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Objectives
1. To learn about the various factors which can affect sound propagation.

2. To learn about the general standard method of calculation of sound

propagation outdoors ISO 9613-2.

3. Gain experience in the noise level calculations.

Sound Propagation

Geometrical diverging

For a point source of sound radiating equally in all directions the intensity of the sound I at

distance r is given by

24 r

W
I

π
= , Watts/m2 (1)

where W is the source power. Since 2pI ∝ , p being the acoustic pressure, we can suggest

that
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Let us assume now that at a distance 1r  from the source the pressure is 1p  and we measure

SPL1 while at a distance 2r  from the source the pressure is 2p  and we measure SPL2. Here
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The difference in the SPL's is given by
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So that if we know SPL1 we can find SPL2 from
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I.e., if we double the distance from a point source the SPL is reduces by 6 dB.

For a line source a similar argument produces the result that if we double the distance from a

line source of sound the $SPL$ is reduces by 3 dB.

Air absorption

As a sound wave travels through the air a small proportion of evergy is absorbed (converted

to heat) by the air itself. The main mechanism is the setting up of vibrations in the molecules

of oxygen and nitrogen in the air. Energy is also extracted due to the viscosity of the air. The

energy loss depends upon the temperature, but primarily on the humidity of the air and is

different for different frequencies of sound. The effect is small and usually ignored except in

long distance propagation (e.g. aircraft noise).

Meteorological effects

1. Wind means that the air through which the sound travels is moving. If the local wind vector

(direction) is constant the sound propagates from the source following straight lines. However

the wind speed is close to zero at the ground and increases to reach a constant value at a

certain height. The effect of the gradient is to bend the wavefronts and curve the sound rays.

Upwind, beyond a certain distance a shadow region is created (see Figure 4.2). Downwind

rays curve downwards and produce an enhancement of the level. If the wind speed gradient

is more complex due to obstructions etc. the downwind rays can be focused in certain areas

which are called caustics.

Figure 4.1. Air absorption at 18oC temperature and 50% of the relative humidity.
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2. Temperature is another characteristic upon which the velocity of sound depends. Velocity
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Figure 4.2. Sound propagation in presence of wind.
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Figure 4.3. Sound propagation in ‘lapse’ conditions.
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Figure 4.4. Sound propagation in ‘inverse’ conditions.
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increases with temperature.

Lapse conditions are when the air temperature reduces with height above ground (normal in

the daytime). Here the speed of sound decreases with height and rays curve upwards.

In inverse conditions temperature increases with height and an enhancement in sound levels

near the ground is observed (enhancement of the order of 10 dB(A) at 300 m from a

motorway could occur).

3. Turbulence can be caused by gusting of or obstructions to the wind flow. It introduces

fluctuations of noise levels. The sound is scattered in the turbulent region and could result in

an increase or decrease in the levels received at a given position (see Figure 4.5).

Ground effects

When source and receiver are close to the ground the nature of the ground becomes

important. If the ground is capable of absorbing the sound then a further attenuation with

distance may be appropriate over those described in previous sections. In many noise

prediction schemes an extra attenuation is specified for propagation over grassland. This is

usually expressed as a function of propagation distance and the average height of the

propagation path above the ground.

STANDARD METHOD FOR PREDICTING SOUND PROPAGATION OUTDOORS

An international standard exists to predict the attenuation of sound during propagation

outdoors (ISO 9613). This standard is one of the ISO 1996 series of standards, which

specifies methods for the description of noise outdoors in community environments. Other

standards, on the other hand, specify methods for determining the sound power levels

Figure 4.5. Effect of wind-induced turbulence on sound propagation over a barrier shape.

Figure 4.5. Effect of wind-induced turbulence on sound propagation over a noise screen.

wind
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emitted by various noise sources, such as machinery and specified equipment (ISO 3740

series), or industrial plants (ISO 8297). This standard enables noise levels in the community

to be predicted from sources of known sound emission. The method is general and can be

applied to a wide variety of noise sources, and covers most of the major mechanisms of

acoustic attenuation. The aim of the standard is to determine the average (equivalent

continuous) A-weighted sound pressure level under certain meteorological conditions

favourable to propagation from sources of known sound emission. These conditions are for

downwind propagation, or propagation under a well developed moderate ground-based

temperature inversion (see Figures 4.2 and 4.4). These conditions are commonly occur at

night. The sources of sound may be moving or stationary. The method is applicable to most

situations concerning

- road or rail traffic noise

- industrial noise sources

- construction activities

- other ground-based sources.

Basic equations

The average octave band SPL (Leq) downwind direction at a receiver location is calculated for

each point source and its image sources, and for eight octave bands with nominal midband

frequencies from 63 Hz to 8 kHz. The following equation is used to determine the eight octave

band levels

( ) ADLDWL WfT −+= , dB (6)

where WL is the octave band sound power level (dB) produced by the point source relative to

a reference sound power of 10-12 Watts. D is the directivity correction (dB) that describe the

extent by which the Leq from the point source deviates in various directions from the level of

an omni-directional point sound source producing sound power level WL . For an omni-

directional point source radiating in free space 0=D .

A  is the octave band attenuation (dB) what occurs during propagation from the point source

to the receiver (paragraph in ISO 9613-2)

miscscreengroundatmdiv AAAAAA ++++= , dB (7)

where

divA is the attenuation due to geometrical divergence (paragraph 7.1)

atmA is the attenuation due to air absorption (paragraph 7.2)

groundA is the attenuation due to the ground effect (paragraph 7.3)
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screenA is the attenuation due to screening (paragraph 7.4)

miscA is the attenuation due to other miscellaneous effects (appendix A).

The methods for calculating the above terms are detailed in sections of ISO 9613-2.

The total A-weighted downwind sound pressure for n sources of noise is then calculated

according to

( )
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where )( jA f is the j-th weight in the A-weighted network.

On the basis of the above the long term average A-weighted sound pressure level (e.g. over

several months) is then predicted by

( ) ( ) meteoATAT CDWLLTL −= (9)

where meteoC is the meteorological correction detailed in clause 8 of ISO 9613-2.

Geometrical divergence

For a point source of a spherical wave the geometrical divergence is predicted by

11log20
0

10 +=
d

d
Adiv , dB (10)

where d is the distance to the receiver and 10 =d m is the reference distance.

Atmospheric absorption

The attenuation due to atmospheric absorption during propagation through a distance d (m)

is given by the formula

1000/dAatm α= , dB (11)

where the frequency-dependent atmospheric attenuation α (dB) is predicted using

expressions detailed in ISO 9613-1 (see also Figure 4.1 for 18oC and 50% of RH).

The ground effect

Ground attenuation results from the interference between sound reflected from the ground

surface and the sound propagating directly between the source and receiver. ISO 9613-2

specifies three distinct regions for ground attenuation (see Figure 4.6 (Figure 1 in ISO 9613-

2))

sound power term
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- the source region stretching over a distance ps dh <30  from the source towards the

receiver

- the receiver region, stretching over a distance pr dh <30

- a middle region, stretching over the distance between the source and receiver regions. If

)3030( srp hhd +< , the source and receiver regions will overlap, and there is no

middle region.

The acoustic properties of each ground region are specified by a ground factor G . Three

categories of reflecting surface are specified

- hard ground ( )0=G : paving, water, ice, concrete and other surfaces with low porosity

- porous ground ( )1=G : grassland, trees, vegetation, farm land

- mixed ground ( )10 << G : mixture of hard and porous ground.

The combined ground effect is calculated by

mrsground AAAA ++= (12)

where sA , rA and mA are the source, receiver and middle region components of the

attenuation with corresponding ground factors sG , rG and mG . These values are defined

using the expressions provided in Table 2 or Figure 2 of ISO 9613-2.

Alternatively, for some specific conditions when much of the ground is porous and the sound

is not a pure tone, the ground attenuation can be calculated by the formula

( )ddhA mground /30017)/2(8.4 +−= , dB (13)

where mh is the mean height of the propagation path above the ground (see Figure 3 in ISO

9613-2). In this case the directivity correction is given by

( ) ( ){ }2222
10 )(/)(1log10 rsprsp hhdhhdD ++−++= , dB (14)

which accounts for the increase in sound power level of the source due to reflections from the

ground near the source.
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Figure 4.6. On the calculation of the ground attenuation in ISO 9613-2.
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Screening

The effect of an object which obstruct the propagation of sound should be taken into account

if its properties are

- the surface density is greater than 10 kg/m2

- the object has a close surface without large cracks or gaps

- the horizontal dimension of the object normal to the source-receiver line is larger than the

acoustic wavelength λ at the nominal midband frequency for the octave band of interest.

Diffraction over the top edge and around a vertical edge of a screen can be important. In this

case the screening correction for the top edge is calculated by

0>−= groundzscreen ADA , dB (15)

and for the vertical edge by

zscreen DA = , dB (16)

where the screening attenuation in the octave band is

( )wz zKCCD 3210 )/(3log10 λ+= , dB . (17)

The coefficients in expression (17) are defined as following

- 202 =C and includes the effect of ground reflections

- 13 =C  for single diffraction { } { }22
3 )/5(3/1/)/5(1 eeC λλ ++=  for double diffraction

(see Figure 4.7), here e is the width of the obstacle

- z is the difference between the pathlengths of the direct and diffracted sound (m) (see

Figures 4.7)

- WK is the correction factor for meteorological effects 
zdd

W
srsseK 2/2000/1−= for

0>z and 1=WK for 0≤z .

To calculate the screening attenuation it is assumed that only one significant sound

propagation path exists from the sound source to the receiver. The screening attenuation

should be limited to 20≤screenA dB in the case of single diffraction and to 25≤screenA dB in

the case of double diffraction.

Meteorological correction

A long-term average A-weighted sound pressure level requires to include the effect of a

variety of meteorological conditions, which can be favourable or unfavourable for sound

propagation. This is accounted for by the meteorological correction term (see equation (9))

which value is predicted from
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where 0C is a constant which depends on the local meteorological statistics. Typical values

are 50 0 ≤≤ C dB.

Revision questions

- What factors affect sound propagation outdoors?

- What is the reduction in the sound pressure level from a point source if the distance to the

receiver is doubled?

- What is the reduction in the sound pressure level from a line source if the distance to the

receiver is doubled?

- How the sound levels are affected in downwind direction of propagation?

- How the sound levels are in ‘lapse’ conditions for sound propagation?

- Which factors affecting sound propagation are considered in ISO 9613-2?

dddz srss −+=

(a)

Figure 4.7 (a). Example of single diffraction on a screen.
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(b)

(c)

Figure 4.7 (b,c). Examples of double diffraction on a screen.

deddz srss −++=


