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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.

fferent types of ISO documents should be noted. This document was drafted in accordance

T
dpscribed in the ISO/IEC Directives, Part 1. In particular the different approval criteriayneedd
d
eflitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

htent rights. [SO shall not be held responsible for identifying any or all such*patent rights. [
hy patent rights identified during the development of the document will be in the Introductio
h the ISO list of patent declarations received (see www.iso.org/patents),

o T >

ny trade name used in this document is information given for the.convenience of users and
nstitute an endorsement.

o>

tsessment, as well as information about ISO’s adherencetotthe WTO principles in the Technical
t¢ Trade (TBT) see the following URL: Foreword - Supplémentary information

The committee responsible for this document is ISO/TC 43, Acoustics, Subcommittee SC 1, Nois

140 17534 consists of the following parts, undet the general title Acoustics — Software for the cd
of sound outdoors:

— Part 1: Quality requirements and quality assurance
— Part 2: General recommendations for test cases and quality assurance interface [ Technical re|

— Part 3: Recommendationsfor quality ensured implementation of 1ISO 9613-2 in software acc
[SO 17534-1 [Technicalréeport]

he procedures used to develop this document and those intended for its further maintenance are

d for the
with the

ttention is drawn to the possibility that some of the elements of this documént'may be the subject of

etails of
n and/or

does not

Fpr an explanation on the meaning of ISO specific terms)and expressions related to copformity
a

Barriers

e.

[culation

port]

brding to
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Introduction

The general structure of the ISO 17534 series and the various Technical Reports are shown in Figure 1.
The International Standard itself describes the measuresnecessary to ensure a high quality of calculation
methods implemented in different software products with respect to correctness and precision. The
requirements and specifications included are obviously independent from a specific calculation method,
because they should be applied for all of them.

This Technical Report contains additional recommendations, test cases of both types according to
ISO 17534-T-—, A.Z and A-3,and the forms to declare conformity by software manuiacturers relatdd
to the quality ensured implementation of the calculation method ISO 9613-2. The test cases are basqgd
on the sg¢t of test cases and input parameters documented in Reference [1]. This Technical Report |s
a first stiep. Contents will be supplemented step by step and or even withdrawn if a standardizatign
committee responsible for this specific calculation method decides about an alternativeformulatign
that is inlagreement with the requirements of ISO 17534.

ISO 17534 series
I A O _

r [
| ISO 17534-1 |
i ISO/TR 17534-2 ISO/TR 17534-3 ISO/TR 17534-X :
| Genkral recommendations Recommendations for quality Recommendations for quality |
: Eor test cases and assured implementation e assured implementation :
| qualfty assurance interface of SO 9613-2 in software of XXX in software |

according to ISO #7534-1 according to I1SO 17534-1 :

— 1) Identification of the official documentation
! —— 2) Additional recommendations |

| —— 3) Test suite (set of test cases with results) |

i — 4) Forms to declare conformity |
L— 5) Method - specific addendum to QA

Figure 1 — Structure of ISO 17534 series consisting of the main Part 1 and subordinated
Technical Reports

vi © ISO 2015 - All rights reserved
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Acoustics — Software for the calculation of sound outdoors —

Part 3:
Recommendations for quality assured implementation of

IS0 9613-2 in software according to ISO 17534-1

1l Scope
T

his Technical Report contains additional recommendations for the calculation method of ISP 9613-2
that are agreed on to be implemented in software quality ensured test cases with detailed reqults that
allow checking the correct implementation and forms to declare conformity'with these requjrements
by a specified software product.

[\S)

Normative references

—3

he following documents, in whole or in part, are normativély referenced in this document and are
ndispensable for its application. For dated references, ofily"the edition cited applies. For|undated
re¢ferences, the latest edition of the referenced document (ificluding any amendments) applies.

—e

[§0 9613-2:1996, Acoustics — Attenuation of sound during propagation outdoors — Part 2: Generql method
f calculation

=]

[§0 17534-1:—, Acoustics — Software for the calculation of sound outdoors — Part 1: Quality reqyirements
hd quality assurance

Q

I§0/TR 17534-2, Acoustics — Software for the calculation of sound outdoors — Part 2{ General
r¢commendations for test cases and guality assurance interface

W

Terms and definitions

1]

br the purposes of this\document, the terms and definitions given in ISO 9613-2, ISO 17534-1, and
§0/TR 17534-2 apply:

Yt

4{ Identification of the official documentation

130 9613-2:1996, Acoustics — Attenuation of sound during propagation outdoors — Part 2: Generql method
f calculation.

NOTE ISO 9613-2 describes a method for calculating the attenuation of sound during propagation ofitdoors in
0 ‘ﬂ_ﬁ_rf}l_l_l_F—rl—W_t_F—ﬁf—Th_fh_d_‘ler 0 predict the evels of environmental NOiSe at a diStance (Tom a variety of sources. 1 ne method predicts the

equivalent continuous A-weighted sound pressure level (as described in ISO 1996) under meteorological conditions.

Q

5 Additional recommendations

5.1 General

The calculation of sound propagation with the engineering method specified in ISO 9613-2 is an
approximation where the sound wave propagating over a structured terrain with any complexity is
replaced by some few ray paths. In many cases, there are more alternatives to define these paths and for
each of these alternatives examples can be constructed where the method fails. It is important to keep

© IS0 2015 - All rights reserved 1
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the method as transparent as possible to be able to avoid the resulting traps in modelling. Therefore, the
additional rules defined herein are kept to a minimum, to ensure a common interpretation of ISO 9613-2
to reduce uncertainty in the calculations. These rules are based on experience with various software
implementations, and have been agreed upon to maintain consistency in results.

The obviousness of additional recommendations is explained in the following by introductory notes in
5.2 up to 5.9. Furthermore, each of these additional recommendations is classified.

— A: Agreed solution for a problem incompletely or even not addressed in ISO 9613-2:1996

N » S 1 . — + h T £ 11 : . +1 P -1 + PR |
- B CLich 4dllU CUOILSISITHU SUTULIUIT 101 da PIOUICIT TTICOIISISLCIILLY O UllsdtisidCLONIly  LITdicu n

ISO 9613-2:1996

— C: Common interpretation of an unclear content of ISO 9613-2:1996.

5.2 Screening

top edge(s) and lateral diffraction around the vertical edge(s). The calculation is based‘emn-the difference of the
path lengfh of the ray over or around the barrier edges and the shortest distance source>receiver neglecting the
blocking pbjects (direct ray).

NOTE The calculation of screening (Apar), as described in ISO 9613-2, takes into account'diffraction over t}e

The ray ofver the upper edge can be constructed as the shortest possible polygen line source - edge - receiver |n
a vertical|plane containing source and receiver similar to a rubber band confiecting these two points. In the sanje
way, the fjays around the two vertical edges can be constructed as the shortest polygon lines around these edges
in a furthpr plane perpendicular to the vertical plane and also containifg source and receiver positions.

This consfruction of the relevant ray paths in two perpendicular plahes is equivalent to Formula (16) in [ISO 9613
in the casfe of a right angle between the line source - receiver and’the screen.

However,|according to ISO 9613-2:1996, the calculation oftthe path-length difference z over the upper edge(s)
shall geng¢rally and with any orientation of the line souxge - receiver relative to the screen be performed with
ISO 961312:1996, Formula (16) for single diffraction.and ISO 9613-2:1996, Formula (17) for double diffractiop,
where a fomponent distance “a” parallel to the barrier edge between source and receiver is one of the inpfit
parametdrs. But with double diffraction, the method fails and is even not applicable in general cases where the
two diffracting edges are not parallel, because\a-single component distance parallel to the barrier edge betwegn
source arld receiver cannot be defined. For, mere diffracting edges, the two most effective barriers are taken fo
reduce thle problem to the case of double'diffraction; therefore, the general case of more than two diffractions fis

also not applicable.

method of ISO 9613-2, in case of.a-single diffraction and with a right angle between the line source - receiver a
, can consistently-be“extended to the most general case of any number and orientation of diffracti
edges. Thiis is the recommiénded alternative method to overcome the described problem as long as it is not solve
generally|in a revised viersion of ISO 9613-2.

However,|the described rubber/band construction of the relevant ray paths in two planes identical with t;[

e
d
8
d

Lateral dliffraction/for more than one screening object blocking the direct ray source - receiver |s
not explicitly mentioned in ISO 9613-2. The recommended method to solve this frequently occurring
problem|is-asconsistent extension of the lateral diffraction with one barrier as long as it is not solvegd
generally in‘a revised version of ISO 9613-2

If acoustically impervious objects like barriers or buildings are blocking the direct straight line from
source to receiver, three contributing ray paths should be taken into account in the most general case;
one over top and two laterally diffracted around the objects. The ray over top is constructed in a vertical
plane EV, the lateral diffracted rays in a plane EL. Both planes contain source and receiver, plane EV is
perpendicular to the reference plane x-y and plane EL is perpendicular to plane EV.

The ray path in plane EV connects source and receiver like a ribbon enveloping the diffracting edges as
shown in Figure 2.

It is obvious that in plane EL, the two ray paths transmitting most sound energy to the receiver should
be taken into account. In many cases, these are the shortest possible ray paths left and right from the
direct path S-R. Figure 3 shows such a clear example without ambiguity. However, it should be mentioned

2 © IS0 2015 - All rights reserved
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that there are more complex cases where the shortest paths form a zig-zag-line or even where not the
shortest paths are the most important ones. A common strategy will be developed and included in

further revisions.

Lateral diffraction paths are neglected if the maximal distance of one or more diffracting edges
contributing to the ribbon from the straight line source - receiver exceeds this maximal distance in the

plane EV by a factor more than 8.

The path length difference, z, of each of these relevant contributions is the difference in length of the
ribbon and the straight direct line from source to receiver. The length of the polygon-segments between

the first and the last diffracting edge 1s the parameter e needed 1n 150 9615-2:1996, Formula

e2

el e3

dsr

24
bS polygon-segment from source to the first active diffractiop-edge

BT polygon-segment from the last active diffraction edge to'the receiver

o o o =

| ...en polygon-segment between two following active diffraction edges

Figure 2 — The calculation ray in plane EV

Key
R  receiver
S  source

Figure 3 — The two calculation rays in plane EL

Classification of this additional recommendation: A, B.

© ISO 2015 - All rights reserved
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5.3 Limitation of the maximal possible attenuation by barriers

According to ISO 9613-2:1996 “the barrier attenuation D, in any octave band, should not be taken
to be greater than 20 dB in the case of single diffraction and 25 dB in the case of double diffraction”.
The reason for this limitation is that the level behind screens and other objects can be determined by
other ray paths caused for instance by reflections. However, it was obviously overseen that D; is not
only calculated for the diffraction over the upper edge, but also for the lateral diffraction around the
vertical edges. A limitation of all three contributions will result in an effective limitation of the barrier
attenuation of 15 dB with a single screen. On the other side, the contribution of a lateral diffraction
should vanish if an object like a barrier is long and the vertical edges are far away from the receijver.
Thereforle, it should be the recommended interpretation of ISO 9613-2 to apply this limitation of D, only
for the djffraction over the top edge.

The resttiction of D, not to be taken greater than 20 dB in the case of single diffraction and 25dB in the
case of dpuble diffraction in any octave band, should only be applied for diffraction over the\upper edge

N

Classificption of this additional recommendation: C.

5.4 Callculation of the path-length difference, z

NOTE DyiscalculatedinISO9613-2:1996, Formula (14) as 10 times the logarithiitofan expression thatdepends
on the path-length difference z, where z is given a negative sign if the ray source —'receiver passes above the tqp
edge. Therefore, increasing the height of source and/or receiver will resultin a’reduced barrier attenuation ard
e
n
n

with a certain height of the ray above the top edge this barrier, attenuation will be 0. Increasing the height mo
will resulft in an argument of the logarithm that falls even below 1; the fesulting D, will be negative producing ¢
apparentfincrease of the level behind a barrier over the value withoutthe barrier. As this was obviously overseg
when thig equation was designed and due to the very simple improvement solving this problem, the calculation pf
D according to ISO 9613-2:1996, Formula (14) is recommended ifijtwo steps.

Formulal|(14) of ISO 9613-2:1996 should be applied stepwise.

a) 7z . —i
™ _(CZ C3 Kmet)

C
101g{3+(72jc3z1(met}d]3

0 forz<z

forz >z ,in

min
Classificption of this additional recommendation: B.

5.5 Diffraction with barrier on reflecting ground

The diffrfaction over thetop edge is calculated with ISO 9613-2:1996, Formula (12) with Apar= D, - Agy > .
The method shoulditake into account that the height of the effective ray path will be increased by the
barrier gnd theréfore the influence of the ground will be reduced. But with reflecting ground Ag; s
negative|(-3 dB) and therefore the installation of a barrier with even very low height will remove the
ground dffect.and dupe a barrier attenuation of 3 dB.

Formula (12) of ISO 9613-2:1996 should not be applied with Ag < 0.

Classification of this additional recommendation: B.

5.6 No level increase caused by barriers due to lateral diffraction
NOTE In software realizations, the combination of ground simulated by contour lines or grids of height points

with objects can, in rare cases, cause a level increase behind elevated ground if a screening object is inserted due
to lateral diffraction. This can easily be avoided by a simple strategy.

4 © IS0 2015 - All rights reserved
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If the direct ray is screened, the three barrier attenuations Apartop, Abar,sidel, and Apar,side2z and an
effective value

Ab =_101g (10 -0,1 A bar,top +10 -0,1 A bar,sidel +10 -0,14 bar,sideZ) dB
ar

should be calculated. If the result of this equation is negative, the effective Apgy is 0.

Classification of this additional recommendation: B.

5\7 No ground effect calculated with rays laterally diffracted

NOTE In ISO 9613-2, the determination of the ground effect Agr and of the barrier atténuatior
ildependent parts carried out consecutively. The lateral diffraction is not equivalent td’the calcfilation of

a
b

C4

o -

@)

S oag®® 39 Ul

]

o

h—

f
1

-

q

J

[

T = T a5 ©w

ditional contributions with their own ground influence, but produces a modification of the’barrier at|
btween source and receiver. This is not unambiguously expressed in ISO 9613-2 and-can, therefore
1ses, cause different interpretations. This can be avoided by a simple clarification.

he ground effect Agr in ISO 9613-2:1996, 7.3 is determined for each pair<of source-receiver
hth in the vertical plane EV; the paths of lateral diffracted sound in plane'EL are not consider

assification of this additional recommendation: C.

L8 No lateral diffraction with elevated ground screening the direct ray

he screening by elevated ground is not explicitly mentigned in ISO 9613-2 but can be solved by
contour line or a triangulation line forming the grounid'surface like the top edge of a barrier.
teral diffraction around hills or other elevated parts of the ground is not covered by thg
bscribed for barriers. Taking into account that the profile of such formations is generally not
y vertical edges, lateral diffraction should net be taken into account in such cases. This s
arified unambiguously to avoid different intérpretations.

at least one contour line of the ground-is relevant for the screening and influences the sha
ibber band from source to receiver,Iateral diffraction is not calculated.

assification of this additional recommendation: C.

L9  Multi-reflection ~ the extension to reflections of higher orders

0 9613-2 describes-the calculation of specular reflections based on the method of mirr
purces. The application of the method to calculate the contribution of even higher order reflg
bt explicitly mentioned, but a trivial extension by repeating the procedure with these mirro
hking into aceount the broad application of ISO 9613-2 with industrial noise and in other field
rediction; this extension should be integrated explicitly.

he ntlorder image source Scn is the image of the image source Scn-1. The construction of thq
hth.of a second order reflection is shown in Figure 4.

Apar are

tenuation
, in some

from the
bd.

treating
However,

method
bounded
hould be

pe of the

br image
ctions is
" images.
5 of noise

real ray
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%
::ﬁ Sci

Classificption of this additional recommendation: A.

6 Test cases

6.1 Gdneral

The testcases are complete in the sense that all data necessary to perform the calculation are given.

For the precisely defined test cases, the step-by-step results arésshown with precision 2 according to

[SO 17534-1:—, A.2.

Test casgs TO1 up to TO7 can be solved by applying ISO 9613+2 exclusively. Test cases T08 up to T19 are
based or] SO 9613-2 and the application of additional recommendations according to 5.2 up to 5.9.

6.2 Test cases with step by step results and-final result interval

6.2.1 TO01-TO3 - Flat ground with homegeneous acoustic properties

(%]

Key
S  sourge

R  receijer

Figure 4 — Example to explain the construction of a 2nd order reflection
with image sources Sc1 and Sc2

Figure 5 — Test case to check free sound propagation with different conditions

3

Input data:
Table 1 — Coordinates of source, S, and receiver, R
X y z
inm inm inm
10 10
200 50 4
6

© ISO 2015 - All rights reserved
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Table 2 — Octave-band sound power levels (linear) of the source

Quantity Unit Values
f Hz 63 125 250 500 1000 2000 4000 8000
Lw dB 93 93 93 93 93 93 93 93

The band levels and the A-weighted sound pressure level at the receiver should be calculated for 7= 20°C

and F =70 %.

6/2.2 TO01 - Retlecting ground (G = 0)

Step by step results:
0 d,
| |
[ 1
AN Y,

Y
S m r

Key

s| source region

nl middle region

r| receiver region

d}y 2-dimensional distance

Figure 6 — Regions-according to Figure 1 in ISO 9613-2

Table 3'=-"Single number step by step results

Quantity Unit Values
dp (2-dimensional distance) m 194,16
d3 (3-dimensional distance) m 194,19
Adiv dB 56,76
length of s-region m 30,00
length of r-region m 120,00
length of m-region m 44,16
q (IS0 9613-2:1996, Table 3 footnote 2) 0,23

© ISO 2015 - All rights reserved
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Table 4 — Spectral step by step results

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Lw dB 93 93 93 93 93 93 93 93
a-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6

Aatm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,45 14,87

Agr s dB -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50

Agr r dB -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50

Agrm dB -0,68 | -0,68 | -0,68 | -0,68 | -0,68 | -0,68 | -0,68 | -0,68

Agr dB -3,68 | -3,68 | -3,68 | -3,68 | -3,68 | -3,68 | -3,68 | -3,68

Adiv dB 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 5676 | Total
L dB 3990 | 39,86 | 39,70 | 39,37 | 3895 | 38,17 | 35477) 25,04 | 4746
A-weightling dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 ro -1,1

La2 dB 13,70 | 23,76 | 31,10 | 36,17 | 38,95 | 39,37 |.\36,47 | 23,94 | 44,29

a  The rfesult values in frequency bands and for the total level are considered to be Cosréct if the deviation does ngt
exceed 0,05 dB.

6.2.3 TO02 - Mixed ground (G = 0,5)
Input dqta:

Identical to above, but ground index G = 0,5.
Step by step results:

Single nymber step by step results see Table 3.

Table 5 — Spectral step by step results

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Ly dB 93 93 93 93 93 93 93 93

a-atm (2p°,70 %) 01 0,3 1,1 2,8 50 9,0 22,9 76,6

Aatm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,45 14,87

Agr s dB -1,50 | -0,27 3,10 3,58 0,25 -0,75 | -0,75 | -0,75

Agr r dB -1,50 0,62 0,25 -0,75 | -0,75 | -0,75 | -0,75 | -0,75

Agr.m dB -068 | -0,34 | -0,34 | -0,34 | -0,34 | -0,34 | -0,34 | -0,34

Agy dB -3,68 0,01 3,01 2,49 -0,85 | -1,84 | -1,84 | -1,84

Adiv daB 56,76 | 50,76 | 56,76 | 56,76 | 56,76 | 56,76 | 50,76 | 50,76 | Total
L dB 3990 | 36,17 | 33,02 | 33,20 | 36,11 | 36,33 | 33,63 | 23,20 | 44,61
A-weighting dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Lp2 dB 13,70 | 20,07 | 24,42 | 30,00 | 36,11 | 37,53 | 34,63 | 22,10 | 41,53

a  The result values in frequency bands and for the total level are considered to be correct if the deviation does not
exceed +0,05 dB.
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6.2.4 TO03 - Porous ground (G =1)
Input data:

Identical to above, but ground index G = 1.
Step by step results:

Single number step by step results see Table 3.

Tabte6—Spectratstepbystepresultts————————

Quantity Unit Values

/1 Hz 63 125 250 500 1000 | 2000 | 40008000

Lw dB 93 93 93 93 93 93 93 93

o-atm (20°,70 %) 0,1 0,3 1,1 2,8 50 9,0 22,9 76,6

Aatm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,45 14,87

Agr s dB | -1,50 0,95 7,70 8,66 1,99 0,00 0,00 0,00

Agr r dB | -1,50 2,74 2,00 0,01 0,00 0,00 0,00 0,00

Agr m dB | -0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Agr dB | -3,68 3,69 9,69 8,66 1,99 0,00 0,00 0,00

Adiv dB | 56,76 | 56,76 | 56,76 | 56,76/|756,76 | 56,76 | 56,76 | 56,76 | Total
1) dB | 3990 | 32,48 | 26,33 | 2703 | 33,27 | 34,49 | 31,79 | 21,36 | 42,80
A-weighting dB | -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

e dB | 13,70 | 16,38 | 17,723~| 23,83 | 33,27 | 35,69 | 32,79 | 20,26 | 39,14

i

The result values in frequency bands and for th€total level are considered to be correct if the deviatior] does not
kceed +0,05 dB.

@

(=)

2.5 TO04 - Flat ground with spatially varying acoustic properties
Al A2 A3

Key

S source

R  receiver

Al areawithG=0,2
A2 areawith G=0,5
A3 areawithG=0,9

Figure 7 — Flat ground with different ground factors G
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Input data:

Identical to above, but ground factors G as shown in Table 7.

Table 7 — Areas with different ground factors G

Step by step results:

Figure[8 — Segments (ground projection) of propagation path with different ground indices ¢

Area G Coordinates of areas
X1 Y1 X2 Y2 X3 Y3 X4 Y4

inm inm inm inm inm inm inm inm
Al 0,2 ) [$]Y) ol 8]V} ol -10 V) -10
A2 0,5 50 60 150 60 150 -10 50 -10
A3 0,9 150 60 210 60 210 -10 150 -10

0 d

Gy G Gs P
- le o dDZ o D3 >

Table 8 — Single numberstep by step results

10

Quantity Unit Value
dp (2-dimensional distance) m 194,16
d3 (3-dimensional distance) m 194,19
Adiv dB 56,76
length of s-region m 30,00
length of r-region m 120,00
length of m-region m 44,16
q (ISO 9613271996, Table 3 footnote 2) 0,23
dp1 (2d-fength of path above ground with G1) m 40,88
dp2 (2d-length of path above ground with G2) m 102,19
dp3+(2d-length of path above ground with G3) m 51,10
Gs 0,20
Gr 0,67
Gm 0,43

© ISO 2015 - All rights reserved
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Table 9 — Spectral step by step results

Quantity Unit Value
f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ly dB 93 93 93 93 93 93 93 93
a-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 229 76,6
Aatm dB 0,02 0,06 0,21 0,54 097 1,75 4,45 14,87
Agr s dB -1,50 | -1,01 0,34 0,53 -0,80 | -1,20 | -1,20 | -1,20
Agr x dB -1,50 1,34 0,84 -0,49 | -0,49 | -0,49 | -0,49 | -0,49
Agr m dB -0,68 | -0,39 | -0,39 | -0,39 | -0,39 | -0,39 | -0,39 | 40539
Agr dB -3,68 | -0,06 0,79 -0,35 | -1,69 | -2,09 | -2,090f ~2,09
Adiv dB 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | Total
) dB 3990 | 36,24 | 35,23 | 36,04 | 36,95 | 36,57 {\33,87 | 23,45 | 45,25
A-weighting dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
a2 dB 13,70 | 20,14 | 26,63 | 32,84 | 36,95 | 37,77 | 34,87 | 22,35 || 42,23
al  The result values in frequency bands and for the total level are considered-to’be correct if the deviatior] does not
ekceed +0,05 dB.
6{2.6 TO05 - Identical to T04, but calculation with the alternative method according to
130 9613-2:1996, 7.3.2
Input data:
Identical to T04.
Step by step results:
Table 10 — Spectral step by step results
Quantity Unit Value
f] Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lw dB 93 93 93 93 93 93 93 93
o-atm(20°,70 %) 0,1 0,3 1,1 2,8 50 9,0 229 76,6
Astm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,45 14,87
Agr dB 4,32 4,32 4,32 4,32 4,32 4,32 4,32 4,32
Da dB 3,01 3,01 3,01 3,01 3,01 3,01 3,01 3,01
Adiv dB 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | Total
) dB 3490 | 34,86 | 34,71 | 34,38 | 3395 | 33,17 | 30,48 | 20,05 | 42,46
A-weighting dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
Lpa dB 8,70 18,76 | 26,11 | 31,18 | 33,95 | 34,37 | 31,48 | 18,95 | 39,30

exceed +0,05 dB.

a  The result values in frequency bands and for the total level are considered to be correct if the deviation does not

© ISO 2015 - All rights reserved
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6.2.7 TO06 - Ground with spatially varying heights and acoustic properties

Key
S sourg¢e
R receiver
P1 relevant point 1
P2 relevant point 2
Al areawith G=0,9
A2 areawith G=0,5
A3 areawith G=0,2
Figure 9 — Ground with spatially varying heights and acoustic properties
Zz
L
Figure 10 — 3D-presentation of scenario T06
Input data:

For source and receiver positions and emission spectrum see previous cases. Coordinates z for source
and receiver are relative heights (height above ground).

12
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Table 11 — Areas with different ground factors G

Area Ground Coordinates of areas
X1 Y1 X2 Y2 X3 Y3 X4 Y4
inm inm inm inm inm inm inm inm
Al 0,9 0 60 50 60 50 -10 0 -10
AZ 0,5 o0 60 150 60 150 -10 o0 -10
A3 0,2 150 60 210 60 210 -10 150 -10
Table 12 — Contour lines (rectangular areas)
z D¢ y
inm inm inm
min max min max
0 0 120 -10 60
0 120 210 <10 60
10 185 205 -5 55
The band levels and the A-weighted sound pressure levekat the receiver are calculated for T = 20 °C
apnd F=70 %.
Step by step results:

Table 13 — Géometry of the ray path

Point inxm inym lzna l;rsl iflrfrll
S 10,00 10,00 1,00 1,00
P1 120,00 33,16 8,53 8,53
P2 185,00 46,84 12,97 2,97
R 200,00 50,00 14,00 4,00

© ISO 2015 - All rights reserved
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Table 14 — Single number step by step results

Quantity Unit Value

dp (2-dimensional distance) m 194,16

d3 (3-dimensional distance) m 194,60

length of s-region m 30,00

length of r-region m 120,00

length of m-region m 44,16

q (IS0 9613-2:1996, Table 3, footnote 2) 0,23

dp1 (2d-length of path above ground with G1) m 40,88

dp2 (2d-length of path above ground with G2) m 102,19

dp3 (2d-length of path above ground with G3) m 51,10

Gs 0,90

Gy 037

Gm 0,60

Table 15 — Spectral step by step results

Quantity Unit Value
f Hz 63 125 250 500 100@ [ 2000 | 4000 | 8000
Ly dB 93 93 93 93 93 93 93 93
a-atm(2Q°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 229 76,6
Aatm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,46 1491
a, b’ c’, df fors — 2,45 9,20 10,16 3,49 — — —
Agr s dB -1,50 0,71 6,78 7,64 1,64 | -0,15 | -0,15 | -0,15
a, b’ c’, d forr — 4,24 3,50 1,51 1,50 — — —
Agr r dB -1,50 0,08 ) -0,20 | -094 | -094 | -094 | -094 | -094
Agr m dB -0,68 |.-0,27 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27
Agr dB -3,68 0,51 6,31 6,43 0,43 -1,37 | -1,37 | -1,37
Adiv dB 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 Total
L dB 39,88 | 35,65 | 29,70 | 29,24 | 34,82 | 35,83 | 33,13 | 22,68 43,85
A-weightling dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
Lpa dB 13,68 | 19,55 | 21,10 | 26,04 | 34,82 | 37,03 | 34,13 | 21,58 40,59
NOTE  Where a_cell’'s'value is not relevant, the input in the cell is “—".
a  The rfesult values in frequency bands and for the total level are considered to be correct if the deviation does n¢t
exceed +0,05dB.
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6.2.8 TO07 - Identical to T06, but calculation with the alternative method according to

IS0 9613-2:1996, 7.3.2

Table 16 — Geometry of the ray path

© ISO 2015 - All rights reserved

Point inxm inym 1Zri]1 tr)rsl iflrrellq

S 10,00 10,00 1,00 1,00

P1 120,00 33,16 8,53 8,53

P2 185,00 46,84 12,97 2,97

R 200,00 50,00 14,00 4,00

Table 17 — Single number results
Quantity Unit Value
ds3 m 194,60
hm m 4,99
Table 18 — Spectral step by step results
Quantity Unit Values
f] Hz 63 125 250 500 1000 2000 4000 8000
Ow dB 93 93 93 93 93 93 93 93
o-atm(20°,70 %) 0,1 0,3 1,1 2,8 50 9,0 22,9 76,6
Aatm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,46 14,91
Agr dB 3,85 3,85 385 3,85 3,85 3,85 3,85 3,85
Da dB 3,01 3,01 3,01 3,01 3,01 3,01 3,01 3,01
Adiv dB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78 || Total
L dB 35,36 35,32 35,16 34,83 34,40 33,62 30,92 20,47 || 4291
A-weighting dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
Lp2 dB 916 19,22 26,56 31,63 34,40 34,82 31,92 19,37 || 39,75
al  The result values in freguency bands and for the total level are considered to be correct if the deviatior} does not
eikceed +0,05 dB.
15
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6.2.9 TO08 - Flat ground with spatially varying acoustic properties and long barrier

Key

Al
A2
A3

sour
recei
barri
area
area

area

ver
er

with G = 0,9
with G = 0,5
with G = 0,2

Figure 11 — Areas with different ground factors and long barrier

NP

Figure 12 — 3D-presentation of scenario T08

Input data:

Source and receiver coordinates - Table 1 (Test case T01).

Source emission frequency spectrum - Table 2 (Test case T01).

Areas with different ground factors G - Table 11 (Test case T06).

16
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Table 19 — Barrier geometry

Upper edge inXm inym ian
S1 100,0 240,0 6,0
S2 265,0 -180,0 6,0
Step by step results:
I'able 20 — Single number step by step results

Quantity Unit Value
dp (2-dimensional distance) m 19416
d3 (3-dimensional distance) m 194,19
length of s-region m 30,00
length of r-region m 120,00
length of m-region m 44,16
q (IS0 9613-2:1996, Table 3, footnote 1) 0,23
dp1 (2d-length of path above ground with G1) m 40,88
dp2 (2d-length of path above ground with G2) m 102,19
dp3 (2d-length of path above ground with G3) m 51,10
Gs 0,90
Gr 0,37
Gm 0,60

© IS0 2015 - All rights reserved 17
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Table 21 — Spectral step by step results

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Lw dB 93 93 93 93 93 93 93 93

a-atm (20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6

Aatm aB 0,02 0,00 0,21 0,5% 0,97 75 A5 14,87

a, b’ c’, d fors — 2,45 9,20 10,16 3,49 — — —

Agr s dB -1,50 0,71 6,78 7,64 1,64 -0,15 | -0,15 | -0,15

a, b’ c’, d forr — 4,24 3,50 1,51 1,50 — — —

Agr r dB -1,50 0,08 -0,20 | -094 | -094 | -094 | -094 50,94

Agr m dB -0,68 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27\| -0,27

Agr dB -3,68 0,51 6,31 6,43 0,43 -1,37 | A<1337 | -1,37

Dy (top efige) dB 5,06 5,33 5,83 6,68 8,01 9,84 12,12 14,71

Dy, (edgel) dB 2994 | 3294 | 3595 | 3896 | 4197 | 4498 | 4799 51,00

Dy (edge?) dB 31,26 | 34,27 | 37,27 | 40,28 | 43,29, 46,30 | 49,31 | 52,32

Apar (topledge) dB 5,06 4,82 0,00 0,26 7,58 9,84 12,12 14,71

Apar (edgel) dB 2994 | 3294 | 3595 | 3896 | 4197 | 4498 | 4799 51,00

Apar (edge2) dB 31,26 | 34,27 | 37,27 | 40,28, (43,29 | 46,30 | 49,31 | 52,32

Apar dB 5,04 4,81 0,00 0526 7,58 9,84 12,12 14,71

Adiv dB 56,76 | 56,76 | 56,76, -,56,76 | 56,76 | 56,76 | 56,76 | 56,76 | Total
L dB 34,86 | 30,85 | 29,72*| 29,01 | 27,26 | 26,01 | 21,04 8,02 38,50
A-weighting dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Lp2 dB 8,66 14,75"21,12 | 25,81 | 27,26 | 27,21 | 22,04 | 6,92 32,48
NOTE  Where a cell’s value is not relevant, the input in the cell is “—".

a  The result values in frequency bands and for the total level are considered to be correct if the deviation does ngt
exceed (0,05 dB.
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6.2.10 TO09 - Flat ground with spatially varying acoustic properties and short barrier

Al A2 A3

/\w

Ky

S| source

R| receiver

B[ Dbarrier

All areawithG=0,9
AP areawith G=0,5
AB areawithG=0,2

Figure 13 — Areas with different ground factors G and short barrier

A

Figure 14 — 3D-presentation of scenario T09

© IS0 2015 - All rights reserved 19


https://standardsiso.com/api/?name=343278051c5f04884a68038c2546234b

ISO/TR

17534-3:2015(E)

Input data:

Source and receiver coordinates - Table 1 (Test case T01).
Source emission frequency spectrum - Table 2 (Test case T01).

Areas with different ground factors G - Table 11 (Test case T06).

Table 22 — Barrier geometry

Step by

Single ny

Upper cdge X B4 7
inm inm inm

S1 175,0 50,0 6,0

S2 190,0 10,0 6,0

step results:

mber step by step results — Table 20.

20
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Table 23 — Spectral step by step results

Quantity Unit Values
f Hz |63 125 250 500 1000 |2000 (4000 (8000
Lw dB 93 93 93 93 93 93 93 93
a-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6
atm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,45 14,87
da, b’ c,d fors — 2,45 9,20 10,16 3,49 — — —
Agr s dB -1,50 0,71 6,78 7,64 1,64 -0,15 | -0,15.} +0,15
a, b, c’,d forr — 4,24 3,50 1,51 1,50 — —4 —
Agr r dB -1,50 0,08 -0,20 | -094 | -094 | -094 |,~¥0,94 | -094
Agr m dB -0,68 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27 %+ -0,27 | -0,27
Agr dB -3,68 0,51 6,31 6,43 0,43 “1,37 -1,37 | -1,37
D (top edge) dB 5,07 5,34 5,84 6,70 8,04 9,88 12,16 | 14,76
0, (edgel) dB 7,21 8,76 10,80 13,24 1593 18,77 | 21,69 | 24,66
0, (edge2) dB 20,11 23,05 | 26,03 29,03 32,03 | 35,03 | 38,04 | 41,05
Apar (top edge) dB 5,07 4,83 0,00 0,28 7,61 9,88 12,16 | 14,76
Apar (edgel) dB 7,21 8,76 10,80 | 18,24 15,93 18,77 | 21,69 | 24,66
Apar (edge2) dB 20,11 23,05 | 26,03 29,03 32,03 | 35,03 | 38,04 | 41,05
Apar dB 2,91 3,31 0,00 0,06 7,00 9,34 11,69 | 14,32
Adgiv dB 56,76 56,76 56,76 56,76 56,76 56,76 56,76 | 56,76 | Total
L dB 36,99 | 32,36 | 29,72 29,21 27,84 | 26,51 | 21,46 8,40 39,86
A-weighting dB -26,2 16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
Lp2 dB 10,79-\16,26 | 21,12 | 26,01 | 27,84 | 27,71 | 22,46 | 7,30 32,93
NOTE  Where a cell’s value is not relevant, the input in the cell is “—".
al  The result values in frequency bands and for the total level are considered to be correct if the deviatior} does not
ejkceed 0,05 dB.
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6.2.11 T10 - Ground with spatially varying heights and acoustic properties and short barrier

. . |:
e — -
N T N Vi1
S -
Pl | ST

Key

S  sourge Al area with' &=0,9
R  receifer A2 area with"G =0,5
B  Dbarrier A3 aredwith G =0,2

Figure 15 — Areas with different ground factors G, varying ground height and short barrier

Figure 16 — 3D-presentation of scenario T10

Input dqta:

< o IR S ] D 4 Val A L 3 £ Val 1 L] D
IdUIC 49 — COOI'UIIIdLCS 01 S50Urce 5 diua reieiver n

X y Zye]

inm inm inm
Source 10 10 1
Receiver 200 50 4

Source emission frequency spectrum - Table 2 (Test case T01).
Areas with different ground factors G - Table 12 (Test case T06).

Contour lines to describe different ground heights - Table 13 (Test case T06).
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Table 25 — Barrier geometry

Upper edge inxm inym 12;11)181
S1 175,0 50,0 17,0
S2 190,0 10,0 14,0
Step by step results:
I'able 26 — Single number step by step results
Quantity Unit Value
dp (2-dimensional distance) m 194,16
d3 (3-dimensional distance) m 194760
length of s-region m 30,00
length of r-region m 120,00
length of m-region m 44,16
q (IS0 9613-2:1996, Table 3 Footnote 2) 0,23
dp1 (2d-length of path above ground with G1) m 40,88
dp2 (2d-length of path above ground with G2) m 102,19
dp3 (2d-length of path above ground with G3) m 51,10
Gs 0,90
Gr 0,37
Gm 0,60
Table 27 —Spectral step by step results
Quantity Unit Value
f] Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ly dB 93 93 93 93 93 93 93 93
o-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 229 76,6
Aastm dB 0,02 0,06 0,21 0,54 0,97 1,75 4,46 1491
da, b’ c,d fors — 2,45 9,20 10,16 3,49 — — —
Agr s dB -1,50 0,71 6,78 7,64 1,64 -0,15 | -0,15 | -0,15
NOTE Whefea-cell’s value is not relevant, the input in the cell is “—".
al  The résult values in frequency bands and for the total level are considered to be correct if the deviatior] does not
ekceed 005 dB.
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Table 27 (continued)
Quantity Unit Value
a,b’,c,d forr — 4,24 3,50 1,51 1,50 — — —
Agr ¢ dB -1,50 0,08 -0,20 | -094 | -094 | -094 | -094 | -0,94
Agr m dB -0,68 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27 | -0,27
Agr dB -3,68 0,51 6,31 6,43 0,43 -1,37 | -1,37 | -1,37
D, (top edge) dB 5,99 6,93 8,37 10,31 | 12,67 | 15,31 | 18,13 | 20,00
D, (edgel) dB 7,20 8,76 10,80 | 13,23 | 1592 | 18,76 | 21,68 | 24,65
D, (edge?) dB — — — — — — — —
Apar (topledge) dB 5,99 6,42 2,07 3,89 12,24 | 15,31 | 18,13 | 20,00
Apar (edgel) dB 7,20 8,76 10,80 | 13,23 | 1592 | 18,76 | 21,68 | 24)65
Apar (edge2) dB — — — — — — — —
Apar dB 3,54 4,42 1,52 3,41 10,69 | 13,69 | 16;54 | 18,72
Adiv dB 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 |\56,78 | 56,78 | Total
L dB 36,3 31,2 28,2 25,8 24,1 22,1 16,6 4,0 38,5
A-weightling dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
Lp2 dB 10,14 | 15,12 | 19,58 | 22,64 | 24,125/ 23,34 | 17,59 | 2,86 | 29,30

NOTE  here a cell’s value is not relevant, the input in the cell is “—".

a  The rfesult values in frequency bands and for the total level are considered to be correct if the deviation does ngt
exceed +0,05 dB.

6.2.12 T11 - Flat ground with homogeneous acoustic properties and cubic building - receiver
at low height

2

+
/
H
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H object

Figure 17 — Screening cubic building between source and receiver at low height
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Inpput data:
Table 28 — Coordinates of source S and receiver R (T11)
X y z
id m inm inm
Source 50 10
Receiver 70 10 4
Spurce emission frequency spectrum - Table 2 (Test case T01).

)]

Figure 18 — 3D-presentation of scenario T11

round factor G = 0,5.

Table 29 +— Edge coordinates of cubic building with height 10 m (T11)

X
Edge no. inm inym
1 55 5
2 65 5
3 65 15
4 55 15
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Step by step results:

Table 30 — Single number step by step results

Quantity Unit Value
dp (2-dimensional distance) m 20,00
d3 (3-dimensional distance) m 20,22
length of s-region m 20,00
length of r-region m 20,00
length of m-region m 0,00
q (ISO 9613-2:1996, Table 3 Footnote 2) 0,00
dp1 (2d-length of path above ground with G1) m 20,00
Gs 0,50
Gr 0,50
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Table 31 — Spectral step by step results

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Lw dB 93 93 93 93 93 93 93 93

a-atm (20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6

Aatm dB 0,00 0,01 0,02 0,06 0,10 0,18 0,46 1,55

a, b’ c’,d fors — 1,65 4,09 4,41 2,17 — — —

Agr s dB -1,50 | -0,67 0,55 0,71 -041 | -0,75 | -0,75 | -0,75

a, b’ c,d forr — 2,38 2,17 1,50 1,50 — — =

Agr r dB -1,50 | -0,31 | -0,41 | -0,75 | -0,75 | -0,75 | -0,75(}=0,75

Agr m dB 15,36 | 18,94 | 23,32 | 25,00 | 25,00 | 25,00 | 2500 | 25,00

Agr dB -3,00 | -0,99 0,13 -0,04 | -1,16 | -1,50 {\-1,50 | -1,50

ds - top 1,09 1,31 1,84 2,49 2,84 2,96 2,99 3,00

n, - top dB 15,36 | 1894 | 23,32 | 25,00 | 25,00 |.2500 | 25,00 | 25,00

Apar - top dB 15,36 | 1894 | 23,19 | 25,00 | 25,00C4,725,00 | 25,00 | 25,00

ds - left 1,09 1,31 1,85 2,49 2,84 2,96 2,99 3,00

0, - left dB 12,89 | 16,30 | 20,60 | 24,83 28,39 | 31,56 | 34,61 | 37,63

Apar - left dB 12,89 | 16,30 | 20,60 | 24,83 | 28,39 | 31,56 | 34,61 | 37,63

d3 - right 1,09 1,31 1,85 2,49 2,84 2,96 2,99 3,00

D, - right dB 12,89 | 16,30 | 20,60.4» 24,83 | 28,39 | 31,56 | 34,61 | 37,63

Apar - right dB 12,89 | 16,30 | 20360 | 24,83 | 28,39 | 31,56 | 34,61 | 37,63

Avar dB 8,79 12,24 |\46,53 | 20,12 | 22,18 | 23,41 24,14 | 24,55

Agiv dB 37,12 37,12 37,12 37,12 37,12 37,12 37,12 37,12 || Total
L dB 50,09 | 44,62 | 39,20 | 35,75 | 34,77 | 33,79 | 32,78 | 31,28 || 51,81
A-weighting dB -26,2_ )" -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Lp2 dB 23,89 | 28,52 | 30,60 | 32,55 | 34,77 | 34,99 | 33,78 | 30,18 | 41,30
NOTE  Where a cell’s value is. hof relevant, the input in the cell is “—".

al  The result values in freqiiency bands and for the total level are considered to be correct if the deviatior} does not
eikceed +0,05 dB.
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6.2.13 T12 - Flat ground with homogeneous acoustic properties and cubic building - receiver

atlarge height
+
/
+ 2]
S R
Key
S sourge
R receiver
Higure 19 — Screening cubic building between source and receiver at large height

28

Figure 20 — 3D-presentation of scenario T12
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Input data:

Table 32 — Coordinates of source S and receiver R

ISO/TR 17534-3:2015(E)

S
Grround factor G = 0,5.
E
S

Lep by step results:

X y z

in m in m in m
Source 50 10 1
Recelver /0 10 15

burce emission frequency spectrum - Table 2 (Test case T01).

dge coordinates (m) of building H with height 10 m, see Table 29 (previous).

Table 33 — Single number step by step results

Quantity Unit Value
dp (2-dimensional distance) m 20,00
d3 (3-dimensional distance) m 24,41
length of s-region m 20,00
length of r-region m 20,00
length of m-region m 0,00
q (IS0 9613-2:1996, Table 3 Footnete 2) 0,00
Gs 0,50
Gy 0,50
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Table 34 — Spectral step by step results

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Lw dB 93 93 93 93 93 93 93 93
a-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 229 76,6

Aatm db 0,00 0,01 0,03 0,07 0,12 0,22 0,56 1,67

a,b’,c,d fors — 1,65 4,09 4,41 2,17 — — —

Agr s dB -1,50 | -0,67 0,55 0,71 -0,41 | -0,75 | -0,75 | -0,75

a,b’,c’, d forr — 1,50 1,50 1,50 1,50 — — 5

Agr r dB -1,50 | -0,75 | -0,75 | -0,75 | -0,75 | -0,75 | -0,75 |¥=30,75

Agr m dB 9,60 11,83 | 14,39 17,16 | 20,00 | 20,00 | 20,00~ 20,00

Agr dB -3,00 | -1,42 | -0,20 | -0,04 | -1,16 -1,50 | ¢/A1,50 | -1,50

C3-top 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

D, - top dB 9,60 11,83 | 14,39 17,16 | 20,00 | 20,00 | 20,00 | 20,00

Apar - top dB 9,60 11,83 | 14,39 17,16 | 20,00 4, 20,00 | 20,00 | 20,00

C3 - left 1,08 1,28 1,80 2,45 2,83 2,95 2,99 3,00

Dy - left dB 11,87 | 15,11 19,32 | 23,58 | 2317 30,36 | 33,42 | 36,44

Apar - leff 11,87 | 15,11 19,32 | 23,58, *27,17 30,36 | 33,42 | 36,44

C3 - right 1,08 1,28 1,80 2,45 2,83 2,95 2,99 3,00

Dy - right dB 11,87 | 15,11 19,32.|>23,58 | 27,17 30,36 | 33,42 | 36,44

Apar - right dB 11,87 | 15,11 19,327 23,58 | 27,17 30,36 | 33,42 | 36,44

Apar dB 6,20 8,95 12,23 | 15,53 | 18,59 19,27 19,62 19,81

Adiv dB 38,75 | 38,75\'38,75 | 38,75 | 38,75 | 38,75 | 38,75 | 38,75 | Total
L dB 51,04 | 46,71 | 42,19 | 38,70 | 36,70 | 36,26 | 35,57 | 34,07 | 53,28
A-weighting dB -26,2 =16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Laain dB 24,84)| 30,61 | 33,59 | 35,50 | 36,70 | 37,46 | 36,57 | 32,97 | 43,81
NOTE  Where a cell’s value is notrelevant, the input in the cell is “—".

a  The result values in frequericy bands and for the total level are considered to be correct if the deviation does ngt
exceed 0,05 dB.
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6.2.14 T13 - Flat ground with homogeneous acoustic properties and polygonal building -
receiver at low height
7 2]

8 6 R

N
=

Key

wn

source

R| receiver

Figure 21 — Screening polygonal building betweensource and receiver at low height

V4
J"Q-vx

Figure 22 — 3D-presentation of scenario T13
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Input data:
Table 35 — Coordinates of source S and receiver R
X y Zye]
inm inm inm
Source 0 10 1
Recelver 30 Z0 6
Source emission frequency spectrum - Table 2 (Test case T01).
Ground flactor G = 0,6.

Step by

step results:

Table 36 — Edge coordinates of screening polygonal building with height10 m

Edge no. inxm inym
1 10,96 15,50
2 12,00 13,00
3 14,50 11596
4 17,00 13,00
5 18,04 15,50
6 17,00 18,00
7 14,50 19,04
8 12,00 18,00

Table 37 — Single number step by step results - ground properties

Quantity Unit Value
dp (2-dimensional distance) m 31,62
d3.(3-dimensional distance) m 32,02
length of s-region m 30,00
length of r-region m 31,62
length of m-region m 0,00

q (IS0 9613-2:1996, Table 3, foot-

note 2) 0,00

32

Table 38 — Single number step by step results - ray geometry

Quantity Unit top left right direct
Length m 35,18 33,04 32,49 32,02
dss m 15,21 14,59 14,81
dsr m 13,41 15,71 14,94
e m 6,55 2,74 2,74
v/ m 3,17 1,02 0,48
Kmet dB 0,98 1,00 1,00
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Table 39 — Spectral step by step results

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Lw dB 93 93 93 93 93 93 93 93
a-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6

Aatm dB 0,00 0,01 0,04 0,09 0,16 0,29 0,73 2,45

a, b’ c’,d fors — 1,72 5,18 5,64 2,45 — — —

Agr s dB -1,50 | -0,47 1,61 1,89 -0,03 | -0,60 | -0,60 | -0,60

a, b’ c,d forr — 2,75 1,66 1,50 1,50 — — =

Agr r dB -1,50 0,15 -0,51 | -0,60 | -0,60 | -0,60 | -0,600 0,60

Agr m dB 11,73 | 14,65 | 18,48 | 22,92 | 25,00 | 25,00 | 2500 | 25,00

Agr dB -3,00 | -0,32 1,11 1,29 -0,63 | -1,20 {\-1,20 | -1,20

ds - top 1,04 1,14 1,47 2,11 2,66 2,90 2,98 2,99

n, - top dB 11,73 | 14,65 | 18,48 | 22,92 | 25,00 |.25,00 | 25,00 | 25,00

Apar - top dB 11,73 | 14,65 17,37 | 21,64 | 25,0004,725,00 | 25,00 | 25,00

ds - left 1,01 1,03 1,10 1,36 1,93 2,55 2,87 2,96

0, - left dB 8,32 10,31 | 1293 | 16,42, <20,76 | 2492 | 28,41 | 31,56

Apar - left dB 8,32 10,31 | 1293 | 16,42 | 20,76 | 2492 | 28,41 | 31,56

ds3 - right 1,01 1,03 1,10 136 1,93 2,55 2,87 2,96

D, - right dB 6,78 8,19 10,30.¢ 13,42 17,56 | 21,64 | 25,10 | 28,24

Apar - right dB 6,78 8,19 10,30 | 13,42 17,56 | 21,64 | 25,10 | 28,24

Avar dB 3,72 5,54 7,89 11,24 | 15,36 | 18,78 | 21,14 | 22,71

Agiv dB 41,11 | 41,10 | 41,11 | 41,11 | 41,11 | 41,11 | 41,11 | 41,11 || Total
Oin dB 51,17 | 46,66 | 42,86 | 39,28 | 37,00 | 34,02 | 31,22 | 2793 53,31
A-weighting dB -26,2 )" -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Lp2 dB 24,97 | 30,56 | 34,26 | 36,08 | 37,00 | 35,22 | 32,22 | 26,83 || 42,71
NOTE  Where a cell’s value is. hof relevant, the input in the cell is “—".

al  The result values in freqiiency bands and for the total level are considered to be correct if the deviatior} does not
eikceed +0,05 dB.
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6.2.15 T14 - Ground with spatially varying heights and acoustic properties and polygonal building

g % L

Key
S sourge

R receiver

P1 relevant point 1
P2 relevant point 2
Al areawith G=0,5
A2 areawithG=0,9
A3 areawith G=0,2

Figure 23 — Ground with spatially varying heights and acoustic properties and polygonal building

Figure 24 — 3D-presentation of scenario T14

Input data:

Table 40 — Coordinates of source S and receiver R

X y z
inm inm inm

Source 10 10 1
Receiver 200 50 28,5

Source emission frequency spectrum - Table 2 (Test case T01).

Contour lines defining the areas with different ground heights, see Table 13 (Test case T06).
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Table 41 — Areas with different ground factor G

Area Ground Coordinates of areas
X1 J1 X2 Y2 X3 y3 X4 Ya
inm inm inm inm inm inm inm inm
Al 0,5 0 60 50 60 50 -10 0 -10
A2 09 50 60 150 60 150 -10 50 -10
A3 0,2 150 60 210 60 210 -10 150 -10
Table 42 — Edge coordinates of screening polygonal building with height 30'm
Edge no. D¢ y
in m inm
1 169,39 41,00
2 172,50 33,50
3 180,00 30,39
4 187,50 33;50
5 190,61 41,00
6 187,50 48,50
7 180,00 51,61
8 172,50 48,50
Step by step results:
Table 43 — Single number step by step results - ground properties
Quantity Unit Values
dp (2-dimensional distange) m 194,16
d3 (3-dimensional distance) m 196,10
length of s-region m 30,00
length of r-region m 194,16
length of m*region m 0,00
q (1S0'9613-2:1996, Table 3 footnote 2) 0,00
dp1.(2d-length of path above ground with G1) m 40,88
dp2 (2d-length of path above ground with G2) m 102,19
dp3 (2d-length of path above ground with G3) m 51,10
Gs 0,50
Gy 0,63
Gm 0,00
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Table 44 — Single number step by step results - ray geometry

Quantity Unit top left right direct

Length m 196,80 197,01 201,93 196,10

dss m 166,61 176,76 17291

dsr m 12,42 20,25 20,82

e m 17,76 0,00 8,20

zZ m 0,70 091 5,83

Kmet dB 0,76 1,00 1,00

Table 45 — Spectral step by step results

Quantity Unit Values
f Hz 63 125 250 500 1000 (2000 (4000,7)\8000
Lw dB 93 93 93 93 93 93 93 93
a-atm(2(°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6
Aatm dB 0,02 0,06 0,22 0,55 0,98 1,76 4,49 15,02
a, b’ c’, df fors — 2,45 9,20 10,16 3,49 - — —
Agr s dB -1,50 | -0,27 3,10 3,58 0,25 -0,75 | -0,75 | -0,75
a, b’ c’, d forr — 1,50 1,50 1,50 1,50 — — —
Agr r dB -1,50 | -0,55 | -0,55 | -0,55 ¢~z0,55 | -0,55 | -0,55 | -0,55
Agr m dB 4,85 7,38 10,85 | 14,1994 17,27 | 20,27 | 22,49 | 22,49
Agrin dB -3,00 | -0,83 2,55 3,03 -0,31 | -1,30 | -1,30 | -1,30
C3 - top 1,25 1,72 2,39 2,80 2,95 299 3,00 3,00
Dy -top dB 7,36 9,89 1386 | 16,70 | 19,78 | 22,78 | 25,00 | 25,00
Apar - top dB 7,36 9,89 10,81 | 13,68 | 19,78 | 22,78 | 25,00 | 25,00
C3 - left 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
D, - left dB 8,02 9,86 12,14 | 14,73 | 17,52 | 20,41 | 23,36 | 26,34
Apar - leff dB 8,02 9,86 12,14 | 14,73 | 17,52 | 20,41 | 23,36 | 26,34
C3 - righ 1,06 1,22 1,65 2,32 2,77 2,94 298 3,00
Dy - right dB 14,10 | 1741 | 21,60 | 26,03 | 29,79 | 33,05 | 36,12 | 39,15
Apar - right dB 14,10 | 1741 | 21,60 | 26,03 | 29,79 | 33,05 | 36,12 | 39,15
Apar dB 4,20 6,50 8,21 11,02 | 15,34 | 18,28 | 20,96 | 22,51
Adiv dB 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | Total
L dB 3493 | 30,42 | 25,18 | 21,55 | 20,14 | 17,41 | 12,00 | -0,08 | 36,87
A-weightjing dB -26,2 | -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
La2 dB 8,73 | 14,32 | 16,58 | 18,35 | 20,14 | 18,61 | 13,00 | -1,18 | 25,38

NOTE  Where a cell’s value is not relevant, the input in the cell is “—".

a  The result values in frequency bands and for the total level are considered to be correct if the deviation does not
exceed +0,05 dB.
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6.2.16 T15 - Flat ground with homogeneous acoustic properties and polygonal building -
receiver at large height

+
S
Ky
S| source
R receiver
Figure 25 — Screening polygonal building between sourc¢e-and receiver
p
z
y N
Figure 26 — 3D-presentation of scenario T15
Input data:
Tab}c 46 - CUUI diuatca Uf SUUI LT S dlld 1 CLC;VCI R
X y z
inm inm inm
Source 8 10 1
Receiver 25 20 23

Source emission frequency spectrum - Table 2 (Test case T01).

Ground factor G = 0,2.

Edge coordinates (m) of building H with height 10 m see Table 36 (Test case T13).
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Step by step results:

Table 47 — Single number step by step results - ground properties

exceed +0,05 dB.

Quantity Unit Value

dp (2-dimensional distance) m 19,72

d3 (3-dimensional distance) m 29,55

length of s-region m 19,72

Tength of r-region m 19,72

length of m-region m 0,00

q (IS0 9613-2:1996, Table 3 Footnote 2) 0,00

Gs 0,20

Gr 0,20

Gm 0,00

Table 48 — Single number step by step results - ray geometry

Quantity Unit top left right direct

Length m 29,84 31,20 29,78 29,55

dss m 10,49 12,25 10,01

dsr m 19,35 18,10 17,55

e m 0,00 0,85 2,21

z m 0,29 1,66 0,23

Kmet dB 0,95 1,00 1,00

Table 49 — Spectral step by step results

Quantity Unit Values
f 63 125 250 500 1000 | 2000 | 4000 | 8000
Lw dB 93 93 93 93 93 93 93 93
a-atm(2Q°,70 %) 0,1 0,3 1,1 2,8 50 9,0 22,9 76,6
Aatm dB 0,00 0,01 0,03 0,08 0,15 0,27 0,68 2,26
a, b, c’, df fors — 1,65 4,06 4,38 2,16 — — —
Agr s dB -1,50 | -1,17 | -0,69 | -0,62 | -1,07 | -1,20 | -1,20 | -1,20
a, b’ c’, d forr — 1,50 1,50 1,50 1,50 — — —
Agr r dB -1,50 | -1,20 | -1,20 | -1,20 | -1,20 | -1,20 | -1,20 | -1,20
Agrm dB 6,05 7,04 8,53 10,51 | 1290 | 15,56 | 18,39 | 20,00
Agr dB -3,00 | -2,37 | -1,89 | -1,82 | -2,27 | -2,40 | -2,40 | -2,40
C3 - top 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
NOTE  Where a cell’s value is not relevant, the input in the cell is “—".

a  The result values in frequency bands and for the total level are considered to be correct if the deviation does not
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Table 49 (continued)
Quantity Unit Values
f 63 125 250 500 1000 | 2000 | 4000 | 8000
D, - top dB 6,05 7,04 8,53 10,51 1290 | 15,56 | 18,39 | 20,00
Apar - top dB 6,05 7,04 8,53 10,51 1290 | 15,56 | 18,39 | 20,00
C3 - left 1,00 1,00 1,01 1,04 1,15 1,50 2,14 2,68
D, - left dB 9,59 11,82 14,41 17,30 20,62 24,70 | 29,23 | 33,21
Apar - left dB 9,59 11,82 14,41 17,30 20,62 24,70 | 29,23 | 33,24
d3 - right 1,00 1,02 1,07 1,25 1,72 2,39 2,80 2,95
0, - right dB 5,86 6,76 8,23 10,62 14,24 | 18,35 | 2194} 25,13
Apar - right dB 5,86 6,76 8,23 10,62 14,24 | 18,35 | 21,94 | 25,13
Avar dB 2,10 3,24 4,86 7,12 10,11 13,39 (16,56 | 18,68
Adiv dB 40,41 | 40,41 | 40,41 | 40,41 | 40,41 | 40,41 | 40,41 | 40,41 | Total
L dB 53,49 51,71 49,59 | 47,21 | 44,60 | 41,33 37,76 34,05 57,53
A-weighting dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
Oa2 dB 27,29 | 35,61 | 40,99 | 44,01 | 44,60 | 42,53 | 38,76 | 32,95 | 49,92
NOTE  Where a cell’s value is not relevant, the input in the cell is “—".

The result values in frequency bands and for the total level are’considered to be correct if the deviatior] does not
kceed +0,05 dB.

D &

6{2.17 T16 - Flat ground with homogeneous aceustic properties and three buildings

ZT—; R 1] 8

g

Ky

1| buildings H1, H2, and H3
S| source

R

receiver

Figure 27 — Three screening buildings (H1, H2, H3) between source and receiver
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Input dgta:

Source emission frequency spectrum - Table 2 (Test case T16).

Ground flactor G = 0,5.

Z
e X

Figure 28 — 3D-presentation of scenarjo T16

Table 50 — Coordinates of source S and receiver R

X y z
inm inm inm

Source 50 10 1

Receiver 100 15 5

Table 51 -+ Edge coordinates of three buildings with heights z

Edge ho. object 1 object 2 object 3
X y z X y z X y z
in'm in m in m in m inm inm inm inm inm
1 55,00 5,00 8,00 70,00 14,50 12,00 90,11 19,48 10,00
2 65,00 5,00 8,00 80,00 10,17 12,00 93,27 17,78 10,00
3 6500 1500 300 30,00 2017 12,00 8727 6,61 10,00
4 55,00 15,00 8,00 84,11 8,31 10,00

40
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Table 52 — Single number step by step results - ground properties

Quantity Unit Value
dp (2-dimensional distance) m 50,25
d3 (3-dimensional distance) m 50,41
length of s-region m 30,00
length of r-region m 50,25
length of m-region m 0,00
q (IS0 9613-2:1996, Table 3 Footnote 2) 0,00
Gs 0,50
Gr 0,50
Gm 0,00
Table 53 — Single number step by step results-- ray geometry
Quantity Unit top left right direct
Length m 55,75 53,74 54,79 50,41
dss m 8,62 7,08 7,08
dsr m 10,06 10,88 15,28
e m 32,07 35,77 32,43
Z m 5,34 3,33 4,39
Kmet dB 0,99 1,00 1,00
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Table 54 — Spectral step by step results (T16)

Quantity Unit Values

f Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

Lw dB 93 93 93 93 93 93 93 93
a-atm(20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 229 76,6

Aatm db 0,01 0,02 0,06 0,14 0,25 0,45 115 3,60

a,b’,c,d fors — 1,82 6,48 7,10 2,79 — — —

Agr s dB -1,50 | -0,59 1,74 2,05 -0,11 -0,75 -0,75 | -0,75
a,b’,c’,d forr — 3,41 2,07 1,50 1,50 — — -~

Agr r dB -1,50 0,20 -0,46 | -0,75 | -0,75 -0,75 -0,75 430,75

Agr m dB 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Agr dB -3,00 | -0,39 1,28 1,30 -0,86 | -1,50 <1,50 -1,50

C3 -top 1,76 2,42 2,82 2,95 2,99 3,00 3,00 3,00

D, - top dB 15,71 19,88 | 23,46 | 25,00 | 25,00 | 25,00 | 25,00 | 25,00

Apar - top dB 15,71 19,88 | 22,18 23,70 | 25,00 {,25,00 | 25,00 | 25,00

C3 - left 1,73 2,40 2,80 2,95 2,99 3,00 3,00 3,00

Dy - left dB 13,84 17,90 21,48 | 24,65 27,70 30,71 33,72 36,73

Apar - leff dB 13,84 17,90 21,48 | 24,65 27,70 30,71 33,72 36,73

C3 -righ 1,64 2,31 2,77 2,94 2,98 3,00 3,00 3,00

D, - right dB 14,70 18,89 | 22,59 .[¢25,82 | 28,88 | 31,90 34,91 37,92

Apar - right dB 14,70 18,89 | 22,59 1 25,82 | 28,88 | 31,90 34,91 37,92

Apar dB 9,91 14,04 17,29 19,87 22,11 | 23,32 | 24,08 | 24,51

Adiv dB 45,05 | 45,05-\~45,05 | 45,05 | 45,05 | 45,05 | 45,05 | 45,05 | Total
L dB 41,03 | 34,28 | 29,33 | 26,64 | 2645 | 25,68 | 24,22 | 21,07 | 42,52
A-weighting dB -26,2 ~16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Lpa dB 14,83 18,18 | 20,73 | 23,44 | 26,45 | 26,88 | 25,22 | 1997 | 32,54
NOTE  Where a cell’s value is notrelevant, the input in the cell is “—".

a  The rlesult values in frequericy bands and for the total level are considered to be correct if the deviation does ngt
exceed (0,05 dB.
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6.2.18 T17 - Flat ground with homogeneous acoustic properties and three buildings -
alternative position of source and receiver

Geometricand acoustic properties of ground and screening objects are identical to T16. Only the position

of source and receiver are different.

Ky

1| buildings H1, H2, and H3
S| source

R] receiver

Figure 29 — Three screening buildings (H1, H2, H3) between source and receiver

Q
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Input dd

44

Z
e x

Figure 30 — 3D-presentation of scenario T17

ta:
Table 55 — Coordinates of source, S, and receiver, R
Point X 4 Z
1n m mnm mnm
Source 50 19
Receiver 98 3,5 5
Table 56 — Single number step by step results - ray geometry
Quantity Unit top left right direct
Length m 53,36 58,93 58,03 50,60
dss m 14,78 30,11 14,88
dsr m 12,18 15,06 43,15
e m 26,40 13,76 0,00
7 m 2,76 8,33 7,44
Kmet dB 0,980 1,00 1,00
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Table 57 — Spectral step by step results
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Quantity Unit Values
f Hz 63 125 250 500 1000 | 2000 4000 8000
Lw dB 93 93 93 93 93 93 93 93
a-atm (20°,70 %) 0,1 0,3 1,1 2,8 5,0 9,0 22,9 76,6
atm db 0,01 0,02 0,06 0,14 0,25 0,46 1,16 3,860
da,b’, c’, d fors — 1,82 6,49 712 2,79 — — —
Agr s dB -1,50 | -0,59 | 1,75 2,06 -0,10 | -0,75 -0,75 -0,75
a,b’,c’, dforr — 3,41 2,08 1,50 1,50 — — —
Agr r dB -1,50 0,21 | -0,46 | -0,75 | -0,75 | -0,75 -0y75 -0,75
Agr m dB 10,39 | 14,44 | 18,29 | 21,60 | 22091 2291 22,91 22,91
Agr dB -3,00 | -0,39 | 1,28 1,31 -0,85 | -1,50 -1,50 -1,50
dsz - top 1,48 2,11 2,67 2,91 2,98 2,99 3,00 3,00
;- top dB 12,48 | 16,53 | 20,38 | 23,69 | 25,00¢ |~25,00 25,00 25,00
Apar - top dB 12,48 | 16,53 | 19,09 | 22,39 | 25,007 | 25,00 25,00 25,00
ds - left 1,16 1,51 2,15 2,69 2,91 2,98 2,99 3,00
0, - left dB 15,85 | 19,80 | 24,26 | 28,2%N 31,55 | 34,65 37,69 40,70
Apar - left dB 15,85 | 19,80 | 24,26 | 28,21 | 31,55 | 34,65 37,69 40,70
g3 - right 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
D, - right dB 14,82 | 17,61 | 20,51 | 23,46 | 26,44 | 29,43 32,44 35,44
Apar - right dB 14,82 | 17,61 4 20,51 | 23,46 | 26,44 | 29,43 32,44 35,44
Abar dB 9,37 13,017 16,03 | 19,28 | 22,12 | 23,33 24,09 24,52
Adiv dB 45,08 45,08 | 45,08 | 45,08 | 45,08 | 45,08 45,08 45,08 Total
L dB 41,54 .| 35,28 | 30,55 | 2718 | 26,39 | 25,63 24,17 21,02 43,11
A-weighting dB =26,2 | -16,1 | -8,6 -3,2 0,0 1,2 1,0 -1,1
Ip2 dB 15,34 | 19,18 | 21,95 | 23,98 | 26,39 | 26,83 25,17 19,92 32,72
NOTE  Where a cell’s yalu€'is not relevant the input in the cell is “—".
al  The result valués“in frequency bands and for the total level are considered to be correct if the deviatior] does not
ekceed +0,05 dB.
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