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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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additional to the simple method for the attenuation of foliage without any parameter dependencies of the
old version ISO 9613-2:1996, A.2.2, a new and more detailed method including the influence of forestal
parameters (see A.2.3);

the directivity correction D, for chimney stacks (see Annex B);
proposal for a meteorological correction derived from the local wind-climatology (see Annex C);

calculation of sound pressure levels caused by wind turbines (see Annex D).

Alist of all parts in the ISO 9613 series can be found on the ISO website.

Any feedback or questlons on thlS document should be directed to the user’s national standards body. A

complete list

o.org/members html
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Introduction

The ISO 1996 seriesl1(21[3] of standards specifies methods for the description of noise outdoors in community
environments. Other standards specify methods for determining the sound power levels emitted by
various noise sources, such as machinery and specified equipment (ISO 3740 seriesl4]), or industrial plants
(ISO 829713]). This document is intended to bridge the gap between these two types of standards, to enable
noise levels in the community to be predicted from sources of known sound emission. The method described
in this document is general in the sense that it may be applied to a wide variety of noise sources and covers
most of the major mechanisms of attenuation. There are, however, constraints on its use, which arise
principally from the description of environmental noise in the ISO 1996 series.

This version includes the modifications developed for reasons of quality assurance if the method is
implemented in software as described in ISO 17534-1[6] and I1SO/TR 17534-3IZ] and some improyements to
make the gpplied strategy fit for broad software-based application.

© IS0 2024 - All rights reserved
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cted from this document (see e.g. References [11] and {12]).

d also predicts a long-term average A-weighted setind pressure level as specified in |
D96-2. The long-term average A-weighted sound pressure level encompasses levels
meteorological conditions.

has been provided to derive a meteorological correction based on the angular wind d
br the reference or long-term time interval as specified in ISO 1996-1:2016, 3.2.1
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Additional information concerning propagation through foliage, industrial sites and housing is given in
Annex A. The directivity of chimney-stacks to support the sound predictions for industrial sites has been
included with Annex B. An example how the far-distance meteorological correction C; can be determined
from the local wind-climatology is given in Annex C. Experiences of the last decades how to predict the
sound pressure levels caused by wind turbines is summarized in Annex D.

The method is applicable in practice to a great variety of noise sources and environments. It is applicable,
directly, or indirectly, to most situations concerning road or rail traffic, industrial noise sources, construction

© IS0 2024 - All rights reserved

1


https://standardsiso.com/api/?name=7a2b40306ef7fecebba30cb8e214d924

ISO 9613-2:2024(en)

activities, and many other ground-based noise sources. It does not apply to sound from aircraft in flight, or
to blast waves from mining, military, or similar operations.

To apply the method of this document, several parameters need to be known with respect to the geometry of
the source and of the environment, the ground surface characteristics, and the source strength in terms of
octave band sound power levels for directions relevant to the propagation.

If only A-weighted sound power levels of the sources are known, the attenuation terms for 500 Hz may be
used to estimate the resulting attenuation.

The accuracy of the method and the limitations to its use in practice are described in Clause 9.

2 Nor i

\:]ing documents are referred to in the text in such a way that some or all of their content ¢
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nts of this document. For dated references, only the edition cited applies. For undated 1}
bdition of the referenced document (including any amendments) applies.

11993, Acoustics — Attenuation of sound during propagation outdoors =\Part 1: Calculg
of sound by the atmosphere

s, definitions, symbols and units

ms and definitions

'poses of this document, the following terms and definitions apply.

ectropedia: available at https://www.eleétropedia.org/

d equivalent continuous sound-pressure level

ssure level defined by Formula (1):

T
1
101g (;)Ipﬁ(t)dt /pg { dB
0

is the instantaneous A-weighted sound pressure, expressed in pascals;

isthe reference sound pressure (= 20 x 10-6 Pa);

C maintain terminology databases for use in standardization at the following addresses:

T

is a specified time interval, expressed in seconds

Note 1 to entry: The A-frequency weighting is that specified for sound level meters in IEC 61672-1[191,

onstitutes
eferences,

tion of the

e8]

Note 2 to entry: The time interval T should be long enough to average the effects of varying meteorological parameters.
Two different situations are considered in this document, namely short-term downwind and long-term overall

averages.
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equivalent continuous downwind octave band sound pressure level

Ly (DW)

sound pressure level is given as follows:

T
Ly (DW)=101g (%]Jpjzc(t)dt /pt tdB
0

(2)

where pf(t) is the instantaneous octave band sound pressure downwind, in pascals, and the subscript f
represents a nominal mid-band frequency of an octave band filter

Note 1 to entry: The electrical characteristics of the octave band filters should comply at least with the class 2

81

requiremer

3.1.3
insertion
difference

conditions:

a) witht
b) witht

and no oth

™ Vol & nFallVal o Walla Wit |
WUINILUGUOI1IZ0U1IH=,

loss (of a barrier)
between the sound pressure levels in decibels at a receiver in a specified pesition

he barrier removed; and
he barrier present (inserted);

er significant changes that affect the propagation of sound

Note 1 to efptry: The insertion loss is expressed in decibels.

3.2 Sym
Table 1 pr

bols and units

pvides a summary of symbols and units.

Table 1 — Symbols and units

under two

Symbol Definition Unit

a component distance parallel to the barrier edge between source and receiver m

A octave band attenuation dB
Ayem attenuation due to atmospheric absorption dB
Apar attenuation due to a barrier, including possible correction dB
Agiv attenuation due tg'geometrical divergence dB
Acury attenuation due-tp'reflection at a cylindrical surface dB
Agy attenuationdue to the ground effect dB
A, middleregion —
Aisc attenuation due to miscellaneous other effects dB
Chnet meteorological correction dB
CO factor which dpppndq onlocal mpfpnrnlngiml statistics for wind qpppd and direction, and dB

temperature gradients

d, distance from point source to receiver projected onto the ground plane (see Figure 3) m
ds o distance between source and point of reflection on the reflecting obstacle (see Figure 13) m
dor distance between point of reflection on the reflecting obstacle and receiver (see Figure 13) m
D, directivity correction dB
D, barrier attenuation dB
D4 apparent large-distance directivity dB
e distance between the first and last diffraction edge m

G ground factor —

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Definition Unit

hg height of point source above ground m

hg height of receiver above ground m

hp, mean height of the propagation path above the ground m

k raster factor —

Koeo correction factor for geometry —

L, sound pressure level dB
Lor(DW) |equivalent continuous A-weighted downwind sound pressure level dB
L,r(LT) _llong-term average A-weighted sound pressure level dB
Ler(DW)| | equivalent continuous downwind octave band sound pressure level dB

at areceiver location
Ly sound power level dB
Qatm atmospheric attenuation coefficient dB/km

a absorption coefficient —

B angle of incidence rad

By angle of incidence projected to the horizontal plane rad

Bh angle of incidence projected to a vertical plane rectangular to the reflecting surface rad

A wavelength of sound m

4 Sourge description

Formulae fo be used are for the attenuation of sound from+point sources.

Extended jhoise sources, therefore, such as road and@ail traffic or an industrial site (which mjay include
several ingtallations or plants, together with traffic®moving on the site) shall be broken down [into small
sections that can be replaced by a central point'source as starting point for the calculatiorn} of sound
propagati¢n, see Figure 1. This subdivision shall be chosen in such a way that the propagation conditions
from each| point of a section to the receiver'can be considered representative. If no acoustically opaque
objects blgck the direct path between_any point of a section and the receiver, the propagation conditions
shall be cléf'\sidered representative if ne.extent of the section is larger than the distance of its centije from the

receiver

Key

R receivg

ultiplied by the raster factor k. A well proven value for the factor k is 0,5.

e e WA W B Wl A 7l P

—

Figure 1 — Principle of subdivision for a line source

If buildings, barriers or other screening objects are located between the extended source and the receiver,
the subdivision of the source is made in such a way that all points of a section are either screened or not
screened. The subsections can be separated by lines connecting the receiver with the edges of all facades or
with the two edges of each object forming the largest possible angle between them in 2D top view.

© IS0 2024 - All rights reserved
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2
1
R
a) Line source
2 4
i /
3
b) Area source
2
1
R /
3
c) Area source.(dark grey), partitioned in 5 sub-parts (light grey)
Key
1  projection lines
2 barriefs
3 areasqurce
Figure 2 — Projection method for line source and area source

The principle is shown with Figure 2 a) for a line source and Figures 2 b) and 2 c) for an area source. A
further subdivision is made if a sloping edge of a screening object is only partially blocking the direct view.
This subdivision caused by screening objects is called "projection method".

For line sources that are geometrically defined by successive polygon points the subdivision is performed in
three steps:

a) each polygon pointis the edge point of one or two polygon elements;

b) if the direct propagation path is blocked by a screening object, a further subdivision is carried out by
applying the projection method;

© IS0 2024 - All rights reserved
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¢) finally, these resulting parts are further subdivided according to the distance criterion applying the
raster factor k.

Area sources are subdivided applying a similar strategy:.

The area source is separated in convex shaped parts. These parts are subdivided further depending on the
receiver position and all screening objects (walls, buildings, and other objects). This is carried out by cutting
the subsections obtained in the first step by straight lines between receiver and edge-points of all screening
objects (producing smaller subsections of second order). Then it is checked if the individual sources of
each subsection meet the distance criterion. If not, they are subdivided further till the distance criterion is
fulfilled.

Similar as with extended sources, a group of point sources may be described by an equivalent point sound
source sityiated in the middle of the group, In particular if

a) the sources have approximately the same strength and height above the local ground, ahd
b) the same propagation conditions exist from the sources to the receiver, and

¢) no exfent of the group of point sources is larger than the distance of its_€entre from the receiver
multiplied by the raster factor k. A well proven value for the factor k is 0,5.

If the disthnce d is smaller (as expressed in c)) or if the propagation conditions for the component point
sources arg different (e.g. due to screening), the total sound source shall he'divided into its compdnent point
sources.

NOTE n addition to the real sources described above, image sources'will be introduced to describe the reflection
of sound ffom walls and ceilings (but not by the ground) as described in 7.5. Images of extended gources are
constructedl taking into account the extension of all relevant reflectors between original source and receivier.

5 Meteprological conditions

Downwind propagation conditions for the method specified in this document are namely:

— wind dlirection within an angle of +45°-gf the direction connecting the centre of the domirfant sound
sourc¢ and the centre of the specified receiver region, with the wind blowing from source to receiver,
and

— wind ppeed between approximately 1 m/s and 5 m/s, measured at a height of 3 m to 11 m|above the
groung.

When applying this standard te wind turbines, higher wind speeds may be considered (see Annex D).

The formulae for calculating the equivalent continuous A-weighted downwind sound pressure levgl L, -(DW)
in this document, including the formulae for attenuation given in Clause 7, are the average for metgorological
conditiong withinthese limits. The term average here means the average over a short time interval.

These formulag also hold, equivalently, for average propagation under a well-developed | moderate
ground-based temperature inversion, such as commonly occurs on clear, calm nights.

The long-term averaged A-weighted sound pressure level L,(LT) can be determined by applying the
meteorological correction described in Clause 8. It depends generally on the long-term variation of the
angular distribution of the horizontal wind speed and the effective vertical sound speed gradient. Owing to
this influence of the sound speed gradient the vertical gradients of the wind speed and the air temperature
may be important and should generally be considered.

© IS0 2024 - All rights reserved
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6 Basic formulae

The equivalent continuous downwind octave band sound pressure level at a receiver location, Ler(DW), shall
be calculated for each point source, and its image sources, and for the eight octave bands with nominal mid-
band frequencies from 63 Hz to 8 kHz from Formula (3):

Ler (DW)=Ly +D, —A

where

Ly

(3

is the octave band sound power level produced by the point sound source relative to a reference

sound power of one picowatt (1 pW), expressed in decibels;

Sound poy
ISO 3740 5

NOTE 1
designates

The direct
the di

an ap]j
reduc

In case 1 ) is a necessary part of the source emission data for all directions relevant for the cal

is the directivity correction, in decibels, that describes the extent by which the equivalent
sound pressure level from the point sound source deviates in a specified direction from
an omnidirectional point sound source producing the sound power level L, expreSsed i

is the octave band attenuation that occurs during propagation from the point sound so
receiver, expressed in decibels.

Fer levels in Formula (3) can be determined from measurements, for€xample as descr
eries (for machinery) or in ISO 8297 (for industrial plants).

[he letter symbol A (in italic type) signifies attenuation in this-document except in subscrip
the A-frequency weighting (in roman type).

ivity correction D_ in connection with the sound powexlevel Ly, describes
‘ection-dependent emission of the real source (case’1), or

parent direction-dependent emission, resulting from reflecting structures near the s
e the solid angle available for radiation (case'2).

rontinuous
the level of

In decibels;

irce to the

bed in the

[s, where it

purce that

rulation at

receiver pgsitions.
In case 2 the directivity D, with an omqidirectional point source due to nearby reflecting surfaces is given
by Formulp (4):
4T
D.=101g| — |(dB 4
c g( O j (4)
where (2 i the solid angl€ h¢maining for radiation.
Table 2 gives values-fof-the resulting directivity of an omnidirectional point source near reflecting surfaces.
Table P — Resulting directivity D. of an omnidirectional point source near reflecting surfaces
L Reflectingsurface—————————— Solidangle? D
s =cC
Configuration Number rad dB
Surface 1 4mt/2 3
Edge 2 4m/4
Corner 3 4m/8 9
NOTE 2  Formula (4) and the values of D, in Table 2 are based on the premise of the superposition of sound energies.

In case of distances of source-to-reflector smaller A/4 coherent superposition will occur, the factor 10 in Formula (4)
and the values of D_in Table 2 will increase up to twice the values given. However, an increase over the values shown is

only possib

le if the source can produce and radiate the additional sound power.

© IS0 2024 - All rights reserved
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In software-based calculations of the increase of sound pressure levels from an omnidirectional point

source caused by reflecting surfaces nearby a directivity D. with Formula (4) or with values from Table 2 replaces the

calculation

of reflections at these surfaces with image sources (see 7.5).

The attenuation term A4 in Formula (3) is given by Formula (5):

A=Agiv +Ayem + Agr +Ap A

misc

is the attenuation due to geometrical divergence, expressed in decibels (see 7.1);

isthe attenuation due to :\fmncphprir‘ nhcnrpfinn, m(prpccpd in decibels (QPP 7 7);

(5)

Abar
A

misc

General
Informatic
curvature
and throu

The equiv
contributi
sound sou

-]

Lar (

where

n
J
Ay
The long-t

Lar (1

where C,,,

The calcul

is the attenuation due to the ground effect, expressed in decibels (see 7.3);
is the attenuation due to a barrier, expressed in decibels (see 7.4);

is the attenuation due to miscellaneous other effects, expressed in decibels.(see 7.5.4 and

| Annex A).

ethods for calculating the first four terms in Formula (5) are (specified in this

n on four contributions to the last term A, ;.. is given in AnnexX-A (the attenuation

of reflecting surfaces in 7.5.4, the attenuation due to propagation through foliage, indu
rh regions built up of houses).

g time-mean-square sound pressures calculated according to Formulae (3) and (5) for
-ce, for each of their image sources, and for each octave band, as specified by Formula |

L 8 0,1 Lep(i,j)+Ar(j
w)=101g] 3| 3 100 LEm #4514
i=1] j=1

is the number of contributions i((sources and paths);
is an index indicating the ejght standard octave mid-band frequencies from 63 Hz to 8
denotes the standard. A*weighting (see IEC 61672-1).
prm average A-weighted sound pressure level L, +(LT) shall be calculated according to Fg

T) =Lpr (DW) ~C et

| is theameteorological correction described in Clause 8.

htion-and significance of the various terms in Formulae (1) to (7) are explained in Claus|

document.
due to the
strial sites

hlent continuous A-weighted downwind sound pressurédevel shall be obtained by sujnming the

each point

b):

(6)

kKHz;

rmula (7).
(7)

7 Calculation of the attenuation terms

7.1 Geo

metric divergence, 4 ;,

The geometrical divergence accounts for spherical spreading in the free field from a point sound source,
making the attenuation, in decibels, equal to Formula (8):

Agiy =

[201g(d /dy)+11]dB

© IS0 2024 - All rights reserved
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where

d
dy

NOTE 1
distance d

ISO 9613-2:2024(en)

is the distance from the source to receiver, expressed in metres;

is the reference distance (= 1 m).

which is 1 m from an omnidirectional point sound source.

7.2 Atmospheric absorption, 4,

The attenuation due to atmospheric absorption A

distance d

atme €Xpressed in decibels, during propagation

in metres is given hy Formula (9):

The constant in Formula (8) relates the sound power level to the sound pressure level at a reference

through a

A

atm

where a,;
expressed

It shall be

Oy d /1000

[, is the atmospheric attenuation coefficient for each octave band at the,mid-band
in decibels per kilometre.

calculated with ISO 9613-1:1993, Formulae (2) to (6) in connection,with ISO 9613-]

9

frequency,

:1993, B.1

to B.3. With ISO 9613-1:1993, Formula (6) the exact octave band related Centre-frequencies are applied

(different
centre-fre

If no speci
for the inv|

NOTE

in some coyintries in Mid-Europe. The atmospheric attenuation eoefficient depends strongly on the freqy

sound, the

For calcul
average V4

7.3 Gro

7.3.1 Gqg

Ground at
sound pro

The downj

to all other frequency dependent calculations based on the néminal and rounded oq
juencies).

fic requirements are defined, default values should be defined related to representative
bstigated area.

For example, a temperature of 10 °C and a relative humidity of 70 % are typical default parame
imbient temperature and relative humidity of the air, but only weakly on the ambient pressure.

hition of environmental noise levels, the atmospheric attenuation coefficient should b
lues determined by the range of ambient'weather, which is relevant to the locality.

ind attenuation, Agr
neral method of calculation

bagating directly fromn’source to receiver.

wvard-curving propagation path (downwind) ensures that this attenuation is determined

by the gro
is based of

und surfaceSdrear the source and near the receiver. This method of calculating the grq
| a scenariofwith ground, which is approximately flat, either horizontally or with a cong

tave band

conditions

ers applied
ency of the

b based on

fenuation, Ay, is mainly. the result of sound reflected by the ground surface interfering with the

primarily
und effect
tant slope.

hg, with a

urce-region, stretching over a distance from the source towards the receiver of 30

ground plane);

a maximum distance of d;, (hy is the receiver height);

a) the sd
maxi
on the

b)

)

; projected

the receiver region, stretching over a distance from the receiver back towards the source of 30 hg, with

a middle region, stretching over the distance between the source and receiver regions. If

dy, < (30 hg + 30 hy), the source and receiver regions will overlap, and there is no middle region.

According to this scheme, the ground attenuation does not increase with the size of the middle region but is
mostly dependent on the properties of source and receiver regions.

The acoustical properties of each ground region are taken into account through a ground factor G.

© IS0 2024 - All rights reserved
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If aregion is characterized by N sections with length d,, and ground factor G, for section n the ground factor
of the region is given by Formula (10):

N N
G(region)=ZGndn /Zdn (10)
n=1 n=1

The source, middle and receiver regions are projections to the horizontal reference plane.

dy
& 30hg 30hg &
LS Ro—I-
1
1 2\ 3\

Key

1  sourcelregion

2 middlg region

3 receivér region

hg height|of point source above ground

hg height|of receiver above ground

Figure 3 — Three distinct regions for determjnation of ground attenuation

Three catdgories of reflecting surface are specified as follows:

a) Hard ground, which includes paving, water, ice;éoncrete, and all other ground surfaces hglving a low
porosity. Tamped ground, for example, as often occurs around industrial sites, can be considered hard.
For hard ground G = 0.

b) Porous ground, which includes ground ¢overed by grass, trees or other vegetation, and all other ground
surfades suitable for the growth of vegetation, such as farming land. For porous ground G = 1. For more
informpation, see e.g Reference [19].

¢) Mixed ground, if the surface\consists of both hard and porous ground, then G takes on valugs ranging
from () to 1, the value being the fraction of the region that is porous.

NOTE 1 nstead of the tert*porous ground,” the term “absorbing ground” is used in some countries.

To calculate the groundiattenuation for a specific octave band, first calculate the component atterjuations Ag

for the soyrce region specified by the ground factor Gg (for that region). Then calculate Ay for the receiver

region spdcified by*the ground factor Gy, and A, for the middle region specified by the ground|factor G,

using the ¢xpressions in Table 3. (The functions a’, b’, ¢' and d’ in Table 3 are shown as curves in| Figure 4.)

The total greund attenuation for that octave band shall be obtained from Formulae (11), (12) and|(13):

_Aé/
Ay =—101g| 1+| 10 101 ‘Kgeo |dB (1D
where
Aér =As +Ag + A, (12)
d_ % +(hs —hg )
p S R
ngo = (13)

2 2
dy” +(hs +hg)

© IS0 2024 - All rights reserved
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hg  the height of the source above ground, expressed in metres;
hg  the height of the receiver above ground, expressed in metres;

d, thedistance source-to-receiver projected on the horizontal plane, expressed in metres

NOTE 2  Formula (10) characterizes the 2D-projected surface between source and receiver independent of screening
by elevated terrain or objects like buildings.

NOTE3  Formula (11) with Formula (12) and (13) accounts for the vanishing ground influence if the distance dj, < hg
and/or d,, < hg.

Table 3 — Expressions to be used for calculating ground attenuation contributions 4, Ap and 4 in
octave bands

Nominal midband frequency Ag or AR? Ay

Hz dB dB
63 -1,5 -3¢b
125 -1,5+Gxa'(h)
250 -1,5+Gxb'(h)
500 -1,5+ G x c'(h)

1000 -1,5+Gxd’'(h) -3q(1-G,,)

2000

4000 -1,5(1-G)

8000

NOTE
—d,

2 _P 2 S )
a'(h)=1,5+3,0><e_0’12(h_5) 1-e 50 |45 7xe 0097 (l—e P10 Xdp)

) R
d’(h)=1,5k5,0xe 02" | 150

a2 For calqulating Ag take G = Gg and h = hg. For calculating Ay, take G =Gg and h = hy. See 7.3.1 for values of  for varjious ground
surfaces.

b q=0 when'd,'s 30(hg + hy)

n(l._b L l‘K )
q=1—d— when d, >30(hs +hy )
P
where d,, is the source-to-receiver distance, in metres, projected onto the ground plane.

© IS0 2024 - All rights reserved
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a b a)125Hz b" A b)250Hz
—~ h=15m
8- 8-
h=2,0m
——| h= 1,5 m
— h=25m
6 —— h=3,0m 6
h=3,0m
—— h=60m h=3,5m
41 4
h=4,0m
—— h=7,5m
h=50m
2 2
h 210,0 m h 2 10,0m
! ! ! ! ! ! ! ! ! !
P0— 50 125 250 500 1000 2000 ¢ 2050 125 250 500 1000 2000 @
clh ¢ 500Hz d’ k d)1000Hz
8 8 I
—— h=15m
6 - 6
— h=1,75m
4 %— h=20m T
A —————h=25m 2L h=15m
h=30m h=>30m
! ! ! ! ! ! ! ! ! !
PO 50 125 250 500 1000 2000 dp 20 50 125 250 500 1000 2000 dp
Key
dlD distang¢e source-to-receiver projected on the horiZental plane, expressed in metres
Figure 4 — Functions a’, b’, ¢’ and d' représenting the influence of the source-to-receiver distance d

and thg source or receiver height f, respectively, on the ground attenuation 4,. (computed from

7.3.2 Si

The groun
cover and

Under the
calculated

ts acoustieproperties.

from\Formula (14):

Formulae in Table 3)

mplified method ofcalculation for A-weighted sound pressure levels

following'Specific conditions and for ground surfaces of any shape, the ground attenuat

d influence calculated with the simplified method is independent from the observalle ground

ion can be

— onlyt

hoA-weighted saund pressure level at the receiver nositionis of interest:
o r ) 3¢ T

— the sound propagation occurs over porous ground or mixed ground most of which is porous (see 7.3.1);

— the sound is not a pure tone.

Agr =

4,82 [17+ 300 }ZOdB
d d

© IS0 2024 - All rights reserved
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where

h

m

d

ISO 9613-2:2024(en)

is the mean height of the propagation path above the ground, expressed in metres;

is the distance from the source to receiver, expressed in metres.

The mean height h,, is evaluated by h,,, = F/d,, applying the method shown in Figure 5. Negative values for
Ag, from Formula (14) shall be replaced by zeros.

Key
1  ground profile
S source
R receivédr
F  is the qrea limited by the ground profile and the straightline from the source to the receiver;
d distan¢e between source and receiver;
dg is the distance between the base points of source ‘and receiver;
hg  the height of the source above ground, expresséd in metres;
hg  the helght of the receiver above ground, expressed in metres;
Figure 5 - Method for evaluating the mean height h
When the ground attenuatiof-is calculated using Formula (14), the directivity correction D, in F{

shall inclu

due to reflection from the ground without any reflection-loss.

Do =101g(1+K

K., defingd-in‘*Formula (13) is the correction for geometry due to distance-height relations.

geo

NOTE

source and

hs

e a term D, in decibels, to account for the apparent increase in sound power level of

P\ )dB

brmula (3)

the source

(15)

The influence of the ground relative to free-field propagation calculated with this simplified method is
comparable to that calculated with the “General method” described in 7.3.1 with reflecting ground (G = 0) near the

porous or vegetated ground (G = 1) in larger distances.

7.4 Screening, A, ..

7.4.1 General method of calculation

An object shall be taken into account as a screening obstacle (often called a barrier), if it meets the following
requirements:

— the surface density is at least 10 kg/m?;

© IS0 2024 - All rights reserved
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— the object has a closed surface without large cracks or gaps (consequently process installations in

chemi

cal plants, for example, are ignored);

the horizontal dimension of the object normal to the source-to-receiver line is larger than the acoustic

wavelength, A, at the nominal midband frequency for the octave band of interest (based on a reference

sound

speed of 340 m/s); in other words, [, + I. > A (see Figure 6).

Each object that fulfils these requirements shall be represented by a barrier with vertical edges. The top
edge of the barrier is a straight line that may be sloping.

Key
S
R

I, 1. extent

sourceg

receiv

For the py

Diffraction over the top edge and around vertical edges of@barrier may both be important (see

For downj
Ag,.> 0 sha

Apar 5

and for dif

Apar 5

where

D

Z

Ag,

O R

24

on of the object to the left/right in the direction of propagation
Figure 6 — Plan view of an obstacle between the soutce (S) and the receiver (R)

rposes of this document, the attenuation by a barrier, 4,,,, shall be given by the insg

vind sound propagation, the effect of diffraction (expressed in decibels) over top e
Il be calculated by Formula (16):

D, —Ag. >0

fraction around vertical edges of gver top with A, <0 by Formula (17):
D, >0

is the barrier attenuation for each octave band;

is the ground attenuation in the absence of the barrier (i.e. with the screening obstaclg
(see 7.3)

rtion loss.

Figure 7).
lges when

(16)

(17)

removed)
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Key
S
R

source

receivg

NOTE 1
confirmed

In calculaf
above the
determini

NOTE 2
depression

To calculafe the barrier attenuation D, assumie that only one significant sound-propagation g
pbund source to the receiver. The\final insertion loss caused by objects blocking the dire
n from source to receiver may be influenced by further contributions of sound energy

from the s
propagati
around thg

Independsd
the top is
containing

ISO 9613-2:2024(en)

—

Figure 7 — Different sound propagation paths atabarrier

For large distances and high barriers, the insertion loss caloulated by Formula (16) is not
by measurements.

ion of the insertion loss for multi-source industrial* plants by high buildings (more

ng the long-term average sound pressure levekk,+(LT), using Formula (7).

For sound from a depressed highway, thereican be attenuation due to a ground surface
in addition to the attenuation given in Formula (16).

 vertical edges, see Formutay(25).

bround) and for high-noise sources within the plant, Formula (17) should be used in bot|

nt from the number of screening obstacles and from their relative orientation, the ray
constructed like acdubber-band in a vertical plane perpendicular to the reference plane x-y and
source and recejver and thus forming a polygon with straight segments (example see |

sufficiently

than 10 m
h cases for

butside the

ath exists
ct straight
diffracted

path over

igure 8).

Figure 8 — Three objects blocking the line of sight, the vertical plane with source and receiver and

the ray paths to determine the path length difference z
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The barrier attenuation D, in decibels, shall be calculated for this path by Formula (18) with Formula (19):

D, =101g[1+(2+[%)C3Z]Kmet}dB forz>z;, (18)
and

D,=0dB forzs< z;,
with

Zmin =—24/(CC3) (19)
where

C, is equal to 20, and includes the effect of ground reflections; if in special cases ground reflections
are taken into account separately by image sources, C, = 40;

Cs is equal to 1 for single diffraction (e = 0);
Cs is calculated by Formula 20 for multiple diffraction;

e is the length of the ray path between the first diffracting edge behind the source and the last dif-
fracting edge in front of the receiver in case of more than ofediffracting edge, expressed in metres.
In case of one single diffracting edge e equals zero;

A is the wavelength of sound at the nominal mid-band frequency of the octave band, exjpressed in
metres;
z is the difference between the path lengths of diffracted and direct sound, as cal¢ulated by

Formulae (22) or (24), expressed in metres;

is the correction factor for meteoroldgical effects, given by Formula (21).

Cy =[1 +(52,/e)2}/[(§j+(51/e)2} (20)
K et T exp{~(1/2000)[max(dss dsg ) +e]-min(dss ,dsg )-d / [2(2 = Zpin )]} (21)
where

dgs idthe lengthwefithe ray path from the source to the (first) diffraction edge, expressed in mptres (S-E;
if] Figure. 9);

dgp idthedength of the ray path from the (last) diffraction edge to the receiver, expressed in m¢tres (E4-R
ir] Eigure 9);

d isthe distance from the source to the receiver; expressed in metres (S-R in Figure 9).
For lateral diffraction around obstacles, it shall be assumed that K., =1.

With example Figures 8 and 9 the first and last diffracting edges are E; and E, - e is consequently the sum of
the lengths E;-E,, E,-E; and E3-E,.

© IS0 2024 - All rights reserved
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E
2 Es E,
Eq
N
S —_’_—
/\ O/OR
S E1 | — E3 EL
e E,
Key
S source
R receiver
E, diffradting edges
Figure 9 — Plan- and side-view of the three buildings with the relevant edges E, - E, for diffraction
over top
The path length difference shall be calculated by means of Fapmula (22):
[f the line ¢f sight between the source S and receivép R passes above the top edge of a single barriet, z is given
a negative|sign.
If the diregt line of sight is not blocked and'the ray surpasses more edges E,, along the profile S-R, the largest
value detefmines the relevant path length-difference according to Formula (23):
z=max(z,) (23)
where z,, i§ the negative pathlength difference to the edge n and where all edges under the propagation path
are includgd to find the maximum value with Formula (22) with e equal 0.
7.4.2 Alternative-method to calculate the path length difference z with one edge or with mpre
parallel e¢iges
The construction of the ray path in a vertical plane according to 7.4.1 constitutes the general method of this
documentlBased on this model the sound wave propagating from the source to the receiver with diffraction

is approximated by a ray path that is a straight line in plan view.

In special cases it is possible, and can be appropriate, to calculate the path length difference z on the basis
of the shortest possible polygon line crossing the diffracting edge(s). The resultant barrier attenuation will
then be lower and more accurate.

© IS0 2024 - All rights reserved
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a) Originalseenarie-with-twe prejection-planesto—b) Projection-plane Pytofind-therelevant
determine the parameters g, dgg, dsy and e diffracting edges with the ribbon-band method
in a first step and the to determine the(parame-
ters dgg, dsp and.e
Key
S sourcd
R receivgr
P, verticdl projection-plane parallel to the (parallel) diffracting edges
P, projection-plane vertical to the (parallel) diffracting edges
E  barrief edge (any one of the barrier edges projected to plane P)
a  compdnent distance between S and R in direction of barrier edge E (see projection-plane P;)
e  summgrized partial distances between all adjacent relevant diffraction edges (see projection-plane P,)
dgs distange between source and nearest relevant diffraction edge (5ee projection-plane P,)
dgr distange between receiver and nearest relevant diffraction,edge (see projection-plane P,)
Figure 10 — The relevant parameters to calculate the path length difference z shown in dase of a
bended barrier (herenot parallel to the ground)
This is thq case if the line between the source and receiver is not perpendicular to the diffracting edge in
plan view pnd the heights of source andwreceiver are different or/and the diffracting edge is slopipg. In such
cases the ghortest ray path is generally not a straight line in plan view. The path length differencg z for this
shortest ray path can be calculated for one or more parallel potentially diffracting edges with the¢ following
steps:
— sourcg, receiver and edge(s) are projected to a plane perpendicular to the edges (plane P, in Figure 10);
— with 3 polygon line€ tike a rubber-band from source to receiver enveloping the edge/s (points in this
projedtion) therelevant edges are found (see Figure 10 b));
— the parameters dgg, e, dgg and a are determined.
The path length difference z shall he calculated by means of Formula (24):
z=[(dgs +dsg +€)? +a*1? —d (24)

where d is

NOTE

the 3D distance between the source and the receiver; expressed in metres;

For this alternative method, dg¢s and dgi are distances point-edge and therefore perpendicular to the

relevant edge. This is different from the general method where dgg and dgy are the lengths of the first and the last

segment of

the ray path in the vertical propagation plane.
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7.4.3 Lateral diffraction around vertical edges

Lateral diffraction around vertical edges of obstacles, as shown in Figure 7 for a single barrier, and in
Figure 11 for more objects, may reduce the attenuation effect 4, ,, calculated.

In addition to the propagation path over the top, up to two laterally bent propagation paths are taken into
account. To calculate the path length difference z for one or both of these lateral diffracted rays, these
are constructed analogous to the ray path over top as a rubber band type polygon line in a lateral plane
containing the source and receiver perpendicular to the vertical plane. The lateral ray paths are the shortest
possible convex polygon lines not blocked by objects or by elevated ground at both sides of the line from
source to receiver with supporting points on the intersection of vertical edges with the lateral plane. A
lateral diffraction path is neglected if the maximal distance of one or more of its supporting points from
the direct line from source to receiver exceeds the maximal distance of the supporting points in the vertical
plane from the direct line from source to receiver by a factor more than 8.

Lateral diffraction is not considered if elevated ground contributes to the ray path over the-top| Figure 11
shows the|lateral plane and the two laterally diffracted rays for the example with 3 buildings.

Figure 1] — Three objects blocking the line of sight;'the lateral plane with source and recgiver and
the ray paths to determine the path length difference z

With this ¢xample the first and last diffractingédges right side are E; and E;, as it is shown in Fighre 12, e is
consequer]tly the sum of the lengths E;-E, andE,-E; (left side analogous). The attenuation effect 4, ,,. for the
relevant lqteral diffracted ray path is calculated with Formula (17).

NOTE Path-length differences z are-pesitive with laterally diffracted rays following from their constrijction.
R
S
Es
E, E,
Key
S source
R receiver

E, diffracting edges

Figure 12 — Plan view of the three buildings with the relevant edges E, - E; for lateral diffraction
right side
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7.4.4 Combining vertical and lateral diffractions and limitations

The final barrier attenuation 4,,, resulting from Ay, .., calculated with the ray path in the vertical plane
and Ay, iger and Ap,y sigez Calculated with the ray paths in the lateral plane is calculated with Formula (25).

Apar =

_101g (10_0'1Abar,top + 10_0'1Abar,side1 + 10_0’1Abar,side2 )dB

If a ray path is not relevant, the corresponding summand in the bracket is 0.

If the result of Formula (25) is negative, the effective 4,,.is 0.

(25)

This strategy is based on the idea that laterally diffracted sound causes a reduction of the barrier effect if

the exten

For diffrad
be taken t
multiple d

H £l 4u £ 1 4 - e o 1 4u 4] 1. £ nlade o 11
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tion over the top in the vertical plane the barrier attenuation D,, in any octave band,
b be greater than 20 dB in the case of single diffraction (i.e. thin barriers) and 25 dB in
ffraction (with e > 0).

7.5 Reflections

7.5.1 Ge

Reflection|
vertical su
The effect
case of the
in7.3.2.

7.5.2 Sil

The refled
requiremd

a sped

the su
consid

neral

5 are considered here in terms of image sources. These reflections originate from m

of reflections from the ground is not considered becausé.it is included in the calculatig
“General method” in 7.3.1 and in the calculation of dgy'and Dy, in case of the “Simplifie

hgle reflection at a flat surface - conditions-and calculation

tions from an obstacle shall be calculated for all octave bands for which all of the
nts are met:

ular reflection can be constructed,as shown in Figure 13;

rface is large enough for theneminal midband wavelength A (in metres) for the octave
eration to obey the relationship according to Formulae (26) and (27).

! /lgff][ds,odo,k /(dsp*dor )]

min(a-cos B hcosfy,)

isthe horizontal extension of the reflecting surface, expressed in metres;

should not
the case of

bre or less

rfaces, such as building facades, which can increase thé\sound pressure levels at thle receiver.

nofA,, in
d method”

following

and under

(26)

(27)

is the vertical extension of the reflecting surface at the point of reflection, expressed in metres;

is the wavelength of sound at the nominal midband frequency f (in hertz) of the octave band (A=

340 m/s/f), expressed in metres;

is the distance between the source and the point of reflection on the obstacle, expressed

in metres;

is the distance between the point of reflection on the obstacle and the receiver; expressed in metres;

is the angle of incidence projected to the horizontal plane; expressed in radians;
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is the angle of incidence projected to a vertical plane rectangular to the reflecting surface;
in radians.

If this condition is not met for a given octave band, then its reflection shall be neglected.

expressed

The real source and source image are handled separately. The sound power level of the source image Ly,

shall be ca

Iculated in each relevant octave band from Formula (28).

where

(28)

a

Dy

T

1s the sound absorption coefficient of the retlecting surtace;

is the directivity index of the source in the ray-path direction from the source to-there

For building facades and surfaces of industrial facilities an absorption coefficient of 0,1 shall be
default value in all octave bands if individual data are not available.

For the s

Formula (1

octave bar

Key

1 obstac
a

S source
S'  first oy
R receivq
ds distan
dor distan
B, angled

und source image, the attenuation terms of Formulae (3) and (5),~as well as «
8), shall be determined according to the propagation path of the refleeted sound for eaq
d.

e

relevant extension of the reflecting obstacle

der image source

r

e from sgurice to obstacle

e fromyobstacle to receiver

fincidence projected to the horizontal plane

flector.

applied as

hnd D;,. in
h relevant

Figure 13 — Specular reflection from an obstacle (here shown as top view)

7.5.3 Multi-reflection up to higher orders

The nth order image source S

n

second order reflection is shown in Figure 14.
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By, B, barr
P,, P, poin
S
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R
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Figure 14

Calculatio
between p

The condi
lengths dg
even if the

With the 3
image sou

Ly im |
where

Ly

D

r

ers
Ls of reflection

Ce

rder image source
ver

— Example to explain the construction of a 2"d order reflection with image sour
Sz

arallel or nearly parallel reflecting surfaces or are surrounded by reflecting surfaces.

e are bent at other reflectors.
bsorption coefficient a,, at the nth point.where the ray is reflected, the sound power 1
rce of order N, Ly, i, n» is given by Formuda (29):

| (dB)=Ly +101| [T (1-05)T+Dy,

is the sound powerlevel, expressed in decibels

is absorptiomcoefficient at the nth point where the ray is reflected.

(releyant for the octave band), expressed in decibels.

7.54 Re

flections at cylindrical surfaces

fion according to Formulae (26) and (27) shall bg validated for each reflector sepal
b and dy  are the lengths of the ray-paths from*sburce to reflector and from reflector {

is the directivity index of the source in the ray-path direction from the source to the firs

fes S, and

h of reflected sound shall include higher order reflections if source and receiver are located

rately. The
0 receiver,

evel of the

(29)

treflector

The general method to calculate reflections is to approximate all vertical or nearly vertical surfaces of
objects by planes. This allows them to be included correctly in a path-finding algorithm and to calculate
even higher order reflections.

In some cases, cylindrical surfaces such as vessels, tanks and even curved building facades shall be
considered as reflectors. Based on geometrical considerations, - true for A << R with A the wavelength and R
the radius of the cylinder - the level at the receiver weakened by the curvature of the cylindrical shape can
be calculated. For details see Reference [13].
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Key

M centretpoint

S point Jource

R receivdr

r  radiusfin metres

P  point df reflection

T tangentinP

ds distange S - P, expressed in metres

dp distange P - R, expressed in metres

d  distange of the straight line defined by the incident ray from‘the centre-point M, in metres
Figure|15 — Sound ray reflected at a cylinder—all dimensions in projection parallel to t

The relevant parameters as shown in Figure15sre determined in projection on a plane perpendic

cylinder-a
of inciden

attenuatiop A, caused by the curvature of the reflecting surface is calculated with Formula (30
2dgd -1
Acry $101g| 1+—SR_(3-1?) % |4
r(ds +dg])
where k={—

The partigll soundpressure level caused by the reflection at the cylinder surface is then obtained

calcul

kis. The tangent T and the reflection point P are defined by the mirror-condition of eq
and reflected ray with thewnormal defined by M and P. From these parameters the

hting A, from the parameters determined in projection view (see Formula (30));

curv

he axis

ular to the
ual angles
additional

):

(30)

calculating the sound pressure level caused by the sound reflected by the tangential plane

absorption coefficient of the cylinder surface at the reflection point (7.5.2);

applyi

Reflection

8 Mete

ng A.,ryaspartof A ;.. in Formula (5).

s of order >1 are not considered with curved surfaces.

orological correction, C .,

T with the

Use of Formula (3) leads directly to an equivalent continuous A-weighted sound pressure level L, at the
receiver for meteorological conditions which are favourable for propagation from the sound source to that
receiver, as described in Clause 5. This can be the appropriate condition for meeting a specific community
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noise limit, i.e. a level which is seldom exceeded. Often, however, a long-term average A-weighted sound
pressure level L,;(LT) is required in line with legal requirements, where the time interval T is several
months or even a year. Such a period will normally include a variety of meteorological conditions, both
favourable and unfavourable to propagation. A value for L,(LT) may be obtained in this situation from that
calculated for L,(DW) via Formula (3), by using the meteorological correction C,,., in Formula (7).

A value (expressed in decibels) for C, ., in Formula (7) may be calculated using Formulae (31) and (32) for
the case of a point sound source with an output which is effectively constant with time:

Cret =0 if d, <10(hg +hg) (31)
Crmet =Co[1-10(hg +hg)/d,, | if d, >10(hs +hg) (32)
where

hg is the source height, expressed in metres;
hg is the receiver height, expressed in metres;

d is the distance between the source and receiver projected to the horizontal ground plane)expressed
in metres;

Co, [isafactor, expressed in decibels, which depends on local méteorological statistics for wind speed
and direction, and temperature gradients which may depend on the angular orientafion of the
direction between the source and receiver.

The effects of meteorological conditions on sound propagation are small for short distances df, and also
for larger |distances with increased source height and/orfeceiver height. Formulae (31) and (3R) account
approximgtely for these factors, as shown in Figure 16.

Cmet/CO
1,0
==
0,8 L~ %
AT
0 / /1
/Y VAl / /
04 +——Mix+hg > 51— 10— 20— 40+ 80 — 160
/
0,0 A A / /

10 100 1000 dy

Figure 16 — Meteorological correction, C ..

A value for C, in Formulae (31) and (32) can be estimated from an elementary analysis of the local
meteorological statistics. For example, if the meteorological conditions favourable to propagation described
in Clause 5 are found to occur for 50 % of the time-period of interest, and the attenuation during the
other 50 % is higher by 10 dB or more, then the sound energy which arrives for meteorological conditions
unfavourable to propagation may be neglected, and C, will be approximately +3 dB.

Experience indicates that values of € in practice are limited to the range from zero to approximately +5 dB,
and values in excess of 2 dB are exceptional. Thus only very elementary statistics of the local meteorology
are needed for a +1 dB accuracy in C,,.
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For a source that is composed of several component point sources, hg in Formulae (31) and (32) represents
the predominant source height, and dp the distance from the centre of that source to the receiver.

A proposal for a method to determine C;, for a given source and receiver exclusively on the basis of the local
wind-climatology is given in Annex C.

9 Accuracy and limitations of the method

The attenuation of sound propagating outdoors between a fixed source and receiver fluctuates due to
variations in the meteorological conditions along the propagation path. Restricting attention to moderate
downwind conditions of propagation, as specified in Clause 5, limits the effect of variable meteorological
conditions on attenuation to reasonable values.

There is inIformation to support the method of calculation given in Clauses 4 to 8 for broadbandnoti

The agree
downwind
estimates
in Clauses
extended 1

The estim
specified i
made at a
Table 4.

The estim
pure-tone
errors give

In Table 4,

ment between calculated and measured values of the average A-weighted sound pressu

propagation, L,(DW), supports the estimated accuracy of calculation shows i Tabl
of accuracy are restricted to the range of conditions specified for the validity of the
3 to 8 and are independent of uncertainties in sound power determination.”(See the €
ange of heights expressed in the footnote c in Table 4).

htes of accuracy in Table 4 are for downwind conditions averaged 6ver independent sity
h Clause 5). They should not necessarily be expected to agree with'the variation in mea
wiven site on a given day. The latter can be expected to be considerably larger than th

hted errors in calculating the average downwind octave band sound pressure levels,
sound pressure levels, under the same conditions, mdy be somewhat larger than the
n for A-weighted sound pressure levels of broadbafid sources in Table 4.

i[
Throughotit this document, the meteorological conditions under consideration are limited to only

a) modei
b) avarig

The use of]

ate downwind conditions of propagation, or their equivalent, as defined in Clause 5;
bty of meteorological conditions as they exist over months or years.

Formulae (1) to (6) and((8}to (30) (and therefore also Table 4) is limited to case

a) metedrological conditions.only;

b) isrele

There are
Formulae
limitation

vant only to the'use of Formulae (7), (31) and (32).

also a substantial number of limitations (non-meteorological) in the use of individual
(7) and\10) to (13) are, for example, limited to approximately flat terrain. Thej
are described in the text accompanying the Formulas.

Ke sources.
re level for
le 4. These

Formulae
mpirically

hations (as
surements
b values in

as well as
estimated

an estimate of accuracy is not provided in thisidocument for distances d greater than the 1 000 m
upper limif.

two cases:

Formulae.
be specific
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Table 4 — Estimated accuracy for broadband noise of L, ;(DW) calculated using

Formulae (1) to (15)

Height, h2 Distance, db
0<d<100 m 100m<d<1000m
O<h<5m +3 dB +3 dB
5m<h (<30 m)c +1dB +3 dB
a  histhe mean height of the source and receiver.
b disthe distance between the source and receiver.

¢ 30 m average height from source to receiver was included in the first edition due to existing experience with sources that
time. Further experience gathered during more than two decades by applying the calculation of the attenuation of sound during

propagationwith sources in larger heights up to ahout 200 m (e g industrial sonrces like chimney openings of p

wer plants,

wind turbirn
turbines).

NOTE Th
screening.

pse estimates have been made from situations where there are no effects due to reflection or attenu

es) has shown that even these larger heights are characterised by the uncertainties given (see Anney D for wind

aition due to
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Annex A
(informative)

Additional types of attenuation, A

misc

A.1 General

The term

A

in Formula (5) covers contributions to the attenuation from miscellaneous effects not

accessible
include

- Asite
- Ahous t

which are

For calcul
may be ap

A.2 Foli

A.2.1 Gd

Additional
detailed

b;“tb}tle general methods of calculating the attenuation specified in Clause 7. These cor

e attenuation of sound during propagation through foliage,

the attenuation during propagation through an industrial site, and

he attenuation during propagation through a built-up region of houses,
all considered in this annex.

hiting these additional contributions to the attenuation, the ¢urved downwind propag
proximated by an arc of a circle of radius 5 km, as shown(in‘Figure A.1.

age, Ay,

neral

to the simplified method for the calculation of the attenuation by foliage A;,, (see A.2
ethod using forestal parameters for; the description of the foliage has been added tq

account thie local situation (see A.2.3). The method used should be clearly stated if the attenuation

isareleva

A.2.2 Si)

The foliag
to complef
through t}
both situa
as falling 3

The first 1
through th
lengths gr

nt part of expert-work.

mplified method

e of trees and shrubs-provides a small amount of attenuation, but only if it is sufficie
ely block the viewraleng the propagation path, i.e. when it is impossible to see a shot
e foliage. The attehuation may be by vegetation close to the source, or close to the recs
[ions, as illustfabed in Figure A.1. Alternatively, the path for the distances d; and d, ma
long lines at'propagation angles of 15° to the ground.

ne in Jable A.1 gives the attenuation to be expected from dense foliage if the total p)
e foliage is between 10 m and 20 m, and the second line if it is between 20 m and 200 q
paterthan 200 m through dense foliage, the attenuation for 200 m should be used.

tributions

ation path

.2) a more
take into
by foliage

ntly dense
t distance
biver, or by
y be taken

ath length
n. For path

© IS0 2024 - All rights reserved

27


https://standardsiso.com/api/?name=7a2b40306ef7fecebba30cb8e214d924

ISO 9613-2:2024(en)

174
da 2
Key
S source
R receiver
NOTE d;=d,+d,

For calculating d, and d,, the curved path radius may be assumed to be 5 km.

Figure A

Table A.

distance d; through the foliage

| — Attenuation of an octave band of noise due to propagation a distance d; throu
foliage

.1 — Attenuation due to propagation through foliage increases linearly with proﬂ;agation

th dense

Propag|

ation distance d; Nominal mid-band frequency

63 125

Hz
250 |

| 8000

| | 500 | 4000 | 2000 | 4000
Attenudtion dB:
| | | | |

Attenuation, dB/m:

(0]

1Y 1
002 | 003 | 004 Jc%005 | 006 | 008 | 009

| 012

A.2.3 D¢
This detai

can providle a relevant amount of attenuation:-This effect depends on the frequency and the

parameter
situations
at propagd

Key

tailed method using forestal parameters

ed method is described in References [14] and [15]. The foliage and the trunks of trees 4

s. The attenuation can be by vegetation close to the source, or close to the receiver,
as illustrated in Figure A.2. The paths for the distances d, and d, are taken as falling
tion angles of 15° to the graund.

e
s ST

00000 O TR

ind shrubs
geometric
br by both
hlong lines

S
R

source

NOTE

receiver

df :d1+d2

Figure A.2 — Attenuation due to propagation through foliage increases linearly with propagation

NOTE 1

distance d; through the foliage

not by the direct line to prevent a saltus in the result.
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Key
S source
R  receiver

d, length of the ray path elements inside the foliage

n

Figure A.3 — Calculation of the propagation length d; at shorter distances

The attenyation of the vegetation is calculated by five forestal parameters given in Table A.2.

Table A.2 — Forestal parameters

Parameter Unit Name
Stem diameter cm D
Basal area m?/104mZ G
Standing stock m3/10* m?2 |4
Horizontal structuring (classing) 1 S
Low height foliage (classing) 1 Z

If no valuep are given for the basal area and the standingstock, these values can be calculated approximately
from the $tem diameter D, the stem density SD (stéms per 10*m?2) and the height H of the yegetation
according to Formulae (A.1) and (A.2):

G=D?/4xSD (A1)
V=GxH /2,5 (A.2)

The valueg for “horizontal structuring” and “low height foliage” can be 0 or 1 or 2 according to thle meaning
given in Tdble A.3.

Table A.3 — Classification

Value Horizontal structuring Low height foliage
0 homogeny not present
1 minor structured minor present
o} HwS s 4+ | L £
[~] IIILCTIIOC olruLiuIrTu IITUCTIT Pl COoCUIIU

If no information is given for the parameters “horizontal structuring” and “low height foliage” these two
parameters are set to 0.

The frequency dependent attenuation factor Kj;,, is calculated by the Formula (A.3):
Kjin =Go +Gp XD +Gg XG+Gy XV +Gg xS +G7z xZ>0dB (A.3)

NOTE 2  Values less than 0 resulting from the regression calculation with measured values are set to 0.

The values for the weighting factors are given dependent on the nominal octave frequency in Table A.4:
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Table A.4 — Weighting factors for forest stands

Weighting-factor Octave band frequency
Hz
63 125 250 500 1000 2000 4000 8000
Gy - - - - -
dB/km 9,32 17,70 17,16 8,34 3,31 3,27 8,05 12,84
Gy
(dB/km)/(m3/10*m?) 0,03 0,05 0,08 0,07 0,07 0,07 0,07 0,08
Gg
(dB/km)/(m2/10*m?) 0,23 0,61 0,85 0,80 0,74 0,70 0,64 0,58
G
(dB/l:rrﬁ/(cm) 0,08 0,15 -0,02 -0,12 -0,19 -0,32 -0,38 -0,44
Gs - - -
dB/km 0,87 1,63 0,63 1,35 2,99 4,62 465 4,68
Gz -2,97 -5,42 -5,38 -2,53 -0,52 2,74 7,47 12,21
dB/km
The stem liameter D, the stem density SD (stems per 10*m?2) and the height H-of the vegetation jhave to be

specified fo calculate an appropriate value for the damping of the vegetatiofi-If no values are giyen for the

forestal pgqrameters, no attenuation shall be used due to the vegetation. For shrubs the paramete

G=10 m?, =50 m3, S=0 und Z=2 can be used.

Table A.5 liists ranges of forestal parameters for different types of foliage/fouling.

Table A.5 — Ranges of forestal parameters for different types of foliage/fouling

s D=7 cm,

FParameter Unit Name Typical range
Stém diameter cm D 10 cm to 40 cm
Basal area m?/10% m2 G 15 m2/10* m? to 50 m2/10* 2
Standing stock m3/10% m2 \% 100 m3/104 m2 to 400 m3/104m?2
Horizontal stil;luéturing (class- 1 g 0to 2
Low hight fouling (classing) 1 Z Oto2

With the fypical range of the forfestal parameters, three classes of forest densities can be def]

ined. Such

classes arg given in Table A.6.
Table A.6 — Classes of forest densities
Name Unit Light forest Nformal Dense forest
orest
D cm 10 25 40
G m2/104 m? 15 32 50
V m>/10% m# 100 250 400
S - 0 1 2
VA - 0 1 2

Corresponding attenuation values are given in Figure A.4.
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Klin
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110 /
100 4 /
90 ~
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60 2
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50 >
/ /
40 y —
=
20 -
10 A —
10 100 1000 10000 f
Key
K);, attenyation factor, expressed in decibels per kilometre
f frequéncy, expressed in hertz
1 light fprest
2 normal forest
3 dense]forest
4 attenyation with simplified method A.2.2 for 20 m < d;< 2000m
Figure A.4 — Attenuation values of forest densities
A.3 Indpstrial sites, A,
At industrjal sites, attenuation can occur due to scattering from installations (and other objects), Wwhich may
be described as Ag;,, unless accounted for under 4, or the sound source radiation specification{ The term
‘installatiqns’ includes miscellanegus pipes, valves, boxes, structural elements, etc.
As the value of A . depends’strongly on the type of site, it is recommended that it is detefmined by
measurements. However,~fer an estimate of this attenuation, the values in Table A.7 may be|used. The
attenuatiop increases Haearly with the length of the curved path d, through the installations (see Figure A.5),
with a maximum of10"dB.
Table A.7 *= Attenuation coefficient of an octave band of noise during propagation thrpugh
installations at industrial plants
Nominal mid-band fre- 63 125 250 500 1000 | 2000 | 4000 | 8000
quency, Hz
A, dB/m 0 0,015 0,025 0,025 0,02 0,02 0,015 0,015
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Figure

A.4 Housing, A, s

When eith
due to scr]
between Hi
and reflec

applying t
very situa
particular
the effect,

An approx
estimated

There are

Ahous

An averag

Ahous,]

where

B

dy,

A.5 — Attenuation A ;. increases linearly with the propagation distance d, throy
installations at industrial plants (5 km radius of the curved path)

er the source or receiver, or both are situated in a built-up region of-holuises, attenuation|
cening by the houses. However, this effect may largely be compensated for by the pi
ouses and by reflections from other houses in the vicinity. This combined effect of]
tions that constitutes A4;,,; can be calculated for a specific situation, at least in pr
he procedures for both A, . and reflections described in:4/and 7.5. Because the valug
fion-dependent, such calculation may need to be justified in practice. A more useful 3
y for the case of multiple reflections where the accutacy of calculation suffers, may be t
either in the field or by modelling.

imate value for the A-weighted attenuation 4 ,,; which should not exceed 10 dB, ¢
as follows.

fwo separate contributions:

~ Ahous,l + Ahous,Z

e value for Ay, 4 (in dB) caicbe calculated using:

=0,1Bd,, dB

is the density of the buildings along that path, given by the total plan area of the houses
the total\ground area (including that covered by the houses);

gh the

will occur
ropagation
screening
inciple, by
of Apus IS
Iternative,
0 measure

hn also be

(A4)

(A.5)

divided by

is thellength of the sound path, in metres, through the built-up region of houses, deter

procedure analogous to that shown in Figure A.1.

llnined by a

The path length d, can include a portion d; near the source and a portion d, near the receiver, as indicated
in Figure A.1.

The value of 4, shall be set equal to zero in the case of a small source with a direct, unobstructed line of
sight to the receiver through a corridor between housing structures.

NOTE

to 10 dB from the average value predicted using Formulae (A.4) and (A.5).
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If there are well-defined rows of buildings near a road, a railway, or a similar corridor, an additional term
Apouse,2 May be included (provided this term is less than the insertion loss of a barrier at the same position
with the mean height of the buildings):

Ahous,Z = _101g[1 —(p/lOO)]dB

where

p

p

the percentage of the length of the facades relative to the total length of the road or rail
vincinity; and

<90 %.

(A.6)

way in the

Ina bu11t-\llp region of houses, the value of 4, ; (as calculated by Formula (A.5)) interacts with

for Agr, thd

Let Ag,p, be
were rem
general, A
then the if

The intera

value of Agr

attenuation due to the ground (as calculated by Formulae (10) or (11)) as follows}

the ground attenuation in the built-up region, and 4, , be the ground attenuation if

| the value

the houses

ved (i.e. as calculated by Formulae (11) or (14)). For propagation through the built-up region in

rb is assumed to be zero in Formula (5). If, however, the value ong o is-gteater than th|
fluence of Ap,,s is ignored and only the value of A, is included in F Formula (5).

ction above is essential to allow for a range of housing density B:-"For low-density hd
is dominant, while for high-density housing 4, ,,; dominates.

at of A} ,,s

using, the
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Annex B
(informative)

Directivity correction, D, for chimney stacks

B.1 Dependency of the directivity correction from parameters

nY(g

as a point
f chimney
ith these

openingsl¥e]l have shown that the radiation of the entire sound power is not omnidirectional.
investigations, the frequency-dependent directivity corrections required for modelling.were determined
and comnunicated in diagram form. In order to enable precise and quality-assured lapplication, these
results ar¢ communicated here in tabular form with predefined support points, whereby the firectivity
correction| D, applicable to any geometry of the chimney opening relative to the feceiver positfon can be
clearly defermined by interpolation of the determining parameters. Since the, value of D, is intended to
refer to a lownwind condition, the angle 9 of a sound ray curved with a raditrS of 5 km from the opening
to the recd¢iver according to Figure B.1 is used in the application of this table. The directivity cofrection D,
for an octave band determined taking into account the geometry according to Figure B.1 is inclyded in the
calculation of the receiver level with the octave band sound power level Ly, according to Formula [3).
g
s\
N
q R
ZR
—
dp /
Key
S source
R receivgr
zg  source|height
zg  receivgr height
9  directipn of radiation
d distange souree - receiver
d, distangersqurce - receiver projected to the horizontal plane

Figure B.1 — Geometry chimney opening - receiver

The reference direction of the source with 9 = 0 is in the vertical direction upwards. The geometry of the
true ground profile is insignificant. The relevant direction 9 due to the curvature of the ray results from the
quantities mentioned in the diagram to
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r
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Zg absolute height of the source (chimney opening)
zp  absolute height of the receiver
r radius of curvature of the ray S- R (5 000 m)

The correction 49, already part of Formula (B.1) with

Aﬁ:arcsin(i) (B.2)

2r

takes into account the steeper radiation angle of the curved ray to the receiver compared to straight
propagation. This correction shall ken in nt for all r hat h irectivity dependent
angleint itions

The directivity correction is listed in Table B.1 for discrete values depending on the“direction 9 and
ka (produft of wave number k and radius a of the chimney opening). Since the speedof sound and thus
the wavelg¢ngth for a given octave band centre frequency f depends on the current’temperature 7, ka is
determined from Formula (B.3).

2naf

ka= (B.3)
3B1,4-, 1+ T
273°C
with
a radius of the chimney-opening, in metres;

octave band mid-frequency, in hertz;

temperature at the chimney mouth, in degrees celsius.

Table B|{1 — Directivity correction D.in dB in"dependence of the product ka for different discrete
direction angles Y related to downwind-conditions (v ~ 3 m/s).

¥ in deg ka

4,0 5,0 6,3 8,0 101 12,7 16,0 20,2 254 32,0
30 2,4 2,1 1,9 2,0 2,1 2,6 3,1 3,4 3,4 3,3
45 400 3,4 3,1 3,1 3,4 4,0 4,4 4,6 4,6 4,5
60 40 3,4 3,1 3,1 3,4 4,0 4,4 4,6 4,6 4,5
75 2,4 2,1 1,9 2,0 2,1 2,6 3,1 3,4 3,4 3,3
90 2,4 -2,2 -2,0 -1,9 -1,9 -1,9 -1,9 2,1 -2,3 -2,7
105 -4,3 -4,6 -5,0 -5,4 -5,9 -6,4 -6,9 -7,3 -7,6 -7.9
120 -6,3 -7,0 -77 -8,2 -8,7 9,1 -9,6 -10,2 | -11, -12,1

For qualitly-assured and thus precise application, the value range of the two parameters covered by
measurements are extended in the following way:

— forka<4 D.=0 for ka < 1 and interpolation for 1 < ka < 4
—  forka>32 D, constant as for ka = 32
—  for9<30° D constant as for ¥ = 30°

— for9¥>120° D, constantas for 9 =120°
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NOTE The directivity corrections D. on which Table B.1 is based were determined by measurement on large

industrial chimneys[1el, with measurement results available for the ranges 4 < ka < 32 and 30° < 9 <

120°. They

were usually gas pipes built of bricks that were not lined with absorption. For chimneys of very different design, the

determined values are not fully representative and can only be applied as an approximation.

B.2 Determination of D with specifically given parameters

The first step is to determine the two parameters required to apply Table B.1, 9 by Formula (B.1) and ka by

Formula (B.3). From these two parameters, the appropriate directivity correction D, is then determined in

the second step.

For 1nterpolat10n the lower and upper 1nterval 11m1ts are searched for ad]acent to the current parameter

on the scage-o v Ta w v > 8

value for the current value of the angle 19 and ka, as the lower support value and ka, as the upp
value for the current value ka, the value of D (ka, ¥) results directly from Table B.1, with linedr
interpolatjon.

For interpplation, the following generally applies:

In[(ka)—In(kay )

Ser support
er support
or bilinear

X= (B.4)
In(ka, )—1In(kay)
(S
y=—»}—1L (B.5)
Oal=D4
Case 1 no interpolation
Case la ka<1andd<30° - kay=1,9.=30°
Case 1b ka<1land¥=120° - ka.=1,9.=120°
Case 1c ka 232 and 9 < 30° - ka.=32,9.=30°
Case 1d ka 232 and 92> 120° > ka.=32,9.=120°
D, (ka}¥)=D, (ka, ,8,) (B.6)
Case 2 linear inteppolation
Case 2a ka < 1@nd30° <9 <120° -  ka.=1
Case 2b ka2-32 and 30° < ¥ < 120° - ka.=32
D, (ka ﬁ):Dc (kar'ﬁl)'(l_.)/)"'Dc (kar'OZ)’y (B.7)
Case 2c 1<ka<32andd<30° - 9.=30°
Case 2d 1<ka<32andd¥>120° -  9.=120°
D.(ka,®)=D, (kay,¥,)-(1-x)+D.(ka,,0.)-x (B.8)
Case 3 bilinear interpolation
D, (ka,9)=D (kay 0 )(1=x)(1=-y)+D. (kay, 0 )x(1-y)+ D (kay, 0, )(1-x) y (B9)

+D, (kay, 0 )xy

© IS0 2024 - All rights reserved

36


https://standardsiso.com/api/?name=7a2b40306ef7fecebba30cb8e214d924

B.3 Examples

ISO 9613-2:2024(en)

For three examples, the directivity corrections D, for the octave bands 63 Hz to 8 000 Hz were calculated
using the specified method. In Table B.2 the parameters according to Figure B.1 for the examples 1 to 3 are

shown.

Table B.2 — Input parameters for examples 1 to 3

. Example
Parameter Symbol Unit

1 2 3
Source height Zg m 100 100 100
Radius of opening A m 2 2,5 3
Receiver hgight Zy m 5 5 5
Horizontal[distance d, m 300 500 1000
Temperatufe T °C 110 110 110
Radius of c|rcular ray R m 5000 5.000 5000
Interim redqults
Angle of straight ray 9, grad 107,6 100,8 97,1
Deviation With curvature A9 grad 1,8 2,9 5,8
Relevant angle ) grad 105,8 97,8 91,3
Table B.3 phows for each of the three examples and for each octavesband the value of ka calcullated with
Formula (B.3), the case number applied according to the above classification and the calculated vialue of the

directivity

correction D,.

Table B.3 — Calculation results for examples 1 to 3

Octave band centre-frequencies f
Example
63 125 250 500 1000 2000 4000 8000
ka 2,02 4,00 8,00 16,01 32,01 64,03 128,06 256,11
1 Case 3 3 3 3 2b 2b 2b 2b
D.indB -2,2 -4,4 =55 -7,0 -8,1 -8,1 -8,1 -8,1
ka 2,52 4,00 10,00 20,01 40,02 80,03 160,07 320,14
2 Case 3 3 3 3 2b 2b 2b 2b
D.indB -2,3 -3,5 -4,0 -4,8 -5,4 -54 -5,4 -5,4
ka 3,03 6,00 12,01 24,01 48,02 96,04 192,08 384,17
3 Case 3 3 3 3 2b 2b 2b 2b
D.indB -2,1 -2,3 -2,3 -2,7 -3,2 -3,2 -3,2 -3,2
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