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1.0 INTRODUCTION

1.1 BACKGROUND

This Code of Current Measurement Practices for En-

forcemant of Noise Ordinances is a compilation of the mest prac-

tical and effactive procedures being used by Sggie-and local

governments in their noise control enforcement efforts. OoOver

30 sState and local officials reviewed these procedures for
technical feasibility, practicality, and ease of enforce-

ment. However, some of the progedures in the areas of con~

struction, recreational vehicle, powered model vehicles and
motorboat noise measurements have not been fully tested nor
evaluated by State and local noise programs. These specific
procedures have either been used in engineering design by L
applicable industries and technical societias or are included
due to their potentizal value. As such, the appropfiaﬁeness of
all of these specific procedures for use in State and lcoccal en-
forcement needs to be confirmed and substantiated through field
tasting studies. EPA intends to initiate a field program in
the near future toc test the reliability and validity of all of
these procedures, obtain data on sound levels emitted by sources,
and determine the costs of administering each procadure.

This decument contains all of the procedures necessazy
to cover the provisions in most State and local ordinances.
Each procedure represents the state-of~the-art in lccal noise
anforcement. It is the intention of EPA to publish this deccu-

ment in order that State and local officials can use these pro-

cedureg as a valuable reference in developing their own

J-l




RS L PR N e W )

it vt

measurament codes. After EPA concludes its planned testing

program, a ravised and final Code of Recommended Practices

for Enforcement of Local Noisa Ordinances will be published.

To help communities wishing to adopt comprehensive

ordinances, the U.S. Envircnmental Protection Agency has intro-~

duced the "Model Community Noise Control Ordinance."ﬁl) TEEW
"Model Noise Ordinance" is intended to be used as a guide and
basic tool for large and small communities in their efforts

to properly control and restrict neise. The Meodel Noise Or-
dinance 1is structured to best meet the local needs and condi-
tiona of the community.

But, no matter how well or conecisely any ordinance

__ or regulation is written, it can cnly be as effective as its
enforcement policy. And, an enforcement policy rests on the
measurement procedures use& to determine compliance-with—the.--

- -ordinance, especially when the ordinance stipulates the noiss

" levels which are not to be exceeded.

This Code, distributed by the U.S. En&ironmental Pro=-
tection Agency, is intended as a guideline for uniform measure-
ment procedures for use with either the EPA Model Community
Naoise Contrecl Ordinance or with an ordinance of the community's
choosing. The procaduras presented heresein should net be con-
fused with procedures adopted by EPA for regulatory purposes
and point of sale certification procsdures.

1.2 PURPOSE AND SCOPE

The purpose of this document is to provide com-

munities intexrested in adopting a noise control ordinance

e
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with a compilation of the most effective, feasible and inex-
pensive local noise control measurement procedures for effec-
tive enforcement. This Code of Current Practices establishes
tentative guidelines for the measurement and reporting of sound
levels emitted by mobile and stationary noise sources.

This Code deals prineipally with the measurement of
nolse transmitted through air to a receiver. Noise measure-
ment methods are provided for noise sources listed below:

e Automobiles

® Busges

® Construction Equipment

e Motorboats

¢ Motorcycles . ‘ -
' ® Dowared Model Vehicles

e Recreation Vehicles

.a Refuge Collection Vehicles

¢ Trucks e
e Stationary Pacilities, i.e., Industrial Plants

Air Conditioners, and Construction Sites"_

In addition, since the Model Noise Ordinance contains, in
Article ¥, provisions for restricting the development of
certain land use types (i.e., residential structures) due to
axcessive ambient noise, procedures are provided for measuring
the outdoor day/night sound level, Lgn.

Vibration measurement procadures as well as criteria
are also provided.

1.3 ORGANIZATICN

This Code of Qurrent Practices 1ls divided into two

principal parts. Sections 2.0 through 4.0 discuss the theory

of gound and vibration and describe the instruments which are

used to make the measurements presented in this Ceode.
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Section 4.0 discusses vibration and instrumentation and also
includes vibration criteria recommended by the Committee on
Hearing, Bioacoustics and Biomechanics of the Naticnal Research
Council, Vibration procedures and criteria are recommended in
this document, although the Model Ordinance did not directly
address this most important area.

The second part, composed of Sectiens 5.0-15.0, con=-
tains the sound measurement methods which may be used to en-
force a éEégg_or local noise ordinance. These sound measure-
ment methods are grouped as follows:

a. Stationary noise scurces . . -
b. Sound quality for land use assessment
C. Mobile noise sources

A thorough survey of the literature was performed to
identify existing measurement techniques. State and local en-
forcement agencies; domestic and foreign standards organiza-
tions, such as SAE, IS0, ASA; and industrial associations and
federal agencies with noise control jurisdictions were contacted
and asked to provide the measurement techniques used or
recommended. They were alsowa§kéa_£6 suggest measurement pro-
cedure formats. Matrices for comparing each of the major ag=-
pects of the technigues were prepared for sach source category.
The techniques were evaluatsd using these matrices in terms of
their accuracy, ease of implementation, cost effectiveness and
applicability +o a community's needs., The besgt features of
each weres abstracted and/or modified as appropriate, to pro-
vide a single procedure for each source category.

4
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The completed noise measurement procedures were sent
to enforcement officials, industry groups and acoustical ex-
perts for comments. The comments were evaluated and, where
appropriate, were incorporated into the final document. The
final Code reflects the needs and desires of the enforcement
people who will eventually use it.

The deocument was prepared so that each measurement
procedure could be used independently. Each measurement pro-
cedure contains all the necessary information for its implemen=-
tation., A common format (with slight deviations}) is used
throughout, This format ¢ontains:

e Purpose

¢ Equipment

s Meagurement Location

# Personnel

e Tast Site

e Tagt Procedure N

Methods to measure stationary noise source sound
levels are presented in Secticon 5.0. The Model Community
Noise Contrel Ordinance contains articles limiting the noise
amitted from construction sites [Article VI, Section 6.2.5(b)]
and from a stationary source [Article VIII, Section 8.1 and
Section 8.2]. These recommended ordinance. raguiresments can bhe
enforced by four types of test procedures which:

a. measure the equivalent A-weighted sound
level, Leqg.” and the statistical sound

levels, Ly,

b. measure the maximum A-weighted sound lewvel,
Lmasx+

*see Section 2.2 for terminoclogy.

5
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Survev, is available from the ¥ational Tecmical Infcrmatien Service.

c. measure the octave band sound pressure level
spectrum, and

d. measure the impulse sound level.

A vibration measurement procedure is also discussed
in Section 5.0. Operating or permitting the operation of any
device that creates vibration above perception threshold levels
is a prohibited act discussed in Article VI, Section 6.2.12 of
the Model Community Noise Control Ordinance. The measurement
procedure is presented in Section 5.0. Perception threshold
criteria ara discussed in Section 4.0, since communities may
want to stipulate specific requirements in their legislation.

The ambient scund level, or sound gquality, is an im-
portant factor to ¢onsider in selecting land for the develop-
ment and huilding of habitable and institutional structures
and recreational “areas, Land-use restrictions are presented
in Article X of the Model Community Noise Control Crdinance.

- methbd of community neise sampling requiring only
a sound level meter is presented in Section 6.0. The measure-
ment method allows a community to assess the ambient sound
climate with a minimum investment in scound measurement eguip-
ment, The sampling technigue provides cumulative distribution
levels as well as the eqguivalent sound level, Lgg.

For those communities interested in noise measurement

procedures to survey the noise environment throughout an entire

community, a Communiﬁfpﬁoise Assessment Manual: Acoustical
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The second group of sound measurement procedures
deals with mobile on and off road vehicles. The measurement
procedures for Autcmobiles, Section 7.0, Buses, Secticn 8.0,

Motorecycles, Section 11.0, and Trucks, Section 15.0, are

similar. Two measurement procedures are provided. One mea-
sures vehicle hoise while the vehicles are operated on local
streets, roads, or highways. This measurement method provides
vehicle sound levels for enforcement of Article IX, Section 2.1
which specifies the maximum sound levels which a motor vehicle
can emit while operating on a public right-of-way.

A gecond type of noise measurement procedure is also
provided for stationary aperaticon and testing of the vehicle's
noise emissisn levels. It requires the motor vehicle to be
operated while stationary at a qualified test site. This latter
method is simple to accomblish and pro&ides sound lewvel data
which are repeatable and legally defensible. The stationary
test procedure ls similar to one of the U.S. Department of
Transportation interstate motor garrier noise measurement pro-
cedures. It is slightly modified for automobiles, buses, and
motoreycles., A community can chocse the methodology which is
mest appropriate, considering the available resources, manpower,
and ordinance requirements. Both sets of procedures can be used
if a community desires a vehpicle in use test and a separate pro-
cedure for certification during inspections.

A noise measurement procedure for constxucticn eguip-
ment noise is presentsd in Section 9.0. Measurement of the

noise emitted from individuwal units of construction egquipment
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is difficult te accomplish at an operating construction site.
A noise measurement procedure is described reqguiring that the
measuremen? be made at saven meters from the dewvice. If high
ambient noise conditions exist, measurements are made at
closer distances or an adjustment is applied for the contribu-
tion of sources other than the unit under test.

This method is based on recommended practices by the

} and Compressed Air and Gas

Society of Automotive Engineers?’
Institute" consensus standards. The federal Environmental
Protection Agency has also developed measurement methods used
for product verification and enforcement of new eguipment
(point of zale) noise standards.®’® Both the technical society
and Envircnmental Protection Agency methcds require test sites
which exhibit numerous acoustical enviroriental constraints.
For example, the surface Setween noise source and microphone
must be sealed asphalt with no large reflecting surfaces
within 30 meters of the microphone or the equipment being
measured.

Many construction sites do not meet this constraint
and do not gualify as valid noise emission measurement sites.
The measurement method presented in this Code is a pragmatic,
cogt=elfective means for community noises enforcement and not
necessarily a procedure which provides thne required constraints
needed for new product noise level verification and enfercement.

A motorboat noise measurament procedure is presented

in Section 10.0. It is based on the SAE noisa measurement

method for motorboats. Numerous tests, conducted by and

B e R I VN
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reported by the motorboat industry indicate the effsctiveness
of the test procedure. Operating motorboats in excess of
regulated noise levels is discussed in Article VI, Section
6.2.15 of the Model Community Noise Control Ordinance.

A method of measuring the noise emissions of powered

model vehicles is presented in Section 12.0. The Model Com-

munity NVoise Control Qrdinance suggests that maximum sound

levels emitted by powered model vehicles (such as model air-

planes) "...shall be measured at a distance of _____ feet

(meters) from any point on the path of the wehicle."™ This

type of measurement may be quite difficult ko achieve. In-
stead, an alternative measurement method i1s presented. Most. -

models are very small noise sources and can he measurad in a

staticnary mode at 1 meter fL£zom the tast medel. The meagura-—"" "~~~

ment procedure allows the test to be performed at or near resre=_ .. .
atienal areas where the models will be used with minimum notse -~ - —
interference f£rom other nearby noise sourcea. The data ok= .

tained from this test method can be used to extrapolate the

noise from the model (in flight, for example) to noise sensi-

tive land use or the recreational area houndaxv.

Saction 13.0 provides a sound emissions measurement

procedure for recreational motorized vehicles. Recreational
motorized vehicles operating off public rights-of-way (such as
motorbikes) use small, air cceled two=~ or four-stroke engines.
Because of space, weight, and power limitations, the mufflers

emploved on these vehicles are often very rudimentary. The
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principal noise offender on these vehicles is typically the ex-
hausgt. Thgse vehicles are addressed by Article IX, Section 5.2
of the Model Community Noise Control Ordinance. Mobile or ac-~
celeration tests are too complex and require too extensive a
test area. Snowmebiles are also included in this category
(Recreation Vehicles). The snowmobile industry and SAE have
devaloped a consensus standard which requires a large test

aite covered by either packed snow or turf (primarily grass

up to a maximum of 7.5 ¢m (3 in.] in height).’ A procedure
requiring sound measurements at 0.5 meter (20 in.) from the

stationary vehicle's exhaust is presented in Sectien 13.0.

Section 14.0 presents a methodology for measuring

noise emissions of refuse collection vehicles. Refuse col-
;ecticn vehicles .are heavy trucks with a trash compacting

mechanism mounted to the frame. Excessively high ncise £rom

~compactors is considered a prohibited act in the Model Com-

munity Noise Control Ordinance, Article IX, Section %.1.3.

-

The noise from the compactor is measured in a manner similar

to EPA's recently proposed noise emission standard for truck
mounted solid waste compactors.® The sound measurement proce-
dure presented ragquires sound oeasurements to be made at four
locations at right angles to each other around the vehicle,
while the vehicle is stationarv during a normal compaction cycle.
In this way, all the significant noise producing compansnts of
the vahicle are considered. Since it would be difficult to
standardize the amount of refuse to use during the test, the

sound measurements are made with the compactor empty.

Lo
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2.0 ACOUSTICAL THEQRY AND TERMINOLOGY

2.1 INTRODUCTICN

The purpose of this section is to acguaint the user
of this Code of Current Practices with the theory and termi-
nology used in the development of the noise measurement methods
discussed later in this repert. The information presented in
this section is intended for indoctrination and reference. The
user of this Code who desires additional details and theoretical
depth should refer to text books and reports presenited in a
partial bibliography found at the conclusion of thils section.
2.2 TERMINOLCGY

Most of the technical terms, used throughout the
"Medel Ordinance" and the Code of Current Practices, are pre=-
sented below. Expanded apd additional definitions may be-.——— .o
found in the text hooks and reports listed in the bibliography
at the end of this section. P

+Acgcaleration is the time rate of change of velocity.

It 13 a vaibration gquantity as used in this Code.

Units of acceleration are meters per second per

second (abbreviated m/sec?®) or multiples of gravity

acceleration, "g". By internationa; agreement, the

value of 9,806 m/sec® (32.17 f£t/sec”) has been

chosen as the standard acceleration due to gravity.

Ambient Sound is the all-encompassing sound associ-

ated with a given envirconment, usually a composite
of sounds from many sources near and far,

Average Sound Level is the same as equivalent sound
level.

A-wejighted Sound Lavel is the sound level measured

after the ambient sound is filterad by the
A-weighting network (see Section 2.3.2).

AENARY S e ol b




- 1Y RYIVY ATV LDOY

Background Ambient Sound is the all-encompassing
sound assoclated with & given environment excluding
the source being studied (i.e., automobiles, air
conditioners, industrial plants and others).

Day=Night Sound Level, Lgn, is the Z4-hour equivalent
sound level, in decibels, dB, obtained after addition
of 10 decibels to nighttime (10:00 P.M. to 7:00 A.M.)}
sound levels.

Decibel, dB, is a unit of sound level (and other
levels as well). It is kased on ten times the
logarithm (base 10) of the ratic of two guantities,
one of which may be a reference guantity.

Equivalent Sound Level, Legqr is the A-weighted

sound level containing the "same sound enexrgy as

the time-varying sound. Technically, the equivalent
sound level in decibels (dB)} is the level of the.
A-weighted mean sguare sound pressure during the -
stated time period referenced to the sguare of the
standard reference sound prassure of 20 microPascals.

Impulsive Sound is a brief increase in sound level
{generally more than 10 decibels) above the back-
ground ambient sound level. The duration of a
single "impulse is usually less than one seacond.
Familiar impulsive sounds are dynamite blasts,

gun firing, and pile driving.

Noise Level is the same as sound level for scund in
air., Some pecple use "noise” only for undesirable
or unwanted sound. A sound level meter, however,
does not measure pecple's desires; therefore, to
prevent misunderstandings, it is suggested that the
gquantity measured by a sound level meter he called
sound level rather than noise level.

Percentile Scund Level, Ly, is the scund level ex-
ceeded X-percent of tae time during the period of
observaticn. For example, L,, is the A-weighted
sound level exceeded ten percent of the time during
the period of observation.

13
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Pure Tone is a sound distinctly heard as a single
plitch (frequency) or series of single pitches., Ex-
amples are screech, whine, whistle, etc. ’

Sound Level, La, is the weighted sound pressure
level obtained by the use of standaxd filters
{electrical circuits). The most commonly used
£11lter is the A~weighting network (see

Section 2.3.2;.

Sound Pressure i1s the instantaneous pressure above
or pelow a static pressure (barometric pressure)
due to the sound wave. The rocot mean sgquare (rms)
sound pressure is the sguare root of the average of
the square of the instantaneous sound pressures.

Sound Pressure Level is defined as 20 times the
logarithm (base 10) of the ratio of the root mean
square gound pressure to a reference standard sound
pressure of 20 microPascals. It can be noted as

Ip = 20 Leg,, Fms .
Po

where Py i1s the standard reference sound pressure -
20 microPascals.

Steady Sound is a sound whose lewvel remains essen-~
tially censtant (variations sgual to cor less than
6 dB}) during the period of observation.

Vibraticn is an os¢ililatory motion described by -
aither displacement, velocity, or acceleration
with respect to a given reference.

Wavelength, A, is the distance between two succes-
sive waverronts in a periodic wave,

2.3 FUNDAMENTAL ASPECTS QF SOUND MEASUREMENTS

2.3.1 The Nature of Souné

Sound, in its simplest terms, is a form of aerody-
namic vibration which transmits energy f£zom one point in space
to ancother. It 18 a pressure fludtuation to which the ear re-
sponds. Sound waves behave like the ripples in a pond pro-

duced by throwing a stone into the water. Like the ripples,

l4
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socund waves move away from the source at a constant speed.

The modas of propagation is momentum exchange with no net

transfer of matter away from the source.

The speed of sound in air varies slightly with tem-
perature and humidity, but for most purposes may be regarded
as having a constant value of 340 m/sec (1120 ft/sec).

A physical description of sound or noise, whether
from a single source or from sources in combination, regquires
a knowledge of certain fundamental parameters. The five
basic parameters to be considered in the description of
sound include:

e Magnitude

# Prequency Distribution

8 Directional Distribution
o Temporal Distribution®
e(Qperating Conditions

0f these five basic parameters, the two, which are
used most often to define sound, are its frequency content
(pitch) which is expressed in Hertz (one Hertz isequal to one
cycle/second) and its amplitude. Since sound is a pressure
phenomenon, the amplitude of a sound should be expressed in
units of pressure but is commonly expressed in decibkels.

To develop a clearer idea of the magnitude of
common sound signals, Figure 2.1 is presented. Note that

the range of sound pressure perceived by man is quite laxrge,

on the order of l:1,000,000.

*For time-varving sound
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Due to the large range of sound pressures encountered-
(see Figure 2.1), it is more convenient to express the sound
pressures on a logarithmie scale. This compression in scale to
smaller numerical values is easier to use. The sound pressure

level is defined as:

2 =]
L, = 10 Lo E__ ds = 20 Log (=) dB
D gxu (p 2y g (po)

Q
wheare p is the square root of the mean of

the sgquare (rms) of the instantanecus sound

prassures, and Py is a reference pressure.
The intermationally agreed upon standard reference pressure is
20 micropasgals which corresponds approximately to the faintest
sound that an average young adult can hear ian a quiet surround-
ing. The important point to remember is that the decibel is
non-dimensional and is a ratio of two pressures. The sound
prassure level L, in decibels relates to magnitude only be-
cause of the reference prassure.

Sound energy can be analyzed (using electronic instru=-
ments) in bands of frequency. The preferred bands' for acoustic
measurements cover the audible range (nominally 20-20,000 Hz)
and consist of 10 f£requency ranges. The f£reguency range of
each band increases as the frequency increases. The uppex
frequency of each band is twice the lower freguency. For ex-
ample, the 1000 Hz cctave band extends from 707 Hz to 1412 Hz.
The preferred octave band center frequencies are 31.5 Hz, 63 Hz,

125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 8000 Hz, and

16000 Hz. Note the doubling here as well.

L7
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FPor more detailed analysis of a sound's freguency
content, still narrower bands, such as 1/3 or 1/10 occtave

bands, are used.

2.3.2 A-Weighted Sound Level

The apparent loudness that we attribute to a sound
varies not only with the sound pressure but also with the fre=-
quency of the sound. This is further complisated by the fact
that the fregquency dependence is also a function of sound pres-
sure. Since loudness is a function of level and frequency,
three standard criteria were developed many years ago to at=-
tempt to convert a2 sound level meter to a loudness meter
{somawhat unsuccessfully). These three criteria ars shown in
Figure 2.2, Socund levels are measured by sound level meters
using electrical domponents called networks., Mos:t common of
these is the A=-weighted network which attempts to reflect the
human ear's decreased sensitivity to low freguencies at normal
gound levels. A sound measured with a device using such a net-
work provides a reading referred to as an A-weighted sound
level.

To determine the A-weighted sound level given the
octave band sgspectrum of scund, factors are subtracted from
the sound pressure level values in each octave band, and the
octave band sound pressure levels then added on an energy
basis. Thesa corrections, obtained from the A-weightad re-

sponse curve shown in Pigure 2.2., are tabulatad below:

1.8
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Octave Band A-Welighted

Center Fregquency Corrections
Hz dB
31.5 ~39.4
63 -26.2

125 -1l6.1
250 -8.6
500 -3.2
1000 ]

2000 +1l.2
4000 +1.0
3000 -1.1

2.3.3 Combining Sound Levels

Vary often there are two independent sound sources
radiating concurrently. To determine the comhined effect of
the two sources, their contribution is added on an energy
basis (sound pressure levels are not added dirsctly but in-
stead are converted to mean square pressure terms, which are
added and then reconverted to decibels). One method of com-
bining sound levels is the use of the graph in Figure 2.3.
By knowing the two levels and therefore the differance he=-
tween the two, the increment to he added to the higher level
is determined. This yields the resultant sound level. This
increment is read directly from the graph.

The graph presented in Pigure 2.3 is based on the
following relationship:

Lp1/20 Lpa/lo

+ 10 ] dB

Lpt = 10 Log [1lO

20
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The total sound level Lpt can easily be determined using a
pockat calculator ceontaining powers of ten, 10¥, and loga-
rithm functions.

2.3.4 Equivalent Sound Level, Leg

Environmental noise is not steady but fluctuates con~
giderably in level with time. To fully characterize the expo-
sure of an individual to time-varying sound levels, a history
or cumulative distribution of the sound levels would be neces-
sary. This requires a large number of samples. To simplify
matters, noise Ffrom both individual events and quasi-gteady
State sources are averaged. This time weighted average is
known as the equivalent sound level (Lag). The equivalent sound
level is ecquivalent to (or egual to) the steady noise leval
which in a stated period of time would contain the same acous-
tic energy as the time-varying sound. The mathematical defini-
tion of Lgg for an interval T is:

. 1T o2e
Leq = 10 Log (- [ R._i%L dt) dB
q T 3 e 2
=]

~

where p{t) is the time=varying rms sound pressure
and p,y i3 the reference pressure.

An approximation to this integral is:

a Li/19
Leg = 10 Log,, (%?E‘ L £y 10 R
1=




where L; is the sound level for time intexval i
t; is length of time interval i
and T is the period of interest.

2.3.5 Day-Night Sound Level, Lgn

The develaopment of eguivalent sound level was folw-

lowed by the development of the day-night sound

level. This is the average A-weighted sound level during
a 24-hour time period with a lO0-~decibel weighting (penalty)
applied to the nighttime sound levels (10 P.M. to 7 A.M.).

This may be expressed mathaematically as:

Lg/10 (Ln+10) /10,

)+9 (10 ])”uw

1
Lan = 10 Log 34 ([15(10

where Lg = Leg for the daytime (0700-2200 hours)
and Ly = Leq for the nighttime (2200-0700 hours)

This computation is easily accomplished using a pocket calcu-

lator. The following example illustrates the method used to

compute Lgn: -

. _Example: The day and night sound levels are
58 dB and 52 dB, respectively.

s8/10

1a = 5630957

This value must be multiplied hy 15.
15 x 630957 = 9464360

Ten decibels are added to the night

sound lavel. The result i3 divided

by 10 and raised toc the power of ten.
10(52+13)/10 3 1584893

This value must »e multiplied by 9

9 x 1584893 = 14264039

23
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i calculator.

The two factors are added and divided by 24,

464 +
9 36024 14264039 _ 23732399 = 988682

Lan = 10 Log 988683 = 60 4B

icbviously, this example is more easily accomplished using a

2.3.6 Distance Attenuation

Sound waves for many situations may be approximated
by a free spherical progressive wave. This is analogous to
waves propagating radially £rom a small sphere. The emitted
scund intensity spreads ocut from the source with continucualy
inereasing radii., In the absence of any losses (absorpticﬁ),
the sound power must remain constant (consarvation of energy).
Therafore, the intenaity at a given distance from the sourcse
must be proportional to the inverse of the spherical surface
area (radius sguarsd). ‘The sound level attenuation as a
function of distance can easily be computed. The "inverse

square law" of attenuation, as it is commonly called, is

g~decibel reduction for each doubling of distance frem its
origin., Pigure 2.4 can be used for determining the sound
pragsure level at different source-recsiver distances.

For example, if the sound level at 200 meters is
92 dB, the sound lavel at 950 meters is obtained by entering
the graph at a ratio of 4.75 and reading 13.5 4B attenuation.
Subtracting 13.5 from 92 provides the sound level of 78.5 &B.
Alternataely, a calculator ¢an be used for determining distance

attenuation.

24
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Attenuation = 20 Log (%%%

L = - 20 Log (258) = 92 - 20 rog (250
_ p950 Bl (200} d (200)

Lozo0

Lpasg = 92 - 13.5 = 78,5 da3

Note that this relationship only holds for small
sources or for large distances (three times the major dimen-
sions) from large sources.

Sound level attenuation calculated by this procedure
assumes free field conditions and does not include the attenua«
tion due to air absorption and effects of ground cover, such as

trees and brush. Discussions of these additional attenuaticon af-~

faects which can bhe significan® over very large distancas are
available in several references found in the bibliography at

2i -

the end of this ssction. In urban areas whers many raflect-

ing surfaces and free field conditions do not exist, attenua-

tion may be less than 6 4B/DD. cCautien, therefcre,'ghoulgj
be exercised in using these figures. CTT e T
Traffic noise for the flowing highway traffic does
not radiate in a similar manner. The sSound propagates not as
if from a small sphere, but as if from a c¢ylinder. The attenua-
tion factor for this case is approximately 3 decipels for
each doubling of distance. For cextain traffic Zlows, the at-
tenuation factor is between the spherical and the c¢ylindrical,

An often used guantity for traffic noise attenuation with dis-

tance is 4.5 decibels for each doubling of distanca.
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2.3.,7 gffect of Reflective Surfaces

Often conditions at a measurement location are far
from ideal. A micraphone placed too close to a sound reflect-
ing surface will respond to both the sound traveling directly

from the source and the sound reflecting from the surface.

An error, as much as about 4 decibels, can result.
Small objects, which are no closer to the source
than 5 meters, chain link fences or low~lying vegetation

should not be ccnsidered reflecting surfaces.

——- vy a0

For situations where reflecting surfacés.affect the
measurement accuracy, approximate corrections for reflections
can be made. These corrections, based on the distarce the
microphone or source is f£rom the reflecting surface, are pre-
sented in Table 2.1.? The corrections are subtracted from
tha measured values.

The ;pecial case for reflecting surfaces near road—
ways has been investigated and a nomograph has bedn prepared,
see Figure 2.5.° Note that corrections for reflecting surfaces
on aitler side of the readway can be found., The examiner must
egstimata the distance (D) between the centerline of the lane
of travel and the nearest reflecting surface., The distance
(L} fzom the microphone to its nearest reflecting surface
is also determined. To determine the correction, locate

the two distances on their respective axes on the nomogram,

Pigure 2.5. Connect the two points by a straight line,

et
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Tahle 2.1 Correction Factors to bhe Subtractad

from Measured Values due to

Reflecting Surfaces

Distance microphone
or source is from

raflecting surface? Correction
Meters (feet) dB
31 (1l00) 0.5
15 {50} 1
8 (23] 2
4 (12) 3
2 (6) 4
1 {3} 5
0.3 (1) &

Arhae reflecting surface should be larger than
6mx 6mzx 3Im (20 ££ 2 20 £+ x 10 £e)

28
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NOTE: 1. L ts distance from microphone to nearest reflecn-

ing surface.
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surtraces,
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The correcticon is found at the intersection of this line and

the central axis. Subtract this correction from the measurad

values.

Example:

Autemobile noise levels are measured at a location
along a thoroughfare. Apazrtment houses are on one
side of the road while large warehouses are on the
other. The micropheone is located 15 meters from the
nearest lane of traffic but is only 5 meters from the
walls of the apartment building. Thiz lane of trafe
fie is 35 meters from the warehouses on the aother
side of the roadway. The automobile noise is mea=-
surad at an A-weighted sound level of 85 d8. What

is the corrected value of zautomeobile noisa?

The distances‘p and L for the nomagraph, E;gure 2.5,
are 20 meters and 5 meters, respectively. A line
between these points pasges through the corxrection
value of 2 dB which must be subtracted from the mea~
sured value (see Figure 2.5). Thus, the corrected

sound level for the automobile is 85 - 2 = 83 dB.
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3.0 INSTRUMENTATION

3,1 INTRODUCTION

Noise measuring instruments and support equipment
such as wind speed indicators, hygrometers, tachometers, and
watches are used in the noise measurement methods presented in
this Code of Current Practices. In the following sections,
the theory and technigues for each instrument are discussed.

3.2 S5QUND LEVEL METERS

The basic components of a scund level metar are the
microphone, an amplifier, a filter, a detector, and a read-out
device. These components are shown schematically in Figure 3.1.

The microphone 1s a transducer which converts time-
varying sound pressure to a time-varying electrical signal.
The voltage of this signal is very low and needs to be in-
creased. This ié accomplished by the amplifier. Most sound
level meters contain an electronic circuit which varies the
voltage of the signal in a desired manner. Normally, this
¢ircuit, called a f£ilter, varies the signal voltage as a
function of Zfrequency. The A-weighting network (filter) dis-
cussed in Section 2.3.2 reduces the veltage a great deal in
the low freguencies in an attempt at simulating the human
ear's effact on sound as one hears it. At the outlet of the
filter, the signal is still time~varving., But in order to
provide a read-ocut in decibels, the signal must be detected.

That is, the square roct of the mean (average) of the square
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of this signal (rms) is determined by another electronic cir-
cuit. In this section of the sound level meter, the legarithm
of the mms veltage is also ohtained. The detector, in effect,
changes the signals" claracteristics from alternating current
(A.C.) to direct current (D.C.). The read—out is usually a
voltmeter with a needle movement which displays the veltage
output of the detector on a scale in decibels.

There are a number of different types of microphones
in use. The most commen are the ceramic (piezoelectric), the
condenser, and the elec¢tret microphones. Some electrodynamic
microphones are available but they are less common.

The ceramic microphone consists of a diaphragm
which is fastened to a piezoelectric cxystal. Sound pressure
is converted into a force. which bends the crystal. When a
plezoelectric crystal is strained, it produges a voltage.

The candenser microphone also uses a diaphragm to produce
motion. This motion changes the electrical capacitance formed
between the thin diaphragm and a back plate. When a high D.C.
poelarizing voltage is applied to the capacitor, a time-varving
voltage, proporticonal to the accustic pressure, is produced.
The electret microphone works on the condenser prineciple. A
suitable plastic coating applied to the thin diaphragm main-
taing its own polarization (D.C. voltage). 7The capacitance

change caused by motion of the diaphragm produces a voltage.

et bt e Y by




- W IFWAAVY AUWAWY ALDT0O

The voltage produced by the microphone may not be
linearly related to the sound pressure due te the microphone
geometry aﬁd gonstruction. The sensitivity of common micro-
phones decreases at very low freguency (less than 20 Hz), is
flat (linear) for frequencies between 50 Hz and 8000 Hz, and
increases above 8000 Hz. The frequency characteristics of a
cne=-half inch condenser microphone are shown in Figure 3.2.
Two frequency characteristics arxre shown. Note that the micro-
phone response is more linear for sounds reaching it from all
directions than f£rom a sound reaching it along its axis. It

i3 important, sherefore, to follow all microphones manufactuXer

(gr sound level meter manufacturer) instructicons for the orien~

tation of their microphones for the most accurate results.

eAmplifier
The amplifier used in a sownd lavel meter is similar to
the amplifier used in a good BiFi system. Its purpéée ig to in-
crease the cutput veltage and cutput power without distorting
the signal. fThe frequency response for the sound level meter
amplifier shall be f£lat from below 20 Hz o abovea 20,000 Hz.
The amplifier must increase the output voltage in
steps. Ten decibel steps are most often used.
eFilter
Weighting networks are a type cf filtar provided
with the scund level meter to present a measure of how sound
is perceived by an individual. In community ncise measure-~

ments, the A-weighting network gives good correlation
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with human percepticn. Some sound level meters are also equipped

with B-, C-, and flat-designated weighting networks. Dif-

ferences between the sound pressure levels measured with the

C or flat weightings and the A-weighting provide a good approxi-

mation of the ratio of high to low frequency distribution of a

noise. The ideal A-, B-, and C=weighting network response

curves,as specified by ANSI $1.4-1971, are shown in Figure 2.2.
A frequency analyzer is basically an electronic

filter which selectively passes only those freguencies for

which it is tuned. In this way, the level read on the meter

i3 related to the enerdy content at the tuned frequency or con-

tained in the band of freguencies passed. These analyzers may

be an integrzl. part of sound level meter systems, or they may

be separate urits that must be attached to separate read-out

devices. In iny‘case, instructions from thelinstrument manu-

facturer must be followed carefully.

The octave band analyzer uses the most common set of

‘filters used for noise measurements today. Octave bands are

the widest of the common band widths used for analysis and
thus provide spectral information of sound pressure raguiring
a minimum number of measurements,

An octave band is defined as having an upper band-
edge frequency equal to twice the lower band-edge frequency.
The center frequency of an octave band is found from the sguare
root of the product of the upper and lower band-edge fraquencies.

Hdowever, rather than specifying the upper and lower band-edge
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frequencies, national and international standards on octave

band analyzers have specified the center fregquencies and from

these the ﬁpper and lower band-edges. The standardized

octave band center frequencies are 31.5, 63, 125, 250, 500, -
1000, 2000, 400Q, 8000, and 16000 Hz. Octave denotes a

doubling. Note that not only are the band widihs of each

octave band one octave wide, but alsc the interval between

center frequencies is one octave. Figure 3.3 shows the general

octave band shape of a band pass filter with a center fra-~

quency of 1000 Hz.® Octave bands increase in width with

increasing frequency, thereby permitting more sound energy to
be transmiitted in the upper bands than in the lower. For ex-
ample, at 100 Hz, the band width is 70.7 Hz wide, while at

1000 Hz, it is 707 Hz and at 10,000 Hz it is 7070 Hz wide.

oDetectér
The electrical signal from the microphene is

typically comprised of the sum of many components at different
frequencies. The sguare root of the mean of the sguare of. .. .
the signal (rms) is required prior to obtaining and display=-
ing the logarithm of this value in decibels. Common detectors
rectify the signal (convert from a.c. to d.c.}) and averxage it
using a resistance/capacitance (RC) circuit, Two averaging
gircuits are provided; a "FAST" response circuit and a "SLOW"
response circuit. At the "FAST" setting, the meter needle
indicates the true indication of the level within 200 to 250

milliseconds after a 1000 Hz tone is applied, The overshoot

DT
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FIGURE 3.3 TYP! 'L QCTAVE 3AND FILTER CHARACTERISTIC
AND © 'AMPLE (F BANDWIDTH®AT 1000 HERTZ

“Bandwidth is specifie n terms of the half power
point (3 dB8).
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(amount the needle rises above the correct reading) before that
time is not greater than 1 decibel. The "SLOW" set;ing aver- }
ages the sound level for a longer peried with little overshoot.
For a rapidly fluctuating sound signal, the "SLOW" setting may

not have a fast enough response to measure the signal.

Read Qut Device

The sound level meter output can be displayed on a
graphic recorder or by a needle on a scale. The scale used with
most sound level meters has a range of at least 15 decibels with
increments of 1 decibel. Newer sound level meters have scales
with a 20 decibel’ or greater range. _

The meter range is adjusted (signal attenuated) so
that the needle reads on-~scale. Some meter scales have a display
indicating -5 to 0 to +10. A 0 dB indication represents the
setting of the amplifer, say 60 dB. A +7 indication would be
read as 67 dB. A =3 indication would be read as 57 aB.

3.3 COMMUNITY NOISE ANALYZERS (AMPLITUDE DISTRIBUTION
ANALYZERS) :

Unless a scund signal (or vibration signal) is at a
congtant level, a problem exists in how to describe the fluctu-~
ating signal. amplitude distribution analyzers (alsoc called
statistical distribution analyzers) measure ambient sound
over long periods of time. These units contain a series of
counters each of which corresponds to a unigue (or small range)
sound level. The analyzer can display the number of times a
particular sound level occurred during the measurement
period (histogram) or the percentage of time a sound level
was axceeded during the measursment peried (cumulative

disgtribution).

-»
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A number of these analyzers will calculate from the
acquired data, the eguivalent sound level, Lgg, and the
day/night sound level, Lgy,. Certain models are eguipped
with batteries, microphones, and special enclosures which allow
the unit to operats unattended even under adverse weather condi-
tions. An option is available which includes an anemcmeter.

If wind speeds exceed a preselacted level, the sound data ac-
guired during this occurrence is disregarded.

3.4 WINDSCREEN

The movement of air around a microphone causes turbu-
lence which in turn generates undesired noise at the diaghragm
of the microphene. This neise can effectively mask the sound
signal under study even though it may be inaudikle to the
human ear. In cases where measurements must be made in the
presence of wind or where wind gusts are suspect during the
course of measurement, a microphone windscreen should always
be emploved.

Windsereens are generally either spherical or
eylindrical in shape, made of foamed polyvinyl, open-celled
polyurethane, or a silk-covered grid. The windscxreen is at-
tached directly over the microphone. They are limiteé in
their effectiveness; therefore, neasurements should not be
made when the wind speed exceeds 20 km/hr (12 mph).

The windscreen has the secondary advantage of pro-
tecting the expensive microphone from damage due to inad-

vartent blows or falls.




- s ¥ HYEVY ATUW LDTI0

3.5 ACQUSTIC CALIZRATOR

The acoustic calibrator srovifes a xmeans Ior can-

ducting an overall svstem check and calibraticn of the sound

lavel mater. Calibratars ars ganerally ccmpact and rugged so
that they may be used effactively in tha Zield. They consish
Basically of a sound sourge generatad in a small cavity usiag
bastery-driven electronic circuisry, Some calibrators generaszs
a single fzequency at a stated govund pregsure level, whilae
othezrs are tunable to saveral presalected pure tones, all at
a knewn gound prassure lavel. _ .
Caiibratsrs are specifically dasigned for varigsus

microphones so it is importanms that the proger calibrators ke

usaed. Otharwisae, erzors may rasult or micsophcnas may e

parmanently damaged. ‘

The sound lavel mesax reading is adjusted to match
the calilratyz sound prassure lavel. Ter calikrators which
amit scund at 1000 Hz, =Rs calibration can ta accéﬁgilﬁhadw
using any weighting network. Othezwise, scund lsvel zetars
must be calilratad usiag =he £lac or C-weighting scala.

Calibhratar output is afiacs=ad by changes ia a=mos-
Pharic (karcmasric) pressuze. Care must =e taken whan usis
ma calibratsr at atmgspharics sresgurss ctler shan stapdars
eznditicns., CQalibrasmcr dannfagsturers srovide carssezicn
curves Ior calibrator use af atmospheric condizians other
than standazd. Calibraters muss ba chackad én a sounisa

Zasis tz ensure the lavel of sound amis=ad has ner ché:ged.

4

Tha fzlleowing shotzgeanh shows calilbrazion ¢

a

sgound laval aatar.
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3.6 ANEMOMETER
Wind noise can cause variations in microphone scound
level measurements. To ensure that conditions are acceptable
for sound measurements, however, it is important to be able
to measure wind speed. B&An anémcmeter is used for this purpose.
;

Anemometers are typically of one of two types,

pressure tube or rotation. The pressure tube type is based on

the principle that wind bleowing across the mouth of a tube pro-
duces a vacuum, while wind blcwing into the nouth of a tube pro-
duces a pressure, both proportional to the wind speed. A rota-
tion anemometer uses a set of Open cCups Or an aerovane Lo pro-
duce rotation {similar to a windmill). This rotation drives a
small generator which produces a voltage proportional to the

wind speed. . .

3.7 TACHOMETER.

A tachometer is used Lo measure rotational speed of
an engine. Tachometers are of three major types.. Electrical
tachometers use a sicnal from the vehicle's ignition system
to indicate engine speed. An induction tachometer reguires
that a sensor be clipped onto a spark plug wire. 3Since the
relationship between engine firing rate and rotational spead
varies with the number of engine cylinders, multiple scales or
gonversion tables are requirsd for correct determination of ro-

tational speed. Some engines used on motorcycles and recreation

46
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vehicles introduce complications. Two stroke engines are de-
signed so that each cylinder fires every ravolution
{standard automebile engines fire once every second revolutiocn}.
Some engines are designed for cylinder £iring every revolution.,
Therefore, tachometer readings must be interpreted very
carefully.

Since diesel engines have no spark ignition systems,
some method other than an electrical tachometer must bhe em-

ployed to measure rotational speed. An electromschanical

tachometer is directly connected to the engine drive shaft
to cbtain the motion for a generator which produces a voltage
proportional to rotational speed.

Cptical tachometers may also be used, These units

utilize a light beam reflecting from a mark on the drive shaft
or fan. The light is pulsed at a high rate until synchronism
occurs {stroboscopic effect) and the mark (or fan) apééiéﬁEi}_"
stops rotaﬁing. The engine speed is then read from a cali-

brated dial.

3.8 REFPERENCES
1l. American National Standards Institute $1,8-1968 (R1971)

"Specificaticens for Cctave, Half-Octave, and Thirzd=-
Qctave Filter Sets.”
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4.0 VIBRATION

4.1 INTRODUCTICN

Biological effects of structure-borne vibration
upon exposed humans depend upon many complicated interrelated
ﬁactors.(z) These include the amplitude and frequency of the
vibration, its locational site, area, direction of applica-
tion, and individual variations in susceptibility as are de-
pendent upon physical state, age, muscle tone, size and weight,
ete. The kinds of effects depend largely upon the vibration

frequency which may range from 0.1 to 1,000,000 Hz. Adverse

_effects may range from motion sickness (kinetosis) which oce-

curs principally for vibration between 0.1 and 14 Hz to -
local tissues heating and pdssible cell damage at frequencies
in the ultraszcnic range qbcve 20,000 Hz.

Vibration is an oscillatory motion of gas particles
{sound), fluids, or solids. Vibration is most commonly used
to describe wave motion of seolids. Vibration of a solid
structure at a point can be described by many parameters,
inecluding displacement, veloeity, and acceleration. These
quantities can be determined by different instruments, but
acceleration 1s easiest to measure using accelerometars.

Acceleration, wvelocity, and displacsment are inter-—
related. Acceleraticn is the time rate of change of velocity,
and velocity is the time rate of change of displacement.

Thaeraefore, by obtaining the accaleraticon as a funection of

time at a peint, all the other parametaers can be determined.
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4.2 VIBRATION CRITERIA

Basic threshold acceleration values for acceptable
vibration environments nave been proposed by the Committee on
Hearing, Biocacoustics and Biomechanics based on present and
proposed International Standards Organization (ISO) standards.(l'z)
Tahle 4.1 containg these proposed values as a function of
building types or spaces depending upon the time of day and
whether the vibration is impulsive or not. The acceleration
values shown in the table should cause less than 1 percent of the
population to complain. ]

Accaleration levels higher than those shown in Table 4.1
for hospital operating areas should not be allowed without
careful study and analysis. For residential and similar areas,
higher continuous acceleration than the values shown in the
table may be allowed for shorter times without‘causing com-
plaints. Note that allcowable values for office spaces are
twice that of residential areas, while values for faétory
areas are four times that of residential areas. o

Very high accaleration levels, particularly from
blasting or high airborne noise (sonic boom) may cause struc-
tural damage. A structural vibratien (velocity) limit of
0.05 m/sec (acceleration of 1 m/sec® for 3 Hz) is suggested as
a safe limit to prevent structural damage. For historical

sites or structures of particularly high value, an accelera-

tionof 0.05 m/sec? i3 suggested as a safe upper limit.

49
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Table 4.1

Basic Threshold Accaleration Values for Acceptable Vibratlon Environments
Daytime is 7 am to 10 pm. Nighttime is 10 pm to 7 am,

All Values are Meters/Sec?

Continuous or Impulsive shock
Time intermittent rms | excitatian peak
Type of place of day acceleration accelsration
Hospital Operating Day .0036 .005
Rooms and Other
Such Critical Areas ¥ighe .0038 .005
Rasidentlal Day .072 =1
3 /5
Nighe .005 .01
Offica Anytime 14 .2
¥ T /N
Factory and Workshop Anytime .28 b
e i

t = duration seconds of vibration; for durations greater than 100 sac,
use t as 100 sec.

N = the number of discrete shock excitations thar are one 3ec or less
in duraticn. For more than 100 excitarious, usge N»100.

Noce: 1 g = 9.3 m/sec?

50
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4.3 ACCELEROMETER AND VIBRATION METER

Accelercmeters, a common form of vibratien pickup or
transducey, are most often constructed using a piezoelectric
bedy to produce an electrical signal proportional to accelera-
tion. Figure 4.1 is a sketch of the construction of a typical
A mass is attached to the piezoelectric crystal

accelerometer.
in a housing. The mass produces a force on the crystal when it
is accelerated. The plezocelectric c¢rystal has the propert¥ of
producing a low voltage when it is strained (squeezed). Small,
light weight accelerometers produce a voltage that ranges from
1 to 5 millivolts per "g" (9.806 m/sec ) of acceleration.

Since acceleromaters are .small and light, they are
eaagily attached to most structures. Accelercmeters may be
attached using a threaded hole and stud, apoxy glue, or
simply by holding it firmly:' A light grease is often used
with the latter method to ensure ; good interface. Manufac-
turer instructions for mounting should be raviewed. Most
acealerometers can be griented to any direction.

Vibration metexs provide a means for displaving the
vibration level in decibels or the rms value in English or
metric units. The vibration metar is constxucted in a
similar manner to a sound level meter., The low voltage output
of the accelerometsr is amplified, detacted, and displayed. The
detector provides a signal proportional to the rms accaleration
which can be directly displayed or converted to acceleration
level in decibels, depending upon the meter. Many sound lavel

meters can be used, with suitable calibration, as the indicating

instrument for the acgelerometer,
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4.4 REFERENCES

1. "Guidelines for Preparing Envirommental Impact Statements
on Noise," Committee on Hearing, Biocacoustics and
Bicmechanics, National Research Council, 1977.

2. ®ibration Criteria for Occupants in Buildings," (1976
Draft Addendum to ISO Standard 2631-1974.
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PRACTICAL SUGGESTIONS FOR USERE
QF THESE PRACTICES

USE OF THE SOUND LEVEL METEIR

1.

Scme microphones are directional. Orient the micro-
phone for the best frequency response. Consult the
sound level meter user's manual for the proper
orientation.

Reflecting and absorptive surfaces (for example, the
human body) affect accuracy. The meter reader and
others should be as far from the microphone as pos-
sible. Use an extension cable supplied by the in-
strument manufacturer.

If the microphone canncot be separated from the meter,
the observer should orient himself so as not te be be-
hind the microphone. Stand to the side of a straight
line from the microphone to the source as the sound
level meter is being read.

Calibrate the sound level meter as often as possible.:
The instrument should be calibrated with all eguipment
and c¢ables connected. This does not include the wind-
seraen. If calibrations before and after differ, re-
peat the measurements if possible. For measurements
which cannot be repeated, use a lower measurement value
as determined from the calibrations. For example, if
the pre-test calibration is 114 dB and the post-test
calibration is 112 4B, reduce the measured wvalue by 2
decibels. Reject the data if calibration difference
axceads 3 decibels.

When moving the sound level meter from cne extreme
temperatura environment to another (e.g., from a
heated car to the outside), care should be taken
so that moisture does not form on the microphone
diaphragm.

SELECTING MEASUREMENT SITES

1.

Not all sites will have all the features sug-
gested in the practices., Judgment as to the
use of a particular site must be made after a
site wvisit,

Small objects such as mailboxes, fence railing, and
utility poles will not affect the data if these ob-
jects are not very close to the microphone or the
sourca of noise.

The area around the measurement site may have shallow
slopes.

If the site does not meet the necessary reguirements
but must be used, carefully note the type, amount,
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and location of reflecting surfaces, and other
problems. Estimate the arror that these site
problems might cauge. Consider this error in
assessing compliance.

Stationary/source noise measurements should be made
at the point of maximum sound level on the receiwving
property. ‘This location (eof max scund lewvel) may, or
may not, be at the nearest property line, or vertical

extension of that property line (i.e., high rise building).

BACXGROUND AMBIENT SQUND LEVELS

l.

2.

Mazasurements of noise sources should bhe made when

the background ambient sound level is more than

10 decibels less than the sound level of the noise
source being measured. This is often not possible

to achieve. In this case, use the following table

to subtract the background ambient data from the
measured data to obtain the noise source contribution.
If the background ambient sound level is within 3
decibels of the noise bheing measured, no assess-

mant of the noise source contribution can be

made.
a - . b
ALp " (&B) ° Corraction- (dB)
g - *
1l * - ———
2 *
3 3.0
4 2.5
) 2.0
6 1.5
7 1.0
8 1.0
9 0.5
10 0.5

2 AL, - the difference between the measured
sound level with the neise source operating
and the background ambient.

b Qorrection - the value to be subtracte
from the measured sound level to determine
the source sound level contribution.

For passby measurements, note the difference hetween
the maximum sound level as the vehicle passes by and

u
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#+he background ambient sound level after the vehicle
has passed. Note both values and make adjustments

as in 1, above.

Decreasing the distance to the noise source often

3.
decreases the effect of the background ambient
gound levels. Afterwards, adjust the measured
sound level for distance as discussed in
Saction 2.3.6.

ENFORCEMENT
l. The prasence of a law enforcement officear for road-
Mea-

side measurements and citation is suggestad.
surements can be made from ingide a stationary en-
forcement vehicle if the microphone is positioned
outside the wvehicle in such a way as to minimize
environmental effegts (such asz reflections, absorp-
tion, etec.). The enforcement vehicle must be sta=-
ticnary with its engine off during the tests.

Ba gertain that all portions of the data sheet are
completad. '
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5.0 STATIONARY NOISE SQURCES

5.1 INTRODUCTION

A stationarvy noise source is a general term used to
describe a source or activity which operates within defined
boundaries, property lines, or zones. The source includes all
machinery, vehicles, or other devices, whether fixed or in mo-
tion, which are associated with the normal activity of the land
use as long as the source remains within the recognized boun~
daries. Examples of stationary sound scurces include air con-
diticoners, fans, industrial plants, construction sites, truck
loading and unleading, and maintenance yards,

Two metheds are described for the measurement of non-
impulsive sounds emitted from a stationary noise source. One

methed provides the equivalent sound levels (Leg) or statistical

levels for the stationary source, while the second method pro-
vides only the maximum (or steady) sound levels.' The_Leq for a
staticnary source can be c¢btained from manual sampling or £rom
gsophisticated, automatic ncise analyzers.

‘ Equipment iz available for measuring community ambi-
ent sound levels for long periods (see Secticon 3.3). This
gquiet, somphisticated equipment is more expensive than simple
gsound level meters. These units will, with some variation,
aequire, calculate, and display sound level data (e.g., equiva-

lent sound level [L the day/night sound lewvel [Ldn] and

qu’
other statistical sound levels, such as the Llo’ ete.). These




units incorporate minicomputers or microprocessors which

digitize sound level measurements, perform simple statistical
algorithms and store the results in a memory for later retrie-
val. In some cases, the digitized sound level data are stored

on a magneti¢ tape cassette for later analysis using a companion
instrument. Using these instruments is simply a matter of
positioning the microphone at the proper lccation and then
following manufacturer’s instructlons. Handheld Leq-meters .
are now becoming available and are relatively inexpensive.

When this equipment is not available, +the procedure
described in Section 5.2 may be used. It only requires an
inexpansive Type 2 sound level meter.

A procedure which provides sound pressure lavel
spectra is described since ma@y communities in their noise
ordinances incorporated océave band sound pfessure levels e e e -
tsee Section 2.3.1) in lieu of or in additiocon to A-weighted
sound levels.

Impulsive sound levels can be obtained in a manner
gimilar to ohtaining maximum sound levels if special equip~
ment (an impulse sound level meter) is used. A precedure to
obtain a stationary noise scource's impulsive sound levael is
provided for situations where it is required.

Finally, a procedure to cobtain vibration levels is
discusgsed. Vibration magnitude can be measured in terms of
displacement, veloceity, acceleration, or jerk. Many instruments
can measure all of these quantities. Acceleration and displace-

ment are the most typically measured and reported guantities.

58




FORIESUT SvwinY Jenfud )

5.2 STATIONARY NOISE SOURCE - EQUIVALENT SOUND LEVELS, Lgg

5,2.1 PURPOSE
The purpose of this procedure is to provide a useful
method to measure the noise emitted from stationary sources in-
cluding industrial plants, cocmmercial operations, and construc-
tion activities. Communities without the funds to purchase
gtatistical distribution analyzers can evaluate statistical sound

levels and Lo using a sound level meter and the procedurs de-

a
seribed below. Measurements are made at loccations in accordance

with noise control ordinance specifications. If a location is

" not specified in the ordinance, measurements are made at the

property line nearest to the source, or at a poiht beyond the
pioperty line where source sound levels are highest,
5.2.1 EQUIDMENT

The stationary source sound level measu;ément pfbce-
duze outlined below requires a sound level meter meetihg, as a
minimum, ANSI S1.4-1971 specifications for Tvpe 2 sound level
metars, an appropriate sound level meter calibrator acgurate to
.5 decibel, an earphone or headphones compatible with the sound
level meter and an anemometer (wind spesd indicator) accurats
to =10%.

In addition, a windscreen recommended bv the micro-
phone manufacturer shall be employed during measurements. Ude
0f a windscreen reduces the influence of wind induced nodise at
the microphone.

The sound level measursment system shall be checked
annually by its manufacturer or a certified laboratory for
accuracy.
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5.2.3 MEASUREMENT LOCATION

Measurements are made at locations specified in the
appropriate nose control ordinance. If a location is not speci-
fied in the ordinance, measurements shall be made at the nearest
property line of the receiving land use. 14 measurements anre
perdormed in aesponse to a specific compladni, measurements
shatl be made at the compladinani's propeaty. 1§ ithe measure-
ments are not being made in response to complainits, They shatl
be made ax tﬁe propesty boundaries 04 the nearnesi aecedving
Land use.

5.2.4 DPERSONNEL

Pensons technically toained and experdienced <Ln the

current technigued od sound measuraments saould select the

equipment and conduct the Zedts. The {individual should be

familiar with the manudaciuner's {nstructiond fonr the propen

ude o the equdipment.

5.2.5 MEASUREMENT PRUCEDURES

Mount the microphone (or sound level meter/microphone
combination if the microphone cannot bhe rametely mounted) on a
tripod at a height of 1.2 meters (4 £t.) 8 cm (=3 in.) above
the greund, and if practical, at least 3 meters (9.8 £+.) from
any substantial reflecting surfaces. The location shall be
chosen so that noise sources, other than that being measured,
have minimum influence on measurements. A line of sight between
the measurement location and the noise source should not be inter-
rupted by any substantial object such as a building, dense traes

or barrier (iZ nocsible) .,
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Set the meter to "fast" response and A-weighting.
Record the time the sample will start. During the sample
period, at the end of every l5-second interval, record the in-
stantanecus meter reading on the lower part of the data log
(Pigure 1).

At the end of each 20-minute sampling period, count
the gccurrences for each 2 dB-wide noise level band and write
the number in the ¢olumn on the right under "Total." Record
the concluding time of the sample in the upper left~hand cornern
of the data sheet,

The Lag value for the sampling periecd is calculated
using the Computational Work Sheet shown in Pigure 2, Enter the
number of counts per noise level in Coluﬁn B. Multiply the
counts in Column B by the number in Column ¢ and enter the re=
sults in Column D. Add ail values in Column B to determine
Sum B, add all values in Column D to detearmine Sum D, and di-
vide Sum D by Sum B. Locata the value in Column € that is ap-
proximately equal to Sum D/Sum B. The gorrespending value in
Column A is equal t0 Legg-

To determine the L, , count down from the top of the
data sheet (Figure 1) until 10 percent of the total count has
been reached. Interpolate (linearly) as necessary to provide
an estimate of L,,. Other statistical lewvels are determined
gimilarly,

Measurements shall not be made when the wind speed

excaaeds 20 km/hr (12 mph), or when it is raining or snowing.
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Measurements shall not be made during environmental
conditicns (temperature, humidity) which the instzument manu~
facturer deems unacceptable.

The gound level meter shall be calibrated immediately
before and after each measurement pericd. If the two calibra-
tions differ by more than 1 decibel, the measurement shall be
repeated.

If, during any of the cbservations, the measurements
are affected by any intrusive noise sources outside the noise

source boundaries, such as airg¢raft, emergency signals, and

surface transportation, measurements made during these periocds- - -

shall not be considerad, but the number of ohservation periods
shall be axtended until 80 valid measurements are obtained.

Vehicles, such as tractor trailer trucks, dump trucks, truck-
mixers, atc., which occcasionally enter, operate on, and leave

the site, shall be considered as part of the stationary source

noilse activity while within the site bbundaries. However, __ -

passby of such vehicles, in the area of the measurement loca-
tion causing difficulty in cobtaining valid measurements, shall
be considerad as intrusions, and handled as in the preceding
paragraph.

If possible, measurements shall be made wikthout the
sound sourcge operating to determine background {(ambient) sound
levels. 1In doing so, the same procedure shall be used, The
background (ambient}) equivalent sound level shall ke at least
10 decibels below the source eguivalent sound level, IS tﬁe

background (ambient) equivalent sound levels are from 3 to 10
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decibels below the source eguivalent sound levels, then cor-
rections to the source sound levels are applied in accordance
with Table 1. If the background (ambient) equivalent sound
level is less than 3 decibels below the source equivalent
sound level, then the contribution of the source eguivalent
sound level to the overall scund level is less than or equal
to the background (ambient) egquivalent sound level. There-
fore, no determination of the source contribution can be

made.
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TABLE 1

Difference between measured Subtract values from
sound level with scurce op=- measurad sound level to
ating and background determine source sound
ambient - 4B level contribution - dB
0 W
l *
2 *
3 3.0 .
4 2.5
5 2.0
6 1.3
7 1.0
8 1.0
Tt - g S o I
T e - 10 0.3
*can not determine. Background ambient must ke lowsr. S

- Ly = 10 logy; [1009/10 - 1°L°/lolL-.'.;_’,..,
. Lg is stationary source sound lavel contributicn”

Ly is measured scund leval with souzrce
operating

Ly is background ambient sound laval
with source not operating
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5,31 STATICNARY WOISE SOUSCE - MAITMUM SOUND LIVELS

53.3.1 ZCREBUSE
The purposa 0f ALY procadure L5 2o pagvida 2 medhod
Lo mezswre LA maximom A-wedlgitad sound Zewal, L), and Lhe
dound prasdwta Lavelds {a ezeoi jrzquancy  acfave Band emililad
by stationary ﬁaua dowraes., |

S$.3.2 ZIZQUIZMENT

The progaduma raguiras a socund lavel zeter Daetixqg,
43 a @inizum, ANSI SL.4~1971 specilicazicns fox Tyrpe 2 sound
leval zgtarzs and 2 companibla cotave band aznalvyzar, In some
Lnstarnees, 2he oefave hend cmr:u:y:z."r. mey be a-::.:r..‘-r.id .‘.: 2he sound
Leveld motan, wiili in gther ezies L8 44 2 saperada acazidony.
Tha og=ava 2and analyzar Tust Zeat, as a inisem, ANST 51.12-1973.."
(R=1866) Specificasions Zor 2lass II filiasr sams. A scund lavel
galibravzr acsuzaza %2 2,5 dacikal, an earphors or headphozas
compatibia wish zha gousd lLavel astarn, and an aneficmatar (wiad
spead iadicatorn) acsurace €2 £10% az 10 @/hT ars alse spoguised.
A windserzsun rgcommandad by she adcziphona masufacturar shall ba
emplaved at all =izas. Uiz of ¢ wladscreen rzduces =he fafluanaz

04 wind Lnducad Agdiz al the miLrIphRane..

Tha sound lavel =zoastuTament systamt shall ha schackad

aznually by L3 nanudagsurer or a carsidiad lakosazszy fax

agguzacy.
$.3,2 MEASUZDVNT LOCATMISMNS
SEnsSU Rl LLCATITHS

MaasuIames:s shall Se Tada 1z the nemarest pronaze:

-

i

lize af zha zecediving lamd usa. [ feaswramensy atz serjoamesd
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in nesponse o a specifie complaint, measurements shall be

made at the complalnant's propenity. 15 the measuremenis ate

not bedng made in response o complainis, they shall be made

ai the property boundarndies of the nearest rccelving Land use,

5.3.4 PERSONNEL
It {4 nrecommended thai persons iLechnically trained
and expenienced in the curtent techniqued of sound mezaurements
select the equdipment and conduct the Tests. The inddividual

snould be familiar with Lhe manufacturer's Lnstructions forn the
propen use of the eguipment.

5.3.5 MEASUREMENT PRQCEDURES

Mount the microphone (or sound level meter/microphone

=

combination if the microphone cannot be remotely mounted) on a

tripoed at a height of 1.2 meters (4 ££.) %8 cm (*3 in.) above-

the ground, and if practical, at least 3 meters (9.8 ft.) from
any substantial reflecting surface. The location shall be

chosen so that noise sources, other than that being measured,

have minimum influence on measurements. A line of sight he~
tween the measurement location and the noise source shall not
be interrupted by any substantial object such a5 people, bhuild-
ings, dense treas,cr barxiexs (if possible).

The noise measurement location, with site features

and dimensions, shall be sketched on a survey data sheet

(Figure 1) to provide a record which can he used if follow-up

measurements are reguirad,
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A) A-Weighted Sound Level

Set the sound level meter on A-weighting mode "fast"
response and record the maximum sound level observed during the
measurement period. Fdlgure ] L8 a {facsimife of a suggested data

dheet.

B} Octave Band Sound Pressure Levels

Set the sound level meter on flat (linear or
C-weighting) mode and "fast" response. Set the octave band
£ilter to its lowest frequency setting (wsually 37.5 Hz).
Record the maximum sound pressura level observed during the

measurement period (uwsually Longen than Lwo mianutes), Filgure ]

A& -a {acsimile o4 a suggesled data sheet. Set the octave band

filter to the next higher octave hanéd and repeat the measure=-
ment until the sound pressure level for each octave pand is
obtained. Tue Zo micnaphbua response chanac;zn&gkicA at hi%h»
4requencies, the highest desired frequency may bgisaao Hz.

If possible, the background ambient octave band sound

‘pressure levels shall be 10 decibels below the source octave

band sound prassure levels. Measuremants shall be made without
the source operating, if possible, to determine if these condi-~
tions exist.
Measurements shall not ke made when the wind speed ax-
ceeds 20 km/hr (12 mph), or when it is raining or snowing.
Mgasurements shall not be made during environmental
cenditions (temperature, humidity) which the instrument manu-

facturer deems unacceptable.
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5.3 STATIONARY NOISE SCQURCE - MAXTIMUM SOUND LEVELS

5.3.1 PURPOSE

The purpose 0§ thds procedure {5 Lo provide a metnod
to measure the maxdimum A-wedlghted sound Zeveld, L,, and Zhe
dound pressure Levels in each frequency octave band emitied
by statlonary nodise sounces,

5.3.2 EQUIDPMENT

The procedure reguires that a sound level meter meets,
{as a minimum) ANSI S1.4~1971 specifications for Type 2 sound
level meters and a compatible octave band analyzer. In some
Level meler, while in othen cases Lt is a deparaie accesddony,
As a minimum, the octave band analyzer must meet ANSI S1.11-1971
(R-1966) Specifications for Class II filter sets. A sound level
calibrator accurate to *.5 decibkel, an earphone or headphones
compatible with the sound level meter, and an anemometer (wind
speed indicator) accurate to £10% at 20 kn/hr are also required.
A windsereen recommended by the microphone manufacturer should be
employed at all times. Use of a windscreen nreduczs the indlfuence
of wind Lnduced nolse al Lhe microphone.

The sound level measurement system shouwld be checked
annually for accuracy by its manufacturer or a certified
laboratory .

3.3.3 MEASUREMENT LOCATIONS

- Measurements shall he made at the nearest property

line of the receiving land use. I measuremens axe pexjormed

&8
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in responde 22 a speaifdie aomplilial, meascazmends Shal? e |
. 1.

mads af Lhe complalaani's properly. i3 {Ae mezswrzmentd ave

noit being madz Lin raspondsi L2 aompladinlsy, 2hey shall be made

& the properdty foundarizs of Lhe nearess rzeelvding Lzand wsa,

-

5.3.4 PERSONNED

12 48 recommended Thal perdant Lichm{zally Lrwained
and 2xperiznced {a the curtent Tzeaniziues 0f Jound meadswrzments
selzal She equipmend end canduct Lhe Lzily. The individual
should be jamiliar wilih 2he manudacdurzre's Lndlwuctions o Zhe
proper wie ¢f Lhe zguipmens.

$,3.5 MEASTRSMENT PRCCSOURSS

. Mount Yha micrephona (@ sound laval masar/zicsschene

ccobination if tha mizzephona cannet ka remotaly aoumtad) ca a
ssised at & naight of 1.2 meusrs (4 f4.) =3 cm (=23 ia.) above-
thae graund, and if mrmacs=ical, at lsast J mezazs (5.3 2=.) Szam
any substansial, reflecting surfaca. The locasicn shall he

chosan 54 that 2cise souzcas, other Shan that Reing measursd,

w

Zave nizioum iadluangs on deasusamants. A line ¢f sight e
twWada the Naasuremenst locaticn and tRa ooise soussa shall aon
Se insasmuptsd Dy any subsgtannial chject such as peccla, Zuilld-
ings, danse twees; or Larzisrs (L2 poasinla).,

The 2ciza Daasuyamasns lscation, wizh 3isa Sfzasuras
and dinanaisns, shall e skatzhed cﬁ. a gauTrey daza sheec
(Piguos 1) <2 2zovide 4 recorxd whisll 2azn e usad LI followesn

measurananis ata Seqguirad,
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Al A~Waigkzad Sound Level

Sesm =he scund lavel nekar ¢n A-weighuing meode "Iast!
rassonsa and record the maximm sound level chsexrved during tie
measuranent pericd. Figuts ] L a facsdmile of 4 suggesded data
sheat.

3) Qatava 3and Sound Pragsuza lavals

Sat the souzd lavel mezar cn £lat (lineax or
C-waighting) mede and "“Zast" response., Set the cc=ava band
filsar = its lowest fracuency satiing {wseally 37,3 Hz).
Ragsrd tie maximwm scund prnssu:a'laval shsarred duzing the
nazsurament paricd (wsually Zonger Lhan Zwo misulas). Flgute !
L4 6 faasdnili of 4 duggedaded dalz saezl. 3et the cozave band
Silumr 52 "he Saexs highes cotave hand and Tezaat the Zedasuse-
aent aneil cke sound pragsura level fSor each <czava hazd is
chtained., .Juz &9 micrtiphong Tispons characizrissiiss al adgh
{r2quanadizd, 2he Aighess dasired {requancy may be 3000 dz.

IS poasibla, the bhacksraund amhiens catave ?and saound
srasguxrs lavels shall He 10 dacizels below “he scurce ogtave
bazd sound sraasure lavals. Measurementz shall e zmade withousz
tha squr=s cperating, if zpossishla, 22 dasprmina if shesa candi-
2icns exniss.

Mmasurements shall 2ot 2@ zadse whan the wind sceed ax-
caeds 20 &/xz (12 apk), oF wken iz is saiaize or snowizng.
Mgaguraments shall 2ot Ba aade duxrine snvizsnmensal

gandicicns (campasasuse, mumddisy) whish she issusument nanu-

fagzurar dasms unacssrtaila.
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Tha scund lavel zeta- szall he caliorazsd immediawaly

befozxe anéd aftsaz each asasuzamant pericd. I8 the Two calibra-

ity

tions didfar Lv acora than one dacilel, the measursmaenss shall

oy v bl

ke zapeataed aftar tha scund nmeasurement system kas hean

adjustad.
Tha Zollcowing photsgrarh shows neasursments heiag

zmade at an izdugtrial cperasion.
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5.4 STATIONARY NOISE SOURCE - IMPULSIVE SQUND LEVELS

5.4.1 PURPQSE

A method 0f measurding impulsdive sound emiddiond of a
stationary noise source L& descadibed. An impulsive sound L4
one chatracteadized by brdied Lncheases in sound pressure which
signijleantly exceed the background ambignt sound presiures.
The duration 0§ any single Limpulse L3 Zyplically fLeiss Zhan one
second,

5.4.2 EQUIPMENT

A Tvpe 1 Impulse sound level meter meeting
ANSI 51.4=1971 sound level meter specifications and IEC 17%A
impulse specifications shall be used for all impulse measure-
ments. These meters have detectors which can measure signals
with crest factors” as high as 20 decibels. A meler with a
peak-hold feature {5 Suggesied.

Other equipment required for this procedure include
an appropriate sound level meter calibrator accurate 2o #.5
decibel and an anemometer (wind speed indicator) accurate to =10%.

In addition, a windscreen recommended py the micro-
phone manufacturer shall be esmploved during measursments.

This practice reduces the ingluence of wind J{nduced nodldse az

2he micaophone.

The sound level measurement system shall be checked

annually by its manufacturer or a certified laboratory for
accuracy.

veak-pressure

*crest factor is 20 log
rms pressure
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5.4.3 MEASUREMENT LOCATIONS
Measurements shall be made at the nearest property

line of the receiving land use. [{ measwrements axe made 4n
nesponse to a speelfic complaint, measurements shalf be made
at the complainant's paroperty. 14§ the measurements are noi
in reaponse to compladints, they shafl be made at the propeniy
boundaries 04 the nearest necedving Zand use,
S.4.4 PERSONNEL

Persons technically ztrained and expenienced Ln the
curtent iachniqueé 04 dound mecaurements should seleat the
equipment and conduct the tests. The individual dhould be
familiar with the manufacturer's Linsiruetions forn the propen -
ude 0f the equipment, ) .

5.4.5 MEASUREMENT PROCEDURES

Mount the microphone (or sound level meter/microphone

- combimation if the microphone cannct be remotely mounted) on a

it i i . s 4

tripod at a height of 1.2 meters (4 £t.) =8 cm (*3 in.) above

the ground, and if practical, at least 3 meters (9.8 ft.) from
any substantial reflecting surface or noise source other than
that being measured. A line of sight between the measurement
location and the noise source should not be interrupted by any

substantial object such as people, buildings, dense trees, or

barziers (if possible}. ‘Measurements should be made at several
locations at the receiving land use propertyvy line.

_ The measurement location, with site features and di-
mensions, should be indicated on a survey data sheet (Figuré_§7;
This procadure provides a record of the measurement locations

for future referenca.

74




The meter should be set for impulsive noise measure-
ments and linear response. The range should he adjusted so as
to provide cn-scale indications of the impulsive sound levels,

Measurements should not be made when the wind speed
exceeds 20 Xm/hr (12 mph), when it is raining, or snowing.

Measurements should not be made during environmental
conditicons (temperature, humidity) that the instrument manu-

facturer deems unacceptable.
The sound level meter should be calibrated immediately

before and after each measurement period. If the two calibra=-
tions differ by more than 1 decibel, the measurements should

be repeated after the sound level meter is adjusted.
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Exagmluer:

EXAMPLE:  HOTSE MEASUREHENT REPORT FORM

Date:

Munfeclpallity:

Test Type:

Addvess:

Holse Source:d

Addrenss

Type of Recefviag Properry:
Complaluant

(:nnuncrcvlnI 0 Indusirinl )

Addraosus

Reafdentianl O

Sound level Moter Hanuf;

Calibrator Manuf: Mlero. Manuf:

Type:

Type: Type:

Servial U:

Sorial & Sarinl #:

Meter Check Bace., O Wine

General Weather

Test Condltlona onditdong

lacreen A-Welghein QFast pagponne Callbracion Prectesc_ di
o 8 t 0 DS5low t Posttest dit
Temperacure inu Wid Velocicy

Sketch of Slce

BACK-

db tef, _ LOCATION

20 jlta
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5.5 VIBRATION

5,5.1 PURPOSE
The punrpose of this procedure L& Lo provide a meZhod

Lo measune vibration Levels gor comparison withn perceptibility
ot impact standands.

5.5.2 EQUIFMENT

The equipment necessary for measuring vibration ine

clude a vibration transducer and vibration analyzer. The sys-
tem is required to have sensitivity to accelerations as low as
0.001 g at frequencies between 1 and 10 Hz and as large as 1 g
for frequencies above 200-300 Hz. Instauments having features
Lhat acceptably meet these requirements are commeredlally avail-
able. In addition, a vibration calibrator is required to cali-
brate the system by means of providing a known vibration
(acceieration) input.

5.5.3 MEASUREMENT LOCATIONS

Measurements are to be performed at locations that
correspond to the peint or points of complaint and should be
carried out upen that surface which is affecting the input of
vibration to the complainant.

5.5.4 PERSONNEL

Persons lechndically Lrained and experdlenced in the
curnent Lechniques of sound and vibrgtion measunrements &hould
seleet the equipment and conduct the Zests. The individual
Should be familiar with the manujacturer's instructions for ihe

pronen usde of Lne equlpment.

77




AT BV WYY AWl

5,5.5 MEASUREMENT PROCEDURE

Particular attention must be paid to the location and
placement or mounting of the transducer. The unit shall be
mounted on a rigid and smecoth surface that experiences the vi-
bration th#t is to be measured. The axis of the unit will
designate the direction of the component of vibration being
measured, and consequently, this information shall he recorded.
The transducer may be mounted by any of several methods.
Generally, a threaded hole on a bolt {s provdided in the base
04 The thransducer which peamits mounting the undit elthenr di-
reetly fo a sunface, Lo a specdial adapitor that may then be
cemented Lo a surdace, o Lo a magnetic base that will atiach
readily and securely Lo sundaces of ferto-magnetic materials.

The transducer may also be mounted by means of doublfe-sided

tapes, cements {gon peamahnent type indtallfations), o greases.

In all cases, the mating surfaces shall be =zmooth and free of-

dirt. A Light coating of oif or grease {i& rccommended on

metallic mating sunfaces that will be in direat contact. The

measurement system of accelerometer and instrumentation shall be
calibrated prior to and after measurements.

Manufacturers' operating instrucﬁions for the measure=
ment of vibrations should be followed. The rms amplitude of the

vibration parameter measured (acceleration) should be racorded.

(See Figure 1, Vibration Measurement Report Form)
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FIGURE 1. EXAMPLE: VIBRATION MEASUREMENT REPORT FORM

Exomlner: Data:
Munieclpality: Test Type:r

Address:

Nolse Source: Adidress;

Fype of Recelving Property; Restdentinl O Commeredul 0O Industrinl
Complalnanis Addrens;

Vihratlon Transducer Manuf: Vibration Analyzer Manuf; Calibrator Manuf:
Type: ' Lype; Type:
Serlal §: Serial #: Serial {:

Prerest di Surface Mounting

Analyzer Check Bate. o Calibracio — X que
y atlon PostLest dn Technique
est No. Vibration Parawmcter Vibraclon . T
Measured/Axis Lovel Sketeh of Transducer Location

|
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§.0 AMBIENT SOUND

6.1 INTRODUCTION

The Model Community Noise Control Ordinance, Article ¥,
specifies development restrictions for habitable and institu-
tional facilities at land use aresas exposed to excessive noise.
The dayv/night average sound level is uged as the descriptor of
environmental scund. Evaluation of an area’'s day/night
sound level requires the sampling of ambient sound during day-
time and nighttime periods at a number of locations at the land
use area being studied.

It is desirable to measure the ambient sound. continu-
ously for long periceds of time (at least 24 hours). Without
automatic and unattended sound level data processing equipment,
continuous sampling is prphibitively expensive.’

o Equipment is available. for measuring community ambi-
ent sound levels for long periocds (see Section 3.3). fThaese - -
agquipment are, typically, quite sophisticated and therefore
more expensive than Type 2 sound level meters. These units
will, with some variation, acgquire, calculate, and display
sound level data (e.g., egquivalent sound level fl‘..eql, the
day/night sound level [Lg,! and other statistical sound
legvels), Thaese units incorrorate mini-computers or micro-
processors which digitize sound level'measurements, per«~

farm simple statistical algorithms and stors the results

in a memory foxr later retrieval. In some cases, the

digitized sound level data are stored on a magnetic tape

casgette for later analysis using a companion instrument.

3l
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Using these instruments is simply a matter of positioning

the microphone at the proper location and then following

manufacturer's instructions.
When this equipment is not available, the procedure

dascribed in the following section may bhe used, It reguires

an inexpensive Type 2 sound level meter, This procedure

is degeribed in much greater detail in "Assassment Manual:

Acoustical Survey," Wyle Laboratories, 1978.
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6.2 AMBIENT SOUND LEVEL MEASUREMENT METHCD

6.2.1 PURPOSE
The purpose of this sampling method is to provide

communities with an inexpensive method to evaluate the day/
night sound level at a land-use area. Communities without
the funds to purchase automatic unattended menitoring instru-
ments can evaluate Ldn using a soupnd level meter. A trade-—
off between sophisticated equipment and dedicated volunteers
or personnel is required.

6.2.2 SAMPLING PERIODS

Sound level measurements shall be made during daytime
(0700-2200) and nighttime (2200-0700) perieds. Continuous mea-
surements are the most desirable. Measurements for 20 minutes
each hour are representative of an-hour of continuous data.
Practical considerations {personnel, costs, etec.) often limit
Ehe amount of data which can be collected. Sound level sampl-
ing can be accomplished for a 20 minute pericd as often as .
possible during the day. For areas with little change in sound
levels, few samples are required to represent the day/night
sound lavel, while at locations with large variations in
scund levels, measurements each hour are reguired. A minimum
sampling scheme includes a single measurzment during each of
four measurement periods.

Moaning - Measurements made dunding hours 0700-0900
Midday Meadurements made dunding houns 0900-1800

Evening - Measurements made durdng houns 1600-2200
Nighttime - Measurements made durding houns 2200-0700

g3
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6.2.3 EQUIPMENT
The community sound level measurement procedure out-
lined below requires a sound level meter meeting ANSI S51.4-~1571
specifications for Type 2 sound level meters, a sound level
meter calibrator accurate to £.5 decibel, earphone or head-
phones compatible with the socund level meter, and an anemometexr
(wind speed indicator) accurate to *10% at 20 km/hr. In addi-
tion, a windscreen recommended by the microphone manufacturer
shall be emploved during measurement periecds., Thadls practice
reduces the ingluence of wind induced nodide at the micnaphanz;_h
The sound level measurement syvstem shall be checked
annually by its manufacturer or a certified laboratory to
vaerify its accuracy.
6.2.4 PERSONNEL
It is necommended that persons Zechnically trained
and experdienced in the current tLechndiqued of dound measure-
ments sedect the equipment and conducel the tasits.

6.2.5 MEASUREMENT PROCEDURE

Mount the microphone (or sound level meter/microphcne
combination if the microphone cannot be remotely mounted) on a
zipad at a height of 1,2 meters (4 £t.} above the ground, and
if practical at least 3 meters (9.3 ££.) from any substantial
reflecting surface or any roadway. When circumstances dictate,

measurements may be made at greater distances and heights and
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closer to reflecting surfaces providing these facts are noted.
If a site plan for proposed construction is available, select
a location at the building line.

Set the meter to "fast™ response and A-waighting.
Record the time the sample will start. During the sample
period, at the end of every lS-second interval, record the in-
stantanecus meter reading on the lower part of the data log

For levels less than 70 4R, use slashed lines in
Above 70 4B, £ill

(Figure 1).
the appropriate 2 dB-wide noise level band.
in the form using the source codes given on the right side of
the data laeq.

At the end of each 20-minute sampling period, ¢ount
the occurrencas for each 2 dB~-wide noise level bhand and write
the number in the "Total® column on the right., Record the
eoncluding time of the sample in the upper left~hand corner
of the data sheeat.

The Leg value for the sampling period'is caleculatad
uging the Computational Work Sheat shown in Pigure 2. Entar
the number of counts per noise level in Column B. Multiply the
cdunts in Column B bv the number in Column C and enter the re-
sults in Column D. Add all values in Celumn B to determine
Sum 8, add all values in Column D to determine Sum D, and di-
vi@e Sum D by Sum 3. Locate the value in Column C that is ap=-
proximately equal to Sum D/Sum B. The corresponding value in
Column A is equal to Leg.

Measurements shall not be made when the wind speed

exceeds 20 km/hr (12 mph), when it is raining, or anowing.

a5
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Measurements should not be made during environmental
conditions (temperature, humidity) deemed unacceptable by the
instrument manufacturer.

The sound level meter should be calibrated immedi-
ately before and after each measurement period. If the two
calibrations §iffer by more than 1 decibel, the measurement
should be repeated after the sound level meter is adjusted.

6.2.6 DAY/NIGHT SOQUND LEVEL CALCULATIONS

To calculate the L4, 2 computational sheet similar
to that shown in Pigure 3 is used.

Twanty~four Hour Survev

Enter the number of hours per noise level in Column B.

Add 10 decibels to the L, value computed before entering it on

g
the work sheet for those samples between the hours of 10 P.M.

and 7 A.M. (e.g., an Leq of 54 for the hour hetween midnight =~
and 1 A.M. is considered as 64 dB)., Multiply the hours in

Column B by the number in Column € and enter the result in

Column D, Add all walues in Column D to determine the Sum D.
Divide Sum D by 24. Locate the value in Columpn C that is ap-
proximately equal to Sum D/24., The corresponding value in

Column A is equal to the dav/night sound levels Lap .

Minimum Four Period Sampling Scheme

Enter the number of hours corresponding to the morn-
ing period in Column 3 for the corresponding noise lavel hand.
For the minimum four period sampling scheme, the morning peried
is from 0700-0900, or 2 heurs in length. Repeat this proce-

dure for the midday (7 hours), evening (& hours and nighttime
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value far the

If

{9 hours) periods. Add 10 decibels to the Leq

nighttime periocd before entering it on the work sheet.

more than one period has the same Leq value, add the hours

together and enter this total in Column B opposite the cor-

respondiné sound leveal. Multiply the hours in Column B by

the number in Column C and enter the result in Column D.
Divide Sum D

add

all values in Column D to determine the Sum D.
Locate the value in Column ¢ that is approximataly

by 24.
The corresponding value in Column A is

equal to Sum D/24.
equal to the day/night sound levels Ldn'
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] 7.94 61,5
b 5.01 5.01
2 3.16 6,12

Sum D = 432.9]
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7.0 AUTOMOBILES

7.1 INTRODUCTICON

™vo test procedures for the measurement of antomo-
bile noise are described., One is a method which measures auto-
mobile passby noise while the vehicle is operating on local
roads and streets, The other procedure regquires the wvehicle
to operate at 3000 rpm engine speed while stationary test
measurements are mnade. Both were developed as supplements to
the EPA/NIMLO "Model Community Noise Control Ordinanca"
(EPA 550/9-76~-003) (Article IX, 9.1}, but may be adopted as
.an_enforcement method for a community moise -ordinance-baseg———"" —
on an alternate medel.

A survey of State and local agencies, automobile manu-
facturers, and naticnal standards grcﬁps.éuch as Amé:iéén Nazyr N

tional Standards Institute, provide an indication ¢f current

measurement procedures in use. PFigure 7.1 pregents .a matrix
of the major features of each methed studied. These methods
were carefully examined and the best features of each were used
to develop the methods presented here.

Test site conditions often affect the accuracy of
the measured data. Since it i1s sometimes difficult to control
site cenditions, adjustments to the measured data are often
needed when desired test site conditions (Section 7.2.4) cannot
be attained, - These adjustments are discussed in Seceion 2.3

A test procedure using full throttle acceleration

was considerad. A consensus of enforcement agents contacted
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indicates that such a test is dangexous, requires excessive

space and perscnnel, and is time consuming.

A stationary test procedure is presented which re-

quires noise measurements to bhe made .5 meter (20 inches) from

a vehicle's exhaust outlet. At this distance, the exhaust

noise is the principal noise measured. Enforcement officials

have indicated that modified or damaged exhaust systems are

the principal cause of \noncomplying vehicles. ‘Measurements

made using this procedure are repeatable and defensible. An

engine speed of 3000 rpm was selected for the test after con-
sultation with the industry and local agencies. In the
future, noise data from stationary tests will have been cor-
related with "in use" automolbile noise and its effects on
public health and welfare. finee a stationary véhi&le noise
standard is not discussed in che EPA/NIMLO Model Community
Noise Control Ordinance, those municipalities wishing to adopt

this procedure will have %o adopt an ordinance to suit their

neeads .
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7.2 AUTCMOBILES: PASSBY MEASUREMENT PROCEDURE

7.2.1 PURPOSE

A method for obtaining sound level measurements of
automobiles cperating on thoroughfares is described. It is
difficult to control site conditions which affect the accu-
racy of sound level measurements at a road measurement site.
If the preferred measurement site cannot be attained, adjust-
ments to sound level measurements may be necessary. Thease
adjustments are discussed in Section 2.3.

7.2.2 INSTRUMENTATION

The instrumentaticn necessary Zor the procedures
ineludes a Type 2 {or hetter) sound level meter (per
ANSI 51.4~1971 specifications); a sound level meter cali-
brator accurate to 2.5 decibel; an anemometer (wind speed
indicator) accurate to =10% at 20 km/hr; and a windscreen
recommended by the micrcphone manufacturer. The windscreen
should be used at all times for it reduées the influence of
'wind~induced noise at the microphone.
The entire.éound level measuremept system shoﬁid be
chacked annually for accuracy by its manufacturer or a certified
laboratory.

7.2.3 PERSONNEL

Persons nesponsdbie goa condueiding sound Zevel mea-

suaement Zests saould be taained in the operation of sound

Level meters and jamilian with Lhe Zesi nrocedure and cornrec-

tions which may have Lo be applied.
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7.2.4 MEASUREMENT SITE

The preferred measurement site shall be £lat,
open and free of reflecting surfaces such as parked
vehigles, signboards, buildings, or hillsides, within a
30 metexr (98,5 f£t.) radius of the microphone and a 30-meter
{98.5 £t.) radius ¢f a passing automobile (Fiqure'l) at
the lane of traffic closest to the microphone. Sites may be
prequalified at varicus Locations in a community.

For those sites that do not meet the above speci-
fications, adjustments to the measured noise level values are
reguired. These adjustments are discussed in Segtion 2.3.
Within the area specified above, the traffic lane
should be a straight run. The surface of the ground in the
measurement area should be hard, dry, free from snow, stand-

ing water, soil, aor other extraneous material,

7.2.5 VEHICLE OPERATICN

Vehicles are cbserved during normal roadway opera-
ticon. When measuring the noise level of a given vehicle,
other vehiclaes on the same roadway should be outside of the
measurement area as shown in Figqure 1.

7.2.6 MEASUREMENT P2ROCEDURE

Mount the micrephone {(or sound level metaxn/
microphone combination) on a tripod at a height of 1.2 meters
(4 f£.) %8 cm (%3 in.) above the ground., Locate the micro-
Phone at a distance of 15 metaers (50 f£t.) £rom the centerline
of the lane of traffic. If the microphone cannot be located

15 metars from the traffic lane, distances of from 7 meters to
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30 meters are acceptable. Adjustments are then made to the
gound level measurements to correct them to the standaxd
distance. The adjustmenits are discussed in Section 2.3.
The microphone should be oriented per manufacturers'
specifications.

Set the sound level meter to fast response and
A-weighting. Observe the meter ag the vehicle passes the
microphone. Note the highest sound level observed on a
data sheet {Figure 2}.

Measurements shall be made only when the A~weighted
sound level, including noise from wind and sources other than
the wvehicle being measured, is at least 10 decibels lower than
the sound level of the vehig¢le. Background ambient sgcund meg-
surements shall be made immediately before and after measures=-
ments or at regular intervals not to exceed 10 minutes.

Measurements ghould not be made when it is raining
or snewing, or when wind speed execeeds 20 km/hr (12 mph}.
Measurements should not be made during environmental condi-
tions (temperature, humidity) as indicated by the instrument
manufacturer as unacceptable,

An external calipration of the sound level meter
shall e made at regular intervals not to exceed 2 hours.
If the calibration differs by more than 1 decibel, measure-
ments taken between calibrations shall not be considered wvalid

and the sound level meter shall he adjusted.

The follewing figure shows a passby test procedure.
The same configuration.applies to bus, truck and motorcvele

noise measurements.
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Figurg 2. Example: Vehicle Noise Measurement Report Form

!
]
f Examiner: ) Date: Times
i
: Vehicte: Test Type:
: Vehilcle Moke: , Velhicle Type: L.icenge; Model: Year
; Neglotered Guners Alddrens;
Operstor: License K Addresa;
HSound Levie) Heter Hooufs Calibravoer Hanuf: - Hicro. Manuf:
Types Type: Typa:
Seciol ff; Serial 1; Serial f;
Heder Check N st 0 Windscreen O "A" Melgheing  DF28L pegponse  Collbraotjen Fretest 4B
051low Poskrest dis
General WYeather ’ Other
Test Copditionn Condltions Wind Speed /sec Sources
D
@
Tesl No, Henourewent Locatlon "‘[N dB Skeeeh of Test S{re

L prequalified sice, tndicate asite
destgnacion
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7.3 AUTOMCBILES: STATIONARY TEST

7.3.1 PURPQSE
The purpose of this test method is to provide a

simple cost effective procedure which is repeatable and
defensible. This test procedure allows the examiner to
conduct the vehicle noise test at a proper test site
under desired operating conditions.

7.3.2 INSTRUMENTATION

A Type 2 (or better) sound level meter (per
ANSI S1.4~1971 specifications); a sound level meter cali-
brator accurata to £.5 dB; an anemometer (wind sgeed indi-
cater) accurate to *10% at 20 km/hr; an engine speed tachometer®
accufate to =5% of fulf-deélecfion: and a windsereen recom-

mended by the microphone manufacturer are required. The wind-

sereen shall be usad at all times. Use of a windscreen ae-~.

duces the indluence o4 wind induced nodlse at the micaophone,

The entir;-éoungllevel measurement system shall he
checked annually by its manufacturer or a certified laboratory
for agcuracy.

7.3.3 PERSONNEL

Persons respeonsible for conducting sound level mea-
surement tests should be trained in the operation of sound

level meters and familiar with this test procedure.

*The tachometer shall) be compatible with 4, 6 i

. L and 8 cylinder
engines. All manufactursrs' specificatioﬁs éor the tgch-
ometer'g use shall be followed. See Section 3.7 for a
discussion of tachometers.
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7.3.4 TEST SITE

This site shall be flat, open, and free of reflecting
surfaces, such as parked vehicles, signhoards, buildings, or
nillsides, within 7 meters (23 £t.) of the vehicle. An
empty portion of a parking lot may be satisfactory (Figure I1).

A number of gites in the community may be pregqualified.

7.3.5 VEHICLE OPERATION

The engine shall be at normal running temperature
with the transmission in neutral or park. Sound level msa-

suraments are made at an average steady-~state engine speed

of 3000 rpm.
7.3.6 MEASUREMENT PROCEDURE

Set the sound level meter on A=-weighting, "fast"
regponse. Place the microwphone (or microphone/éound level
meter combination) on a éripcd at the same height above the
-ground as the vehicle exhaust cutlet (Figure.Z). The
microphone shall be positioned with its longitudinal axis
parallel to the ground, 500 mm (20 in.) from the edge of the
exhaust cutlet, and 45 *10 degrees from the axis of the out-
let. If the exhaust outlet is locataed 300 mm (12 in.) or
more inboard frem the vehicle body, the microphone shall be
located 200 mm (8 in.) from the wehicle body at the speci-
f£ied angle.

Observe the sound level meter while the automobile
operates as described in Section 7.3.5. Measurements are
valid when the background ambient A-weighted sound levels,

inecluding neoise Zrom wind and sources other than the vehicle

loo
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under test, are at least 10 dB lower than the sound from the
vehicle under test. Observe the background ambient sound

level before and after each test.

Note vehicle model neoise measurement results and
other pertinent data on a data sheet. {Figure 3 contains a

suggested format.)

Por vehicles with multiple exhausts, the measurement
shall be repeated at each exhaust outlet and all results re-
ported on the data sheet.

Measurements shall not be made when the wind speed
axceeds 20 km/hr (12 mph) or when it is raining or snowing.

Measurements shall not be made during environmental
conditions (temperature, humidity) instrument manufacturer
ingtructicons deem unacceptable,

An external calibracion of the sound level meter
shall be made before and after each series of meagurements.
If the calibrations diffex by more than 1 decibel, the mea-

surementa shall be repeated after the sound level meter has

been adjusted.

A staticnary automebile noise measursment is shown

in the following photograph.
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Pigure 3. Lxample:

Exantner:

Vehicle Noise Measurement Reporlk Form

Dute:

Timig

Vehlalas

Tear Typoe:

Vehilcle Holkes ___ VYehlcle

Heglat evad Owners

Type:i__

Lilcenue:

Hodel; Yuear

Addregn:

1.1

Opevator:_

Soumd Level Meter Honufs

cense Addroan:

walibrator Manuf;

Micro. Homf:

Type:

Type:

Type:&_m________

Serial 4

Serial ¥

Serial I:

Haeter GCheclo ) lave. N Windoereen

General Heather

Teat Condltlona CondiLlony

DYA" Welpghting D Fast peyponse
")

O4%1o

Wind Speed

Precest _ _ dB
Posttest _dn

Calibration

wface

Engine
Speed {(opwm) Lp-

Mewgureneni.

Locatlon di

Teut Ho.

Sketeh of Tent Slce

degignation

1E prequalified sice, indlcate site

s e e
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8.0 BUSES

8.1 INTRODUCTION

Two bus noise measurement methods are presentad in

support of Article IX Section 9.1 Motor Vehiclas and Motor-

cycles on Public Rightg-of-Way of the Model Community Noise

Control Ordinance. A statiocnary bus noise regulation is not
provided in Article IX, Section 9.1, but an apwplicable en~
forcement method is presented here for communities desiring
to adopt this type of regulation.

The two noise measurement methods prasented
were selected after a thorough analysis of currxent available
sound level tast procedures for buses. The aevaluation matrices
for automobiles (Figure 7.1} and trucks (Pigufe 15.1) weres con-
sidered in selecting these noise measurement proceduras.

Both the paséby_and stationary test methods for

buses are similar to those for auvtomobiles. In the stationary
test, the height of the micreophone above the ground is 1.2 matexrs
(4 £t.) at a distance of 7 meters (23 ft.) from the vehicle
rather than the microphone height and distance reguired for auto-
mobiles. The microphone position selectead for bus noise tests

is gimilaxr to the position used for truck noise tests. Buses,

in size and other characteristics, are considered closer to
trucks than to automebiles. The federal Department of Trans-
portation has used this microphone position for a nolise test

procedure for tzucks guite succassfully.
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8.2 BUSES: PASSBY MEASUREMENT PROCEDURES

8.2.1 PURPOSE
A method for obtaining sound level measurements of
buses operating on thoroughfares is described. It is diffi-
cult to control site conditions which affect the accuracy of
sound level measurements at a road measurement site. If the
preferred test conditions cannot be attained, adjustments to
sound level measurements are made as outlined in Section 2.3,

8.2.2 INSTRUMENTATION

The instrumentation necessary for the procedures
includes a Type 2 (or better) sound level meter (per
ANSI S51.4-1971 specifications); a sound level meter cali-
brator accurate to %=.5 decibel; an anemometer (wind speed
indicator) accurate to #10% at 20 km/hr; and a windscreen

recemmended by the microphone manufacturer. The windscreen

shall be used at all times. Use of a windscreen reduced the’
influecince of wind induced nolse at the mdicrophonz,
The sound level measurement system should be checkad
annually to verify its accuracy by its manufacturer or a
gartified laboratory.
8.2.3 PERSONNEL
Persons responsible for conducting sound level mea-
surement tests should be trained in the cperation of sound
level meters and familiar with the test procedure and correc-
tions which may have to be applied.
8.2.4 TEST SITE
The vreferred site used for measurements shall be

flat, cpen and free of reflectinc surfaces such as paxrked

106
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vehicles, signboards, buildings,
{98.5 ft.) radius of the microphecne and a 30 meter (98.5 ft.)
radius of a passing vehicle {Figure 1) at the lane of

traffic closest to the microphone.

Whenever possible, the site gselected for monitoring
should meét the préferred site épecificétions. For those sites
which do nét meat thé”abb%éhgéééificdﬁiéﬁs} édjﬁsﬁments to the
measured noise level values are reguired. These adjustments
are outlined in Section 2.3, 84ites may bhe prequallijied at
various Loecations Lin the community. '

Within the area specified abave, the traffic lane
should be a straight run. The suxface of the ground in the
measﬁremenﬁiaréa shall be hard, dry, and free f£rom snow,
standing water, soil, or other extranecus material.

8.2.5 VEHTICLE OPERATION

Vehicles are observed during normal roadway opera-~
tion. When measuring the noise level of a given vehicle,
other vehicles on the game roadway shall be cutside of the
measurement area shown in Pigure 1.

8.2.6 MEASUREMENT PROCEDURE

Mount the microphone (or sound level nmeter/

microphone combination) on a tripod at a height of L.2 meters
{4 £t.) =28 em (%3 in.) above the ground. Locate the micro-
phone at a distance of 1S meters (50 £+.} freom the centerline
9f the lane of traffic. 1If the microphone cannot be locatad

15 meters (30 £t.) fxom the traffic lane, adjustments are
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+then made to the scund level measurements to correct them to

the standard distance. The adjustments are discussed in
Section 2.3 of this document. The microphone shall be
oriented per manufacturers’ specifications

Set the sound level meter to "fast" response and
A-welghting. Observe the meter as the vehicle passes the
microphone. Note the highest observed sound level on a
data sheet {(Figure 2).

Measurements should be made only when the A-weighted
sound level, incluéing‘noise from wind and sources other than
the vehicle baing measured, is at least 10 decibels lower than
the sound level of the vehicle. Backgrocund ambient sound
measurements should be made immediataly before and after mea-
surements or at regular intervals not to exceed 10 minutes.

Measurements should not be made when it is' raining
or snowing, or when wind speed exceeds 20 kxm/hr (12 mph).

Maasurements should not be made during environmental
conditions (temperature, humidity) which the instrument manu-
facturers deem unacceptable.

An external calibration of the sound level meter
should be made at reqular intervals not tc exceed 2 hours.

If the calibration differs by more zhan 1 decibel, measure=
ments taken between calibrations shall not be considered

valid and the sound level meter shall be adjusted.
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Figure 2. RExample: - Vehicle Noise Measurement Report Form

Examiner: Date: Time:
Vehlcle: Test Type;
Velhilcle Make: Grosa Wi Licenae; Model: Year:
Regiantered Owner or Operator Adldresa:
Sound Level Meter Manuf: Callbraotor Mnnuf: Micro, Manuf:
Type: Type: Type:
Serfal f: Sevial ¥: Serial #:
Meter Check 0 Bace. N Wlndscreen 0O "A" Welghting glf““t Response  Calibratlon. I'retest __ dll
Slow Posttest __ 4
General Heather
= Teat Conditlong Comlltions Wind Speed nfsec
o
Test Ho. Heasurenent Locatlon l.p, dn Skecch of Test Slie
- s | —————— I'F progualdfled nite, {fudicate sice
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8.3 BUSES: STATIONARY METHOD

8.3.1 PURPOSE
The purpose of Lthis stadtionary nolse test procedunre
L8 2o provdde 4 method to measure bus sound Zevels which are
repeatable and defensible. This type of Zest can be ac-
complished at a preferred site under desired operating
conditions.

8.2.2 INSTRUMENTATION

A Type 2 (or bhetter) sound level meter (per
ANSI S1.4-1%7] specifications); a sound level meter cali-
brator accurate to :.3 decibel; an anemcometar (wind  speed
indicator) accurate to =l0% at 20 km/hr; an engine speed
tachometer” accurate to :5% at full scale: and a windscreen
recomnended by the microphone manufacturer are regquired for
the stationary noise test. The windscreen shall be used at
all times. Use of & windicreen reduces Lhe influence o0f wind -

induced nodse at the microphone and prozects the microphone.

The scund level measurement system shall be checked
annually by its manufacturer or a certified laboratory to
verify its accuracy,

8.3.3 PERSONNEL

Perdons responsdble gor conducting sound Zavel mea-

durement Zesis should be Lradlned Lin the operation of sound

Zeveld meters and gamilian with this test procedure,

“The tachemeter shall be compatible with 4, 8, and 8 cylinder
engines. All manufacturers' specifications for the tach-
cmetaer's use shall be followad. See Section 3.7 for a
discussion of tachometers.
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§.3.4 TEST SITE

The site shall be flat, open and free of reflecting
surfaces, such as parked vehicles, signboards, buildings, or
hillsides, within 15 meters (50 ft.}) of the vehicle and micro-

phone. An empiy portion of a parking abz may be satisfactonry.

8.3.5 VEHICLE OPERATION

Turn off all auxiliary eguipment which is installed
on the bus and is not associated with the operation of the
vehicle while in transit. The engine shall ba at normal
running temperature with the transmission in neutral or park.
Attach the tachometer per manufacturer's instructicns. For
governed angines, the engine is acgelerated to maximum
governed speed with wide open throttle. For ungoverned
enginas, the engine is accelerated to speed at maximum
rated lorsepower. )

8.3.6 TEST PROCEDURE

Set the sound level meter on A-weighting and "fast"
rasponse. Place the microphone on a tripod at 1.2 meters
{4 f£.) =28 em (23 in.) above the ground at a distance of
7 meters (23 £%.) 2.5 m (%20 in.} from the wvehicle center-
line on a line perpendlicular to the exhaust outlet (see
Plgure 1).

Obsgxve the sound level meter as the bus is oper-
ated as described in Section 8.3.5. leasurements are valid

when the background ambient A-weighted sound lavels, inecluding
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noise from wind and sources other than the vehicle under

test, are at least 10 decibels lower than the nolse from

the vehicle under test. Observe the background ambient sound

level before and after each test.

.

Note vehicle model, operation data and noise mea-

surement results on a data sheet. (Figure 2 contains a sug-

gested format.)
Measurements shall not be made when the wind speed

exceeds 20 lm/hr (12 mph) or when it is raining or snowing.

Measurements shall not be made during envirenmental

conditions (temperature, humidity) which the instrument manu-

facturer deems unacceptable,
An external calibration of the sound level meter

shall be made before and aftar each geries of measurements.
If the calibrations adiffar by more than one decibel, the

measurements shall be repeated after the sound level meter

has been adjusted.

The follbﬁinéhgﬂa:oéraph ghows ‘a2 bua noise measure~

mant being mada.
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FICURE 2. EXAMILES

Cxaminer:

VENTCLE NOISE HEASUREMENT REVORT FORM

Date: Time:

Vehlcles

Taat Type:

Velhilele Hake:

Reglsroered Owner or peratoer:

Addresaa;

Sownt Level Meter Hanuf:

Collbrator Manuf:

Type:

Serfal ¢:

Meter Cheek oL, {1 Windaercen .

General Weather
Teal: Copdlftony Comditions

Meagurement Eupglne
Test Ho.  Loeation

Speced (rpm) by, dB

license: Year

Micro, Manuf:

Wind Speed mfaec

Skketeh of Test Slee

1£ prequalified slte, indlcate glte
designatlon

Type: Type: T
Serial #; Serfal #:
O“AY Wedghelng  OFa8L peguonse  Calibratlon Pretest L
' 1510w

Posceese ____ Al
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9.0 CONSTRUCTION EQUIPMENT

9.1 INTRCDUCTION

Construction site activity is a significant ccn-
tributor to community noise. Construction noise is discussed
as a prohibited act in Article VI, Section 6.2.6 of the Model
Community Noise Control Ordinance. However, construction equip-
ment noise is not discussed as separate noise sources requiring
legislation in the Model Community Nolse Control Ordinance. A
o -- - o meagurement procedure is presented which can be used to I&Eﬁéﬁ%g""‘""’"“’

the principal contributors to construction site noise. Modifi-

“cation of a community*s noise ordinance may be required for

e gommunitie’s” instituting such controls.

Numerousg methods for measurement of construction

J—— i e TP P e T

s e s o aquipment noise were reviewed and evaluated. Figure 9.1 pre-~ -

sents the evaluaticn matxix. A test method —bhased-on—ERNlg

noise measurament procedure for portable air compressors, is

algso presgented.

Equipment noise levels and the amount of time the

equipment is in its noisiest mode can he used to compute the
average sound level (Lgg) contributed by the equipment to the
total site average sound level,

|
- . . R . l
The computation ig accomplished in the folleowing i
manner. The noise of each item of construction eguipment is |

|
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measured using the test procedure presented in this section.
The typical amount of time that the equipment is in its
noisiest operating mode is also notea. The distance £rom
the center of equipment activity to the construction site
boundary is determined. These data are used in the £following
equation to determine the average sound level contribution

of the aquipment to the site average sound level Leq'

Equipment: ﬁ;q = L, - 20 log(d)+l0 log(U.F.) - dB

is the average of the measuresments at
7 meters

d is the distance from equipment activity
to site boundary

U.F, is the usage factor. It is the ratio of
the period of time the equipment is in its
noisiest mode of operation to the period
used to determine the site average scund
level (or one hour)

The site average sound level is measured using the procedure

provided in Section 5.2.
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Figure 9.1
Construction Equipment lloise Measursment
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9.2 CONSTRUCTION EQUIPMENT

9.2.1 PURPOSE

A procedure which can be used by communities to mea-
sure the noise of individual construction equipment at a site
is described. The procedure is designed to enable these mea-
surements to be made while other equipment is operating on the
site. The noise of individual equipment is used to determine
the equipment which is the major contzributor to construction
site noise.

9.2.2 INSTRUMENTATION

A Type 2 (or better) scund level meter (per
ANSI 51.4-1971 specifications) a sound level meter cali-
brator accurate to :.5 decibel; an anemometer (wind spesd
indicator) accurate to :10% at 20 km/hr; an engine speed
tachometer accurate to =5% at full scale; and a windscreen
recommended by the micrephone manufacturer are required. The
windscreen shall be useé at all times. Use o0f a windscrcen

ceduced the ingiZuence of wind induced nolse at the micaophone.

The sound level measurement system shall he checked

annually by its manufacturer or a cextified laboratorvy to

verify its accuracy.

*Tacpometers shall be compatible with both two and four stroke
angines. A mechanical tachometer mav be requirasd for un- :
governad diesel engines, see Section 3.7. : !
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©.2.3 PERSONNEL
Persons iesponsible gdon conduciing sound Level mea-

Aurement teats shafl be trained in the openation of sound Zevel
meters and famdliarn with this test proceduire.

9.2.4 TEST SITE

If possible, the constructicn equipment being tested
shall be moved to an ar=a at the construction site as flat,
cpen, and free from large reflecting surfaces and other noise

sources as possible.

9.2.5 EQUIPMENT OPERATION

Stationary equipment (e.g., pavement breakers, air
compressors, cranes, conerete trucks) are operated at load
and performance (i.e., engine speed, hreaking rate) which
are typical of its normal operation.

Mobile equipment (e.g., graders, scrapers, dozers)

shall be operated in a staticnary position with the engine at |

, governed speed, or if ungovarned, at the engine speed cor-

responding to ratad horsepawer and, if possible, with
auxiliary equipment operating.

9.2.6 MEASUREMENT 2ROCEZDURE

Set the sound level meter/microphone on a tripod at
a height of 1.2 meters (4 £t.) 28 cm (=3 in.) above the
ground. Measurements are made 7 meters {23 ft.) =8 cm (3 in.)
from a plane formed by the major components of the scuipment
under test (see Figurxe 1). Set the sound level meter for
"fast" response and A~weighting. Operata the eguipment for a

sufficient pericd to allow a repeatable maximum sound level
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reading to be cbserved. A total of four equi-spaced measure-

ments are made 7 meters (23 ft.) from the equipment surface.

Figure 1 presents reference surfaces for common equipment types.

The reported sound level for the egquipment unit is the arith-
metic average of all four meagurements.

Measurements are valid when the background ambient
A-weighted sound levels, including noise from wind and scurces
other than the equipment under test, are at least 10 decibels
lower than the noise from the equipment under test. Observe
the background ambient sound level before and after each tast.

If the bhackground ambient sound levels are within
10 decibels aof the measured sound levels, either adjust the
measured sound levels for other noise or repeat the measure-
ments at a distance less than 7 meters (23 ft.) from the eguip=-
ment (Section 9.2.7).

Note equipment model, operation da*a and noise mea-
surement results on a data sheet. Pigure 2 contains a sug-
gested format.

Measurements shall not be made when the wind speed
exceeds 20 km/hr (12 mph) or when it is raining or snowing.

Maagurements shall not be made during environmental
conditions {temperature, humidity} which the instrument manu-
facturer deems unacceptable.

An external calibration of the sound level meter
ghall be made before and aifter each series of measurements.

If the calibhrations differ oy more than cne decibel, the

T e s it e 4y
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measuremants shall be repeated after the sound level meter is

adjusted.

The following photograph shows a construction equip-
ment noise measurement being made.

9.2.7 ADJUSTMENTS FOR HIGH AMBIENT NOISE CONDITIOQONS

Measuresments are valid when the background ambient
A-weighted sound levels, which include wind noise and all
sources other than the equipment under test, are more than
10 decibels lower than the measured socund levels. Observe
the background ambient sound level before and after zach test.
If these conditions are not met, two options exist:

1. Measurements can be made at locaticns less

than 15 meters (23 ft.) from the equipment

beiny studied. The distance should be se-
Jected s¢ that background ambiant sound

e : lavels are at least 10 decibels lower than

the measured sound levels. Carefully note
the distance used for the measurements.
Table 1 c¢an be used to adjust the measured

Crmmmemnen e gound levels to a standard 7-meter (23 ft.)

distance. If measurements are made at dis<
tances from the equipment less than twice the
aquipment major dimensicon, near field effacts
can result 'In guestionable resul:s. There-

T e e = fore, this situation should be avoided. The

following alternative can be used.

2. Measurements of the source and cf the hack~
ground ambient sound levels are made at the
7-meter (23 ft.) distance. Corrections are
applied to the measured sound levels in ac-
cordance with Table 2 if the background ambi-
ant sound level is from 3 to 10 decibels balow
the measured sound level., If the background
ambient sound lewvel is @ to 3 decibels below
the measurad socund levels, measurements closer
to the source should be made, being aware of
the near field effects described in Option 1
abova,
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Figure !. Raference Surface for Construction Zquipment

Noce: Equipment shaded.
Refarence surface indicatad by sroken [inmes.
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FIGURE 2. EXAMPLE:  VEHICLE NOISE MEASUREMENT REPORT L1ORM
Eraminer: Date: Tlmee:
Velifele: Teat Type;
Vehicle Make: Grosas WL License: Model: Year:
Reglatered Owner or Operator Address;

Sound Level Meter Manuf;

Caltbrator Manuf; Hicro. Munuf;

Types

Type: Type:

Sevlal #:

Serial #: Serial #:

Meler Check P Bact. {1 Hinduerecn

Guncral Woeather

Teut LCondlitlony Comdiclong

0O "a" Geigheing D FU8E pogponae  Calibracton Fretest —du
()5louw Poutrest ____dll
Hind 8Speed mfaec

Heagurement Englae

Tedt No. Locatlon

Speed (cpm)  lp du

Sketch of Teut SHite

1t prequalified slee, indicate slite
designacion
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TABLE 1

ADJUSTMENTS FOR MEASUREMENTS MADE AT DISTANCES

OTHER THAN 15 METERS

Digtance, Metars

Correcticon

to be Added, dB

~7.5
-5.0
-3.0
~1,5

A kMNP O
8 o+ & 8 2 a
oMo oDOoO

——————— ity

Al e
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TAELE 2

CORRECTION FACTORS FOR BACKGROUND AMBIENT SOUND LEVELS

Lg = 10 log, (100710 - 1080/20)

Lg is stationary source sound level contribution

is measured sound level with source operating

Lo
Lg is background sound level with source not
operating
Diffarence batween Subtract Values f£rom
Lp and Lg Lp to get Lg
0 o
1 x
2 n»
- 3 3.0
e 4 2.5
5 2. O —— B A P L P ——— et eyt gy
6 1.5
7 1.0 -
8 1.0
Rtk 9 0.5
- 10 Q.5

*Cannot be determined. Background levals
must he lower.
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10.0 MOTORBQATS

10.1 INTRODUCTION

The Model Community Noise Control Ordinance contains
a sectlon (Article VI, Section 6.2,15) which specifies maximum
allowable motorboat noise. The measurement procedure presented
in this section is based on the Sogiety of Automotive Engineers

Recommended Practice J~34B.

10.2 MOTORBOQATS
10.2.1 PURPOSE
The puapose of this measwurement procedure 44 to pro-
vide a meansd gor enjorcement officelals Lo measure moloaboa
nodise grom a posdition on shore on at a fLoating platform. IZ
L4 based on an indusiry qccepzad procedure developed by the
Socdlety of Awtomotive Englneers,
10.2.2 ZINSTRUMENTATION

A Type 2 {or better) sound level meter (per
ANSI S1.4-1971 specifications); a sound level meter cali-
brator accurate to .5 decibel; an anememeter (wind speed
indicator) accurate to *10% at 20 km/hr; and a windscreen
recommended by the microphone manufacturer are raguired.
The windscreen shall be used at all times. Use o0f a windscaeen
reduced the indluence o4 wind induced noise at the microphone.

The sound level measursment system shall be checked
annually by its manufacturer or a.certified laboratery to
verify its accuracy.

10.2.3 PERSONNEL

Persons responsible fon conducting sound Zevel mea-
durement tests should be trained in the cperation af sound
Level meters and familiarn with this zest p e

rocedure.
- i YT
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10.2.4 TEST SITE
The test site shall be located on a portion of the
body of water where the boat can operate along a straight line
in a safe manner. The water depth at 25 meters {82 ft.) from
the shoreline or z measurement platform is sufficient to allow
normal operation of the motorhcat being tested. Three points
are established by marker buoys (Figure 1):
- Starting Peoint: A point 30 meters (98.5 ft.)
ahead of a perpendicular to the boat path
passing through the microchene (cnshora).
- Entrance Point: A point 15 meters (30 ft.)
ahead of a perpendicular to the beat path
pagsing through the microphone {(onshore}.
- End Point: A point 15 meters (50 ft.) beyond
a perpendicular teo the boat path passing
through the microphone (onshore).

If the measurements are made on shore, the area aleng the
test site shall be flat, .open and free of large reflecting sur-
facges such as vehicle, signbcards, buildings, or hillsides
within 30 meters (98.5 ft.) of the miczophene.

10.2.5 MOTORBOAT OPERATION

Start the motorboat from a standstcill at the starting
peoint and approach the entrance point at cne-guarter throttle
(approximate). Upon reaching the entrance point, cpen the
angine throttle fullv. Maintcain this condition until the end
point is reached. UDeceleration can then hegin.

10.2.6 MEASUREMENT PROCEDURE

Set the sound level meter/microphone on a triped at

a height of 1.2 metexs (4 ft.) 28 cm (3 in.) above the surface
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of the water. The microphone shall be located 25 meters
(82 f£t.) =225 cm (210 in.) from the boat's path as indicated in
Figure 1.

If the on shore test site reéuirements outlined in
Section 10.2.4 cannot be accomplished, the microphone can be
placed on an anchored boat 25 meters (BzAff.) from the path of
the motorboat being tested. Care must be taken that the mea-
surement platform is free of reflecting surfaces,

Set the sound level meter for "fast" response and
A~weighting. Observe the sound level meter while the hoat
passes. The maximum sound level observed while the boat is
between the entrance and end points shall be noted on a data
sheet., (Figure 2 contains a suggestzed format.)

Repeat the procedure in the opposite direction. The
reported sound level for the motorboat is the maximum of the

two measurements. Measurements are valid when the background

ambient A-weighted sound levels, including noise from wind and
gouxces other than the boat under test, are at least 10 decibels
lower than the noise from the boat under test. Observe the back~
ground ambient sound level before and after each test.
Note motorboat and engine models, operating data,
and noise measursament results on a data sheet (Figure 2).
Measurements shall not fe made when the wind speed
exceeds 20 km/hr (12 mph) or when it is raining or snowing.
Measurements. shall not be made during environmental

conditions (temperature, humidity) which the instrument manu-

facturar deems unacseptable.
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An external calibration of the sound level meter
shall he made before and after each series of measurements.
If the calibrations differ by more than one decibel, the
measurements shall be'repeated, after the sound level meter
is adjusted.

The following photograph shows a. noise measurement

of a motorboat being made.
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wooeme=- o —ang analysis of currznt available sound level test procedures

11.0 MOTORCYCLES

11.1 INTRQDUCTION

Two motorcycle noise measurement methods are presented

in support of Article IX, Section 9.1 Motor Vehicles and Motor=-

cvcles on Public Rights-of-Way of the Model Community Neise

Control Ordinanca, a passby test procedure and a stationary

pracedure. - A statiomaxry motorcycle noise regulation 1s not pro=-

- - ~yided in Ariicle IX, Section 9.1, but an applicable enforcement

method is presented here for communities desiring to adopt this

type of regulation.

These methods were selected after a thorough review

e m——u b

<l

A Y S

for motorcyclea. Pigure 1l.1 presents the evaluation matzix

""" used. in selacting these methods. In addition, test methods for,

automobiles (Figure 5.1) were also reviewed.

Although many motercycles come equippéd with tach-

vehicles not so equipped. Since the number of cylinders and
firing arrangements may differ from motorcycle to motercycle,
care mist ba taken in correctly wiring and interpreting the
indications of an external tachcmeter. A local automotive
supply house or motorcycle shop can supply guidance in pur-
chasing an external tachcmeter. Due to the large variaticn

in motorcyele engine size and operating characteristics, no

ocne engine speed can be specified for the statiocnary measure-
ment mathod. Fifty percent of the speed at maximum racsed horse-

power is sugdestad as the best speed to he used.
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11.2 MOTORCYCLES: PASSBEY MEASUREMENT PRCCEDURES

11.2.1 PURPOSE
A method jon obtaining sound Zevel measwurements o4
motornaycles operating on Thoroughdares 4is described befow.

12 L8 difficult Lo eontrol s.ife condilions which agfect Lthe

ol .

accurzaey 0f sound £evel measwaements at a road measuacment
sile. 1§ the prefenred measuremeni s.iie cannoi be atiained,
adjusiments Lo sound Level mezsuremenits may be necessany.

These adjustments are discussed in Seetion 2.3.

11.2.2 INSTRUMENTATION

The instrumentation necessary for the procedureé
includes a Type 2 (or better) sound level meter (per
ANST 51.4-1971 specificaticons); a sound level meter cali-
brator accurate te £.5 decibel; an anemometer (wind speed
indicator) accurate to =10% at 20 km/hr; and a windscreen
recommended by the microphone manufacturer. The windscreen
shall be used at all times. Use 04 a windscaeen reduces Lhe
Linfluence of wind induced noise at the microphone.

The entire sound level measurxement system shall be
checked annually by its manufacturer or a certified lakoratory
for accuracy.

11.2.3 PERSONNEL

Pernsons nesponsible fan conducting dound Laved
measurements Should he trained Ln the operaion of sound
Lavel meters and familiarn with Lhe tosx vrccedure and corrze-

tdons which may have 2o be applled.
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11.2.4 MEASUREMENT SITE

The preferred site used for measurements shall be
flat, open and free of reflecting surfaces such as parked ve-
hicles, signboards, buildings, or hillsides, within a 30 meter

{98.5 ft.) radius of the microphone and a 30 meter (98.5 £t.)

el e

radius of a passing automobile (see Figure 1) at the lane of

traffic closest to the microphone. S.ites may be pregualliled
at various Locations in a commundly.

For those sites which do not meet the above specifica-
tions, adjustments to the measured noise level values are re-
guired. These adjustments are discussed in Section 2.3.

Within the area specified above, the traffic lane
shall be a straight run. The surface of the ground in the
measuremant araa shall be hard, dzy, and free Zzom snow,
standing water, soil, or other extraneous material.

11.2.5 VEHICLE OPERATION

Vehicles are obsaerved during normal roadway opera=-
tion. When measuring the noise level of a given vehicle,
other vehicles on the same roadway should be outside of the
measurement area shown in Pigure 1.

11.2.6 MEASUREMENT PROCEDURE

Mount the microphone (or sound level meter/
microphone combinaticn) on a tripod at a haight of 1.2 meters
{4 £t.) =B cm (=23 in.} above the ground. Locate the micro-
phone at a distance of 1S meters (50 £t£.) from the centerline

of the lane of txaffic. If the microphone cannct ba locatad
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15 meters (50 f£t.) from the traffic lane, adjustments are then
made to the scund level measurements to correct them to the
standard distance. The adjustments are discussed in Section 2.3.
The microphone should be oriented per manufacturer's
specifications.

Set the sound level meter to "“fast" response and
A~weighting. Observe the meter as the vehicle passes the
microphone. Note the highest observed sound level on a
data sheet (Figure 2).

‘Measurements shall be made only when the A-weighted
sound level, including noise from wind and sources other than
the vehicle being measured, 1s at least 10 decibels lower
than the sound level of the wehicle. Background ambient sound
level measurements shall ke made immediately before and after
measurements or at regul§r intervals not to excesd 10 minutes.

Measurements shall neot be made when it is raining or
snowing, or when wind speed exceeds 20 km/hr (12 mph).

Measurements shall not be made during envirzonmental
conditions (temperature, humidity) which the instrument manu-
facturer deems unacceptable.

an external calibration of the sound level meter
shall be made at regular intszrvals not to exceed two hours.

If the calibration differs by more than one decibel, measure-
ments taken between calibrations shall not be considered

valid and the sound level meter shall be adjusted.
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11..0 MOTORCYCLES

11.1 INTRODUCTION

Two motorcycle noise measurement methods are presented

in support cf Article IX, Section 9.1 Motor Vehicles and Motor-

cvecles on Public Rights-of~-Way of the Model Community Noise

Control oOrdinance, a passby test progedure and a statiocnary
procedure. A stationary motorcycle noise regulation is not pro-
vided in Article IX, Section 9.1, hut an applicable enforcement
method is presented here for communities desiring to adopt this
type of regulation.

These methods.were selected after a thorough review
and analysis of current available sound level test procedures
for motoreycles., rFigure 1ll1.1 presents the evaluation matrix
u:ed in selecting these methods. In addition, test metheds for
automobiles (Figure 5.1) were also reviewed.

Although many motorcyveles come equipped with tach-
ometers, an aextarnal tachometer may be necessary for those
vehicles not 30 equipped. Since the number of cylinders and
firing arrangements may differ from motorcycle to motorcycle,
care must be taken in correctly wiring and interpreting the
indications of an external tachometer, A local automotive
supply house or meoteorcycle shop can supply guidance in pur~
chasing an extarnal tachcometer. Due to the large variation
in motorecycle engine size and operating characteristics, no
one engine spead can be specified for the stationary measure- .
ment method, Fifty percent of the speed at maximum rated herse-

powar is suggested as the best speed to be used.
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11.2 MOTORCYCLES: PASSBY MEASUREMENT PROCEDURES

11.2.1 PURPOSE
A method for obiaining sound Level measuremenits o4

motoreyeles aperating on thoroughfares L3 described befow.

It {8 diffdcult to acontrol sdite conditions which afject the

accuaacy of sound Level measuraements at a road measurement

site. If the preferred measuremenit site cannot be atialned,

adjusiments Lo sound Level measwurements may be necessary.

These adifustments are diseussed in Seetdion 2.3,
11.2.2 INSTRUMENTATION

The ingtrumentation necessaxy for the procedures

includes a Type 2 (or better) sound level meter (per
ANSI 51.4~1971 specifications); a sound level meter cali-

brator accurate %6 .5 decibel; an anemometer (wind speed

indicator) accurate to #10% at 20 km/hr; and a windsereen

‘recommended by the microphone manufacturer. The windscreen

shall be used at all times. Use 0§ a windicreen reduces the

inffuence of wind induced noise at the microphone.

The entire sound level measurament system shall be
checked annually by its manufacturer or a certified laboratory

for accuracy.

11.2.3 PERSOMNEL
Peasons nresponsible jor conducting sound Level

measurnements should he trained in the operation of sound

Zevel metens and familfiar with ZThe Lest procedure and cortec-

Zions which may have o be applied.
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11.2.4 MEASUREMENT SITE

The preferred site used for measurements shall be
flat, open and free of reflecting surfaces such as parked ve-
hicles, signbecards, buildings, or hillsides, within a 30 meter
{98.5 ft.) radius of the microphone and a 30 meter (98.5 £t.)
radius of a passing automchile (see Figure 1) at the lane of
traffic closest to the microphone. Siles may be prequaldified
at vardious Locations in a community.

For those sites which do not meet the above specifica-
tions, adjustments to the measured noise level values are re-
guired. These adjustments are discussed in Section 2.3.

Within the area specified above, the traffic lane
shall be a straight run. The surface of the ground in the
measurement area shall be hard, dry, and free from snow,
sfanding water, soil, or other extraneous material.

11.2.5 VEHICLE OPERATION

Vehicles are observed during normal roadway opera-
tion. When measuring the noise level of a given vehicle,
other vehicles on the same roadway should be outside of the
measuremant area shown in Pigqure 1.

11.2.6 MEASUREMENT PRCCEDURE

Mount the microphone (or sound lavel meter/
microphone combinaticn) on a tripod at a height of 1.2 meters
(4 ££.) %28 em (%3 in.) above the ground. Locate the micro=-
phone at a distance of 15 meters (50 ft.) from the centerline

of the lane of traffic. If the microphone cannot be lacated
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15 meters (50 £ft.) f£rom the traffic lane, adjustments are then
made to the sound level measurements to correct them to the
gtandard distance. The adjustments are discussed in Secticn 2.3.
The microphone should be oriented per manufacturexz's
specifications.

Set the sound level meter to "fast" response and
A-weighting. Observe the meter as the vehicle passes the
microphone. Note the highest observed sound level on a
data sheet (Figure 2}).

Measurementslshall be made only when the A~weighted
sound level, including noise from wind and sources other than
the vehicle being measured, is at least 10 decibels lower
than the gound level of the vehicle. Background ambient sound
lavel measurements shall he made immediately before and after

measuraments or at regular intexvals not to exceed 10 minutes.

Measurements shall not be made when it is raining or

snowing, or when wind speed exceeds 20 km/hr (12 mph}.

Measurements shall not be made during environmental
conditions (temperature, humidity} which the instrument manu-

facturer deems unacceptable.

An external calibration of the sound level meter
shall be made at regular intervals not to exceed two hours.
If the calibration differs by more than one decibel, measure=-
ments taken between calibrations shall not be considered

valid and the sound level meter shall be adjusted.

]
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11.3 MOTORCYCLES: STATIONHARY TEST

11.3.1 PURPOSE

The puipose of this motorcycle siatdlonary nodlée test
procedune &4 to provide a method which {s nepeatable and de-
jensibLe. The stationary test can be accomplished atl a pre-
denred test site under desirned operating conditions.

11.3.2 INSTRUMENTATION

A Type 2 (or better) sound level meter (per
ANSI S1.4-=1971 specifications); a sound lewvel meter cali-
brator accurate te *.5 decibel; an anemometer (wind speed
indicator) accurate to +10% at 20 km/hr:; an engine speed
tachometer accurate to 5% at full scale; and a windscreen
recommended by the microphone manufacturer are required. The
windscreen shall be used at all times. Use 04 a windscaeen

reduces the influznce o4 wind induced nodlse at the michophone.

The sound level measurement system shall be checéééi
annually by its manufacturer or a certified laboratory to
verify its accuracy.

11.3.3 PERSONNEL

Perdond responsaible jon conducting sound £evel mea-
swhement tesis should be tradlned in Lhe cperation of sound

Zevel meters and famillan wilh this 2esi procedure.

*
The tachometer is used if the motorcycle does not have its
own tachometer. See Section 3.7 for discussion of tachemeters,

43 p
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11.3.4 TEST SITE

The site shall be flat, open and free of reflecting
surfaces, such as parked vehicles, signbeoards, buildings, or
hillsides, within 7 meters (23 ft.) of the vehicle. An

empty portion of a parhing Lol L8 satisfactonry.

11.3.5 VEHICLE OPEE TION
The engine shali‘be at normal running temperature

with the transmission in neutral. If the motorcycle does not
have a neutral position for the transmission, the rear wheel
shall be supported con a stand allewing it to spin freely
while the engine operates. The rider shall sit astride the
motoreycle in normal riding positicen. Sound level measure-
ments are made at an average steady-state engine speed aqual
to 50% of maximum rated engine speed.

11.3.6 TEST PROCEDURE

Set the sound level meter on A-~weighting, "fast"
response. Place the microphone or microphcne/sound level meter
combination on a triped at the same height above the ground as
the motorcycle exhaust ocutlet. The microphone shall be posi-
tioned with its longitudinal axis parallel to the ground
S00 mm (20 in.} frqm the edge of the exhaust cutlet, and
45 =10 degrees from the axis of the ocutlet (see Figure 1).

Observe the sound level meter as the motorcycle oper=-
ates as described in Section 11.3.5. For vehicles with multiple
exhausts, the measurements shall be repeated at each exhaust

outlet and all results reported on the data sheet. The




T
il

AR R IAE S W st ad W



b FRAT BFTIVY NV S0

AdDD NIV I8

A ador e 3 sk S AL e A T A A b T e s e s

TEST SITE

MICROPHONE LOCATION

=
=
\

g 9\)

X

e
MICROPHONE

—— O
ﬁﬁ

STATIONARY MOTORCYCLE TEST SITE

FIGURE 1

MOTORCYCLE



Fraore 2, EXAHPLL:  VEIHCLE HOLGE MEASUREMENT REPORT 1oRd

Examlners Date: Times
Vehilale: _ Yaul Types
Vaelilele Make: __ Vehiele Type: License: _ Model; Yoeur

Addresgu:

eglutered Owaer:

Opuerator: License ¢ Addresys;

Sounl Level Meter Monub: Calibrator Manwd; Micro, Manuf s )
Type: Type: Type: .
Serlal ¥ Serdal J: Serial f: o
Meter Check b bace, 11 Windacreen O0"A" Wedghotng D F08L peypanse Calthraclon Vretest . du
' : Oslow Poasttest ____ sl
ticneral Weather
Taeut Condiclong Comdicions _ Wind Speed mfsec
Measurement  Engloe . " o
Test No.  Location Speald (vpm) . d8 Sketeh of Test Stce

If prequalified sire, Indicate slte
deslygnacion
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12.0 2PCWEIRBD MODEL VEIICLIS

La.l INTRODCCTICN

Medal aizzlanes, boais @r <ars, sewersd Dy small ana-

cylinder "glow plug® gasecline angines aza oftan annoying com-
manity noise seuxcsg., Azticla VI, Section 6.4.11 of the Madel
Cemmuniasy Noise Control Crdinance considers itha noise Srznm
zewarad ncdel vahicles as a prshihised ace.
Discussions with aumarsus local enforcement officials
indigatad thas, {n tha fow cases whers ci=ations wera issued,
zhe citations waers based <2 noise measurements mad_ln as the
naarast razidential sregersty or meiss sensiitive land use. No
standa=d neasurament procsduzes wers Zaportad by thase officials,
Moat nodels ars versy small noise scuzcss and can he
measuzed in 2 stationazy medg it ona zatac Irsm the tast model.

™is moasuTsmaent srocaduze allaws tho %23 =5 he Fazfozmad ak

Sf near racreatisnal areas whore the dedals can be tastad wisk
minizum aolse lasasdferzanca fzom other Rearkhy noise scouzsas.

Tha data shealined Ixom this test zathed can be wsad o exiraga-~
late the 2olise fzcom the medel {(in 2lighx, 2ar axamsle) =2¢ agisa

sangisiva land uses or tha acraanicpal azes 2cundarias,
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.2 BSCOWERED MODREL VESSCLIS

12.2.1 Z2O0ZPCSE
This 225t procadurz provides fon o method o4 measuiing
Zhe nolse o4 nowerzd model uzhiaiad'whaéz engdined Lypleally ap-
eraty contianously ad jull fhrotifa. A sdadionary {ull throitle
Z2ast procadute <3 desanibed.,

12.2.2 IDNSTRAMENTATION

A Tyvpe 2 (or bagtsr) sound lavel zetan (per
ANSI S1.4-1371 spegifigaticns); a sound lavel mexar cali-
brasar acsuracta 22 2.5 decibel; an anemcmeter (wizd speed
indigatsr) accuzata o =103 at 20 km/hx; and a wiadscrean
racammended hy the piczophonme manuficiursr ars seqguizad., The
windscreen shkall he uged-at all simas. Udse of ¢ windiderzzn
agduces 2he influenaz of wind induazd nedlde &l Lhe miagphonz.

Tha sound level measuwement system shall be checkad
annually by the manufagcesursr or a cextified lahezmztszy =29
ve:iﬁf izs aszuzacy.

12.2.3 PERSCNNEL

Persons aasponslslde jor aendueding sound Lavel mea-
swramens J2488 dhouwld Be Larzdinad in 2he operzadon o4 sound
Lavel mezears and femdiliat wilh this L2588 prccaduta. An in-
dividuat b maguiraed 2o hold 2he vehicla Lf L2 caanol 3e se-

eLLd L0 2 2288 sLand.
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12,2.4 TEST SITE
The site shall be flat, open and free of reflscting
surfaces, such as parked vehicles, signbhoards, buildings, or
hillsides, within 5 meters (15 ft.) of the model. BAn empty
portion of a parking lot may be satisfactory.

12.2.5 POWERED MODEL VEHICLE OPERATION

The vehicle shall be stationary and secured to a test
stand or held so that the model is at the same height as the
microphone. A test stand might be constructed by securing a
platform of guarter-inch plywood, .5 meter (20 in,) sguare,
on a photography tripod. If held, every effort shall be made
to minimize the effect of the holder on the measurements. The
holder shall net be in the direct line pasgsing through the
microphone and model. The engine shall be run at maximum speed.

12.2.6 MEASUREMENT PROCEDURE

Set the sound level meter/micreophone on a tripod at
a height of 1.2 meters (4 ft.) 28 em {=3 in.). The microphone
shall be located 1L meter (3.3 ft.) %8 cm (23 in.) from the model.
Set the sound level meter on "fast" response and A-weighting.
Observe the sound level meter for 30 seconds while the meodel
operates at full throttle. Note the maximum sound level
observed.

Measurements are valid when the background ambient
A~weighted sound levels, including noise from wind and sources

other than the model under test, are at least 10 decibels lower
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than the neise from the model under test. Observe the back-
ground ambient sound level before and after each test.

Note model description, noise measurement results,
and other pertinent data on a data sheet. (Figure 2 contains
a suggested format.)

Measurements shall not be made when the wind speed
exceeds 19 km/hr (12 mph) or when it is raining or snowing.

Measurements shall not be made during environmental
conditions (temperature, humidity) which the instrument manu-
facturer deems unacceptable.

An external calibration of the sound level meter
shall be made before and after each series of measurements.
If the calibrations differ by more than one decibel, the maa-
surements shall be repeated after the sound level meter is

adjusted,

181
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Flehre 2. EXAMPLE:

VEIIICLE NOLSE MEASUREMENT REPORT FORM

Examlper: Date: Times
Vehicle: Teat Type:
Owner: Address:
Sound Level Meber Manuf: tulibrator Manuf; Mlero. Manuf;
Type: Type: - Type: .
Secial #: Serlal [; Sertial f;
Meter Cheek 3 Bate. N adgereen OY"A" Welghting OFast pagponse  Coalibraclon Fretest )
. O 5tow Postteast ____d8
General Weather
Test Condicions Cosulltlons Wind Spoeed mfuec
Test: No. Messurement Locatlon Lp. dn Sketch of teat Slee

TE prequalified ulte, indlcate slce

deaignation
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12.3
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quire a larxde test space and can be dangerous to the vehicle

..and _its K operator. Since exhaust noise

13.0 RECREATIONAL VEHICLES

13.1 ZINTRODUCTICN

Recreational vehicles (off-road motorbikes, go carts,

snowmebiles, dune buggies, and others) are often powered by

air cooled 2 or 4 stroke engines. Because of space,

small,
weight and power limitations, the mufflers used on these ve-

hicles are often very simple, no more than spark arrestors.

Since the vehicles are not registered for street use, they

are often modified or improperly maintained. The Model- Com-
munity Noise Control Ordinance considers the noise from these
vehicles in Article IX, Section 9.2,

Numerous noise measurement procedures were reviewed

"and evaluated, Figure 13.1. Some of these test procedures in=~

corporate an acceleration test. These tests are-complex, Te—---==-—wm~.

e TT R U L TS i CU

is the deominant vehicle
noise, a staticnary procedure, requiring measurements at "
.5 meter (20 in.) from the vehicle's exhaust outlet, i pro~
vided. The stationary measurement method provides repeatable
and defensible results. It allows the test to be performed at

a preferred test site under desired operating conditions.
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13.2 RECREATION VEHICLES

13.2.1 PURPQSE

Recreation vehicles is a general term, used in this
context to describe off the road, unlicensed vehicles. Included
in this category are go carts, minibikes, motocross motorcy-
cles, snowmobiles, and dune buggies. The described measure-
ment procedure is applicable to all these vehicles.* Snow-
mobiles may be tested on snow or grass, while the other vehicles
shall be tested on a dry, sealed concrete or asphalt surface.

13.2.2 INSTRUMENTATION

A Type 2 (or better) sound level meter (per
ANST 81.4-~197) specifications): a sound leval meter cali-
brator accurate te #.5 decibel; an anemometer (wind speed
indicator) accurate to :10% at 20 km/hr; an engine speed
tachomter’ = accurate to £5% of full scale deflection; and a
windscreen recommended by the microphone manufacturer are re=
gquired. The windscreen shall be used at all times. Ulse of a
windscreen reduces the influence of wind fnduced nolde at the
microphone,

The sound level measurement system shall be checked
annually by its manufacturer or a certified laboratory to

verify its accuracy.

*tn some cases, the vehicle might be licensed for use on
public rocads. In these cases, procedures for motorcycles
and autcmeobiles are applicable. .

**Used if the vehicle does not have its own tachometer. See
Section 3.7 for a discussion of tachometers.
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13.2.3 PERSONNEL

Persons responsible for conducting sound level mea-
surement tests should be trained in the operation of sound
level meters and familiar with this test procedure,

1l3.2.4 TEST SITE
The, site shall be flat, open and free of reflecting

surfaces, such as parked vehicles, signboards, buildings, or
hillsides, within 7 meters (23 f+.) of the vehiclae., An
emply poatdion of a parking Lo may be satidfactory. Snowmo-
biles shall be tested on grass or snow. I[a this case, an
empty gleld L& accepztable.

13.2,.5 VEHICLE OPERATION

The engine shall be at normal running temperature
with the transmission in neutral or park. Those vehicles
which do not have a neut;al gear (e.¢., snowmobiles) shall
be placed on a stand so that the treads.éiéar the grouhd and-
can rotate freely. Sound level measurements are made at an
average steady-state engine speed® equal to the governed en-
gine speed, 30% of rpm at rated horsepower, or 1f the figures
are not available, 3500 rpm for engines less than 950 cc
displacement and 2800 rpm for engines greater than 950 cc
displacement.

13.2.6 MEASUREMENT PROCERDURE

Set the sound level meter on A-weighting, "faat"

response. Place the microphone on a tripod at the same height

*Note: Diggerent cfj road vehicles have dijgerent engine fining
artangements, 14 an external tachometen L4 used Lo mond-
ton engine speed, care should be taken to ensure that the
rachometer (& read cornectly.
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above the ground as the vehicle's exhaust (see Figure l). The
microphone shall be positioned with its longitudinal axis
parallel to the ground 500 mm (20 in.) from the edge of the
exhaust ocutlet and 45 *10 degrees from the axis of the outlet.
If the exhaust outlet is located 300 mm (12 in.) or more in-
board from the wehicle hody, the microphone shall be located
200 mm (8 in.}) from the vehicle bady at the specified angle.
Observe the sound level meter while the wehicle is overated
as described in Secgtion 13.2.5, Measurements are valid when the
background ambient A-weighted sound levels, including noise
from wind and sources other than the vehicle under test, are
at least 10 decibels lower than the noise from the vehicle
under test. Obsarve the background ambient sound level before
and after each test.

Note wvehicle model, noise measurement results, AN e
other pertinent data on a data sheet. (Figure 2 contains a
suggested format.)

Measurements shall not be made when the wind speed
exceeds 20 km/hr (12 mph) or when it is raining or snowing.

Mgasurements shall not be made during environmental
conditions (temperature, humidity) which the instrument manu-
facturer deems unacceptabla.

An external calibration of the souné level meter
shall be made before and after each series of measurements.
If the calibrations differ by more than one decibel, the mea-
surements shall be repeated after the sound level meter is
adjusted.

The f£ollowing photograph shows a qiolse measurement

of a snowmebile being made.
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Figure 1. Recreation Vehicle Test Site
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FLoity 2. EXAMPLLG

Examiner:

VEUTCGLE Q0 LSE MEASUREMENY REPOIRE 1ORM

Date:

Vehlelbe:

Times

Teut Type:

Vehilele Makes

Regluterad Ownert

Vehdele Type:

License: -

Addreus:

Operator;

HSound Lavel Meter MHouuf:

Licenae #:

__Model:

Year

Addreuy:

Catihravor Manuk;

Typu:

Micro. HanuE ;

Yype:

Serlal fi

Serdal i

Muter Check i1 gare, 11 Winducreca

Gepneral Weather

Test GomldLiong Condlctons

Types:
Serdal #:

0O "A" Hetghelag OFast poynonse
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Wind Speed

Meaturement
Locatlon

Englne

Test tho. Speed (vpm) '1u
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Iretest it

Calibraclon —
Pouttesc ___di

mfsee

Skeveh of Teost Sicoe
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14.0 REFUSE COLLECTICN VEHICLES

l4.1 INTRODUCTION

Lrticle IX, Section 9.,1.3 of the Model Community
Noise Control Ordinance establishes nolse emission gquide-
lines for refuse collection vehicles. These vehicles are heavy
trucks with a trash compacting mechanism mounted to the frame.
The noise from the compactor is measured in a manner similar
to the noise from construction equipment such as air com-
pressoras. The proposed procedure reguires noise measurements
to be made at four lecations at right angles to each other
around the vehicle, while the vehicle is stationary during a
normal compaction cyele. In this way, all the significant
noise preducing components of the vehicles are considered.
Since it would be difficult to standardize the amount of
rafuse to use during the test, the noise measurements are
made with the compactor empty.

A simplified in situ test procedure requiring a
single measurement at 7 meters at the side of the vehicle
midway between the cab and compactor can be used for screen-

ing purposes.

164




- E HEILY AUV LODD

iy et s 08

14,2 REFUSE CCLLECTION VEHICLES

14,2.1 PURPOSE
Since refuse collection vehicles are basically
trucks, truck noise level measurement procedures apply when
these vehicles are traveling. The compactor is a significant
noise source on these vehicles. Therefore, a separate sta-
tionary noise test procedure for compacting operations is
described.

14,2.2 INSTRUMENTATION

A Type 2 (or better} sound level meter (per
ANSI S51.4-1971 specifications); a sound level meter cali-
brator accurate to #.5 decibel; an anemcmeter {wind speed
indicator) accurate to x10% at 20 km/hr; and a windscreen
recommended by the microphone manufacturer are required. The
windscreen shall be used.at all times. Use o4 a windscreen
aeduced the Lngluence of wind induced nodse at the microphone.

The entire sound level measurement system shall be
checked annually by the manufacturer or a certified labora-
tory to verify its accuracy.

14.2.3 PERSONNEL

Persons responsible for conducting sound level mea-

surement tests should be trained in the operation of socund

level meters and familiar with this tast procedure.
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14.2.4 TEST SITE

The site shall be flat, open and free of reflecting
surfaces, such as parked vehicles, signboards, buildings, or
hillsides, within 15 meters (50 ft.} of the four microphone
locations. An empiy portion of a parking Lol may be
datis gactony.

14.2.5 REFUSE COLLECTICN VEHICLE OPERATION

With the vehicle staticnary at the test site, cycle
the compactor through normal modes of operation, The com-
pactor shall be empty for the test.

l4.2.68 MEASUREMENT PROCEDURE

Place the sound level meter/microphone on a tripod
at a height of 1.2 meters (4 ft.) *8 em (3 in.}. The
microphone shall be located 7 meters (23 ft.)} 15 cm (%6 in.)

from the side of the vehicle (see Figure l1). Set the sound

level meter to "fast" response, and A-welghting. Observe the
gound level meter for a complete compacting cycle with the com-
pactor empty. The maximum sound level observed during the com=
pacting cycle sbqll be noted on a data sheet. (Figure 2 con-
tains a suggested format.)

Measurements are repeated for each of the four
sides of the vehicle. All four scund levels recorded are
reportad,

Measurements are valid when the background ambient
A=weighted sound levels, including noise from wind and sources

other than the vehicle under test, are at least 10 decibels -
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lower than the noise from the compactor under test,
the background ambient sound lavel before and after e.
Note compactor medel, operating data and noise
surement results on a data sheet (Figure 2}.
Measurements shall not be made when the wind speed
exceeds 20 km/hr (12 mph) or when it is raiﬁ‘ng or snowing.
Measurements shall not be made durivé environmental
conditions (temperature, humidity) which the instrument manu~
facturer deems unacceptable.
An external calibration of the sound level meter
shall be made before and after each series of measurements.
If the calibrations differ by more than one decibel, the mea-

surements shall be repeated after the sound level meter is
adjusted.

The following éhatograph shows the measurement pro-—

cedure for a refuse collection vehicle.
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Figure 2: Example: Vehicle Noise Measurement Report Form

Examlper: J Date: Thmes
" T
Vehlale: ' Teat ‘typu:
Vehidele Malae: , Vehlcle Type:_ Licanues Model: Yenr
teglutered uwners Adidresa;
Soud Level) Meter Manof: Sublbracor Manuf; Micro, Manuf ;
Type: . Type; Type: e
Serinl §: Serclal #: Serlal #:
tieter heck O e, 1 Whulsereen 0 YAY Helghting g}f““t Nespunse  Calibeatton Yretest  db
filow Poattest au
General Weather
Teatr Comditlona Condltiony Wind Speed w/sue
Feal Ho. Heasurement Location Lo, dait Sketelh of Tesy flce

£ prequallfied alte, indlcate site

dealpnation _
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15.0 TRUCKS

15.1 INTRODUCTION

Two truck noise measurement methods are presented in

support of Article IX, Section 9.1 Motor Vehicles and Motor-

cycles on Public Rights-of-Way of the Model Community Noise

Control Crdinance. A stationary truck noise regulation is
not provided in Article I¥, Section 9.1, but an applicable
anforcement method is presented here for communities degiring
to adopt this tyﬁe of regulation.

The two noise measurement methods presented here ware
selected after a thorough review and analysis of current avail-~
able sound level test procedures for trucks. Filgure 15.1 presants
the evaluation matrix used in selecting these methods. In ad-
dition, the methods for automobiles (Figure S5.1) were alsa

reviewed.

i

The passby and statiagﬁry noise test methods for trucks
are similar to those for automobiles and buses. The height of
the microphone and distance from the vehicle required for the
stationary test is consistent with the position regquired by

federal Department of Transportation procedures.

172




2 iay HYAV AQULS 1N4H

VINICLE: WEAWY TAUCKY

L

Callboracor? Qthar
fowd Lavel Callbragion Aguncical thar Ipdcigl Tatt or 'asSigy
ALASURERERT AETHID Netar Ml cronnuna Procedura Equiumant Edtuitanend Slcas0uncriation Factr' rians
al———
Flapida = digmesy Typm 1,1, or fnd=tg=ang Wladacrasn a} Standard §itm * ma rallecting
vanlele Tasc Pro = SIA smutling with 4 mini= {ept.) jurface within 1Ga* ol micra=
cadura = wpllcanin s of evary phvana or migraohana poing.,
w ANS) wpmcie 2 haur s
x fleatlans 5) Aevericead Sita
. - Annusl lab.
callbragion
= n
! Flarida = Maw = Pracision Calibranive wWindrcrasn Tag ot tar Flat Rasponsa, Ho raflectiag sur=
Yahigle Tenk - LLA an par cafore and Arvpmcees car faca witnin 100" «f 4] wicroonone,
Procutury =4 ARTL spaciti~ aftar dach B8] paing 50° bafare migrosnone
= cations usa OF svary paint, <) painc 50 tayons elcro~
2 hours an & phons paine.
alnjmm | P
Instrumnc iy Grownd Surface, Saooth asphalc or
Wsed € 2 hours concrata in 3 art4 betwean micro=
pitorm and teg £’ paings,
2
Aqtropolltan = Trpa ! Bafare am Windicraen Taghometar Flat opmn tpace Praw of lerge re—
Yasninglon g ia attar cach Anaecme ta r flecting surfacat from vericla oF
z ng) (1113 aisrophune.  Suffice of qroune
TN TIE ] Fres from sngw, Jrass, loosa 1o4)
. ar ashes.
Aatropotitan 3 Tyouw |1 Jafare smg Windicrean Tachame car Flat goen 1pace fess of lirge ra=
sasningeon - iwn sfear wach Anssmzar ftaciing wurfecay from vanicie or
- Augd (1113 wicrophong, Surfica ot ground
- Sl k=187)| fres from inow, qrass, loais seil
ar ashas,

T Chicawa, 111. = 2 par A par Ay pur SAL Narmal corcratas ar siphalc; a raffactive
Naw nogar - 4104 AL J 1Ak 1136 1poei- -swrfacs within 106* of sicroghone of |DOY
Yenicla Walsa = 1pas!flcar el Hicas  lcatlons, of cantarline of venlcle path from thractle
Aeaturemantd = tloas tions {nd (o snd open o tArackie clased palnt. Grownd Slasr

wd | tmar af standing =atar. e L
Incarvale - e
i
chicage. thh. = E Ab per AL par As par 1AL « peaferrad location 100' claar arss +round
Hacor Vanlcle = SAX JI0A SAL 11dh JIAN 1pegie alkroshons snd agraphane peine,
Qparakion x 1paeifica= il f loa lexcians, . 3urfann of growd narme), higimey =iimt
naise Ameruie= - tlons tlona {nd ta and walar,
»ant . vl | howr
intarvaiy

1 Barringgon, KH, - 3 As par Ay par *  jafore ine Ay par Highmay = &) Standard ilcar N caflacte
Vahicle Raisa = st AL after vach e Iog surfacas wlthin 168° cadlus of dicro=
Iafarcemmnt v phona and alcropsona paing. ) kestelersd
Srocadure z sitar  raflagting surfaces ienin 1067,

* ATT sltes: concrats of Jaghait] na
taanals or svarpasddd} na rarlaccing tur=
e JARAN RN VO L B
et it s . L
Alasaapslls, Alan.- T Any 1ound Ay alero Wimndserasn Conarata or 4vpneit rosdway surfeca;
Asssuremmnt froe i lave] matsr prone "rhan dry e frew of busgl or crachke,
Culure - asproeriscat
o ey .
- 1tandard sisndard -

WAL JIQM + maas. 1 Typa | UL $ound lavai Kag, Tipe Windscrash Flac, open-fres of refieciing
af fat, § ARSI FIFL] caliaratar Ascarder opt. turfacanr far 100% = hard, none
Tound Laveis for < 9.5 and= loat.) nqlne 1pued sorous surface
Heavy Trumas « I To=wnat Tech.
tcationary -

srand Raplda, " Jepe 1 Callbrated Windicraan AN emine L r turface = drY, Nard concrata
nign, * Siav LA at 1099 nx with lass with £iol tewai
tionary mator = ang) at start than 1.5 2B HEUTACY, .

Yanicla Tast x st k=197t snd and aof affagt on Tashome tar
- aLh tast iystam fanv 313 accu=
' 1arias, witiwlty a6y,
Annus) Tara
callbhrae thaats,
tiom af .
calldrater,

Araqon = Qups, ™ Callbration  Windscryan frandard Fram af 1ownd raflaccisag onjects «lthin
ul Environs = aach tima usad fors $3* of micropnone and 53' of vanicla,
mntal Yuality - e,

Naw Vahlcie a Yaarly tas,
Tust - callbration*® .

namall + Yenicle 2 no gl o spaslv Callbratar vindscraan Qey roddway.

Aaite Contral = tleation fleaclon meating when Concrata of aishalt, 50 louse saiarial,
Nolse Laval 5 il appropriate®
2 th.h=19 ‘

Adasuresent

173a




S TR FEEERE Rt e e ek bl

TRNICLE (PRAATICN

Fanrsed
toeratian

duseliary

£quimng

toararicn
e

fertionnal

Vaopy rmn

AL 1myTaLLitrom
Natlacting . Bacwyzround Aleraghons
e craraloqicat Surtacas/ Mmpiwnt Kolia tayrcge ANET DaGnE Senionary
Crutacigd Lriwariad Sritarie Olstance/ Criwncarion/ Cnqina
= my Carractlans Torrections Carrectlin 40w aern Jasration
——
‘ wina Jelociiy Wowmqraph for A iant myak be 10 a8 50° I'—4t sbave rosceay

Y TR FY carractions for
L L} asrailal re=

Fazas must ba lOOY
from alérophons

. odatiineg 2ning,

balom vanicie Ly

Hay ba 14! o
Ll Carrac=
tions to 53¢
Ing ludsat

surface; Jj° soove
turface on whien
migroghaona trands

Ngrmad highway
cperstion

Ariwar, f(sch=
nician. Tecn.
trainad and
carcifiad oy
higmeay patraol.

wine velociey .
¢ 13 mon .

Aglh et nalat mist
ba 10 48 lowar
than vanicle maine

5Q* 1l* from
cancarlina of
vehicle pach

MoEt jagus the
riaduay

Highast gasr 1o that
vonicla pagins ag

€ /Y max, rpim oand
endi 4t lass than
mim,. fEa anad

<13 moh, full throttle

Vicn and without

aguipng

dne velacioy
¢ lg won

At famst [0 40 lowmr
tham venlcle malie

s0° {15 a)
from cantar=
Vinm af 1ame
of raval

A gires grownd alane

30 mon ay 15" from
microghona dolat.
Use 1omeuil guar &
that 15' oast alcro=
preowa palnt mgine le
AL mas, rated ¢PE.

Noradi anyine
Lo, AlTow

| ain, cooilng

NafwaEn Mo

SRsdrvar nd
arivar, alic=
one Hditinne
aaryon witnl-
304 al vanic)
of aleroahuns

wind velagicy

At Jeasc 10 4 lowar

thas vanigle noise

s0* (19 a)
From tantare
Hem of lam
of travel

A apave qrownd plana

10 un st 15" from
microshone soind.
Use losmic 7aar w0
vhat 15" past wicroe
phane peiag engina |3
At AN, ratwt rpa.

Rarmal enqine
tomm, Allow
| win, comiing
Bacwaan runs

&

¢
ona agditianal
sartom wighin
10" af wnicle
ar wicraphons

4 10 mon

Wind joned g raflacting

<11 mn 1ur fogns.
too*

50¢ ¢1* from
cendariing af
vanizia travel

Alcroutmne on 63*
ant. cadie on tri=
A, A segve
1urfaca.

Auts. tTean. (132
gaarl Jtandard tran,
(Ind quat). wide osea
thrnttia, 50¢ belare
sicroshona paint,

Grivar, tsch=
Alclam, A0 closa®
than 50° from
aicrumhaona or
wnicla

Corvection tasle
Fi

19 <8 badow vee

£0' fros cen=

o tripoed om sat.

Tachniclan, e

higls 1ownd tarilne of sable 50° from ann witnln 50°
lavat traffls canvar af traffls te raar or tiia
lame, 4 24 amarva af micropane
wrfaca
Ving valogity Normgraoh far Anmisnt at 'assc 1 - 1'=h' Jeeve roadway 3 .
wrraction for 10 9% lowmr than Corredcions =  surfaca) 1.5' adove ::l:-::c::n .

€11 man

vanisla nalia

tar from 1h™"
te 118!

slecoprune turfaca

atner paopis
within 4d'

fnd _Jassty ooint.

Aaleng + venicla «

asmianc + 3 4l

wgira laval
sricarie givem
g 100, 1%
wd 50¢

Jittgrenc [laits
for 3} sh nd
<34 mma

ding salogity

YL CINUArY dF
I

50" frow can-

Aanidmal sy e

Tagnmicida
trairad snd da

f L san € 500 dehind tarline of o= accalaration
rasdar Mgl and Jacslecacion Mrtenced in
At least 10 uk A" ssave grouna m oast. load. pred 2 gyuices
lowwr thawy L4t aerpand lculer to wrmal anqine takt
' vanigla cantar|ine to teng. = Tranms.
raar af can neutral, furl
thrattle <o
idie
b atuciplEas #ram af Lecora amaient trans, awucral Turn arf ail wWE WrE lhen o
1ran raflacting raita snd core 1omdéra vaniclu ds sccalaraiar from dunilidry aguip= FArI0AY
surfacas ract latar - rar manulsgturar idia 10 wax, jov- Y

~ wind 01
-

wast 3 b oub
balow resging

arngd rpamd -
scan throtthe,

'
Yina €} mh
13in cannat ta

T Nhiiling, Jround

. tan b wat.

14 e from
rear af aither
slde af
vanigla

Ponlelon (9 at mea.
Ly 03' amawm tne
ground of ofl4nts=
Tiom 46 par spuea,

Seen throltis
{8 reach san.
racom, rpm aor
A, prearnad
o=

104=40", Una
1anarieal
wrasting o
to normatitn
to cous
dtatancy

1738




TOTTResr ramewrwr shwfednd

oand
Quancicy
Hedaurnd

Amwt Ly 0r ve=
Mala paspus

Sound
Quancicy
Ratarcad

Hiqnaat Ly a0 ves
nigla pavias

ALATUREN AT

LT LT

ftaclagical

b AT LIS
e

dther

Lacs dapariad
S ———————

Heavy Truck Noise Measurement

tidarences

Figure 1511

Qthar Commanis
—

Callfarmia Algreay Pairal
Y90und Majruresmng Frogas
dures™ nPi 41,3

A=t Ly Past
reLmmia
ahalmus a3 vea=
nigla pasnss

Avarsqs of (us
Rignaie randings
wiihin 2 4b of
ach gther on
sach tlda

v reasssiae of
vahlician

California Yanicie found
Asasurment Frocsdure

Fast  apanse
Amwg, aiwgrn
Asa, Hyval
netad

Avirage of (e
hiqhast on seth
thda {plenia

1 d). tawmenng
af twh avarages
In repare

& rensfuida ol
vahicia or far
tida prodascing
aavlauaiy

highar javaly

1 d0 gfsde

Fast raspumia
drut, nmiwors

Avarsps al tem
highnay am ch

A rw/eln of
vahicia or for

+ 148 yraca

Aan. lawai [} (métnla tite prossing
nated 1 dl), tomdane cAvinwaly

sf Twa avarmges nighar lavaiy .

la repartad.
Avat fant iyt of oy A ruas/nise,
raspansa, tides Avereqe of 1 AL Frocadures
s, lavai Mananc (uithin T
11T 1 48} low sach

lds
e Aafleat o carrea-
tien fastar 1

ThLE e,
aaa, lavel

tinplar t9 wra
VAL sk coOmpsA
Aensiva. | 4B
$rica given,

Aanleman At
1ewal

l”.‘l‘

tapurt Alqne

Aemi, fast e L1104
re1panse, ings an
Aacord “as. aansust ut=
teading of lag, Aapart
mmcar, Ave= nigheat tide
rage Aighast dvgliga
e rasdlagy
on aach aide
Aignant hune  Miqrast sownd
lavel  Asst lasal =nign 1 na

taat rasmnyg

wits thaa | 48

abtve naat
higrant levsi

T oAemt fang

173 ¢




e EETEIY S W Wb

S R Mt

e :

15.2 TRUCK PASSRY: MEASUREMENT PROCEDURES

15.2.1 PURPOSE

2 method for obtaining sound level measurements of
trucks operating on thoroughfares is described below. It is
difficult to control site conditions which affect the accuracy
of sound level measurements at a road measurement site. If the
preferred site cannot be established, adjustments to sound
level measurements may be necessary. These adjustments are

discussed in Secticn 2.3.

15.2.2 INSTRUMENTATION

The ingtrumentation necessary for the procedures
includes a Type 2 {or better) sound level meter (per
ANST S1.4-1871 specifications); a sound level meter cali-
brator accurate to :.S_decibel; an anemometer (wind speed
indicator} accurate to tléﬁ at 20 km/hr; and a windsciéen
recommended by the microphone manufacturer. The wind-
sereen shall be used at all times:- -Hae of -a- windscreen Ae-~ -
duces the ingluence of wind induced nodse al the microphone.

The sound level measurement system shall be checked
annually by its manufacturer or a certified laboratory to
verify its accuracy.

15.2.3 PERSONNEL
Persons responsible for conducting sound level mea-

surement procedures should be trained in the operation of sound
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level meters and familiar with the test procedure and correeo-
tions which may have to be applied.

15.2.4 MEASUREMENT SITE

The preferred site used for measurements shall be
flat, open and £free of reflecting surfaces such as parked ve-~
hicles, signboards, bvildings, or hillsides, within a 30 meter
(98.5 ft.) radius of the microphone and a 30 meter (98.5 f£t.)
radius of a passing truck (Figure 1) at the lane of
traffic closest to the microphone. Sites may be prequalified
at variouds 2ocations in the communitly.

For those sites which do not meet the above specifi-
cations, adjustments to the measured noise level values are
recquired. These adjustments are discussed in Section 2.3,

Within the area specified above, the highway
shall be straight. The.sqéface of the ground in the
measurement area shall be hard, dry, and free from snow,
standing water, soil, or other extraneous material.

15.2.5 VEHICLE OPERATION

Vehicles are observed during normal roadway opera-
tion. When measuring the neoise level of a given vehicle,
other vehicles on the same roadway shall be outside of the
measurement area shown in Figure 1,

15.2.6 MEASUREMENT PROCEDURE

Mount the microphone (or scund level metar/

microphone combination) on a tripod at a height of 1.2 meters

(4 ££.) 8 em (=3 in.) above the ground. Locate the microphane
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at a distance of 13 meters (50 ft.) from the centerline of the
lane of traffic. If the microphone cannct ke located 15 meters
(50 £t.) from the traffic lane, adjustments are then made to
the sound level measurements to correct them to the standard
distance., The adjustments are discussed in Section 2.3.

The microphone shall be oriented per manufacturers' specifi-
cations.

Set the sound level meter to "fast" response and
A-waighting. Observe the meter as the vehicle passes the
microphone. Note the highest ohserved sound level on a
data sheet (Figure 2).

Measurements shall be made only when thegA-weigﬁted?
sound level, including noise from wind and sources-other than

the wvehicle being measured, is at least 10 decibels lower than

the sound level of the véhiZle. Background ambient sound mea=

suraemaents shall be made imﬁ;diately before and after measure-

ments or at regular intervals not to exceed 10 minutes.

Measurements shall not be made when it is raining
or snowing, or when wind speed exceeds 20 km/hr (12 mph).

Measurements shall not be made during environmental
conditions (temperature, humidity) which the instzument manu-~
facturers deem unaceeptable.

An external calibration of the sound level meter
shall be made at regular intervals not to axceed 2 hours.
If the calibration differs bv more than 1l decibel, measura-
ments taken between calibrations shall not be considered

valid and the scund level meter shall be adjusted.
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13,3 TRUCXS: STATIONARY TEST

e A

15,3.1 ©PURPOSE
The purpose of this stationary noise test procedure
is to provide a method to measure truck sound levels which is

repeatable and defensible. The stationary test can be accom-

plished at a preferred site under desired operating conditions.

15.3.2 INSTRUMENTATION

A Type 2 (or better) sound level meter (per

ANSI S1.4-1971 specifications}:; a sound level meter cali-

brator acecurate to £.5 decibel; an anemcmeter (wind speead
indicator) accurate to :10% at 20 kxm/hr; an engine speed
tachometer  accurate to 5% at full scale deflection: and a
windscreen recommended by the microphone manufacturer are re-—
quired. The windscreen sﬁéuld be used at all times. Use of

a windsereen reduces the Lngluence of wind induced nodlse at

the microphone and protects the micrgphone.
The sound level measurement system shall be checked

annually by its manufacturer or a certified laboratory te
vaerify its accuracy.

15,3.3 PERSONNEL

Persons responsible for conducting souné level mea~
sureament tests should he trained in the operation of sound

level meters and familiar with this test procedure.

"Two different tachometers may be required; one for spark
ignition engines and one for diesel engines. See Section 2.7.
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15.3.4 TEST SITE

The site shall be £lat, open and free of reflecting
gurfaces, such as parked vehicles, signboards, buildings, or
hillsides, within 15 meters (50 £t.) of the vehicle and the
microphone. An empty portion of a pathing Lot may be
¢a:;46aczany.

15.3.5 VEHICLE OPERATION

Turn off all auxiliary equipment which is installed
on the motor vehicle and not associated with operation of the
vehicle while in transit. The engine shall be at normal
running temperature with the transmission in neutral or park.
Attach the tachoemeter per manufacturer's instructions.

A governed engine is acceleratsd to maximum governed speed
with wide open throttle.- £ the engine 1s not governed, it

—

is accelerated to engine speed corresponding to maximum

horsepower.

15.3.6 MEASUREMENT PROCEDURE

Set the sound level meter on A-weighting and "fast"
response. Place the microphone on a trigcd 1.2 meters (4 £t.)
8 em (%3 in.) above the ground in the position shown in
Figure 2. A point is established on the centerline of the lane
in which the vehicle is parked and within 1 meter (3.3 ft.) of
the longitudinal position of the vehicle's exhaust system out-
let. The microphene shall be located 7 meters (23 ft.) from

this peint and along a perpendicular to the vehicle's side.
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Chsezve =he scund lawvel petar as the szuck is cpex-
armd a3 dascribed in Secticn 15.3.5. Measuraments are valid
whea the hackgmound adbient A-weighued sound lavels, including
doisa fzem wind and sources owhex than the venicls undar tast,
arm at lsast 10 decikels lowar than the noisde f£oom the vehicla
undar tast., Obsazve the backgzTsund ambipnt sound lavel beforns
and afiar eackh tas=z.

Nots vohicle model, 2cisa nasasuremens zasulszs, a.nd
¢ther parsinent daza on a data sheet. (Figuse 2 contaias a
suggasted formarn,) for toucks wish dual stack axikausts, Za-
Peat measursments on each side of thke wvahicls.

Maasuramenss shall not ke zade whan ke wind speed
arxcmads 20 km/hr (12 mph) or when iz 1s raiaing or snewiag.

Moaguremantsy shall 2ot be made dugsing anvirozmenzal
‘conditicns {(samperathirs, humidisy) which the inst=tmen® mange
Zacmurazr dasms unacsaptable. -

' An ex=ar=al calioratisn of the scund lavel Iatsw
shall ke mada bDeZore and aftar esach sezias of asasuremenss.
I2 =he calibhrasmions diffar 2y noze than one daciiel, tha Zea-
suzamants shall be Tupeasad afiar the issemument is adsfustad.

A sTationa=y tzuck noise Zsasusement i3 shown I

=ka fallowing chetag=razh.
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