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NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General Instructions. The following infor-
mation is based on that document and is included here for emphasis and for the convenience of the user of the Code. It is
expected that the Code user is fully cognizant of Sections 1 and 3 of ASME PTC 1 and has read them prior to applying this
Code.

ASlV‘E Performance Test Codes provide test procedures that yield results of the highest level of accuracy consistent with
the best engineering knowledge and practice currently available. They were developed by balanced committeps repre-
sentjng all concerned interests and specify procedures, instrumentation, equipment-operating requirements, cdlculation
methods, and uncertainty analysis.

When tests are run in accordance with a code, the test results themselves, without adjustment for uncertainty,|yield the
bestlavailable indication of the actual performance of the tested equipment. ASME Performance Test Codes do n¢t specify
meahs to compare those results with contractual guarantees. Therefore, it is recommended that the parties to a fommer-
cial rest agree before starting the test and preferably before signing the contract on thezmethod to be used for cqmparing
the fest results with the contractual guarantees. It is beyond the scope of any code to’determine or interpret ow such
comparisons shall be made.
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FOREWORD

In October 1967, the Board on Performance Test Codes recognized the need for procedures and measuring techniques
to provide reliable and accurate sound-measurement analysis. This action was taken in view of the growing environ-
mental cpricern g g JThis
Test
und.

s to
data
acquisitipn and processing had evolved dramatically since the development of the first edition ef the Code, resulting in
more widespread use of sound-intensity methods. Second, extending the scope of the Code ‘to encompass far-field
measurements was considered likely to make the Code more useful to a broader rangetof-potential users. Thifd, a
considerpble enlargement of uncertainty considerations, included as an integral part ©fithe procedure, was beligved
to enhange its applicability. Keeping these industry needs in mind, changes were made to-the 1985 edition and publifhed
as PTC 36-2004.

The lagest revisions are as follows:

(a) ddleted reference to B133.8-2011 because it is to be withdrawn and.absorbed, in parts, into this Code

(b) ddleted references to sound intensity because it has become less popular than anticipated in 1992

(c) removed reference to two-surface method due to its relatively infrequent use by professionals

(d) infroduced a more general formula for the K2 environmental absorption correction

(e) infroduced a new method of uncertainty analysis, shown:inxNonmandatory Appendix A

ASME [PTC 36-2018 was approved by the PTC Standards Commiittee on January 16, 2018, and was approved ds an
American National Standard by the ANSI Board of Standards Review on May 15, 2018.

ACKNOWLEDGMENT: The preparation of this Code required several years, and a previous member of the Committee was not act{ve at
the time ¢f its publication. The Committee chair would therefore like to recognize and thank Stephen Hambric for his significant
contributfons to the development of this Code:
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CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus of concerned inter-
ests. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions or a

case, and
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Subject:
Edition:

Question: Phrase the question as a request for an interpretation of a specific requirement suitabl

5ing Revisions. Revisions are made periodically to the Code to incorporate changes that appear necessa
, as demonstrated by the experience gained from the application of the CodexApproved revisions wi
d periodically.

fraph number(s), the proposed wording, and a detailed description of the reasons for the proposal, including
[ documentation.

5ing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementati
ved revision when the need is urgent, or to provide rules not eovered by existing provisions. Cases are effe
tely upon ASME approval and shall be posted on the ASME Committee web page.

5ts for Cases shall provide a Statement of Need and Background Information. The request should identif;

retations. Upon request, the PTC Standards Committee will render an interpretation of any requirement o
Code. Inferpretations can only be rendered in respense to a written request sent to the Secretary of the PTC Stand

attending Lommittee meetings. Lorrespondence should be addressed to:

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

mmittee welcomes proposals for revisions to this Code. Such proposals should be as specific as possible, ¢

the paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as exi
quests for Cases should also indicate the applicable‘edition(s) of the Code to which the proposed Case apj

Ee.
5ts for interpretation should preferably be submitted through the online Interpretation Submittal Form,
Ccessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receiy
c e-mail confirming receipt.
nquirer is unable to use the online form, he/she may mail the request to the Secretary of the PTC Stand
e at the above address. (The request for an interpretation should be clear and unambiguous. It is further
ed that the Inquirer.submit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two wd
Cite the applicable edition of the Code for which the interpretation is being requestg

general understanding and use, not as a request for an approval of a proprietary desig
situation. Please provide a condensed and precise question, composed in such a way t}
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Proposed Reply(ies):

et ot wanly o +olal
y e OO0 CP1y 15 atCcCptantes

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior

to being

answered, which may inadvertently change the intent of the original request.

viii
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Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code requirements. If, based on the inquiry information submitted, it is the opinion of the
Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation that
such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
device, or activity.

NG

certify,” “rate,” or “endorse” any item, construction, proprietary

A : e confer-
encds that are open to the public. Persons wishing to attend any meeting and/or telephone conference shouldcgntact the
Secretary of the PTC Standards Committee. Future Committee meeting dates and locations can be found orithe Cgmmittee
Pagg at http://go.asme.org/PTCcommittee.
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Section 1
Object and Scope

1-1 |OBJECT

The object of this Code is to describe procedures for measuring and reporting airborne sound emission/from s
sourjd sources and equipment, or from facilities composed of multiple stationary sound sources,

1-2 |PURPOSE

The purpose of this Code is to recommend measurement procedures in a variety of acotdstical environments,
settings influenced by background or extraneous noise. Generally, an A-weighted sound-pressure level (see Sed
used to quantify the sound emission of industrial equipment and facilities.

1-3 |SCOPE

This Code provides guidelines for the following two methods of measuring near- and far-field sound lev
(d) Survey Method (Survey Grade). This method is used to expeditigusly perform cursory measurements
acoystical performance of systems and equipment. This may consjstofpreliminary or limited measurements fg
studly and review, or for more in-depth follow-up work. Refer to~ANSI/ASA S12.56/1SO 3746.

(h) Engineering Method (Engineering Grade). This method isused to perform precise field measurements for
acoystical performance and compliance with acoustical requirements. These types of measurements usually i
assepsment of variability in the data and of uncertainty: Refer to ANSI/ASA S12.54/ISO 3744.
Gé¢neral guidance for sound-level measurements is\found in Nonmandatory Appendix B.

1-4 [UNCERTAINTY

There are two levels of uncertainty accuracy, engineering and survey, that are dependent on the test conditio1
the measurement. These are discussed in subsection 3-3.

ationary

ncluding
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r further

ssessing
clude an
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Section 2
Definitions and Descriptions of Terms

FINITIONS

finitions or descriptions of any other terms, please refer to ANSI/ASA S1.1.
n: see sound absorption.

acoustical: qualifying adjectives meaning containing, producing, arising from, actuated by;.rélated to, or 4
th sound. Acoustic is used when the term being qualified designates something that hasthe properties, dif

designate something that has such properties, dimensions, or physical charaecteristics.

sound: sound that arrives at the point of interest by propagation through air-

to measure or record a specific source or signal, the ambient noiseoes not include sounds of interes

ed sound level: a sound level to which an A-weighting electrical filtex,/or its equivalent, has been applied
b with ANSI/ASA S1.4/Part 1/IEC 61672-1. This filter attenuates low- and high-frequency sound.

nd noise: total of all sources of interference in a system used.for the production, detection, measuremen

part of the background noise. Included in the definition 6f‘background noise is the interference resulting
electric power supplies that are commonly described*as hum.

1B): unit of the level, L, of a power or power-like quantity when the base of the logarithm is 10.
L= lOloglO(Q/QO), dB

s the power-like quantity concerned
s the corresponding reference yvalue

[requency: a sound wave, the-instantaneous sound pressure of which is a simple sinusoidal function of {

the region not includedsin, the near field.

filter: a

free fieldt the region where\thte sound-pressure level decreases 6 dB from a given point source for each doublix
distance from the source, This region will existifthe sound source is in the free field or when in an enclosure, the enclo
is large gnough so that the reverberant field had not been reached first. The acoustic field should be sufficiently dis

from a

reflectiofs, refraetion, and absorption). Figure 2-1-1 depicts in a general way the application of this terminolog

evice for separating-sound signal on the basis of frequency.

istributed, sound source so that the sound pressure decreases linearly with increasing distance (negle

p(r)~1/r

physical characteristics associated with sound waves. Acoustical is used when the term being qualified doe$

SSO-
nen-
not

hoise: all-encompassing sound at a given place, usually a composite of sounds from many sources. Wher the

t.
that

t, or

b of a signal, independent of the presence of the signal. Ambjent sound detected, measured, or recorded with the

rom

ime.

g of
sure
tant
ting
Y.

where

p = pressure
r = distance from source

Practically, the sound-pressure level decreases 6 dB with each doubling of distance from the acoustic source.
When making measurements inside buildings, the near field and reverberant field frequently overlap, eliminating the
free field. See Figure 2-1-1.
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Figure 2-1-1 Generalized Depiction of Principal Near-Field and Far-Field Terminology
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ency: The rate of change with time of the instantaneous phase of a sine function dividedby 2, with the dime
s per second or hertz (Hz).

v (Hz): see frequency.

' in acoustics, logarithm of the ratio of a variable quantity to a corresponding reference value of the same u
of the logarithm, is assumed to be 10. Unless otherwise specified, theréference value and the kind of level
ified. See also ANSI/ASA S1.8.

ophone: electroacoustic transducer that produces electric signals when excited by acoustic signals.

field: the part of the sound source field thatlies between the sputrce and the far field. In this region, the sound
not decrease 6 dB for each doubling of distance from:the source.

Ve band: sound contained within a restricted frequency band where the highest frequency is twice th
iency. Octave and one-third octave (octave band divided into three parts) band measurements are found
instruments. See also ANSI/ASA S1.6.

cting surface: an acoustically non-absorptive.(acoustically hard) surface, as opposed to an acoustically al
ustically soft) surface.

'berant field: the sound in an enclosed or'partially enclosed space that has been reflected repeatedly or cont
the boundaries.

d: an oscillation in an elastic medium that can produce the sensation of hearing. Also, the sensation of hearir
pressure oscillation.

d absorption: reductiogfinin’ sound energy as it reflects off a surface.

d level: measured indecibels, a frequency-weighted sound-pressure level obtained using a sound-level met
hting charactepistics are specified in ANSI/ASA S1.4/Part 1/IEC 61672-1.

d-level meter; a device that is used to measure sound-pressure level, functioning in accordance with the
ifications forsound-level meters established by ANSI/ASA S1.4/Part 1/IEC 61672-1 and filters established
S1.11/Part 1/IEC 61260-1 (see Section 7).

d-power level (L,,): ten times the logarithm to the base ten of the ratio of the sound power produced by t

sourj

nsions of

nits. The

are to be

pressure

e lowest
n acous-

sorptive

inuously

g caused

Er whose

ctandard
by ANSI/

he sound

ce\to the reference power of 1072 watts (W).

sound-pressure level (Lp): ten times the logarithm to the base ten of the ratio of the square of the sound pressure of the
sound under consideration to the square of the standard reference pressure. The standard reference pressure is 20
micropascals (pPa) or its equivalent, 2 x 107> N/m?.

tone

: a sound wave capable of exciting an auditory sensation of pitch (see also discrete frequency).
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Section 3
Guiding Principle

3-1 CHOICE OF METHODS

Procedures described in ANSI/ASA S1.13 and ANSI/ASA S12.18 shall be used to measure airborne sound-presg
levels in|a near field or far field under any conditions. ANSI/ASA S1.13 is primarily for indoor sound,measurem
althoughlit can be used outdoors,and ANSI/ASA S12.18 applies only to outdoor environments. If the seund-power ley
outdoor [sources must be characterized, the methods of other recognized standards may be used:

3-2 CONFIGURATIONS

(a) Camponents to Be Tested. Equipment being tested consist of a single component or'‘athentire set of componentg
include 31l or part of an industrial facility. The equipment may be located indoors of outdoors and may include
enclosurg building(s) as a source of noise. This Code utilizes, by reference, existing)standards and provides addit
informatfional guidance in the application of those methodologies (see Nonmahdatory Appendix B).

(b) Edquipment Configuration. A wide range of potential equipment configurations are allowed for indoor and out
noise solirces. For those situations in which the receiver sound levels of.indeor equipment is the objective, correct
shall be made for the reverberation effects of building surfaces (wall; floor, or ceiling).

3-3 TEST UNCERTAINTY

Tabled3-3-1and 3-3-2 provide approximate limits for test data correction and the estimated amount of correspon
uncertainty for various grades of measurement accuracy. Table 3-3-1 defines the grade of accuracy available to the us
ASME PT|C 36 based on the magnitude of the corrections. For example, a test for which the background noise corre
exceeds 1.3 dB or the environmental correction exceéds 2 dB cannot be considered an engineering grade test. There
the unceftainty of the test data degrades to survey.grade (or special case), which results in a greater degree of uncerta
Table 3-3-2 shows the estimated uncertainty associated with engineering grade and survey grade test results, expre
as the 95P0 confidence interval or 2 times the standard deviation. Both tables come from ISO 10494. Table 3-3-2 is sli
modified. If test result corrections exceed the allowable range for engineering grade or survey grade accuracy
uncertaihty will be greater than that'shown in Table 3-3-2 and will require evaluation on a case-by-case basis.

In the pbsence of contractually megotiated test uncertainty, Table 3-3-2 can be used. If the test methodology has
one of tHe referenced standards inthis Code, the uncertainty given in the referenced standard, if any, shall be st
Nonmanfatory Appendix B hay be appropriate if the user of this Code is in a situation where he/she is required tg
under cdnditions outside‘the allowable parameters in the referenced standards.

3-4 AGREEMENTS.PRIOR TO TEST

The pqrties to'atest conducted under this Code should reach agreement on the items listed in paras. 3-4.1 through 3
prior to thedest. In many cases, the parties may need to agree on only one of the referenced standards.

sure
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4.5

Table 3-3-1 Limits for Corrections

Grade of Accuracy Background Noise Correction, dB Environment Correction, dB

Grade 2 — Engineering <1.3 <2
Grade 3 — Survey <3 <7
Special Case [Note (1)] >3 >7

NOTE: (1) For higher values of background noise and/or environmental corrections, the real spatially averaged sound-pressure level cannot be

determined with acceptable uncertainty, but the results can be useful to estimate an upper limit of the noise emission of the equipment
tested.

to be


https://asmenormdoc.com/api2/?name=ASME PTC 36 2018.pdf

ASME PTC 36-2018

Table 3-3-2 Estimated Uncertainty Expressed as the 95% Confidence Interval

Octave Band Center Frequency

31.5 Hz to 250 Hz to 1,000 Hz to
Grade of Accuracy 63 Hz 125 Hz 500 Hz 4,000 Hz 8,000 Hz A-Weighted, dB
Engineering 5 3 2 2 3 2
Survey 5

GENERAL NOTE: Survey uncertainty is related to stable conditions. Uncertainty for special cases will require evaluation on a case-by-case basis.

3-4114e9l—ebjeet-wes' i
The objective(s) of the test shall be defined as obtaining one or both of the following:

(d) near-field sound-pressure level
() far-field sound-pressure level

3-4{2 Sound Survey Report

The sound survey report shall be defined in terms of the following:
(d) acoustical instrumentation

(H) microphone locations and orientation

(c) data retrieval and archiving methods to be used, such as direct readout,sdata storage, and data recording
(d) data reduction required

(e] expected measurement uncertainty
(f] corrections

3-4)3 Acoustical Environment

The acoustical environment where the equipment components.are to be tested shall be defined. The following yariables
shall| be considered:

(a) free field or reverberant field

(Y) reflecting surfaces

(c) contribution of auxiliary noise sources
(d) background noise

(e) atmospheric conditions

3-4}4 Operating Conditions

Equipment components to be tested shall be operated at conditions as stipulated. A record of the operating c¢nditions
shal] be maintained. The following additional parameters shall be considered:
(a) location and mounting of\equipment

(h) starting time of each.acoustical test

(c) duration and number.of tests

(d) number of times)avmeasurement is made

(e) duration of qperation at test conditions before measurements are made
(f] criteria for(determining when test conditions are attained

(g) responsibility for control of operating conditions during test

3-4/5 Equipment Characteristics

Equipment to be tested shall be classified in terms of the following:

(a) size (physical dimensions); a controlled drawing, to be included in the report, may suffice
(b) mode of operation

(c) installation and mobility

(d) acoustical characteristics

3-5 SOUND MEASUREMENTS

Sound surveys shall be conducted by an engineer, technician, or acoustical consultant. The person making the test shall
have sufficient experience in this area to have the skills and knowledge to collect and understand the measurement data.
He or she shall provide a description of his/her skills and experience, as part of the report.
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Section 4
Instruments and Methods of Measurement

This Section describes acceptable procedures for measuring the sound-pressure levels of specific equipment cohpo-

nents or|of industrial installations comprising several separate components.

4-2 MEASUREMENT OF SOUND-PRESSURE LEVEL — GENERAL

The pijocedures presented herein shall be used to measure near-field or far-field sound-ptessure levels of meaqure-

ments of specific equipment components or a specific installation.

4-21 |
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llowing instrumentation is required for the measurements outlined in this Code:

und-level meter and microphone system that comply with ANSI/ASANS1.4/Part 1/IEC 61672-1
tave band and/or one-third octave band analyzer that comply with"ANSI/ASA S1.11/Part 1/IEC 61260
ta recording equipment, if needed
ndscreen for microphone

he scope of the investigation involves the measurement ofdnfrasound below 20 Hz, the following shall aj
Considerations shall be given to applicable measurementimethodologies addressed in ANSI/ASA S12.9/P4
he use of special windscreens.

Special instrumentation may be also needed. SeeISO 7196.

ans of determining wind speed, wind direction, dry bulb temperature, and relative humidity

aboratory Calibration

ment shall be calibrated in accordance with ANSI/ASA S1.4/Part 1/IEC 61672-1 and, if octave bands or one-t
inds are measured with ANSI/ASAS1.11/Part 1/IEC 61260-1, the calibrations shall be made by an accreq
"y, accredited by a body under theInternational Laboratory Accreditation Cooperation (ILAC). Calibrations
per one of the following:

accordance with manufacturer’s specifications

an interval justified per)guidelines set forth in ILAC-G24-OIML D10

a time when laboratorny calibration is reasonably suspected to be necessary based on condition or age d
ation, recent chahges to instrumentation, or recent events that may have affected instrument calibration
damage to eqliipment)

eld Caltibration/Sensitivity Check

and-after each series of tests, and at least before and after each unattended series for continuous testing
halbbe checked using an acoustical calibrator that complies with ANSI/ASA S1.40. The results of the pretest

T
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rt7,
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fin-
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and

posttest

allDIatlOlS Slidll DE dOoCullented. A vdrialce oI Imore tldll 1 db IIidy DEe C4USE 10 T'epedl INeasurcieIts.

Itis

recommended that the calibration be checked whenever batteries are changed and every few hours (if possible) when

performi

ng long-term measurements.

4-2.4 Operation of the Sound Source

The source shall be mounted and operated under conditions closely duplicating its actual configuration(s) and use(s). If
the normal operating condition cannot be duplicated, the tests shall be made at some other agreed-upon condition and
this condition shall be clearly described in the test report.
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4-2.5 Test Environment

Near-field indoor and outdoor sound measurements shall be conducted in an environment that approximates, as nearly
as possible, a free field situated above a reflecting plane and not influenced by specular reflections from walls and nearby
projects. When this is not possible, an environmental correction shall be applied, as appropriate. The environmental
correction for indoor sound measurements may be determined based on the acoustical absorption within the room; see
the procedure in Nonmandatory Appendix B.

Regardless of whether strong discrete-frequency components are present, the test report for outdoor sound measure-

ments shall note the presence of any reflective buildings, fences, walls, or other large structures that are located within a
fFibha ot ora b oo oot abarxa ) o b yazary loawnath daot

d' t n £ naicranhan atican b aora ) o+l i Haoxaz
istgree—of-Srof-the-microphenetocation—whereis-the-wavelength-determined-asfoHlows:

A= c/f

whefe
c |= speed of sound
f|= center frequency of the lowest band of interest

Fgr A-weighted levels, the presence of reflective buildings, fences, walls, or other large structures within 50 ft[15 m) of
the microphone location shall be noted in the report.
Cqrrections for specular reflections shall be as defined in 1ISO 9613-2.

4-2/6 Background Sound-Pressure Level

While the test machine or facility is not operating, the background-sound level or sound-pressure level shall be
meapured at all the test microphone locations for all octave bands oryone-third octave bands of interest. The back-
groynd-sound measurements shall include the operation of any ancillary equipment necessary for the opejration of
the equipment being tested. See para. 4-2.8.

While the test machine is running, the sound-pressure level @t each location should ideally exceed the background-
sounjd level or sound-pressure level by atleast 10 dB for each'octave band. Sound-level differences less than 10 dB may be
adjusted or corrected as provided in Mandatory Appendix I.

4-2{7 Microphone Positions

Far measurements of near-field sound-pressureevel, it is usually sufficient to select locations 3.3 ft (1 m) |from the
majgr vertical surfaces of the machine at a height of 5 ft + 1 ft (1.5 m + 0.3 m) above the floor or walk level. Meaqurement
locations shall be established relative to an imaginary parallelepiped, which will just enclose the source, omittihg minor
projgctions.

4-2!8 Measurement Technique

The measurement techniques prescribed in the respective standards shall govern. If unique test conditionf require
depdrtures from prescribed techniques, an explanation of the reasons for the departures shall be given in the finpl report.
Inlany measurement,thelobserver’s body shall remain atleast 1.6 ft (0.5 m) from the microphone. The observgr shall in
no eyent be between-the microphone and the sound source. The microphone should be oriented as recommendgd by the
manjufacturer.
NOTE: If strongdiscrete-frequency components are present, large fluctuations in sound-pressure levels may occur becapise of the

interference befween direct sound waves and those from reflective surfaces such as the floor, the ground, or nearby walls or|buildings.
Atmgspheric-in-homogeneities exhibit similar influences on far-field measurements.

4-2.9—TFestConditions

The machinery under test shall be operated as agreed to by the parties involved. During the measurement of back-
ground sound-pressure level, all normally operating equipment that is not a part of the tested equipment scope of supply
shall be operating to the maximum practical extent. However, it is not always feasible to continue to operate all equipment
components thatare not part of the test equipment scope of supply when the test equipmentis turned off. In this event, the
test report shall describe the conditions.

Reasonable care should be taken to obtain background sound-pressure level measurements and operational test
measurements under the same general atmospheric conditions.
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4-3 SPECIFIC MEASUREMENTS

4-3.1 Pressure Measurement

4-3.1.1 The data forms of the standards referenced in this Code may be used to prepare test reports for the measure-
ments obtained using the procedures of this Code. The data obtained using the procedures of this Code may be used to
define the near-field sound-pressure levels or to determine far-field sound-pressure levels at prescribed positions.

4-3.1.2 Refer to Nonmandatory Appendix B of this Code for guidelines regarding the application of the referenced
procedures to expected industrial sound measurement situations.

4-3.1.3 Distinguishing elements of the ANSI/ASA S12.18 procedure are as follows:
(a) ANSI/ASA S12.18 defines two methods for measuring sound-pressure levels; however, these provision§are speci-
fically infended for measurements outdoors. Therefore, caution is required if these procedures are applied tornear-field
measurements indoors.
(1) Method 1. The general method outlines conditions for routine measurements and is used if meteorological
variableg fall within broad but predetermined limits. No effort is made to control the acoustical 'environmentf i.e.,
the environment is accepted “as is”. A hand-held sound-level meter, which provides a frequency-weighted|and
time-avdraged sound level, is usually used for this method, but instruments for frequeney /band analysis may|also
be used.
(2) Method 2. This method describes strict meteorological, ground, and other conditions that, if maintained, erfable
accurate| reproducible measurements of sound-pressure levels. The acoustical environment may be left “as is,” or itjmay
be modified or controlled, per the method guidelines, for better accuracy. Procedures are suggested to adjust the
measuref sound-pressure levels to reference conditions. This precision method is suited for frequency band analysis,
but also |provides more accurate frequency-weighted sound-pressure levels,"if required.
(b) Standardized receiver locations are not prescribed in ANSI/ASAS12.18.

4-3.2 Spund Measurement in the Near Field From Machinery or Facilities

4-3.2.1 The procedures of the latest edition ANSI/ASA S12.18shall be used to measure near-field sound-pressure I¢vels
from a pjece of machinery, a component, or a group of compoenents outdoors. The objective of ANSI/ASA S12.18[is to
enable ugers to obtain sound-pressure measurements thatare individually reproducible from a specific source or soyrces
outdoorg. However, aspects of the procedures may be adapted for use in measuring the sound-pressure levels in the phear
field of gquipment indoors.

The infmediate environment of the sound source.and the local atmospheric conditions must be considered when rjear-
field medsurements are made. Near-field meastirements are not intended to be used to extrapolate sound levels to dther
distance$ or locations.

4-3.2.2 The following factors shall-be/determined prior to the near-field sound-pressure test:

(a) thp purpose of the measuremernts, e.g., whether the test data will be used for the verification of compliance with
equipmelnt specification requirements or for engineering design calculations. The purpose of the measurements deter-
mines whether the general 6r\precision measurement method is used.

(b) thp locations from which measurements will be taken (or locations of the component being tested and the equip-
ment reqording the measurements).

(c) the¢ operating-condition for which the component under test will be measured.

4-3.2.8 Near-field receiver positions shall conform to the following restrictions (see Figure 4-3.2.3-1):

(a) THe niierophone height shall be 5 ft + 1 ft (1.5 m + 0.3 m) above the ground or personnel platform.

(b) THe microphone positions shall be located on an imaginary measurement contour located 3 ft (1 m) from the njajor
surfaces of the sound source, around the periphery of the sound source or its enclosure, including auxiliary equipment, at
equally spaced intervals not exceeding 15 ft (5 m) and shall include the position of maximum sound emissions.

(c) The near-field measurement contour, as seen in plain view, shall be drawn to have no reentrants.

Figure 4-3.2.3-1 depicts acceptable near-field measurement locations relative to a single sound source. The equipment
arrangement shown in Figure 4-3.2.3-1 is conceptual only; therefore the selection of near-field measurement positions in
specific cases shall be modified, as necessary, through agreement among all parties in consideration of site-specific
constraints.
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Figure 4-3.2.3-1 Near-Field Contours
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43.2.4 Near-field measurements of the component under test shall be made for conditions in which the com
opetfated at its full, normal load or at other mutually agreed-upon operating conditions. The background nois¢
meapured with the component not operating. These two measurements shall be made in a period during
repriesentative ambient conditions are reasonably similar. THe\representative ambient conditions may be de
using the guidance of Nonmandatory Appendix B.

4-3;3 Sound Measurement in the Far Field From Machinery or Facilities

443.3.1 The procedures of the latest revision of ANSI/ASA S12.18 shall be used to measure the far-field sound-
levels from a piece of machinery, a component; or a group of components.

The objective of ANSI/ASA S12.18 is to/énable users to obtain sound-pressure measurements that are ind
reprpducible from a specific source or sources outdoors. The source and receiver heights, type of ground,
atm¢@spheric conditions shall be considered when the measurements are taken. The measurements obtained
recommended procedures can be used to calculate sound-pressure levels at other distances from the source
polated to other environmentaltor ground conditions.

443.3.2 The following factors shall be determined prior to the far-field sound-pressure test:
(a) the purpose of theumeasurements, e.g., whether the test data will be used for the verification of complig

bonent is
shall be
rhich the
ermined

pressure

ividually
hnd local
1sing the
or extra-

nce with

regulatory or equipment specification requirements or for engineering design calculations. The purpose of the measure-

menjts determines whether the general or precision measurement method is used.

(H) the locations of the receivers of interest. The receivers may be at a fixed distance and direction from th
equipment under test, or the receiver may be at another location of interest, such as the boundary line of a
property.

(c) the-operating condition for which the component under test will be measured.

e source
receiving

4-3.3.3 [deally, far-field receiver positions are selected such that they lie approximately in the acoustic far field, but not
so far that the sound-pressure level is unduly influenced by ambient noise. A strict definition of the acoustical far field
would mean the receiver location is at such a distance from the source that the source sound-pressure level is decreasing
at the rate of 6 dB for each doubling of the distance between the receiver and the acoustic center of the source. Real
situations, however, generally involve site specific conditions that constrain far-field receiver locations. Figure 4-3.3.3-1

depicts acceptable far-field measurement locations relative to a single sound source as well as a series of hyp

othetical

alternate arrangements of multiple sound sources. Although the actual physical arrangement of the particular sound
sources under test may not conform exactly to any of the arrangements depicted in Figure 4-3.3.3-1, these are intended to
convey an approach to the selection of far-field measurement positions adaptable to specific cases, modified as
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Figure 4-3.3.3-1 Far-Field Measurements

1 1
. .
I | 2
¢ .
‘ \ | /
e | S—
d / <|1 \
¢
4
+ s
3 5
(a) Single Unit (b) Multiple Unit=~ In Line
d = specification distance
1 —-—— = sound source envelope
. ¢ = measurement position 1
| 2 ° '
* A4 . |
¢ ¢
'milm 1
|D '
I I I L I
| | +3 76— | : ¢+ 3
| —
|
D |_[| I
d |
d
. .
" ‘.
. 4 6 | 4
5 5
(¢) Multiple Unit — Square (d) Multiple Unit — Offset
y through mutual agreement among all parties in consideration of site-specific constraints. The distance,|d, in
3.3.3-1 should be the,same for all far-field positions at a given installation, so clearly some compromife is
y in the selection.of this measurement distance.
Industry practice for‘ettdoor power plant installations have historically used a distance, d, of 400 ft (120 m). (ther
practices may/exist in other industry categories.
hbsence gfaspecified and agreed-upon distance d, the distance, d, may be selected to be 400 ft (120 m). Howgver,
hr-field measurementlocation is necessary, d can be determined as the greater of the two distances shown bglow,
thé-spund-pressure level is not unduly influenced by ambient noise.
least 2 times the greatest dimension of the sound source envelope

(a) at

(b) at

least 5 times the wavelength of the lowest acoustic frequency of interest

4-3.3.4 Far-field measurements of the component under test shall be made for conditions in which the component is
operated at its full, normal load or at other mutually agreed-upon operating conditions. The background noise shall be
measured with the component not operating. These two measurements shall be made in a period during which the
representative ambient conditions are reasonably similar. The representative ambient conditions may be determined
using the guidance of Mandatory Appendix I.

10
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Section 5
Computation of Results

5-1|GUIDELINES

Infall cases, the computation of results shall conform to the requirements of the applicable method referencgd in this
Codg.
Edtimated uncertainty is as shown in Tables 3-3-1 and 3-3-2.
In|the absence of prescribed methods for the determination of uncertainty in the applicable‘method referencgd in this
Codg, or if site conditions exist such that the uncertainty values cited in Tables 3-3-1 and‘3-3-2 are known to| be inap-
propgriate (i.e., weather or operating conditions are outside of the agreed range, excessiv€ reflections or buildihg rever-
beration exist, or sound cannot be measured at the prescribed locations), the computdtion in Nonmandatory Appendix A
can pe used. An uncertainty computation may be needed if conditions fall outside those prescribed in the referenced
stanfards.
The uncertainty calculated from Nonmandatory Appendix A or as estimated from Table 3-3-2 may be usgd in the
repdrting of test results.

11
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Section 6
Report of Results
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yT REPORT INFORMATION

fests are made according to any of the methods referenced in this Code, the test report shall include'the’info
d in this Section.

NERAL INFORMATION REQUIRED

e test report shall include a summary of the test objective, the results, and concllisions.

e testreport shall include a statement of individual(s) authorizing the test, the objective, any contractual ob
prantees, or stipulated agreements between or among the parties to the test:

e data reporting requirements of the respective referenced test procedures(cited in this Code shall be

SCRIPTION OF THE SOURCE OF SOUND

e sound source or sources shall be described in appropriate detail including, as applicable, manufacturer, m
ription of the physical size of the equipment and relevant noise control measures to be noted.

xiliary equipment shall be described, including relevant acoustical measurements.

e operating conditions for the noise source(s), as well as the.operating conditions of any equipment not incly
t objective, but which has potentially affected the measureéments, shall be stated in appropriately specific te
propriate notations shall be made of equipment mounting conditions, i.e., vibration isolators, if releva
ribration tolerances have been specified for the equipment under test and those tolerances constitute accept
b conditions, then such specifications shall belinet during testing.

DUSTICAL ENVIRONMENT

e test environment, especially if indoors, should be described as to size and location of surfaces and types
I characteristics of, surface finishes, wherever relevant.

e source location within the test environment shall be described, preferably graphically.

fest is indoors, then the test-room shall be described in terms of suitability for acoustical measuremen
y auxiliary equipmentyextraneous structures, or other equipment not among the test objective equipment
e(s) or potentially affecting the measurements shall be described, including relevant acoustical measurem
mospheric conditions shall be described. Required information for indoor measurements are tempera

relative

wind spged, wind direction, and time of day. If the test site is at an altitude of 1,000 ft (300 m) or more above sea level

umidity, and tinte-of day. Required information for outdoor measurements are temperature, relative humi
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the testefd equipment is known to be intended for later installation at altitudes above 1,000 ft (300 m), the atmosplperic

pressure shall also”be recorded. For outdoor measurements, the sky conditions or cloud cover should be recor

6-5 INSTRUMENTATION

Hed.

(a) The instrumentation used shall be described by make, model, type, serial number, and date of last accredited
laboratory calibration (see para. 4-2.3).

(b) A

description of the relevant bandwidth limitations of the instrumentation shall be provided, if any.

(c) Relevant notations, appropriately comprehensive and consistent with the objectives of the test, i.e., the averaging
time or dynamic meter response, as applicable, shall be provided.
(d) The method of field calibration of the measurement system shall be described.

12
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6-6 ACOUSTICAL DATA TO BE RECORDED AND REPORTED

(a) The location of all measurement positions and microphone orientation shall be described.

(b) All measured source sound-pressure levels, weighted sound-pressure levels, or band sound-pressure levels shall
be reported. All measured background ambient levels shall be reported in appropriate terms. All measured data required
to be taken on other equipment not within the scope of the test, or to characterize the acoustical behavior of reflective
surfaces or structures, shall be reported. The data shall be summarized or reported in the test report or as agreed to by the
parties to the test.

(c) All adjustments and corrections for microphone and/or system shall be reported.

(diAny-derivedaveragesound-pressuretevelsshaltbeaveragedomranenergybasissuntessotherwiseagreedito by the
partjes to the test and such averaging shall be shown in the report.
(e) All correct calculations, e.g., for distance or background noise contributions, made to recorded ddta for distance,
bacKground noise contributions, or any other reason shall be reported.

13
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MANDATORY APPENDIX I
BACKGROUND NOISE AND DISTANCE CORRECTIONS FOR
FAR-FIELD MEASUREMENTS

I-1 INTRODUCTION

Whengver far-field measurements are to be performed, either for the purpose of characterizing a source’or compat
to an agileed-upon criterion, it is often necessary to make corrections due to the influence of background noise o
necessity of measuring at a distance other than what is prescribed by the applicable standatd.

I1-2 DISCUSSION

1-2.1 Mgasurement

In detgrmining the background noise to be subtracted from the total measured’sound level, typically, one measure
total background noise at each position of interest when the source is not opérating. The potential problem with sy
procedure is the possibility of the background noise changing between the tinde of the background-only measuremen
the total pperational measurement. The unknown magnitudes of such background-noise changes are a source of err
far-field jneasurements. There are a number of ways to minimize this\error; two of the methods are provided in
Appendik.

1-2.2 Lgng-Term Monitoring at Each Measurement Position

In antifipation of the time of day during which the total operational measurement will be performed at each monitd
position [the “survey”), a series of short duration, average background-noise measurements would be obtained at
position [the “background”). The time window duringwhich the background measurements are obtained should br3
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the expe¢ted survey measurement time for eachrpesition. The number of individual background measurements obtained

should bl sufficient to enable a determinationof the average trend of the background noise. It should be noted
variatior]s from day to day will introduce an‘'additional variable, so that the accuracy of the average background noisg
be imprgved with additional surveys oh Successive days, remembering that background-noise trends during weel
days tendl to be different from those during weekdays. The use of the L90 level, that level exceeded 90 percent of the
during the measurement period,(is)éncouraged as a means of defining the background level.

1-2.3 Control Position Monitoring

A“control” microphoneposition is used in those cases where it is reasonable to expect that the variations in backgr
noise will be approximately the same at the entire set of far-field measurement positions as well as the control posi
and the ¢ontrol position is distant enough that the source in question will be essentially inaudible. In such a casg
backgroynd readings are obtained at each measurement position as well as at the control position. Then the backgr
noise is measumned at discrete intervals continuously for the duration of the survey at the far-field measurement posit

that
will
xend
fime

und
tion,
the
und
ons.

All measpirements should consist of the same average time. In this case, any differences between the background nofj

Se at

the control positions without the source operating relative to the level with the source operating, may be applied to the

background noise measured at each position of interest before the corrections are made.

I1-3 DISTANCE CORRECTION

A distance correction shall be applied to the measured data obtained with the sound source operating, in the event that
site-specific constraints require a measurement position to be located at a distance from the source that is different from

the distance that was prescribed by the standard method being used.
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I1-3.1 Calculation

The distance correction shall be calculated as follows:

L. = Ly, — 20log;(R./R,)

where:
L. = distance corrected sound level

Lra
R,

actual measured sound level at the measurement position
distance from the estimated acoustical center of the source to the actual measurement position

(-1

NOTE: This equation can be used only in the far field.

I1-3.2 Application

Fq

clos¢r to the source than what was prescribed.

I-4

Fq
opert

whe

nent
souf

If
no b

W
unce
pres
than

If the total measured operational sound-pressure level does not exceed the bagkground sound-pressure level
or njore, the background sound-pressure level shall be used to correct the measured operational sound-1
obtdined with the test machinery operating as described below.

. = distance from the estimated acoustical center of the source to the prescribed measurement positi

r the purposes of this Code, a distance correction may only be made from an actual measurement positi

BACKGROUND NOISE CORRECTION

r example, if the background sound-pressure level is 79 dB and ‘the total sound-pressure level with the
ating, is 84 dB, then the corrected sound-pressure level is 82.4.dB, in accordance with the following ex

LC = lologlo[lo(o.lLt) Y. lo(o'lLb)

re
measured background sound-pressure level, 'dB

background corrected sound-pressure level or sound level, dB

total measured operational sound-pressure level, or sound level, dB

rrections for background sound-pressure level do not eliminate extraneous sounds from associated systen
s that are not part of the test equipment, i.e., piping, intercoolers, accessories. Correcting for the influencg
d sources requires supplementaty measurement techniques, which should be determined beforehand.
the total measured operational sound-pressure level exceeds the background sound-pressure level by 10 dB
ackground sound-pressure Ievel correction is necessary.

hen the measured operational sound-pressure level is less than 3 dB above background sound-pressure
rtainty in instrumentation and measurements suggest that the corrections are not valid. A corrected machir
sure level may besreported, but must be qualified in the report as having been determined using a differen
3 dB.

n

n that is

by 10 dB
bvel data

machine
bression:

(1-2)

\ compo-
of these

ormore,
evel, the

e sound-
ce of less
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