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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
described 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. ISO shall not be held responsible for identifying any or all suchpatent rights. I

o LT >

h the [SO list of patent declarations received (see www.iso.org/patents).

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

ido/foreword.html.

T
Allist of all parts in the ISO 17534 series canbe found on the ISO website.
A
C

mplete listing of these bodies canbe' found at www.iso.org/members.html.

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

hy patent rights identified during the development of the document will be'in the Introduction and/or

does not

Fpr an explanation of the voluntary nature of standards, the meaning of ISO specific tefms and
expressions related to conformity assessment, as welkas information about ISO's adheren¢e to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/

his document was prepared by Technical Comaittee ISO/TC 43, Acoustics, Subcommittee SC [, Noise.

ny feedback or questions on this document should be directed to the user’s national standards body. A
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Introduction

The structure of the ISO 17534 series is shown in Figure 1. ISO 17534-1 describes the general approach
of the ISO 17534 series, aiming to facilitate a standardized interpretation and a verifiably consistent
software implementation of outdoor sound calculation methods. ISO/TR 17534-2 contains general
recommendations for test cases and for a quality assurance interface. Further parts of the ISO 17534
series each address a specific outdoor sound calculation method for which they provide an agreed
interpretation of ambiguous aspects, a set of illustrative test cases along with reference solutions, and

an exam

ple of a template form for the declaration of conformity for software developers.

This dogq
2015/99

The Eur
railway,

which ar
strategid

noise mapping in Europe.

ISO 17534 series

ISO 17534-1

ISO/TR 17534-2
General recommendations
for test cases and
quality assurance interface

ISO/TR 17534-3
Recommendations forsquality
assured implementation
of ISO 9613-2-in software
according to\JSO 17534-1

ISO/TR 17534-X
Recommendations for quality
assured implementation
of XXX in software
according to ISO 17534-1

1) Identification of the official documentation
2) Additional recommendations

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

4) Forms to declare conformity

5) Method - specific addendum to QA

. < _

Figure 1 — Structure of the ISO 17534 series

ument addresses the calculation method laid down in the COMMISSION DIRECTIVE(E{
b, hereafter referred to as CNOSSOS-EU:2015.

ppean Commission developed Common NOise aSSessment methOdS (CNOSSOS-EUY for roa
nircraft and industrial noise for the purpose of strategic noise mapping. CNOSSOS-EU aims
improving the consistency and comparability of noise assessment results across the EU-Member Stat¢
e performed on the basis of the data becoming available through the consecutive rounds
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Acoustics — Software for the calculation of sound
outdoors —

Part 4:
B : : : ion
qf the COMMISSION DIRECTIVE (EU) 2015/996 in software
dccording to ISO 17534-1

1| Scope

This document facilitates a standardized interpretation and a vefifiably consistent poftware
ithplementation of the sound propagation part of the calculation method CNOSSOS-EU:2015 accprding to
[§0 17534-1. Other parts of CNOSSOS-EU:2015, such as the source models or the calculation me¢thod for
ajrcraft noise, are beyond the scope of this document. This documentprovides an agreed interpretation
of ambiguous aspects of the sound propagation part of CNOSSOS(EU:2015, a set of illustrative test cases
aJong with reference solutions, and an example of a template-form for the declaration of conformity for
spftware manufacturers.

Normative references

nstitutes requirements of this document:For dated references, only the edition cited applies. For

2
The following documents are referred to in the text in such a way that some or all of their content
C
uhdated references, the latest edition of the Teferenced document (including any amendments) applies.

1§0 17534-1, Acoustics — Software forthe calculation of sound outdoors — Part 1: Quality reqyirements
ahd quality assurance

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

CPMMISSION DIRECTIVE (EU) 2015/996 of 19 May 2015 establishing common noise asgessment
nmlethods according to) Directive 2002/49/EC of the European Parliament and of the Council, Official
Jaurnal of the Eurepean Union, L 168/1

3] Terms,and definitions

Fpr thepurposes of this document, the terms and definitions given in CNOSSOS-EU:2015, ISO[17534-1,
nd’ISO/TR 17534-2 apply.

job)

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

4 Identification of the official documentation

COMMISSION DIRECTIVE (EU) 2015/996 of 19 May 2015 establishing common noise assessment
methods according to Directive 2002/49/EC of the European Parliament and of the Council, Official
Journal of the European Union, L. 168/1, herein referred to as CNOSSOS-EU:2015.

© IS0 2020 - All rights reserved 1
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In its Chapter 2.5, “Calculation of noise propagation for road, railway, industrial sources”, CNOSSOS-EU:
2015 describes a method for calculating the attenuation of sound during propagation outdoors in order
to predict the levels of environmental noise at a distance from a variety of sources.

5 Uniform and agreed interpretation of ambiguities

5.1 General

Attenuatfions are calculated in eight octave bands, and separately for two idealized meteorologicpl
conditions labelled homogeneous and favourable. Finally, the A-weighted exposure level at a receiver
position|is given as the weighted energetic sum over all sources, paths, meteorological conditians, arjd
octave bands.

Some asppects of the sound propagation model of CNOSSOS-EU:2015 are not described infsufficient detdil
to be unambiguous; in other aspects, in some part the official documentation is misleading. For each pf
these prpblematic topics, an agreed interpretation is given in 5.2 to 5.15 to allew._for a standardizgd
understgdnding of CNOSSOS-EU:2015.

The abbijeviations are not explained when they are identical to those described in CNOSSOS-EU:2015.

Symbols|are not defined when they are identical to those applied in CNOSSOS-EU:2015.

5.2 Sloping objects

Topic: CINOSSOS-EU:2015 states in subclause 2.5.1 that “obstacles sloping, when modelled, more thgdn
15° in rejation to the vertical are out of the scope of this:calculation method”. This restriction does npt
constitute a general restriction of the method. Rather;, it applies only to reflectors: obstacles sloping
more thdn 15° in relation to the vertical are not considéered as reflectors.

Agreed ipterpretation:

Objects gloping more than 15° in relation to'the vertical are not considered as reflectors, but are takgn
into accdqunt in all other aspects of propagation such as ground effects and diffraction.

5.3 Equivalent heights

Topic: CNOSSOS-EU:2015 states in subclause 2.5.3, under the headline "Significant heights above t}
ground"| that “If the equivalent height of a point becomes negative, i.e. if the point is located belo
the mean ground plane,“@null height is retained, and the equivalent point is then identical with i
possiblefimage.” For points located below the mean ground plane, the equivalent height is set to zero

the calcylation of Agigy g For the calculation of path length differences, it is irrelevant whether poin
lie abovg or belew, a mean ground plane, no points are shifted. For the calculation of 4,.,,,4(s 0) a1l
Aground(olr) SPecial care has to be taken in the case that one of the respective end points lies below t}
mean ground plane.

FEERZEREEEES)

Agreed interpretation:

The first major step in the algorithm is to decide whether 4,,,,,q Or 44;f must be calculated. The step
is based on real coordinates, not equivalent heights. If a point lies below the mean ground plane, its
equivalent height is set to zero in the calculation of 4,,,,,q- EQuations (2.5.31) and (2.5.32) of CNOSSOS
-EU:2015 apply only in the most common case that ﬁoth S and R lay above the mean ground plane. If
either S or R lies below the mean ground plane, the following simplified Equations apply:

Aground(s,0) = Aground(s,0) (CNOSSOS-EU:2015, 2.5.31)
Aground(0.R) = Aground(o,p) (CNOSSOS-EU:2015, 2.5.32)

2 © IS0 2020 - All rights reserved
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For the calculation of path length differences, the original coordinates are used and no points are
shifted, i.e. in the calculation of 4 ¢ gy the original heights of S and R are used.

5.4 Alternative statistical approach

Topic: CNOSSOS-EU:2015 mentions in subclause 2.5.5, under the headline "Statistical approach inside
urban areas for a path (S, R)", a statistical approach for calculations inside urban areas beyond the
first line of buildings. This approach is not described in sufficient detail to be subjected to the quality
assurance methodology of ISO 17534-1.

Algreed interpretation:

Alstatistical approach is not appropriate in the calculation of sound propagation beyondthe firfst line of
bpildings.

(9]}

.5 Octave band centre frequency f,

—3

bpic: CNOSSO0S-EU:2015 is somewhat ambiguous about whether nominalicentre frequencies|or exact
entre frequencies should be used in the calculation of the atmosphericattenuation coefficient a

(@)

atm-*

Alereed interpretation:

In the calculation of the atmospheric attenuation coefficient a,4,, ¥0 9613-1 is followed, and exact centre
filequencies are used. In all other calculations, the nominal cenfre frequency, denoted f,, are us¢d.

The tabulated values in ISO 9613-1 are based on the pressure at sea level.

5(6 Ground factor of the source area, Gg

—3

ppic: CNOSSOS-EU:2015 introduces Gg in subglause 2.5.6 as the ground factor G of the source prea. For
ndustrial sources, it is left open how exactlyi b is to be calculated.

—e

>

creed interpretation:

br industrial point sources, Gg is(calculated as the average of the ground factor G over a distar:lfe of Im
bginning at the vertical projection point below the source and proceeding along the direction source-
gceiver.

= O T

.7 Distances in Figure 2.5.b of CNOSSOS-EU:2015

5

Tppic: In CNOSSOS;EU:2015, it is unclear whether the distances d displayed in Figure 2.5.b are
3PD-distances along the ground or 2D-projection onto a horizontal plane.
Al
F
0

creed interpretation:

gure\2:5.b displays a 2D-projection onto the horizontal plane. The distances d used in the calculation
[ Gpaeh are measured in this horizontal plane.

5.8 Equivalent heights in Equation (2.5.20) of CNOSSOS-EU:2015

Topic: CNOSSOS-EU:2015 explains that modified equivalent heights should be used in the calculation of
Agroung,p But it is unclear whether these modified equivalent heights or unmodified equivalent heights
should be used in the calculation of A according to Equation (2.5.20) of CNOSSOS-EU:2015.

ground,F,min

Agreed interpretation:

Unmodified equivalent heights are used in the calculation of Ay g rmin according to Equation (2.5.20)
of CNOSSOS-EU:2015.

© IS0 2020 - All rights reserved 3
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5.9 Rayleigh’s Criterion

Topic: CNOSSOS-EU:2015 states that no diffraction should be calculated if the ray path passes "high
enough" over the diffraction edge. In this context, CNOSSOS-EU:2015 refers to Rayleigh’s Criterion
without providing details or formulae. The circumstances under which diffraction is calculated should
be defined unambiguously.

Agreed interpretation:

In the unique vertical plane containing source and receiver, the line of sight from source to receiver
is definefd; UMder homogeneous coNaitions, as the Stralgnt [Ine CONNecting Source and receiver. Undgr
favouralle conditions, the line of sight is defined as the arc of radius I, given by Equation (2.5.24)pf
CNOSSO0$-EU:2015, connecting source and receiver.

The decision whether diffraction mustbe calculated is made separately for homogeneous andfavourable
conditiofs respectively. If the line of sight is blocked, diffraction is always calculated. If the'line of sight
from soyrce to receiver is unobstructed, Rayleigh’s Criterion is employed as follows: first, that point
D of the ferrain profile including obstacles is identified, which gives the largest &, Tie. the 6 with the
smallestfabsolute value. Then 6,* is calculated as the path length difference from'§ to R’ via D, where §’
and R’ arle the respective images of source and receiver constructed with the appropriate mean grourd
planes cpntaining source or receiver. Diffraction is calculated only if 6,>-A/20 and 6 > A/4 - 6p*
(Rayleigh’s Criterion), where A is the wavelength at the nominal centre frequency and calculated with|a
speed of|sound of 340 m/s.

5.10 Parameter e

UT

Topic: CNOSSOS-EU:2015 introduces the parameter e as the total distance along the path from the firgt
to the last diffraction edge according to the "rubber bandmiéthod". It is unclear how the parameter e fis
calculatgd for favourable propagation conditions.

Agreed ipterpretation:

The parameter e is defined as the total distance along the path from the first to the last diffractign
edge. Under homogeneous conditions, straight lines are used as ray segments, while under favourable
conditions, arcs of uniform radius are usédjas ray segments. Different diffraction edges may be relevant
under hgmogeneous and favourable conditions respectively.

5.11 Diffraction under favourable conditions

Topic: CNOSSOS-EU:2015 .éxplains diffraction under favourable propagation conditions. The text
contains|too little details/t0 be unambiguous. In particular, the scale of Figure 2.5.f of CNOSSOS-EU:
2015 is dhosen such that the ray segments appear to be straight lines while they should be arcs of radiys
[, given y Equation+(2.5.24) of CNOSSOS-EU:2015.

Agreed ipterpretation:

Under favourable conditions, the propagatlon path in the vertical plane always consists of segmen:s
Of a ClrLlC VVllUDC I auluo lb SIVCII U_y LllC JU UIDLGIALC UCLVVCCII SUUILT auu 1 CLCIVCI dlLLUl uuls {0}
Equation (2.5.24) of CNOSSOS-EU:2015, i.e. all segments of a propagation path have the same radius of
curvature. If the direct arc connecting source and receiver is blocked, the propagation path is defined
as the shortest convex combination of arcs enveloping all obstacles. Convex in this context means that
at each diffraction point, the outgoing ray segment is deflected downward with respect to the incoming
ray segment (see [SO 9613-1).

To illustrate the principle of constructing the ray path with multiple diffractions under favourable
conditions, Figure 2 is a slightly modified version of Figure 2.5.f of CNOSSOS-EU:2015, scaled such that
the curvature of the rays is apparent.

4 © IS0 2020 - All rights reserved
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E1 E2 E3 E4

Figure 2 — Modified version of Figure 2.5.f of CNOSSOS-EU:2015 showing ray patlJls
with easily visible curvature

.12 Error in Figure 2.5.f and Equation (2.5.29) of CNOSSOS-EU:2015

5
Tppic: Figure 2.5.f and Equation (2.5.29) of CNOSSOS-EU:2015 are erroneous!
Areed interpretation:

F

gure 2.5.f and Equation (2.5.29) of CNOSSOS-EU:2015 treat the pgoint O; as a diffraction edge, even
though it lies below the rubber band. This is incorrect. Given thelgeometry displayed in Figure 2.5.f of
CNOSSOS-EU:2015, the right-hand edge of obstacle E2 cannot‘be treated as a diffraction| edge. A
cprrected version of Figure 2.5.f of CNOSSOS-EU:2015 is displayed as Figure 3, with Equation (2.5.29)
0

o~ — e~ A

/ 7/
El E2 E3 E4

Figure 3 —«Corrected version of Figure 2.5.f of CNOSSOS-EU:2015

91

113 Lateral diffraction

=

bpic: CNOSSOS~EU:2015 introduces lateral diffraction, i.e. diffraction on vertical edges. The defcription
4 too short tofbe'inambiguous. In particular, it is left open exactly how laterally diffracted projpagation
phths are to be constructed.

—

Alereed.interpretation:

Als‘adgeneral principle, lateral diffraction is considered only if the direct line of sight (see 5{9 above)
between source and receiver is blocked and does not penetrate the terrain profile. In addition, the
source must not be a mirror source due to reflection. This said, lateral diffraction edges are sought
in the unique plane which contains both source and receiver, and which is also perpendicular to the
vertical propagation plane. Obstacles are taken into account including adjoining obstacles. Obstacles
which penetrate this plane form an area of intersection with that plane. An intersection area is
only considered relevant if the corresponding obstacle is intersected by the direct line of sight. The
diffraction edges of lateral paths are defined by a rubber band that stretches from source to receiver,
left and right of the direct line of sight respectively, and encompasses all relevant intersection areas.

To calculate the ground attenuation for a laterally diffracted propagation path, a mean ground plane is
calculated for the terrain profile vertically below the propagation path between source and receiver.
This utilises a vertical X-Z auxiliary plane, whose Z coordinate corresponds to the absolute height, and

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=c0cdd72a9bf6d970002461815fa274b8

ISO/TR 17534-4:2020(E)

whose X coordinate corresponds to the distance from the source point along the propagation path in
the projection onto a horizontal plane. If a lateral propagation path in the projection onto a horizontal
plane intersects the ground layout of a building, this building is taken into account in the calculation of
Gpath (usually with G=0) and in the calculation of the mean ground plane using its height. With respect

to the calculation of the ground attenuation, a laterally diffracted propagation path is treated in the
auxiliary X-Z plane as a propagation path with unblocked line of sight, and without diffraction.

5.14 Reflection on nearly vertical objects

Topic: CNOSSOS-EU:2015 explains reflection on (nearly) vertical objects. Further specifications-ate
needed tp formulate this aspect unambiguously.

Agreed ipterpretation:

Objects gre considered as reflectors only if they slope less than 15° with respect to the vertical. For the
calculatipn of reflected sound with a mirror image source propagation is only considefed in a verticpl
propagation plane (i.e. not for laterally diffracted paths). The point of reflection,"which lies on the
reflectinig object, is constructed assuming the reflecting surface is vertical. Ray paths are constructgd
for incident and reflected paths using straight lines under homogeneous conditions, and arcs undér
favourable conditions.

The height of the reflector, as viewed from the direction of the incident ray and measured through
the point of reflection, is at least 0,5 m. The width of the reflector a§viewed from the direction of the
incident ray in a horizontal plane containing this reflection pointisiat least 0,5 m.

5.15 Rdtrodiffraction

Topic: CINOSSOS-EU:2015 describes the principle of *tetrodiffraction. It is unclear under whigh
circumstfances retrodiffraction is to be considered~and how retrodiffraction is dealt with under
favouralle conditions.

Agreed ipterpretation:
Attenuatfion through retrodiffraction is calculated for every reflection.

The confptruction of the relevant path length difference 8" is shown in Figure 4 for homogeneoys
conditions. The upper edge of the(réflector is used as fictitious diffraction edge and straight lines are

used as 1fay segments. The resulting path length difference is §'=S'0-S'P-PO.
0

P P 0
l B /////1\\%R Jr/////1\\‘R / | er
. ; . &) 7 p — @ y
S S

S S’ S

Figure 4 — Example for retrodiffraction under homogeneous conditions

Figure 5 depicts the same situation under favourable conditions. The construction is analogous to the
homogeneous case but uses arcs for ray segments, instead of straight lines. In this example, the resulting

path length difference becomes 6'=S'0+OR-S'P—PR.
P P 0 P

S’ S S’ S

Figure 5 — Example for retrodiffraction under favourable conditions
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6 Test cases

6.1 General

The test cases are based on the series proposed with ISO/TR 17534-2, but extended to addres

s special

aspects of CNOSSOS-EU:2015. As mentioned in 5.13, diffraction on vertical edges is not described in

sufficient detail to be unambiguous in the official documentation. The sentence “Equation (2.5
be used to calculate the diffractions on vertical edges (lateral diffractions) in case of industri

.21) may
al noise”

opens many possibilities to treat this issue. According to the general requirements of Quality Assurance

djffraction is restricted to industrial sources and ensures a continuous transition from thescy
line of sight. Unfortunately, lateral diffraction requires a lot of additional calculation steps.
Independent from the different national specifications (in which cases lateral diffraction is t4

4 assumed to be an industrial facility, thus allowing for the certification of a cerrect implemen
| cases. The test cases are complete in the sense that all data necessary<to perform the cal
e given.

Qo =

Iptermediate and final results are shown separately for the propagatioen in the vertical plane a
Fopagation around vertical edges — when only road-traffic and rajlway are of concern, the vali

L T

—

1] the vertical plane.

hen testing a software implementation, the calculated A-weighted long-term sound pressu
re¢ferred to as final results, are compared with the reference results given in 6.3 in Table
Thble 363. A software implementation of CNOSSOS<EU:2015 is considered quality assured in ac
ith ISO 17534-1 if - for all test cases - the dewiation of the calculated final results from the 1
r¢sults does not exceed 0,1 dB in any octave‘band. If some of the final results differ too much
r¢ference results, the implementation is considered flawed. Intermediate results are provided
to two decimal places - to facilitate the necessary search for the deficiency of the implem
Test results and tolerances are based,on experience with calculations made with different
platforms.

less stated otherwise, thednput parameters shown in Tables 1 and 2 apply to all test cases.

Table 1 — Input parameters identical for all test cases

p% 50
Relative humidity % 70
T°C 10

Table 2 — Linear octave-band sound power levels and A-weighting correction valy

in - = . Lateral

eened to

the unscreened position when the receiver moves horizontally behind the objects blogking the direct

ken into

agcount) lateral diffraction is included in all test cases where it influences thetésult if the point source

tation in
rulations

d for the
dation of

quality assured implementation in accordance with ISO 17534-1 can be restricted to the propagation

re levels,
1362 and
rordance
eference
from the
- mostly
entation.
software

es

Octave-band centre frequency in Hz

XL

1
vaiuae

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

Sound power level 93 93 93 93 93 93 93 93
Ly, in dB

A-weighting correction

: -26,2 | -16,1 | -8,6 -3,2 0,0 1,2 1,0 -1,1
value in dB

In the Tables containing the parameters of the mean ground plane (MGP) and the heights z above this
MGP, the two abbreviations z; and z, are used. Their correspondence to the notation in CNOSSOS-EU:

2015 is shown in Table 3.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c0cdd72a9bf6d970002461815fa274b8

ISO/TR 17534-4:2020(E)

Table 3 — Correspondence between z; and z,, used in some Tables such as Table 18,

and z, Zo o Zop 2y
S->R S->04 0,->R
Z1 Zg Zs Zo,r
Z) Zy Zo,s r

6.2 Test cases with intermediate and final results

6.2.1 TCO01-TCO3 — Flat ground with homogeneous acoustic properties

The test

Key
S sour
R  recei

Figur

With the
is flat. Ta

cases to check free sound propagation with different conditions are shown in Figure 6.
(2
R
S
+

ver

e 6 — Test cases TCO1-TCO3 to check free sound prepagation with different conditions

first three test cases, the correct consideratien of the ground factor G is checked. The terrajn
ble 4 shows the coordinates of source and x&ceiver which is identical for all three test cases.

Table 4 — Coordinates of source S and receiver R

. X y z
Point
(m) (m) (m)
S 10 10 1
R 200 50 4

6.2.2 TCO1 — Reflecting.ground (G = 0)

Tables 5 fand 6 contai‘the intermediate and the final results.

Table 5 =—Ground attenuation (in frequency bands where no diffraction is relevant)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
w (H)? 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
C;(H) 194,16 194,16 194,16 194,16 | 194,16 | 194,16 | 194,16 | 194,16
Aground,n in dB -3,00 -3,00 -3,00 -3,00 -3,00 -3,00 -3,00 | -3,00
w (F)P 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
C;(F) 194,16 194,16 194,16 194,16 | 194,16 | 194,16 | 194,16 | 194,16
Agrounay in B -4,36 -4,36 -4,36 -4,36 -4,36 -436 | -4,36 | -4,36

a2  (H) - homogeneous

b (F) - favourable
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Table 6 — Step by step and final results related to the propagation in the vertical plane

fin Hz 63 125 250 500 1000 2000 4000 8000

Ly, indB 93 93 93 93 93 93 93 93

Aaem 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

A,y indB 0,02 0,08 0,20 0,37 0,71 1,88 6,36 22,70

Ay indB 56,76 56,76 56,76 56,76 56,76 56,76 56,76 56,76
Apoundaryn in dB -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3,00
/'boundary,F B -4,30 -4,30 -4,30 -4,30 -4,30 -4,30 -4,30 -4,30 Total
I;;in dB 39,21 39,16 39,03 38,86 38,53 37,36 32,87 16,54 46,70
Il in dB 40,58 40,52 40,40 40,23 39,89 38,72 34,24 17,90 48,07
IJin dB 39,95 39,89 39,77 39,60 39,26 38,09 33,61 17,27 47,44
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 1,1

I}, indB 13,75 23,79 31,17 36,40 39,26 39,29 34,61 16,17 44,12
6{2.3 TCO02 — Mixed ground (G =0,5)

=

hbles 7 and 8 contain the intermediate and the final results.

Table 7 — Ground attenuation (in frequency bands‘where no diffraction is relevant)

fin Hz 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
w (H) 8,2E-05 | 4,5E-04 | 2,5E-03 | <001 | 0,08 | 041 | 210 | 10,13
Cp(H) 199,17 | 213,44 | 225434134,05 | 23,76 | 2,49 | 047 | 0,10

Agroung,n in dB 1,50 | -1,50 | -1,50" | 0,85 | 571 | -1,50 | -1,50 | -1,50
w (F) 0,00 | 000 [©00 | 001 | 008 | 041 | 210 | 10,13
C; (F) 199,17 | 213,44, | 225,43 | 134,05 | 23,76 | 2,49 | 047 | 0,10

Agrounay in dB 218 | 218 | -218 | -2,18 | -093 | -2,18 | 2,18 | -2,18

Table 8 — Step by step and final results related to the propagation in the vertical p]lane

lin Hz 63 | 125 | 250 | 500 [ 1000 2000|4000 8000
1}, in dB 93 | 93 | 93 | 93 | 93 | 93 | 93 | 93

daem 012 | 041 | 1,04 | 1,93 | 3,66 | 9,66 | 32,77 |116,8B
A,y indB 0,02 | 008 | 0,20 | 037 | 071 | 1,88 | 6,36 | 22,7(
Ay, in dB 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76
Aboundary i dB -1,50 | -1,50 | -1,50 | 0,85 | 571 | -1,50 | -1,50 | -1,50
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Table 8 (continued)

fin Hz 63 125 | 250 | 500 |{1000|2000|4000|8000
Apoundary,r in B 2,18 | 2,18 | 2,18 | -2,18 | -0,93 | 2,18 | -2,18 | -2,18 | Total
LyindB 37,71 | 37,66 | 37,53 | 35,01 | 29,82 | 35,86 | 31,37 | 15,04 | 44,28
LpindB 38,39 | 38,34 | 38,22 | 38,04 | 36,45 | 36,54 | 32,05 | 15,72 | 45,72
LindB 38,07 | 38,01 | 37,89 | 36,79 | 34,29 | 36,21 | 31,73 | 15,39 | 45,06
A-weighting in dB -26,2 | -16,1 | -8,6 | -3,2 0,0 1,2 1,0 -1,1

L,indB H-8725942929-133;5934293F4—327F3 4291412

6.2.4 TCO03 — Porous ground (G =1)

Tables 9 fand 10 contain the intermediate and the final results.

Table 9 — Ground attenuation (in frequency bands where no diffraction,is\relevant)

flin Hz 63 125 | 250 | 500 | 1000 | 2000 4400 | 8000
W (H) 4,9E-04 | 2,7E-03 [ 1,5E-02| 0,08 | 041 | 2,02(})' 906 | 3559
d:(H) 214,47 | 224,67 | 130,15 | 22,76 | 248 | 0490 | 0,11 | 0,03
Aoround,n in dB 000 | 000 | 1,59 | 967 | 503 | @00 | 0,00 | 0,00
W (F) 0,00 | 000 | 001 | 008 | 04~} 202 | 906 | 3559
d: (F) 214,47 | 224,67 | 130,15 | 22,76 | 248 | 049 | 0,11 | 0,03
Arounar in dB 0,00 | 000 | 000 | 423 ¢30,00 | 000 | 0,00 | 0,00

Table 10 — Step by step and final results relatedto the propagation in the vertical plane

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

Ly, in dB 93 93 93 93 93 93 93 93

Tt 012 | 041 | 104 193 | 366 | 966 | 32,77 | 116,88

Ay in dB 002 | 008 | (020 | 037 | 071 | 188 | 636 | 22,70

Ay, in dB 56,76 | 56,76 -56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76
Apoundardy in dB 000 | 0@0~| 159 | 967 | 503 | 000 | 000 | 0,00
Apoundaryr i dB 000 | @00 | 000 | 423 | 000 | 000 | 000 | 000 | Total
Ly in dB 36,21~ 136,16 | 34,45 | 26,19 | 3049 | 3436 | 2987 | 13,54 | 42,14
LpindB 3621" | 36,16 | 36,03 | 31,63 | 3553 | 34,36 | 29,87 | 13,54 | 43,24
LindB 3621 | 36,16 | 3531 | 29,71 | 33,70 | 34,36 | 29,87 | 13,54 | 42,72
A-weightfing in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,indB 10,01 | 20,06 | 26,71 | 26,51 | 33,70 | 3556 | 30,87 | 12,44 | 39,14

6.2.5 TC€04 — Flat ground with spatially varying acoustic properties

The aim of this test case is to check the correct consideration and averaging of varying ground factors
G. This test case is shown in Figure 7.
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A1l A2 A3
[ 7/ """ T /L """"" ] u
: : 8 '
| | | R |
| | | |
S : :
|+ | | |
boxi o | _
Key
S| source
R| receiver
All areawithG=0,2
AP areawith G=0,5
AB areawithG=0,9

Figure 7 — Flat ground with different ground factors G

Thble 11 contains the parameters of the areas with constant ground factor G, and Tables 12 to| 14 show
the detailed intermediate and the final results.

Table 11 — Rectangular areas with constant ground factor G

G X y
() (m)
min max min max
0,2 0,0 50,0 -20,0 80,0
0,5 50,0 150,0 -20,0 80,0
0,9 150,0 | 225,0 -20,0 80,0

Table 12 — G-profile (ground factor) along the propagation path

G-profile S -> R
from to length G
(m) (m) (m)
0,00 40,88 40,88 0,2
40,88 143,07 102,19 0,5
143,07 194,16 51,09 09

Table 13 — Ground attenuation (in frequency bands where no diffraction is relevant)

fin Hz 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
w (H) 1,0E-04 | 5,6E-04 | 3,1E-03| 0,02 | 0,09 | 050 | 2,53 | 11,96
C;(H) 200,18 | 216,12 | 221,91 | 116,87 | 1787 | 2,02 | 0,39 | 0,08
Agrounapt in dB 437 | 37 | 437 | 177 | 623 | 1,37 | 1,37 | 1,37
w (F) 0,00 | 000 | 000 | 002 | 009 | 050 | 253 | 11,96
C/(F) 200,18 | 216,12 | 221,91 | 116,87 | 1787 | 2,02 | 039 | 0,08
Around.r in dB 2,00 | -2,00 | -2,00 | -2,00 | -095 | -2,00 | -2,00 | -2,00
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Table 14 — Step by step and final results related to the propagation in the vertical plane

fin Hz 63 125 250 500 | 1000 | 2000 | 4000 | 8000
L, in dB 93 93 93 93 93 93 93 93

Taem 0,12 0,41 1,04 | 193 3,66 | 966 | 32,77 | 116,88

Ay in dB 002 | 008 | 020 | 037 | 071 1,88 | 636 | 22,70

Ay, indB 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76 | 56,76
Apoundaryt in dB 437 | 137 | 137 | 177 | 623 | -1,37 | -1,37 | -1,37
ApoundaryFTTdB 08208200200 T—0,95—T—2,80——280——280——Fotah
Lyin dB 3759 | 37,53 | 3741 | 3410 | 29,29 | 3573 | 31,25 | 1491 | 4405
LgindB 38,21 | 38,15 | 38,03 | 3786 | 3648 | 3636 | 31,87 | 1554 [(145,56
Lin dB 3791 | 37,85 | 3773 | 36,37 | 3423 | 36,06 | 31,57 | 1524\ 44,87
A-weightling in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 A1

L,indB 11,71 | 21,75 | 2913 | 33,17 | 34,23 | 3726 | 32,57 , \14,14 | 41,09

6.2.6 TCO5 — Ground with spatially varying heights and acoustic properties

This test|case is to check the correct averaging of ground factors G in combination with varying ground
heights. This test case is shown in Figures 8 and 9.

A1 A2 A3

Key
S sourge

R receiyer

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

Fignrn 8 — Ground with cpafia"y v:n'ying heights and acoustic prnpnrﬁnc
=]
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=3

hd the final results.

o)

Figure 9 — 3D-presentation of scenario TC05

Table 15 — Coordinates of source S and receiver R

. X y z
Point
(m) (m) {mm)
10 10 1
R 200 50 14

hbles 15 to 17 contain the modified and additional input parameters, Tables 18 to 20.the inte

Table 16 — Contour lines to describe the shape of the ground surface

No X1 Y1 Zy X2 Va2 Z2

(m) (m) () (m) (m) (m)
1 0 80 0 225 80 0
2 225 80 0 225 -20 0
3 225 =20 0 0 -20 0
4 0 =20 0 0 80 0
5 120 -20 0 120 80 0
6 185 -5 10 205 -5 10
7 205 -5 10 205 75 10
8 205 75 10 185 75 10
9 185 75 10 185 -5 10

Table 17 — Rectangular areas with constant ground factor G

‘mediate

G X y
(m) (m)
min max min max
09 0 50 -20 80
0,5 50 150 -20 80
0,2 150 225 -20 80

Table 18 — Mean ground plane MGP and averaged ground factors

Parameter S->R
a (MGP) 0,05

b (MGP) in m -2,83
z;inm 3,83

© IS0 2020 - All rights reserved
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Table 18 (continued)
Parameter S->R
Zpinm 6,16
dp inm 194,59
Gpath 0,51
G'oath 0,64
Tahle 19 — G i ion (in f hands wl iff ion is rel )
fin Hz 63 125 250 500 1000 2000 4000 8000
w (H) 1,6E-04 | 8,7E-04 | 4,8E-03 0,03 0,14 0,75 3,70 16,77
Cr(H) 203,37 222,35 207,73 82,09 9,63 1,33 0,27 0,06
Agrouna.nfin dB -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 1,07 -1,07
w (F) 0,00 0,00 0,00 0,01 0,08 0,42 216 10,35
Cf(F) 199,73 214,27 225,54 131,93 22,89 2,42 0,46 0,10
Aground Flin dB -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07
Table 20 — Step by step and final results related to the propagation in the vertical plane
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
Aaim 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
Ay in dB 0,02 0,08 0,20 0,38 0,71 1,88 6,38 22,75
Agiy in dB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78
Apoundaryls in dB 4,07 | 1,07 | -,07 | 4@7 | -1,07 | -1,07 | -1,07 | -1,07
Apoundaryr in dB 1,07 | 1,07 | -1,07 |~-107 | -1,07 | -1,07 | -1,07 | -1,07 | Total
LyindB 37,26 37,21 37,08 36,91 36,57 35,41 30,91 14,54 44,75
LpindB 37,26 37,21 37,08 36,91 36,57 35,41 30,91 14,54 44,75
LindB 37,26 37,21 37,08 36,91 36,57 35,41 30,91 14,54 44,75
A-weightling in dB -26,2 -16:1 -8,6 -3,2 0,0 1,2 1,0 -1,1
L,indB 11,06 21,11 28,48 33,71 36,57 36,61 31,91 13,44 41,43
6.2.7 TC06 — Reduced receiver height to include diffraction in some frequency bands
This test case is identieal to TCO5 with the exception of a lower receiver height. The aim is to get
diffractipn in some'frequency bands due to a negative path length difference. Figure 10 shows a cross
section dontaining,source and receiver.

Figure 10 — Cross section containing S and R with ray S->R

Table 21 contains the modified receiver height, and Tables 22 to 30 present the intermediate and the
final results. The detailed calculation steps show that diffraction occurs, but due to the Rayleigh-
Criterion this diffraction is not relevant for the bands 63 Hz, 125 Hz and 250 Hz (see Tables 27 and 28).
Diffraction is only relevant for homogeneous conditions in the octave bands 500 Hz and 1 000 Hz.

14
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Table 21 — Coordinates of source S and receiver R

. X Yy Z
Point
(m) (m) (m)
S 10 10 1
R 200 50 11,5

Table 22 — Ground attenuation (in frequency bands where no diffraction is relevant)

m Hz 63 125 250 500 | 1000 | 2000 | 4000 8000
(H) 1,1E-04 6,0E-04 3,4E-03 - - 053 | 2707 12,70
d:(H) 200,89 217,45 220,41 - - 1,88 | 037 || 008
A rouna in dB 1,32 -1,32 -1,32 - - 1,320 1,32 || -1,32
W (F) 0,00 0,00 0,00 001 | 008 | 0420 216 | 1035
d-(F) 199,59 214,11 22539 | 131,90 | 22,89 [ ~n242 | 046 || 0,10
4 round.z in dB 1,32 -1,32 -1,29 4,05 | 1,324 1,32 | 4,32 || 41,32

Table 23 — z-profile (ground height) along the propagation path

z-profile S-R

u v
No
(m) (m)
1 0,00 0,00
2 112,41 0,00
3 178,84 10,00
4 194,16 10,00

Parameter S->R S->01 On->R
a (MGP) 0,05 0,05 0,00
b (MGP) in m -2,83 -2,33 10,00
z,inm 3,83 3,33 0,00
Z,inm 3,66 3,95 1,50
d,inm 194,45 | 179,06 15,33
Gpath 0,51 0,53 0,20
G'\ath 0,56 0,60

Table 25 — Coordinates of mirror points (homogeneous)

Table 24 — Mean ground plane'MGP and averaged ground factors (homogeneous

LV 33 d
VIIlI 1 U1 pUlllLD

Liaa)
u Llll}

Liaa)
14 \_lllj

S'(S->0)

0,31

-5,65

R' (0 -> R)

194,16

8,50

Table 26 — Calculation of the path length differences

Parameter S->R S'->R S->R'
(H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 - 3 -
No(0,) 3 3 3 - 3 -
d 194,45 | 194,58 | 194,61 - 194,31 -

© IS0 2020 - All rights reserved
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Table 26 (continued)
Parameter S->R S'->R S->R'
(H) (F) (H) (F) (H) (F)
dg 179,06 | 179,16 | 179,21 - 179,06 -
dg, 15,40 15,40 15,40 - 15,40 -
e 0,00 0,00 0,00 - 0,00 -
-0,02 -0,04 0,00 - 0,15 -
Table 27 — Check of the "Rayleigh-Criterion" (homogeneous) Q
aN
Parameter Homogeneous N "l)’
63 125 250 500 | 1000 | 2000 | 4 %ﬁy‘ 8000
O (No|of edge in z-profile) 3,00 3,00 3,00 - - - A - -
-A/20 -0,27 -0,14 -0,07 - - - NN - -
S-R 194,45 194,45 194,45 - - | - -
d (S-D-R) 179,06 179,06 179,06 - - A - - -
d,, (S-D-R) 15,40 15,40 15,40 - O - - -
8p -0,02 -0,02 -0,02 - & - - -
8p > -1/20? yes yes yes a\ - - -
S*R* 194,37 194,37 19437 | QY] - - - -
d, (S*D-R¥) 179,21 179,21 179,21, 1 - - - - -
d,, (S*-D-R¥) 15,40 15,40 1540, | - - - - -
5p* 0,24 0,24 0,24 - - - - -
A/4-6,* 1,11 044 .|z 0,10 - - - - -
o> (A/4 - 6p%)? no no AQ no - - - - -
Rt Criterion OK? no \@\V no - - - - -
0\
N
Table 28 — Check (G}he "Rayleigh-Criterion" (favourable)
o .
Parameter f\$\ Favourable
O‘j 125 250 500 | 1000 | 2000 | 4000 | 8000
O (No|of edge in z-profile) ,.1:) 3,00 3,00 3,00 - - - - -
/20 o 027 0,14 -0,07 - - - - -
sR <0 | 19458 | 19458 | 19458 | - - - - -
dy (S-D-Rj~ 17916 | 17916 | 17916 | - - - - -
dy, (S:DR) 15,40 15,40 15,40 - - - - -
<& -0,04 -0,04 -0,04 - - - - -
®>\-7\/20? yes yes yes - - - - -
S*-R* 194,50 194,50 194,50 - - - - -
dg, (S*-D-R*) 179,31 179,31 179,31 - - - - -
d, (S*D-R¥) 15,40 15,40 15,40 - - - - -
op* 0,21 0,21 0,21 - - - - -
A/4-6p* 1,13 0,47 0,13 - - - - -
6p > (A/4-6p%)? no no no - - - - -
R-Criterion OK? no no no - - - - -
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Table 29 — Determination of Aboundary,H

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Adif(S’R) 0,00 0,00 0,00 3,16 0,56 0,00 0,00 0,00
Aground,(S,O] B - - 2,74 '1,21 - - -
Aground,(O,R] - - - '2,40 -2,40 - - -
Ajig(s'R) - - - 4,71 4,65 - - -
Agif(s,r) - - - 10,83 | 13,26 - - .

A round(5,0] - = - 2-23——0;77 - - -
Aground(O,R] - - - -1,07 -0,62 - - )
Agif - - - 4,31 | -0,83 - ; -
Agmund(s’R) -1,32 -1,32 -1,32 - - -1,32 -1,32 -1,32
Apoundary,H -1,32 -1,32 -1,32 4,31 -0,83 -1,32 1,32 -1,32

Table 30 — Step by step and final results related to the propagation in the vertical plane

flin Hz 63 125 250 500 1000 2000 | 4000 8000

I},,in dB 93 93 93 93 93 93 93 93

Ratm 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88

4.mindB 0,02 0,08 0,20 0,37 0,71 1,88 6,37 22,73

44y in dB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78

Apoundary,n in dB 1,32 | 1,32 | 1,32 | 4315f -083 | 1,32 | -1,32 | -1,32

Apoundary,r in dB 1,32 | 1,32 | 1,29 | -85 | -1,32 | -1,32 | -1,32 | -1,32 || Total
I;;in dB 37,53 37,47 37,35 31,54 36,34 35,67 31,18 14,82 44,38
Il in dB 37,53 37,47 37,3% 36,89 36,84 35,67 31,18 14,82 4497
Ifin dB 37,53 37,47 37,33 34,99 36,60 35,67 31,18 14,82 44,68
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

Il,in dB 11,33 21,37 28,73 31,79 36,60 36,87 32,18 13,72 41,31
6(2.8 TCO07 — Flat ground.with spatially varying acoustic properties and long barrier

The aim of this test casé.is to check the correct calculation of diffraction with one single diffracting
eflge. The areas of confstant ground factor G are the same as in TCO5 (Table 17). The scenario js shown

—

1 Figures 11 and 12:

Key

S source Al areawithG=0,9
R  receiver A2 areawith G=0,5
B  Dbarrier A3 areawith G=0,2

Figure 11 — Areas with different ground factors and long barrier
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N

Figure 12 — 3D-presentation of scenario TCO07

Tables 3] and 32 contain the modified and the additional input parameters, and Tables 33 to 39:.show

the interimediate and the final results.

Table 31 — Coordinates of source S and receiver R

. X Y Z
Point
(m) (m) (m)
S 10 10 1
R 200 50 4

Table 32 — Coordinates of screens (uppér edges)

Screen X v z
No (m) (m) (m)

100 240 6

265 -180 6

Table 33 — z-profile (ground height) along the propagation path

z-profile S-R
No u v

(m) (m)
1 0,00 0,00
2 170,23 0,00
3 170,23 6,00
4 170,23 0,00
5 194,16 0,00

Table 34 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S50} 6,66 166
R' (0 ->R) 194,16 -4,00

Table 35 — Mean ground plane MGP and averaged ground factors (homogeneous)

18

Parameter S->04 0,->R
a (MGP) 0,00 0,00

b (MGP) in m 0,00 0,00
z;inm 1,00 6,00
Zyinm 6,00 4,00
d,inm 170,23 23,93
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Table 35 (continued)
Parameter S->04 0,->R
Gpath 0,55 0,20
G'path 0,61

Table 36 — Calculation of the path length differences &

Parameter S->R S'->R S->R'
(H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3
No(0,) 3 3 3 3 3 3
d 194,19 | 194,31 | 194,23 | 194,36 | 194,23 | 194,36
dg 170,30 | 170,39 | 170,38 | 170,46 | 170,30 | 470)39
d, 24,02 | 24,02 | 24,02 | 24,02 | 2594n]\2594
e 0,00 0,00 0,00 0,00 0,00 0,00
0,13 0,09 0,16 0,12 2,01 1,97

Table 37 — Determination of Aboundary,H

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agis.) 6,01 | 696 | 841 | 10,36 | 12,72 | 1537 | 18,19 | 21,10
Aground,(5.0) 4,16 | -1,16 | -1,16 |e<bl6 | 1,45 | -1,16 | -1,16 | -1,16
Aground (O.R) 2,40 | 2,40 | -2,40. 2,40 | -2,40 | -2,40 | -2,40 | -2,40
Agigs'R) 6,24 | 732 | 892-| 11,00 | 13,46 | 16,16 | 19,01 | 21,94
Agics.r) 12,54 | 1513 [ @794 | 20,85 | 23,80 | 26,78 | 29,78 | 32,78
A round(s,0) 1,13 | 1,1 [ -1,09 | -1,08 | 1,32 | -1,06 | -1,06 | -1,06
A ground(0.R) 1,22 | =02 | -088 | -0,79 | -074 | -0,71 | -0,70 | -0,69
Agif 3,67 4,83 6,44 8,49 13,30 13,60 16,43 19,35
Aground(S,R) - - - - - - - -

Aboundary.i 367 | 483 | 644 | 849 | 13,30 | 13,60 | 16,43 | 19,35

Table 38 — Determination of Aboundary’l:‘

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agifs Ry 5,67 6,40 7,58 9,27 11,43 1394 | 16,68 | 19,55
Aproni(5.0) 116 | 16 | 116 | 1,16 | -1,16 | -1,16 | -1,16 | -1,16
Ao, (OR) 2,40 | 240 | 240 | 240 | 240 | 240 | 240 | -240
Aits'y) 501 | 681 | 819 | 1007 | 1239 | 1501 | 1781 | 20,71
Agiges pn 12,46 | 15,05 17.86 20,76 | 2371 | 26,70 | 29,69 | 32,70
A,round(s.0) 412 | -1,11 | -1,08 | -1,06 | -1,04 | -1,03 | -1,02 | -1,02
A round(0R) 118 | -096 | -0,81 | -071 | -0,65 | -0,61 | -0,60 | -0,59
Agit 3,36 4,33 5,69 7,50 9,74 12,30 | 15,06 | 1794
Aground(S,R) - B - B - B - B

Aboundary F 336 | 433 | 569 | 750 | 974 | 12,30 | 1506 | 1794
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Table 39 — Step by step and final results related to the propagation in the vertical plane

fin Hz 63 125 250 500 1000 2000 | 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
Aaem 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A, indB 0,02 0,08 0,20 0,37 0,71 1,88 6,36 22,70
Ay, ind 56 76 56 76 5676 56,76 56 76 5676 56 76 56 76
Apoundaryfit in dB 3,67 4,83 644 | 849 | 13,30 | 13,60 | 16,43 | 19,35
Apoundaryr in dB 336 | 4,33 5,69 7,50 974 | 12,30 | 1506 | 1794 |~ Total
LyindB 32,54 31,32 29,60 27,37 22,22 20,76 13,44 -5,81 36,92
LpindB 32,85 31,83 30,35 28,36 25,78 22,06 14,81 -441 37,63
LindB 32,70 31,58 29,99 27,89 24,36 21,46 14,18 -5,05 37,29
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
LyindB 6,50 15,48 21,39 24,69 24,36 22,66 15,18 -6,15 29,83
6.2.9 TCO08 — Flat ground with spatially varying acoustic propertiesand short barrier
The aim Jof this test case is to check the correct consideration of laterally diffracted sound. The areas pf
constanf]ground factor G are the same as in TCO5 (Table 17). The seenario is shown in Figures 13 and 1.
A1 A2 A3

e # I 7Z """"" 1_”7[ )

| | | a

i i B

s | e

L 1w | |
Key
S  sourge Al areawithG=0,9
R  receifer A2 areawith G=0,5
B  barrier A3 areawithG=0,2

Figure 13'— Areas with different ground factors and long barrier
z
INEAX
Figure 14 — 3D-presentation of scenario TC07

Table 40 contains the barrier geometry as input parameters, and Tables 41 to 53 show the detailed

intermediate and the final results.

20
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Table 40 — Coordinates of screens (upper edges)

Screen X y z
No (m) (m) (m)

175 50 6

190 10 6

Table 41 — z-profile (ground height) along the propagation path

z-profile S-R
No u 1%

(m) (m)
1 0,00 0,00
2 170,49 0,00
3 170,49 6,00
4 170,49 0,00
5 194,16 0,00

Table 42 — Coordinates of mirror points-(homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,00 -1,00
R'(0->R) 194,16 -4,00
Table 43 — Mean ground plane MGP and averaged ground factors (homogeneous)
Parameter S->0y 0,->R S->Rright | S->Rleft
a (MGP) 0)00 0,00 0,00 0,00
b (MGP) in m 0,00 0,00 0,00 0,00
z;inm 1,00 6,00 1,00 1,00
Zyinm 6,00 4,00 4,00 4,00
d, inyn 170,49 23,68 221,23 194,78
Glath 0,55 0,20 0,46 0,51
G'path 0,61 0,46 0,51
Table 44 — Calculation of the path length differences 6
Parameter S->R S'->R S->R' Lateral right Laterjal left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
Ne(0,) 3 3 3 3 3 3 - - - -
Noto-) 3 3 3 3 3 3 -

d 194,19 | 194,31 194,23 | 194,36 | 194,23 | 194,36 | 194,19 | 194,19| 194,19 | 194,19
dg 170,56 | 170,65 170,63 | 170,72 | 170,56 | 170,65 | 180,02 | 180,02 | 169,80 | 169,80
d, 23,76 23,76 23,76 23,76 | 25,70 | 25,70 | 41,23 | 41,23 | 25,00 | 25,00

e 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

0,13 0,09 0,16 0,12 2,03 1,99 27,07 27,07 0,61 0,61

© IS0 2020 - All rights reserved
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Table 45 — Determination of Aboundary,H

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agigs.n) 6,02 | 697 | 842 | 10,38 | 12,75 | 1540 | 18,21 | 21,12
Aground,(5,0) 1,16 | 1,16 | -1,16 | -1,16 | 146 | -1,16 | -1,16 | -1,16
Aground,(OR) 2,40 | -2,40 | -2,40 | -2,40 | -2,40 | -2,40 | -2,40 | -2,40
NV 625 733 893 1101 | 1347 | 1618 | 1903 | 2194
Qs 12,57 | 1517 | 1798 | 20,89 | 23,84 | 26,83 | 29,82 | 32,83
A round(s,0) 1,13 | 1,11 | 1,10 | -1,08 | 1,33 | -1,06 | -1,06 | -1,06
4roundon) 1,21 | 1,01 | -0,87 | -0,79 | -0,74 | -0,71 | -0,70 | -0,69
Aqis 3,68 4,84 6,45 8,51 13,34 13,62 16,46 19,38
/ground(S,R] - - - - - - - -
Apoundary.i 368 | 484 | 645 | 851 | 13,34 | 13,62 | 1646 | 19,38
Table 46 — Determination of Ay, g,y F
flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Aaissy 568 | 641 | 760 | 930 | 11,47<f 1399 | 16,73 | 19,60
Aground,(5,0) 116 | 1,16 | 1,16 | 1,16 | -116V| -1,16 | -1,16 | -1,16
Aeround,0.R) 2,40 | 2,40 | 2,40 | -2,40 | 22,40 | 2,40 | -2,40 | -2,40
Aais ) 592 | 682 | 821 | 10,10, (%1242 | 1504 | 1784 | 20,75
Aaisis.ry 12,50 | 15,09 | 1790 | 20580 | 23,76 | 26,74 | 29,74 | 32,74
4round(s,0) 1,13 | 1,11 | -1,09 |53,06 | -1,05 | -1,03 | -1,03 | -1,02
4 roundiom) 1,18 | -096 | -0,8+\[ -0,71 | -0,65 | -0,61 | -0,60 | -0,59
Aqi 3,37 4,34 571 7,53 9,78 12,34 15,11 17,99
4 ground(S,R) B - - - - - - -
Apoundary.F 3,37 | 4,34%J| 571 | 753 | 978 | 12,34 | 1511 | 1799
Table 47 — Step by step and final results related to the propagation in the vertical plane
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
Qatm 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
Ay indPB 0,02 0,08 0,20 0,37 0,71 1,88 6,36 22,70
Agiy in dB 56,76 56,76 56,76 56,76 56,76 56,76 56,76 56,76
Apoundaryy ivdB 3,68 | 4,84 6,45 851 | 13,34 | 13,62 | 16,46 | 19,38
ApoundaryrindB 3,37 | 4,34 5,71 7,53 978 | 12,34 | 1511 | 1799 | Total
LyindB 32,54 31,31 29,58 27,35 22,19 20,74 13,42 -5,84 3691
LpindB 32,84 31,81 30,32 28,33 25,74 22,02 14,76 -4,45 37,61
Lin dB 32,69 31,57 29,97 27,87 24,32 21,42 14,14 -5,09 37,27
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
L,indB 6,49 15,47 21,37 24,67 24,32 22,62 15,14 -6,19 29,80
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Table 48 — Ground attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right
w (H) 0,00 0,00 0,00 0,01 0,06 0,34 1,76 8,58
Cr(H) 226,58 | 242,17 | 257,73 | 159,33 | 29,64 3,03 0,57 0,12
oA B =161 -1.61 2161 Q75 625 -039 -1 61 -1 61
w (F) 0,00 0,00 0,00 0,01 0,06 0,34 1,76 8;58
Cr(F) 226,58 | 242,17 | 257,73 | 159,33 | 29,64 3,03 0,57 0,12
Agroung r In dB -2,65 -2,65 -2,65 -2,65 -1,30 -2,65 -2,65 -2,65
lateral left
w (H) 0,00 0,00 0,00 0,01 0,08 0,42 2,17 10,40
Cr(H) 199,96 | 214,57 | 225,67 | 131,50 | 22,70 2,41 0,46 0,10
Agroung,n in dB -1,48 -1,48 -1,48 1,01 5,84 1,48 -1,48 -1,48
w (F) 0,00 0,00 0,00 0,01 0,08 0,42 2,17 10,40
Cr(F) 199,96 | 214,57 | 225,67 | 131,50 | 22470 2,41 0,46 0,10
Aground,r in dB -2,16 -2,16 2,16 -2,16 -0,92 -2,16 -2,16 -2,16

Table 49 — Calculation of the linear partial levels related to the right lateral pat}

=]

(homogeneous)

Ilateral right (H)
flin Hz 63 125 250 500 1000 2000 | 4000 8000
I}y in dB 93 93 93 93 93 93 93 93
Ratm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
A.mindB 0,03 0,09 0,23 0,43 0,81 2,14 7,25 25,86
A4y in dB 56,76 56,76 56,76 56,76 56,76 56,76 56,76 56,76
Aground, in dB 1,61 w161 | -1,61 0,75 625 | -039 | -1,61 | -1,61
44i¢y in dB 23,09 26,03 29,03 32,03 35,03 38,04 41,05 44,06
4, indB 78,27 81,27 84,41 89,97 98,86 96,56 | 103,45 | 125,07 || Total
Il;in dB 14,73 11,73 8,59 3,03 -5,86 -3,56 -10,45 -32,07 17,38
Table 50 — €aleulation of the linear partial levels related to the right lateral path (favourable)
Ilateral right' (F)
flin Hz 63 125 250 500 1000 2000 | 4000 8000
I},in dB 93 93 93 93 93 93 93 93

~tm (10, 70%) 0,12 0,41 1,07 1,93 3,60 9,66 32,77 116,88
A,mindB 0,03 0,09 0,23 0,43 0,81 2,14 7,25 25,86
A4y in dB 56,76 56,76 56,76 56,76 56,76 56,76 56,76 56,76
Agrounay in dB 2,65 | -2,65 | -2,65 | -2,65 | -1,30 | -2,65 | -2,65 | -2,65
Agi¢pin dB 23,09 | 26,03 | 29,03 | 32,03 | 3503 | 38,04 | 41,05 | 44,06
ApindB 77,23 80,23 83,37 86,57 91,31 94,29 102,41 | 124,03 Total
LpindB 15,77 12,77 9,63 6,43 1,69 -1,29 -941 -31,03 18,61
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Table 51 — Calculation of the linear partial levels related to the left lateral path (homogeneous)

Lateral left (H)

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

Ly, indB 93 93 93 93 93 93 93 93

Qo (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

Ay in dB 002 008 020 038 0 71 188 638 2277

Agiy in ds 56,76 56,76 56,76 56,76 56,76 56,76 56,76 56,76

Agroung ufin dB -1,48 -1,48 -1,48 1,01 5,84 -1,48 -1,48 -1,48

Agigy in 4B 8,78 10,81 13,24 15,93 18,77 21,69 24,66 27,64

AyindB 64,09 66,17 68,72 74,08 82,08 78,86 86,32 | 105,70 | Total
LyindB 2891 26,83 24,28 18,92 10,92 14,14 6,68 -12,70 32,17

Table b2 — Calculation of the linear partial levels related to the left lateral'path (favourable)

Lateral l¢ft (F)

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

LyindB 93 93 93 93 93 93 93 93

Ay (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

Ay indB 0,02 0,08 0,20 0,38 0,71 1,88 6,38 22,77

Agjy indB 56,76 56,76 56,76 56,76 56,76 56,76 56,76 56,76
Aground,Fin dB -2,16 -2,16 2,16 -2,16 -0,92 -2,16 -2,16 -2,16

Agiep in dB 8,78 10,81 13,24 15,93 18,77 21,69 24,66 27,64

ApindB 63,41 65,49 68,04 70,91 75,32 78,18 85,64 | 105,02 | Total
LpindB 29,59 27,51 24,96 22,09 17,68 14,82 7,36 -12,02 33,10

Table 53 — Partial and total sound pressure levels for all three propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000 Total
L, in dB pver top 6,49 15,47 21,37 24,67 24,32 22,62 15,14 -6,19 29,80
L, in dB right -10,92 -3,82 0,54 1,86 -0,61 -1,08 -8,90 -32,62 6,94
L, in dB Jeft 3,06 11,08 16,03 17,59 15,50 15,70 8,03 -13,44 | 22,82
LyindB 8,17 16,86 22,51 25,46 24,87 23,44 15,93 -5,43 30,62

6.2.10 TC09 — Ground with spatially varying heights and and acoustic properties and short
barrier

This test €ase is to check the correct consideration of laterally diffracted sound with uneven grounf.
Contour ITnes and areas of constant ground factor G are the same as in TCU5 (Iables 16 and 17). The
scenario is shown in Figures 15 and 16.
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AB areawith G=0,2

Figure 16 — 3D-presentation of scenario TC09

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

Thbles 54 to 55 contain the modified and additional input parameters, and Tables 56 to 71 $how the
intermediate and final results.
Table 54 — Coordinates of source S and receiver R
Point X Y z
(m) (m) (m)
S 10 10 1
R 200 50 14
Table 55 — Coordinates of screens (upper edges)
Screen X y z
No (m) (m) (m)
175 50 17
190 10 14
25
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Table 56 — Determination of G,,,.;, (homogeneous)

G-profile S -> 0 G-profile O -> R

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,88 40,88 09 0,00 23,68 23,68 0,2
40,88 143,07 102,19 0,5 Gpath 0,20
143,07 170,49 2742 0,20

G oath 6,55

Table 57 — G-profile along the two lateral paths (homogeneous)

G-profile lateral right G-profile lateral left

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,00 40,00 0,9 0,00 41,16 41,16 09
40,00 140,00 100,00 0,5 41,16 144,06 102,90 0,5
140,0p 180,00 40,00 0,2 144,06 169,78 25,72 0,2
180,00 221,24 41,24 0,2 169,78 194,78 25,00 0,2

Gpath 0,46 Gpath 0,51

Table 58 — Height profiles along the direct and the two lateral paths (homogeneous)

z-profile S-0 z-profile O-R z-profile right z-profile left
u z u z u z u z
(m) (m) (m) (m) (m) (m) (m) (m)

0,00 0,00 170,49 8,74 0,00 0,00 0,00 0,00
112,41 0,00 178,84 10,00 | 110,00 | 0,00 113,19 0,00
170,49 8,74 194,16 10,00 | 175,00 | 10,00 169,78 8,46
180,00 | 10,00 179,78 10,00
221,24 | 10,00 194,78 10,00

Table 59 —(z-profile (ground height) along the propagation path

z-profile S-R
No ! Y

(m) (m)
1 0,00 0,00
2 112,41 0,00
3 170,49 8.74
4 170,49 16,63
5 170,49 8,74
6 178,84 10,00
7 194,16 10,00

Table 60 — Mean ground plane MGP and averaged ground factors (homogeneous)

Parameter S->0, 0,->R S->Rright | S->Rleft
a (MGP) 0,04 0,04 0,06 0,05
b (MGP) in m -1,96 1,94 -3,10 -2,82
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Table 60 (continued)

Parameter S->0, 0,->R S->Rright | S->Rleft
z;inm 2,96 7,36 4,09 3,81
Z,inm 11,68 3,71 3,77 6,23
d,in m 170,98 23,54 221,62 195,20

Gpath 0,55 0,20 0,46 0,51
G'hath 0,76 0,49 0,64

Table 61 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,24 -4,92
R'(0->R) 194,48 6,59

Table 62 — Calculation of the path length differences 6

Parameter S->R S'->R S->R’ Lateral right Lateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(04) 4 4 4 4 4 4 - - - -
No(0,) 4 4 4 4 4 4 - - - -
d 194,60 | 194,73 | 194,85 | 19497 | 194,56 { 194,69 | 194,60 | 194,60 | 194,60 | 194,60
dg 171,20 | 171,29 | 171,61 | 171,69 | 17120 | 171,29 | 180,39 | 180,39 | 170,16 | 170,16
dg, 23,82 23,82 23,82 | 23,82 26,01 26,01 | 41,26 | 41,26 25,05 | 25,05
e 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,43 0,39 0,58 0,54 2,65 2,61 27,04 27,04 0,62 0,62

Table 63 ~ Determination of Aboundary_H

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Adif(S,R) 790 9,67 11,92 14,49 17,26 20,15 23,09 26,07
Aground,(5.0) 0,71 | -0,71 | -0,71 | -0,71 | -0,71 | -0,71 | -0,71 | -0,71
Aground,(O.R) 2,40 | -2,40 | -2,40 | -2,40 | -2,40 | -2,40 | -2,40 | -2,40
Agis'ry 8,65 | 10,64 | 13,05 | 1572 | 18,56 | 21,48 | 24,44 | 27,43
Agigs.r) 13,55 | 16,23 | 19,09 | 22,01 | 2498 | 2797 | 3097 | 33,98
A oundN -0,65 | -0,64 | -0,63 | -0,62 | -0,62 | -0,61 | -0,61 | -0,61
Ao NiTo.R) 4,33 | -1,21 | -1,13 | -1,09 | -1,07 | -1,06 | -1,05 | -1,05
Aqy 591 7,82 10,16 12,78 15,58 18,48 21,43 23,34
Aground(S,R) B - - - - - - -

Apoundarsyt 591 7,82 10,16 12,78 15,58 18,48 21,43 23,34

Table 64 — Determination of Ay, n 4.y,

fin Hz 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
Agieis) 768 | 939 | 11,57 | 14,10 | 16,85 | 1973 | 22,67 | 2564
Aground,(5.0) 071 | -071 | -0,71 | -0,71 | -0,71 | -0,71 | -0,71 | -0,71
Aqround.(O.R) 2,40 | 2,40 | -240 | 2,40 | -240 | 2,40 | -2,40 | -2,40
Agircs ) 847 | 1041 | 12,79 | 1544 | 1826 | 21,17 | 24,13 | 2712
Agiis.r) 13,50 | 16,17 | 19,02 | 2195 | 2492 | 2791 | 3091 | 3391
A ound(s.0) -0,65 | -0,63 | -0,62 | -0,61 | -0,61 | -0,61 | -0,60 | -0,60
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Table 64 (continued)
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ay ound(0.R) 1,31 | 1,18 | 1,10 | -1,05 | -1,03 | -1,02 | -1,01 | -1,01
Aqis 5,72 7,57 9,85 12,44 15,22 18,11 21,05 23,39
Aground(s.R) - - i - ) - ) -
ApgundaryF 572 | 757 | 985 | 12,44 | 1522 | 1811 | 21,05 | 23,39

Table 65 — prp hy step and final results related to the prnpngafinn in the vertical pl::mp

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

L, in dB 93 93 93 93 93 93 93 93

Taem 0,12 0,41 1,04 | 193 | 366 | 966 | 3277 | 116,88

Ay in dB 002 | 008 | 020 | 038 | 071 1,88 | 638 | 2275

Ay, in dB 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | ‘56,78
Apoundaryy in dB 591 782 | 10,16 | 12,78 | 1558 | 1848 | 2143~| 23,34
Apoundaryfr in dB 5,72 757 | 985 | 1244 | 1522 | 1811 | 2105 | 23,39 | Total
Lyin dB 30,28 | 2831 | 2586 | 23,07 | 1993 | 1586.99841 | -987 | 3394
LgindB 3047 | 2857 | 2616 | 23,40 | 2029 | 16,23 | 879 | -992 | 34,19
Lin dB 30,38 | 2844 | 26,01 | 23,24 | 20,11 |-36,05 | 860 | -989 | 34,07
A-weightling in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,in dB 418 | 12,34 | 1741 | 20,04 | 2008 | 1725 | 9,60 | -1099 | 25,32

Table 66 — Ground attenuation related to lateral propagation paths

flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ilateral right

w (H) 0,00 0,00 0,00 0,01 0,07 0,39 2,00 9,66

d-(H) 227,72 | 244,70\~256,12 | 145,81 | 24,37 2,61 0,50 0,10

Aground,n in dB -1,53 -1,53 -1,53 2,33 -1,53 -1,53 -1,53 -1,53
W (F) 0,00 0,00 0,00 0,01 0,06 0,34 1,76 8,58

d.(F) 226,99, 242,62 | 258,17 | 159,45 | 29,63 3,03 0,57 0,12

Aorouna p in dB 41,53 -1,38 -1,35 -1,53 -1,53 -1,53 -1,53 -1,53
lateral left

W (H) 0,00 0,00 0,00 0,03 0,14 0,75 3,72 16,84
a.(H) 204,07 | 223,16 | 208,01 | 81,73 9,55 1,33 0,27 0,06

Aoroung p1dB -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07
W (F) 0,00 0,00 0,00 0,01 0,08 0,42 2,17 10,40
d.(F) 200,40 | 215,06 | 226,13 | 131,61 | 22,68 2,41 0,46 0,10

Agroung p in dB -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07

Table 67 — Calculation of the linear partial levels related to the right lateral path

(homogeneous)
Lateral right (H)
fin Hz 63 125 250 500 1000 2000 | 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
Qo (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A,im indB 0,03 0,09 0,23 0,43 0,81 2,14 7,26 2591
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Table 67 (continued)

Lateral right (H)

fin Hz 63 125 250 500 1000 2000 4000 8000

A4y in dB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78

Agound,n in dB -1,53 -1,53 -1,53 2,33 -1,53 -1,53 -1,53 -1,53

Agigy in dB 23,08 26,03 29,02 32,02 35,03 38,04 41,05 44,06

Ay indB 78,36 81,37 84,50 91,56 91,09 95,43 | 103,56 | 125,21 | Total
IrineB 464 563 8,56 44 +54 2543 10,56 3224 17,35

Table 68 — Calculation of the linear partial levels related to the right lateral path,(favourable)

Ilateral right (F)

flin Hz 63 125 250 500 1000 | 2000 | 40000 | 8000

I},,in dB 93 93 93 93 93 93 93 93

Qatm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
A4,imindB 0,03 0,09 0,23 0,43 0,81 2714 7,26 2591

44iyin dB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78

Agrouna r in dB -1,53 -1,38 -1,35 -1,53 -1,53 -1,53 -1,53 -1,53

44i¢rin dB 23,08 26,03 29,02 32,02 35,03 38,04 41,05 44,06

4rindB 78,36 81,52 84,69 87,70 91,09 95,43 | 103,56 | 125,21 || Total
Il in dB 14,64 11,48 8,31 5,30 1,91 -2,43 -10,56 | -32,21 17,45

Tlable 69 — Calculation of the linear partial levels related to the left lateral path (homogeneous)

Iateral left (H)

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

I,,in dB 93 93 93 93 93 93 93 93

Qatm (10°,70%) 0,12 041 1,04 1,93 3,66 9,66 32,77 | 116,88

A4,im in dB 0,02 0,08 0,20 0,38 0,71 1,89 6,40 22,82

44, indB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78

Aground,n in dB -107, -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07

A4igy in dB 8179 10,81 13,24 15,93 18,77 21,70 24,66 27,65

4,,indB 64,53 66,61 69,16 72,03 75,21 79,30 86,78 | 106,19 || Total
I;in dB 28,47 26,39 23,84 20,97 17,79 13,70 6,22 -13,19 32,03

Table 70/ Calculation of the linear partial levels related to the left lateral path (favoyrable)

Ilateralileft (F)

flinHz 63 125 250 500 1000 | 2000 | 4000 | 8000

LyindB 93 93 93 93 93 93 93 93

Ay (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

Ay indB 0,02 0,08 0,20 0,38 0,71 1,89 6,40 22,82

Ay, indB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78

Aground,F in dB -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07 -1,07

Agi¢pin dB 8,79 10,81 13,24 15,93 18,77 21,70 24,66 27,65

ApindB 64,53 66,61 69,16 72,03 75,21 79,30 86,78 | 106,19 | Total
LpindB 28,47 26,39 23,84 20,97 17,79 13,70 6,22 -13,19 | 32,03
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Table 71 — Partial and total sound pressure levels for all three propagation paths

fin Hz 63 125 250 500 1000 2000 4000 8000 Total
L, in dB over top 4,18 12,34 17,41 20,04 20,11 17,25 9,60 -10,99 25,32
L, in dB right -11,56 -4,54 -0,19 0,58 191 -1,23 -9,56 -33,31 6,94
L, in dB left 2,27 10,29 15,24 17,77 17,79 14,90 7,22 -14,29 23,05
LyindB 6,41 14,50 19,52 22,09 22,16 19,28 11,62 -9,31 27,39
6.2.11 TC10 — Flat ground with homogeneous acoustic properties and cubic building —

Receiver at low height

The aim| of this test case is to check the correct consideration of objects like buildings| in the
diffractipn calculation. The ground factor is spatially constant with G = 0,5. The scenario ig’shown |n
Figures |7 and 18.

(2
+
7
H

+ 2]

S R
Key
S  sourg¢e

R  receiper
H objeq

(i

Figure 17 — Screening cubic building’between source and receiver at low height

Figure 18 — 3D-presentation of scenario TC10

Tables 72 and 73 contain the modified and additional input parameters, and Tables 74 to 83 show the
intermediate and final results.

Table 72 — Coordinates of source S and receiver R

. X y Z
Point
(m) (m) (m)
S 50 10 1
R 70 10 4
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Table 73 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y z
No No (m) (m) (m)
1 1 55 5 10
1 2 65 5 10
1 3 65 15 10
1 4 55 15 10

Table 74 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y
(m) (m)
1 0
2 0
3 10
4 15 10
5 15 0
6 20 0

Table 75 — Mean ground plane MGP and averaged ground factors (homogeneous)

Parameter S->0, 0,->R | S->Rright | S->Rleft
a (MGP) 0,00 0,00 0,00 0,00
b (MGP) in m 0,00 0,00 0,00 0,00
z;inm 1,00 10,00 1,00 1,00
Zyinm 10,00 4,00 4,00 4,00
d,inm 5,00 5,00 24,15 24,15
Gpath 0,50 0,50 0,50 0,50
G'Gath 0,50 0,50 0,50

Table 76 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,00 -1,00
R'(0->R) 20,00 -4,00

Table 77 — Calculation of the path length differences 6

Parameter SR SR SR Lateralright— —kateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3 - - - -
No(0,) 4 4 4 4 4 4 - - - -
d 20,22 | 20,22 | 2062 | 20,62 | 20,62 | 20,62 | 20,22 20,22| 20,22 20,22
dg, 10,30 | 10,30 | 12,08 | 12,08 | 10,30 | 10,30 | 711 7,11 7,11 7,11
d,, 7,81 7,81 781 | 781 | 14,87 | 1487 | 711 7,11 7,11 7,11
e 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10,11 | 10,11 | 10,11 | 10,11
s 7,88 7,88 928 | 9,28 | 14,55 | 14,55 | 4,12 4,12 4,12 4,12
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Table 78 — Determination of Aboundary_H

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agig(s,R) 18,23 21,88 26,33 30,63 34,21 37,39 40,45 43,47
A round.(5.0) 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
A ground,OR) 1,50 | 1,50 | -1,50 | 1,50 | -1,50 | -1,50 | -1,50 | -1,50
Agits'p) 1891 | 22,58 | 2703 | 31,33 | 3492 | 3810 | 41,16 | 44,18
Agites.) 20,80 | 24,51 | 2897 | 33,28 | 36,87 | 40,05 | 43,11 | 46,13
Around(5.0) 1,40 1,39 1,59 1,39 1,59 =1;39 1,59 =1;39
A oundior) 414 | 4,13 | 113 | 4,13 | 1,13 | 4,13 | 1,13 | 1,13
Aqir 15,69 19,36 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48
4 ground(S,R) B B B B B B B .

AboundaryH 15,69 19,36 22,48 22,48 22,48 22,48 22,48 22,48

Table 79 — Determination of Ay, ,,qary

flin Hz 63 125 | 250 | 500 | 1000 | 2000~\4000 | 8000
Asiesny 18,23 | 21,88 | 26,32 | 30,63 | 34,21 | 37%39) | 40,45 | 4347
Aoround,(5.0) 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | ;50 | -1,50 | -1,50
Around.(0.1) 4,50 | 1,50 | -1,50 | -1,50 | -1,50-4 -1,50 | -1,50 | -1,50
Qs 1891 | 22,58 | 2703 | 31,33 | 34927 | 38,10 | 41,16 | 44,18
A iecs vy 20,80 | 24,51 | 2897 | 33,28 (. 36,87 | 40,05 | 43,11 | 46,13
A round(s.o) 1,40 | -1,39 | -1,39 | -1,39| -1,39 | -1,39 | -1,39 | -1,39
4 voundion) 1,14 | 1,13 | 1,13 | 143 | -1,13 | -1,13 | -1,13 | -1,13
Agie 1569 | 19,36 | 22,48. (22,48 | 22,48 | 22,48 | 22,48 | 22,48
/ ground(S,R] B B y 3 B B B B

Avoundaryr 15,69 | 19,36 |.22048 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48

Table 80 — Step by step and final results related to the propagation in the vertical plane

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

Ly in dB 93 98 93 93 93 93 93 93

Xoerm 0,12 0,41 1,04 | 193 366 | 966 | 32,77 | 116,88

A, indp 0,005 0,01 0,02 004 | 007 | 020 | 066 | 236

Ay, in dB 3712 | 3712 | 3712 | 3712 | 3712 | 3712 | 3712 | 3712
Apoundaryfis in dB 1569 | 19,36 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48
Apoundarr in dB 1569 | 19,36 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48 | 22,48 | Total
Lyin dB 40,19 | 36,52 | 33,38 | 33,36 | 33,33 | 33,21 | 32,74 | 31,04 | 4426
LgindB 40,19 | 36,52 | 33,38 | 33,36 | 33,33 | 3321 | 32,74 | 31,04 | 4426
LindB 40,19 | 36,52 | 33,38 | 33,36 | 33,33 | 33,21 | 32,74 | 31,04 | 44,26
A-weighting in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,in dB 1399 | 2042 | 2478 | 30,6 | 33,33 | 3441 | 33,74 | 2994 | 39,88

Table 81 — Ground attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right

w (H) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cr(H) 24,24 | 24,59 | 26,01 | 28,28 | 20,54 5,05 0,52 0,10
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Table 81 (continued)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Aground,n in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50
w (F) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cr(F) 24,24 24,59 26,01 28,28 | 20,54 5,05 0,52 0,10

Aground,F in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50
lateral left

w-H 566 5,60 506 -6+ etas; -4+ 216 43
Cr(H) 24,24 24,59 26,01 28,28 | 20,54 5,05 0,52 0,10

Agroung y in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 1,50
w (F) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cf(F) 24,24 24,59 26,01 28,28 | 20,54 5,05 0,52 0,10

Aground,F in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50

Table 82 — Calculation of the linear partial levels related to the right lateral pat]

=]

(homogeneous)
Ilateral right (H)
flin Hz 63 125 250 500 1000 2000 4000 8000
I}, in dB 93 93 93 93 93 93 93 93
Ratm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
4,mindB 0,00 0,01 0,03 0,05 0,09 0,24 0,80 2,84
44y in dB 37,12 37,12 37,12 37,12 37,12 37,12 37,12 37,12
Asrounan in dB 1,50 | -1,50 | -1,505%* -1,50 | -1,50 | -1,50 | -1,50 | -1,50
A4igy in dB 15,59 19,16 23;56 27,83 31,40 34,58 37,63 40,65
4;;indB 51,21 54,78 59,20 63,49 67,10 70,43 74,04 79,11 Total
Iy in dB 41,79 38,22 33,80 29,51 25,90 22,57 18,96 13,89 44,10

Table 83 —\Calculation of the A-weighted sound pressure level

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

If;;(vert) in dB 40,19 36,52 33,38 33,36 33,33 33,21 32,74 31,04

Il (right) in dB 41,79 38,22 33,80 29,51 25,90 22,57 18,96 13,89

Il;(left) in dB 41,79 38,22 33,80 29,51 25,90 22,57 18,96 13,89

I};;(tot) in dB 46,09 42,49 38,44 35,97 34,67 33,90 33,09 31,20

If(vert) indB 40,19 36,52 33,38 33,36 33,33 33,21 32,74 31,04

I} (right)in dB 41,79 38,22 33,80 29,51 25,90 22,57 18,96 13,89

Il(deft) in dB 41,79 38,22 33,80 29,51 25,90 22,57 18,96 13,89

Lg(tot) in dB 46,09 42,49 38,44 35,97 34,67 33,90 33,09 31,20 Total
LindB 46,09 42,49 38,44 35,97 34,67 33,90 33,09 31,20 48,92
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0 1,2 1 -1,1

L,indB 19,89 26,39 29,84 32,77 34,67 35,10 34,09 30,10 41,19

6.2.12 TC11 — Flat ground with homogeneous acoustic properties and cubic object - receiver at
large height

The aim of this test case is to check the inclusion of the upper roof-surface in the calculation of the mean
ground plane MGP and the averaged ground factors G,,;,. The ground factor of the terrain is spatially
constant with G = 0,5. The test case is shown in Figures 19 and 20.
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Figure 19 — Screening cubic object - receiver at large height
AP
Figure 20 — 3D-presentation of scenario TC11
Table 84 contains the new receiver height, and Tables 85 to 97 show the intermediate and the finjl
results. The calculation of partial sound pressure levels due to lateral diffraction is only shown for the
right latgral path in Table 96 - due/to symmetry, the results for the left path are identical.
Table 84 — Coordinates of source S and receiver R
Point X Y ’
(m) (m) (m)
S 50 10 1
R 70 10 15
34
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Table 85 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y
(m) (m)
1 0 0
2 5 0
3 5 10
4 15 10
5 15
6 20

Table 86 — Mean ground plane MGP and averaged ground factors'(homogeneous)

Parameter S->0, 0,->R | S->Rright\|* S->R left

a (MGP) 0,00 -0,89 0,10 0,10

b (MGP) in m 0,00 17,78 0,13 -0,13
z;inm 1,00 0,00 1,13 1,13
Z,inm 10,00 11,21 12,59 12,59
d,inm 5,00 7,89 24,98 24,98
Gpath 0,50 0,17 0,44 0,44
G'hath 0,50 0,50 0,50

Table 87 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
SNES->0) 0,00 -1,00
R'(0->R) 5,10 -1,76

Table-88 — Calculation of the path length differences §

Parameter S->R S'->R S->R’ Lateral right Later3l left
@) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3 - - - -
No(0,) 3 3 3 3 3 3 - - - -
d 24,41 24,41 25,61 | 25,61 5,80 5,80 24,41 24,41| 2441 24,41
dy, 10,30 10,30 12,08 | 12,08 | 10,30 10,30 7,89 7,89 7,89 7,89
d, 15,81 15,81 15,81 | 15,81 | 11,76 11,76 10,05 | 10,05 | 10,05 10,05
e 0,00 0,00 0,00 0,00 0,00 0,00 9,59 9,59 9,59 9,59
1,69 1,69 2,28 2,28 16,25 16,25 3,12 3,12 3,12 3,12

Table 89 — Determination of Aboundaryyﬂ

fin Hz 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
AgitcsR) 1192 | 1446 | 1723 | 20,11 | 23,06 | 26,04 | 29,03 | 32,03
Aground,(5.0) 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Aground,(O.R) -2,50 | -2,50 | -2,50 | -2,50 | -2,50 | -2,50 | -2,50 | -2,50
Agigcsir) 12,99 | 1563 | 1846 | 21,37 | 24,34 | 2732 | 30,32 | 33,33

© IS0 2020 - All rights reserved 35


https://standardsiso.com/api/?name=c0cdd72a9bf6d970002461815fa274b8

ISO/TR 17534-4:2020(E)

Table 89 (continued)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agig(s,r 2092 | 23,84 | 26,82 | 29,82 | 32,82 | 3583 | 38,84 | 41,85
Aground(s,0) -1,34 -1,32 -1,32 -1,31 -1,31 -1,31 -1,31 -1,31
Aground(0,R) -0,97 -0,93 -091 -0,90 -0,89 -0,89 -0,89 -0,89
Aqgir 9,61 12,20 | 15,00 17,90 20,86 | 22,80 | 22,80 | 22,80
Aground(S,R) - - - - - - - -

boundary T 561 12261566 1756 26;86—2280—T22;80—122;86

Table 90 — Determination of Aboundary,F

flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8,000
Qs 1192 | 1446 | 17,23 | 20,11 | 23,06 | 26,04 | 29,03 {'32,03
Aoround,5.0) 4,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50_\ -1,50
Aeround o0 2,50 | 2,50 | -2,50 | -2,50 | -2,50 | -2,50 | 250 | -2,50
Zdif(S',R) 12,99 15,63 18,46 21,37 24,34 27,32 30,32 33,32
Aiees vy 2092 | 23,84 | 26,82 | 29,82 | 32,82 | 3583)] 38,84 | 41,85
4 round(s.o) 41,34 | -1,32 | -1,32 | -1,31 | -1,31 | ~b31 | -1,31 | -1,31
4 rounaion) 097 | -093 | -091 | -090 | -0,89% -0,89 | -0,89 | -0,89
A 9,61 12,20 15,00 17,90 20,86 22,80 22,80 22,80
/ground(S,R) B B B B B B - B

Apoundary s 9,61 | 12,20 | 1500 | 1790, 20,86 | 22,80 | 22,80 | 22,80

Table 91 — Step by step and final results related to the propagation in the vertical plane

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

L, in dB 93 93 93 93 93 93 93 93

Xoerm 0,12 0,41 £$504 | 193 366 | 966 | 3277 | 116,88

Ay in dB 0,00 | 001 [ 0,03 005 | 009 | 024 | 080 | 285

Agiy in dB 38,75 | 38,753 3875 | 3875 | 3875 | 3875 | 3875 | 3875
Apoundaryjis in dB 961 | 12,20 | 1500 | 1790 | 20,86 | 22,80 | 22,80 | 22,80
Apoundarr in dB 9,61 (12,20 | 1500 | 1790 | 20,86 | 22,80 | 22,80 | 22,80 | Total
Ly in dB 44,657 42,04 | 3922 | 36,30 | 33,30 | 31,21 | 30,64 | 28,59 | 48,00
LgindB 44)64 | 42,04 | 3922 | 36,30 | 33,30 | 31,21 | 30,64 | 2859 | 48,00
Lin dB 44,64 | 42,04 | 3922 | 36,30 | 33,30 | 31,21 | 30,64 | 28,59 | 48,00
A-weightling in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,in dB 1844 | 2594 | 30,62 | 33,10 | 33,30 | 32,41 | 31,64 | 2749 | 39,80

Table 92 — Height profiles along the direct and the two lateral paths (homogeneous)

z-profile S-0 z-profile O-R z-profile right z-profile left
u z u z u z u z

(m) (m) (m) (m) (m) (m) (m) (m)
0,00 0,00 5,00 10,00 0,00 0,00 0,00 0,00
5,00 0,00 15,00 10,00 7,07 0,00 7,07 0,00
15,00 0,00 14,93 0,00 14,93 0,00

20,00 0,00 14,94 0,00 14,94 0,00
14,94 10,00 1494 10,00
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Table 92 (continued)

z-profile S-0 z-profile O-R z-profile right z-profile left
u z u z u z u z
(m) (m) (m) (m) (m) (m) (m) (m)
17,55 10,00 17,55 10,00
17,55 0,00 17,55 0,00
23,65 0,00 23,65 0,00

Table 93 — Determination of G, (homogeneous)

G-profile S -> 0 G-profile O -> R
from to length G from to length G
(m) (m) (m) (m) (m) (m)
0,00 5,00 5,00 0,5 0,00 10,00 10,00 0
Gpath 0,5 10,00 15,00 5,00 0,50
Gpath 0,17

Table 94 — G-profile along the two lateral paths (homogeneous)

G-profile lateral right G-profile lateral left

from to length G from to length G

(m) (m) (m) () (m) (m)

0,00 7,07 7,07 0,5 0,00 7,07 7,07 0,5

7,07 14,93 7,86 0,5 7,07 14,93 7,86 0,5

14,93 17,55 2,62 0,0 14,93 17,55 2,62 0,0

17,55 23,65 6,10 0,5 17,55 23,65 6,10 0,5

Table 95 — Ground.attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right
w (H) 0,00 0,00 0,00 0,01 0,08 0,40 2,07 9,99
Cf(H) 25,07 25,45 26,93 29,26 21,08 511 0,53 0,10
Agrounap in(aB 451 | -4,51 | 4,51 | -1,51 | -1,51 | -1,51 | -1,51 | -1,51
w (F) 0,00 0,00 0,00 0,01 0,06 0,31 1,60 7,90
Cr(F) 25,05 | 25,34 | 26,56 | 29,11 | 23,63 7,01 0,74 0,13
Astouna r in dB -1,51 -1,51 -1,51 -1,51 -1,51 -1,51 -1,51 -1,51
lateral left
w (H) 0,00 0,00 0,00 0,01 0,08 0,40 2,07 9,99
Cr(H) 25,07 | 2545 | 2693 | 29,26 | 21,08 511 0,53 0,10
Agrounan in dB 151 | 1,51 | 4,51 | 1,51 | 1,51 | -1,51 | -1,51 | -1,51
w (F) 0,00 0,00 0,00 0,01 0,06 0,31 1,60 790
C¢ (F) 25,05 25,34 | 26,56 29,11 23,63 7,01 0,74 0,13
Agroundr in dB 451 | -4,51 | 4,51 | -1,51 | -1,51 | -1,51 | -1,51 | -1,51
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Table 96 — Calculation of the linear partial levels related to the right lateral path

(homogeneous)
Lateral right (H)
fin Hz 63 125 250 500 1000 2000 | 4000 8000
Ly indB 93 93 93 93 93 93 93 93
Ay (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A, in dB 0,00 0,01 0,03 0,05 0,10 0,27 0,90 3,22
Ay ind 3875 | 3875 | 3875 | 3875 | 3875 | 3875 | 38375 | 3875
Agrounaufin dB 451 | 4,51 | 4,51 | -1,51 | -1,51 | -1,51 | -1,51 | -1,51
Agiey indB 14,47 1792 22,26 26,57 30,18 33,37 36,43 39,45
AyindB 51,72 55,18 59,53 63,86 67,52 70,88 74,57 7991 Total
LyindB 41,28 37,82 33,47 29,14 25,48 22,12 18,43 13509 43,64

Table 97 — Partial and total sound pressure levels for all three propagation paths

fin Hz 63 125 250 500 1000 2000 | 4000 8000 Total
L, in dB pver top 18,44 2594 30,62 33,10 33,30 32,41 31,64 27,49 39,80
L, in dB right 15,08 21,72 24,87 2594 25,48 23,32 19,43 11,99 31,91
L, in dB Jeft 15,08 21,72 24,87 2594 25,48 23,32 19,43 11,99 31,91
L,indB 21,28 28,39 32,47 34,51 34,54 33,37 32,14 27,73 41,03

6.2.13 TC12 — Flat ground with homogeneous acoustic properties and polygonal object —
Receiver at low height

The aim|of this test case, shown in Figures 21 and, 22;*is to check the calculation of diffraction with|a
more complex shape of the screening object. The griound factor of the terrain is spatially constant with
G=0,5.

2]

+)

Key
S sourge

R receiver
H objegt
1to 8 edge numbers

Figure 21 — Screening polygonal object — Receiver at low height
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Figure 22 — 3D-presentation of scenario TC12

hbles 98 and 99 contain the input parameters, and Tables 100 to 110 show the intepmediate

Table 98 — Coordinates of source S and receiver R

. X y Z
Point
(m) (m) (m)
S 0 10 1
R 30 20 6

Table 99 — Coordinates of acoustically epaque objects (buildings)

Object Edge X y z
No No (m) (m) (m)
1 1 11,0 15,5 10,0
1 2 12,0 13,0 10,0
1 3 14,5 12,0 10,0
1 4 17,0 13,0 10,0
1 5 18,0 15,5 10,0
1 6 17,0 18,0 10,0
1 7 14,5 19,0 10,0
1 8 12,0 18,0 10,0

Table 100 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y

(m) (m)
1 0,00 0,00
2 12,26 0,00
3 12,26 10,00
4 18,82 10,00
5 18,82 0,00
6 31,62 0,00
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Table 101 — Mean ground plane MGP and averaged ground factors (homogeneous)

Parameter S->01 0,->R | S->Rright | S->Rleft
a (MGP) 0,00 0,00 0,00 0,00
b (MGP) in m 0,00 0,00 0,00 0,00
z;inm 1,00 10,00 1,00 1,00
Z,inm 1000 600 6,00 6,00
dp inm 12,26 12,80 32,11 32,66
Gpath 0,50 0,50 0,50 0,50
G'oath 0,50 0,50 0,50
Table 102 — Coordinates of mirror points (homogeneous)
Mirror points u (m) v (m)
S'(S->0) 0,00 -1,00
R' (0 ->R) 31,62 -6,00
Table 103 — Calculation of the path length differences
Paramegter S->R S'->R S->R’ Lateral right Lateral left
(H) (F) (H) (F) (H) F) (H) (F) (H) (F)
No(O}) 3 3 3 3 3 3 - - - -
No(0},) 4 4 4 4 4 4 - - - -
d 32,02 32,02 32,39 32,39 32,39 32,39 32,02 32,02 32,02 32,02
dg 15,21 15,21 16,47 16,47 15,21 15,21 14,81 14,81 14,59 14,59
dg, 13,41 13,41 13,41 13,41 20,49 20,49 14,94 14,94 15,71 15,71
e 6,55 6,55 6,55 6555 6,55 6,55 2,74 2,74 2,74 2,74
3,17 3,16 4,06 4,05 9,87 9,87 0,48 0,48 1,03 1,03
Table’104 — Determination of A, ndary, 1
flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Qs 14,37 | 17,50 | 21,47 | 2597 | 2998 | 33,36 | 36,47 | 39,50
Aeround 5,0 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Aeround, 0.8 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Qaiscs.m) 15,34 | 18,53 | 22,52 | 2704 | 31,05 | 34,43 | 37,54 | 40,58
AuissRy 18,98 22,28 | 26,34 | 30,89 3491 38,29 41,41 44,44
4,59 s 1,35 | 1,35 | 1,34 | 1,34 | 1,34 | 134 | 1,34 | -1,34
A ground(0.R) -091 | -090 | -0,89 | -0,88 | -0,88 | -0,88 | -0,88 | -0,88
Aqgir 12,10 15,26 19,24 | 22,78 | 22,78 | 22,78 | 22,78 | 22,78
Aground(s,R) - - - - - - - -
AboundaryH 12,10 15,26 19,24 22,78 22,78 22,78 22,78 22,78
Table 105 — Determination of Apoundary,F
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agit(sR) 14,37 | 1750 | 21,46 | 2597 | 2998 | 33,35 | 3647 | 39,50
Aground (5.0) 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
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Table 105 (continued)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Aground,(O.R) 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Agig(s' R) 15,34 18,52 22,52 27,04 31,05 34,43 37,54 | 40,58
Agif(s,R 18,97 22,28 | 26,34 | 30,89 3491 38,29 41,41 44,44
Ay round(s,0) 1,35 | 1,35 | -1,34 | -1,34 | -1,34 | -1,34 | -1,34 | -1,34
Aground(0,R) -091 -090 | -0,89 | -0,88 | -0,88 | -0,88 | -0,88 | -0,88
ATT 1216 1526 1924 22578 22578 22578 22578 22578
Aground(S,R) - - - - - - - 1

Apoundary.F 12,10 | 1526 | 19,24 | 22,78 | 22,78 | 22,78 | 22,78 [)22,78

Table 106 — Step by step and final results related to the propagation in thevertical plane

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

1l,,in dB 93 93 93 93 93 93 93 93

Qe 0,12 0,41 1,04 | 193 | 366 | 966 | 32,77 | 116,88

Ao in dB 000 | 001 | 003 | 006 | 012 [C031 1,05 3,74

Agiy in dB 4111 | 41,11 | 41,11 | 41,11 | 4111~ 41,11 | 41,11 | 41,11
Aboundaryn in dB 12,00 | 1526 | 19,24 | 22,78 | 2278 | 22,78 | 22,78 | 22,78
Aboundaryr in dB 12,0 | 1526 | 19,24 | 22,78 |[{2278 | 22,78 | 22,78 | 22,78 || Total
1l in dB 3978 | 36,62 | 32,62 | 29,05~ 29,00 | 2880 | 28,06 | 2537 || 42,85
Il in dB 3979 | 36,62 | 32,62 | 2905 | 29,00 | 2880 | 2806 | 2537 || 42,85
1lin dB 3978 | 36,62 | 32,62 |*29,05 | 29,00 | 2880 | 2806 | 2537 || 42,85
A-weighting in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

1l,indB 13,58 | 20,52 | 2402 | 2585 | 29,00 | 30,00 | 29,06 | 24,27 | 35,61

Table 107 — Ground aftenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right

w (H) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cr(H) 32,26 | 32,87 | 3513 | 3743 | 23,55 4,65 0,49 0,10

Agroung i IvdB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50
w (F) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cr(F) 32,26 | 32,87 | 3513 | 3743 | 23,55 4,65 0,49 0,10

Agrstna,r in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50
lateral left

w (H) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cr(H) 32,82 | 33,45 | 35,78 | 38,05 | 23,71 4,62 0,49 0,10

Aground,n in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50
w (F) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
Cr(F) 32,82 | 33,45 | 3578 | 38,05 | 23,71 4,62 0,49 0,10

Aground,r in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50

© IS0 2020 - All rights reserved 41


https://standardsiso.com/api/?name=c0cdd72a9bf6d970002461815fa274b8

ISO/TR 17534-4:2020(E)

Table 108 — Calculation of the linear partial levels related to the right lateral path

(homogeneous)
Lateral right (H)
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly in dB 93 93 93 93 93 93 93 93
Qaem (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A, indB 0,00 0,01 0,03 0,06 0,12 0,31 1,06 3,80
Agiy in dB 41,11 41,11 41,11 41,11 41,11 41,11 41,11 41,11
Agrounaufin dB 1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Agie indB 8,17 10,09 12,67 16,13 20,46 24,62 28,11 31,25
Ay indB 47,78 49,71 52,31 55,80 60,19 64,54 68,78 74,66 Total
LyindB 45,22 43,29 40,69 37,20 32,81 28,46 24,22 18,34 48,72
Table 109 — Calculation of the linear partial levels related to the right lateral path (favourablg¢)
Lateral fight (F)
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
QAo (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
Ay indB 0,00 0,01 0,03 0,06 0,12 0,31 1,06 3,80
Ayiy in dB 41,11 41,11 41,11 41,11 41,11 41,11 41,11 41,11
Aground,r|n dB 41,50 | -1,50 | -1,50 | -1,50%%| -1,50 | -1,50 | -1,50 | -1,50
Agip in dB 8,17 10,09 12,67 16,13 20,46 24,62 28,11 31,25
ApindB 47,78 49,71 52,31 55,80 60,19 64,54 68,78 74,66 Total
LpindB 45,22 43,29 40,69 37,20 32,81 28,46 24,22 18,34 48,72
Table 110 — Partial and total sound pressure levels for all three propagation paths
fIn Hz 63 125 250 500 | 1000 | 2000|4000 | 8000 | Total
L}, in dB over top 13,58 7| 20,52 | 24,02 | 25,85 | 29,00 | 30,00 | 29,06 | 24,27 | 35,61
L} in dB right 19,02 | 27,19 | 32,09 | 34,00 | 32,81 | 29,66 | 25,22 | 17,24 | 39,01
L} in dB left 1691 | 24,61 | 29,16 | 30,84 | 29,54 | 26,35 | 21,89 | 13,86 | 3590
LjindB 21,81 | 29,66 | 34,31 | 36,14 | 35,57 | 33,72 | 31,12 | 25,37 | 41,90
6.2.14 TC13 —Ground with spatially varying heights and acoustic properties and polygonal obje¢t
The aim|df-this test case is to check the combination of different ground heights and ground factors

below screened direct paths and Iateral propagation paths. Contour lines and geometry of areas of

constant ground factor G are the same as in TCO5 (Tables 16 and 17), but the sequential arrangement of
G-values is modified (see Figures 23 and 24 and Table 112).
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Figure24'— 3D-presentation of scenario TC13

hbles 111 to 113 contain(the modified and new input parameters, and Tables 114 to 127 {

Table 111 — Coordinates of source S and receiver R

. X Y Z
Point
(m) (m) (m)
S 10 10 1
R 200 50 28,5

Table 112 — Rectangular areas with constant ground factor G

G X
(m) (m)
min max min max
0,5 0 50 -20 80
0,9 50 150 -20 80
0,2 150 225 -20 80
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Table 113 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y
No No (m) (m) (m)
1 1 169,4 41,0 30,0
1 2 172,5 33,5 30,0
1 3 180,0 30,4 30,0
1 4 187,5 33,5 30,0
t 5 196;6 %159 36;0
1 6 187,5 48,5 30,0
1 7 180,0 51,6 30,0
1 8 172,5 48,5 30,0

Table 114 — Deter

mination of G,,,;, (homogeneous)

G-profile S -> 0 G-profile O ->.R

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,88 40,88 0,5 0,00 12,33 12,33 0,2
40,88 143,07 102,19 09 Gpath 0,20
143,07 164,07 21,00 0,20

Gpath 0,71

Table 115 — G-profile along the two lateral paths (homogeneous)

G-profile lateral right G-profile lateral left

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,29 40,29 0,5 0,00 41,18 | 41,18 0,5
40,29 141,00 100,72 09 41,18 144,13 | 102,95 09
141,00 171,22 30,21 0,2 144,13 175,02 | 30,88 0,2
171,22 179,34 8,12 0,2 175,02 195,08 | 20,07 0,2
179,34 200504 20,70 0,2 Gpath 0,63

Gpath 0,61

Table 116 — Height profiles along the direct and the two lateral paths (homogeneous)

z=profile S-0 z-profile O-R z-profile right z-profile left

u z u z u z u z
(m) (m) (m) (m) (m) (m) (m) (m)
0,00 0,00 181,83 10,00 0,00 0,00 0,00 0,00
112,41 0,00 194,16 10,00 110,79 0,00 113,25 0,00

164,07 7,78

171,22 9,23

175,02 9,23

176,63 10,00

180,04 10,00

179,34 10,00

195,08 10,00

200,04 10,00
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Table 117 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y
(m) (m)
1 0,00 0,00
2 112,41 0,00
3 164,07 7,78
7% 164,07 36,00
5 181,83 30,00
6 181,83 10,00
7 194,16 10,00
Table 118 — Mean ground plane MGP and averaged ground factors\(homogeneous)
Parameter S->04 0,->R | S->Rright {“S=>R left
a (MGP) 0,04 0,00 0,06 0,05
b (MGP) in m -1,68 10,00 -2;99 -2,82
z;inm 2,68 20,00 3,98 3,82
Z,inm 25,86 18,50 19,83 20,69
d,in m 164,99 12,33 201,30 196,29
Gpath 0,71 0,20 0,61 0,63
G ath 0,54 0,53 0,54
Table 119 — Coordinates-of mirror points (homogeneous)
Mirror points u (m) v (m)
S' (S.=>0) 0,19 -4,35
RO -> R) 194,16 -8,50
Table 120 — Calculation of the path length differences ¢
Parameter S->R S'->R S->R' Lateral right Later3l left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(0,) 4 4 4 4 4 4 - - - -
No(0,) 5 5 5 5 5 5 - - - -
d 196,10 | 196,23 | 196,74 | 196,87 | 194,40 | 194,52 | 196,10 196,10| 196,10 196,10
dgg 166,61 | 166,69 | 16744 | 167,52 | 166,61 | 166,69 | 17291 | 172,91 | 176,76 || 176,76
dg) 12,42 12,42 12,42 12,42 40,43 40,43 20,82 20,82 20,25 20,25
e 17,76 1776 1776 17,76 17,76 17,76 8,20 8,20 0,00 0,00
o 0,70 0,65 0,89 0,84 30,41 30,36 5,83 5,83 091 091
Table 121 — Determination of Aboundar}},‘H
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agig(s Ry 9,76 13,15 17,15 20,71 23,88 26,92 29,93 32,94
Aground,(5.0) 1,38 | -1,38 | -1,38 | -1,38 | -1,38 | -1,38 | -1,38 | -1,38
Aground,(OR) 2,40 | 240 | -240 | 2,40 | 2,40 | 2,40 | 2,40 | -2,40
Agigs'R) 10,52 | 14,08 | 18,17 | 21,75 | 24,94 | 2798 | 31,00 | 34,01
Agit(sR) 24,55 | 28,89 | 33,30 | 3700 | 40,23 | 43,30 | 46,32 | 49,34
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Table 121 (continued)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ay round(s,0) 1,27 | 1,25 | 1,24 | -1,23 | -1,23 | -1,23 | -1,23 | -1,23
A ground(0.R) -049 | -044 | -042 | -041 | -041 | -041 | -041 | -0,41
Agir 8,00 11,46 | 15,50 | 19,06 | 22,24 | 23,36 | 23,36 | 23,36
Aground(sR) - - - - - - - -

Apoundary.H 8,00 | 11,46 | 1550 | 19,06 | 22,24 | 23,36 | 23,36 | 23,36

Table 122 — Determination of Ay, ngary,r

flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Asissn) 9,54 | 12,88 | 16,85 | 20,40 | 23,57 | 26,60 | 29,62 | 32,62
Around,5.0) 1,38 | -1,38 | -1,38 | -1,38 | -1,38 | -1,38 | -1,38 {.-1,38
Aeround on) 2,40 | 2,40 | -2,40 | 2,40 | -2,40 | 2,40 | -2,40_\ -2,40
Aaiss ) 10,34 | 13,86 | 1793 | 21,51 | 24,69 | 2774 | 3075 | 33,76
A4ie(s,r 24,55 | 28,88 | 33,30 | 37,00 | 40,22 | 43,29,\46,32 | 49,33
4 round(s,0) 1,27 | 1,24 | 1,23 | 1,22 | 1,22 | 1,227 1,22 | 1,22
4 roundaion) -048 | -043 | -041 | -0,40 | -0,40 | ~0,40 | -0,40 | -0,39
Aqit 7,80 11,21 | 15,22 | 18,78 | 21,9534 23,38 | 23,38 | 23,38
Aground(s,R) - - - - S - - -

Apoundary 780 | 11,21 | 1522 | 18,78 | 21,95 | 23,38 | 23,38 | 23,38

Table 123 — Step by step and final results related.to the propagation in the vertical plane

fin Hz 63 125 250 560 | 1000 | 2000 | 4000 | 8000

Ly in dB 93 93 93 93 93 93 93 93

T 012 | 041 | 1,04L[ 193 | 366 | 966 | 3277 | 116,88

Ay indp 002 | 008 | 020 | 038 | 072 1,90 | 643 | 2292

Ay, indB 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85
Apoundargt i dB 8,00 | 11463 1550 | 19,06 | 22,24 | 23,36 | 23,36 | 23,36
Apoundaryr in dB 780 | (1,21 | 1522 | 1878 | 21,95 | 23,38 | 23,38 | 23,38 | Total
Lyin dB 28,13 24,61 | 2045 | 1671 | 13,19 | 1090 | 6,36 | -10,13 | 30,55
LgindB 28,3341 24,86 | 2073 | 1700 | 13,49 | 1087 | 634 | -10,16 | 30,77
LindB 2823 | 2473 | 20,59 | 16,85 | 13,34 | 10,88 | 6,35 | -10,14 | 30,66
A-weighting in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,indB 2,03 | 863 | 1199 | 13,65 | 13,34 | 12,08 | 735 | -11,24 | 19,60

Table 124 — Ground attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right

w (H) 0,00 0,00 0,00 0,02 0,09 0,48 2,42 11,50
Cr(H) 207,46 | 223,88 | 230,36 | 122,25 | 18,84 2,12 0,41 0,09

A roundn in dB -1,40 -1,40 -1,40 -1,40 -1,40 -1,40 -1,40 -1,40
w (F) 0,00 0,00 0,00 0,02 0,13 0,67 3,32 15,27
Cr(F) 209,72 | 228,83 | 218,90 | 92,01 | 11,30 1,50 0,30 0,07

Aground,F in dB -1,40 -1,40 -1,40 -1,40 -1,40 -1,40 -1,40 -1,40

lateral left
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Table 124 (continued)
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
w (H) 0,00 0,00 0,00 0,02 0,09 0,48 2,46 11,67
Cr(H) 202,25 | 218,20 | 224,79 | 119,88 | 18,59 2,08 0,41 0,09
Agroung in dB -1,39 -1,39 -1,39 -1,39 -1,39 -1,39 -1,39 -1,39
w (F) 0,00 0,00 0,00 0,03 0,14 0,72 3,56 16,24
Cr(F) 204,90 | 223,86 | 211,09 | 85,42 10,19 1,39 0,28 0,06
ArormarireB +39——+39——+39——+39——+39——+H39—+—+39——+39

Table 125 — Calculation of the linear partial levels related to the right laterabpath

(homogeneous)
Ilateral right (H)
flin Hz 63 125 250 500 1000 2000 4000 8000
I}, in dB 93 93 93 93 93 93 93 93
Ratm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
4,mindB 0,02 0,08 0,21 0,39 0,74 1,95 6,62 23,60
44iyin dB 56,85 56,85 56,85 56,85 56,85 56,85 56,85 56,85
Agrounan in dB 1,40 | -1,40 | 1,40 | -1,40 | -140 | -1,40 | -1,40 | -1,40
A4igy in dB 16,88 20,30 24,57 29,02 32,80 36,06 39,13 42,16
4;;indB 72,35 75,83 80,23 84,86 88,98 93,45 101,20 | 121,21 || Total
Il;;in dB 20,65 17,17 12,77 8,14 4,02 -0,45 -8,20 -28,21 22,95

Table 126 — Calculation of the linear partial levels related to the left lateral path

(hémogeneous)
Ilateral left (H)
flin Hz 63 125 250 500 1000 2000 4000 8000
I}, in dB 93 93 93 93 93 93 93 93
Rarm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A,tmindB 0,02 0,08 0,21 0,38 0,72 1,90 6,46 23,03
Ay in dB 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85 | 56,85
Agrounan in dB 1,39 | 1,39 | 1,39 | -1,39 | -1,39 | -1,39 | -1,39 | -1,39
A4igy in dB 9,89 12,15 14,74 17,53 20,42 23,37 26,35 29,35
4yindB 65,37 67,68 70,40 73,36 76,60 80,73 88,26 107,83 Total
I;;in dB 27,63 25,32 22,60 19,64 16,40 12,27 4,74 -14,83 30,99

Table 127 — Partial and total sound pressure levels for all three propagation path

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000 | Total
L, in dB over top 2,03 8,63 11,99 13,65 13,34 12,08 7,35 -11,24 19,60
L, in dBright -5,55 1,07 4,17 4,94 4,02 0,75 -7,20 -29,31 10,49
L, in dB left 1,43 9,22 14,00 16,44 16,40 13,47 5,74 -15,93 21,72
LyindB 5,14 12,29 16,39 18,47 18,31 15,97 9,72 -9,92 24,00

6.2.15 TC14 — Flat ground with homogeneous acoustic properties and polygonal object —
Receiver at large height

The aim of this test case, shown in Figures 25 and 26, is to check the correct ray geometry for the direct
and laterally diffracted sound. The ground factor of the terrain is spatially constant with G = 0,2.
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Figure 25 — Screening polygonal object — Receiver at large height
/
/
z
y N
Figure 26 — 3D-présentation of scenario TC14

Table 128 contains the new receiver height as input parameter, and Tables 129 to 145 show t}

intermediate and the final results.
Table 128 — Coordinates of source S and receiver R
Point X Y z
(m) (m) (m)
S 8 10 1
R 25 20 23
Table 129 — Determination of G,;, (homogeneous)
G-profile S -> 0 G-profile O -> R
from to length G from to length G
(m) (m) (m) (m) (m) (m)
0,00 5,39 5,39 0,2 0,00 6,10 6,10 0
Gpath 0,2 6,10 14,33 8,23 0,20
Gpath 0,11
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Table 130 — G-profile along the two lateral paths (homogeneous)

G-profile lateral right G-profile lateral left

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 6,79 6,79 0,2 0,00 8,95 8,95 0,2

6,79 8,27 1,49 0,2 8,95 9,52 0,57 0,2

8,27 8,29 0,02 0,2 9,52 9,53 0,01 0,2

8,29 16716 18 6,6 953 1248 2795 6,6

10,10 20,07 9,97 0,2 12,48 22,12 9,64 0,2
Gpath 0,18 Gpath 0,17

z-profile S-0 z-profile O-R z-profile right z-profile left
u A u z u A u A

(m) (m) (m) (m) (m) () (m) (m)
0,00 0,00 5,39 10,00 0,00 0,00 0,00 0,00
5,39 0,00 11,49 10,00 6,79 0,00 8,95 0,00
11,49 0,00 8,27 0,00 9,52 0,00

19,72 0,00 8,29 0,00 9,53 0,00
8,29 10,00 9,53 10,00
10,10 | 10,00 | 12,48 | 10,00

10,10 0,00 12,48 0,00

20,07 0,00 22,12 0,00

Table 132 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y

(m) (m)
1 0,00 0,00
2 5,39 0,00
3 5,39 10,00
4 11,49 10,00
5 11,49 0,00
6 19,72 0,00

Table 133 — Mean ground plane MGP and averaged ground factors (homogeneou

Table 131 — Height profiles along the direct and the two lateral paths (homogeneojus)

5)

Parameter S->04 0,->R | S->Rright | S->Rleft
a (MGP) 0,00 -1,02 -0,02 0,00
b (MGP) in m 0,00 17,11 1,13 1,35
zyinm 1,00 0,00 0,00 0,00
Zyinm 10,00 18,23 22,32 21,69
d,inm 5,39 0,72 19,57 22,08
Gpath 0,20 0,11 0,18 0,17
G'hath 0,20 0,20 0,20
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Table 134 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,00 -1,00
R'(0->R) -6,35 -2,48

Table 135 — Calculation of the path length differences &

Parameter S->R S'->R S->R' Lateral right Lateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) ()
No(0}) 3 3 3 3 3 3 - - - ]
No(0},) 3 3 3 3 3 3 - - - -
d 29,55 29,55 31,06 31,07 7,24 724 | 29,55 | 29,55 | 29,55 29,55
d 10,49 10,49 12,25 12,25 10,49 | 10,49 | 10,01 10,01 | 42,25 12,25
dg, 19,35 19,35 19,35 19,35 17,13 17,13 17,55 17,55 18,10 18,10
e 0,00 0,00 0,00 0,00 0,00 0,00 2,21 2421 0,85 0,85
0,29 0,29 0,54 0,54 20,38 | 20,38 | 0,23 0,23 1,66 1,66
Table 136 — Determination of Ay, qaryH
in Hz 63 125 250 500 1000} 2000 | 4000 | 8000
f
Aaisy 715 | 865 | 10,67 | 13,08 | 1576 | 18,59 | 21,51 | 24,48
Aground,(5.0) 2,40 | -2,40 | 240 | -2,40 32,40 | 2,40 | 2,40 | -2,40
Aground,(0,R) -2,66 -2,66 | -2,66 -2,660| -2,66 -2,66 | -2,66 -2,66
Aig(s,r) 8,43 10,37 | 12,73 | 15,38 | 18,20 | 21,11 | 24,07 | 27,05
A4ig(s,r 21,88 24,81 27,80 30,80 33,80 36,81 39,82 42,83
4round(s,0) 2,11 | 2,02 | 194 | 190 | 1,87 | -1,86 | -1,85 | -1,84
4 ound(o.R) -0,55 -0,47 0,42 -0,39 | -0,38 | -0,37 | -0,37 | -0,37
Agis 4,49 6,17 8,30 10,79 | 13,51 | 16,37 | 19,30 | 22,27
/ground(S,R) - - - - - - - -
Apoundary.H 4,49 AN6,17 | 8,30 | 10,79 | 13,51 | 16,37 | 19,30 | 22,27
Table 137 — Determination of Ay, qary,r
flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Aiis(s,r) 7,14 8,65 10,66 | 13,07 | 15,75 | 18,58 | 21,50 | 24,47
Aground (5,09 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40
Aoround BN 2,66 | -2,66 | 2,66 | -2,66 | -2,66 | -2,66 | -2,66 | -2,66
4aisw) 843 | 10,36 | 12,73 | 1538 | 1819 | 21,10 | 24,06 | 27,05
SRS 21,88 24,81 27,80 30,80 33,80 36,81 39,82 42.83
Ay round(s,0) 2,11 | 2,02 | 194 | 190 | 1,87 | -1,86 | -1,85 | -1,84
Ay ound(0,R) -0,55 -0,47 -0,42 -039 | -0,38 | -0,37 | -0,37 | -0,37
Agis 4,48 6,16 8,30 10,78 13,50 16,36 19,29 22,26
Aground(S,R) - - - - - - - -
ApoundaryF 4,48 6,16 8,30 10,78 | 13,50 | 16,36 | 19,29 | 22,26
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Table 138 — Linear octave-band sound pressure levels related to the vertical propagation plane

(homogeneous)

fin Hz 63 125 250 500 1000 2000 | 4000 8000

Ly, indB 93 93 93 93 93 93 93 93

Ayiem 0,1 0,4 1,0 19 3,7 9,7 32,8 116,9

A, indB 0,00 0,01 0,03 0,06 0,11 0,29 0,97 3,45

A4y in dB 40,41 40,41 40,41 40,41 40,41 40,41 40,41 40,41
‘éoounudry,nin dB 4,49 6,17 830 10,79 1'2"3.1 1637 19 30 2227

I;;in dB 48,10 46,41 44,26 41,74 38,97 35,94 32,33 26,87 52,15

Table 139 — Linear octave-band sound pressure levels related to the vertical priopagatipn plane

(favourable)

fin Hz 63 125 250 500 1000 | 2000\ 4000 | 8000
Ly, indB 93 93 93 93 93 93 93 93
Ayem 0,1 0,4 1,0 19 3,7 9,7 32,8 116,9
A, indB 0,00 0,01 0,03 0,06 0,11 0,29 0,97 3,45
A4y in dB 40,41 40,41 40,41 40,41 40541 40,41 40,41 40,41
Apoundarys in dB 448 | 616 | 830 | 10,78 [¢13;50 | 16,36 | 19,29 | 22,26
Lpin dB 48,10 | 46,42 | 44,26 | 41,75 38,98 35,95 32,33 | 26,88

Table 140 — Ground attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right

w (H) 0,00 0,00 0,00 0,00 0,01 0,04 0,23 1,23

Cr(H) 19,57 19,60 19,73 | 20,34 | 22,18 | 21,49 9,40 1,20

Aground,n in dB -2,40 2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40
w (F) 0,00 0,00 0,00 0,00 0,01 0,03 0,18 0,98

Cr(F) 19,57 19,59 19,70 | 20,20 | 21,86 | 22,22 | 11,29 1,67

Aground,r in dB 2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40
lateral left

w (H) 0,00 0,00 0,00 0,00 0,01 0,04 0,23 1,22

Cr(H) 22,09 | 22,12 | 22,28 | 23,04 | 2519 | 23,72 9,58 1,15

Aground 10 dB -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40
w(F) 0,00 0,00 0,00 0,00 0,01 0,03 0,16 0,87

Cr(F) 22,09 | 22,11 | 22,23 | 22,79 | 24,66 | 25,08 | 12,76 1,88

Agroung p i dB -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40

Table 141 — Calculation of the linear partial levels related to the right lateral path

(homogeneous)
Lateral right (H)
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly, in dB 93 93 93 93 93 93 93 93
Ayt (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
A,y indB 0,00 0,01 0,03 0,06 0,11 0,29 0,98 3,48
Ay indB 40,41 40,41 40,41 40,41 40,41 40,41 40,41 40,41
Agrounan in dB 2,40 | 2,40 | 2,40 | -2,40 | 2,40 | -2,40 | -2,40 | -2,40
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Table 141 (continued)

Lateral right (H)

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

Agigy in dB 6,76 8,13 10,15 13,04 17,02 21,28 24,93 28,14

AyindB 44,77 46,15 48,19 51,11 55,14 59,58 63,91 69,63 Total
LyindB 48,23 46,85 44,81 41,89 37,86 33,42 29,09 23,37 52,31

Table 142 — Calculation of the linear partinl levels related to the righf lateral pnfh (favmlrnhlp)

Lateral fight (F)

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

Ly, indB 93 93 93 93 93 93 93 93
Qam(10°170%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

Ay in dB 0,00 0,01 0,03 0,06 0,11 0,29 0,98 3,48

Ay in dB 40,41 40,41 40,41 40,41 40,41 40,41 4041 40,41

Agroung pin dB -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 ~2,40 -2,40

Agierpin dB 6,76 8,13 10,15 13,04 17,02 21,28 24,93 28,14

ApindB 44,77 46,15 48,19 51,11 55,14 59,58 6391 69,63 Total
LpindB 48,23 46,85 44,81 41,89 37,86 33,42 29,09 23,37 52,31

Table 143 — Calculation of the linear partial levelsrelated to the left lateral path

(homogeneous)
Lateral left (H)
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly in dB 93 93 93 93 93 93 93 93
Apem (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A, in dB 0,00 0,01 0,03 0,06 0,11 0,30 1,02 3,65
Ay in dB 40,41 | 4041 |. 40,41 | 4041 | 4041 | 4041 | 4041 | 4041
Agrounaufin dB 2,40 | 2,400} 2,40 | -2,40 | -2,40 | 2,40 | -2,40 | -2,40
Agiey iIndB 11,85 14,39 17,19 20,19 23,58 27,70 32,24 36,23
AyindB 49,86 52,41 55,23 58,26 61,70 66,01 71,27 77,88 Total
LyindB 43,14 40,59 37,77 34,74 31,30 26,99 21,73 15,12 46,34

Table 144 — Calculation of the linear partial levels related to the left lateral path (favourable]

Lateral left (F)

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

LyindB 93 93 93 93 93 93 93 93

@ (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

A indB 0,00 0,01 0,03 0,06 0,11 0,30 1,02 3,65

Ay, indB 40,41 40,41 40,41 40,41 40,41 40,41 40,41 40,41

Aground F in dB -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40 -2,40

Agiepin dB 11,85 14,39 17,19 20,19 23,58 27,70 32,24 36,23

ApindB 49,86 52,41 55,23 58,26 61,70 66,01 71,27 77,88 Total
LpindB 43,14 40,59 37,77 34,74 31,30 26,99 21,73 15,12 46,34
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Table 145 — Partial and total sound pressure levels for all three propagation paths
fin Hz 63 125 250 500 1000 2000 4000 8000 Total
L, in dB over top 21,90 30,31 35,66 38,55 38,98 37,14 33,33 25,77 44,42
L, in dBright 22,03 30,75 36,21 38,69 37,86 34,62 30,09 22,27 43,64
L, in dB left 16,94 24,49 29,17 31,54 31,30 28,19 22,73 14,02 36,81
L,indB 25,61 34,06 39,39 42,04 41,86 39,42 35,26 27,57 47,45
2 16 _TC15 — Elat oround with homogeneous acousticnronerties and four buildings
5 5 PP )
ath. The

6
The aim of this test case is to check the calculation with more buildings blocking the direct
g
2|

B. Building H4 is neglected when the laterally diffracted ray is constructed.
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Figure 27 — Four buildings:(H1, HZ, H3 and H4) between source and receiver

Figure 28 — 3D-presentation of scenario TC15
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Table 146 — Coordinates of source S and receiver R

. X Yy Z
Point
(m) (m) (m)
S 50 10 1
R 100 15 5
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Table 147 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y z

No No (m) (m) (m)
1 1 55,0 50 8,0
1 2 65,0 50 8,0
1 3 65,0 15,0 8,0
1 4 55,0 15,0 8,0
2 5 76,0 45 1259
2 6 80,0 10,2 12,0
2 7 80,0 20,2 12,0
3 8 90,1 19,5 10,0
3 9 93,3 17,8 10,0
3 10 87,3 6,6 10,0
3 11 84,1 8,3 10,0
4 12 94,9 14,1 10,0
4 13 98,02 12,37 10
4 14 92,03 1,2 10
4 15 88,86 29 10

Table 148 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y

(m) (m)
1 0,00 0,00
2 5,02 0,00
3 5,02 8,00
4 15,07 8,00
5 15,08 0,00
6 24,81 0,00
7 24,81 12,00
8 30,15 12,00
9 30,15 0,00
10 37,19 0,00
11 37,19 10,00
12 41,52 10,00
13 41,52 0,00
14 50,25 0,00

Table 149 — Mean ground plane MGP and averaged ground factors (homogeneous)

Parameter S->01 0,->R | S->Rright | S->Rleft
a (MGP) 0,00 0,00 0,08 0,00

b (MGP) in m 0,00 0,00 -1,19 0,00
Z;inm 1,00 10,00 2,18 1,00
Z,inm 8,00 5,00 2,01 5,00
d,inm 5,02 8,73 54,80 53,60
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Table 149 (continued)
Parameter S->01 0,->R | S->Rright | S->Rleft
Gpath 0,50 0,50 0,46 0,50
G’ ath 0,50 0,48 0,50

Table 150 — Coordinates of mirror points (homogeneous)

ISO/TR 17534-4:2020(E)

Mirror points u (m) v (m)
S5->0) 0,00 -1,00
R' (0->R) 50,25 -5,00
Table 151 — Calculation of the path length differences §
Parameter S->R S'->R S->R' Lateral vight Laterfal left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3 - - -
No(0,) 12 12 12 12 12 12 - - -
d 50,41 50,41 50,61 50,61 50,61 50,61 50,41 50,41| 50,41 50,41
dg 8,62 8,62 10,31 10,31 8,62 8,62 7,08 7,08 7,09 7,09
d, 10,06 10,06 10,06 10,06 17,36 17,36 15,29 | 15,29 | 10,88]|| 10,88
e 37,07 37,07 37,07 37,07 37,07 37,07 32,43 | 32,43 | 35,77 || 35,77
5,34 5,33 6,83 6,83 1.2)43 12,43 4,39 4,39 3,34 3,34
Table 152 — Determination of Ay, 4.y 1
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agis.n) 18,64 | 22,86)| 26,49 | 29,68 | 32,74 | 3576 | 38,77 | 41,78
Aground(5.0) 1,50 | 450 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Aground (O.R) 1,50 [*-1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
Agig(s' R) 19,67 23,92 27,55 30,75 33,81 36,83 39,84 | 42,85
Agigs.R) 22,21 | 26,50 | 30,14 | 33,35 | 36,41 | 39,43 | 42,44 | 4545
Ay round(s,0) 1,34 | -1,34 | -1,34 | -1,34 | -1,34 | -1,34 | -1,34 | -1,34
A ound(0.R) 1,02 | -1,02 | 1,01 | -1,01 | -1,01 | -1,01 | -1,01 | -1,01
Agis 16,27 20,51 22,65 22,65 22,65 22,65 22,65 22,65
Aground(S,R) - - - - - - -
ApgmarH 16,27 | 20,51 | 22,65 | 22,65 | 22,65 | 22,65 | 22,65 | 22,65
Table 153 — Step by step and final results related to the propagation in the vertical Irlane
flinHz 63 125 250 500—-1-000-1-2-000-4-000--8-000
Ly indB 93 93 93 93 93 93 93 93
aatm 012 | 0,41 | 1,04 | 193 | 3,66 | 966 | 32,77 |116,88
A,mindB 0,01 | 0,02 | 0,05 | 0,10 | 0,18 | 0,49 | 1,65 | 5,89
Ay, indB 45,05 | 45,05 | 45,05 | 45,05 | 45,05 | 45,05 | 45,05 | 45,05
Apoundary,n in B 16,27 | 20,51 | 22,65 | 22,65 | 22,65 | 22,65 | 22,65 | 22,65
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Table 153 (continued)

fin Hz 63 | 125 | 250 | 500 | 1000|2000 |4 000 8000

Apoundary i dB 16,27 | 20,50 | 22,65 | 22,65 | 22,65 | 22,65 | 22,65 | 22,65 | Total
Ly in dB 31,67 | 27,42 | 25,25 | 25,20 | 25,12 | 24,81 | 23,65 | 19,41 | 35,60
LgindB 31,67 | 27,43 | 25,25 | 25,20 | 25,12 | 24,81 | 23,65 | 19,41 | 35,61
LindB 31,67 | 27,42 | 25,25 | 25,20 | 25,12 | 24,81 | 23,65 | 19,41 | 35,61
A-weighting dB 26,2 | -161 | -86 | 32 | 00 | 1,2 | 1,0 | -1

L,in dB L

Table 154 — Ground attenuation related to lateral propagation paths

flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8,000
lateral right

W (H) 0,00 0,00 0,00 0,01 0,07 0,37 1,92 9,32

d.(H) 55,20 | 56,69 | 61,53 61,63 29,93 4,28 0/52 0,11

Aoroung p in dB -1,56 -1,56 -1,32 -1,23 -1,56 -1,56 -1,56 -1,56
W (F) 0,00 0,00 0,00 0,01 0,06 0,33 1,69 8,30

dr(F) 55,15 56,48 | 61,02 62,61 33,11 5,18 0,59 0,12

Agrouna r in dB -1,56 -1,30 -1,08 -1,56 -1,56 -1,56 -1,56 -1,56
lateral left

W (H) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
dr-(H) 54,02 55,58 | 60,47 59,60 27,53 3,75 0,47 0,10

Agrouna,n in dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50
W (F) 0,00 0,00 0,00 0,01 0,08 0,41 2,10 10,13
d.(F) 54,02 | 55,58 | 60,47 59,60 27,53 3,75 0,47 0,10

Agroundr I dB -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50 -1,50

Thable 155 — Calculation of the liniear partial levels related to the right lateral path

(homogeneous)
Lateral yight (H)
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly indB 93 93 93 93 93 93 93 93
Qo (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
Ay indB 0,01 0,02 0,06 0,11 0,20 0,53 1,80 6,41
Agiy in dB 45,05 45,05 45,05 45,05 45,05 45,05 45,05 45,05
Agrouna,ufin dB -1,56 -1,56 -1,32 -1,23 -1,56 -1,56 -1,56 -1,56
Agignin 4B 1754 | 21,82 | 2557 | 28,82 | 31,89 | 3491 | 3792 | 4093
Ay indB 61,03 65,34 69,36 72,74 75,58 78,93 83,21 90,83 Total
Ly indB 31,97 27,66 23,64 20,26 17,42 14,07 9,79 2,17 34,13

Table 156 — Calculation of the linear partial levels related to the right lateral path (favourable)

Lateral right (F)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ly, indB 93 93 93 93 93 93 93 93
Qe (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
A,y indB 0,01 0,02 0,06 0,11 0,20 0,53 1,80 6,41
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Table 156 (continued)

Lateral right (F)

fin Hz 63 125 250 500 1000 2000 4000 8000

A4y in dB 45,05 45,05 45,05 45,05 45,05 45,05 45,05 45,05

Agound,F in dB -1,56 -1,30 -1,08 -1,56 -1,56 -1,56 -1,56 -1,56

Agiep in dB 17,54 21,82 25,57 28,82 31,89 34,91 37,92 40,93

ApindB 61,03 65,59 69,60 72,41 75,58 78,93 83,21 90,83 Total
[rireB 3197 274t 23746 26,59 1742 4,67 979 21 34,06

Table 157 — Calculation of the linear partial levels related to the left lateral-path

(homogeneous)
Ilateral left (H)
flin Hz 63 125 250 500 1000 2000 4000 8000
I}, in dB 93 93 93 93 93 93 93 93
Ratm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
4,mindB 0,01 0,02 0,06 0,10 0,20 0,52 1,76 6,28
44iyin dB 45,05 45,05 45,05 45,05 45,05 45,05 45,05 45,05
Agrounan in dB 1,50 | -1,50 | -1,50 | -1,50 | -1550 | -1,50 | -1,50 | -1,50
A4igy in dB 16,63 20,81 24,44 27,65 30,70 33,72 36,73 39,74
4;;indB 60,19 64,38 68,05 71,30 74,45 77,79 82,04 89,57 Total
I;;in dB 32,81 28,62 24,95 21,70 18,55 15,21 10,96 3,43 35,08
Fable 158 — Calculation of the linear partial levels related to the left lateral path (favoprable)
Ilateral left (F)
flin Hz 63 125 250 500 1000 2000 4000 8000
I},,in dB 93 93 93 93 93 93 93 93
Ratm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
A.mindB 0,01 0,02 0,06 0,10 0,20 0,52 1,76 6,28
A4y indB 45,05 45,05 45,05 45,05 45,05 45,05 45,05 45,05
Agrounar in dB 350 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50 | -1,50
44i¢rin dB 16,63 20,81 24,44 27,65 30,70 33,72 36,73 39,74
A4rindB 60,19 64,38 68,05 71,30 74,45 77,79 82,04 89,57 Total
Il in dB 32,81 28,62 24,95 21,70 18,55 15,21 10,96 3,43 35,08

Table 159 — Partial and total sound pressure levels for all three propagation paths

flinBz 63 125 250 500 1000 | 2000 | 4000 | 8000 Total
L, in dB over top 5,47 11,32 16,65 22,00 25,12 26,01 24,65 18,31 31,16
L, in dB right 577 11,44 14,92 17,22 17,42 15,27 10,79 1,07 23,09
L, in dB left 6,61 12,52 16,35 18,50 18,55 16,41 11,96 2,33 24,30
L,indB 10,75 16,57 20,81 24,51 26,55 26,78 25,04 18,50 32,50

6.2.17 TC16 — Reflecting barrier on ground with spatially varying heights and acoustic

properties

The aim of this test case is to check the calculation of reflected sound. Contour lines and geometry of
areas of constant ground factor G are the same as in TCO5 (Tables 16 and 17). The scenario is shown in

Figure 29 and 30.
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Figure 29 — Ground with spatially varying heights and acoustic properties’and reflecting barri¢r

Figure 30 — 3D-presentation of scenario TC16

Tables 1p0 to 162 contain the modified and)hew input parameters, and Tables 163 to 177 show the
intermediate and the final results.

Table 160~~Coordinates of source S and receiver R

. X y Z
Point
(m) (m) (m)
S 10 10 1
R 200 50 14

Table 161 — Coordinates of screens (upper edges)

Screen X y z
No m) m) m)
114 52 15

1 170 60 15

Table 162 — Absorption coefficient of reflecting surfaces

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
a 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,5
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Table 163 — z-profile (ground height) along the propagation path

z-profile S-R
u 1%
No

(m) (m)
1 0,00 0,00
2 112,41 0,00
3 178,84 10,00
7 15416 16,66

Table 164 — G-profile (ground factor) along the propagation path

G-profile S -> R
from to length G
(m) (m) (m)
0,00 40,88 40,88 059
40,88 143,07 102,19 0,5
143,07 194,16 51,09 0,2

Table 165 — Mean ground plane MGP and averaged ground factors

Parameter S->R
a (MGP) 0,05

b (MGP) in m -2,83
zZyinm 3,83
Z, inm 6,16

dp in m 194,59
Gpath 0,51
G'\ath 0,64

Table 166.— Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->R) 0,42 -6,64
R'(S->R) 194,84 1,70

Table 167 — Ground attenuation (in frequency bands where no diffraction is relevant)

i Hz 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
w (H) 1,6E-04 | 8,7E-04 | 4,8E-03| 0,03 | 014 | 075 | 370 | 16,77
e 203;37 22235207731 8209 0:63—+33—6;27 0,06

Agrouna st in dB 1,07 | 1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07
w (F) 0,00 | 000 | 000 | 001 | 008 | 042 | 216 | 10,35
C(F) 199,73 | 214,27 | 225,54 | 131,93 | 22,89 | 242 | 046 | 0,10

Agroundr in dB 1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07

Table 168 — Step by step and final results related to the propagation in the vertical plane

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Ly indB 93 93 93 93 93 93 93 93
aatm 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
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Table 168 (continued)

fin Hz 63 125 250 500 1000 2000 | 4000 8000

Ay indB 0,02 0,08 0,20 0,38 0,71 1,88 6,38 22,75

Ay in dB 56,78 56,78 56,78 56,78 56,78 56,78 56,78 56,78
Apoundaryi in dB 1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07
Apoundary,r in dB 1,07 | 1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | -1,07 | Total
LyindB 37,26 37,21 37,08 36,91 36,57 35,41 30,91 14,54 44,75
LpindB 3726 3721 3768 36;9¢ 36;57 354+ 36,5+ 454 4475
LindB 37,26 37,21 37,08 36,91 36,57 35,41 30,91 14,54 4475
A-weightling in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

L,indB 11,06 21,11 28,48 33,71 36,57 36,61 31,91 13,44 41,43

Table 169 — z-profile (ground-height) along the path — Reflectionh

z-profile S-R
Points u z
1 0,00 0,00
2 117,12 0,00
3 129,75 1,82
4 129,75 1,82
5 129,75 1,82
6 183,01 10,00
7 198,04 10,00

Table 170 — G-profile along the path — Reflection

G-profile
from to length G
0,00 42,59 42,59 09
42,59 42,59 0,00 09
42,59 129,75 87,16 0,5
129,75 147,93 18,18 0,5
14793 14793 0,00 0,5
147,93 198,04 50,11 0,2

Table 171)— Mean ground plane MGP and averaged ground factors — Reflection

Parameter S->R
a (MGP) 0,05

b (MGP) in m -2,80
z;inm 3,80
Zyinm 6,37

dp inm 198,45
Gpath 0,51
G'Lath 0,65
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Table 172 — Coordinates of mirror points (homogeneous) — Reflection

Mirror points u (m) v (m)
S'(S->R) 0,40 -6,58
R'(S->R) 198,71 1,27

Table 173 — Ground attenuation (in frequency bands where no diffraction is relevant) —

Reflection
itz 63 125 250— 500 16606 20604000 8000
w (H) 1,6E-04 | 8,7E-04 | 4,9E-03 0,03 0,14 0,76 3,73 16)91
Cf(H) 207,64 | 22715 | 210,40 | 81,36 9,40 1,32 0,27 0,06
Agrounan in dB 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06{ -1,06
w (F) 0,00 0,00 0,00 0,01 0,08 0,43 2,20 10,56
Cf(F) 203,91 | 219,10 | 229,36 | 130,79 | 21,96 2,36 0,45 0,09
Agroung, in dB 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -106. | -1,06 | -1,06

Table 174 — Calculation of the linear partial levels (homogeneous) — Reflection

flin Hz 63 125 250 500 | 1000~} 2000 | 4000 | 8000

1l,,in dB 93 93 93 93 93 93 93 93

L 046 | -097 | -1,55 | -2,22 |<-301 | -398 | -523 | -3,01

ALretroaic 000 | 000 | 000 | 0005 000 | 000 | 000 | 0,00

1l,,in dB 92,54 | 92,03 | 91,45 | 9078 | 8999 | 89,02 | 8777 | 89,99

daemn 0,1 0,4 1,0 1,9 3,7 9,7 328 | 1169

A, indB 002 | 008 | 021z 038 | 073 | 192 | 650 | 2320

Ay, in dB 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 56,95
Aboundarys in dB 1,06 | -1,06 .| <1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | Total
il in dB 36,63 | 36,06 3535 | 3451 | 3337 | 31,21 | 2537 | 1090 || 42,73

Table 175 — Calculation of the linear partial levels (favourable) — Reflection

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

1l,,in dB 93 93 93 93 93 93 93 93

dL...indB -046 | -097 | -1,55 | -2,22 | -3,01 | -398 | -523 | -3,01
dL,etroqicin dB 068 | 000 | 000 | 000 | 000 | 000 | 000 | 000

1l,,in dB 91,86 | 92,03 | 91,45 | 90,78 | 8999 | 89,02 | 8777 | 89,99

daemn 0,1 0,4 1,0 1,9 3,7 9,7 328 | 1169
A,mAn'dB 002 | 008 | 021 | 038 | 073 | 192 | 650 | 23,20

4.0 dB 56,95 | 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 56,95
Aboundary in dB 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | Total
LyindB 3594 | 36,06 | 3535 | 3451 | 33,37 | 31,21 | 2537 | 1090 | 42,57

Table 176 — Calculation of the A-weighted partial levels (homogeneous and favourable) —

Reflection
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly indB 93 93 93 93 93 93 93 93
dLabs’H -0,46 -0,97 -1,55 -2,22 -3,01 -3,98 -5,23 -3,01
AL etroditi 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00 0,00
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Table 176 (continued)
fin Hz 63 125 250 500 1000 2000 4000 8000
LW‘H in dB 92,54 92,03 91,45 90,78 89,99 89,02 87,77 89,99
Xaem 1 0,1 0,4 1,0 1,9 3,7 9,7 32,8 116,9
Aatm'H indB 0,02 0,08 0,21 0,38 0,73 1,92 6,50 23,20
Ay, indB 56,95 56,95 56,95 56,95 56,95 56,95 56,95 56,95
Apoundary,n in dB 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06
LyindB 3663 3666 3535 3451 3337 2+ 25-3F 1+6;56
dLabs,F -0,46 -0,97 -1,55 -2,22 -3,01 -3,98 -5,23 -3,01
AL, eirodide 068 | 000 | 000 | 000 | 000 | 000 | 000 | 0,00
LW'F indB 91,86 92,03 91,45 90,78 89,99 89,02 87,77 89,99
Ao 0,12 0,41 1,04 | 193 3,66 | 966 | 32,77 | 116,88
Aatm,F indB 0,02 0,08 0,21 0,38 0,73 1,92 6,50 23,20
Agiy in dB 56,95 56,95 56,95 56,95 56,95 56,95 56,95 56,95
Apoundaryr in B 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | 1,06 | -1,06
LpindB 35,94 36,06 35,35 34,51 33,37 31,21 25,37 10,90
LindB 36,30 36,06 35,35 34,51 33,37 31,24 25,37 10,90
A-weightling in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1 Total
L,indB 10,10 19,96 26,75 31,31 33,37 32,41 26,37 9,80 3799
Table 177 — Calculation of the A-weighteédsound pressure level
fin Hz 63 125 250 500 1000 2000 4000 8000 Total
L, in dB flirect 11,06 21,11 28,48 33,71 36,57 36,61 31,91 13,44 41,43
L, in dB reflection 10,10 19,96 26,75 31,31 33,37 32,41 26,37 9,80 37,99
L,indB 13,62 23,58 30,71 35,68 38,27 38,01 32,98 15,00 43,05
6.2.18 TC17 — Reflecting barrier on ground with spatially varying heights and acoustic
properties — Reduced receiver height
This scemario differs from TC16 only by the lower height of 11,5 m of the receiver R - the terrain edge |is
diffractipg for some octave bands.
Tables 178 to 190 show theliiitermediate and the final results. No diffraction occurs in the octave bands
63 Hz to|250 Hz due tothéviolated Rayleigh Criterion (see Tables 184 to 185).
Table 178 — z-profile (ground height) along the propagation path
z-profile S-R
DL u V

62

INU

(m) (m)
1 0,00 0,00
2 112,41 0,00
3 178,84 10,00
4 194,16 10,00
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Table 179 — Check of the "Rayleigh-Criterion" (homogeneous)

Parameter Homogeneous
63 125 250 500 | 1000 | 2000 | 4000 | 8000
0 (No of edge in z-profile) 3,00 3,00 3,00 - - - - -
-A/20 -0,27 -0,14 -0,07 - - - - -
S-R 194,45 194,45 194,45 - - - - -
d. (S-D-R) 179,06 179,06 179,06 - - - - -
t{S-bR) 1546 1546 1546 = = = = -
Op -0,02 -0,02 -0,02 - - - ¢ -
6p>-1/207? yes yes yes - - - < -
S*-R* 194,37 194,37 194,37 - - - - -
d,, (S*-D-R*) 179,21 179,21 179,21 - - £ - -
dg,. (S*-D-R*) 15,40 15,40 15,40 - - - - -
op* 0,24 0,24 0,24 - E - - -
Af4-6p* 1,11 0,44 0,10 - > - - -
6p > (A/4-6p%)7? no no no P - - - -
R-Criterion OK? no no no % - - - -
Table 180 — Check of the "Rayleigh-Criterion" (favourable)
Parameter Favourable
63 125 250 500 | 1000 | 2000 | 4000 (| 8000

O (No of edge in z-profile) 3,00 3,00 3,00 - - - - -
-A/20 -0,27 -0;14 -0,07 - - - - -
S-R 194,58 194,58 194,58 - - - - -
d. (S-D-R) 179,16 179,16 179,16 - - - - -
d.. (S-D-R) 1540 15,40 15,40 - - - - -
6p -0,04 -0,04 -0,04 - - - - -
Op>-A/207 yes yes yes - - - - -
S*-R* 194,50 194,50 194,50 - - - - -
dg, (S*-D-R*) 179,31 179,31 179,31 - - - - -
d,. (S*-D-R¥ 15,40 15,40 15,40 - - - - -
o 0,21 0,21 0,21 - - - - -
MASOL* 1,13 0,47 0,13 - - - - -
Op>(A/4 - 6p*) ? no no no - - - - -
R-Criterion OK? no no no - - - - -

Iable 1ol — Ground attenuation (In irequency bpands where no diiiraction iIs reievd nt)

fin Hz 63 125 250 500 1000 2000 4000 8000

w (H) 1,1E-04 6,0E-04 3,4E-03 - - 0,53 2,70 12,70
Cr(H) 200,89 217,45 220,41 - - 1,88 0,37 0,08
Ayround, in dB 1,32 1,32 1,32 i i 132 | 132 | 1,32

w (F) 0,00 0,00 0,00 0,01 0,08 0,42 2,16 10,35
Cf(F) 199,59 214,11 225,39 131,90 22,89 2,42 0,46 0,10
Aground,F in dB -1,32 -1,32 -1,29 -1,05 -1,32 -1,32 -1,32 -1,32
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Table 182 — Determination of Aboundary,H

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agig(s,R) 0,00 0,00 0,00 3,16 0,56 0,00 0,00 0,00
Aground,[S,O] B - - 2,74 -1,21 - - -
Aground,(O,R] - - - '2,40 -2,40 - - -
Aaif(s'R) - - - 4,71 | 4,65 - - -
Agif(s,R) - - - 10,83 | 13,26 - - .
Heround(s,0) = = = 2523 =0;77 = = =

4 ground(O,R) - - - -1,07 -0,62 - - -
Adif - - - 4,31 | -0,83 - - -
Aground(s,R) -1,32 -1,32 -1,32 - - -1,32 -1,32 -1,32
AboundaryH -1,32 -1,32 -1,32 4,31 -0,83 -1,32 -1,32 1,32

Table 183 — Step by step and final results related to the propagation in the vertical plane

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

Ly, in dB 93 93 93 93 93 93 93 93

Taem 012 | 041 | 1,04 | 193 | 366 | 966 | 3277 | 116,88

Ay in dB 002 | 008 | 020 | 037 | 071 |88 | 637 | 2273
AgyyindB 56,78 | 56,78 | 56,78 | 56,78 | 56,78<) 56,78 | 56,78 | 56,78
Apoundarsfts in dB 4,32 | 1,32 | -1,32 | 431 | -083° | -1,32 | -1,32 | -1,32
Apoundaryr in dB 132 | 1,32 | 1,29 | 1,05 | ¢1,32 | 1,32 | -1,32 | -1,32 | Total
Ly in dB 37,53 | 3747 | 3735 | 31,54, 136,34 | 3567 | 31,18 | 14,82 | 44,38
LpindB 3753 | 3747 | 3731 | 3689 | 3684 | 3567 | 31,18 | 14,82 | 4497
LindB 3753 | 3747 | 3733 |.3499 | 36,60 | 3567 | 31,18 | 14,82 | 44,68
A-weightjing in dB 262 | -161 | -8,6 -3,2 0,0 1,2 1,0 1,1

L,indB 11,33 | 21,37 | 2873 | 31,79 | 36,60 | 36,87 | 32,18 | 13,72 | 41,31

Table 184 — Check of the *Rayleigh-Criterion” (homogeneous) — Reflection

Parameter Homogeneous
63 125 250 500 | 1000 | 2000 | 4000 | 8000

O (NoJof edge in z-profile) 6,00 6,00 6,00 - - - - -
-A/20 -0,27 -0,14 -0,07 - - - - -
S-R 198,32 198,32 198,32 - - - - -
dgs (S:D=R) 183,23 183,23 183,23 - - - - -
d£(S-D-R) 15,11 15,11 15,11 - - - - -
Op -0,02 -0,02 -0,02 - - - - -
6p>-1/207 yes yes yes - - - - -
S*-R* 198,25 198,25 198,25 - - - - -
dgs (S*-D-R¥) 183,38 183,38 183,38 - - - - -
dg. (S*-D-R*) 15,11 15,11 15,11 - - - - -
op* 0,24 0,24 0,24 - - - - -
AJ4-6p* 1,11 0,44 0,10 - - - - -
Op > (A/4-6p%)7 no no no - - - - -
R-Criterion OK? no no no - - - - -
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Table 185 — Check of the "Rayleigh-Criterion" (favourable) — Reflection

Parameter Favourable
63 125 250 500 | 1000 | 2000 | 4000 | 8000
O (No of edge in z-profile) 6,00 6,00 6,00 - - - - -
-A/20 -0,27 -0,14 -0,07 - - - - -
S-R 198,45 198,45 198,45 - - - - -
d., (S-D-R) 183,33 183,33 183,33 - - - - -
d—(S=P=R) 54+ 154+ +5-+ - - - - -
5y -0,04 -0,04 -0,04 - - - ¢ -
6p>-1/207 yes yes yes - - - < -
S*-R* 198,38 198,38 198,38 - - - - -
d, (S*-D-R¥) 183,48 183,48 183,48 - - ) - -
d, (S*-D-R¥) 15,11 15,11 15,11 - - - - -
Sp* 0,21 0,21 0,21 - y - - -
A/4-6p* 1,14 0,47 0,13 - - - - -
6p > (A/4-6p%)7? no no no P - - - -
R-Criterion OK? no no no % - - - -
Table 186 — Ground attenuation (in frequency bands where no diffraction is relevant) —
Reflection
flin Hz 63 125 250 500 1000 2000 4000 8000
(H) 1,1E-04 6,2E-04 3,4E-03 - 0,10 0,55 2,77 12,97
dr-(H) 205,15 222,41 223,52 - 15,34 1,83 0,36 0,08
Aground,n in dB 1,31 1,31 -1,31 - 1,31 | 1,31 | -1,31 || -1,31
W (F) 0,00 0,00 0,00 0,01 0,08 0,43 2,20 10,56
dr(F) 203,77 218,95 229,22 130,76 21,97 2,36 0,45 0,09
Aoround,F in dB -1,31 -1,31 -1,26 -1,28 -1,31 -1,31 -1,31 -1,31
Table 187 — Determination of 4,4,y — Reflection
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agis.n) 0,00 | 000 | 000 | 292 | 000 | 000 | 000 | 0,00
Aground$0) - - - 2,66 - - - -
Aground,(O,R] - B - -2,40 - B - B
Adites'R) - - - 4,65 - - - -
Aiif(s,R) - - - 10,81 - - - -
Aground(S,O) - B - 2,12 - B - B
Aground(O,R] - B - -1,05 - B - B
Agis - - - 3,99 - - - -
Aground(S.R) 1,31 | 1,31 | 1,31 - 1,31 | 1,31 | 1,31 | -1,31
Apoundary 1,31 | 1,31 | 1,31 | 399 | -1,31 | -1,31 | -1,31 | -1,31
Table 188 — Calculation of the linear partial levels (homogeneous) — Reflection
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly in dB 93 93 93 93 93 93 93 93
dL e -0,46 -0,97 -1,55 -2,22 -3,01 -3,98 -5,23 -3,01
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Table 188 (continued)

fin Hz 63 125 250 500 1000 2000 4000 8000

AL, eirodit 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Ly indB 92,54 92,03 91,45 90,78 89,99 89,02 87,77 89,99

Ay 0,1 0,4 1,0 19 3,7 9,7 32,8 | 1169

A,y indB 0,02 0,08 0,21 0,38 0,73 1,92 6,50 23,18

Ay, in dB 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 56,95
ApoundaryiriraB +34 +34 +34 399 +34 +34 +3+ +3+——Fotat
LyindB 36,88 36,31 35,60 29,46 33,62 31,46 25,63 11,17 4249

Table 189 — Calculation of the linear partial levels (favourable) — Reflection

fin Hz 63 125 250 500 1000 2000 4000 8000

Ly, indB 93 93 93 93 93 93 93 93

dL,,.in dB -0,46 -0,97 -1,55 -2,22 -3,01 -3,98 -5,23 -3,01
dL,etroqidin dB 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Ly indB 92,54 92,03 91,45 90,78 89,99 89,02 87,77 89,99

At 0,1 0,4 1,0 19 3,7 9,7 32,8 | 1169

A,y in dB 0,02 0,08 0,21 0,38 0,73 1,92 6,50 23,18

Ayiy in dB 56,95 56,95 56,95 56,95 56,95 56,95 56,95 56,95
Apoundaryr in dB 4,31 | 1,31 | 1,26 | -1,28 | -1,31| -1,31 | -1,31 | -1,31 | Total
LpindB 36,88 36,31 35,56 34,73 33,62 31,46 25,63 11,17 42,97

Table 190 — Calculation of the A-weighted sound pressure level

fin Hz 63 125 250 500 1000 2000 4000 8000 Total
L, in dB flirect 11,33 | 21,37 28,73 31,79 36,60 36,87 32,18 13,72 41,31
L, in dB reflection 10,68 | 20,21 26,98 29,65 33,62 32,66 26,63 10,07 37,90
L,indB 14,02 | 23,84 30,95 33,86 38,37 38,27 33,25 15,28 42,94

6.2.19 TC18 — Screening and reflecting barrier on ground with spatially varying heights and

acoustiqproperties

This scemario, shown in Figufes 31 and 32, differs from TC16 only by the height of the receiver R and h

the addifional barrier B2) The ray reflected by barrier B1 is diffracted by barrier B2.

y
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Figure 32 — 3D-presentation of scenario TC18

results.

Table 191 — Coordinates of source S and receiver R

Figure 31 — Ground with spatially varying heights and acoustic properties and two barriers

hbles 191 and 192 centain the modified or new input parameters, and Tables 193 to 201 show the

. X Y Z
Point
(m) (m) (m)
S 10 10 1
R 200 50 12

Table 192 — Coordinates of screens (upper edges)

Screen X y z
No (m) (m) (m)
1 114 52 15
1 170 60 15
2 87 50 12
2 92 32 12
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Table 193 — z-profile (ground height) along the propagation path

z-profile S-R
u 1%
No

(m) (m)
1 0,00 0,00
2 112,41 0,00
3 178,84 10,00
3 154516 16,66

Table 194 — Mean ground plane MGP and averaged ground factors

Parameter S->R
a (MGP) 0,05

b (MGP) in m -2,83
z;inm 3,83
Zyinm 4,16

dp inm 194,48
Gpath 0,51
G'Lath 0,58

Taljle 195 — Ground attenuation (in frequency bandswhere no diffraction is relevant)

fin Hz 63 125 250 500 | 1000 | 2000 | 4000 | 8000
w (H) 1,2E-04 | 6,6E-04 | 3,7E-03 4|~ 0,02 0,11 0,58 294 | 13,68
C;(H) 201,47 218,76 217,740 | 102,89 | 14,04 | 1,71 0,34 0,07

Aground.nlin dB -1,26 1,26 4,26 212 | -126 | -126 | -1,26 | -1,26
w (F) 0,00 0,00 0,00 0,01 0,08 0,42 2,16 | 10,35
¢/ (F) 199,62 214,14 22542 | 13191 | 22,89 | 242 0,46 0,10

Agrounap 1 dB -1,26 -1,26 -1,26 1,26 | -126 | -1,26 | -1,26 | -1,26

Table 196 — Step by step andfinal results related to the propagation in the vertical plane

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

LyindB 93 93 93 93 93 93 93 93

X 042 0,41 1,04 | 193 366 | 966 | 32,77 | 116,88

Ay in dB 002 | 008 | 020 | 037 | 071 1,88 | 637 | 2273

Agyy in dBb 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78 | 56,78
Apoundaryn iIFdB 1,26 | 126 | -1,26 | 212 | -1,26 | -1,26 | -1,26 | -1,26
Apoundaryle- 2 AR 126 | 126 | 126 | 126 | 126 | 126 | 126 | -126 | Total
LyindB 3746 | 3740 | 3728 | 3373 | 36,77 | 3560 | 31,11 | 14,75 | 44,55
LpindB 3746 | 3740 | 3728 | 3711 | 36,77 | 3560 | 31,11 | 1475 | 4495
LindB 3746 | 3740 | 3728 | 3574 | 36,77 | 3560 | 31,11 | 1475 | 4475
A-weighting in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

LyindB 11,26 | 21,30 | 28,68 | 32,54 | 3677 | 36,80 | 32,11 | 13,65 | 4142
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Reflection
Parameter S->04 0,->R
a (MGP) 0,00 0,11
b (MGP) in m 0,00 -12,03
z;inm 1,00 14,16
Z,inm 12,00 1,29
dpinm 8516 11214
Gpath 0,70 0,37
G'oath 0,86
Table 198 — Determination of Ay, 4., 1 — Reflection
fin Hz 63 125 250 500 1000 | 2000, (\4000 | 8000
Agigs.n) 777 | 9,50 | 11,71 | 14,26 | 17,02 | 1990. | 22,84 | 25,82
Aground,(s,0) -043 | -043 | -043 | -043 | -043 |-\043 | -043 | -043
Aground (O.R) 1,90 | 190 | 1,90 | -1,90 | -1,90C47-1,90 | -1,90 | -190
Agit(s'R) 8,54 | 10,51 | 12,90 | 15,556 | 1838 | 21,30 | 24,26 | 27,25
Agif(s,R 8,53 10,49 | 12,88 | 15,54 [\/18,36 | 21,27 | 24,24 | 27,22
Ay round(s,0) -0,39 | -0,38 | -0,38 | -0,32 -0,37 | -0,37 | -0,37 | -0,37
Ay round(OR) 1,75 | 1,71 | 1,68 | -466 | -1,65 | -1,65 | -1,64 | -1,64
Agis 5,62 7,40 9,65 12,22 | 15,00 17,88 | 20,83 | 22,99
Aground(s,R) - - ' - - - - -
Apoundary.H 562 | 740 | 965 | 12,22 | 1500 | 1788 | 20,83 | 22,99
Table 199 — Determination of 4;,,4,, r — Reflection
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agit(sR) 7,22 8,76 | 10,80 | 13,24 | 1593 | 18,77 | 21,69 | 24,65
Aground (5.0) 943 | -043 | -043 | -043 | -043 | -043 | -043 | -043
Aground (O.R) 2,90 | 190 | 1,90 | -1,90 | -190 | -1,90 | -1,90 | -190
Adit(s'R) 8,09 | 993 | 12,22 | 14,82 | 1761 | 20,51 | 23,46 | 26,44
Agigs.R) 808 | 991 | 12,20 | 14,80 | 1759 | 20,48 | 23,43 | 26,41
Ao oundiQ) -0,39 | -0,38 | -0,37 | -0,36 | -0,36 | -0,35 | -0,35 | -0,35
Ao SO.R) 1,74 | 1,69 | 164 | 161 | -1,60 | -1,59 | -1,58 | -1,58
Ayip 5,09 6,70 8,79 11,26 | 1397 | 16,82 19,75 22,72
Aground(s,R) - - - - - - - -
Aboundary ¥ 509 | 670 | 879 | 11,26 | 13,97 | 16,82 | 19,75 | 22,72

Table 200 — Calculation of the A-weighted partial levels (homogeneous and favourable) —

Reflection
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
Loy -046 | -097 | -1,55 | -2,22 | -3,01 | -398 | -523 | -3,01
dLyerroditH 2,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Ly in dB 90,08 92,03 91,45 90,78 89,99 89,02 87,77 89,99
e 0,1 0,4 1,0 19 3,7 9,7 32,8 | 1169
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Table 200 (continued)

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

Aypm,p in dB 0,02 0,08 0,21 0,38 0,73 1,92 6,50 23,18

Ay in dB 56,95 56,95 56,95 56,95 56,95 56,95 56,95 56,95
Apoundary in dB 5,62 7,40 965 | 12,22 | 1500 | 1788 | 20,83 | 22,99

LyindB 27,49 27,60 24,64 21,23 17,32 12,27 3,49 -13,13

dLops -046 | -097 | -1,55 | -2,22 | -3,01 | -398 | -523 | -3,01

ALy erodidF 277 6:66 6:66 6:66 6:66 6:66 6:66 6:66

Lypin di 89,78 92,03 91,45 90,78 89,99 89,02 87,77 89,99

Xaem F 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

Ayemp in 1B 0,02 0,08 | 021 038 | 073 1,92 6,50 | 23,18

Ay, indB 56,95 | 5695 | 5695 | 5695 | 5695 | 5695 | 5695 | 5695
Apoundaryr in dB 5,09 6,70 8,79 | 11,26 | 1397 | 16,82 | 19,75 ,[\22,72

LpindB 27,71 28,30 25,50 22,19 18,34 13,33 4,57 -12,86

LindB 27,60 2797 25,09 21,74 17,86 12,83 4,07 -13,00
A-weightling in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1 Total
LyindB 1,40 11,87 16,49 18,54 17,86 14,03 5,07 -14,10 23,47

Table 201 — Calculation of the A-weighted sound pressure level

fin Hz 63 125 250 500 1,000 2000 4000 8000 Total
L, in dB flirect 11,26 | 21,30 28,68 32,54 36,77 36,80 32,11 13,65 41,42
L, in dB reflection 1,40 11,87 16,49 18,54 17,86 14,03 5,07 -14,10 23,47
LyindB 11,69 | 21,77 28,93 3271 36,83 36,83 32,12 13,66 41,49

6.2.20 TC19 — Complex object and 2 barriers-on ground with spatially varying heights and
acoustiqproperties

This test case, shown in Figures 33 and"34, introduces a further degree of difficulty by combining|a
building|and two barriers on ground with varying heights and ground factors. Contour lines ard
geometrj of areas of constant grotind factor G are the same as in TCO5 (Tables 16 and 17).
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S| source
R| receiver

Bl barrier

BR Dbarrier

H| building

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

W N =

—3

Figure 34 — 3D-presentation of scenario TC19

Table 202 — Coordinates of source S and receiver R

Figure 33 — Ground with spatially varying heights and acoustic properties, a building and two
barriers

hbles 202 to 204 contain the input parameters (source, receiver, building and barriers), and Tables 205
tg 219 show the inte¥mediate and the final results.

. X Yy Z
Point
(m) (m) (m)
S 10 10 1
R 200 30 14

Table 203 — Coordinates of screens (upper edges)

Screen X y z
No (m) (m) (m)
1 156,00 28,00 14,0
1 145,00 7,00 14,0
2 175,0 35,0 14,5
2 188,0 19,0 14,5
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Table 204 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y z
No No (m) (m) (m)
1 1 100 24 12
1 2 118 24 12
1 3 118 30 12
1 4 100 30 12
2 5 16 15 7
2 6 118 15 7
2 7 118 24 7
2 8 110 24 7
3 9 100 9 12
3 10 118 9 12
3 11 118 15 12
3 12 100 15 12

Tabple 205 — Height profiles along the direct and the two lateral paths (homogeneous)

z-profile S-0 z-profile O-R z-profile right z-profile left
u A u Z u VA u VA

(m) (m) (m) (m) (m) (m) (m) (m)
0,00 0,00 171,66 9,34 0,00 0,00 0,00 0,00
100,55 0,00 175,97 10,00 | 110,03 0,00 93,44 0,00
100,55 7,00 191,05 10,00, ¢ 135,03 3,85 93,44 12,00
108,60 7,00 176,56 10,00 109,23 12,00
108,60 0,00 179,68 10,00 109,23 0,00
110,61 0,00 195,96 10,00 111,26 0,00
145,34 5,31 166,88 8,46
177,08 10,00
192,38 10,00

Table 206 — Determination of G, (homogeneous)

G:profile S -> 0 G-profile O -> R

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,22 40,22 09 0,00 19,39 19,39 0,2
40,22 100,55 60,33 0,5 Gpath 0,20
100,55 108,60 8,04 0,00
108,60 140,77 32,18 0,50
140,77 145,34 4,57 0,2

Gpath 0,57
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G-profile lateral right G-profile lateral left

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,01 40,01 09 0,00 40,46 40,46 09
40,01 135,03 95,02 0,5 40,46 93,44 52,98 0,5
135,03 140,22 5,19 0,5 93,44 109,23 15,79 0,0
140,22 179,67 3945 672 169,23 4166 32537 6,5
179,67 195,96 16,28 0,2 Gpath 0,46

Gpath 0,50

Table 208 — z-profile (ground height) along the propagationpath

z-profile S-R

No ! Y
(m) (m)
1 0,00 0,00
2 100,55 0,00
3 100,55 7,00
4 108,60 7,00
5 108,60 0,00
6 110,61 0,00
7 145,34 5,31
8 145,34 14,00
9 145,34 5,31
10 171,65 9,34
11 171,66 14,50
12 171,66 9,34
13 175,97 10,00
14 191,05 10,00

Table 209 —-Mean ground plane MGP and averaged ground factors (homogeneoug)

Parameter S->0, 0,->R | S->Rright | S->Rleft
a (MGP) 0,03 0,02 0,06 0,06
b (MGP) in m -1,09 6,42 -2,92 -2,01
z,inm 2,09 4,76 3,92 3,00
Z,inm 10,86 3,89 5,66 5,00
d,inm 145,65 19,38 196,38 192,81
Gpath 0,57 0,20 0,50 0,46
G'path 0,78 0,62 0,55

Table 210 — Calculation of the path length differences §
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Parameter S->R S'->R S->R' Lateral right Lateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(0,) 8 8 8 8 8 8 - - - -
No(0,) 11 11 11 11 11 11 - - - -
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Table 210 (continued)
Parameter S->R S'->R S->R' Lateral right Lateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
d 191,49 | 191,62 | 191,70 191,82 191,27 | 191,40 | 191,49 191,49| 191,49 | 191,49
dg 145,92 | 14598 | 146,23 146,29 145,92 | 14598 | 135,34 | 135,34 | 167,27 | 167,27
d, 19,40 19,40 19,40 19,40 21,22 21,22 16,31 16,31 25,55 25,55
e 26,32 26,32 26,32 26,32 26,32 26,32 44,74 44,74 0,00 0,00
Table 211 — Determination of Ay, qary 1
flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8,000
Auissn 6,67 | 883 | 11,68 | 14,56 | 1743 | 20,35 | 23,31 ¢-25,29
Aground,(s,0) -0,67 | -0,67 | -0,67 | -0,67 | -0,67 | -0,67 | -0,67_\ -0,67
Aground,(0R) 2,02 | 2,40 | -2,40 | -2,40 | -2,40 | -2,40 | 240 | -2,40
Aig(s Ry 7,61 10,35 13,58 16,64 19,61 22,57 25,55 28,55
Aaisisry 14,32 | 18,51 | 22,43 | 2577 | 28,86 | 31,89 3491 | 3792
4 round(s,0) -0,60 | -0,56 | -0,54 | -0,53 | -0,52 | 0,52 | -0,52 | -0,52
4 roundom) -090 | -0,86 | -0,77 | -0,73 | -0,714 -0,70 | -0,70 | -0,70
Aqis 5,17 7,41 10,38 13,30 16,20 19,13 22,09 23,78
/ground(S,R) - - - - - - - -
Apoundaryi 517 | 741 | 10,38 | 13,307, 16,20 | 19,13 | 22,09 | 23,78
Table 212 — Determination of Ay, q.ry,r
flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Aaisy 589 | 740 [\969 | 12,24 | 1494 | 1776 | 20,66 | 23,62
Aground,(5,0) -0,67 | -0,67\"-0,67 | -0,67 | -0,67 | -0,67 | -0,67 | -0,67
Aeround,(0.R) 2,08 | 2407 | 240 | 2,40 | 2,40 | 2,40 | 2,40 | -2,40
Aaiss ) 7,00 49,39 | 12,40 | 1535 | 18,27 | 21,21 | 24,17 | 2716
Aaisis.ry 14,20 ;718,38 | 22,29 | 2563 | 28,73 | 31,75 | 34,77 | 37,78
Aoround(s,0) 0,59 | -053 | -049 | -047 | -046 | -045 | -0,45 | -0,45
4roundion) 0,86 | -0,75 | -0,62 | -0,57 | -0,55 | -0,53 | -0,53 | -0,53
Agie 444 | 612 | 857 | 11,19 | 1393 | 16,77 | 19,68 | 22,64
4 ground(S,R) B - - - - - - -

Apoundargs 444 | 612 | 857 | 11,19 | 1393 | 16,77 | 19,68 | 22,64

Table 213 — Step by step and final results related to the propagation in the vertical plane

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

L, in dB 93 93 93 93 93 93 93 93

T 0,12 0,41 1,04 | 193 366 | 966 | 3277 | 116,88

Ay in dB 002 | 008 | 020 | 037 | 070 1,85 | 6,28 | 22,38

Ay, indB 56,64 | 56,64 | 56,64 | 56,64 | 56,64 | 56,64 | 56,64 | 56,64
Apoundaryt in dB 5,17 741 | 10,38 | 13,30 | 16,20 | 19,13 | 22,09 | 23,78
Apoundary,r in dB 444 | 612 | 857 | 11,19 | 1393 | 16,77 | 19,68 | 22,64 | Total
Ly in dB 31,16 | 28,87 | 2578 | 22,69 | 1946 | 1538 | 799 | -981 | 3443
LgindB 31,89 | 30,16 | 27,59 | 2479 | 21,73 | 1774 | 10,40 | -8,67 | 35,66
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fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000

LindB 31,54 29,56 26,78 23,87 20,74 16,72 9,36 -9,20 35,08
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1

L,indB 5,34 13,46 18,18 20,67 20,74 17,92 10,36 -10,30 26,01

Table 214 — Ground attenuation related to lateral propagation paths

f1n HZ 65 125 250 200 1000 2000 4000 o 000
Lateral right

w (H) 0,00 0,00 0,00 0,02 0,13 0,70 3,46 15,82
Cr(H) 204,75 | 223,53 | 212,65 | 88,09 | 10,70 1,43 0,29 0,06

Aground,n in dB -1,13 -1,13 -0,97 -0,65 -1,13 -1,13 -1,13 -1,13
w (F) 0,00 0,00 0,00 0,01 0,08 0,40 2,07 9,97

Cr(F) 201,41 | 215,78 | 228,09 | 136,20 | 24,26 2,53 0,48 0,10

Agroung p In dB -1,13 -1,13 -1,13 -1,13 -1,13 31,13 -1,13 -1,13
lateral left

w (H) 0,00 0,00 0,00 0,02 0;10 0,51 2,61 12,30
Cr(H) 198,93 | 214,98 | 219,72 | 113,73{{17,06 1,95 0,38 0,08

Agroung,n In dB -1,35 -1,35 -1,35 1,32 -1,35 -1,35 -1,35 -1,35
w (F) 0,00 0,00 0,00 0,01 0,06 0,34 1,77 8,65

C¢(F) 196,96 | 209,53 | 225,50p,149,30 | 30,69 3,06 0,56 0,12

Aground r in dB -1,35 -1,35 -1,35 -1,35 -1,35 -1,35 -1,35 -1,35

Table 215 — Calculation of the linear partial levels related to the right lateral path

(homogeneous)
Ilateral right (H)
flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
I}, in dB 93 93 93 93 93 93 93 93
Raem (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A,mindB 0,02 0,08 0,20 0,38 0,72 1,90 6,44 22,95
A4iyin dB 56,64 56,64 56,64 56,64 56,64 56,64 56,64 56,64
Agrounan in dB 1,13 | 1,13 | -097 | -065 | -1,13 | -1,13 | -1,13 | -1,13
A4igy in dB 18,69 22,74 26,20 29,33 32,37 35,39 38,40 41,41
44indB 74,23 78,33 82,07 85,71 88,61 92,80 | 100,35 | 119,88 || Total
I};; in dB 18,77 14,67 10,93 7,29 4,39 0,20 -7,35 -26,88 21,01

Lateral right (F)

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
LyindB 93 93 93 93 93 93 93 93
Ayem (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88
Ay indB 0,02 0,08 0,20 0,38 0,72 1,90 6,44 22,95
Ay, indB 56,64 56,64 56,64 56,64 56,64 56,64 56,64 56,64
Aground,F in dB -1,13 -1,13 -1,13 -1,13 -1,13 -1,13 -1,13 -1,13
Agiepin dB 18,69 22,74 26,20 29,33 32,37 35,39 38,40 41,41

Table 216 — Calculation of the limear partiat tevels Tetated to the right tateral pathr {favourable)
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Table 216 (continued)
Lateral right (F)
fin Hz 63 125 250 500 1000 2000 4000 8000
ApindB 74,23 78,33 81,92 85,23 88,61 92,80 100,35 | 119,88 Total
LpindB 18,77 14,67 11,08 7,77 4,39 0,20 -7,35 -26,88 21,05

Table 217 — Calculation of the linear partial levels related to the left lateral path

: (homogeneous)
Lateral Jeft (H)
fin Hz 63 125 250 500 1000 2000 4000 8000
Ly indB 93 93 93 93 93 93 93 93
QAo (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
Ay indPB 0,02 0,08 0,20 0,37 0,71 1,86 6,32 22,54
Agiy in dB 56,64 56,64 56,64 56,64 56,64 56,64 56,6% 56,64
Agrounanfin dB 435 | -1,35 | -1,35 | 1,32 | -1,35 | -1,35 | 1,35 | -1,35
Agigyin 4B 11,08 | 13,52 | 16,24 | 19,09 | 22,02 | 2499 (2798 | 3098
AyindB 66,40 68,90 71,73 77,43 78,01 82,14 89,59 108,80 | Total
LyindB 26,60 24,10 21,27 15,57 14,99 10,86 3,41 -15,80 29,69

Table 218 — Calculation of the linear partial levels related.to the left lateral path (favourable]

Lateral Jeft (F)

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

Ly, indB 93 93 93 93 93 93 93 93

Qo (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

A, in dB 0,02 0,08 0,20 0,37 0,71 1,86 6,32 22,54

Agiyin dB 56,64 56,64 56,64 56,64 56,64 56,64 56,64 56,64
Agroung,rn dB -1,35 -1,35 1,35 -1,35 -1,35 -1,35 -1,35 -1,35

Agi¢pin dB 11,08 13,52 16,24 19,09 22,02 24,99 2798 30,98

ApindB 66,40 68,90 71,73 74,75 78,01 82,14 89,59 | 108,80 | Total
LpindB 26,60 24,10 21,27 18,25 14,99 10,86 3,41 -15,80 | 29,83

Table 219 — Partial and total sound pressure levels for all three propagation paths

fin Hz 63 125 250 500 1000 2000 | 4000 8000 Total
L, in dB pver top 5,34 13,46 18,18 20,67 20,74 17,92 10,36 -10,30 26,01
L, in dB right -7,43 -1,43 2,41 4,34 4,39 1,40 -6,35 -27,98 9,88
L, in dB Jeft 0,40 8,00 12,67 13,91 14,99 12,06 4,41 -16,90 20,04
L,indB 6,72 14,66 19,34 21,58 21,84 19,00 11,42 -9,38 27,08

6.2.21 TC20 — Ground with spatially varying heights and acoustic properties

This test case, shown in Figure 35, can be compared with the next test case TC21 (ground model and
source - receiver are identical). Contour lines and geometry of areas of constant ground factor G are the
same as in TCO5 (Tables 16 and 17).
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All area with G=0,9
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AB area with G =02
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Table 220 — Coordinates of source’S and receiver R

. X y Z
Point
(m) (m) (m)
S 10 10 1
R 200 25 14

z-profile S-R
u v
No

(m) (m)
1 0,00 0,00
2 110,34 0,00
3 175,54 10,00
4 190,59 10,00

Figure 35 — Ground with spatially varying heights and acoustic properties

hble 220 contains the input parameters (source and receiver position), and Tables 221 to 223
ntermediate and the final results.

Table 221 — z-profile (ground height) along the propagation path

show the

Table.222 — Ground attenuation (in frequency bands where no diffraction is relevgnt)

flinHz 63 125 250 500 1000 | 2000 | 4000 || 8000
W) 1.6E-04 8,8E-04 4.9E-03 0,03 015 0,76 376 17,01
Cr(H) 199,65 218,28 203,92 80,61 9,46 1,31 0,27 0,06
Aground i in dB 1,06 1,06 1,06 1,06 | -1,06 | -1,06 | 1,06 | -1,06

w (F) 0,00 0,00 0,00 0,01 0,08 0,42 2,16 10,35
Cr(F) 195,99 210,11 221,65 131,04 23,06 2,42 0,46 0,10

A ound F in dB -1,06 -1,06 -1,06 -1,06 -1,06 -1,06 -1,06 -1,06
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Table 223 — Step by step and final results related to the propagation in the vertical plane

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

Ly in dB 93 93 93 93 93 93 93 93

Tt 012 | 041 | 1,04 | 193 | 366 | 966 | 32,77 | 116,88

Ay in dB 002 | 008 | 020 | 037 | 070 | 185 | 626 | 2233

Ay, ind 56 62 56 62 56 62 5662 56 62 56,62 56 62 56 62
Apoundarsfts in dB 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06
Aboundargr in dB 1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 |~Total
Lyin dB 3741 | 3735 | 3723 | 3706 | 3673 | 3559 | 31,17 | 15,10 [} 4491
LgindB 3741 | 3735 | 3723 | 3706 | 3673 | 3559 | 31,17 | 1510 | 4491
LindB 3741 | 3735 | 3723 | 3706 | 3673 | 3559 | 31,17 |AI510 | 4491
A-weightfing in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,indB 11,21 | 21,25 | 28,63 | 33,86 | 36,73 | 3679 | 3217 | 1400 | 41,61

6.2.22 TC21 — Building on ground with spatially varying heights and ‘acoustic properties

This scepario, shown in Figures 36 and 37, differs from TC20 only by.the building H (no reflections a1

considergd).

Key
S sourge

-

receiver
H building

Al areawith G =
A2 areawith G =
A3 areawith G =

0.9
0.5
0.2

Figure 36 — Scenario of TC20 with inserted U-shaped object
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Figure 37 — 3D-presentation of scenario TC21
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Table 224 contains the additional input parameters (building), and Tables 225 to 242 show the

intermediate and the final results.

Table 224 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y z
No No (m) (m) (m)
1 1 167,2 39,5 11,5
1 2 151,6 48,5 11,5
1 3 141,1 30,3 11,5
1 4 156,7 21,3 11,5
1 5 159,7 26,5 11,5
1 6 151,0 31,5 11,5
1 7 155,5 39,3 11,5
1 8 164,2 34,3 11,5

Table 225 — Height profiles along the direct and the two latéral paths (homogeneous)

z-profile S-0 z-profile O-R z-profile right z-profile left
u z u z u z u z

(m) (m) (m) (m) () (m) (m) (m)
0,00 0,00 146,75 | 11,50 0,00 0,00 0,00 0,00
110,34 0,00 147,26 | 11,50°| 110,33 | 0,00 | 114,00 | 0,00
146,75 5,58 147,26 (5,66 147,10 564 | 146,72 | 4,86
175,54%Y 10,00 | 175,54 | 10,00 | 183,89 | 10,00
190,59 | 10,00 | 190,59 | 10,00 | 200,57 | 10,00

Table 226 —-Determination of G, (homogeneous)
G-profile’S -> 0 G-profile O ->R

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,12 40,12 09 0,00 0,51 0,51 0
40,12 140,44 100,31 0,5 0,51 43,84 43,33 0,20
140,44 146,75 6,32 0,20 Gpath 0,20

Gpath 0,60

Table 227 — G-profile along the two lateral paths (homogeneous)

G-profile lateral right G-profile lateral left
from to length G from to length G

(m) (m) (m) (m) (m) (m)
0,00 40,12 40,12 09 0,00 41,45 41,45 |09
40,12 140,42 100,30 0,5 41,45 145,09 103,64 | 0,5
140,42 147,10 6,68 0,2 | 145,09 146,72 1,63 0,2
147,10 190,59 43,49 0,2 | 146,72 200,56 53,85 | 0,2
Gpath 0'5 Gpath 0'5
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Table 228 — z-profile (ground height) along the propagation path

z-profile S-R
No u v
(m) (m)
1 0,00 0,00
2 110,34 0,00
3 146,75 5,58
3 46,75 1156
5 147,26 11,50
6 147,26 5,66
7 175,54 10,00
8 190,59 10,00

hble 229 — Mean ground plane MGP and averaged ground factors (homogeneous)

Parameter S->04 0,->R

a (MGP) 0,02 0,10

b (MGP) inm -1,04 -8,64

zyinm 2,04 5,10

Z,inm 9,07 3,12

d,inm 146,96 43,87

Gpath 0,60 0,20
G'\ath 0,77

Table 230 — Mean ground plane MGP and averaged ground factors (favourable)

Parameter S->R | §$->04 0,>R
a (MGP) 0,06 0,02 0,11

b (MGP) in m -2,84 -1,10 -10,12
Zrinm 3,84 2,10 5,28
Zyinm 6,12 8,93 3,00
d,inm 191,02 | 147,48 43,34
Gpath 0,50 0,59 0,20

G'\ath 0,65 0,76

Table 231 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->R) - -
R'(S->R) - -
S'(S->0) 0,10 -3,08
R'(0->R) 191,23 7,79
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Table 232 — Coordinates of mirror points (favourable)

Mirror points u (m) v (m)
S'(S->R) 0,43 -6,66
R'(S->R) 191,28 1,79
S'(S->0) 0,10 -3,21
R'(Q->R) 191 25 804

Table 233 — Calculation of the path length differences &

Parameter S->R S'->R S->R' Lateral right Laterfal left
(H) (F) (H) (F) (H) (F) (H) () (H) (F)
No(0,) 4 5 4 5 4 5 - -
No(0,) 4 5 4 5 4 5 : -
d 191,03 191,16 | 191,26 | 191,39 | 191,35 | 191,51 191,03 191,013
dg 147,13 147,69 | 147,38 | 14795 | 147,13 | 147,69 147,44 147,05
dg, 4391 43,40 | 4391 | 43,40 | 44,63 | 44,13 43,60 53,94
e 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 -0,06 0,03 -0,04 0,41 0,31 0,00 9,95
Table 234 — Ground attenuation (in frequencybands where no diffraction is relevgnt)
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
w (H) - - - - - - - -
C; (H) : - : - : - : -
Aground,n in dB - - - § - - - -
w (F) 0,00 0,00 - 0,01 0,08 0,42 2,15 10,33
Cr(F) 195,98~ 210,08 - 131,26 | 23,14 2,43 0,46 0,10
Agrounar in dB 4,06 | -1,06 - 1,06 | -1,06 | -1,06 | -1,06 | -1,06
Table 235 — Check of the "Rayleigh-Criterion” (favourable)
Parametér Favourable
63 125 250 | 500 | 1000 | 2000 | 4000 | 8000
0 (No.ofedge in z-profile) 5,00 5,00 - - - - - -
-A/20 -0,27 -0,14 - - - - - -
S-R 191,16 191,16 - - - - - -
d., (S-D-R) 147,69 147,69 - - - - - -
dg, (S-D-R) 43,40 43,40 - - - - - -
5 -0,06 -0,06 - - - - - -
6p >-A/20? yes yes - - - - - -
S*-R* 191,60 191,60 - - - - - -
d (S*D-R¥) 147,95 147,95 - - - - - -
dg, (S*D-R¥) 44,13 44,13 - - - - - -
Sp* 0,47 0,47 - - - - - -
AJ4-6p* 0,88 0,21 - - - - - -
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Table 235 (continued)

Parameter Favourable
63 125 250 | 500 | 1000 | 2000 | 4000 | 8000
Op > (A/4 - 6p*)? no no - - - - - -
R-Criterion OK? no no - - - - - -

Table 236 — Determination of Ay, ngary, 1

fiin Hz (%4 125 250 200 1000 2000 4000 o 000
A dif(S,R) 4,81 4,85 492 5,06 5,34 5,84 6,69 8,02
y: around,(S,0) -0,70 -0,70 -0,70 -0,70 -0,70 -0,70 -0,70 -0,70
y: ground,(O,R) -0,47 -1,57 -2,41 -2,41 -2,41 -2,41 -2,41 -2,41
Zdif[ng) 5,08 5,37 5,89 6,78 8,15 10,03 12,34 14,95
A4ie(s,r 7,81 9,55 11,77 14,33 17,09 19,97 22,92 25,89
Zground(S,O] -0,68 -0,66 -0,63 -0,58 -0,51 -0,44 0,37 -0,32
/ ground(O,R) -0,33 -0,95 -1,18 -091 -0,69 -0,53 -0,42 -0,35
Aqir 3,80 3,24 3,11 3,58 4,13 4,87 5,90 7,35
4 ground(S,R) B - - - - - - -
Aboundaryi 3,80 | 324 | 311 | 358 | 413 487 | 590 | 735
Table 237 — Determination of. Aboundary’F

flin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Aie(s.r) 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00
A ground,(S,0) - - -0,71 - - - - _

4 ground,(O,R) - - -2,40 - - - - -
Ait(s',r) - - 2,86 - - - - ,

4 dif(S,R") - - 10,88 - - - R .

4 ground(S,0) - = -0,55 - - - - -

4 ground(O,R) - - -0,81 - - - - -
Adif - - -0,72 - - - - -
Aground(s,R) 4,06 | -1,06 - 1,06 | -1,06 | -1,06 | -1,06 | -1,06
Aboundary,F <1,06 -1,06 -0,72 -1,06 -1,06 -1,06 -1,06 -1,06

Table 238 — Step.by step and final results related to the propagation in the vertical plane

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

Ly indB 93 93 93 93 93 93 93 93

T 012 041 104 | 193 | 366 | 966 | 3277 | 116,88

A, indB 002 | 008 | 020 | 037 | 070 | 185 | 626 | 2233

Ay, indB 56,62 | 56,62 | 56,62 | 56,62 | 56,62 | 56,62 | 56,62 | 56,62
Apoundary in dB 380 | 324 | 311 | 358 | 413 | 487 | 590 7,35
Apoundaryr in dB 1,06 | -1,06 | -072 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | Total
Lyin dB 32,56 | 33,06 | 33,07 | 3243 | 31,54 | 29,66 | 2422 | 670 | 40,10
LgindB 3741 | 3736 | 3690 | 3707 | 36,74 | 3559 | 31,18 | 1511 | 44,86
LindB 3563 | 3572 | 3539 | 3534 | 34,88 | 33,57 | 2896 | 12,68 | 43,10
A-weighting in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

L,indB 943 | 1962 | 26,79 | 32,14 | 34,88 | 3477 | 2996 | 11,58 | 39,68
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Table 239 — Ground attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right

w (H) 0,00 0,00 0,00 0,03 0,15 0,76 3,76 17,00
Cr(H) 199,64 | 218,28 | 203,93 | 80,63 9,47 1,31 0,27 0,06
Agroung,n in dB -1,06 -1,06 -1,06 -1,06 -1,06 -1,06 -1,06 -1,06
w (F)

€rtH)

Aground,F indB
lateral left

w (H) 0,00 0,00 0,00 0,02 0,13 0,70 3,48 15,89
Cr(H) 209,75 | 229,14 | 216,34 | 87,81 10,49 1,42 0,29 0,06
Agroundp In dB -1,12 -1,12 -1,02 -0,79 -1,12 -1,12 -1,12 -1,12
w (F)
Cr(F)

Aground,F indB

Table 240 — Calculation of the linear partial levels’related to the right lateral path

(homogeneous)
Ilateral right (H)
flin Hz 63 125 250 500 1000 2000 4000 8000
I}, in dB 93 93 93 93 93 93 93 93
Ratm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
4,mindB 0,02 0,08 0,20 0,37 0,70 1,85 6,26 22,33
44iyin dB 56,62 56,62 56,62 56,62 56,62 56,62 56,62 56,62
Agrounan in dB 1,06 | -1,060 -1,06 | -1,06 | -1,06 | -1,06 | -1,06 | -1,06
4gi¢y in dB 4,78 479 4,81 4,84 4,92 5,06 5,33 5,82
4,indB 60,37 60,44 60,57 60,78 61,18 62,47 67,15 83,71 Total
Il;in dB 32,63 32,56 32,43 32,22 31,82 30,53 25,85 9,29 40,04

Table 241 -<-Calculation of the linear partial levels related to the left lateral path

(homogeneous)
Ilateral left (H)
flin Hz 63 125 250 500 1000 2000 | 4000 8000
I}, in dB 93 93 93 93 93 93 93 93
qatr(10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A, ndB 0,02 0,08 0,21 0,39 0,74 T,9% 6,59 23,49
A4y in dB 56,62 56,62 56,62 56,62 56,62 56,62 56,62 56,62
Agrounan in dB 112 | 112 | 4,02 | 079 | 1,12 | 1,12 | 412 | 1,12
Agigy in dB 18,85 | 21,74 | 2471 | 2770 | 30,70 | 33,70 | 36,71 | 39,72
AyindB 74,38 77,32 80,52 83,92 86,93 91,14 98,79 118,71 Total
LyindB 18,62 15,68 12,48 9,08 6,07 1,86 -5,79 -25,71 21,51
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Table 242 — Partial and total sound pressure levels for all three propagation paths

fin Hz 63 125 250 500 1000 2000 4000 8000 Total
L, in dB over top 9,43 19,62 26,79 32,14 34,88 34,77 29,96 11,58 39,68
L, in dB right 3,42 13,45 20,82 26,01 28,81 28,72 23,84 5,18 33,61
L, in dB left -10,59 -3,44 0,87 2,87 3,06 0,05 -7,81 -29,82 8,39
L,indB 10,44 20,58 27,78 33,09 35,84 35,73 3091 12,48 40,64
6.2.23 TC22 — Builc

acoustiqproperties

This test case, shown in Figures 38 and 39, includes a receiver position at the backside of a|U-tyy

building|— the consideration of lateral diffraction in such cases can be checked. Contourlines ar

geometry of areas of constant ground factor G are the same as in TCO5 (Tables 16 and 17).
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Figure 38 — Scenario withiinserted U-shaped building with receiver backside

Figure 39 — 3D-presentation of scenario TC22

Tables 243 and 244 contain the modified and new input parameters (source, receiver and building), and
Tables 245 to 260 show the intermediate and the final results.
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Table 243 — Coordinates of source S and receiver R

. X y z
Point
(m) (m) (m)
S 10 10 1
R 187,05 25 14

Table 244 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y z
No No (m) (m) (m)
1 1 197,0 36,0 20,0
1 2 179,0 36,0 20,0
1 3 179,0 15,0 20,0
1 4 197,0 15,0 20,0
1 5 197,0 21,0 20,0
1 6 187,0 21,0 20,0
1 7 187,0 30,0 20,0
1 8 197,0 30,0 20,0

Table 245 — Height profiles along the direct and€he’two lateral paths (homogeneous)

z-profile S-0 z-profile O-R z-profile right z-profile left
u z u v/ u z u z

(m) (m) (m) (m) (m) (m) (m) (m)
0,00 0,00 177,64 | 10,00 0,00 0,00 0,00 0,00
110,39 0,00 177,68 | 10,00 | 110,04 | 0,00 | 111,29 | 0,00
169,60 9,08 175,06 | 10,00 | 170,99 | 9,08
187,07 | 10,00 | 176,99 | 10,00
193,08 | 10,00 | 188,99 | 10,00
203,80 | 10,00 | 195,00 | 10,00
206,14 | 10,00

Table 246 — Determination of G,,.;, (homogeneous)

G-profile S-> 0 G-profile O -> R

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,14 40,14 0,9 0,00 0,05 0,05 0,2
40,14 140,50 100,36 0,5 ? th 0,20
140,50 169,61 29,10 0,20

Gpath 0,54
Table 247 — G-profile along the two lateral paths (homogeneous)
G-profile lateral right G-profile lateral left

from to length G from to length G

(m) (m) (m) (m) (m) (m)

0,00 40,01 40,01 0,9 0,00 40,47 40,47 09
40,01 140,05 100,04 0,5 40,47 141,65 101,18 0,5
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Table 247 (continued)
G-profile lateral right G-profile lateral left
from to length G from to length G
(m) (m) (m) (m) (m) (m)

140,05 187,07 47,02 0,2 141,65 170,99 29,34 0,2
187,07 193,08 6,01 0,2 170,99 188,99 18,00 0,2
193,08 203,80 10,73 0,2 188,99 195,00 6,01 0,2
foath 6748 455,89 206,14 44 0,2

Gpath 0,48

Table 248 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y

(m) (m)
1 0,00 0,00
2 110,39 0,00
3 169,60 9,08
4 169,61 20,00
5 177,63 20,00
6 177,64 10,00
7 177,68 10,00

able 249 — Mean ground plane MGP and averaged ground factors (homogeneous)

Parameter S->0, 0,->R | S->Rright | S->Rleft
a (MGP) 0,04 0,00 0,06 0,06
b (MGP) inm -2,06 10,00 -3,05 -3,05
z;inm 3,06 10,00 4,04 4,04
Z,inm 14,75 4,00 493 493
d,inm 170,26 0,05 204,22 206,55
Gpath 0,54 0,20 0,48 0,48
G path 0,79 0,58 0,58

Table 250 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,26 -5,11
R'(0->R) 177,68 6,00

Table 251 — Calculation of the path length differences §

Parameter S->R S'->R S->R' Lateral right Lateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
No(0,) 4 4 4 4 4 4 - - - -
No(0,) 5 5 5 5 5 5 - - - -
d 178,16 | 178,28 | 178,45 | 178,56 | 177,75 | 177,87 | 178,16 178,16| 178,16 | 178,16
dg 170,67 | 170,77 | 171,19 | 171,30 | 170,67 | 170,77 | 187,57 | 187,57 | 171,44 | 171,44
d, 6,00 6,00 6,00 6,00 14,00 | 14,00 | 10,75 10,75 11,16 | 11,16
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Table 251 (continued)
Parameter S->R S'->R S->R' Lateral right Lateral left
(H) (F) (H) (F) (H) (F) (H) (F) (H) (F)
e 8,03 8,03 8,03 8,03 8,03 8,03 6,01 6,01 24,06 | 24,06
6,54 6,52 6,78 6,76 14,94 14,93 26,17 26,17 28,51 | 28,51
Table 252 — Determination of Ay, ;,qary,1
Fin Hz 63 TZ5 250 500 T000 | 2000 | 4000 | 8000
Agit(sR) 17,34 | 20,76 | 25,01 | 29,48 | 33,28 | 36,55 | 39,63 | 42)66
Aground(5.0) 0,64 | -0,64 | -064 | -064 | -0,64 | -0,64 | -0,64 [|-0,64
Aground (O.R) 2,40 | 240 | -240 | -2,40 | 2,40 | 2,40 | 2,407 -2,40
Agigs'R) 1749 | 2091 | 2517 | 29,64 | 33,43 | 36,70 | (3978 | 42,81
Agigs.r) 20,79 | 24,29 | 28,58 | 33,06 | 36,87 | 40,14n]\43,22 | 46,25
g ound(s,0) -063 | -063 | -0,63 | -063 | -0,63 | -0%63 | -0,63 | -0,63
Ao ound(0.R) 1,68 | -1,67 | -1,66 | -1,66 | -1,66 (~:,66 | -1,66 | -1,66
Agir 15,03 18,46 22,71 22,71 22,71 22,71 22,71 22,71
Aground(S,R) B - - D - B -
ApoundaryH 15,03 18,46 22,71 22,71 22,71 22,71 22,71 22,71
Table 253 — Determination of Ay, qary,¢
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agits.R) 17,33 | 20,75 | 2500° | 29,47 | 33,27 | 36,54 | 39,62 | 42,65
Aground,5,0) -0,64 | -0,64 [.@,64 | -0,64 | -0,64 | -0,64 | -0,64 | -0,64
A g round (O.R) 2,40 | 2,40~[ -2,40 | -2,40 | -2,40 | 2,40 | -2,40 | -2,40
Agit(s'R) 1748 | 2090 | 2516 | 29,63 | 33,43 | 36,70 | 39,78 | 42,80
Agif(s,R 20,79 24,28 28,58 33,06 36,86 40,13 43,21 46,24
Ay round(s,0) -0,63 1 -063 | -063 | -0,63 | -0,63 | -0,63 | -0,63 | -0,63
A ground(0.R) 68 | -1,67 | -1,66 | -1,66 | -1,66 | -1,66 | -1,66 | -1,66
Agis 15,02 18,45 22,71 22,71 22,71 22,71 22,71 22,71
Aground(S,R) - - - - - - -
ApoundaryF 15,02 | 1845 | 22,71 | 22,71 | 22,71 | 22,71 | 22,71 | 22,71
Table 254 Step by step and final results related to the propagation in the vertical plane
flin Hz 63 125 250 500 1000 2000 4000 8000
1}, indB 93 93 93 93 93 93 93 93
A 012 041 1,04 193 3,66 9,66 32,77 116,88
A,mindB 0,02 0,07 0,19 0,34 0,65 1,72 5,84 20,82
A4y indB 56,02 56,02 56,02 56,02 56,02 56,02 56,02 56,02
Apoundaryi in dB 1503 | 1846 | 22,71 | 22,71 | 22,71 | 22,71 | 22,71 | 22,71
Apoundary,r in B 15,02 | 1845 | 22,71 | 22,71 | 22,71 | 22,71 | 22,71 | 22,71 | Total
LyindB 21,93 18,45 14,09 13,93 13,62 12,55 8,43 -6,55 25,11
LpindB 21,94 18,46 14,09 13,93 13,62 12,55 8,43 -6,55 25,12
LindB 21,94 18,46 14,09 13,93 13,62 12,55 8,43 -6,55 25,12
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0,0 1,2 1,0 -1,1
L,indB -4,26 2,36 5,49 10,73 13,62 13,75 9,43 -7,65 18,64
© IS0 2020 - All rights reserved 87


https://standardsiso.com/api/?name=c0cdd72a9bf6d970002461815fa274b8

ISO/TR 17534-4:2020(E)

Table 255 — Ground attenuation related to lateral propagation paths

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Lateral right
w (H) 0,00 0,00 0,00 0,02 0,11 0,60 3,00 13,93
Cf(H) 212,03 | 230,71 | 226,18 | 101,93 | 13,28 1,67 0,33 0,07
Agrouna in dB 1,25 | 1,25 | -1,03 | 0,77 | -1,25 | -1,25 | -1,25 | -1,25
w (F) 0,00 0,00 0,00 0,01 0,07 0,38 1,96 9,49
Gty 209,341 224,10 23746 T 143;50"1T259% 2569 ;51 ;11
Aground,r in dB 1,25 | 1,17 | 4,25 | 1,25 | -1,25 | -1,25 | -1,25 | -1,25
Iateral left
W (H) 0,00 0,00 0,00 0,02 0,11 0,59 2,96 13,76
dr(H) 214,41 | 233,28 | 22892 | 103,46 | 13,51 1,70 0,34 0,07
y: oround,H iN dB -1,26 -1,26 -1,05 0,86 -1,26 -1,26 -1,26 -1,26
W (F) 0,00 0,00 0,00 0,01 0,07 0,38 1,96 9,49
dr(F) 211,78 | 226,80 | 240,03 | 144,13 | 25,83 2,69 0,51 0,11
Asroundr in dB 1,26 | 1,18 | -1,26 | -1,26 | -1,26 | -1,265 -1,26 | -1,26
Table 256 — Calculation of the linear partial levels related to the right lateral path
(homogeneous)
Lateral fight (H)
fin Hz 63 125 250 500 1000 2000 4000 8 000
Ly in dB 93 93 93 93 93 93 93 93
Aoem (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A, in dB 0,02 0,08 0,21 9,39 0,75 197 6,70 23,88
A4y indB 56,02 56,02 56,02 56,02 56,02 56,02 56,02 56,02
Agrouna,ufin dB 1,25 | 1,25 | -1,03 077 | 125 | -1,25 | -1,25 | -1,25
Agiey indB 23,08 26,38 30,38 34,93 39,06 42,50 45,63 48,67
AyindB 77,88 81,24 85,57 92,12 94,57 99,24 107,10 127,33 Total
LyindB 15,12 11,76 7,43 0,88 -1,57 -6,24 -14,10 -34,33 17,42

Table 257 — Calculation 6fthe linear partial levels related to the right lateral path (favourable

N/

Lateral right (F)

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

Ly, indB 93 93 93 93 93 93 93 93

Apem (10970%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 | 116,88

A,y in dB 0,02 0,08 0,21 0,39 0,75 1,97 6,70 23,88

Ay, indB 56,02 56,02 56,02 56,02 56,02 56,02 56,02 56,02

Aground,r in dB -1,25 -1,17 -1,25 -1,25 -1,25 -1,25 -1,25 -1,25

Ag4i¢pin dB 23,08 26,38 30,38 34,93 39,06 42,50 45,63 48,67

ApindB 77,88 81,31 85,36 90,10 94,57 99,24 | 107,10 | 127,33 | Total
LpindB 15,12 11,69 7,64 2,90 -1,57 -6,24 -14,10 | -34,33 17,48
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Table 258 — Calculation of the linear partial levels related to the left lateral path

(homogeneous)
Lateral left (H)
fin Hz 63 125 250 500 1000 2000 | 4000 8000
Ly, indB 93 93 93 93 93 93 93 93
Ay (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
A,mindB 0,03 0,08 0,22 0,40 0,76 2,00 6,77 24,16
‘éulv indB ':F\,n') -:a,m ':A,ﬂ') 'T.F\’ﬂ') -:a’m ':F\,n') ':F\’n') ':ﬁ'n’)
Aground,n in dB 1,26 | 1,26 | -1,05 | 086 | -1,26 | -1,26 | -1,26 | -1,26
A4igy in dB 24,81 29,30 33,41 36,85 39,98 43,03 46,04 49,06
4,indB 79,60 84,14 88,60 94,13 95,50 99,78 107,58 |\12797 Total
If;;in dB 13,40 8,86 4,40 -1,13 -2,50 -6,78 -14,58V1 -34,97 15,30
Table 259 — Calculation of the linear partial levels related to the left]ateral path (favouirable)
Ilateral left (F)
flin Hz 63 125 250 500 1000 2000 4000 8000
I},,in dB 93 93 93 93 93 93 93 93
Jatm (10°,70%) 0,12 0,41 1,04 1,93 3,66 9,66 32,77 116,88
4,mindB 0,03 0,08 0,22 0,40 0,76 2,00 6,77 24,16
44iyin dB 56,02 56,02 56,02 56,02 56,02 56,02 56,02 56,02
Agrounarin dB 1,26 | 1,18 | 1,26 | 1,260 | -1,26 | -1,26 | -1,26 | -1,26
A4ip in dB 24,81 29,30 33,41 36,85 39,98 43,03 46,04 49,06
ArindB 79,60 84,22 88,39 92,01 95,50 99,78 107,58 | 12797 Total
Il in dB 13,40 8,78 4,61 0,99 -2,50 -6,78 -14,58 | -34,97 15,37
Table 260 — Calculation of the A-weighted sound pressure level
flin Hz 63 125 250 500 1000 2000 4000 8000
If;;(vert) in dB 21,93 18,45 14,09 13,93 13,62 12,55 8,43 -6,55
I}, (right) in dB 1512~ 11,76 7,43 0,88 1,57 | -6,24 | -14,10 | -34,33
Il;;(left) in dB 13,40 8,86 4,40 -1,13 -2,50 -6,78 -14,58 | -34,97
I};(tot) in dB 23,23 19,67 15,31 14,27 13,85 12,66 8,48 -6,54
If(vert) in dB 21,94 18,46 14,09 13,93 13,62 12,55 8,43 -6,55
I}(right) in dB 15,12 11,69 7,64 2,90 -1,57 -6,24 -14,10 -34,33
Ilr(left) indB 13,40 8,78 4,61 0,99 -2,50 -6,78 -14,58 | -34,97
I|(tot)\in-dB 23,24 19,66 15,36 14,46 13,85 12,66 8,48 -6,54 Total
I} in-dB 23,24 19,66 15,33 14,37 13,85 12,66 8,48 -6,54 26,18
A-weighting in dB -26,2 -16,1 -8,6 -3,2 0 1,2 1 -1,1
L,indB -2,96 3,56 6,73 11,17 13,85 13,86 9,48 -7,64 18,93

6.2.24 TC23 — Two buildings behind an earth-berm on flat ground with homogeneous acoustic

properties

The aim of this and the following two test cases is to check the combination of diffraction and reflection
with different modelling approaches. The ground factor of the terrain is spatially constant with G = 0.
The surface of the earth berm is porous (G = 1). The facades of the building are acoustically characterized
by an absorption coefficient of @ = 0,2. The test case is shown in Figures 40 and 41.
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Figure 40 — Scenario earth-berm and 2 buildings H1 and H2 — Receiver in front of H1

Tables 261 to 263 contain the inputparameters, and Tables 264 to 275 show the intermediate and the

final res

-berm

1ts.

Figure 41 — 3D-presentation of scenario TC23

Table 261 — Coordinates of source S and receiver R

. X y z
Point
(m) (m) (m)
S 38 14 1
R 107 25,95 4

90

Table 262 — Contour lines to describe the shape of the ground surface

No X1 Y1 Z X3 Y2 Z
(m) (m) (m) (m) (m) (m)

1 30 -14 0 122 -14 0

2 122 -14 0 122 45 0

3 122 45 0 30 45 0

4 30 45 0 30 -14 0
5 59,60 -9,87 0,00 76,84 | -5,28 0,00
6 76,84 | -5,28 0,00 63,71 | 41,16 0,00
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Table 262 (continued)

No X1 Y1 Zy X2 Y2 Z
(m) (m) (m) (m) (m) (m)
7 63,71 41,16 0,00 46,27 | 36,28 0,00
8 46,27 | 36,28 0,00 59,60 -9,87 0,00
9 46,27 | 36,28 0,00 54,68 | 37,59 5,00
10 54,68 | 37,59 5,00 55,93 37,93 5,00
12 59,60 -9,87 0,00 67,35 -6,83 5,00
13 67,35 -6,83 5,00 68,68 | -6,49 5,00
14 68,68 | -6,49 5,00 76,84 | -5,28 0,00
15 54,68 | 37,59 5,00 67,35 -6,83 5,00
16 55,93 37,93 5,00 68,68 -6,49 5,00

Table 263 — Coordinates of acoustically opaque objects (buildings)

Object Edge X y z
No No (m) () (m)
1 1 75,0 34,0 9,0
1 2 11050 34,0 9,0
1 3 110;0 26,0 9,0
1 4 75,0 26,0 9,0
2 5 83,0 18,0 8,0
2 6 118,0 18,0 8,0
2 7 118,0 10,0 8,0
2 8 83,0 10,0 8,0

Table 264 — z-profile (ground height) along the propagation path

z-profile S-R
No ! Y

(m) (m)
1 0,00 0,00
2 14,21 0,00
3 22,64 5,00
4 23,98 5,00
5 32,30 0,00
6 70,03 0,00

Table 265 — z-profiles (ground-height) related to the vertical propagation plane

(homogeneous)
z-profile S-0 z-profile O-R
u Z u Z
(m) (m) (m) (m)
0,00 0,00 23,98 5,00
14,21 0,00 32,30 0,00
22,64 5,00 70,03 0,00
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Table 266 — z-profiles (ground-height) related to the vertical propagation plane (favourable)

92

z-profile S-0 z-profile O-R

u Z u z
(m) (m) (m) (m)
0,00 0,00 22,64 5,00
14,21 0,00 23,98 5,00
22,64 5,00 32,30 0,00
76,03 6,60

Table 267 — Determination of G,,,.;, (homogeneous)

G-profile S -> 0 G-profile O -> R
from to length G from to length G
(m) (m) (m) (m) (m) (m)
0,00 14,21 14,21 0 0,00 8,33 8,33 1
14,21 22,64 8,43 1 8,33 46,05 37,72 0,00
Gpath 0,37 Gpath 0,18

Parameter S->0, 0,->R
a (MGP) 0,19 -0,05
b (MGP) in m -1,17 2,89
zyinm 2,13 3,35
Zpinm 1,94 4,73
d,inm 22,99 46,04
Gpath 0,37 0,18
G' Lt 0,07

hble 268 — Mean ground plane MGP and averaged ground factors (homogeneous)

Table 269 — Mean ground-plane MGP and averaged ground factors (favourable)

Parameter S->0, 0,->R
a (MGP) 0,19 -0,06
b (MGP) in m -1,17 3,51
z;inm 2,13 291
Z,inm 1,94 491
d,inm 22,99 47,36
Gpath 0,37 0,20
Lot 0,07

Table 270 — Coordinates of mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,78 -3,19
R'(0->R) 69,54 -5,46
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Table 271 — Coordinates of mirror points (favourable)

Mirror points u (m) v (m)
S'(S->0) 0,78 -3,19
R'(0->R) 69,41 -5,80

Table 272 — Calculation of the path length differences

Parameter S->R S'->R S->R'
(H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3
No(0,) 4 3 4 3 4 3

d 70,09 70,11 69,62 69,64 69,84 69,75

dg 22,99 22,99 23,35 23,35 22499 22,99

dg, 46,06 | 4740 | 46,06 | 4740 |-46}75 | 48,00

e 1,34 0,00 1,34 0,00 1,34 0,00

0,30 0,29 1,12 1,11 1,24 1,24

Table 273 — Determination°of Ay, ngary,1
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agifs,R) 7,17 8,69 10,78 ¢, 13,46 | 16,98 | 21,34 | 25,53 | 29,05
Aground,(s,0) -1,02 -0,08 -0,73 -2,79 -2,79 -2,79 -2,79 -2,79
Aground (O.R) -0,28 | -1,00 | G246 | 2,46 | 2,46 | 2,46 | -2,46 | -2,46
Agig(s' R) 10,54 12,93 15,67 18,78 22,56 27,04 31,28 34,81
Agif(s,R 10,86 13,28 16,05 19,18 22,97 27,46 31,70 35,22
Aground(s,0) -0,71 =0,05 -0,42 -1,62 -1,58 -1,56 -1,55 -1,55
Aground(0,R) -0,18 -0,60 -1,42 -1,36 -1,32 -1,30 -1,30 -1,29
Agis 6,28 8,04 8,93 10,48 14,09 18,48 22,15 22,16
Aground(S,R) - - - - - - - -
Apgundary.i 628 | 804 | 893 | 1048 | 14,09 | 1848 | 22,15 | 22,16
Table 274 — Determination of AboundarY,F
fin HZ 63 125 250 500 1000 | 2000 | 4000 | 8000
AaéR) 710 | 859 | 10,59 | 12,99 | 1566 | 18,49 | 21,41 | 24,37
A ground(5.0) 096 | -013 | 1,09 | 279 | 279 | 2,79 | 2,79 | -2,79
Ay ound (OR) -054 | -1,28 | 2,39 | 2,39 | 2,39 | 239 | 2,39 | -2,39
Agigs'R) 10,51 | 12,87 | 1553 | 18,36 | 21,27 | 24,23 | 2722 | 30,22
Ajig(s,R) 10,86 | 13,27 | 1596 | 18,81 | 21,73 | 24,70 | 27,68 | 30,68
A ound(s,0) -0,66 | -0,08 | -0,64 | -1,61 | -1,57 | -1,55 | -1,54 | -1,53
Ao ound(0.R) 0,35 | -077 | 1,37 | 1,30 | -1,27 | -1,25 | -1,24 | -1,24
Agi 6,09 7,74 8,59 10,07 | 12,82 | 15,69 | 18,63 | 21,60
Aground(S,R) B - - - - - - -

Apoundary,F 6,09 7,74 8,59 10,07 | 12,82 | 15,69 | 18,63 | 21,60
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Table 275 — Step by step and final results related to the propagation in the vertical plane

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

L, in dB 93 93 93 93 93 93 93 93

Taem 0,12 0,41 1,04 | 193 3,66 | 966 | 32,77 | 116,88

Ay in dB 001 | 003 | 007 | 014 | 026 | 068 | 230 | 819

Ay, indB 4791 | 4791 | 4791 | 4791 | 4791 | 4791 | 4791 | 4791
Apoundaryt in dB 6,28 | 804 | 893 | 1048 | 14,09 | 1848 | 22,15 | 22,16
ApoundaryFTTdB 6,69 74 8,59—T—10;8F——1282—15:69——16;63——2+60——Fotah
Lyin dB 38,80 | 3702 | 36,08 | 34,47 | 30,75 | 2593 | 20,64 | 14,74 | 4326
LgindB 3899 | 37,32 | 3642 | 34,88 | 32,01 | 2872 | 2416 | 1529 |[()43,69
Lin dB 3890 | 3717 | 36,26 | 34,68 | 31,42 | 2754 | 22,75 | 15,02, 43,48
A-weightling in dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 A1

L,in dB 12,70 | 21,07 | 2766 | 31,48 | 31,42 | 2874 | 23,75 | \1392 | 36,56

6.2.25 TC24 — Two buildings behind an earth-berm on flat ground with homogeneous acoustic

properties - receiver position modified

Compardgd to test case TC23, only the receiver position is modified and tfeflection comes into play. T}
model is the same as in TC23 except for the receiver position. This test<€ase is shown in Figures 42 and 4

Key
S sourge
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Hn buildings

B eartlf-berm

Figure 42 — Scenario with earth-berm and 2 buildings H1 and H2 — Receiver in front of H2

e

[®®)
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=3

re¢sults.

Figure 43 — 3D-presentation of scenario TC24

Table 276 — Coordinates of source S and receiver R

. X 8/ z
Point
(m) () (m)
S 38 14 1
R 106 18,5 4

(homogeneous)
z-profile S-0 z-profile O-R
u z u z
() (m) (m) (m)
0,00 0,00 60,58 0,00
14,46 0,00 68,15 0,00
23,03 5,00

Table 278 — Determination of G,,,;, (homogeneous)

hble 276 contains the new receiver position, and Tables 277 to 298 show the intermediate and

Table 277 — z-profiles (ground-height) related to the vertical propagation plane

G-profile S-> 0 G-profile O -> R
from to length G from to length G
(m) (m) (m) (m) (m) (m)
0,00 14,46 14,46 0 0,00 7,57 7,57 0
1446 23,03 8,56 T Goath 0,00
Gpath 0,37

Table 279 — z-profile (ground height) along the propagation path

z-profile S-R

u

No
(m) (m)
1 0,00 0,00
2 14,46 0,00
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Table 279 (continued)
z-profile S-R

No ! Y
(m) (m)
3 23,03 5,00
4 24,39 5,00
5 32,85 0,00
7 45,10 6,00
8 60,58 6,00
9 60,58 0,00
10 68,15 0,00

Thble 280 — Mean ground plane MGP and averaged ground factors (hemogeneous)

Parameter S->0, 0,->R
a (MGP) 0,18 0,00
b (MGP) in m -1,17 0,00
zyinm 2,13 6,00
Z,inm 1,94 4,00
d,inm 23,37 7,57
Gpath 0,37 0,00
G'hath 0,067

Table 281 — Coordinates of-mirror points (homogeneous)

Mirror points u (m) v (m)
S'(S->0) 0,76 -3,20
R' (0->R) 68,15 -4,00

Table 282-—"Calculation of the path length differences

Parameter S->R S'->R S->R'
(H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3
No(0,) 8 8 8 8 8 8
d 68,21 68,23 67,77 67,78 68,33 68,35
dg 23,37 23,37 23,72 23,72 23,37 23,37
d. 7.83 7,83 7,83 7.83 12,54 12,54
e 37,57 37,57 37,57 37,57 37,57 37,57
1) 0,56 0,55 1,36 1,35 5,16 5,14
Table 283 — Determination of Aboundary‘H
fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Adif(s'm 10,18 13,64 16,95 20,02 23,02 26,01 29,00 32,01
Aground,(5,0) 1,05 | -0,09 | -069 | -279 | -2,79 | -2,79 | -279 | -2,79
Aground,(OR) -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3,00
Agigs'R) 13,22 | 1714 | 20,64 | 23,79 | 26,82 | 29,83 | 32,84 | 35,85
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Table 283 (continued)
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fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agig(s.) 18,53 | 22,73 | 26,34 | 29,53 | 32,59 | 3561 | 38,62 | 41,63
A round(5.0) -0,75 | -0,06 | -0,46 | -190 | -190 | -1,89 | -1,89 | -1,89
A round(O.R) 427 | 1,17 | 4,14 | 12 | 12 | 411 | 411 | -1
Agir 8,16 12,40 | 15,36 | 16,99 | 20,00 | 22,00 | 22,00 | 22,00
Aground(s R) - - - - - - - -

A A L

Table 284 — Determination of 4,41y,

fin Hz 63 125 250 500 1000 | 2000 | 4000”"| 8000
Agigs.p) 10,11 | 13,55 | 16,86 | 1993 | 2292 | 2591 [ (2891 | 3191
Aqround,(5.0) 098 | -014 | -1,05 | -2,79 | -2,79 | -2,79n]\-2,79 | -2,79
Aground (O.R) -3,00 | -3,00 | -3,00 | -3,00 | -3,00 | -3{00- | -3,00 | -3,00
Agig(s' R) 13,19 1710 | 20,60 | 23,75 | 26,79 /~29,79 | 32,80 | 35,81
Agics.r) 18,52 | 22,72 | 26,33 | 29,52 | 32,58~} 3560 | 38,61 | 41,62
A, ound(s.0) -0,70 | -0,10 | -0,70 | -1,89 | -89 | -1,88 | -1,88 | -1,88
A ound(OR) 4,27 | 1,17 | 4,13 | 4,11 &-,11 | -1,10 | -1,10 | 1,10
Aqif 8,15 12,29 | 15,04 | 16,92 1993 | 22,02 | 22,02 | 22,02
Aground(s.R) - - - » - - - -

ApoundaryF 815 | 12,29 | 1504 ¢, 1692 | 1993 | 22,02 | 22,02 | 22,02

Table 285 — Step by step and final results'related to the propagation in the vertical plane

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

1}, in dB 93 93 93 93 93 93 93 93

Qi 0,12 041 1,04 1,93 366 | 966 | 32,77 | 116,88

Ao in dB 001 | 003 | 007 | 013 025 | 066 | 2724 7,97

Ay, in dB 47,68-3147,68 | 4768 | 4768 | 4768 | 4768 | 4768 | 4768
Aboundary in dB 8,06y | 12,40 | 1536 | 1699 | 20,00 | 22,00 | 22,00 | 22,00
Aboundary in dB 815 | 12,29 | 1504 | 1692 | 1993 | 22,02 | 22,02 | 22,02 || Total
1l in dB 3716 | 3290 | 29,89 | 28,20 | 2507 | 22,67 | 21,09 | 1535 | 39,75
Il in dB 3717 | 33,00 | 30,22 | 2827 | 2514 | 22,65 | 21,07 | 1533 [ 39,82
1| in dB 3716 | 3295 | 30,06 | 2823 | 2511 | 22,66 | 21,08 | 1534 | 39,79
A-weightingin dB 262 | -161 | -86 -3,2 0,0 1,2 1,0 1,1

1|, indB 1096 | 16,85 | 21,46 | 2503 | 2511 | 23,86 | 22,08 | 14,24 | 31,05

Table 286 — z-profiles (ground-height) related to the vertical propagation plane

(homogeneous) — Reflection

z-profile S-0

z-profile O-R

u V4 u V4
(m) (m) (m) (m)
0,00 0,00 23,84 5,00

14,13 0,00 32,13 0,00
22,51 5,00 43,53 0,00
70,74 0,00
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Table 287 — z-profiles (ground-height) related to the vertical
propagation plane (favourable) — Reflection

z-profile S-0 z-profile O-R
u Z u 4
(m) (m) (m) (m)
0,00 0,00 22,51 5,00
14,13 0,00 23,84 5,00
22 51 5,00 3213 0,00
43,53 0,00
70,74 0,00
Table 288 — Determination of G, (homogeneous) — Reflection
G-profile S -> 0 G-profile O -> R
from to length G from to length G
(m) (m) (m) (m) (m) ()
0,00 14,13 14,13 0 0,00 8,29 8,29 1
14,13 22,51 8,38 1 8,29 19,70 11,40 0,00
Gpath 0,37 19,70 46,90 27,21 0,00
Gpath 0,18
Table 289 — Determination of G, (favourable) — Reflection
G-profile S-> 0 G-profile O -> R
from to length G from to length G
(m) (m) (m) (m) (m) (m)
0,00 14,13 14,13 0,0 0,00 9,62 9,62 1,0
14,13 22,51 8,38 1,0 9,62 21,02 11,40 0,0
Goatn 0,37 | 21,02 | 4823 | 2721 | 0,0
Goarn | 0,20

Table 290 — Mean ground plane MGP and averaged ground factors (homogeneous) —

Reflection
Parameter S->04 0,->R
a (MGP) 0,19 -0,05
b (MGP) in m -1,17 2,80
zyinm 2,13 3,38
Zy,inm 1,94 4,72
d,inm 22,86 46,90
Gpath 0,37 0,18
G'yath 0,07

Table 291 — Mean ground plane MGP and averaged ground factors (favourable) — Reflection

Parameter S->04 0,->R
a (MGP) 0,19 -0,06

b (MGP) in m -1,17 3,41
zyinm 2,13 2,96
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Table 293 — Coordinates of mirror points (favourable) — Reflection

Table 294 — Calculation of the path length-differences — Reflection

Table 291 (continued)
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Parameter S->0, 0,->R
Zyinm 1,94 490
d,inm 22,86 48,20

Gpath 0,37 0,20
G'\ath 0,07

Mirror points u (m) v (m)
S'(S->0) 0,78 -3,19
R'(0->R) 70,27 -5,43

Mirror points u (m) v (m)
S'(S->0) 0,78 3,19
R'(0->R) 70,14 5,77

Tahle 292 — Coordi fmi ints (1 ) — Reflecti

Parameter S->R S'->R S->R’
(H) (F) (H) (F) (H) (F)
No(0,) 3 3 3 3 3 3
No(0,) 4 3 4 3 4 3
d 70,80 [~\70,82 | 70,33 | 70,34 | 70,56 | 70,49
dg 22,86) | 22,86 | 23,22 | 23,22 | 22,86 | 22,86
d, 4692 | 48,24 | 46,92 | 48,24 | 47,59 | 48,84
e 1,33 0,00 1,33 0,00 1,33 0,00
0,30 0,29 1,13 1,13 1,22 1,22

Table 295 — Determination

of Ay gundary,n — Reflection

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agit(sR) 718 | 871 | 10,80 | 13,49 | 1700 | 21,36 | 2556 | 29,08
Agrounbted) 1,01 | -0,08 | -0,75 | 2,79 | -279 | 2,79 | 2,79 | -2,79
AN 0R) 0,27 | -094 | 247 | 2,47 | 247 | 247 | 2,47 | -247
3SR 10,58 | 1296 | 1571 | 18,82 | 22,59 | 27,07 | 31,31 | 34,85
Agigs.R) 10,80 | 13,22 | 1598 | 19,11 | 22,88 | 2737 | 31,61 | 35,15
A 070 005 042 162 159 1 C6 155 1. C5C5
‘-'ground(b’()] Ty Ty R o= R A R A Ly R
Ao ound(0.R) 018 | -0,57 | -1,45 | -1,38 | -1,34 | -1,32 | -1,32 | -1,32
Agir 6,30 8,09 8,93 10,49 | 14,08 | 18,48 | 22,13 | 22,14
Aground(S,R) - B - B - B - B

ApoundaryH 6,30 | 809 | 893 | 10,49 | 14,08 | 18,48 | 22,13 | 22,14

Table 296 — Determination of 4, 4,,,,r — Reflection

fin Hz 63 125 250 500 1000 | 2000 | 4000 | 8000
Agif(s,R) 7,12 8,61 10,62 | 13,02 | 15,69 | 18,52 | 21,44 | 24,40
Aground,(5,0) 095 | -0,13 | -1,10 | -279 | 279 | 2,79 | 2,79 | 2,79
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