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FOREWORD

Noi se is an inportant environnental consideration for highway planners
and designers. It can annoy and cause psychol ogi cal or physiol ogi ca
harm dependi ng on frequency characteristics and | oudness. The U S
Department of Transportation and State transportation agencies are
charged with the responsibility of optimzing conpatibility of highway
operations with environmental concerns. H ghway noi se probl enms have
been addressed by numerous investigations, including evaluations of
the follow ng:

(1) noise sources and hi ghway noi se reference energy nean
em ssion |evels

(2) noise inpacts at receptor |ocations;

(3) effects of site geometry, meteorol ogy, ground surface
conditions, and barriers on noi se propagation; and

(4) alternative methods of mtigating noise inpacts.

Precise, uniform state-of-the-art, highway traffic noi se neasuremnent
procedures for assessing inpacts in the vicinity of roadways, and
designing effective, cost-efficient noise barriers, are a recogni zed
need in the highway noi se community.

This report provides Federal, State, and |ocal transportati on agencies
with a set of standardized procedures for neasuring and assessing

hi ghway-rel ated noise. It replaces "Sound Procedures for Measuring

H ghway Noi se" published by the FHM in 1981

NOTI CE

Thi s docunment is dissem nated under the sponsorship of the Department
of Transportation in the interest of infornation exchange. The
United States Government assumes no liability for its contents or use
thereof. This report does not constitute a standard, specification
or regul ation.

The United States CGovernment does not endorse products or nanufactur-
ers. Trade or manufacturers' nanes appear herein solely because they
are consi dered essential to the object of this docunent.
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1. | NTRODUCTI ON

The U.S. Dapartnment of Transportation, Research and Special Prograns
Adm ni stration, John A Vol pe National Transportation Systens Center
(Vol pe Center), Acoustics Facility, in support of the Federal H ghway
Adm ni stration (FHWA), O fice of Environnment and Pl anni ng, has

devel oped the “Measurenent of Hi ghway-Rel ated Noise.” This docunent
reflects substantial inprovenents and changes in noi se measurenent

t echnol ogi es that have evol ved since the 1981 FHWA publicati on, Sound

Procedures for Measuring Hi ghway Noi se.

Section 1 presents a general overview, as well as an historical
perspective. Section 2 presents definitions of term nol ogy used

t hr oughout the docunent. Section 3 presents field measurenent
instrunentation generalized to subsequent sections of the docunent.
Section 4 describes the recommended practice for perform ng existing-
noi se neasurenents in the vicinity of a highway. Section 5 describes
the recommended practice for the neasurenent of vehicle noise

em ssions for use with highway noise prediction nodels. Section 6
descri bes the procedures for the measurenent of highway barrier
insertion loss. Section 7 describes the procedures for the

measur enent of construction equi pnent noi se for highway-rel ated
projects. Section 8 describes the procedures for the neasurenent of
t he noi se reduction performance of buildings in the vicinity of a

hi ghway. Section 9 describes the neasurenment of highway-related
occupati onal noise exposure. Section 10 details the recomended
information for properly docunenting final reports prepared in

support of a highway project.

1.1 BACKGROUND

Noi se is an inportant environnmental consideration for highway

pl anners and designers. Transportation agencies measure different
aspects of highway noise to determ ne or predict conmunity inpacts

during urban planning. However, nmeasurenent instrunentation and



procedures have varied from programto program and agency to
agency.® Precise, uniform field nmeasurenent practice allows for
valid conmparison of results fromsimlar studies performed by a

variety of transportation practitioners and researchers.

Sound Procedures for Measuring Hi ghway Noi se was witten over a
decade ago. Since then, substantial advancenents have been nade in

t he net hodol ogy and technol ogy of noise neasurenent, barrier analysis
and design, and noi se measurenent instrunmentation. |In addition,

hi ghway noi se nodeling software has recently inmproved. The Federal

Hi ghway Adm ni stration has replaced the STAndard Method In Noise

Anal ysis (STAM NA, Version 2.0)(@ with the FHWA Traffic Noi se Model
(FHWA TNMP), Version 1.0.(® The FHWA TNM uses a M crosoft W ndows-
based interface and includes a 1994/ 1995 Reference Energy Mean

Em ssion Level (REMEL) data base,(® as well as state-of-the-art
acoustic algorithms. Consequently, the FHWA identified the need to
devel op and docunment a new hi ghway-traffic noise nmeasurenent docunent

which reflects these recent advancenents.

1.2 OBJECTI VE

The objective of this docunent is to provide a uniform state-of-the-
art reference for highway noise practitioners and researchers, which
addresses neasurenent and anal ysis instrunentation, site selection,
measur enent procedures, and data reduction and anal ysis techni ques.
Each of these topics is addressed separately for each of the

follow ng areas of concern:

(1) Existing-noise in the vicinity of a highway (Section 4);

(2) Vehicle noise em ssions for use with highway noise prediction
nodel s (Section 5);

(3) Hi ghway barrier insertion |oss (Section 6);



(4) Construction equi pnent noise for highway-rel ated projects
Section 7);

(5) Noi se reduction due to buildings in the vicinity of a hi ghway
(Section 8); and

(6) Hi ghway-rel ated occupati onal noi se exposure (Section 9).






2. TERM NOLOGY

This section presents pertinent term nology used throughout the
docunment. These terns are highlighted with bol df ace type when they
first appear in subsequent sections. Note: Definitions are generally
consistent with those of the American National Standards Institute
(ANSI) and References 5 through 8.

A- VIEEI GHTI NG. A frequency wei ghting network used to account for

changes in sensitivity as a function of frequency (See Section
3.1.3.4.2).

ABSORPTI ON COEFFI Cl ENT: See Sound absorption coefficient.

ACOUSTI C ENERGY: Conmmonly referred to as sound energy, or just plain

energy, acoustic energy is arithmetically equival ent to 10fSeund Pressure
level (SPL)/10] where SPL is expressed in decibels re 20 :Pa.

AMBI ENT NOI SE: Al | -enconpassi ng sound that is associated with a given
envi ronnment, excluding the analysis systenis electrical noise and the
sound source of interest.

ARTI FI Cl AL NO SE SOURCE: An acoustical source that is controlled in

position and calibrated as to output power, spectral content, and

directivity.

AUDI OVETRY: The neasurenent of human hearing acuity.

ANTI - ALI AS FILTER. A | ow-pass filter applied to the input signal of a
digital systemprior to the digitization process. This filter,
unique to digital systens, ensures that spurious signals (alias

signals) resulting fromthe digitization process are not contributing



conponents of the sanpled signal. An anti-alias filter nmust be
included in all digital systens, prior to the anal og-to-digital
conver si on.

BACKGROUND NOI SE: Al | -enconpassi ng sound of a given environnment that
i ncludes anbient, as well as anal ysis system noi se, excluding the

sound source of interest.

COMMUNI TY- NO SE EXPOSURE LEVEL (CNEL, denoted by the synbol Lg,): A
24-hour tinme-averaged L, (see definition below), adjusted for

aver age-day sound source operations. In the case of highway noise, a
single operation is equivalent to a single vehicle pass-by. The

adj ustment includes a 5-dB penalty for vehicle pass-bys occurring

bet ween 1900 and 2200 hours, local time, and a 10-dB penalty for

t hose occurring between 2200 and 0700 hours, local tine. The Lge,

noi se descriptor is used primarily in the state of California. Ly,

is conputed as foll ows:

Liaen = Lag + 10%1 0010( Ngay + 3*Neye + 10*Nyign) - 49.4 (dB)
wher e:
L ae = Sound exposure level in dB (See definition bel ow);
Nyay = Nunmber of vehicle pass-bys between 0700 and 1900 hours,
| ocal tine;
Neye = Nunber of vehicle pass-bys between 1900 and 2200 hours,
| ocal tine;
Noight = Nurmber of vehicle pass-bys between 2200 and 0700 hours,

| ocal tinme; and

49.4 = A nornmalization constant which spreads the acoustic energy
associ ated with highway vehicl e pass-bys over a 24-hour
period, i.e., 10*l 0og,,( 86,400 seconds per day) = 49.4 dB.



CONTAM NATI ON:  (See Noi se Contam nation).

DAY- NI GHT AVERAGE SOUND LEVEL (DNL, denoted by the synmbol Lg): A 24-
hour tinme-averaged L, (See definition on Page 14), adjusted for

aver age-day sound source operations. In the case of highway noise, a
single operation is equivalent to a single vehicle pass-by. The

adj ustment includes a 10-dB penalty for vehicle pass-bys occurring

bet ween 2200 and 0700 hours, local tinme. Ly, is conmputed as foll ows:

Lan = Lae + 10%10010( Nyay + Neve + 10*Njign) - 49.4 (dB)
wher e
Lae = Sound exposure level in dB (See definition on Page 14);
Nyay = Nurmber of vehicle pass-bys between 0700 and 1900 hours,

| ocal tine;
Neve = Nunmber of vehicle pass-bys between 1900 and 2200 hours,

| ocal tine;
N gnt = Nunber of vehicle pass-bys between 2200 and 0700 hours,

| ocal tinme; and
49.4 = A nornmlization constant which spreads the acoustic energy

associ ated with highway vehicle pass-bys over a 24-hour
period, i.e., 10*l 0og,,(86, 400 seconds per day) = 49.4 dB.

DECIBEL (dB): A unit of |evel which denotes the ratio between two
quantities that are proportional to power; the nunmber of decibels is
10 tinmes the base 10 logarithmof this ratio. For the purpose of
this docunent, the reference level is 20 ZPa, or the threshold of

human heari ng.

DI FFRACTED WAVE: A sound wave whose front has been changed in

direction by an obstacle in the propagation nmedium typically air
for the purposes of this docunent.



DI VERGENCE: The spreadi ng of sound waves froma source in a free
field environment. In the case of highway noise, two types of

di vergence are common, spherical and cylindrical. Spherical

di vergence is that which would occur for sound emanating froma point
source, e.g., a single vehicle pass-by. It is independent of
frequency, and is conputed using a 20*| 0g,o(dl/d2) relationship. For
exanple, if the sound |level froma point source at 15 mwas 90 dB, at
30 mit would be 84 dB due to divergence, i.e., 90 + 20*| og,o(15/30).
Cylindrical divergence is that which would occur for sound emanati ng
froma line source, e.g., a single vehicle pass-by. It is

i ndependent of frequency, and is conputed using a 10*| 0g,y(dl/d2)
relati onship. For exanple, if the sound |level froma point source at
15 mwas 90 dB, at 30 mit would be 87 dB due to divergence, i.e.,

90 + 10*I 0og,0( 15/ 30).

DOPPLER EFFECT: The change in the observed frequency of a wave in a
transm ssion system caused by a time rate of change in the effective
| ength of the path of travel between the source and the point of
observati on.

DYNAM C RANGE: The difference between the highest input sound
pressure | evel achievable w thout exceeding a specified non-linearity
or distortion of the output signal, for a specified frequency range,
and the | owest input sound pressure |evel for which the |evel

l[inearity is within specified tolerances.

EQUI VALENT SOUND LEVEL (TEQ denoted by the synmbol Lagr): Ten tines

t he base-10 logarithm of the ratio of time-nmean-squared instantaneous
A- wei ght ed sound pressure, during a stated tine interval, T (where
T=t ,-t,), to the square of the standard reference sound pressure.

For the purpose of this docunent, the reference sound pressure is 20



:Pa, or the threshold of human hearing. Lpaqgr iS related to Ly by
the foll ow ng equation:

Lacgr = Lag - 10*10gqo(t,-t ) (dB)

wher e:

La = Sound exposure level in dB (See definition on Page 14).

EXCHANGE RATE: The anopunt a sound level is increased or decreased to
preserve a certain noise exposure when the exposure duration is
doubl ed or halved. Typically, for transportation-rel ated noise, an
exchange rate of 3 dB is used; for occupational noise exposure, 5 dB
is used.

FAR- FI ELD: That portion of a point source’ s sound field in which the
sound pressure level (due to this sound source) decreases by 6 dB per
doubling of distance fromthe source, i.e., spherical divergence; or
if the sound source is linear, then the far-field is the portion of
the sound field in which the sound pressure | evel decreases by 3 dB

per doubling of distance.

FREE FI ELD: A sound field whose boundaries exert a negligible

i nfluence on the sound waves. 1In a free-field environnment, sound
spreads spherically froma source and decreases in level at a rate of
6 dB per doubling of distance froma point source, and at a rate of 3

dB per doubling of distance froma |ine source.

GROUND ATTENUATI ON: The change in sound | evel, either positive or
negative, due to intervening ground between source and receiver.
Ground attenuation is a relatively conplex acoustic phenonenon, which
is a function of ground characteristics, source-to-receiver geonetry,

and the spectral characteristics of the source. A comonly used



rul e-of -t hunb for propagation over soft ground (i.e., grass, terrain)
is that ground effects will account for about 1.5 dB per doubling of
di stance. However, this relationship is quite enpirical and tends to
break down for distances greater than about 30 to 61 m (100 to 200
ft).

GROUND | MPEDANCE: A conpl ex function of frequency relating the sound

transm ssion characteristics of a ground surface type. Measurenents
to determ ne ground inpedance nust be made in accordance with the
ANSI Standard for neasuring ground i npedance schedul ed for
publication in the second half of 1996. (50

HARD GROUND: Any highly reflective surface in which the phase of the
sound energy is essentially preserved upon reflection; exanples

i ncludes water, asphalt and concrete.

| NSERTI ON LOSS (IL): The difference in levels before and after
installation of a barrier, where the source, terrain, ground, and
at nospheric conditions have been judged as equival ent.

L,e: See Sound exposure |evel.

Laq: See Equival ent sound |evel.

Lark @nd Lasn: See Maxi mum sound | evel .

Lgen: See Communi ty-noi se exposure |evel.

L4, See Day-ni ght average sound |evel.

Loo: A statistical descriptor describing the sound | evel exceeded 90

percent of a measurenent peri od.
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LINE SOURCE: Multiple point sources noving in one direction radiating
sound cylindrically. Note: Sound | evels neasured froma |ine source

decrease at a rate of 3 dB per doubling of distance.

LOVER BOUND TO I NSERTI ON LOSS: The val ue reported for insertion |oss

when background | evels are not nmeasured or are too high to determ ne
the full attenuation potential of the barrier.

MAXI MUM SOUND LEVEL ( MXFA or MXSA, denoted by the synbol Las, OF
Las:» respectively): The maxi num A-wei ghted sound | evel associ ated
with a given event (See Figure 1). Fast-scale response (L) and

sl ow-scal e response (L) Characteristics effectively danp a signal
as if it were to pass through a lowpass filter with a tine constant
of 125 and 1000 m | liseconds, respectively. See Section 3.1.3.4.4

for a nore detailed discussion of exponential tinme-averaging.

NEAR FlI ELD: The sound field (between the source and the far field).
The near field exists under optimal conditions at distances |ess than

four times the | argest sound source di nension.

NO SE: Any unwant ed sound.

NO SE BARRI ER: The structure, or structure together w th other
material, that potentially alters the noise at a site froma BEFORE

condition to an AFTER conditi on.

NO SE CONTAM NATI ON: Any noi se event, other than that which is
i ntended for neasurenent. Contam nation typically occurs when the
background noise is within 10 dB of the noi se produced by the source

i nt ended for neasurenment.”

" Rul e- of - Thunb
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NO SE DOSE: A neasure of the noise exposure to which a person is
subjected in the workplace. For the purposes of this docunent, the

wor kpl ace is any hi ghway-rel ated environnment.

NO SE REDUCTI ON COEFFI CI ENT (NRC): A single-nunber rating of the
sound absorption properties of a material; it is the arithnmetic nean
of the Sabi ne absorption coefficients (See bel ow) at 250, 500, 1000,
and 2000 Hz, rounded to the nearest nmultiple of 0.O05.

PINK NO SE: A random signal for which the spectrum density, i.e.,
narrow band signal, varies as the inverse of frequency. |In other
words, one-third octave-band spectral analysis of pink noise yields a

flat response across all frequency bands.

PO NT SOURCE: Source that radiates sound spherically. Note: Sound
| evel s neasured from a point source decrease at a rate of 6 dB per
doubl i ng of di stance.

SABI NE ABSORPTI ON COEFFI CI ENT ("'su): Absorption coefficient obtained
in a reverberation roomby measuring the time rate of decay of the
sound energy density with and w thout a patch of the sound-absorbing
material under test laid on the floor. These neasurenents are
performed in accordance with the American Society of Testing and
Materials (ASTM Standard C 423-90a.

SOFT GROUND: Any highly absorptive surface in which the phase of the
sound energy i s changed upon reflection; exanples include terrain
covered with dense vegetation or freshly fallen snow. (Note: at

grazing angles greater than 20 degrees, which can commonly occur at

12



short ranges, or in the case of elevated sources, soft ground becones
a good reflector and can be considered hard ground).”

SOUND ABSORPTI ON COEFFI CIENT ('): (See al so Sabi ne Absorption
Coefficient) The ratio of the sound energy, as a function of

frequency, absorbed by a surface, to the sound energy incident upon
that surface.

SOUND EXPOSURE LEVEL (SEL, denoted by the synbol L,): Ten tines the
| ogarithmto the base 10 of the ratio of a given tine integral of
squar ed i nstantaneous A-wei ghted sound pressure to the squared
reference sound pressure of 20 -Pa, the threshold of human hearing.
The time interval nmust be | ong enough to include a mpjority of the
sound source’s acoustic energy. As a mnimum this interval should

enconpass the 10 dB down points (See Figure 1).

lAme

o

@

= 10 dB
—

=

o }

3

=S D A Lag - Shadad Area  |W

o ' nider Curve B

=

5 . | .

Figure 1. G aphical're AE e NOI se descri ptors.
t, Tire (sec) ts

In addition, Ly is related to Lpgr by the follow ng equation:

Lag = Laegr + 10*1 0gg0(t,-t ) (dB)

where Laqr = Equival ent sound level in dB (See definition above).

* Rul e- of - Thunb
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SOUND PRESSURE LEVEL (SPL): Ten tines the logarithmto the base 10 of
the ratio of the time-nmean-squared pressure of a sound, in a stated
frequency band, to the square of the reference sound pressure of 20

ZPa, the threshold of human heari ng.

SOUND TRANSM SSI ON CLASS (STC): A single-nunber rating used to

conpare the sound insulation properties of barriers.

SPECTRUM A signal's resolution expressed in conponent frequencies or

fracti onal octave bands.

14






3. | NSTRUMENTATI ON

This section describes field neasurenent instrunentati on, acoustic
and ot herw se. It also includes a list of instrumentation
manuf act urers.

3.1 ACOUSTI C | NSTRUMENTATI ON

Figure 2 presents a generic, acoustic-measurenent-instrunmentation
setup. Subsequent subsections address individual conponents of this
generic setup.

Al'l acoustic instrunmentation should be calibrated annually by its
manuf acturer, or other certified [aboratory to verify accuracy.

Where applicable, all calibrations shall be traceable to the Nati onal
I nstitute of Standards and Technol ogy (NI ST).

One-Third
Octave-Band
Analyzer or
Calibrator Windscreen Sound Level
Eink No:se \ / Meter
enerator
. O .
Graphic
I'—rl ' B microphone Level
e Recorder
Microphone
Simulator — Preamplifier
Recording
Instrumentation
RS
Tripod Headphones

Figure 2. GCeneric neasurenent instrunentation setup

3.1.1 M crophone System (M crophone and Preanplifier)
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A m crophone transforns sound-pressure variations into electrical
signals, that are in turn neasured by instrunmentation such as a sound
| evel neter, a one-third octave-band spectrum anal yzer, or a graphic
| evel recorder. These electrical signals are also often recorded on
tape for later off-line analysis. M crophone characteristics are
further addressed in ANSI Sl1.4-1983.(9

A conpati ble preamplifier, if not engineered as part of the

m crophone system should al so al ways be used. A preanplifier

provi des hi gh-input inpedance and constant, | ow noise” anplification
over a wi de frequency range. (19 Al so, dependi ng upon the type of

m crophone being used (See Section 3.1.1.1), a preanplifier may al so
provi de a pol ari zation voltage to the m crophone.

The m crophone system (m crophone and preanplifier) should be
supported using a tripod or simlar device, such as an anchored
conduit. Care should be taken to isolate the m crophone system from
the support, especially if the support is nade up of a netal
conposite. In certain environnents, the support can act as an
antenna, picking up errant radio frequency interference which can
potentially contam nate data. Common isol ation methods include
encapsul ating the m crophone systemin nonconductive material (e.g.,

nylon) prior to fastening it to the support.

In addition, it idMN¢AR¥A¢ ant to ensure that the microphone systemis

o . Y . . .
posi ti oned relatlvetwatjeg@ﬁﬁbort devi ce, such that contam nation
evice

due to sound reflections E;on1the support is mnimzed. Research has

shown that a position dipectly behind the support device provides for
m ni mum i nterference (SAi qur e 3) (Readway

" As previously noted, all terms defined in the Term nol ogy section are
hi ghl i ghted when they first appear in the main body of the text of this
docurent .
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Figure 3. Recommended m crophone position relative to support

devi ce.

Once supported appropriately, the m crophone should be positioned as
di scussed in Section 3.1.1.3. The m crophone system should then be
connected to the measuring/recording instrunmentation via an extension
cable. At least 15 m (50 ft) of cable is recommended. Thus, any
potential contam nation of the neasured data due to operator activity

can be mni m zed.

3.1.1.1 M crophone Type

Condenser (or electrostatic or capacitor) mcrophones are reconmended
for a wide range of nmeasurenent purposes because of their high
stability, reasonably high sensitivity, excellent response at high
frequencies, and very low electrical noise characteristics. There

are two types of condenser m crophones: conventional and el ectret.

Conventi onal condenser m crophones characterize magnitude changes in
sound pressure in terns of variations in electrical capacitance.
Sound pressure changes incident upon the di aphragm of a nmi crophone
change the spacing between the di aphragm and the m crophone

backpl ate. This dynam c change in the gap between the di aphragm and

backpl ate translates to a change in electrical capacitance.
In the case of a conventional condenser m crophone, a polarization

vol tage nust be applied to the backplate. Typically, a polarization

vol tage of between 50 and 200 V is applied to the m crophone

18



backpl ate by the preanplifier. Due to the requirenent that a

pol ari zation voltage be supplied from a source external to the

m crophone, i.e., the mcrophone is not a “closed” system
measurenents nmade with a conventional condenser m crophone are often
adversely effected by atnospheric conditions, especially high

hum dity. H gh humdity can result in condensation between the

m crophone di aphragm and backpl ate. Condensati on can cause arcing of
the polarization voltage, rendering the nmeasured data essentially
usel ess. (812  To mnimze condensation effects, the use of
dehum di fyi ng chanbers, desiccants, and nonconductive back coati ng,
such as quartz, can be used. Several manufacturers provide devices

to mnimze this often-overl ooked potential problem

El ectret condenser m crophones, on the other hand, use a thin plastic
sheet with a conductive coating on one side as a backplate. This
design allows the m crophone to maintain its own pol arization, i.e.,
often referred to as a “pre-polarized” design. (1 "Pre-polarization"
allows the electret mcrophone to be essentially a “closed” system
elimnating the potential for condensation in high-humdity

envi ronnent s.

One drawback to electret m crophones is they are often |l ess sensitive
at high frequencies. 1In addition, there are currently no el ectret

m crophones known to the authors which provide nearly flat response
characteristics at grazing incidence, which is the incidence of
choice for transportation-rel ated noi se neasurenents (See Section
3.1.1. 3).

3.1.1.2 M crophone Size

The di ameter of a m crophone diaphragmdirectly affects its useable
frequency range, dynam c range (or level sensitivity), and

directivity. For exanple, as the m crophone di ameter becones
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smal | er, the useable frequency range increases; however, sensitivity
decreases. (813 Thus, the selection of a m crophone size often

i nvol ves a conprom se of these elenents. Unless neasurenents at
extrenmely | ow sound pressure levels (SPL) are required (e.g., below
20 dB SPL) a Y%in (1.27 cm diameter nicrophone, or d-in (0.95 cm
m crophone as characterized by sone manufacturers, is suitable for
nost situations. For |ow SPL neasurenents, a 1-in dianeter

m crophone may be necessary.

3.1.1.3 M crophone Incidence

The sensitivity of a m crophone varies with the angle of incidence
bet ween the sound waves and the m crophone di aphragm Two m crophone
systemorientations and their specific applications are discussed

bel ow. normal and grazing incidence.

Normal incidence, also referred to as 0-degrees incidence, occurs
when sound waves i npinge at an angle perpendicular, or normal, to the
m crophone di aphragm (See Figure 4). It is best used for situations
i nvol vi ng poi nt-source neasurenents, in which the sound being
measured is comng froma stationary, single, known direction (e.qg.
an idling autonobile or a power generator).

Grazing incidence, also referred to as 90-degrees incidence, occurs
when sound waves inpinge at an angle that is parallel to, or grazing,
t he plane of the m crophone di aphragm (See Figure 4). This
orientation is preferregmg%ﬁ novi ng, or |ine-source, neasurenents,
since the microphone presidencs 8%Tonstant incidence angle to any

source |l ocated within the plane of the m crophone di aphragm (8

Norrnal
Incidence (D°)
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Figure 4. M crophone incidence.

Grazing incidence is commonly used for the nmeasurenment of highway,
aircraft, and guided-transit noise. |f other than grazing incidence
is used for the measurenent of noving noi se sources, correction of

t he neasured data in accordance with manufacturer-published response
curves is required. This process can be quite conpl ex because the

i ncidence angle is continually changing, thus requiring continuously
varying corrections. It is perfectly acceptable to position a

m crophone for grazing incidence even if it has its flattest
frequency response characteristics in a normal incidence
configuration, as long as the appropriate manufacturer-published
corrections are applied, and as long as the required corrections do
not exceed certain limts. ™ |f the manufacturer does not provide

t he appropriate incidence corrections, testing nust be perfornmed in
accordance with ANSI S1.10-1986. (19

For the unique situation of neasuring randomy occurring sounds, such
as the case with anbi ent noi se neasurenents, or existing-noise
measurenents where the | ocation of the sound source can be arbitrary,
m crophone corrections should be based on randomi nci dence response

curves.

3.1.2 Recording System

Conponents of the measurenent system are di scussed separately in
Section 3.1.3, so as to nmake a distinction between the actual
recorded data, as would be heard by the human ear, and the actual
sound | evel data conputed as a result of sone formof electrical/
arithmetic process.
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There are two basic types of tape recorders: analog and digital.
Anal og recorders store signals as continuous variations in the
magnetic state of the particles on the tape. Digital recorders store
signals as a combination of binary “1s” and “0s.” Most digital
recorders represent a continually varying anal og | evel using many

di screte 16-bit words, i.e., a unique conbination of 16 “1s” and
“0s.” The nunber of 16-bit words depends upon the sanpling rate of
the particular recorder.

The sanpling rate nmust be at | east twice the highest frequency of
interest, which is often 20 kHz for transportation-rel ated
measurenents. In theory, this means that one second of continuously
varying anal og data is represented by at |east 40,000 discrete 16-bit
conbi nati ons of “1s” and “0s.” However, practically, due to the
design limtations on anti-alias filters (anti-alias filters are
described later in this section), a sanpling rate of 44,000 to 48, 000
is commn, i.e., 44,000 to 48,000 discrete 16-bit combinati ons of
“1s” and “0s.”

Not all field measurenent systens will include a tape recorder. A
recorder offers the unique capability of repeated playback of the
measur ed noi se source, thus allowing for nore detail ed anal yses. The
el ectrical characteristics of a tape recorder shall conformto the
gui delines set in IEC 1265 and ANSI S1.13-1971 for frequency response
and signal -to-noise ratio. (1416

The advant ages of nodern digital over anal og recorders are numerous.
Digital recorders typically have nuch w der frequency response

characteristics, as well as a nuch |arger dynam c range. About the
only advantage anal og recorders have is that they typically are | ess

expensi ve, although the cost difference is decreasing.
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VWhen sel ecting a specific nodel of tape recorder, there are three

i nportant issues and/or differences associated with the use of

digital versus anal og recorders that require consideration. They are
as follows:

. Anti-Alias Filters: An anti-alias filter is a lowpass filter

applied to the input signal of a digital systemprior to the
digitization process. This filter, unique to digital systens,
ensures that spurious signals (alias signals) resulting from
the digitization process are not contributing conponents of the
sanpled signal. An anti-alias filter nust have attenuation
characteristics which ensure the contribution of aliased
frequency conponents in the output are reduced to a negligible

| evel . (17.18)

. System Overl oads: The overload point in a digital systemis a

wel | -defined point controlled by the maxi num size of the bit-

register used in the digitization process. Wen the size of

the bit-register is exceeded, "hard" |limting occurs, followed
by instantaneous distortion. |In nost cases, the dynam c range
of a digital recorder is specified fromthis "hard" limting

poi nt, and the overload and full-scale indicators are

referenced to it.

In contrast, analog recorders have no clearly defined overl oad
poi nt and generally "soft" limting (a gradual process) begins
around 6 dB above the full scale (0 dB) on a volunme unit (VU
meter, with the subsequent gradual increase in distortion.

A safety margin of at |east 10 dB, and preferably 20 dB,
bet ween the overl oad point and the expected maxi num | evel of
the data to be digitally recorded, including calibration data,

shoul d be mai nt ai ned.
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. Dynam ¢ Range: A substantial advantage of digital recorders is

that they offer an extended dynam c range, resulting in an
extended operating range available. Dynamc range is typically
specified fromthe "hard" overl oad point, and to guard agai nst
overload, a 10- to 20-dB safety margin is recommended, thus
reducing the effective operating range by 10 to 20 dB.
Additionally, the anplitude linearity error of a digital
recorder increases as signal |evels decrease, thus, reducing
the effective operating range of the recorder. This is also

true of anal og recorders.

3.1.3 Measurenent System
There are three general acoustic neasurenent systens discussed in
this section: graphic level recorders (GLRs), sound |evel neters

(SLMs), and one-third octave-band anal yzers.

3.1.3.1 G aphic Level Recorder

A graphic | evel recorder (GLR) connected to the anal og output of the
measuring or recording instrumentation is typically used in the field
to provide a visual, real-time history of the nmeasured noise |evel

A GLR plot varies in |level at a known, constant pen-speed rate and
response tinme that may be adjusted to approxi mate exponential time-
averaging, i.e., fast-scale and slowscal e response characteristics
(See Section 3.1.3.4.4).(20 |t is valuable in visually judging

anbi ent | evels and verifying the acoustic integrity of individual

events.

3.1.3.2 Sound Level Meter

For the purposes of all nmeasurenments discussed herein, sound |evel
meters (SLMs) should performtrue nunmeric integration and averagi ng
in accordance with ANSI S1.4-1983.(® Conponents of an SLM i ncl ude
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(See Figure 5): a mcrophone with preanplifier, an anplifier,
frequency weighting (See Section 3.1.3.4.2), input gain control (See
Section 3.1.3.4.3), time-averaging (See Section 3.1.3.4.4), and an
out put indicator or display.(® Selection of a specific nodel of

sound | evel nmeter should be based upon cost and the |evel of accuracy

desired.
M crophone RN . | ] Freguency | N Irput 32in LN Tine2 Outpus;
W/ Preampl ficr ~] Ampifisr 17 Weighting | 7] Control 7 Avaraging Indicoror

Figure 5. Conponents of a sound | evel neter

The accuracy of an SLMis characterized by its "type." There are
three types of sound |level neters available: Types 0, 1, and 2. Type
0 sound |l evel neters are used for |aboratory reference purposes,
where the highest precision is required. Type 1 sound |evel neters
are designed for precision field measurenents and research. (® Either
Type 1 or Type 2 sound |level nmeters are acceptable for use in traffic

noi se anal yses for Federal -aid highway projects.

3.1.3.3 One-Third Octave-Band Anal yzer

When the frequency characteristics of the sound source being neasured
are of concern, a one-third octave-band anal yzer should be enpl oyed.

I n nost cases, such a unit would not be enployed directly in the
field, but would be used subsequent to field neasurenments in tandem
with tape-recorded data (See Section 3.1.2). Such units can be

enpl oyed to determ ne noise spectra, as well as conpute various noi se
descriptors, such as Lpqgr and Ly |If consistency with previously
measured data is desired, one-third octave-band filters nust be shown
to conply with a Type 1-D Butterworth filter, as defined in ANSI
S1.11-1986. (19 The Type 1-D Butterworth filter design has existed in
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anal yzers for decades. However, manufacturers are now providing
filter-shape algorithms which depart fromthe traditional Butter
worth design, and nore closely resenble “ideal” filters, which all ow

essentially no energy outside of the pass-band.

Use of octave-band anal yzers is not precluded; however, one-third

oct ave-band analysis is preferred.

3.1.3.4 Characteristics of the Measurenment System

3.1.3.4.1 Bandwi dth

The bandwi dth of a neasurenent instrunent refers to its frequency
range of operation. Myst neasurenment instrumentation of interest for
readers of this docunment will accurately measure levels in the
frequency range 20 Hz to 20 kHz, the audi ble range for humans.
Typically, measurenent of one-third octave-band data between 50 Hz

and 10 kHz will satisfy the objectives of highway-rel ated studies.

3.1.3.4.2 Frequency Weighting

Frequency weighting is used to account for changes in sensitivity of
the human ear as a function of frequency. Three standard wei ghting
networks, A, B, and C, are used to account for different responses to
sound pressure levels (See Table 1 and Figure 6).(820 Note: The

absence of frequency weighting is referred to as "flat" response.

C-weighting is essentially linear. B-weighting reflects the ear's
response to sounds of noderate pressure level. A-weighting reflects
the ear's response to sounds of |ower pressure |evel. (29 A-weighting
is the nost widely used system for assessing transportation-rel ated
noise. In fact, unless otherw se stated, noise descriptors for
transportation-related activity are assuned to be A-weighted. Most
SLMs and one-third octave-band analyzers offer A- and C-wei ghting
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options. B-weighting has essentially become obsolete. Note: It
al so inportant to note that the response for the A-, B-, and C
wei ghting curves are all referenced to a frequency of 1 kHz. In

ot her words, the weighting at 1 kHz for all three curves is zero.
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Figure 6. Frequency wei ghting.
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Tabl e 1.

Frequency wei ghti ng.

One-Third Cct ave- Band
Cent er Frequency

20 -50.4 -24.2 -6.2
25 -44.8 -20.5 -4.4
31.5 -39.5 -17.1 -3.0
40 -34.5 -14.1 -2.0
50 -30.3 -11.6 -1.3
63 -26.2 -9.4 -0.8
80 -22.4 -7.3 -0.5
100 -19.1 -5.6 -0.3
125 -16.2 -4.2 -0.2
160 -13.2 -2.9 -0.1
200 -10.8 -2.0 0
250 -8.7 -1.4 0
315 -6.6 -0.9 0
400 -4.8 -0.5 0
500 -3.2 -0.3 0
630 -1.9 -0.1 0
800 -0.8 0 0
1000 0 0 0
1250 0.6 0 0
1600 1.0 0 -0.1
2000 1.2 -0.1 -0.2
2500 1.3 -0.2 -0.3
3150 1.2 -0.4 -0.5
4000 1.0 -0.7 -0.8
5000 0.6 -1.2 -1.3
6300 -0.1 -1.9 -2.0
8000 -1.1 -2.9 -3.0
10000 -2.5 -4.3 -4.4
12500 -4.3 -6.1 -6.2
16000 -6.7 -8.5 -8.6
20000 -9.3 -11.2 -11.3
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3.1.3.4.3 Input Gain Control

The input gain of a neasurenent system should be adjusted to provide
for maxi mum dynam c range while preserving a nodest safety factor to
avoid overload. Dynamc range is the difference in decibels between
t he maxi mum and m ni num | evel s that can be accurately nmeasured. To
avoi d system overload, it is recomended that the gain be set such

t hat the expected maxi mum | evel of the source being neasured is

bet ween 10 and 20 deci bel s bel ow overload. |In the absence of a
standard that addresses |inear operating ranges for general field
measurenment studies, it is recomended that the |inear operating
range of the neasurenent systemis in accordance with tol erances
specified in | EC 1265, a standard specific to aircraft noise

measur ement . (14

3.1.3.4.4 Exponential Tinme-Averaging

Exponential time-averaging is a nethod of stabilizing instrunentation
response to signals with changing anplitudes over tine using a | ow-
pass filter with a known, electrical time constant. The tine
constant is defined as the tine required for the output level to
reach 67 percent of the input, assumng a step-function input.

Al so, the output level will typically reach 100 percent of an input-

step-function after approximately five tinme constants.

The exponential time-averaged output produced by the | owpass filter
is a running average dom nated by the npbst recent val ue but snpot hed
out by the contribution of the preceding values. Two exponenti al

ti me-averagi ng, response settings are applicable for this docunent:
fast and slow, with time constants (J) of 0.125 and 1 second,

respectively (See Figure 7).
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Sl ow response is typically used for neasurenents of sound source

| evel s which vary slowy as a function of tinme, such as aircraft.
Fast response is typically used for neasuring individual highway
vehi cl e pass-bys (See Section 5). Slow response is recomended for
t he neasurenment of |ong-terminpact due to highway noi se, where

i mpul si ve noi ses are not dom nant.

3.1.3.4.5 Tenperature and Hum dity Effects

Tenperature and hum dity can affect the sensitivity of many types of
i nstrunentation, including mcrophones and spectrum anal yzers. For
exanpl e, nost current-generation digital audio tape (DAT) recorders
have a built-in dew sensor which nonitors condensation, and w |
prevent operation under high-hum dity situations. As discussed in
Section 3.1.1.1, non-electret condenser m crophones are subject to
arci ng under high-humdity conditions. Also, battery life is
substantially shortened when subject to prolonged | ow tenperatures.
Manuf acturers' recomrendations for acceptable tenperature and

hum dity ranges for equi pment operation should be followed.
Typically, these range from-10°C to 50°C (14°F to 122°F) and from5
to 90 percent relative humdity.
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3.1.4 Calibrator

An acoustic calibrator provides a nmeans of checking the entire
acoustic instrunmentation systems (i.e., mcrophone, cables, and
recording instrunentation) sensitivity by producing a known sound
pressure level (referred to as the calibrator’'s reference level) at a
known frequency, typically 94 or 114 dB at 1 kHz, or 124 dB at 250
Hz. The calibrator used for nmeasurenents described herein shall neet

the Type 1L performance requirenents of | EC 942. (2%

Cal i bration of acoustic instrunmentation nust be perforned at |east at
t he begi nning and end of each nmeasurenment session, and before and

after any changes are made to system configuration or conponents. In
addition, it is strongly recommended that calibration be perforned at

hourly intervals throughout the session.

The follow ng procedure should be used to determ ne calibration (CAL)

adj ustnments prior to data anal ysis:

1 If the final calibration of the acoustic instrumentation
differs fromthe initial calibration by 1 dB or less, all data
measured with that system during the tinme between calibrations
shoul d be adjusted by arithnmetically adding to the data the

follow ng CAL adj ustnment:

CAL adjustnment = reference level - [(CAL yna * CALpa) /1 2]

For exanpl e:

» reference | evel 114.0 dB
e initial calibration |evel 114.1 dB
e final calibration |l evek 114.3 dB
Ther ef ore:

CAL adjustment = 114.0-[(114.1+114.3)/2] = -0.2 dB
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If the final calibration of the acoustic instrumentation
differs fromthe initial calibration by greater than 1 dB, al
data neasured with that systemduring the tinme between

cal i brations should be discarded and repeated; and the

instrunentation should be thoroughly checked.

3.1.5 M crophone Sinul at or

I n accordance with ANSI S1.13-1971, (*® the el ectronic noise floor of
the entire acoustic instrunentation system should be established on a
daily basis by substituting the measurenent m crophone with a passive
m crophone sinul ator (dunmy m crophone) and recording the noise floor

for a period of at |east 30 seconds.

A dummy m crophone electrically simulates the actual m crophone by
providing a known fixed (i.e., passive) capacitance which is
equi valent to the m nimum capacitance the m crophone is capabl e of
providing. This allows for valid neasurenent of the system s

el ectroni c noise floor.

Wth the m crophone renmoved and the simulator inserted in its place,
all input channels of the instrunentation system should be nonitored
usi ng headphones. Extraneous signals, such as radio interference or
hum can result when the systemis |ocated near antennae, power
lines, transfornmers, or power generators. The system can be
especially susceptible to such interference when using | ong cabl es
whi ch essentially act as antennae for such signals. Extraneous
signals detected nust be elimnated or reduced to a negligible |evel,
i.e., at least 40 dB bel ow t he expected maxi rum | evel of the noise
source being measured. This can usually be acconplished by re-
orienting the instrunmentation and/or cables, using shorter cabl e,
checki ng and cl eani ng groundi ng contacts, or in a worst-case
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scenari o, nmoving the instrumentation system away fromthe source of
the interference, if the position of the source is known.

3.1.6 Pink Noise Generator

The frequency response characteristics of the entire acoustic
instrunentation system should be established on a daily basis by
measuring and storing 30 seconds of pink noise. Pink noise is a
random si gnal for which the spectrumdensity, i.e., narrow- band
signal, varies as the inverse of frequency. |In other words, one-
third octave-band spectral analysis of pink noise yields a flat

response across all frequency bands.

3.1.7 W ndscreen

W ndscreens should be placed atop all m crophones used in outdoor
measurenments. A wi ndscreen is a porous sphere placed atop a

m crophone to reduce the effects of w nd-generated noise on the

m crophone di aphragm The wi ndscreen should be clean, dry, and in

good condition. A new w ndscreen is preferred.

Typically, the effect on the nmeasured sound | evel due to the
insertion of a windscreen into an acoustic instrunmentation system can
be neglected. As an exanple, Table 2 shows typical response
corrections to be applied to the nmeasured data to account for the
insertion of a Briel & Kja Model 0237 wi ndscreen, the nobst conmonly
used wi ndscreen for transportation-rel ated noi se nmeasurenents, into
an acoustic instrunentation system These corrections should not be
consi dered typical for other npdel w ndscreens. |f a manufacturer
does not provide corrections and high precision nmeasurenents are

desired, tests in an anechoic chanmber woul d be required.

Table 2. B&K Model 0237 wi ndscreen typical response corrections. (12

33



I nci dence 500 630 800 1000 1250 1600 2000 2500 | 3150 4000 | 5000 6130 8000 10000
Angle (°)

0 0.1]-0.2 0.2 0.3 0.3 0.5 -0.6 0.6 0.5 0 0 0.1 0.2 0.5
30 -0.2] -0.3] -0.3| -0.4| -0.4| -0.5| -0.5| -0.8] -0.6 0 0.2 0.1 0.5 0.6
60 0 -0.1 -0.2] -0.3 -0.3| -0.4 -0.6 -0.9| -0.8 -0.2 0.4 0.1 0.4 0.6
90 -0.1 -0.2 -0.3| -0.4 -0.5| -0.6 -0.7 -0.8| -0.8 -0.3 0.5 0.6 0.5 1
120 0 0 -0.1] -0.2 -0.3| -0.3 -0.5 -0.7| -0.6 0 0.7 0.5 0.9 1.2
150 0 0 0 of -0.1| -0.2| -0.3| -0.4| -0.3 0 0.8 0.7 0.6 1.3
180 0 0 -0.1] -0.2 -0.3| -0.4 -0.5 -0.5] -0.4 0 0.5 0.9 0.8 1.4

3.2 METEOROLOG CAL | NSTRUMENTATI ON

When perform ng any transportation-rel ated noi se study, proper
docunent ati on of neteorol ogical conditions is essential. This
section provides guidance in selecting instrunentation for nmeasuring

nmet eor ol ogi cal conditions.

3.2.1 Anenpneter

Recent research has shown that wi nd speed and direction may affect
nmeasured noise levels in the vicinity of a highway. (2229 These
effects typically increase with increasing distance fromthe noise

source.

An anenoneter is an instrunent used to neasure wi nd speed.

Anenoneters shall neet the requirements of ANSI S12.18-1994. (7

For general - purpose neasurenents at relatively close distances to a
noi se source, i.e., within 30 m (100 ft), a hand-held, w nd-cup
anenoneter and an enpirically observed estimation of wind direction
are sufficient to docunent wi nd conditions. For research purposes or
for measurenments where the receiver(s) will be positioned at

di stances greater than 30 m (100 ft) fromthe noise source, a high-
preci si on anenoneter, capable of nmeasuring wind conditions in three

di mensions, integrated into an autonmated, data-|oggi ng weat her
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station, should be used. For all types of measurenents, the
anenonet er should be located at a relatively exposed position and at
an el evation approxi mtely equal to that of the highest receiver

position. (6

Except for research purposes, where the study of wi nd effects on
measured data is an integral objective, neasurenents should not be
made when wi nd speeds exceed 19 kmh (12 m/h), regardl ess of
direction. A previous study, in which wind data were carefully
recorded and anal yzed, concluded that w nd speeds below 19 knm' h have
no apparent effect on measurenments perfornmed at a distance within 30

m of the noise source. (24

W nd conditions are also inportant in judging equival ency for
BEFORE and AFTER acoustical neasurenents -- e.g., during existing-
noi se measurenments (See Section 4)-- and barrier insertion |oss
nmeasurenents (See Section 6). It is recomended that BEFORE and
AFTER measurenents be conpared only if the wind class (See Table 3)
remai ns unchanged and the vector conmponents of the average w nd
velocity (vector wi nd speed, VW5 fromthe source to receiver do not
differ by nmore than a certain limt. This limt depends on the
accuracy desired and the distance from source to receiver.(® VWS is
conputed as follows (Note: A negative VWS indicates the wind is

bl owi ng fromreceiver to source): VW = COS(Wnd Direction) * Wnd
Speed.

Tabl e 3. Cl asses of wi nd conditions.

Wnd d ass Vect or Conmponent of Wnd Vel ocity
(nt's)
upwi nd -1to -5
cal m -1to +1
downwi nd +1 to +5

* Note: 1 nmis =2.2m/h
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Specifically, to keep the error due to wind conditions to | ess than
+1 dB and di stances less than 70 m (230 ft), this limt should be 1.0
ms (2.2 m/h). If it is desired to keep the acoustical error within
+0.5 dB and di stances |l ess than 70 m at | east four BEFORE and four
AFTER nmeasurenents should be made within the limt of 1.0 ms (2.2
m/h). However, these 1.0 ms (2.2 m/h) limts are not applicable
for a calmw nd class when strong winds with a small vector conponent
in the direction of propagation exist. In other words, BEFORE/ AFTER
measurenents in such instances should be avoi ded. (2%

3.2.2 Thernoneter, Hygroneter, and Psychroneter

A thernmonmeter for measuring anbient tenperature and a hygroneter for
measuring relative humdity should be used in conjunction with al

noi se neasurenent studies. An alternative is to use a psychroneter
which is capable of neasuring both dry and wet bulb tenperature. Dry
and wet bulb tenperatures can then be used to conpute relative

hum dity (See Appendi x A).

For general purpose neasurenents, use of a sling psychrometer is
recommended. For research purposes, a high-precision system nay be
needed, such as an automated, fast-response, data-logging weather
station.

The thernonmeter or other tenperature sensor should have an accuracy
of +5 percent or better at full scale. All tenperature sensors
shoul d be shielded fromdirect solar radiation. |In addition, a
vari abl e- hei ght support-device nmay be necessary for the measurenent
of tenperature profiles.(®

Tenperature and hum dity can affect neasured sound |evels, typically
to a much | esser degree than wind. |In the case where the noise
source is on pavenent, such as vehicle eni ssions (See Section 5),
measur enents should not be made unl ess the pavenent is dry; emn ssion
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| evel s may be influenced by up to 2 dB by npoisture on road
surfaces. (26

I n addition, atnospheric absorption can substantially reduce neasured
sound | evels, especially at high frequencies in a | ow tenperature,

| ow-hum dity environnment. As such, it is inportant to use caution
conpari ng neasured data taken under substantially different
tenperature and hum dity conditions, especially when the distance
fromsource to receiver is quite large, or when the sound source is
dom nated primarily by higher frequencies. It is very difficult to
provi de general rul es-of-thunmb, or guidance for quantifying

at nospheri c absorpti on because of the many paraneters invol ved;
however, there are several standards which provide algorithnms for
conputing such effects. (27.2829)

3.3 VEHI CLE- SPEED DETECTI ON UNI T

Measured sound |l evels of transportation-related vehicles are a direct
function of vehicle speed. This section discusses various
instrunents for measuring vehicle speed.

3.3.1 Doppler-Radar Gun

A Doppl er-radar gun may be used to neasure vehicle speed. When using
a radar gun, it should be placed at |east 120 m (400 ft) upstream of
traffic flow, relative to the noi se neasurenent m crophone, and
directed toward the vehicles as they approach the m crophone. This
pl acenent has been shown to minimze effects on traffic fl ow

resulting fromdriver curiosity.®

The radar gun should be positioned at a distance of no greater than
10 m (31 ft) fromthe centerline of the path of the vehicle being
measured. This will ensure that the angl e subtended by the axis of
the radar antenna and the direction of travel of the vehicle will be
| ess than 5 degrees, when the vehicle is at the m crophone pass- by

poi nt, assunming the 120 m of fset di stance nmenti oned above is
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mai ntai ned. The resulting uncertainty in vehicle speed readi ngs, due
to angul ar effects on Doppler accuracy, will not exceed 0.5 kmh
(0.28 m/h) over a speed range from 15 to 110 kmh (10 to 70

m / h). (30

Sone manufacturers now of fer speed guns which are based on | aser
technol ogy. Such units would al so be appropriate for determ ning

vehi cl e speed.

3.3.2 Stopwatch

A stopwatch may be used to determ ne vehicle speed. Cones or
observers at known di stances from one anot her should be positioned
al ong the roadway. A separation distance of at least 15 m (50 ft)
shoul d be maintained. Start/stop the stopwatch at the instants the
vehi cl e reaches the pass-by points. The vehicle's speed is sinply
determ ned by dividing the distance by the neasured tinme period. A
simlar nethod for determ ning vehicle speed could also be used in
conjunction with a video canmera processing a tinme-synchroni zed

di spl ay.

3.3.3 Light Sensor

Li ght sensors may al so be used to determ ne vehicle speed. Position
the light sensors at known di stances from one another along the
roadway. A separation distance of at least 15 m (50 ft) should
be mai ntained. The |light sensors are triggered at the instants the
vehicl e reaches the pass-by points. The triggering of the sensors
typically results in a signal being sent to sonme type of electronic
detector, which in turn is programmed to read and store tinme of day,
or conpute el apsed tinme between pulses froma conmputer or other tinme
base. Light sensor systens are commercially avail able at nost

el ectronic stores. The signal detector system may al so by used to
trigger the start and stop of acoustic data collection.
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3.3.4 Pneumatic Line

Pneumatic lines may al so be positioned at known | ocations from one
anot her along the roadway to determ ne vehicle speed. The pressure
in the pneumatic line increases when a vehicle passes over it,
causing a mechanical switch to close. The vehicle's speed is
determ ned by dividing the known di stance by the neasured tinme
period. The nechanical switches may al so be used to trigger the
start and stop of acoustic data coll ection.

3.4 TRAFFI C- COUNTI NG DEVI CE

For many transportation-rel ated nmeasurenents, the collection of
traffic data, including the |ogging of vehicle types, as defined in
Section 5.1.3, vehicle-type volunes, and average vehicle speed may be
required for: (1) determ nation of site equival ence (See Existing-

Noi se Measurenents in Section 4 and Barrier Insertion Loss
Measurenments in Section 6); or (2) input into a highway traffic noise
predi ction nodel. This section discusses various instrunents for the
counting and classification of roadway traffic, including the use of
a video canmera, counting board, or pneumatic line. |If none of these
instrunents is avail able, meticul ous pencil/paper tabulation should
be used.

3.4.1 Video Canera

A video canera can be used to record traffic in the field and perform
counts off-line at a later tine. This approach, however, would
require strict tinme synchronization between the acoustic
instrumentati on and the canera.

3.4.2 Counting Board
A counting board is sinply a board with three or nore increnenting
devi ces, depending on the nunber of vehicle types. Each device is

manual |y triggered to increment for a given type of vehicle pass-by.
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3.4.3 Pneumatic Line

A pneumatic line may al so be used to determ ne traffic counts. The
pressure in the line increases when a vehicle passes over it, causing
a nmechanical switch to close. The nechanical switch triggers an

i nternal counting nechanismto increment. The di sadvantage of using
a pneumatic line is that the specific vehicle mx, i.e., autonobiles

versus trucks, as well as other vehicle types, is not preserved.

3.5 SPECI AL PURPOSE | NSTRUMENTATI ON

3.5.1 Tachoneter

A tachoneter indicates or neasures the revolutions per mnute of a
revol ving shaft. A tachonmeter may be used to nore conpletely
characterize noise sources, primarily for the purpose of research. A
tachoneter may al so be used for the neasurenent of special equipnent,

e.g., power generators.

3.5.2 Artificial Noise Source

A fixed, artificial noise source, such as a | oudspeaker, may be used
in place of the actual noise source, usually when the actual source
is not available, such as m ght be the case for buil ding noise-
reducti on nmeasurenents (See Section 8). \Where neasurenents using a

| oudspeaker source are to be directly conpared with nmeasurenents made
usi ng the actual noise source, a high-powered omidirectional

| oudspeaker systemis recomended to properly sinulate the direct and

refl ected sounds of the source. (31

The | oudspeaker shoul d produce signals of random noise filtered in
one-third octave-bands. Loudspeaker directional characteristics
shall be such that at 2000 Hz, the free-field radiated signal out to

an angle of 45 degrees shall drop no nore than 6 dB relative to the
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on-axis signal. 1In addition, the | oudspeaker nust supply sufficient
out put for measurenments within the band range of 100 to 4000 Hz. (32

3.5.3 Noise Dosineter

I n accordance with ANSI S1.25-1991(3) and the U S. QOccupati onal

Saf ety and Health Adm nistration (OSHA), a noise dosineter is a smal
device that integrates sound pressure over tine to determ ne a

subj ect’s noi se dose, as a percentage of a manually set maxi mum
criterion determ ned by GOSHA. (8

Simlar to a sound |level nmeter (See Figure 5 in Section 3.1.3.2),
conponents of a noise dosinmeter include: a mcrophone with
preanplifier, an anplifier, A-weighting (See Section 3.1.3.4.2), a
squaring device, slow exponential tinme-averaging (See Section
3.1.3.4.4), an exchange rate of 5 dB, and an output indicator or

di spl ay.

3.6 SUPPORT | NSTRUMENTATI ON

Care should be taken to ensure that all support instrumentation is
conpati ble with the acoustic instrunentation. For exanple,
headphones shoul d have an input inpedance suitable for the recording
instrunentation's output inpedance. In addition, for maxi num power
transfer and m ninmum di stortion, cables used with this equipnment
shoul d have a matchi ng i npedance. Finally, sufficient back-up

equi pnent, such as batteries, chargers, data sheets, floppy

di skettes, etc., should al ways be avail abl e.

3.7 MANUFACTURERS AND VENDORS

The following is a suggested list of sources for the instrunmentation
di scussed in Section 3.4 |t is not an endorsenent by the FHWA, nor
is it nmeant to be conplete, but is intended solely as a guide for
readers.
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3.7.1 Acoustic Instrunentation

3.7.1.1 M crophone System

ACO Pacific, Inc., 2604 Read Avenue, Belmont, CA 94002, (415) 595-8588.
Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Crrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014
OPH UK, 44-1723-891655.

Hew ett - Packard Conpany, P.QO Box 95052-8059, Santa d ara, CA 95052
(800) 333-1917.

Ivie Technol ogies, Inc., 1366 Wst Center Street, Orem UT 84043, (801)
224-1800.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

Lucas CEL Instrunents, 1 Wstchester Drive, MIford, NH 03055, (800)
366- 2966.

Metrosonics, Inc., P.O Box 23075, Rochester, NY 14692, (716) 334-7300
Ono Sokki Technol ogy, Inc., 2171 Executive Drive, Suite 400, Addison, IL
60101, (708) 627-9700.

Quest Technol ogi es, 510 South Wrthington Street, Ccononowoc, W 53066,
(414) 567-9157.

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738.
Zoni ¢ Corporation, 50 West Technecenter Drive, MIford, CH 45150, (513)
248-1911.

3.7.1.2 Recording System

Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Hewl et t - Packard Conpany, P.Q Box 95052-8059, Santa dara, CA 95052
(800) 333-1917.

JVC Company of America, 41 Slater Drive, El mwod Park, NJ 07407, (201)
794- 3900.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.
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Lucas CEL Instrunents, 1 Wstchester Drive, MIford, NH 03055, (800)
366- 2966.

Metrosonics, Inc., P.Q Box 23075, Rochester, NY 14692, (716) 334-7300.
Quest Technol ogi es, 510 South Wrthington Street, Ccononowoc, W 53066,
(800) 245-0779.

Racal Recorders, Inc., 15375 Barranca Parkway, Suite H 101, Irvine, CA
92718, (714) 727-3444.

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738.
Sony El ectronics Inc., 3300 Zanker Road, San Jose, CA 95134, (408) 432-
1600.

TEAC, 7733 Tel egraph Road, Montebell o, CA 90640, (213) 726-0303.

Techni cs, Panasoni ¢ East, 50 Meadow ands Par kway, Secaucus, NJ 07094,
(201) 348-7250.

Tritek, Inc., 155 Mddl esex Turnpi ke, Burlington, NMA 01803, (617) 272-
4550.

Zoni ¢ Corporation, 50 West Technecenter Drive, MIford, CH 45150, (513)
248-1911.

3.7.1.3 Measurenment System

3.7.1.3.1 Gaphic Level Recorder

Briel & Kja Instrunents, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Hew ett - Packard Conpany, P.QO Box 95052-8059, Santa d ara, CA 95052,
(800) 333-1917.

3.7.1.3.2 Sound Level Meter

ACO Pacific, Inc., 2604 Read Avenue, Belnmont, CA 94002, (415) 595-8588.
Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

G rrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014
OPH WK, 44-1723-891655.
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Hew ett - Packard Conpany, P.QO Box 95052-8059, Santa d ara, CA 95052,
(800) 333-1917.

Ivie Technol ogies, Inc., 1366 Wst Center Street, Orem UT 84043, (801)
224-1800.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

Lucas CEL Instrunents, 1 Wstchester Drive, MIford, NH 03055, (800)
366- 2966.

Metrosonics, Inc., P.QO Box 23075, Rochester, NY 14692, (716) 334-7300.
Ono Sokki Technol ogy, Inc., 2171 Executive Drive, Suite 400, Addison, IL
60101, (708) 627-9700.

Quest Technol ogi es, 510 South Wrthington Street, Ccononowoc, W 53066,
(800) 245-0779.

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738.
Tritek, Inc., 155 Mddl esex Turnpi ke, Burlington, NMA 01803, (617) 272-
4550.

Zoni ¢ Corporation, 50 West Technecenter Drive, MIford, CH 45150, (513)
248-1911.

3.7.1.3.3 One-Third Cctave-Band Anal yzer

ACO Pacific, Inc., 2604 Read Avenue, Bel mont, CA 94002, (415) 595-8588.
Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Crrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014
OPH WK, 44-1723-8916565.

Conput ati onal Systens, Inc., 835 Innovation Drive, Knoxville, TN 37932,
(423) 675-2400.

GNlInstruments, 35 Medford Street, Sonerville, MA 02143, (617) 625-4096.
Hewl ett - Packard Conpany, P.Q Box 95052-8059, Santa dara, CA 95052,
(800) 333-1917.

Ivie Technol ogies, Inc., 1366 Wst Center Street, Orem UT 84043, (801)
224-1800.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.
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Lucas CEL Instrunents, 1 Wstchester Drive, MIford, NH 03055, (800)
366- 2966.

Metrosonics, Inc., P.Q Box 23075, Rochester, NY 14692, (716) 334-7300.
Ono Sokki Technol ogy, Inc., 2171 Executive Drive, Suite 400, Addison, IL
60101, (708) 627-9700.

Quest Technol ogi es, 510 South Wrthington Street, Ccononowoc, W 53066,
(800) 245-0779.

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738.
Tektronix, Inc., P.Q Box 500, Beaverton, OR 97077, (503) 627-7111.
Tritek, Inc., 155 Mddl esex Turnpi ke, Burlington, NMA 01803, (617) 272-
4550.

Zoni ¢ Corporation, 50 West Technecenter Drive, MIford, CH 45150, (513)
248-1911.

3.7.1.4 Calibrator

Briel & Kja Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

CGrrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014
OPH WK, 44-1723-891655.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

Metrosonics, Inc., P.Q Box 23075, Rochester, NY 14692, (716) 334-7300.
Scantek, Inc., 916 G st Avenue, Silver Spring, MD 20910, (301) 495-7738.

3.7.1.5 M crophone Sinul ator

Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

3.7.1.6 Pink Noise Generator

Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.
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I vie Technol ogies, Inc., 1366 Wst Center Street, Orem UT 84043, (801)
224-1800.

3.7.1.7 W ndscreen

7.2

. 7.3

Briel & Kja¥ Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

Met eor ol ogi cal I nstrunmentation
Aimatronics Corp., 1324 Mdtor Parkway, Hauppauge, NY 11787, (516) 567-
7300.
Edmund Scientific, Oder Dept., Edscorp Bl dg., Barrington, NJ 08007-
1380, (609) 573-6250.
I ndustrial Instruments & Supplies, P.QO Box 416, County Line Industrial
Par k, Sout hanpton, PA 18966, (215) 396-0822.
Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

R M Young Conpany, 2801 Aero-Park Drive, Traverse Gty, M 49686, (616)
946- 3980.

Robert E. Wite Instrunents, 34 Conmercial Wharf, Boston, MA 02110,
(617) 742-3045.
Viking Instruments, 525 Main Street, S. Wynouth, MA 02190, (800) 325-
0360.

Vehi cl e- Speed Detection Unit
Appl i ed Concepts, 717 Sherman, Suite 300, Richardson, TX 75081, (214)
578-5100.

CM Inc., 316 East N nth Street, Onensboro, KY 42301, (502) 685-6545.
Decatur E ectronics, Inc., 715 Bright Street, Decatur, IL 62522, (217)
428- 4315.

Kustom Signals, Inc., 9325 Pflumm Lenexa, KS 66215, (913) 492-1400.
Laser Technol ogy, Inc., 7399 South Tucson Way, Garden Level B

I ngl ewood, CO 80112, (303) 649-9707.
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Tribar Inc., 1655 Flint Road, Downsview, Ontario, Canada M3J2WB, (416)
736- 9600.

Traf fi c- Counting Device

.1 Video Canera

HB Communi cations Inc., 15 Corporate Drive, P.Q Box 689, North Haven,
CT 06473-0689, (203) 234-9246.

JVC, 14 Slater Drive, E mwod Park, NJ 07407, (201) 794-3900.

Panasoni ¢, One Panasoni ¢ Wy, Secaucus, NJ 07094, (201) 348-7000.
Sony, One Sony Drive, Park R dge, NJ 07656, (941) 768-76609.

Speci al Purpose | nstrunentation

.1 Tachoneter

Briel & Kjag Instruments, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

.2 Artificial Noise Source

CTS of Brownsville Inc., 3555 East 14th Street, Brownsville, TX 78521,
(210) 546-5184.

ESS, 9613 Cates Drive, Sacranmento, CA 95827.

HB Communi cations Inc., 15 Corporate Drive, P.Q Box 689, North Haven,
CT 06473-0689, (203) 234-9246.

Infinity, 9409 Onensnouth Avenue, Chatsworth, CA 91311, (818) 407-0228.
Jano, 425 Huehl Road, Bldg 8, Northbrook, |L 60062, (847) 498-4648.
JBL, 240 OGrossways Park W, WodBury, NY 11797, (516) 496-3400.

Mot orol a, Sheunburg, 1L, (312) 397-1000.

OHM Acoustics, 241 Taaffe Place, Brooklyn, Ny 11205, (718) 783-1111.
Panasoni ¢, One Panasoni ¢ Wy, Secaucus, NJ 07094, (201) 348-7000.
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Phase Technol ogy, 6400 Yougerman G rcle, Jacksonville, FL 32244, (904)
777-0700.

Pi oneer, 737 Fargo Avenue, Elk Gove Village, |IL 60007, (312) 593-2960.
Shure Brothers Inc., 222 Hartrey Avenue, Evanston, |L 60204.

Sonance, 961 Calle Negocio, San denente, CA 92672, (800) 582-7777.
VMPS, |tone, 3429 Morningside Drive, El Sobrante, CA 94803, (415) 222-
4276.

.3 Noi se Dosi neter

Briel & Kja Instrunents, Inc., 2364 Park Central Blvd., Decatur, GA
30035, (800) 332-2040.

G rrus Research p/c, Acoustic House, Bridlington Road, Hunmanby, Y014
CPH WK, 44-1723-891655.

Larson Davis Laboratories, 1681 Wst 820 North, Provo, UT 84601, (801)
375-0177.

Scantek, Inc., 916 G st Avenue, Silver Spring, M 20910, (301) 495-7738.

48



4. EXI STI NG NO SE MEASUREMENTS IN THE VICINITY OF H GHWAYS

This section describes recomended procedures for performng

exi sting-noi se nmeasurenents in the vicinity of highways. EXxisting-
noi se neasurenents include measurenents made either prior to a

hi ghway project, including the construction of a new highway or the
expansi on of an existing one (BEFORE), neasurenents made subsequent
to project conpletion (AFTER), or neasurenents of both the BEFORE-
project and AFTER-project condition. This section does not address
t he assessnent of hi ghway noise barrier performance, which is covered
separately in Section 6. The difference in sound | evels BEFORE a
hi ghway project is started and AFTER it is conpleted, conbined with
the overall |evel associated with the conpl eted project, gives an

i ndi cation of the expected noise inpact. (3

4.1 SITE SELECTI ON
Site selection should be guided by the | ocation of noise-sensitive

recei vers.

4.1.1 Site Characteristics

Site characteristics depend on the purpose of the existing-noise
measurenents: (1) establishing an overall sound | evel for the purpose
of assessing noise inpact of a nearby highway; and (2) establishing a
change in sound level prior to a highway project relative to the

sound | evel upon project conpletion.

4.1.1.1 Overall Sound Level Measurenents

Land-use maps and field reconnai ssance should be used to identify
potential noise-sensitive areas. Schools, hospitals, and churches
are especially sensitive to noise inpacts since they require very | ow
levels to facilitate activity. Noise-sensitive residential areas

shoul d al so be included in a noise-inpact assessnment. When sel ecting

49



potential representative sites for overall sound | evel nmeasurenents,
keep in mnd, that the site should exhibit typical conditions (e.g.,
anbi ent, roadway, and meteorological) for the entire community. It
is recomended that good engi neering judgment be used to sel ect

sites, keeping in mnd the objectives of the study.

4.1.1.2 Change in Sound Level Measurenents
For valid conparison of BEFORE and AFTER sound | evels, equival ence in
site geonetry, nmeteorological, and traffic conditions nust be

est abl i shed.

Equi val ence in site geonetry entails simlar terrain characteristics
and ground i npedance within an angul ar sector of 120 degrees from
all receivers | ooking towards the noi se source. For research

pur poses, equival ence in ground inpedance may be determ ned by
perform ng nmeasurenents in accordance with the ANSI Standard for
measuri ng ground i npedance, schedul ed for publication in the second
hal f of 1996. (3 For nore enpirical studies, or if neasurenents are
not feasible, then the ground for BEFORE and AFTER neasurenments may
be judged equivalent if general ground surface type and conditions,

e.g., surface water content, are simlar.

Equi val ence in nmeteorol ogical conditions includes w nd, tenperature,
hum dity, and cloud cover. Wnd conditions nay be judged equival ent
for BEFORE and AFTER neasurenents if the wind class (See Table 3 in
Section 3.2.1) remai ns unchanged and the vector conponents of the
average wi nd velocity fromsource to receiver do not differ by nore
than a certain limt, which is defined as follows: (1) for an
acoustical error within 1.0 dB and distances |ess than 70 m (230
ft), thislimt is 1.0 mMs (2 m/h); (2) for an acoustical error
within £0.5 dB and di stances less than 70 m (230 ft), at |east four
BEFORE and AFTER neasurenents should be made within the limt of 1.0
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ms (2 m/h). However, these 1.0 nfs limts are not applicable for a
calmw nd class when strong winds with a small vector conponent in
the direction of propagation exist. In other words, BEFORE/ AFTER

measurenments in such instances should be avoi ded. (29

Aver age tenperatures during BEFORE and AFTER neasurenments nmay be
judged equivalent if they are within 14° C of each other. |In certain
conditions, dry air produces substantial changes in sound attenuation
at high frequencies. Therefore, for a predom nantly high-frequency
source (nost sound energy over 3000 Hz), the absolute humdity for
BEFORE and AFTER nmeasurenments should be simlar.

The BEFORE and AFTER acousti cal neasurenmnents should be made under the

same cl ass of cloud cover, as determ ned from Tabl e 4.
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Table 4. Classes of cloud cover. (®

d ass Description
1 Heavi |y over cast
2 Lightly overcast (either with continuous sun or the sun obscured

internmttently by clouds 20 to 80% of the tine)

3 Sunny (sun essentially unobscured by clouds at |east 80% of the
tine)

4 Clear night (less than 50% cl oud cover)

5 Overcast night (50% or nore cloud cover)

Equi val ence in traffic conditions includes the volume and m x of
roadway traffic, as well as spectral content, directivity, and
spatial and tenporal patterns of the individual vehicles. To a
certain degree, non-equivalence in traffic conditions can be factored

out through the use of a reference m crophone (See Section 4.1.2.1).

4.1.2 M crophone Location

When perform ng neasurenents to establish the change in sound |evel,
it is inportant to remenber that m crophone |ocations relative to the
sound source in the BEFORE and AFTER cases should be as close to

i dentical as possible.

4.1.2.1 Reference M crophone

The use of a reference m crophone is strongly recommended for al

exi sting-noi se nmeasurenents. Use of a reference m crophone all ows
for a calibration of measured | evels, which accounts for variations
in the characteristics of the noise source, e.g., traffic speeds,

vol umes, and m xes.

Typically, the reference nm crophone is positioned at a height of 1.5
m(5 ft), and located within 30 m (100 ft) of the centerline of the
near travel |ane at a position which is mnimally influenced by

ground attenuation and atnospheric effects (See Section 3.2).
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However, the specific |ocation of the reference m crophone may be
defined by the location(s) of any noise-sensitive receiver(s) (See
Section 4.1.2.2).

4.1.2.2 Receiver

I n nost situations, study objectives will dictate specific m crophone
| ocations. As such, this section presents a generic discussion of

m crophone | ocations, and assunmes no specific study objectives have

been identifi ed.

Sonetinmes a single, typical residential area near the existing or
proposed hi ghway route can be used to represent other sinm|ar areas.
If traffic conditions or topography vary greatly from one residenti al

area to the next, receivers at many | ocati ons nay be required.

In terms of mcrophone height, 1.5 m (5 ft) is the preferred
position. However, m crophone height(s) should be chosen to
represent all noise-sensitive receivers of interest, i.e., if
mul ti story structures are of interest, including mcrophones at
hei ghts of 4.5 mand 7.5 m (15 ft and 25 ft) nay be hel pful.

Note: For receiver distances greater than 100 m (300 ft) fromthe
source, atnospheric effects have a nuch greater influence on neasured
sound |l evels. (838 | n such instances, precise neteorol ogical data

will be needed to ensure BEFORE and AFTER equi val ence of

met eor ol ogi cal conditions (See Section 3.2).

4.2 NO SE DESCRI PTORS
The equival ent sound |evel (Lpg) should be used to describe
conti nuous sounds, such as relatively dense highway traffic. The

sound exposure level (L), or the maxi mum A-wei ghted sound | evel

with fast time response characteristics (Lan) Should be used to
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descri be the sound of single events, such as individual vehicle pass-
bys. The day-ni ght average sound | evel (Lg) and the community-noise
exposure |level (Lgn) May be used to describe |ong-term noise
environments (typically greater than 24 hours), particularly for

| and-use planning. Note: Once the L,qg and L, noise descriptors are
est abl i shed, other descriptors can be conputed using the mat henati cal
rel ati onshi ps presented in Section 2.

4.3 | NSTRUMENTATI ON (See Section 3)

M cr ophone system (m crophone and preanplifier)

Graphic | evel recorder (optional)

Measur enment/recording i nstrumentation

Cal i brat or

M crophone si nul at or

Pi nk noi se gener at or

W ndscr een

Tri pod

Cabl i ng

Met eor ol ogi cal instrunentation

Vehi cl e- speed detection unit

Traffic-counting device
4.4 SAMPLI NG PERI OD
Di fferent sound sources require different sanpling periods. For
mul ti pl e-source conditions, a longer sanpling period is needed to
obtain a representative sanple, averaged over all conditions.
Typi cal sanpling periods range from2 to 30 mnutes. In special
i nstances where the tenporal nature is expected to vary
substantially, longer sanpling periods, such as 1 hr or 24 hr, may
be necessary. Measurenent repetitions at all receiver positions are
required to ensure statistical reliability of nmeasurenent results. A
m ni mum of 3 repetitions for like conditions is recommended, with 6

repetitions being preferred. Table 5 presents suggested measurenent
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sanpling periods based on the tenporal nature and the range in sound
| evel fluctuations of the noise source. Guidance on judgnment of the
tenporal nature of the source may also be found in ANSI S1.13-1971
and ANS|I S12.9-1988. (1647

Table 5. Sanpling peri ods.

Greatest anticipated range
Tenporal nat ur e
10 dB 10-30 dB >30 dB
St eady * 2 mnutes N A N A
Nonst eady fl uctuating 5 minutes 15 m nutes 30 ninutes
Nonst eady intermttent For at |east 10 For at |east 10 For at |east 10
events events event s
Nonst eady, i npul sive For at |east 10 For at |east 10 For at |east 10
i sol ated bursts events events events
Nonst eady, i npul si ve-quasi - 3 cycles of 3 cycles of 3 cycles of
st eady on/ of f on/ of f on/ of f
* A mnimumof three repetitions is recommended, with 6 repetitions being

preferred.

4.5 MEASUREMENT PROCEDURES
Prior to initial data collection, at hourly intervals
thereafter, and at the end of the measurement day, the entire
acoustic instrunmentation system should be cali brated.
Met eor ol ogi cal conditions (wi nd speed and direction,
tenperature, humdity, and cloud cover) should be docunented
prior to data collection, at a m nimum of 15-m nute intervals,
and whenever substantial changes in conditions are noted.

2. The el ectronic noise floor of the acoustic instrunentation
system shoul d be established daily by substituting the
measur enment m crophone with a dumry m crophone (See Section

3.1.5). The frequency response characteristics of the system
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shoul d al so be determ ned on a daily basis by neasuring and
storing 30 seconds of pink noise froma random noi se gener at or
(See Section 3.1.6).

3. Ambi ent | evels should be measured and/or recorded by sanpling
the sound | evel at each receiver and at the reference
m crophone, with the sound source quieted or renoved fromthe
site. A mninmmof 10 seconds should be sanpled. Note: If the
study sound source cannot be quieted or renoved, an upper limt
to the anmbient |evel using a statistical descriptor, such as
Ly, may be used. Such upper limt anbient |evels should be
reported as “assuned.” Note: Mst sound | evel neters have the
built-in capability to determ ne this descriptor.

4. Sound | evel s should be measured and/or recorded sinultaneously
with the collection of traffic data, including the |ogging of
vehicle types, as defined in Section 5.1.3, vehicle-type
vol unes, and the average vehicle speed. It is often easier to
vi deotape traffic in the field and performcounts at a | ater
time. This approach, of course, requires strict tine
synchroni zati on between the acoustic instrumentation and the

vi deo caner a.

(Not e: Appendi x B provides exanple field-data | og sheets.)

4.6 DATA ANALYSI S

4.6.1 Overall Sound Level Measurement Anal ysis

1. Adj ust neasured |levels for calibration drift (See Section
3.1.4).
2. Adj ust neasured | evels for anmbient (See Section 4.6.3).
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Comput e the nean sound | evel for each receiver by
arithnetically averaging the levels fromindividual sanpling
peri ods.

Perform an assessnent of the averaged sound | evels based on

st udy obj ecti ves.

.2 Change in Sound Level Measurenent Anal ysis
Adj ust nmeasured |l evels for calibration drift (See Section
3.1.4).

Adj ust measured | evels for anmbient (See Section 4.6.3).

For each measurenent repetition of each BEFORE- AFTER recei ver
pair, the noise level difference should be determ ned by
subtracting the difference in adjusted reference and receiver
| evel s for the BEFORE case fromthe difference in adjusted

reference and receiver |levels for the AFTER case:

I:)ifferencei = (I—Aref - I—Arec) - (LBref - LBrec) (dB)
wher e: Difference; is the noise level difference at the ith
receiver;

Lgec @and Ly, are, respectively, the BEFORE and AFTER

adj usted source levels at the ith receiver; and

Lg e and Lae are, respectively, the BEFORE and AFTER

adj usted reference | evels.
Comput e the nean sound | evel for each receiver by

arithnmetically averaging the |levels fromindividual sanpling
peri ods.
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5. Perform an assessnent of the averaged sound | evels based on
study obj ectives.

4.6.3 Anbient Adjustnents

| f measured | evels do not exceed anbient |evels by 4 dB or nore,
i.e., they are masked, or if the levels at the reference m crophone
do not exceed those at the receivers, then those data should be

omtted fromdata anal ysis.

| f measured | evels exceed the anbient |evels by between 4 and 10
dB, and if the levels at the reference m crophone exceed those at the
recei vers, then correct the nmeasured | evels for ambient as follows
(Note: For source |evels which exceed anmbient |evels by greater than
10 dB, anbient contribution becones essentially negligible and no

correction i s necessary):

L =10+ Log,, (10% 7% - 10%75) (dB)

wher e: L. is the anbient-adjusted nmeasured |evel;
L. is the measured | evel with source and anbi ent conbi ned;
and

L, is the anmbient |evel alone.

For exanpl e:

e L. = 55.0 dB

e L, = 47.0 dB

Therefore:

Ladj = 10*] 0910( 10(0.1*55.0)_ 10(0.1*47.0)) = 54.3 dB
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5. VEH CLE NO SE EM SSI ON LEVEL MEASUREMENTS FOR HI GHWAY NO SE
PREDI CTI ON MODELS

This section describes recommended procedures for the nmeasurenent of
vehicl e noi se em ssion |levels. Anong other purposes, em ssion |levels
are required to input user-defined vehicles in the FHM Traffic Noi se
Model (FHWA TNMP). (3 The TNMis used to predict sound levels in the
vicinity of highways and to design hi ghway noise barriers. The
procedures descri bed bel ow are consistent with the nethodol ogy used
during the devel opnent of the Reference Energy Mean Em ssion Leve
(REMEL) Data Base for the FHWA TNM (4 36)

5.1 SITE SELECTI ON

5.1.1 Site Characteristics

To mnimze site specific effects associated with vehicl e-noi se

em ssion | evel neasurenents, it is recommended that between five and
ten unique sites be selected. These sites should possess the
foll ow ng geonmetric characteristics:

. A flat open space free of large reflecting surfaces, such as
par ked vehicles, signboards, buildings, or hillsides, |ocated
within 30 m (100 ft) of either the vehicle path or the

m crophone(s) (See Figure 8).
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Figure 8. Site geoﬁetry.

Ground surface within the measurenent area is free of snow and
representative of acoustically hard, e.g., pavenent, or
acoustically soft, e.g., grass, terrain.

Li ne-of -sight fromthe m crophone(s) to the roadway is
unobscured within an arc of 150 degrees.

Vehicle path, i.e., roadway | ane, is snooth, dry concrete,
dense- graded asphalt, or open-graded asphalt, and free of
extraneous material, such as gravel or road debris.

A predom nant, anbient |evel at the measurenent site is | ow
enough to enable the nmeasurenent of uncontam nated vehicle
pass-by sound levels. Specifically, the difference between the
| owest - anti ci pated, vehicle pass-by, maxi mum A-wei ght ed sound-
pressure |level (L) and the A-weighted anbient |evel, as
measured at the 15-m (50-ft) m crophone, should be at |east 10
dB.

Site is to be |ocated away from known noi se sources, such as
airports, construction sites, rail yards, or other heavily
travel ed roadways.
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. Site is to exhibit constant-speed roadway traffic operating
under cruise conditions at speeds between 15 and 110 km h (10
to 70 m/h) and | ocated away fromintersections, |ane nerges or
any other features that would cause traffic to accelerate or
decel erate, unless, of course, noise em ssion |levels are being
measured for vehicles subject to interrupted-flow traffic or

roadway grade conditi ons.

The above characteristics and parameters are presented for vehicle
noi se em ssion |l evel measurenents in general; Section 5.6.1 presents
specific requirenments and neasurenent paranmeters associated with

i nputting user-defined vehicles in the TNM

5.1.2 M crophone Location

The m crophone system should be placed 15 m (50 ft) fromthe center
of the near travel lane, with the m crophone di aphragm positioned for
grazing incidence, 1.5 m (5 ft) above the plane of the pavenent (See
Figure 8). Additionally, systems may be optimally positioned at

ot her offset distances, e.g., 7.5 and 30 m (25 and 100 ft), for the

pur pose of characterizing nmeasurenent-site drop-off rate.

5.1.3 Vehicle Types

Roadway vehicles are typically grouped into five acoustically
significant types, i.e., vehicles within each type exhibit
statistically simlar acoustical characteristics. These vehicle
types are consistent with the FHMA TNM and are defined as foll ows:
. Aut onpbiles (A): All vehicles having two axles and four tires

and designated primarily for transportation of nine or fewer
passengers, i.e., autonobiles, or for transportation of cargo,
i.e., light trucks. Generally, the gross vehicle weight is

| ess than 4500 kg (9900 I b).
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. Medi um Trucks (MI): All cargo vehicles having two axles and six
tires. Generally, the gross vehicle weight is greater than
4500 kg (9900 Ib) but less than 12,000 kg (26,400 IDb).

. Heavy Trucks (HT): All cargo vehicles having three or nore

axles. Generally, the gross vehicle weight is greater than
12,000 kg (26,400 IDb).

. Buses (B): AIl vehicles having two or three axles and
designated for transportation of nine or nore passengers.

. Mot orcycles (MC): All vehicles having two or three tires with

an open-air driver and/or passenger conpartnment.

One of the primary purposes for perform ng REMEL nmeasurenents is for
t he purpose of characterizing user-defined vehicle types (See Section

5.6.1). Such types may include notor hones or electric cars.

5.2 NO SE DESCRI PTORS

The maxi num A-wei ght ed sound-pressure |level with fast exponenti al
time-averagi ng (L) sShould be used for the devel opnent of vehicle
noi se em ssion level relationships. Additionally, spectral data,

al t hough not required, may be useful during analysis. Specifically,
since TNM conputations are performed in one-third octave-bands, it
may be hel pful to verify consistency with the spectral data currently

in the nodel. (4

5.3 | NSTRUMENTATI ON (See Section 3)
M crophone system (m crophone and preanplifier)
Graphic | evel recorder (optional)
Measurenment/recordi ng i nstrunmentation
Cal i brat or
M cr ophone si nul at or
Pi nk noi se gener at or
W ndscr een
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Tri pod
Cabl i ng
Met eor ol ogi cal instrunentation

Vehi cl e- speed detection unit

5.4 SAMPLI NG PERI OD

The sanpling period for each vehicle pass-by will vary, but should be
chosen to enconpass a tine period such that a mininmnumrise and fall
in the noise-level time-history trace of 6 dB is achieved, with 10 dB
bei ng preferred (See Section 5.4.1). Rise and fall are defined,
respectively, as the difference between Ly, and the m ni mum neasur ed
| evel associated with either the start or end of a given pass-by

(whi chever difference is smaller). This criterion ensures acoustic
quality of the pass-by event, and nmay be determ ned by (1) observing
t he display of the sound |level neter; or (2) exam ning the tine-

hi story chart produced by a Graphic Level Recorder (GLR). A GLR is

the preferred instrunent for establishing event quality.

5.4.1 Event Quality

The event quality for each pass-by should be determ ned during data
measurenent and prior to data analysis. Event quality is
characterized by three type designations (Type 2, 1, or 0).

Events with a rise and fall of the optimm 10 dB or greater are

desi gnated as Type 2, the highest quality event. Events with a rise
and fall of between 6 and 10 dB are designhated as Type 1. Events with
arise and fall of between 3 and 6 dB are desi gnated as Type 0, and
in nost cases should not be used. Events with less than a 3 dB rise
and fall should be discarded.

I n special situations, events in which the ambient is |ess than 10 dB
bel ow the L, and events designated as Type O may be used in the
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anal ysis. More specifically, it may be necessary to relax the 10-dB
anmbi ent requirenment, discussed in Section 5.1.1, to 6-dB. This
situation may occur, for exanple, during the neasurenent of | ow speed
aut onobil es or during the neasurenment of hard-to-find vehicle types,
e.g., buses. The Ly fOr these events nay be corrected for anbient
via energy-subtraction before data analysis as follows:

L= 10%10g,, (10% % - 10%7%) (dB)
wher e: L. is the anbient-adjusted nmeasured |evel;
L. is the measured | evel with vehicle and anbi ent

conbi ned;
and L, is the anbient |evel alone.

For exanpl e:

e L. = 55.0 dB

e L, = 47.0 dB

Therefore:

Ladj = 10*| 0910( 10(0.155.0) _ 1 (0. 1*47.0)) = 54.3 B

Furthernmore, it nay be necessary to use events designated as Type O.
These events may be corrected only if the 10 dB-anbi ent requirenent
is maintained, and as such, the rise and fall of these events can be
attributed entirely to nearby vehicles. This correction is to be
perfornmed by subtracting fromthe neasured L, the sound energy due
to “contam nating” vehicle(s) as follows:
(dB)

where: Ly is nEeiietiednil e 10ve”

L. is the nmeasured |level with vehicle and contam nating

vehi cl e(s) conbi ned,;

and L, is the level due to contam nating vehicle(s) alone.
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This method is only viable if a time-history trace is available. In
such instances, the sound due entirely to a contam nating vehicle can
be estimated through |inear extrapolation (See Figure 9).

rrection for contan nati vehi cl es.
Time

Fi gure 9.

5.4.2 M ninmum Separ ation-Di stance

To ensure negligible contam nation from vehicles other than the

subj ect vehicle, a m nimum separation-di stance between vehicles
shoul d be used during the process of event selection in the field. A
previ ous study(®® has shown that a m ni nrum of 120 m (400 ft) between
simlar vehicles is required to insure that the contam nation from
nearby vehicles is less than 0.5 dB. 1In the case of sequential pass-
bys of unlike vehicles, such as an autonobile foll owed by a heavy
truck, a mninmmof 300 m (985 ft) is required (See Appendix C for

further details).

5.4.3 Recomended Nunber of Sanples

Whil e, the nunber of sanples is sonewhat arbitrary and often a
function of budgetary constraints, a |arger nunmber of sanples wll
result in higher precision and a greater degree of statistical
confidence in the final em ssion levels. Table 6 provides, as a
function of speed, the recommended m ni mum nunber of sanples. These
nunmbers shoul d be considered an absolute m ninum for characteri zing
aut onobi |l es, nmedium trucks, and heavy trucks. However, for nore
obscure vehicle types, such as buses, notorcycles, or notor hones, it
may not be practical to obtain such a significant nunber of sanples.
As a point of relative conparison, 2825 autos, 765 medi um trucks,
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2986 heavy trucks, 355 buses, and 39 notorcycles were sanpled for the
devel opnent of the TNM
Table 6. Recommended m ni mum nunber of sanpl es.

Speed M ni mum Nunber of
Sanpl es
0-10 10
11-20 10
21-30 20
31-40 30
41-50 100
51- 60 200
61-70 100
5.5 MEASUREMENT PROCEDURES
1. The instrunentation should be depl oyed as shown in Figure 10.
A o } ““““““““““““““““ Direction of Travel et &
190 m / m8 Radar
Distance Obssrver/
Marker Instrumentation 120 m 7
¥ 15m
Microphone

Nonogtagre 10. Vehicle em ssions neasurenment plan view.

2. Prior to initial data collection, at hourly intervals
thereafter, and at the end of the measurenent day, the entire
acoustic instrunmentation system should be cali brated.

Met eor ol ogi cal conditions (w nd speed and direction,
tenperature, humdity, and cloud cover) should be docunented
prior to data collection, at a m nimum of 15-m nute intervals,

and whenever substantial changes in conditions are noted.
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The el ectronic noise floor of the acoustic instrunmentation
system shoul d be established daily by substituting the

measur enment m crophone with a dumry m crophone (See Section
3.1.5). The frequency response characteristics of the system
(if applicable) should also be determ ned on a daily basis by
measuring and storing 30 seconds of pink noise froma random

noi se generator (See Section 3.1.6).

| f applicable, calibration of the Doppler radar should be
periodically checked in the field for accuracy and
functionality, using a calibrated tuning fork, and the unit's

“internal circuit test"” capability, if avail able.

Ambi ent | evels should be measured and/ or recorded by sanpling
t he sound | evel at each receiver with the sound source quieted
or renoved fromthe site. A mninmmof 10 seconds should be
sanpled. Note: |If the study sound source cannot be quieted or
renoved, an upper limt to the ambient |evel using a
statistical descriptor, such as Lg, may be used. Such upper
limt anbient |evels should be reported as “assunmed.” Note:
Most sound | evel neters have the built-in capability to

determ ne this descriptor.

A m ni mum of two operators are necessary for logging all field
data: a vehicle observer and an acoustic observer. For each
pass-by event the foll owi ng data shoul d be | ogged: site nunber,
event nunber, vehicle class, vehicle speed, maxi mum A-wei ght ed
sound |l evel (Lanw), spectral data (if desired), neteorol ogica

conditions, and any observed anomalies or extraneous sounds.

A potential pass-by event is identified when the vehicle
observer confirms that the m ni mum separation-di stance
criterionis met. Note: Orange highway cones nmay be positioned
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120 m (394 ft) upstreamfromthe observers’ station to aid in
identifying potentially acceptable events.

7. After the vehicle passes the observers' station, the acoustic

observer shoul d begin data capture.

8. After the vehicle passes the m crophones and before subsequent
vehi cl es approach, the acoustic observer should end data
capture. Note: If the subject vehicle's speed varied by nore
than 3 knmih (2 m/h) and/or acoustic contam nation was
observed, the pass-by event should be omtted fromlater data

anal ysi s.

(Note: Appendi x B provides exanple field-data | og sheets.)

5.6 DATA ANALYSI S
Adj ust Lpe for calibration drift (See Section 3.1.4).

2. Merge L data and correspondi ng vehicle information, including
speed data, into a single file for subsequent analysis, and
devel opnent of REMEL regression equations. A spreadsheet-
conpatible file is recommended. Note: It is extrenely
i nportant not to exclude sanpl es which appear to be outliers
(e.g., sanples neasured for extrenely loud vehicles) in the
data set. Due to the nature of the field neasurenent
procedures, specifically the use of the m ni num separati on-

di stance criteria, the data collected are truly representative

of a random sanpl e.

5.6.1 Devel opnent of REMEL Regression Equations

The FHWA's Traffic Noi se Model (FHWA TNMP) used for noise prediction
and barrier analysis and design allows the user to input user-defined
vehicles. However, it is anticipated that the capability to input
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user-defined vehicles in the FHWA TNM wi || not be used for entering
state-specific em ssion |levels. Based on work perfornmed by the Vol pe
Center, (® there is no indication of a need or justification for

devel opi ng state-specific REMELs at this time. Until the design of

hi ghway vehicles change increnentally, or regulatory requirenents
warrant | ower noi se em ssion |evels, devel opnent of state-specific

REMELs i s unnecessary.

However, the user-defined-vehicle capability in the FHM TNM i s

i ntended for describing vehicles which differ significantly from
aut onobi | es, medium trucks, heavy trucks, buses, or notorcycles
(e.g., notor homes or electric cars). Unique vehicles should be
measured under the follow ng reference conditions: constant-flow
roadway traffic; |evel grade; and dense-graded asphaltic concrete or

Portl| and-cenent concrete.

The first step in defining a user-defined vehicle is to develop the

| evel -nean em ssion | evel equation. To develop the equation, the
measured L, data should be regressed as a function of vehicle speed
for each vehicle type. This can be done with any commercially
avai l abl e statistical analysis program The functional formof the

regressi on equation is as foll ows:

L(s) = C + [A*l 0g,0s + B]

= 10*| 0910[ 10910 + 10(A*Iogs+B)/lO]

= 10*| 0og,of 10910 + s~ 10108/ 10] (dB)
For exanpl e:
« C = 50. 128316
* S = 65 km' h
e A = 41. 740807
B = 1.148546
Therefore:
L(65 kn? h) = 10*| 0g,o( 10(50-128/10) + §5(41.741/10)* 1 (1. 149/10)) = 76, 8 dB
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I n the above equation, L(s) is expressed in terns of the logarithmto
the base 10 of the coefficient, C, (the engine/ exhaust coefficient,
whi ch is independent of vehicle speed); and, A*log,(s) + B (the
tire/ pavenent-term which increases with increasing speed, s). The

graphical formon a logarithmc plot of L(s) is illustrated in Figure
11 bel ow

Sound Level [dB)

c
Engine/Exhaust Noise

Venicle Speed
Figure 11. Graphical formof the FHM TNM regressi on equati on.

The | evel -nean em ssion | evel equation is then adjusted upward by a
fixed value, which is a function of the relationship between the

| evel -nean regression and the individual Lu, values, to devel op the
energy-mean em ssion | evel equation. In previous REMEL studies, the
adj ustment from |l evel -nean to energy-nmean was conputed using 0.115F2
where F is the standard error of the regression. However, due to

the potentially non-Gaussian distribution of the |evel-nean data
about its level-nean regression (the 0.115F? adj ustnment assunes a
Gaussi an distribution), the followi ng equation is used to conpute the
| evel -nean to energy-nmean adjustnment factor:

)E = 10*l og4[ (1/n) ERE] - (1/n)ERL, (dB)
For exanpl e:
e n = 327
« ERE (i=1 ton) = RE + RE, + ... + RE;, = 378.768351
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e« ERL, (i=1to n) = RL, + RL, + ... + RLj3,; = -3.761481
Ther ef or e:

)E

10*1 0gyo[ (1/n) ERE] - (1/n)ERL = 0. 649762

In the above, the RL; values represent the |evel residuals, which are
equi val ent to the value of each data point, i, at its correspondi ng
speed, s, mnus the value of regression at s; RE values represent
the energy residuals, which are equivalent to

DLH@HE; and n represents the total nunber of data sanples.

This )E adjustnment is then added to both the engi ne/ exhaust term and
the tire/pavenment termof the L(s) equation, i.e., the C and B

coefficients, as foll ows:

LE( S) - 10*| 0910[ 10(C+)E)/10 + SA/ 1010(B+)E)/10] (dB)

From t he above energy-nean em ssion-1evel regression equation, four
i nput paraneters are required to specify a user-defined vehicle type
in the FHWA TNM (1) a mininmum |l evel (the C coefficient plus )E);
(2) a reference level (the em ssion level at 80 kmh or 50 m/h); (3)
the slope (the A coefficient); and (4) a |like vehicle type. A like
vehicle type is the FHM TNM vehicle type to which the user-defined
type is nost simlar. |In determning a like vehicle type, the
factors to be considered are listed in order of inmportance as
foll ows: estimated subsource heights; estinmated accel eration
characteristics; and estimted, one-third octave-band frequency
spectrum (34

6. H GHWAY BARRI ER | NSERTI ON LOSS MEASUREMENTS

This section describes recomended procedures for the nmeasurenent of

hi ghway noi se barrier insertion loss. |Insertion loss is defined as
the difference in sound | evel at a receiver location with and w t hout
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t he presence of a noise barrier, assum ng no change in the sound
| evel of the source.

The procedures described in this section are in accordance with ANSI
S12. 8-1987,(® which provides three nethods to determne the field
insertion |oss of noise barriers: (1) "direct"” BEFORE/ AFTER
measurenent; (2) "indirect" BEFORE neasurenent at an equival ent site;
and (3) "indirect" predictions of BEFORE | evels.

The "direct" BEFORE/ AFTER net hod requires perform ng nmeasurenents at
a site before the barrier has been constructed to determ ne "BEFORE"
| evel s, and another set of neasurenents at the same site after
construction to determ ne "AFTER' | evels. The advantage of using
this method is that it insures identical site geonetric
characteristics. However, the disadvantages are that equival ent

met eor ol ogi cal and traffic conditions may not be reproducible.

The "indirect"” BEFORE nethod requires perform ng neasurenents at a
site with a barrier to determ ne "AFTER" | evels, and anot her set of
measurenents at an "equivalent" site without a barrier to determ ne

equi val ent "BEFORE" | evel s.

A site may be judged equivalent if geonetric, atnospheric, and
traffic conditions are determned to be essentially identical for the
BEFORE case as conpared with the AFTER case. CGeonetric equival ence
refers to the terrain characteristics and ground i npedance at the
site. Atnospheric equivalence refers to tenperature, humdity, and
wi nd speed and direction (See Section 6.1.1). Traffic equival ence

refers to vehicle type and m x.

The BEFORE and AFTER cases for the “indirect” BEFORE net hod should be
studi ed sinultaneously, if possible. |In other words, the ideal
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situation is to make BEFORE and AFTER measurenents sinmultaneously at
adj acent | ocations. The primary advantage to using this nmethod is
that it insures essentially the same neteorol ogical and traffic
conditions. The difficulty is that an adjacent equivalent site may
not al ways be available. |f an adjacent equivalent site is

avai l able, then this nmethod is preferred.

The "indirect” prediction nethod requires perform ng neasurenents at
a site with a barrier to determ ne AFTER | evel s, and using a hi ghway-
traffic, noise-prediction nodel, such as the Federal Hi ghway

Adm nistration's Traffic Noise Mddel (FHWA TNMP), to predict sound

| evel s at an equivalent site without a barrier. This method is

inherently the | east accurate of the three nmethods presented herein.

6.1 SITE SELECTI ON
Site selection for all three neasurenment nethods is guided by site

geonetry, and the |ocation of noise-sensitive receivers.

6.1.1 Site Characteristics
For valid conparison of BEFORE and AFTER sound | evels, equivalence in
site geonetry, neteorological, and traffic conditions nust be

est abl i shed.

Equi val ence in site geonetry entails simlar terrain characteristics
and ground i npedance within an angul ar sector of 120 degrees from al
receivers |l ooking towards the noise source. For research purposes,
equi val ence in ground i npedance may be determ ned by performng
measurenents in accordance with the ANSI Standard for neasuring

ground i npedance schedul ed for publication in the second half of
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1996. (3  For nore enpirical studies, or if measurenents are not
feasi ble, then the ground for BEFORE and AFTER neasurenments my be
j udged equivalent if general ground surface type and conditions,

e.g., surface water content, are simlar.

Equi val ence in nmeteorol ogi cal conditions includes w nd, tenperature,
hum dity, and cloud cover. Wnd conditions may be judged equival ent
for BEFORE and AFTER neasurenents if the wind class (See Table 3 in
Section 3.2.1) renmains unchanged and the vector conponents of the
average w nd velocity fromsource to receiver do not differ by nore
than a certain limt, which is defined as follows: (1) for an
acoustical error within 1.0 dB and distances |ess than 70 m (230
ft), this limt is 1.0 ms (2 m/h); (2) for an acoustical error
within £0.5 dB and di stances less than 70 m (230 ft), at |east four
BEFORE and AFTER neasurenents should be made within the limt of 1.0
ms (2 m/h). However, these 1.0 ms limts is not applicable for a
calmwi nd class when strong winds with a small vector conponent in
the direction of propagation exist. |In other words, BEFORE/ AFTER
measurements in such instances shoul d be avoi ded. (29

Aver age tenperatures during BEFORE and AFTER neasurenments may be
judged equivalent if they are within 14° C of each other. Also, in
certain conditions, dry air produces substantial changes in sound
attenuation at high frequencies. Therefore, for a predom nantly

hi gh-frequency source (nost sound energy over 3000 Hz), the absolute
hum dity for BEFORE and AFTER neasurenents should be sim|ar.

The BEFORE and AFTER acousti cal neasurenents should be made under the

same class of cloud cover (See Table 4 in Section 4.1.1.2).

Equi val ence in traffic conditions includes the nunber and m x of

roadway traffic, as well as spectral content, directivity, and
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spatial and tenporal patterns of the individual vehicles. To a
certain degree, non-equivalence in traffic conditions can be factored
out through the use of a reference m crophone (See Section 6.1.2.1).

6.1.2 M crophone Location

6.1.2.1 Reference M crophone

The use of a reference mcrophone is strongly recomrended for al
barrier insertion | oss neasurenents. Use of a reference m crophone
allows for a calibration of neasured |evels, which accounts for
variations in the characteristics of the noise source, e.g., traffic
speeds, volunes, and m xes. |In nost cases, a reference m crophone is
pl aced between the noi se source and ot her measurement m crophones at
a height of 1.5 m (5 ft) directly above the barrier (See Figure 12),
and at a distance fromthe sound source sufficient to mnim ze near-
field effects. Typically, a mninmum standard distance of 15 m (50
ft) fromthe noise source is used. |If the barrier is |located |ess
than 15 mfromthe source, the reference m crophone should be placed
at a distance of 15 mfromthe noise source, but at a height such
that the line of sight between the m crophone and the ground pl ane
beneath the source is at |east 10° (See Figure 13). This location
should remain the sanme for all nmeasurenents, including nmeasurenents
at the equivalent site, where the barrier is not present.

i
Refarence - -+ !
Microphane 15m |
|
|

Not to Scale

Figure 12. Reference m crophone-position 1.
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Refaranse
Mic-ophota

Naotto Seale |

Figure 13. Reference nicrophone-bosition 2.

6.1.2.2 Receiver

I n nost situations, study objectives will dictate specific m crophone
| ocations. As such, this section presents a very generic discussion
of m crophone | ocati ons, and assumes no specific study objectives

have been identifi ed.

Cenerally, it is useful to position m crophones at offset distances
fromthe barrier which corresponds to increnental doublings of
di stances (e.g., 15, 30, and 60 m[50, 100, and 200 ft]). Often
ti mes measurenent sites are characterized by drop-off rates as a
function of distance doubling.

|
In terms of m crophone height, 1.5 m (5 ft) is hhe preferred

am

position. ~If|rmulti-storly str res are of int%rest, i ncl udi ng
6 n1£10 ft and 20 ft) may be
r [—\

ibhck ophone heisght s shggdl d be chosenite; enconpass all noi se-

m crophonég af

hel pful .

sensitive receivers of intere?EZ(See Figure 14),

k—som— |

||< BO rn

Nol 1o Scale
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Figure 14. Receiver positions.

For the purpose of determ ning barrier insertion loss, it is

i mportant to renmenber that m crophone |ocations relative to the sound
source in the BEFORE and AFTER cases must be identical. There nmay be
i nstances when receivers are placed on the Iawns of homes within the

community adjacent to a noise barrier.

Not e: For receiver distances greater than 100 m (300 ft) fromthe
source, atnospheric effects have a nuch greater influence on nmeasured
sound |l evel s. (838 | n such instances, precise nmeteorological data

wi Il be needed to ensure BEFORE and AFTER equi val ence of the

nmet eor ol ogi cal conditions (See Section 3.2).

6.2 NO SE DESCRI PTORS

The equi val ent sound | evel (Lpg) should be used to describe

conti nuous sounds, such as relatively dense highway traffic. The
sound exposure level (L), or the maxi mum A-wei ghted sound | evel

with fast tinme response characteristics (Lan), Should be used to
descri be the sound of single events, such as individual vehicle pass-
bys. The day-ni ght average sound |evel (Ly,) and the comrunity-noise
exposure | evel (Lg, may be used to describe |long-term noise
environnents (typically greater than 24 hours), particularly for

| and-use planning. Note: Once the L,g and L,y noise descriptors are
est abl i shed, other descriptors can be conputed using the mathemati cal

rel ati onshi ps presented in Section 2.

6.3 | NSTRUMENTATI ON (See Section 3)
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M crophone system (m crophone and preanplifier)
Graphic | evel recorder (optional)
Measur enment/recording i nstrunmentation
Cal i brat or

M cr ophone si nul at or

Pi nk noi se gener at or

W ndscr een

Tri pod

Cabl i ng

Met eor ol ogi cal instrunentation
Vehi cl e- speed detection unit

Traffic-counting device

6.4 SAMPLI NG PERI ODS

Di fferent sound sources require different sanpling periods. For

mul ti pl e-source conditions, a longer sanpling period is needed to
obtain a representative sanple, averaged over all conditions.

Typi cal sanpling periods are 15 mnutes, 1 hr and 24 hr. Measurenent
repetitions at all receiver positions are required to ensure
statistical reliability of measurenment results. A mininmmof three
repetitions for like conditions is recommended, with six repetitions
bei ng preferred. Table 5 in Section 4.4 presents suggested

measur enent sanpling periods based on the tenporal nature and the
range in sound |level fluctuations of the noise source. Guidance on
judgnment of the tenporal nature of the source may al so be found in
ANS| S1.13-1971 and ANSI S12.9-1988. (1647

6.5 MEASUREMENT PROCEDURES
The follow ng steps apply for all nethods except the BEFORE
predictions for the "indirect predicted” method, which is discussed

separately in Section 6.5. 1.
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Prior to initial data collection, at hourly intervals
thereafter, and at the end of the nmeasurenment day, the entire
acoustic instrunmentation system should be cali brated.

Met eor ol ogi cal conditions (w nd speed and direction,
tenperature, humdity, and cloud cover) should be docunented
prior to data collection, at a m ni mum of 15-m nute intervals,

and whenever substantial changes in conditions are noted.

The el ectronic noise floor of the acoustic instrunmentation
system shoul d be established daily by substituting the

measur enment m crophone with a dumry m crophone (See Section
3.1.5). The frequency response characteristics of the system
shoul d al so be determ ned on a daily basis by nmeasuring and
storing 30 seconds of pink noise froma random noi se gener at or
(See Section 3.1.6)

Ambi ent | evels should be nmeasured and/ or recorded by sanpling
the sound | evel at each receiver and at the reference

m crophone with the sound source quieted or renoved fromthe
site. A mninmmof 10 seconds should be sanmpled. Note: If the
study sound source cannot be quieted or renoved, an upper limt
to the anbient |evel using a statistical descriptor, such as
Lo, ey be used. Such upper Ilimt anmbient |evels should be
reported as “assuned.” Note: Mst sound | evel nmeters have the

built-in capability to determ ne this descriptor.

Sound | evels should be measured and/or recorded sinultaneously
with the collection of traffic data, including the |ogging of
vehicle types, as defined in Section 5.1.3, vehicle-type

vol unes, and the average vehicle speed. It is often easier to
vi deotape traffic in the field and performcounts at a later

time. This approach, of course, requires strict tine
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synchroni zati on between the acoustic instrumentation and the

vi deo caner a.

(Note: Appendi x B provides exanmple field-data | og sheets.)

6.5.1 Predicted BEFORE | evels for the "Indirect Predicted"
Met hod
1. Performthe data collection for the AFTER case according to

Section 6.5.

Usi ng the neasured traffic data and the observed site data,

i nput the necessary information into a hi ghway-noise prediction
nodel , such as the FHWA TNM to conpute BEFORE | evels at the
reference position and at each receiver position. It is
possi bl e that nodeled | evels at the reference position may
differ substantially in the BEFORE case, as conpared with the
measured AFTER case. |In such instances, the difference
observed at the reference m crophone shall be used as a
calibration factor for all other measurenent positions (See
Section 6.6).

DATA ANALYSI S

For valid conparisons of BEFORE and AFTER neasured | evels, the
equi val ence of neteorol ogical conditions, i.e., wnd,
tenperature, humdity, and cloud cover, should be established
(See Section 6.1.1). It is assuned that equival ence of site
paranmeters, such as terrain characteristics and ground

i npedance, were established prior to perform ng nmeasurenents.
Sanpling periods in which equival ence cannot be established

shoul d be excluded from subsequent anal ysi s.
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2. Adj ust measured | evels for calibration drift (See Section

3.1.4).
3. Adj ust measured | evels for anmbient (See Section 6.6.1).
4. Adj ust nmeasured |l evels for the reflection and/ or edge-

diffraction bias adjustnent (See Section 6.6.2).

5. Conpute the barrier insertion |loss or |ower-bound to insertion

| oss for each source-receiver pair (See Section 6.6.3).

6. Compute the nean barrier insertion |loss by arithnmetically
averaging the insertion | oss values fromindividual sanpling

peri ods.

7. Perf orm an assessnent of nean insertion | oss val ues based on
st udy obj ecti ves.

6.6.1 Anbient Adjustnents
| f measured | evels do not exceed anbient |levels by 4 dB or nore, or
if the levels at the reference m crophone do not exceed those at the

receivers, then the barrier insertion | oss cannot be determ ned.

| f measured | evels exceed the anbient |evels by between 4 and 10 dB,
and if the levels at the reference m crophone exceed those at the
receivers, then measured |evels nust be corrected for anbient as
foll ows (Note: For sound | evels which exceed anmbient |evels by
greater than 10 dB, anbient contribution becones essentially

negligi ble and no correction is necessary):

Ec

L yy=10%Log,, (1077 - 10%75) (dB)
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wher e: L.y IS the anbient-adjusted measured |evel;
L. is the neasured |level with source and anbi ent conbi ned;
and

L, is the anmbient |evel alone.

For exanpl e:

e L. = 55.0 dB

e L, = 47.0 dB

Ther ef ore:

L agj = 10*1 0gyo( 100 1755-0-10(0-1747.00) = 54,3 dB

6.6.2 Reflections and/or Edge-Diffraction Bias Adjustnent

Due to multiple reflections between source and barrier and/or edge
diffraction at the top of a barrier, a 0.5 dB correction factor to
reference m crophone sound | evels in the AFTER case may be appli ed.
Good engi neering judgnment, based on repeatability through

measur enents, should be used to determ ne the magni tude and necessity
of this correction. For exanple, if for several runs (i.e., greater
than six), a consistent repeatable difference at the reference

m crophone position in the BEFORE and AFTER case occurs, and it can
be proven that the traffic during both cases were equival ent, then
the difference can be attributed to edge diffraction effects. The
edge diffraction correction factor will be a negative value which is
added directly to the sound | evel nmeasured at the reference

m crophone in the AFTER case (See Section 6.6.3).(223) Note: Larger
corrections due to parallel barriers may be necessary.

6.6.3 Insertion Loss
For each nmeasurenent repetition and each BEFORE/ AFTER pair, the

insertion loss, or its |ower bound, should be determ ned by

subtracting the difference in adjusted reference and receiver |evels
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for the BEFORE case fromthe difference in adjusted reference and
receiver levels for the AFTER case:

II—i = (I—Aref + I—edge - I—Arec) - (LBref - LBrec) (dB)

wher e: IL, is the insertion loss at the ith receiver;
Lg et and Lae are, respectively, the BEFORE and AFTER
adj usted reference | evels;
Leage 1S the edge diffraction correction factor (See
Section 6.6.2);
Lgec and Ly are, respectively, the BEFORE and AFTER
adj usted source levels at the ith receiver.

For exanpl e:

* Laer = 78.2 dB
* Ledge = -0.5 dB
e Ly at receiver 1= 56.3 dB

* Lgoes = 77.7 dB
* Lge at receiver 1= 65.0 dB
Ther ef ore:

IL, = (78.2-0.5-56.2)-(77.7-65.0) = 21.5-(12.7) = 8.8 dB

The | ower bound to barrier insertion loss is the value reported when
anmbi ent | evels are not directly nmeasured w thout the sound source,

i.e., “assuned” anbient.

"Not e: There are several useful rules-of-thunmb for estimating noise
barrier insertion loss. |If the line-of-sight is broken by the
barrier between the source and the receiver, barrier insertion |oss
is typically 5 dB. For each additional 1 m (3 ft) of barrier height
beyond the |ine-of-sight blockage, an increase in barrier insertion

|l oss of 1.5 dB can be considered typical. Noise barriers are usually

Rul e- of - Thunb
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designed with an insertion |loss goal of 10 dB in mnd. Actual
barrier insertion | osses of between 6 and 8 dB are quite conmon.

“In addition, insertion |loss due to buildings is dependent on the
amount of gap, or opening, between buildings in the sanme row.
Typically, 4.5 dB attenuation is attainable for the first row of
bui | di ngs, and an additional 1.5 dB for each subsequent row, up to a

maxi nrum of about 10 dB.

Al so, to achieve any substantial anmount of attenuation due to
foliage, such as trees and bushes, foliage nust be at |east 30 m (100
ft) deep and dense enough to block the line-of-sight. Typically, as
much as 5 dB attenuation is attainable. (2039

6.7 PARALLEL NO SE BARRI ERS

One of the consequences of noise barrier construction on one side of
a roadway, is the possibility of noise reflecting to the opposite
side of the roadway. Increases in sound |evel due to a single
reflection can practically range fromO0.5 to 1.5 dB, with a

t heoretical increase of 3 dB when 100 percent of the sound energy is
reflected. A 3 dB increase is generally just slightly perceptible to
t he human ear.

Al t hough the overall sound |evel increase due to reflections off a
single barrier may not be readily perceptible, the frequency of the
reflected sound may alter the signature of the source as perceived by
residents on the opposite side of the road. This change in the
general character of the sound may be perceptible, although no

concl usi ve research has been done in this area.

However, construction of barriers on both sides of the highway may

not solve this potential problem Sound reflected between both
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barriers may cause degradations in each barrier’s perfornmance
anywhere from2 to as nuch as 6 dB, i.e., a single reflective barrier
with an insertion loss of 10 dB nay only realize an effective
reduction of 4 to 8 dB if another reflective barrier is placed

parallel to it on the opposite side of the highway.

There are several nmethods used to mnimze the reflections from

single barriers and reflections between parallel barriers:

. For parallel barriers, ensure that the distance (w dth) between
the two barriers is at least 10 tinmes their average hei ght
relative to the roadway el evation (w dth-to-height ratio or wh

ratio).

In recent studies,(?22% it was determ ned that as the wh ratio
i ncreases, the insertion | oss degradation tends to decrease.
This decrease was attributed to: (1) the decrease in the nunber
of reflections between the barriers; and (2) the weakeni ng of
the reflections due to geonetrical spreading and atnospheric
absorption. Table 7 provides a guideline of three, general wh
rati o ranges and the corresponding barrier insertion-|oss

degradation (),) that can be expected.

Table 7. Guideline for categorizing parallel barrier sites
based on the w dth-to-height ratio.

w h Ratio Maxi mum ), Recomrendat i on
in dB(A)
Less than 10:1 3 or greater Action required to

m ni m ze degradation

10:1 to 20:1 0to 3 Degradati on acceptable in
nost i nstances

Geater than 20:1 No neasurabl e degradation No action required
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Apply acoustically absorptive material on either one or both
barrier facades. Absorptive treatnment nmay be categorized by

t he anount of incident sound that a barrier absorbs.

Currently, the Noise Reduction Coefficient (NRC) is the neasure
of choice. NRC is defined as the arithmetic average of the
Sabi ne absorption coefficients, "g, at 250 Hz, 500 Hz, 1000

Hz, and 2000 Hz. Measurenents to determne the "¢, of a facade
shoul d be made in accordance with the American Soci ety of
Testing and Materials (ASTM Recommended Practice C 423-90a
(Reverberati on Room Met hod).(“® An alternative nethod for
conputing the NRC is to deternmi ne the absorption coefficients
usi ng ASTM Recommended Practice C384-95a (I npedance Tube

Met hod) . ) The Reverberati on Room nmet hod provi des a neasure of
mat eri al absorption for randomy incident sound while the

| npedance Tube nethod provides a nmeasure of absorption for
normal incident sound. Typically, the reverberation room

met hod i s used for determ ning NRC.

NRC val ues theoretically range fromO to 1, where 0 indicates
that the barrier will reflect all the incident sound, and 1

i ndicates that the barrier will absorb all the incident sound.
However, very often when a material is tested in a
reverberation room (ASTM C423-90a), NRC val ues higher than 1
may be conputed. This is the result of an anomaly in the test
procedure. To correct for this anomaly, and, in turn, obtain a
meani ngf ul NRC, the four absorption coefficients should first
be nornmalized such that the highest one is equivalent to 1.0,
and the factor that was applied to the highest one should then,
in turn, be applied to the remaining three coefficients.

Typi cal NRC val ues for an absorptive barrier range fromO0.6 to
0.9.
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. Tilt one of the barriers outward away fromthe road. Previous
research has shown that an angle as small as 7 degrees is quite
effective at m nimzing degradations. Y Note: This nmethod
must consider structures higher than the opposite barrier.

Hi gh structures nmay be adversely affected by the reflected
sound.

6.8 NO SE BARRI ER SOUND TRANSM SSI ON CLASS
A barrier may be described by the ambunt of noise it transmts, i.e.,

its Sound Transm ssion Class (STC). Measurenents to determ ne the

STC of a section of a barrier should be made i n accordance with ASTM
Recommended Practice E 413-87. (42

Usually it is assunmed that the sound transmtted through a barrier is

the sound transmtted is at | east 20 dB below that diffracted. Most

negligible relative to that which is diffracted over the top, i.e.

state transportation agencies specify a mninmum STC for barriers
constructed within their state.
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7. CONSTRUCTI ON EQUI PMENT NOI SE MEASUREMENTS FOR HI GHWAY- RELATED
PRQIECTS

This section describes recommended procedures for the nmeasurenent of
hi ghway constructi on equi pment noise. The results of these
measurenents can be used to assess the potential noise inpact of a

construction site associated with a highway-rel ated project.

Hi ghway construction site activity consists of several generic
phases, including nobilization, clearing and gradi ng, earthwork,
foundati ons, bridge construction, base preparation, paving, and
cl eanup. Thus, any noise inpact due to a construction site is

actually conposed of contributions fromeach of these phases. (43

The noi se | evel associated with a particular construction phase is
determ ned by first measuring the | evels of individual equipnent,

t hen summ ng the individual contributions over a particular tinme
period. The types and nunbers of construction equipnment, and the
amount of time specific equipnment operate in different nodes are a

direct function of the construction phase.

For the procedures described herein, each type of construction

equi pnrent will be characterized by up to four nodes of operation as
appropriate: (1) the equipnent is stationary in a passive operation
node ( STATI ONARY- PASSI VE, e.g., a bulldozer at idle); (2) the

equi pnent is stationary in an active operation node (STATI ONARY-

ACTI VE, e.g., a bulldozer lifting earth, debris, etc.); (3) the

equi pmrent is noving to another area within a site but is not actively
perform ng project-related activities (MOBILE-PASSIVE); and (4) the
equi pnment is nobile in an active operation node (MOBILE-ACTIVE, e.g.,

a bull dozer noving while pushing earth, debris, etc).
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7.1 SITE SELECTI ON

7.1.1 Site Characteristics

I n determ ning overall noise |evels associated with a particular

construction site, the first step is to establish reference noise

em ssion |levels for each type of construction equi pnent operating in

each of the above four nodes. As such, the general site
characteristics for determ ning reference noise em ssion |evels for
construction equi pnent are sonewhat simlar to those presented in

Section 5.1.1 for determ ning noise em ssions for highway vehicl es.

These characteristics are as foll ows:

. A flat open space free of large reflecting surfaces, such as
par ked vehicles, signboards, buildings, or hillsides, |ocated
within 30 m (100 ft) of either the construction equipnent’s
path (if measurenents of nobile operations are being
perfornmed), its stationary position (if appropriate), or the
m crophone(s).

. The ground surface within the measurenent area is free of snow
and representative of acoustically hard, e.g., pavenent, or
acoustically soft, e.g., grass, terrain.

. The line-of-sight fromthe m crophone(s) to the construction
equi pment bei ng nmeasured unobscured within an arc of 150
degr ees.

. A predom nant, anbient |evel at the neasurenent site | ow enough
to enabl e the neasurenent of uncontam nated vehicl e pass-by
sound |l evels. Specifically, the difference between the | owest-
antici pated, vehicle pass-by, maxi rum A-wei ghted sound- pressure
| evel (Lay) and the A-wei ghted anbient |evel, as neasured at
the 15-m (50-ft) m crophone, should be at |east 10 dB.

. The site to be | ocated away from known noi se sources, such as
airports, construction sites, rail yards, or heavily travel ed
roadways, if possible.
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7.1.2 M crophone Location

M crophones should be positioned at a height of 1.5 m (5 ft) above
ground |l evel (AQ), and placed at a distance of 15 m (50 ft)

per pendi cul ar to the equi pnent’s typical operating location (for
STATI ONARY- PASSI VE and STATI ONARY- ACTI VE oper ati ng nodes), and

typi cal operating path (for MOBILE-PASSI VE and MOBI LE- ACTI VE
operating nodes). For stationary noi se sources, neasurenents shoul d
be made at each of 4 positions around each piece of construction
equi pment, each position representing azinuth angles separated by 90
degrees (See Figure 15).(4) For nobile noise sources, nmeasurenments
shoul d be made with each piece of equi pnment passing by in a left-to-
right and a right-to-left direction (See Figure 15). (44 For al
measurenments, a m ni num of three measurenent repetitions, and

preferably six, should be made.

]
oo
[ J /I\k_j 9 [>288-by _Jlrec:tlorA\ —
l15m i15w
@® \ic-oskpne Mic“pphpae
Stationary Mobile

Figure 15. M crophone positions for constructi on equi pnment noi se

measur enent s.

7.2 NO SE DESCRI PTORS

For stationary noise sources, a 30-second L,, should be nmeasured at
each of the four azimuth angles. If a 30-second neasurenment i s not
possi bl e, shorter durations can be used if the sound |level is
relatively steady as a function of tinme. For nobile noise sources,

t he La Shoul d be nmeasured. The individual reference |evels and the
nunber and type of each piece of construction equipnent are then,

ultimately, used to conpute the total equival ent sound | evel
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Laeq,totar» fOr a typical work day during a particular construction
phase. Note: Once the L4 descriptor has been established for a

typi cal work day and construction phase, other descriptors can be
conputed using the mathematical relationships presented in Section 2.
The L, descriptor may be nore useful in assessing potential noise

i npact due to construction-related activity.

7.3 | NSTRUMENTATI ON ( See Section 3)
M crophone system (m crophone and preanplifier)
Graphic | evel recorder (optional)
Measur ement /recording i nstrunmentation
Cal i br at or
M cr ophone si nul at or
Pi nk noi se gener at or
W ndscr een
Tri pod
Cabl i ng
Met eor ol ogi cal instrunmentation

Tachometer (optional)

7.4 SAMPLI NG PERI OD

For each type of construction equipnent, the sanpling period w |l
vary dependi ng upon the operating node (STATI ONARY- PASSI VE,

STATI ONARY- ACTI VE, MOBI LE- PASSI VE, and MOBI LE- ACTI VE). For each
node, the construction equi pnent should be operated in a manner which
is considered typical for the work period associated with a
particul ar node. Due to the expected abundance of activity at a
construction site, the sanpling period may be based entirely on good
engi neering judgnment; and it will be up to the person performng the
measurenments to ensure that representative high-quality data are
obt ai ned.
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MEASUREMENT PROCEDURE
The instrunentation should be depl oyed as shown in Figure 15.

Prior to initial data collection, at hourly intervals
thereafter, and at the end of the measurement day, the entire
acoustic instrunmentation system should be cali brated.

Met eor ol ogi cal conditions (w nd speed and direction,
tenperature, humdity, and cloud cover) should be docunented
prior to data collection, at a mninmum of 15-m nute intervals,
and whenever substantial changes in conditions are noted.

The el ectronic noise floor of the acoustic instrumentation
system shoul d be established daily by substituting the

measur enment m crophone with a dumry m crophone (See Section
3.1.5). The frequency response characteristics of the system
shoul d al so be determ ned on a daily basis by neasuring and
storing 30 seconds of pink noise froma random noi se gener at or
(See Section 3.1.6).

Ambi ent | evels should be nmeasured and/ or recorded by sanpling
t he sound | evel at each receiver with the sound source quieted
or renoved fromthe site. A mninmmof 10 seconds should be
sanpled. Note: |If the study sound source cannot be quieted or
renmoved, an upper |limt to the anbient |evel using a
statistical descriptor, such as Ly, nay be used. Such upper
[imt anbient |evels should be reported as “assumed.” Note:
Most sound | evel neters have the built-in capability to
determ ne this descriptor.

For each node, the construction equi pnment should be operated in

a manner which is considered typical for the work period and

the particul ar node.
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For each equi pment type and operating node, record the Lu, Or
Laeqsos; @S appropriate.

(Note: Appendi x B provides exanmple field-data | og sheets.)

7.
1.

6

DATA ANALYSI S
Adj ust neasured |evels for calibration drift (See Section
3.1.4).

Adj ust neasured | evels for anmbient (See Section 7.6.1).

Cal cul ate an energy-averaged |level (Lag;) Of the Lagss Val ues
obt ai ned for each azinuth angle and each neasurenment repetition
of each equi pnent type in each stationary node of operation, |
(See Section 7.4).

Cal cul ate an energy-averaged |level (Lag;) Of the Lan val ues
obt ai ned for each neasurenent repetition of each equi pnent type
in each nmobil e node of operation, | (See Section 7.4).

Cal cul ate the Lug; for each equipnent type, i (See Section
7.6.2).

When al |l equi pment neasurenents used for a particul ar phase are
conplete, conpute the Lpgota fOr a typical workday during that
phase (See Section 7.6.3).

Perform an assessnent of noise inpact due to construction
equi pnment activity based on study objectives. In nost
instances, the Lpgiota CONMputed above will be used in

Envi ronment al Anal yses to conpare the potential inpact of

different construction phases. |f a particular noise-sensitive
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receiver is a primary concern in the study, it is suggested
that | ong-term exi sting-noi se neasurenments be nmade at that
| ocation, in accordance with the recomendati ons in Section 4.

7.6.1 Anbient Adjustnents
| f measured | evels do not exceed ambient |evels by 4 dB or nore,
i.e., they are masked, then those data should be omtted from data

anal ysi s.

| f measured | evels exceed the anbient |evels by between 4 and 10
dB, then correct the neasured | evels for anbient as follows (Note:

For source | evels which exceed anbient |evels by greater than 10 dB,
anbi ent contribution becones essentially negligible and no correction

IS necessary):

1L, _ 1015, (dB)

L= 10%1og,, (107 )

wher e: L.y IS the anbient-adjusted nmeasured |evel;
L. is the measured | evel with source and anbi ent conbi ned;
and
L, is the anmbient |evel alone.

For exanpl e:

e L. = 55.0 dB

e L, = 47.0 dB

Therefore:

L adj = 10*1 0g,( 10(0-1755.0). 1(0(0.1"47.0)) = 54,3 dB

7.6.2 Determ nation of the Equival ent Sound Level for Each Type of
Construction Equi pnment

The equi val ent sound |l evel for a particular type, i, of construction
equi pment is conmputed as foll ows:
qui p np 25 f%%qu; T,
LDpag,1 = 10+log,, : 10 * T * N,
F>1 total
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wher e:

For exanpl

I—AVG; 1

LAVG, 2

I—AVG\ 3

I-AVG, 4
Ther ef or e:

I—Aeq, 1

(dB)

Laeq,i 1S the equival ent sound level for equipnment
type i;

j is the operating node, where up to four npdes are
applicable for each type of equipnent;

Lacj IS energy-averaged | evel obtained in operating
nmode | ;

T is the operating node duration, in seconds; and

N is the nunber of pieces of equipnment type i operating
i n node j.

e:
= 65.5 dB for T,
= 86.7 dB for T,
= 71.0 dB for T,
= Not applicable

600 seconds and N = 3 pi eces

5500 seconds and N = 2 pieces

350 seconds and N = 2 pieces

&5.5 86.7 71.0
= 1[]]_0g1n|:(10 *ﬂ*3) + (10 10 *M*z) + (10 1 350
6450 6450 6450

89.0 dB

7.6.3 Determ nation of the Total Equival ent Sound Level

The t ot al

particul ar

wher e:

equi val ent sound |l evel for a typical work day during a

construction phase is conputed as foll ows:

LA.q, 2

r.mtom=1n*1ogm2 10 (dB)

=1

Laeq.totar 1S the total equivalent sound level for a
typi cal work day during a particular construction
peri od;

k is the nunmber of different types of equi pnent; and

Laeqi 1S the equivalent sound level for equipnment
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For exanpl e:

I—Aeq, 1 =

LAeq, 2 -

I—Aeq, 3 -
[ ]

LAeq, 4 =

Ther ef or e:

I—Aeq, t ot al

type i.

89.0 dB
81.7 dB
79.0 dB
80.5 dB
1nlogm[1n +10 ¥ + 10 ¥® +1p ¥

90.6 dB



8. BUILDI NG NO SE REDUCTI ON MEASUREMENTS IN THE VICINITY OF A
HI GHWAY

This section describes recommended procedures for the nmeasurenent of
bui I di ng noi se reduction, i.e., the effectiveness of a building
structure in insulating residents from outside noise sources, in this
case, highways. In contrast, these procedures may al so be used to
determ ne how effectively a structure contains internal noise,
especially where the external environment is quieter than the noise
environment within the building. The follow ng procedures are in
accordance with the Anmerican Society of Testing and Materials (ASTM
St andard E966- 84. (32

Two sets of measurenents are recomrended: (1) exterior nmeasurenents
of the roadway noise. (Note: If a traffic noise source is not
avai l able, a fixed, artificial noise source, such as a | oudspeaker,
may be used); and (2) interior measurenents of the roadway noise
within the building itself. The difference between the exterior and
interior neasured sound levels is the resulting noise reduction
performance for that building, or comopnly referred to as the

“out door -i ndoor noi se reduction.”

8.1 SITE SELECTI ON

8.1.1 Site Characteristics

8.1.1.2 Interior Measurenents

The interior |ocation should be a conpletely encl osed space wth,
preferably, its largest dimension no greater than twice its snmallest.
During nmeasurenments, all other noise-generating activities in the
room should be quieted. 1In addition, the interior ambient |evel
should be at | east 10 dB bel ow the | owest-antici pated, vehicle pass-

by, maxi mum A-wei ght ed sound-pressure |level (Lamn) -
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8.1.1.2 Exterior Measurenents

Exterior measurenent sites should have the follow ng geonetric

characteristics:

. A flat open space relatively free of large reflecting surfaces,
such as parked vehicles, signboards, hillsides, or buildings
ot her than the subject building, |Iocated within 30 m (100 ft)
of either the vehicle path or the m crophones.

. A predom nant, anbient |evel at the nmeasurenent site | ow enough
to enabl e the neasurenent of vehicle pass-by sound |evels.
Specifically, the difference between the | owest-antici pated,
vehi cl e pass-by, maxi mum A-wei ght ed sound-pressure |l evel (Lamw)
and the A-weighted anmbient |evel, as neasured at the exterior
m crophone, should be at |east 10 dB.

. The |ine-of-sight from m crophone positions to the roadway
unobscured within an arc of 150 degrees.

. The site to be | ocated away from known noi se sources, such as
airports, construction sites, or rail yards.

8.1.2 M crophone Location

8.1.2.1 Interior Measurenents

M crophones are placed at 1.5 m (5 ft) above the floor of the
interior location and at least 1 m (3 ft) fromany walls (See Figure
16). Measurenents at several different heights and locations in the

roomare strongly recommended to achieve statistical precision.

8.1.2.2 Exterior Measurenents
There are two potential |ocations for the placenent of the exterior

m crophone as shown in Figure 16:

Position 1: At least 3 m (10 ft) fromthe side of the building, at

the same distance fromthe road as the front wall, at a height of 1.5
m (5 ft) AGL. This position nust be carefully selected such that the
m crophone is not shielded fromthe road by the building, or
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i nfluenced by noi se sources behind the building. This positioning
essentially elimnates influences on the nmeasured | evels due to

reflections. As such, this is the preferred position.

Position 2: Not greater than 2 m (6.6 ft) fromthe facade, | ocated on

t he roadway side of the building, at a point opposite the m ddl e of
the facade, at a height of 1.5 m (5 ft) AG.. This setup is not
recommended if the roadway facade of the building is within 7.5 m (25

ft) of the centerline of the near |ane of traffic.

Extarior

Microphone Iritetiorn
Posilion 2 Microphane
—>hnt—@—2m 7 @7 17
>Im >I'm

r Builcing
3m
Extarior
Micraptone L
Pesition 1 [ ]

Figure 16. M crophone positions for building noise reduction

measur enent s.

8.1.3 Artificial Noise Source Position

If a | oudspeaker is used, it should be located at a distance fromthe
bui I ding facade such that the ratio of the distances fromthe

| oudspeaker to the farthest (Dl1) and nearest (D2) edges of the facade
is no greater than two, i.e., D1/D2 # 2. The |oudspeaker should be
angl ed at an incidence within the range of 15 and 60 degrees,

pr ef er gty e»0fFaddedegr )Facaddi s angle, 2

,1s determned b he perpendicular to t acade m dpoint and the

B
the’'l oudspeaker to the mdpoin

| N

Loudspeaker Loudspeaker

l'ine j[&¥ning

100



Figure 17. Loudspeaker position.

8.2 NO SE DESCRI PTORS

The equi val ent sound | evel (Lpg) should be used to describe

conti nuous sounds, such as relatively dense highway traffic. The
sound exposure level (Lp), or the maxi mum A-wei ghted sound | evel

with fast time response characteristics (Lamn), Should be used to
descri be the sound of single events, such as individual vehicle pass-
bys. The day-ni ght average sound |evel (Ly,) and the comrunity-noise
exposure |evel (Lg, may be used to describe |ong-term noise
environments (typically greater than 24 hours), particularly for

| and-use planning. Note: Once the L,g and L, noise descriptors are
est abl i shed, other descriptors can be conputed using the mat henati cal
rel ationships presented in Section 2. Utimtely, the particul ar
descriptor chosen is of little inmportance since the objective of

t hese neasurenents is to obtain a change in sound | evel

8.3 | NSTRUMENTATI ON (See Section 3)
M crophone system (m crophone and preanplifier)
Graphic | evel recorder (optional)
Measur enment/recording instrunmentation
Cal i brat or
M crophone si nul at or
Pi nk noi se gener at or
W ndscr een
Tri pod
Cabl i ng
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Met eor ol ogi cal instrunentation
Vehi cl e- speed detection unit
Traffic-counting device

Artificial noise source (if applicable)

8.4 SAMPLI NG PERI OD

Different sources may require different neasurenent periods. For
mul ti pl e-source conditions, a longer sanpling period is needed to
obtain a representative sanple averaged over all conditions. Typical
sanpling periods are 15 mnutes, 1 hr and 24 hr. Measurenent
repetitions at all receiver positions are required to ensure
statistical reliability of measurenment results. A nminimumof 3
repetitions for like conditions is recommended, with 6 repetitions
being preferred. Table 5 in Section 4.4 presents suggested

measur enent sanpling periods based on the tenporal nature and the
range in sound |level fluctuations of the noise source. Guidance on
judgnment of the tenporal nature of the source may be found in ANSI
S1.13-1971. (18

8.5 MEASUREMENT PROCEDURE

1. Prior to initial data collection, at hourly intervals
thereafter, and at the end of the nmeasurenent day, the entire
acoustic instrunmentation system should be cali brated.
Met eor ol ogi cal conditions (w nd speed and direction,
tenperature, humdity, and cloud cover) should be docunented
prior to data collection, at a m ni mum of 15-m nute intervals,

and whenever substantial changes in conditions are noted.

2. The el ectronic noise floor of the acoustic instrunmentation
system shoul d be established daily by substituting the
measurement m crophone with a dummy m crophone (See Section
3.1.5). The frequency response characteristics of the system
shoul d al so be determ ned on a daily basis by measuring and
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storing 30 seconds of pink noise froma random noi se gener at or
(See Section 3.1.6)

Ambi ent | evels should be measured and/or recorded by sanpling
the sound | evel at each receiver and at the reference

m crophone with the sound source quieted or renoved fromthe
site. A mninmmof 10 seconds should be sanpled. Note: If the
study sound source cannot be quieted or renoved, an upper limt
to the anbient |evel using a statistical descriptor, such as
Loy, may be used. Such upper Ilimt anbient |evels should be
reported as “assuned.” Note: Mst sound | evel neters have the
built-in capability to determ ne this descriptor.

The interior and exterior neasurenents should then be perfornmed
si mul taneously; and the characteristics of the source should be
carefully docunented (e.g., if actual highway traffic is being

used, the volunme, speed, and m x should be recorded).

(Not e: Appendi x B provides exanple field-data | og sheets.)

8.6 DATA ANALYSI S

1.

Adj ust nmeasured | evels for calibration drift (See Section
3.1.4).

Adj ust neasured | evels for anmbient (See Section 8.6.1).
Conput e the building noise reduction (NR) as follows:
For exterior mcrophone at Position 1:

NR = I—exterior - I—interior (dB)

For exterior mcrophone at Position 2:°

" At distances greater than Y wavel ength fromthe facade of the building, the

incident and reflected waves result in a level 3 dB higher than woul d be
neasured due to the incident wave alone. Thus the 3-dB correction for the 2-m
exterior mcrophone position is acceptable down to about 50 Hz.
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NR = I—exterior - I—interior - 3 (dB)

For exanpl e:

Lexterior = 77.0 dB for m crophone-position 2
I—interior = 65.0 dB

Therefore:

NR

77-65-3 = 9 dB

8.6.1 Anbient Adjustnents

| f measured | evels do not exceed anmbient |evels by 4 dB or nore,
i.e., they are masked, then those data should be onmtted from data
anal ysi s.

I f measured | evels exceed the anbient |evels by between 4 and 10 dB,
then correct the measured |evels for anbient as follows (Note: For
source |l evels which exceed anbient |evels by greater than 10 dB

anmbi ent contribution becones essentially negligible and no correction
IS necessary):

e - 19215y (dB)

0.
L~ 10%1log o (10
wher e: L. is the anbient-adjusted nmeasured |evel;
L. is the nmeasured |level with source and anbi ent conbi ned;
and
L, is the anmbient |evel al one.

For exanpl e:

e L. = 55.0 dB

e L, = 47.0 dB

Therefore:

Ladj - 10*' 0910( 10(0. 1*55.0) _ 10(0. 1*47.0)) = 54. 3 dB
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9. HI GHWAY- RELATED OCCUPATI ONAL NO SE EXPOSURE MEASUREMENTS

This section describes recomended procedures for the nmeasurenment of
hi ghway-rel ated occupati onal noi se exposure. Highway toll plaza and
tunnel enpl oyees, highway mai ntenance and repair crews, and hi ghway
i nspectors may be exposed to sound | evels hazardous to hearing.
Cccupati onal noi se exposure was developed to rate a person's
susceptibility to hearing loss and to study noise environnents that
may be hazardous to hearing.(® The follow ng procedures are in
accordance with ANSI S12.19-1996. (47

For occupati onal noi se exposures greater than 90 dB(A) in an 8-hour
wor kday, the Occupational Safety and Health Adm nistration (OSHA)
requi res mandatory hearing-conservation neasures, such as audionetric
testing or hearing protectors. OSHA defines a 90-dB(A) noise
exposure as the criterion sound |evel, denoted herein by the synbol,
LC, OSHA defines an 8-hour workday as the criterion duration, denoted
herein by the symbol, TC. (48 A continuous criterion sound | evel over
an entire criterion duration would result in 100 percent of an

enpl oyee' s al |l owabl e noi se exposure. In addition, for exposures
greater than 90 dB(A), sone type of noise abatenent action, such as
machi nery noi se reduction via redesign or replacenent,

source/receiver isolation/enclosure, or enployee exposure tine
limts, nmust be initiated.

For varying exposure durations, OSHA [imts may be adjusted
accordingly by the use of an exchange rate. For occupational noise
exposure studies, OSHA requires the use of a 5-dB(A) exchange rate.

I n other words, for each additional 5 dB(A) of noise exposure up to
115 dB(A), the permtted duration is halved; for each reduction of 5
dB(A), the permtted duration is doubled. For exanple, if the noise
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exposure is 95 dB(A), a duration of 4 hours is perm ssible according
t o OSHA.

I n addition, OSHA states that “exposure to inpulsive or inpact noise
| evel should not exceed 140 dB.” However, the regul ati ons do not
defi ne what constitutes an inpulsive or inpact sound, nor do they
address frequency weighting (See Section 3.1.3.4.2) of the nmeasuring
instrument, or whether the neasurenent uses one or none of the
standard exponential tinme-averagings (See Section 3.1.3.4.4).® For
t he purposes of this docunent, it is recomended that the maxi num A-
wei ghted sound | evel, L be used to ensure the 140 dB criterion is

met .

9.1 SITE SELECTI ON
For the purposes of noise exposure neasurenents, a noise dosinmeter or
a sound | evel neter can be used. To a certain degree, the particul ar

i nstrunent chosen will dictate the site-selection process.

9.1.1 Noise Dosineter

The noi se dosineter should be worn by the enpl oyee during his/ her
daily work routine. |Its acconpanying m crophone should, preferably,
be | ocated on the enployee's shoulder. |[If the enployee is
consistently exposed to noise fromone particular side, the

m crophone shoul d be placed on the associated side. The m crophone
cabl e, which connects to the dosinmeter, should be routed and fastened
such that it does not interfere with the enployee's safety or
performance. The main body of the dosineter nay be | ocated/attached
to the enployee's clothing at any convenient |location. |If the

enpl oyee works at only one particular station, or if the enpl oyee
will not be present during neasurenents, the dosineter may be placed

on a tripod at a representative position within the area.
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9.1.2 Sound Level Meter

Because of their |larger size as conpared with noise dosineters, and
due to the fact that they often do not have readily detachable

m crophones, sound | evel neters are often not logistically feasible
to be worn directly by an enployee. Consequently, they are typically
positioned on a tripod within the work area. Specifically, the

m crophone shoul d be positioned at a hei ght approximtely equal to
that of the enployee's head and as cl ose as possible to the his/her
ear. ANSI 12.19-1996 recomends a distance of 0.1 m (4 in) fromthe
enpl oyee's ear, if feasible. |In addition, the m crophone should be
pl aced such that shielding by the enployee or other objects is
avoided. |If the enployee works at only one particular station, or if
the enpl oyee will not be present during nmeasurenents, the m crophone
and sound |l evel nmeter may be placed on a tripod at a representative

position within the area.

9.2 NO SE DESCRI PTORS
The equival ent sound level, Lpg, and the duration of each measurenent
period should be recorded. The L,g and the duration are then used to

conpute noi se dose, which is, in turn, used to conpute the time-

wei ght ed average sound | evel (Lywnrg). i.€., the enployee's "noise
exposure." As stated earlier, TCis the OSHA criterion duration of 8
hours. |In addition, the maxi mum A-wei ghted sound | evel, Ljgn Should

be recorded to ensure that the enpl oyee is not subjected to inpulsive
or inmpact noise levels greater than 140 dB(A).

9.3 | NSTRUMENTATI ON ( See Section 3)
M crophone system (m crophone and preanplifier)
Graphic | evel recorder (optional)
Noi se dosineter or sound | evel neter
Cal i br at or
M cr ophone si nul at or
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W ndscreen (if the enployee’ s primary work area i s outdoors)
Tri pod

Cabl i ng

Met eor ol ogi cal instrunentation (if the enployee’s prinmary

work area is outdoors)

9.4 SAMPLI NG PERI OD

The measurenment duration should be sufficiently |ong, such that the
resulting noi se exposure is representative of the noise exposure
associated with each task/location. For continually varying sound
envi ronnents (sound | evel fluctuations greater + 2.5 dB(A)), a

| onger sanpling period is recomended. |In npbst cases, noise exposure

measurenents are performed over a typical 8-hour work day.

9.5 MEASUREMENT PROCEDURES
1. Prior to initial data collection, after data collection is
conplete, and at convenient tinmes throughout the measurenent

day, calibrate the noise dosineter or sound | evel neter.

2. Record the L, and the associated duration in addition to the
Laerx fOr each nmeasurenent period. Note: For a measurenent to
be consi dered valid:

a. The m crophone should not be noved fromits original
position during the neasurenent peri od.

b. The enpl oyee should not speak directly into the
m cr ophone.

C. The unit should be periodically checked for proper use.

(Not e: Appendi x B provides exanple field-data | og sheets.)

9.6 DATA ANALYSI S
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1. Adj ust measured | evels for calibration drift (See Section

3.1.4).

2. Cal cul ate the noise dose for a typical workday (See Section
9.6.1).

3. Cal cul ate the noi se exposure for a typical workday (See Section
9.6.2).

4. Perform an assessnent of noi se inpact based on the cal cul ated

noi se exposure. The maxi mum recorded sound | evels for each
task/ |l ocation should also be considered in the assessnent. The
overal |l objective of any assessnent should be to determ ne the
necessity to inplenent hearing-conservati on measures, or some

type of noi se abatenent action.

9.6.1 Determnation of Noise Dose
The total noise dose for a typical workday is a sunmati on of the

i ndi vi dual task/location noise doses and is conputed as foll ows:

x| C, c, C. C
D=100(> [=Z[]= 100[2+2+ . =2 (%

|7 L T,

wher e: T, = IC
MLy LEVE]

The variables in the above equations are defined as follows:
D = Noi se dose, expressed as a percentage;
G = Measurenment duration at task/location i;
T = Perm ssible duration at task/location i;
L aeq, i = Equi val ent sound | evel neasured during task/ | ocation,

I (Note: If the Lag; for a specific nmeasurenment period
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is bel ow the OSHA-defined threshold | eve
it is not considered in the noise dose conputation);

LC = OSHA criterion |evel of 90 dB(A)

Q = OSHA exchange rate of 5 dB(A); and
TC = OSHA criterion duration of 8 hours;
For exanpl e:

* Lpeq1 = 88.0 dB, C1 = 0.33 hours, a T, = 10.6
* Lpeq2 = 73.0 dB, C1 = 0.33 hours, a T, =4

* Lpeqs = 90.0 dB, C1 = 2.6 hours, a T, = 8.00
* Lpeq 4 = 105.0 dB, C1 = 3.5 hours, a T, = 1.00
* Lpeqs = 108.0 dB, Cl = 1.24 hours, a T, = 0.66
* Lpeqs = 95.0 dB, C1 = 2.00 hours, a T, = 4.00
Ther ef ore:

D 00 | T T T T T e T a s
9.6.2 Determ nation of Noise Exposure

The total noise exposure for a typica

fol |l ows:

| 5255 [rosa 755 )]
Lz izes llogm(2) l°g1°( 100] v Le

= 623.5

of 80 dB(A),

%

wor kday is conputed as

(dB)

The variables in the above equation are defined as follows:

= Noi se exposure (time-weighted average sound | evel);

= Noi se dose, expressed as a percentage;

of 90 dB(A).

LTV\A(TC)
Q = OSHA exchange rate of 5 dB(A);
D
LC = OSHA criterion | eve
For exanpl e:
« D = 623. 5%
Ther ef or e: I 5 ”1 m( 623.5
— og1
Lrwas) = llog,, (2) 100
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10. REPORT DOCUMENTATI ON

This section details the information to be docunented in the field
measurenment report. It is general enough to be applicable to al
sections discussed herein. Report docunmentation shall include al
procedures in sufficient detail such that the neasurenment results can
be repeated. It shall include clearly stated neasurenent objectives,
field measurenent equi pnmrent and detailed field nmeasurenment
procedures, a description of the noise source, the descriptors used,
and detail ed data anal yses and results, including detailed

met eor ol ogi cal conditions. (684 A sanple conputation of

experimental error is also recommended. Note: A sanple report has
been provided in Appendi x D.

10.1 SITE SKETCHES

10.1.1 Plan View

A plan view illustrates the site as if |ooking down upon it from
above. The plan view should include the | ocation of the source(s),
receiver(s), and any notabl e geographi cal objects, such as trees,
bodi es of water, hills, buildings, and signs. Relative distances of
all objects should also be indicated (See Figure 18).

N
/ 15 1. Grass Madian —
:_7 35m 7 e tN\aalae
o . Paved Sanuldar - . _
NERYS [ 5 > 7.5 m. mic
Observers <2
S-aten )
e 15 . mic.
Figure 18. Sampie plan view
10. 1. 2| nElavation View o 3310 rhiz.
An elevation viewillustrates the site froma viewoint normal to the
ground pl ane, cutting across or slicing the cross-section. It should
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include the relative slopes and el evati ons of the source, receiver,
terrain, buildings, and other objects at that site for a given
source-receiver pair (See Figure 19).

17m.AGL 15m. AGL 1.5m. AGL

|
>
7.5m. D.7 m. drainage ditch
15 m. "

3D m.

A A
v

Figure 19. Sanple el evation view.

10. 2 SOURCE DESCRI PTI ON

A detail ed description of the source should be provided. |If
applicable, this may include information regardi ng nake, nodel, type,
speed, etc., if an individual noise source; or volunme and speed, if a

fl eet of vehicles.

10. 3 | NSTRUMENTATI ON DESCRI PTI ON

The manufacturer, nodel nunber, serial nunber, and paraneter
settings, including gain settings, for all instrunmentation should be
docunmented. A block diagram of the neasurenent and anal ysis systens
shoul d al so be included. Calibration, frequency response, and noise

floor data should all be provided.

10.4 METEOROLOG CAL DATA

Weat her conditions should be docunmented at a m ni num of 15-m nute
interval s, and whenever substantial changes in conditions are noted.
These conditions include wi nd speed, wi nd direction, tenperature,

hum dity, cloud cover, and time-of-day when these data were neasured.

10.5 GROUND SURFACE CHARACTERI ZATI ON
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The ground characteristics for both the sources and receivers should
al so be docunented, e.g., hard or soft ground (See Section 2).

10. 6 BARRI ER CHARACTERI STI CS

For barrier insertion | oss neasurenents, the follow ng barrier
characteristics need to be docunented: barrier height, |ength,

| ocation, material, Noise Reduction Coefficient, Sound Transm ssion
Class, and tilt angle (if applicable).

10. 7 MEASUREMENT PROCEDURES

Al'l field neasurenment procedures should be docunented. These
procedures should be detailed such that the nmeasurenent results are
able to be repeated by other individuals.

10.8 ACOUSTI CAL DATA

Data acquired fromfield nmeasurenents and anal yses, as well as the
procedures used, should be docunented fully. Also to be recorded are
all adjustnents applied to the data due to calibration drift, anbient

i nfl uences, and instrunentation non-linearities.

10.9 | NCl DENTAL OBSERVATI ONS AND CONCLUSI ONS

A di scussion of any unforeseen events during the neasurenents shoul d
be included. Any situations that suggest nodifications to the
experiment for inproved results should be docunented. Any relevant
subjective judgnments or interpretations may appear in this section of

t he neasurenment report.
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APPENDI X A
RELATI VE HUM DI TY COMPUTATI ON

Thi s appendi x presents the procedures for converting nmeasured dry and

wet bul b tenperatures into relative humdity expressed in percent.

1. Convert Dry Bulb tenperature from°F to °C:

[ (Dry, * F) -32]
1.8

Dry, °C =

2. Convert Dry Bulb tenperature from°C to °K

Dry, °K = (Dry,°C) + 273.15

3. Repeat steps 1 and 2 to convert Wet Bulb tenperature (Wet) to

° K.
4. Conpute the Saturation Pressure, assum ng standard-day anbi ent
at nosphere pressure, for the D(y Bulblkm% ture (DrySatPres):
4063.2 + ————
[19.153- Dzy
DrySatPres = & bzy

5. Repeat step 4 to conpute the Saturation Pressure for the Wet
Bul b tenperature (Wet SatPres).

6. Compute the Relative Humdity (RH) in percent:

Wet&atPres

RH, % = 100=*
DrySatPres
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APPENDI X B
SAVMPLE DATA LOG SHEETS

Thi s appendi x contains sanple field-data | og sheets for use with the
measur enment procedures described within the main body of the

docunent .
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Table 8. Sample instrumentation log.

Site #: 1 Date: 5/1/96 Location: 1-95 S

ltem #: Quantity: Instrument Type: Serial #:
1 1 Briel & Kjeer 4155 Microphone 43515
2 1 Briel & Kjeer 4155 Microphone 43516
3 1 Larson Davis 820 Sound Level Meter 33768
4 1 Larson Davis 820 Sound Level Meter 33769
5 1 Cetec Ivie Random Noise Generator 501

6 2 Microphone Simulators N/A

7 3 Briel & Kjeer 0237 Windscreens N/A

8 1 Wind-Cup Anemometer N/A

9 1 Sling Psychrometer N/A
10 1 100-Ft Tape Measure N/A
11 10 9-Volt Batteries N/A
12 1 Flashlight N/A
13 10 D-Cell Batteries N/A
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Table 9. Blank instrumentation log.

Site #: Date: Location:

ltem #: Quantity: Instrument Type: Serial #:
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Table 10. Sample site data log.

Site #: 1 Date: 5/1/96 Location: I-95 S Observer: Joe
Lane Dir: Site Surface: Nearby Landmark:
South Soft 1-495 Junction

Grade: 0% | Pavement Type:| Distance to Landmark:

Concrete 0.25 km
Plan View:
N
/ 15 . Grass Meaian “—
__A__%ﬂn?_____________,_LEHE(V&?EM?)
i0m ! _ PaedShouller __
Maker < e '
L —T50m > Micd{75m)
Chserves's
Statior

. NMic2({5m)

Grasa

o Mic 330 nm.)

Elevation View:

1.7m AGL 15m AGL 15m AGL

>
7AMT 57 m drainage difch
15 m.

A

v

Dm
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Table 11. Blank site data log.

Site #: Date: Location: Observer:
Lane Dir: Site Surface: Nearby Landmark:

Grade: Pavement Type:| Distance to Landmark:

Plan View:

Elevation View:
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Table 12. Sample meteorological data log.
Site #: 1 Date: 5/1/96 Location: I-95 S Observer: Joe
Time: Temperature, °C| Temperature, °C Relative Wind Speed Wind Cloud
(dry bulb): (wet bulb):” Humidity (%): (km/h): Dir Cover
Class
8:00 15 13 89.8 5 W-E 2
8:15 16 13 86.6 5 W-E 2
8:30 16 14 86.7 5-7 W-E 2
8:45 16 14 86.7 5-7 W-E 2
9:00 16 14 86.7 5 W-E 3
9:15 16 15 91.5 5 W-E 3
9:30 17 15 89.9 0 N/A 3
9:45 17 16 89.9 0 N/A 3
10:00 18 16 83.9 0-5 W-E 3
10:15 19 16 83.3 0-5 W-E 3
10:30 19 16 83.3 0-5 W-E 3
10:45 19 16 83.3 4 W-E 3
11:00 20 16 79.7 4 W-E 3
11:15 20 16 79.7 4 W-E 3
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Table 13. Blank meteorological data log.
Site #: Date: Location: Observer:
Time: Temperature, °C| Temperature, °C Relative Wind Speed wind Cloud
(dry bulb): (wet bulb):” Humidity (%): (km/h): Dir Cover
Class
* See Appendix A to convert Dry-Wet bulb temperature readings to Relative Humidity.
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Table 14. Existing-noise measurements
Sample acoustic data log.
Site #: 1 Date: 5/1/96 Location: I-95 S Observer: Joe
Site Type Overall Sound Level Change in Sound Level Mic Type Reference Receiver Mic #: Mic Location:
(Check one): . J— (Check one): T 1 7.5 m. offset
T
Event #: Time: Duration Sound Gain Setting: Comments:
(sec): Level (dB):

PreCal 8:00:31 25.0 N/A 0
Cal 8:05:24 20.125 N/A Reset SLM
Dummy 8:09:01 30.125 N/A
Pink 8:15:00 31.625 N/A
PreCal 8:45:23 22.0 N/A
Cal 8:55:15 20.25 N/A
1 9:05:00 300.0 56.4 +20
2 9:10:00 300.0 65.7
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Table 15. Existing-noise measurements
Blank acoustic data log.
Site #: Date: Location: Observer:
Site Type Overall Sound Level Change in Sound Level Mic Type Reference Receiver Mic #: Mic Location:
(Check one): (Check one):
BEFORE AFTER
Event #: Time: Duration Sound Gain Setting: Comments:
(sec): Level (dB):
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Table 16. Existing-noise measurements

Sample vehicle data log.

Page_
of

Site #: 1 Date: 5/1/96 Location (Traffic Direction/Lane, etc.): 1-95 (Southbound on Lane Observer: Joe
1)
Event #: Time: Predominant Auto: Mediu Heavy Bus: Motor- Other: Comments:
Vehicle Speed m Truck: cycle:
(km/h): Truck:
1 9:05:00 80 HirIHH) W | HHEHHE )
HHTIHH] HHr HHF
M 11
2 9:10:00 85 VR PN | e |
T M T HH
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Table 17. Existing-noise measurements

Blank vehicle data log.
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Site #: Date: Location (Traffic Direction/Lane, etc.): Observer:

Event #: Time: Predominant Auto: Mediu Heavy Bus: Motor- Other: Comments:
Vehicle Speed m Truck: cycle:
(km/h): Truck:







Table 18. Vehicle emission level measurements
Sample acoustic data log.
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Site #: 1 Date: 5/1/96 Location: 1-95 S Observer: Joe

Mic #: 1 Mic Location: 7.5 m. offset

Event #: Time: Duration Larmx: Event Quality: Gain Setting: Comments:
(sec):

PreCal 8:00:31 25.0 N/A N/A 0

Cal 8:05:24 20.125 N/A N/A Reset SLM

Dummy 8:09:01 30.125 N/A N/A

Pink 8:15:00 31.625 N/A N/A

PreCal 8:45:23 22.0 N/A N/A

Cal 8:55:15 20.25 N/A N/A

1 9:05:12 8.0 56.4 1 +20

2 9:09:15 10.875 65.7 2

3 9:15:09 18.9 79.0 2

4 9:21:54 4.375 58.9 NG No good - jet overhead

5 9:34:56 7.25 65.0 1







Table 19. Vehicle emission level measurements
Blank acoustic data log.
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Site #: Date: Location: Observer:
Mic #: Mic Location:
Event #: Time: Duration Larmx: Event Quality: Gain Setting: Comments:

(sec):







Table 20. Vehicle emission level measurements

Sample vehicle data log.
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Site #: 1 Date: 5/1/96 Location (Traffic Direction/Lane, etc.): 1-95 (Southbound on Lane Observer: Joe
1)
Event #: Time: Vehicle Speed Auto: Mediu Heavy Bus: Motor- Other: Comments:
(km/h): m Truck: cycle:
Truck:
1 9:05:12 80 T 5 axle
2 9:09:15 85 T
3 9:15:09 75 T 3axle
4 9:21:54 88 T
5 9:34:56 90 T
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Table 21. Vehicle emission level measurements

Blank vehicle data log.
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Site #: Date: Location (Traffic Direction/Lane, etc.): Observer:
Event #: Time: Vehicle Speed Auto: Mediu Heavy Bus: Motor- Other: Comments:
(km/h): m Truck: cycle:
Truck:
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Table 22. Barrier insertion loss measurements
Sample acoustic data log.
Site #: 1 Date: 5/1/96 Location: 1-95 S Observer: Joe
Site Type BEFORE Equiv. BEFORE AFTER Mic Type Reference Receiver Mic #: Mic Location:
(Check one): T (Check one): T 1 7.5 m. offset
Event #: Time: Duration Sound Level Event Quality Gain Comments:
(sec): (dB): (if applicable): Setting:
PreCal 8:00:31 25.0 N/A N/A 0
Cal 8:05:24 20.125 N/A N/A Reset SLM
Dummy 8:09:01 30.125 N/A N/A
Pink 8:15:00 31.625 N/A N/A
PreCal 8:45:23 22.0 N/A N/A
Cal 8:55:15 20.25 N/A N/A
1 9:15:00 300.0 56.4 N/A +20
2 9:20:00 300.0 65.7 N/A
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Table 23. Barrier insertion loss measurements
Blank acoustic data log.
Site #: Date: Location: Observer:
Site Type BEFORE Equiv. BEFORE AFTER Mic Type Reference Receiver Mic #: Mic Location:
(Check one): (Check one):
Event #: Time: Duration Sound Level Event Quality Gain Comments:
(sec): (dB): (if applicable): Setting:
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Table 24. Barrier insertion loss measurements

Sample vehicle data log.
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Site #: 1 Date: 5/1/96 Location (Traffic Direction/Lane, etc.): 1-95 (Southbound on Lane Observer: Joe
1)
Event #: Time: Predominant Auto: Mediu Heavy Bus: Motor- Other: Comments:
Vehicle Speed m Truck: cycle:
(km/h): Truck:
1 9:15:00 80 HirIHH) W | HHEHHE )
HHTIHH] HHr HHF
M 11
2 9:20:00 85 VR PN | e |

T M AT I
I







Table 25. Barrier insertion loss measurements
Blank vehicle data log.
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Site #: Date: Location (Traffic Direction/Lane, etc.): Observer:

Event #: Time: Predominant Auto: Mediu Heavy Bus: Motor- Other: Comments:
Vehicle Speed m Truck: cycle:
(km/h): Truck:
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Table 26. Construction equipment noise measurements
Sample acoustic data log.

Site #: 1 Date: 5/1/96 Location/Construction Phase: 1-95 S /Earthwork Observer: Joe
Operating Mode Stationary- Stationary- Mobile- Mobile- Equipment Type: Mic #: 1 Mic Location:
(Check one): Passive Active Passive Active Bulldozer 15 m. offset
T
Event #: Time: Duration Sound Level Equipment Gain Setting: Comments:
(sec): (dB): Speed (km/h):
PreCal 8:00:31 25.0 N/A N/A 0
Cal 8:05:24 20.125 N/A N/A Reset SLM
Dummy 8:09:01 30.125 N/A N/A
Pink 8:15:00 31.625 N/A N/A
PreCal 9:15:23 22.0 N/A N/A
Cal 9:20:15 20.25 N/A N/A
1 10:00:07 8.0 56.4 5 +20
2 10:05:15 10.875 65.7 6
3 10:09:56 18.9 79.0 5
4 10:14:37 4.375 58.9 7 No good - dogs barking
5 10:21:21 7.25 65.0 5







Table 27. Construction equipment noise measurements
Blank acoustic data log.
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Site #: Date: Location/Construction Phase: Observer:
Operating Mode Stationary- Stationary- Mobile- Mobile- Equipment Type: Mic #: Mic Location:
(Check one): Passive Active Passive Active
Event #: Time: Duration Sound Level Equipment Gain Setting: Comments:
(sec): (dB): Speed (km/h):
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Table 28. Building noise reduction measurements
Sample acoustic data log.

Site #: 1 Date: 5/1/96 Location: 55 Broadway Street off 1-95 S Observer: Joe

Site Type Interior Exterior

(Check one): T

Event #: Time: Duration Sound Level Event Quality Gain Comments:
(sec): (dB): (if applicable): Setting:

PreCal 8:00:31 25.0 N/A N/A 0

Cal 8:05:24 20.125 N/A N/A Reset SLM

Dummy 8:09:01 30.125 N/A N/A

Pink 8:15:00 31.625 N/A N/A

PreCal 8:45:23 22.0 N/A N/A

Cal 8:55:15 20.25 N/A N/A

1 9:30:01 8.0 56.4 1 +20

2 9:36:15 10.875 65.7 2
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Table 29. Building noise reduction measurements
Blank acoustic data log.

Site #: Date: Location: Observer:
Site Type Interior Exterior
(Check one):
Event #: Time: Duration Sound Level Event Quality Gain Comments:
(sec): (dB): (if applicable): Setting:
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Table 30. Building noise reduction measurements

Sample vehicle data log.

Site #: 1 Date: 5/1/96 Location (Traffic Direction/Lane, etc.): 1-95 (Southbound on Lane Observer: Joe
1)
Event #: Time: Predominant Auto: Mediu Heavy Bus: Motor- Other: Comments:
Vehicle Speed m Truck: cycle:
(km/h): Truck:
1 9:30:01 80 HirIHH) W | HHEHHE )
HHTIHH] HHr HHF
M 11
2 9:36:15 85 VR PN | e |

T M AT I
I







e

Table 31. Building noise reduction measurements

Blank vehicle data log.
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Site #: Date: Location (Traffic Direction/Lane, etc.): Observer:

Event #: Time: Predominant Auto: Mediu Heavy Bus: Motor- Other: Comments:
Vehicle Speed m Truck: cycle:
(km/h): Truck:
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Table 32. Sample occupational noise exposure data log.

Site #: 1 Date: 5/1/96 Task/Location: I-95 S Toll booth at Exit 19 Employee/Observer: Joe/Fred
Instrumentation Noise Sound Level Mic Location: Shoulder
(Check one): Dosimeter Meter

T
Event #: Time: Duration Laeq Larmx Gain Comments:

(hour): (dB): (dB): Setting:

PreCal 7:00:31 25.0 sec N/A 0
Cal 7:05:24 20.125 sec N/A Reset SLM
Dummy 7:09:01 30.125 sec N/A
Pink 7:15:00 31.625 sec N/A
PreCal 7:45:23 22.0 sec N/A
Cal 7:55:15 20.25 sec N/A
1 8:07:12 0.33 88.0 90.1 +20
2 8:30:15 0.33 73.0 77.9
3 8:52:09 2.60 90.0 90.9
4 11:15:12 3.50 105.0 105.1
5 15:08:15 1.24 108.0 109.0
6 16:25:09 2.00 95.0 96.9
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Table 33. Blank occupational noise exposure data log.

Site #: Date: Task/Location: Employee/Observer:
Instrumentation Noise Sound Level Mic Location:
(Check one): Dosimeter Meter
Event #: Time: Duration Laeq Larmx Gain Comments:
(min): (dB): (dB): Setting:










APPENDI X C
M NI MUM SEPARATI ON- DI STANCE CRI TERI A FOR NO SE EM SSI ON LEVEL
MEASUREMENTS

The m ni mrum separation-di stance criteria were based on Caltrans’
Cal i fornia REMEL study. (24

In the Caltrans study, the follow ng assunptions were nmade: (1) the
vehi cl e behaves as a point source, i.e., spherical divergence is
assumed; and (2) there is no ground attenuation of the eni ssion
level. In addition, the ambient |evel was at |east 10 dB |l ess than
the L Of the observed vehicle.

I n general, when a vehicle approaches a neasurenment m crophone at a
constant speed, the observed sound |evel at the m crophone is rel ated
to the vehicle position as foll ows:

Vehicie 2 a1 X, Vohilele 1.6t X
(ApLrozshing) (Slossst Molrt-or-AppFroari)
N 1 /
_ _ !A X2 +D 2 i/gﬁ%lﬂ:& ravel
L
) J/
Measurement
Mlcro[:h:.ne
wher e: L, is the contribution to the measured eni ssion |evel

of the subject vehicle, Vehicle 1 at X,, due to a
subsequent vehicle, Vehicle 2, at X
L, is the contribution to the nmeasured em ssion | evel
of the subject vehicle, Vehicle 1, due entirely
to Vehicle 1 at X
)X is the distance between X; and X,, or the m ninmum
separation distance to be determ ned; and
Dis the distance fromthe m crophone to X;, or 15 m
in this case.
| f other vehicles are in proximty of the subject vehicle to be
measur ed, the neasured sound | evel at the m crophone for the subject
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Relative Noise Level (dB)

[
=

vehicle may increase due to contam nation. A maxi mum of 0.5 dB
contam nation is considered all owabl e.

Based on the 0.5-dB criterion, the next step is to determ ne the
associ ated separation-distance criteria. Potential sources of
contam nation include contam nation due to anbi ent noise, as well as
contam nati on due to other vehicles in proximty of the subject
vehicle (See Figure 20 on the foll ow ng page).

The maxi mum contam nati on due to anbi ent noise was determ ned to be
0.4 dB, assum ng the anmbient level is 10 dB |l ess than the Lag, Of
observed vehicles. Consequently, a maxi num 0. 1-dB contani nati on due

to subsequent vehicles, based on the 0.5-dB cont QIRFnat Vemc/eni terion,
is all owed. 93.9m. %{ =SumofL+Lo+tL g

Veh. 2 Voh. 1
To ensure no nore than 0 } j

-due to sypseanent,
n Tevel dedd Hax
6 dB

ing/tuhe case Of Fi gure 20, nust be at

Yghbsdkgrodnd The next
Gt 4t cant

vehicles, it was deter
Vhlcle=

subsequent vehicl e,
9ct vehqc e,

"Pefahe

s
.
B T e . Lo T

Usi ng the above equat| on and sujastl tuting the fol I/gvug__vgl upﬁ,c/“
L =" Ligex - 15.9 A
2 o L piVehicle 2
Py D A= 15 m, (0-1 d& Contamination)

| I |
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Figure 20. M ninmum separation distance
between two simlar vehicles.

For REMELs neasured at 15 m (50 ft), a m nimum separation distance of
93.9 m (308 ft) between simlar vehicles was required to ensure that
the total contam nation was not greater than 0.5 dB. For autonobiles
in the vicinity of heavy trucks, a m ninmum separati on di stance of
300.2 m (985 ft) between the autonobile and heavy truck was required,
assum ng a heavy truck is 10 dB | ouder than an autonobile at

conpar abl e speeds.
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APPENDI X D
SAMPLE REPORT DOCUMENTATI ON

The objective of this appendix is to exenplify the types of
information to be docunented in a field neasurenment report. For
t he purposes of this appendi x, assume exi sting-noi se neasurenents
were perfornmed (See Section 4).

D.1 Site Sketches

The neasurenment site was |ocated on Route 95 (a 2-1ane highway)
0.8 km past Exit 21. A reference m crophone was attached to a
mast, placed at a height of 1.5 m above the roadway pavenent, and
| ocated at a 15 moffset position fromthe centerline of the near
travel lane. Another portable nast was fitted with three

m crophones, placed at heights of 1.5 m(low), 4.5 m(mddle), and
7.5 m (high), and |located at a 30-m offset position. \Wen
referring to m crophone heights, the high, mddle, and | ow
convention will be used for the remainder of this report. Figures
D1 and D2 present the plan and el evation views, respectively.
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Figure D1. Measurenent site plan view
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D.2 Source Description

The source was constant free-flowing traffic traveling on Route 95.
Traffic volume and m x were recorded on video cassette and used to
obtain vehicle counts. Vehicles were counted and classified in three
categories: automobiles (A); nmediumtrucks (MI); and heavy trucks
(HT). Vehicles were further grouped by direction (eastbound and

west bound). Vehicle counts and average speed for each test run are

presented in Table D1.
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Table D1. 5-m nute vehicle count and average speed dat a.

West bound East bound Avg Std
Test Start Speed Devi ati on
rRan # | Tine A Mr HT A MP| o HT (kmi h) (B
1 9: 00 407 7 31 322 9 38 96. 7 3.4
2 9: 10 351 8 36 348 12 26 97. 3 3.4
3 9: 20 319 8 20 340 10 29 96. 4 3.7
4 9: 30 317 16 25 338 10 37 96. 7 3.2
5 9:40 335 14 25 342 12 39 94.8 3.1
6 9: 50 363 8 32 335 6 38 93.6 3.3
7 10: 00 332 8 20 375 8 35 94.0 3.8
8 10: 10 340 11 22 320 11 33 93.8 3.9
9 10: 20 291 10 23 354 7 28 96. 7 3.5
10 10: 30 374 10 25 404 12 40 94.9 3.5
11 11: 00 370 3 41 428 7 55 90.7 4.3
12 11: 10 364 3 47 422 11 42 91. 6 5.7
13 11: 20 352 4 48 375 4 41 93. 8 5.0
14 11: 30 397 2 38 426 4 39 90. 1 4.1
15 11: 40 416 4 39 384 6 47 90.7 4.6
16 11: 50 397 3 34 411 5 49 94. 8 3.6
17 12: 00 424 3 49 377 6 44 92.5 3.3
18 12: 10 408 2 28 364 2 39 91.4 2.7
19 12: 20 - - - - - - - -
20 12: 30 346 3 37 342 8 30 93.6 5.0
21 13: 30 385 8 49 427 11 33 93.6 3.8
22 13: 40 391 4 40 459 5 42 94. 3 3.6
23 13: 50 409 1 39 463 14 30 94. 4 3.1
24 14: 00 - - - - - - - -
25 14: 10 - - - - - - - -
26 14: 20 - - - - - - - -
27 14: 30 426 3 33 499 10 33 92. 2 4.1
28 14: 40 500 3 39 699 5 51 90. 6 4.5
29 14: 50 507 3 17 678 7 32 94.9 4.0
30 15: 00 476 7 32 704 9 39 92.7 2.3
(-) Denotes test run was renoved fromthe popul ation of events to be

anal yzed (See Section D.7 for an expl anation).
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D.3 Instrunentation Description

Note: A list of instrunentation is presented in Table D2. Each noise
measur enent system consi sted of a General Radi o Model 1962-9610
randomi nci dence el ectret m crophone, connected to a Larson Davis
Model 827-0V preanplifier. The m crophone/ preanplifier system was
mounted in an insul ated nylon holder and connected via cable to a
Larson Davis Model 820 Type 1 Precision Integrating Sound Level

Met er/ Envi ronnment al Noi se Anal yzer (LD820). The

nm crophone/ preanplifier comnbination was positioned 0.3 mfromthe
mast and placed in its shadow as viewed fromthe roadway. This
position insured mnimumerrors due to reflections fromthe mast
structure. (™ Briel & Kja Mdel UA0237 wi ndscreens were placed atop
each m crophone to reduce the effects of w nd-generated noise on the

m crophone di aphragm

Pre-processing and storage of the nmeasured noise | evel data were
acconmpl i shed by the LD820. Each unit was programred to continually
measure, energy average, and store A-wei ghted noise levels with fast-
exponenti al response characteristics at a rate of two data records

each second (Y second averages).

A passive m crophone simulator was used to establish the electronic
noi se fl oor of each system |In addition, the frequency response of
each system was tested using pink noise generated by a Cetec lvie

Model | E-20B random noi se generat or.

Traffic speed was obtained with a CM Doppl er radar gun set up 6 m
off the edge of the near travel |ane, approxinmately 100 m west of the
m crophone centerline (See Figure D1). The Doppler radar was
directed at the departing westbound traffic, thus m nimzing the
possi bility of individual vehicles slowing down after detecting the

radar signal. Readings were observed visually fromthe radar's
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digital display, and recorded continuously during each measurenent
period at a rate of approximtely one reading every 10 seconds.

A Panasoni ¢ Model AGL70 video canera was set up on a nearby overpass
to record pass-by traffic at the neasurenent site. The canera was
ti me-synchronized with the LD820's, so that the noise data could be

correlated with the traffic data.

Table D2. Sanple instrumentation | og.

Item #: Quantity: I nstrunent Type: Serial #:
1 1 General Radi o 1962-9610 M crophone & Preanp 43515
2 1 General Radi o 1962-9610 M crophone & Preanp 43516
3 1 General Radi o 1962-9610 M crophone & Preanp 43517
4 1 General Radi o 1962-9610 M crophone & Preanp 43518
5 1 Larson Davis 820 Sound Level Meter 33768
6 1 Larson Davis 820 Sound Level Meter 33769
7 1 Larson Davis 820 Sound Level Meter 33770
8 1 Larson Davis 820 Sound Level Meter 33771
9 2 Briel & Kjax Type 4231 Cali brator N A
10 1 Cetec |vie Random Noi se Gener at or 501
11 2 M crophone Simul ators N A
12 6 Briel & Kjax 0237 Wndscreens N A
13 1 W nd- Cup Anenonet er N A
14 1 Sling Psychroneter N A
15 1 CM Doppl er Radar Gun 10331
16 1 Panasoni ¢ Mbdel AF170 Vi deo Canera 15095
17 1 dinmatronics Mdel EWS Weather Station 66881
18 20 9-Volt Batteries N A
19 1 100' Tape Measure N A

D.4 Meteorological Data
A Climtroni cs Model EWS weat her station continually recorded

tenperature, humdity, wi nd speed, and wind direction data on a

183



continuous strip-chart recorder with a paper speed of four inches per
hour. Wnd speed and direction were neasured at a height of 7.5 m
above the ground (height equivalent to the highest m crophone
position); tenperature and hum dity were measured at a height of 1.5
m above the ground. |In addition, cloud cover was docunented

periodically, as well as significant changes in weather conditions.

Using the known recorder paper speed and the tinme marks produced on
the strip-chart, a tine scale was transposed on each chart and the 5-

m nut e neasurenent period for each test was identified.

The average wi nd speed and average wind direction re nmagnetic north
(degrees) were conputed for each 5-mnute test run. The 5-mnute
averaged wind speed (W5) and direction (WD) were then used to conpute
the vector conponent of wi nd speed in the x-y plane fromthe source

to receiver (VW5) for each test run

Met eor ol ogi cal data are presented in Table D3. Note: Cloud cover

class 2 was observed for the duration of the nmeasurenent day.
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Tabl e D3.

Met eor ol ogi cal

data (5-m nute average val ues).

Test Start W nd W nd Tenp Rel WS
Run # Ti me Speed (kni h) Dr” (°) (°F) Hum (% (kni h)
1 9: 00 10.5 65 13 46 4.3
2 9: 10 11.3 80 14 45 1.9
3 9: 20 6.4 130 14 44 -4.2
4 9: 30 12.1 100 14 43 -2.1
5 9:40 8.8 105 14 43 -2.3
6 9: 50 9.3 150 14 42 -8.0
7 10: 00 12.1 115 15 41 -5.1
8 10: 10 14. 5 65 16 40 6.1
9 10: 20 4.0 195 16 40 -3.9
10 10: 30 12.9 155 16 40 -11.7
11 11: 00 7.2 195 19 38 -6.9
12 11:10 0.0 - 18 36 0.0
13 11: 20 7.7 15 19 34 7.4
14 11: 30 10.0 35 19 33 8.2
15 11: 40 8.8 325 19 32 7.2
16 11: 50 13.4 10 19 32 13.2
17 12: 00 7.7 350 19 32 7.6
18 12: 10 5.3 45 19 32 3.7
19 12: 20 - - - - -
20 12: 30 7.2 330 18 32 6.3
21 13: 30 10.9 345 19 32 10.6
22 13: 40 6.9 20 19 32 6.4
23 13: 50 8.2 50 19 32 5.3
24 14: 00 - - - - -
25 14: 10 - - - - -
26 14: 20 - - - - -
27 14: 30 8.8 30 20 30 7.7
28 14: 40 6.3 30 20 30 5.5
29 14: 50 10.5 40 19 29 8.0
30 15: 00 0.0 - 18 29 0.0

Wnd Direction re Magnetic North

(-) Denot es test
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run was renoved fromthe popul ati on of events to be
anal yzed (See Section D.7 for an explanation).




D.5 G ound Surface Characterization

The roadway surface was conposed of dense-graded asphaltic concrete.
The roadside terrain between the road and the receivers was
relatively flat and conposed of packed clay with | ow cut grass.

D.6 Measurenent Procedures

At the beginning of the neasurenment day, a conplete system check was
perfornmed on the entire neasurenment system To establish the

el ectroni c noise floor of each system a passive m crophone sinul ator
was substituted for each m crophone. The frequency response of each
system was tested by recording a 30-second sanple of pink noise. In
addition, 30 seconds of calibration data were recorded at the

begi nni ng and end of the neasurenent day.

Data were collected at a rate of two sanples per second. After

coll ecting data for ten consecutive 5-mnute test runs (5-mnute
spaci ng between each run), approximtely 30 seconds of calibration
data were neasured and stored for all mcrophones. Data collection
then calibration were repeated until a total of thirty 5-m nute test
runs were neasured and stored.

At the end of the neasurenment day, the %% second noise data stored in
each LD820 were downl oaded to an AST Prem um Exec Model 386SX/ 20

not ebook conputer and stored on floppy disk for later off-1line
processi ng.

D.7 Acoustical Data

Processing of the noise data files stored on floppy di sk was
acconplished off-line, using the LD820 support software in tandem
with the Acoustics Facility-devel oped conmputer program RFILE. The
LD820 software was used to obtain a graphical history plot (noise

| evel versus tinme) for the test runs identified in the field as

potentially contam nated. These plots were exam ned and all
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guestionable test runs were renoved fromthe popul ati on of events to
be processed.

The RFILE program using the Y»2second data stored in each file, was
used to conpute the equival ent A-weighted sound | evels for each 5-
mnute test run (Laegsmn)- The Lagsnin Val ues were adjusted for
calibration drift. No anbient adjustnents were necessary. The fina
Laeq snin Val ues are presented in Table D4. Conputation of

experinmental error is shown bel ow

Experinmental Data Error Cal cul ation

1.) Conpute Variance® for:

C Background (Not conputed if neasured | evel > background by
10 dB):
Ref erence M crophone Position . . . . . . . . . 0.0
High M crophone Position . . . . . . . . . . . 0.0
C Difference (Corrected source levels at reference m crophone
position mnus calibration corrected source |evels at the high
m crophone position) . . . . . . . . . . . . . . . 0.012
C Bi as: Type Amount Anmount /2 (Amount / 2) 2
Cal i brator 0.25 0.125 0. 016 0. 016
Cal. Drift 0.23 0.115 0.013 0. 013
2.) Sum of Variances (Sum of above items) . . . . . . 0. 041
3.) Standard Error (Square root of Sum of Variances) . 0. 202
* Not e: Variance = (F)2 = [n3(X)2-(3%)?]/[n(n-1)]; where n is nunber of

levels and X is value of it" |evel.
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Table D4. Calibration corrected Lpegsmn data.

Test Start REF H GH M D Low
Run # Ti me
1 9: 00 80. 65 79. 30 72.50 65. 65
2 9:10 80. 15 78.90 71. 60 64. 95
3 9: 20 80. 05 78. 80 71. 40 64.75
4 9: 30 80. 55 79. 30 71. 80 64. 15
5 9:40 80. 25 79.10 71.50 64. 85
6 9: 50 80. 15 79. 00 71. 20 64. 75
7 10: 00 80. 05 78. 80 71. 40 64. 65
8 10: 10 80. 55 79. 10 71.10 64. 25
9 10: 20 80. 15 78. 80 71.10 64. 45
10 10: 30 80. 55 79. 20 71. 50 64. 85
11 11: 00 81. 15 79. 95 73.25 64.75
12 11: 10 81. 55 80. 25 74. 35 64. 15
13 11: 20 80. 95 79. 45 72.35 64. 85
14 11: 30 80. 75 79. 35 72.05 64. 75
15 11: 40 80. 95 79. 65 72.75 64. 65
16 11: 50 80. 75 79. 45 72.45 64. 25
17 12: 00 80. 95 79.55 72.45 64. 45
18 12: 10 80. 25 79.15 72.15 64. 85
19 12: 20 - - - -
20 12: 30 81. 25 80. 05 72.95 66. 00
21 13: 30 81. 20 80. 00 72.85 66. 15
22 13: 40 81. 30 80. 00 72.75 65. 95
23 13: 50 81. 50 80. 30 73.35 66. 65
24 14: 00 - - - -
25 14: 10 - - - -
26 14: 20 - - - -
27 14: 30 80. 80 79. 50 72.35 65. 75
28 14: 40 81. 80 80. 50 73.15 66. 75
29 14: 50 81. 20 80. 10 72.85 66. 15
30 15: 00 81. 40 80. 30 73.15 66. 45

(-)

Denot es test

run was renoved fromthe popul ati on of events to be

anal yzed (See Section D.7 for an expl anation).
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