EU models on
total sound power

5.1. Modelling

The matching on rolling noise only that was just pre-
sented is not totally satisfactory for EU vehicle cat-
egory 3 where the propulsion component of the EU
model is stronger than in the FR model. This sug-
gests that rolling noise only dominates at very high
speeds in the EU model for this category and that
the matching should be performed on the total sound
power instead. This time we tried to solve Eq. 19 with-
out assuming any dominance of rolling noise.

This equation has no analytical solution but can be
considered as a minimization problem. For a vehicle
category and a pavement category, we can rely on
the coefficients obtained in section 4 and use them
as initial guesses ap; et fy. Let us introduce the 9-
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Figure 4. Best fit of the EU model against the FR model
based on L, for HGV and R2 Non drainage pavement.
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Figure 5. Best fit of the EU model against the FR model
based on L, for HGV and R1 Drainage pavement.

dimension vector X = [d«;, 5] and rewrite Eq. 5 and
10 as follows:

AL, gy =00, + 0c; (31)
+ (Bo + 98) logy, (32)
Uref
and
ALm)Ein = min(ozw + (50[2'; 0) (33)
Solving Eq. 19 means finding X,,; such that:
Xopt = argmin HLW,FR - LW,EU(X)H (34)

A preliminary parametric study on «; and (3 in-
dicates that the optimization problem is convex and
that a gradient descent method can be used. Since cal-
culating the gradient of the cost function is tedious,
the gradient of the function to be minimized was ap-
proximated by finite differences.

Euronoise 2018 - Conference Proceedings

5.2. Results

The optimization on total sound power brings a signif-
icant improvement for category 3. The maximum de-
viation is 1.1 dB(A). If only speeds above 50 km /h are
considered then the maximum deviation is 0.4 dB(A).
Figures 6 to 8 illustrate the results obtained for cate-
gory 3.
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Figure 6. Best fit of the EU model against the FR model
based on Ly for HGV and R1 Drainage pavement.

Lw (dB(A))

90
20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
speed (km/h)

Figure 7. Best fit of the EU model against the FR model
based on Lw for HGV and R2 Non drainage pavement.

6. Conclusion

In the perspective of the implementation of
2015/996/EC directive we tested two approaches to
account for the specificities of pavements in the
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Figure 8. Best fit of the EU model against the FR model
based on Ly for HGV and R3 Non drainage pavement.

French context. They both harness the available offi-
cial French emission model the use of which is manda-
tory for noise impact studies of road infrastructures.
The first approach is based on the adjustment of «;
and B coefficients on the rolling noise component in
the spirit of the definition of these coefficients in the
EU directive. A very good match was found for EU
vehicle category 1, an acceptable one for category 3.
A much better agreement was obtained when adjust-
ing the coefficients with respect to the total sound
power level. The results from this second approach
are currently retained in the candidate transposition
of 2015/996 /EC directive into the French law.

We have shown that for EU vehicle categories 1 and
3 a good agreement between the EU model and the
FR model can be achieved for the 6 different pave-
ments families considered by the FR model under the
assumptions of constant speed, horizontal road and 10
year-old pavement. Nevertheless, it remains that the
two models are significantly different in the way they
account for pavement ageing, road gradients and un-
steady flow types. Therefore large deviations on Ly
between the two models may occur in some configu-
rations.

Although both models are based on separate rolling
noise and propulsion/engine noise components, the
balance between the two components is somewhat dif-
ferent from one model to the other. For category 3
the engine noise component is much larger in the EU
model than in the FR one.

Morevover the two models differ in their categoriza-
tion of vehicles. Since EU vehicle category 2 has no
equivalent in the FR model, a different approach than
for EU categories 1 and 3 is required. A first approxi-
mation can be to use the coefficients obtained here for
category 3. This is the choice of the current candidate
French transposition. But more accurate coefficients
can be obtained from direct pass-by measurements.

The estimation of coefficients for EU category 2 in
the French context is discussed in another paper pre-
sented at Euronoise 2018 [6].
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