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A major concern of Army planners is the trend
toward siting off-installation housing and other
noise-sensitive land uses in areas exposed to high
noise levels produced by Army training or opera-
tional activities. To do effective noise-related assess-
ments and planning the Army must be able to assess
the community reaction to impulsive noise. Im-
pulsive noise is produced by Army noise sources like
armor, artiliery, and demolition.

This collection of papers summarizes 10 years of
work by the U.S. Army Construction Engineering
Research Laboratory (USA-CERL) in the area of
community response to impulsive noise. It is based
on laboratory tests using a blast noise simulator, a
study of Army-wide noise complaints, and attitudinal
surveys conducted at Fort Bragg, NC, and Fort Lewis,
WA. The attitudinal surveys provide most of the data.
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7 pulsive noise. It is based on laboratory tests using a blast noise simulator, a study of
Fort Lewis, WA. The attitudinal surveys provide most of the data. -
- The major conclusions show that{ %~

- 1.¥An energy type of model such as the C-weighted day/night average sound level
(CDNL) is the best available descriptor for community response. Growth in annoyance
to all noises increases monotonically with both sound amplitude and frequency of occur-
rence. This descriptor should lncorporate a nighttime adjustment on the order of 10
decibels (dB). ____ N Moo o :

2. Complaints are not a good measure of community response. The percentage of a
community which is highly annoyed by noise correlates with CDNL; complaints do not
correlate with CDNL. Complaints seem to correlate only with abnormal or unusual
events.

3. The exact function for relating the percentage of a community highly annoyed to
CDNL remains in question. It appears that the present National Academy of Science
Committee on Hearing, Bioacoustics and Biomechanics (CHABA) recommendation may
underestimate actual annoyance, and that the functional relation between annoyance and
CDNL should be shifted by 3 to 4 dB. However, more research on (a) the percentage of
a community highly annoyed vs CDNL and (b) the existence and value of community
rise- and decay-time constants is required to clarify the issue.
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FOREWORD

This study was performed for the Directorate of Engineering and Construction,
Office of the Chief of Engineers (OCE), under Project 4A162720A896, “‘Environmental
Quality Technology™; Task A, “Installation Management Strategy”; Work Unit 009,
“Standard Methods to Assess Human and Community Response to Impulse Noise.” .
The OCE Technical Monitor was Mr. Gordon Velasco, DAEN-ECE-I.

This study was conducted by the Environmental (EN) Division of the U.S. Army

Construction Engineering Research Laboratory (CERL). Dr. R. K. Jain is Chief of CERL-
EN.

COL Paul J. Theuer is Commander and Director of CERL, and Dr. L. R. Shaffer is
Technical Director.
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COMMUNITY REACTION TO
IMPULSIVE NOISE: A FINAL
10-YEAR RESEARCH SUMMARY

1 INTRODUCTION: STUDY ISSUES FOR
UNDERSTANDING HUMAN AND
COMMUNITY RESPONSE TO
IMPULSIVE NOISE

The assessment and control of environmental noise
has concerned civilized man for at least 2000 years.
Even the Romans and Greeks found it necessary to
enact ordinances prohibiting the early morning use
of chariots in residential areas. Today, noise produced
by transportation sources continues to receive the
greatest emphasis in study and research.!

During the past 30 years, many attitudinal surveys
have been conducted worldwide to better understand
and assess human and community response to noise.
These studies concentrated mainly on the noise pro-
duced by automobile, truck, rail, and fixed-wing
aircraft traffic and resulted in a proliferation of noise
assessment descriptors. In one fashion or another,
these descriptors take into account:

1. The sound level of the noise events.

2. The frequency of occurrence of the noise events.

w

. The time of day at which the noise events occur.

Few of these models agree on the best way to
measure sound amplitudes; consequently, a confusing
array of descriptors has been proposed, including: A-
level fast, A-level stow, Perceived Noise Level, Effective
Perceived Noise Level, Tone-Corrected Effective
Perceived Noise Level, A-weighted Sound Exposure
Level (SEL), and Tone-Corrected A-weighted SEL.

The eftect that numbers of noise events have on
community reaction has also been the focus of consid-
erable debate and discussion. Some rescarchers have
suggested there is no relation at all. At the other

'William ). Galloway and Dwight L. Bishop. Noise Fx-
posure Forecasts: Evolution, Evaluation, Extensions, and Land
Use Interpretations, Contract No. 1'A68WA-1900 (Departiment
of Transportation, l'ederal Aviation Administration [FAA|,
Office ot Noise Abatement, August 1970).

extreme, models have used a relation using 145 times
the log of the number of events. Most descriptors use
a relation about 10 times the log of the number of
events.

Time of day differences are also controversial.
Some researchers contend that noise at night is no
more or little more of a problem than noise during the
day. Others would prohibit all noise at night. In
general, descriptors use a 10-decibel (dB) nighttime
adjustment. Recently, some descriptors such as the
Community Equivalent Noise Level have also incor-
porated a 5-dB evening adjustment. (See the Appendix
for an historical perspective of noise descriptors.)

Many of these descriptors have been used in the
United States. The Department of Defense (DOD)
and the Federal Aviation Administration (FAA) have
used the Composite Noise Rating (CNR) and the
Noise Exposure Forecast (NEF) to assess aircraft
noise. The Federal Highway Administration (FHA)
and State highway departments have used the L,
(the A-weighted level exceeded 10 percent of the time)
to assess highway noise. The Department of Trans-
portation (DOT) has used the Lo (the mean A-
weighted level) to assess railroad noise, and the Depart-
ment of Housing and Urban Development (HUD) has
used the Lj; (the A-weighted level exceeded 33
percent of the time) as a criterion for siting housing
with respect to noise. In accordance with the require-
ments of the Noise Control Act of 1972,% the Environ-
mental Protection Agency (EPA) brought a degree of
order to this chaotic situation by creating the A-
weighted Day/Night Average Sound Level (ADNL)
to characterize environmental noise. The ADNL was
established by the EPA ‘“requisite to protect health
and welfare with an adequate margin of safety.”
Like most other noise models, the ADNL is based on a
10 times the log of the number of events relation and
includes a 10-dB nighttime adjustment. As indicated
by its title, it uses the “A” frequency weighting and
its definition implies the true integration of the square
of the A-weighted sound pressure.

The ADNL descriptor was chosen as an EPA
standard based, in part, on a re-analysis study of com-
munity response data collected during 18 worldwide

*Noise Control Act of 1972, Public Law 92-574, 86 Stat
1234,

*Information on lLevels of Environmental Noise Requisite
to Protect Public Health and Welfare With an Adequate Margin
of Safety, EPA Report 5§-50/9-74-004, PB239429 (EPA, March
1974).
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attitudinal surveys.* Table 1 lists the data used in the
re-analysis and Figure ] shows some of the re-analysis
results. Basically, the study showed that worldwide
results tended to collapse into a single curve which
relates the percentage of a community found to be
“highly annoyed’ as a function of the ADNL. This
concentration on the percentage of a community
“highly annoyed,” rather than on the individual
response, marked a great step forward in understanding
community response to noise. Many researchers had
attempted to predict individual reaction to noise,
but these efforts rarely achieved a correlation co-
efficient with the noise better than 0.4.5 Many of the
theories advanced to explain this poor correlation were
based on the idea of “intervening variables,” such as
a person'’s attitude towards the noise source or his/her
willingness to complain. However, this poor correlation
is more readily explained by noting that the worldwide
surveys typically categorized respondents into S to 10
dB ranges and gathered little, if any, real data on in-
door noise exposure or the respondent’s lifestyle.
Such factors as windows open or shut, radios or
televisions on or off, building orientation, and adja-
cent building shielding or noise reflection can greatly
influence the exact noise dose any individual receives.
In view of these noise dose variations, community
rather than individual response averages provide
much more meaningful data.

The Army’s problem with the ADNL noise model
is that the Army’s major noise sources do not readily
fit in the context of the sources studied during the
past 30 years which led to the development of the
ADNL measure.

The Army’s major noise problems are impulsive
noise sources like armor, artillery, and demolition
and such quasi-impulsive sources as helicopters, small
ground-to-ground rockets, and small arms fire. Armor,
artillery, and demolition are noise sources almost
unique to the Army. Their only counterparts in the
civilian community are the sonic booms created by
supersonic aircraft and the blasting which occurs at
quarries and open-pit mines. However, civilian aircraft
sonic booms over land have been eliminated by Federal
regulation and quarries normally fire no more than one

*Theodore J. Schultz, “Synthesis of Social Surveys and
Noise Annoyance,” Journal of the Acoustical Society of
America, Vol. 64, No. 2 (August 1978), pp 337-406.

SFred L. Hall and S. Martin Taylor, “The Reliability of
Social Survey Dats on Noise Effect,” Journal of the Acoustical
Society of America, Supplement 1, Vol. 67 (1980), p 553.

blast per day, always during the day and usually week-
days only.® Only the Army creates impulsive noise
frequently, day and night, weekday and weekend.
Similarly, the Army owns about 80 percent of the
nation’s helicopters and only the Army has large air-
fields devoted almost exclusively to rotary-wing
traffic.

Because of their unique character, Army noise
sources require special procedures for developing
data on: (1) source emissions, (2) the propagation
of impulsive noise over long distances, and (3) the
relation between the noise environment (stimulus)
and the community response.

Army impulsive noise is 2 major concern of Army
planners because of the recent trend toward siting
off-installation housing and other noise-sensitive land
uses in areas exposed to high impulsive noise levels.
The Department of Defense Construction Criteria
Manual and Army Technical Manual 5-803-2 list

requirements for locating noise-sensitive land uses on

an installation.” The Installation Compatible Use Zone
(ICUZ) Program, as described in Army Regulation
200-1, is the Army standard for planning off-instal-
lation land use to minimize noise impact. The ICUZ
program uses blast noise zone maps generated by
CERL’s blast noise computer prediction program,
BNOISE.® These maps are correlated with community
response data to identify and assess a land use’s com-
patibility with Army impulsive noise.

However, before CERL could develop the ICUZ
program, data in three areas had to be collected:
(1) source acoustic emissions data; (2) data and equa-
tions statistically relating the propagation of sound
from source to receiver as functions of such parameters
as meteorological conditions, terrain, and surface

¢ Federal Aviation Administration Regulations on Air
Traffic, CFR, Title 144, Chapter I, Subchapter F, Part 91,
Latest Revision 4SFR 67066, 67259 (October 9, 1980).

?Construction Criterla Manual, Department of Defense
(DOD) Manual 4270.1-M (DOD); and Planning in the Noise
Environment, Army Technical Manual (TM) 5-803-2 (Depart-
ments of the Air Force, Navy, and Army, 1§ June 1978).

S Environmental Quality: Environmental Protection and
Enhancement, Atmy Regulation (AR) 200-1 (Department of
the Army, 15 June 1982); and Paul D. Schomer, et al., Blast
Noise Prediction Volume I: Data Bases and Computational
Procedures and Volume II: BNOISE 3.2 Computer Program
Description and Listing, Technical Report N-98/ADA099440
and ADA099335 (US. Army Construction Engineering
Research Laboratory [CERL], March 1981).
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Worldwide Attitudinal Survey Summary

“Notse -- Fina) Report,” Cmmd. 2056, July 1963, Her Majesty's Stationery
0ffice, London (the so-called "Wilson Repurt®), Appendix XI.

Robert Josse, “"La Gene Causee parle Bruit des Avions [Annoyance Caused by
Afrcraft Noise}.“ Rep. 100, Cahfer 869, June 1969, Centre Scientifique et
Technique du Batiment, Paris; pp 46-51; and Ariel Alexandre, "Prevision de
1a Gene cue au Bruit autour des Aeroports et Perspectives sur les Moyens d'y
Remedier* [Prediction of Annoyance Due to Noise Around Airports and Specula-
tions on the Means for Controlling It], Anthropol. Appl., Doc. A.A.28/70
{April 1970).

"Fluglarmwirkungen, Eine Interdisziplinare Untersuchung uber die Aucwir-
kungen des Flug?anns suf den Menschen,” [Effects of Aircraft Noise: An
Interdisciptinary Investigation of the Effects of Aircraft Noise on Man],
(in three volumes: Main Report, Appendices, and Social-scientific Lupple-
mentary Report), Deutsche Forschungsgemeinschaft, Bonn-Bad Godesberg, 1974.
Papers reporting this study were also presented at the International
Congress on Noise as a Public Health Question, Dubrovnik (13-18 May 1973),
pp 765-776; at [nterNoise 73, Copenhagen (22-24 August 1973), pp 289-297);
and at the Symposium on Noise in Transportation, University of Southampton
(22-23 July 1974), Paper No. 1, Sec. IlI.

D. Aubree, S. Auzou and J. M. Rapin, "Etude de la Gene due au Trafic¢ Automo-
bile Urbain: Compte Rendu cientifique [Study of the Annoyance Due to Urban
Automotive Traffic: Scientific Report],” no report number (June 1971), Cen-
tre Sclentifique et Technique du Batiment, Paris.

Ragnar Rylander, Stefan Sorensen and Anders Kajland, “"Storningsreaktioner
vid Fiybullerexponering,” [Annoyance Reactions from Aircraft Noise Expo-
sure], no report aumber, April 1972, joint report from the Institute of
Hygiene, The Karolinska Institute and the Department of Environmental
Nygiene, National Envirormental Protection Board, Stockholm, Sweden (in
Swedtsh),

“Soz1Q-psychologische Fluglarmuntersuchung fn Gebiet der drei Schweizer
Flughafen: Zurich, Genf, Basel [Sociopsychological Investigation of Air-
craft Notse in the Yicinities of Three Swiss Airports: Zurich. Geneva and
Basel], no report number, Arbeitsgemeinschaft fur soziopsychologische
Fuglarmuntersuchungen, Bern {June 1973).

F. J. Langdon, "Noise Nuisance Caused Dy Road Traffit {n Residential Areas,
Part ] and Part I11," J. Sound Vib. 47(2), 243-263 and 265-282 (22 July
1976).

0. Aubree, "Enquete Acaustique et Socfologique Permettant de Definir une
Echelle de la Gene Eprouvee par 1'Homme dans son Logement du Fait des Brufts
de Train® [Aroustical and Sociological Investigation Permitting the Defini-
tion of & Scale of Annoyance Felt by People in their Dwellings Due to the
Nofse of Trains], no report number, Centre Scientifique et Technique du
Batiment, Paris (June 1973). See also Refs. 52 and 53.

Myles A, Simpson, Karl S. Pearsons, Sanford A. Fidell and Richard H.
Muehlenbeck, “Social Survey and Noise Measuyrement Program to Assess the
Effects of Noise on the Urban Environment: Data Acquisition and Presenta-
tion,” Report No. 2753 (July 1974), Bolt Beranek and Newman, Inc., Submitted
to the U.S. Environmental Protection Agency, Office of Noise Control and
Abstement, Washington, DC 20460. The data from this survey are not yet pub-
1ished; however, portions of the raw questionnaire response were analyzed
for the purposes of this report.

Theodore J. Schultz, “"Synthesis of Soc!al Surveys on Nofse Annoyance,” Jour-
na of the Accoustical Society of ameriica, Vol. 64, No. 2 (August 19787, p
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Figure 1. Summary of annoyance data from the surveys listed in Table 1. (Reproduced by permission from
Theodore J. Schultz, “Synthesis of Social Surveys and Noise Annoyance,” Journal of the Acoustical
Society of America, Vol. 64, No. 2 [August 1978], pp 377-406.)
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characteristics: and (3) a descriptor which correlates
the received acoustic stimulus to the community
response.

This report collects the results of more than 10
years ol CERL research in community response to
impulsive noise. This research laid the foundation for
the community response criteria in the ICUZ program.

Three types of studies can be used to investigate
human and community response to impulsive noise:
(1) laboratory studies of human response to impulsive
noise, (2) attitudinal surveys of community response to
impulsive noise, and (3) field case history studies using
specific individuals. Laboratory studies have the
advantage of a well-specified acoustic stimulus, but
suffer trom the fact that the test subjects are not
hearing the sounds in their homes. Attitudinal surveys

have the advantage of inclwding large numbers of

respondents  and generativ and  measuring the
response of individuals te the noise stimulus in their
home; however, it is not possible to exactly quantify
the noise stimulus. Field case studies have the advan-
tage of dealing with individuals in their homes with
real stimulus, but are expensive and thus prohibitive
with large numbers of subjects.

During the past 10 years, CERL has performed
the first two types of studies and is currently em-

barking on the third type. Working with the Stanford
Research Institute, CERL conducted human response
tests by using a facility originally designed to generate
sonic booms.® This facility was modified to create
blast sounds. With the University of Illinois, CERL
developed and administered attitudinal surveys at
Fort Bragg, NC, and Fort Lewis, WA,!® CERL is
now doing individual field case studies using a method
developed by the Bureau of Mines.'!

It has been the practice of the CERL Acoustics
Team to publish research results in refereed scientific
journals such as the Journal of the Acoustical Society
of America (JASA), a publication of the American
Institute of Physics. These critically reviewed scientific
papers form the basis for the body of this report.

*1. R. Young, Measurement of the Psychological Annoy-
ance of Simulated Explosion Sequences, Final Report for
Contract DACA 23-74-C-0008 (January 1975).

1°paul D. Schomer, Community Reaction to Impulse
Noise: Initial Army Survey, Technical Report N-100/ADA
101674 (CERL, June 1981).

'1Qanford Fidell, et al., Initial Field Studies of Community
Response to Blast Noise and Vibration, Bolt Beranek and
Newman Report 4731 for the Twin Cities Research Center,
Contract No. J 0205009 (January 1982).
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Evaluation of C-weighted L, for assessment of impuilse

En
o noise
I
B Paul D. Schomer
) US Army Construction Enginecring Research Laborutory, Champaign. Hlinois 61820
. (Received 17 January 1977; revised 22 April 1977)
- > Community response 10 impulsive noise. such as sonic boom, artillery fire, and other military ordinance,
33 and quarry and mining operations, is currently a matter of great public interest. Recently, the EPA has
5 proposed the of the C-weighted day-night level to estimate commiunity response to large amplitude single-
"-k.\ event impulsive noise. This measurement and its associated exposure criteria have been derived largely on
': - { the basis of existing community response to sonic boom data. Recent laboratory. measurements of human
s reaction to artillery-type noise, reported on herein, strongly support this C-weighted measure.
A PACS numbers: 41.50.Ba, 43.50.Qp, 41.50.5r
LN
.'_b
:, INTRODUCTION various C-welghted levels to the population highly an-
=L noyed to more normal noises (primarily aircraft and
The EPA has proposed an interim impulsive noise traffic noise survey data) at various A-weighted L,
measure in addition to the day-night average sound level o
2d levels. The Edwards Air Force Base® and Oklahoma
‘g (DNL) which has been specified as the primary descrip- 2
ey City' studies were primary bases for this procedure for
" tor for environmental noise on the basis of the percep- Jarge impulsive sound
"_,'.“-' tion by people of audible sound.! Basically, this new ge Impuis 8.

A measure yields a C-weighted DNL for single event large

amplitude impulsive noises, where large amplitude is
defined to mean events having a C-weighted sound ex-
posure level [SEL-defined in Eq. (1) below] in the excess
of 85 dB during daytime hours (7a.m.-10p.m.), and a
C-weighted SEL in excess of 75 dB during nighttime
hours (10 p.m.~7 a.m.). Appendix A describes the
C-weighted measure,

Large amplitude impulsive sounds, such as those pro-
duced by sonic boom, quarry blasts or artillery fire can
excite noticeable vibration of buildings and other struc-
tures:**® These induced vibrations may generate addi-
tional annoyance to people beyond that due to audibility
of the impulse because of “house rattling” and “startle,”
as well as additional contributions to interference with
speech or sleep.*® These large amplitude, structure
shaking sources are contrasted with small size (small
SEL) impulsive sources such as rifle fire, toy “cap”

In the Oklahoma City study, the population was ques-
tioned if they were annoyed, and if so, if they were very

" annoyed, moderately annoyed or little annoyed. The

percent very annoyed was chosen as best matching the
highly annoyed described in the EPA levels document.®
Analysis of the data showed that approximately the same
percentage of the population was highly annoyed in an
environment having an impulsive C-weighted L,, level of
60 dB as was a population in an area with an A-weighted
L,,of 60 dB.

Because of the equivalency of the two measures on a
percent highly annoyed basis, DNL for impulse noise is
derived from the individual CSEL’'s and called C-
weighted day-night average sound level. Further,
assessment of the overall noise environment, combining
the effects of impulsive sounds described by CDNL, is
made in terms of a composite day-night average sound
level. The contribution of the impulses, in terms of

pistols, etc. CDNL (C-weighted), is added, logarithmically, to the

DNL (A-weighted) of other sources to obtain the com-

A In the past, it has been general practice to describe .
posite DNL for the combination.

large-amplitude impulsive sounds in terms of the peak

or prediction of the combined environmental effects of
impulses having subsiantially different pressure versus
time characieristics sincc the energy coupled into a
struciure 1s dependent on the spectral content of the im-
pulse. Moreaver, use of peak pressure can be unwieldy
when a4 succession of impulses, sometimes overlapping,
must be evaluated,

The ( -weighted average sound level was chosen as a
suitable deseniptor because it provides the basis of a
procedure that relates 10 the sound-incuded vibrations in
tldings. Criteria were established by equating the
pereent of population nghly annoyed to sonic boom

12
J Awust Su. Am., Vol. 82, No. 2, August 1977

W W W N W R L S WV, W
-'_\‘_:.__.

e 'w‘.:-" z “'-'N ."5*
S

% sound pressure in a wide-frequency band (e.g., quarry

».!';., operations, sonic boom). Peak pressure may be satis- I. PURPOSE

o factory for description of impulses having a restricted The purpose of this paper is to report on the analysis
3 range of peak pressures and durations. It is not suffi- of new laboratory tests of subjective response (o simu-
oy cient as a general description for use in measurement lated blast sounds. It is important to note that these

are laboratory tests in contrast to the survey test data
used to initially derive the above C-weighted procedure.

i1. THE NEW DATA

The psychological annoyance of simulated explosion
sequences have been studied at the Stanford Research
Institute.!® In this study, a special testing room, orig-
inally designed for human response to gonic bim re-
search, was modified to create artillery type sounds. !
In a quasirandom sequence, subjects judged the annov-
ance of various artillery type sounds (different ampli-
tudes, durations, etc.) in relation to recorded an . 1aft

Copyright ) 1977 by the Acoustiosl Socisty of Americs
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TABLE I. Summary of physical and psychological data for
stimuli used in the paychoacoustic experiment.

Meun magnitude

ostimatus of
Physical messures ®

anhwysme
Noises Peak s1* IR oh . b Ty
Roises ak 3P at.l.-i_:r.}_.‘-c__ SEL-D2 MR, Lo, MiE,
Blusts 95 25 57.25 M 00 6550 24 03wz
4w 0y 62.25 ¥1.50  70.00 3.6 0.5563
106, 75 74.75 93.75 82.50 2.8 1.358
107.25 74.75 93. 50 ¥2.25 6.7 1.427
102.75 73.50 90.75 ¥0.75 200  1.301
1175 77.75 9,75 #5.75 4.4 1.537
11250 81.75 99.75 89. 00 49 1622
119,25 86. 50 104.75 94.25 62.6  1.797
Glase 100, 25 78,25 80.75 81.75 107 1.029
ureaking  104.75 5. 25 Y. 25 87.00 13.1 1.7
105, 00 #0. 00 w5 25 5. 50 17.5  1.243
107 75 u7. 25 90, 25 ¥9.75 16.0 1,204
Horn 106, 50 92,00 91.75 98. 50 3.4 1.728
{(short)
Horn 106,75 93.50 93.25  100.25 629 1.799
ong)
747 70. 00 58.25 64.75 62.75 3.4 0.5314
(take of)  80.00 68,25 74.75 72.75 6.2 0.792¢
90. 00 78.25 84,75 82.75 10.0%  1.000
100. 00 uH. 25 94.75 92.75 6.2 1.418
110, 00 90.25 104.75  102.75 4.1 1.691
DC-» 70. 00 57.25 64.25  65.75 2.9 0.4625
(landing) 80,00 67.25 74.25 1575 5.9 0.7709
90. 00 77.25 84,25 85,75 1.0 1.041
100. 00 ¥7.25 94.25 95.75 299 1.4%
110. 00 97.25 104.25 105,75 §5.5  1.744

SPhysical data values aré rounded to nearest ¢ dB.
®Reference noise with assigned annoyance value of 10.

fly-over sounds, breaking glass sounds and airhorn

sounds. The subjects used magnitude estimation pro-
cedures to assign annoyance values to the various noise
stimuli presented. One of the aircraft fly-over sounds
was the reference value and was assigned a magnitude
of 10,

The aircraft fly-overs were filtered to have a spec-
tral content and level as normally recorded indoors,
the artillery sounds and their associated room vibra-
tions were made to be similar to actual indoor recor-
dings, the glass breaking was an indoor sound and the
air horn was “filtered” by the double wall of the test
room.

Thirty adult subjects, 18 female and 12 male, hired
in the Stanford area, were used for the test. The geo-
metric mean of their magnitude estimates was used as
the overall estimate of annoyance for each of the vari-
ous stimuli. These overall estimates of annoyance
were plotted against and compared to four physical
measures: peak sound pressure level, A-weighted SEL,
C-weighted SEL and D2-weighted SEL. Table I sum-
marizes these data; the terms used in this table are de-
fined as follows:

Peak SPL—The peak value achieved by the time-
varying sound pressure during the occurrence of a

noise.

ASEL, CSEL and D2SEL—Sound exposure levels cal-
culated from A-, C-, or D2-weighted sound pressures,

respectively.
Sound exposure levels are computed as

' r

SEL= 101og[—,'- f p‘(l)dr] , (1)
Poo %

where p(/) is a time-varying sound pressure weighted by

a prescribed frequency-dependent weighting network,

such as A, C, or D2,

Po Is the reference pressure of 20 uPa, and {, equals
1s.

. ANALYSIS OF THE DATA

In order to compare the validity of equating impulsive
C-weighted L,, to A-weighted L,,, it is first necessary
to establish a correction factor for the impulsive noise
since buildings will attenuate aircraft noise more than
they will attenuate the low-frequency impulsive noise.
That is, an aircraft fly-over having an A-weighted SEL
of 80 dB indoors might have an outdoor A-weighted SEL
of 95 or 100 dB (the building attenuates 15-20 dB on
average). In contrast, a low-frequency, large-ampli-
tude blast noise or sonic boom having a C-weighted SEL
indoors of 85 dB might have an outdoor C-weighted SEL
of 80-95 dB because the building attenuation is less to
the lower-frequency impulse spectra than it is to the
higher frequency aircraft spectra. A few measurements
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FIG. 1. Relationship between psychological annoyance and
physical stimuli values. ALl stimuli are A-weighted SEL's
(indoors) except the artillery nolse which is C-weighted and
corrected as explained in the text to account for the reduced
building attenuation to low-frequency (mpulsive nolses as com-
pared with the bullding attenuation to aircraft or airhorn spec-
tra. The solid line is a least-square fit to the nonartillery
noises.
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FIG. 2. Relationship between psychological annoyance and
physical stimuli values. All stimuli are A-weighted SEL’s
(indoors) except the artillery noise which is A-weighted and
corrected as explained in the text to account for the reduced
building attenuation to low frequency impulgive noises as com-
pared with the building attenuation to aircraft or airhorn spec-
tra, The solid line is a least squares fit to the nonartillery
noises and the dashed line is approximately fit to the six larger
blast noises but constrained to be parallel to the solid line.
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by the Construction Engineering Research Laboratory
indicate that typical building attenuation for large ampli-
tude impulsive noises is on the order of 5-8 dB" and
recent measurements by Kamperman give a 4-dB atten-
uation figure for quarry blasts.® Thus, to properly test
the equivalence of the outdoor criterta by comparing the
indoor A-welghted aircratft, breaking glass and air horn
sounds to the indoor C-weighted impulse, it is first
necessary to add 5-10 dB to the C-weighted indoor im-
pulsive notse SZL’s.

Figure 1 compares “outdoor” A-weighted SEL's for
the aircraft, the glass breaking and the air horn to the
range of C-weighted SEL’s for the blast sounds. As
explained above, 5 to 10 dB are added to these blast
sound SEL’s in order to correctly perform this “out-
door” comparison. The line on the figure is a least
squares fit to the A-weighted data.

By way of comparison, Fig. 2 presents the same A-
weighted aircraft, glass breaking and air horn sounds
along with the A-weighted blast data corrected by 5 to
10 dB. As can be seen, a line fit to six larger blast
noise sounds is displaced 15-20 dB from the line (it to
the other A-weighted sounds,
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IV. CONCLUSIONS

Figure 1 implies a close comparison between the A-
weighted L,, measure used out-of-doors for typical
sounds and the C-weighted impulse criteria applied out-
of-doors. It is also evident from Fig. 1 that when the
C-weighted SEL for an impulse is less than abou? 85 dB,
the impulse curve begins to drop below the A-weighted
curve and, thus, should not be used. (The EPA pro-
cedure cuts off at a C-weighted SEL of 85 dB.) Thus, it
is felt that these data offer a very good verification for
the EPA’s interim C-weighted impulsive noise measure.

In contrast, Fig. 2 shows that A-weighting greatly
underestimates blast noise annoyance in the absence of
a large correction factor.

APPENDIX: EVALUATION OF LARGE AMPLITUDE
IMPULSES"?

A. Large amplitude impulses

A large-amplitude impulse is an event in which the
C-weighted sound exposure level, CSEL, is greater than
85 dB in daytime and 75 dB at night. Also, the maxi-
mum C-weighted Sound Exposure Level resulting from
the event in a single 2-s time period shall be 10 dB
greater than the C-weighted Sound Exposure Level re-
sulting from any other 2-s period of the event.

Note: An approximate evaluation of the threshold re-
quirements acceptable for this procedure may be made
with a standard sound-level meter, meeting the Type |
characteristics of ANSI S1.2-1971, employing C-weight-
ing and “slow’ meter characteristic. In order for the
impulse to be considered in this procedure it should
produce a maximum meter reading in excess of 82 dB
in daytime and 72 dB at night.

8. C-weighted sound exposure level—CSEL

The mathematical description of C-weighted sound
exposure level in decibels is

- 2
csu:xonog[lj ﬁﬂm] , (1)

ty Ja P}

where /4= 1 8, p_=C-weighted sound

2 pressure, and
p°= 0 “Pa.

Note: In practice the integral is often approximated
by integration within the time during which the sound
level of the event exceeds a threshold value such as 20
dB less than the maximum sound pressure level.

C. C-weighted day-night average sound level - Lean

Analogous to the A-weighted DNL, L,,, with a night-

time penalty of 10 dB the C-weighted day-night average
sound level is

Leen = 1010g(1/Ty) (15x 10%ce /10 , g yottemionio] | (2

where T, is 24 hours, Log is the average C-weighted
sound level over the daytime period of 0700 to 2200 h,

L, is the C-weighted average level over the nighttime
period of 2200 to 0700 h.




Note. The C-weighted average level is most easily
calculated from the C-weighted sound exposure levels
during the time of interest as follows:

1 - .

Loy - 1010[,:15X“3600 [Z‘ lol-csa/n] , @)
1 n

Le,- 1010gm [2‘: lol-cﬂllu] , (4)

where Lcg is the C-weighted sound exposure level of
the jth discrete event.

'Letter from Mr. C. L. Elkins, Environmental Protection
Agency, to Mr. P, J. Fliakas, Assistant Secretary of De-
fenge, dated 29 March 1976.

"John A, Blume ¢f al., “Sonic Boom Experiments at Edwards
AFB, Annex G, Response of Structures to Sonic Booms,"” In-
terim Report, Stanford Research Institute, (28 July 1967).

‘George W. Kamperman and Mary A. Nicholson, “The Trans-
fer Function of Quarry Blast Noise and Vibration into Typical
Residential Structures,” Draft Final Report prepared for the
EPA (December 1976) (unpublished).
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cal Experiments on Sonic Booms Conducted at Edwards AFB,”
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Human response to house vibrations caused by sonic booms
or air blasts

Paul D. Schomer
U. 5. Army Construction Engineering Research Laboratory, Champaign, Illinois 61820

{Received 31 October 1977) »|
Descriptions of the effects of sonic booms or air blasts by observers in buildings have included such . .\
statements as “noticcable vibrations™ in addition to phrases such as “the house rattles,” “the windows A 4

rattle,” or “'bric-a-brac rattles.” Analysis of studies of human response to vibrations, vibration complaints :‘
in the Toronto area, special tests by Kryter at Edwards Air Force Base, and laboratory studies of human ]
response to sonic booms show that perceived vibration is not normally a factor that contributes r ‘
significantly to human response 1o sirborne, large-amplitude impulse noise. Rather, human response is 3
solely the result of the impulse noise itself and of audible noise due to induced radiation from vibrating re
surfaces. AR

o

PACS numbers: 43.50.Qp, 43.50.Jh, 43.28. Mw :}f‘.
G
INTRODUCTION by Kryter at Edwards Air Force Base,” and the general 3
. studies on human response to sonic boom by Broadbent .:“
Large-am;?litude impulsive sounds, such as those pro- ., Robinson, * Johnson and Robinson,’ Pearsons and oA
duced by sonic booms, quarry blfgts, or artillery fire, Kryter, ™® and Kryter and Lukas. " R
are currently a subject of study.’-° These sounds may )
excite vibration in buildings and other structures and LS
these induced vibrations may generate additional an- DISCUSSION }lﬂ
noyance to people, beyond that due to the audibitity of , =
the impulse, because of house rattling, windows rattling In Wiss and Parmelee’s study of human response to b
and bric-a-brac rattling. transient vibration, participants were subjected to ver- ;-_\ )
tical floor vibrations having a time history as pictured rj‘-

P

The purpose of this letter is to show that direct per~ in Fig. 1. They used frequencies ranging from 2.5 Hz
ception of vibration is not normally a factor when deal- to 16% of critical. Depending on damping the stimulus
ing with human response to airborne, large-amplitude, duration ranged from about 0.3 to 5 8. Figure 2 sum-
impulse noise. Rather, people respond only to the im- marizes their results for “barely, “ “distinctly, ” and
pulse noise itself and to the secondary noise radiated by “strongly perceptible” as a function of damping. (The
vibrating surfaces. logarithmic standard deviation of their data approxi-
mately equalled the spacing between groupings.) From
these data, one can infer that peak velocities below

BT

Four sets of data were examined to assist with the
study of the above questions concerning the role of vi-

PR
£ "

bration in human response to impulse noise. The sets about 1.5 mm/s are “barely perceptible"" and that peak ‘
of data include studies on human sensitivity to vibration  velocities between 1.5 and 9 mm/s are “distinctly per- 3
such as the work by Reiher and Meister,* Wright and ceptible. ” NS
Green,! orby Wiss and Parmelee,’® studies of complaints r{ '
dealing with vibration in the Toronto Area,® the studies The data of Reiher and Meister® and others for barely
. \1
tha
AMPLITUDE (mm) 3
L] Ti
NES
X
DAMPING RATE -‘{\
P =0, OOI 0.02,0.04,0.08,0./6 Ny
. 7 CRITicAL bAwPiNG FIG. 1. Typical wave form of the verti- D |
T - cal! floor vibrations used as a test stimu- oK
= lus. )
o _!A S~ e THME SEC N
3 = - . 2
S ~ - sy
" - “~ o VIBRATION L
' -~ TERMINATED "
i ~ 3
~ )
~ |_r-remoo .
3 SEC. MAX. ;}\-
FtFREQUENCY W K2+ § o
- ;n p]
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perceptible vibration are in general agreement with the
above results by Wiss and Parmelee even though these
earlier tests considered continuous vibration. For con-
tinuous vibrations, the literature data show that slightly
weaker vibrations result in the same respective response
description, as compared to the Wiss and Parmelee
findings.

By way of further comparison, CHABA Working
Group 69 recommends, '* based in part upon the work
of ISO/TC 108.SC 4,'* that peak impulsive shock ac-
celeration be below 0.1 m/s® (one event per day) in
order that there be less than 1% complaints. Because
of the frequency weighting used to measure the accelera-
tion, the CHABA recommendation translates approxi-
mately into a constant maximum velocity limit of 3 mm/
8 for frequencies above 5.6 Hz.

Taylor® reports on “vibration™ complaints and annoy-
ance in the Toronto area. In one set of investigations
the complaints and annoyance dealt with *“vibration” from
subways. The measured velocities were about 0.5 mm/
s, certainly no more than just barely perceptible if at
all. At the same time the increase in the C-weighted
sound level in the adjacent homes was about 12 dB. This
noise level increase resulted from vibrations of the
home.

In a second set of investigations, Taylor investigated
several noise-vibration problems resultirs from impact
machinery where the energy was transmitted via the
ground. The result, however, was low-frequency, air-
borne sound within the residence. Invariably the com-
plaint referred to vibration, although Taylor found the
measured vibrations to be in the region of or well below
the threshold of perception. The airborne sound pro-
duced by small movements in the floors and walls of the
structure caused relatively high sound levels as‘wcll as
excited secondary noise [rom windows and bric-a-brac.

In one recorded case, the impulse sound levels in the
house were 79, 87, 52, and 44 dB, respectively, in the 31,
63, 125, and 250 Hz octave bands. The impact machin-
ery was inaudible outside the house, In a second case the
noise levels were a few decibels lower than in the case
above and the floor vibration velocity was 0,25 mm/s.

In both cases the inhabitants were disturbed and re-
ferred to the “vibrations.”

At Edwards Air Force Base, Kryter’ subjected test
participants to sonic booms and sub-sonic aircraft over-
flights. The test subjects were located both indoors and
out-of-doors. As a part of these tests, for one series
of 16 missions, about half the subjects in the houses and
about half the subjects outdoors sat on chairs placed on
a piece of plywood that was isolated from the ground or
the (loor by an air-inflated pad. Each subject sat on a
vibration isolated chair during half the tests, and on a
normal nonvibration isolated chair during the other half.

No statistically significant difference was found in the
responses for subjects with or without vibration isola-
tion, either indoors or outdoors, Kryter states, “This
finding is perhaps somewhat unexpected because in many
locations within the house the subjects and the experi-

menters could ‘feel’ the floor shake when the house was
subjected to sonic boom; at the same time, however,
they could hear the sounds made in the house as the re-
sults of its being vibrated by the boom. It would appear
that the auditory component was nearly as or perhaps
slightly more effective than the actual vibrations as felt
by the subjects in determining their response to sonic
booms and the noise from the subsonic aircraft.”

During the tests at Edwards AFB, measurements
were made of wall displacement and acceleration. These .:1._
measurements indicated peak wall velocities on the or-
der of 2.5-25 mm/s. No measurements were made of
floor vibrations. Clearly the wall vibrations were of
sufficient magnitude to radiate substantial acoustical
energy.

The fourth set of data to be considered concerns lab-
oratory studies of human response to real or simulated
sonic¢ booms. These studies include the early chamber
tests by Broadbent and Robinson® and by Pearsons and 4
Kryter, ! the indoor/outdoor field tests by Johnson and
Robinson® and by Kryter,” and the later chamber tust~
by Kryter and Lukas."!

In the early chamber tests, Broadbent and Robinson R
constructed a test room and used lousdpeakers to pro- :.._J
vide simulated “indoor” sonic booms and “indoor” nor- R, i3

mal aircraft flyovers to a group of test subjects for com-
parison purposes. Broadbent and Robinson state that .
their chamber was lacking in low-frequency response.
In a similar test, Pearsons and Kryter built a chamber, e
again using loudspeakers but with somewhat better low-
frequency response. Later, Kryter built a new chamber
driven through a plenum by a mechanical piston which
was capable of achieving excellent low-frequency re-
sponse and inducing substantial vibrations in the walls
of the test room. In the {ield tests by Johnson and Rob-
inson and by Kryter, test participants were located both
indoors and outdoors and subjected to sonic booms and
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FIG. 2. Levels of transient vibration (Hz mm) found to be
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a function of the damping.
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TABLE I,
and sonic booms: A history of findings.

Subsonic
Boom over- aircraft
; pressure maximum Differ-
] (dB re 20 PNL (dB  ence
Fxperimenter(s) uPA) rc 20 pPa) (dB)
.2 Broadbent and Robinson® 133 110 23
Pearsons and Kryter! 135 113 22
Johnson and Robinson? 130 108* 22
{ Kryter-Edwards AFBT 132 109 23
- Kryter—Chamber'? 131° 109¢ 22

4Johnson and Robinson reported 103 dB outdoors, a 5 Phon dif-
ference between indoor and outdoor responses to hooms, so

5 dB has been added to their outdoor value.

brest stimulus with 3.5 ms rise time,

SKryter measured 89 (B indoors; 20 dB has been added to allow
{or the outdoor-to-indoor reduction of a house,

subsonic aircraft flyovers. Johnson and Robinson also
used explosives to simulate sonic booms. Because of

the setup of these last two experiments, normal vibra-
tions resulting from sonic booms were guaranteed to be

present,
- Table I summarizes the results from these five ex-
periments. In each case the equivalency is given be-

tween peak sonic boom over pressure levels (dB), and
the judged equivalent subsonic aircraft flyover sound

) expressed in terms of the maximum Perceived Noise

- Level (dB). It is important to note that although the

“ early chamber tests by Broadbent and Robinson, and to
some extent those by Pearson and Kryter, lackcd low-
frequency response, the recordings used to produce the
simulated indoor sonic booms were made inside houses
being overflown by sonic booms and thus presumably in-
n cluded the secondary noise radiations within the houses
Y wherein the recordings were made.

From the close results between the tests which did
and did not incorporate substantial low frequencies, it
appears that only the acoustical stimulus dictates the
1O human response. The correlation coefficient » be-
tween the peak boom over pressure levels and the sub-
sonic ajrcraft maximum Perceived Noise Levels is0.96.
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Equivalence between subsonic aircraft flyover noise ~ CONCLUSIONS

The above independent tests and studies indicate that
indoor human response to large-amplitude impulse noise.
such as blasts or sonic boom, and to continuous low-fre-
quency and low-amplitude vibration results from audible
noise of the source and the noise radiated by vibrating
surfaces (walls, windows, bric:a-brac) aind not from
direct human perception of vibrations.
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Growth function for human response to large-amplitude

impuise noise
Paul D. Schomer

U. S. Army Construction Engineering Research Laboratory, Champaign, lllinois 61820

(Received 3 November 1977; revised 15 May 1978)

The U. S. Eavironmental Protection Agency has proposed the use of C-weighted day/night level for the

asscssment of impulse noise such as the noise resulting from sonic boom, blast noise (artillery, armor,

demolition, ctc.) and other large-amplitude impulse sources. One remaining question pertaining to the use
of C-weighting has been the growth function for human response to impuise noise. This question arises
because work by Kryter and by Young using peak values and/or smail amplitudes exhibited growth

functions of 6—7dB for a doubling of annoysnce, while the growth function for human response to
common sources (planes, vehicles, etc.) increases by about 10 dB for a doubling of annoyance. Kyter's

snd Young's data are reanalyzed hercin by using C-weighting and by including only large-amplitude data.
This reanalysis results in a growth function for human response to impulse noise which increases by about
10 dB for a doubling of annoyance. This equality of growth function between common A -weighted noise
and C-weighted impulse noise further supports the use of C-weighted day/night level for assessment of
sonic boom, blast noise, or other large-amplitude impulse noises having similar spectral content.

PACS numbers: 4).50.Ba, 4).50.Qp, 43 28 Mw

INTRODUCTION

The U, S. Environmental Protection Agency has pro-
posed an iterim impulse noise measure to be used in
addition to the day/night average A-weighted sound level
(DNL) which has previously been specified as the pri-
mary descriptor for environmental noise on the basis
of the perception by people and audible sound.! Basical-
ly, this new measure yields a C-weighted DNL for the
totality of single-event, large-amplitude impulsive
noises throughout the day. Large amplitude is defined
to mean events having a C-weighted sound exposure
level [SEL, defined in Eq. (1)} in excess of 85 dB
(re 400 pPa’-s) during daytimehours (7a.m, <10 p.m.),
and a C-weighted SEL in excess of 75 dB during night-
time hours (10 p.m. -7 a.m.).

Large amplitude impulsive sounds, such as those
produced by sonic booms, quary blasts, or artillery fire
can excite noticeable vibration of buildings and other
structures.’® These large-amplitude, structure-shak-
ing sources are contrasted with small size (small SEL)
impulsive sources such as rifle fire, toy “cap” pistols,
etc. The induced vibration in buildings generate addi-
tional annoyance beyvad that due to audibility of the im-
pulse because of “house rattling” and “startle. ”%?

In the past, it has been general practice to describe
large-amplitude impulsive sounds in terms of the peak
sound pressure in a wide-frequency band. Peak pres-
sure may be satisfactory for description of impulses
having a restricted range of peak pressures and dura-
tions. It is not sufficient as a general description for
use in measurement or prediction of the combined en-
vironmental effects of impulses having substantially
different pressure-versus-time characteristics, since
the energy coupled into a structure is dependent on the
spectral content of the impulse. Moreover, use of peak
pressure can be unwieldy when a succession of impulses,
sometimes overiapping, must be evaluated.

J. Acoust. Soc. Am. 84(6), Dec. 1978
2
e i m a P e m v n me Aem . ol X & A" o n A A o e =
AR T A AN A N W N
AN SN ALY RS A Nt VRS S LA RN
A SARTP AN ’*'h'-“‘-'*',-"-

22

The C-weighted SEL was chosen as a suitable de-
scriptor because it provides the basis of a procedure
that relates to the sound-induced vibrations in buildings.
Criteria were established by equating the percent of
population highly annoyed to more commonly experienced
noises (primarily aircraft and traffic noise survey data)
at various A-weighted DNLs.® For example, the C-
weighted DNL for a population consisting of 30% “highly
annoyed” to booms was equated to the A-weighted DNL
for another population consisting of 30% “highly annoyed”
to commonlg experienced noises. The Edwards Air
Force Base’ and Oklahoma City’ studies, which both
dealt with sonic booms, were the primary bases for
this procedure for large impulsive sounds.

In the Oklahoma City study, the population was
questioned if they were annoyed, and if so, if they were
“very annoyed, ” “moderately annoyed. ” or “little an-
noyed.” The percent very annoyed was chosen as best
matching the “highly annoyed” described in the EPA
levels document.? Analysis of the data showed that ap-
proximately the same percentage of the population was
highly annoyed when the C-weighted DNL in an impulse
noise environment equalled the A-weighted DNL in an-
other more common environment,

One unanswered question is the growth function for
human response to impulse noise. Many studies have
shown that for everyday noises such as aircraft or road
traffic, subjective judgments of loudness or annoyance
double for each 10-dB increase in the noise level.
Young® found a steeper slope when analyzing simulated
artillery sounds, about 7 dB corresponded to a doubling
of annoyance. Young's data were presented in terms of
C-weighted sound exposure levels. Earlier Kryter had
analyzed the data taken on sonic booms at Edwards Air
Force Base in terms of peak amplitudes. He found that
about a 7-dB change in peak amplitude was equivalent
to a 10-dB change in effective perceived noise level
(EPNL) for the flyover of a control aircraft.

© 1978 Acoustical Socisty of America




I. PURPOSE

Ty

The purpose of this paper is to reexamine the growth

function data in Young's paper and in Kryter's report by

translating the data into C-weighted SELs and by ex-

cluding data below an 85-dB SEL cutoff.

During the

process of reexamination it is shown that use of C-

weighted SEL is otherwise consistent with the analysis
and results obtained originally by Kryter and at times
complements and augments his analysis.

1. THE YOUNG DATA

The psychological annoyance of simulated artillery
firing sequences were studied at the Stanford Research

Institute.

In this study, a special testing room, orig-

inally designed for human response to sonic boom re-
search, was modified to create artillery type sounds,

In a quasirandom sequence, subjects judged the annoy-
ance of various artillery-type sounds (different ampli-
tudes, durations, etc.) in relation to recorded aircraft
flyover sounds and other sounds.
tude estimation procedures to assign annoyance values
to the various noise stimuli presented. One of the air-
craft flyover sounds was the reference value and was

assigned a magnitude of 10. Table I summarizes the

A-weighted data for the aircraft and the C-weighted data

Subjects used magni-

for the simulated artillery. The terms used in this
table are defined as follows: ASEL and CSEL are the
sound exposure levels calculated from A- or C-
weighted sound pressures, respectively.

Sound exposure levels are computed as

r
SEL =10log(1/p3t,) L P dt,

(1)

TABLE 1. Summary of physical and psychological data for
stimull used In the psychoacoustic experiment.

Mean magnitude
estimates of

A AR A AEA M e i pen mtgh axd aaf_gects miEG stk NG ik el - alih- b6 aihh-nilh aillh s el  pid-of

Physical measures® annoyance
Noises ASEL CSEL NEz log,«MEg
Blasts 78.00 2.4 0.38
81.50 3.6 0.56
93.75 22.8 1.38
93.50 28.7 1.43
90.75 20.0 1.30
96.75 34.4 1.54
99.75 41.9 1.62
104.75 62.6 1.80
747 58.25 . 3.4 0.53
(take off) 68.25 8.2 0.79
78,28 10.0° 1.00
88.25 26.2 1.42
98.25 49.1 1.69
DC-8 57.28 2.9 0.46
(landing) 67.28 5.9 0.77
77.28 11.0 1.04
87.28 29.9 1.48
97.25 55.5 1,74

"Physical data values are rounded to nearest } dB.
“Reference noise with assigned annoyance value of 10.

Q SIMULATED ARTILLERY NOISE
A DCO LANOMS vt
& POT TAKEOPF mONSE
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' 1 i 1
50 60 70 80 90 100 Hno 120

SOUND EXPOSURE LEVEL (SEL)-d8
FIG. 1. Plotted on this figure are the indoor A-weighted SELs
for aircraft sounds and the C-weighted SELs for simulated
artillery sounds. Regression lines are fitted to the aircraft
sounds (solid line), to the artillery sounds (solid line), and to the
artillery sounds with SEL data below 85 dB excluded (dashed
line). Elimination of the SEL blast data that is less than 85 dB
results in a growth function rate which is very close to the
growth function rate found for the aircraft sounds. The lateral
shift between the A- and C-weighted data Is explained in Ref.
10.

where p(t) is a time-varying sound pressure weighted
by a prescribed weighting, such as A or C. p, is the
reference pressure of 20 uPa, and f4=1s.

Figure 1 is a plot of the data in Table I. The solid
lines are linear curves fitted to the A-weighted aircraft
data and C-weighted blast data, respectively. The
dashed line is a linear regression curve fitted to the C-
weighted data with SELs in excess of 85 dB. - The C-
weighted (dashed line) and A-weighted slopes are 8, 4 and
9.7 dB, respectively, for doubling of annoyance and the
correlation coefficients » are 0.988 and 0.993, respec-
tively. Thus for this experiment, the growth rate for
impulse noise evaluated using C-weighting compares
favorably with the growth rate found for the aircraft
noise using A-weighting. Moreover, Fig. 1 illustrates
that it is the lower level C-weighted data (below 85-dB
CSEL) that causes the regression line slope (solid line)
to be as shallow as it is .

(Il. THE KRYTER DATA

In these sonic boom tests a total of approximately 300
subjects were located outdoors at Edwards Air Force
Base and in houses which were specially constructed to
be representative of typical midwestern U, S. houses
for the 1870's. The subjects were exposed to the noise
of pairs of sonic booms, pairs consisting of one sonic




TABLE 1l. Estimated C-weighted SEL vs nominal peak overpressure in decibels and other

data.

Measurements

Estimated CSEL

Alrcraft Nominal AP (dB) AP (dB) 20-1000-Hz (SEL)
XB-70 135.6 136.0 111.7
XB-70 133.9 134.2 108.7
XB-70 130.3 130.2 104.6
F-104 136.5 137.8 116.4
F-104 132.1 134.98 111.0
F-104 130.5 130.5 107.2
F-104 125.1 126.8 101.8
B-58 135.6 135.6 110.9
B-58 134.9 136.0 110.7
B-38 133.9 134.3 109.6
B-58 132.1 132.4 106.5

110,
106.
103
113.
108,
105.

99.
108,
108,
107,
104.

N O XN LDY O OY S

boom and one subsonic aircraft flyover, and pairs of
subsonic aircraft flyovers., The subjects judged the
relative acceptability of the sounds in each pair and al-
so rated each sound on a numerical sciale from very
acceptable to unacceptable,

In Kryter's analysis both nominal boom overpressures
and median measured boom overpressures were used.
The nominal overpressure is the pressure predicted
{rom the aircraft type, speed, and altitude while the
median measured pressure results, as the name im-
plies, from a set of measured data, While these are
generally close to one another, the analysis that follows
considers both but concentrates on the nominal data
which were found by Kryter to be more consistent and
regular.

Kryter presented curves relating peak boom overpres-
sure to equivalent maximum Perceived Noise Level
PNL for a subsonic flyover. These curves (Fig. 10 of
Ref. 5) clearly show that a doubling of overpressure
(6 dB) was judged equivalent to an increase of 10 dB or
80 in the maximum PNL of a subsonic aircraft flyover,
Because of this type of apparent disparity in growth
functions, an impulse correction function was hypothe-
sized by Kryter.! In the reanalysis of the data which
follows, the peak boom overpressure data are converted,
approximately, to C-weighted SELs, Also, the EPNL
of the aircraft flyovers is used in place of the peak PNL
because the integrated measures have subsequently
besn found to be usually a better predictor of response'?
and because they are more similar to the EPA’s cur-
rent use of A-weighted SEL. "

To convert the boom data from peak SPLs to C-
weighted SELs requires spectral information on the
booms. The only spectral data published are in Ref.

5. Table 13 of Ref. 5 contains the mean and standard
deviation for the measured peak and the SEL in various
bands as shown. Missions with the same nominal peak
overpressure are grouped together.

One can estimate the C-weighted SEL by considering
the ltkely SEL tn various bands, weighted appropriately.
The bands used are 0-10, 10-20, 20-30, and 30-1000
Hz. The detailed estimation of C-weighted SEL data is
presented in Appendix A.

Table II gives the estimated C-weighted sound ex-
posure level for the sonic boom spectral data given in
Ref. 5. For convenience Table II also includes the
nominal peak overpressure in decibels, the average
peak overpressure in decibels, and the 20-1000-Hz
SEL. Figure 2 presents the nominal and average peak
overpressure levels as functions of C-weighted SEL.
The solid curves on the figures are regression lines fit
to the B58/XB70 data and the F-104 data, and the dashed
lines are regression lines fit to all the aircraft data to-
gether,

In Fig. 2 the shift between aircraft types, especially
at higher peak overpressures, results from the small
fighter aircraft creating a shorter boom and thus having
relatively higher spectral components. Moreover the
smaller aircraft (the F-104) must fly at a lower altitude
(or at a much higher speed) to produce the same over-
pressure as the larger aircraft. For this reason the
rise time will be faster for the small aircraft than it
will for the larger aircraft when both produce the same
nominal peak overpressure.

Table III gives the slope and standard error of esti-
mate of the slope for the correlation coefficient regres-
sion lines shown in Fig. 2 and for similar lines cal-
culated for the 20-1000-Hz SEL data. From the re-
gression line slopes it is clear that the estimated C-
weighted SEL and the 20-1000-Hz SEL grow at rates of
about 12-13 dB for each 10-dB increase in peak over-
pressure, which is about the rate hypothesized by Kryter
as the impulse correction factor when he compared
maximum PNLs for subsonic flyovers to peak boom
levels. Thus, the growth rate of C-weighted SEL for
booms equals the growth rate of maximum PNL for sub-
sonic aircraft flyovers.

As an additional test of the growth function, data are
abstracted from Table III of Kryter’'s report. Again,
these data are for subjective responses indoors. This
table lists the integrated perceived noise level, E,;PNL,
and the tone-corrected E,;PNL, for the subsonic air-
craft noise which were found equal in annoyance to the
sonic booms for the three F-104 groupings. (E;PNL
designates the integration of the PNL by §{ -s steps over
a 15-8 period.)
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FIG. 2, This figure shows the nom-
E inal and measured peak levels for
sonic booms as functions of the C-

4 weighted SEL for these same booms.
The solid curves are regression

123
9

L A L lines fitted to the large aircraft

(B-~58/XB-70) and to the small air-
craft (F-104), and the dashed curve
is a regression line fit to the com-
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bined data. The slope of about 0.8
completely accounts for the impulse
corrcction hypothesized by Kryter.
Thus, such a correction is not re-
quired when using C-weighted SEL
to measure these types of impulses.

Figure 3 presents a plot of these data. Here regres-
* - unes have been fitted to the estimated C-weighted
<... as a function of the aircraft £,;,PNL and E,PNL,
di’a. The slope of the solid regression lines are 0.99
and 1.02, respectively, with standard errors of 0.10
and 0.07. The dashed line is fitted to the two sets of
data. From this figure and the overall regression slope
of 1.00 it is further demonstrated that the subjective
response to the sonic booms when measured using C-
weighted SEL is growing at virtually the same rate as
the human response to the subsonic aircraft flyover
noise when using EPNL or tone-corrected EPNL, (The

20-1000-Hz (or 20-200-Hz) SEL data grow at virtually
the same rate as the CSEL data and are not included here
for the sake of brevity),

Table 14 of Ref, 5 gives the rank correlations between
the median subject ratings and the various outdoor mea-
sures for these indoor subject judgments. (It is the in-
door judgments which are of most interest since people
spend most of their at home time indoors and since it
is the vibration of buildings which are a problem when
dealing with high-amplitude impulse noise.) The best
correlations are with :he 20~1000-Hz SEL or with the
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TABLE ill. Data on the regression lines n Fig. 2 and for similar 20-1000-Hz SEL data.

Standard error Correlation
Curve Slope of the slope coefficient (»?)
C-weighted SEL, measured aP, all aircraft 0.83 0.08 0.92
C-weighted SEL, measured AP, F-104 0.80 0.07 0.98
C-welighted SEL, measured AP, B-58/XB-70 0.89 0.10 0.9
C-weighted SEL, nominal &P, all aircraft 0.80 0.07 0.83
C-welighted SEL, nominal &P, F-104 0.78 0.10 0.99
C-weightad SEL, nominal AP, B-58/XB-70 0.82 0.17 0.96
20-1000-Hz SEL, measured AP, all aircraft 0.78 0,07 0.91
20-1000-Hz SEL, measured AP, F-104 0.78 0.09 0.98
20-1000-Hz SEL, measured AP, B-58/XB-70 0.82 0.18§ 0.96
20-1000~Hz SEL, nominal AP, all aircraft 0.75 0.13 0.80
20~1000-Hz SEL, nominal AP, F-104 0.76 0.07 0,98
20-1000-Hz SEL, nominal &P, B-58/XB-70 0.76 0,05 0.98

20~-200-Hz SEL. (These data closely approximate C-
weighted data because C-weighting cuts off at 20 Hz
and because the boom has little energy above 200 Hz,)

One other observation can be made about the data.
Figure 2 seems to indicate that at relatively high peak
overpressures, the F-104 boom will be a few decibels
more annoying than the larger aircraft booms and that
annoyance tends to become equal at lower peak over-
pressures. Examination of Fig. 10 of Ref. § indicates
exactly this relationship. At large peak overpressures
the F-104 lies three or four decibels above the other
aircraft whereas at lower overpressure levels the re-
sults for all three aircraft tend to merge together,

IV. CONCLUSIONS

In these experiments the growth function for human
response to impulsive noise (simulated artillery or
sonic boom) was virtually equal to the growth function

for human response to aircraft noise when C-weighted
SEL (or its close approximation, 20-1000-Hz SEL) is
used to describe the impulse, when impulses with CSELs
below 85 dB are excluded and when a suitable integrating
measure, such as EPNL, or A-weighted SEL, is used

to describe the control aircraft noise.

Moreover, since the best correlations, and normally
very high correlations, between physical measures of the
sonic boom and subjective response were obtained using
20-200-Hz SEL and 20-1000-Hz SEL data, it is reason-
able to use something like C-weighted SEL or 20-1000-
Hz SEL as a predictor of human response to this type of
noise.

Tt must be emphasized that most of the energy in sonic
booms or blasts is below 50 Hz, and that house vibra-
tions occur primarily in the- 10-30-Hz range; thus the
above result should not be applied to sources having
spectral characteristics which are vastly different from
sonic booms or blasts,

' .‘ T LA T
10— -1
L 4 FIG. 3. This figure shows aircraft
flyover EPNL data versus judged equiv-
k 4 alent C-weighted SEL sonic boom data.
The solid curves are regression lines
- 5 4 fit to the regular and the tone-corrected
! EPNL data, and the dashed curve is a
5 i regression line fitted to the combined
3 data. The slope of 1.0 for the com-
‘ 00— . bined data indicated identical growth
functions for aircraft asseased using
! L § EPNL and for sonic booms assessed
- using C-weighted SEL.
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APPENDIX A: CALCULATION OF ESTIMATED
C-WEIGHTED SOUND EXPOSURE LEVELS

C-weighted SEL can be estimated from the data in
Table II. To do so two sets of estimates are required,
one for the C-weighted corrections in large frequency
bands, and the other for the energy content in these
bands. For the estimations that follow the energy is
divided into the 0-10-Hz band, the 10-20-Hz band, the
20-30-Hz band and the 30-1000-Hz band. The C-weight-
ing is estimated to be -22, -11,3, -5.3, and -1 JB,
respectively, for these bands,

The energy in the four bands is estimated using two
extreme opposite sets of assumptions yielding two esti-
mates for C-weighted SEL. The actual value used in the
text is the average of these two extreme values. Gen-
erally these two extreme values are 3-4 dB apart. For
both extremes the energy in the 0-10-Hz band is esti-
mated to be the energy in the 0-50-Hz band minus the
energy in the 10-30-Hz band. The energy above 30 Hz
is considered inconsequential compared to the energy
below 30 Hz.

For case 1 the energy inthe 10-20-Hz band is esti-
mated as the energy in the 10-30-Hz band minus the en-
ergy in the 20-200-Hz band. In contrast, for case 2,
the energy in the 10-20-Hz band is estimated as the en-
ergy in the 10-30-Hz band without any subtraction.

The energy in the 20-30-Hz band for case 1 is esti-
mated as the energy in the 10-30-Hz band minus the en-
ergy estimated under case 1 for the 10-20-Hz band. For
case 2 the energy in the 20-30-Hz band is 0 since all the
energy has been assumed to be in the 10-20-Hz band.

The energy in 30-1000-Hg band under case 1 is esti-
mated as the energy in the 20-1000-Hz band minus the
estimated value under case 1 for the energy in the 20-
30-Hz band. Under case 2 the energy in the 30-1000-Hz
band is given by the energy in the 20-1000-Hz band since
0 has been estimated for the energy in the 20-30-Hz
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band. The case 1 and case 2 data were averaged and
this average estimated C-weighted SEL is used in Table
II and Fig. 2.
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The Growth of Community Annoyance 3
With Loudness and Frequency of
Occurrence of Events*

(Reprinted with pemission of Noise Control Engineering Journal, West Layfayette, IN.]
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Representations of community response models have been constructed on the hypothesis that in a
generalized sense, frequency of noise event occurrence multiplied by loudness of individual events
is proportional to annoyance. Based on a community attitudinal survey conducted in the vicinity
of a large army base, Paul D. Schomert examines this hypothesis. Respondents *‘sort’’ themselves
into categories based on their perception of loudness and frequency of occurrence. Since this
survey portrays reactions to blast and helicopter noise in a like manner to all other noises such as
airplanes, traffic and children, it is possible to compare and contrast the growth in annoyance for

all of these sources. This analysis shows the growth in annoyance with frequency of occurrence to
be equivalent across all sources; but the integration period for blast noises extends down to once B
every few months, while for the other sources, it extends down to several events per month. ol
However, the growth of annoyance with loudness is not the same across sources. Blast noise, X
airplanes and helicopters fall into one category having a steeper annoyance growth rate; traffic {Q
and children fall into a second category having a shallower annoyance growth rate.
7F —_
S *Received 12 November 1979; revised § February 1981
1U.S. Army Corps of Engineers, Construction Engineering Research Laboratory, P.O. Box 4005, Champaign, Illinois 61820 g
Velume 17/Nomber | 30 NOISE CONTROL ENGINEERING/July-August 1981
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Models to describe community reaction to noise have been
the focus of study for at least the past quarter century.'?
Common to most of these models are three hypotheses:

¢ community response increases monitonically with sound
amplitude

® community response increases monitonically with fre-
quency of occurrence

¢ the community response to sound at night increases
versus the same sound during daytime

The day-night average sound level, DNL, is a typical
representation of these models.’ It hypothesizes that the
community reaction grows in direct proportion to the
growth in sound exposure level (SEL), that the community
reaction grows in proportion to 10 log of the number of
events, and that a nighttime (2200 to 0700) penalty of 10
dB is appropriate. Indeed, recently Schultz has shown
excellent agreement for survey data taken worldwide when
the percentage of highly annoyed respondents in a given
noise zone is analyzed.*

In most of the survey analyses, respondents are stratified
by noise zone, and percentages of respondents within a
noise zone are analyzed. Schultz, in his reanalysis of these
analyses, defined respondents ‘*highly annoyed.’’ Typical-
ly, by his definition, respondents choosing the top 1-1/2 to
2 categories in a five-point scale were thus classified, with
the 1/2-step range resulting from the specifics of the scale
and wording employed. Based upon this type of analysis,
Schultz has demonstrated a very clear function relating
highly annoyed and the DNL noise zone.

This article takes an entirely new approach. Rather than
categorize respondents on the basis of exterior noise zone
strata, it categorizes respondents on the basis of their own
perception of loudness and frequency of occurrence.

This analysis is based upon survey data gathered by the
U.S. Army Construction Engineering Research
Laboratory in the vicinity of a large Army base. The pur-
pose of the overall survey was to examine community
response to the impulse noise generated by such sources as
artillery or tanks and helicopters as compared to more nor-
mal noise sources such as fixed wing aircraft, street traffic
and children.

The analysis in this article forms one part of the analysis
of this survey. Other portions of the analysis (to be
published as separate papers) consider such topics as the
community response by source as a function of noise zone
(the traditional form of analysis), the nighttime penalty,
and the type of activity disruption caused by the various
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Data Development

The survey instrument was typical of others previously
used in the United States and other western countries. It
was administered face to face, approved by OMB, and
took typically 30 minutes to administer. The University of
Hlinois Survey Research Laboratory handled the details of
survey administration and sampling. Using the C-weighted
DNL measure of the National Academy of Science and
EPA, noise contours were predicted by computer for the
blast noise resulting from such activities as armor and ar-
tillery fire, and A-weighted DNL contours were predicted
for some of the helicopter operations. These physical
predictions of exterior noise zones are based upon approxi-
mately one year’s operational data. A goal was set for the
number of questionnaires to be completed in each of seven
distinct noise zone strata; four blast noise strata, two
helicopter noise strata and one control area. Random
sampling of households within each strata was employed.
The respondent was selected randomly from among those
in the household over 18 years of age. Because of a small
number of households within the highest of the blast noise
zones, almost 100% of these households were sampled.

The study area was in the vicinity of a large Army base.
Only small towns and one moderate-size city (200,000) are
in the immediate area. The general noise climate has not
changed for many years.

As stated in the introduction, this analysis classifies
respondents by their own perception of loudness of the
source and its frequency of occurrence, rather than classi-
fying respondents by exterior noise zone. Hopefully, this
approach eliminates the variability in results one gets
within a noise zone caused by the differing exposures to in-
dividual respondents resulting from their different situa-
tions. Although the exterior noise zone in an area may be a
constant, differing types of building construction, differ-
ing life styles (TVs and radios on or off), and differing
window and room exposures with respect to rather localiz-
ed noise sources (children, street traffic, and so on) all
combine and result in a rather large uncertainty as to the
actual exposure received by any individual respondent.
Thus, one problem, which this approach eliminates, is the
variability in results which occurs because of uncertainty as
to the actual exposure received by respondents indoors.

A second reason for this rather unconventional ap-
proach to the analysis is that independent analysis of the
first two hypotheses listed in the introduction is impossible
in any given area using the more conventional analysis of
respondents within given noise zone strata. In the conven-

\_- sources. Taken as a group these articles will show by tional analysis, the exterior noise zones are predicted or

- source type whether community response to a type of noise, measured based upon amplitudes of events and frequencies

such as impulse noise, can be described by a DNL type of of occurrence, both of which are highly correlated together

a model and, if so, what form the model should take. The within any noise zone owing to the physical realities of the

.' purpose of this article is to deal with the first two situation. It is the differing building constructions and

= hypotheses listed above; the growth of community building orientations which cause the variations in actual

- response with amplitude and frequency of events. received loudness and frequencies of occurrence by
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Figure 1—Predicted C-weighted DNL contours and predominant
respondent groups in the study area—the respondent areas are in-
dicated by cross-hatching

respondents indoors, and it is the differing styles which
further vary respondents perceptions of these quantities.
Since measurement of the received dose of each respondent
to each source was well beyond the resources of this study,
the next best means to study the hypothesis is to utilize the
respondent’s own perception of loudness and frequency of
occurrence of events.

Naturally the read=r will wonder how closely a respon-
dent’s answers correspond with the actual interior loudness
and frequency of occurrence. Although proof that the
respondents are ‘‘accurate noise monitors'’ is impossible
without the very indoor measurements described above
(which were beyond the scope of the resources of this
study) the analysis below indicates that in general the
respondents are differentiating between varying
amplitudes and frequencies of occurrence.

As a part of the survey indicated above, respondents
were asked the following question: ‘*What are some of the
different kinds of noises you hear around here?’’ Spon-
taneous answers were recorded. The respondents were also
prompted with the following sources if they did not spon-
taneously indicate these: artillery, street traffic, airplanes,
helicopters, children and dogs.

Next, the respondents were asked: ‘‘How loud is the
noise from (source) compared to normal conversation?'’
They could respond: much more, more, about the same,
less, much less, or (don’t know). The (don't know) was not
a written choice and very few respondents chose it — less
than 1%,

Next, respondents were asked, ‘*‘How often do you hear
(source of noise)?’’ They could respond: every day, several
times a week, several times a month, once every few mon-
ths, or less often than that. As above, they could also res-
pond by (don’t know) and again less than 1% responded in

TABLE 1
LOUDNESS JUDGMENTS

NOISE LEVELS COMPARED TO NORMAL CONVERSATION

Much Much Never
Area More More Same less Less Hear
HIGH 378 167 18.1 8.3 0 194
FAY W 149 155 126 138 1.7 40.2
FAYE 109 158 157 115 3.2 423
BASE W 17.1 254 12.2 11.2 34 3.7
BASE E 13.2 12.7 13.2 5.9 29 512
BASE TOTAL 151 190 127 8.5 3.2 410
SOUTH W 176 270 4.1 6.8 1.4 432
NEAR W 120 147 183 195 6.0 29.1
FARW 0 7.1 48 26.2 4.8 §57.1

this manner, If a respondent answered every day, he was
asked how many times during the day.

In the next question, respondents were asked by source
a series of questions which included: *‘Do you hear (source
of noise) more often during a certain time of year?,"”
‘“What season is that?,”’ ‘‘Some days more than others?,”’
and so on. Finally, in the last part of this question they
were asked: ‘‘In general, taking everything into con-
sideration, does the noise from (source) ever bother or an-
noy you?'’ The possible response was either yes or no. If
yes, they were asked: ‘‘Overall, how annoyed are you by
noise from (source)?’’ The possible responses were:
extremely, very much, moderately and slightly, The *‘not
at all’’ response, which is the fifth point in the five-point
scale, was given by the ‘‘no’’ response to the yes/no filter
question described above.

The analysis in this article makes use of these three ques-
tions which, in effect, ask the respondent: how loud the
sound appears to them, how often they perceive it, and
how annoyed they are overall. One immediately notes that
these, plus the nighttime penalty, are the generalized ingre-
dients in most noise models and indeed the DNL represen-
tation.

Before going into the general analysis, it is useful to ex-
amine the responses to the above questions by noise zone
area. While the specifics of a noise model to describe im-
pulse noise is the subject of another report which will
follow this article, some of those data are useful in in-
dicating that the responses to the questions dealing with
frequency of occurrence and loudness of noise events
generally correspond with prediction. Figure 1 indicates
predicted noise zones resulting from impulse noise in the
vicinity of the study base. Indicated on this figure are
several discrete respondent geographic areas. These con-
tours are in 5 dB increments; the absolute values are unim-
portant for purposes of this discussion. Tables 1 and 2 give
the responses to these two questions by geographic area.

These tables show that respondent judgments of
loudness and frequency of occurrence both decrease as one
moves lower in noise zone and away from the base and that
responses within a given zone are generally equivalent.
Specifically, it is suggested that the reader compare the
responses of Fay E to Fay W, Near W to Dist W, and
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TABLE 2 ‘
FREQUI NCY OF OCCURRENCE
Once
Seversl Several Every

Fvery- Per Per Few Less Never
Area day Week Month Months Often Hear
HIGH 18.1  29.2 25.0 83 0 19.4
FAY W 52 149 218 144 123 402
FAYE 24 138 218 1712 1.7 423
BASE W 98 259 239 8.8 .0 3.7
BASE E 29 132 224 7.3 1.5 512
BASE TOTAL 6.3 195 2.2 8.0 1.2 410
SOUTH 8.1 216 17.6 8.1 0 43.2
NEAR W 20 131 279 4.7 1.6 291
FAR W 0 0 190 190 24 §7.1

Base E to Base W. Finally, it is noted that responses in the
Fay W arca show no significant differences from the
responses in the Base Total area when one takes into ac-
count that the Base Total area is in perhaps a 1 dB higher
noise zone on average. They last comparison shows that
different groups objectively report frequency of occur-
rence and loudness. A later report will show that these
same groups (on and off-post) significantly differ on their
levels of annoyance.

Appendix A presents the basic data used in this analysis.
It contains one table, with five sections for cach of the
sources specifically considered — blast sources (artillery),
helicopters, airplanes, street traffic, children and pets.
Each section consists of 25 cells. The columns indicate the
respondents’ assessment of the loudness compared to nor-
mal conversation and range from much more to much less.
The rows indicate the respondents’ assessment of frequen-
¢y of occurrence and range from cveryday to less often
than once every few months. Each cell contains four
numbers which, in order, are: the number of respondents
in that cell indicating the highest category of annoyance,
the number of respondents in that cell indicating the se-
cond highest category of annoyance, the total number of
respondents in that cell, and the percentage of respondents
within the cell **highly annoyed®’ (the sum of the first two
numbers divided by the third).

Figure 2 graphically illustrates the data in the appendix.
This figure, divided into five parts based upon the types of
noise sources enumerated above, is broken into the same
cells based upon perception of loudness and frequency of
occurrence, as are the data in the appendix. A solid circle
with area proportional to the percent highly annoyed is
placed in each cell. This figure graphically shows that the
annoyance increases both with pereeived amplitude and
frequency of occurrence. This figure also shows that the
community response to blast noise continues when cvents
occur once every few months; whereas for the other
sources, there is no meaningful community response at this
low rate of occurrence. (In this figure, cells with less than
40 1otal respondents have been shown as blank since the
actual percentages with these few numbers of respondents
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are considered highly unreliable. For example, the second
column in the fifth row of section five shows one respon-
dent out of a total of three as highly annoyed for a percen-
tage of 33%. In Fig. 2, this cell is not shown because this
percentage of 33 is not considered reliable.)

Discussion

In order to better examine the growth of percentage
highly annoyed as a function of increases in frequency of
occurrence, data were aggregated across all levels of
loudness and across several of the sources. That is, within
a source or across several sources, sums were calculated
over all five loudness ranges yielding the number of
respondents indicating extremely annoyed, very much an-
noyed, and the total number of respondents. These
calculations were performed for artillery alone; for
helicopters alone; for traffic, children, aircraft and
helicopters together; and finally for helicopters, traffic and
aircraft together. These groupings are chosen to contrast
blast noise and helicopter noise with each other and ‘‘all
other’’ noise sources; these data are contained in Table 3.
Based on these data, Table 4 indicates the ratio of highly
annoyed from one frequency of occurrence to the next
(one row to the next) within each grouping (column in
Table 3).
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TABLE 3

AGGREGATED DATA OVER ALL LOUDNESS BY FREOUENCV

OF OCCURRENCE (PERCENT HIGHLY ANNOYED-
NUMBER IN PARENTHESES)

Helicopter
Traffic Traffic Helicopter
Children Children Traffic
and and and
Blast Helicopter Aircraft Aircraft  Alrcraft
Dally 3s 29 29 29 27
89) (45) (1478) (1931) (1433)
Several 23 17* 18* 17 16*
Per Week (338) (428) (124) (1149) (945)
Several 18 9+ 11 10* 9
Per Month (474) (200) 275 (475) “2n
Once Every 7 2 8 L] 2
Few Months (320) (65) (45)) (140) s
Less Often 3 4 9 8 9
33) (23) (66) (159) (129)

*The only significant differences (Fishers test at the 0.05 level) are the
percent highly annoyed for blast noise as compared to other groupings

TABLE 4
RATIO INCREASE IN PERCENT HIGHLY ANNOYED WITH
AN INCREASE IN PERCEIVED FREQUENCY OF
OCCURRENCE

Helicopter
Traffic Traffic Helicopter

Children Children Traffic
and and and
Blast Helicopter Aircraft  Alrcraft  Aircraft
Several per 1.5 1.7 1.6 1.7 1.7
week to daily
Several per 1.5 1.9 1.6 1.7 1.8
month to
several per
week
Once every few 2.1 4.5 1.4 2.0 4.5
months to
several per
mouth
lessoftento 2.3 0.5 0.9 0.6 0.2
once every few
months

These data reveal five general trends:

¢ Table 3 shows that for a given frequency of occurrence,
the percentages annoyed by blast noise are somewhat
larger than for the other noise sources. The other noise
sources are otherwise all quite similar.

e Table 4 shows that the first two ratio changes for all
other noises, as compared to blast noise and indeed
across all noise sources, are quite similar.

® The third* ratio change for blast noise (Table 4) is much
larger than for the other noise sources. As noted for Fig.

*Errata: ''The fourth ratio...”
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TABLE §
PERCENT OF RESPONDENTS HIGHLY ANNOYED BY
FREQUENCY OF OCCURRENCE
(NUMBER IN PARENTHESES)
Helicopter
Traffic
and
Helicopter Aircraft Traffic  Aircraft
8 or more 36 32 k)| 3
(152) (165) (264) (581)
3-7 per day 30 23 n 28
(185) (193) (1385) (513)
1-2 per day 12 16 23 16
98) (101 an (270)

2, this result indicates that the community response in-
tegration period for blast noise apparently extends down
to and beyond once every few months.

¢ For the other sources, the integration period appears to
be shorter extending down to occurrences more on the
order of several per month.

® All of the sources in terms of community annoyance
response drop away when occurrences drop to less often
than once every few months.

Within the daily grouping for frequency of occurrence,
data for helicopters, aircraft and traffic were examined as
a function of number of events per day. These data werc
divided into: 1 to 2 occurrences per day, 3 to 7 occurrences
per day, and 8 or more occurrences per day. Table § con-
tains the results of this analysis. Examination of the
percentage shift in highly annoyed for helicopters, aircraft
and traffic together as a function of number of occur-
rences shows good consistency between the daily and year-
ly data. That is, the percentage change in highly annoyed
(28716 = 1.75) between 1-2 per day and 3-7 per day (a fac-
tor of about 4 in frequency of occurrence) is the same as
the percentage change (about 1.70) between several per
week and several per month (a factor of 4 in frequency of
occurrence)

One discrepancy, however, does exist. The absolute
value of the percentage highly annoyed as a function of the
number per day is shifted downward as compared to the
data in Table 3. For example, the percentages in the 1 to 2
per day cell of Table S are approximately the same as the
percentages for several per week cell in Table 3. This seems
to indicate that the growth in annoyance with frequency of
occurrence undergoes some type of shift when attention
changes from long-term considerations to within-a-day
considerations.

Based on several studies, which over a short time
(minutes to hours) ind'cate a 3 dB growth rate for frequen-
cy of occurrence, these ratio of percentages can be cor-
related with the number of occurrences by calculating 10
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Figure 3—The percent “‘highly annoyed'' at \ rious judged
loudness levels for the two combined groups: aircraft, blast and
helicopter; and, street traffic, children and pets

log (ratio of the number of occurrences.)**’ On this basis,
the ratio of several per week (perhaps three) to daily
(perhaps two) indicates a shift of 6 dB. The ratio of several
per month to several per week indicates exactly 6 dB, and
the ratio of once every few months (3 or 4 per year) to
several per month (30 to 40 per year) indicates about 10
dB. These data indicate that a function on the order of 30
log (ratio of percentages) corresponds to the assumed
decibel shift with frequency of occurrence in formulations
such as DNL.

Table 6 is similar in concept to Table 3, but averages by
sources and combination of sources over frequencies of
occurrence in order to examine the growth function with
respect to loudness. This table is constructed for each
source alone, for children and traffic together, and for
blast sources, helicopters and airplanes together. These
two groupings are formed because their members are
significantly different from one another as indicated in the
table.

Table 7 indicates the ratio change in highly annoyed
from one loudness to the next within each grouping.
Unlike Table 4, which reveals that the ratio changes are
about the same from one source to another (except for very
infrequent occurrences), the ratio changes with loudness
are different from one type of source to another. The
trends indicate that the five sources can be divided into the
two groups: blast sources, helicopters and airplanes; and,
street traffic, children and pets (see Fig. 3). There are two
distinct differences between these groups: for a given
loudness, there is a substantially higher percentage highly
annoyed to street traffic, children and pets than to the
other group of sources; and, the growth slope of an-
noyance with loudness is steeper for the blast/aircraft

35

BRI TR R R N
A WA AT T O
A

."'/:u." LN -.(-

L and Bc b Spae B0 BEUM aal met gems aeof Bk Bich gerd Ses L m-s lreas mied n g ogtedh B g

TABLE 6
AGGREGATED DATA OVER ALL FREQUENCIES OF
OCCURRENCE BY LOUDNESS (PERCENT HIGHLY
ANNOYED-NUMBER IN PARENTHESES)

Loudness/ Much Much
Source More More Same Less Less
Bilast' » 18 8 3 4
(200) (3400 (313) (25D (70)
Airplane’ K, J 12 6 | 3
267 Q49 Q60 (13D 36)
Helicopter' 43 12 6 2 3
371y (371) (20 (133 s
Traffic! S4 31 16 10 2
(155) (254 (18h (132) 45
Childrena’ 63 k3 20 10 11
a1y @1y (@Q212) (156) (76)
Biast, Airplane 40 14 7 2 4
& Helicopter® (919) (1061) (827) (521) (141)
Traffic & S8 33 18 10 7
Children’ (2904) (467) (3990 (288) (121)

' These three groups (by loudness leve!) are not significantly different
from each other. Each is significantly different from the traffic and
children groups (Fishers test at 0.01 level).

! These two groups (by loudness level) are not significantly different

' These two groups (by loudness level) are significantly different
(Fishers test at 0.01 level)

TABLE 7
RATIO OF INCREASE IN PERCENT HIGHLY ANNOYED
WITH INCREASE IN PERCEIVED LOUDNESS

Moreto Same to Less Much Less
Much More More toSame (0 Less

Blast 2.1 2.2 2.7 0.8
Airplane 3.2 2.0 6.0 0.3
Helicopter 3.6 2.0 30 0.7
Tratfic 1.7 1.9 1.6 5.0
Children 1.7 1.8 2.0 0.9
Blast, Alrplane 29 2.0 3s 0.5

& Helicopter
Traffic 1.8 1.8 1.8 1.4

& Children

category than for the other category. That is, the percen-
tage annoyed apparently increases more quickly for the
former category than for the latter. This result, that the
growth rate for blast noise is equal to the growth rate for
aircraft, is consistent with the results in two previous
articles by this author.**

1t should be noted that this survey was primarily designed
to understand blast noise in context with other more tradi-
tional noises (for example, aircraft and traffic). The air-
craft in the survey area are primarily prop and propjet,
with very little pure jet activity. Also, with the exception of
limited localized areas, the helicopters remain distant from
populated areas. Thus, the above result should not be con-
strued to indicate that traffic or children would be more
annoying near a major metropolitan airport. Rather, the
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growth rates developed above indicate that noisier jet air-
craft or helicopters near to homes would be judged more
annoying than corresponding louder road traffic. That is,
the absolute percentages highly annoyed and the growth
rates are such that the curves for the two categories of
sources would cross one another.

One possible explanation for this apparent difference in
growth in annoyance with loudness for these two
categories of sources may lie in people’s expectations. That
is, people may expect aircraft, helicopters and blast noise
to be loud and thus exhibit less annoyance when these
sources are relatively quiet, whereas, they expect
neighborhood sources to be quiet and thus exhibit an-
noyance at relatively low loudness levels. A second possi-

Conclusions

The growth in annoyance (community response) to all
noises increases monitonically both with sound amplitude
and with frequency of occurrence.

The growth of annoyance with increasing frequency of
occurrence from several per month up to daily is the same
across all noises. For blast noise, the integration period ex-
tends down to once every few months.

The growth in annoyance with increases in amplitude
differs between sources and can be divded into two
categories: blast noise, helicopters and airplanes; and,
street traffic, children and pets. The growth rate is steeper
for the former than for the latter.
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Appendix A—LOUDNESS* e
S — — oy
Sec ) ARTILLERY Sev 2 AIRPLANES AN
much much much much (SRS
Frequency ~ more  more  same  fess  less Frequency _more  more  same  fess  less | -
1WAady  1S2 001V 0010 002 W47 176 S 216 e K |0 as 0o ;._:
| Daily (SR (p27] ) o o Daily (@4 an (2 ] “n_ .
Several YR 9169 S9T79 2 S4 109 Several 10 10 66 TR 128 014 00 &
. Per Week 1) 26 (R () (i Per Week o %) b ) 1) -
Several IS2096 715142 27116 219 102 Several 1518 21 48 1166 0029 00"
__Per Month ) as @ &N (@) _ Per Month (44) ) Y ) n
Once Every 6 s 42 1S7t 02100 O18 012} Once Every 004 0114 0ot oo s o
___FewMonths 26 ® @ M @ ] Few Months ) n o o l o
00 018 005 0011 008 003 00t 006 006 0 :
_ Less Often o3 a3y ) ) o Less Often (W} (m} n n s 1’
Sec. ) HELICOPTERS Sec. 4 STREET TRAFFIC
much much much much
_Frequency  more maore same less  less Frequency more more same  less  less
SL4 200 I 1S187 21R6S 0123 007 31326106 1344164 914 1W T2RI 0119
| . Daily «n an 0% 4 | Daily (56) 39) (18) (6 <
Several M29026 112180 13100 0249 00 9——} Several 10 8 37 796l 153 243 009 7
| Per Week (€W 9 @) 8) © Per Week 49) (26) s (18) s
Several 474 2468 D06l 0038 00 Several 228 12 0010 Loty 0o
_ Per Month Qan CH ] o WO Per Month (50) @ ()] " )
Once Every 109 0oy DOIE 002 009 Once Every 013 004 004 002 002
__FewMonths 1) ) () (G} o | Few Months  (33) (0 (0] o o
bo2 0ol V0% 006 015 101 102 004 01 S 0OI0
__Less Often L o) (G} o (P13)} Less Often  (100) (50) (0 Q0 o ]
Sec ¢ CHILDREN AND PETS *The first three numbers in each cel) are the numbers express-
much much ing (1) “‘extreme’’ annoyance (2) *‘very much’* annoyance
Frequency more more same less less and (3) the lola! number of respondents in the Fell. The
" T T T T T T T T T e fourth number, in parentheses, is the percent **highly an-
4526 109 2127941 R22 102 S6RR 2428 noyed."
| __Daily (65) s 2% any o |
Several 10 912 % 2962 1240 01 2
_ Per Week 156) 136) (4 (t3] ¢ _
Several 208 11y Piie 0ol6 007 ble explanation is that ‘‘fear’’ increases as these particular
__PerMonth 22 am m sources grow louder. Third, as pointed out by one of the
Once Every 01 2 12 bor o4 106 reviewers, the blast/aircraft group represent distinct
Few Months  (sn) (100) m 0 an . . . .
P 000 011 oot ork oo ] events, while the traffic/children grouping may represent a
L Less Often o n » an o ~_J more or less constant background.

AT
"N\ e '--\.\ " ‘“‘k'\.~"'

.'-. N, \\ N "Jﬁl\ i'\"!“ .\_\. -‘-' X \} .

e M




A i i At kit A S ANt Mo A S Bl Sl Bl et Gudl SaR aan l Sl aa b sof plad ralee alh ~aaore boss g ibiy Ben Sad s el

A residual annoyance in some segment of the population
appears even when the assessed amplitude is much less
than normatl speech, and the frequency of occurrence is
less often than once every few months. Occasionally, this
residual annoyance is even at the high annoyance level.
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A Model to Describe Community
. Response to Impulse Noise*

(Reprinted with permission of Noise Control Engineering Joumal, West Layfayette,

IN.]

This article summarizes some of the
results of a study primarily designed
to assess community response to
impulse noise (for example artillery,
demolition) in comparison with more
normal community noise sources,
such as fixed wing aircraft, street
traffic and neighborhood children.
Paul D. Schomert analyzes what
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type of energy model best describes

community response to impulse

noise. It is concluded that C-weight-
ing offers the best standard measure
available to assess impulse noise and
that C-weighting DNL is a reasonable
community assessment measure. No

compelling justification can be found
for retaining the present 85 dB sound exposure level (SEL) threshold incorporated in the current
National Academy of Science procedures, nor can any compelling justification be found for
developing or utilizing some form of ‘‘impulse correction factor’’ based on the individual SEL level
of events. It is recommended that an equivalency be established between C-weighted DNL levels for
impulse noise and A-weighted DNL levels for other noise by means of the percent of a population
‘“‘highly annoyed’’ by a given noise climate. In order to establish this equivalency, it is found that
about 6 dB should be added to C-weighted DNL levels so that the resultant equivalent level
describes a noise climate where the percent of the population highly annoyed is numerically the

same as another area having an A-weighted DNL level of that value.

Models to describe community reac-
tion to noise have been the focus of
study for at least the past quarter of a
century.”* Common to most of these
models are three hypotheses:

(1) The community response in-
creases monotonically with sound
amplitude.

*Received 16 May 1980; revised 2 June
1981

tU.S. Army Corps of Engineers, Con-
struction Engineering Research Labora-
tory, P.O. Box 4005, Champaign, lllinois
61820

Volume 18/ Number 1

(2) The community response in-
creases monotonically with frequency
of occurrence.

(3) The community response to the
sound environment at night increases
compared to the same environment
during the daytime.

The day/night average sound level
(DNL) is a typical representative of
these models.’ It is based on the
hypotheses that the community reac-
tion grows in direct proportion to
growth in sound exposure level (SEL),
that the community reaction grows in

40

proportion to 10 log of the number of
events, and that a nighttime (2200 to
0700) *‘penalty’’ of 10 dB is ap-
propriate. This model is typical of a
number which are termed ‘‘equal
energy’’ models in that a growth of 3
dB in sound exposure level is con-
sidered equivalent to a doubling of the
number of events.

This article is specifically concerned
with community response to large
amplitude impulse noise, such as is
created by sonic booms, artillery fire,
demolition, etc. The National

NOISE CONTROL ENGINEERING/Janusry-Februsry 1962




Kpa

",

«e?s%2" s 4

2l

*

» ¢ LI A B B
- W

.
TR T R

Academy of Science (NAS) in 1977
recommended the use of C-weighted
DNL for assessment of this type of
large amplitude impulse noise.* Large
amplitude is defined to be impulses
having C-weighted sound exposure
levels in excess of 85 dB (75 dB at
night). This C-weighted DNL is
calculated in a similar fashion to
A-weighted DNL. In this procedure, it
is estimated that the percent of a com-
munity highly annoyed to a given
C-weighted DNL level, such as 70 dB,
is numerically the same as the percent
of a community highly annoyed to
normally encountered, everyday
noises when the A-weighted DNL
value is 70 dB. That is, there is no off-
set (0 dB) in establishing the equivalen-
cy between various A-weighted or
C-weighted environments in terms of
the percent of a community highly an-
noyed. Schultz has shown excellent
agreement for survey data taken
world-wide when the percentage of
highly annoyed respondents in a given
DNL zone is analyzed, and it is this
relation (Fig. 1) which is used to define
the percent of a community highly an-
noyed to an A-weighted DNL level.’
Recently, working group 84 of the
Committee on Bioacoustics and
Biodynamics of NAS met and altered
the 1977 procedure based in part on
the data and materials herein.® The
change is inclusion of a decibel offset
(0 to 7 dB) to establish the equivalency
between various A-weighted or
C-weighted DNL environments.

The analysis contained in this article
is based upon survey data gathered by
the U.S. Army Construction Engi-
neering Research Laboratory (CERL)
in the vicinity of a large Army base.
The purpose of the overall survey was
10 examine community response to the
impulse noise generated by such
sources as artillery or tanks and
helicopters, as compared to more nor-
mal noise sources such as fixed-wing
aircraft, street traffic, and children.
This is the second article in a series and
the analysis forms one part of the
analysis of the survey. The first article
considered such topics as the growth
of community annoyance with growth
in amplitude of events and with in-

100
90
8o~ % H.A.e 8583 Ly,-.0401Ly,2
701 +.00047 Lgq"

% HIGHLY ANNOYED

Figure |1—The Schuliz relation for percent highly annoyed versus A-weighted DNL

level

creases in the frequency of occurrence
of events.” A third articie will consider
the existence of and quantitative
values for nighttime and evening
penalties. The following article con-
centrates on examining various models
to describe community response to im-
pulse noise as a function of the levels
predicted by that model. This article
also describes and analyzes the type of
activity disruption caused by impulse
noise as compared to other forms of
noise, since frequently overall
annoyance to noise has been generated
as an index based upon the various
forms of activity disruption.

Results from the first article (see
Ref. 7) show that the community
response to impulse noise, when judg-
ed by the respondent’s perception of
loudness, grows in an equivalent
fashior. to the growth in community
response to increases in the loudness
of fixed-wing or rotary-wing aircraft
noise. This same analysis shows that
the community response, as a function
of frequency of occurrence of events,
grows in an equivalent fashion to the
growth in community response with
increases in the frequency of

41

occurrence of fixed-wing aircraft,
rotary-wing aircraft, traffic noise, or
neighborhood noises. That analysis in-
dicates that there is no threshold below
which impulse noises should be
discarded as unimportant; however,
the present NAS recommendations in-
corporate such a lower limit.

These results would seem to indicate
that if the equal energy hypothesis
(which is incorporated within the
A-weighted DNL model for aircraft
noise) is appropriate, then the same
model structure is also appropriate for
impulse noise. However, it may be
that people’s judgments of loudness
do not correlate directly with the
physical stimulus for blast noise in the
same fashion as they do for aircraft
noise. Therefore, the- following
analysis explores different threshold
levels and explores the possibility of
the existence of an impulse correction
factor.

Basic Data Development

The Construction Engineering
Research Laboratory has developed a
computerized model for predicting
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— ) As stated, Fig. 2 illustrates the studv
area. This figure contains a general-

SN ized outline of the Army base. Over- )

laid on this outline are predicted B
C-weighted DNL contours for the year ]
prior to administration of the survey, e

- Nt AN &

-
il Also shown are the locations of 15 of -
~::'_- the 17 monitoring sites (the other two e
: N sites were near airfields and measured <
: 1 only aircraft noise). This figure also -

- 5 indicates generalized land areas which ey

- :J/ Nt have been grouped by their geogra- s

o e, . gk ; phic area and noise zone. On-post f’._’j
& , and off-post respondents in the same R
. - S o . general area and noise zone are T
@m‘/“ - grouped separately. Table 1 gives the ::::-
. s predicted and measured noise levels =

* - P by monitoring site. =
a0 o Tl e Based upon the data in Table 1, N

0 Table 2 gives the estimated C-weighted el

o Figure 2-—-Pr_edicled C-weighted DNL contours, monitor sites and predominant respon- DNL noise level by area (indicated in i-'_.'.q

.';:i: dent groups in the study area. Fig. 2) for the year preceding the ;-::j-:

o4 C -weighted DNI. contours based upon monitoring equipment was employed survey. The yearly predictions are __._;

“  the operations at an Army base. This for this purpose at 17 sites." The altered based on the .results of %
=5 program operates in analogous number of complete 24-hour days of monitoring. In the high noise zones, 4 ]
::"7 fashion to other noise contouring pro- monitoring at these sites ranged from dB is added to the contour values, -
-'_:,_- grams, but is designed to implement 4 to 67 with 25 being a typical value. reflecting the results of nearby on-post

4" the National Academy of Science’s  Extensive testing and checking was ~ monitoring. It should be noted that e
<> recommended procedures for asses-  performed to eliminate all but blast especially high noise levels were S

" sing impulse noise. Basically, the  noise from the C-weighted data. Wind ~ measured at sites 1 and 2, since units .
. original 1977 National Academy of  meters were incorporated to minimize assigned firing points within a e
=~ Science procedure utilizes C-weighting  the effects of noise generated by wind kilometre of these monitors actually e
-~ and predicts a C-weighted DNL, in- at the microphone by turning off the f"ed. much closer to the monitors, \::
-“>  cluding a 10 dB nighttime penalty.  monitors when the winds increased ~ causing the extreme departure from ¥
-~. Equation | serves to define SEL: above approximately 18 kilometres per prediction. In the areas to the east, -

) hour. Whenever the monitors went the monitored results ranged from 11 !‘j
- SEL = 10log [(1/p,)*(pX0dt], (1)  above the preset threshold of 105 dB ~ dB below, to 3 dB above prediction. 2]
o ! peak level (95 dB at night), an analog As generalized ‘‘correction’’ values, § :_:._1
“--  where p, is the reference pressure and tape recorder was turned on along dB has been subtracted from ‘.'_‘f{'j
“. I encompasses the effective duration with a special digital timer. If the wind p"?d‘“ed valges nearer 1o “f‘“g s
“-o  of the event. The integration is per- threshold signal came on at all during points (2-S miles to nearest point), S
] formed over the entire effective dura- the time period, then the data in that and 3 dB has been subtracted from
-, tion of the event. By definition in the  six minute block were discarded. If the the predictions for the more distant )

-1 National Academy of Science pro-  threshold was exceeded for more than ~ POINs. )

b7 cedures, the effective event duration  ‘two seconds, then a technician listened For the eastern sites, where NS
:::-f must be less than approximately two to the analog tape 1o determine if the measured values were generally close ::::*
"¢ seconds for the event to be defined as a signal was caused by impulses or some to those predicted, all the predomi- o]
-.,-,, single impulse. This formulation other source, such as an aircraft or nant noise came in one to several _._
:':-j discards single-event sound exposure helicopters. If any other type of source days, and was characterized by a -
:~:::- levels that are less than 85 dB during could be detected on the analog tape, period of high noise caused by focus ]
=<, the daytime and less than 75 dB at then this six minute block of data was conditions for the sound.® In contrast, T
:'-::' night. Figure 2 contains these contours discarded. Thus, the only data in- the monitor sites (Numbers 5, 6, 8 and :.;-_'3
r.<. inthe study area for the year preceding cluded were those for which the wind 9) to the south and west exhibited no -]
! the survey. threshold was not triggered, no other such focus days. As a consequence, E
, Extensive 24-hour monitoring was source could be heard, and/or the Table 2 indicates a much larger dif- .;:j.
-+~ performed in the vicinity of the Army event was less than two seconds in ference foi these locations between the S
'j:-:: base studied. Specially designed duration. vomputer-predicted values and the -
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resultant estimated values. It should
be noted that had monitoring been
performed in other seasons when wind
shears and inversions are somewhat
different, then loud noise might also
have been measured to the south and
west on some days. However, no data
exist to confirm or deny this assertion.
Respondents were asked to judge
the loudness of the noise, the overall
frequency of occurrence and their
overall annoyance to that noise (for
those respondents ever hearing the
noise). These questions were asked for
the five separate categories: impulse
noise, rotary-wing aircraft, fixed-wing
aircraft, vehicles, children and pets.
This parallel presentation provides a
context in which to examine impulse
noise. Tables 1 and 2 of Ref. 7 sum-
marize the responses for loudness and
for frequency of occurrence by area
(see Fig. 2) for impulse noise. Table 3
of this article summarizes the
responses for overall annoyance by
area (see Fig. 2) for impulse noise.

Examination of the data in Tables 1
and 2 of Ref. 7 shows that judged
loudness and judged frequency of oc-
currence both decreased as one got
further from the base. One can com-
pare, for example, Fay E with Fay W,
Base E with Base W, or Near W with
Far W. Also, the loudness judgments
from the Base Total area compare
favorably with the responses from the
Fay W area. These loudness judg-
ments in the Base Total area are slight-
ly higher than in the Fay W area.
According to Fig. 2, these should be
higher, since the Base Total area lies in
a slightly higher noise zone. The high
level of the loudness judgments from
the South and Near W areas (as com-
pared with the other areas) seems to
indicate that the monitored data
(Tables 1 and 2 of this paper) are low
in these areas. That is, the responses
fit the computer predicted C-weighted
DNL values better than they fit the
monitored levels.

Table 3 of this paper, which deals
with overall annoyance, contains the
same trends as do Tables | and 2 of
Ref. 7, except for on-base responses.
On base, the annoyance levels are
smaller than off-base. In particular, in
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TABLE 1
PREDICTED AND MEASURED NOISE LEVELS BY MONITORING SITE
Predicted
During Predicted
Number Monitoring for Year Prior to
Station of Days Monitored Monitored Period Survey
Number Monitored L, Lepn Lcpn Lcepn
1 11 63 103 63 66
2 84 57 88 67 64
3 34 56 70 68 64
4 81 59 73 69 66
S 81 56 46 61 58
6 12 64 49 60 58
7 78 64 49 60 58
8 4 60 42 59 - 55
9 42 58 49 61 59
10 34 56 53 64 62
11 26 58 58 59 57
12 12 62 51 57 sS
13 28 58 54 64 61
14 33 59 55 60 58
15 72 only aircraft noise received
16 80 58 61 58 55
17 61 only aircraft noise received

the Base Total area, the top three
categories in Tables 1 and 2 of Ref. 7
are greater than in the Fay W area.
However, the top three categories in
Table 3 show that the overall an-
noyance levels for the Base Total area
are lower than in the Fay W area. The
top two categories, ‘‘extreme’’ and
‘‘very much,’” are used to form the
high annoyance indicator. This change
in high annoyance, 8 percent versus 13
percent, is found to be statistically
significant at the 0.05 level.

This difference is perhaps related to
expectations of respondents. On base
they expect to hear blast noise, but off
base they expect to leave their work
behind. This is especially true since 43
percent of off-base respondent house-
holds have at least one member work-
ing for the government, and this does
not include retired personnel. Because
of the significant shift in on-base judg-
ment responses for annoyance as com-
pared with off-base, only off-base
responses were used for most of the
final analysis. Again, it is emphasized
that off-base responses include ap-
proximately 43 percent of households
having one or more members working
for the government (not including
retired military personnel).

43

TABLE 2
ESTIMATED LpN NOISE LEVEL BY
IAREA FOR YEAR PRECEDING SURVEY

Difference
from
Predicted
Area L Contour
CDN «dB)
HIGH 68 +4
FAY W 54 -5
FAY E 52 -3
BASE W 56 -5
BASE E 53 -5
BASE TOTAL 55 -5
SOUTH 49 -10
NEAR W 46 -12
FAR W 40 - 15
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In addition to the questions dealing
with loudness, frequency of occur-
rence, and overall annoyance, ques-
tion 34 asks: ‘Do you think people
around here ought to complain about
the noise from government facilities or
operations if they find it annoying?’’
The possible answers were ‘‘yes’ or
“no.” Table 4 shows, by area, the
group size, the percentage of that
group answering question 34 in the af-
firmative, and the percent indicating
overall high annoyance (responding
either ‘‘extremely’’ or ‘‘very much'’ to
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TABLE 3
OVERALL DEGREE OF ANNOYANCE (PERCENT OF RESPONDENTS)
BY AREA FOR BLAST NOISE

Never
Area Extreme Very Much Moderate Slight  Not at All Hear
HIGH 18.1 12.5 23.6 11.1 15.3 19.4
FAY W 5.2 8.0 9.8 4.6 316 40.8
FAY E 3s 4.9 9.7 4.6 34.1 42.5
BASE W 5.9 5.9 10.7 7.3 39.5 30.7
BASE E 24 24 8.8 7.3 25.9 51.7
BASE TOTAL 4.1 4.1 9.8 7.3 327 41.2
SOUTH 8.1 10.8 14.9 8.1 14.9 43.2
‘NEAR W 32 36 6.4 10.4 46.6 29.1
FAR W 0 0 4.8 11.9 26.2 57.1

TABLE 4

PERCENT HIGHLY ANNOYED TO BLAST NOISE BY AREA: THOSE WHO FEEL ONE
SHOULD VERSUS SHOULD NOT COMPILAIN ABOUT GOVERNMENT FACILITIES

% % %
% HA HA % Ovenrall
Group Should (Should Should Not  Overall Adjusted
Area Size Complain Complain) Complain) HA HA*
HIGH 72 51 45.9 14.3 30.6 339
FAY W 174 60 20.0 2.8 13.2 13.5
FAYE 919 62 11.8 2.8 8.4 8.4
BASE W 204 64 15.3 5.5 11.8 11.6
BASE E 204 68 7.2 0 4.8 4.5
BASE TOTAL 408 66 11.1 29 8.2 8.0
SOUTH 74 68 28.0 0 18.9 17.4
NEAR W 251 53 8.3 5.1 6.8 7.1
FAR W 42 53 0 0 0 0

*Percent overall highly annoyed is adjusted as explained in the text. The purpose is to normalize
the data to a group in which 62 percent feel they ‘‘should complain if bothered."

the overall annoyance question dealing
with artillery noise) as a function of
whether they answered question 34 af-
firmatively or negatively. These results
show that one's disposition to com-
plain is strongly correlated with
his/her judgment on overall an-
noyance. The two groups shown in
this table are approximately related by
a factor of four.

The next column in Table 4 gives the
overall percent ‘‘highly annoyed”
within each area for the ‘‘yes’’ and
““no’’ responses combined. Finally,
the last column in Table 4 gives the
overall percent ‘‘highly annoyed,”
which likely would have resulted for
each group if each contained 62 per-
cent of the respondents answering
question 34 affirmative. The choice
of 62 percent is somewhat arbitrary.
It represents approximately a popula-
tion weighted average of the data. Us-
ing this normalization process allows

for better comparison between the
different areas, since the responses in
the High area are otherwise prob-
ably 10 percent or so low. Also, this
62 percent figure is more or less consis-
tent with the sonic boom studies in
Oklahoma City, which had about 65
percent respondents overall who
thought one should complain about
government facilities and 35 percent
who answered in the negative.® The
Oklahoma City study merely deletes
all data for those respondents in-
dicating they should not complain and
considers only those saying they
should complain, in the overall
calculations performed and results
presented. It is felt that the 62 percent
common denominator arrangement in
Table 4 is a more reasonable represen-
tation of the overall community than
is the approach of deleting all those
who indicate in the negative with
respect to complaints.
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Activity Interference Data

A portion of the questionnaire con-
tained ten questions relating to activity
interference. These questions were:

¢ Does noise ever wake you up or
prevent you from falling asleep?

® Does noise ever interfere with
your listening to radio or TV?

* Does noise ever interfere with
conversation? Either face-to-face
or over the phone?

* Does noise ever interfere with ac-
tivities out-of-doors around your
home/apartmenti?

® Does noise or vibration ever make
your house rattle or shake?

® Does noise ever startle you?

® Does noise ever frighten you?

® Does noise ever interfere with ac-
tivities that require your care or
concentration?

* Does noise ever disturb your rest
and relaxation in your home?

e (If applicable) Does noise ever
bother or disturb anyone else in
the household?

For each of these ten activities,
respondents, after being asked if noise
ever interfered or affected these ac-
tivities (and indicating an answer in
the affirmative), were then asked what
noises caused this interference and
how often each occurred. The possible
responses to the frequency of occur-
rence were every day, several times a
week, several times a month, once
every few months, and less often than
that. Finally, each respondent was
asked, by source, how annoyed they
were by that level of interference oc-
curring that many times. For example,
they would be asked, ‘‘How annoyed
are you by (airplanes) interfering with
conversation (several times a week)?"’
The possible responses were on a
S-point scale, with the two end points
being noted as ‘‘extremely’’ on the one
hand and ‘‘not at all’’ on the other.

In the past, it has been the practice
to form an overall annoyance index
based upon a linear combination of
the responses to a set of questions such
as those indicated above. For this
analysis, the responses to these ten
questions were placed on a binary
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$ scale (rather than using the annoyance
numbers as cardinal numbers ranging
from 1 through $5) by defining

TABLE §
NUMBER OF RESPONDENTS EXPRESSING HIGH ANNOYANCE
TO INDICATED ACTIVITY BY NOISE TYPE*

»,
N respondents to be highly annoyed to a Street . Children/
N given activity interference if they chose Artillery Traffic Airplanes  Helicopters _Pets
- either of the top two numerics on the Sleep 105 (74) 118 (14) 103 (34) 80 (35) 181 (28)
v s-point scale. Radio TV 56 (37) 82 (15) 139 (40) 168 (59) 39 (14)
4 o Conversation 4] (36) 6] (11) 95 (29) 125 (44) 40 (B)
Examination of these data, as com- Outdoors 9 (8) 34 (3) 17 (5 43 (20) 34 (5)
pared with respondents indicating Rattles 350 (161) 11 ) 89 (19) 106 (37) 2 O
K overall high annoyance to that noise Startle 200 (97) 55 (8) 42 (149) 4 (13) 22 (9
- source, indicated a high degree of Freight 112 (63) 40 @9 39 (13) 37 (16) 16 (2)

Care/Concentration 87 (55) 57 (10) 75 (24) 82 (36) 47 (13)
Rest/Relaxation 131 (77 109 (18) 100 (39) 122 (47) 119 (23)

redundancy and overlap between cer-

P R e

tain subsets of activity interferences.
For example, a respondent highly an-
noyed by aircraft noise might also in-
dicate problems with listening to
radio/TV, conversation face-to-face
or over the phone, or both, and still
have the same overall annoyance reac-
tion. Similarly, a respondent highly
annoyed by blast noise might indicate
that the noise startled or frightened
him or both and still have the same
overall response. Again, the same can
be said for the question relating to the
rest and relaxation as compared with
the question relating to sleep. A
respondent might choose one or the
other or both and still have the same
overall annoyance reaction. Thus, it
was decided to merely tabulate the
respondents indicating high annoyance
to a given activity interference by noise
source category, and alsotoindicate the
number of those respondents also in-
dicating overall high annoyance. These
dataare containedin Table 5. Thistable
shows that the primary problems with
impulse noise are house rattles, startle,
and fright; whereas with other sources
such as airplanes and helicopters,
speech interference becomes the major
problem; and with still others such as
street traffic and neighborhood
sources, interference with sleep
becomes the major problem. (it should
be noted that all of the noise sources in
this study area had more or less equal
percentages of nighttime occurrance.)

The data were examined to see if
any of the activity interference factors
were an indicator of high annoyance,
or if any combination of these was a
useful predictor of high annoyance.
No such relation could be found.
Rather, it appears that the number of
activity interferences found to be

Disturb other
household members 171 (85)

90 () 101 (29) 116 (39) 124 (25)

overall high annoyance at blast noise.

*The figure in parenthesis is the number of those respondents in that cell also expressing overall high
annoyance to that noise type. For example, 105 respondents expressed high annoyance to sleep
interference by blast noise. Of these 105 respondents, (about 70 percent) 74 respondents expressed

TABLE 6
NUMBER AND PERCENT OF RESPONDENTS EXPRESSING OVERALL HIGH
ANNOYANCE AS A FUNCTION OF NUMBER OF ACTIVITY INTERFERENCES
FOUND HIGHLY ANNOYING BY THESE RESPONDENTS*

2 3 4 S5 6 7 8

Total No. 183
Artillery Total also HA 34
% HA 19
Street Total No. 115
Traffic Total also HA 44
HA 22
Total No. 109
Airplanes Total also HA 24
%HA 22
Total No. 123
Helicopters Total also HA 39
% HA 32
Total No. 137
Children/Pets Total also HA 56
% HA 41

97 61 49 4 20 8 7 6
28 32 31 31 11 8 6 6
29 52 63 70 55
50 3 20 21 10 8 2 2
28 21 12 19 8 7 2 2
45 43 67 82 80
56 40 24 28 16 S 8 3
25 21 16 23 12 4 5 2
45 53 67 82 75
52 45 30 27 29 8 S5 4
21 33 18 21 24 7 5. 4
40 73 60 78 83
82 36 27 14 5 1 0 O

49 28 21 12 5 O O O
60 78 78 86

annoying.

| *For example, 183 respondents found exactly one activity interference item to be highly annoying. Of
these 183 respondents, 34 respondents or 19 percent of the 183 found blast noise overali to be highly

highly annoying is the best predictor
of whether a respondent will be overall
highly annoyed by that noise source
category. Table 6 illustrates these data
by source category and number of ac-
tivities generating high annoyance.
For each source category, the percent
of respondents rises as a function of
the number of activities generating
high annoyance until the point where
50 to 60 percent of respondents ex-
press high, overall annoyance, usually
at around three activities. By the time
six or seven activities generate high an-
noyance, these few respondents almost
universally indicate that they are
highly annoyed.

45

Alternative Data and Other
Considerations

For blast noise, the data were ex-
amined to compare the responses of
respondents who owned their home
versus those who rented. This com-
parison was performed only off the
military post (on-post, people do not
own homes) and was performed for
each of the areas in Table 2. No
statistically significant differences
were found for the level of high an-
noyance overall for those who owned
their homes as compared to those who
rented. Areas were combined and
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then CSEL = CSEL + (CSEL - 92.5).

4 5
- ﬁ.{ -~
; R
Cazla
}. TABLE 7 to the C-weighted DNL values, since: '-""'-u
- DIFFERENCE BETWEEN Ly AND THE EQUIVALENT Ly yn AL
J:_: CALCULATED FROM THE PERCENT HIGHLY ANNOYED USING THE SEL per event = LCDN + et
:.j: SCHUL.TZ RELATION 10 log (86,400) — 10 log (8), (2) t“.i
- Estimated Equivalent  Difference* SN
Area % HA Lepn LapN (dB) where 86,400 is the number of seconds gil
A% HIGH 33.9 68 74 3 in a day and 8 is the number of events. AE
" FAY W 13.5 54 64 10 These values are also shown in Table N
- FAY E 8.4 52 60 8 A2. Based upon this table, an approx- o
' SOUTH 17.4 49 66 17 imate piece-wise continuous correction '»‘*:-51
L NEAR W 7.1 46 S8 12 function was developed by the follow- hatsd
- FAR W 0 40 ing: ¥ ¥
::—' *Difference is the A-weighted DNL representing the percent HA in an area (as taken from Fig. 1)
.5; minus the estimated C-weighted DNL for that area If CSEL < 92.5 dB, (3a)
)
N again there were no statistically signifi- latter two values. The equivalent then CSEL = CSEL.
- cant differences. A-weighted DNL is calculated from
The data were also examined to the Schultz relation by determining 1f92.5dB < CSEL < 102.5dB, (3b)
, : compare responses for households the A-weighted DNL value which

with one or more members employed
by the government to those with none.
Again, no statistically significant dif-
ferences could be found in any area.
As stated above, the 1977 and the
current National Academy of Science
procedures to assess community
response to impulse noise utilize
C-weighting and predict a C-weighted
DNL. This C-weighted DNL includes
a 10 dB nighttime penalty. This for-

would yield the given percent highly
annoyed. For example, an A-weighted
DNL of 74 corresponds to approx-
imately 34 percent of a population be-
ing described as highly annoyed.
Table 8 summarizes the data for the
base case (the National Academy of
Science procedure) and three variant
cases. Case 2 raises the 85 dB
threshold to 95 dB. Case 3 considers
the imposition of an impulse correc-

If CSEL > 102.5dB, (3¢)
then CSEL = CSEL + 10.

Since house rattles are found to be
the primary adverse factor (Table §), it
is interesting to compare the an-
noyance and frequency of occurrence
judgments to the house rattle question
with the judgments given earlier in this

:' mulation discards .single-evcm sound tion factor in the formulation of‘ th.e article and in Ref. 7 to overall noise.
[ 8 Guring the datime and lss 75 mates oty threshold or comection fac, T Tesuls of this comparison show
s 4B 'gh DI f); 1653 1 nates any orc that the judged frequency of occur-
o at nig t. Ditferent yarlallgns an tor. . . rence of house rattles goes down as
: ) glternatlst can be considered in addi- The impulse correction factor was compared to the judged frequency of
SN tion to this basic procedure. For exam- formulated based upon the results of occurrence of hearing impulse noise.
::-, ple, the threshold can be effectively the sonic boom studies by Borsky in In contrast, the annoyance to house
.‘.:: eliminated by dropping it to 40 dB; the the Oklahoma City area.'® Appendix rattles goes ,up as compared with over-
- threshold can be kept constant both A contains the basic formulation of all judgments of annoyance to impulse
,-:: for day and night rather than allowing this correction. Table A2 lists the noise.

: the threshold to drop 10 dB at night; C-weighted DNL and percent highly

ot the threshold level can be changed to annoyed calculated for the three

15 higher levels; and, some form of im- distances and three survey periods Comparison With Previous
pulse correction factor can be added (having different boom over-pres- Results

a2 based upon the sound exposure level sures) in the Oklahoma City study.

;-'.j of the event itseif. Table 7 summarizes Based upon the percent highly an- In the Oklahoma City test,
. o the basic data developed and Table 8 noyed, the Schultz function is used to respondents were subjected to eight
lists these results, along with three define an equivalent A-weighted DNL sonic booms per day (none during the
{, variant means to formulate a level (Fig. 1). The difference between night). The average energy peak levels
.-:;, C-weighted DNL. Table 7 includes, by the C-weighted DNL calculated and of these booms, in different noise
; area, the adjusted percent highly an- the equivalent A-weighted DNL is zones and at different time periods,
,-:: noyed (from Table 4), the estimated shown in this table. Since there were ranged from 123 dB to 131 dB, with
" y yearly C-weighted DNL (from Table eight booms per day at Oklahoma Ci- the overall extremes being perhaps 116

2), the equivalent A-weighted DNL for
the percent highly annoyed as taken
from the Schultz relation (Fig. 1), and
the difference in dB between these

R

Ak,

™

aAL

ty, all during daytime, the C-weighted
DNL is reconverted back to a
C-weighted sound exposure level per
event by adding approximately 40 dB
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to 136 dB. In contrast, this present
study encompasses data from below
the threshold of audibility up to ap-
proximately 145 dB.




> TABLE 8
- ALTERNATIVE C-WEIGHTED DAY/NIGHT LEVEL FORMULATIONS
Case 1 Case 2 Case 3 Case 4
(Base Case) (95 dB Threshold) (Impulse Correction)’ (40 dB Threshold)
Equivalent Yalue! Difference’ Value! Difference’ Value’ Difference’ Value! Difference’
Lapn (dB) (dB) (dB) (dB)
HIGH 74 68 6 66 8 73 1 68 6
FAY W 64 54 10 52 12 57 7 56 8
FAY E 60 52 8 49 11 55 5 55 S
SOUTH 66 49 17 47 19 52 14 50 16
NEAR W 58 46 12 44 14 49 9 48 10
FAR W 40 36 43 44
'As explained in the text, the impulse correction is applied 10 cach event based on its SEL
**Value'' is the C-weighted DNL calculated for the various formulations
**Difference’’ is the A-weighted DNL representing the percent HA in the area minus the *‘value’ of C-weighted DNL for that case and area
The frequently reported Borsky Rather, he created an index based universe of respondents, then the
data are the responses from only upon the various activity interference responses might have been equivalent
respondents who felt one should com- questions. Furthermore, he never to those presented in Table 4.
plain about a government activity or  reported the data for those indicating A third possibility is that the ap-
agency if it bothered them and these a disbelief in complaints about  parently lowered annoyance levels
data specifically are addressed to the  government activities. result from the fact that, in the
respondent’s annoyance to ‘‘house Oklahoma City study, the respondents
rattles and shakes.’”” Thus, the either knew a test was occurring which -
Oklahoma City data probably repre- had a fixed duration and/or had only e
sent the highest possible percentages, Discussion of Data and Resulls  peen subjected to the sonic booms for R
since the data in the present study in- a relatively short period of time (ap- ‘~.:'-7‘
dicate" that responses to ‘‘house Borsky Data. The differences between prmfimalel){ 6108 \'veek.s for ea.ch. m :_.'::-_'..j
rattles’’ generate greater overall an- . . terview period). This third possibility
noyance levels than do responses to the Borsky results n Ok!ahorpa City would further support the one-year E
the general overall annoyance ques- and the results obtained in this study equal energy concept by indicating f'-“::*"
) ) may be due to any or all of at least X ]
tion, and since people who feel they . . that responses to 6 to 8 weeks of noise R
. . . three factors. First, the differences -‘._-3
should complain express higher an- : . are much lower than responses to one A
may reflect real differences in the . X %
noyance (at a rate of about 4 to 1) over . year of noise. Also, the very presence - \
response of people to the noise source. . : L
those who feel that one should not . . . of the ‘‘test” may have influenced
mplain about government activiti That is, for a given C-weighted DNL, d ts. although only 60 percent
compiain a g ¢ 1UeS-  the community is much more annoyed ~ JUd8Ments, aithoug y 69 pe
Appendix A summarizes the Borsky by artillery noise than by sonic boom even knew that a test Wwas in p rogress
data and converts his peak levels into noise. Alternatively, this possible during the first interview period.
approximate C-weighted DNL levels. result, which can be stated as the  Monitoring. The monitored data to
Table 9 summarizes the present C-weighted DNL measure, is not the the east of the base were typically 3 to
study’s results in terms of percent of measure to be used for impulse noise, S dB below predicted levels. These
respondents highly annoyed by and a measure is required which fur- monitored data were characterized by
building rattles (only respondents in- ther emphasizes artillery noise as com-  one or several loud days, along with
dicating that one should complain pared with sonic boom noise. This many quiet days. This monitoring
about government activities if an- type of conclusion certainly supports result generally correlates with the
g noyed) as compared to the yearly the use of some type of measure which community response indicating that
b | C-weighted DNL, and as compared  cuts out low frequencies, since the dif-  loud events and house rattles generally
Foe with the Borsky-developed data under ference between sonic boom and ar- occur less often than every day or
:—j these same conditions. These data tillery noise lies in the fact that the several times per week, especially in
‘A show that for a given C-weighted DNL sonic boom contains greater quantities  the more distant areas. The monitored
j-j level, the percentage highly annoyed is of sub-audible energy. levels to the west and south were much
b-. some 10 to 20 percent larger in the pre- A second possible explanation is  lower than predicted, the data showing
L sent study than with the Borsky- that no difference in responses exists. only generally low noise days and none
ot developed data. Unfortunately, Bor- That is, if Borsky had asked a question  of the interspersed high-level days.
oy sky never asked the question dealing dealing with the overall annoyance to  However, the respondent data would _T:‘_{
- with overall annoyance to sonic boom.  sonic boom noise and included the  seem to indicate that these high levels N
- 47 s
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do occur and that the monitoring must
not have gone on for a long enough
time or during the right season to
obtain these results,

Near the base boundary in areas to
the south and southwest of predomi-
nant noise sources, measured levels
were 2 to 4 dB above prudiction. In
this study area, winds are generally
from the north or northeast. Thus, the
resulting monitored data possibly sup-
port published data indicating that at
relatively short distances, sound pro-
pagation is enhanced in the downwind
direction (the present computer pre-
dictions take into account temperature
inversion frequencies but do not take
wind directions into account).

Alternative Weightings. The data in
Table 1 include measured values for
the A-weighted DNL at the monitor
locations. This table shows no correla-
tion between the measured A-weighted
and C-weighted levels at any site.
Moreover, it is clear from Tables 1 and
3 combined that there is no correlation
between the measured A-weighted
levels and the percents of respondents
highly annoyed. Along these same
lines, both the Oklahoma City study
and this present study show that house
rattles are the predominant adverse
factor in the community. Since it is
predominantly the energy in the 10 to
30 Hz range which contributes to
house rattles, A-weighting of impulse
noise would delete nearly all the infor-
mation relevant to the cause of house
rattles.

Alternative C-weighted DNL For-
mulations. No definite conclusions on
the alternative formulations for a
C-weighted DNL measure can be
drawn from the data in Table 8. With
the reader’s attention directed
primarily at the first three areas,
High, Fay W, and Fay E (since the lat-
ter three areas are based upon more
questionable monitoring results),
Case 2 is no different than Case 1, and
Case 4 is only marginally better than
Case | in that the deviations among
the values are slightly smaller. In case
3, inclusion of an impulse correction
factor, seems to move the results in
the wrong direction by increasing the
relative differences between areas.

« .F. . ".-'
\Js_,-“'- g T

Formation of Equivalent Levels. In
order to assess the total noise produced
by Army/DOD installations, it is
necessary to be able to combine and
portray the effects of all noise on the
surrounding community so that mean-
ingful land-use patterns can be
developed both on and off post. Thus,
it is necessary to establish some equi-
valency between the measures used to
assess impulse noise and the
A-weighted DNL levels used to assess
all other noises. The percentage of the
community characterized as highly
annoyed to a given noise environment
appears to offer the best means to
develop this equivalency, given the em-
phasis which the National Academy of
Science and EPA have placed upon the
use of this concept in assessing the im-
pact of noise environments, '

The data in Table 8, Case 4, show
that the C-weighted DNL value under-
predicts the percentage of respondents
highly annoyed when used in conjunc-
tion with the Schultz relation. For ex-
ample, the data show 34 percent highly
annoyed in the 68 dB zone. The
Schultz relation shows that it takes an
A-weighted DNL of 74 dB to make
33 percent of respondents highly an-
noyed. The difference between these
values is the indicated 6 dB in Table 8.
These data indicate that the present
C-weighted DNL always underpredicts
the percent highly annoyed when
utilizing the Schultz curve. Adding a
constant 6 dB to the C-weighted DNL
values seems to be the simplest means
of establishing an equivalent impulse
noise level which can be directly com-
pared with A-weighted levels. Adding
6 dB yields equivalent DNL levels
which, when utilizing the Schultz rela-
tion, closely predict the actual percent
of respondents indicating high an-
noyance. In developing this recom-
mendation to add a constant 6 dB, the
results for areas to the south and west
of the base are somewhat discounted
since the responses for loudness, fre-
quency of occurrence, annoyance and
house rattles all indicate that noise
levels frequently, at least during some
portion of the year, are higher than
those actually measured during the
specific days of monitoring.
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TABLE 9
PERCENT HIGHLY ANNOYED TO
BUILDING RATTLES®*
Okishoma City
Present Study Data**

Area LCDN % HA % HA LCDN
HIGH 68 59.4 353 64
FAYW 54 228 25.9 61
FAY E 52 17.9 25.4 62
SOUTH 49 320 19.4 60
NEAR W 46 14.4 16.9 59
FARW 40 4.5 16.6 60

12.5 56
11.0 57
5.1 54

*Only those who feel one should complain
about Government facilities or operations
**From Table Al

Conclusions

A previously published article (see
Ref. 7) showed that for impulse noise,
the growth in annoyance for increases
in loudness or frequency of occurrence
is equivalent to the corresponding an-
noyance growth to such common
noises as fixed-wing aircraft and vehi-
cle noise. Thus, to the extent that
fixed-wing aircraft and vehicle noise
can be described by an energy type of
model such as DNL, then impuise
noise can be equally described by such
a type of model.

The analysis herein shows that a
measure which takes note of house
rattles is definitely required, since
house rattles is the most often cited
adverse factor. A-weighting cannot
and does not perform this function.
On the other hand, there is an indica-
tion that a measure which incor-
porates more low-frequency energy
than does C-weighting will further
emphasize sonic booms as compared
to artillery noise and increase the
disparity in results between these two
sources. Since energy in the 10 to 30
Hz range must be included in order to
assess impulse noise’s contribution to
building rattles, C-weighting still
appears to be the best available stan-
dardized weighting network with
which one can assess impulse noise.
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APPENDIX A

The author has previously shown
that for sonic booms from transport
size aircraft (BS8/XB70) at high
altitudes:"?

CSEL = (10/8.5) (Peak Level)-
50.35. (Al)

This equation is used to convert the
Oklahoma City data from peak levels
to CSEL. Essentially, the lower the
peak level, the more rounded (lower
frequency) the boom, and the more
energy the C-weighting eliminates.

In Oklahoma City, there were 8
booms per day. So total daily CSEL
equals the CSEL per boom plus 9 dB,
and:

LCDN = CSEL + 9 - 494. (A2)

Using Eqs. Al and A2, the
Oklahoma City data for (energy)
average PSF and percent highly an-
noyed by time period vyield the results
summarized in Table Al.

TABLE A1l
OKLAHOMA CITY DATA

Borsky
Measurement Period  Pesk PSF  Peak Level (dB) LCDN % HA
2 March - 19 April 1.13 128.1 59.9 16.6
0.8 125.1 56.4 12.5
0.65 123.3 54.3 5.1
20 April - 14 June 1.23 128.8 60.8 259
1.10 127.8 59.6 19.4
0.85 125.6 57.0 11.0
1S June - 25 July 1.60 131.1 63.5 353
1.35 129.6 61.7 254
1.00 127.0 58.7 16.9
IMPULSE ‘‘CORRECTION'' FACTORS
LCDN % HA LADN Difference (A-C)
80 83.3 87.6 7.6
75 67.8 84.1 9.1
70 2.4 80.0 10.0
65 36.9 75.0 10.0
60 21.5 68.5 8.5
55 6.0 57.5 2.5

Using linear regression, the percent
highly annoyed (HA), as a function of
LCDN is found (2 = 0.93) as:

% HA = (3.094LCDN) - 164.0.

Table A2 data are used to establish
the ‘‘impulse correction factor’’ equa-
tions given in the text.

The present 85 dB threshold was
originally incorporated because data
did not exist for lower levels, and
because it was felt that only “‘large
amplitude’’ impulses should be con-
sidered. The first study cited above
shows that impulse noise fits an energy
model in a like manner as aircraft or
vehicle noise. Also, Table 8 shows that
eliminating the threshold possibly
decreases variation from site to site
and neither retaining the present
threshold, increasing it, nor adding
an impulse correction factor, will
reduce this variation. Thus, it is con-
cluded that the present 85 dB thres-
hold should be deleted because there
is no compelling data to support the
retention of this added complexity.

In summary, the conclusions and
recommendations up to this point are:

¢ [mpulse noise is described by an
energy model as well as any noise is
described by an energy modecl.

¢ (C-weighting is the best available
measurc 1o characterize impulse noise.

P U N 0 IR T
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e There is no threshold below
which impulse noise should be deleted,
any more than there is a threshold
below which aircraft noise or vehicle
noise should be deleted from DNL
predictions.

¢ Addition of an impulse noise
‘‘correction,’”’ which adds a factor to
each impulse based on its SEL level,
does not increase the ability of
C-weighted DNL to predict communi-
ty response.

¢ In order to be able to relate im-
pulse noise to other noises, it is recom-
mended that equivalent C-weighted
DNIL levels be established by adding 6
dB to computed or measured C-weigh-
ted DNL values.

Other conclusions of note are:

e For a given noise level, an-
noyance on-post is, statistically, sig-
nificantly lower than annoyance off-
post.
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¢ There is no statistically significant
difference in annoyance levels between
respondents who own or rent their
homes.

¢ There is no statistically significant
differencc in annoyance levels between
respondents off-post who do or do not
have a family member working for the
government. Since 43 percent of off-
post respondents contained at least
one household member who worked at
or for some government facility (this
43 percent figure does nc ‘~clude
households of retired milita there
is no reason to assume ti  ‘there
would be any smaller levels of an-
noyance in a community which was
less heavily made up of households
who had family members working at
some government facility. On the
other hand, communities around
Army bases with far lower percentages
of government workers might exhibit
higher annoyance levels. However,
such communities do not generally
exist.
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Time of day noise adjustments or “penalties”
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Community response descriptors, such as Day-Night Average Sound Level (DNL), have included a "!'L‘."'
nighttime adjustment or “penalty” in their formulation. Typically this nighttime penalty has been 10 ~.:,,-"C'
dB. Some models incorporate an evening penalty in addition to the nighttime penalty. The basis for f:-":'_}:
these penalties is examined in this paper. This analysis is based on results from a community attitudinal nf‘-é'
survey conducted in the vicinity of a large Army base. The survey sought to compare blast noise (e.g., Rty
artillery) and helicopters in the context of all noise such as airplanes, traffic, and children. The analysis E‘i‘
shows that there are at least two factors which contribute to a “penalty” during any time period. One 7.,;@3
factor occurs when individual events are intrinsically more bothersome or annoying during one period e

of time than during another time period. The second factor occurs because a greater percentage of oY
events are more likely to be noticed and found bothersome during one period of time as compared with ':'-::‘-j
another. The results show that single bothersome events are more or less equally annoying during all .-‘:-‘:'_:

»

time periods of the day. There is only a small growth in annoyance during the night and this growth
occurs primarily with the more impulsive sources such as artillery and helicopters. The results indicate
that the second factor described above is more important in contributing to a total nighttime adjustment
or penalty. That is, for a given number of available events, respondents are more likely to notice and be Y
bothered by events during the night than during the day. This factor appears to be a primary contributor !
to any nighttime adjustment. The nighttime penalty indicated by these two factors is of the order of 5 to

10dB. These results tend to support retention of a nighttime penalty in descriptors such as DNL. Based
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on these results, one would not be tempted to depart from the long-established 10-dB value for the

penalty.
PACS numbers: 43.50.Sr, 43.50.Qp

INTRODUCTION

Descriptors for community reaction to noise have been
the focus of study for at least the past quarter century.'?
Common to the assumptions inherent in most of these de-
scriptors are three hypotheses:

(1) The community response increases monotonically
with sound amplitude.

{2) The community response increases monotonically
with frequency of occurrence.

{3) The community response to sound exposure at night

increases compared with the same sound exposure during
daytime.
The Day-Night Average Sound Level, DNL, is a typical
representation of these descriptors.>* Inherent in this de-
scriptor are the hypotheses that the community reaction
grows in direct proportion to the growth in sound exposure
level (SEL), that the community reaction grows in propor-
tion to 10 log of the number of events, and that a nighttime
{220 to 0700) adjustment or “‘penalty’ of 10 dB is appropri-
ate. Other descriptors such as the Community Noise Equiva-
lent Level ({CNEL) inherently incorporate the hypothesis of
an evening (1900 to 2200} penalty of 5 dB in addition to the
nighttime penalty.® These descriptors are typical of a num-
ber which are termed ‘“‘equal energy” models in that a
growth of 3 dB in SEL is considered equivalent to a doubling
of the number of events.

This paper concentrates on the existence of and value
for evening and nighttime adjustments or “‘penalties” for the
assessment of noise. This analysis is based upon community

J. Acoust. Soc. Am. 73 (2), February 1683
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attitudinal survey data gathered by the U. S. Army Con-
struction Engineering Research Laboratory in the vicinity of
a large Army base. The purpose of the overall survey was to
examine community response to the impulse noise generated
by such sources as artillery or tanks and helicopters as com-
pared with more normal noise sources such as fixed-wing
aircraft, street traffic, and children. The analysis in this pa-
per forms one part of the analysis of the survey. Other por-
tions of the analysis consider such topics as the growth of
community annoyance with growth in amplitude of events
and with increases in the frequency of occurrence of events,®
the community response by source as a function of noise
zone, and the type of activity disruption caused by the var-
ious sources.” These two earlier papers (Refs. 6 and 7) serve
to document the survey plan, execution, and analysis. They
include dose/response analyses based on both computer si-
mulation and noise monitoring results. The purpose of this
paper is to concentrate solely on time-period adjustments.
Previous studies concerning time-period adjustment
factors have concentrated mainly on fixed-wing aircraft
noise and have usually been performed in the vicinity of ma-
jor commercial airports (e.g., London, Los Angeles, New
York) where there are frequent, loud aircraft flyovers. By
way of contrast, this study was not performed near any such
major fixed-wing aircraft facility. Rather, this study can be
thought of as concentrating on impulse noise, rotary-wing
aircraft noise, gencral aviation aircraft noise (including a few

Boeing 727s and Lockheed C-141s) urban traffic noise, and
neighborhood noise from children and pets.
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These previous studies at large, fixed-wing commercial
airports have been performed in a variety of ways and have
yielded very mixed results. The first Heathrow survey in
London in 1961 indicated a 17-dB Noise and Number Index
{NNI) penalty for nighttime operations.® This corresponds
to approximately an 11-dB penalty in NEF or CNR and
about a 10-dB penalty in DNL.° Fidell and Jones!® found no
significant change in response when nighttime flights were
greatly reduced at the Los Angeles International Airport;
but as pointed out by Ollerhead,'' the nighttime noise, be-
fore climination of nighttime flights, even with the inclusion
of the 10 dB penalty, was far outweighed by the daytime
noise. So perhaps no significant response should be expected.
Borsky,'? at JFK, finds results somewhere in between the
above two extremes. His data indicate a nighttime penalty
which can be shown to be on the order of 3-7 dB. In a further
study at Heathrow, Ollerhead'’ finds rather mixed results.
His data indicate about a 5-dB evening penalty and some
nighttime penalty to be imposed during the period when peo-
ple are trying to fall asleep. More recently, yet another study
has been initiated in the vicinity of Heathrow.'* This study,
in its preliminary stages, has concentrated on how the noise
keeps people from falling asleep, wakes them up, and the
relative annoyance during different time periods. Like
Borsky and Ollerhead, this study finds that the annoyance
per event remains relatively constant during different time
periods of the day. This study also finds a much lower rate of
reported awakenings by respondents as compared with the
rates of awakening predicted by various laboratory studies
such as the work by Lucas er al.'’ In a 1979 study Horonjeff
and Teffeteller'® finds no nighttime or evening penalty either
on a single event or on an equivalent level (L, ) basis. Thus,
the literature presents a rather mixed and inclusive picture.
A recent conference at NASA concludes that “‘time-of-day
effects are real” but does little to quantify their nature.'’

Why might there by a time period adjustment or “‘pen-
alty?” Several points, both acoustical and nonacoustical,
come to mind as potential factors contributing to a time peri-
od adjustment. One possible factor is that the sound may be
intrinsically more annoying during one or another period.
Aircraft at night may be just 'more annoying” than during
the day. A second possible factor is that annoying sounds
may be more readily noticed during one or another period.
Internal household masking sounds are lower at night, exter-
nal background ambient noises are lower at night, and sound
frequently propagates better at night (because of diurnal var-
istions in temperature lapse and wind velocity with altitude).
A third possible factor is that the activities interfered with by
noise during one time period are more critical and, hence,
generate greater annoyance as compared with another time
period and its activities. For example, sleep interference may
be more important than speech interference. A nonacousti-
cal argument asserts that since many more people are at
home during the evening and night as compared with day-
time, a “penalty” is justified to account for the greater popu-
lation at risk. Certainly many other factors can be advanced
for including or excluding time of day penalties in a noise
descriptor.

Some of the studies described above, such as Borsky’s,
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have concentrated on the intrinsic annoyance “value” of an
event at night {such as an aircraft flyover) as compared with
the annoyance value of the same event during the day. These
studies tend to indicate only a small mighttime penalty, if
any; 0 to 3 dB being typical. Other of the studies have con-
centrated on sleep disruption and ability to fall asieep. These
results are also inconclusive. Some studies, such as the first
Heathrow survey, have not sought to separate the factors.
Rather they have compared daytime exposure and its resuit-
ing community response with mghttime exposure and its
resulting community response to determine the “‘penalty”
necessary to establish equivalence between daytime and
nighttime predictions of community response based on ex-
posure. These results are also mixed but tend to indicate the
possibility of a substantial nighttime penalty. While some
have postulated a nighttime penalty because background
noises are lower at night,'®'” no one has quantitatively ex-
amined this factor.

One main purpose of this paper is to quantitatively exa-
mine the second factor described above, that noisy or bother-
some events are more likely to be noticed during one time
period as compared with another. For example, the noise of
children playing or dogs barking may be much more noticea-
ble at night than during the day. Because the noise is noticed
more, the overall annoyance may increase.

This paper will also examine the first factor, intrinsic
annoyance per event. For blast noise, the first Heathrow sur-
vey approach will be used to examine the existence of some
overall nighttime penalty.

I. APPROACH

The energy type of model will be used to approximately
quantify the second factor: the rate of noticing annoying
events. The first paper on these community attitudinal sur-
vey results (Ref. 6) shows that annoyance increases when
respondents subjectively notice annoying events more fre-
quently. The second paper on this survey {Ref. 7) shows that
community response to impulse noise exposure fits an ener-
gy modei. Many other studies show that community re-
sponse to transportation noise exposure fits an energy mod-
¢l.* Since all of the sources in this study appear to fit an
energy model, this fact can be used to approximately quanti-
fy the penalty implied by changes in the likelihood of notic-
ing bothersome events during one time period or another. If
the 10-log (number of events) factor is applied to the number
of events noticed by a respondent {in contrast to the number
counted from physical records), then some notion can be
developed on the importance of the rate of noticing bother-
some events.

This factor can be addressed by comparing the known
physical frequency of occurrence ratio between one time pe-
riod and another to the respondent-reported ratio of the fre-
quency of annoying events between one time period and an-
other. For example, respondents may be bothered by twice
as many events during the day as during the night. If, how-
ever, there are ten times as many actual occurrences during
the day as during the night, then respondents (on an equal-
number-of-occurrences basis) are being bothered by 1/5 as
many of the available events during the day as during the




night. On a 10-log basis, this would indicate an adjustment
or penalty of 7 dB to be applied to events during the night.

This community response survey asked respondents
how often they were bothered by various events dunng the
day (0700 to 1900 h), evening (19C0 to 2200 hy, and dunng the
mght {2200 to 0700 h). Records were available on relative
event frequencies by day and night for blast noise, fixed-wing
aircraft, and rotary-wing aircraft, and official estimates were
available for traffic noise. Thus the above indicated quantita-
tive analysis on the rate of noticing bothersome events is
quite viable.

Quantifying the first factor, the intrinsic annoyance val-
ue of an event as a function of the time period is less straight-
forward. Respondent data are used to assess annoyance per
bothersome event as a funcuion of time penod. However, no
generally acceptable means exist to quantfy shifts in annoy-
ance per bothersome event on a decibel basis. Fortunately,
these shifts appear to be small and so quantifying this factor
largely becomes a moot pornt.

Finally, an additional notion of nightutme penalty is de-
veloped by using the tirst Heathrow survey methodology to
examne blast noise. Daytime and nighttime exposure and
their respective resulting community response (annoyance)
are compared. The number of decibels required to make day-
ume and nighjtime predictions of annoyance equivalent 1s
established by this companson.

Il. DEVELOPED DATA

As a part of the survey indicated above, respondents
were asked whether or not they were generally home during
the day, evening, or night, both for weekdays and weekends.
The general timesof 7a.m., 7 p.m., and 10 p.m. were given to
respondents as guidelines for the boundaries of these time
zones. Respondents home during a given time period were
asked if they were bothered by any of the noise sources and, if
50, how often they were bothered. They could respond: every
day, several times a week, several times a month, once every
few months, or less often than that. They could also respond
by idon't know). However, less than 1% of respondents re-
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TABLE L. Artillery: Respondents usuaily home day, evening, and night during weekdays.
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sponded in this fashion. Finally, respondents who had indi-
cated that they were bothered were asked how annoyed they
were for that time period |i.¢., day, evening, or night; week-
day or weekend). Specifically, they were asked: “And in gen-
eral, taking everything into consideration, how annoyed are
you by noise from (source) during the (time period )?"* Annoy-
ance was judged on a 5-point scale which included: extreme-
ly, very much, moderately, slightly, or not at all.

The analysis in the next section uses only data derived
from respondents normally home during all three time per-
iods so that the same respondents are comparing day with
night. The analysis is more credible by having day, evening,
and night responses from the same set of respondents; so
long as one can show that the responses of these respondents
home at ail times compare favorably with the responses for
those respondents home only part of the time. The following
discussion considers this comparison along with further in-
troducing and explaining the data.

The data were examined to see if respondents home at
all.times could act as a surrogate for the larger completed
data set. Only weekday data were utilitized to compare the
responses of respondents home at all times with those home
only part of the ime. Respondents were grouped according
to their time periods generally at home. The set of respon-
dents generally home days, evenings, and nights formed one
group. A second group contained respondents home days
and nights but not evenings, and a third group contained
respondents home evenings and nights but not days. No oth-
er groups contained sufficient numbers of respondents to be
statistically reliable. The set of respondents home during all
times formed the basic set for analysis. The other two groups
were used to test for differences which might exist between
the responses of the people home all three time periods and
people home only two of the three times.

Tables I-V list the basic data developed for the group of
respondents home during all three time periods. These tables
analyze the frequency with which respondents were annoyed
during each time period (i.e., day, evening, or night). Each
cell of the table lists the number of respondents reporting a
given frequency of annoyance (e.g., every day, several per

Frequency of Daytime Evening Night
being bothered No. No. % No. No. % No. No. %
or annoyed bothered HA* HA bothered HA HA bothered HA HA
Everydsy 17 12 71 11 ? 64 10 9 90
{ Several per week 54 27 50 28 17 61 26 17 65
Several per month 46 3] 3 36 11 31 23 11 48
- few months 2 2 9 19 b 26 23 10 43
Total by
time period 139 56 40 94 40 43 82 47 7
o "Day to might” Daytime plus evening Nightume
:- ,.: total 233—96-—41 82 47 7
.:'. - e
;‘ *HA is an sbbrevistion for the term “highly annoyed™ which is expiained in the text.
. 54
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TABLE II. Airplanes* : Respondents ususlly home day, evening, and night during woekdays.

Frequency of Daytime Evening Night
being bothered No. No. % No. No. % No. No. %
or annoyed bothered HA® HA bothered HA HA bothered HA HA
Everyday 64 36 56 27 12 44 16 13 81
Several per week 44 16 36 3 16 s2 19 10 53
Several per month 16 2 12 15 k] 20 14 3 21
Total by
time period 124 54 “ 73 N 42 49 26 53
“Day to mght” Daytime pius evening Nighttime
total 197—85—43 49 26 53

* Airplanes in this study consisted mainly of single-engine, propeller-driven, generai-aviation aircraft. with a small number of jet and prop-jet propeiled
military and commercial aircraft.
"HA 13 an abbreviation for the term "highly annoyed™ which 1s expiained 1n the text.

TABLE 1l Helicopters: Respondents usually home day, evening, and night dunng weekdays.

Frequency of ' Daytime Eveming Night
being bothered No. No. % - No. No. % No. No. %
or annoyed bothered HA® HA bothered HA HA bothered HA HA
Everyday . i 43 61 32 21 66 20 1?7 85
Several per week 68 p2} 38 38 14 1 19 8 42
Several per month 21 2 10 15 4 27 13 3 3
Total by
time penod 168 74 “ 8s 39 46 52 29 56
“Day to mght"” Daytime pius evening Nighttime
total 253—113—4$ 52 29 56

“HA 1s an abbreviation for the term “highly annoyed™ which is explained in the text.

TABLE IV. Street traffic: Respondents usually home day, evening, and night during weekdays.

s r
LR R

»
P AP |

[ S

- Frequency of Daytime Evening Night

- being bothered No. No. % No. No. % No. No. %

-:, or annoyed bothered HA® HA bothered HA HA bothered HA HA

,! Everyday 59 38 9 7] 34 65 pX] 19 83

- Several per week 23 8 38 3 16 2 28 15 60

2 Several per month 3 2 67 7 3 3 1 3 27

- Total by

: time pertod 8s 4s 53 90 $3 59 59 37 63
“Day to night” Daytime plus evenings Nighttime -
total 175—98—56 9 37 63
R

'Mbumbr!hm“hiwyw”wuduuﬂmhthmt
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TABLE V. Childrea or pats: Respondents wsually homs day, sveming, and night during weskdays.

S

Frequency of Daytime Evening Night
being bothered No. No. % No. No. % No. No. %
or annoyed bothered HA® HA bothered HA HA bothered HA HA
Everyday 56 36 o4 0 32 80 43 37 86
Several per week 24 10 42 27 18 56 “ 26 59
Several per month 5 I 20 9 3 33 14 7 57
Total by
time period 35 & s 76 S0 66 101 n 70
“Day to mght” Daytime plus evening Nighttime
total 161—97—60 101 71 70

*HA 13 an abbreviauon for the term "“highly annoyed" which is expiained in the text.

week, etc.). Second, each cell of the table contains the num-
ber of respondents within that cell reporting “high annoy-
ance” to that frequency of annoyance during that time peri-
od. (In accordance with the previous practice of Schultz?'
and others, “high annoyance™ was defined to be those re-
spondents choosing the top two annoyance responses out of
the 5-point scale described above.) Finally, each cell contains
the percentage of respondents that were highly annoyed out
of the total number of respondents in the cell. For example,
in Table I, 17 respondents reported being annoyed every day
during daytime by artillery and |2 expressed high annoy-
ance for a total-of 71% of the 17. At the bottom of each
column in each table, the number of respondents are totaled
and a new percentage calculated. In addition, the total num-
ber of respondents for day and evening are added together
and this percentage calculated. The reader should note that
the total daytime percentage is merely a weighted average of
the daytime and evening data.

For comparison purposes, the same procedure outlined
above was performed for respondents home only during the
day and night and for respondents home only duning the
evening and night. Again, the numbers of respondents were
totaled across the various possible frequencies of occurrence.
Table VI compares by noise source the daytime and night-
time percentages calculated for people home at all times and
people home only during the day and night but not the even-
ing. Table VII does the same for the evening and nighttime
periods for people home day, evening, and night compared
with people home only during the evening and night but not
the day. These tables serve to compare groups of respondents
home only two of the time periods with the group of respon-
dents home all three time periods. Specificaily, these tables
compare tlre increase in annoyance (if any) for the same num-
ber of occurrences by comparing the percentage of respon-
dents highly annoyed. These tables also compare the respon-
dent’s perception of the number of occurrences which are

TABLE V1. Comparison of responses for respondents home all times (DEN) with responses for respondents home only daytime and nighttime but not

evenings {DN); weekday data.

Numbered bothered Number HA® Percent HA®
Raue Ratio
Source Group Day Night day/night | Day Night Day Night night/day
Artillery DEN 145 94 1.54 59 48 41 51 1.24
DN 14 7 2.00 4 3 29 43 1.48
Aurplanes® DEN 127 56 227 55 28 43 50 1.16
DN ? 6 1.17 3} 1 43 1?7 2.53
Helicopters DEN 174 59 298 78 3 43 53 1.23
DN 10 2 5.00 4 1 40 50 1.25
Traffic DEN 86 63 1.37 43 8 s2 60 1.15
DN 8 6 1.33 3 4 38 67
Chiildren DEN 39 111 0.80 47 T4 53 67 1.26
and
pets DN 1 9 1.22 b 3 43 3 073
AR _ A

* HA 13 an abbreviation for the term “highly annoyed’” which 1s explained in the text.
" Airplanes in this study consuted mainly of single-engine. propeiler-driven, general-aviation aircraft, wath a small number of jet and prop-jet propeiled

military and commencial uircraft. 56
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AR TABLE VI1. Companson of responses for respondents home all times (DEN) with responses (or respondents home only evenings and nighttime but not
ey daytime (EN); weskday dats.
N
Pase. Numbered bothered Number HA* Percent HA*
s ' Ratio Ratio
[ -‘: Source Group Day Night day/night | Day Night Day Night night/day
s
‘."'-: Artillery DEN 98 94 1.04 43 438 4“4 51
A ::_ EN 134 105 1.28 57 52 43 50
L3
o Airplanes® DEN 7 $6 1.36 3 8 st 50 1.22
EN 144 98 1.47 60 58 42 59 1.40
:- Helicopters DEN 89 59 1.51 39 k)| 4“4 53 1.20
L EN 135 83 1.63 69 43 51 52 1.02
N . Traffic DEN 9 63 1.44 54 38 59 60 1.02
- T e EN 139 94 1.48 72 52 52 55 1.06
Children DEN 84 111 0.76 52 74 62 67 1.08
v and
:'.J pets EN 137 141 L1 7t 8s 51 60 1.18

“HA is an abbreviation for the term “highly annoyed" which is explained in the

mulitary and commerical aircraft.

bothersome (1) at night as compared with during the day or
(2) at night as sompared with during the evening.

One can especially note the close comparison-between
the group home at all times and those home only during the
evening and night but not the day. The comparison is not
quite as good between the group home at all times and those
home only during the day and night but not the evening.
However, the group home only during the day and night is
rather small (7 to 14 per cell) and so a close comparison
should not necessarily be expected. In comparison, the
group home during the evening and night has 100 to 150
respondents per cell. Tests of significance by source and time
period show no significant difference between the group

text.

® Airplanes in this study consisted mainly of single-engine, propeller-driven, general-aviation atrcraft, with a small number of jet and prop-jet propeiled

dents home all times respond similarly to those home only
part of the time.

As an additional test of the use of respondents home at
all times as a surrogate for the entire group of respondents,
overall respondent group annoyance ratings were examined.
In an earlier question in the survey, respondents were asked
in general how often they heard (in contrast to being both-
ered) a given source, how loud they perceived it to be and
overall how annoyed they were. The possible responses for
frequencies of occurrence and degrees of annoyance were as
outlined above.

Table VIII shows the basic percentage of respondents in
each group highly annoyer’ to a given noise source category,

home all times and those home only day and night but not the group size, and the response to the same questions by the
s evening (Table V1), or between the group home at all times universe of respondents. The data in this table show that of
o and those home only evening and night but not day {Table the three weekday response groups, the group home day.
Ay VII). Overall, Tables VI and VII indicate that the respon- evening, and night had most nearly the same response as
[,
: v TABLE VIII. Companison of respondent group size and overall percent HA®.
_ R —
- Weekdays Weekend All
N Group/source DEN DN EN DEN respondents
X Group size 28 63 891 1292 2147
Artillery 10.1 11 11.4 11.2 9.6
Strest traffic 9.0 19 12.5 10.8 9.6
Airpianes® 14 9.5 10.4 9.0 18
Halicopters 11.4 127 12.7 11.9 10.5
Children
and dogs 123 Ll 13.0 12.0 10.7

£
*HA is an shbrevistion for the term “highly aanoyed” which is explained in the text.

* Airplanes in this study consisted mainly of singie-engine, propelier-driven, gwnerai-aviation sircraft, with s smail number of jet and prop-jt propeiled
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TABLE [X. Comparison of responses for respondents home a¢ all times on weskends. : ::':::

e S — _.:-\.

Number bothered Percent HA® et

Day plus Day plus S

Source Day Evening evening Night Day Eveming evening Night ded

Artillery 175 142 317 133 pr ) 87 «8 TR

LIt

Auplanes® 159 125 284 97 “ 48 46 54 A

Helicopters 183 134 319 97 51 54 52 61 o

re

Trafhc 185 192 m 151 55 58 57 58 e

Chiidren Lo

and pets 170 163 333 178 55 60 57 61 P,

O

*HA is an abbreviation for the term “highly annoyed" which 1s explained in the text. ; by

" Airplanes in ths study consisted mainly of single-engine, propeiler-dnven, general-aviation arcraft, wich a small aumber of jet and prop-jet propelled [:L\'
military and commercial aircraft. ;

given by the overall universe of respondents, and that the their reactions to sounds in the day, the evening, and the
two other groups (day~night and evening-night) both exhibit night.

slightly higher response rates than do the day/evening/night The data used in the analysis in this paper are the sums
group and the universe of responses. Langdon*? has reported appearing at the bottoms of Tables [-V. Before performing
on similar results in research by Aubru; that is, greater over- this addition, tables similar to Tables [-V were constructed

all annoyance for respondent groups home part of the day  for the group home only daytime and nighttime but not
rather than the whole day. Respondents usually home all evenings and for the group home evening and nighttim: but
times on weekends, as a group, also compare favorably with not daytime. These 15 tables were examined (1) by group, (2}
the universe of respondents, but the responses are somewhat by frequency of occurrence, and (3) by noise source category
higher than for the weekday group. Thus, by this test, the to discover unusual variations, if any, in the percent highly
groups usuaily home at all times (either during the week or  annoyed. No inconsistencies of any kind could be deter-
on weekends) appear to be appropriate groups for use in ana- mined. Thus it was concluded that the data in Tables I-V
lyzing and quantifying a nighttime or evening penalty. As could be reduced by adding the number of respondents in
noted earlier, this resuit, that only respondents home ail each column as shown in these tables.

times be used to represent all the respondents, simplifies the As a source of additional data, weekend responses were
following analysis, since the same respondents provided analyzed by methods similar to those outlined above. Unlike

TABLE X. Companson of responses for respondents homes all times, during weekdays and dunng weekends.

Numbered bothered Number HA* Percent HA
Ratio
(day plus Ratio
Day plus evening)/ | Day pius Day plus {night/day
Source Group evening Night night evening Night evening Night plus evening) .
Astillery Weekday 243 % 2.9 102 48 o) 50 121 =N
Weekend 317 133 2.38 150 64 47 48 1.02 L
Airplanes® Weekdsy 203 56 3.62 36 28 «Q 50 119 ]
Weekend 284 97 2.93 130 52 “ 4 . ._‘
Helicopters Weekday 263 59 .46 1 3 Py 3 1.23 ‘5 4
Weekend 319 97 3.29 167 5 7] 61 .17 :-J.‘
Traffc Weekday 177 63 2.81 9 38 $6 60 1.07 A
Weekend 77 151 2.50 214 87 57 58 1.02 .
Children Weekday 173 1t 1.50 9 74 57 67 .18
and pets Weekend 333 178 1.87 19 109 57 61 1.07
.- - —— — . -
*HA is aa sbbrevistion for the term “highly snnoyed” which is expiained in the text.
* Airplanss in this study consisted mainly of ungle-engine. propeller-driven, general-sviation aircraft, with a small number of jet and prop-jet propelled
military and commercial sircraft
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TABLE XI. Rate of noticing bothersome events.
s

Number bothered; Actual occurrence; Ratio R;
(day plus (day plus evening/ {column 2/
Source Group evening/mght)* night) column 1) 10 logiR )
Artillery Weekday 26 6.5° X 40 T
Weekend 24 15.0 6.2 7.9 "
Aurplanes’ Weekday 36 10° 28 4.5 >
Weekend 9 13 4.5 6.5 o 1:
Helicopters Weekday .5 24 5.3 12 o
Weekend 33 2 13 8.6 M
Traffic Weekday . 28 1220 4= 6—8 el
Weekend 2.3 12-20 5-8 7-9 :‘
l*h ‘h
Children Weekday 16 10 - 20° 6~ 12 8- 11 AT
and b 1%
pets Weekend 1.9 10-20 6-11 811
£
* From Table X. o
* Base records. a_‘_:‘-_:
“ Aurplanes in this study consisted mainly of single-engine, propeller-driven, general-aviation aircraft, with a small number of jet and prop-~jet propeiled "._-:-,
military and commercial aircralt. : f,‘ -
9 Records—airfields. A

* State Highway Department estimate.
‘ Author’s estimate.

during the Week, only the group composed of respondents
normally home days, evenings, and nights on wéekends was
sufficiently large to analyze and obtain reliable resuits.
These data are similar to the weekday results and are includ-
ed in Table IX and in the results following (Tables X-XII).

iIl. QUANTIFICATION OF THE PENALTY WHICH
RESULTS BECAUSE EVENTS ARE MORE LIKELY TO BE
NOTICED AT NIGHT

As described in the approach, this analysis depends on
two primary data sets: respondents’ estimates of the frequen-
cy of occurrence of bothersome events and physical records
as to the actual frequencies of occurrence. Since these latter
data were only available by day (0700 to 2200 h) and by night
{2200 to 0700 h) it was decided to concentrate only on a
nighttime adjustment or penaity.

In order to do this, the frequency of occurrence re-
sponses for daytime and evering combined (*“overall” day-

time) are compared with nighttime for respondents home
during the day, evening, and night (Table X). This tabie uses
the summed responses from during the day and evening and
compares them to the nighttime responses. Respondents
were asked their assessment of frequency of occurrence se-
parately by day (7a.m. to 7 p.m.}, evening (7 p.m. to 10 p.m.),
and night (10 p.m. to 7 a.m.). Thus adding the day with even-
ing figures gives the overall respondent assessment of num-
ber of bothersome events occurring between 7 a.m. and 10
p-m. This day total is compared with the nighttime number
of bothersome events.

Table X contains both weekday and weekend data by
source and time period. There is only one significant differ-
ence. For helicopters during the day plus evening, the 43%
figure for weekdays is significantly different from the 52%
figure for weekends at the 0.01 level. So, in general, the week-
day and weekend data tend to support one another.

TABLE XI1. Percent highly annoyed by impuise noise during daytime and nighttime hours for two ranges of C-weighted day-night average sound

fevel.
E N AT -
Day plus evening* Night

LDN range No. Home No. HA % HA® No. Home No. HA % HA®
Weekday 83 16 19 b 16 27

>60 Weekend 12 21 19 57 13 23
Total® 639 112 19 409 106 26
Weekday 2422 155 ] 1 744 93 s

<60 Weekend 2 896 140 M | 648 n 4
Total* 17 902 1058 (] 12016 602 b

- -

* Day plus evening 1s a summation of the responses for those peopie home dunng daytime with those home dunng evenings. As such, the percent highly
umdmmunmdaymlmwudby(Mnhunnuubwo(wmaymWwM
* Porcent HA s the number of “HA"™ responses divided by the total number of responses during the indicated time period.

'mw-u-o-nnu-mmayammmmmu-wummmumhmnmmmmm
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The first of the center data columns in Table XI sum-
marizes the ratio of the number of noise events noticed and
bothersome during daytime hours to the number noticed
and bothersome during nighttime hours. In all cases, the
ratio is greater than one. More events are noticed and found

bases.? This program operates in an analogous fashion to
other noise contouring programs, but is designed to imple-
ment the procedures for assessing high-amplitude transient
sounds recommended by the National Research Councils
Committee or Hearing, Bioacoustics and Biomechanics
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bothersome during the day than during the night. However,
there are many more daytime events to be noticed than there
are nighttime events.

{CHABA).** Basically, this procedure utilizes a C-weighted
DNL to predict community response. It includes a 10-dB
nighttime penaity. This formulation discards single event

The factor of interest (R ) is given by: sound exposure levels that are below 85 dB during the day-
time and below 75 dB at night. As program options, one can
produce contours for night only or for day only and one can

select the value of the lowest sound exposure level to be in- (¥

= \number noticed and bothersome per night)
(physical number of events per night)

. (number noticed and bothersome per day) X - Ry

- hysical number of cvents per day) cluded in the computation. ROy

, (Phys . For this alternate analysis, the above program was uti- X

This factor can be rewritten as lized separately for day and for night. The value of the lowest :::-:'.\

R = {physical number of events per day) sound exposure level included was adjusted downward to 40 ::._.;:

(physical number of events per night) dB so that all audible events were included. The thresholds
were eliminated so that one could compare the size of the

(number noticed and bothersome per day)
~ |number noticed and bothersome per night) daytime sound exposure level contours with the size of the

Hs

v
¥
v

The ratios of physical occurrences were obtained from site nighttime sound exposure level contours without presuypos- el

. . . ing that a 10-dB nighttime penalty was appropriate. The re- R
records and are also listed in Table XI. Finally, Table XI sults of this analysis showed that the night only contours ‘“':." Y
contains the values (R ) and 10 log (R ). As discussed in the ¥ g y b"
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approach, 10 log {R) yields an indication of the nighttime
adjustment or penalty which results because events are more
likely to be noticéd at night than during the day.

V. QUALIFICATION OF THE INTRINSIC ANNOYANCE
PER BOTHERSOME EVENT

Tables I-V summarize annoyance per bothersome
event as the ““percent highly” annoyed. This is defined by the
ratio of the number of highly annoyed respondents (in a time
period) to the number of bothersome events. It can be
thought of as “annoyance per bothersome event.” Table IX
summarizes these data for the three time periods and for day
and evening combined (daytime total). These data reveal no
significant differences between day and evening. Annoyance
per bothersome event does not significantly vary between
these two time periods.

Examination of these same data reveals that in most
cases annoyance per bothersome event does increase some-
what at night. To better illustrate this increase, the daytime
and evening data were combined (as indicated in Tables I-V)
to form an all day (7 a.m. to 10 p.m.) percent highly annoyed.
Since this is a percentage, it represents a time period weight-
ed average of the daytime and evening data (data which do
not differ significantly from one another anyway). Table X
lists these data. The ratios of the nighttime to the. “all day”
percent highly annoyed are shown in the last column of Ta-
ble X. These ratios can be thought of as the intrinsic increase
in annoyance per bothersome event during the night as com-
pared with during the day.

V. AN ALTERNATIVE ANALYSIS TO DETERMINE A
NIGHTTIME PENALTY FOR BLAST NOISE

The Construction Engineering Research Laboratory

has developed a computerized model for predicting C-
weighted DNL contours based upon the operations at Army

{(with a 10-dB penalty) are typicaily O to 2 dB greater than the
day only contours in areas off-post where the DNL value is
in the range from 50 to 70 dB.

The off-post impulse noise survey data were analyzed
by C-weighted DNL zone and time period. Table XII con-
tains these resuits for the 60 to 70 dB and the 50-to 60-dB
zones. The data are shown separately for weekdays and
weekends and separately for daytime {day plus evening) and
for nighttime. The daytime data were deveioped by adding
together the total responses of those respondents indicating
that they were normally home during the day to the total for
respondents indicating that they were normally home dur-
ing the evening. For these same two time groups, the
numbers of respondents in each group indicating high an-
noyance were summed. The percent highly annoyed was cal-
culated from these two sums. As indicated above, this addi-
tional process represents a weighted average of the two time
periods: day and evening. The contour results, however, are
based upon the average day, which is a reflection both of
weekdays and weekends. In order to combine the weekday
and weekend data without too heavily weighting the week-
end, the weekday totals were multiplied by S and added to
the weekend totals multiplied by 2. This weighting should
account for the five weekday days and two weekend days in a
week. These overall sums were then used to agsin caiculate a
revised percentage of respondents highly annoyed. The over-
all results showed a slight increase in the percent of respon-
dents highly annoyed at night as compared to the day for the
higher noise zones and no increase for the lower noise zones.

Since the highly annoyed percentage was the same dur-
ing daytime and nighttime, one can ask what nighttime ad-
justment must be incorporated into the DNL formulation
such that the daytime and nighttime contours are both ap-
proximately the same in size and shape. From the contour
analysis contained above, it appeared that a nighttime ad-
justment on the order of 9 dB was required to establish this
equivalence between daytime and nighttime responses.
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Vi CONCLUSIONS

The results in Table XI show that bothersome events
are more likely to be noticed at night than during the day.
This factor alone can justify some nighttime penalty. The
value of this penalty appears to be on the order of 5-10 dB.

The intrinsic annoyance per bothersome event (Table
X) does not appear to change greatly between day and night
although it does increase slightly at night. This result is con-
sistent with previous research which has addressed this spe-
cific question.

The results for blast noise differ slightly from the results
for the other sources. Blast noise exhibits the smallest in-
crease in likelihood of being noticed at night as compared to
daytime. This result is not surprising since the nature of blast
noise is a sharp impulse which rises above the ambient and is
thus quite noticeable at all times. Put another way, normal
indoor or outdoor background noises will not mask biast
noise during any time of the day.

Although the increase in likelihood of being noticed is
smallest, blast noise exhibits the largest increase in intrinsic
annoyance per bothersome event. If one takes into account
the results of the alternative analysis which indicated a
nighttime penality on the order of 9 dB, then one can suggest
that the two factors (i.e,, increase in likelihood of being no-
ticed and increase in intrinsic annoyance per bothersome
event} are combining to yield a nighttime penalty for blast
noise which is also on the order of 5 to 10 dB.

Overall, these results tend to support retention of a
nighttime penalty in descriptors such as DNL. Further,
based on these results, one would not be tempted to depart
from the long-established 10-dB value for the penalty. Most
importantly, this study indicates that the increase in the like-
lihood of an event being noticed at night as compared with
day is a ma’n factor in favor of the existence of a nighttime
penalty. The in~reases in the intrinsic annoyance per bother-
some event is not as important a factor.
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Assessment of community response to impulsive noise e
Paul D. Schomer :::1'::
U.S. Army Construction Engineering Research Laboratory, Champaign, Illinois 61820 :.::"j
(Received 15 November 1983; accepted for publication 19 September 1984) :::::“

The U.S. Army Construction Engineering Research Laboratory has completed community
attitudinal surveys at two major Army installations. The main purpose of these surveys was to
better understand community response to the impulsive noise generated by large Army weapons
such as tanks, artillery, or demolition. The results show that an energy type of model such as the
C-weighted day/night average sound level (CDNL)is the best available descriptor for community
response for these types of impulsive sound. Growth in annoyance to all noises increases
monotonically with both sound amplitude and frequency of occurrence. This descriptor should
incorporate a nighttime adjustment on the order of 10 decibels (dB). The exact function for
relating the percentage of a community highly annoyed to CDNL remains in question. It appears
that the present National Academy of Science Committee on Hearing, Bioacoustics and
Biomechanics (CHABA) recommendation may underestimate actual annoyance, and that the
functional relation between annoyance and CDNL should be shifted by 3-4 dB. However, more
research on (a) the percentage of a community highly annoyed versus CDNL and (b) the existence
and value of community rise- and decay-time constants is required to clarify this issue.

PACS numbers: 43.50.Ba, 43.50.Qp, 43.50.Sr, 43.50.Pn

INTRODUCTION

Descriptors for community reaction to noise have been
the focus of study for at least the past quarter century. Com-
mon to the assumptions inherent in most of these descriptors

(3) the community response to sound exposure at night
increases compared with the same sound exposure during
daytime.

The Day-Night Average Sound Level, DNL, is a typical
representation of these descriptors. Inherent in this descrip-
tor are the hypotheses that the community reaction grows in
direct proportion to the growth in sound exposure level
(SEL), that the community reaction grows in proportion to
10 log of the number of events, and that a nighttime (2200-
0700) adjustment or “penalty” of 10dB is appropriate. Other
descriptors, such as the Community Noise Equivalent Level
(CNEL), inherently incorporate the hypothesis of an evening
(1900-2200) penalty of 5 dB in addition to the nighttime
penaity. These descriptors are typical of a number of descrip-
tors which are termed “equal energy” models in that a
growth of 3 dB in SEL is considered equivalent to a doubling
of the number of events.

- This paper concentrates on these issues. This analysis is
o based upon community attitudinal survey data gathered by

sources such as fixed-wing aircraft, street traffic, and chil-
dren

survey analysis; attitudinal information, computer-predict-
ed noise zone maps, and physically monitored site-specific

are three hypotheses': information. This paper describes the measures and proce-
(1) The community response increases monotonically  dures used to develop and obtain these data in the vicinity of
with sound amplitude; Fort Lewis, Washington, and compares the results of that :
(2) the community response increases monotonically  study to one performed earlier in the vicinity of Fort Bragg, -
with frequency of occurrence; and North Carolina. The Combined Army Survey results> are i

compared with sonic boom results® and with the recommen-
dations of Working Group 84 of the National Academy of
Science Committee on Hearing, Bioacoustics and Biome-
chanics (CHABA).®

The survey instrument was a questionnaire developed
by the U.S. Army Construction Engineering Research Lab-
oratory (CERL) and outside consuitants. To enhance the
cross-comparability of CERL’s data, CERL adopted the
five-level adjectival description scale for annoyance used in
many earlier American surveys. Using this scale, survey re-
spondents could rate themselves to be (1) not at all annoyed,
(2) slightly annoyed, (3) moderately annoyed, (4) very much
annoyed, or (5) extremely annoyed. Respondents who chose
the latter two ratings, “‘extremely annoyed” and “very much
annoyed,” were combined into a single “highly annoyed”
category. This questionnaire was the same instrument used
for a similar, earlier study performed at Fort Bragg, except
that a few open-ended questions were deleted.

The survey instrument was typical of those previously

f. the U.S. Army Construction Engineering Research Labora-  used in the United States and other Western countries. It was
=7 tory in the vicinity of two large Army bases. The purpose of  administered by interviewers and took about 30 min. The
2 the overall survey was to examine community response to  University of Illinois Survey Research Laboratory (SRL)
s the impulsive noise generated by such sources ss artilleryor  handled the details of survey administration and sampling.

tanks and helicopters as compared with more normal noise
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Using the procedures recommended by Working

Two types of data are required for a total attitudinal
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FIG. 1. Predicted CDNL contours, monitor sites, and predominant respondent groups in the Fort Lewis study ares.

Group 84 of CHABA, C-weighted Day/Night Average
Sound Level (CDNL) noise zones were generated by CERL's
blast noise prediction computer program for Fort Lewis and
Fort Bragg based on activities such as armor and artillery
fire.” In each case these physical predictions of exterior noise
zones were based on a whole year’s operational data.

Fort Bragg is adjacent to Fayetteville, NC, on the east
and southeast with smaller towns nearby to the south and
west. The Fort Bragg test plan called for random survey
samipling in the various noise strata and a quasirandom dis-
tribution of 15 monitoring locations throughout the study
area. The Fort Bragg study is described in detail in Refs. 2-4.

At Fort Lewis, seven sites are chosen to represent the
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various types of off-installation communities and noise
zones. An eighth on-installation site was also chosen. Figure
1 shows the noise zone map generated by the computer for
Fort Lewis and the eight survey sites. Clusters of respon-
dents were chosen in the vicinity of each site. Random sam-
pling was used within a cluster area if the area’s population
was large enough; other areas were exhaustively sampled.
Table I lists the goals set for the number of completed inter-
views in each cluster area and the actual number of complet-
ed interviews at each cluster site. Impulsive noise monitor-
ing using the CERL noise monitor was performed at each of
these eight locations for the 6 months before the attitudinal
survey was administered.®
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TABLE L. Cluster/monitor sites in the vicinity of Fort Lewis.

Number of Number of

Site Metric grid surveys surveys
number Site name coordinates (goalj  completed
i Clinton Park 35 800, 223 700 150 109

(Tacoma)
2 Steilacoom 29 700, 223 300 150 153
3 Roy 35 100, 206 050 150 146
4 On-Instaliation 30 700, 216 000 200 197
{Davis)
S Yeim 28 500, 200 200 200 198
6 Lake St. Clair 19 800, 205 550 150 160
7 Mushroom 16 800, 209 930 150 143
Corners
(Olympia)
8 Nisqually 22 350, 211 500 150 147
1300 1253

Fort Lewis is adjacent to Puget Sound, just south of
Tacoma and somewhat north of Olympia. There are exten-
sive housing areas on perhaps one-third or one-fourth of the
installation’s perimeter; the remainder of the perimeter is of
a rural or sparse surburban character. The survey cluster
areas were chosen to represent all the different types of com-
munities on the installation perimeter. The survey's sample
design and monitoring strategy departed markedly from
that used at Fort Bragg and was designed to streamline data
collection and enhance the results. Rather than use the Fort
Bragg method, which called for random survey sampling
and quasirandom noise monitoring within the total noise
strata, the Fort Lewis study closely coupled the noise moni-
toring with the sample design. Thus eight cluster sites were
chosen for intensive study based on geological area and com-
puter-predicted CDNL noise zones.

CERL’s monitoring procedures were used successfully
at Fort Bragg to obtain a fair comparison between predicted
and measured values. However, these same monitoring pro-
cedures failed at Fort Lewis. The monitoring procedures are
designed to minimize inclusion of nonblast noises into the
measured CDNL. Only blast noises having a peak level in
excess of 105 dB are included. Any noises having a duration
greater than 2 s are recorded on analog tape and later lis-
tened to by a technician to insure that it is not a nonblast
noise such as helicopter noise. If the wind speed goes above a
preset threshold of 18 km/h, the data are discarded. Clearly,
these procedures, which are designed to insure that only
blast noise is used in the measured total, will eliminate some
valid blast noises from the measured total. Also, since
weather patterns and resulting sound propagation condi-
tions are seasonal, the 5-month period of measurement at
Fort Lewis possibly was insufficient. Reference 9 offers more
details on these monitoring issues.

The results of the monitoring are inconsistent with the
survey results. As will be shown, the community attitudinal
results compare favorably with the predicted noise zone map
for Fort Lewis. However, the attitudinal survey results im-
ply far too much annoyance when arrayed against the mea-
sured noise data. Because of this monitoring problem, this
paper uses only the CDNL noise zones predicted by the com-

puter for correlation with the attitudinal survey data. If only
the monitored data had been used, the analysis results would
have implied that (1) communities have large levels of annoy-
ance to very low levels of impulsive noise, (2) the current
National Academy of Science recommendation and Army
procedures greatly underestimate the community annoy-
ance, and (3) CERL’s noise contour computer program
greatly overestimates the physical noise. However, the large
body of scientific data already accumulated indicates that
the community annoyance was not greatly underestimated,
and, hence, the computer program is not greatly overesti-
mating the physical sound. Rather, it appears that state-of-
the-art blast noise monitoring procedures may not accurate-
ly quantify physical sound levels in all cases because of
source identification and temporal sampling limitations.

A. Questionnaire design

Two survey instruments were used: the Interviewer Re-
port Form (IRF) and the Community Attitudes Survey
{CAS) questionnaire. The questionnaire was designed to de-
termine what noises people hear, their frequency and level of
annoyance, and to compare various noises.

The IRF was completed by the interviewer, based on
his/her obsérvations. Demographic data about the respon-
dent ~nd his household, house, and neighborhood were re-
corded in addition to the respondent’s attitude toward noise.

The CAS begins by asking information on the respon-
dent’s neighborhood rating, his likes and dislikes about the
neighborhood, and if the respondent every considered mov-
ing away. After this general beginning, questions 9-35 are
devoted to noise. Question 9 was intended to find out what
noises the respondent hears; the interviewer was allowed to
prompt the respondent by naming specific noise sources.
Question 10 evaluated the frequency and magnitude of the
noises. Question 11 evaluated the seasonality and general

‘annoyance level.

Questions 12-18 addressed the frequency of occurrence
and the annoyance level of noises heard for various times of
the day; it also established whether the noises occurred on
weekdays or weekends. Questions 20-22 and 27 evaluated
the extent to which noise interfered with the respondent’s
activities. Questions 23 and 24 dealt with vibration and da-
mages caused by noises. Questions 25 and 26 were concerned
with frightening or startling noises. Question 27 asked
whether noise interfered with activities which require care
and concentration. Questions 19 and 28 asked about what
noises disturbed the respondent’s sleep, rest, or relaxation.
Question 29 asked about noises which disturbed othersin the
household. Question 30 evaluated the respondent’s opinion
of how much could be, should be, and is being done about
noises. Questions 31 and 32 asked about the respondent’s
sensitivity to noises. Questions 33 and 34 dealt with the re-
spondent’s attitude toward Government installations and
asked him whether he thought he should complain to them
about noises. Question 35 asked if the respondent owned his
home. Questions 36-39 were demographic questions.

Survey data were analyzed by CERL using the Statisti-
cal Package for the Social Sciences on a CDC 6700 computer
located at Boeing Computer Services, Renton, WA.
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B. Fort Lewis survey resuits

The remainder of this paper will discuss the results of
the Fort Lewis survey and compare them with the survey
results reported in Refs. 2—4. The referenced papers de-
scribed the community attitudinal survey, computer predic-
tion, and direct monitoring results for Fort Bragg, a large
Army installation. Specifically, Ref. 2 describes the growth
of annoyance with increases in loudness of events or in-
creases in frequency of occurrence of events. Reference 3
suggests the overall descriptor to relate community response
to blast noise. Reference 4 describes nighttime adjustments
or penalties for noise descriptors. Each of these papers builds
its case and develops its conclusions based on a set of tables
listing data reduced in various fashions. In each paper, a
subset of the total tables are used to support the final conclu-
sions of that paper. In this paper, the most important tables
are presented for the combined Fort Lewis-Fort Bragg data
set, and general conclusions are developed based on this en-
larged data set.

One of the most remarkable results of the Fort Lewis
study is that there generally are not statistically significant
differences (at 95% confidence level) between the Fort Lewis
and the Fort Bragg study. Those differences which do exist
are concerned mainly with airplanes, street traffic, and
neighborhood noise sources (children and/or pets), and not
with blast noise sources or helicopters. Thus the analysis and
results in this paper are greatly strengthened since they are
based on the combined results of two surveys administered
at different times and in different parts of the country.

In light of the second (Fort Lewis) survey results, this
paper again analyzes (1) the growth of community response
with increases in loudness or frequency of occurrence, (2) the
overall descriptor witk which to assess impulsive noise, and
(3) the overall existence and numerical value of nighttime
adjustments or penalties. The combined results reinforce the
materials in Refs. 2—4. The main result—the percentage of a
community which is “highly annoyed” as a function of the
CDNL—is indistinguishable between Fort Lewis and Fort
Bragg.

I. GROWTH OF COMMUNITY RESPONSE WITH
INCREASES IN LOUDNESS OR FREQUENCY OF
OCCURRENCE OF EVENTS

References 2 and 10 describe the increase in community
response with increases in loudness of events or with in-
creases in frequency of occurrence of events. For the Ref. 2
analysis, respondents were classified by their own perception
of how loud the source was and its frequency of occurrence,
rather than by exterior noise zone. This was done because,
even if the exterior noise in an area is a constant, differing
types of building construction, lifestyles (e.g., televisions or
radios on or off), and window and room exposures with re-
spect to rather localized noise sources (children, street traf-
fic, etc.) may combine to produce a rather large uncertainty
as to the actual exposure received by any individual respon-
dent. This approach of classifying respondents by their judg-
ment of loudness should help eliminate the variability in re-
sults one gets within a noise zone because of variations in the
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interior noise level with a constant exterior noise level. For
example, respondents normally having windows open may
judge the sounds as louder than do respondents with win-
dows normally shut. The former respondents may also be
more annoyed because of the increased loudness they exper-
ience.

There was a second reason for this rather unconven-
tional analysis approach. In a conventional analysis, exterior
noise zones are predicted and measured based on amplitude
of events and frequencies of occurrence, both of which are
highly correlated within any noise zone because of the phys-
ical realities of the situation. That is, amplitude and frequen-
cy of occurrence are highly correlated and it is impossible to
independently analyze the growth of annoyance with fre-
quency of occurrence and with loudness of events for a given
area by analyzing the responses of individuals within a given
noise zone. It is differing building construction and building
orientation which cause the variations in actual received
loudness and frequencies of occurrence by respondents in-
doors, and it is differing lifestyles which further vary respon-
dents’ perceptions of these quantities. Since this study did
not have the resources to measure the received dose of each
respondent to each source, the next best way to perform the
study was to use the respondents’ own perception of loud-
ness and frequency of occurrence of cvents.

Naturally, the reader will wonder how closely a respon-
dent’s answers correspond with the actual interior loudness
and frequency of occurrence. Although proof that respon-
dents are “accurate noise monitors” is impossible without
indoor measurements, the analysis given at the beginning of
Ref. 2 indicates that respondents generally differentiate
between varying amplitudes and frequencies of occurrence.
The results of both the Fort Bragg and Fort Lewis studies
show that responding groups nearer to the installation re-
port blast noise sources as louder and more frequent than do
those groups further from the installation. These results cor-
respond with the physical situation.

Both the Fort Bragg and Fort Lewis surveys consider
five noise source categories: (1) artillery, (2) airplanes, (3) he-
licopters, (4) street traffic, and (5) children and/or pets. For
each category, the data were arrayed by loudness, frequency
of occurrence, and percentage of respondents *“highly an-
noyed.” Figure 2 presents these data. Within a cell, the size
of the circle is proportional to the percentage of respondents
*“highly annoyed.” The aggregated data in this figure clearly
show that, for all sources, annoyance increases as frequency
of occurrence increases or as perceived loudness increases,
or as both increase.

To better examine the growth in the percentage of re-
spondents “highly annoyed" as a function of increase in fre-
quency of occurrence, data were aggregated across all levels
of loudness and across several source categories. For each
frequency of occurrence, sums were calculated over all five
loudness ranges. In some cases, these totals were further ag-
gregated over two or more types of sources such as fixed and
rotary using aircraft. This yielded the number of respon-
dents who indicated they were “extremely annoyed” or
‘“very much annoyed,” plus the total number of respondents.
These calculations were done for the 1.... wing noise source
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categories: (1) artillery alone, (2) helicopters alone, (3) traffic
+ children and/or pets + airplanes, (4) traffic 4 children
and/or pets + airplanes + helicopters, and (S) helicopters
+ trafic + airplanes. These groups were chosen to contrast
(1) blast with helicopter noise and (2) blast or helicopter noise
with all other noise categories.Table II lists and Fig. 3 illus-
trates some of these data. While the percentage in Table II
for blast noise is higher than for other noise sources, the
ratios from one frequency to the next are similar from source
to source. Table 111 indicates the ratio of “highly annoyed™
from one frequency of occurrence to the next (one row to the
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next) within each group. For example, the 1.4 in column 1 is
the ratio of 40 (the percentage for daily) to 28 (the percentage
for several per week).

These data reveal five general trends:

(1) Table II shows that for a given frequency of occur-
rence, the percentage of respondents annoyed by blast noise
is somewhat larger than for the other noise sources. The
other noise sources are otherwise quite similar.

{2) Table I1I shows that the first three ratio changes for
all other noises as compared with blast noise (and indeed
across all noise sources) are quite similar. {Helicopters de-
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TABLE I1. Aggregated data overall loudness by frequency of occurrence; percentage of respondents “*highly annoyed” (number in cell in parentheses).

Helicopter
+
Traffic traffic Helicopter
+ + +
children children traffic
+ + +
Frequency Blast* Helicopter aircraft aircraft aircraft
Daily 40 29 26 27 25
(176) (664) (2474) {3138) (2228)
Several 28 15 16 16 15
per week (700) (668) (1271) (1939) (1565)
Several 17 8 10 9 8
per month (900) (440) (579) {1019} (909)
Once every 3 2 8 5 4
few months (492) (156) (188} (344) (308)
Less often 2 2 8 6 6
(63) (48) (133} (247) (204}

* The percentage of respondents “highly annoyed™ to blast noise was compared to the other four noise groups using Fishers' exact test. The blast percentage is
significantly (0.01 level) higher than the other for each of daily, several per week, and several per month frequencies. For once every few months, it is
significantly higher than the helicopter percentage and the helicopter + traffic + aircraft percentages. There are no significant differences for the less often

frequency.

part somewhat on the third ratio, i.c., several per month to
once every few months.)

(3) In Table III, the last ratio change in the blast noise
column (once every few months to less often) is much larger
than for the other noise sources. As shown in Fig. 3, this
result indicates that the community response integration pe-
riod for blast noise apparently extends down to and beyond
once every few months.

{#) For the other sources, the integration period appears
to be shorter, extending down to occurrences more on the
order of several per month or once every few months.

(5) All of the sources (in terms of community annoy-
ance) become unimportant when occurrences drop to less
often than once every few months.

Table IV examines the growth function with respect to
loudness by averaging, by source and combination of

wast
[ ] coeren
[///] mearnc s omomin « amcanry

PERCENT MIGMLY AMNNOYED

Odn.y SEVERAL PER SEVERAL PER ONCE EVERY
wEEx MONTH

FI1G. 3. Judged frequency of occurrence.

sources, over frequencies of occurrence. It lists results for (1)
each source alone, (2) children and/or pets + traffic, and (3)
blast sources + helicopters + airplanes. (The latter two
groups were formed because their members are significantly
different from one another.) Table V indicates the ratio
change in the percentage of respondents “highly annoyed”
from one loudness to the next within each group. Unlike
Table III, which revealed that the ratio changes are about
the same from one source to another {except for very infre-
quent occurrences), the ratio changes with loudness are dif-
ferent from one type of source to another. The trends indi-
cate that the five sources can be divided into the two groups:
(1) blast sources + helicopters + airplanes, and (2) street
traffic + children and/or pets (see Fig. 4). These groups have
two distinct differences between them. For a given loudness,
there is a substantially higher percentage of respondents
*highly annoyed” by street traffic 4+ children + pets than
by the other source group. The first ratio (*'much more an-
noyed” to “‘more annoyed"”) for blast + aircraft is twice the
value of the other group.

Il. AN OVERALL DESCRIPTOR TO CORRELATE
COMMUNITY RESPONSE WITH IMPULSIVE NOISE

The purpose of this section is to array and discuss dose-
response data for impulsive noise. The dose is taken as the
CDNL descriptor recommended by CHABA. This CDNL
descriptor incorporates a threshold which, in effect, discards
single events with daytime exposure levels of less than 85 dB
and nighttime exposure levels of less than 75 dB. Response is
defined in terms of the percentage of respondents “highly
annoyed”’; i.e., “highly annoyed™ respondents are those that
answer in the top two categories of the five-point adjectival
scale to the overall question about their annoyance towards
blast noise in their community. Table VI lists study areas at
Fort Bragg and Fort Lewis and their corresponding CDNL.
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TABLE II1. Ratio increase in percentage of respondents “highly annoyed" with an increase in perceived frequency of occurrence.

Helicopter
+
Traffic traffic Helicopter
+ + +
children children traffic
+ + +
Frequency Blast* Helicopter aircraft aircraft aircraft
Daily to several
per week 1.4 1.9 1.6 1.7 1.7
Several per week to
several per month 1.6 1.9 1.6 1.8 1.9
Several per month to
once every few months 2.1 40 1.3 1.8 2.0
Once every few months
10 less often 4.0 1.0 1.0 0.8 0.7
———— ————————— ——

At Fort Bragg, the estimated CDNL attached to each study
area was based on a combination of the monitoring results
and a computer-predicted noise zone (for details, see Ref. 3).
However, the estimated CDNL zones at Fort Lewis are
based solely on the computer prediction because the moni-
tored results were so much less than the computer predic-
tion. Table VI also summarizes the overall community re-
sponse for the various cluster areas for both the Fort Bragg
and Fort Lewis studies. The table lists, by cluster, the num-
ber and percentage of respondents answering in the five an-
noyance categories. The percentage of respondents *“highly
annoyed” is the sum of those answering ‘‘extremely an-
aoyed” or “very much annoyed"” divided by the total num-
ber of respondents (including those who said they never hear
blast noise).

Question 35 of the CAS asked: “Do you think people
around here ought to complain about the noise from Gov-
ernment facilities or operations if they find it annoying?”

The possible answers were ‘yes” or “no.” Table VI shows,
by area, (1) the group size; (2) the percentage of that group
answering *‘yes” to question 33, and (3) the percentage of the
group that indicated overall high annoyance {i.e., those who
responded either “extremely annoyed” or “very much an-
noyed" to the overall annoyance question dealing with artil-
lery noise) as a function of whether uestion 33 was answered
“yes” or “no.” These results show that whether the respon-
dent thinks he ought to complain strongly correlates with his
judgment on overall annoyance. The difference between the
ratios for the “yes™ and “no” group is about a factor of 4.
The last column in Table VI gives the overall percen-
tage of respondents *“highly annoyed” adjusted to represent
the likely results for each group if 629 of the respondents in
each group answered question 33 “yes.” The 62% value is
somewhat arbitrary. It represents approximately a popula-
tion-weighted average of the data. This normalization pro-
cess allows a better comparison between the different areas.

TABLE IV. Aggregated data for overall frequency of occurrence by loudness and percentage of respondents “highly annoyed” (number in cell in parenthe-

ses).
Loudness
Loudness/source Much more More Same Less Much less
Blast 41 18 8 4 3
(689} {626} 457 (403) (154)
Airplane 35 i1 s 1 2
(438) {564) (407) 2™ (101)
Halicopter 42 11 L] 2 1
563) (629) 432) (260} 92)
Trafilc 52 k] 12 8 4
(242) (403) (346) (289) {100)
Children 58 1 16 8 7
219) (37%) (444) (308) (139)
dlast + Airplane 40 14 6 k} 2
+ Helicopter* (1690} (1819) (1296) (942) (347
Trafic + S4 k1) 13 ] 5
Children 487 (778) {790) (594) (239)

* The percentage of respondents “highly annoyed” by the “blast + airplane + helicopter” group are significantly (at least the 0.05 level] and substantially
smaller than for the “traffic + children” group. There are small (although sometimes significant) differences between the “blast,” “airplanes,” and “*helicop-
ters” groups, but no significant differences between the *‘traffic” and “children” groupe.
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TABLE V. Ratio of the increase in percentage of respondents “highly an-
noyed™ with an increase in perceived loudness.

Loudness
Much more  More Same Less
Noise to to to to
source more same less much less
Blast 23 2.2 2.0 1.3
Airplane 3.2 2.2 5.0 0.5
Helicopter 38 2.2 2.5 2.0
Traffic 1.7 2.5 1.5 2.0
Children 1.5 24 2.0 1.1
Blast + airplane
+ helicopter 29 23 20 1.5
Traffic +
children 1.5 2.3 1.9 1.6

Also, the 62% value is consistent with the results of sonic
boom studies in Oklahoma City, where about 65% of the
.espondents thought they should complain about Govern-
ment facilities and 35% thought they should not complain.
In that study, all data for those respondents who feit they
should not complain were deleted. Only data for those re-
spondents who felt they should complain were considered in
the Oklahoma City study’s overall calculations and results.
The 62% factor was used to generate the data in Table VI; it
was felt this value more reasonably represents the overall
community than a value obtained by deleting data for re-
spondents who thought they should not complain.

AR i el S el e B 2 2 A

A. Activity interference data, home ownership, and
employment

The CAS had ten questions about activity interference.
These are listed in Ref. 3 and not included here for the sake of
brevity. The general analysis and results for Fort Lewis and
for the combined data are the same as for the Fort Bragg
data. The main impulsive noise problems are house rattles,
startle, and fright. By way of comparison, the main problem
for other sources, such as airplanes and helicopters, is speech
interference. Sleep interference also is a problem with street
traffic and neighborhood noise sources.

The activity interference data also seem to indicate that
blast noise is potentially as bad or worse than other noises in
terms of adverse health effects. Sleep interference is cited as
often for blast noise as for any other source—even at Fort
Lewis, where less than 2% of the blast noise events occur at
night, and startle and fright, the factors known to cause phy-
siological reactions, occur most often for blast noise. Only
the incidences of interference with communications or out-
of-doors activities are lower for blast noise than for other
noises, and those are factors which will not directly contri-
bute to adverse health effects.

For blast noise, the data were examined to coinpare the
responses of those who owned their home versus those who
rented. This comparison only used data from respondents
who lived off the military installation (on-installation hous-
ing is not privately owned). The comparison was done for
cach of the areas listed in Table VI. No statistically signifi-
cant differences were found for the overall level of high an-
noyance for those who owned their homes as compared with
those who rented.

BLAST + HELICOPTER + AIRPLANE
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FIG. 4. Judged loudness (traffic
+ children compared with blast
+ helicopter + airplanes).




should not complain about noise from government (acilities.

TABLE VL. Survey study areas, CDNL* and percentage of respondents “highly annoyed"': those who feel they should complain versus those who feel they

“Highly “Highly Overall Adjusted
% annoyed” annoyed” percentage percentage
Group should (should {should not “highly *‘highly

Fort Bragg® CDNL size complain complain)  complain) annoyed” annoyed”
High 68 72 51 459 14.3 30.6 339
Fay W 54 174 60 200 28 13.2 13.5
Fay E 52 919 62 11.8 2.8 8.4 8.4
Base W 56 204 64 153 5.5 11.8 11.6
Base B 53 204 68 7.2 1] 4.8 4.5
Base total 35 408 66 11.1 29 82 8.0
South 49 74 68 280 0 18.9 174
Near W 46 251 53 8.3 s.1 6.8 7.1
Far W 40 42 53 0 0 0 0

*For the year before the survey.
* Combination of monitored data and computer prediction.
* Computer prediction only.

The data were also examined to compare responses for
households with one or more members employed by the
Government with households which had no Government
employees. Again, no statistically significant differences
could be found in any area.

Wl. TIME OF DAY ADJUSTMENTS

Traditionally, descriptors for community reaction to
noise have included nighttime adjustments, typically on the
order of 10 dB. Some descriptors, such as the community
noise equivalent level (CNEL), incorporate an evening ad-
justment (3 dB for the CNEL descriptor) in addition to the
nighttime penalty.

Why must there be a time period adjustment or “pen-
alty?” Several considerations, both acoustical and nonacous-
tical, which indicate the plausibility of using a time period
adjustment are discussed in Ref. 4. One of the purposes of
this paper is to quantitatively examine the possibility that
noisy or bothersome events are more likely to be noticed
during one time period as compared with another. For ex-
ample, the noise of children playing or dogs barking may be
much more noticeable at night than during the day. Because
the noise is noticed more, the overall annoyance may in-
crease. This paper will also examine the influence of intrinsic
annoyance per event on time-period-related annoyance. In
addition, for blast noise, the first Heathrow survey approach
is used to help decide whether applying some overall night-
time adjustment is advisable.''

An energy-type descriptor is used to approximately
quantify the respondent’s rate of noticing annoying events.
As discussed in this paper and Refs. 2, 8, and 10, annoyance

increases when respondents subjectively notice annoying
events more frequently. Thus community response to impul-
sive noise exposure appears to fit an energy model. Many
other studies show that community response to transporta-
tion noise exposure fits an energy model.'? Since all of the
sources in this study appear to fit an energy model, the model
can be used to approximately quantify the adjustment im-
plied by changes in a respondent’s likelihood of noticing
bothersome events during one time period or another. If the
10-log (number of events) factor is applied to the number of
events noticed by a respondent (in contrast to the number
counted from physical records), then some notion can be
developed about the importance of the rate of noticing both-
ersome events.

This factor can be addressed by comparing the known
physical frequency of occurrence ratio between one time pe-
riod and another with the respondent reported ratio of the
frequency of annoying events between one time period and
another. For example, respondents may be bothered by
twice as many events during the day as during the night. If,
however, there are ten times as many actual occurrences
during the day as during the night, then respondents (on an
equal-number-of-occurrences basis) are being bothered by
one-fifth as many of the available events during the day as
during the night. On a 10-log basis, this would indicate that
an adjustment of 7 dB should be applied to events during the
night.

The community response survey asked respondents
how often they were bothered by various events during the
day (0700 to 1900 h), evening (1900 to 2200 h), and night
(2200 to 0700 h). Records were available on relative-event
frequencies by day and night for blast noise and for fixed-
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TABLE VII. Companison of responses for respondents home all times (weekdays versus weekends).

Number highly Percent highly
Numbered bothered annoyed annoyed
Ratio
Day Ratio Day day + Day Ratio
+ day + + evening + night/
Source Group evening Night evening/night evening Night  night evening Night day + evening

_ weekday 514 197 2.61 250 108 231 49 55 112
Artillery weekend 663 248 2.67 319 132 242 48 53 1.10
, weekday 298 7 3.87 119 3 361 40 43 1.08
Airplanes weekend 406 123 3.30 182 63 289 45 s1 113
, weekday 199 82 4.87 169 37 as7 42 45 1.07
Helicopters weekend 499 139 3.59 249 82 304 50 59 118
weekday 301 109 2.76 152 62 245 50 57 1.14
Traffic weekend 589 225 2.62 296 127 233 50 56 1.12
Children weekday 265 169 1.57 146 109 134 55 64 1.16
+ Pets weekend s13 282 1.82 294 179 164 57 63 111

wing and rotary-wing aircraft; official estimates were avail-
able for traffic noise. Thus data were available to do a quanti-
tative analysis of respondents’ rates of noticing bothersome
events.

Quantifying the intrinsic annoyance value of an event as
a function of the time period is less straightforward. Respon-
dent data are used to assess annoyance per bothersome event
as a function of time period. However, no generally accept-
able means exist to quantify shifts in annoyance per bother-
some event in terms of a change in CDNL. Fortunately,
these shifts appear to be small.

During the data analysis for this study, a nighttime ad-
justment was also developed by using the first Heathrow

TABLE VIIIL Calculation of nighttime adjustments (weekday data).*

survey method to examine blast noise. Daytime and night-
time exposure and their respective resulting community re-
sponse (annoyance) were compared to establish change in C-
weighted average sound level required to make daytime and
nighttime predictions of annoyance equivalent.
Respondents were asked whether they were generally
home during the day, evening, or night; the question was
asked separately for weekdays and weekends. Respondents
who said they were at home during a given time period were
then asked if they were bothered by any particular noise
sources and, if so, how often they were bothered. They could
respond (1) every day, (2) several times a week, (3) several
times a month, (4) once every few months, (5) less often, or (6)

Reported®
frequency Actual
of being ratio of
Source Group bothered ratio occurrence R 10 logiR ) 10 log(R avg)
, Bragg 2.59 6.5° 2.5 40
Artillery Lewis 2.63 88.1¢ 33.8 15.3 126
Bragg 1.62 10.2* 28 4s
Aurplanes Lewis 452 10.2° 23 38 41
, Bragg 4.46 2 5.3 7.2
Helicopters Lewis 591 248 41 6.1 6.7
Bragg 281 12-20* 43-11 6.3-8.5
Trafic Lewis 2.70 12-20* 4 6.4-8.7 15
Children Bragg 1.56 10-20 6.4-12.8 8.1-11.1
and/or 9.6
pets Lewis 1.59 10-20 6.3-12.5 8.0-11.0

* Weekend data are similar and not included here for clarity.

* Calculated from survey responses.

° Daytime events are called “‘day + evening” events in Table VII.
¢ Installation records.

¢ Airfleld records.

Typical airfield operations (more than one airfield was near the study arcas at Fort Lewis).
$ Airfield records: The data at Fort Lewis are an estimate since counts are kept for 0700 to 1500, 1500 to 2300, and 2300 to 0700 h.

* Highway Department estimates.
'CERL estimates.
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"; (don't know). (Less than 1% of the respondents chose the  sponses for daytime and evening are combined (“overall”
— “don’t know” response.) Respondents who had indicated  daytime) and compared with nighttime for respondents

N that they were bothered were asked how annoyed they were  home during the day, evening, and night. Table VII lists the
S for that time period (i.e., day, evening, or night; weekday or  repsondents’ summed day and evening responses and com-
weekend). Specifically, they were asked “And in general, pares them with nighttime responses. Respondents were
- taking everything into consideration, how annoyed are you  asked to separately assess frequency of occurrence by day

. by noise from (source) during the (time period 7" Annoyance (0700 to 1900 h), evening (1900 to 2200 h), and night (2200 to
“ was judged on the five-point adjectival scale. 0700 h). Thus the day + evening figures give the overall re-
Y The following analysis uses only data derived from re-  spondent assessment of the number of bothersome events
- spondents usually home during all three time periods; this  occurring between 0700 and 2200 h. This day total is com- Y]
i}: was done so the same respondents are comparing day with  pared with the nighttime number of bothersome events.
L{f night. The analysis is more credible by having day, evening, Table VIII summarizes the ratio of the number of noise -

: and night responses from the same set of respondents, as  events the respondents noticed and considered bothersome e
long as one can show that the responses of respondentshome  during daytime hours to the number noticed and bother- ?",,
at all times compare favorably with the responses for respon-  some during nighttime hours. In all cases, the ratio is greater :-".L--j
dents home only part of the time. This comparison wasdone  than 1. More events are noticed and found bothersome dur- SR
for the Fort Lewis data in a fashion analogous to the com-  ing the day than during the night. However, there are many qu'::-'}
parison made for the Fort Bragg data (Ref. 4). It was con-  more daytime events to be noticed than there are nighttime . f:*-f?J
cluded that the overall analysis can be made using just those  events. i-—'-'
respondents home at all times. The factor of interest (R ) is given by l:,._:g

To quantify the frequency of occurrence factor, re- . S
J

R= (number of events noticed and bothersome per night) . (number of events noticed and bothersome per day) _':--::-
{physical number of events per night) ' (physical number of events per day) ' :-:-:‘:1
This factor can be rewritten as @
- (physical number of events per day) , (number of events noticed and bothersome per day) :f-:» -1
(physical number of events per night) (number of events noticed and bothersome per night)’ i

I

Table VIII also lists the ratios of physical occurrences (ob-  total) were summarized. These data reveal no significant dif-
tained from site records) and the values (R Jand 10log(R ). As  ferences between day and evening for artillery, airplane, or
discussed, the 10 log(R ) value indicates the nighttime adjust-  helicopter noise sources. Annoyance per bothersome event
ment which results because events are more likely to be no-  does not significantly vary between these two time periods
ticed at night than during the day. Table VIII lists 10 log{R  for these three sources, but it does appear to vary for the
average) value for the five sources considered in the survey.  street traffic and the children and/or pets categories.
In most cases, these same data reveal that annoyance
per bothersome event increases somewhat at night for all
A. Quaiification of the Intrinsic annoyance per source categories. To better illustrate this increase, the day-
bothersome event time and evening data were combined to form an “all day”
Annoyance per bothersome event data for the three (0700 to 2200 h) value of the percentage of respondents
time periods and for day and evening combined (daytime  *highly annoyed.” Since this is a percentage, it represents a

TABLE IX. Annoyance per bothersome event (respondents home at all times; weekday or weekend).

TR —
Percentage “‘highly annoyed" Ratio,
Day night to
Source of week Day Evening Day + evening Night day + evening
weekday @ 30 4 ss 112 i
Artillery weekend 48 . 4 83 1.10 . )
i

weekday 40 40 @ 43 1.08 IS
Airplanes weekend Q ) 48 51 113 e
weekday 4 2 2 43 1.07 RS
Helicopters weekend @ 53 50 59 1.18 S
weekday 4 38 50 57 114 ol
Trafic weekend % s 50 56 112 ‘ﬁi‘
Children weekday 30 0 b3 ] o4 1.16 o
and/or oy
pets weekend 4 61 $7 63 L1 et
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CDNL
Difference* Percentage “‘Highly annoyed”
in decibels
Site Day* Night* Day-night Day + evening  Night

Fort Bragg 50 to 60 NA® NA® about +9 6 6
Fort Bragg 60 to 70 NA® NA® about + 9 20 22
Clinton Park 48 30 18 28 30
Steilacoom 49 3l 18 24 2.8
Roy 60 45 15 213 16.9
On installation s4 s 19 8.9 6.6
Yeim 56 38 18 17.0 13.8
Lake St. Claire s4 35 19 4.1 20.7
Mushroom Corners 51 R X) 18 10.7 10
Nisqually 55 s 20 16.3 13.8

* The day and night values are equivalent levels; the night levels do 7ot include a 10-dB adjustment. The day and night levels both use a sound exposure level

{SEL) threshold of 40 dB, as explained in the text.

* Not applicable; Fort Bragg data were divided into large zones 30 single values are not applicable.

time-period-weighted average of the daytime and evening
data (data which do not differ significantly from one another
anyway}. Table IX lists these data. The ratios of the night-
time to the “all day" percentage of respondents “highly an-
noyed” are shown in the last column of Table IX. These
ratios can be thought of as the intrinsic increase in annoy-
ance per bothersome event during the night as compared
with during the day.

B. An alternate analysis to determine nighttime
adjustment for biast noise

For this alternate analysis, the CERL blast noise com-
puter program (BNOISE) was used to predict separate
CDNL contours for day and for night. To ensure that all
audible events were included, the value of the lowest SEL
included was adjusted downward to 40 dB. Thresholds were
eliminated so the size of the daytime CDNL contours could
be compared with the size of the nighttime CDNL contours
without presupposing that a 10-dB nighttime adjustment
was appropriate.

The results of this analysis of Fort Bragg showed that
the night-only contours (without a 10-dB adjustment} are
typically 8 to 10 dB smaller than the day-only contours in
off-installation areas where the CDNL value ranges from 50
to 70 dB. At Fort Lewis the nighttime levels were typically
19 dB below the corresponding daytime levels.

The off-installation impulsive noise survey data were
analyzed by CDNL zone and time period. Table X lists these
results for the 60- to 70- and the 50- to 60-dB zones at Fort
Bragg and the eight individual cluster sites at Fort Lewis.
The overall results showed a slight increase in the percentage
of respondents “highly annoyed” at night as compared with
the day for the higher noise zones and no increase for the
lower noise zones at Fort Bragg. At Fort Lewis, the percen-
tage of respondents “highly annoyed™ during the day was
typically one and one-fourth times the nighttime percentage.

Since at Fort Bragg the percentage of respondents
“highly annoyed” was the same during daytime and night-
time, one can ask what nighttime adjustment must be incor-

75

porated into the DNL descriptor such that the daytime and
nighttime contours are both about the same size and shape.
From the contour analysis contained above, it appeared that
a nighttime adjustment on the order of 9 dB is required to
establish this equivalence between daytime and nighttime
responses. At Fort Lewis, the corresponding analysis is not
quite as simple since the percentage of respondents *“highly
annoyed” differs between daytime and nighttime. The actual
daytime and nighttime contours typically differ by 19 dB. If
the annoyance (percentage of respondents “highly an-
noyed”) were the same for daytime and nighttime, then this
result would indicate that an adjustment of 19 dB was re-
quired. Since the daytime percentage of respondeats “highly
annoyed” somewhat exceeds the nighttime percentage, the

appropriate adjustment is somewhat less than 19 dB, per-'

haps 15 dB. Overall, the results at these two installations
certainly indicate that a blast noise descriptor should include
a nighttime adjustment which is on the order of 10 dB.

1V. DISCUSSION OF THE OVERALL DATA BASE

The primary data base used for relating community re-
sponse to impulsive noise includes the data for sonic booms
at Oklahoma City, the Fort Bragg data, and the Fort Lewis
data. (The first two of these three sources, the Oklahoma
City data and the Fort Bragg data, were used by CHABA
Working Group 84 in formulating Ref. 6. Figure 5 is from
that reference.) Figure $ shows the Oklahoma City {sonic
boom) data and the Fort Bragg data used to formulate the
recommendations given in the CHABA report. The dashed
line in Fig. S is the dose-response relation developed by
CHABA based on these data. This curve indicates the per-
centage of a community “highly annoyed” for a given
CNDL from impulsive sounds (with deletion of single-event
SELs below 85 dB during the daytime or 75 dB at night).

Figure 6 shows the data and curves of Fig. 5, but with
the Fort Lewis data added. The Fort Lewis data make cleara
disparity between the two data bases. While the Fort Lewis
data generally agree and compliment the Fort Bragg data, it
is clear that the artillery data as a whole depart from the
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F1G. 5. Recommended relationships for predicting community response to
high-energy impulisive sounds and to other sounds.

Oklahoma City sonic boom data and from the general dose-
response curve recommended by CHABA. These data seem
to indicate that the CHABA dose-response curve may un-
derestimate the community annoyance to blast noise by 5 to
10dB.

The failure of the sonic boom and artillery data to align
themselves into one general curve can be traced to several
potential causes. These include (1) incorrect interpretation of
the community response data at either Oklahoma City or at
Fort Bragg and Fort Lewis, (2) incorrect specification of the
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used for most of the general A-weighted data. Thus they )
must be compatible. The sonic boom data are a translation of |' < 3
three levels of data combined in an index. Thus it is possible S
they are being misinterpreted. However, the present inter- ¥
pretation represents the best translation the CHABA com- A
mittee could make of those data.
The Army blast noise data represent community re- n* y
sponse to a steady, long-term situation. The sonic boom data i’( :
represent a special study with data taken at the end of 24, 44, b

and 6 months. A simple model has been postulated for com-
munity response which suggests a time constant for the re-

o)’

. . - N
noise zones either at Oklahoma City or at Fort Bragg and  sponse which is similar to the charging of a capacitor by a ‘
Fort Lewis, (3) C-weighting is not the best measure to assess  pattery through a resistor (Fig. 7).'* It has been suggested b ».
lmpulswe noise, or (f) an energy type of descriptor is not  that this time constant (for aircraft) may be months or years. 3
appropriate for assessing impulsive noise. In other words, if a new noise starts today, it may take .:
months or years until final level of the community annoy- .
A. Can there be errors in the interpretation of the ance (i.e., percentage of the community “highly annoyed") is e ‘;
community response data? realized. What if the time constant for impulsive noise is 6 Ay
The artillcry data use the exact annoyance questionand ~ months? Then the sonic boom data taken at 2| months (peri- t.;‘ ¢
analysis (top two categories on the five-point adjectivai scale)  od 1) represents 44% of the final value, the data taken at 4} ﬁ-
4
B E
Y 5 Neighborheod 3
N ).'ﬁ : | FIG. 7. Simplified model of community
' ;-:‘ Time —o Time —o adaption to change in noise exposure.
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TABLE XI. Oklahoma City sonic boom data converted by a 6-month “community response rise time constant.”

Percentage Adjusted percentage

Distance Period Factor “highly annoyed™ “highly annoyed*
0-8 miles® 1 0.44 10 23

2 0.53 17 32

3 0.62 23 k)
8-12 miles l 0.44 8 18

2 0.53 12 23

3 0.62 1 24
12-16 miles 1 0.44 4 9

2 0.53 7 13

3 0.62 10 16

* Adjusted “highly annoyed” equals “highly annoyed" divided by factor {e.g., 23 = 10/0.44).

®1 mile = 1.6 km.

months (period 2) represents 53% of the final value, and the
data taken at 5] months (period 3) represents 62% of the final
value. The converted Oklahoma City sonic boom data are
shown in Table XI and plotted in Fig. 8. Clearly, a simple
time constant for community response can help explain the
discrepancy between the sonic boom and blast noise data.

B. Are there errors in the specification of the noise
z0nes?

The artillery data are based mainly on computer-pre-
dicted noise zones and include the results of monitoring in
the vicinity of Fort Bragg. Most of the computer-predicted
noise zone values at Fort Bragg were reduced when the mon-
itored data were taken into account. Figure 9 shows the data
of Fig. 6, but with the artillery data from the Fort Bragg
study located only with respect to the computer-generated
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F1G. 8. Oklahoma City sonic boom data converted by a 6-month communi-
ty response rise-time constant as described in the text and Table XI.

noise zones and without the added results from the monitor-
ing. In almost all cases, the Fort Bragg monitoring data im-
ply that (1) the computer-predicted noise zones overestimate
the true noise, or (2) the monitoring fails to measure the true
noise.

The blast noise data in Fig. 9 are based only on comput-
er prediction. If one takes the monitoring into account, then
the blast noise data in Fig. 9 generally shift to the left. It is
unlikely that the computer predictions underestimate the
blast noise, since the monitored values are so much lower
than the predicted values. One must conclude that the over-
all artillery data lie to the left of the sonic boom data. The
sonic boom data are based both on prediction and measure-
ment which generally complement one another. Thus com-
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FIG. 9. Fort Bragg and Fort Lewis data (based on computer Lrediction
only).
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— putational or measurement errors in the specification of the 1 to 2 dB. Moreover, the results described throughout this
; e noise zones do not appear to be a likely explanation for the ~ paper support retention of an energy type descriptor. Dis-
. discrepancies. carding the energy model will not explain the discrepancy
- between blast and sonic boom data.

o
7.

C. Is C-weighting the optimum measure to use for

assessing impulsive noise? E. Summary

C-weighting was chosen by CHABA as the best of those
weighting techniques available. C-weighting incorporates
those frequencies contributing to noise-induced building vi-
brations and rattles. These vibrations and rattles are the
main adverse factor reported in both the sonic boom and
blast noise studies. Wall modes extend about 1 oct below the
C-weighted cutoff of 20 Hz. On the other hand, a higher
cutoff is required to align the sonic boom and the blast data
since sonic booms generally have lower frequency energy
ihan do Army blast noises. Hence, no conclusions can be
drawn without further study as to the exact frequencies to
which people respond.

D. Is an energy type of descriptor appropriate for

Figure 10 shows the Fort Lewis data, the Fort Bragg
data based only on computer prediction, and the sonic boom
data converted by the 6-month rise-time constant theory.
Taken together, the data begin to align themselves and indi-
cate that the CHABA impulsive noise dose-response curve
may lie 3 to 4 dB to the left of its current position.

V. CONCLUSIONS

The body of data collected through experimentation
and administration of established community attitudinal
survey methods indicates that computer-generated noise
contour predictions based on an energy model noise descrip-
tor can be correlated with attitudinal survey results to reli-

assessing impuisive noises? ably portray community response to impulsive noise.

Some have suggested that a few “loud” impulses are
worse than many *‘quieter” impulses even though the total
daily sound energy in both instances is the same. The sonic
boom study represents eight loud impuls.s per day; the
Army studies generally represent many smaller impulses per
day. But the results are contrary to expectation: The many
quieter impulses are apparently more annoying than the few
louder ones. This indicates that perhaps the 85-dB single
event threshold in the CHABA procedure should be elimin-
ated. Elimination of the threshold will narrow the differ-
ences between the blast and the sonic boom data, but only by

A. Energy model noise descriptor

References 2 and 10 and this paper describe how the
growth in annoyance to impulsive sound levels increases
monotonically both with sound amplitude and with frequen-
cy of occurrence. References 3 and 6 and this paper show
that the perception of building rattles is the main adverse
impulsive (blast) noise factor, and that CDNL is the best
available standard weighting for including those sound ener-
gies responsible for building rattle. Since the CDNL descrip-
tor correlates well with the percentage of a community
*highly annoyed” by impulsive noise (Refs. 1, 5, and this
paper), it is indicated as the best available energy model to
use to describe community response to impulsive noise.

80, Y — r T v
. A B. Nighttime adjustment
Impuise - To HA ¢ /
™ e TTIT-OIES L can] /] These results support the use of the long-established 10-
/ dB nighttime adjustment for noise descriptors such as DNL.
so}- // J Most important, these results indicate that the strongest ar-
/ gument in favor of a nighttime adjustment is the communi-
g / ty's greater likelihood of noticing an event 'at night; in gen-
3 © S o e Coare / 1  eral. intrinsic annoyance per event is not a significant factor.
g . ‘CC:”"":':::;‘;:‘::; 2"';:” / Reference 4 and this paper described how bothersome
i o / . JDoise events are more likely to be noticed by the community
= a / during the night than during the day. This indicates that a
§ o/ nighttime adjustment to the noise descriptor is justified.
& so- G o / 1 However, deciding on an adjustiaent for nighttime blast
s / noise events is difficult, since the community response to »
e @ - / blast noise events differs from the response to other, nonim- —
2o ° e,y 1  pulsive noise sources. Blast noise, because of its high sound SRt
o “/‘ levels and impulsive nature, is rapidly noticed at all times of :‘_5_::1
o o s yd - tl.\e da‘y and night. Thus the rate of noticing blast noise at .-‘_:,-:
o _ ° night increases less (as a pe\_'cent). over the daytime rate as -:-,:j
[ —— | 1 | , . compared with the nlghftlme increase for other noise A
% % » % rm 70 - %  sources. However, blast noise events produce the largest in- -,
COML n 08 crease in intrinsic annoyance per bothersome event com- RN
FIG. 10. The total adjusted data, including the blast data from Fig. 7and  pared with other noise sources. o
the adjusted sonic boom data from Fig. 8. The alternate analysis in this paper described the results RS
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when day- and night-only blast noise contours were used to
correlate with community annoyance. This analysis indicat-
ed that the blast noise nighttime adjustment to the noise
descriptor should be perhaps 15 dB for the Fort Lewis data
and about 10 dB fo the Fort Bragg data.

Generally, the blast noise results are consistent with the
10-dB adjustment recommended for noise sources other
than blasts.

C. Health effects

Blast noise is potentially as bad or worse than other
noises in terms of adverse health effects. This paper shows
that sleep interference was cited as often for blast noise as for
any other source—even in an area where less than 2% of the
blast noise events occurred at night. Startle and fright, the
factors known to cause physiological reactions, occur most
often for blast noise.

D. Annoyance and CONL noise descriptor for impulsive
noise

The exact function for relating the percentage of a com-
munity “highly annoyed” by blast noise to CDNL remains
in question. It appears that the present CHABA recommen-
dation may underestimate actual annoyance, as indicated by
the results described earlier. Thus the functional relation-
ship between annoyance and CDNL should perhaps be shift-
ed to the left by 3 to 4 dB. It is apparent that more research
into (1) the percentage of a community “highly annoyed™ by
impulsive noise versus CDNL, and (2) the existence and val-
ue of community rise- and decay-time constants are required
to clarify the issue.
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An analysis of community complaints to noise

. George A. Luz, Richard Raspet, and Paul D. Schomer
U. S. Army Construction Engineering Research Laboratory, Champaign, llinois 61820

13 {Received 30 November 1981; accepted for publication 29 December 1982)

e Noise complaints received Army-wide for a one-year period were analyzed (a) to determine the
relationship between the nature of the complaint and the type of noise and {b) to determine the
relationship between complaints and the day-night level (DNL). For blast noise, 77% of
complaints mentioned vibration or physical damage or both, thus confirming the validity of the
C-weighted DNL as a better measure of blast noise than the A-weighted DNL. The relationship
between DNL and complaints, however, was a very weak one. Instead, the data confirmed an

LR R R

independent finding of a recent study of Air Force noise complaints—that complaints are
generated by unusual rather than typical noise levels. Since a valid measure of community

- response to noise should be functionally relatable to the noise dose, complaints do not appear to be ::-:

. a good measure of the community response. To deal with the wide variability in the emotional _,:?-:
~ tone of the complaints a psychological model was developed and tested. The implications of this :';-L:
‘ model for how an airport or Army base should deal with complaints are discussed. :} v
: PACS numbers: 43.50.Qp, 43.50.Sr )
> LS
< INTRODUCTION weighting was chosen to better reflect those frequencies v \:J; ‘
- Descriptors of community response to noise have been which account for bui!din_g vibratioqs §incc.surv.eys.have G
- the focus of study for at least the past quarter century. When  Shown that impulse noise induced building vibration is the A
4 acousticians first began their study, their emphasis was on ~ MOSt adverse factor related to the noise. Moreover, annoy-

-~ predicting public response. For example, the descriptor rec-  ance has been shown to acceptably correlate with C-weight- N
' J ommended in Rosenblith and Stevens (1953) was designed to ed DNL. ::-:"
¥ predict whether or not an exposed populace would complain In shifting to an emphasis on annoyance and DNL, NS
X or take legal action against a specific noisé source. With the Federal administrators did not abandon the earlier concern :-':.._::
dawning of a unified national approach to the growing prob- with overt public response. In practice, overt response con- L

lem of environmental noise in the mid-1970's, the emphasis tinues to be a driving force in noise mitigation and land use N

oy shifted from a prediction of overt response to a predictionof ~ policies. For example, the FAA made a point of compiling

ad annoyance.’ Annoyance, in turn, was a hypothetical vari-  and reporting on complaints after introducing the SST into

o able inferred from responses to social surveys. Implicit in the U.S. airpqqs. ] ] )

o shift of emphasis was a guarantee that all citizens would be Administrators, public oﬂicmlsz and lawyers often cite

- protected from unhealthy levels of noise whether or not they ~ the presence (or absence) of complaints to “prove” that an N

¥ complained. Moreover, annoyance proved to be a much adverse noise environment does (or does not) exist. Various s

. more sensitive measure of subjective reaction than com-  Sources have suggested a functional relation between DNL S
- plaints. For example, the sophisticated debate between and.complamt& Fm" ex?mple, the U. S-‘ Enylronmrntal Pro- V .;n;-
" Schultz and Kryter recently published in this journal’-®  tection Agency's guidelines on the application of DNL show RSN
{s would have been very difficult i complaints to be a function of DNL. As DNL increases, s
L ry difficult if the authors had to use the p 7

> relatively gross measure of complaints. complaints increase. Certainly, as long as complaints and Y13
L Of the various possible descriptors of environmental  the percentage of a community highly annoyed are highly a

noise, none has proved to be more robust than the day-night correlated and functionally related to DNL, either can be o
- average sound level (DNL). Reviewing much of the world- used for noise assessment or land use planning. However, the .::-'::;
I wide research, Schultz has shown a strong correlation  research data base supporting this relationship between e
o between the noise dose (DNL) and community response  complaints and DNL is quite shaky. ;-‘-:::
:: (high annoyance).* Because of this demonstrated correla- The purpose of this paper is to (1) quantitatively study Ny

o tion, DNL has emerged in the U. S. as the leading descriptor the presumed relations between DNL, high annoyance, and 2
) for Federal agencies”'” and many states as well.'' In addi-  complaints, and (2} to compare complaints about impulse oy
::: tion, Working Group 84 of the National Academy of Sci- noise with complaints about aircraft (primarily helicopter) SR
. ences’ Committee on Hearing, Bioacoustics, and Biome- noise. The percentage of a community highly annoyed has e
:,:'_ chanics has recommended that DNL be extended to the been shown to be functionally related to the DNL descriptor --_f‘.‘:'
. assessment of sonic booms and heavy weapons noise as and this relation contributed substantially to the adoption of o
. well.'? Although DNL as applied to blast noise differs from the DNL descriptor for noise assessment and land use plan- S
i the usual descriptor in that the blasts are measured with the ning by federal agencies and by ANSI. To the extent that

C-scale of the sound level meter (CDNL), the methodology is
very similar to the A-weighted DNL (ADNL). The C-

J. Acoust. Soc. Am. 73 (4), April 1983

complaints are found not to be functionally related to DNL
and correlated with annoyance, they can be used to charac-

.
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terize (quantitatively) community response. If complaints
are found to be functionally related to DNL, then caution
must be exercised in using complaints as a measure of com-
munity response, since a valid measure of community re-
sponse to noise must be functionally relatable to the noise
dose received by the community.

Implicit in the Environmental Protection Agency’s
equation for predicting complaints are two possible models
of human response to annoying noise. These models are
shown in Fig. 1. In the first panel, Fig. 1(a), a specific level of
DNL resuits in a specific level of complaint and a specific
level of annoyance. In the second panel, Fig. 1(b), a specific
level of DNL causes a specific level of annoyance which is
then manifested by a specific level of complaint. Both models
ignore the cognitive factors underlying the decision to com-
plain. In addition, the failure to define a specific time period
for integrating DNL leaves considerable latitude for the
user, a latitude ranging from DNL for a particular day to the
average busy day'’ or the annual average.

In practice, these simple models are not useful. For ex-
ample, in a study of noise complaints received by the Air
Force, the relationship between average busy day DNL and
complaints was very poor.'* The authors concluded that the
data provided “evidence that to a considerable extent, it is
the unusual or nonroutine events which provide complaints
at AF bases.” If, as the Air Force found, the unusual noise
events are the true cause of complaints, then a more sophisti-
cated model is needed.

In the hope of developing a more accurate procedure for
predicting complaints, we have attempted to create a more
sophisticated model, one that emphasizes the cognitive and
psychological factors which lead to the individual’s decision
to complain. The model is an eclectic one, drawing from
such diverse sources as Schuitz’s explanation for the cubic
equation relating DNL to annoyance, '* the model of physio-
logical habituation put forward by Sokolov,'® and the con-
cepts of behavioral conditioning as found in any contempo-
rary textbook on introductory psychology. As with any
model, its usefulness lies in its ability to predict. This paper
tests the functional relations of the model and its predictive
validity by applying it to a body of noise complaints.

The noise complaints were gathered in 1979 when the
U. S. Army Construction Engineering Research Laboratory
(CERL) asked the major commands of the Army to collect
noise complaints from their respective installations. The col-
lection period ran from 1 July 1979 to 30 June 1980. During
that period, 287 complaints were received. The actual num-
ber of complaints generated during that period is thought to
have been much higher. For example, at one installation, the
authors had access to the records kept by the office in charge
of scheduling the use of ranges. These logs showed 23 com-
plaints from May 1977 to May 1978 and another 23 from
May 1978 to May 1979. However, CERL only received six
complaints from the installation for the third year. Recog-
nizing this caveat, we are still fairly certain that the com-
plaints received are representative and not systematically
biased. Complaint forms differed slightly between installa-
tions but generally conformed to the sample shown in the
Appendix.
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(0)COMPLAINTS A3 SYMPTOM OF ANNOYANCE

NOISE ANNOQYANCE
EXPOSURE
(on)

preemdun- COMPLAINTS

(D)COMPLAINTS AS A RESULT OF ANNOYANCE

NOISE
EXPOSURE ==  ANNOYANCE COMPLAINTS
(onL)
{c)COMPLAINTS AS RESULT OF AROUSAL
DNL
ANNOYANCE
NOISE /
EXPOSURE
AROUSAL
BEHAVIORAL
"!LACK BOX" el COMPLAINTS

F1G. 1. Models relating complaints to DNL.

The idea for our model came from Schultz’s synthesis.
Schultz found that the percentage of highly annoyed does
not increase as a simple linear function of DNL. Instead, it
requires a cubic equation. In a somewhat speculative section,
he suggested that the cubic equation can be broken down
into two power functions. The first function begins at a rela-
tively low DNL and increases at a low rate. Schultz associat-
ed it with average exposure and loudness. The second func-
tion begins at a high DNL and increases at a higher rate.
Schultz associated it with arousal. Schultz’s suggestion,
then, is that annoyance is a function of both average expo-
sure and arousal. This relationship is shewn in Fig. 1(c). Our
innovation is the additional assumption that complaints are
only a function of arousal. .

Although Schultz did not define arousal, there is good
reason for identifying it with the concept of arousal as used
in the field of psychophysiology. Following the definition
contained in the theory of the Russian psychophysiologist,
Sokolov, it is that spurt of neutral activity within the limbic
system and stem of the brain observed when a vertebrate is
exposed to a new stimulus. Sokolov's thesis was that when an
organism is first exposed to a novel stimulus, tts brain re-
sponds with a series of reflexes designed to gather more in-
formation. If the stimulus has no meaning (good or bad) and
if it is repeated, the brain builds up a template to inhibit
further arousal by that stimulus. Only if the stimulus is
changed will the brain become aroused. The process by
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which an organism stops responding to a repeated simulus
is called “habituation.” The process by which change in a ENTER nOISE t_:..-,
stimulus leads to increased arousal is called “‘dishabitua- o
non.” A
Although the processes of habituation and dishabitua-
tion are not normally vbservablc in the data on annoyance,
they can appear under special circumstances. Probably the ves INTEGRATE INTO
best example was Project Yellowhammer'’ in which resi- NERAL NOSE
dents of a small town were exposed to 24 explosions on Mon- ROMENT
- day, Tuesday, and Wednesday, and then asked about their NO (AROUSAL)
SN annoyance on Thursday and Friday. Annoyance showed
clear habituation with the number of annoyed persons drop-
ping from 50% in the first week to 20% in the fourteenth INTEGRATE INTO
week. When the residents were “dishabituated” by either a ‘Amms;g' PAST | conscious
tripling of number {5-dB increase in DNL) or a doubling of
peak pressure (6-dB increase in DNL), annoyance jumped ;
dramauically and by a roughly equal amount. Interestingly,
changes in the other direction (reduction to eight blasts pe_r CHOOSE BENAVIOR
day or halving of pressure) had no effect on annoyance. This TO REDUCE
- asymmetry in response to change is mirrored in a later study
: of chinchillas taught to respond to a change in a frequently
repeated sound.'” These animals were much more likely to
respond defensively to an addition of sound than to a dele-
- tion of sound.
To tink the process of habituation/dishabituation with
N the conscious deciston to complain about noise, Schultz’s
SN germinal model must be elaborated further. This elaboration
roos 1s shown by the flow chart in Fig. 2. In this low chart, the
loudness power function of Schultz is identified with an un- INCRE,
S conscious integration of the effects of past noise exposure. It AL
i1s, in effect, the “neural template” of what one expects to
- hear. Arousal, on the other hand, is seen as leading to a
S conscious recognition that an unusual noise has occurred. +
- This intrusion into conscious thought can be an annoyance
and, depending on the meaning of the noise (good or bad), the T
person will take steps to make sure it stops or is not repeated. OF BEMAVIOR
At this point, the model borrows from the concepts of beha-
vioral conditioning. To eliminate the noise, the individual
:: chooses the behavior that has been most reinforcing in the
past. Thus if the best way of getting nd of past annoyance
{from noise or anything else) has been to call the police, the
person will choose this most reinforced behavior. If this be- 4.
havior gets rid of the noise, it is “reinforced” and becomes (4) Differences in emotional effect related to the pattern
. more probable in the future. On the other hand. if noise re- of reinforcement for complaint behavior.
mains as an annoyance, the chosen action becomes less likely In general, the data conformed to these hypotheses.
in the future. The process by which the probability of an
unrginforce‘d behavior decrma-is known as f'cxtincti.on." I. TESTS OF THE MODELS
Extinction is normally accompanied by a negative emotionai
affect which English-speaking people often describe as  A. Qualitative differences
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’,._: “frustration.” Among nonverbal animalis in Skinner boxes, After discarding complaints about obscure noise
"C:-';: extinction is often accompanied by overt aggression against sources (e.g., beil towers, air conditioners, etc.) and com-
~‘_'.}-,;. the nonreinforcing instrumentation. plaints relayed through third parties (e.g., radio stations.
:.:':.: If the model is correct, then an analysis of the Army’s newspapers, governmental bodies), the number of remaining
Cost noise complaints should demonstrate: complaints were fairly evenly divided between blast com-
‘1\-.'. i1} Qualitative differences between complaints about plaints (125) and aircraft complaints (139). Nearly all of the
!}_ different kinds of noise (high level of conscious involvementi. aircraft complaints involved helicopters.
- 12} No direct correlation between the long-term DNL From examination of the complaints, it was determined
- and complaints. that all could be categonzed into one or more of 13 categor-
{3) Evidence of unusual conditions in the complaint pe- ies. A tally was made of the number of times each category
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- was mentioned. Some limited inferences were made. For ex- TABLE [1. Percentage of compiaints related to fear or defensive responses.
ce ample, if a complaint stated that 3 noise was “too late at
-:': night,” sleep interference was inferred. For those complaints | Type of noise
- mentioning several different problems, the tally was incre- tem Blast Awrcraft
w mented in each relevant category. No attempt was made to Noise source t0o close 0% 87%
distinguish between primary and secondary complaints. Disturbed animals 5% 18%
There were clear qualitative differences between air-  Fear/physiological stress 3% 1%
Safety concerns 0% 1%

craft and blast. One way to display these differences is to
group the 13 complaint categones into complaints about
property, complaints associated with fear, and complaints
about general nuisance.

Tabie I shows the complaints about property. Leading
the list was vibration with 54% of the blast complaints men-
tioning it compared with 10% of the aircraft complaints.
Complaints of physical damage to buildings (32%) or men-
tion of failing objects {14%) were also significantly higher for
blast noise than for aircraft noise (4% and 2%]). This result
reinforces the use of C-weighting for impulse noise since it is
noise induced building vibrations which are generating
many of the complaints, and it is the low frequencies in the
impulses which induce the vibrations.

In contrast, complaints associated with fear were more
common with aircraft (Table II). Leading the field were com-
plaints of aircraft being too close or too low (87%). Although
this is not a true measure of fear, it is certainly related. Actu-
al reports of fear or of physiological stress were much lower,
but still higher for aircraft (11%) than for blast (4%). Con-
cern for safety was aiso higher with 7% for aircraft and none
for blast. A different measure of fear, disturbance of animals,
was also higher for aircraft noise (18%) than for blast noise
(5%).

Indicators of general nuisance did not exhibit any
strong systematic variations between noises (Table III).
Some mention of objectionable sound was found in 30% of
blast and 24% of aircraft complaints, and sieep disturbance
and disturbance to children were somewhat higher (13%
and 10%) with blast noise than aircraft noise (7% and 7%).
These differences are not significant.

B. DNL versus complaints

If the percentage of persons highly annoyed is related to
the percentage of persons complaining, then the percentage
of people complaining should rise with DNL. For the air-
craft noise complaints, it was impossible to make a compani-
son between DNL and complaints because of too little infor-
mation.

Blast noise was evaluated in accordance with the assess-
ment procedure recommended by working Group 84 of the

TABLE 1. Percentage of compiants related to property.

Type of noise
[tem Blast Aurcraft
Vibrauon 4%, 10%
Damage to house 12% 9%
Falling objects 149% 2%
Damage to wells 2% 0%
Demage to crops 0% 3%

National Academy of Science Committee or Hearing Bioa-
coustics and Biomechanics (CHABA). CERL has developed
a computer simulation model (BNOISE) which implements
these recommendations. A number of contour maps from
the CERL BNOISE computer program'® were already avail-
able. Thus it was possible to compare the CDNL contours
with complaint locations. However, numbers of complaints
in a noise zone do not transiate directly into percentages.
Higher noise areas are generally smaller than areas of less
noise. In addition, the population density may vary in the
different noise areas.

With these cautions in mind, it was determined that 115
of the blast noise complaints (including a few of the previous-
ly discarded third party complaints) could be related to the
blast noise contours available for the various instaliations.
Precise relationships were possibie only for a few of these, so
the comparison was made in terms of complainants living in
high noise zones (Zone [II, CDNL above 70}, moderately
high noise zones (Zone II, CDNL between 62 and 70), and
acceptable noise zones (CDNL below 62). When this was
done, it was found that most of the complaints were from the
acceptable zone {83), the second most from the moderately
high zone (27), and only five complaints were from the high
zone. These numbers of complaints are inversely related to
DNL. However, as noted above, the land area (and perhaps
the population) encompassed by a noise zone is smaller for
the higher noise zones. Hence it is not possible to compare
these complaint ratios with the percentage of complaints
predicted by the basic model without detailed population
information—data which are lacking.

As a surrogate, examination of specific installations
where the approximate populations in the noise zones were
known was also undertaken. This analysis revealed no syste-
matic relation between noise zones and the percentage of a
population which complain. With the data available, one
could neither say that the complaints were directly correlat-
ed with the noise exposure nor that they were inversely cor-
related with the noise exposures. At best, one might suggest
that complaints are not correlated with the noise exposure.

TABLE 1. Percentage of complaints related to general nuisance.

Type of nouse
Ttem Blast Aurcraft
Objectionable sound 30% 249%
Sieep disturbance 13% 1%
Disturbed children 10% 7%
Spesch interference 0% 1%
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In any case, it is significant that large numbers of com-
plaints can occur from notse zones where the CDNL 1s rated
as acceptabl«

C. Unusual conditions

Anmportant feature of the revised modei 1s that people
complain about unusual conditions. For the aircraft noise
complaints, the frequent mention of low flying or close air-
craft 187%) confirms the hypothesis. Mention of unusual
conditions was far less frequent for blast noise, but there was
other evidence to suggest that levels were unusually high
because of blast noise focusing. Blast noise focusing occurs
when weather conditions result in blast energy being propa-
gated to distant locations where it 1s ordinanly not annoying.
Focusing s dynamic and often shifts over the course of sev-
eral hours.*’ Thus when one observes complaints occurring
at the same approximate time 1n the same general location or
occurnng very closely in time at distant locations, 1t is rea-
sonable to expect that focusing was the cause. As a test of
focusing 1n these particular data, complaints were grouped
according to whether they were isolated, grouped 1n pairs,
tnplets, quadruplets, or larger groups. The results showed
high probability of focusing with only 44% of the complaints
in 1solation, 19% 1n pairs. 7% in groups of three, 12% n
groups of four, and 18% 1n groups of five or more. Undoubt-
edly, a large number of the 44% of isolated complaints is also
due to focusing, but the plausibtlity of a focusing explanation
increases with the grouped data.

D. Time pattern of compiaints (emotional state)

Analyzing the complaiats for emotional tone proved to
be difficult, for 1t 1s very easy to project an emotional state
into a particular situation or statement. Only 45 aircraft
noise and 45 blast noise complainants were descnibed in ade-
quate detail for determining both emotional tone and past
history. (In some cases, multiple complaints were truncated
into a single complainant's history. Here the umt of analysis
1s complainant and not compiaint.; Even with some sort of
objective critena, inferring emotional states 1s somewhat
subjective. In this case, 1t seemed unrealistic to develop more
than three categories of emotional tone.

The lowest state of emotion was identified by any of the
following words: friendly, good-natured. pleasant, nice,
calm, not hostile, good. understanding, courteous, cooperat-
ive, helpful, not trying to make waves, cool ithe lowest level
on one installation’s three category checklist).

The highest state of emotion was identified by any of the
following words or situations: hostile, mad. upset. irate, bel-
ligerent, angry, volatile, indicants of physiological stress, ir-
rational threats le.g.. shooting down aircraft

The intermediate level of arousal was idenurnied by the
tollowing words: concerned, fair, unhappy. meaium, sharp.
strong protest, aggravated, and combinations of words from
levels I and 11 connected by "“but.*”

[t1s, of course, unlikely that any two researchers would
define the categones exactly as above, but the phenomenon
descnibed would still be robust with siightly different catego-
nzauon.

N0

Using this particular set of criteria, the data fell into the
cells as shown in Table [V. In this table, the emotional tone
for muluple complaints reflects their last recorded emotion-
al descnption; complaints were not counted twice.

Il. DISCUSSION

An essential feature of all of the models, the distinction
between aircraft and blast noise events, was confirmed by the
data. Concern about vibrations showed up in 54% of the
biast complaints and 77% mentioned either vibration or
damage or both. Thus the distinction between C-weighting
(which measures both the audible and the low-frequency vi-
brational energy) and A-weighting (which measures only the
audible energy) is an extremely useful one.

The failure to find a strong correlation between noise
level and percentage of complaints is a defeat foflthese moll-
els which postulate a funcuionai relation between DNL and
compiaints. “Annoyance’ per se does not appear to strongly
relate to complaints, since the two vanables are not strongly
correlated, if at all. The new model succeeds in better ex-
plaining the relation between the variables DNL, annoy-
ance, and complaints. As the data show, people appear to be
complamning about the “unusual conditions.”

The data fit the predictions of the “*black box™ relating
complaints to arousal. First, there are almost twice as many
first-time complainants as repeat complainants. Second,
more than half the first-time complainants are at the lowest
level of emotion, while half the multiple complainants are at
the highest level of emotion. These are probably not chance
observations; application of the nonparametric test, the chi
square, indicated that this relationship would occur by
chance less than 0.5% of the time.

lil. CONCLUSIONS

The analysis of these data confirms the wisdom of poli-
¢y which differentiates between annoyance and complaints
and assesses the environment based on annoyance rather
than complaints. As this paper shows, adverse noise environ-
ments may exist without complaints and conversely, accep-
table noise environments may exist with complaints. While
community response in terms of high annoyance correlates
with DNL, complaints correlate only with arousal.

The analysis aiso highlights the importance of respond-
ing to complainants the first time they complain. The data
show that first-time complainants are generally courteous
and reasonable. Complainants only become unreasonable
after having been ignored. In practice. it 1s far less trouble for
an adminstrator to deal with complainants at their first com-
plaint than deal with community action at a later point.

TABLE IV Relaunonship between frequency of complaint and emotional
tone for 90 complainants
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Number of
multipie complainants

Number of Ist-
time complainants

Low emotion 39 Q
Moderate emotion 14 3
High emotion [} i6
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APPENDIX: COMPLAINT FORM

TELEPHONE OR WRITTEN
NOISE COMPLAINT
{Environmental Noise (AR 200-1)]

NOTE: The complainant may, of course, refuse to answer any or all of the
questions below. Since that is his right, he must be allowed to do so. How—
ever, the person receiving the complaint should inform him that proper resolu-
tion will require full information and ask him to cooperate.
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Date/Time Complaint Received:

Received by Whom:

Method of Complaint: Telephone call Visit Letter

Date/Time of Occurrence:

Name of Complainant:
Location of Complainant at time of incident:

Complaint:

Cause of Complaint (As reviewed by complainant):

Damage, if any:

Others Receiving Complaint: (Have you complained to anyone else about this?)

History of Annoyance: (Have you been bothered by this before?)

Complaint History: (Have you called the base to complain before?)

Remarks: {Record comments and request made by the complainant. Comment on
the complainant”’s attitude.)
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3 CONCLUSIONS

The body of data collected by CERL through
experimentation and administration of established
community attitudinal survey methods indicates that
compter-generated noise contour predictions based on
an energy model noise descriptor can be correlated
with attitudinal survey results to reliably portray com-
munity response to impulsive noise. However, a
method  of accurately and  consistently measuring
impulsive sound levels at long distances using direct
noise monitoring techniques and equipment has yet
to be developed.

Energy Model Noise Descriptor

Papers 1, 4, and 8 described how the growth in
annoyance to impulsive sound levels increases mono-
tonically both with sound amplitude and with fre-
quency of occurrence. Papers 2, 7, and 8 showed that
the perception of building rattles is the main adverse
impulsive (blast) noise factor, and that CDNL is the
best available standard weighting for including those
sound energies responsible for building rattle. Since
the CDNL descriptor correlates well with the percent-
age of a community “‘highly annoyed” by impulsive
noise (Papers 1, 5, and 7), it is indicated as the best
available energy model to use to describe community
response to impulsive noise.

Nighttime Adjustment

CERL's research supports the use of the long-
established 10 dB nighttime adjustment for noise
descriptors such as DNL. Most important, CERL’s
research indicates the strongest argument in favor of
a nighttime adjustment is the community’s likelihood
of noticing an event; in general, intrinsic annoyance
per event is not a significant factor.

Papers 6 and 8 described how bothersome noise
events are more likely to be noticed by the commun-
ity during the night than during the day. This indicates
that a nighttime adjustment to the nmse descriptor is
justified. However, deciding on an adjustment for
nighttime blast noise events is difficult, since the com-
munity response to blast noise events differs from the
response to other, nonimpulsive noise sources. Blast
noise, because of its high sound levels and impulsive
nature, is readily noticed at all times of the day and
night. Thus, the rate of noticing blast noise at night
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increases less (as a percent) over the daytime rate as
compared with the nighttime increase for other noise
sources. However, blast noise events produce the
largest increase in intrinsic annoyance per bothersome
event compared with other noise sources.

An alternate analysis identified in Paper 7 identified
the results when day- and night-only blast noise con-
tours were used to correlate with community annoy-
ance. This analysis indicated that the blast noise night-
time adjustment to the noise descriptor should be
perhaps 15 dB for the Fort Lewis data and about 9
dB for the Fort Bragg data.

Generally, the blast noise results are consistent with
the 10 dB adjustment recommended for noise sources
other than blasts.

Health Effects

Blast noise is potentially as bad or worse than other
noises in terms of adverse health effects. Paper 7 des-
cribed how sleep interference was cited as often for
blast noise as for any other source — even in an area
where less than 2 percent of the blast noise events
occurred at night. Startle and fright, the factors known
to cause physiological reactions, occur most often for
blast noise.

Annoyance and the CONL Noise Descriptor
for Impulsive Noise

The exact function for relating the percentage of a
community “highly annoyed™ by blast noise to CDNL
remains in question. It appears that the present
CHABA recommendation may underestimate actual
annoyance, as indicated by the results described in
Paper 7. Thus, the functional relationship between
annoyance and CDNL should perhaps be shifted to
the left by 3 to 4 dB. It is apparent that more research
into (1) the percentage of a community ‘“highly
annoyed” by impulsive noise vs CDNL and (2) the
existence and value of community rise-and decay-time
constants is required to clarify the issue.

Complaints and the CONL Noise Descriptor
for Impuisive Noise

As described in Paper 8, complaints are not a good
measure of community response. The percentage of a
community ‘“highly annoyed™ by impulsive noise
correlates with CDNL  complaints do not correlate
with CDNL. Complaints seem to correlate only with
“abnormal™ or “unusual™ events.
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PREFACE

In 1977 a report entitled "Guidelines for Preparing Environmental
Impact Statements on Noise' was issued as the result of the activities
of Working Group 69 of the Committee on Hearing, Bioacoustics, and Bio-
mechanics (CHABA) of the Nationmal Research Council (NRC). The report
provides a comprehensive set of procedures for specifying the phvsical
descriptions of environmental noise and vibration and methods for as-
sessing the degree of impact on people associated with these environ-
ments.

CHABA Working Group 84 was established to monitor research on
high-energy impulsive sounds and to affirm or to recommend modifica-
tions to the 1977 Guideline's procedures when new data became available.
The emergence of additional data on human response to high-energy im-
pulsive sounds has been much slower and considerably more sparse than
anticipated from governmental program plans available in 1977. Some
new data are available, however, and re-analysis of the older sonic-
boom data has provided somewhat better insight than was available in
1977.

At various times in its deliberations the Working Group invited
and received contributions to the technical discussions from Sanford
Fidell, Bolt Beranek and Newman Inc., Canoga Park, California; Jeffrey
Goldstein, Office of Noise Abatement and Control, Environmental Pro-
tection Agency, Washington, D.C.; Stanley Harris, Aeromedical Research
Laboratory, Wright-Patterson Air Force Base, Ohio; David Siskind,
Bureau of Mines, Department of Interior, Washington, D.C.; Theodore
Schultz, Bolt Beranek and Newman Inc., Cambridge, Massachusetts,
Henning Von Gierke, Aeromedical Research Laboratory, Wright-Patterson
Air Force Base, Ohio; and Robert Young, Naval Oceans System Center,
San Diego, California. The Working Group acknowledges their contri-
butions with thanks, and recognizes that not all of these individuals
may be in complete agreement with the conclusions reached as a con-
census by the Working Group members.

William J. Galloway, Chair
Working Group 84

Assessment of Community Response
to High-Energy Impulsive Sounds

97

-.—

qlé&l%”“ J.- {5.{3-{'.(5.

_____________ T T T R R N T N T T T T T A TR T T T Y I T Y I T Y T TN

FA o T‘r*‘

AR

T ls " 'y

ey
o




- Al el e il ad v e o s e Bn B~ e e e - i il R i s - aamed il abd LA A b R i A
o Jaare durei hlintr e phain diaguid Padit o r-ulire s

SUMMARY

A dose-response relationship between day-night average C-weighted
sound level and average degree of community annoyance is proposed for
high-energy impulsive sounds. This proposal revises the relationship
originally recommended in a CHABA report (National Research Council,
1977, hereafter, NRC, 1977) to reflect more recent community response
data and additional analyses of previous data. The use of sound level-
weighted population as a means for assessing noise impact, as originally
proposed (NRC, 1977), is retained in this proposal.

Analyses summarized in this report indicate that growth of annoy-
ance with increasing average sound level is greater for high-energy
impulsive sounds than for more conventional sounds, such as those pro-
duced by transportation noise sources. This result differs from that
in the CHABA report (NRC, 1977) in which growth of annoyance was con-
sidered to be the same for both kinds of noise. The equations provided
in this report which relate annoyance to average sound level are some-
what simpler than those in the CHABA report (NRC, 1977). A numerical
example showing the agplication of the recommended procedures is pro-
vided. Definitions of acoustical measures used in the report are con-
tained in a glossary.
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INTRODUCTION

The degree of impact of a noise environment on residential com-
munities is assessed (NRC, 1977) in terms of the expected fraction of
a population highly annoyed by the noise. Annoyance, as determined
from a variety of social surveys, was the measure of adverse reaction
that was most highly correlated with exposure to community noise en-
vironments. The dose-response relationship was found to be largely
independent of the sources of noise, at least for the transportation
noise sources which dominate most residential environments.

Among the environments considered (NRC, 1977) were those produced
by high-energy impulsive sounds such as sonic booms, artillery practice
ranges, and quarry blasting. It was recognized that such sounds can
engender annoyance beyond that associated with the simple audibility
of the impulses by inducing house vibrations, startle effects, or other
responses, and thus should be treated differently from more common
sounds such as those from transportation noise sources. The assess-
ment procedure proposed (NRC, 1977) relied on C-weighted sound exposure
level to describe individual high-energy impulsive events (instead of
A-weighted sound exposure level used for other envirommental sounds)
and day-night average C~weighted sound level for the cumulative effect
of impulsive sounds in a 24-hour period (instead of day-night average
A-weighted sound level, as used for all other sources). The shape of
the dose-response relationship between a noise environment and expected
community response developed for non-impulsive sounds in terms of day-
night average A-weighted sound level was retained for high~energy
impulses by substituting day-night average C-weighted sound level on
a numerically equal basis.

The general dose-response function specified for transportation
noises was developed in 1977 from analyses of data from numerous
social surveys. Reasonably high confidence exists that it represents,
on average, a good statistical description of expected community re-
sponse. In contrast, the 1977 impulsive noise response assessment was
based on only one sonic boom experiment that was subject to ambiguicties
in interpretation. The recommendations (NRC, 1977) for impulsive
noises were thus considered to be interim only, to be refined when and
if further data became available.
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Presently available results indicate that the procedures (NRC,
1977) underestimate the degree of response to impulsive sounds, at
least at higher exposure levels, and that a revision to the assessment
procedures is in order. The present report provides a recommended
revision.

The Working Group was also charged with examining the effect of
impulsive noise on sleep. However, no research data have been gathered
since 1977 that would require the Working Group to reconsider sleep
interference. The procedures recommended in this report are thus based
exclusively on average community response expressed in terms of annoy-

ance.
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v, PHYSICAL SPECIFICATION OF HIGH-ENERGY IMPULSIVE SOUNDS ;
L
- »
fk- High-~energy impulsive sounds of concern for community response are
I specified (NRC, 1977) as those for which the C-weighted sound exposure
N level (see the glossary for the definitions of acoustical measures) in
. any 2-second time period 1s greater than 85 decibels (or greater than o
- 75 decibels at night) and is 10 decibels greater than the C-weighted E
- sound exposure level due to other sources in any contiguous 2-second ;
o period. These levels correspond to peak overpressures greater than 2
-~ approximately 105 decibels (95 decibels at night), that is, greater g
o than approximately 0.1 pounds per .square foot. .
- -
|
: Day-night average sound level, which is A-weighted, is the primary ?
- descriptor of environmental noise. If the noise environment includes N
- high-energy impulses meeting the above definition, day-night average N
.- C~weighted sound level is recommended as an additional descriptor (NRC, -
1977). -
.- The use of C-weighted sound exposure levels recommended (NRC, 1977) ?
o has two bases: -
:j 1) the use of C-weighting provides a reasonable measure of the 5
N lew-frequency sound pressures associated with high-energy -
impulses of the type under consideration; and E
‘j? 2) the use of sound exposure level instead of peak sound level S
'{Z meets the need to incorporate a measure of signal duration, -
. since perception of noisiness increases with signal duration :
> (NRC, 1977). -
:x Although essentially all sonic-boom data available in the liter- f
20 ature report the magnitude of a boom in terms of peak overpressure -
;; in pounds per square foot, as measured on a "linear" frequency response K
N system, the term "linear" 1is not standardized. The characteristics of -
. a measurement made with a so-called "linear" system depend greatly on -
., | the measurement system and pressure-sensing transducer used to make the -
- measurement. The choice of C-weighting was a compromise to obtain :
\. é
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low-frequency response with sound measuring instruments that comply o
with specifications contained in national and intermational standards. R
It was recognized that the tolerances permitted in existing standards .
for C-weighting at frequencies below 20 hertz are quite large. How- A
ever, most precision sound measuring instruments have frequency re- ib@‘
sponses that are close to that specified in the standards at least l:::
down to 5 hertz. N
The use of sound exposure level, which is the time integral of » N
sound level over the duration of an event, is consistent with sub- RN o
jective evaluations of sonic booms where it is shown that respomnse {%vﬁ
is proportional to signal duration (Johnson and Robinson, 1967). It R
should be noted that in 1977 no subjective response data or social f{ﬂf
survey data were available in which the magnitudes of the impulses "“{
being evaluated were directly measured in C-weighted sound exposure €
‘level. Thus the interpretations of response in terms of sound exposure bret

level required a conversion from peak overpressure measurements, based
upon analysis of sample recordings of typical sonic-boom sound pressure
signatures.

Nothing that has transpired subsequent to 1977 has led the members

>, N “ -«
1 - 'l'
P TSR R

AL

of Working Group 84 to suggest alternate measures for high-energy im- f
pulsive sounds. The considerations leading to the recommendation to :5{
use C-weighted sound exposure level and day-night average C-weighted }}}5
sound level remain the same. The use of these measures has been found L

[3
e

practical in both measurement and prediction of community noise en-
vironments. Although better measures could likely be developed, there
is no pressing need to do so at this time.

L
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It was recommended (NRC, 1977) that C-weighted sound exposure Ay
levels above a threshold of 85 decibels (75 at night) should be used %ﬁﬁ
in assessing impulse noise. This concept of a threshold was also re- ki':
viewed by Working Group 84. The original purpose of the threshold r-y
was to avoid inclusion of non-impulsive low frequency sounds in mea- s
surements intended for impulsive sounds. An argument can be made that .:§;
the use of a threshold is an unnecessary complication in measurements, e
but the consensus of the working group was that the threshold concept 3
is useful and should be retained for the time being. piict

R
SUBJECTIVE RESPONSE TO HIGH-ENERGY IMPULSIVE SOUNDS }i&l%
Y

The recommended procedure (NRC, 1977) for relating community re- Hj;}
sponse to impulsive noise was first to measure (or predict) the noise ’
environment from high-energy impulsive sounds in terms of day-night 7
average C-weighted sound level. The percentage of a population highly Lha-
annoyed at this average sound level was then estimated from the dose- sf:{i
response relationship for non-impulsive sounds (Schultz, 1978) by L’\Q
replacing the average A-weighted sound level in that relationship with AR
the average C-weighted sound level at the same numerical value. For ‘:ﬁi

> :\»_5'
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many sounds this approximately equivalent to saying that people are
8 decibels more sensitive to impulsive sounds than to non-impulsive
sounds. This position was arrived at largely by interpretation of a
social survey of a population exposed to sonic booms in a six-months
test at Oklahoma City (Borsky, 1965).

At the time Working Group 84 was established, it was expected that
one or more new social surveys of people exposed to impulsive noise
artillery firing ranges would provide a more current basis for examining
the assessment of community response to impulsive noise. The results
of one such survey are now available (Schomer, 1980). In addition,
the Oklahoma City data have been reviewed more thoroughly, as have the
results of tests at Edwards Air Force Base comparing the annoyance of
subsonic airplane flyovers with that of sonic booms (Kryter, 1968).
Interpretations of the combined results of these analyses have led to
the revised recommendation for community response assessment described
below.

Consider first whether A-weighted sound exposure level by itself
is a satisfactory means of assessing human response to sonic booms,
either directly, or with an 8-decibel offset as can be inferred from
the earlier report (NRC, 1977). Two different experiments can be
examined, the paired comparisons between sonic booms and airplane fly-
over noise (Kryter, 1968) and the Oklahoma City social survey (Borsky,
1965).

The paired comparisons consisted of judgments by groups of listen-
ers to alternating flyovers of a subsonic transport airplane (KC-135)
and sonic booms from three different airplanes (B-58, F-104, XB-70).
The aircraft flew over at different heights in order to vary the sound
level of the subsonic airplane noise and of the boom strength in terms
of overpressure. (Although judgements were made both outdoors and
indoors, with sound levels measured outdoors, only the indoor judgments
will be used here since they are more representative of residential
listening conditions.) For each pair of subsonic jet overflights and
booms, the listeners were asked which was more annoying. The averages
of the lister.rs' judgments, when analyzed at various sound levels, were
used to obtain the maximum perceived noise level of the jet that was
judged equally annoying as a sonic boom of specified overpressure, for
each airplane type.

In order to examine these data in terms of sound exposure levels,
both the sonic-boom overpressures and the jet sound levels must be
transformed from their reported measures. Sonic-boom overpressures
may be transformed to A-weighted sound exposure levels by the empirical
function obtained by Young (1975) who used a series of sonic-boom mea-
surements of military airplanes. Conversion of sonic-boom overpressures
to C-weighted sound exposure level may be made from the analyses re-
ported by Schomer (1978) of a representative set of tape recordings
of the original test data provided by Kryter. The conversions used
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here were calculated from linear regressions of measured overpressure,
expressed in decibels, on C-weighted sound exposure level in decibels,
computed separately for each airplane from the data reported by Schomer.
The regression equations are listed in Table 1.

Maximum perceived noise levels for the subsonic airplane were con-
verted to A-weighted sound exposure levels for the KC-135 airplane from
measurements reported by Speakman (1977). The procedure used was to
enter Speakman's table of sound level measures, listed as functions
of distance, with the reported maximum perceived noise level to de-
termine the height at which that level would occur. At this same
height, the A-wéighted sound exposure level was determined from the
tabulated data. The resulting conversions are listed in Table 1.

A-weighted sound exposure levels for aircraft noise and sonic
booms when judged equally annoying during indoor listeing are plotted
on Figure 1. Within the data for a specific airplane type the sound
exposure levels are highly cerrelated (r 2 > 0.98 when adjusted for
small data sets), yet a small but definite offset exists between the
BE-58 and F-104 data (the minor difference in slopes for the regression
lines is insignificant). The shape of a sonic-boom signature, and thus
its spectral content, is directly related to airplane shape and length.
The approximately 4 decibel difference between the two functions re-
lating sonic boom to airplane noise is not surprising. These data in~
dicate that the A-weighted sound exposure level of sonic booms must be
from 11 to 15 decibels lower than the sound exposure level of subsomnic
airplane noise when judged equally annoying, and that the size of this
offset is source dependent.

Notwithstanding this outcome, one can examine the Oklahoma City
experiment to see how well day-night average A-weighted sound level
relates to community response to sonic booms. Eight supersonic over-
flights were performed on a daily basis for six months. Altitudes
and airspeeds were selected to obtain three different nominal over-
pressures for the three successive time intervals of the tests. Per-
sonal interviews of respondents were made during three time periods
that corresponded to the three different nominal overpressures. In-
terviews were conducted at three different distances from the ground
projection of the flight path to obtain different exposures for each
of the three boom levels.

The questionnaire structure and response scaling used in the social
survey were such that direct comparison with other surveys is difficult.
The responses to a question on degree of annoyance due to "house rattles"
caused by the booms were used as the primary measure to quantify com-
munity response (NRC, 1977). The category termed "serious" annoyance by
Borsky (1965) was considered to be most comparable to the "highly"
annoyed categories used in analyzing transportation noise surveys
(Schultz, 1978). Further, the percentage of respondents reporting
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Table 1

Various Outdoor Measures of Jet Noise and Sonic
Booms When Judged Equally Annoying
During Indoor Listening
(converted from Kryter, 1968)

Sonic Booms

KC-135 Jet Noise

Seiad

bp Lok Lee LAE Lpn LAE
B-58 1.94 133.6 106.3 99.2 109 109.9
2.56 135.7 108.7 101.7 114 112.5
2.91 136.9 110.1 103.2 117 114.4
F-104 0.86 126.3 99.3 89.2 39 103.4
1.40 130.5 104.5 95.3 107 109.1
2.77 136.4 111.8 101.5 121 116.9
XB-70 1.35 130.2 103.2 94.5 107 109.1
Ap peak overpressure in pounds per square foot
ka peak "linear" sound level in decibels
LCE C-weighted sound exposure level in decibels
LAE A-welighted sound exposure level in decilbels
LPN Maximum perceived noise level in decibels
ka = 20 log,, (ap) + 127.6
LCE = 3 ka + b
B-58 F-104 XB-70
a 1.1363 1.2300 1.0756
b -45.5 -56.0 -36.8
105
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FIGURE 1. Sound Exposure Levels for Aircraft Noise and Sonic Booms

When Judged Equally Annoying - Indoor Listening (Converted
from Kryter, 1968)
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) serious annoyance at different boom levels (NRC, 1977) was not of the - Kﬁfﬁ
{3 total population sample, but only of that fraction of the sample that  ﬁ§;
N believed it appropriate to complain about governmental actions. To XY
i compare these responses to the total populations used in other surveys ¥ 3
'S an adjustment for the total population was made in the current analysis "~
13 by reducing the reported fractional data by 60 percent. o
“~ b
~_* Y »
« Conversion of nominal overpressures to A-weighted and C-weighted ggi¥
o sound exposure levels was performed as above, except an average differ- 24
ence of 26 decibels between peak overpressure, in decibels, and C- LA
i weighted sound exposure level was used. Day-night average sound levels b!‘
K. were computed for 8 booms per day (there were no nighttime booms) from T‘-I
= the sound exposure levels. These latter data and the percentage of re- i,z?
:% spondents "seriously" annoyed, adjusted for total population, are list- Rehe
N ed in Table 2. A
~ The data for percentage "serious” annoyance as a function of day- ]5{}
o night average A-weighted sound level are plotted in Figure 2. A least- #}if
N squares fit to an exponential function accounts for virtually all of e
': the variance in the data (r? = 0.94). Also shown in the figure ‘?ff
Y is the response curve relating percentage highly annoyed to day-night el
L average A-weighted sound level as derived by Schultz (1978) from a [
g synthesis of a number of social surveys of community response to trans- ' ’E
'{? portation noise. This function was used in the earlier report (NRC, ; $1
%3 1977). As would be expected from the above analysis of the Edwards “ﬁg
3 Air Force Base data, the response to sonic booms is much greater, for brer
Y the same average sound level, than the response to transportation noise. f’i
" While the Oklahoma City data show that a response function can be iy
i- constructed on the basis of A-weighted sound exposure levels, two im- ;,;?
“ portant factors provide an argument against this approach. The first, et
{ as discussed above, is the fact that different sources have different {-j
b A-weighted sound exposure levels when judged equally annoying as sub- —
. sonic airplane noise (see Table 1). Thus, a function equally appli- %F:I
& cable to various impulses does not appear feasible. These differences A
3 are even more apparent where other high-energy impulses such as those .g 
e from artillery firing are considered (Schomer, 1976). The second point ik
i is that it is highly desirable to be able to measure the day-night aver- ﬁﬁ@
(2 age sound level for impulsive sounds as well as other noises in the iféi
community. Traffic noise itself will generally produce a day-night bt
. average A-weighted sound level greater than 50 decibels in most suburban ¢
= and urban environments. In the Oklahoma City study, the contribution §;“
- of sonic booms to the overall day-night average A-weighted sound level &;)&
. would have been completely masked by the other noise sources for all \#.:
p but the highest sonic-boom exposure cases. '
o At least for sonic booms, the first problem (differences in sound ysif
- expcsure levels for different sources when equally annoying as a parti- ,§ o
- cular subsonic airplane) can be avoided by measurement of sonic booms L:{
o in C-weighted sound exposure level. The Edwards Air Force Base data O
- L2
o .'3‘: :"
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lst period 1.13 52.6 62.3 10.5 v
2nd period 1.23 53.6 63.0 16.1 -
3rd period 1.60 56.1 65.3 21.7 b

u‘_‘-,

Location 2 ﬁi

1st period 0.8 47.6  59.3 7.9

Location 3

Table 2 s

Day-night Average Sound Levels and Percent of
Total Population Expressing "Serious"” Annoyance

From Sonic-Booms at Oklahoma City ’ )
(Converted from Borsky, 1965) {z

Nominal L L Percent ;1
Ap dn Cdn Annoyed &'
Location 1 g

2nd period 1.1 52.1 62.0 12.2
3rd period 1.3 54.1 63.5 15.2

1st period 0.65 by .1 57.7 3.0
2nd period 0.85 48.6 59.8 6.5
3rd period 1.0 50.6 61.2 10.1
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from Table 1 are shown in Figure.3, to display the relationship between
C-weighted sound exposure levels for sonic booms and A-weighted sound
exposure levels for subsonic airplane noise when the two sources are
judged equally annoying. In contrast to the data in Figure 1, here the
booms from different airplanes collapse into a single function. How-
ever, an assumption in the earlier report (NRC, 1977) is not substan-
tiated by these data: C-weighted sound exposure levels for impulse
noise, when numerically equal to A-weighted sound exposure levels for
non-impulsive noise, do not cause equal annoyance. Rather, the C-
weighted sound exposure level 1is approximately 5 decibels lower than
the A-weighted sound exposure level for airplane noise when judged
equally annoying. That is, people seem to be more sensitive to im-
pulsive sounds than was indicated in the earlier report (NRC, 1977).
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Accepting C-weighted sound exposure level as the preferred measure
for individual high-intensity impulsive sounds, the day-night average
C-welighted sound level for the Oklahoma City data and Schomer's (1980)
Army base artillery noise survey can be used to derive a function re-
lating community annoyance to average sound level. The data from Okla-
homa City are listed in Table 2. A brief description of Schomer's
survey 1is in order.

Schomer's study consisted of interviews of groups of residents at
sites in the vicinity of an Army bpasz where extensive arciliery firing
training takes place. The six sites that were off base were considered
here. Noise monitoring using integrating sound level meters was con-
ducted on a continuous 24-hour basis for an average of approximately
25 days per site. These measured average sound levels, in conjunction
with computer-based predictive models, were used to estimate annual
average of day-night average C-weighted sournd levels for blast ncise
associated with the environments in which the survey respondents lived.
The soclal survey used scales similar to other recent surveys (for
example, see Schultz, 1978). The group average responses for annoyance
from blast noise are of interest here. The percentage of respondents
reporting high annoyance, adjusted for the total population sample,
are listed in Table 3 with their associated average sound levels,

The annoyance data from Table 2 for Oklahoma City sonic booms and -
from Table 3 for artillery blast noise are plotted in Figure 4 against T

.’"_Pn‘,.
day-night average C-weighted sound levels. The consensus of the Work- {;éj
ing Group is that the data at low average sound levels (those below ;:ﬁﬁ
about 60 decibels) should not be regarded with the same validity as RS
those at higher average sound levels, because of possible confounding o]
with the day-night average A-weighted sound levels from other noise 9
sources. Further, average sound levels below 55 to 60 decibels are fn§$

e considered to have a negligible effect on public health and welfare. }:yﬂ
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The data at average sound levels above 60 decibels indicate, as
did the Edwards Air Force Base tests discussed above, that annoyance
produced by artillery noise rises more rapidly with increasing sound
levels than indicated by the transportation noise response function
when day-night average C-weighted and A-weighted sound levels are
equated on a numerical basis. The synthesized transportation noise
function is plotted in Figure 4. A separate function for high-energy
impulsive noise, arrived at by a concensus of the Working Group, is
also plotted in Figure 4.

TABLE 3

Estimated Percent of Total Population Sampled That Reported High
Annoyance to Blast Noise from Artillery Practice Firings (after Schomer,
Schomer, 1980)

Percent
Day-night average Highly

Area C-welghted sound level Annoyed
High 68 33.9
Fay W 54 13.5
Fay E 52 8.4
South L9 17.4
Near In L6 7.1
Far W 40 0

The analytic expression recommended by the Working Group for the
high-energy impulsive noise function 1s:

100

% HA = (IT.17 - 0.153 C
e

1+ Cdn)

This function follows the format of a function provided to the Working
Group by S. Harris to approximate Schultz's synthesis of annoyance from
transportation noise as a function of day-night average A-weighted
sound level. This Harris function is:

100
% HA = (10-43 - 0.132 L)
1l + e

Both functions are considerably simpler than the earlier one (NRC, 1977):

0.103 L
(1.24 x 10‘“)(10 df)

HA =

£
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The last two functions for transportation noise provide numerical
results that aviee within a few tenths of one percent over the range
of day-night average sound levels from 40 to 80 decibels.

SOUND LEVEL-WEIGHETEI* POPULATION

A procedure is given (NRC, 1977) to obtain a single number repre-
sentative of noise impact for the population affected by a noise en-
vironment where different groups of the population experience different
average sound levels. To determine the sound level-weighted population,
the fraction of total population at each value of average sound level
is multiplied by a weighting factor that varies with sound level. The
sum of the weighted populations calculated for each sound level is
called the level-weighted population. The weighting factor used in
the computation was obtained from the relation between percentage highly
annoyed and average sound level, as derived from the synthesis of trans-
portation noise surveys, normalized to unity at a day-night average
sound level of 75 decibels. The normalizing consisted of dividing the
percentage highlv annoyed at any average sound level by the percent at
75 decibels, 36.97%. (The Harris function provides 37.1% at this sound
level.)

In the report (NRC, 1977), level-weighted population for environ-
ments having both high-energy impulsive noise (measured in day-night
average C-weighted sound level) and all other sounds (measured in day-
night average A-weighted sound level) are calculated by first adding

the two average sound levels logarithmically. This addition is per-
formed as follows:

LCdn Ldn
L = 10 log, |10 10 4 40 10

Thus the sum of 65 decibels and 70 decibels is 71.2 decibels, not 135.
The weighting factor for 71.2 decibels is therefore applied to a popu-
lation experiencing, simultaneously, a day-night average C-weighted
sound level of 70 decibels from high-energy impulsive noise and a day-
night average A-weighted sound level of 65 decibels from transportation
noise. It is recommended in this present report that the two average
sound levels not be directly combined. Instead, the combined effects
of high-energy impulsive sound and other audible sounds should be
assessed on the basis of equivalent annoyance. This may be accom-
plished by first finding, for impulsive sounds, the numerical value

of day-night average A-weighted sound level (from the '"general" re-
sponse function of Figure 4) that has the same numerical value of per-
centage highly annoyed predicted by the day-night average C-weighted
sound level function. This level is then added logarithmically to

the day-night average sound level for the non-impulsive sounds. The
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| percentage highly annoyed, or level-weighted population, is then calcu- j;'
i lated from this combined average sound level and the general response Hg;
1 function. It should be noted that this combination procedure is based qu
b/ on intuition, since no research data are available to support it (or bﬁé;
;~: any other procedure). S
A As an example, consider the same average sound levels as above, f?:f
%:‘ 70 decibels for the day-night average C-weighted sound level for im- ;1,
N pulsive noise and 65 decibels for the day-night average A-weighted Rty
- sound level for other sounds. From Figure 4 (or the related analytical 8l
: expressions stated above), at 70 decibels the percentage highly annoyed ?A;
at the impulsive sounds is 38.7%. This percentage of highly annoyed L
oy for non-impulsive sounds is produced at an A-weighted sound level of 3;;
- 75.5 decibels. The general response weighting factor to be used for the !”E
#: combined environment is that associated with the sound level which is v
';n the logarithmic sum of 75.5 and 65 decibels, that is 75.9 decibels, .;
o corresponding to 39.9% highly annoyed. 5&&
" ,'_.‘“,.
Ly o
_?- A LAND-USE PLANNING FOR COMBINED ENVIRONMENTS Ei)
- 1SS,
:% Compatibility of various land uses with a given noise environment i]}j
- is related to day-night average sound level. Maps showing contours of }3;
i equal day-night average sound level are often used to assist in land- r
o use planning, with the contours identified by their numerical values Pty
i in decibels. The validity of such contours can be assessed by mea- ;{?
{3 surements obtained with appropriate acoustical instrumentation. g}z
::‘ 20
- When land-use maps are prepared for environments in which high- T
| energy impulsive sound (as depicted by day-night average C-weighted h g
& sound level) is combined with the general non-impulsive sound environ- Cothy
o~ ment (depicted by day-night average A-weighted sound level) it is recom- N
Q: mended that sound level contours derived from the combination procedure :’Q
fn described above not be labeled in decibels. The combination procedure Mo
;; yields a numerical value that is not directly measurable. It is recom- b
" mended that zones of land use compatibility, at least for residential .« 3
" purposes, be designated by the alphabetical codes described in a report ;“ﬁi
. soon to be published by the Federal Interagency Committee on Urban \kk
- Noise Y
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GLOSSARY

Acoustical terms used in this report are defined here. The list
of terms is arranged approximately in order of their likelihood of use
or antecedence over more complex terms.

level. A word added to the names of different parameters in order to
indicate that the parameter is expressed in decibels relative to a
standardized reference value of the parameter., The use of the word
level in any term indicates that the quantity represented by the term
is proportional to the logarithm of the ratio of a function of the
quantity to the reference quantity for the function.

sound level. The quantity in decibels measured by an instrument satis- .
fying requirements of American National Standard Specification for Ine
Sound Level Meters S1.4-1971. Sound level is 10 times the common log- X
arithm of the exponential-time-average of frequency-weighted squared
sound pressure, with reference to the square of the standard reference
sound pressure of 20 micropascals. A squared pressure time constant
of 125 milliseconds is used for "fast'" averaging, and one second for
"slow'" averaging.

A-weighted. The frequency weighting designated as A in sound level
meter standards. A-weighting is progressively less sensitive to
sounds of frequency below 1000 hertz (cycles per second), somewhat

as is the human ear. At 31.5 hertz, A-weighting is 39.4 decibels less
sensitive than at 1000 hertz.

.
"

C-weighted. The frequency weighting designated as C in sound level Q:

meter standards. C-weighting retains its sensitivity to sounds of ]
0 frequency below 1000 hertz, but gradually decreases in sensitivity at s}
i{{ frequencies below 100 hertz. At 31.5 hertz, C-weighting is 3 decibels N
A less sensitive than at 1000 hertz. 2
Foo ~3
- linear-weighting. A non-standard term implying equal sensitivity to

CON frequencies is determined by the physical characteristics of trans-

o ducers, cables, amplifiers and other components of a measurement system.
£4t
Aix-

L

sounds of all frequencies. In practice, sensitivity at low and high
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- sound exposure level. The level of sound accumulated over a given time )
> period or event. In decibels, the level of the time integral of fre- 2
ol quency-weighted squared sound pressure over a stated time interval or X
0 event, with reference to the square of the standard reference pressure e
:ii, of 20 micropascals and reference duration of one second. -ﬁ_
A o
2& average sound level. A sound level typical of the sound levels at a 'f_
rer certain place in a stated time interval. Technically, average sound "
. level in decibels is the level of the mean-square frequency-weighted A
NN sound pressure during the stated time interval, with reference to the : tﬁ;
5y< square of the standard reference sound pressure of 20 micropascals. ai
. f; Average sound level differs from sound level in that for average sound N
'ﬁf. level equal emphasis is given to all sounds within the stated averaging 5j
AR interval, whereas for sound level an exponential time weighting puts -
" much more emphasis on sounds that have just occurred than on those which <
_;{j occurred earlier. 1t is often convenient to calculate average sound »
RS level as the mean-square sound exposure level of all events occurring t:
N in a stated time interval, plus 10 times the common logarithm of the K
Y quotient formed by the number of events in the time interval, divided %t
- by the duration of the time interval in seconds. -
yifz day-night average sound level. The 24-hour average frequency-weighted o
oy sound level, in decibels, from midnight to midnight, obtained after ﬁt‘
fi{- addition of 10 decibels to sound levels in the night from midnight up b
o to 7 a.m. and from 10 p.m. to midnight (0000 up to 0700.and 2200 up to
e 2400 hours). A-weighting is understood unless otherwise specified.
e "
(j perceived noise level. The level in decibels obtained by a computa- t
2{_ tional procedure that combines the 24 one-third octave band sound +;
b pressure levels in the frequency bands from 50 to 10,000 Hz to obtain ‘é
N a single level. The calculation procedure gives an approximation to W
) the perceived noise level as determined by a subjective experiment on 3
. a fundamental psycho-acoustical basis, namgly that perceived noise level g4
) of a sound is numerically equal to the sound pressure level of a refer- iy
- ence sound that is judged by listeners to have the same perceived O
}:: noisiness as the given sound. Perceived noise level is generally com- #f
Vo) puted for each consecutive 0.5 second time interval during the dura- Rt
i tion of an aircraft flyover. For typical aircraft flyovers the per- D
b ceived noise level is numerically 12 to 14 decibels greater than the o
::; A-weighted sound level for the same sound. Ef
};: maximum perceived noise level. The greatest perceived noise level dur- ‘:.
{et ing a designated time interval or event. The value of the maximum "
. sound level for a time-varying event is especially dependent on the
e averaging time of the instrument and thus must be stated. Perceived Y
RN noise levels, when standardized for application to aircraft noise, are g
5 based onthe "slow" time constant of one second. 5“
;ﬁg overpressure. Pressure at a place and instant considered, minus the %w
- static pressure there. b
)
ey
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peak overpressure. Greatest absolute instantaneous overpressure during
an event or stated time interval. for sonic booms, it has been con-
ventional to state the magnitude of peak overpressure either in pounds
per square foot or newtons per square meter.

peak overpressure level. The level in decibels of the squared peak
overpressure, with reference to the square of the standard reference
sound pressure of 20 micropascals. Also called peak sound level.

sound level-weighted population. The sum, over all people and average
sound levels associated with a defined acoustical environment, of the
number of people experiencing a stated average sound level, multiplied
by a numerical weighting. The weighting is proprotional to average
sound level.

SYMBOLS
The following mathematical symbols have been used in this report:
LaE A-weighted sound exposure level in decibels
Lcg C-weighted sound exposure level in decibels
L4n day-night average A-weighted sound level in decibels
LCdn day-night average  C-weighted sound level in decibels
peak "linear" sound level in decibels

LpN perceived noise level in decibels

Ap peak overpressure in pnunds per square foot
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