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Foreword

ISO (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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The initiative to prepare a standard on impulse noise from shooting ranges was taken by AFEMS, the
Association of European Manufacturers of Sporting Ammunition, in April 1996 by the submission of
a formal proposal to CEN. After consultation in CEN in 1998, CEN/TC 211, Acoustics asked ISO/TC 43,
Acoustics, Subcommittee SC 1, Noise to prepare ISO 17201 (all parts).

This document provides guidance for sound propagation calculation of shooting sound from shooting
ranges. If calculation procedures are not implied or specified by local or national guidelines, rules and
regulations, and if a more sophisticated propagation model is not available, then ISO 9613-2 may be

applied, provided that the recommendations in this document are observed.

The
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neig

source energy of muzzle blast is typically measured or calculated for free-field.cond
n exhibits strong directivity. In many cases, firearms are fired within a shooting 'fange
lctures such as firing sheds, walls or safety barriers. Guns, particularly shotgtns, are
d in many directions, e.g. in trap and skeet where the shooting direction,is)dictated b
h of the clay target. This document recommends ways in which source data can be 3
with ISO 9613-2 to obtain a general survey for the sound exposure levels to be expe
rhbourhood around shooting ranges.
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Scope

5 document specifies methods of predicting the sound exposure level of shootingsound
L at a given reception point. Guidelines are given to calculate other acoustic indiees fron
psure level. The prediction is based on the angular source energy distributionof the muz
ned in ISO 17201-1 or calculated using values from ISO 17201-2.

5 document applies to weapons with calibres of less than 20 mm or_explosive charges ¢
b TNT equivalent, at distances where peak pressures, including the/contribution fron
hd, are less than 1 kPa (154 dB).

E National or other regulations, which could be more stringent, can apply.

Normative references

following documents are referred to in the textdh such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

9613-2:1996, Acoustics — Attenuation_of sound during propagation outdoors — Part|
hod of calculation

17201-1:2018, Acoustics — Noise from shooting ranges — Part 1: Determination of muz
surement

IEC Guide 98-3Y), Uncertainty of measurement — Part 3: Guide to the expression of ung
surement (GUM:1995)

Terms and deéfinitions

the purposes of this document, the following terms and definitions apply.

and I[E€ Mmaintain terminological databases for use in standardization at the following aqg

for a single
the sound
zle blast as

f less than
projectile

pir content
pplies. For
[s) applies.
2: General

yle blast by

ertainty in

dresses:

SO Online browsing platform: available at https://www.iso.org/obp

31

IEC Electropedia: available at http://www.electropedia.org/

substitute source
substitute for a sound source and its firing shed (3.4) by a model source without a firing shed positioned in
the centre of the opening of the firing shed to represent the emission in the direction of a reception point

3.2

safety barrier
<shooting ranges> barrier that is intended to stop projectiles leaving the range

1)

ISO/IEC Guide 98-3 is published as a reissue of the Guide to the expression of uncertainty in measurement
(GUM), 1995.

© IS0 2019 - All rights reserved
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3.3
safety baffle
<shooting ranges> overhead barrier that is intended to stop projectiles leaving the range

34

firing shed

structure constructed to protect the shooters and their equipment from precipitation and wind, having
an opening that allows shooting at a target located on open ground

3.5

shooting range

enclosed ztrangement of firing positions (3.7) and matching targets which, depending on the dedign,
may include such features as a firing shed (3.4), safety barriers (3.2), safety baffles (3.3), and unsafe afeas

3.6
shooting fpcility
organizatignal entity consisting of one or more shooting ranges (3.5), and associated buildings and
infrastructure

3.7
firing position
position offthe shooter within a shooting range (3.5)

3.8
impact sosind
sound produced by the projectile hitting the target

3.9
diffraction point
point on tep of a barrier which provides the shortestpath length for the sound travelling over|the
barrier to the reception point

4 Sour¢e modelling

4.1 General

The basic quantities to be used arethe angular source energy distribution, Sg(a), and angular soyrce
energy disfribution level, Lg(a),as defined in ISO 17201-1. The angle between the line of fire and|the
line from the muzzle to the reception point is designated by a. If the gun is fired in a free-field situation,
Sq(a) can be used to describe the muzzle blast. For rifle shots, projectile sound has to be included [see
4.3). Substfitute source§’can be used for shed situations and for the incorporation of reflection and
diffraction|to calculatethe reception levels as if it was a free-field situation. Impact sound caused by
the projectlile hitting/the target can usually be neglected. This document does not apply to projectiles
containing|a charge which is detonated at the target.

4.2 Muzzieblast

4.2.1 Background

For the non-free-field situation (such as a shed with one opening), the propagation model of ISO 9613-2
is insufficient, and more complex propagation models and calculation procedures are needed.
Annex A provides a benchmark case and a demonstration of how sophisticated sound propagation
approximations (see Annex B) may be used to describe the sound emitted from such a range, based
on the free-field data of the angular source energy distribution levels. The sound emission is then
expressed by the angular source energy distribution level of a substitute source positioned at a
representative position in front or above the firing shed. All further calculations of the sound pressure
level are carried out as specified in Clause 5 by a point source with directivity independent from the
range, which may be formed by a shed, baffles and side walls, etc.

2 © IS0 2019 - All rights reserved
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4.2.2 Free-field situation

If the weapon under consideration is used outside a firing shed or similar structure, use the angular
source energy distribution level, Lg(a), of the specific weapon/ammunition combination directly. If a
shot is fired with a reflecting surface near the shooter, take the reflection into account. The directivity
has to be adjusted accordingly. If the gun can be fired in varying horizontal and vertical directions,
account for these directions separately. Examples of free-field situations are described in Annex C.

4.2.3 Non-free-field situation

4.2]3.T Shooting shed

In this case, the shot is fired in a shed (see for example Annex B). Part of the energy radiated due to the
muzzle blast is absorbed by the walls and the ground. If baffles and side walls are present, take the
reflections from the ground, side walls and baffles into account (see Annex A). An absorbing cefling within
theshed can be considered to be state of the art. The remaining energy is emitted through the opening of
the shed. Therefore, free-field data shall not be used directly. If no absorption’occurs within the shed and
at the baffles, the benchmark case is not a suitable model to describe the emitted sound energy.

re 1 depicts a shed with the side walls and safety overhead baffles:.

© IS0 2019 - All rights reserved 3
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a) Top view
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6
b) View in shooting direction

B-B

c) Side view

Key]

1 |gun/rifle 7  reception point

2 |side berin a  Shooting direction.
3 |roof b Diffracted sound.
4 |safety baffle ¢ Shielded sound.

5 Tbarrier

6 ground

Figure 1 — Shooting shed situation and illustration of diffraction effects on the propagation path

4.2.3.2 More complex situations

For more complex situations consisting of different shooting facilities, such as a trap and skeet range
together with rifle ranges for large and small calibres, a larger number of sources and substitute
sources sometimes have to be included to adequately model the situation. These sources are considered
incoherent. However, reflections are considered to be coherent, when at the reception point the time
delay between the muzzle blast and its reflections is less than 3 ms. Then, they shall be modelled as one

© IS0 2019 - All rights reserved 5
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substitute source. If the prediction focuses on F-time-weighted levels, substitute sources can combine
multiple sound paths that have time delays within a time span less than (125/2) ms.

NOTE 62,5 ms is half the exponential time constant for time-weighting F (125 ms) as specified in IEC 61672-
1:2013,5.8.1.

4.3 Projectile sound

Modelling of projectile sound is described in ISO 17201-2 and ISO 17201-4. ISO 17201-4 also gives
guidelines for the calculation of the propagation of projectile sound, as far as it deviates from the
propagatio i i jecti 3-2
can also bg used. The other attenuation parameters such as geometrical divergence, air absofption
and non-lihear attenuation are specified in ISO 17201-4. In free-field situations, especially~in ffont
of the weapon when the distance to the trajectory is short, projectile sound can be a relevant so
for the sound exposure level of shooting sound. If a shot is fired in a shooting range, projectile sound
is in generpl of minor importance in the estimation of the sound exposure level at acreeeption paint.
However, if measures are taken to reduce the sound emission of the muzzle blast, projectile sound|can
then become a dominant factor.

5 Propagation calculation

5.1 General

The propagation calculation may be performed using ray-tracing;er more sophisticated models, which
take specific weather conditions into account. To calculate a,]Jong-term Leg, the results are weighted
with respdct to the frequency of occurrence of weather ¢conditions pertinent to the time periodjs of
interest during which the shooting range is operated.

5.2 Application of ISO 9613-2 for free-field-situations

ISO 9613-2 neither applies to shooting sound.nor accounts for changes in sound pressure time hisfory
during prdpagation. It therefore cannot yield results for time-weighted metrics such as Lpmax [See
Clause 6). IS0 9613-2 does not adequately’account for meteorological effects on sound propagation ¢ver
distances greater than 1 km. Furthermiore, the use of ISO 9613-2 is not recommended if the spectruin at
the reception point is dominated by frequencies below 100 Hz.

However, ISO 9613-2 may be-applied to model propagation of shooting sound if modifications|are
introduced.

The sound power level.and the directivity have to be substituted by the angular source endrgy
distribution level and\the ambient level by the resulting sound exposure level, Lg(f), at the reception
point of onp specific.shot under favourable sound propagation conditions.

The sound [expesure level for one shot fired is obtained by:

Lg (f)=Lg (e, F)=Aaiy )+ 1T AB= Ay (7 )= Apar (71T )~ Age (T T )= A (T )= Amisc (7)) (1)

where

Lg(a, f)  is the angular source energy distribution level, in decibels, of the weapon ammunition
combination under consideration;

r is the distance, in metres, from the source or substitute source P(xg, yo, zo) to the reception
point P(x, y, z);
a is the angle between the line of fire and the line from the source to the reception point

P(x, y, z), provided that the latter line does not interfere with a barrier;

6 © IS0 2019 - All rights reserved
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f is the centre frequency, in hertz, of any frequency band;

Adiv is a correction, in decibels, for the geometric spread;

Aatm is the air absorption, in decibels, according to ISO 9613-1;

Apar is the shielding by barrier, in decibels, according to ISO 9613-2;

Agr is the ground effect, in decibels, according to ISO 9613-2;

A, is a correction for non-standard meteorological conditions [see ISO 3741[2], ISO 3745I3],
ISO 9614-3[4], and ISO 17201-1:2018, Formula (11)];

Amisc is a correction, in decibels, for miscellaneous other effects according te\[SO 9¢13-2.

cerning a, if the sound is shielded by a barrier, separate calculations for each point of difffaction are

'ce point to the point of diffraction under consideration. This approach deviates from IS(

insertion loss, Apar, is related to sound exposure level in the direction of the point of
example in Annex C) for the same distance between the reception-point and the source
erence [11]).

P can also be used, in which case an additional term Dy needs to be added to Lg(a, f).
ermined by using ISO 9613-2:1996, Formula (11), or it cah be set to 3 dB.

calculation of Lg(x, y, z, f) for a shed opening is spe€ified in 5.3.

long-term sound exposure level is obtained by:

LE,long term =LE ~Cret

psure level, Lg(f), is to be calculated. If the long-term Leq is needed, take the long-ter
ditions at the site into account. If such information is not available, Cpet for the long
be determined according to'ISO 9613-2:1996, Formula (22), using Cop = 5 dB. By applicg
ing models and long-term' statistics of wind direction, wind speed and atmospheric stabi
irate value for long-term levels can be obtained (see References [12], [13]).

ne third of the,time.

0 9613-271s'applied, the following limitations are observed:

For longer distances, ISO 9613-2 has the tendency to overestimate the long-term soun
level, Lg long term, during daytime (Reference [14]).

pssary. The angle, @, used to obtain Lg(a, f) is the angle between the line offire and the lie from the

9613-2.

diffraction
point (see

13-2:1996,
Dgq can be

(2)

way to obtain Cpet depends strongly on the definition of the weather condition for which the sound

m weather
term La eq
tion of ray
lity, a more

E The value.5@B for Cp results from the assumption that favourable sound propagation conditions occur

| exposure

For downwind conditions, the effect of screens can be overestimated as a consequence of the

induced air flow at the top of the screen (Reference [15]).

During daytime, the barrier attenuation tends to be higher compared to the value obtained by

ISO 9613-2 (Reference [16]).

ISO 9613-2 does not consider diffraction apart from shielding. However, diffracted s
safety baffles for example (see Figure 1) can produce a major contribution at the recepti

ound from
on point.

Scattering is only approximately taken into account. That effect can be an important contribution to the
overall level at a reception point for situations in which the sound sources are well shielded.

© IS0 2019 - All rights reserved
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5.3 Application of ISO 9613-2 for non-free-field situations

For calculation of the sound immission in a non-free-field situation, more sophisticated sound
propagation models are needed (see 5.4). These model calculations are usually very time consuming.
Even if the distance between the shooting range and the reception point is not more than a few hundred
metres, the calculation over all frequencies takes too long to be used for noise mapping.

Therefore the concept of the substitute source is introduced to allow the use of generally available
software to calculate noise maps. A sophisticated model is used to calculate the sound exposure level,
LE(f), at some immission-relevant reception points, P(x, y, z), which are far enough from the shed
to allow the substitution of the original source and its direct surroundings by a point source with

directivity|
be twice t
source ene
to be in th
without b3
ranges wit

Figure B.1,

The calculg
then be call

The anguls
exposure |

Lq,S (a
where

Lg (x, )]
Aaiv (7}

r

In this mo
the directi
example in|

the calculgtion of Lg s(@)-\Only take into account barrier effects, etc. for those barriers which are

included in

Figure 1 sh
exposure |

ground for

characteristics. The distance between the range and such a reception point should atyl
he largest dimension of the range. The position of the substitute source with the.ang
Fgy distribution level, Lqs(x, y, z f), for this reception site and other reception sitefs|is chg
e middle of the opening through which most of the sound energy travels. For a’simple §
rriers and baffles, the source point is chosen to be in the middle of the shed opening.
h a shed and barriers and baffles, the position is chosen in the centre of thé first opening
point P).

ited levels can also be chosen on a circle and the angular source enérgy distribution level
culated according to the procedures specified for measurementdn{S0O 17201-1.

r source energy distribution level of the substitute source, g s(a, f), is calculated from

bvel using Formula (3).
f)=Lg (x,y,z,f)-11dB+ Ay, (r)

is the sound exposure level, expréssed in decibels, for frequency f at point P(x, |
obtained by boundary element *method (BEM) or similar (see Annex B);

z f)

is the correction, expressed-in decibels, for geometrical divergence between the
sumed source position and point P(x, y, z);

is the distance, in metres, between the chosen substitute source position and P(x,

Hel, the substitute sguree replaces the original source and its direct surroundings. If
bn of «a is of intereSt)Formula (1) can be applied directly. If the directivity is needed, as
anoise map, usé-the process specified in ISO 17201-1. Aatm, Abar, Agr, Amisc are excluded f:

the calculation using the sophisticated model.

ows atypical shooting shed with the overhead baffles and side walls. In Annex A, the so
bvelfor'a gun fired in such a shed is given. This has been calculated with the BEM over h
d-number of heights and positions in the surrounding. In the benchmark case, the gro

past
1lar
sen
hed
For
see

can

the

(3)

), Z)

as-

~

z).

nly
for
Ffom
not

und
ard
und

reflection

1as been included; Aatm, Abar ald Amisc NAVe Deen assumed to DE Zero.

For existing situations, it is recommended that the chosen sophisticated model be verified by
measurement of the sound exposure level at the reception point, provided that the actual propagation
conditions during the measurements are well defined. For propagation calculation outside the shed, the
ground reflection has been included. Ensure that the same surface type is used for any sophisticated
model as well as for the application of ISO 9613-2.

5.4 Sophisticated models

For the non-free-field situation, more sophisticated calculation models - compared to ISO 9613-2 - are
needed. BEMs, ray-tracing models, wave models or combinations should be used in which reflection,

© ISO 2019 - All rights reserved
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diffraction and scattering can be taken into account in more detail (see Annex A, Annex B and
References [17], [18], [19], [20]).

A benchmark case is given in Annex A for a shed as depicted in Figure A.1. This case has been calculated
using BEM.

If other models or approximations are used such as
— Kirchhoff-approximation (see B.2),

— ray tracing models (see B.3),

enspire that the sound exposure levels of the benchmark case according to Annex A at 100 Hz pnd 200 Hz
are|reproduced by the levels of the sophisticated model without significant deviations, For distances
twife as large, the model levels should not be greater than +5 dB and not less than =1,dB cqmpared to
thebenchmark case:

Lbenchmark + 5 dB > Lmodel > Lbenchmark — 1 dB (4)

with a probability of less than 5 %.

6 [Conversion of sound exposure levels

Souind exposure level, Lg, is a widely used metric for sound from small arms. However, alnumber of
metfrics in legal codes or regulations generally used to _describe small arms noise are bajsed on the
maximum level for a specific time weighting. An estimate of these metrics can be obtained from the
reldtionships:

Lsmax = LE (5)

Lrmax < Lg + 9,0 dB (6)

Limax < Lg + 14,6 dB (7)

Limax < LFmax + 5,6 dB (8)
whére

Lsmax isthe'highest S-time-weighted sound pressure level within a stated time interval| expressed
indecibels;

Lrmay~is the highest F-time-weighted sound pressure level within a stated time interval| expressed
in decibels;

Limax is the highest [-time-weighted sound pressure level within a stated time interval, expressed
in decibels.

The equal sign is valid if the event duration is less than 10 % of the time constant of exponential time
weighting, T (S: T =1 s, F: 1 =0,125 s, I: the onset time constant 7 =0,035 s differs from the decay time
constant T = 1,5 s), which is the case close to the source and if no reflections occur.

For increasing distances, the duration of the time signal increases, e.g. as a consequence of ground
reflections. The sound pressure time history of the signal including its reflections needs to be calculated

© IS0 2019 - All rights reserved 9
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to ensure the proper evaluation of the above metrics. If sufficient information is not available, Limax
may, according to Reference [21], be approximated by:

L Lp +14,6dB-0,003r /Ry dB for r<2000m ©
fmax L;+8,6dB for r>2000m

where
r  isthe distance, in metres, between the substitute source and the reception point P(x, y, z);

R() l 1 e

The relatidns are valid for single shots when the time lapse between successive shots is greater than

the time cdnstant.

7 Uncertainties

The uncertfainty of the one-third-octave-band spectrum of the sound exposure teyel of the muzzle blast

determinegl in accordance with this document shall be evaluated, preferably-in’conformity with SO/

IEC Guide 98-3.

The uncertfainties arise from a number of causes:

— the anpular source energy distribution level (see ISO 172011 for situations in which that level is
determpined by measurements or ISO 17201-2 when that level is estimated based on the chentical
energy of the propellant);

— themadelling of an actual complex source situation into a substitute source or anumber of substifute
sourcels;

— the mpdelling of the actual situation by sitaplification of the propagation-influencing objgcts
(complex structures modelled by cubes, uneyen terrain modelled by flat terrain, etc.);

— the position of the sound source with respect to the propagation influencing objects and the acfual
shootipg direction;

— the soyind propagation model used.

If, instead |of the sound exposure level, another metric is used for the evaluation of shooting sound,

additional pncertainties arise\ffom the estimation of these metrics from the sound exposure level.

If the prognosis is doné’oen the basis of the acoustical energy of all shots over a certain time petrfiod,

uncertaintjes also arise with respect to the actual number of shots fired and the actual weapon pnd

ammunitidn combinations.

The expanded\uncertainty together with the corresponding coverage factor shall be stated fTr a

coverage pkobability of 95 % as defined in ISO/IEC Guide 98-3.

Guidance on how to evaluate and express the uncertainty is given in Annex D.

10
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Annex A
(normative)

Benchmark cases for shooting sheds with baffles

General
=enera:

The
BEN
us

[¢)

A.2

A2

Figiire A.1 shows the geometry of the shed modelled. This congists of a rectangular box, w

ope
int
fun
the
bet

All

rea
isO0
inn
baf
sur

benchmark case is based on the numerical solution of the Helmholtz-Kirchhoff wave.equ
1 (see Reference [22]). For simplicity, a small shooting shed with three overhead|safet
, projectile sound is neglected and the directivity is assumed to be uniform.

Benchmark case

.1 Model shed

h ceiling with baffles. The geometry is approximately thatfa typical 25 m long shooting
he Netherlands; however, in the benchmark case, the length’has been reduced to test for
Ction of the solution for longer wavelengths. A xyz-co-ordinate system is used, with the x
shooting direction. Dimensions are indicated in Figure A.1. The baffles are 2 m high, s
veen the ground and the baffles is also 2 m highs

bons). For a frequency of 100 Hz, the thickness is 0,5 m; for a frequency of 200 Hz, th¢
25 m. The source is a monopole sourcé)located on the ground, at position P(-3 m, 0 1
br surfaces are acoustically absorbing(shown in Figure A.1), except for the ground surf:
les, which are acoustically rigid (shown in Figure A.1). Outer surfaces are all rigid. For thg
faces, a normalized impedance ofunity was assumed (normalized to the impedance of ai

htion using
y baffles is

ith a semi-
 shed used
the proper
-axis along

the space

valls and the ceiling have a finite thickness-of about one-sixth of a wavelength (for computational

e thickness
, 0 m). All
ice and the
absorbing

.).
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Dimensions in metres

Key
1 roof 3 side wall
2 overhead safety barrier a  Sheoting direction.

Figure A.1 — Geometry of the benchmark model shooting range

A.2.2 Computational method

ih acoustics (see Reference [22]) is a numerical technique for solving the Kirchhoff-Helmhjoltz
integral equation. The basic idea of theimethod is that the Kirchhoff-Helmholtz integral is approximgted
by representing all solid-boundaries in the system by a finite number of surface elements.
ts have linear dimensions of the order of one sixth of a wavelength or smaller. [The
calculations are performed with an implementation of BEM which neglects the variation of the acoustic
pressure within a single surface element. The rigid ground surface is treated as a plane of symmetrjy in
this case, by including an‘image system below the ground surface.

A.3 Resllts

Figure A.2|and Figure A.3 show BEM results at two frequencies (100 Hz and 200 Hz, respectively) and
three receptionheights y a1Te Mrarectangwiarareao 0 Grarotmdtheshooting
range. The colour represents the relative sound pressure level, i.e. the level with the shooting range
minus level without the shooting range. In other words, the relative sound pressure level is equal to
minus the insertion loss of the shooting range. Thus, the relative sound pressure level is low and the
insertion loss is high in shadow regions.

Values of the insertion loss at a grid with spacing 10 m are given in Tables A.1 to A.6.

12 © IS0 2019 - All rights reserved
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100 Hz, 8 m

y(m)

y (m)

T80

X (m)

100 Hz, 5m

100 Hz,2m

-40 0 40 80
X (m)

1SO 17201-3:2019(E)

-oU

Figure A.2 — Relative sound pressure level, in dB, at frequency 100 Hz, for three reception

© IS0 2019 - All rights reserved

heights (2 m, 5 m and 8 m)
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200 Hz, 8 m

y (m)

-80 -40 0 40
X (m)

80

200 Hz, 5 m

y (m)

y (m)

0
x (m)

Figure /

rabhial |l p= o) Y
llclsllto ‘.h Iil, J 1l diliuu U lll_,

\ 3.— Relative sound pressure level, in dB, atfrequency 200 Hz, for three receptio
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Table A.1 — Insertion loss at a frequency of 100 Hz, for y from 0 m to 80 m and

1SO 17201-3:2019(E)

x from —80 m to 80 m, at a reception height of 8 m

Yy
m
rfq 0 10 20 30 40 50 60 70 80
Insertion loss
dB
-80 22,8 22,2 20,9 20,0 20,0 21,0 22,9 24,5 24,9
=70 24,7 23,7 21,9 20,9 21,4 23,2 25,2 25,5 24,5
-60 28,0 26,2 23,5 22,7 24,0 26,4 26,5 24,9 23,6
-50 30,5 29,0 26,1 26,2 28,7 28,2 25,6 239 23,3
-40 24,3 26,6 31,2 34,9 31,1 26,6 24,6 24,1 24,3
-30 18,7 21,8 28,8 30,5 28,5 26,3 25,8 26,4 27,6
-20 18,8 20,1 23,0 309 31,3 30,5 3,7 33,6 35,5
-10 15,0 21,8 28,9 35,3 39,9 49,6 46,5 41,0 38,3
0 10,2 32,1 28,2 31,2 35,3 36,1 35,1 34,1 33,3
10 12,4 25,3 29,6 40,2 44,2 36,9 34,2 32,8 32,0
20 17,8 18,0 25,2 33,5 49,2 41,9 36,4 34,1 32,7
30 16,3 18,8 25,2 34,9 32,1 35,7 39,3 37,3 349
40 21,1 24,0 30,1 459 30,2 28,5 30,3 33,5 35,6
50 24,4 27,7 46,2 349 29;6 26,8 26,4 27,8 30,1
60 23,5 25,2 30,4 30,9 28,1 26,3 25,2 25,3 26,3
70 21,7 22,7 25,5 27,6 26,9 25,7 24,8 24,3 24,5
80 20,5 21,2 23,0 25,1 25,7 25,1 24,4 239 23,8
Table A.2 — Insertion loss at;a frequency of 100 Hz, for y from 0 m to 80 m an|
x from —80'm'to 80 m, at a reception height of 5 m
Yy
m
r)r(l 0 10 20 30 40 50 60 70 80
Insertion loss
dB
-80 19,8 19,4 18,6 18,1 18,3 19,5 21,4 23,2 239
-70 20;6 20,0 19,0 18,5 19,3 21,2 23,3 24,2 23,5
-60 21,7 20,9 19,5 19,4 21,0 23,6 24,6 23,7 22,6
-50 23,8 22,3 20,5 21,2 24,0 25,3 23,9 22,7 22,3
-40 28,3 24,7 22,5 25,1 26,6 24,2 229 22,7 23,2
-30 30,7 28,8 28,6 29,5 249 23,5 23,8 24,8 26,2
-20 20,5 28,7 32,2 26,8 25,5 26,6 28,6 30,8 32,8
-10 29,8 22,0 38,4 35,0 37,7 39,2 38,1 36,7 35,6
0 8,2 31,7 32,0 36,5 35,0 33,5 32,7 32,1 31,8
10 16,1 26,2 36,5 41,5 34,8 32,5 31,5 309 30,6
20 16,3 22,2 35,1 32,8 38,9 36,3 33,6 32,2 31,3
30 23,7 33,9 34,6 27,5 27,6 31,3 34,8 34,7 33,4
40 23,8 277 29,3 26,4 249 25,5 28,0 31,2 33,6
50 21,2 22,9 25,7 25,3 24,3 23,8 24,5 26,3 28,7
© IS0 2019 - All rights reserved 15
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Table A.2 (continued)

y
m
- 0 10 20 30 | 40 50 60 70 80
Insertion loss
dB
60 19,7 20,7 23,2 24,2 23,8 23,4 23,3 23,9 25,2
70 18,9 19,6 21,5 23,1 23,4 23,1 22,9 23,0 23,5
80 18.3 18,9 20,4 22,1 229 229 22,7 22,6 22
Tlable A.3 — Insertion loss at a frequency of 100 Hz, for y from 0 m to 80 m and
x from —80 m to 80 m, at a reception height of 2 m
Yy
m
1)1(1 0 10 20 30 40 50 60 70 80
Insertion loss
dB
-80 18,4 18,1 17,5 171 17,5 18,7 20,6 22,5 23,3
=70 18,7 18,3 17,6 17,4 18,2 20,2 22,4 23,4 23,
-60 19,1 18,6 17,7 179 19,6 22,3 23,6 23,0 22,3
-50 19,7 18,9 18,0 19,1 22,1 23,8 23,0 22,1 21,8
-40 20,6 19,3 18,8 21,7 24,2 22,9 22,0 22,0 22,4
-30 22,6 20,1 21,3 25,0 22,9 22,2 22,8 24,0 25,1
-20 28,5 22,4 27,0 23,0 23,1 249 27,2 29,5 31,6
-10 27,6 37,3 249 277 31,6 34,1 34,8 34,7 34,7
0 -0,8 36,6 34,1 32,3 31,6 31,3 31,2 31,1 31,
10 18,1 299 37,0 34,2 31,6 30,6 30,2 30,0 299
20 25,3 25,0 24,0 27,7 33,7 33,9 32,3 31,3 30,6
30 20,0 22,4 2249 22,9 25,1 29,3 329 33,5 32,6
40 18,6 20,3 22)3 22,3 22,6 24,0 26,8 30,1 32,6
50 179 19,1 21,4 22,1 22,1 22,4 23,5 25,5 28,0
60 17,6 18,4 20,5 21,8 22,0 22,0 22,3 23,2 24,7
70 17,4 18,0 19,7 21,3 219 22,0 22,0 22,3 23,
80 17,2 17,7 19,1 20,7 21,7 21,9 21,9 22,0 22,3
Table’A.4 — Insertion loss at a frequency 200 Hz, for y from 0 m to 80 m and
x from -80 m to 80 m, at a reception height of 8 m
Yy
m
r)r(1 0 10 20 30 40 50 60 70 80
Insertion loss
dB
-80 22,7 24,3 28,8 34,2 35,5 37,7 33,0 28,4 26,8
=70 18,5 20,7 26,9 35,2 39,8 34,3 30,8 289 30,2
-60 15,2 17,9 25,8 34,3 28,8 30,7 32,5 34,3 40,2
-50 13,2 16,5 27,6 24,6 25,8 35,5 46,9 43,1 42,7
-40 13,9 17,7 25,4 21,4 29,3 371 359 38,5 39,5

16
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Table A.4 (continued)
y
m
o 0 10 20 30 | 40 | 0 60 70 80
Insertion loss
dB
-30 20,1 24,2 21,1 25,2 30,5 31,7 37,1 37,1 35,9
20 14,9 26,3 36,7 28,3 31,1 37,0 379 38,8 37,6
10 11.2 24,1 45.2 377 373 35.9 376 40,5 41,8
0 12,2 469 41,0 35,0 31,1 31,2 32,4 3390 352
10 14 20,8 26,0 35,3 28,8 31,3 38,5 | 383
20 10,2 32,7 31,3 23,5 31,8 34,9 340 | 36,1 43,0
30 13,5 21,2 26,1 20,3 234 30,8 609~ 432 43,9
40 12,8 14,1 36,1 23,6 23,0 263 | 321V | 499 34,9
50 12,0 13,5 234 31,8 29,4 27,6 ‘—\'}0:6 36,7 51,5
60 14,2 15,4 21,0 39,5 48,4 33 4\0- 29,2 32,6 41,4
70 17,8 18,6 21,9 30,7 37,8 28,5 273 30,2
80 22,7 22,5 23,2 28,0 35,4 @0 2 26,9 25,5 25,4
Table A.5 — Insertion loss at a frequency o bgo z, for y from 0 m to 80 m and
x from —80 m to 80 m, at a reception height of 5 m
X 0 0 | 20 | 00 | :(1) | s0 60 70 80
m
\O Insertion loss
N dB
-80 19,8 20,2 2280 | 30,1 26,9 25,7 259 24,2 23,4
70 22,8 230 |, 267 31,2 27,3 27,8 25,4 24,1 25,7
60 26,9 271 % 32,8 30,7 31,2 27,6 25,2 27,1 32,5
50 23,0 2730 348 38,7 31,7 27,1 29,5 37,3 49,2
40 171 | 232 36,9 31,1 31,1 34,4 49,5 44,1 37,0
30 144 231 23,8 32,9 46,4 42,2 39,3 35,0 34,5
-20 230 264 24,8 32,4 36,9 36,0 36,4 38,1 379
10 | 175 27,7 29,3 37,6 38,3 37,0 37,8 38,7 38,8
0 |96 379 35,9 32,1 33,2 35,0 36,3 37,0 37,3
104\ 94 24,5 35,4 31,4 34,7 44,4 34,9 31,2 29,6
200 | 154 25,5 20,6 27,0 47,5 42,3 44,0 54,1 40,9
30 12,9 18,3 26,4 26,2 32,1 43,8 31,7 33,1 38,0
40 15,5 18,3 38,4 35,5 29,0 37,2 42,7 31,5 289
50 22,2 22,4 30,1 31,1 26,7 25,9 31,1 37,3 33,0
60 27,0 23,5 25,4 33,4 25,3 23,4 23,8 27,5 32,9
70 22,0 20,8 214 31,5 27,1 22,7 21,9 22,6 25,5
80 18,8 18,4 18,8 24,3 33,2 23,7 21,3 21,1 21,9
© IS0 2019 - All rights reserved 17


https://standardsiso.com/api/?name=cf0cc0b3bf33b1d6b2c316e5ed27f481

ISO 17201-3:2019(E)

Table A.6 — Insertion loss at a frequency of 200 Hz, for y from 0 m to 80 m and
x from -80 m to 80 m, at a receiver height of 2 m

y

m
1:1 0 10 20 30 40 50 60 70 80

Insertion loss

dB
-80 14,0 14,9 18,2 26,4 23,8 22,1 22,8 22,2 21,9
-70 14,6 15,6 20,4 274 22,4 23,1 22,6 22,0 23,8
-60 15,4 16,8 24,2 24,4 23,2 23,2 22,2 24,4 29,6
-50 16,7 18,7 29,1 23,5 24,2 22,5 25,4 32,5 40,7
-40 19,1 22,2 26,1 26,1 23,2 27,0 37,0 39,0 349
-30 25,6 31,8 28,9 24,6 30,2 41,6 35,7 33,3 33,1
-20 24,6 35,8 29,1 38,2 379 33,6 35,1 37,6 38,1
-10 279 26,1 38,4 35,5 39,0 37,7 37,3 37,1 37,4
0 -0,8 36,3 36,1 36,6 37,2 37,2 37,0 36,8 36,
10 26,6 23,4 36,3 39,2 371 30,3 27,8 26,8 26,1
20 20,6 33,2 29,0 36,0 28,1 32,5 38,2 38,3 34,3
30 23,4 26,5 23,6 23,4 32,5 291 26,9 29,4 33,4
40 17,2 18,5 29,7 20,8 21,7 28,2 30,9 27,6 26,4
50 15,0 15,8 26,2 22,4 19,8 21,0 25,6 30,3 29,7
60 13,9 14,5 19,1 30,9 20,4 19,4 20,6 24,1 28,7
70 13,3 13,7 16,3 28,3 23,6 19,5 19,2 20,3 23,7
80 12,9 13,2 14,9 21,0 32,0 21,1 19,1 19,1 20,7

A.4 Example of use of the benchmark case

In Annex B, the Kirchhoff approximation is described. Formula (B.2) describes the case wheye a
wave travdls through one opening. Fhe*benchmark case has three openings, which can be calculated
separately| First, the wave has to trayel through the inner openings, which are formed by the lower|end
of the baffles. This means that Eermula (B.2) has to be applied twice, to describe the sound propagatfion.
The baffle$ themselves are non-absorbing on both sides, whereas the rest of the inside is absorbing.
The reflections are described by introducing mirror sources including the reflection of the openjngs
to describg the propagation correctly. For the model calculation, up to two reflections are assurped.

Additionally, the bafflestare assumed to be very thin in relation to the wavelength.

The first rgflection-occurs on the rear of the first baffle, which is at x = 2 m and forms the end of the first
opening. The model source is then at x = 7 m, the lower opening of this source starts at 2 m and goes
to 4 m. ThisGSeurce is reflected again at the first baffle at x = 0 m, which leads to third mirror sourde at

-7 m and alTOpeMNg fTOM X = =4 T t0 2 11T, T [TIS Process S Tepeated for atl thTee Operings. 1 e IMSertion
loss is calculated from the free field of the source positioned at P(-3 m, 0 m, 0 m) and it is assumed that
the insertion loss is not more than 30 dB (see ISO 9613-2). This is achieved by adding -30 dB to the
negative level of the insertion loss.

The results are depicted in Figure A.4 and Figure A.5, showing on the right side the insertion loss to be
compared with the benchmark case and on the left the inclusion of the ground reflection.

18
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12.6 d8
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14.7 d8
15.7 dB
16.8 d8
17.8.d8
18.9 dB

100 Hz [gr.rel) Sm

100 Hz [gr.rel) 2m

% -20 0 20 40 60 80 xm

%&Z;Model calculation for 100 Hz

19.9 48
20.9 d8
22.0 48
23.0d8
24.1 48
25.1 48
26.1 d8
27.24d8
28248
29348
30.3 a8

bench_mark_100_Hz 5m

80

A’\Q % bench_mark_100_Hz 2 m
60
40

-80 60 40 20 0 20 40 60 B0 Xm

b) Benchmark case for 100 Hiz

Figure A.4 — Insertion loss limited to 30 dB (for 100 Hz)
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200 Hz (gr.tef) Bm o bench_mak_200_Hz 8 m

10.5d8

60 11648

40

e

—

23048
24.1 d8
251 d8
26.1 dB
21.2 98
28,2 d8
29.3 48
30.3 dB

200 Hf (gr.rel) 5m bench_mack_200_Hz Sm

200 Hf (ge.ref) 2m A\W bench_mark_200_Hz 2m

-

-

4

6 40 2000 20 40 60 80 xm 80 60 40 20 O 20 40 60 B0 xm

-

-

a @el calculation for 200 Hz b) Benchmark case for 200 Hz

Figure A.5 — Insertion loss limited to 30 dB (for 200 Hz)

The data for the insertion loss are given in Tables A.7 to A.12.
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Table A.7 — Insertion loss for model calculation at a frequency of 100 Hz, with a
source P(-3,0 m, 0,0 m, 0,0 m) and a height above ground of 8 m

1SO 17201-3:2019(E)

y
m
x o | 10 20 30 | 40 50 60 70 80
Insertion loss
dB
-80 14,2 14,7 16,3 19,3 24,7 34,0 30,2 25,7 23,7
=70 15,2 15,8 179 22,0 30,0 33,2 26,8 24,2 23,1
-60 16,7 17,5 20,3 26,3 36,7 28,6 25,0 23,7 23,2
-50 19,4 20,4 24,3 34,6 31,7 26,4 24,6 2431 24,3
-40 23,2 25,0 32,0 38,0 29,0 26,2 25,5 25,7 26,5
-30 19,9 25,0 41,4 33,5 29,6 28,2 28,3 29,3 30,6
-20 14,3 23,1 28,7 32,9 33,7 33,5 34,4 35,7 37,2
-10 14,6 26,6 25,7 34,8 44,2 45,4 44,4 43,0 41,7
0 5,6 34,7 38,0 42,5 51,1 46,2 42,0 399 38,6
10 54 22,7 31,8 40,0 49,2 42,8 39,4 37,8 36,8
20 7,4 16,4 23,2 40,8 46,2 41,4 39,0 37,5 36,5
30 9,9 16,0 25,1 34,5 36,9 36,5 371 37,2 36,8
40 18,2 22,1 30,5 30,1 29,2 30,1 31,7 33,5 34,9
50 19,6 20,7 24,8 27,2 25;5 25,7 271 29,0 30,8
60 15,1 15,9 19,1 23,7 24,3 23,5 24,1 25,5 27,2
70 12,7 13,4 15,8 19,9 23,2 22,9 22,6 23,3 24,5
80 11,4 119 13,8 AL 21,0 22,6 22,1 22,0 22,7
Table A.8 — Insertion loss model calculation at a frequency of 100 Hz, with g
source P(-3,0 m,0,0'm, 0,0 m) and a height above ground of 5 m
y
m
> o | 10 20 30 | 40 50 60 70 80
Insertion loss
dB
-80 12,6 13,1 14,8 18,0 23,5 32,8 29,0 24,7 22,8
=70 1350 13,7 159 20,2 28,5 31,5 25,5 23,1 22,1
-60 13,7 14,6 17,6 24,0 34,1 26,7 23,5 22,4 22,2
-50 14,8 16,0 20,4 31,1 28,6 24,1 22,8 22,6 23,1
-40 16,7 18,5 25,8 32,5 25,2 23,5 23,4 24,1 25,2
-30 20,8 23,6 38,1 27,5 24,8 24,8 25,8 274 29,1
=20 23,8 35,3 33,1 28,1 27,8 29,2 31,3 33,5 35,5
-10 17,3 279 34,5 36,0 37,6 39,7 40,7 40,6 399
0 8,5 33,9 47,4 50,7 42,6 39,7 38,2 37,4 36,8
10 9,0 22,1 45,6 43,0 38,3 36,6 35,7 35,3 35,0
20 10,1 21,1 34,8 36,2 36,8 36,5 35,8 35,2 34,8
30 21,2 25,9 27,2 26,6 29,4 32,3 34,4 35,2 35,3
40 14,5 16,8 23,2 23,0 23,9 26,5 29,3 31,7 33,5
50 11,6 13,2 18,2 22,2 21,7 22,8 24,9 27,3 29,5
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Table A.8 (continued)
y
m
- 0 10 20 30 | 40 50 60 70 80
Insertion loss
dB
60 10,3 11,4 15,0 20,2 21,5 21,2 22,3 24,0 26,0
70 9,6 10,4 13,0 17,4 21,0 21,0 21,0 22,0 23,4
80 9,2 9,8 11.8 152 19,3 21,1 20,8 209 21
T4ble A.9 — Insertion loss for model calculation at a frequency of 100 Hz, with a
source P(-3,0 m, 0,0 m, 0,0 m) and a height above ground of 2 m
y
m
x o | 10 20 | 30 | 40 50 60 70 80
Insertion loss
dB
-80 11,8 12,3 14,0 17,3 22,9 32,3 28,4 24,2 22,4
=70 12,0 12,7 15,0 19,4 27,8 30,6 24,8 22,5 21,7
-60 12,3 13,2 16,4 22,9 32,9 25,7 22,7 21,7 21,4
-50 12,7 14,0 18,7 29,6 27,2 23,0 219 219 22,1
-40 13,4 15,4 23,1 299 23,5 22,1 22,3 23,2 24,1
-30 14,6 18,1 32,3 24,3 22,6 23,2 24,6 26,4 28,7
=20 17,3 24,7 26,1 23,7 24,9 27,3 299 32,4 34,7
-10 26,7 33,6 26,9 29,6 33,7 37,2 39,1 39,4 39,1
0 29,8 41,5 46,6 40,2 38,1 37,1 36,5 36,2 35,9
10 14,3 33,1 351 34,6 34,2 34,1 34,1 34,1 34,7
20 13,0 21,4 23,4 30,0 33,7 34,5 34,4 34,2 34,
30 9,7 14,8 2051 22,0 26,6 30,6 33,1 34,3 34,4
40 8,8 11,6 18)9 19,9 21,6 24,8 28,1 30,8 32,8
50 8,5 10,1 15,6 20,0 20,0 21,4 23,9 26,5 289
60 8,3 9,4 13,2 18,6 20,1 20,1 21,3 23,3 25/
70 8,2 9,0 11,7 16,2 199 20,1 20,2 21,3 22,9
80 8,1 8,7 10,8 14,3 18,5 20,3 20,1 20,3 21,3
Taple A:10 — Insertion loss for model calculation at a frequency of 200 Hz, with a
source P(-3,0 m, 0,0 m, 0,0 m) and a height above ground of 8 m
y
m
> o | 10 20 | 30 | 40 50 60 70 80
Insertion loss
dB
-80 34,4 36,7 34,8 29,5 28,1 33,0 32,1 25,7 24,2
=70 28,3 31,3 31,3 32,3 36,9 40,7 30,0 27,0 27,6
-60 22,6 26,0 239 27,0 38,3 351 32,4 32,1 34,6
-50 18,8 22,3 18,6 25,4 28,9 31,0 38,2 42,0 43,3
-40 17,0 19,0 16,3 25,4 23,1 30,4 40,4 47,8 49,5
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1SO 17201-3:2019(E)

y
m
ot 0 10 20 30 | 40 | 0 60 70 80
Insertion loss
dB
-30 20,7 17,8 21,7 19,0 25,4 35,5 45,2 49,2 46,6
-20 18,8 22,6 23,1 26,2 36,2 38,6 40,8 47,2 50,0
=10 18.1 22,6 30,8 38,8 35.1 41.5 514 573 58,2
0 10,6 34,4 42,7 52,1 46,1 47,1 50,3 54,2 58,7
10 12,5 30,2 36,8 35,0 32,6 35,7 41,2 50,2 61,3
20 13,0 19,4 43,6 39,1 34,3 38,5 43,0 49,8 51,3
30 16,1 31,1 26,6 31,6 41,1 39,9 42,3 48,6 48,7
40 12,1 16,9 22,4 259 35,8 46,5 50,6 49,0 449
50 11,6 16,2 20,0 26,8 32,2 44,8 60,5 56,2 47,3
60 14,1 18,0 22,1 271 34,0 44,0 52,4 47,3 48,4
70 18,1 21,3 26,6 29,4 36,1 43,5 43,5 41,9 42,4
80 23,0 25,8 32,8 35,6 38,6 38,9 37,3 37,3 38,3
Table A.11 — Insertion loss for model calculation at a frequency of 200 Hz, with a
source P(-3,0 m, 0,0 m, 0,0 m) and a‘height above ground of 5 m
y
m
ot o | 10 20 | 307 | 40 50 60 70 80
Insertion loss
dB
-80 219 24,1 230 18,9 19,1 25,2 25,6 20,6 19,9
-70 24,2 26,8 23,4 19,9 23,0 29,1 22,0 20,7 22,5
-60 28,6 31,4 24,7 22,9 31,2 24,5 22,0 23,9 28,1
-50 35,8 37,4 29,4 31,2 29,6 24,4 26,2 31,0 35,3
=40 25,4 2872 32,4 39,7 29,9 30,8 35,5 39,0 41,0
-30 19,5 19,4 28,1 29,7 40,6 42,7 44,7 40,7 37,1
-20 20,6 16,5 20,5 30,2 44,6 48,8 41,7 39,7 40,0
-10 216 249 30,4 38,2 43,5 52,1 51,9 53,3 52,8
0 6,2 36,7 51,0 44,9 49,0 56,0 65,3 69,8 66,5
10 12,9 31,2 37,0 35,6 42,6 55,3 449 42,2 41,2
20 17,0 329 319 41,1 43,9 48,1 43,1 39,6 37,6
30 11,8 17,4 26,0 419 64,1 46,0 40,2 39,0 38,7
40 15,0 21,2 279 40,1 477 46,5 45,5 38,6 36,2
50 21,9 28,6 34,0 39,5 379 389 41,3 44,3 39,9
60 24,6 28,3 34,3 35,9 33,0 33,3 36,0 38,7 41,9
70 20,1 22,5 26,9 29,5 31,4 30,2 31,6 34,5 371
80 17,3 19,3 23,3 25,7 28,6 29,3 29,0 30,9 33,6
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Table A.12 — Insertion loss for model calculation at a frequency of 200 Hz, with a
source P(-3,0 m, 0,0 m, 0,0 m) and a height above ground of 2 m

y
m
> o | 10 | 20 | 30 | 40 50 60 70 80
Insertion loss
dB

-80 17,6 19,9 19,1 15,4 16,1 22,5 23,0 18,5 18,1
~70 18,0 2038 18,1 154 19,1 254 19,1 18,2 20,4
~60 18,7 21,8 17,1 16,7 25,5 20,1 18,5 21,0 25,
-50 19,6 22,5 16,6 21,3 22,1 18,9 21,8 274 32,3
~40 21,4 22,3 18,3 26,0 19,6 23,2 29,6 34,6 37,7
~30 25,5 22,1 27,4 21,1 25,5 32,5 37,9 360 33,4
~20 46,9 29,1 25,8 30,0 37,5 37,1 34,2 84,6 36,3
-10 25,0 27,3 40,6 41,5 37,4 40,2 448 | 485 | 488

0 41,0 41,6 58,7 57,9 53,2 53,0 53,8 55,0 56,1
10 25,8 31,8 45,7 38,2 35,5 35,3 35,8 36,5 37,
20 18,6 31,2 40,2 419 35,6 36,2 35,5 34,4 33
30 219 27,9 297 35,0 42,3 360 33,6 34,3 35,4
40 16,1 21,2 27,3 27,6 33,4 38,8 39,7 34,5 33,
50 14,0 18,3 22,5 26,6 27,6 32,7 37,0 40,7 37,1
60 13,0 16,4 20,4 24,8 26,0 27,9 32,2 35,9 394
70 12,5 15,0 19,3 22,0 25,8 259 28,2 31,9 35,
80 12,1 14,1 18,3 20,5 24,0 25,8 26,1 28,5 31,

Table A.13 provides the results gathered by comparing the model calculation with the benchmark ¢

AsSe.

Table A.13 — Comparison ofthe model calculation to benchmark case

Frequency | Height |\ Difference | Standard | Average | Correlation
f h deviation level coefficient
Hz nm dB dB dB 1
100 8 -1,3 3,5 76,6 0,67
100 5 -1,0 3,5 79,2 0,67
100 2 -09 3,5 80,6 0,79
200 8 1,1 2,3 76,9 0,77
200 5 0,6 3,2 75,7 0,58
200 2 0,7 39 81,3 0,71

The difference is negative if the model leads to higher levels compared to the benchmark for all points
where the absolute value of x or y is greater than or equal to 60 m. For 100 Hz, the model overestimates on
the average by 1,1 dB and underestimates by 0,8 dB at 200 Hz. The average standard deviation is 3,5 dB at
100 Hz and 3,1 dB at 200 Hz. The correlation coefficient is between 0,5 and 0,8. These values are obtained
by adding a level of -30 dB to the negative insertion losses of the model and the benchmark case.

If 2 dB are added to the above result for the model calculation, underestimations can be ruled out
and the overestimation may reach 6 dB in extreme cases. The comparison is not of the sound energy
travelling in the different directions but that of the sound exposure levels, which includes ground
reflections producing additional interference, with a tendency to lead to large deviations if the phase
shifts are different in the benchmark case compared to the model.
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The latter can be seen from Figure A.6, which depicts only the insertion loss without ground reflection;
interference does not occur and the spatial structure is far simpler:

100 Hz [no.gr.) Bm s 200 Hz (no.ge.) 8m
105 d8 105 48
0 1n.648 1648
12648
& 126 d8
13.7 48 13748
ym 14748, 14.7 48
15.7 48 157 48
16.8 48 16.8 48
20 17848 17.8 98
18948 18.9 48
m 40
19.9 8 19.948
60 209 d8 60 209 48
22048 22048
™ 80
100 Hz (no.gr) 5m no® 200 Hz (ro.08) Sm N 23048
%0 24.1 d8 % 24.1 d8
25.1 48 60 25148
26.1 d8 26.1 48
21.2d8 40 27.2d8
28.2dB 28.2 d8
ym
29348 29348
b 0348 3038
$ 40
.\@
N 60
L\ a
100 Hz [no.gi.) 2m * 200 Hz (no.ge.) 2 m
0
ym
0
20
40
60
80
80 60 40 20 0 20 40 60 80 km

a) Insertion loss of the direct wave for 100 Hz b) Insertion loss of the direct wave for 200 Hz
without ground reflection without ground reflection

Figure A.6 — Insertion loss for three heights

The energy flow is very close to what is observed from the benchmark case [see Figure A.4 b) and
Figure A.5 b)] for the distribution of sound energy into the different horizontal directions. For larger
distances, the case for a height of 5 m can be considered to be the most representative for the radiation
of sound energy into the surrounding. If the sound exposure levels are calculated for greater distances
without ground reflection, these levels can be used directly to calculate both the angular source energy
distribution levels and the directivity as described in ISO 17201-1. The propagation calculation for the
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substitute source is described in Annex C. For the benchmark case, the substitute source should be
positioned in the first opening at P(1,0,4).

Using the model specified above, the sound exposure levels for a distance at 500 m as given in Table A.14
are obtained:

Table A.14 — Free-field sound exposure levels at a distance of 500 m

Centre fre- Angle
quency one °a
thirdoctave| o [ ¢ [ 30 T 4c [ g0 [ 75 | 99 [ 195 | 120 [ 135 [ 150 | 165 [ 130
band | | | | | | | | | | | |
f Sound exposure level Lgb
Hz dB
31,5 65,8 | 656 | 650 | 64,0 | 62,6 | 609 | 591 | 572 | 552 | 53,7 | 53,2 |*58,6 | 53,8
40 68,7 | 684 | 674 | 657 | 634 | 60,6 | 575 | 54,3 | 52,5 | 54,4 | 574 | 58,8 | 59,4
50 699 | 694 | 68,0 | 654 | 61,6 | 568 | 51,3 | 48,8 | 53,3 | 574 |[/699 | 61,2 | 61,5
63 714 | 70,7 | 68,3 | 63,8 | 56,4 | 459 | 41,0 | 458 | 51,4 | 553, | 58,3 | 61,5 | 64,8
80 71,0 | 699 | 658 | 56,2 | 46,8 | 48,2 | 49,1 | 49,1 | 44,5 |.63)3 | 64,5 | 70,2 | 72,0
100 69,1 | 671 | 58,3 | 53,6 | 54,6 | 50,8 | 52,7 | 50,7 | 574~551 | 63,2 | 709 | 72,7
125 719 | 678 | 56,1 | 58,2 | 48,2 | 45,2 | 40,6 | 51,7 | 60,2 | 60,4 | 479 | 56,9 | 63,2
160 76,1 | 69,8 | 669 | 578 | 49,8 | 48,5 | 52,3 | 54,7{) 42,8 | 53,5 | 60,3 | 64,0 | 71,2
200 69,0 | 62,4 | 649 | 54,2 | 48,4 | 44,6 | 46,2 | 30,8 | 49,1 | 58,7 | 68,4 | 639 | 72,0
250 72,0 | 657 | 52,8 | 24,2 | 389 | 39,2 | 35,2 $»,38,3 | 60,7 | 46,1 | 56,3 | 671 | 72,6
315 68,1 | 63,0 | 62,6 | 51,5 | 49,6 | 39,3 | 340| 424 | 56,2 | 59,8 | 60,5 | 63,1 70,4
400 719 | 659 | 619 | 54,3 | 519 | 454 »42,8 | 449 | 48,8 | 572 | 63,2 | 54,6 6€I§,8
500 744 | 71,7 | 60,0 | 44,3 | 49,2 | 41,1 276 | 34,1 | 46,8 | 51,3 | 57,5 | 63,5 | 69,7
630 684 | 68,7 | 62,7 | 391 | 43,6 | 375 | 31,0 | 371 | 33,6 | 574 | 54,2 | 60,7 | 62,6
800 62,5 | 60,1 | 62,4 | 54,4 | 44,4 39,2 | 353 | 31,2 | 42,6 | 44,3 | 52,6 | 61,9 | 57,2
1000 58,8 | 64,0 | 656 | 46,0 | 4206 | 24,1 | 29,7 | 32,1 | 38,5 | 455 | 41,6 | 60,0 | 62,2
a  There afe 13 directions based on an angular source energy distribution level of 140 dB within the benchmark shed at
8 m above ground at a distance of 500 m. The)2 dB addition and the 30 dB maximum insertion loss are not incorporateld in
values given|
b The soupd exposure level to beused in Formula (3) to calculate Lgs (a,f).
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Annex B
(informative)

Sophisticated modelling approaches

A very sophisticated way of solving the wave-equation is BEM. This has been used forthe
cas¢ and is briefly described in Annex A.

benchmark

Anqther approach to solve the wave equation is represented by the Kirchhoff integral solutign.

Ray tracing is done under the assumption that the wavelength is very small in relation to
the|speed of sound. However, this method can be improved by assuming that the diamete;
nds on the wavelength and the distance between source and reception point. The
assymed to be a half of the first Fresnel zone, the diffraction can then'be described using th
intdgral formulation or the approximations described in Referencé 23] or the Maekawa app
(Reference [11]).

Kirchhoff approximation

The Kirchhoff integral formulation[2Z] assumes that pressure field is known over the clog
to dalculate the field within the enclosed volumesin the following, the simple case is descr

changes in

of the ray
liameter is
b Kirchhoff
Froximation

ed surface
bed where

the|line of fire is parallel to the x-direction and.the shed is completely absorbing on the insigle with the

exception of the ground and has a rectangular opening at x = 0 in the y z-plane. The shootiy
gth in -x direction, I, which is larger‘than the distance from the muzzle position to
through which the shots are fired. The(approximation is to assume that the sound pressursg
the[outside surface of the shed including the rear.

Thd height of the shed is Iz and«its'width Iy. The surface of the shed (inside) is assumed to be
so that the reflection especially from the inside of the roof can be neglected. The floor of

g shed has
ts opening
is zero on

absorbing,
the shed is

assfimed to be acoustically hard with infinite impedance and a reflection coefficient of 1, whiere hground

is the height of the floor above ground.

Thg sound exposurelevel, Lg(x, y, z, f), of the muzzle blast as seen from reception point P(x, Jy, z) can be
wriften as:
2q2 F,
Ly (oy.z, f)=101g|| 22| 202 |ap (B.1)
A So
where
i[ko(!‘o+f‘1 )j| . .
1/S(ﬁ)e [(1/1k0r0 +1)cosﬁ+(1/1k0r1 +1)cosa]
qk =I dy'dz’+
0 F 4’7”'0"'1
. (B.2)
JS(B') e Lkolri+r)] [(1/ik0r6 +1)cos B'+(1/ikgry +1)cosa] o
()], : dy'dz
47"'0"1
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where

ro

ri

ko

B.B’

Q)
S(P)

F

Fo

NOTE 1

distribution

Figure B.1

28

is the distance, in metres, of the vector pointing from the muzzle position P(xg, yo, zo) to point

P(0,y’, z') in the open surface of the shed, denoted by y’, z’;

is the distance, in metres, of the vector pointing from the mirror source position P(xg, yo,

-zp) to point P(0,y’, z’) in the open surface of the shed denoted by y’, z’;

is the distance, in metres, of the vector from the position P(0, y’, z’') to the reception point

P(x ), 2);

is the magnitude of the wave vector (2m/A) of the direct and reflected wave;
is the wave length, in metres;

is the angle, in radians, between the vector r1 and the normal vector of the opening (shoo
direction);

mal vector of the opening (shooting direction);

is the reflection factor; see Reference [24];

ammunition combination fired within the shed, as measured according to 1SO 17201-
calculated using ISO 17201-2: the shooting direction is perpendicular to the plane off
shed opening;

is the opening area, in square metres;
is 1 m2.

'he integration is done over the area,\F, of the opening. Sg is the reference angular source en
, So = 10-12]sr-1,

jllustrates the situation.

are the angles, in radians, between the vector rg and the vector ro, respéectively, and nor}

fing

is the angular source energy distribution, expressed injotlles per steradian, of the weapon

L or
the

Frey
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P(0,0,he+ 1, /2-2)

P(xg, Yo, ) { ¢
2
P(0y', hy + /2 - Z')
3
P(x,y,z)

Key
1 |middle of opening 5 ground\(reflecting)
2 |element AF 6  absorbing surface elements of wall
3 |reception point 7  absorbing surface elements of roof
4 |muzzle

Figure B.1 — Description of the model situation

The angular source energy distributionlevel of the substitute source (see Annex C) is obtained from:

2q% F, 2
Ly(, f)=10lg 2n ) ko “11dB+10lg| =— |dB (B.3)
A 0 Fo
whgre
a is the angle between the line from the middle of the shed opening to the receptioh point P(x,

¥, Z) to the normal of the opening;
Fo is1'm2

The sheoting direction is perpendicular to the plane of the shed opening. The impedance of the ground
is as$umed to be infinite. Reflection factor, Q(f), is assumed to be 1 due to the observatipn that the
angle of Incidence 1s close to normal Incidence.

Formula (B.3) is based on the assumption that the square root of the angular source energy distribution
produced by the muzzle blast in the shed opening produces an elementary source, which can be
described as a breathing sphere having a surface of dy-dz’/2m which radiates into the open space. For
numerical integration, dy’ should be equal to dz’ and these quantities shall be small compared to the
wavelength, so that 1>> kodZz’. For details, see for example Reference [25].

An example for a substitute angular source energy distribution level, Lq s, and its frequency dependence
is shown in Figure B.2 for a 15 m deep shed with a height of 2,5 m and a width of 12 m. The bottom of the
shed is not elevated from the ground (hground = 0). The gun has an angular source energy distribution
level of 140 dB in each frequency band and no directivity (see Figure B.2). The gun is positioned in
the middle of the shed 12 m from the opening 1,5 m above the bottom of the shed. The angular source
energy distribution level, Lg s, of the substitute source has been calculated for a point P (1 000 m, 0 m,
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1,3 m) in the shooting direction. Calculation results performed for point P (1 000 m, 0 m, 1,3 m) are
shown in Figure B.2.

Line b represents the angular source energy distribution level at 1 m distance under free-field
conditions. Line a represents the angular source energy distribution level of the substitute source
positioned in the middle of the shed opening. Line c shows the difference between the two angular
source energy distribution levels.

S A A

g Abar

140 n
136

134 b 3
132

130 30
128 —
126
124
122
120 20
118
116
114
112
110 10
108
106

20 —»

31,5140 50 63 80 100125160 200 250 315400 500 630 1000 \1600 | 2500 [ 4000 | 6300 |10000 16000-
800 $250 2000 3150 5000 8000 12500 f

Abar nsertion loss, in decibels

f requency, in hertz

Lg hingular source energy distribution lével, in decibels
a ingular source energy distribution level, in decibels, of the substitute source according to Formula (|B.3)
b hingular source energy distribution level, in decibels, under free-field conditions
c lifference between the g¢wjo angular source energy distribution levels, in decibels

NOTE The angular sourc€energy distribution level of the muzzle blast under free-field condition is assumed
to have no directivity.

Figure BJ2 — Angular source energy distribution level for points in the shooting direction for a
uniform|souree.energy of 140 dB fired with a muzzle 12 m inside the shed in the middle, 1,5 m
above gropnd;substitute source, reception point P(1 000 m, 0 m, 1,3 m), ground reflection (hz1rd)

The angular source energy distribution level at 315 Hz is 5 dB below the free-field level. This is caused
by interference. The reduction for lower frequencies (less than 100 Hz) will only be achieved if the
absorption in this frequency range inside the shed is at least more than 90 % for the walls and the
ceiling within the shed. The reflections may be accounted for by adding additional reflection sources or
by limiting the level reduction proportional to the absorption to be expected.

The same calculation as performed for Figure B.2 has been done for Lg s representing the substitute
source for a point at 1 000 m perpendicular to the line of fire. The results are shown in Figure B.3.
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10

-10

-20
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31,5 40 50 63 80 100125160 200250315400 500 630 1000 | 1600 | 2500 | 4000 | 6300 |10000 |16 00
800 1250 2000 (3150 5000 8000 12500

insertion loss, in decibels

frequency, in hertz

angular source energy distribution level, in decibéls
Angular source energy distribution level, in decibels, of the substitute source according to Fd
Angular source energy distribution level; ifdecibels, under free-field conditions.
Difference between the two angular seurce energy distribution levels, in decibels.

E1 Theangular source energy distribuition level of the muzzle blast under free-field conditior
hve no directivity.

E2  SeeFigure B.2.

Figure B.3 — Angular soeurce energy distribution level for 90° to the line of fire at 1
istance, substitute source, reception point P(0 m, 1 000 m, 1,3 m), ground reflectio

irly, a considerable reduction is observed. However, due to scattering, the reduction has b
alues of 30\dB.

poSitioned 6 m from the opening at the centre is depicted.

rmula (B.3).

is assumed

000 m
h (hard)

ben limited

igure B, the substitute angular source energy distribution level, Lg (100 m, 100 m, 4 np), with the
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equency, in hertz
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hgular source energy distribution level, in decibels

2500 | 4000

hgular source energy distribution level, in decibels, under free-field conditions.
ifference between the two angular source energy distribution levels, in decibels.

-20
6300 |10 000 |16 000 f

ngular source energy distribution level, in decibels, of'the substitute source according to Formula (B.3).

'he angular source energy distribution level of the muzzle blast under free-field condition is assumed

i — Angular source energy.distribution level for gun position in the middle, 6 m from
d opening, under 45° to-the line of fire, substitute source, reception point P(100 m
100 m, 4 m), ground reflection (hard), ground reflection inside the shed

shows the same'situation as Figure B.6 for a gun, position 4 m off the middle, 12 m from|the
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angular source energy distribution level, in decibels
Angular source energy distribution level, in decibels, of the substitute source according to Fd
Angular source energy distribution level, irrdecibels, under free-field conditions.
Difference between the two angular sour¢e energy distribution levels, in decibels.

E The angular source energy distribution level of the muzzle blast under free-field conditior
hve no directivity.

Figure B.5 — Angular soeurce energy distribution level for 45° to the line of fire aJ
substitute source, for-the muzzle at 6 m from the opening and 2 metres off-centre
direction of reception point P(100 m, 100 m, 4 m), ground reflection (hard)

rmula (B.3).

is assumed

nd its
in the

Figiire B.6 shows thesame situation: muzzle position plus 2 m off-centre in the middle, 6 m from the

ope
pos

Thd

NOT

ning using the'angular source energy distribution level as given in Table C.3, for a rece
tion P(100m; 100 m, 4 m).

differences of the insertion loss are caused by the directivity.

EZ2y ° The insertion loss has been limited to 30 dB as in Annex A.

btion point

© IS0 2019 - All rights reserved

33


https://standardsiso.com/api/?name=cf0cc0b3bf33b1d6b2c316e5ed27f481

ISO 17201-3:2019(E)

g Abar

[uny
w
@

o

90 -10

80 -20

-30 —»
31,340 50 63 80 100125160 200 250315400500630 | 1000 | 1600 | 2500|4000 | 6300 |10 000 |16 000 f
800 1250 2000\ 3*150 5000 8000 12500

Key

Abar irjsertion loss, in decibels

f filequency, in hertz

Lg ahgular source energy distribution level, in decibels

a Angular source energy distribution level, in décibels, of the substitute source according to Formula (B.3).
b Angular source energy distribution level, in;decibels, under free-field conditions.

c Djifference between the two angular source energy distribution levels, in decibels.

NOTE Directivity of a full choke, 0,7 m barrel length, muzzle speed 400 m/s.

Figure B.6 — Angular sourceenergy distribution level according to Table C.3 and its substitjite

sourde, for the muzzle 6:1n'from the opening and 2 metres off-centre in the direction of
reception|point P(100 m,200 m, 4 m), ground reflection (hard), directivity causes insertion loss
differences

B.3 Rayttracing models

Ray-tracing models assume that the wavelength of the sound wave is small in relation to the size of
bodies, which the wave may encounter, when travelling from the source to the reception point. The
wave path is governed by the principle formulated by Fermat, which specifies that the ray takes the
path which leads to the smallest time span for the wave to travel from source to the reception point.
The latter is especially important, when the wave travels through a moving atmosphere, with different
local temperatures and wind vectors. If the ray hits an obstacle, the ray is reflected and if this occurs
at the edge of an obstacle, diffraction is assumed and its effect has to be approximated. Ray-tracing
models can be differentiated according to the approximation they incorporate.

For the purpose of calculating the sound exposure levels resulting from a shot fired in a shed, a non-
refracting atmosphere is sufficient. However, diffraction can be described as occurring either at a
barrier of finite thickness or at a wedge as described in Reference [23] for example. Either of these
solutions may be used. Another alternative is the far simpler Maekawa approximation (Reference [11]),
which is described, in brief, in B.4.
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Maekawa approximation

The shooting shed has a length [ from the muzzle position to its opening through which the shots are
fired. The height of the shed is Iz and its width Iy. The surface of the shed (inside) is assumed to be
absorbing, so that reflections from the inside of the roof can be neglected. The floor of the shed is
assumed to be acoustically hard with infinite impedance and a reflection coefficient of 1.

The substitute source is positioned at the point with the co-ordinates P(0 m, 0 m, 0 m) in the centre of
the opening. The sound exposure level, Lg(x, ), z f), at reception point P(x, y, z) can be calculated using
the following steps:

iy

2)

3)

The

by the substitute source alone. In this simulation model,the acoustical characteristics of the

locd

Find the diffraction point on the edge of the opening of the shed (this diffraction pointc¢rresponds

to the shortest diffraction path from source to reception point).

Calculate the barrier attenuation according to Maekawa’s formula D = 1041g"(20
(see ISO 9613-2 and Reference [11]), with Fresnel number N = 2 §/A, whene 47is the f

V + 3) dB
ath length

difference, and A is the wavelength. Use a lower limit of 0,1 for N, so D 2 0{negative valules of N and

6 correspond to source-reception point lines “above” the line of sight).

The source strength of the substitute source for a specific reception point is equal to
strength in the direction of the diffraction point diminished by the’calculated barrier 3
from step 2). The substitute source is located in the middle of‘the opening of the she
same height as the original source.

other damping terms are calculated as if the original source with the surrounding shed w

tion of the modelled shed shall be the same as the ¢haracteristics of the surrounding gro

the source
ttenuation
d with the

hs replaced
floor at the
ind.
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Annex C
(informative)

Modelling of shooting scenarios — Examples of shooting ranges

C.1 Pre

iminarvremarks
e

......... Y T sy

This annex shows some practical situations in shooting ranges as examples which can be used-to'm¢del

a shooting
are given.
shooting sl
can be calg

C.2 Fred

C.2.1 Ge

A general ¢
shooting. H
unsafe are

firing 4
target

ulated as shown in Clauses B.1 and B.2.

e-field ranges

neral overview

.

one

ine

unsafe

areaq

range using available software. Calculations of the sound exposure level at reception p
In Clauses C.2 and C.3, free-field shooting ranges are given, while Clause C.4deals V
heds. In Clause C.5, more complex situations are depicted, for which sound-exposure le

verview of a free-field range is given in Figure C.1 for thénost general case of free-field 1
igure C.2 shows the case of a skeet range with a typicalishooting direction and the resul

Dimensions in me

Dint
vith
vels

ifle
[ing

tres

plants

DA W N R

(bushes, trees)

Firing direction.

Figure C.1 — Free-field situation (most general case) adapted from Reference [26]
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1 Lo
4 4
3
Key
1 | clay target falling zone
2 | unsafe area
3 | firing position
4 | launchers

Firi
+80° in the vertical plane. For trap ranges, the direction falls within -60° to +60° to direc

ran
pos

For
pos

NOT

run
sho

NO1
Refé

Figuire C.3 gives-an/example for Olympic trap shooting. In this case, five shooters placed or

seq

Figlire C 4~gives an example for skeet shooting. In this case, there are seven shooters on a ciy

1SO 17201-3:2019(E)

Dimensio

ns in metres

Figure C.2 — Free-field situation (skeet case);adapted from Reference [26]

Ing angles for skeet ranges can vary from -90°%t0“+90° in the horizontal plane and fr

be and from 10° to 45° for the vertical direction. The different shooting directions and t
tions of the shooter have to be accounted-for.

certain disciplines, one or more shooter(s) can shoot sequentially or randomly fror
tions in the stand. Typical situatiens’are skeet, trap or practical shooting (or speed sport

E1 For some disciplines, the ‘target is moving. For instance, clay targets fly from their I3
hing targets move on a horizontal line (e.g. “rabbit”). For other ones, the shooter is moving (e. g.

ting).

E2 Examples of these kinds of situations can be found in books edited by shooting fede
rence [26]).

ientially inthe same stand.

bm -10° to
tion of the
e different

h different
shooting).
unchers, or
speed sport
Fations (see

a line fire

cular arc.
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Key

1  firing 7
2 unsafe
3 launch|
4  shoote
5  shoote
NOTE The
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38
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igure is adapted from Reference [26].
um angle for target launching.

Figure C.3 —=Déscription of firing positions for Olympic trap shooting
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Dimensions in metres

4
Key]
1 |pull hut 7  protection zehe
2 |check point 8  public aceess zone
3 |mark hut 9  shoaofer's circle
4 |target falling 10 launicher
5 [shooting limit pole 11, firing position
6 |trajectories check point a\" Trajectory.

Figure C.4 — Description-of firing positions for skeet shooting

In the following example for a skeet range as depicted in Figure C.2, one shooting position is ¢onsidered.
Theg shooting direction of the range(isydirectly north (y direction, x direction east, the origin of the co-
ordjnate system is in front of the'shooter in the middle of clay target machines). It has fiye shooting
posjtions as depicted in Figure€:2.

The first neighbour lives. 1 200 m to the east, the second at 500 m to the south from the origin position
of the range (see Figure.C.2). The different shooting directions have to be taken into account for the
angle between the line.of fire and the direction to the sites. It is assumed that, for one shooting position,
three horizontal (45° 0°, 50°) and three vertical (0°, 22,5° 45°) directions are sufficient, which means
that nine differént-calculations have to be performed.

In the following, the calculation of the sound exposure level produced by the far left shooter|(-6 m,
-2 T, 1,6im) is given. The origin of the co-ordinates is shown in Figure C.4 in the middle and|in front of
f

the[five firing positions. The shooting direction is north, x directs to east and y to north. For|site 1, the
dir dctivity is accounted for using nine chnnfing directions

This leads to the angels between the line of fire and north direction for the left shooting position listed
in Table C.1.

Table C.1 — Angles between the line of fire and north direction

Vertical 0,0° 22,5° 45,0°
Horizontal -45,0° 0° 50,0°

The sound source energy of the shotgun is given in Table C.2.
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Table C.2 — Sound source energy level of the shotgun

Frequency Hz | 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16 000
lS:v“erlcee“ergy dB | 143,8 | 139,8 | 138,3 | 1369 | 134,0 | 130,8 | 127.6 | 1257 | 126,6 | 1299

The directivity is obtained using Table C.3.

Table C.3 — Angular source energy distribution level and the multi pole coefficients to describe

the directivity
f Lg2 Fourier coefficients
Hz dB 0 1 2 3 4 5 6 7 8 9 10 11 12
31,5 104,40( 143,8| 10,72 | 1,39 | 1,25 |-0,37| 0,18 | 0,10 | 0,15 | 0,12 | 0,13 | 0,14 |~0,10 | O12
63 113,60(139,8|10,04| 1,33 | 0,89 | 0,04 | 0,14 |-0,08| 0,04 | 0,03 | 0,02 | 0,03~ 0,01 | 0,02
125 122,20(138,3|10,38| 0,82 |-0,01|-0,23|-0,26|-0,36|-0,28|-0,25|-0,24 |-£0,20 | -0,20 | -0,19
250 128,30(136,9 | 10,45 | 2,27 |-0,11|-0,74| 0,41 |-0,30| 0,70 | 0,75 | 0,72 0,72 | 0,64 | 0,p6
500 130,80(134,0|10,29 | 1,51 | 0,65 | 0,25 | -1,42 |-0,44| 0,37 | 0,94 |-0,98 | 0,87 | 0,84 | 0,80
1000 (p30,80)130,8(10,61| 2,49 | 1,36 | 1,31 |-0,76| 0,20 {-0,03| 0,23 (0,24 | 0,15 | 0,19 | 013
2000 ([(28,80(1276| 9,32 | 2,10 | 0,78 | 1,27 | 0,07 | 0,95 | 0,38 |«0,43 | 0,41 | 0,32 | 0,34 | 0,9
4000 |[L26,70|125,7| 8,83 | 1,65 | 1,73 | 094 | 0,18 | 1,66 | 0,49,4.0,44 | 0,45 | 0,34 | 0,36 | 0,81
8000 |[12550|126,6| 8,50 | 1,48 | 1,95 | 1,48 | 0,38 | 1,48 | 6,31 | 0,22 | 0,20 | 0,11 | 0,14 | 0,p9
16 000 |[[123,30{129,9| 8,60 | 1,24 | 1,97 | 1,00 | 0,46 | 1,28 N0,28 | 0,16 | 0,15 | 0,08 | 0,10 | 0,p7
NOTE The shof gun is 609,6 mm (24°") and the muzzle speed is 400 m/s.
a  A-weighted.
C.2.2 Free-field shooting range — First site
The coordinate system is depicted in Figure:Q:4: The origin is 6 m in front of the shooter. The shopter
considered has the far left position. Data for various scenarios are presented in Tables C.4 to C.12.
Table C.4 — Reception site 1; shoeter: P(-6 m, -2 m, 1,6 m); reception point: P(500 m, 0 m, 5 m);
muzzle; B(-6,5 m, -1,5 m, 1,6 m); angle: 134,8°
Frequency Hz 31,5 63 125 250 500 1000 | 2000 | 4000 | 8000 | 16 000
lsé’v“erlcee“‘ '8Y |aB 1438 | 139,8 | 138,3 | 136,9 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
Directivity
(134,8°) dB 10,0 9,7 10,9 10,9 12,5 12,1 10,0 8,4 8,1 7,4
Adiv (507 1nf) [dB 65,1
Aair dB 00 | o1 [ 02 | o5 | 10 | 19 | 49 | 166 | 593 | 886
IL)f) frftreception dB 671 | 634 | 60,5 | 588 | 53,8 | 50,2 | 46,0 | 341 | -74 | -33,0
Lpaatrecep- 1 4p 56,2
tion point

Agr is calculated according to ISO 9613-2:1996, 7.3.2.
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Table C.5 — Reception site 1; shooting direction horizontal: -45° vertical: 22,5° relative to
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(500 m, 0 m, 5 m); muzzle: P(-6,5 m,
-1,5 m, 1,9 m); angle: 130,9°

tion point

Frequency Hz 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16 000
lS:v‘glcee“ergy dB 143,8 | 139,8 | 138,3 | 1369 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
Directivity

(13099) dB 9,6 94 | 106 | 109 | 11,6 | 11,3 | 93 7.2 71 6,7
Adgiv (507m)  |dB 65,1

Aai dB 00 [ o1 [ 02 | o5 | 1,0 | 19 [ 49 | 166 | 593 | 886
Agy dB L6

éf)i(rftreceptlon dB 676 | 637 | 608 | 588 | 547 | 51,0 | 468 | 352 -64 | -321
Lg 4 at recep- dB 568

=

-1,5 m, 2,1 m); angle: 124,8°

Table C.6 — Reception site 1; shooting direction horizontal: —455%;vertical: 45,0° relative to
orth; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(500 im,'0 m, 5 m); muzzle: P(-6,5 m,

tion point

Frdquency Hz 31,5 | 63 125 | 250 | 5000\ 1000 | 2000 | 4000 | 800p | 16 000
ls:v“erlcee“ergy dB 143,8 | 139,8 | 138,3 | 136,9 L134,0 | 130,8 | 1276 | 1257 | 1266 | 1299
Dirjectivity

(1289 dB 88 | 88 | 101 | 107" | 100 | 100 | 81 5,6 5,6 5.4
Adgid (507 m)  |dB 65,1

Aai dB 00 | o1 | 02| o5 | 10 | 19 | 49 | 166 | 593 | 886
Agy dB L6

éf)i(rftreceptlon dB 683 | 643°] 61,3 | 590 | 56,3 | 523 | 480 | 369 | -49 | -308
Lg ] at recep- dB 579

Table C.7 — Reception site 1; shooting direction horizontal: 0,0°; vertical: 0,0° relative to north;

shooter: P(-6 m/=2m, 1,6 m); reception point: P(500 m, 0 m, 5 m); muzzle: P(-6,0 m{ -1,3 m,
1,6 m); angle: 89,8°

Frdquency ~ \{Hz 31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 800p | 16 000
ls:v“erlce CHETEY 4B 143,8 | 139,8 | 138,3 | 1369 | 134,0 | 130,8 | 1276 | 1257 | 126} | 1299
DireCtiVity AB CC AA A7 a0 A2 C 0 A0 A2 24 3 5
(89'80) e Ty y 07 ) = ) Ty Ty 7 x ’
Adgiv (506 m)  |dB 65,1
Anir dB 00 | o1 | 02 | o5 | 10 | 19 | 49 | 166 | 592 | 886
Agr dB 1,6
é’g atreception | qp 71,7 | 687 | 66,7 | 637 | 621 | 573 | 521 | 382 | -27 | -288
Lgaatrecep- | 4p 63,0
tion point
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Table C.8 — Reception site 1; shooting direction horizontal: 0,0°; vertical: 22,5° relative to
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(500 m, 0 m, 5 m); muzzle: P(-6,0 m,
-1,3 m, 1,9 m); angle: 89,7°

Frequency  |dB 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16 000
IS:Vueliceenergy dB 143,8 | 139,8 | 138,3 | 136,9 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
Directivity |, 54 | 44 | 47 | 60 | 42 | 50 | 40 | 43 | 34 3,5
(89,7°)

Adgiv (506 m)  |dB 65,1

Aair dB 00 | o1 | 02 [ 05 | 1,0 | 1,9 | 49 | 166 | 592 | 88p
Agr dB L6

f)gf;trecep 100 14 71,7 | 68,7 | 668 | 63,7 | 622 | 573 | 521 | 382 | -2%- -28l8
Lg A atrecep- dB 630

tion point ’

Table (.9 — Reception site 1; shooting direction horizontal: 0,0°; vertieal: 45,0° relative tq
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(500 m, 0 ms5 m); muzzle: P(-6,0 n,
-1,3 m, 2,1 m); angle: 89,6°

Frequency Hz 31,5 | 63 125 | 250 | 500 | 10002000 | 4000 [ 8000 | 16 0po
lsgv‘glce enerey |4 143,8 | 139,8 | 138,3 | 136,9 | 134,0 |.430,8 | 1276 | 1257 | 126,6 | 1299
Directivity 4
(89.6% dB 54 | 44 4,7 6,0 42 5,0 40 | 43 3,4 3,4
Adiv (506n})  |dB 65,1

Agir dB 00 | 01 | 02 [ o5 | 10 | 19 | 49 | 166 | 592 | 88p
Agy dB L6

IL)f) f‘nttrecep 10014 71,7 | 68,7 | 668" 637 | 622 | 573 | 521 | 382 | -2,6 | -28l8
LE A atrecep- dB 630

tion point ’

Table C.1Q — Reception site”1;-shooting direction horizontal: 55° vertical: 0,0° relative to noxyth;
shooter} P(-6 m, -2 m, 4,6:m); reception point: P(500 m, 0 m, 5 m); muzzle: P(-5,4 m, -1,6 m,
1,6 m); angle: 34,8°

Frequency Hz 31,5 | 63 125 | 250 | 500 | 1000 ] 2000 | 4000 [ 8000 | 16 0p0
lsgv‘glce enerey |4 143,8 | 139,8 | 138,3 | 136,9 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
DireCtiVit!' AB C A 02 2 77 QQ C 4 A G 27 24 217
(34'80) b ~ r= r= T ’ ’ Ty 77 =y =y
Adiv (505m)  |dB 65,1

Aair dB 00 | o1 | 02 [ o5 | 10 | 18 | 49 | 166 | 591 | 884
Agy dB L6

IL)f) f‘nttrecep“"“ dB 82,7 | 783 | 76,6 | 775 | 752 | 679 | 60,7 | 46,2 | 32 | -225
LE A at recep- dB 75 9

tion point ’
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Table C.11 — Reception site 1; shooting direction horizontal: 55° vertical: 22,5° relative to
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(500 m, 0 m, 5 m); muzzle: P(-5,4 m,
-1,6 m, 1,9 m); angle: 39,7°

Frequency Hz 31,5 63 125 250 500 | 1000 [ 2000 | 4000 | 8000 | 16 000
f:v‘glce ENersy |4 143,8 | 139,8 | 138,3 | 136,9 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
Directivity | ;5 46 | -42 | -44 | -67 | 72 | -40 | 38 | =31 | -1,7 | -2,0
(39,7°)
Adiv (505m)  |dB 65,1
Aai dB 00 [ 01 [ 02 [ 05 [ 10 | 1,8 | 49 | 166 | 591] | 884
Agy dB 16
f)f) i‘nttrecep“o“ dB 81,8 | 773 | 758 | 765 | 736 | 66,3 | 599 | 45851 25| | -231
Lppatrecep- | 4p 73,8
tion point
Table C.12 — Reception site 1; shooting direction horizontal: 55%;vertical: 45,0° relative to
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(500 in,"0 m, 5 m); muzzle: P(-5,4 m,
-1,6 m, 2,1 m); angle: 47,6°
Frdquency Hz 31,5 63 125 250 500511000 | 2000 | 4000 | 800Q | 16 000
f:v“erlce ENergy |4 143,8 | 139,8 | 138,3 | 136,9 [134,0 | 130,8 | 1276 | 1257 | 126,4 | 1299
Dinectivity | ;5 27 | 26 | 32 | 34" 21 | <11 | 20 | -1,8 | -09|| -1,3
(4_7 60) ) ’ ) ) ) ' ) ) ] ’
Agif (505 m)  |dB 65,1
Aai dB 00 | o1 | o2 | o5 | 10 | 18 | 49 | 166 | 591|| 884
Agy dB 16
;L)f) i‘nttrecep“o“ dB 799 | 757" 747 | 732 | 685 | 634 | 581 | 443 | 1,8|| -238
L.E" at recep- dB 70,1
tion point
Dug to the fact that all nine shooting directions occur with the same probability, the pA-weighted
equjivalent sound expesure level, Lg, for this shooter position is 69,2 dB.
C.2|3 Free-fi€ld'shooting range — Second site
Simjilarly to.€.2.2, one obtains the data presented in Tables C.13 to C.21 for a second site.
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Table C.13 — Reception site 2; shooting direction horizontal: -45°; vertical: 0,0°; relative to
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-6,5 m,
-1,5 m, 1,6 m); angle: 135,6°

Frequency Hz 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16 000
lS:v‘glce €nersy |4 143,8 | 139,8 | 138,3 | 136,9 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
Directivity 4R 101 ag 110 109 | 126 | 123 | 102 26 33 78
(135’60) x4 T T x4 7 T T
Adiv(599n]) |dB 66,5

Aair dB 00 | o1 | o2 [ o6 | 12 | 22 | 58 | 196 | 7007 1048
IL)f) f‘rftrecep fon | 4p 655 | 61,8 | 589 | 573 | 52,1 | 48,2 | 43,5 | 294712198 | -50|8
LE A atrecep- dB 543

tion point ’

Table C|14 — Reception site 2; shooting direction horizontal: —-45° vertical: 22,5° relative tp
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-6,5 1h,
-1,5 m, 1,9 m); angle: 131,6°

Frequency Hz 31,5 | 63 125 | 250 | 500 [<000 | 2000 | 4000 | 8000 | 16 0p0
lS:vflcee““’gy dB 143,8 | 139,8 | 138,3 | 136,9 | 1340 | 130,8 | 127,6 | 125,7 | 126,6 | 1299
Directivity q
(131.6°) dB 9,6 94 | 10,7 | 11,00Y 11,8 | 11,5 | 94 7.4 7.3 6,
Adiv(599nf) |dB 66,5

Aair dB 00 | o1 | o2o 06 | 1,2 | 22 | 58 | 196 | 700 | 1048
Agr dB 1,6

égiar;ctrecep fon | 4p 66,0 | 622~459,3 | 572 | 529 | 49,0 | 443 | 305 | -188 | -498
LE A atrecep- dB 549

tion point ’

Table C.[15 — Reception site 2; shooting direction horizontal: -45°; vertical: 45,0° relative to
north; shooter: P(<6:m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-6,5 1p,
-1,5 m, 2,1 m); angle: 125,4°

Frequency iz 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16 $00
Sourceene[‘gy D 142 0O 12Q.0 120 2 120 1240 1200 127 4 120 7 124 4 1")')9
level T = TTI,0 T 7,0 TOU, TOO;7 TO T, TOU, O TZ7,0 TZ,7 TZO;0 Tz,
Directivity

(125.4°) dB 8,9 88 | 102 | 108 | 10,2 | 101 | 82 5,7 5,7 5,5
Adiv (599 m)  |dB 66,5

Aair dB 00 | o1 | o2 | 06 | 12 | 22 | 58 | 196 | 700 | 1048
IL)f) f‘nttrecept“’“ dB 66,8 | 628 | 598 | 57 | 546 | 504 | 455 | 32,3 | -172 | -48,5
LE A atrecep- dB 560

tion point ’
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Table C.16 — Reception site 2; shooting direction horizontal: 0,0°; vertical: 0,0° relative to
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-6,0 m,
-1,3 m, 1,6 m); angle: 179,3°

-1,3 m, 1,9 m); angle: 158,6°

Frequency Hz 31,5 63 125 250 500 1000 [ 2000 | 4000 | 8000 | 16 000
lS:v‘glce enersy |as 143,8 | 139,8 | 138,3 | 136,9 | 134,0 | 130,8 | 1276 | 1257 | 126,6 | 1299
Directivity dB 147 | 130 | 136 |1 135 | 120 | 110 86 aQQ 88 99
(179;3%] 7 " " '
Adib (599 m)  |dB 66,5
Aaiy dB 00 | o1 | o2 | o6 | 12 | 22 | 58 | 196 ] 701 | 1048
g’g i‘nttreception dB 609 | 586 | 563 | 547 | 527 | 495 | 451,289 | -20,4 | -52,9
LEg 4 atrecep- dB 54 4
tion point ’

Table C.17 — Reception site 2; shooting direction horizontal:' 0,0°; vertical: 22,5° relative to

nprth; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0'm, -600 m, 6 m); muzzle: F(-6,0 m,

-1,3 m, 2,1 m); angle: 144,3°

Frdquency Hz 31,5 | 63 125 | 250 |*500 | 1000 | 2000 | 4000 | 800q | 16 000
f:v“erlcee“ergy dB 143,8| 139,8 | 138,3 | 1369 | 134,0 | 130,8 | 1276 | 125,7 | 126, | 1299
Directivity | ;5 13,2 | 11,9 | 129116 | 13,2 | 128 | 104 | 10,7 | 10,3 10,5
(158,6°)
Agib (599 m)  |dB 66,5
Aaiy dB 00 | o1~Yo2 | o6 | 12 | 22 | 58 | 196 | 701|| 1048
gf)i‘nttrecep“on dB 62415597 | 571 | 56,5 | 51,5 | 477 | 433 | 273 | -219 | -53,5
LEg 4 atrecep- dB 537
tion point ’

Table C.18 —Reception site 2; shooting direction horizontal: 0,0°; vertical: 45,0° relative to

nprth; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: F(-6,0 m,

Frdquency  |Hz 3,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 800d ]| 16000
Soqrceenergy dD 142 O 1200 120 2 120 1240 1200 127 & 120 7 124 1299
level == TTJ,0 T 7,0 TOU,J T TOT,U TOU, U TZ7,0 TZI,7 TZO7 1]
Directivity

(144.3) dB 11,1 | 10,5 | 11,9 | 10,3 | 131 | 134 | 11,0 | 103 | 10,0 9,5
Adiv(599m)  |dB 66,5

Aair dB 00 | o1 | o2 | o6 | 12 | 22 | 58 | 196 | 701 | 1048
g’é f‘;trecep“on dB 645 | 61,1 | 581 | 579 | 51,6 | 471 | 42,7 | 277 | 216 | -52,5
Lgaatrecep- | 4p 54,0

tion point
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Table C.19 — Reception site 2; shooting direction horizontal: 55° vertical: 0,0° relative to north;
shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-5,4 m, -1,6 m,
1,6 m); angle: 124,4°

Frequency |Hz 31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16 000
lS:v‘glcee“e"gy dB 143,8 | 139,8 | 138,3 | 1369 | 134,0 | 130,8 | 127,6 | 1257 | 126,6 | 1299
Directivity |5 28 87 | 101 | 107 | aqg Qg 20 55 55 53
(124’40) T T T T T

Adgiv (598n])  |dB 66,5

Aair dB 00 | o1 | 02 | 06 | 12 | 22 | 58 | 196 | 70,0 ] 1047
égiar;ctrecep N g 669 | 629 | 599 | 574 | 548 | 50,6 | 457 | 32,5 |,-171 | -48|3
OpyofLgagt |4p 56,2

reception goint ’

Table C{20 — Reception site 2; shooting direction horizontal: 55°; vertical.: 22,5° relative tp
north; shooter: P(-6 m, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-5,4 h,
-1,6 m, 1,9 m); angle: 121,7°

Frequency Hz 31,5 | 63 125 | 250 | 500 [<1000 | 2000 | 4000 | 8000 | 16 0p0
lS:vflcee““’gy dB 143,8 | 139,8 | 138,3 | 136,9 | 1340 | 130,8 | 127,6 | 1257 | 126,6 | 129|9
Directivity g
(121,7°) dB 85 | 84 | 97 | 10701 94 | 94 | 76 | 50 | 50 4,9
Adgiv (598n])  |dB 66,5
Aair dB 00 | 01 | o2 06 | 12 | 22 | 58 | 196 | 700 | 1047
égiar;ctrecep fon | 4p 672 | 6327602 | 575 | 554 | 51,2 | 46,2 | 33,0 | -16,5 | -47|8
LE A atrecep- dB 56 6
tion point ’

Table C{21 — Reception site 2; shooting direction horizontal: 55°; vertical: 45,0° relative t
north; shooter: P(+=6'm, -2 m, 1,6 m); reception point: P(0 m, -600 m, 6 m); muzzle: P(-5,4 m,
-1,6 m, 2,1 m); angle: 117,2°

Frequency Hz 31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 160p0
Sourceen(rgy dD 142 0O 120 0 120 2 1240 1240 1200 127 4 120 7 124 4 1')09
level D TTJ,U T 7,0 TOU, T TOO; TOT,U TOU, U TZ7,0 TZ0,7 TZ0;0 TZ7
Directivity

(117,29 dB 81 | 80 91 | 107 | 87 | 86 7,0 45 | 44 4,4
Adiv (598 m)  |dB 66,5

Aair dB 000 | o1 | 02 | 06 | 1,2 | 22 | 58 | 196 | 700 | 1047
Agr dB 1,6

IL)f) f‘rftrecep“o“ dB 676 | 637 | 609 | 575 | 56,0 | 52,0 | 467 | 33,5 | -159 | -473
LE A atrecep- dB 572

tion point ’

Average A-weighted sound exposure level, Lg 4 for the shooter position: 55,4 dB.
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