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PREFACE

The United States Environmental Protection Agency (EPA) was

charged by Congress in the Noise Control Act of 1972, as amended by

the Quiet Communities Act of IgTB, to conduct or finance research

to investigate "...the psychological and physiological effects of noise

on humans and the effects of noise on domestic animals, wildlife, and

property,and the determinationof dose/responserelationshipssuitable

for use in de'cislonmaking..." (Section 14(b)(1)).

Pursuant to and as part of this mandate, EPA has undertaken investi-

gations to determine and quantify subjective reactions of individuals

and communities to different noise environments and sources of noise. A

specific series of studies has been initiated to determine the bes:

methods for evaluating subjective magnitude and aversiveness to noise on

the basis of spectral and temporal properties, and to ascertain the impor-

tance of and means for including nonacoustical factors in the evaluation

of general aversion to noise, The overall purpose of this line of research

is to derive a more solid basis for assessing the aversiveness of noise and

the benefits of noise control.

The aim of the investigation described in this report was to perform

a detailed analysis of data pertaining to potential annoyance responses

that may be attributed to repetitive type impulsive noise. Specifically, a

program was undertaken (1) to review and evaluate the literature on

human subjective response to repetitive impulsive noise, and (2) to assess the
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need for and relative order of magnitude of a subjective impulse

adjustment factor that would better define effective level in terms of

annoyance reactions.

The report provides much useful information on the annoyance and

loudness of repetitive impulsive noise. Moreover, it is expected that

the results of the investigation will form the basis of future experi-

mental psychoacoustic work to derive, if appropriate, more precise correc-

tions factors or noise prediction methods to effectively account for the

inherent annoyance associated with impulsive noise. EPA believes that

further research and evaluation of data on the subjective effects of noise

will foster the development of techniques to demonstrate additional

benefits of noise control beyond that exhibited by currently used pro-

cedures, Fulfillment of this objective awaits further study within this

series, The results published in this report, however, do provide an

important step toward a more complete understanding of the phenomena of

human subjective response to noise.

The conclusions reached in this report regarding moderate level impulsive

noise are the authors' and do not necessarily reflect the opinions of the

individuals listed above. Moreover, the U. S. Environmental Protection Agency

does not endorse the findings of this investigation for use as a "correction

factor" applicable to impulsive type noise, nor have similar correction

factors been used by the Agency in past or current noise impact analyses.

OFFICE OF THE SCIENTIFIC ASSISTANT
TO THE DEPUTY ASSISTANT ADMINISTRATOR

OFFICE OF NOISE ABATEMENT AND CONTROL
U. S, ENVIRONMENTAL PROTECTION AGENCY
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ABSTP_CT

This study was undertaken to evaluate subiecfive and objective aspects of maderate

levels oF no_se from impulsive sources. The study excluded evaluation af hearing damage

rlsk or annoyance from building vibration by high level impulsive noise, which were

covered by recent recommendations of the National Research Council, Committee on

Hearing Bioacoust_cs and B_omechanics, Working Group 69. While the study included

arlginal investigations _nta some of the objective aspects of impulsive noise, o detaTled

review of the llteroture on the subjective aspects was emphasized. Based an thls available

Hterature, the annayance and loudness from a wlde variety of repetitive impulse noises

were evaluated These results were applied to the evaluat_an of _mpulslve noise from

a number of specific noise sources. Based on the mast pertrnent literature, it _sten-

tofively cancluded that a subiectlve impulse correction factor of ÷7 dB applied to the

A-werghted equivalent sound levels of these types of repetitive impulsive noise sources

would better define their effective level _n terms of annoyance reactions. No addlt_onal

correction is identlfled at this time for crest level or repetrfion rote. Research an sub-

jectlve correction factors for hellcopter blade slap is also reviewed and potential

reasons for the smaller subjective correction factors (i.e., 0 to 6 dB) for annayance

response to this type of sound are discussed. It _s recommended that refinements to this

subiectlve correcfian factor be based an the use of standard loudness calculation methods

{Stevens Mark VII or Zwlcker) mcdffled to include provision for o shorter time constant

to reflect subjective response to short duration impulsive sounds.

The study also included a brief experimental evaluation of the measurement of o

wlde variety of simulated repetitive _mpulsive-type signals vorylng in duty cycle, repeti-

tion rate, pulse frequency_ and ratio of peak _mpulse signat level to continuous background

noise level. When repetitive impulses are measured using maximum values of A-weighted

(slaw) readings on an Impulse Sound Level Meter, no ob[ectlve correction is necessary in

order to measure, with an accuracy of _ 1.5 dB, the equivalent sound level (Leq) of the
wide variety of impulsive signals investigated.
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1.0 IN 11_ODUCTION

Under the mandateof the Noise Con_ol Act of 1972, the Environmental

Protection Agency is charged with taking steps to abate sourcesof noise potentially,

detrimental to the public health and welfare, implicit in this is the need to establish

the meansfor evaluating and monitoring the noise from impulsive noisesources.

Thisreport excludescons_deratlonof humanresponseto'and measurementof

hlgh level impulsivesoundssuch assonic booms, weaponsfire, or quarry blasts. The

latter topic hasbeen the subject of recent recommendationsto the Federal Govern-

ment by Working Group 69 of the National ResearchCouncil, CommitteeonHearing,

fiioacousticsand Biomechanics(CHABA). With this/imitation in mind, a research

study wascarried out to develop an interim methodfor the evaluation of moderate

levels of impulsive noisebelow hearingdamage risk levels. The methodwasto be

compatible with theexisting methodologycurrently in useby the Environmental

ProtectionAgency (EPA) for evaluating community noise impact. The investigation

wasdivided into threebasic elements:

1. Selection of a baselinemetric for evaluating impulsivenoise to

whichsubjective and objective correctionfactors* could be app/ied

as necessary.

2. Review andevaluation of the literature onsubjective effectsof

impulsivenoisewith emphasison date relating to annoyance,

noisiness, or loudnessof repetitive typesof impulsivenoise.

*'l_roughoutthis report, the term "subjective correction factor" is usedas a convenient
label for the difference between Ihe subjectively effective and objectively measured
value of Ioudness_noisinessor annoyanceas defined in the text. It is not intended
to imply that the velues cited Forthese "correction" foclorscan be used without
careful considerationof their validity and applicability Forpractical evaluation of
real Impulsivesounds.

1-I
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3. Basedon this review, the developmentof a suitable method to account

Forsubjective (annoyance)effects of impulsive noiseutilizing suitable

measurementmethodsandcurren!ly available instrumentation.

Thisreport presentsthe resultsof this investigationin the following sequence:

• Section 2 discussesthe selection of the baseline noisemetric used

throughoutthe study.

• Section 3, the heart of the report, reviews the literature in detail on

loudness,naislness,andannoyanceresponsesto impulsivesounds. Other

subjective effectsare alsobriefly covered.

• Section4 summarizesthe overall findings in termsof the differential

subjective responsebetweenimpulsiveand nonimpulslvesounds.

Threeappendicesare alsoincluded, covering:

• Appendix A - Objective factorsinvolved in the measurementef

impulsive noise. This includespresentationof resultsof a laboratory

testof variousnoisemetricsobtainedfroma precision impulsivesound

level meter whenapplied toa wide range of artiflcially-generated

impulsivesounds.

e AppendixB - Summeryof the resultsof on internationalRoundRobin

teston responseto and measurementof impulsivesoundsrecently

cenductedby the InternationalStandardsOrganization.

• AppendixC - Frequencyspectraof repeatedtime bursts. This

appendixbriefly illustratesthe spectral contentof various ideal

repetitive toneburstswhich roughlyapproximatesomeimpulsive
seunds.

1-2



2.0 SELECTIONOF A BASELINEMETRIC

2.1 Definition of Impulsive Noise

Soundscan be defined asimpulsive when they exhibit someform of rapid and

substantial variation _nthe envelope of the time history of the instantaneouspeak

pressures. Th_senvelope can be visualized as a llne connecting the instantaneous

peaksof a noisesignal as measuredon a h_gh-speedoscillograph. Examplesof

envelopesof impulsive and nonlmpulsivesounds,illustrallng thisqualitative definition,

are shownin Figure 1. Figure la showsthe envelope of peak pressuresfor Fairly

steadysoundsfrom a stationary no_sesourcesuchas an electric motor runningat con-

stant speed. Figure lb showsa noisewith a noticeable fluctuation of the envelope. This

may simply be called an unsteady or fluctuating noise suchas froma streamof highly
variable traffic.

The firststep in defining a baselinemetric for the impulsivesoundsconsidered

in this report was to classifyall typesof impulsive-like soundsinto categories. As

illustrated in the figure, mosttypesof impulsivesoundsfit intotwo basiccategories.

Figureslc and ld showenvelopesof the time history for soundsin thesetwo categories

that are clearly impulsive- Figure lc illustratesa single impulsesuchas froma quarry

blastand Figure ld showsa repetitive impulsivenoisesourcesuchas from an unmuffled

rock _,r[ll or drophammer._'

Thereare clearly other exampleswhich fall somewhereinbetweenthe time

historycharaoteristicsshownhere. Forexample, the enveloperepresentingthe time

historyof an aircraft may look quite slmilar to that of the single impulsivesound

except that the tlme scale is stretchedout to manysecondsinsteadof hundredthsof

a second. However, inorder to take advantageof any usefulresearchthatcould be

related to impulsive noise, investigationson subjective reactionsto all of the last

threeexamples illustrated in Figure 1 were groupedinto threecategoriesaccording to

the typeof soundas Follows:

*The lati_"r is a wheeledvehicle equippedwith a hydraulically operateddrophammer
and |s usedfor demolition of road surfaces.
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t r_ea.--t
a) Steady Sound

I I sec..._
b) Unsteady or Fluctuating Sound

I_.,0ms-I
c) Sfngle ImpulsiveSound

d) Repet_tlve Impulsive Sound

Figure I. Examplesof TimeHistory EnvelopesoFNonimpulsivo(seea, b)
and fmpulslva(seec, d) Sounds

2-2
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I - Repetitive ImpulsiveSounds

i! - Single ImpulsiveSounds

I!! - UnsteadySounds

Thisreview of impulsivenoisesis necessarilybroadand potentially applicob/e to

a wide rangeof moderateto low level impulsivesounds. To illustrate the conceptspre-

sented in thisreportpertainingto loudnessandannoyanceof repetitive _mpulsivenoises,

four particular sourceswereselectedas typical of impulsivecommunitynoise. Theseare:

• Truck-MountedGarbage Compactors

1 • DropHammers

• Two-Cycle Motorcycles

• RockDrills

Clearly, someof thesesourcescan generate impulsive noiselevels which may

representa hearingdamagerisk to the equipmentoperatoror an immediatelyadjacent

bystander. However, hearing damageas_cls of impulsivenoise are notconsidered

in any detail in thisreview. Undercertain operating conditionsor with suitablenoise

control features, thesenoisesourcesmay notemit what wouldbe called impulsive

noiseaccordingto ourqualitative definition (i.e., rapid and substantialvariation

in the envelopeof the peak pressuretime history). However, according to our three

categoriesabove, all fourof thesesources,when9eneratln_ impulsivesound,will

fall into Category!, i.e. s sourcesof repetitive impulsivesounds.

Typical time historiesof the instantaneoussignalsfor each of the abovesources

are illustrated in Figure2.* Forgarbagecompactors,ignoring the steadynoiseof the

power sourceusedfor itsoperation, the impulsTvenature of compactornoisewill

consistof randomor irregular impactsof metal againstmetal so that the term "repetitive"

must, in this case, be interpretedas including suchan aperiodic or randomrepetition.

For the other three sources,however, one can expect that underany given operating

condition, the repetition ratewill be fairly constantso that the envelopewill exhibit

a definite periodicity. It shouldhe pointedout that repetition ratesof concernin

this report will fall below the auditoryrange, that is, belowabout 20 Hz.

• The time historiesshownin Figure2 were obtained from a small samplewithin eaoh source
category. Theyare notnecessarilyrepresentativeof all equipmentt_at fall within those
categories. 2-3
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.t_°m_
a) CommercialGarbage Truckwith Compaclor

Figure2. Examplesof Time Historiesof the Instantaneouspressure
fromimpulsiveSources

2,.4



b) Drop Hammer

Figure2 (Continued)
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c) Two-Stroke Motorcycle

F_gure2 (Continued)
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d) Rock Drill

Figure 2 (Concluded)
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