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Introduction

The TSO 1996 series of standards specifies methods for the description of
noise outdoors in community environments. Other standards,| on the other
hand, specify methods for determining the sound powerlevels emitted by
various noise sources, such as machinery andnspecified equipment

(ISO 3740 series), or industrial plants (ISO 8297)nThis part o

ISO 9613 is

intended to bridge the gap between these two'types of stahdard, to en-

able noise levels in the community to be predicted from sour

es of known

sound emission. The method described in this part of ISO 9613 is general

in the sense that it may be applied to a‘wide variety of noise

sources, and

covers most of the major mechanisnmis of attenuation. There gre, however,
constraints on its use, which arise ‘pfincipally from the descfiption of en-

vironmental noise in the ISO 1996 series of standards.
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Acoustics — Attenuation of sound during propagation outdoors —

ParteF
Gengral method of calculation

Thie narf of ISO Q
s P
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for calcylating the attenuation of sound during propa-
gation ojtdoors in order to predict the levels of en-
vironmeptal noise at a distance from a variety of
sources| The method predicts the equivalent continu-
ous A-weighted sound pressure level (as described in
parts 1 fo 3 of ISO 1996) under meteorological con-
ditions favourable to propagation from sources of
known sound emission.

3813 specifies an en
11es an el

These conditions are for downwind propagation, as
specified in 5.4.3.3 of ISO 1996-2:1987 or, equivaleftly,
propagation under a well-developed moderate greund-
based temperature inversion, such as copamonhly oc-
curs at rlight. Inversion conditions over watef surfaces
are not ¢overed and may result in higher sound press-
ure levels than predicted from this part-of ISO 9613.

The method also predicts &\ long-term average A-
weightefl sound pressure_Aevel as specified in
ISO 199B-1 and ISO 1996:2! The long-term average A-
weightefl sound pressure level encompasses levels
for a wide variety of\meteorological conditions.

ing the attenuation of sound WhICh onglnates from a
point sound source, or an assembly of point sources.
The source (or sources) may be moving or stationary.
Specific terms are provided in the algorithms for the
following physical effects:

— geometrical divergence;
— atmospheric absorption;
— ground effect;

— reflection from surfaces;

— screening by obstacles.

Additional information gofAterning propa
housing, foliage ang~industrial sites is
nex A.

This method isTapplicable in practice to
of noise sddrces and environments. It
directly or/indirectly, to most situatio
road -or rail traffic, industrial noise sour
tion~activities, and many other groun

amtircne 1+ A
SUVUUI LT O.

flight, or to blast waves from mining, mi
operations.

To apply the method of this part of ISO
parameters need to be known with resy
ometry of the source and of the eny
ground surface characteristics, and
strength in terms of octave-band sound

for directions relevant to the propagatior.

NOTE 1 If only A-weighted sound powe
sources are known, the attenuation terms

be used to estimate the resulting attenuatiof.

The accuracy of the method and the lif

use in practice are described in clause 9.

2 Normative references

pjation through
given in an-

b great variety
is applicable,
s concerning
Ces, construc-
ibased noise

fd~rn airaraf

itary or similar

9613, several
ect to the ge-
ironment, the
the source
power levels

levels of the
for 500 Hz may

nitations to its

isions  which,

through reference in thIS text, cons’utute provisions of
this part of ISO 9613. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 9613 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International Stan-
dards.

ISO 1996-1:1982, Acoustics — Description and meas-
urement of environmental noise — Part 1: Basic
quantities and procedures.
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ISO 1996-2:1987, Acoustics — Description and meas-
urement of environmental noise — Part 2: Acquisition
of data pertinent to land use.

ISO 1996-3:1987, Acoustics — Description and meas-
urement of environmental noise — Part 3: Application
to noise limits.

ISO 9613-1:1993, Acoustics — Attenuation of sound
during propagation outdoors — Part 1: Calculation of
the absorption of sound by the atmosphere.

IEC 651:1979, Sound level meters, and Amend-

© SO

Lay =10Ig{ [ (1/T)jOTpA2(t)dt]/p02} B ...

where

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

Po is the reference sound pressure
(= 20 x 106 Pa);

ment 1:1993.

3 Definitions

For the purpgses of this part of ISO 9613, the defi-
nitions given|in I1SO 1996-1 and the following defi-
nitions apply. [See table 1 for symbols and units.)

3.1 equivalgnt continuous A-weighted sound
pressure levél, L,;: Sound pressure level, in decibels,
defined by eqliation (1):

Table 1 — Symbols and units

T is a specified time interval, in sec¢ends.

The A-frequency weighting is that specified fpr sound
level meters in IEC 651.

NOTE 2 The time interval (T\ should be long enough to
average the effects of vamrying meteorological pdrameters.
Two different situations “are considered in thig part of
ISO 9613, namely short-term downwind and long-tgrm overall
averages.

Symbol Definition Unit

A octave-band attenuation dB
Crnet meteorological correction dB
d distance from point source to receiver(see figure 3) m
dy distance from point source to receiver projected onto the ground plane (see figure 1) m
ds o distance between source and‘point of reflection on the reflecting obstacle (see figure 8) m
dos distance between point ofireflection on the reflecting obstacle and receiver (see figure 8) m
dgs distance from source-to [first) diffraction edge (see figures 6 and 7) m
dg distance from (sec¢ond) diffraction edge to receiver (see figures 6 and 7) m
Dy directivity index of the point sound source —
D, screening attenuation —
e distance)between the first and second diffraction edge (see figure 7) m
G ground factor —
h mean height of source and receiver m
hg height of point source above ground (see figure 1) m
h, height of receiver above ground (see figure 1) m
hm mean height of the propagation path above the ground (see figure 3) m
Hnax largest dimension of the sources m
Iin minimum dimension (length or height) of the reflecting plane (see figure 8) m
L sound pressure level dB

a atmospheric attenuation coefficient dB/km
B angle of incidence rad
p sound reflection coefficient —
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3.2 equivalent continuous downwind octave-
band sound pressure level, L{DW): Sound pressure
level, in decibels, defined by equation (2):

L (DW)=10lg { [(1/T) J’oTpfz(,) dt ]/Poz} dB

-(2)

where p,(f) is the instantaneous octave-band sound
pressure downwind, in pascals, and the subscript f
represents a nominal midband frequency of an octave-
band filte

-

1ISO 9613-2:1996(E)

If the distance d is smaller (d < 2H,,,,). or if the
propagation conditions for the component point
sources are different (e.g. due to screening), the total
sound source shall be divided into its component point

sources.

NOTE 4

In addition to the real sources described above,

image sources will be introduced to describe the reflection

of sound from walls and ceilings (but not by
described in 7.5.

NOTE 3 [The electrical characteristics of the octave-band
filters shdquld comply at least with the class 2 requirements
of IEC 1260.

3.3 insertion loss (of a barrier): Difference, in deci-
bels, betjveen the sound pressure levels at a receiver
in a spedified position under two conditions:

a) withlthe barrier removed, and
b) witH the barrier present (inserted),

and no |other significant changes that affect the
propagatjon of sound.

4 Source description

The equptions to be used are for the attenuation of
sound frlom point sources. Extended woise sources,
thereforg, such as road and rail traffictor an industrial
site (which may include several inStallations or plants,
together| with traffic moving on~the site) shall be rep-
resenteq by a set of sections—(cells), each having a
certain spund power and directivity. Attenuation calcu-
lated forl sound from alrepresentative point within a
section ik used to represent the attenuation of sound
from thg entire section. A line source may be divided
into line|sectionsy'an area source into area sections,
each representéd by a point source at its centre.

5—Meteorological-conditions—

Downwind propagation conditions) for

the ground), as

the method

specified in this part of ISO 9613 are gds specified in

5.4.3.3 of ISO 1996-2:1987, mamiely

— wind direction within-an angle of +{45° of the di-

rection connecting the centre of

the dominant

sound sourcetand the centre of the specified re-

ceiver region, with the wind blowin
to receiver;-and

y from source

— wind speed between approximatgly 1 m/s and

Bin/s, measured at a height of
above the ground.

Bm to 11 m

The equations for calculating the average downwind
sound pressure level Ly{DW) in this part of ISO 9613,
including the equations for attenuatjon given in
clause 7, are the average for meteofological con-

ditions within these limits. The term

average here

means the average over a short time interval, as de-

fined in 3.1.

These equations also hold, equivalentl

, for average

propagation under a well-developed moderate ground-

based temperature inversion, such as
curs on clear, calm nights.

6 Basic equations

The equivalent continuous downwing

commonly oc-

octave-band

sound pressure level at a receiver locgtion, Ly {DW),

shall be calculated for each point sour

e, and its im-

Howevetl—= grotp of pu;llt sourcesTmay be—described
by an equivalent point sound source situated in the
middle of the group, in particular if

a) the sources have approximately the same
strength and height above the local ground plane,

b) the same propagation conditions exist from the
sources to the point of reception, and

c) the distance d from the single equivalent point
source to the receiver exceeds twice the largest
dimension H,, Of the sources (d > 2H,,5,)-

age sources, and for the eight octave bands with
nominal midband frequencies from 63 Hz to 8 kHz,

from equation (3):
LyOW)=Ly +D, - A

where

NK)

Ly is the octave-band sound power level, in

decibels, produced by the point
relative to a reference sound
picowatt (1 pWj);

sound source
power of one
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D, is the directivity correction, in decibels, that
describes the extent by which the equivalent
continuous sound pressure level from the
point sound source deviates in a specified di-
rection from the level of an omnidirectional
point sound source producing sound power
level Ly; D, equals the directivity index Dy of
the point sound source plus an index Dgq that
accounts for sound propagation into solid

annlae lace than Ax etaradiane: far an amni-
QiiYyiCo 1IT00 ulidii Siv owlCiauianio, 11Ul ain Ui

directional point sound source radiating into
free space, D, = 0 dB;

© |ISO

point sound source, for each of their image sources,

and for each octave band, as specified by equation (5):

(
i=1

. N
i100,1[Lﬁ(ij)+Af(j)]“ dB

~
I

. (5)

A is the octave-band attenuation, in decibels,
that foccurs during propagation from the point
sourjd source to the receiver.

NOTES

5 The letter s
this part of IS
nates the A-fre)

6 Sound pow
from measure
ISO 3740 serisg

mbol A (in italic type) signifies attenuation in
D 9613 except in subscripts, where it desig-
quency weighting (in roman type).

br levels in equation (3) may be determined
ments, for example as described in the
s (for machinery) or in 1ISO 8297 (for indus-

trial plants).

The attenuatfon term A in equation (3) is given by
equation (4):

. (4)

A =Agy [t Aatm + Agr + Apar + Amisc

Agyv IS fhe attenuation due to geometrical diver-
gence (see 7.1);

Aaim Is [the attenuation due to~atmospheric ab-
sofption (see 7.2);

Ay is fhe attenuationidue to the ground effect
(sge 7.3);

Ap,r  is the atténuation due to a barrier (see 7.4);

Amisc IS [th®@ attenuation due to miscellaneous

n is the number of contributions i (sources and
<
~ )

Bathsy,
J Is an index indicating the,eight |standard
octave-band midband frequencies from 63 Hz
to 8 kHz;

Af denotes the stafidard A-weighting (see
IEC 651).

The long-term average A-weighted sound |pressure
level Lo7{LT) shall be-calculated according to

where~-C . is the meteorolo
ere-f met 'S the meteoroio

in clause 8.

The calculation and significance of the variojus terms
in equations (1) to (6) are explained in the [following
clauses. For a more detailed treatment of the at-
tenuation terms, see the literature references$ given in
annex B.

7 Calculation of the attenuation terms

7.1 Geometrical divergence (A;,)

The geometrical divergence accounts for [spherical
spreading in the free field from a point sounfd source,
making the attenuation, in decibels, equal to

other effects (see annex A).

General methods for calculating the first four terms in
equation (4) are specified in this part of ISO 9613. In-
formation on three contributions to the last term, Ap;sc
(the attenuation due to propagation through foliage,
industrial sites and areas of houses), is given in an-
nex A.

The equivalent continuous A-weighted downwind
sound pressure level shall be obtained by summing
the contributing time-mean-square sound pressures
calculated according to equations (3) and (4) for each

Aqy =[2075(d]d, )+ TT} dB )

where

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

dy is the reference distance (= 1 m).

NOTE 7 The constant in equation (7) relates the sound
power level to the sound pressure level at a reference dis-
tance dy which is T m from an omnidirectional point sound
source.
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7.2 Atmospheric absorption (4,

The attenuation due to atmospheric absorption A,
in decibels, during propagation through a distance d, in
metres, is given by equation (8):

Agtm = ad/1000 ...(8)
where « is the atmospheric attenuation coefficient, in

decibels per kilometre, for each octave band at the
midband frequency (see table 2).

1ISO 9613-2:1996(E)

The downward-curving propagation path (downwind)
ensures that this attenuation is determined primarily
by the ground surfaces near the source and near the
receiver. This method of calculating the ground effect
is applicable only to ground which is approximately
flat, either horizontally or with a constant slope. Three
distinct regions for ground attenuation are specified
(see figure 1):

a) the source region, stretching over a distance from
the source towards the receiver of 30hg, with a
maximum distance of dy (hg is the source height,

For valuEs of a at atmospheric conditions not covered
in table 2, see ISO 9613-1.

NOTES

8 The [atmospheric attenuation coefficient depends
strongly pn the frequency of the sound, the ambient tem-
perature pnd relative humidity of the air, but only weakly on
the ambignt pressure.

9 For cglculation of environmental noise levels, the at-
mospher|c attenuation coefficient should be based on aver-
age valugs determined by the range of ambient weather
which is felevant to the locality.

7.3 Ground effect (A,
7.3.1 General method of calculation
Ground jattenuation, Ay, is mainly the result of sound

reflected] by the ground surface interfering with the
sound gropagating directly from source to receiver.

Table 2 — Atmospheric attenuation coefficient o for octave bands of noise

ard up the—distance—from—source—o recelver as
projected on the ground plane);

b) the receiver region, stretching over a distance
from the receiver back jtowards the source of
30h,, with a maximum.distance of ¢, (h, is the re-
ceiver height);

c) a middle region;-stretching over the distance be-
tween the “source and receivegr regions. If
dy, < (30hs(# 30h,), the source and rgceiver regions
will ovérlap, and there is no middle fegion.

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

The acoustical properties of each groynd region are
taken into account through a ground factor G. Three
categories of reflecting surface are specified as fol-
lows.

Tempera- | Relative Atmospheric attenuation coefficient ¢, dB/km
ture humidity Nominal midband frequency, Hz
°C % 63 125 250 500 1000 2000 4 000 8 000
10 70 0.1 0.4 1,0 1,9 3.7 9.7 32,8 117
20 70 0,1 0.3 11 2,8 5,0 9,0 22,9 76,6
30 70 0,1 0.3 1,0 3.1 7.4 12,7 23,1 59,3
15 20 0,3 0,6 1,2 2,7 8,2 28,2 88,8 202
15 50 0,1 0,56 1,2 2,2 4,2 10,8 36,2 129
15 80 0,1 0.3 11 2,4 4.1 8.3 23,7 82,8
30hs 30h,
g ot
4 fg;;:)cne Middle region Receiver region +

Figure 1 — Three distinct regions for determination of ground attenuation
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a) Hard ground, which includes paving, water, ice,
concrete and all other ground surfaces having a
low porosity. Tamped ground, for example, as of-
ten occurs around industrial sites, can be con-
sidered hard. For hard ground G = 0.

NOTE 10 It should be recalled that inversion con-
ditions over water are not covered by this part of
1ISO 9613.

b) Porous ground, which includes ground covered
by grass, trees or other vegetation, and all other

© SO

ranging from 0 to 1, the value being the fraction

of the region that is porous.

To calculate the ground attenuation for a specific oc-
tave band, first calculate the component attenuations
A, for the source region specified by the ground factor
G, (for that region), A, for the receiver region specified
by the ground factor G,, and A, for the middle region
specified by the ground factor G,,, using the expres-

sions in table 3. (Alternatively, the functions

a/’ b,, C,

and 4’ in table 3 may be obtained directly from the
curves in figure 2.) The total ground attenuation for

ground sfirfaces suitable for the growth of veg- that octave band shall be obtained from equatjon (9):
etation, sjch as farming land. For porous ground
G=1. Ay =Ag + A + Ay -9
c) Mixed ground: if the surface consists of both NOTE 11 In regions with buildings, the influeng¢e of the
hard and [porous ground, then G takes on values ground on sound propagation maybe changed (se¢ A.3).
a) 125 Hz b) 250 Hz
——p=15m
8 |- 8 |-
——th=20m
—|h=15m
——=p=25m
6 ——{h=30m 6
Q 2 — -t h=3,0m
o ——h=60m _ ——h=35m
4 4
— -t h=4,0m
/ -— -t h=75m /
L ——p=50m
— h =100 h>10,0m
1 | 1 1 { | | | i 1
20 5 125 250 500 1000 200 20 50 125 250 500 1000 20q0
Distance dp, m Distance dp. m
c) 500 Hz d) 1000 Hz
8 | 8
—— h=15m
6 =
3 Z 2
= —— h=17m B
¥ ©
——h=25 =
2f — " 2k h=15m
hz30m hz30m
| 1 ! 1 | | 1 | ! |
20 50 125 250 500 1000 2000 20 50 125 250 500 1000 2000

Distance dp, m

Distance dp, m

Figure 2 — Functions d’, &', ¢’ and d’ representing the influence of the source-to-receiver distance d, and the
source or receiver height 7, respectively, on the ground attenuation Agr (computed from equations in table 3)
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Table 3 — Expressions to be used for calculating ground attenuation contributions Ag, A, and A,
in octave bands
Nominal midband frequency Agor AN A
Hz dB dB
63 -15 -3¢2
125 -1,5+Gxdh)
250 -1,5+Gxb'(h)
500 -1,5+ Gxc'(h)
1.000 —154 Gxd(h) 3¢l =G )
2 000 -15(1-G)
4 000 -1,5(1-G)
8 000 -15(1-G)
NOTES

b'(h)=[1,5 + 8,6 x e~ 0.09% (1 —e dp/50)
c’(h)=[1,5 + 14,0 x g~ 0.464? (1 _ e—dp/so>

d'(h)=[1,5+5,0 x e=09 (1 e~ /%)

2 -6, 42
' (h)=[1,5+3,0x e~ 012(k - 5) (1—e"1p’5°)+5,7><e‘0'°9h2(1—e'2'8><10 % ]

ground|surfaces.
2) g=|0when dj, < 30(hs + k)

: 30(hg + k)

y when d, > 30(hg + A,)

q:
p

1) For|calculating Ag, take G = Gs and h = hg. For calculating Ay fake G = G, and h = h,. See 7.3.1 for values g¢f G for various

where 4, is the source-to-receiver distance, in-metres, projected onto the ground planes.

7.3.2 Alternative method of calculation for
A-weighted sound pressure lévels

Under the following specifio conditions

— only the A-weighted sound pressure level at the
recgiver posifion is of interest,

— the|souhd propagation occurs over porous ground
or mixed ground most of which is porous (see

d is the distance from the sourcd to receiver, in
metres.

The mean height A, may be evaluated py the method
shown in figure 3. Negative values |for Ag from
equation (10) shall be replaced by zeros.

NOTE 12 For short distances d, equation [10) predicts no
attenuation and equation (9) may be more a¢curate.

When the ground attenuation is calculated using

7.3.17;
— the sound is not a pure tone,

and for ground surfaces of any shape, the ground at-
tenuation may be calculated from equation (10):

Age =48~ (2 /d)[17+(300/d)] =0 dB ... (10)
where

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

equation (10), the directivity correction Dg in
equation (3) shall include a term Dg, in decibels, to ac-
count for the apparent increase in sound power level
of the source due to reflections from the ground near
the source.

Do =101g {1 + [dp2 + (s - h,)z]/[dpz + (hs + hr)z]} dB

A{11)
where

hs is the height of the source above the ground,

in metres;

S
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h, is the height of the receiver above the
ground, in metres;

d, is the source-to-receiver distance projected
onto the ground plane, in metres.

7.4 Screening (A,

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

© SO

— the object has a closed surface without large
cracks or gaps (consequently process installations
in chemical plants, for example, are ignored);

— the horizontal dimension of the object normal to
the source-receiver line is larger than the acoustic
wavelength A at the nominal midband frequency
for the octave band of interest; in other words
| + 1. > A (see figure 4).

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 slop-

— the surfade density is at least 10 kg/m?; ing.
Receiver
&£
,’.‘
Source
Qi Ground profijle
h., = Fld, where K48 the area
Figure 3 — Method for evaluating the mean height 7,
S
[ Ll - p R
S @ p R

NOTE — An object is only considered to be a screening obstacle when its horizontal dimension perpendicular to the source-

receiver line SR is larger than the wavelength: (; + ;) > A

Figure 4 — Plan view of two obstacles between the source (S) and the receiver (R)
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For the purposes of this part of ISO 9613, the attenu-
ation by a barrier, A, shall be given by the insertion
loss. Diffraction over the top edge and around a verti-
cal edge of a barrier may both be important. (See fig-
ure 5.) For downwind sound propagation, the effect of
diffraction (in decibels) over the top edge shall be cal-
culated by

1ISO 9613-2:1996(E)

To calculate the barrier attenuation D,, assume that
only one significant sound-propagation path exists
from the sound source to the receiver. If this assump-
tion is not valid, separate calculations are required for
other propagation paths (as illustrated in figure 5) and
the contributions from the various paths to the
squared sound pressure at the receiver are summed.

... (14)

Apar = Dz = Agr >0 . (12) The barrier attenuation D,, in decibels, shall be calcu-
lated for this path by equation (14):
and for diffraction around a vertical edge by
5o oy D, =101g[3+(Co/A) CazKrne: ] B
Abar =17 |9 TN TO) T T
where Where

D, |s the barrier attenuation for each octave
band [see equation (14)];

A, |s the ground attenuation in the absence of
the barrier (i.e. with the screening obstacle

removed) (see 7.3).

ar

RIS

S

e
R

X5
R

RRRS
RE
8

%

C, is equal to 20, and.includes [the effect of
ground reflectionsy if in special cases
ground reflectiéns are taken|into account
separately by image sources, ¢, = 40;

C3; is equalto 1 for single diffragtion (see fig-
ure 6);

& =[1+ G2V |/[3)+ 6347|115

for double diffraction (see figufe 7);
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Figur¢ 5 — Different sound propagation paths

Kmet

is the wavelength of sound a
midband frequency of the oc
metres;

is the difference between th
of diffracted and direct sound,
by equations (16) and (17), in n

is the correction factor for n
effects, given by equation (18)

is the distance between the t
edges in the case of double d

t the nominal
tave band, in

b pathlengths
as calculated
hetres;

heteorological

wo diffraction
ffraction (see

at a barrier

NOTES

13 When Ap, as defined by equation (12) is substituted in
equation (4) to find, the total attenuation A, the two Ag
terms in ¢quationi(4) will cancel. The barrier attenuation D,
in equatign (12)kthen includes the effect of the ground in
the presepce-of the barrier.

figure 7).

For single diffraction, as shown in figurg 8, the path-
length difference z shall be calculated |by means of
equation (16):

[/, Y 211/2 ;

14 For large distances and high barriers, the insertion loss
calculated by equation (12) is not sufficiently confirmed by
measurements.

15 In calculation of the insertion loss for multisource in-
dustrial plants by high buildings (more than 10 m above the
ground), and also for high-noise sources within the plant,
equation (13) should be used in both cases for determining
the long-term average sound pressure level [using equation
(6)].

16 For sound from a depressed highway, there may be
attenuation in addition to that indicated by equation (12)
along a ground surface outside the depression, due to that
ground surface.

... (16)

4_|_\“ss"'usr} TuJ =

where

dgs is the distance from the source to the (first)
diffraction edge, in metres;

dg, is the distance from the (second) diffraction
edge to the receiver, in metres;

~a is the component distance parallel to the
barrier edge between source and receiver, in
metres.
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If the line of pight between the source S and receiver
R passes abqve the_tep/edge of the barrier, z is given
a negative sign.

For double diffraction, as shown in figure 7, the path-

Figure 7 — Geometrical quantities for determining
the pathlength difference for double diffraction

7

For lateral diffraction around obstacles, it shll be as-
sumed that Ko, = 1 (see figure 5).

NOTES

length difference z shall be calculated by
2 V2
z=[(dss+dsr+e) +a] -d .. (17)
The correction factor K, for meteorological con-

ditions in equation (14) shall be calculated using
equation (18):

Kot = €XP [— (1/2000),/dssdsrd/(zz)] forz>0
.(18)
Kmet =1 forzs=<o0

10

17 For source-to-receiver distances less than 100 m, the
calculation using equation (14) shows that Kt may be as-
sumed equal to 1, to an accuracy of 1 dB.

18 Equation (15) provides a continuous transition from the
case of single diffraction (e = 0) where C3 =1, to that of a
well-separated double diffraction (e > 4) where C; = 3.

19 A barrier may be less effective than calculated by
equations (12) to (18) as a result of reflections from other
acoustically hard surfaces near the sound path from the
source to the receiver or by multiple reflections between an
acoustically hard barrier and the source.
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The barrier attenuation D,, in any octave band, should
not be taken to be greater than 20 dB in the case of
single diffraction (i.e. thin barriers) and 25 dB in the
case of double diffraction (i.e. thick barriers).

The barrier attenuation for two barriers is calculated
using equation (14) for double diffraction, as indicated
in the lower part of figure 7. The barrier attenuation for
more than two barriers may also be calculated
approximately using equation (14), by choosing the
two most effective barriers, neglecting the effects of
the others.

1ISO 9613-2:1996(E)

where

A is the wavelength of sound (in metres) at

the nominal midband frequency f{in hertz)
340 m/s
of the octave band [ A= 340m/s ;

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

d, . is the distance between the point of re-
flection on the obstacle and the receiver;

7.5 Refiections

Reflectiofs are considered here in terms of image
sources. [These reflections are from outdoor ceilings
and mor¢ or less vertical surfaces, such as the fa-

cades of| buildings, which can increase the sound

pressure |levels at the receiver. The effect of reflec-
tions from the ground are not included because they
enter intd the calculation of Ag;.

The reflegtions from an obstacle shall be calculated for
all octavg bands for which all the following require-
ments arg met:

—- a spgecular reflection can be constructed, as
shown in figure 8;

— the mnagnitude of the sound reflection coefficient
for the surface of the obstacle is greaterthan 0,2;

— the gurface is large enough for the.nominal mid-

band wavelength A (in metres)~for the octave
band under consideration to obey-the relationship

14 b [2 /(i 005 /3)2] [d5)otor /(ds,0 + do,,)]
.(19)

/>{— Obstacle

R~

s—theamgteof incidence, N radians (see

figure8):  ~o

lmin 1S the minimum dimensign (length or
height) of the reflecting surface (see fig-
ure 8).

If any of these conditions)s' not met for a| given octave
band, then reflections shall be neglected.

The real source ‘and source image are handled sepa-
rately. The sound power level of the dource image
Ly im shallbe‘calculated from

Lyim = Ly +101g(p) dB + Dy, .. (20)

where

p is the sound reflection coefficignt at angle 8
on the surface of the obstacle| (= 0,2) (see
figure 8);

Dy, is the directivity index of the solirce in the di-
rection of the receiver image.

If specific data for the sound reflection coefficient are
not available, the value may be estimated using
table 4.

For the sound source image, the attenuTion terms of
equation (4), as well as p and Dy, in equation (20), shall
be determined according to the propagpgtion path of
the reflected sound.

NOTE — A path dg ,, + d,, connecting the source S and receiver R by reflection from the obstacle exists in which 8, the angle
of incidence, is equal to the angle of reflection. The reflected sound appears to come from the source image S;.

Figure 8 — Specular reflection from an obstacle

1
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Table 4 — Estimates of the sound reflection coefficient p

Object P
Flat hard walls 1
Walls of building with windows and small additions or bay 0,8
Factow walls.with 50 ‘% of the surface consisting of open- 04
ings, installations or pipes !
Cylinders with hard surfaces (tanks, silos) D sin(¢/2) ®
2d.

D is the diameter of the cylinder;

is the distance from the source to the/centfe C of
the cylinder;

¢ is the supplement of the angle between lines SC
and CR.

Open installgtions (pipes, towers, etc.)

0

from the cylipder to receiver; see figure 9.

*) This expfession applies only if the distance dy; from the source S to cylinder C is much smaller than the didtance d,,

dS[

8 Meteorological correction (Cpc1)

Use of equgtion (3) leads directly to (an“equivalent
continuous A-weighted sound pressure) level Ln, at
the receiver |[for meteorological canditions which are
favourable fqr propagation from‘the sound source to
that receiver, as described jin-clause 5. This may be
the approprigte condition fer.meeting a specific com-
munity noise limit, i.e. aJevel which is seldom ex-
ceeded (see |SO 1996:3). Often, however, a long-term
average A-wgightedisound pressure level La(LT) is
required, wherehe time interval T is several months
or a year. Sugh-a period will normally include a variety

Figure 9 — Estimation of sound reflection coefficient for a cylinder

Cret = Co [1 = 10(hs + i) /d, | ... (22)

if dy > 10(hg + hy)

hg s the source height, in metres;

h, is the receiver height, in metres;

1 +h Adiatan hat o
is—thre—distancebetween—the—sotrce and re-

of meteorological conditions, both favourable and un-
favourable to propagation. A value for Ly (LT) may be
obtained in this situation from that calculated for
L7 (DW) via equation (3), by using the meteorological
correction Cpet in €quation (6).

A value (in decibels) for C in equation (6) may be
calculated using equations (21) and (22) for the case of
a point sound source with an output which is effec-
tively constant with time:

Cmet=0 ...(21)

if dy < 10(hg + h)

12

“p ) § .
ceiver projected to the horizontal ground
plane, in metres;

Cp s afactor, in decibels, which depends on local

meteorological statistics for wind speed and
direction, and temperature gradients.

The effects of meteorological conditions on sound
propagation are small for short distances dy,, and for
longer distances at greater source and receiver
heights. Equations (21) and (22) account approxi-
mately for these factors, as shown in figure 10.
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Values in metres
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NOTES

20 A vallie for Cy in equations (21) and (22) may be esti-
mated frgm an elementary analysis of the local meteoro-
logical statistics. For example, if the meteorological
conditiong favourable to propagation described in clause 5
are found| to occur for 50 % of the time period of interest,
and the gttenuation during the other 50 % is higher by
10 dB or|more, then the sound energy which arrives for
meteorolggical conditions unfavourable to propagation may
be negledted, and Cq will be approximately + 3 dB.

21 The rheteorological conditions for evaluating Co.may be
establishg¢d by the local authorities.

22 Expefience indicates that values of Cy in ‘pfactice are
limited to|the range from zero to approximately + 5 dB, and
values in|excess of 2 dB are exceptionals Thus only very
elementaly statistics of the local méteofology are needed

fora =1 ¢B accuracy in C.

For a solirce that is compesed of several component
point sodirces, hg in equyations (21) and (22) represents
the predominant souf€e height, and d, the distance
from the|centre of that source to the receiver.

100

Distance dp, m

Figure 10 — Meteorological correction C,,

200 400 1000 2000

There is information to support the method of calcula-

tion given i clauses 4 to 8 (see annex

band noise sources.
calculated and measured values of th

The agreemgnt

B) for broad-
between
b average A-

weighted sound pressure level for downwind propa-

gation, Lar(DW), supports the estimate

H accuracy of

Calculation shown in table 5. These estinmpates of accu-
racy are restricted to the range of conditjons specified

for the validity of the equations in claus
are independent of uncertainties in sou
termination.

NOTE 24 The estimates of accuracy in

es 3 to 8 and
nd power de-

able 5 are for

downwind conditions averaged over indeperjdent situations

(as specified in clause 5). They should not
expected to agree with the variation in

necessarily be
measurements

made at a given site on a given day. The ldtter can be ex-

pected to be considerably larger than the val

The estimated errors in calculating
downwind octave-band sound pressure
as pure-tone sound pressure levels, un

lles in table 5.

the average
evels, as well
der the same

conditions, may be somewhat larger fhan the esti-
mated errors given for A-weighted sqund pressure

levels of broad-band sources in table 5.

In table 5_an estimate of accuracy is n

bt provided in

9 Accuracy and limitations
of the method

The attenuation of sound propagating outdoors be-
tween 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.

this part of 1ISO 9613 for distances d greater than the

1 000 m upper limit.

Throughout this part of 1ISO 9613 the meteorological
conditions under consideration are limited to only two

cases:

a)

moderate downwind conditions of propagation, or

their equivalent, as defined in clause 5;

b)
exist over months or years.

a variety of meteorological conditions as they

13
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The use of equations (1) to (5) and (7) to (20) (and
therefore also table 5) is limited to case a): meteoro-
logical conditions only. Case b) is relevant only to the
use of equations (6), (21) and (22). There are also a

substantial number of limitations (non-meteorological)

© SO

in the use of individual equations. Equation (9) is, for
example, limited to approximately flat terrain. These
specific limitations are described in the text ac-
companying the relevant equation.

Table 5 — Estimated accuracy for broadband noise of L, (DW) calculated using equations (1) to (10)

Height, 1 *
0<d<100m
O<h<bm +3dB
m<h<30m +1dB

Distance, d *

100 m<d<1000m

+3dB
+3dB

*) his the mean height of the source and receiver.
d is the distance between the source and receiver.

to screening.

NOTE — Thefse estimates have been made from situations where there are no effects due to refléstion or attenus

tion due

14
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Annex A
(informative)

Additional types of attenuation (An,jsc)

Anmisc IN equation (4) covers contributions to

the attenuation from miscellaneous effects not ac-
cessible by the general methods of calculating the at-

A.1 Foliage (Asq)

Tha faliaan of +rane -
He—TOna

tenuation [Specified M clause 7T hese conributions ge—oi—trees—end—shrubs—provifles a ;mall
include amount of attenuation, but only if /itCig sufficiently
dense to completely block the viewyalong the propa-
— Aq, fhe attenuation of sound during propagation gation path, i.e. when it is impossible to| see a short
through foliage, distance through the foliage. Therattenudtion may be
by vegetation close to the source, or clope to the re-
—  Agje [the attenuation during propagation through ceiver, or by both situations, as illustrated in figure
an industrial site, and A.1. Alternatively, the path for the distanges d; and d,
. . _ may be taken as falling’along lines at prqpagation an-
—  Apous| the attenuation during propagation through gles of 15° to the ground.
a builf-up region of houses,
which arelall considered in this annex. The first liféyin table A.1 gives the atterfuation to be
expectedifrom dense foliage if the totall path length
For calculating these additional contributions to the through-the foliage is between 10 m and 20 m, and
attenuatign, the curved downwind propagation path the second line if it is between 20 m angl 200 m. For
may be approximated by an arc of a circle of radius path’ lengths greater than 200 m through dense foli-
5 km, as ghown in figure A.1. age, the attenuation for 200 m should be §ised.
02
da
Source Q QQ Receiver
1 ﬁrj ;; ;; A
NOTE — d}f = d; + d,
For calculating dy and.dy,the curved path radius may be assumed to be 5 km.
Figure A.1 —Attenuation due to propagation through foliage increases linearly with propagatipn distance

d; through the foliage

Table A.1 — Attenuation of an octave band of noise due to propagation a distance d; through
dense foliage

Propagation distance d; Nominal midband frequency
Hz
m 63 | 125 250 500 1 000 2 000 4 000 8 000
Attenuation, dB:
10 < d; < 20 o | o 1 1 1 2 3
Attenuation, dB/m:
20 < d; < 200 0,02 | 0,03 0,04 0,05 0,06 0,08 0,09 0,12

15
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