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The American National Standards Institute, Inc. (ANSI) is the na-
tional coordinator of voluntary standards development and the clear-
inghouse in the U.S. for information on national and international
standards.

The Acoustical Society of America (ASA) is an organization of sci-
entists and engineers formed in 1929 to increase and diffuse the
knowledge of acoustics and to promote its practical applications.
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American National Standard

Methods for Determining the Insertion Loss
of Outdoor Noise Barriers

Secretariat
Acoustical Society of America

Approved 27 April 1998
American National Standards Institute, Inc.

Abstract

This Standard presents three methods for determining the insertion loss of outdoor noise barriers. The
methods are “direct” BEFORE and AFTER measurements; “indirect” BEFORE measurements at an
“equivalent” site; and “indirect” predictions of BEFORE sound levels. “Indirect BEFORE measurements”
and “indirect BEFORE prediction” methods require direct measurements of AFTER sound levels.
Measurements of acoustical descriptors use sound sources naturally present at a site, controlled natural
sound sources, or controlled artificial sound sources. Within prescribed limits, the receiver location and
atmospheric, ground, and terrain conditions may be chosen based on the objectives for determination of
barrier insertion loss. Examples are provided for worksheets that may be used for data acquisition and
analysis.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited
Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and S12 on Noise. These committees have wide represen-
tation from the technical community (manufacturers, consumers, and general-
interest representatives). The standards are published by the Acoustical Society of
America through the American Institute of Physics as American National Stan-
dards after approval by their respective standards committees and the American
National Standards Institute.

These standards are developed and published as a public service to provide
standards useful to the public, industry, and consumers, and to Federal, State,
and local governments.

Each of the Accredited Standards Committees [operating in accordance with pro-
cedures approved by American National Standards Institute (ANSI)] is responsible
for developing, voting upon, and maintaining or revising its own standards. The
ASA Standards Secretariat administers committee organization and activity and
provides liaison between the Accredited Standards Committees and ANSI. After
the standards have been produced and adopted by the Accredited Standards
Committees, and approved as American National Standards by ANSI, the ASA
Standards Secretariat arranges for their publication and distribution.

An American National Standard implies a consensus of those substantially con-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity. Consen-
sus requires that all views and objections be considered and that a concerted
effort be made towards their resolution.

The use of American National Standards is completely voluntary. Their existence
does not in any respect preclude anyone, whether he or she has approved the
standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw this Standard.
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Foreword

[This Foreword is for information only and is not an integral part of American National
Standard Methods for Determining the Insertion Loss of Outdoor Noise Barriers, ANSI
S$12.8-1998.]

This American National Standard supersedes the previous version published as
ANSI S12.8-1987.

This Standard contains three informative annexes.

This Standard was developed under the jurisdiction of Accredited Standards Com-
mittee S12, Noise, which has 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,
Noise, for final approval, the membership was as follows:

P. D. Schomer, Chair
B. M. Brooks, Vice Chair
A. Brenig, Secretary

Acoustical Society of America......................... .. ..., P. D. Schomer

W. J. Galloway (Alt)
Air-Conditioning and Refrigeration Institute (ARI)............. S. Wang

S. Sanders (Alt)
Air Movement and Control Association, Inc. (AMCA).......... M. Stevens

E. W. Neitzel (Alt.)
Aluminum Company of America (ALCOA) .................... S. I. Roth
American Academy of Otolaryngology, Head and Neck

Surgery, Inc. ... G. A. Gates

L. A. Michael (Alt.)
American College of Occupational Medicine.................. P. J. Brownson

J. Satalof (Alt.)
American Industrial Hygiene Association (AIHA).............. L. H. Royster

J. F. Meagher (Alt.)
American Otological Society................... ... ... ... .... R. F. Naunton
American Society of Heating, Refrigerating, and

Air-Conditioning Engineers (ASHRAE). .................... H-S Pei

J. L. Heldenbrand

(Alt)
American Speech-Hearing-Language Association (ASHA) . . ... J. D. Royster

M. E. Thompson

(Alt.)
Audio Engineering Society, Inc................ ... ... L M. R. Chial

D. Queen (Alt)
Bruel & Kjeer Instruments ............... ... ... L. J. Pace

M. Alexander (Alt.)
Compressed Air and Gas Institute (CAGI) .................... J. H. Addington

D. R. Bookshar (Alt.)
Council for Accreditation in Occupational Hearing
Conservation (CAOHC) ............... ... ... W. Monk
D. Driscoll (Alt.)
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E-A-R Cabot Safety Corporation ............................. E. H. Berger

Industrial Safety Equipment Association ..................... D. K. Shipp
Information Technology Industry Council (ITIC)............... R. Lotz

W. F. Hanrahan (Alt.)
Larson<Davis Laboratories ....................... ... ....... R. J. Peppin

R. C. Chanaud (Alt.)
National Council of Acoustical Consultants. .................. J. Erdreich

R. L. Richards (Alt.)
National Electrical Manufacturers Association (NEMA) ........ D. Rawlings
National Hearing Conservation Association (NHCA)........... J. Franks

E. H. Berger (Alt)
Power Tool Institute, Inc............. ... ... . ... .......... R. Callahan

D. H. Montague (Alt)
US. AirForce. . ... R. L. McKinley
U.S. Army Aeromedical Research Laboratory................. B. Mozo
U.S. Army Construction Engineering Research

Laboratories (USA-CERL)............... .. .. ... P. D. Schomer

M. White (Alt.)
U.S. Army Human Engineering Laboratory.................... G. R. Price

J. Kalb (Alt)
U.S. Army, Walter Reed Medical Center, Army Audiology

and Speech Center.............. ... ... ... ... ... ... R. W. Danielson

U.S. Department of Transportation........................... A. G. Konheim
U.S. Navy Environmental Health Center ...................... J. Page

L. Marshall (Alt)
U.S. Navy National Surface Warfare Center................... J. Niemiec

Individual Experts of Accredited Standards Committee S12, Noise, were:

P. K. Baade W. J. Galloway L. H. Royster

R. W. Benson R. M. Guernsey P. D. Schomer
L. L. Beranek R. K. Hillquist W. R. Thornton
E. H. Berger D. L. Johnson H. E. von Gierke
S. H. P. Bly W. W. Lang L. A. Wilber

B. M. Brooks L. F. Luttrell G. E. Winzer

K. M. Eldred G. C. Maling, Jr. G. S. K. Wong
R. S. Gales J. Pope R. W. Young

Working Group S12/WG86, Insertion Loss of Outdoor Noise Barriers at Sites of
Interest, which assisted Accredited Standards Committee S12, Noise, in the
preparation of this Standard, had the following membership:

W. Bowlby, Chair

G. S. Anderson R. Hendriks A. D. Pierce
C. N. Blair H. Jongedyk J. E. Piercy
G. G. Fleming R. F. Lambert J. B. Pulaski
S. |. Hayek J. M. Lawther R. Raspet

Suggestions for improvement of this Standard will be welcomed. They should be
made in writing to Accredited Standards Committee S12, Noise, in care of the
Standards Secretariat, Acoustical Society of America, 120 Wall Street, 32nd Floor,
New York, New York 10005-3993, USA. E-mail: asastds@aip.org; Telephone: +1
212 248 0373; Fax +1 212 248 0146.
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AMERICAN NATIONAL STANDARD

ANSI S12.8-1998

American National Standard

Methods for Determining
the Insertion Loss of
Outdoor Noise Barriers

0 Introduction

Determining the insertion loss provided by outdoor
noise barriers is often difficult. In many cases, the
difficulty results from the absence of sound levels
measured at a site before barrier installation, or
the inability to estimate accurately the “before-in-
stallation” sound levels. Lack of standard methods
for determining barrier insertion loss may lead to
incorrectly performed (or poorly documented)
computations and prevent independent evaluation
of techniques and results.

1 Scope

1.1 This Standard adopts insertion loss—the dif-
ference between acoustical levels before and after
a noise-barrier installation—as the basis for evalu-
ating the acoustical effectiveness of an outdoor
noise barrier. Methods are provided to determine
the insertion loss of outdoor noise barriers at se-
lected receiver locations and under conditions of
interest.

1.2 This Standard covers insertion loss determi-
nation, by measurement or by the combination of
measurement and prediction, for outdoor noise
barriers of all types. Sound sources at a site may
be those that are naturally present, controlled
natural sound sources, or controlled artificial
sound sources. Preferred acoustical descriptors
are time-average, A-weighted sound level, A-
weighted sound exposure level, or octave-band
sound pressure level. Other acoustical descriptors
of the BEFORE and AFTER sound are not pre-
cluded.

1.3 Standardized receiver locations or measure-
ment conditions are not prescribed. Measured in-
sertion losses apply only for the stated conditions
and are not to be generalized to represent other
conditions, sites, receiver locations, or sound
sources.

Full document details: ANSI ASA S12.8-1998 (2013)

1.4 This Standard may be used for routine
checking of the insertion loss of an outdoor noise
barrier, or for engineering or diagnostic evalua-
tions. The methods of the Standard may be used
in situations where a barrier is to be installed, or
has already been installed.

1.5 This Standard does not present methods for
comparing the insertion loss of outdoor noise bar-
riers at different sites, nor does it specifically ad-
dress sound transmission loss through a barrier.
While comparisons of the insertion loss of outdoor
noise barriers at different sites or extrapolations to
other conditions may be possible, such compari-
sons or extrapolations are not within the scope of
this Standard.

1.6 Reliable and repeatable results may be ex-
pected when the distances between all receivers
and their closest and strongest sound sources (or
closest point of approach for mobile sound
sources) are within 70 m. The methods of the
Standard may be applied for other conditions, but
the experimental uncertainties likely will increase,
perhaps substantially.

1.7 This Standard presents two methods for in-
directly determining the level of the BEFORE
sound. The two methods are (1) by measurement
at a second site that is equivalent to the desired
site prior to installation of the barrier, or (2) by pre-
diction of the BEFORE sound levels. Equivalence
here is in terms of sound-source characteristics,
receiver locations, and terrain, atmospheric, and
ground conditions. The Standard presents prin-
ciples, not procedures, for assessing sound-
source, atmospheric and terrain equivalence, as
well as for choosing a model to predict the level of
BEFORE sound.

1.8 This Standard presents a method to deter-
mine a lower bound to the insertion loss when
background noise prevents clear measurement of
the source sound level at a receiver location. In
many applications, reporting a barrier insertion
loss for a given receiver location as “equal to or
greater than X dB” is sufficient. This Standard also
presents a method to determine the total experi-
mental uncertainty associated with the barrier in-
sertion loss.

1.9 Because of many factors affecting the sound
levels at receiver locations, it may not be possible
to determine the insertion loss of an outdoor noise
barrier for conditions of interest.
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2 Normative references

The following Standards contain provisions that,
through reference in this text, constitute provisions
of this American National Standard. At the time of
approval by the American National Standards In-
stitute, Inc. (ANSI), the editions indicated were
valid. All Standards are subject to revision. Parties
to agreements based on this American National
Standard are encouraged to investigate the possi-
bility of applying the most recent editions of the
Standards listed below. Information on the most
recent editions is available from the ASA Stan-
dards Secretariat.

[1] ANSI S1.1-1994, American National Standard
Acoustical Terminology.

[2] ANSI S1.4-1983 (R 1997), American National
Standard Specification for Sound Level Meters.
Amendment 1, ANSI S1.4A-1985.

[3] ANSI S1.11-1986 (R 1993), American National
Standard Specification for Octave-Band and Frac-
tional-Octave-Band Analog and Digital Filters.

[4] ANSI S1.15-1997/Part 1, American National
Standard Measurement Microphones—Part 1:
Specifications for Laboratory Standard Micro-
phones.

[5] ANSI S1.26-1995, American National Stan-
dard Method for Calculation of the Absorption of
Sound by the Atmosphere.

[6] ANSI S1.40-1984 (R 1997), American National
Standard Specification for Acoustical Calibrators.

[7] ANSI S1.43-1997, American National Stan-
dard Specification for Integrating-Averaging
Sound Level Meters.

[8] ANSI S12.9-1988/Part 1 (R 1993), American
National Standard Quantities and Procedures for
Description and Measurement of Environmental
Sound—~Part 1.

[9] ANSI S12.9-1993/Part 3, American National
Standard Quantities and Procedures for Descrip-
tion and Measurement of Environmental Sound—
Part 3: Short-Term Measurements with an Ob-
server Present.

[10] ANSI/SAE J184a-1985, Qualifying a Sound
Data Acquisition System.
3 Definitions

For the purposes of this Standard, the following
definitions apply. Definitions for related quantities

Full document details: ANSI ASA S12.8-1998 (2013)

are given in Part 1 of ANSI S12.9-1988 (R 1993)
and in ANSI S1.1-1994.

3.1 AFTER. Conditions or measurements at a
site of interest where an outdoor noise barrier is in
place.

3.2 atmospheric equivalence. Condition that
the atmosphere at the BEFORE and AFTER sites
is acoustically similar in atmospheric absorption,
wind, air temperature, and cloud cover.

3.3 background noise level. Sound level or
sound pressure level at a reference or receiver
position, without the sound source of interest in
operation. Unit, decibel (dB).

NOTE - Generally, background noise level should
be measured in terms of the acoustical descriptor for
calculation of barrier insertion loss.

3.4 BEFORE. Conditions, measurements, or
predictions at a site before installation of an out-
door noise barrier or any other site changes.

3.5 controlled artificial sound source. Sound
source that is controlled in position, height above
ground, output power, spectral content, and direc-
tivity.

3.6 controlled natural sound source. Test

sound source taken from the population of natural
sound sources.

NOTE - As an example for highway traffic, a con-
trolled natural sound source could be one or more
test trucks.

3.7 equivalent site. For receiver positions of in-
terest, a site selected to determine BEFORE
acoustical levels by the indirect measured method
and having terrain, ground, atmospheric, and
sound-source conditions equivalent to those at the
site where an outdoor noise barrier is installed.

3.8 ground equivalence. Condition that the
ground surfaces at the BEFORE and AFTER sites
have the same ground-surface classification.

3.9 ground impedance. At a specified fre-
quency, complex quotient of sound pressure by
the normal component of particle velocity directed
into the surface of the ground. Unit, pascal per
(meter per second) [Pa/(m/s)].

3.10 insertion loss. Difference between acous-
tical levels before and after installation of a barrier,
where the sound source, terrain, ground, and at-
mospheric conditions are equivalent. Unit, decibel
(dB).

cuments
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3.11 lower bound to insertion loss. Insertion
loss when, for example, background noise levels
are not measured or are too high to determine the
actual insertion loss of the barrier. Unit, decibel
(dB).

3.12 mean insertion loss. Arithmetic average
of insertion losses determined for a given source-
receiver pair by repeated measurements under
equivalent conditions. Unit, decibel (dB).

3.13 partially measured insertion loss. Inser-
tion loss determined from a predicted BEFORE
and a measured AFTER acoustical level. Unit,
decibel (dB).

3.14 unmasked insertion loss. Insertion loss
from measured BEFORE and AFTER acoustical
levels not masked by background noise. Unit,
decibel (dB).

3.15 outdoor noise barrier. Structure, or struc-
ture together with other material, that potentially
alters the acoustical level at a site from a BEFORE
condition to an AFTER condition.

3.16 masked. Condition that occurs when the
contribution of background noise is such that no
adjustment for the influence of background noise
is possible.

3.17 natural sound source. One or more fixed
or moving sound sources naturally present or
passing through a source region; typically, the
source for which the barrier was installed.

3.18 receiver position. Point at which an inser-
tion loss is to be determined.

3.19 reference position. Position at which the
sound from the source is or will be minimally influ-
enced by the barrier or planned barrier, and which
will be used to monitor source sound levels.

3.20 sound source equivalence. Condition
that the sound source at the BEFORE and AFTER
sites is acoustically similar in sound level, spec-
trum, directivity, and position (in particular, the ef-
fective height of the source above the ground).

3.21 source sound level. Sound level, sound
exposure level, or sound pressure level deter-
mined at a reference or receiver position with the
sound source operating. Unit, decibel (dB).

3.22 sound-source position. Position at which
a sound source is located.

3.23 source-receiver pair. Combination of a
sound-source position and a receiver position.

ANSI S12.8-1998

3.24 terrain equivalence. Condition that the
terrain at BEFORE and AFTER sites is similar in
terms of the portions of the sound source visible at
the receiver position (presuming absence of the
barrier), sound reflections from the ground, and
reflection paths from surfaces to the side or behind
the receiver position.

4 Methods

Three methods for determining the insertion loss
of outdoor noise barriers are presented in this
Standard. The preferred method is the “direct
measured” method. Alternative methods are an
“indirect measured” method using measured
BEFORE sound levels from an equivalent site, and
an “indirect predicted” method using predicted
BEFORE sound levels.

Choice of a method to determine the insertion loss
of an outdoor noise barrier may be dictated by sev-
eral factors. The factors include the objectives of
the measurements, the ability to measure the
sound levels before barrier installation, and the
presence of sound sources in the area not related
to the source of interest.

Achievement of source, terrain, ground, and atmo-
spheric equivalence for the BEFORE and AFTER
situations is important.

Figure 1 presents a flow chart illustrating the
choice of the method for determination of barrier
insertion loss.

4.1 Direct measured method

The direct measured method may be used only if
the barrier has not yet been installed or can be
removed for the BEFORE measurements.

Sound levels are measured at the same reference
and receiver positions before and after installation
of the barrier. For a valid determination of barrier
insertion loss, the measurements shall be made
with equivalent sound sources, and equivalent ter-
rain, ground, and atmospheric conditions.

4.2 Indirect measured method

The indirect measured method applies when an
outdoor noise barrier has been installed prior to
any direct BEFORE measurements and it cannot
be readily removed to permit such measurements.
In this event, the BEFORE condition may be simu-
lated at a site that is equivalent to the site with the
barrier.
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Figure 1 — Flow chart illustrating the choice of method to determine the insertion loss of an

outdoor noise barrier.

4.3 Indirect predicted method

i it iz nat possibde efther 1o make aciual BEFORE
cound leval measureaments or to makse BEFORE
measuramenis of sound levels al an equivalent
gite, then BEFORE predictions of acoustical levels
may ba possibla,

When acoustical levels are predicted, uncerain-
Bas imherend in the chosen pradiclion meathod fur-
ther increase the uncertalnty of the determination
of insarfion loss. The resulting insertion loss shall
be referred to as “partially measured.”

The prediction method for the BEFORE acoustical
level shall confarm to the following criteria:

1] the prediction method shall considar the
fype of ground between the sound source and
receiver, afb least by accounting for differences
betwesn sound propagation over acouwsfically
hard and soft ground {such as paved areas and
grassland), Preferred prediction methods also
consider the lopography of the tarrain batwean
sound source and recedver

(2] published documentation shall exist for fiald
validation of the predictian method over the rel-

evant range of source-lo-receiver distances,
and for the relevanl topography and lype of
ground surface, The documentation shall be ref-
erancad in the Tesl Reporl. The rasufls of the
validation shall be sufficient 1o ascribe quantiia-
five uncartainty o the predickons. Thea pradic-
fion uncerdainty shall be incorporated during an
assessmant of tolal expernmeanial uncartainty.

{3) if the prediction method does nol congider
wind velocity and temperatura gradiants, thea in-
direct predicted method shall be used only for
the calm wind class specified in table 1.

Table 1 — Wind classes.

Magnitude of vecior companent of
Class wind velocity *
mis
Upwind | -16-5
Calm =1 o =1
Downwed | 1o 8

% The weclor companent of wend weaclly u relplae
B0 s line Brodm e Sowice cedlal B0 e mceop hoes
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Any prediction method that meets the above crite-
ria may be used. However, each partially mea-
sured insertion loss carries with it any deficiencies
of the prediction method. Source, receiver, and
reference positions shall be modeled as precisely
as possible relative to the terrain at the site of in-
terest, within the constraints of the prediction
method. Predicted BEFORE sound levels should
apply for the appropriate long-term-average
meteorological conditions representative of the
site of interest.

5 Sound sources and source
equivalence

5.1 Types of sound sources

Three types of sound sources may be used for
determinations of barrier insertion loss. The result-
ing insertion losses shall apply only to the sound
source used in the measurements, or for measure-
ments and predictions.

Inferences of barrier insertion loss with different
types or mixes of sound sources, or sources oper-
ating under different conditions, shall be substan-
tiated in the Test Report.

5.1.1 Natural sound sources

The uncontrolled, naturally occurring sound
source for which the barrier is designed is normally
the best choice for the sound source.

5.1.2 Controlled natural sound sources

A controlled natural sound source should be con-
sidered when the natural sound source has
changed, or is expected to change between the
BEFORE and AFTER measurements and the sites
are no longer equivalent.

For example, if truck flow rates at a traffic-noise-
barrier site are expected to change significantly, it
may be necessary to select one or several test
trucks to be typical sound sources. The selected
trucks are then used for controlled BEFORE and
AFTER tests. Sound source equivalence shall be
established for the test trucks.

5.1.3 Controlled artificial sound source

A controlled artificial sound source may be used
when BEFORE and AFTER natural-sound-source
equivalence cannot be established, or for prelimi-
nary testing. However, much greater technical ex-
pertise and control are required to obtain meaning-

ANSI S12.8-1998

ful results with a controlled artificial sound source
than with natural or controlled natural sources.

Use of a controlled artificial sound source probably
is not appropriate for a sound source distributed
over a large area, such as highway traffic, or a jet
or rocket engine. In such cases, a controlled natu-
ral sound source should be used.

Operating parameters of the artificial sound source
shall be controlled to ensure relevance of the tests
to the acoustical performance of the barrier for the
natural sound source(s) being simulated. Rel-
evance shall be documented in the Test Report.

Normally, it is only feasible to simulate an idealized
approximation to the natural sound source, for ex-
ample by an omnidirectional point source.

All significant sound-propagation paths between
the natural sound source and the receiver position
shall be covered by the simulation including those
paths associated with reflection from the ground or
other objects in the source and receiver regions.

The simulation shall cover the relevant compo-
nents of the spectrum of the natural sound source.
Sinusoidal signals may be used, but signal fre-
quencies should be chosen to avoid interference
effects.

Unless stability of the sound source is established
and documented, the output of the controlled arti-
ficial sound source shall be monitored when sound
levels are measured.

5.2 Sound source equivalence

For a valid determination of insertion loss, the
sound sources shall be equivalent for the BE-
FORE and AFTER measurements. Sound source
characteristics shall be sufficiently similar so as
not to introduce large measurement uncertainties.

Sound source characteristics that affect insertion
loss include spectral content, directivity, spatial
and temporal patterns, vertical and horizontal po-
sitions, and operating conditions. In addition, for a
composite of several types of sound sources, the
number, type, and spatial distribution of the
sources shall be considered.

It may be possible to partially or fully establish
sound-source equivalence before the insertion
loss measurements by analysis of previously col-
lected or published data. In addition, it may be
possible, by review of available data or by analy-
ses conducted with appropriate prediction models,
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to determine the important operational parameters
that affect barrier insertion loss and to determine
allowable variations in these parameters.

5.2.1 Operational parameters

During insertion loss measurements, two steps
shall be followed:

(1) key sound-source operational parameters
shall be monitored and a determination made as
to whether or not any monitored variations are
acceptable; and

(2) sound levels shall be monitored at a refer-
ence position.

If the variations in sound-source operational pa-
rameters are within specified limits, then the sound
level at the reference position may be used in the
insertion-loss calculation process. If not, then the
sound sources are not equivalent and additional
measurements of sound levels shall be obtained to
determine insertion loss.

No single set of operational parameters is appli-
cable to all sound sources to which this Standard
applies. Appropriate parameters may be defined
by trade associations, standards organizations, or
government agencies.

For example, accepted parameters for the sound
of traffic are average operating speeds; average
hourly flow rates and spatial distribution for auto-
mobiles, medium trucks, heavy trucks; buses, and
motorcycles; road gradient; and pavement type.

Allowable variations in these parameters may be
established by exercising appropriate prediction
models or by reviewing appropriate databases.

Operational parameters may also be developed
in situ by observing the operational cycle of the
sound source. For example, interviews of con-
struction-machinery operators may aid in deter-
mining which operational parameters affect sound
output.

Sound source parameters, operational cycle,
source location, source directivity, and operating
conditions shall be documented so that test condi-
tions can be duplicated for the AFTER sound level
measurements.

When a sound source is an extended composite of
several more-compact individual sound sources,
such as often found at a construction site, the
dominant sound sources shall be determined first.

Individual sound sources that have a sound level
which is 20 dB, or more, less than the total level of
the sound from all sources at the site should be
noted but need not be documented in detail. The
type, number, location (or travel path), manufac-
turer, and operating parameters of the individual
sound sources shall be recorded whenever pos-
sible.

5.2.2 Reference microphone position

The location for a reference microphone to monitor
the sound source for equivalence in the BEFORE
and AFTER tests shall:

(1) be in a region where the outdoor noise bar-
rier minimally influences the sound field;

(2) be between the receiver positions and the
major sound contributor in the sound source
region;

(3) be at a distance from the sound source suf-
ficient to minimize near-field effects; and

(4) be at a height above the ground sufficient to
minimize environmental effects resulting from
the atmosphere, terrain configuration, and
ground reflections.

NOTE - Introduction of an outdoor noise barrier
may increase sound pressure levels at the reference
microphone position because of multiple reflections
between the sound source and the barrier, or edge
diffraction at the top of the barrier, or both.

When the outdoor noise barrier is more than 15 m
from the near edge of the sound-source region, the
position at least 1.5 m directly above the top of the
barrier is preferred for the reference microphone.

The preferred reference microphone position illus-
trated in figure 2(a) shall be used unless an alter-
native position is required.

For most assessments of the insertion loss of out-
door noise barriers, sound levels at a reference
microphone position shall not be measured for dis-
tances x less than 1.5 m as shown in figure 2(a) or
2(b).

When the distance from sound source to barrier is
considered too small to neglect near-field effects,
two alternatives are recommended:

(1) when the sound source is an extended com-
posite of several more-compact individual sound
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Figure 2 — Reference microphone positions.

sources, monitor and treat the individual sound
sources separately, rather than together as a
composite; and

(2) place the reference microphone at a dis-
tance from the sound source large enough to
avoid near-field effects, but in the direct sound
field. The position should be at least 10 degrees
above the line segment connecting the near
edge of the source region and the top of the
barrier. The position should also be 15 m from
the near edge of the source region as shown in
figure 2(b).

When the barrier location is more than 30 m from
the sound source, and, hence, probably closer to
the receiver position, locate the reference micro-
phone at a distance of 15 m from the source.

At this reference microphone position, maintain
the height of the microphone so that a line from the
near edge of the source region to the microphone
makes an angle greater than 10 degrees with the
nominal ground plane.

For this reference microphone position, the refer-
ence sound level shall not be reduced for effects of
reflections and diffraction.

6 Acoustical environment

For a valid determination of insertion loss, the
equivalence of terrain, ground, and atmospheric
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conditions at the BEFORE and AFTER sites shall
be determined and documented in the Test
Report. The background noise level also shall be
determined and reported.

6.1 Terrain equivalence

The terrain at two sites, presuming absence of the
barrier at the AFTER site, is equivalent if the fol-
lowing criteria are satisfied:

(1) The same major components of the sound
source can be seen at the receiver positions for
the two sites;

(2) At each site, similar patterns for sound re-
flections from the ground exist between the re-
ceiver microphone and the major components of
the sound source. Similarity in reflection pat-
terns refers to:

(a) same number of ground reflections;

(b) same type of ground surface where cor-
responding reflections occur;

(c) similar reflection angles relative to the
nominal ground plane at corresponding reflec-
tion points; and

(d) similar pathlength differences between di-
rect and reflected sound rays.
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(3) Similar reflection paths exist from surfaces
to the side of, or behind, the receiver position.

A plan view and a ground profile (elevation view)
of the terrain between the sound source and re-
ceiver shall be drawn to aid in assessment of ter-
rain equivalence.

6.2 Ground equivalence

6.2.1 Ground impedance

The equivalence of the ground at two sites may be
determined by measurement of the specific acous-
tic impedance of the ground.

If ground impedance is not measured, then the
ground surface shall be categorized, for example
as paved; long grass over loose sand; short grass
over packed clay; or a packed sandy dirt roadway.
An equivalent site of the same ground-surface cat-
egory shall be selected. When categorizing the
ground surface, note that only a thin surface layer
of sail is relevant, 50 mm deep at the very most.

Extreme differences in surface water content shall
be avoided for ground equivalence. Avoid frozen
or snow-covered ground because of its acoustical
variability at different times and locations.

6.2.2 Vegetation

Vegetation at a site is usually important only inso-
far as it keeps the ground loose and porous.
Equivalent sites shall have comparable tree den-
sity. Bushes and occasional trees may be ignored.

6.3 Atmospheric equivalence

Atmospheric conditions shall be relevant to the ac-
tivities of people affected by the sound and the
objectives for determination of barrier insertion
loss.

BEFORE and AFTER acoustical measurements
shall be restricted to similar atmospheric condi-
tions. Major considerations are attenuation by
atmospheric absorption along sound propagation
paths, wind, temperature, and cloud cover. Annex
A provides information on how atmospheric condi-
tions affect sound propagation.

6.3.1 Atmospheric absorption

The level of the sound measured at a receiver
position can vary because of variations in atmos-
pheric absorption over the sound propagation
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paths from a source to a receiver. At high frequen-
cies, significant differences occur in the attenua-
tion of sound depending on the concentration of
water vapor.

For a sound source with major spectral compo-
nents at frequencies greater than 3 kHz, BEFORE
and AFTER measurements should be restricted to
similar conditions of water vapor concentration.
See ANSI S1.26-1995 for additional information.

6.3.2 Wind

Wind conditions are equivalent for BEFORE and
AFTER acoustical measurements if the wind class
(specified in table 1) remains unchanged. In addi-
tion, the vector components of the average wind
velocity from the sound source to the microphone
shall not differ by more than certain limits. The
limits depend on the allowed measurement uncer-
tainty and the distance from the sound source to
the microphone.

If the uncertainty in insertion loss is to not exceed
+1 dB for sound-propagation distances less than
70 m, the difference between the vector compo-
nents of the BEFORE and AFTER average wind
velocities shall not exceed 1 m/s.

If the uncertainty is not to exceed = 0.5 dB for dis-
tances less than 70 m, at least four BEFORE and
four AFTER measurements shall be made within
the average wind-speed difference of 1 m/s and
the insertion losses averaged.

These wind-speed limits do not apply to the calm
wind class of table 1.

In any case, no acoustical measurements shall be
made when the average wind speed exceeds 5
m/s, regardless of wind direction.

Attempts to measure sound levels should be
avoided when there are strong winds with a small
vector component in the direction of propagation,
because of large uncertainties caused by turbu-
lence and wind velocity fluctuations.

For a given set of acoustical measurements, the
component of wind velocity from sound source to
receiver shall be determined according to the fol-
lowing procedures:

(1) monitor wind velocity (speed and direction)
throughout each period of acoustical measure-
ments;

(2) note the average speed and direction;

cuments

o
© 1998 Acoustice! Society of America

Document Sharing Hub


http://www.avadocuments.com/doc/ansi-asa-s12-8-1998-2013
http://www.avadocuments.com/doc/ansi-asa-s12-8-1998-2013

