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THE HARMONOISE PROJECT

< Application of the European Noise Directive

< Provide “... the future harmonized prediction methods” (by 2012)
<= Noise mapping of major cities and transport infrastructures

< Using harmonized indicators: L, / L, (Iong time averaged)

< 20 partners from 9 European countries

® TNO, DGMR,... = SRM-II
e CSTB, LCPC, SNCF = NMPB
e DELTA, SP, SINTEF,... = Nord 2000

< Budget : 5,2 M€ (50% funding under 5th Framework)
< 3+ % years (01/08/2001 — 31/01/2005)
< Follow-up: IMAGINE project
¢ Use of GIS data
* Measurement methods & determination of Lye, / Lyjgnt

¢ Traffic management
e Aircaft & industrial noise
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Overview project structure

WP 1 Source Description

Vehicle
categories

Source power - -
WP 2 Reference Method level WP 3 Integrated Engineering Method
( (Sub)-sources M
Incoherent / \ Source
source line (Sub)-source module
l positions l
Point source Propagation paths
configuration configuration
A 4
Meteo Basic ; ;
e . Point to point Meteo
statistics propagation |« > ropagation e
method(s) propag statistics
v WP 4 Data Collection A /
Short-term and Validation Short-term
levels ‘\ ( levels
Short-term
levels
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Calculation of noise levels:

Lp ZJLW + A/Lgeo + AlL path + AI—air + All—excess
Source / Reﬂexipns apd B
models lateral diffractions O oo
4 v <= ground
Source segmentation Air < diffraction
Propagation paths absorption | | < meteo
HARMONOISE IMAGINE
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Source / vehicle models

——prereree 7= 1 = traction, aerodynamic

z=3m =+ traction

<= Point sources
at different heights

=2 m = traction

[ rolling (wheel contribution),
| p— 7=0 5 me= cerodynamic, tTraction
i y z=0m == rolling (track confribution)

< Separation of noise
generation mechanisms

<= Analytical expressions et evass | '
. wheel .Jan on —
for L, as a function of e

operation conditions

Rail roughness Track transfer

Lr.. rail 1 function
," Contact LH" r
v —’J

"3 filter Cy

< Database: coefficients

and corrections : default, reughness o sound
generic, national data

Wavelength domain Fregquency domain
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Coupling source and propagation

< Individual vehicles
< Model the contribution of a large number
of moving vehicles as a single “incoherent”

source lines

N

_ 1~W,
L', + =10log (;ZV—J

=1 i

< Segmentation / integration over
homogeneous sectors

< Equivalent point sources and
propagation paths
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Source segmentation & integration : Al .,

< Definition:

AL, = D(6, (p)
47[ d?

- Exact, integration over line segment:

AL, = =-10log—2—= 0, 0,

A R

< Point source decomposition:

AX
. AL, ~—-10log i d?
ALy, applies to:
= point sources & Constant angular sector tracing
= |ine sources AB
= surface sources ALy, ~-10log 47d.cosO
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AL, - COrrections for finite size
of reflecting& diffracting obstacles

Optical fields Exact Approximation
based on GTD using Fresnel weights
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The Point-To-Point module

2

:1OIogL

Calculation of excess attenuation: AL,
pfree

XCesS

= over any kind of terrain profile, including multiple diffractions & reflections
by natural and man-made obstacles

= under different representative meteorological conditions

= using physical models, based on “recent” progress in outdoor propagation
= more accurate than existing (national, ISO 9613-2 based) models

= limited computation time = “just good enough”

= continuous results, no excessive sensitivity to accuracy of input data

= compatible or comparable with basic principles of existing models

= ready to be integrated in existing noise mapping software

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 9



ARMONOISE,

It ‘
p s ) = Ny pts ot »
Z /' l’»‘/., Cn Conr e L,’- 7 //K 3 e q/j 2D

INPUT TO THE P2P MODEL P, 2 P
W i
5 P P

= Cross-section profile
= P, (X.y;), 1=0,1,...N where x,, > X,
— each segment (P,, P,,,) = impedance value / class
= source and receiver height
= hg + 4hg and hg + 4hg
= any number of diffractions (thin screens, wedges, thick barriers,...)

= no distinction between ground (terrain), road surfaces, embankments,
barriers, buildings, roofs,...
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INPUT TO THE P2P MODEL (continued)

= Impedance values

- User defined
- Delany-Bazley (flow resistivity and layer thickness)
- Impedance classes (Nord 2000) + predefined impedance values

= Frequency range
- Default: 1/3 octave bands, 25 — 10000Hz
- User defined

= Atmospheric conditions

- Sound speed (default = 340 m/s)

- Temperature and humidity (ISO 9613-1)
- Sound speed gradient

- Turbulence strength
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Point-To-Point MODEL DEVELOPMENT

e Step-by-step, increasing complexity:
= Ground effect
= Diffraction
= Ground + diffraction
= Combined model : ground + multiple diffraction

= Meteorological effects
= Long time averaging

e Approach:

= Analytical model (base solution, simple situation)
= Heuristics (extension & adaptation to more realistic situations)
= Validation against numerical “reference” calculations

= Validation against experimental results

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 12
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The P2P model : GROUND REFLECTION

p free (S | ! R)
pfree(S' R)

« Chien-Soroka AlL; =20log |1+ Q(k,Z,0)

 Mixed ground & Fresnel weighting

AI—G,ﬂat — ZWi 'ALG,i

pfree (Si" R)

» Deep valley solution AL aney = 20109 l+ZWi- N Prree (S, R)
i free !

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 13



The P2P model : WEGDE DIFFRACTION

< Hadden & Pierce + heuristics

p= Py (S,D,R)
+Qs-Pyis (S, D, R)
+Qz-Pyi (S,D,R)
+Q5.Qr- Pyt (S', D, RY)

< Approximation (from NMPB):

Pgi (S', D, R)) [ Pgis (S, D, R')j
| 14+Qg
Psis (S, D,R) Py (S,D,R)

P~ Pyt (S, D, R)-[l"‘Qs

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 14
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The P2P model : simplified diffraction formula

ALVveolge ~ AL + ALG,S + ALG’R

Psis (S: D, R)

AL, =20log
pfree(81 R)

-(S',D,R
Alg s =20log | 1+Qq Pai )
Pt (S,D/R)

+(S,D,R'
Al r =201l0g| 1+Q; Pai ( )
P (S: D, R)

Dirk Van Maercke

Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 15



=CSTB [ LIFE " )

= N oAy f JEd) - T y, ol % =t d
/,, ,éu lan Can Con e s o $ “Jm \_“ bl _

DIFFRACTION : INSERTION LOSS

special case : 6>> «

Deygout’s approximation
+(6,dg, dg
AL, (N)=20log P (6, ds. Ge)
free(a dS’ d )
N2
A
AL, (N) =0 if N<-0.25
=—6+12J-N if —0.25<N <0 2 g
— 6-12JN if 0<N <0.25 0 =(ds+dp). (G4 +-)
=-8-8J/N if 0.25<N <1 [d. d,
~_16-10 log(N) if N >1 5= ds+dR(6' 7)

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 16
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DIFFRACTION + GROUND | AL, croung = Alp +ALg g +ALg ¢
2 S

S R R R
S
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MULTIPLE DIFFRACTION d, D,
Dy d;
éi F———x
-
> two screens, no ground -

most diffracting edge I

secondary diffracting edge
ALy 1o = Al (S, Dy, R) + ALy, (D, Dy, R)

» extension to multiple screens : recursively !

AI—dif (P01 Pl""PN) :ALD(PO’ Pk’ PN)
+ALy (Py, Py P) + Al (P, Peyar-Py)

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 18
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MULTIPLE DIFFRACTION + GROUND

AL = ALy (D)
D + AI—dif (D')
D' + AI—ground (81 DI)

S R + AI—ground (D', D)
+ AI—ground (D’ R)

ALy (D)

’ o N

ALy (DY) AI—ground (D,R)
a ~

AL joing (S, D) AL ong (D', D)

binary tree structure !

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 19



MULTIPLE DIFFRACTION & WIDE BARRIERS

AL =AL. (S,D)
+ALy (S, D, R)
+ALG (Dl’ DZ)
+ALyie (D), Dy, R)
+ALs (D, R)

as D, —D, : AL, (D, D,)=+6dB and AL, (D, D,,R)=-6dB

incase Z#oand @~x/2: AL';=6+0.3 (AL; —6)

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 20
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The P2P model : MULTIPLE DIFFRACTION + GROUND

AL(P,,...,P,)

no diffraction diffraction
AL (Py... Py) AL, (P.....P.)

¥ = AL, (P,,P,,P,)
AL (Pyr By) +AL(P,,...,P,)

AL ey (Po ey Py) +AL(P,,..., Py)

recursive call

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 21
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COMBINED MODEL : COMPUTANIONAL EFFORT ?

P B P
Wv
P
L P P

AL, = iALD’i +iALG, j
i=1 i=j

< the computation time varies as linearly as O(M+N)

Dirk Van Maercke
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METEOROLOGICAL REFRACTION

< Linear sound speed gradient = analytical construction of rays

< Curved rays... curved ground analogy ? Conformal mapping !

W=X+]Vy

l
|
1
|
|
]
.
e
AN

_ Y
c(z) =c, (1+ Rj

Poincarré metric ! ...almost constant if d <<R

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 23



The Point-To-Point model

= DIFFRACTION + GROUND + METEOROLOGICAL REFRACTION

A

After conformal
transformation...

S
use “straight ray” model w
over modified terrain model !

Dirk Van Maercke
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Fine-tuning the model & secondary effects...

< Loss of coherency

2 2
A Af (Ac
@ f C hS hR

< Turbulence and scattering (simplified, one parameter)

-25—%10|0g7&-+3log——i—u+10| g3

A Lscat
000 100

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006
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SOFTWARE IMPLEMENTATION & VALIDATION
ground diffraction meteorology

TL 1T 10

Propagation model : PointToPoint.DLL

test demo commercial
software software software
reference WP4 end users
calculations database validation

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006
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VALIDATION AGAINST BEM CALCULATIONS (no meteo)
hg=0.30m; hy=5.00m;d=100.0 m
thin barrier / wedge , h=2.00m,d=10.0m

A=10.000B = 0.000 EQ.LIN = 0.000 A=0.000B = 0.000 EQ.LIN = 0.000
15 15

LN thin barrier

s 50 100 200 400 800 160k 315k 630k 1250k 3555 50 100 200 400 800 160k 3.15k 630k 1250k

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 27
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NUMERICAL VALIDATION (BEM)
hg=0.30m; dg=10.0m D=6202m
hg =5.00 m ; dg = 50.0 m
hg =3.00m; dg =2.00m
oz = 50 or 2000 kNsm-4

10 hard 10 soft

-20
25
-30

¥ 25 50 100 200 400 600 160k 315k 630k 1250k ¥ 25 50 100 200 400 800 1.60k 315 630k 1250k

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 28
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NUMERICAL VALIDATION (BEM)

» embankments, earth walls, round hill tops, ....
» receivergrids:d=50/100/250/500m ,h=1.25/25/5.0/10m

A=0.0008 =0.000 EQ.LIN = 0.000

D = 64.00m

»-cylindrical hill top

3
-15

25 50 100 200 400 800 1.60k 3.15k 6.30k 1250k

““embankment
-35

25

50 100 200 400 800 1.60k 315k 6,30k  12.50k

Dirk Van Maercke
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NUMERICAL VALIDATION (BEM)

without screen (880 cases) with screen (180 cases)
450 100
400 - ) 90 - I
350 80 1
300 e
60
250
@ without screen 50 @ with screen
200 .
: 40 -
150 I 30 1
100 - 20 -
50 - ” H 10 -
0 T T T T \n\ T T \[I\B\n\ T T O T I I I T I I I I I \D\D\E\ I I I I I
5-4-3-2-101234°5 5 4-32-101234F¢5
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VALIDATION AGAINST GFPE CALCULATIONS (with meteo)

hg =0.30 m; d=500.0m

he=2.50/10.0m; D= 50000
o = 200 KNsm™
A;,=0.04 s (R~ 18D)
weak linear gradient
7

95 -2h
-30 — -30 =
hy,=25m hy =10 m
o 25 50 100 200 400 800 1.60k 315 630k 12,50k o 25 50 100 200 400 800 1.60k 315 630k 1250k

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 31
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A=0.040 B = 0.000 EQ.LIN = 0.038

NUMERICAL VALIDATION (GFPE) @
hg =0.30 m

d =500.0 m
¢ = 2000 kNsm™
Alin: 004 S-l (R -~ 18 D) :20

Low source /low receiver ? .

32 63 125 250 500 1k 2k 4k 8k

A= 0.040 B = 0.000 EQ.LIN = 0.038 A=0.040B = 0.000 EQ.LIN = 0.038

15 15
25 25
h- =25m h.'=11.25
R . 30 R .
R 63 125 250 500 1k 2k Ak 8k -35
32 63 125 250 500 1k 2k (3 8k

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 32
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NUMERICAL VALIDATION (GFPE)

A=0.120 B = 0.000 EQ.LIN = 0.116

hg =0.30 m

hg = 2.50m

o = 200 kNsm
A;,=0.12 s1 (R~ 6 D)

Stronger gradients ? ”

32 63 125

d=100 m

250 500 1k 2k 4k 8k

A=0120B=0.000 EQ.LIN=0.110

A=0.120 B = 0.000 EQ.LIN = 0.101

32 63 125 250

-20
- -25
d T 250 m -30

500 1k 2k Ak [3 353 63 125

d =500 m

Ak 8k

250 500 1k

Dirk Van Maercke
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NUMERICAL VALIDATION (GFPE)
D =25/50/100/250/500 m, , c =200, 2000 kNsm-

Hs =0.30/1.0,2.0,50m /Hr=1.25/250/5.0/10m

A=004 A=012

120
100
80
60
40

20

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 34
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METEOROLOGICAL EFFECTS ON SOUND PROPAGATION
1) the complexity of reality U(x,y,z,1)
T(x,Y,z,1)

2) frozen atmosphere

U(x,y,z,t)=U(X,Y,2)+AU(X, Y, z,1)
+ turbulence

T(X,Y,2,t)=T(X,Y,2)+AT(X,Y,2,t)

U(X,V,z,t)~U(z)
T(X,Y,2,t)~T(2)

3) stratified medium

4) simplified wave equation C.. (2) =c(T(2))+U(z).cos(8, -8.)

+ effective sound speed
Z
Cu (2)=C,+ A+ B. In()
Z0

5) lin-log sound speed profiles

35
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CHARACTERIZATION OF METEOROLOGICAL PROFILES

; U(x,Yy,z,t) ~U(2)

1) the simplified reality -
 T(X,y,2,t)=T(2)

2) similarity theor [ _ *
) similarity theory U(z)zu—(mimll(in
= standard profile functions K\ z L
+ few parameters T(2)=T, L |ni+\11(ij
P \ ¢, ki z AL
3) estimation of parameters Wind speed (at z = z,.)
re
based on “surface” observations Wind direction

Cloud cover (in octants)

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006
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PROCESSING METEOROLOGICAL INPUT DATA

meteorological (surface) Wind speed (3 to 5 classes)

observations Wind direction (ln 10, 22.5 or 45° StepS)

* Stability class (3 day + 2 night classes)

wind and temperature profiles
Tables of U*, T* and 1/L

lin/log sound speed profile A=A +A, cos(6, -6,)

‘ B=B,+B,cos(d,-6,)
equivalent linear gradient 1 = 1 + 1
R R, R;

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 37
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THE MONIN-OBUKHOV LENGTH SCALE

e1/L=0 Neutral (heavy clouds) - - -
e1/L<O0 Stable (night) 1

ERCTEMER S5 R TR #1551 T T e

e

e1/L>0 Unstable (sunny day)

A v L__L A~
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COMBINED EFFECTS OF WIND AND TEMPERATURE GRADIENTS

Ratio D/R Wind direction (2 m/s), D = 250 m

Stability class -90° -45° 0° 45° 90°

S1 : day, no clouds -0.12 -0.11 -0.10 -0.10 -0.06

S2 : days, clouds 50% -0.10 -0.09 -0.07 -0.04 -0.02

S3: day, clouds 100% -0.08 -0.06 -0.01 0.03 0.08 < RMV-II
S4 : night, cloudy -0.05 0.00 0.03 0.07 0.12 < NMPB
S5 : night, clear sky 0.01 0.03 0.06 0.11 0.16

Very favourable k day night

Favourable .

Neutral

Unfavourable -

Very unfavourable AT < 0 AT =0

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 39
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VALIDATION AGAINT EXPERIMENTAL RESULTS

Measurements: 2 to 10 weeks, records of sound levels and
meteorological parameters (W, 4,,, 1/L) in 30’

Reference models : lin/log sound speed profiles for each point
source and for each time period

Engineering model : 8 wind directions, 3 wind speeds, 5 stability

51—*'_7‘ AONOISE,

steps

classes = 120 cases + frequency of occurrence

Comparison of measurement and modelling results for Comparison of measurement and modelling results for
Ladenburg Il (Road traffic noise) Unna [Road traffic noise + barrier)

&5

80
- 15 _
%;2‘ B Ref model Value z B R modsl Valus
= &0 i B ez surement Valus 2 B Mez surement Viahos
E
& 55 - H Eng. Modsl Valus E B Eng. Modsl Valus
| 5|:| i |

45 4

40 .

ar 164 38 558 1115 25 150 300 550 1200
Distance {m) Distamce (m)

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006
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CONCLUSIONS :

Multi-purpose, generic, propagation model based on “physical” principles

Extended range of application (complex geometries, multiple screening,...)
Accounts for “realistic” meteorological conditions
Well adapted to be integrated in commercial noise mapping software

Fast (enough ?) for all-day use in noise mapping

YV V. V VYV V V

On average, accuracy = 0.5 ... 1.5 dB(A) compared to BEM & PE
NEXT STEPS :

» Integration in commercial noise mapping software
» More comparison with “real life” experimental data
» Feedback from end-users
>

Fine-tuning & extensions

Dirk Van Maercke Meeting Norwegian Acoustical Society, Kristiansand, 08.09.2006 41
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BUT :
A MODEL IS JUST A MODEL...
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