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ABSTRACT

This American National Standard describes procedures for the measurement of sound pressure levels in
the outdoor environment, considering the effects of the ground, the effects of refraction due to wind and
temperature gradients, and the effects due to turbulence. This standard is focused on measurement of
sound pressure levels produced by specific sources outdoors. The measured sound pressure levels can be
used to calculate sound pressure levels at other distances from the source or to extrapolate to other
environmental conditions or to assess compliance with regulation. This standard describes two methods to
measure sound pressure levels outdoors. METHOD No. 1: general method, outlines conditions for routine
measurements. METHOD No. 2: precision method, describes strict conditions for more accurate
measurements. This standard assumes the measurement of A-weighted sound pressure level or time-
averaged sound pressure level or octave, 1/3-octave or narrow-band sound pressure level, but does not
preclude determination of other sound descriptors.
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Foreword

[This Foreword is not a part of American National Standard for Outdoor Measurement of Sound
Pressure Level, ANSI S12.18-1994 (ASA Catalog No. 110-1994)]
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associated with a specific source and observed under different environmental condi-
tions outdoors. This standard presents requirements for the documentation of the
procedures and results to permit interpretation and independent evaluation of the
results.

This standard has been developed under the jurisdiction of Accredited Standards
Committee S12, Noise, using the American National Standards Institute (ANSI) Ac-
credited Standards Committee Procedure. The Acoustical Society of America provides
the Secretariat for Accredited Standards Committee S12, Noise.

Accredited Standards Committee S12, Noise, under whose jurisdiction this standard
was developed, had the following scope:

Standards, specifications, and terminology in the field of acoustical noise pertaining to
methods of measurement, evaluation, and control; including biological safety, tolerance,
and comfort, and physical acoustics as related to environmental and occupational noise.

At the time this standard was submitted to Accredited Standards Committee S12,
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P. D. Schomer, Vice Chair
A. Brenig, Secretary

Acoustlcal Soclety of America . ..ot D. L. Johnson,
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R. Seitz (Alt.)
Alr-Conditioning and Refrigeration Institute .............................. S. Wang,
J. Clukey (Alt.)
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AMERICAN NATIONAL STANDARD

ANSI $12.18-1994

American National Standard

Outdoor Measurement of
Sound Pressure Level

0 Introduction

This Standard is concerned with the measurement
of sound pressure levels outdoors under a variety of
conditions. The basic purpose of this standard is to
establish uniform procedures for obtaining sound
pressure level data in the presence of the effects of
the ground and meteorology outdoors.

The purpose of sound pressure level measure-
ments fall into two broad categories: sound pres-
sure levels measured in order to characterize a spe-
cific source and sound pressure levels measured in
order to characterize an ambient environment. Pri-
mary interest in this standard is focused on sound
pressure levels obtained outdoors from specific
sources.

This standard is an application of the fundamental
standard ANSI S1.13. Whereas the focus of ANSI
S$1.13 is the basic requirements for the measure-
ment of sound pressure levels for their own sake,
the focus of the current standard is the require-
ments for sound pressure level measurements un-
dertaken outdoors for the specific purpose of source
characterization. The current standard specifies re-
quirements in addition to those given in ANSI S1.13.

The procedures for measurement of long-term en-
vironmental sound levels outdoors at one or more
locations in a community for such purposes as
noise prediction validation, regulation and environ-
mental assessment or compatible land use planning
are covered by other American National Standards
such as ANSI S12.9. The procedures recom-
mended by ANSI $12.9 sample outdoor sound by
accepting the environmental and meteorological
conditions “as is” within broad limits, thereby pro-
viding a statistical sampling of the environmental
levels from a variety of sources and meteorological
conditions. The current standard specifically ex-
cludes outdoor measurement of total environmental
sound in a community. However, guidance is given
in this standard to obtain an estimate of the ambient
sound levels.

The measurement of sound pressure level may not
always suffice for the quantitative characterization
of the sound produced by a source. The total acous-
tic power radiated by a source of sound is usually
preferable to provide a better measure of source
output. Since acoustic power is usually calculated
from measured values of time mean square sound
pressure which depend on the acoustic. environ-
ment, it is necessary to design the measurement
environment carefully if the accuracy required for
sound ratings and comparisons is to be achieved.
All aspects of the determination of sound power of
sources are covered by other American National
Standards such as ANSI S12.30 through S12.36.
The current standard specifically excludes those
sound pressure level measurements which are ob-
tained in order to permit calculation of the sound
power radiated by a source.

This standard describes procedures to measure
sound pressure levels from specific sources out-
doors. Sound pressure levels from a specific source
outdoors are a function of source height, receiver
height, the type of ground, and the local atmo-
spheric conditions. Therefore, measured sound
pressure levels do not generally obey the simple
inverse square law of a 6 dB decrease in level for
each doubling of distance. The application of the
procedures recommended by this standard will yield
reproducible sound pressure levels from measure-
ments of the same source at the same microphone
location on different days. The measurements ob-
tained using this standard could be used to adjust
sound pressure levels from the same source ob-
tained at different sites for reliable comparison or
could be used to calculate sound pressure levels at
other distances from the source or to extrapolate to
other environmental conditions or to assess compli-
ance with community noise ordinances.

This standard describes two methods for measuring
sound pressure levels outdoors. METHOD #1: gen-
eral method, outlines conditions for routine mea-
surements. METHOD #2: precision method, de-
scribes strict conditions for precise measurements.
In planning a series of sound pressure measure-
ments, the purpose of the measurements should be
kept clearly in mind.

The two methods for sound pressure level measure-
ments in this standard are summarized in Table 1.
The method selected depends upon the required
accuracy of the measurements. In many situations,
the measurement procedure of the general method
may be entirely adequate. The precision method is

© 1994 Acoustical Society of America
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used when more precise measurements are re-
quired or for an analysis of the sound pressure lev-
els in frequency bands from measurements made
under prescribed meteorological and ground condi-
tions over an appropriate time interval.

METHOD #1: general method, is for routine mea-
surements and is utilized if meteorological variables
fall within broad but predetermined limits. No effort
is made to control the acoustical environment; that
is, the environment is in an "as is” condition. This
method usually will utilize a hand held sound level
meter to provide a frequency weighted and time-
averaged sound pressure level, but does not pre-
clude instruments for frequency band analysis.

METHOD #2: precision method, is for more repro-
ducible measurement of sound pressure levels if the
meterorological and ground conditions fall within
strict limits. The acoustical environment may be in
an “as is” condition, or guidelines are given to
modify or find a controlled acoustical environment
for better accuracy. Procedures are suggested to
adjust the measured sound pressure levels to refer-
ence conditions. The precision method is suited for
frequency band analysis, but also provides more ac-
curate frequency weighted sound pressure levels if
required.

1 Scope, purpose, and applications
1.1 Scope

This standard describes methods for measuring
sound pressure levels in the outdoor environment,
taking into account the effects of refraction due to
wind and temperature gradients, the effects of at-
mospheric turbulence, the effects of variable ground
impedance, and wind noise.

This standard assumes A-frequency weighting or
the use of octave, 1/3-octave, or narrow-band filters,
but does not preclude the use of other frequency
weighting or other sound descriptors.

This standard prescribes selected meteorological
conditions under which sound pressure level mea-
surements shall be made. Certain meteorological
conditions are reproducible and correspond to quite
stable sound propagation conditions. These optimal
conditions yield reproducible measurements and al-
low the comparison of sound pressure levels mea-
sured at different times.

The standard does not prescribe standardized re-
ceiver locations. Sound pressure levels may be
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measured at receiver locations of interest, within
certain prescribed limits.

Measurement conditions shall be carefully docu-
mented and noted in the report describing the
sound pressure level measurements. The mea-
sured sound pressure levels shall apply only to the
stated conditions and shall not represent the sound
pressure levels under other conditions, sites, re-
ceiver locations, or sources. In some cases, guid-
ance is provided to adjust the measured sound
pressure levels to reference conditions, other sites,
or other receiver location.

This standard does not include procedures for mea-
surement of long-term, time-average environmental
sound levels in a community for environmental as-
sessment or planning for compatible land uses.

Sound pressure levels measured for determining
the sound power radiated by a source are not cov-
ered by this standard.

1.2 Purpose

The purpose of this standard is to specify proce-
dures for measuring and reporting sound pressure
levels from specific sources outdoors and to specify
a set of reproducible atmospheric conditions to ob-
tain reproducible measurements.

1.3 Applications

This standard is applicable to the measurement of
sound pressure levels from specific sources out-
doors. The measurements take into account the
source height, receiver height, the type of ground,
and the local atmospheric conditions. A major appli-
cation of this standard is obtaining reproducible
sound pressure levels from the same source at the
same microphone location on different days. An-
other application is to adjust sound pressure levels
from the same source measured at different sites or
distances for reliable comparison. The sound pres-
sure levels measured using this standard can be
used to calculate sound pressure levels at other dis-
tances from the source or to extrapolate to other
environmental conditions. The measurements can
be used in conjunction with other standards and
procedures to obtain a more accurate test for com-
pliance with community noise regulations.

2 References to other standards

The following standards contain provisions which,
through reference in this document, constitute pro-



visions of this American National Standard. At the
time of approval by the American National Stan-
dards Institute, Inc. (ANSI), the editions indicated
were valid. All standards are subject to revision, and
parties to agreements based on this American Na-
tional Standard are encouraged to investigate the
possibility of applying the most recent editions of the
standards listed below.

(1) ANSI $1.4-1983 American National Standard
Specifications for Sound Level Meters, (ASA
47-1983); and Amendment No. 1 in ANSI
S$1.4A-1985.

(2) ANSI S1.11-1986 (R1993) American National
Standard Specifications for Octave-Band and
Fractional-Octave-Band Analog and Digital Fil-
ters.

(3) ANSI S1.13-1971 (R1986) American National
Standard Specifications for the Measurements
of Sound Pressure Levels.

(4) ANSI S1.26-1978 (R1988) American National
Standard Method for the Calculation of the Ab-
sorption of Sound by the Atmosphere

(5) 1SO 2613-1 (1993) Attenuation of sound during
propagation outdoors—Part 1: Calculation of
the absorption of sound by the atmosphere.

(6) ANSI $1.40-1984 (R1990) American National
Standard Specification for Acoustical Calibra-
tors.

(7) ANSI S12.9-1988 (R1993) American National
Standard Quantities and procedures for de-
scription and measurement of environmental
sound, Part 1.

(8) Integrating-Averaging Sound Level Meters, IEC
Standard, Publication 804, 1984.

(9) Sound Level Meters, IEC 651, 1979.

(10) Description and measurement of environmen-
tal noise, ISO 1996: 1982.

3 Definitions

ambient sound: The all-encompassing sound ex-
isting at a specified point and time associated with a
given environment. The ambient sound is usually a
composite of sounds from several sources, near
and far.

background sound: All encompassing sound as-
sociated with a given environment without contribu-
tions from the source or sources of interest.

ANSI S12.18-1994

Figure 1

grazing angle: Angle of elevation of the source and
receiver when measured from the ground at the
point of specular reflection (see Fig. 1).

ground impedance: (A complex function of fre-
quency) the specific acoustic impedance of the
ground surface at a frequency; that is, the sound
pressure at a frequency divided by the normal com-
ponent of acoustic particle velocity directed into the
surface at the frequency.

sound pressure level: Ten times the logarithm to
the base 10 of the square of the ratio of the sound
pressure to the reference sound pressure of 20
uPa.

4 Environmental requirements
4.1 General

The sound pressure levels measured in the vicinity
of an outdoor source is influenced by the medium
through which the sound propagates. Normally oc-
curring variations in meteorological conditions can
easily result in sound pressure level variations on
the order of 20 dB or more. The presence of the
ground, in particular, or other surfaces normally in-
fluence the measured sound pressure levels. Smalll
changes in source orientation can also affect mea-
sured sound pressure levels when the source ex-
hibits directional radiation characteristics. In order to
obtain accurate, reproducible data, it is imperative
to understand and consider the influence of environ-
mental variables on the measurement of sound
pressure level.

Sound propagating outdoors through the atmo-
sphere generally decreases in level with increasing
distance between source and receiver. This attenu-
ation is the result of several mechanisms, most no-
tably geometrical divergence from the sound
source, absorption of acoustic energy by the air
through which the sound waves propagate, and the
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effects of the environment. The environmental ef-
fects principally arise from propagation close to dif-
ferent ground surfaces in the presence of ambient
atmospheric conditions, especially wind and tem-
perature.

In the case of sound from a source radiating equally
in all directions in a free field (i.e., far from all reflec-
tive or absorptive surfaces), the octave-band sound
pressure level Ly, in decibels, at a microphone is
given by

where Ly is the sound power level in decibels re 1
pW of the source in that octave band. In Eq. (1) a
temperature of 20 °C and an atmospheric pressure
of 1 atm has been assumed. In the case of a direc-
tional point source the term Ly, in Eq. (1) is the
sound power level of the source that is effective for
radiating sound (in that octave band) in the direction
of propagation from source to receiver.

The total attenuation, in decibels, in each octave
band shall be approximated by

Atotal =Adiv T Aair T Aenv t Amisc 2

In Eq. (2) the first three terms give the attenuation
from three principal effects—geometrical diver-
gence (Agiy), air absorption (A,;;), and the environ-
ment (Agny). The last term (A,gc) COvers attenua-
tion from additional effects which arise only in
specific cases; for example, reflections from build-
ings, propagation through foliage, and propagation
through built-up areas of houses or other low build-
ings.

4.2 Factors influencing sound pressure level
measurements

4.2.1 Geometrical divergence

At large distances from a source in a homogeneous,
non-dissipative atmosphere in the absence of a re-
flecting plane, the sound pressure varies inversely
with distance from the source. The attenuation, in
decibels, due to divergence, Ag;y, shall be deter-
mined from

Agiv=20 log (r/rg) 3)

where r is the distance from the point source in
meters and rg is a reference distance of 1 meter.

The term 20 log (r/rg) signifies that the sound pres-
sure level will decrease six decibels each time the
distance from the acoustic center of the source is
doubled, or equivalently, 20 dB for each tenfold in-
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crease of distance. If the dimension of the source is
large relative to the wavelength of sound it radiates,
or the distance from the center of the source is small
relative to the overall dimensions of the source,
there is an area in the vicinity of the source where
pressure maxima and minima may occur, and/or
where the decay with distance does not follow the
6 dB/doubling relationship.

4.2.2 Atmospheric absorption

As sound propagates through the atmosphere its
energy is gradually absorbed by a number of en-
ergy-exchange processes in the air called atmo-
spheric absorption. Details on the amount of ab-
sorption affecting individual measurements made at
long distances are found in ANSI S1.26.

4.2.3 Effects of the environment

The propagation of sound close to the ground for
horizontal distances less than 30 m is essentially
independent of meteorological conditions; for this
case the atmosphere can be regarded as homoge-
neous and the ray paths approximated by straight
lines. The attenuation due to the effects of the en-
vironment (Agn,) is then that due to the ground
alone.

For distances greater than 30 m meteorological
conditions usually become a major factor. These
factors include refraction by wind and temperature
gradients and atmospheric turbulence. The mete-
orological effects then modify the ground attenua-
tion to produce the total attenuation due to the en-
vironment.

Annex A provides a detailed discussion of the indi-
vidual mechanisms contributing to Agpy-

4.2.4 Miscellaneous attenuation

The term Apisc in EQ. (2) covers contributions to the
attenuation from effects not included in the other
terms. These contributions are the effect of reflec-
tion from the walls of buildings or other near vertical
surfaces, the attenuation when propagating through
foliage, and any other situations not covered by the
above.

Annex A provides a detailed discussion of the indi-
vidual terms contributing to Apsc.
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Table 1 — The two Methods for outdoor measurement of sound pressure level described in this
Standard.

METHOD #1: General method for routine measurements.

1
2

@)

4)

(5)
(6)

No sound level measurement shall be made when the average wind velocity exceeds 5 m/s when
measured at a height of 2+0.2 m above the ground.

If the distance between source and receiver exceeds 30 m and the grazing angle is smaller than 20°,
measurements shall only be made with the receiver downwind from the source and when the direction
of the wind vector is within an angle of =45° of the direction connecting the center of the sound source
and the center of the specified receiver area.

No sound level measurement shall be made at distances greater than 30 m on a sunny day with little
or no cloud cover (sun essentially unobscured by clouds at least 80% of the time) and if the wind
speed is less than 1 m/s when measured at a height of 2+0.2 m above the ground.

Alternatively, measurement at any distance in any near horizontal direction can be made if propaga-
tion occurs under a well-developed ground-based temperature inversion with winds less than 1 m/s
measured at a height of 2+0.2 m.

No measurements shall be made during measurable precipitation or freezing rain.

Measurement during precipitation or when the ground is wet or snow covered is highly discouraged.
Measurements in the presence of contributions from miscellaneous effects should be avoided.

METHOD #2: Precision method for accurate measurements.

Measurement shall only be made if:

W)

2

direction of the wind vector is within an angle of =45° of the direction connecting the center of the
sound source and the center of the specified receiver area, with the wind blowing from the source to
the receiver; and,

wind velocity is between approximately 1 and 3 m/s measured at a height of 2+0.2 m above the
ground.

Alternatively, measurement in any near horizontal direction can be made if:

@)

propagation occurs under a well-developed ground-based temperature inversion with winds less than
1 m/s measured at a height of 2+0.2 m.

Further, measurement shall only be made fif:

(4)
(5)

the ground can be properly categorized according to the methods in Section 6.5.1.2;

there are no phenomena that contribute to miscellaneous attenuation.

4.3 Outdoor measurement of sound pressure
level

The two methods described in this standard are
summarized in Table 1. The following specifications
apply to the application of both METHOD #1 and
METHOD #2.

4.3.1 Geometrical divergence

This standard does not prescribe standardized re-
ceiver distances and hence does not impose any

specific requirement on the first term in Eq. (2) de-
scribing the attenuation due to geometrical diver-
gence.

Eq. (3) can be used to adjust sound level measure-
ments for geometrical divergence.

4.3.2 Atmospheric absorption

This standard does not prescribe standardized at-
mospheric variables that control atmospheric ab-

5
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sorption. Measurements made at long distances
shall be adjusted for atmospheric absorption by us-
ing ANSI S1.26.

As a rough rule of thumb, for typical broadband
noise sources, the attenuation in A-weighted sound
levels due to atmospheric absorption will usually ex-
ceed about 1 dB for typical weather, at distances
greater than about 200 m.

4.3.3 Environmental measurements

Ambient air temperature and relative humidity shall
be carefully recorded during the acoustical mea-
surements. The average temperature and relative
humidity provided by the nearest meteorological of-
fice can be used. If the air temperature is measured
on site, the sensor shall be mounted at a height of
2+0.2 m above the ground.

Wind velocity shall be measured at a height of
2+0.2 m above the ground.

The component of wind velocity from source to re-
ceiver for a given set of acoustical measurements
shall be determined by:

(1) monitoring wind velocity (speed and direction)
throughout any period of acoustical measure-
ment;

(2) noting the average speed and direction over the
period of any acoustical measurement; and

(8) computing from these averages the vector com-
ponent of wind velocity in the direction from the
source to the receiver; for line sources, this
component shall be computed along the normal
line between source and receiver; for sources
distributed at specified iocations, the line be-
tween the receiver and center of the sources
shall be used.

4.4 METHOD #1: General method for routine
measurements

Measurements shall be conducted only if variables
that influence the terms in Eq. (2) fall within broad,
but precisely predetermined limits. The general
method is most suited for the measurement of A-
weighted sound pressure level, but does not pre-
clude other measurements such as octave band
sound pressure level.

4.4.1 Effects of the environment

The following conditions will yield accurate and re-
producible sound pressure level measurements if
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the noise spectrum is broad and approximately flat,
with no discrete tones and when only the
A-weighted sound pressure level at the receiver po-
sition is of interest. In this case, the attenuation due
to the environment is approximately that for 500 Hz.
As the spectrum of the noise shifts to higher fre-
quencies, the accuracy of the measurement de-
creases.

4.4.1.1 Wind, temperature and cloud cover

No sound level measurement shall be made when
the average wind velocity exceeds 5 m/s when
measured at a height of 2+0.2 m above the ground.
No attempt shall be made to adjust measured noise
levels based on the wind data.

If the distance between source and receiver ex-
ceeds 30 m and the grazing angle (¢ in Fig. 1) is
smaller than 20°, measurements shall only be made
with the receiver downwind from the source and the
direction of the wind vector Is within an angle of
+45° of the direction connecting the center of the
sound source and the center of the specified re-
ceiver area. At distances beyond 30 m at grazing
angles smaller than 20°, measurements made up-
wind would be in a refractive shadow which alters
the spectrum of the received signal and the sound
pressure levels significantly because the attenua-
tion provided by the environment, Agny in EqQ. (2),
becomes excessive.

No sound level measurement shall be made at dis-
tances greater than 30 m on a sunny day with little
or no cloud cover (sun essentially unobscured by
clouds at least 80% of the time) and if the wind
speed is less than 1 m/s when measured at a height
of 2+0.2 m above the ground. At distances beyond
30 m under these conditions, the measurement
would be made in a refractive shadow which alters
the spectrum of the received signal and sound pres-
sure levels significantly because the attenuation
provide by the environment, Agn, in Eq. (2), be-
comes excessive.

Alternatively, measurement at any distance in any
near horizontal direction can be made if propagation
occurs under a well-developed ground-based tem-
perature inversion with winds less than 1 m/s mea-
sured at a height of 2+0.2 m. The existence of a
temperature inversion shall be carefully docu-
mented.

Ambient air temperature and cloud cover shall be
noted and recorded during the acoustical measure-
ments in order to ascertain that the above require-



ments were met. No attempt shall be made to adjust
measured noise levels for cloud cover or tempera-
ture.

4.4.1.2 Ground, precipitation and snow

This standard does not prescribe standardized
ground. The ground surface over which the mea-
surement is made shall be carefully documented to
allow for the possibility of future consideration of
possible errors introduced by the nature of the ter-
rain. If measurements must be compared, terrain
equivalence and ground equivalence can then be
obtained.

No measurements shall be made during measur-
able precipitation or freezing rain. Measurable pre-
cipitation almost always influences outdoor sound
levels. For example, tires rolling on a paved surface
produce higher sound levels when the pavement is
wet. Ground that is saturated with water after a
heavy rain fall can produce erratic values of Agpy in
Eq. (2). Also, fallen snow on the ground will affect
the measured sound level at about any distance
from the source by strongly influencing the values of
Agny in Eq. (2).

Measurement during precipitation or when the
ground is wet or snow covered is highly discour-
aged. If it is necessary to obtain data when the
ground is wet or snow covered, the conditions shall
be carefully described.

4.4.2 Miscellaneous attenuation

Measurements in the presence of contributions from
miscellaneous effects, such as those identified in
6.2.4, should be avoided. If it is not possible to ob-
tain data in the absence of effects that provide con-
tributions to Anisc in Eq. (2), the conditions that gov-
ern these effects such as a reflecting object, barrier,
or other, shall be carefully described.

4.5 METHOD #2: Preclsion method for
accurate measurements

Precise measurements can be made under favor-
able propagation conditions that are stable and suit-
able for reproducible measurement. The attenuation
due to the environment, Agy,, here is relatively in-
sensitive to minor changes of atmospheric condi-
tions and is largely controlled by the ground only.
The precision method is recommended for obtaining
octave, 1/3-octave, or narrow band sound pressure
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levels outdoors. The method is also suited for ob-
taining accurate frequency-weighted sound pres-
sure levels directly.

4.5.1 Effects of the environment

4.5.1.1 Requirements

Measurements shall only be made if:

(1) direction of the wind vector is within an angle of
+45° of the direction connecting the center of
the sound source and the center of the specified
receiver area, with the wind blowing from the
source to the receiver; and,

(2) wind velocity is between approximately 1 and 3
m/s measured at a height of 2+0.2 m above the
ground.

Alternatively, measurement in any near horizontal
direction can be made if:

(3) propagation occurs under a well-developed
ground-based temperature inversion with winds
less than 1 m/s measured at a height of
2+0.2m.

The existence of a temperature inversion shall be
carefully documented.

Further, measurement shall only be made if:

(4) the ground can be properly categorized accord-
ing to the methods in Section 4.5.1.2

(5) there are no phenomena that contribute to the
miscellaneous attenuation, Ansc in EQ. (2).

4.5.1.2 Ground categorization

The ground can be categorized if:

(1) the specific acoustic impedance of the ground is
known or can be measured. Although several
methods exist to measure this property, there is
no standard procedure. If a measurement of
ground impedance is made, the method used
shall be carefully documented,; or,

(2) in the absence of ground impedance data, the
ground can be documented as acoustically hard
ground or soft ground according to the physical
properties of the surface and the grazing angle.

4.5.1.3 Ground classification

For grazing angles less than 20°, the following de-
scriptions shall be used as a guide to categorize the
ground in the absence of ground impedance data:

7
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(1.a) Hard Ground—Open water, asphalt or con-
crete pavement, and other ground surfaces
having low porosity tend to be highly reflec-
tive, absorbing very little acoustic energy
upon reflection. Tamped ground, for example,
as often occurs around industrial sites, can be
considered as hard ground.

(1.b) Soft Ground—Ground covered by grass,
shrubs, or other vegetation, and all other po-
rous grounds suitable for the growth of veg-
etation such as farming land typically cause
significant attenuation at low frequencies.
New-fallen snow is even more absorptive at
low frequencies than grass covered ground as
is ground covered in pine needles or similarly
loose material. This standard recommends
that measurements above snow-covered
ground be avoided unless operation of the
sound source is intimately tied with this
ground condition.

(2) At grazing angles greater than 20°, which can
commonly occur at short ranges or in the case
of elevated sources, soft ground becomes a
good reflector of sound and can be considered
hard ground.

4.5.1.4 Comparison of sound pressure levels

Valid comparison of sound pressure level measure-
ments made at the same distances and receiver
heights can be obtained by establishing terrain and
ground equivalence. Alternatively measurements
made at different distances or receiver heights can
be compared by adjusting the measured sound
pressure levels using Eq. (2) for the different dis-
tances and receiver heights.

This standard does not prescribe the use of particu-
lar prediction methods to compute Agp, in Eq. (2).
Moreover, when predictions are used to adjust
sound pressure levels, errors inherent in the chosen
prediction method decrease the precision of the
measured results.

When prediction methods are used to compute
Aenvi

(1) the prediction method shall consider all the ef-
fects identified in Section 4.2.3.

(2) documentation shall exist on the field validation
or calibration of the prediction method over the
relevant topography and type of ground; this
documentation shall be referenced in the test
report, and the results of this validation must be

sufficient to ascribe quantitative error to the pre-
dictions.

Any prediction method that meets these require-
ments may be used. Source and receiver positions
must be modeled as precisely as possible relative to
the ground within the constraints of the prediction
method.

45.2 Miscellaneous attenuation

Measurements In the presence of contributions from
miscellaneous attenuation effects such as those
identified in 6.2.4, shall not be made.

4.6 Terraln equivalence

To permit valid comparisons of sound level mea-
surements, the equivalence of terrain, ground, and
atmospheric conditions between measurements
must be determined, and must be documented.

The terrain at two sites shall be judged equivalent
when:

(1) the same major source-emitting components of
the source can be seen at the receiver position
of the two sites;

(2) if the terrain is not flat, similar reflection patterns
off the ground exist at each site between the
receiver and the major source components of
the source;

(3) in the case of METHOD #1 only, similar reflec-
tive paths that contribute to Apisc in EQ. (2) exist
from surfaces to the side of, or behind the, re-
ceiver position.

A ground profile (elevation view) between source
and receiver shall be drawn as described in 9.2.2 to
aid in the assessment of terrain equivalence.

4.7 Ground equivalence

The equivalence of the ground at two sites may be
determined by measurement of the specific acoustic
impedance of the ground. While several methods
exist to measure this property, there are no standard
procedures available at the time of preparation of
this standard.

Therefore, if measurements of ground impedance
are not to be made, then the ground shall be cat-
egorized (e.g., paved, long grass over loose sand,
short grass over packed clay, packed sandy dirt
roadway, etc.), and an equivalent site of the same
category shall be selected. In this process of cat-



egorization, note that only a thin surface layer of soil
is relevant, at the very most 5 cm in depth.

Extreme changes in the surface water content
should be avoided for equivalence (such after heavy
rain), and frozen or snow-covered ground should be
avoided because of its variability.

5 Acoustical environment

5.1 Types of measurements

5.1.1 Ambient sound measurements

The observed ambient sound pressure level is usu-
ally a superposition of the sound generated by
many sources at different locations. The propaga-
tion of the sound from each source will be influ-
enced by all or some of the terms in Eq. (2). In this
type of measurement, the time-averaged mean
squared sound pressure is of interest, rather than
the value generated by any of the individual sources
operating in the environment. A statistical descrip-
tion of the combined level produced by all of the
sources operating simultaneously is frequently of in-
terest.

Only METHOD #1, general method for routine mea-
surements, described under Section 4.3 applies to
ambient sound pressure level measurements. For
more complete procedures for the measurement of
ambient sound pressure levels, see ANSI S12.9 and
ANSI S1.13.

5.1.2 Source measurements

This type of measurement is intended to determine
the sound pressure level due to a particular source.
The source of interest will frequently be operating in
the presence of other sources which establish the
background sound. Background sound pressure
levels during the operation of the source of interest
may prevent a true measurement of the source
sound pressure level. For a measure of unmasked
sound pressure level, the background sound pres-
sure level shall be 10 dB or more below the level
from the source of interest. If possible, the back-
ground sound pressure level shall be determined in
full or 1/3 octaves by shutting down, quieting or re-
moving from the site, the source of interest. Alter-
nately, a measurement in a similar environment or
neighborhood without the source may be used as
an estimate of the background sound pressure
level. If the background level is within 10 dB of the
level with the source operating, the procedure de-
scribed in Section 8.1.2 provides an adjustment to
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be made to the measured level to obtain a corrected
source level for each frequency band. These correc-
tions are to be applied to band levels of frequency
bandwidth equal to or less than one full octave.
Overall levels can then be calculated by summing
over the individual frequency bands. These correc-
tions shall not be applied directly to overall (broad-
band) weighted or unweighted levels.

Source measurements are made either under
METHOD #1, general method for routine measure-
ments (Section 8.4) or under METHOD #2, preci-
sion method for accurate measurements (Section
4.5).

NOTE-ANSI S12.9 Part 3 offers more guidance on the
elimination of background sound from measurements
of a particular source.

5.2 Classification of the sound source

The type of sound that exists at a point in a sound
field can be classified according to its temporal
characteristics (how it varies with time) and its spec-
tral characteristics (how it varies over frequency).

5.2.1 Temporal characteristics

The temporal characteristics of the sound source
are broadly classified as continuous or intermittent.
Within each of these categories, and during the time
interval that the sound is actually “on” at the mea-
surement point, it may be further classified as either
steady, fluctuating, or impulsive. Guidance on judg-
ment of the temporal nature of the noise may bhe
found in ANSI S1.13 as well as the suggested mea-
surement durations.

In addition to the temporal aspects of the sound field
due to the nature of the source, temporal variations
due to the atmosphere are superimposed. Guid-
ance on time duration of the measurement are
given in Section 7 to ensure that very short term
weather effects are averaged out.

5.2.2 Frequency characteristics

The sounds usually encountered in practice may be
classified as either broad-band sounds, narrow
band sounds, or discrete tones. The total sound at a
given point in space may be a combination of two or
all of these. Guidance on judgment of the frequency
nature of the noise may be found in ANSI S$1.13.
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6 Instruments for measuring sound
pressure level outdoors

6.1 Sound level meter/analyzer

Sound level meters or measurement systems meet-
ing the Type 1 requirements of ANSI S1.4-1983
should be used. Use of Type 2 equipment, while not
precluded, will increase experimental error.

The frequency range shall be 20 Hz to 20 kHz.

The measurement shall be normally made with the
sound level meter set to A-weighting; however, for
evaluation of sound sources dominated by high fre-
quency impulsive sounds or very low frequency
(i.e., infrasonic) sound, C- or another weighting may
be more appropriate.

The frequency response of the measurement sys-
tem shall be calibrated at least annually to conform
to the specifications of ANSI S1.4.

Frequency filter sets, if used, shall meet require-
ments of ANSI S1.11. The particular octave bands
to be used should be chosen according to the char-
acteristics of the source being studied. Typically,
eight such fiiters, corresponding to nominal mid-
band frequencies of 63, 125, 250, 500, 1000, 2000,
4000, and 8000 Hz, shall suffice.

Use of integrating sound level meters is recom-
mended if the chosen descriptor for the study is av-
erage sound level or sound exposure level. Such
meters should meet the requirements of IEC 804.

Dynamic range of the measurements should be
such that attenuator changes are not required un-
less only the maximum level is required. Otherwise
the dynamic range should be 10 dB below the low-
est expected or measured and 10 dB above the
highest expected or measured sound pressure
level.

The instrumentation should be capable of accurate
measurements for sounds with a crest factor, reso-
lution and temperature operating range in accor-
dance with ANSI S1.4.

6.2 Microphone

Microphone characteristics shall conform to the re-
quirements of ANSI S1.4 or IEC 651.

The orientation should be in accordance with the
characteristics of the microphone so that the fre-
quency response is as flat as possible.

All items used to hold or support microphones shall
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be oriented so as to produce minimum shielding or
reflection of noise from the source to the micro-
phone.

High humidity or temperature can change the sen-
sitivity or damage many types of microphones. The
microphone manufacturer’s instructions shall be
carefully followed to avoid such effects.

6.3 Calibration

A microphone calibrator with an accuracy of
+0.5 dB, meeting the requirements of ANSI S1.40,
shall be used.

A calibration check shall be performed at least at the
beginning and end of each measurement session.

6.4 Tape recorder

If magnetic tape recorders are to be used, they shall
be chosen with regard to the guidelines in ANSI
$1.13.

6.5 Miscellaneous

A windscreen meeting microphone manufacturer’s
recommendations shall be used on each micro-
phone during measurements if the wind exceeds 1
m/s.

For general guidance on all other issues pertaining
to instrumentation for the measurement of sound
pressure level, see ANSI S1.13.

6.6 Configuration of measuring system

The measuring system, including the operator, shall
be positioned in such a way that it does not contrib-
ute to miscellaneous attenuation.

The preferred measurement height is 1.2 to 1.8 m
above the ground.

6.7 Wind speed and direction

An anemometer or other device for measuring wind
speed and direction shall be used. This device shall
have an accuracy of =10% of full scale or better. An
averaging time of 10-20 s is desirable. The device
shall be supported at a height of 2+0.2 m. For oc-
tave or 1/3 octave band measurements, some
means of storing the time history of wind speed and
direction is recommended (e.g., strip chart recorder
or digitized signal). If vertical profiles of wind speed
are being measured, a support is needed that can
be varied in height from the ground to 10% above
the height of the path of sound propagation.



Note—Using more than one sensor will increase the
tolerance requirement for individual sensors in order to
measure meaningful differences over all changes in
height.

6.8 Temperature sensor

A thermometer or other temperature sensor should
be used for the measurement of ambient tempera-
ture. The device shall have an accuracy of +2 °C.
The temperature shali be measured at a height of
2+0.2 m. A variable height support device will be
needed if temperature profiles are being taken.

7 WMeasurement

For outdoor measurements, background sound
pressure levels, together with temperature, wind
speed and direction, and relative humidity need to
be monitored, and the measurement shall be con-
ducted only if these variables fall within the prede-
termined limits.

7.1 Premeasurement planning

Prior to making the measurement, the following
items should be addressed:

(1) selection of measurement site and receiver po-
sitions;

(2) selection of source and its operational param-
eters;

(3) selection of sound descriptor, measurement du-
ration, number of measurement repetitions, and
sample size;

(4) selection of measurement method and admis-
sible ground and atmospheric conditions.

7.2 Sound descriptor

The recommended descriptor to be measured is the
A-weighted average sound pressure level or octave
or 1/3-octave band sound pressure levels. Mea-
surements may also be made with narrow band or
other frequency filters. Use of other descriptors per-
tinent to the objectives of the study is not precluded,
such as C-weighted sound pressure levels.

7.3 Source configuration and operation

The configuration, installation and operation of the
source shall be such that it will permit measurement
of its sound emission consistent with the intended
objective of the measurement.
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All source operating parameters that could have a
significant effect on the test results shall be identi-
fied (e.g., electrical power input, speed and rotation
if applicable).

During the acoustical measurements, the source
shall be operated in a manner typical of normal use
in a field installation. The following operational con-
ditions may be appropriate:

(1) device under normal load;
(2) device under full load [if different from (1)];
(8) device under no-load (idling).

Other operational conditions that significantly affect
the sound output of the source should also be mea-
sured and controlled or varied.

7.3.1 Environmental conditions

To the extent practical and consistent with the pur-
pose of this standard, environmental conditions that
significantly affect the sound output of the source
should be measured and controlled within appropri-
ate limits or taken into account by adjustments.

7.3.2 Configuration and installation of a source
at a sound measurement site

The directivity index of the source indicates how
many decibels the sound pressure level of the
sound source in the direction of propagation under
consideration exceeds that of a non-directional
point source of the same power at the same dis-
tance. Small changes in orientation of the source
may result in appreciable changes in the sound
pressure level.

In the case of measurement of sound emitted by a
source at a measurement site of interest, the follow-
ing items should be considered:

7.3.2.1 Configuration and installation of the
source

Whenever a typical condition of mounting exists
for the source, that condition shall be used or
simulated, if practicable.

7.3.2.2 Configuration and installation of
auxiilary equipment

Sources may normally be used with certain stan-
dard components, and auxiliary equipment. Auxil-
iary equipment may act as an additional source of
sound or may also act to reduce the level of the
sound produced by the source. To ensure meaning-
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Table 2 ~ Suggested measurement durations.

Greatest anticipated range

Temporal nature 10 dB 10-30 dB 30 dB
Steady continuous 2 min Not applicable Not applicable
Fluctuating continuous } 5 min 15 min 30 min
Impulsive continuous 1 N
Steady intermittent = I

Fluctuating intermittent ==

Impulsive intermittent -

For at least ten events

ful measurements, installation and operation of aux-
iliary equipment shall be specified in order to sepa-
rate their effects from the effects of the environment.

7.3.2.3 Physical environment in which the
source is located.

When a source is mounted near one or more reflect-
ing planes, its radiation may differ appreciably from
that of free space. If such a mounting is typical of
field installations, the reflecting plane shall be con-
sidered to be a part of the source and not part of a
contribution to miscellaneous attenuation.

7.3.2.4 Specifying the installation of the
microphones.

Microphone positions shall be selected so that an
adequate sampling is obtained of the sound field in
the ambient environment or in the vicinity of a sound
source. The number of microphone positions se-
lected shall be adequate to describe the ambient
environment or specify the characteristics of the
source. The preferred height of the microphone
above the ground for outdoor measurements is 1.2
to 1.8 m. Other heights may be used if they prove to
be more practicable or if they are specified in other
pertinent standards.

7.4 Duration or sample size

Different sources or sound descriptors may require
different measurement durations or sample sizes.
For example, ANSI S12.9-Part 3 describes detailed
procedures to acquire average sound level data
from a source in such a way as to exclude short
periods of excessive background sound. Choice of
a duration shall consider:
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(1) Temporal varlation of the noise;
(2) sound descriptor being measured,;
(3) range in sound pressure level.

If the user is interested in many source conditions,
then a duration long enough to average over all
source conditions is needed.

Guidance on judgment of the temporal nature of the
noise shall be found in ANSI S1.13. Suggested
measurement durations based on the temporal na-
ture of the sound and the range in sound level pres-
sure fluctuations are given in Table 2.

Repeated measurements at a receiver position are
required to assess the repeatability of the measure-
ment results; these repetitions are then incorpo-
rated into the error analysis. The number of mea-
surement repetitions to be made at a receiver
position affects the experimental error that must be
computed and reported. A minimum of three repeti-
tions under equivalent conditions Is recommended.

7.5 Data collection

7.5.1 Preliminary verification

Make a preliminary verification that source, ground,
and atmospheric parameters are as desired; begin
collection of needed information for test report.

7.5.2 Calibration

Calibrate equipment according to manufacturers’ in-
struction, with all cabling to be used in the measure-
ment in the circuits for calibration and electrical in-
terference checks.



ANSI S12.18-1994

Table 3 — Adjustments of measured level to account for the effect of background sound.

Difference between measured level
and background level (dB)

Adjustment to be made to measured level (dB) to

obtain corrected source level

4
5
6
74
8
9

10
Greater than 10

—2.2
-1.7
-1.3
-1.0
-0.8
-0.6
-04
0

7.5.3 Meteorological

Wind sensors shall be located at an exposed posi-
tion and at a height of 2+0.2 m. Temperature sen-
sors shall be shielded from direct solar radiation and
mounted at a height of 2+0.2 m. Obtain the relative
humidity from an on-site sensor or from the nearest
meteorological office.

7.5.4 Background sound

Sample the background sound pressure level at
each microphone including the reference micro-
phone with the source quieted, shut down, stopped
operation or removed from the site. The suggested
samples sizes in Table 2 shall be used. Simulta-
neously sample meteorological conditions, record-
ing the average wind speed and direction over the
period of the acoustical measurement.

If the study source cannot be quieted, shut down,
stopped operation or removed for a background
sound measurement, determine an upper limit for
the background level at a site removed from the
study source.

7.5.5 Sound pressure level at each
microphone

Sample the sound pressure level at each micro-
phone including the reference microphone with the
study source in operation. Simultaneously sample
meteorological conditions and any desired source
operational parameters.

7.5.6 Repeat

Repeat 9.5.4 and 9.5.5 for the number of repetitions
suggested in 9.4 for each source-receiver pair to be
studied.

7.5.7 Final callbration

Perform a final calibration check for all micro-
phones. Changes in calibration exceeding 1 dB are
unacceptable. In such cases, equipment should be
checked, and measurements made at microphones
showing such a shift shall be discarded and re-
peated. Changes in calibration of less than 1 dB are
acceptable, see Sect. 8.1.1.

8 Data reduction

This section discusses factors relative to measure-
ments and data reduction.

8.1 Corrections

8.1.1 Calibration

If the final calibration level for a sound measuring
system differs from the initial calibration level by
1 dB or less, all measurements made with that sys-
tem shall be adjusted by one-half of the difference
(e.g., if the final level is lower than the correct value,
then increase the measured levels).

8.1.2 Contamination by background sound

If the increase in the sound pressure level in any
given band, with the source operating, compared to
the background sound pressure level alone is 10
decibels or more, the sound pressure level due to
both the source and background sound is essen-
tially the sound pressure level due to the source
alone. This is the preferred condition, but is fre-
quently unattainable in the field.

If the increase in sound pressure level in any given
band, with the sound source operating, compared to
the background sound pressure level is 3 decibels
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or less, the sound pressure level due to the sound
source is equal to or less than the background
sound pressure level, and the two contributions can-
not be properly separated with the measuring tech-
niques described in this standard.

If the Increase in sound pressure level in any given
band, with the sound source operating, compared to
the background sound pressure level, is between 4
and 10 decibels, the sound pressure level due to the
sound source alone may be approximated. Subtract
the background level from the measured level at
each receiver position; use Table 3 with each of
these differences to adjust each level accordingly to
obtain a corrected sound level.

For those cases where the difference is less than
4.0 dB, the unadjusted source level is to be reported
and identified as "masked” by the background level.

8.1.3 Normalization to reference atmospheric
or environmental conditions

In the case of octave, 1/3-octave or narrow-band
sound pressure level measurements, the levels in
each individual band measured under a set of well
defined atmospheric and environmental conditions
can be adjusted to estimate the level that would
have been measured under other conditions. The
calculation can also be used to normalize measure-
ments made under different environmental condi-
tions in order to obtain levels that can be compared
directly.

8.1.3.1 Temperature/relative humidity

These variables mainly determine the term Ag;. In
order to correct the measurements to other condi-
tions of temperature and relative humidity, or to
other distances they shall be corrected by the
amount given in ANSI S1.26.

8.1.3.2 General meteorological conditions

If the meteorological conditions such as wind speed
and direction do not fall within the specifications for
either METHOD #1 or METHOD #2 as specified in
Section 5, measurements do not conform with the
requirements of this standard. No attempt shall be
made to correct measured sound pressure levels
based on wind or temperature data except for the
adjustment for Ay, for temperature as specified in
8.1.341.
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8.1.3.3 Ground terrain

When measurements are made following the proce-
dure outlined under METHOD #2—precision method
for accurate measurements, the attenuation due to
the environment is largely controlled by the ground,
especially at shorter distances. Measurements
made over well defined ground conditions can be
corrected to other grounds if the ground can be
properly categorized.

8.1.3.4 Miscelianeous effects

There is no general procedure to calculate the at-
tenuation (Anisc) due to the various miscellaneous
mechanisms- (other-than Agy, Agipand Agny) that
affect the sound pressure level measurements out-
doors. However, in the case of METHOD #1-
general method for routine measurements, where it
is not possible to obtain measurements in the ab-
sence of effects that provide contributions to Anisc,
an estimate of Aq,jisc can sometimes be obtained.

8.2 Experimental Error

The experimental error is a cumulation of random
and bias errors.

Random errors include:
(1) instrumentation error (meter/analyzer);

(2) variation in levels due to changes in wind veloc-
ity within the allowable range for a set of mea-
surements;

(8) variation in levels within a given cloud cover, or
due to temperature changes within the pre-
scribed limits;

(4) variation in levels due to changes in source
characteristics within the allowable ranges.

Random errors are estimated by the repetition of
the measurements for each source-receiver pair
and the resultant computation of a variance for the
measurements.

Bias errors include:
(1) calibrator bias within its stated accuracy range;
(2) site bias;

(3) error inherent in prediction model if one is used
to adjust levels.



9 Reporting
9.1 Introductory information

Documentation shall be sufficiently complete to per-
mit independent repetition of the sound pressure
level measurement. This will take into account
changes in environmental conditions or corrections
to reference environmental and ground conditions.

The introductory information shall state the objec-
tives behind the measurements, and the method,
type of source, and sound descriptor that were
used, as well as any points of exception to this stan-
dard. Definition of the descriptor shall be referenced
to the appropriate standard, or shall be given if not
standardized.

9.2 Site sketches

Site sketches shall be used to identify sound
sources, their locations, other significant factors
such as background sound sources and the location
where the measurements were made.

9.2.1 Plan view

The plan view shall include source positions, re-
ceiver positions, and outlines of significant reflecting
objects such as buildings and clusters of trees.
When practical, the plan view should be extended
50 min all directions beyond the outermost receiver
and source positions. Distances from each receiver
and each source shall be indicated. The magnitude
and direction of any ground slope shall be indicated.

9.2.2 Elevation view

An elevation view shall be prepared for each
source-receiver pair and should extend at least 50
m beyond each. For linear sources, such as
streams of highway traffic, this view should be along
the normal line between source and receiver. Each
elevation view shall show the peaks of all terrain
and structural features either rising above or ap-
proaching within 2 m of the line of sight between the
source and receiver. Elevations of the source and
the receiver shall be indicated. Changes in terrain
and type of ground conditions shall be marked.
Ground slope magnitudes along the elevation view
shall be indicated to the nearest degree.

9.3 Characterization of the source

The make, model, and where appropriate, serial
number of all the equipment shall be reported. If the
sound sources are motors or engines and used to
drive significant sound sources, then the power rat-
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ing of the prime mover should be recorded. The
acoustical spectra of the source may be recorded
and reported.

9.4 Documentation of the instrumentation

The manufacturer, type, and serial number of all mi-
crophones, meters, analyzers, calibrators, and me-
teorological sensors shall be reported and keyed to
specific measurement points. Settings of control-
lable instrument parameters such as amplifier
gains, recording speeds, recorder gains, field cali-
bration levels, and calibration signal levels and
spectra should be provided. Documentation of field
calibration shall be included. When data reduction is
done away from the site (such as in analyzing tape
recordings), documentation of the instrumentation
and procedures shall be provided.

9.5 Meteorological data

Data from meteorological sensors shall be reported
in sufficient detail to document calculation of the
component of average wind velocity from source to
receiver, the average temperature, and humidity.
The cloud cover class shall also be specified, with a
brief statement as to existing weather conditions.

9.6 Acoustical data

The results of the sound pressure level survey will
be reported. Data of particular interest would be
background sound measurement without the source
if possible. All results may be reported either graphi-
cally or numerically as appropriate. Data and time of
day of the measurement shall be included.

Data obtained from measurements made according
to the requirements of this standard can be com-
pared with other acoustical data if the conditions
under which the two sets of data were obtained
were as nearly identical as is practicable. Other-
wise, one or both sets of data must be adjusted to
the same acoustical conditions.

Any adjustment shall only be done if the measure-
ments were obtained using METHOD #2-precision
method for accurate measurements.

9.7 Other observations

A discussion of any unforeseen events during the
measurements that could relate to the source emis-
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sion, sound propagation or background sound
should be included. Any situations that suggest
modifications to the experiment for improved results

should be documented. Any relevant subjective
judgments or interpretations may appear in this sec-
tion of the measurement report.

Annex A
(informative)
Propagation of sound outdoors

(This annex is not part of American National Standard Outdoor Measurement of Sound Pressure Level, ANSI
S$12.18-1994, but is included for information purposes only.)

The measurement of sound pressure levels out-
doors requires an understanding of the mechanisms
that cause attenuation, especially the combined ef-
fects of the ground surface and atmospheric refrac-
tion for different height and frequency sources.
These mechanisms include attenuation due to geo-
metrical divergence, attenuation-from-air-absorp-
tion, attenuation resulting from the environment (es-
pecially from the effects of the ground and
refraction), and miscellaneous attenuation from ad-
ditional effects which arise only in specific cases.
These mechanisms are discussed in more detail in
this Appendix.

A.1. Geometrical divergence

At large distances from a source in a homogeneous,
non-dissipative atmosphere in the absence of a re-
flecting plane, the sound pressure varies inversely
with distance from the source. The attenuation in
decibels due to divergence, Agyy, is therefore ap-
proximated by

Adiv=20 log (r /ro) (dB) (A1)

where r is the distance from the point source in
meters and ry is a reference distance of 1 meters.

A.2 Air absorption

As sound propagates through the atmosphere its
energy is gradually absorbed by a number of en-
ergy-exchange processes in the air. The amount of
absorption depends strongly on frequency and rela-
tive humidity, and less strongly on temperature. It
also depends slightly on the ambient pressure, suf-
ficiently to require consideration with large changes
of altitude (thousands of meters), but not with
changes of the weather.

In most conditions, dry air can produce high attenu-
ation of sound at high frequencies. Therefore, in the
case of a predominantly high-frequency source,
measurements made under dry conditions can differ
considerably from measurements made under more
humid conditions.
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Details on attenuation by air absorption are given in
ANSI S1.26.

A.3 Effects of the environment

The propagation of sound close to the ground for
horizontal distances less than a few tens of meters
is essentially independent of meteorological condi-
tions; for this case the atmosphere can be regarded
as homogeneous and the ray paths (see Fig. 2) ap-
proximaled by straight lines. The attenuation due to
the effects of the environment (Agny) is then that due
to the ground alone. For greater distances meteor-
logical conditions usually become a major factor.
These factors are refraction by wind and tempera-
ture gradients and atmospheric turbulence. The me-
teorlogical effects then modify the ground attenua-
tion to produce the total attenuation due to the
environment.

A.3.1 Effect of a level reflecting ground

When the sound source is located near a perfectly
reflecting ground, sound waves which reflect from
the plane will constructively or destructively interfere
with those propagating directly from the source (see
Fig. 1). Destructive interference occurs at frequen-
cies where the direct and reflected wave propaga-
tion distances differ by multiples of one-half wave-
length. For the more realistic case when the sound

SHADOW NEAR
b THE GROUND
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Figure 2



source is located near a patrtially reflecting ground,
the reflected wave is also modified in amplitude and
phase by its interaction with the ground surface. The
amount of attenuation attributable to this ground in-
teraction, and its variation with frequency depends
on the surface type and the source/receiver heights
and their separation.

A.3.2 Classification of ground surfaces

The surface of the ground may be classified accord-
ing to its acoustical properties for the case of graz-
ing angles less than 20° as follows:

(1) Hard ground—Open water, asphalt or concrete
pavement, and other ground surfaces having
very low porosity tend to be highly reflective,
absorbing very little acoustic energy upon re-
flection. Tamped ground, for example, as often
occurs around industrial sites, or adjacent to
highways or other roadways or railways, can be
considered as hard ground.

(2) Soft ground—Ground covered by grass, shrubs,
or other vegetation, and all other porous
grounds suitable for the growth of vegetation
such as farming land typically cause significant
attenuation at low frequencies.

(3) Very soft ground—New-fallen snow is even
more absorptive at low frequencies than grass
covered ground as is ground covered in pine
needles or similarly loose material. Measure-
ments of sound pressure levels above snow-
covered ground should be avoided unless op-
eration of the sound source is intimately tied
with this ground condition.

(4) Mixed ground—a ground surface which in-
cludes both hard and soft areas.

(5) At grazing angles greater than 20°, which can
commonly occur at short ranges or in the case
of elevated sources, soft ground becomes a
good reflector of sound and can be considered
hard ground. Very soft ground is less predict-
able and measurements of sound pressure lev-
els above very soft ground should be avoided.

A.3.3 Refraction due to wind velocity and
temperature gradients

The main effect of meteorological conditions is re-
fraction, a change in direction of the sound waves,
produced by vertical gradients of wind and tempera-
ture.
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Sound refracts (bends) upward, as shown in Fig. 2,
when the propagation is upwind. Refraction upward
often produces a shadow zone near the ground, as
shown in the figure, resulting in an excessive at-
tenuation that typically reaches 20 dB or more.
Sound pressure level measurements from specific
sources will not be reproducible under these condi-
tions. Sound refracts downward, as shown in Fig. 1,
when the propagation is downwind. Such downward
refracting conditions are favorable for propagation,
producing a minimum of attenuation due to the ef-
fects of the environment and can represent a pre-
ferred source level measurement condition.

During the late morning and afternoon, the air tem-
perature usually decreases steadily with increasing
height above the ground, a condition known as tem-
perature lapse; sound refracts upward resulting in a
shadow zone near the ground [Fig. 2]. In contrast, at
night the temperature often decreases with de-
creasing height (due to radiation cooling of the
ground surface), a condition known as temperature
inversion, which may extend to one hundred meters
or more above the ground late at night; sound re-
fracts downward, producing a minimum of attenua-
tion due to the environment and therefore repre-
sents another condition favorable for propagation.

A.3.4 Atmospheric turbulence

The atmosphere is an unsteady medium with ran-
dom variations in temperature, wind velocity, pres-
sure, and density. In practice only the temperature
and wind velocity variations significantly affect
sound waves over a short time period. When sound
waves propagate through the atmosphere, atmo-
spheric turbulence scatters the sound energy result-
ing in random fluctuations in amplitude and phase of
the sound waves.

Atmospheric turbulence often causes fluctuations in
the measured sound pressure levels from relatively
distant sources such as aircraft. However, the fluc-
tuations in sound pressure level which initially in-
crease with increasing distance, quickly reach a lim-
iting value. For example when the noise from an
aircraft propagates under clearly line-of-sight condi-
tions over distances of a few kilometers, the mea-
sured sound pressure levels fluctuate about their
mean value with a standard deviation of no more
than about 6 dB. Under other propagation condi-
tions there may be greater fluctuations due to multi-
path interference, such as in the case of propaga-
tion from aircraft flying at heights of several
kilometres.
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An effect of atmospheric turbulence is the effective
attenuation of sound in the direction of maximum
radiation for highly directional sound fields. How-
ever, for a spherically expanding non-directional
source the root-mean-square sound pressure in an
unsteady atmosphere is the same as it would be in
the absence of turbulence. Other acoustical phe-
nomena are most strongly and directly affected by
atmospheric turbulence. For example the interfer-
ence of direct and ground-reflected discrete-fre-
quency sound waves depends critically on the exact
phase relationship that exists between them. In the
extreme, turbulence can completely eradicate the
interference spectrum at higher frequencies. An-
other example of the degradation of an acoustical
field is the increased sound pressure levels within a
refractive shadow [see Fig. 2].

A.4 Miscellaneous attenuation

The term Anisc in Eq. (2) covers contributions to the
attenuation from effects not included in the other
terms. These contributions are the effect of reflec-
tion from the walls of buildings or other near vertical
surfaces, the attenuation when propagating through
foliage, and any other situations not covered by the
above.

A.4.1 Attenuation due to reflections

The sound pressure signal that arrives at the re-
ceiver by reflection from a more or less vertical sur-
face such as the exterior wall of a building enhances
the sound pressure that propagates directly from
source to receiver (see Fig. 1).

A.4.2 Attenuation due to foliage

Trees and bushes are very poor sound barriers;
they provide very little attenuation as a result of
shielding. Their roots do provide some ground at-
tenuation by keeping the soil porous. Therefore, the
principal contribution of foliage is not to barrier at-
tenuation but instead to ground attenuation which is
inherent in the calculation for Agny. However, if the
foliage is dense enough to completely obstruct the
view, and if it also intercepts the path of sound
propagation, there may be some additional attenu-
ation caused by propagation through the foliage. A
hedge, a-row of bushes, a strip of vegetation left to
grow naturally, or a forest may all be examples of
dense foliage. There is little or no attenuation from
bare branches or trunks of trees at frequencies of
interest.
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A.4.3 Attenuation due to barriers

A barrier is any solid obstacle that is relatively
opague to sound and which blocks the line-of-sight
from the sound source to receiver. Barriers can be
erected specifically to reduce noise, or they may
occur naturally such as buildings or walls.

A.5 Discussion

In cases where refraction can be neglected above a
soft ground surface, the effects of the ground are
largest for intermediate frequencies (500 Hz) when
the source is above the ground (1 m or more). If the
source is close to the ground all frequencies above
500 Hz display large attenuations. This attenuation
is discussed in References A1 and A2. Extra care in
ground characterization and equivalence should be
used for sources at all heights at intermediate fre-
quencies and for sources low to the ground at inter-
mediate and high frequencies.

Refraction has a small effect on sound pressure lev-
els out to approximately 30 m. Beyond this distance,
shadow zones become important for upward refrac-
tion and the sound pressure levels drop dramati-
cally. A more complete discussion of this large at-
tenuation is found in References A3 and A4. The
effects of refraction are usually largest over a hard
surface and can often lead to anomalous measure-
ments. More restrictive conditions are needed to
produce reproducible measurements over a hard
surface.
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dard Guide for the Measurement and Evaluation of Human Ex-
posure to Vibration Transmitted to the Hand

» ANSI $3.35-1985 (R 1990) (ASA 59) American National Stan-
dard Method of Measurement of Performance Characteristics of
Hearing Aids Under Stimulated in-situ Working Conditions

* ANSI S3.36-1985 (R 1990) (ASA 58) American National Stan-
dard Specification for a Manikin for Simulated in situ Airborne
Acoustic Measurements

+ ANSI §3.37-1987 (R 1992) (ASA 69) American National Stan-
dard Preferred Earhook Nozzle Thread for Postauricular Hearing
Aids

« ANSI §3.39-1987 (ASA 71) American National Standard Speci-
fications for Instruments to Measure Aural Acoustic Impedance
and Admittance (Aural Acoustic Immittance)

« ANSI S3.40-1989 (ASA 79) American National Standard Guide
for the Measureiment and Evaluation of Gloves Which are Used
to Reduce Exposure to Vibration Transmitted to the Hand

+ ANSI| S3.41-1990 (ASA 96) American National Standard Au-
dible Emergency Evacuation Signal

+ ANSI §3.42-1992 (ASA 103) Ametican National Standard Test-
ing Hearing Aids with a Broad-Band Noise Signal

« ANSI $3.43-1992 (ASA 102) American National Standard Stan-
dard Reference Zero for the Calibration of Pure-Tone Bone-Con-
duction Audiometers

S12 STANDARDS ON NOISE

« ANSI $12.1-1983 (R 1990) (ASA 49) American National Stan-
dard Guidelines for the Preparation of Standard Procedures for
the Determination of Noise Emission from Sources

« ANSI §12.3-1985 (R 1990) (ASA 57) American National Stan-
dard Statistical Methods for Determining and Verifying Stated
Noise Emission Values of Machinery and Equipment

- ANSI §12.4-1986 (R 1993) (ASA 63) American National Stan-
dard Method for Assessment of High-Energy Impulsive Sounds
with Respect iv Resideniiai Communities

» ANSI S12.5-1985 (R 1990) (ASA 87) American National Stan-
dard Requirements for the Performance and Calibration of Ref-
erence Sound Sources

* ANSI $12.6-1984 (R 1990) (ASA 55) American National Stan-
dard Method for the Measurement of the Real-Ear Attenuation of
Hearing Protectors

+ ANSI $12.7-1986 (R 1993) (ASA 62) American National Stan-
dard Methods for Measurements of Impulse Noise

+ ANSI S12.8-1987 (ASA 73) American National Standard Meth-
ods for Determination of Insertion Loss of Outdoor Noise Barriers
» ANSI $12.9-1988/Part 1 (R 1993) (ASA 76) American National
Standard Quantities and Procedures for Description and Mea-
surement of Environmental Sound. Part 1

+ ANSI S12.8-1992/Part 2 {ASA 105) American National Stan-
dard Quantities and Procedures for Description and Measure-
ment of Environmental Sound, Part 2: Measurement of Long-
Term, Wide-Area Sound

* ANSI §12.9-1993/Part 3 (ASA 109) American National Stan-
dard Quantities and Procedures for Description and Measure-
ment of Environmental Sound, Part 3: Short-Term Measurements
with an Observer Present

+ ANSI $12.10-1985 (R 1990) (ASA 61) American National Stan-
dard Methods for the Measurement and Designation of Noise
Emitted by Computer and Business Equipment (Revision of ANSI
$1.29-1979)

« ANSI S12.11-1987 (R 1993) (ASA 72) American National Stan-
dard Methods for the Measurement of Noise Emitted by Small
Air-Moving Devices

+ ANSI §12.12-1992 (ASA 104) American National Standard En-
gineering Method for the Determination of Sound Power Levels
of Noise Sources Using Sound Intensity

* DRAFT ANSI S$12.13-1991 (ASA 97) Draft American National
Standard Evaluating the Effectiveness of Hearing Conservation
Programs

* ANSI S12.14-1992 (ASA 101) American National Standard
Methods for the Field Measurement of the Sound Output of Au-
dible Public Warning Devices Installed at Fixed Locations Out-
doors



» ANSI $12.15-1992 (ASA 106) American National Standard for
Acoustics—Portable Electric Power Tools, Stationary and Fixed
Electric Tools, and Gardening Appliances—Measurement of
Sound Emitted

» ANSI $12.16-1992 (ASA 107) American National Standard
Guidelines for the Specification of Noise of New Machinery

+ ANSI S12.18-1994 (ASA 110) American National Standard Pro-
cedures for Qutdoor Measurement of sound Pressure Level

+ ANSI S12.23-1989 (ASA 83) American National Standard
Method for the Designation of Sound Power Emitted by Machin-
ery and Equipment

+ ANSI $12.30-1990 (ASA 94) American National Standard
Guidelines for the Use of Sound Power Standards and for the
Preparation of Noise Test Codes (Revision of ANSI S$1.30-1979)
» ANSI S$12.31-1990 (ASA 93) American National Standard Pre-
cision Methods for the Determination of Sound Power Levels of
Broad-Band Noise Sources in Reverberation Rooms (Revision of
ANSI S1.31-1980)

* ANSI S12.32-1990 (ASA 92) American National Standard Pre-
cision Methods for the Determination of Sound Power Levels of
Discrete-Frequency and Narrow-Band Noise Sources in Rever-
beration Rooms (Revision of ANSI §1.32-1980)

« ANSI $12.33-1990 (ASA 91) American National Standard En-
gineering Methods for the Determination of Sound Power Levels
of Noise Sources in a Special Reverberation Test Room (Revi-
sion of ANS| S1.33-1982)

+ ANSI S$12.34-1988 (R 1993) (ASA 77) American National Stan-
dard Engineering Methods for the Determination of Sound Power
Levels of Noise Sources for Essentially Free-Field Conditions
over a Reflecting Plane (Revision of ANSI $1.34-1980)

* ANSI $12.35-1990 (ASA 90) American National Standard Pre-
cision Methods for the Determination of Sound Power Levels of
Noise Sources in Anechoic and Hemi-Anechoic Rooms (Revision
of ANSI $1.35-1979)

+ ANSI $12.36-1990 (ASA 89) American National Standard Sur-
vey Methods for the Determination of Sound Power Levels of
Noise Sources (Revision of ANSI $1.36-1979)

+ ANSI S12.40-1990 (ASA 88) American National Standard
Sound Level Descriptors for Determination of Compatible Land
Use (Revision of ANSI S3.23-1980)
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The Standards Publication Program of the Acoustical Society of America (ASA) is
the responsibility of the ASA Committee on Standards (ASACOS) and the ASA
Standards Secretariat, headed by its Standards Manager.

The Acoustical Society of America provides the Secretariat for four Accredited
Standards Committees of the American National Standards Institute (ANSI): S1 on
Acoustics, S2 on Mechanical Vibration and Shock, S3 on Bioacoustics, and S12
on Noise.

These four Accredited Standards Committees also provide the United States input
to various international committees (IEC and 1SO). Standards Committees S1
Acoustics and S3 Bioacoustics provide the United States input to ISO/TC 43
Acoustics, and |IEC/TC 29 Electroacoustics, as the Technical Advisory Groups.
S12 on Noise serves as the U.S. Technical Advisory Group for ISO/TC 43/SC1
Noise, and for ISO/TC94/SC12 Hearing Protection. S3 is the Technical Advisory
Group for ISO/TC 108/SC4 Human Exposure to Mechanical Vibration and Shock.
S2 serves as the U.S. Technical Advisory Group for ISO/TC 108 ISO/TC 108/SC1,
Balancing, including Balancing Machines, 1ISO/TC 108/SC2 Measurement and
Evaluation of mechanical Vibration and Shock as Applied to Machines, Vehicles,
and Structures; 1ISO/TC 108/SC3 Use and Calibration of Vibration and Shock
Measuring Instruments; and ISO/TC 108/SC5 Condition Monitoring and Diagnos-
tics of Machines.

ASACOS and the ASA Standards Secretariat provide the Secretariat for the U.S.
Technical Advisory Groups listed above and administer the international Secre-
tariat for ISO/TC 108 Mechanical Vibration and Shock, ISO/TC 108/SC1 Balanc-
ing Machines, and ISO/TC 108/SC5 Condition Monitoring and Diagnostics of Ma-
chines.

Standards are produced in four broad areas: physical acoustics, mechanical
shock and vibration, bioacoustics, and noise, and are reaffirmed or revised every
five years. The latest information on current ANSI standards as well as those
under preparation is available from the ASA Standards Secretariat. For informa-
tion, please contact A. Brenig, Standards Manager, Acoustical Society of America,
120 Wall Street, 32nd Floor, New York, NY 10005-3993. Telephone (212) 248-
0373, Telefax (212) 248-0146.




