LR,

e

TR

enageon ot

04 14|

82 ol




ASSESSMENT OF COMMUNITY RESPONSE
TO HIGH-ENERGY IMPULSIVE SOUNDS

Report of Working Group 84

Committee on Hearing, Biocacoustics, and Biomechanics
Assembly of Behavioral and Social Sciences
National Research Council

National Academy Press

Washington, D.C. ,,_;%pT;V?irgﬁi




NOTICE: The project that is the subject of this report was approved
by the Governing Board of the National Research Council, whose members
are drawn from the councils of the National Academy of Sciences, the
National Academy of Engineering, and the Institute of Medicine. The
members of the committee responsible for the report were chosen for
their special competences and with regard for appropriate balance.

This report has been reviewed by a group other than the authors
according to procedures approved by a Report Review Committee consist-
ing of members of the National Academy of Sciences, the National Acad-
emy of Engineering, and the Institute of Medicine.

The National Research Council was established by the National
Academy of Sciences in 1916 to associate the broad community of science
and technology with the Academy's purposes of furthering knowledge and
of advising the federal government. The Council operates in accordance
with general policies determined by the Academy under the authority of
its congressional charter of 1963, which establishes the Academy as a
private, nonprofit, self-governing membership corporation. The Council
has become the principal operating agency of both the National Academy
of Sciences and the National Academy of Engineering in the conduct of
their services to the government, the public, and the scientific and
engineering communities. It is administered jointly by both Academies
and the Institute of Medicine. The National Academy of Engineering
and the Institute of Medicine were established in 1964 and 1970, re-
spectively, under the charter of the National Academy of Sciences.

] ‘ This work relates to Department of the Navy Contract N00014-80-C-0159

] issued by the Office of Naval Research under Contract Authority NR 201-
124, However, the content does not necessarily reflect the position

_ or the policy of the Department of the Navy or the Government, and no

f official endorsement should be inferred.

The United States Government has at least a royalty-free, non-exclusive
and irrevocable license throughout the world for government purposes

to publish, translate, reproduce, deliver, perform, dispose of, and to
authorize others so to do, all or any portion of this work.

ii




Working Group 84

William Galloway (Chair), Bolt Beranek and Newman, Inc., Canoga Park,
California

Daniel L. Johnson, Biomedical Laboratory, Aeromedical Research Labora-
tories, Wright-Patterson Air Force Base, Ohio

Karl D. Kryter, Sensory Science Research Center, SRI Internatiomal, Inc.

Paul D. Schomer, Construction Engineering Research Laboratory, Champaign,
Illinois

Peter J. Westervelt, Department of Physics, Brown University

ciessen)

IR SRR Codes

i1 nnl/er

PSRNt
iDict Fpoeial

|
i

i1

[




4

COMMITTEE ON HEARING, BIOACOUSTICS, AND BIOMECHANICS

PETER WESTERVELT (Chair), Department of Physics, Brown University
SHEILA BLUMSTEIN, Department of Linguistics, Brown University

BARBARA BOHNE, Department of Otolaryngology, Washington University
School of Medicine, St. Louis, Missouri

KENNETH ELDRED, Bolt Beranek and Newman, Inc., Cambridge, Massachusetts
DONALD H. ELDREDGE, Central Institute for the Deaf, St. Louis, Missouri

JAMES FLANAGAN, Acoustics Research Department, Bell Telephone Labora-
tories

DENNIS McFADDEN, Department of Psychology, University of Texas
DONALD PARKER, Department of Psychology, Miami University, Oxford, Ohio
CARL SHERRICK, Department of Psychology, Princeton University

CHARLES S. WATSON, Boys Town Institute for Communicative Disorders
in Children, Omaha, Nebraska

MILTON A. WHITCOMB, Study Director
ARLYSS K. WIGGINS, Administrative Secretary

:i
{




CONTENTS

PREFACE
SUMMARY
INTRODUCTION
PHYSICAL SPECIFICATION OF HIGH-ENERCY ;MPULSIVE SOUNDS
SUBJECTIVE RESPONSE TO HIGH-ENERGY IMPULSIVE SOUNDS
SOUND LEVEL-WEIGHTED POPULATION

LAND~USE PLANNINC FOR COMBINED ENVIRONMENTS

GLOSSARY

REFERENCES

vii

17
18
19

22




TABLES

Various Outdoor Measures of Jet Noise and Sonic Booms
When Judged Equally Annoying during Indoor Listening

Day-night Average Sound Levels and Percent of Total
Population Expressing "Serious" Annoyance from Sonic
Booms at Oklahoma City

Estimated Percent of Total Population Sampled That
Reported High Annoyance to Blast Noise from Artillery
Practice Firings

FIGURES

Sound Exposure Levels for Aircraft Noise and Sonic
Booms When Judged Equally Annoying -~ Indoor Listening

Oklahoma City Sonic-Boom Response for Total Population

A-weighted Sound Exposure Level of Subsonic Jet When
Judged Equally Annoying as a Sonic Boom of Specified
C-weighted Sound Exposure Level - Indoor Listening

Recommended Relationships for Predicting Community
Response to High-Energy Impulsive Sounds and to
Other Sounds

8

11

16

9

12

13

15




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, Bioaccustics, and Bio-
mechanics (CHABA) of the National Research Council (NRC). The report i
provides a comprehensive set of procedures for specifying the physical
descriptions of environmental noise and vibration and methods for as-
sessing the degree of impact on pecple 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
Alr Force Base, Ohio; and Robert Young, Naval Oceans System Center, i
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 i
Working Group 84

Assessment of Community Response |
to High-Energy Impulsive Sounds :

xi FEOECING PAGE  BLANK-NOT FI

SR AN




T . - . A
i i -

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 relatiomnship
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-
gidered 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 application of the recommended procedures is pro-
vided. Definitions of acoustical measures used in the report are con-
tained in a glossary.

AT




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-veighted 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, a8 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 ambiguities
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.

2




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 ot
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.




PHYSICAL SPECIFICATION OF HIGH-ENERGY IMPULSIVE SOUNDS

High-energy impulsive sounds of concern for community respense are
specified (NRC, 1977) as those for which the C-weighted sound exposure
level (see the glossary for the definitions of acoustical measures) in
any 2-second time period is greater than 85 decibels (or greater than
75 decibels at night) and is 10 decibels greater than the C-weighted
sound exposure level due to other sources in any ceantiguous 2-second
period. These levels correspond to peak overpressures greater than
approximately 105 decibels (95 decibels at night), that is, greater
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
high-energy impulses meeting the above definitien, day-night average
C-weighted sound level is recommended as an additional descriptor (NRC,
1977).

The use of C-weighted sound exposure levels recommended (NRC, 1977)
has two bases:

1) the use of C-weighting provides a reasonable measure of the
low-frequency sound pressures assoclated with high-energy
impulses of the type under consideration; and

2) the use of sound exposure level instead of peak sound level
meets the need to incorporate a measure of signal duration,
since perception of noisiness increases with signal duration
(NRC, 1977).

—

Although essentially all sonic-boom data available in the liter~-
ature report the magnitude of a boom in terms of peak overpressure
in pounds per square foot, as measured on a "linear" frequency response
system, the term "linear" is 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 :
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low~frequency response with sound measuring instruments that comply
with specifications contained in national and international standards.
It was recognized that the tolerances permitted in existing standards
for C-weighting at frequencies below 20 hertz are quite large. How-
ever, most precision sound measuring instruments have frequency re-
sponses that are close to that specified in the standards at least
down to 5 hertz.

The use of sound exposure level, which is the time integral of
sound level over the duration of an event, is consistent with sub-~
jective evaluations of sonic booms where it is shown that response
is proportional to signal duration (Johnson and Robinson, 1967). It
should be noted that in 1977 no subjective response data or social
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
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
of Working Group 84 to suggest alternate measures for high-energy im-
pulsive sounds. The considerations leading to the recommendation to
use C-weighted sound exposure level and day-night average C-weighted
sound level remain the same. The use of these measures has been found
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.

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

SUBJECTIVE RESPONSE TO HIGH-ENERGY IMPULSIVE SOUNDS

The recommended procedure (NRC, 1977) for relating community re-
sponse to impulsive nolse was first to measure (or predict) the noise
environment from high-energy impulsive sounds in terms of day-night
average C-weighted sound level. The percentage of a population highly
annoyed at this average sound level was then estimated from the dose-
response relationship for non-impulsive sounds (Schultz, 1978) by
replacing the average A-weighted sound level in that relationship with
the average C-weighted sound level at the same numerical value. For




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 Ailr 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 listeners' 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-weighted 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
B-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 subsonic
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 b:. .is 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

e o




Various Outdoor Measures of Jet Noise and Sonic

Table 1

Booms When Judged Equally Annoying

During Indoor Listening

(converted from Kryter, 1968)

Sonic Booms KC-135 Jet Noise
&p 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 99 103.4
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 decilbels
LAE A-weighted sound exposure level in decibels
LPN Maximum perceived noilse level 1in decibels
ka = 20 log, (Ap) + 127.6
LCE = a ka + b
B-58 F-104 XB-T0
a 1.1363 1.2300

b -45.5 -56.0
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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
total population sample, but only of that fraction of the sample that
believed it appropriate to complain about governmental actions. To
compare these responses to the total populations used in other surveys
an adjustment for the total population was made in the current analysis
by reducing the reported fractional data by 60 percent.

Conversion of nominal overpressures to A-weighted and C-weighted
sound exposure levels was performed as above, except an average differ-
ence of 26 decibels between peak overpressure, in decibels, and C-
weighted sound exposure level was used. Day-night average sound levels
were computed for 8 booms per day (there were no nighttime booms) from
the sound exposure levels. These latter data and the percentage of re-
spondents "seriously” annoyed, adjusted for total population, are list-
ed in Table 2.

The data for percentage "serious" annoyance as a function of day-
night average A-weighted sound level are plotted in Figure 2. A least-
squares fit to an exponential function accounts for virtually all of
the variance in the data (r® = 0.94). Also shown in the figure
is the response curve relating percentage highly annoyed to day-night
average A-weighted sound level as derived by Schultz (1978) from a
synthesis of a number of social surveys of community response to trans-
portation noise. This function was used in the earlier report (NRC,
1977). As would be expected from the above analysis of the Edwards
Air Force Base data, the response to sonic booms is much greater, for
the same average sound level, than the response to transportation noise,

While the Oklahoma City data show that a response function can be
constructed on the basis of A-weighted sound exposure levels, two im-
3 portant factors provide an argument against this approach. The first,
as discussed above, is the fact that different sources have different
A-veighted sound exposure levels when judged equally annoying as sub-
sonic airplane noise (see Table 1). Thus, a function equally appli-
cable to various impulses does not appear feasible. These differences
are even more apparent vhere other high-energy impulses such as those
from artillery firing are considered (Schomer, 1976). The second point
is that it is highly desirable to be able to measure the day-night aver-
age sound level for impulsive sounds as well as other noises in the
community. Traffic noise itself will generally produce a day-night
average A-waighted sound level grester than 50 decibels in most suburban
and urban enviromments. 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
but the highest sonic-boom exposure cases.

At least for sonic booms, the first problem (differences in sound
exposure levels for different sources vhen equally annoying as a parti-
cular subsonic airplane) can be avoided by measurement of sonic booms
in C-weighted sound exposure level. The Edwards Air Force Base data




Table 2

Day-n ght Average Sound Levels and Percent of
Total Population Expressing "Serious" Annoyance
From Sonic-Booms at Oklahoma City
(Converted from Borsky, 1965)

tomtal Ly oy,  Fercent
Location 1
1st period 1.13 52.6 62.3 10.5
2nd period 1.23 53.6 63.0 16.1
3rd period 1.60 56.1 65.3 21.7
Location 2
1lst period 0.8 k7.6 59.3 7.9
2nd period 1.1 52.1 62.0 12.2
3rd period 1.3 54,1 63.5 15.2
Location 3
1st period 0.65 4y .1 57.7 3.0
? 2nd period 0.85 u8.6 59.8 6.5

3rd period 1.0 50.6 61.2 10.1




12
40 e
I l I l
-3 01521 L,
% HA = 4.3x10 e
30 |— r? = 0.9413 —

Percent Highly Annoyed Population

20 |— —
Synthesis %

/
40 45 50 55 60 65

Day-Night Average A-Weighted Sound Level in dB

FIGURE 2. Oklahoma City Sonic-Boom Response for Total Population




13
120
I I [ T |
]
€ 2
= L r® = 0,9692 —
< N5
3
-l
o
5
§ J7:] —
5
[ I
-; 11 N ——1
&
2
) v
§ o 1-%
o 190 — o F-104
.§ A XB-70
s | | 1 |
100 105 110 115 120 125

Aircraft Noise A-Weighted Sound Exposure Level in dB

FIGURE 3. A-weighted Sound Exposure Level of Subsonic Jet When Judged
Equally Annoying as a Sonic Boom of Specified C-weighted

Sound Exposure Level - Indoor Listening (Converted from
Kryter, 1968)




DG RS e

14

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 is approximately 5 decibels lower than
the A-weighted sound exposure level for airplane noise when judged
equally annoying. That is, people secem to be more sensitive to im-
pulsive sounds than was indicated in the earlier report (NRC, 1977).

Accepting C-weighted sound exposure level as the preferred measure
for individual high-intensity impulsive sounds, the day-night average
C-weighted 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 is in order.

Schomer's study consisted of interviews of groups of residents at
sites in the vicinity of an Army base where extensive artillery 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 sound levels for blast noise
associated with the environments in which the survey respondents lived.
The social 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

" day-night average C-weighted sound levels. The consensus of the Work-

ing Group is that the data at low average sound levels (those below
about 60 decibels) should not be regarded with the same validity as
those at higher average sound levels, because of possible confounding
with the day-night average A-weighted sound levels from other noise
sources. Further, average sound levels below 55 to 60 decibels are
considered to have a negligible effect on public health and welfare.

e v E—— e o e v
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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-weighted sound level Annoyed

High 68 33.9
Fay W 54 13.5
Fay E 52 8.4
South kg 17.4
Near In e 7.1
Far W 40 0

The analytic expression recommended by the Working Group fer the
high-energy impulsive noise function is:

100

% HA = : (IT°I7 - 0-153 Lgg,)

1+

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 = {I0.83 - 0.132 L)
1l + e

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

* HA = b(%)élz'f. x 1°-M)L1f°o.103 “an) 308 T
0.2){10 d“) + (1.143 x 10-‘4)(10 ' dz)
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The last two functions for transportation noise provide numerical
results that avree within a few tenths of one percent over the range
of day-night average sound levels from 40 to 80 decibels.

SOUND LEVEL-WEIGHTEI? 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 highly annoyed at any average sound level by the percent at
75 decibels, 36.9%. (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:

“can “an
0
L = 10 log,, |10 10 410 1

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 & 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-
lated from this combined average sound level and the general response
function. It should be noted that this combination procedure is based
on intuition, since no research data are available to support it (or
any other procedure).

As an example, consider the same average sound levels as above,
70 decibels for the day-night average C-weighted sound level for im-
pulsive noise and 65 decibels for the day-night average A-weighted
sound level for other sounds. From Figure 4 (or the related analytical
expressions stated above), at 70 decibels the percentage highly annoyed
at the impulsive sounds is 38.7%Z. This percentage of highly annoyed
for non-impulsive sounds is produced at an A-weighted sound level of
75.5 decibels. The general response weighting factor to be used for the
combined environment is that associated with the sound level which is
the logarithmic sum of 75.5 and 65 decibels, that is 75.9 decibels,
corresponding to 39.9% highly annoyed.

LAND-USE PLANNING FOR COMBINED ENVIRONMENTS

Compatibility of various land uses with a given noise environment
is related to day-night average sound level. Maps showing contours of
equal day-night average sound level are often used to assist in land-
use planning, with the contours identified by their numerical values
in decibels. The validity of such contours can be assessed by mea-
surements obtained with appropriate acoustical instrumentation.

When land-use maps are prepared for environments in which high-
energy impulsive sound (as depicted by day-night average C-weighted
sound level) is combined with the general non-impulsive sound environ-
ment (depicted by day-night average A-weighted sound level) it is recom-
mended that sound level contours derived from the combination procedure
described above not be labeled in decibels. The combination procedure
yields a numerical value that is not directly measurable. It is recom-
mended that zones of land use compatibility, at least for residential
purposes, be designated by the alphabetical codes described in a report
soon to be published by the Federal Interagency Committee on Urban
Noise.

o —— ' L i




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
Sound Level Meters S1.4-1971. Sound level is 10 times the common log-
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 progressive vy ‘.ass s¢r:xtive to
sounds of frequency below 1000 hertz (cycls: 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
meter standards. C-weighting retains its sensitivity to sounds of
frequency below 1000 hertz, but gradually decreases in sensitivity at
frequencies below 100 hertz. At 31.5 hertz, C-weighting is 3 decibels
less sensitive than at 1000 hertz.

linear-weighting. A non-standard term implying equal sensitivity to
sounds of all frequencies. In practice, sensitivity at low and high
frequencies is determined by the physical characteristics of trans-
ducers, cables, amplifiers and other components of a measurement system.

19
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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-
quency-weighted squared sound pressure over a stated time interval or
event, with reference to the square of the standard reference pressure
of 20 micropascals and reference duration of one second.

average sound level. A sound level typical of the sound levels at a
certain place in a stated time interval. Technically, average sound
level in decibels is the level of the mean-square frequency-weighted
sound pressure during the stated time interval, with reference to the
square of the standard reference sound pressure of 20 micropascals.
Average sound level differs from sound level in that for average sound
level equal emphasis is given to all sounds within the stated averaging
interval, whereas for sound level an exponential time weighting puts
much more emphasis on sounds that have just occurred than on those which
occurred earlier. It is often convenient to calculate average sound
level as the mean-square sound exposure level of all events occurring
in a stated time interval, plus 10 times the common logarithm of the
quotient formed by the number of events in the time interval, divided
by the duration of the time interval in seconds.

day-night average sound level. The 24~hour average frequency-weighted
sound level, in decibels, from midnight to midnight, obtained after
addition of 10 decibels to sound levels in the night from midnight up
to 7 a.m. and from 10 p.m. to midnight (0000 up to 0700 and 2200 up to
2400 hours). A-weighting is understood unless otherwise specified.

perceived noise level. The level in decibels obtained by a computa-
tional procedure that combines the 24 one-third octave band sound
pressure levels in the frequency bands from 50 to 10,000 Hz to obtain

a single level. The calculation procedure gives an approximation to
the perceived noise level as determined by a subjective experiment on

a fundamental psycho-acoustical basis, namely that perceived noise level
of a sound is numerically equal to the sound pressure level of a refer-
ence sound that is judged by listeners to have the same perceived
noisiness as the given sound. Perceived noise level is generally com-
puted for each consecutive 0.5 second time interval during the dura-
tion of an aircraft flyover. For typical aircraft flyovers the per-
ceived noise level is numerically 12 to 14 decibels greater than the
A-weighted sound level for the same sound.

maximum perceived noise level. The greatest perceived noise level dur-
ing a designated time interval or event. The value of the maximum
sound level for a time-varying event is especially dependent on the
averaging time of the instrument and thus must be stated. Perceived
noise levels, when standardized for application to aircraft noise, are
based onthe "slow" time constant of one second.

overpressure. Pressure at a place and instant considered, minus the
static pressure there. :
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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.

F SYMBOLS

The following mathematical symbols have been used in this report:
LAg A-weighted sound exposure level in decibels

Lcg C-weighted sound exposure level in decibels

Ldn day-night average A-weighted sound level in decibels

Ledn day-night average C-weighted sound level in decibels

ka peak "linear" sound level in decibels

LPN perceived noise level in decibels

Ap peak overpressure in pnunds per square foot




REFERENCES

Borsky, P,N, (1965) Community Reactions to Sonic Booms in the Oklahoma

City Area. AMRL-TR-65-37 Wright-Patterson Air Force Base, Ohio:
Aerospace Medical Research Laboratory.

Johnson, D.R., and Robinson, D.W. (1967) The Subjective Evaluation
of Sonic Bangs. Acustica 18:241-258.

Kryter, K.D., Johnson, P.J., and Young, J.P. (1968) Fsychological Ex-
periments on Sonic Booms Conducted at Edwards Air Force Base.
Final Report, Contract AF49(638)-1758. Arlington, Virginia:
National Sonic Boom Evaluation Office.

National Research Council (1977) Guidelines for Preparing Environmental
Impact Statements on Noise. Report of Working Group 69, Committee
on Hearing, Bioacoustics, and Biomechanics, Assembly of Behavioral
and Social Sciences, Washington, D.C.: National Academy of Sciences.

Schomer, P.D., Goff, R., and Little, L. (1976) Statistics of Amplitudes
and Spectrum of Blasts Propagated in the Atmosphere. CERL-TR-N-13,
Volumes 1 and 2. Champaign, Illinois: U.S. Army Construction
Engineering Research Laboratory.

Schomer, P.D. (1978) Growth Functions for Human Response to Large-
Amplitude Impulse Noise. J. Acoust. Soc, Am, 64:1627-1632,

Schomer, P.D. (1980) Community Reaction to Impulse Noise: First Army
Survey. Draft CERL Technical Report. Champaign, Illinois: U.S.
Army Construction Engineering Research Laboratory.

Schultz, T.J. (1978) Synthesis of Social Surveys on Noise Annoyance.

Js Acoust, Soc. Am. 64:377-405,

Speakman, J.D., Powvell, R.G.,, and Lee, R,A, (1977) Community Noise
Exgosure Resulting from Aircraft Operations. In Volume 2,
Acoustic bsta on Military Aircraft: Air Force Bomber/Cargo Air-
craft, AMRL-TR-73-110, Vol, 2, Wright-Patterson Air Force Base,
Ohio: Aerospace Medical Research Laboratory,

Young, R.W. (1975) Average Sound Level Including Sonic Booms (Abatract),
J. Acoust, Soc., Am. 58:869,




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

S
REPORT DOCUMENTATION PAGE BEF A R N FORM
i- REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

N

D-A110 114

4. TITLE (and Subtitle) ’ S. TYPE OF REPORT & PERIOD COVERED

ASSESSMENT OF COMMUNITY RESPONSE TO HIGH-ENERGY
IMPULSIVE SOUNDS

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8 CONTRACT OR GRANT NUMBER(#®)

William J. Galloway

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::ggR.AwoanKE:srTT.NZI:‘O.JEEE;. TASK
Committee on Hearing, Bioacoustics, and

Biomechanics (CHABA)

National Research Council

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE ,
Office of Naval Research Resident Representative July 1981

George Washington University 13, NUMBER OF PAGES

211g G StreeB,CN.W. 31
4. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) | 15. SECURITY CLASS. (of fhia report)

Office of Naval Research

Physiology Programs (Code 441)
800 N. Quincy Street 'Se PESESSTIEICATION PowNGRADING
Arlington, Virginia 22217

16. DISTRIBUTION STATEMENT (of this Report)

Reproduction in whole or in part is permitted for any purpose of the U.S.
Government.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary and identify by block number)
Annoyance

Community surveys

Igpulsive noise

Nodse

Envirgnmental Impact Statements

20. @ACT (Continue on reverse side if necessary and identity by block number)

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 recom-
ended in a NRC-CHABA report (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 orginally proposed by
CHABA, 1is retained in this proposal. @

FORM
DD | an 73 1473  ceoiTion OF 1 NOV 6818 OBSOL TA
$ N 0102-LF-014-6601 23 SECURITY CLASSIFICATION OF THIS PAGE (When Data Bntered)




SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

Analyses summarized in this report indicate that growth of annoyance with
increasing average sound level is greater for high-energy impulsive sounds
than for more conventional sounds, such as those produced by transportation
oise sources. This result differs from that in the NRC-CHABA report (1977)
in which growth of annoyance was considered to be the same for both kinds of
jpoise. The equations provided in this report which relate annoyance to average
ound level are somevhat simpler than those in the NRC-CHABA report (1977).
numerical example showing the application of the recommended procedures is
rovided, Definitions of acoustical measures used in the report are contained
in a glossary.

S N 0102- LF-014- 8601

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

24




