
AMERICAN NATIONAL STANDARD
QUANTITIES AND PROCEDURES FOR
DESCRIPTION AND MEASUREMENT
OF ENVIRONMENTAL SOUND —
PART 6: METHODS FOR ESTIMATION
OF AWAKENINGS ASSOCIATED WITH
AIRCRAFT NOISE EVENTS HEARD IN
HOMES

Accredited Standards Committee S12, Noise

Standards Secretariat
Acoustical Society of America
35 Pinelawn Rd., Suite 114E
Melville, New York 11747

ANSI S12.9-2000/Part 6

A
N

S
I

S
12

.9
-2

00
0
ÕP

ar
t

6

This is a preview of "ANSI S12.9-Part 6-20...". Click here to purchase the full version from the ANSI store.

asauser
Reaffirmed by ANSI 12/2/2005

https://webstore.ansi.org/Standards/ASA/ANSIS12Part2000R2005?source=preview


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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Abstract

This Standard provides a method to predict sleep disturbance in terms of percent awakenings associated
with the noise level of events in terms of sound exposure level (SEL). The Standard was developed using
field studies of behavioral awakening primarily in homes near areas of routine aircraft takeoff and landing
operations. The database used in derivation of the dose-response relationship consists of more than 5,000
subject-nights of observations in a variety of communities in the United States.
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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 ANSI) is responsible for developing, voting upon, and main-
taining 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 are 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 ANSI S12.9-2000/Part 6,
American National Standard Quantities and Procedures for Description and Measurement
of Environmental Sound—Part 6: Methods for Estimation of Awakenings Associated with
Aircraft Noise Events Heard in Homes.]

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 per-
taining to methods of measurement, evaluation, and control, including biologi-
cal safety, tolerance and comfort, and physical acoustics as related to environ-
mental 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
R. D. Hellweg, Vice Chair

A. Brenig, Secretary

Abbott Laboratories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. Walton
B. Muto (Alt.)

Acoustical Society of America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. M. Brooks
W. J. Galloway (Alt.)

Acoustical Systems, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. Goodwin
R. Seitz (Alt.)

Air-Conditioning and Refrigeration Institute . . . . . . . . . . . . . . . . . . R. Comparin
S. Sanders (Alt.)

Aluminum Company of America „ALCOA … . . . . . . . . . . . . . . . . . . . W. D. Gallagher
American Academy of Otolaryngology, Head and Neck

Surgery, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. A. Dobie
L. A. Michael (Alt.)

American College of Occupational Medicine . . . . . . . . . . . . . . . . . P. J. Brownson
J. Sataloff (Alt.)

American Industrial Hygiene Association . . . . . . . . . . . . . . . . . . . . L. H. Royster
J. F. Meagher (Alt.)

American Otological Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. F. Naunton
American Society of Heating, Refrigerating,

and Air-Conditioning Engineers „ASHRAE … . . . . . . . . . . . . . . . . J. Pei
C. Ramspeck (Alt.)

American Speech-Language-Hearing Association „ASHA … . . . . J. D. Royster
M. E. Thompson
(Alt.)

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

Bruel & Kjaer Instruments, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. Alexander
J. Chou (Alt.)

Caterpillar, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K. G. Meitl
D. G. Roley (Alt.)
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Compressed Air & Gas Institute „CAGI… . . . . . . . . . . . . . . . . . . . . . . J. H. Addington
D. R. Bookshar (Alt.)

Council for Accreditation in Occupational Hearing
Conservation „CAOHC… . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. Danielson

E. H. Berger (Alt.)
E-A-R Aearo Corporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. H. Berger
Industrial Safety Equipment Association . . . . . . . . . . . . . . . . . . . . . F. Lindgren

J. C. Bradley (Alt.)
Information Technology Industry Council . . . . . . . . . . . . . . . . . . . . R. Lotz

J. Godfrey (Alt.)
James, Anderson & Associates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L. D. Hager

R. R. Anderson (Alt.)
R. R. James (Alt.)

Larson "Davis Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L. Davis
J. H. Carey (Alt.)

Lucent Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. Mottahed
D. Quinlan

National Council of Acoustical Consultants . . . . . . . . . . . . . . . . . . J. Erdreich
National Electrical Manufacturers Association „NEMA… . . . . . . . D. Rawlings

National Hearing Conservation Association „NHCA… . . . . . . . . . . J. Franks
A. H. Suter (Alt.)

Power Tool Institute, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. Callahan
D. H. Montague (Alt.)

U.S. Air Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. L. McKinley
U.S. Army Construction Engineering Research

Laboratories „USA-CERL … . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P. D. Schomer
L. Pater (Alt.)

U.S. Army Human Research & Engineering Directorate . . . . . . . G. R. Price
K. Abouchacra (Alt.)

U.S. Army Center for Health Promotion and Preventive
Medicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. A. Luz

N. D. Lewis (Alt.)
U.S. Department of the Navy Naval Surface Warfare

Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. A. Fisher
J. Niemiec, Sr. (Alt.)

U.S. Department of Transportation . . . . . . . . . . . . . . . . . . . . . . . . . . A. Konheim
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Individual Experts of Accredited Standards Committee S12, Noise, were:

P. K. Baade

R. W. Benson
L. Beranek
E. H. Berger
S. H. P. Bly
B. M. Brooks
K. M. Eldred
L. S. Finegold

W. J. Galloway
R. K. Hillquist
D. L. Johnson
W. W. Lang
G. C. Maling
A. H. Marsh
J. Pope
L. H. Royster
P. D. Schomer

J. D. Seiler
L. C. Sutherland
W. R. Thornton
H. E. von Gierke
L. A. Wilber
G. E. Winzer
G. S. K. Wong
R. W. Young

The ad hoc Working Group, which assisted Accredited Standards Committee S12,
Noise, in the preparation of this Standard, had the following membership:

K. S. Pearsons, Chair

N. Carter
H. E. von Gierke
J. Ollerhead

D. F. Dinges
B. Griefahn
M. Rosekind

L. Finegold
E. Öhrström
M. Vallet

Suggestions for improvement 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, 35 Pinelawn, Rd., Suite 114E, Melville, New York,
11747, USA.

Telephone: 11 631 390-0215
Fax: 11 631 390-0217
E-mail: asastds@aip.org
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American National Standard

Quantities and
Procedures for
Description and
Measurement of
Environmental Sound—
Part 6: Methods for
Estimation of
Awakenings Associated
with Aircraft Noise Events
Heard in Homes

1 Scope

This Standard defines noise levels that are asso-
ciated with sleep disturbance in home settings in
which people are familiar with the neighborhood
noise environment. Sleep ‘‘disturbance’’ is defined
as a behaviorally-confirmed awakening, as dem-
onstrated by pressing a button upon awakening.
Noise levels are quantified as indoor sound expo-
sure levels of events occurring less than 5 minutes
prior to the awakening. The Standard further as-
sumes a population of normal hearing individuals
with no sleep disorders.

The Standard does not address other aspects of
sleep disturbance such as gross body movements,
sleep stage changes, sleep latency or self report of
sleep quality. The Standard does not apply to chil-
dren or individuals in poor health.

2 Definitions

2.1 behavioral awakening. Awakening from
sleep as confirmed by a specific motor action such
as a button push.

2.2 noise event. A transient elevation of noise
level. For aircraft noise events, the duration usu-
ally ranges from 5 to 60 seconds. Operationally
defined as a level exceeding a threshold for a se-
lected duration.

Common thresholds and durations of aircraft noise
vary across studies from 60-70 dB and 2-10 sec-
onds, depending on the range of maximum aircraft
noise and ambient noise levels.

2.3 percent of awakenings. One hundred times
the number of indicated behavioral awakenings di-
vided by the total number of events or potential
awakenings. (100*n(awakenings))/n (events)

3 Relation of sleep disturbance
„awakening … to noise of single events

Percent of people awakened is related to the in-
door noise level of a preceding noise event occur-
ring within 5 minutes by the following formula:

Percent of awakenings 5 27.0210.14LAE (1)

with a 95% confidence interval of 67.3%, where
LAE (from 50-100 dB) represents the indoor sound
exposure level of a single event determined from
estimates of single events or measurements of the
single events of interest, made over a minimum of
9 hours encompassing the period from 10 PM to 7
AM. Measurements should be made with a single
microphone located 3-5 feet above floor level and
no closer than 3 feet from any wall within the
sleeping quarters. Note should be made as to how
the noise event sound exposure level was ob-
tained.

Data from all of the studies used to derive this
relationship (field studies only) are presented in
figure 3 of annex A.

4 References

4.1 Informative references

Fidell, S., Pearsons, K., Howe, R., Silvati, L. and
Barber, D. (1995) ‘‘ Field study of noise-induced
sleep disturbance,’’ J. Acoust. Soc. Am., 98, 1025-
1033.

Fidell, S., Pearsons, K., Tabachnick, B., and
Howe, R. (2000) ‘‘Effects on sleep disturbance of
changes in aircraft noise near three airports,’’ J.
Acoust. Soc. Am., 107, 2535-2547.

Pearsons, K., Barber, D., Tabachnick, B. and Fi-
dell, S. (1995) ‘‘Analysis of the predictability of
noise-induced sleep disturbance,’’ J. Acoust. Soc.
Am., 97, 331-338.
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