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1. Introduction

In 1996, the Nordic Council of Ministers decided to establish a new generation
of environmental noise prediction methods utilizing results of research and de-
velopment having taken place since the first Nordic prediction methods were
published in the 1970s and early 1980s.

The idea was to develop a sound propagation model and to build up source-re-
lated prediction methods for road and rail traffic and other environmental noise
sources, all applying the same propagation model.

The propagation model should predict the sound pressure level, generated by a
point source, in one-third octave bands from 25 Hz to 10 kHz at a receiver, ba-
sed on the one-third octave band sound power levels of the source.

The propagation model should predict for a variety of weather conditions so
that noise from different types of environmental noise could be treated in the
same way rather than according to existing models that are valid for different
weather conditions. This latter fact is due to historical rather than technical rea-
sons.

Complicated terrain should be handled by an explicitly elaborated procedure. In
previously used prediction methods, it has been essential to have a skilled user
interpret the terrain and decide how to present it in the calculation. Such a sub-
jective practice will necessarily lead to undesirable variation in calculated re-
sults. With the new Nordic propagation model, an explicit procedure can be
carried out by a computer leading to unambiguous results.

The outcome of the work was a comprehensive outdoor sound propagation
model and source models for road and rail vehicles. The final model denoted
Nord2000 has been described in the following reports:

e B. Plovsing and J. Kragh, Nord2000. Comprehensive Outdoor Sound Pro-
pagation Model. Part 1: Propagation in an Atmosphere without Significant
Refraction, DELTA Acoustics & Vibration, Report AV 1849/00, Kgs.
Lyngby 2001.

e B. Plovsing and J. Kragh, Nord2000. Comprehensive Outdoor Sound Pro-
pagation Model. Part 2: Propagation in an Atmosphere with Refraction,
DELTA Acoustics & Vibration, Report AV 1851/00, Kgs. Lyngby 2001.

e H. G. Jonasson and S. A. Storeheier, Nord2000. New Nordic Prediction
Method for Road Traffic Noise, Version 1.0, SP Report 2001:10, Borés
2001.

e H. G. Jonasson and S. A. Storeheier, Nord2000. New Nordic Prediction
Method for Rail Traffic Noise, Version 1.0, SP Report 2001:11, Boréas 2001.
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A summary can be found in the following report:

e ] Kragh, B. Plovsing, S. A. Storeheier, and H. G. Jonasson, Nordic Envi-
ronmental Noise Prediction Methods, Nord2000. General Nordic Noise

Propagation Model and Applications in Source-Related Prediction Meth-
ods, DELTA Acoustics & Vibration Report AV 1719/01, Lyngby 2002.

The five reports and a number of background reports can be downloaded from
the web site: http://www.delta.dk/nord2000

exSOUND2000+ is based on the Nord2000 method with the limitations de-
scribed in Section 2.

The present User’s Guide contains a description of Nord2000 which enables the
user to apply exSOUNDZ2000+. If a more detailed description of the scientific
basis of Nord2000 is required, this can be found in the reports mentioned
above.


http://www.delta.dk/nord2000
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2. Limitations

All 2-D features of the Nord2000 propagation model have been implemented in
exSOUND2000+ except a few. The limitations of exSOUND2000+ are:

e Only one scattering zone (forest or housing area) is allowed, and the princi-
ple for calculating the reduction in efficiency when the scattering zone has
a limited height has been slightly simplified compared to the method de-
scribed in the reports.

e Correction for the efficiency of a vertically erected reflecting surface is not
included and has to be added manually to the result if the path is a reflected
path.

e Diffraction around the vertical edges of a screen with a finite length is not
included.

e Only one type of surface property (impedance and roughness) is allowed
for each terrain segment. Therefore, a mix of surface properties has to be
handled by subdividing the segments.

x-coordinates in the terrain profile must be in ascending order.

It is expected that the contribution from vertical reflecting surfaces outside the
direct propagation path as well as diffraction around vertical edges of a finite
screen will be included in future versions of exSOUND2000+. However, it
must be recommended in case of a complicated 3-D environment to use the
software SoundPLAN™ instead.
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3. Installation on a Windows PC

This section describes the installation of exSOUND2000+ on a Windows 2000
or XP PC. In the description it is assumed that the program MATLAB™ has
not been installed on the PC. The presence of MATLAB™ may conflict with
the use of exSOUND2000+ unless the MATLAB™ version is Release 13. In
the latter case step 2) and 3) below shall be omitted.

The installation is carried out as follows:

1) Copy the folder exSOUND2000 on the CD to the folder on the harddisk
where you want to install exSOUND2000+. In the following this folder will
be called <my_folder>. The folder may be the root directory (e.g. C:\).

2) Run mglinstaller.exe in the <my_folder>\exSOUND2000 directory by us-
ing the Start/Run menu or by double-clicking mglinstaller.exe in Windows
Explorer. This application installs the MATLAB™ math and graphics run-
time libraries. The application asks you to enter a directory to which to in-
stall the run-time libraries and proposes <my_folder>\exSOUND2000. It is
recommended that you accept this proposal by pressing <Enter>. The appli-
cation is also expected to add the string ;<my_folder>\exSOUND2000\bin\win32
to your Path environment variable. Step 3) below contains a description of
how to make sure that your path is configured correctly and, if necessary,
how to configure it manually. However, first it is recommended to continue
the installation by step 4) and return to step 3), if necessary.

3) Open the System Properties in the Windows Control Panel (Windows
2000: Start/Settings/Control Panel/System, Windows XP: Start/Control Pa-
bel/System) and choose the sheet Advanced. Then press the button Environ-
ment Variable. Click Path in the window System Variables and press the
button Edit. Append the string ;<my_folder>\exSOUND2000\bin\win32 to the
system variable value and press OK a sufficient number of times to close

System Properties.
Edit System Yariable d A
Yariable MName: I Path
YWariable Yalue: I 32nls\English; o ex SOUND 2000 binlwin32
Il I Cancel

4) Start exSOUND2000.exe from the Start/Run menu, by double-clicking ex-
SOUND2000.exe in Windows Explorer or preferably by assigning a short-
cut to exSOUND2000.exe and by double-clicking the shortcut. If you get
the message “A required .DLL file, LIBUT.DLL was not found”, the PATH
environment variable has not been configured correctly, and you have to do
it manually as described by step 3).
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4. Prediction Model, Definitions

4.1 Short-Term Noise Levels

The Nord2000 model and exSOUND2000+ allow calculation of one-third oc-
tave band sound pressure levels from 25 Hz to 10 kHz for specified weather
conditions including rapid turbulent motions of the atmosphere. Therefore, the
model applies to calculation of short-term noise levels for time periods shorter
than 30 minutes or 1 hour.

Long-term noise levels which include the effect of slowly varying large-scale
motions of the atmosphere (synoptic scales) can be obtained by combining the
calculated short-term noise levels with meteorological statistics. In practice,
short-term level calculations are made for a limited set of meteorological class-
es, and the long-term level is the weighted average of these results. This ap-
proach makes it possible to calculate long-term levels such as the yearly aver-
age Lgen and Lyign specified as noise indicators in the EU Directive on environ-
mental noise, maximum noise levels for longer periods, or even complete statis-
tical distributions of noise levels.

4.2 Prediction Model

In general, exSOUNDZ2000+ can be used without any knowledge of the
Nord2000 reports mentioned in Section 1. However, a few model definitions
have to be known by the user in order to apply the program. This section con-
tains all necessary definitions.

Terrain

In Nord2000 any terrain shape must be approximated by a broken line (a chain
of straight-line segments). Figure 1 shows for three categories of non-flat ter-
rain how such segmented terrain may look.
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S e OR

c)

Figure 1
Examples of segmented terrain: a) moderately non-flat terrain, b) valley-shaped
terrain, c) terrain with a screen.

In exSOUND2000+ the terrain is defined by a table as shown in Table 1. Each
row in the table corresponds to a point of discontinuity in the terrain profile.
Such a terrain point is assigned a horizontal distance x, a vertical height z, a
ground type GT and a ground roughness GR. The first point (x;,z;) is the ground
point vertically below the source, and the last point (xp,z,) is the ground point
vertically below the receiver. The surface properties of the first segment be-
tween (x1,z1) and (x»,z,) are defined by the ground type GT) and the ground
roughness GR, and so on. Due to this definition the ground type and ground
roughness in the last row are not applied. The values of x must be in ascending
order. Behind the source and the receiver the terrain is assumed to continue
with the same slope as the first segment and last segment, respectively.
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Ground point no.| Distancex | Heightz |Ground type| Ground roughness
1 X1 Z1 GT 1 GR]
2 X2 V) GT2 GR2
n-1 Xn-1 Zn-1 GTha GR,.i
n Xn Zn N/A N/A

Table 1

Terrain definition.

The ground type is defined by the flow resistivity of the ground surface (in
Nord2000 this parameter is used to calculate the ground impedance using the
Delany and Bazley impedance model). The ground type may be specified di-
rectly by the flow resistivity or indirectly by using the letters A to G defined in
Table 2. In the frequently occurring case where it is possible only to distinguish
between “soft” and “hard” ground, it is recommended to use the ground types
D and G, respectively.

Ground Ground type o .
class [Nsm'4] Description
A 12500 Verysoft
(snow or moss-like)
Soft forest floor
B 31500 (short, dense heather-like or thick moss)
C 20000 Uncompacted, loose' ground
(turf, grass, loose soil)
Normal uncompacted ground
b 200000 (forest floors, pasture field)
E 500000 Compacted field and gravel
(compacted lawns, park area)
F 2000000 Compacted dense .s011
(gravel road, parking lot)
G 20000000 Hard surface
(dense asphalt, concrete, water)
Table 2

Classification of ground type.

AV 1232/03
Page 9 of 29
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In Nord2000 each segment in the segmented terrain profile is generally as-
sumed to be perfectly flat. In most cases this is a reasonable assumption when a
real terrain has been approximated appropriately by a segmented terrain. How-
ever, in a few cases the terrain height may fluctuate strongly along the segment.
These fluctuations are supposed to take place within a short range; otherwise
the problem should be solved by further subdividing of the terrain. Such fluc-
tuations can be handled roughly in Nord2000 by specifying a ground rough-
ness. The ground roughness is the rms-value of the ground height fluctuations
within the segment. The ground roughness is recommended to be represented
by one of the four roughness classes shown in Table 3 based on an estimate of
the range of height fluctuations. The present version of exXSOUND2000+ does
not support the use of the letters N, S, M, and L.

Roughness class | Ground roughness | Range of heights
[m] [m]
N: Nil 0 +0.25
S: Small 0.25 0.5
M: Medium 0.5 +1
L: Large 1 12
Table 3

Classification of ground roughness types.

Source (Extended Source)

If a source cannot be approximated by a single point source when using the
Nord2000 propagation model, the real source has to be approximated by a
number of incoherent point sources, and a calculation has to be carried out for
each such sub-source.

In exSOUNDZ2000+ this is handled by introducing an “extended” source which
is a number of point sub-sources placed vertically above each other. The ex-
tended source which is shortly denoted source in exSOUNDZ2000+ is placed
vertically above the first point in the specified terrain profile (the source ground
point). Each sub-source in the source is assigned a height vertically above the
source ground point and a linear sound power level in one-third octave bands
between 25 Hz and 10 kHz.

If the source also has an extent horizontally which requires sub-sources placed
horizontally, this can be handled by dividing the real source into a number of
extended sources. However, most often such horizontal subdivision is of less
importance than vertical subdivision because the latter seriously affects the
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ground effect whereas approximately the same propagation conditions are seen
for sub-sources with the same height but spaced horizontally.

In exSOUND2000+ three more parameters are attached to each source:
e Duration
e Direction

e Source correction

The duration is the source emission time within the reference time (defined be-
low). The source is assumed to be steady during the source emission time. The
duration in relation to the reference time determines the contribution to the
equivalent sound pressure level. When calculating instantaneous or maximum
noise level, the duration has to be equal to the reference time.

The direction is the geographical direction (compass direction) to the source
seen from the receiver as shown in Figure 2 (0°, 90°, 180°, and 270° indicate
that the source is placed north, east, south, and west of the receiver, respective-
ly). The direction is used together with the wind direction (defined below) to
calculate the wind component in the direction of propagation.

North

Source direction

West East

South

Figure 2
Definition of source direction.
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Source correction is a value in dB which is added to the sound power level.
This correction can be used for several unspecified purposes including directiv-
ity of the source.

In case of moving sources (road or rail traffic), the movement is simulated by a
number of stationary extended sources placed equidistantly along the straight
traffic path, and the source duration is defined by the driving speed of the vehi-
cles or trains. The sound power levels are corrected for the number of road ve-
hicles or the total length of the train type in the considered time period.

Receiver

In exSOUND2000+ the receiver is placed vertically above the last point in the
specified terrain profile (the receiver ground point). The receiver height is the
height measured vertically above the receiver ground point.

Reference Time

The reference time is the time period considered when calculating the equiva-
lent sound pressure level. When calculating instantaneous or maximum noise
level the reference time has to be equal to the source duration.

Meteorological Parameters
The meteorological parameters considered when calculating short-term noise

levels are:

Height of wind: The height (in m) in which the wind speed and wind direction
has been measured. The typical height for a synoptical weather station is 10 m.

Wind speed: The average wind speed u(z) (in m/s) at the specified height z.

Roughness length: A constant which determines together with the wind speed
at a specified height the vertical wind speed profile according to the following
equation:

u(z)=Aln (i + 1)
Zy

The roughness length z, depends on the type of surface as shown in Table 4.
For normal grass-covered ground without bushes and trees a value of 0.05 is
recommended.
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Type of surface Zo [m]
Water surface, sand <0.01
Meadow, grass 0.01-0.1
Bushes, single trees 0.05-0.5
Forests 05-1
Built-up areas 1-2

Table 4

Classification of ground roughness types.

Wind direction: The average wind direction (in °) at the specified height. The
wind direction is the geographical direction from where the wind is blowing.
Hence, northerly, easterly, southerly, and westerly winds correspond to winds
blowing from the geographical directions of 0°, 90°, 180°, and 270°, respec-
tively.

Standard deviation of wind speed: The standard deviation of the wind speed
(in m/s) at the specified height of the wind. This quantity is normally not avail-
able from standard weather stations, but a reasonable estimate can be deter-
mined by the following equation where o, is the standard deviation, u is the
average wind speed, and £ is a constant. For flat ground without bushes, a value
k of 0.15 can be recommended whereas a higher value should be used for rough
terrain and terrain with bushes (k about 0.3). In any case, it is recommended not
to use a value below 0.5 m/s at 10 m height.

o,=ku

Temperature at the ground: The temperature at height 0 in the temperature
profile (which is assumed to vary linearly with the height). The temperature

2 m above the ground normally available from a standard synoptical weather
station is a reasonable estimate of the ground temperature.

Temperature gradient: The average temperature gradient (in °/m) between the
source and the receiver height. This quantity determines together with the tem-
perature at the ground the temperature profile. For neutral weather condition the
temperature gradient is -0.01 °/m called the lapse rate. During night-time the
temperature gradient may be positive (about 0.05-0.1 °/m) and negative during
day-time on a sunny day (about 0.1-0.2 °/m).

Standard deviation of temperature gradient: The standard deviation of the
temperature gradient (in °/m). This quantity is normally not known and will
also have a much more limited influence on the calculated results than the stan-
dard deviation of the wind speed. Therefore, it is recommended normally to use
a value of 0.
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Turbulence strength, wind: The wind turbulence strength is defined by the
structure parameter C.2. This value is most often not available, but 0.12 m*?s™
is recommended for a normally turbulent atmosphere.

Turbulence strength, temperature: The temperature turbulence strength is
defined by the structure parameter C. This value is most often not available,
but 0.008 Ks? is recommended for a normally turbulent atmosphere.

Relative humidity: The relative humidity (in %) can be obtained from standard
synoptical weather stations and is used for the calculation of the air absorption.
International standard atmosphere (ISA) is defined by a temperature of 15°C
and a relative humidity of 70%.

Scattering Zone (Forest or Housing Area)

In exSOUND2000+ it is possible to predict the effect of sound propagation
through “scattering zones”. Scattering zones are urban areas or vegetation. In
urban areas the sound propagation is influenced by multiple reflections, diffuse
scattering by irregularities of building facades, diffraction at house corners, and
absorption by buildings and ground surfaces. In vegetation, mainly forests, the
sound propagation is influenced by reflection, scattering, and absorption due to
trunks, branches and foliage. In such areas, sound propagation is much too
complicated for a deterministic model, and it has been necessary to use a statis-
tical scattering model. Such a model will not predict the exact sound pressure
level at a specified location, but rather the average sound pressure level at a
specified distance from the source. Thus, the sound shadow behind an object
and the increase in sound level in front of the object are not taken into account.

The present version of exSOUNDZ2000+ allows one scattering zone between the
source and receiver. The parameters in the prediction are:

Start of scattering zone: The x-coordinate of the limit of the scattering zone
closest to the source. The value has to be greater than or equal to x; in the ter-
rain profile.

End of scattering zone: The x-coordinate of the limit of the scattering zone
closest to the receiver. The value has to be less than or equal to x, in the terrain
profile and greater than the start of the scattering zone.

nQ: A value (in m™) which quantifies the density and size of the objects in the
scattering zone.

In case of housing areas nQ is determined by the following equation where #' is
the fraction of the plan area of all buildings to the total area of the scattering
zone (a value between 0 and 1), S is the surface area (sum of walls and roof
surfaces) of an average building (m?), / is the height of the highest building (m)
and Ay, is the average building plan area (m?).
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nQ =

In case of forests, nQ is determined by the next equation where n" is the density
of trees (m™), and d is the mean trunk diameter (m).

nQ=n"d
Mean height: The mean height of scattering zone above the ground surface.

Absorption coefficient: The average energy absorption coefficient of the scat-
tering objects. The value shall be between 0 and 0.4 and is normally in the
range 0-0.2.

Proportionality constant: A scaling constant in the scattering zone model. In
case of a forest, the value is fixed to be 1.25, and in case of a housing area the
value shall be in the range 0.4 to 1. A value of 0.7 is recommended for normal
use while 0.4 is recommended as a “safe” estimate not to overestimate the at-

tenuation.

Mean trunk radius: The mean radius of the trunk in a forest (is not used in
case of a housing area).
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5. User Interface

5.1 Definitions

This section contains a few definitions used when describing the user interface
in the following.

Project

A project is a collection of input data to be used by a computation method (see
below). A project can be stored in a project file. Each project contains data for
one receiver point, only.

Power Data

Power data is a collection of sound power levels of an extended source with an
attached height above the ground of each sub-source. The power data can be
stored in a power file which can be opened and used by any of the computation
methods.

Terrain Data

Terrain data is a definition of the terrain profile between the source and receiver
including surface properties. The terrain data can be stored in a terrain file
which can be opened and used by any of the computation methods. In the com-
putation methods Infinite straight road and Infinite straight rail track the ter-
rain profile is the profile between the point on the road or rail track closest to
the receiver and the receiver point (perpendicular to the road or rail track).

Computation Methods

When starting exSOUNDZ2000+, the user can choose between three computa-
tion methods:

e Stationary sources

¢ Infinite straight road

¢ Infinite straight rail track

When one of the computation methods and at least a source number of one has

been chosen, a project has been defined and the computation method can no
longer be changed.
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5.2

Calculation Setup, Stationary Sources

The screen window of the program contains as follows:

o A text field used to define the project title

e Three buttons used to choose the computation method

o A sheet called Source and terrain for defining the calculation setup related
to each individual source-receiver path

o A sheet called Calculation parameters for defining the calculation setup of
variables common for all sources

e A sheet called Total calculation for activating a calculation (by pressing the
button Total calculation) and showing the result

+ - erSOUND2000+ {C:\Documents and Settings’bp* exsound®figl.Prj) ) ) ﬂ

Project  Power Terrain Help

Project: |Flat grass-covered terrain, hs=1m, hr=2 m, d=100 m, na wind

Computational method————
1% Stationan souces

) [rfinite straight road

€ | rfinite straight rafl track

Source and lerla\nl Calculation parameters  Tatal Calculation

Total Calzulation Total: 583  dBA Tao Exce\l Fepart | ToW’ardl Frint Charll

dB Total Si 1 a | ~Curve:
il - o j &L Flat grass-covered terrain, hs=1 m, hr=2 m, d=100 m, no wind
25 Hz 55.0 near 70
35Hz [55.0 550 © & weighted
40 Hz 549 B4.9 [ Mumber of Curves:
50 Hz 548 548 " Paitials included

] I =
63Hz 545 546 =

2

BUH: 543 543 4
100 Hz 538 53.8
125Hz 530 530
160 Hz 51.7 51.7
200Hz 436 498 ﬂ?%ggﬁggf%iii;
280 Hz 462 4.2 ;I Frequency [Hz]

The three sheets which are used to define the calculation setup and activate a
calculation are described in the following.

Source and Terrain Sheet

The number of sources (extended sources) is defined in the field Source num-
ber or by pressing the wrapper next to the field, and each source may be as-
signed a title. For each source, a sheet (hereafter called the source sheet) is in-
serted which contains the calculation setup of the source.

Each source sheet contains a checkbox which is used to define whether the
source is included or not in the calculation. Besides, the sheet contains 5 sub-
sheets:

AV 1232/03
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e Source parameters

e Sound power
e Terrain
e Scattering zone

e Partial calculation

The Source parameter sheet defines the duration of the source noise emission,
the direction to the source, and a possible adjustment of the sound power levels.
The parameters are described in Section 4.2 subsection Source (Extended
Source).

« - eRSOUND2000+ {C:yDocuments and Settings'bp'exsound® fig4.Prj) =10 ﬂ
Project  Power Terrain  Help

Project: Ibumplex environment. 3 sources
Computational method—————
1% Stationary sources
! rfinite. straight roed

1) [mfinite: straight rail track

Source and tenain I Calculation parameters | Total Eal:u\at\nnl

Source umber: [1 = [k1 Change source name
K1 |kz k3 |

¥ Active? Delete source |

Source parameters | Sound pnwerl Tenainl Scattering zone | Partial Calculation

. Duration time uri
Duration: |1.0 |—(0" Sec  © Min  { Hows { Days

Direction; |270.0 °
Source correctior: |0.0 dB
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The Sound power sheet defines the sound power level and the height above
ground of each point sub-source of the extended source as described in Section
4.2 subsection Source (Extended Source).

« - eRSOUND2000+ {C:yDocuments and Settings'bp'exsound® fig2.Prj) =10 ﬂ
Project  Power Terrain  Help

Project: |Complex environment. 3 sources
Computational method—————
1% Stafionary sources
) [rfinite straight road

1) [mfinite: straight rail track

(Guice and terrain | Caloulation p ters | Total Caloulation |
Source umber: [1 = [k1 Change source name
ki k2 k3 |

¥ Active? Delete source

Source parameters  Sound power I Tenalnl Scaltering zone | Partial Calculation

his [rm] 1.00 500 ﬂ
Z5Hz 100.0 100.0 100.0
T EHz 1000 100.0 1000
40Hz 100.0 100.0 100.0
50 Hz 1000 100.0 1000
E3Hz 100.0 100.0 100.0
B0 Hz 1000 100.0 1000
100 Hz 100.0 100.0 100.0
125 Hz 1000 100.0 1000

The Terrain sheet defines the terrain profile including surface properties as de-
scribed in Section 4.2 subsection Terrain. The rows in the table representing a
ground point may be keyed-in in any order. When leaving the table, the pro-
gram arranges the rows so that the x-values will be in ascending order. There-
fore, a new ground point may be inserted by appending a row at the end of the
table.

+ - exSOUND2000+ {C:\Documents and Settings'bphexsound' fig2 Prj} — 13l x|

Project Power Terrain Help

Project: |Complex enviranmeant. 3 sources
Computational method————
1% Statiorany sources
! rfinite. straight road

£ finite straight rail track:

{ St and termain I Calculation p Total Calculation I

Source humber. IT :II Ik 1 Change source name

K1 |kz k3 |

v Active? Delete source

Source parametarsl Sound power  Temain | Scattering zome' Partial Ca\culatiun'

Distance x [m] Height z [m] |Gruund type sigma |Gr0und roughness | ﬂ
[Source] -0.50 D 200000 000

100.00 0.50 D 200000 000

120,00 050 D 200000 000

[Receiver] 150.00 0.00 D: 200000 0.00
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The Scattering zone sheet defines the parameters of a possible scattering zone =~~~

(forest or housing area) as described in Section 4.2 subsection Scattering Zone
(Forest or Housing Area).

+ - exSOUND2000+ {C:,Documents and Settings’bp’exsoundfig3.Prj) i m| il

Project  Power Terrain Help

Froject: |Forest. Mo wind

Computational method—————
1| Stationan sources
£ Infirite straight road

 nfirite straight rail rack

Calculation p I Total Calcu\atioml
Source humber: |1 ﬂ k1 Change source hame |
k1|
¥ Active?

Delete source |

Source parametersl Sound pnwerl Terain  Scattering zone | Partial Calculation

Number of T

Scattering zone;

FA Scalleringzone |
=

' Mo scattering

Mean height: |1U.UU m
' Forest area g
" Housing area
g Start: [10.00 m Absorptions coefficient: |D1D

Ends: [170.00  m Propartionality constant; |1 .25

ni: |0.04 m! Mean tune radius |D1 m

The Partial calculation sheet is used for activating a calculation for the current

source alone (by pressing the button Partial calculation) and showing the re-
sult.

+ - exSOUND2000+ {C:,Documents and Settings’bp’exsound'fig2.Prj) ) m) il

Project  Power Terrain Help

Froject |Complex enviranment. 3 sources

Computational method————
1% Stationan sources
| nfinite straight road

1 nfirite straight rail rack

Source and terrain | Calculation Darametersl Total Calcu\atioml

Sauczrumber:[1 = [k1 Change saurce name_|
K1 |kz k3 |
¥ Active?

Delete source I

Source parametersl Sound pnwerl Terraml Scattering zone  Partial Calculation I

Partial results Total [4B] 0.05m |1 00w |5 00w ﬂ
#5Hz 516 516 514
#15Hz 56,2 516 515 513
40Hz 56.2 516 515 512
50Hz 56.1 515 51.4 509
B3 Hz 558 514 512 506
@0 Hz 555 512 50.9 50.0

100Hz 54.9 508 50.4 431 LI
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Calculation Parameters Sheet

This sheet contains a set of calculation parameters which are common for all
sources. These parameters are the reference time of the equivalent sound pres-
sure level, the height of receiver above ground, and parameters defining the me-
teorological conditions. The parameters are described in Section 4.2.

+ - erSOUND2000+ {C:Documents and Settings’bp* exsound®,figd.Prj) - |E| ﬂ

Project  Power Terrain Help

Project: |Complex enviranment. 3 sources

Computational method————
1% Stationan souces

) [rfinite straight road

€ | rfinite straight rafl track

Source and terrain | Caloulation parameters I Total Calculation I

" Reference time unit
Reference lme IW g |—ﬁ' Sec O Min T Hows O Daps
Receiver height |2 a0 m
Roughness length |D 05 m
Air Abzorptiol
Relative hum\d\lylmﬂ # * ves Mo
it Temperature
Height of wind speed |10.00 m Temperature at ground |15.0 T
‘Wind directian | 270.0 ® Temperature gradient |0.000 fm
‘wind speed 3.0 mis Std. dev. of temperature gradient [0.000 “m
Std. Dev. of wind speed |0.5 mds Turbulence strength, temperature |0.008 Kl
Turbulence strength, wind |0.120 32

Total Calculation Sheet

This sheet contains a button Total calculation which activates a calculation
when pressed. After the calculation has been performed, the result will be
shown in a table at the left side of the sheet and in a chart at the right side of the
sheet. The table shows the calculated sound pressure level in each one-third oc-
tave band (linear weighting) for all sources and for each source separately. In
the chart the sound pressure levels may optionally be shown with linear or A-
curve frequency weighting, and the user may also choose whether the chart
shall show the total result only or whether partial results for each source shall
be included. The overall A-weighted sound pressure levels can be found at the
top of the sheet. During the calculation, the progress is shown by two progress
bars. The lower bar shows progress by the current source number while the up-
per bar shows progress by the sub-source number along the road or rail track
for each source.
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« - eXSOUND2000+ {C:"Documents and Settings'bp’exsound'fig2.Prj) =10 5[
Project  Power  Terrain  Help

Project: |Complex environment. 3 sources

Computational method————
1% Siationan sources

17 [nfitiite straight road

£ nfirite straight rail rack

Source and lerrainl Calculation parameters  Total Caleulation |

Totsl Calculstion | Tetal [B1.7  dBA TDEHcell Report | ToWDrdl PnntEhartl

[dE] Total Source 1 Source 2 £ ~Curve: )
& L Complex environment. 3 sources
HHe o 5 ¥ e [ R e e e e e e e e e N TR
316Hz 595 £6.2 508 £ | © Aweightad e
40Hz 5.4 5.2 50.2 £ Mumber of Curves—— 5
" Partials includzd
50 Hz 53.1 561 433 E ) . g5
B3Hz 588 58 484 £ | Fidcalony =
%
80 Hz 5083 555 469 E — 40
100 Hz 57.5 54.9 437 [
30
125 Hz 563 54.0 n7 c
160 Hz 545 525 w0 [ 5
200 Hz 5.9 50.1 B5 4 4 F
e e n e _',:I S —

5.3 Calculation Setup, Infinite Straight Road

When the computation method Infinite straight road has been chosen, the setup
sheets are in most cases identical to the sheets used in the method Stationary
sources described in Section 5.2. The only exception is the sub-sheet Source
parameters in the Source and terrain sheet.

Each source contains a definition of the number of vehicles within the reference
time period (defined in the sheet Calculation parameters), the speed of the ve-
hicles, and a general adjustment in dB of the source sound power levels defined
in the sub-sheet Sound power.

+ - exSOUNDZ2000+ {C:',Documents and Settings'bp' exsound' figd.Prj} ;IEIEI

Project  Power Terrain  Help

Praject; |Light vehicle. 3 mfs downwind
Computational method————
| Stationany sources

% nfirite straight road

1 [nfitiite: straight rail rack

Source and terrain | Calculation parametersl Total Ealcu\atlnnl

Saurce number:: |1 :II |1 Change source name |
1
IV Active? Dielete source |

Source parameters ISDund uuwerl Terraiﬂl Scatterin zcmel Paitial Ca\culaliunl

Dual-axle heawy wehicle [low exhaust]
Multi-axle heawvy vehicle (low exhaust]

Mumber of vehicles: ITUDDD i}
Welocity: ISU.U kméh

Source comechion IU.U dB
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In the same way as in the computation method Stationary sources, the source
may be divided into a number of sub-sources placed vertically above each other
above the first point in the specified terrain profile (on the road surface). Each
sub-source shall be assigned a height vertically above the source ground point
and a linear sound power level in one-third octave bands between 25 Hz and

10 kHz.

Instead of defining the sound power levels of the sub-sources manually, they
may be defined by double-clicking the vehicle type in the Source parameters
sub-sheet. The options are:

e Light vehicle (passenger car, delivery van, etc.)
e Dual-axle heavy vehicle (low exhaust)

e Multi-axle heavy vehicle (low exhaust)

When the computation method Infinite straight road has been chosen, the wind
direction defined in the sheet Calculation parameters is the direction of the
wind relative to the normal of the road. Directions of 0° and 180° indicate wind
perpendicular to the road with the wind blowing from the road towards the re-
ceiver (downwind) or from the receiver towards the road (upwind), respective-
ly. A direction of 90° indicates wind along the road. The wind direction may
also be interpreted as the geographical wind direction, in which case the road is
situated with a direction from west to east and the receiver placed south of the
road.

All sources in a project are parallel roads (because they will have the same
wind direction) and may represent different lanes or different types of vehicles
on the same lane.

5.4 Calculation Setup, Infinite Straight Rail Track

When the computation method Infinite straight rail track has been chosen, the
setup sheets are in most cases identical to the sheets used in the method Sta-
tionary sources described in Section 5.2. The only exception is the sub-sheet
Source parameters in the Source and terrain sheet.

Each source contains a definition of the total passing length of the train type
within the reference time period (defined in the sheet Calculation parameters),
the speed of the train, and a general adjustment in dB of the source sound pow-
er levels defined in the sub-sheet Sound power.
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« - eXSOUND2000+ {C:"Documents and Settings'bp’exsound'fig5.Prj) ;Iglil

Project  Power Terrain  Help

Project |DK Fassengertrain sets. Diesel train D1a

Computational method————
") Stationan sourses

17 [nfitiite straight road

% nfirite straight rail rack

Source and terrain | Calculation Darametarsl Tatal Calcu\atioml

Source humber:: |1 ill |51 Change source hame |
s
[ Active? Delete source |

Source parameters I Sound Dowerl Terraiml Scattering zone | Partial Ea\culalian'

D1b: Passenger train zets, Electric train: [IR4)
D1c & S1c: Passenger brain sets, Electic trainsets [ET) Aresund [no data)

D1d & 51a Passenger train zets, Electic trainzets <2000

DZ2a Locomotive driven trains, Diesel passenger traing with MZ or ME locomotiveMZ/F, ME/P)

D2b: Locomative driven krains, Diesel goods trains with MZ or ME locomotivelMZ/G and ME/G)]
D2 Locomotive diven trains, Electic passenager trains with EA locomotive [EA/F]

Length of train: IWUU.D m
Velociy [B00 kmh

Source comection IU 0 dB

In the same way as in the computation method Stationary sources, the source
may be divided into a number of sub-sources placed vertically above each other
above the first point in the specified terrain profile. Each sub-source shall be
assigned a height vertically above the rail head and a linear sound power level
in one-third octave bands between 25 Hz and 10 kHz. In exSOUNDZ2000+ the
rail head is assumed to be 0.2 m above the rail bed which is the source ground
point (first point in the specified terrain profile). Please note that this definition
of the source height differs from the definition in the computation methods Sta-
tionary sources and Infinite straight road where the source height is the height
above ground.

Instead of defining the sound power levels of the sub-sources manually, they
may be defined by double-clicking the train type in the Source parameters sub-
sheet. The source heights which can be seen in the Sound power sheet are
heights above the rail bed assuming that the rail head is 0.2 m above the ballast
surface. The train type options are given in Table 5, Table 6, and Table 7 for
Danish, Swedish, and Norwegian train types, respectively. The tables contain
individual train types arranged in main categories. The number of train types in
the tables and in exXSOUND 2000+ corresponds to the number of types consid-
ered in the Nord2000 Rail Traffic Noise Method. However, so far source data
are not available for all train types as indicated in the column Available. In
some cases, source data are identical for a number of train types. This is indi-
cated in the column Equal to. For example, it can be seen from Table 5 that the
source data of the train types D2a, D2b, D2c, and D2d are based on the same
data. Therefore, if traffic data of these types are merged, the calculation result
will not be affected, but the calculation time will be reduced.
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Main category Sub-category Available | Equal to
Dla | Diesel trains (IC3) Yes
P DI1b | Electric trains (IR4) Yes Dla
1 assenger
train sets Dlc | Electric train sets (ET) OQresund No
D1d | Electric train sets X2000 Yes Sla
Diesel passenger trains with
D2a | MZ or ME locomotive(MZ/P, Yes
ME/P)
Diesel goods trains with MZ or
D2b | ME locomotive(MZ/G and Yes D2a
) Locomotive- ME/G)
driven trains . : .
Doc Electric passenger trains with Ves Doa
EA locomotive (EA/P)
Electric goods trains with EA
b2d locomotive (EA/G) Yes D2a
D2e | Electric goods train (EG) No
D4a | S-trains 2™ and 3" generation Yes
D4b | S-trains 4™ generation Yes
4| Local trains D4c | Diesel train sets (MR) Yes
D4d Y;trams, IC2 tra;ns, Re- Yes Ddc
gioSprinter, Desiro

Table 5
Danish train types.
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Main category Sub-category Available | Equal to

Sla | X2000 Yes Dl1d
1 ngh—speed S1b | Arlanda train No
trains
S1c | Oresund train No

Normal speed

2| Inter-City S2a | With RC engine Yes
trains
S3a | X10, X12 (electric) Yes
3| Localand = g ) 51 (diesel) No
regional trains
S3c | Y2 (diesel) No
S4a | Normal, RC engine (electric) Yes

Normal, T44 engine (diesel +

4| Freight trains | S4b electric)

Yes

S4c | Iron ore train No

Table 6
Swedish train types.
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Main category Sub-category Available | Equal to
1 ngh-speed Nla | Gardermoen train, Type BM 71 Yes
trains
N2a | Type BM 70 Yes
N2b Passenge.r traln., electric Yes
(locomotive-driven)
Normal speed
2 Intfar-Clty N2c Passenge.r traln? diesel Yes
trains (locomotive-driven)
N2d | Type BM 73 Yes Nla
N2e | Type BM 93 Yes
N3a | Type BM 69 Yes
3| Local trains N3b | Type BM 92 Yes N2c
N3c | Type BM 72 Yes Nla
N4a | Ordinary goods, electric Yes
4| Freight trains N4b | Container express goods, electric Yes
N4c | Goods, diesel Yes

Table 7
Norwegian train types.

When the computation method Infinite straight rail track has been chosen, the
wind direction defined in the sheet Calculation parameters is the direction of
the wind relative to the normal of the track. Directions of 0° and 180° indicate
wind perpendicular to the track with the wind blowing from the track towards
the receiver (downwind) or from the receiver towards the track (upwind), re-
spectively. A direction of 90° indicates wind along the track. The wind direc-
tion may also be interpreted as the geographical wind direction, in which case
the track is situated with a direction from west to east and the receiver placed
south of the track.

All sources in a project are parallel tracks (because they will have the same
wind direction) and may represent tracks or different types of train on the same
track.
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5.5

Export and Print of Results

The calculated result may be printed as a report or as a graph or may be export-
ed to Microsoft Excel or Word.

Report

When pressing the button Report, a report is generated, which contains the cal-
culated result and a full documentation of the calculation input data. The report
may optionally be saved in a Rich text file (*.rtf) or sent to a printer. A Rich
text file can be read by Microsoft Word.

=
=Y

-exS0UNDZ000+
Light wehicle. 3 m/s downwind 2003-04-29

|»

Calculation parameters:
Fieference time 1.0 days
Receiver height 200
Foughness length  0.05

Height of wind speed 10.00

wind Direction relative to x-asis 0.0

‘wind speed .0

Standard deviation og wind speed 05
Temperature at the ground — 15.0

Temperature gradient 0.000

Standard deviation of the temperature gradient 0.000
Turbulence strength, wind -~ 0,120

Turbulence strength, temperature 0.008

Relative humidity  70.0

Source: 1
Murnber of vehicles: 10000.0
Welocity: 80,0 km/h

Height [m]: 0ol 015 030

Frequency Strength [dB] Strength [dB] Strength [dB] Partial [dB] TotalldB] |

25Hz 04.7 4.7 04.7 43.2 43.2

31.5Hz 831 831 831 416 416

40Hz 837 837 837 421 421

S0Hz g4.9 g4.9 g4.9 43.2 43.2

E3Hz 878 875 878 455 455

80Hz 9.5 915 9.5 4390 430

100 Hz g7.0 av.0 g7.0 437 437

125 Hz 826 826 826 78 78

160 Hz 839 839 839 368 368

200 Hz 834 834 834 327 327

280 Hz 84.0 84.0 84.0 278 278

315 Hz 833 833 833 211 21

400 Hz 831 831 831 186 186 LI
Print Chart

When pressing the button Print Chart, a graph with the calculated result will be
printed.

To Excel

Each time the button 7o Excel is pressed, a Microsoft Excel workbook will be
generated, which contains the calculated linear one-third octave band sound
pressure levels. The first time the button is pressed, Excel is started and should
not be closed until after the termination of exSOUND2000+.
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To Word

The first time the button 7o Word is pressed, the application Microsoft Word
will be started (unless the application is running already), and the result will be
exported to the templates exsoundrap.doc, exsoundfort.doc, and exsound-
scat.doc. Be sure that the three templates are present at the work directory with
the file attribute Read-only. After the calculation result has been inserted in the
template exsoundrap.doc, the document can be saved with a name differing
from exsoundrap.doc. The saved document can now be closed, but Microsoft
Word itself has to be kept open. The button 7o Word must not be pressed again
until after exsoundrap.doc has been saved with another name or closed. Please
note that the termination of exXSOUND2000+ will automatically close Microsoft
Word.

The templates may be changed by the user to comply with any lay-out require-
ments as long as the bookmarks within the templates are neither deleted nor
changed.
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