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FQREWCRD

Thls handbook deseribes procedures for measuring compllance
wlth EPA's Noise Emission Standards, which set limits on the
nolse of locomotives, switcher locomotives, rall cars, active
retarders, car-coupling impacts, and locomotive load cell test
stands.

The Federal Railroad Administration will be promulgating
compliance regulatlons in the near future for enforcement of
the EPA Emlsslon Standards. Thls handbook specifically addresses
nolse measurement procedures and 1s directed towards compliance
officers, rallrcad personnel, local residents, and others to
permit an assessment of the nolse emissions from a rallyard,
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i. INTRODUCTION

1,1 Background

On 4 January 1980, the Environmental Protectilon Agency
{EPA} published a final rule 1n the Federal Regiater (45FR1252)
revising 40CFR Part 201, Noise Emission Standards for Transporta-
tion Equipment; Interstate Rail Carrlers. Thils regulation
lncorporates the nolse emissien standards for locomotlves and
rall cars, originally promulgated on 31 December 1975 (41FR2184),
as well as nolse emlsslon standards for four specific noise
sources occurring within railysrds: active retarders, car-
coupling impacts, swiltcher locomotives, and locomotive load cell
test stands. Thls partlcular rule, which sets standards for
source noise emissions, 1s considered the first of two parts.
The second part, the property line ncise standard, i1s scheduled
for promulgation in January 1981,

The purpose of this handbook is to provide guldelines and
step-by-step procedures for measuring compllance with these
specific standards. This handbook 13 directed at compllance
officers, rallroad personnel, local residents, and other con-~
cerned individuals interested in assessing whether or not the
nolse emissions from a particular rallyard facility exceed
the regulatory levels. In recognition of the varled backgrounds
ol potential users, the handbook has been wrltten to permlt
persons wlthout much experience in nolse measurements to follow
the various procedures for determining compliance wilth the
regulation.

1.2 Overview of Standards

The Interstate Rall Carrler Noise Emissicn Standards apply
to statlonary and moving locomotives, switcher locomotives, moving
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ratl cars, retarders, car-coupling operatlons, and lecomotive
load cell test stands. Table 1 summarizes the standards for
these noise sources. As can be seen from the table, the stan-
dards can be separated into those that apply at 30 m (100 ft)
from the particular noise source, and those that apply on
recelvling property.

Three measurement procedures are included in the regulation
ag follaows:

1. Measurement at a 30 m (100 ft} distance of the nolse
from locomotive and rail car operations and loco-
motlve load cell test stands;

2, Measurement on recelving property of retarder and
car-coupling noise;

3., Measurement on recelving property of locomotive
load cell test stand and switcher locomotlve nolse.

The three protedures are necessary because different noilse
measures are assoclated with the varilous standards. For
measurements at 30 m (100 ft), the maximum sound level (Lma
is determined and compared with the standard. For retarder
and car-coupling operatlions, the adjusted average maximum sound
level (Ladj ave max
compared with the standard. Finally, for locomotlve load cell
test stands and switcher locomotives, the statistical sound
level exceeded 90% of the time (Lgg) 1s measured on receiving
property and compared with the standard.

)

X

J* 1s measured on recelving property and

*The adjusted average maximum sound level is the energy average
of' the measured maximum sound levels, ad]usted to one measure-~
ment per minute.
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TABLE 1.

SUMMARY OF NOISE STANDARDS, 40 CFR PART 201,

Belt Beranek and Newman Inc.

Parzgraph linise Standard -«
and A-Weighted
Sectfon Neisa Source Sound lLevel tn dB Hoise Measura® | Measurement Location
All Locomatives Mimficturad on
or Sufore 3] Decembar 13727
201.11{a} | Stationary, Idle Throttle 73 L {olow) an oo {led fv)
Setting nRE
201.11{a} | Stationary, ALl Other a3 L. [=low} 33 m (109 gt
Throttle Settings A%
201,12 (a)| Moving o] L (rast) 30 m {100 r'e)
-1
ALl Lecomotiven Mamufaotured
Aftar 31 December 15731
201.11(b) | Btationary, Idle Throtile T L {uwlow) My om {100 1t}
Betting el
201,11{b) | Stationary, ALl Other En L {slaw} 20 5 {100 )
Turottle Settings "
201.12(b) | Moving 50 Ly, ‘Fatt) 0@ (100 ft)
20L.21(¢e) | Additicnal Raguirument for
and Switoher Logsomotives Manus
201.12(e) | fastured on or S¢fore
31 Dogemtar 1973 Opevating in
fards Whare Statfonary Suiccher
and othar Locomative Neise
Exceads the Reaetving Proparty
Limle of 65 Lyy (feat)®® Recedving Property
201.11{c} | Statlionary, Idle Throttle 70 L. (ulov) G @ (190 £y
Setting nak
201,1ke) | Stationary, All Other gt L .. (alow} 0 om (163 e}
Throttle Settings sax
201.12 F2 6 m (200
L.2(e} | Moviag ¥ L,y (rase) G m (200 £2)
Rail Cara®
201,12 Moving at Speeds ot L5 mph 28 L {fant) 30 g {100 ft)
ar leas =ax
201,11 Moving at Speeda Ureater 93 L {fust) 30 o (100 ro}
chan k5 mph mAX
Other Yard Equipmant and
Faatlitias L
201.14 Ratarders 33 E‘:,i.:}" max Recelving Proparty
201,15 Car=-Coupling Cporaticns 92 LndJ -n)ro max heteiving Proparty
{{sat
201,16 Loanmotive Load Cell Tese
Stands, hhars the Notaa from
Loacmotive load Call Opapa-
tions Zroaads tha Raosiving ;
Proparty Limits of 55 L, (fast) Arceiving Froperty
201.16{a} | Prizary Standard 18 Loy (glov) 0w (100 f1)
201,16(b) | Secondary Standard if 30-n 65 L, (7ast) fecaiving Froperty
Measurement liot Fessible Located merd than
120 n from load Cell

*Loax ® Haxlmus sound laevel; Lag = Statlstical scund level exteedad 50% of the time; L

average maximum acund lavel.
These scurces wers ragulated in cthe orfginal {31 Dacemter 1%75) reawlacios.

*fgparifization of "fast" reflezta o correcticn to the regulstion,

Sew footnote, p, b,

&d} ave max

u tdjusted
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Nolse levels are measured with either "fast" or "slow"
meter response on the sound level meter, as shown on Table 1.
Slow response 1s used Tor all 30 m {100 I't) measurements of
stationary sources (all stationary locomotives and locomotive
load cell test stands). For all 30 m (100 ft) measurements of
moving sources {all locomotives and rail cars), and all measure-
ments made on recelving property, fast response 1s used.®

Table 1 shows that the standard for each nolse source applies
either &t 30 m {100 ft) or on receiving property, except for
locomotive load cell test stands and switcher locomotives, which
have values listed for both the 30 m (100 ft) distance and
receiving property. For these two nolse sources, the receiving
property measurement 1s used as a trigger; l.e., measurements
are obtained on receiving property, and only if the recelving
property limit 1is exceeded are compliance measurements obtained
at the 30 m (100 ft) distance and compared to the standard. The
regulation also permits measurement of the nolse from locomotive
lead cell test stands on recelving property more than 120 m
{400 rt) from the test stand, 1f site conditlions at 30 m (100 ft) f
from the test stand do not permit compllance measurements to be
obtalned at that distance,

1.3 Organization of Handbook

The next sectlon brilerly highlights the major sources of
gound found in and arcund a railrozd yard. Section 3 provides
detalled procedures for conducting complianece measurements for

#Thls discussion concerning the use of fast and slow response,
as well as the procedures throughout this handbook, reflect
the requirements of the regulation as modified by & Technical
Amendment scheduled for promulgation in January 1981. This
amendment 1s designed to correct certain typographical errors
in the published regulation, dealing with selectlon of last
Vs slow response.

Pl
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each of the standards included In the regulation. Included in
this secticnh are step-by-step techniques, as well as several
examples 1llustratlng the procedures. Section 4 provides addi-
tlonal examples and practical measurement hints.

Blank coples of the varlous lepg sheets and work sheets are
provided 1in Appendix A. As an ald to the user of thls handbook
who may be unfamiliar with conducting nolse measurements,

I Appendix B provides a brief background dlscussion of the basles
of sound, fcllowed in Appendix C by a discusslon of the use of
sound level meters.
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2. RAILROAD SOUND SOURCES

The sounds that are obgerved in the viecinity of a rallroad
yvard are extremely varled in terms of thelr amplitude, frequency,
and time characterlstics. Since the different measurement pro-
cedures 1incorporated withln the noise emigsion regulation were
developed to handle the varied time characteristles of the
different rall sources covered by the regulations, these sources
will be categorlzed in thls section by thelr time character-
1sties,

In bread terms, the sounds from a rallyard can be classi-
fied Iinto those that do not change appreclably with time
{steady-state sounds), and those that do change with time
(time-varying sounds). In real-world situations, completely
steady-state sounds rarely exlst; even 1Ff the sound energy
output of a mechanical device was constant wilth time, propaga-
tion path effects would cause the signal received at the
mlicrophone to vary with time. Thus, several of the rall sources
will fall within a classificatlion of '"nearly" steady state.

Time-varying sources range from sources whose nolse levels
vary quite slowly wilth time to those that vary abruptly with
time.

2.1 Nearly Steady-State Railrocad Sources

Included in thils category are statlonary devices with fairly
constant sound energy output, such as statlonary locomotilves,
statlonary switcher locomotlves, and locomotive lecad cell test
stands. PFilgure 1 shows seversl time-history traeings for such
sources, The primary nolse source i1z the dlesel quine, which
generates sound over a fairly wide range of freguencies. The
particular nolse level observed depends primarily upon the throttle
setting at which the locomeotlve 1s belng operated.

i ek A A T
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2.2 Time-Varying Raiiroad Sources

Time-varying sources whose nolse levels change falirly
slowly with time include moving locomotlves, moving switcher
locomotives, and moving rall cars. For these sources, nolse
levels increase as the moving vehlcles approach the observer,
reach a maximum at the closest point of approach, and then
decrease as the vehicles pass by. For moving locomeotives and
moving swltcher locomotives, the primary source of nolse ls
again the dlesel engine, whlle for moving rall cars, the major
noise source 1s the wheel/rail interface. Flgure 2 1llustrates
the time-hlstory pattern of these sources.

Time-varying sources whose noise levels change rather
abruptly include retarders and car-coupling operations. For
both of these sources, A-welghted noise levels may increase
dramatically (20 to 30 dB) in a fractlon of a second above the
previcus background level. The noilse levels from retarders,
generated as the wheels of the rall cars are clamped by the
' retarders, are percelved as hilgh-pitched squeals. Most of the
sound energy in retarder squeals are concentrated in the 2,000
to 4,000 Hz reglon.

As cars couple, the resulting impacts generate high-level,
short~duration nolses over the entlre audible frequency range,

Figure 3 and 4 contain sample time-history traces for retarder
squeals and car-coupling impacts, respectively.
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3. PROCEDURES FOR COMPLIANCE MEASUREMENTS
3.1 Selection of Measurement Sites and Times

3,1, Where to measure

Compllance measurements are obtalned elther at a 30 m (100
ft) distance from specific railroad sources or on receiving
property. The nolse of statlionary locomotives, moving locomo-
tives, and moving rall cars is measured at 30 m (100 ft), while
the noise of retarders and car-coupling operations 1s measured
on recelving property.

The nolse of statlonary switcher locomotives and locomotive
load cell test stands 1s inltially measured on recelving property;
17 the noise emission limits for these sources are exceeded,
measurements are then obtalned for compliance determinatlon at
30m (100 ft) from statlonary switchers, moving switchers, and
locomotive load cell test stands. Thus, the property line mea-
surements of the nolse of staticnary switcher locometlves and
locomotive load cell test stands serve as a "trigger" mechanism.
Noise measurements on rallroad property of these sources need not
be obtained 1f the recelving property nolse levels are below the
linits in the regulation. However, if the receiving property
noise levels are in excess of the limlts, complliance wlth the
standards must be Judged by measuring the noise levels at the
30 m (100 ft) distance.

Further, for locometive load cell test stands, Iin the event
that the site conditions at 30 m (100 ft) from the test stand
do not permit measurements to be obtained, compllance with the
locomotive load cell test stand nolse standards is Judged by
obtalning noise measurements on recelving property more than
120 m (400 ft) from the test stands. The varlous measurement site
location requirements for the individual railroad sources are
summarized in Table 2.

12
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TABLE 2.  SUMMARY OF MEASUREMENT LOCATION REQUIREMENTS.

Source Measurement Location

Stationary Locomotives
Moving Locomotives 30 m {100 ft)
Moving Rall Cars

Retarders Recelving Property
Car Coupling Operations

Stationary Switcher
Locomotives

Locomotive Load Cell
Test Stande

Recelving Property

If Limit is Exceeded

Stationary Switcher

Locemotives
Moving Switcher
Locomotives 30 m {100 ft)
Locomotive Load Cell
Test Stands If Tesat Stand Measurement

Site 1s Unacceptable

>120 m (LoO ft) on

Recelving Propertiy

Locomotive Load Cell
Test Stands

13
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With regard to measurement at the 30 m (100 ft) distance,
Fig., 5 1llustrates the measurement locatlon relatlve to the
speclfic nolse source being measured. Criterla with regard to
site conditions at the 30 m (100 ft) measurement location are

dlscussed In Sec. 3.3.1.

For measurements on recelving property, specific measure-
ment locations should be selected on the basis of some under-
standing of the types of activities conducted at the railyard,
the location within the yard of speclfic nolse sources and
activities, and the presence of other noise sources that might
interfere with the measurements. Quite often, discussion with
local residents will provide lnsight into areas in the vicinity
of the yard at which the nocise of specific sources iz likely to
be observed, Selectlon of specific measurement locations is
not, therefore, a haphazard, random, or necessarily speedy process.
The individual interested in obtaining compliance measurements
should plan to spend anywhere from several hours to perhaps a
full day observing raillyard cperations, pinpointing on a map the
location of speclfic sources and activitiles, and simply listening
to the noise environment at a number of locations around the yard.
Armed with some knowledge of the yard's activitlies and the in-
formation galned from discussion with local residents and sur-
velllanee of the yard ltself, the reader can select receiving
property measurement locations approprlate for measurement of
the sources under consideration (i1.e., where the highest noise
levels could be expected from these sources).

The regulation defines '"recelving property" as "any resi-
dentlal or commercilal property that receives the sound from
rallroad facillity operations,... ." HResidential and commercial
property are defined 1n the regulation according to various
standard land use codes. The portlon of Sec. 201.1 that provides
specific detalls of these definitions is reproduced below.

14
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Noise §”
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FIG. 5. MEASUREMENT SITE LOCATION AND TEST SITE CLEARANCE REQUIREMENTS FOR
30m (100 ft) MEASUREMENTS,
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{0) "Commercial Property” means any
property thal ls normally sccessible to
the public and that ia used for any of the
purposes described in the following
standard land vse codes (reference
Standard Land Use Coding Manual, U.8.
DOT/FHWA, reprinted March 1877): 53~
&6, Reloil Trade; 81-04, Finance,
Inaurance, Real Esiate, Peraonal,
Business end Repair Ssrvices; 052-858,
Legal and other professlonal services;
671, 672, and 673 Governmental
Services; 692 and 609, Welfare,
Charitable and Other Miscallaneous
Servicen; 712 and 714, Nature
exhibitions and other Cultural
Activitles; 721, 723, and 728,
Entortalnment, Public and ather Public
Ausembly; nnd 74-70, Recreational,
Resort, Park and other Cultural
Activitlea,

{w} “Recelving Property" means any
resldential or commaercial property that
recelves the sound from railroad facility
operations, but that ls not owned or
operatsd by a railroad; except that
occupled residences located on property
awned or controlled by the rallread are
included In the definition of “roceiving
property.” For purposes of this definition
rallrond erew sleeping quartars located
on proporty owned or controlled by the
rallroad are not considered as
residences, If, subsequent to the
publication data of these regulationo, the
uaa of any property that s currently not
applicabla to this regulation chunges,
and jt ls newly clasaified as slther
residentinl or commorclal, it is not
teceving proparty until four yeats have
elopsed from the data of the actual
change ln usa,

(x) “Residential Property™ means any
property that is used for any of tha
purposss described in the folio
standard Jand use codes (ref. Standerd
Land Use Coding Manual U8, DOT/
FHWA Wash!ngton, D.C, reprinted
March,1977): 1, Resldential: 851, Modlcal
and other Health Services; 68,
Educational Services; 881, Religicus
Activities; and 711, Cultural Activities.
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3.1.2 When to measure

Anytime. The regulatlon places no restrictlon on the hours
during which measurements may be obtalned. Since at many rail-
yards activities occur on a 24-hr basis, measurements may be
obtained at any time of the day or night and on &ny day of the

week or weekend.

3.1.3 Interfering noises

For both 30 m (100 ft) and receiving property measurements,
the reader must always be aware of the nolse of other scurces
which could adversely affect the compllance determinatlon. At
30 m (100 ft), other railyard equipment may interfere with the
desired measurements; on recelving property, interfering sources
might include traffiec, alrcraft, garden equipment, or TV/radio/
hi-fi equipment. When interfering sources are Intermittent (such
as occasional ailrcraft), 1t may be possible to condurt compliance
measurement s between the extraneous noises,

Both the 30 m (100 ft) measurement procedure and the pro-
cedure for measuring retarder and car-coupling sounds specify ‘
that background noise levels be at least 10 dB below the rail- ;
yard source level belng measured. The procedure for measuring
the nolse of statiopary switcher locomotives and locomotive
load cell test stands involves measurement of the total nolse
environment and then testing to ensure that a nearly steady state
environment has been measured. These requirements on the back-
ground nolse at a measurement positlion emphasize the importance
of careful selection of location and time of compliance measure-
ment, based on knowledge of yard sources and activity and site
characteristies.
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3.2 General Documentation Requirements

Explicit requirements for deocumentation for standards other
than the locomotive and rail car standards wlll be defined in
the forthcoming compliance regulatlions to be promulgated by the
Federal Hallroad Administration (FRA). The FRA promulgated
compliance regulations for locomotilves and rail carson 23 August
1977 (42 FR 42343). Guldelines for the type of informatlon that

should be collected and documented are provided in the followlng:

1. General Informatlion. Thils includes the date, time, and
locatlon of the measurements, as well as the name of the indl-
vidual conducting the measurements.

2. Noise Source Identification., Identify the specifice
rall nolse source being measured (including serial number),
as well as other noise sources (raill or nonrail} that may be
observed at the measurement site during the measurements.

3. S8ite Conditions. Describe the ground cover, presence
of bulldings or ether obstacles In the vicinlty of the measure-
ment mlerophone, and obstacles that shileld the noise source from
view, ete. A photograph of the site and the nolse source belng
measured, as taken from the measurement location, would also be
helpful.

4, Map of Area. The map should show the location of the
various nolse sources contributing to the noise environment, the
location of the measurement microphone, and other slte char-
acteristics that would be useful to document.

5. Measurement Equlpment. List the type and serlal numher
of all the nolise measurement equipment utillzed.

18
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6., Calibraticen Information. Document the calibration
level of the noilse lnstrumentation at the beginning and conclu-~
sion of the measurements., If the measurements occur over &n
extended period of time, several callbrations should be performed
and documented.

7. Weather Condltions. Measure and document the tempera-
ture, relative humidity, wind conditions, and sky conditions
(sunny, hazy, ecloudy, ete.) at Irequent intervals during the
neasurements.

3.3 Source Measurements at 30 m (100 ft) Distance

The infoarmation described in this sectlieon applies to mea-
surement of the nolse levels due to stationary locomotives,
moving locomotlves, and moving rail cars, This informatilon
also applies to the measurement of the nolse levels due to
stationary switcher locomeotives, moving switcher locomotives,
and locomotive load cell test stands, 1f measurement of the
nelse of stationary switcher locomotives and/or locomotive
load cell test stands on recelving property exceed the receiving
property source standards for these sources.

3.3.1 Criterfa for site conditions, weather conditions, and
background noise

These criterla are designed to ensure that the nolse levels
measured by the measurement mlcrophone are not unduly influenced
by the conditlons at the silte ltself, effects due to weather,
or the nolsgse of other sources in the viecinity of the mlerophone.
Reproduced below from Sec. 201.23 are the specifilc criteria
governing measurements at the 30 m (100 £t) distance,
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§201.29 Teat Siie, woathor conditions and
background nolse cflteris for measurement
at & 30 meter (100 tesd) distance of the
nolse lrom locomotive and roll car
operaflons and jocomotive load cell {eat
sinnds,

{8) The standard test site ahall be
auch that the locomotive or rain
radiates aound into a fres field over the
ground plene. This condition may be
conaidered fullilled if the teat site
conslsts of an open spuce free of large,
sound reflecting objects, such as
burriers, hills, signboards, patked
vehicles, locomotives or rail cars on
adjacent tracks, bridges or buildings
within the boundaries described by
Figure 1, us well an conforms 1o the
olher requirements of thia § 201.22,

(b) Within the complele test sile, the
top of at leaat ono ruil upon which the
tocomollive ar train {s located shall be
visibla (line of sight) from a poaition 1.2
meters (4 feet) abova the ground at the
microphone lacation, except as provided
in peragraph (c) of this section,

(¢) Ground cover such a3 vegetatlon,
fenceposts, small treea, telephone poles,
etc., ahall be imited within the area in
the test site hetween the vehicle under
test and the meanuring microphone such
that 00 porcent of the top of at leasl ono
rail along the entiry lest section of track
be visible from a position 1.2 maters (4
feet) above the ground at the
mictophone location; except that no
single obstruction shall account for more
than 5 percent of the total allowable
obstruclion.

(d) The ground elavation at the
microphone location shall be within plua
1.5 meters {5 feet) or minus 3.0 melers
(10 feat) of the elevation of the top of the
rail at the location in-line with he
microphone.

[e] Within the test slie, the track ahall
exhlbit leas than a 2 degree curve ora
radius of curvature greater than 873
maters 52.065 foet). Thia pacagraph shall
not apply during a stationary test. The
track shall be tle and ballast, free of
speclal track work and bridges or
trestles,

{f} Measurements shall not be made
during precipitalion.

20
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[8) Tho maximum A-welghted fast
reaponse sound {evel ebserved at the
test slta Immedlately before and after
the test shall be at least 10 dB(A) below
the level measured during the test, For
the locomotive and rall car pass-by tests
this requirement applies before and aftar
the train cantalning the rolling atock to
be tested has pasaed, This background
sound level measurement ghall include
the contribution from the operation of
the load cell, if ony, including load cell
contribution during test.

(k) Noise measurements may only be
made if the measured wind veloclty ia
18,3 km/hr (12 mpb} or less, Gust wind
measurements of up to 33.2 km/hr (20
mph) are allowed,
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Paragraphs (a), (b), {(c), and (d} define site conditions to
minimize the possibility of undue reflection, absorption, and/or
shlelding occurring within the test site that could affect the
measurement at the microphone. Paragraph (e), whieh limits the
radius of curvature of the traclk and the track construction, is
included to eliminate the posslbilility that the nolse level genera-
ted by moving locomotives or rail cars is Iinfluenced by the track
itself. Paragraphs (f') and (h) put restrictions on the weather
conditions during which measurements may be made. Again, this
is to ensure the integrity of the measured nolse levels.

Paragraph {(g) requlres that the sound level observed at the
test site before and after the tests be at least 10 dB below the
level measured durlng the test. As described in Appendix B of
this handbook, 1f the background nolse levels are within 10 dB of
the levels measured during the test, the measured levels would
inelude the contribution of the background noise. This require-~
ment is included to ensure that the nolse levels measured are
due sclely to the raillroad nolse source being tested for com-
pliance.

3.3,2 Measurement procedures

The procedures listed in the following sectlon are appllc-
able to the measurement at 30 m {100 ft) of the noise of moving
and stationary locomotives and switcher locomotives, moving
rall cars, and locomotlve load cell test stands. The procedures
are generalized to ineclude all of the sources, with comments
concerning specific procedures for specific sources lnecluded
as appropriate.
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Step 1. Select Measurement Location. For moving locomo=-
tives, switeher locomotives, and rall cars, the measurement
location selected l= on a line perpendicular to the track, at
a point 30 m (100 ft) from the track centerline (see Fig. 5).

For stationary locometives, statilonary switcher locomotlves, and
locomotive load cell test stands, the microphone locatlon must,
in addition, be at the longitudinal midpolnt of the locomotilve.
Survey the slte to determine compllance with the site criterla
discussed previocusly., OCbserve weather condltlons to determine
whether the weather criterlz are also met, Identlfy the presence
of other sources that might Interfere with the desired compliance
measurements. Make an initlal assessment of whether the back-
ground nolse 1s sufficiently low to permit the compliance measure-
ments {by spot-checking on a sound level meter, or by simply
listening to the neolse environment at the site 1n the absence
of the source under consideration}. TFor measurement of the
nolge of moving locomotives, moving switcher locomotives, and

‘ moving rallecars, observe the track condition to ensure that the

1 track is reasonably well malntalned.

Step 2., Set Up Measurement Equipment. Assemble the instru-
mentation in accordance with the manufacturer's recommendations
and instructions. Position the microphone 1.2 m (4 ft) above
the ground., Check all connections, and test the power supplies
of all equipment that is battery operated.

Step 3. Calibrate Instrumentation. TFollowlng the manu-
facturer's instructions, use a callbrator of known acoustic
output to calibrate the measurement system. Note on the log
sheet the time and level of calibration.
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Step 4. Measure Noise Levels. Using the A-welghting scale
and the fast meter response, measure the maximum sound level
occurring lmmedlately before the test, and tabulate on the log
sheet, During the test, do not stand between the microphone
and the source under test, Elther Type 1 or Type 2 sound level
meter may be used (Type 1 is preferred, however).

4,a Stationary locomotives, stationary switcher locomotives,
and locomotive load cell teat stands. Using the A-welghting
scale and the slow meter response, observe the sound level
meter for 30 gec after the test throttle settings are
established. Tabulate the maximum sound level observed
during that perlod on the log sheets. Durlng these tests,
all cooling fans are to be operating.

4.b Moving ratl ecars. Using the A-welghting scale and
fast meter response, observe the sound level meter as the
train passes by. After the locomotives have passed a
distance of 152.4 m (500 ft) or 10 rail cars beyond the
measurement microphone, and no other locomotives are
located within the same distance of the measurement polnt,
the maximum sound level that occurs during the rall car
passby shall be noted on the leg sheets. The nolse levels
are not to be recorded if brake or wheel squeal 1s present;
1f thls occurs, the measurements should be repeated.

d.e¢ Moving locomotives and switeher loecomotives. Using
the A-weighting scale and the fast meter response, observe
the sound level as the locomotive approaches and passes
the microphone lecation. The maximum noise level cobserved
shall be noted on the log sheet.

23
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Using the A-welghting scale and the fast meter response,
measure the sound level immedlately after the test and verlfy
that the before and after background sound levels are at least
10 dB below the levels measured during the test,

Step §. Calibrate Instrumentation. After the test, call-
brate the lnstrumentation ln the same manner as performed in
step 3 above. If the meter indicates a significantly different
reading than the initial calibration (greater than + 1 dB), a
malfunction in instrumentation may have occurred (particularly
if the time between Initial and final calibrations 1is within
1 to 2 hr). Determine the cause of the mzlfunction, and repeat
the measurements 1f necessary.

Step 6. Disassemble Equipment.

Step 7. Maintain Documentation. During steps 1 through 6
above, document essential items wherever possible.

A suggested log sheet is provided in Pig. 6 with space
avallable to document several of the items discussed in Sec. 3.2
above. Figure 7 1is an example of a sample log sheet filled out
for the measurement of a movlng locomotlve,

3.4 Source Measurements on Receiving Property

The procedures in this section are applicable to measure-
ments of the nolse of retarders and car-coupling operations for
compliance determinatlon, measurements of the nolse of station-
ary swltcher locomotlves and locomotive load eell test stands
prior to conducting compllance measurements at 30 m (100 £%)
from the sources, and measurement of the nolse of locomotive
load cell test stands on recelving property more than 120 m
{400 ft) from the stand when 30 m (100 £t) measurements are not

possible.
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1. Enter the position (address or position number), your name,
the day and date, and the type and serial number of the
measurement instrumentatlion on tiwe Lopg Sheet.

2, Enter the callbratlon level at the start of the measurements,
and the time at which the measurement period begilns.

, 3. For each measurement, enter the time of measurement, an

k event number, and the source type and serlial number cf each

source belng measured.

i, Measure the maximum A-welpghted sound level (fast for moving
sources, slow fFfor stationary sources).

5. Enter the measured sound level and whether fast or slow
mefer dynamics were utilized,

6. At the conclusion of the measurements enter the end time,
and the calibration level.

7. Enter meétéorological data on the Log Sheet, and draw a simple
sketch of the measurement site Including microvhone lacation,
location of nolse source(s) measured, etc,

FIG. 6a, INSTRUCTIONS FOR USE OF "LOG SHEET FOR SOURCE NOISE MEASUREMENTS
AT 30 m {100 ft)."
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POSITION EHGR TIME: BEGIN END,
DAY, DATE CAL: BEGIA END,
Hi¢: TYPE SH DRY BULB KET BULB
SLH: TYPE, SN REL. HUMD, SKY
CALIB: TYPRE ] WIND SPEED DIRECTION

HEATHER CONDITIONS MET: Yes[ ] o[ )

KOTES AND SKETCH:
MICROPHONE POSITION MET: Yas{ 1 MNa[ ]

Time E::m Source S;:i:.l Litax g‘l’;:’/ COMMENTS

FIG. 6b. LOG SHEET FOR SOURCE NOISE MEASUREMENTS AT 30 m (100 ft).
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Fla, 7.

P

HOTES AND SKETCH:

Bolt Beranek and Newman Inc.

LOG SHEET FOR SOURCE NOISE
MEASUREMENTS AT 30 METERS (100 fr}

rosiTIon A ENsR_M. SMTH
pAY___Fel OATE_ 2. AfR £
MIC:  TYPE_2all sy {a3YSLT
SLM: TYPE__HI6 sy feylal
CALIB: TYPE_£206 SN avbf/o

TIME: BEGIN _ofov0
BEGIN _{i%.0

CAL:

ORY BULB
REL. HUMD.

WIND SPEED
WEATHER CONDITIONS MET:

Enn_ 130
END__ 1Y
WET BuLa_4°
SKY OVETLLAST
DIRECTION_S
Yes[v] Kol ]

S-DO

P

vt e PR MICROPHONE POSITION MET: Yes{tT No[ ]
¥ o Jev CAL AT 1000 Y. 2.db
el
of
~|pr
0 Tt
T BRaA:IwH
Time Et::?’ Source 5;';1‘:' LM‘,,, Efu‘:v/ COMMENTS
oo | - RACKGRUND 63| £ | QueT AT THS SITE, ocestmy
VERCLES /N DiSTANCE
;-3 CTEL S
0F2s| | |iocos {323 (B3 £ SPERD ~e 2aMPH
Néw | Livo'd =
L "TRAN ﬁ‘;‘; 3 F st AL CaRS, @ ~faddd
e ViNG $'f-
N30 | 3 |remn [‘38F (et | F |~ fhiccaes e A
4 s | - |BAcKerdunp 9] £ STILL QUIET: MNIsE (LveesS

TYOIALLY SO~ ALL MOZNMGE

EXAMPLE OF USE OF LOG SHEET,
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3,4,1 Criteria for site conditions and weather conditions

Site condltions and weather condltions allowable during

recelving property measurements are deflned in Sec. 201.25 and

reproduced below,

§ 201,25 Mossurement location and
waather conditiona for measurament on
recolving property of the noisa of
retardors, ¢ar coupling, iocomotive joad
ceil test atands, and stationary
hcomotives.

a) Measurements must be conducted
only sl recelving property measurement
locatlona,

{b) Measurement Jocations on
recelving Eroperty must be selecied such
that no substantially vertical plane
surfaca, other than a realdantial or
commaercial unit wall or facllity
boundary nolse barrler, that exceeda 1.2
meters {4 feat) In height fe located within
10 metars (33.3 feet) of the microphone

and that no exterior wall of a residential
or commercial structure Is located
within 2.0 meters {B.8 feet) of the
microphane, If the resldenlial structure
is @ fatm homae, measurements must be
made 2.0 to 10.0 meters (6.6 1o 33.3 fuat)
from any exiarior wall,

{c) No messurement may be made
when the average wind velocily during
the period of measuremeni exceadn 18.3
km/hr {12 mph) or when the maximum
wind guat velocity exceada 32.2 km/hr
(20 mph).

{d) No measurement moy be taken
when precipitation, 2.4, rain, snow,
aleet, or hail, is occurring.

Paragraph (a) restricts nolse measurements to "receiving property

measurement locatlons.”

These locatilons are deflned in more

detall in Sec. 3.1. Paragraph (b) limits the presence of vertl-
cal obstructions (that exceed 1.2 m or 4 ft in height) within

10 mor 33.3 't of the microphone, Excluded from thils constraint
is a facllity boundary nolse barriler or the wall of a residential
or commereial unit. If such a resldential or commerclal unit
wall is present, the measurement microphone must be located at
least 2 m (6.6 ft) away from the wall. If a farm home 1s the
residential structure on the receiving property, nolse measure-
ments are constrained to between 2.0 and 10.0 m (6.6 and 33.3 ft)
from any wall of the residential struecture.

Paragraphs (c¢) and (d) define the weather conditions during

b LTI e

g

which measurements may occur so that adverse weather conditlions
do not unduly affect the nolse measured at the microphone.
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3.4.2 Measurement procedures for retarder and car-coupling noise

The precedures that follow are applicable to the measure-
ments on recelving property of the nolse of retarders and car-
coupling operations. The procedures are nearly identical for
both sources; specifle differences are highlighted where they

occur.

Step 1. Select Measurement Location. TFor measurement of
the nolse of both retarder and car-coupling impacts, the measure-
ment loeatlon must be on receivlng property (see Sec. 3.1 for a
definition ¢f receiving property and guldelines for selecting
suitable locations). For car-coupling impact measurements only,
the recelving property measurement location must be at least
30 m (100 ft) from the centerline of the nearest track on which
car couplings occur and are measured. Note that the measure-
ment location may be cleser than 30 m (100 ft) from tracks on
which car couplings occur if the nolse of these coupling impacts
1s not ineluded in the nolse measurements acquired at the
selected measurement locatlon. Survey the silte to determine
compliance with site criteria discussed above. Observe weather
conditlons to determine whether the weather criteria are also
met. Identify the presence of other sources that might interfere
with the deslred compliance measurements.

Step 2, ©Set Up Measurement Equipment. Assemble the Instru-
mentation in accordance with the manufacturer's recommendations
and instructions, Position the microphone between 1.2 and 1.5 m
(4 and 5 ft) above the ground, and in accordance with the manu-
facturer's recommendations in order to ensure Type 1 or Type 2
performance, Check all connectlons and test the power supply of
all equipment that 1s battery operated.
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Step 3. Calibrate Instrumentation, Following the manu-~
facturer's instructions, use a callbrator of known acoustile
output to calibrate the measurement system. Note on the log
sheets the tlme and level of the calibration.

Step 4. Measure Noise Levels. Nolse levels are to be
measured using the A-welghting scale and the fast meter response
wilith elther a Type 1 or Type 2 sound level meter (Type 1 is pre-
ferred, however). During the test, no one may stand between the
mierophone and the nolse source belng measured. Further, the
manufacturer's recommendations concerning the positioning of
people relative to the mlerophone must be followed in order to
ensure Type 1 or Type 2 performance.

4.a Note on a log sheet the time at which measurements
begin.

4.b For each retarder or car-coupling sound, read the
maximum A-welghted sound level (fast) that occurs during
each sound, and note the level on a log sheet., Retarder
and car-coupling sounds are defined as sounds that are
heard and identifled as elther retarder or car-coupling
sounds, and that cause the sound level to lnerease by at
least 10 dB sbove the level observed immedlately before
the sound. Thus,‘the background nolse level should be
continuously monitored on the sound level meter and kept
in mind so that the maximum sound level observed for a
particular retarder or car~-coupling sound can be compared
to this background level. If thls maximum sound level is
at least 10 dB above the background level, 1t qualifles
as a valld retarder or car-couplling sound and can be noted
on the log sheet.
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4.c Every retarder or car-coupling sound that occurs (and
qualifles by virtue of 1ts level relative to the background
level)} should be measured and noted on the log sheet.

4,4 After 30 consecutive retarder or car-couplling sounds
are sco measured, 1f the measurement period has been at
least 60 min, the measurements are complete., If 60 min
have not elapsed, continue to measure every consecutlve
retarder or car-coupling sound until at least 60 min have
elapsed. If more than 240 min elapse, and 30 retarder or
or car-coupling sounds are nct measured, the measurements
may not be used for compllance purposes. An alternate
measurement perlod should be selected during which 30 con-
secutlve retarder or car-coupling sounds can be measured
during a 60- to 240-min perilod.

4.e Note on the log sheet the time at which measurements
conclude, and the number of measurements obtalned.

Step 5. Determine the Adjusted Average Maximum A-Weighted
Sound level. From the 30 or more measured maximum sound levels
due to retarders or car couplings, the energy-average level
{energy average of these 30 or more levels) should be determined.
If a Type 2 sound level meter was used to obtain the measure-
ments, and the measurements were of retarder sounds, subtract
4 dB8 from the energy-~average maximum sound level. If a Type 2
sound level meter was used to obtain the measurements, and the
measurements were of car-coupling sounds, subtract 2 dB from the
energy~average maximum sound level. Determine the ratio of the
number of measursments, n, to the measurement duration in minutes,
T, With thls value of n divided by T, refer to Table 3 to select
the appropriate adjustment, €, that must be applied to the energy-
average maximum level. The summation of this adjustment, C and
the energy-average maximum level, results in the adjusted average
maximum level.
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TABLE 3. ADJUSTMENT T0 Lave max TO QBTAIN Ladj ave max FOR RETARDERS AND

CAR-COUPLING IMPACTS.*

T?_a number of measurements C = Adjustment in dB
measurement duratfon (min)
0.111 to 0.141 -9
0.142 to 0.178 -8
0.179 to 0.22L -7
0.225 to 0.282 -6
0.283 to 0.355 -5
0.356 to 0.L47 -
0.448 to 0.562 -3
0.563 to 0.708 -2
0.709 to 0.891 -l
0.892 to 1.122 0
1.123 to 1.413 +1
1.k1k to 1.778 +2
1.779 to 2.239 +3
2.240 to 2.818 +4
2.819 to 3,548 +5
3.549 to 4.46T +6

*Lad,j ave max La.ve max C in dB.

Values in Table 3 were caleulated from C = 10 log n/T with intervals
gselected to round off values to the nearest whole decibel. The table may
be extended or interpolated to finer Interval gradations by using this
defining equation.
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Step 6, Calibrate Instrumentation. After the test, cali-
brate the instrumentation in the same manner as performed in
step 3 above. If the meter indilcates a significantly different
reading than the initial calibration (greater than + 1 dB), a
malfunction in iInstrumentation may have ocecurred (particularly
1f the time between inltilal and final calibraticns 1s within
1l to 2 hr). Determine the cause of the malfunctlon and repeat
the measurements, 1f necessary.

Step ?. Disassemble Equipment.

Step 8. Maintain Documentation. Durlng steps 1 through
7 above, document essential 1tems wherever possible.

Pigure 8 1s a suggested log sheet for documenting several
of the ltems dlscussed in Sec. 3.2 above, as well as tabulating
the 30 or more individual maxlmum sound levels measured during
the test.

As an gid 1n the determlnation of the adjusted average
maximum sound level, Pig. 9 1s a worksheet that may be used in
conjunction with Fig. 8 to approximate both the energy-average
sound level, and the adjustments to the energy-average sound
level (thereby replacing Table 3). PFlgures 10 and 11 are
examples of the use of Figs. £ and 9.

For the reader who i1s familiar with the use of hand-held
selentifle calculators, the energy-average maximum sound level
may be determined more precisely as follows:

n L
- 1 max,/10
Lyve max = 10 10F & 121 10 1
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Enter the position {(addpess or position number), your pame,
the day and date, and the type and serial number of the
meagurement instrumentation on the Log Sheet.

The Log Sheet permits tabulation of the maximum nolse levals
of individual retarder or car coupling sounds occuring over
a 35 dB range. Conduct g few preliminary measurements to
establish the range of expected noilse levels, then label the
left "Neolse Level" scale to correspond to this range.

Enter the calibpation level at the stapt of the measurenents,
and the time at which the retarder cy apr coupling measure-
ments begln.

For each retarder or car coupling sound, measure the maximum
A-welghted sound level (fast).

Put a check mark in one of the boxes corresponding to the
measured sound level,

At the conclusion ¢f the neasurements enter the end tine,
and the callbration level.

Count the number of check marks for each sound level, and
enter in the right-nand "Total No." column.

Enter meteorological data on the Log Sheet, and draw a simple
sketch of the measurement site including microphone locatien,
location of nolse source(s) measured, etc.

INSTRUCTIONS FOR USE OF "LOG SHEET FOR RETARDER AND CAR-COUPLING

NOISE MEASUREMENTS."
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POSITION ENGR TIKE: BEGIN EHD,
DAY DATE ChL:  BEGIN EN
MIC:  TYPE SN DRY BULB WET BULE
Sz THE N REL.HUMD. SKY,
CALIB: TYPE SH WIND SPEED DlRECTI?N &
WEATHER CORDITIONS MET: Yes[ § Ko
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" Mp sk MICROPHONE POSITION MET: Yes[ 1 Nof ]
4
:
k4
8
7
A
5
4
]
2
]
0
2
8
7
&
-]
4
K]
2
s
8
7
é
—4
)
[+
NOJ [[o] 20 30 40 30
i NO. OF QCCURENCES

Newman

q
g
I
[ nd

LT O T O 0T s

Bb, LOG SHEET FOR RETARDER AND CAR-COUPLING NOISE MEASUREMENTS.
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10.

Label the left-hand "Nolse Level' gscale in the same manner as
the "Log Sheet for Retarder and Car Coupling Nolse Measure-
ments'",

From the same Log Sheet, transfer the numbera in the "Total
Ne." column to the second column on the Calculation Sheet,add
them together end enter the sum in the "n" box.

At each decibel level, multiply the number of measurements by
the value shown 1in the third column of the Calculation Sheet.
Round off the product to the nearest integer and tabulate

in the last column of the Caleulation Sheet.

Add together the numbers in the last column and enter in the
“Sum" box.

Divide the sum by the total number of measurements{n) and
enter in the apprepriate box.

Locate ¢his value of Sum ¢+ n on the left scale of the first
nomograph. Read the currespondiné nolse lavel (to the near-
est dB) on the right seale, and enter in the box &s shown.
The Lave nax is the sum of the Baseline Level (the lowest
lavel on the Holse Level scale) and the level in the box
determined in Step 6,

Divide n by the Measurement Puration T {in minutes, deter-
mined from the Begin and End time on the Log Sheet).

Locate this value of n + T on the left scale of the second
nomograph. HRead the corresponding nolse level {to the
nearest dB} on the right scale, und enter in the box as shown.
The Loy max adj 1s the um of the [ {Step 7) and the

ave max
level in the box determined in Step 9.

Fl1G. 9a.

g oA

U A b 2 1

INSTRUCTIONS FOR USE OF "ADJUSTED AVERAGE MAX LEVEL CALCULATION
SHEET FOR RETARDER AND CAR-COUPLING SOUNDS.%
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ADJUSTED AVERAGE MAX LEVEL CALCULATION SHEET
FOR RETARDER AND CAR COUPLING SOUNDS

ROSITION ENGR TIHE: BEGIN END
DAY DATE MEASUREMENT DURATION. T, min.,
100,000 60 dB
3 45
3
Nolse  Total Relative
LaveldB No. Energy 10.000 40
4 ; x |24 |= olalo * g
El %X 12 |= djo]o]
2 % |1k L= o]0 3 38
1 x L4 ]= 00,0,
) % {1 - /000 1000 30
9 ] filfi , 5
F) :: &h : olo Sum=sn=p 3 o] '—'"
7 x |5 = [41[3]
& < |4 o oo 100 20
5 ¥ |3 [= olo 5
3 % 125 |= 3 16
3 x |2 [= 0lo
2 ¥ (1% = olo 0 10
1 x M1h |= [
0 x 1 im= _;.Q.’E'J k] ]
] x 18 |= o
B ® ok I= [a] 1 0
=
6
£ ; -; £ 2 Lave p— Baseline Level +
4 X f2k = G =
3 % |2 - 0
2 ¥ 1Y = o dB
1 % [l |= 3]
[ x 1 _|= 1] 10 1048
9 x » = 6
s g X - a ]
5 7 % E’ =
[ X N = .
g B % B3 ™ n'.'T - 15 L
S |4 X Pl im 4 5
g E] x R =
@l 2 X flly |= .
\ n T a 10
n = Sum = L adj ave max” “ave max”
n+Tw Sumzn = -

FIGI gb.

COUPLING SOUNDS.
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LOG SHEET FOR RETARDER AND CAR-COUPLING
NOISE MEASUREMENTS

PosITION___ B eneR_M-SMITH  7ime: seGIn (900 has END__ 2000
pay__THVES DATE_! AFR 88 cAL: BEGIN %0 END fi¥.2

MIC:  TYPE_SRoll sy I234gT CRY BULB__ 65°®  wET Bua__ 40
stM: TYPE_ Yide sy bS¥Ral REL, HUMD, SKY_SUNNY Sl

CALIB: TYPE_ &200 SN 29t/ WIND SPEED___ 22 DIRECTION AV
NOTES AND SKETCH: WEATHER CONDITIONS MET: Yas~] Wol )
MASTER éE‘mMeE. ¢ QRoup MICROPHONE POSITION MET: vesh) kol ]
RETARDOE., SQuaALS
Lo Fr SaTH #F SOUTHGRN
PlpperTy LINE AT e A&

(o= MAFY

L&

ra leal fn | o fafem | o) o) —Pos feafs
i

L] Hebfrbls b BRRESRH BT TH FA 1] =

% o
L=
8 _ [t
7\
& Pt il v
2 Gl
4 Riedd
2 x Pl iy
'
10 Jchrin
9 L
:] v
7 >
& A o ot
5 Fd
.
Coee
[
go
NOISE 10 20 0 40 30
LEVEL NO, OF OCCURENGES

|dBA)

FIG. 10. EXAMPLE OF USE OF LOG SHEET.
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ADJUSTED AVERAGE MAX LEVEL CALCULATION SHEET
FOR RETARDER AND CAR COUPLING SOQUNDS

POSITION _ B

ENGR M.SM ITH

DAY_ THWRS pATE | APR B0 MEASUREMENT DURATION, T

Noise Total Relative
Leveld8 No. Energy
4 x_[24 |= olalo
3 x |2 = olafd
2 x _flh |= ojaj0
1 il % |1 |= NERA
q_ﬂ ML u {|o]ojo
9 x_ |8 i= [
B NENTEE lolo
7 ®_ 15 |+ oo
§ x |4 1= o[o
X |3 |~ ol
L] X J2k |m 0
3 I x 2 [= |E610
2 %_|lh |= olo
1 o x Jlh i=
0 W x It = 6lg,
9 x (8 - [1&0
[] x_Jok_|= [
7 Hox [8 = 0]
[ x i |= it
H x 13 |= [45)
4 x_[2 [m #lo
k] x (2 -
2 4] x [k |= LR
1 x [l [w ¥
1] #x N =
oy al % ) 1}%_
] L { x k= 3
al 7 1] x = ]
~ [ x -
@ 3 ] x 3 -
‘g 4 x RW [=m
g J ﬁ x -
m] 2 = 1l |«
\ 1 % Lk =
[4] x R = |
n= 5| Sum s SY5e
NETe /&S| Sumin e 13
75440 - §4st s *

TIME: BEGIN_{F00 hps END 20 06

b min,

100,000 40 a8

[

3 L

10,000 0
L}

] E L]

1000 »
5

Sumin—p 3 Fr —

oo
17> "

3 1]

w 19
[]

3 L]

t a

r
Lave max * Bﬂgﬁna Level +I 9
=_13 _ap

100 w=—1b o8

l‘af\’a ]
n:T =puw 0 ——rma—
=

+1 b 10
7 d::)
L ad) ave max" Lave max” !

=_80 a8

FIG. 11. EXAMPLE OF USE OF CALCULATION SHEET.
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where the Lmax are the Indlvidual maximum level readings, and
n is the totalinumber of measurements. As shown 1n Table 3,
the adJusted average maximum is

LadJ ave max Lave max te,
where C = 10 log %. Here T 1s the measurement period in minutes.
Figure 12 lists the steps to be followed to perform these calcula-
tions and provides an example.

3.4.3 Measurement procedures for switcher locomotives and
Tocomotive Toad cell test stand noise
The procedures that follow are applicable to the measure-
ments on recelving property of the noise of statlonary switcher
locomotives and locomotive load cell test stands, ineluding mea-
surements of the nolse of locomotive load cell test stands more
than 120 m (400 ft) from the test stand on receiving property.

These procedures involve the measurement of the total noise
environment at the particular mlcrophone location, analysis of
the measured nolse levels to verify that the nolse environment
is nearly steady state, and determination of the applicability
of the 30 m (100 ft) source standards for switcher locomotives
and locomotive load cell test stands based on the presence of
elther or both of the sources durdng these measurements.

Step 1. GSelect Measurement Location. For measurement of
the noilse of statlonary switcher locomotives or locomotlive load
cell test stands, or both, the measurement location must be on
receilving property (see Sec. 3.1 for a definiltion of receiving
property and guidelines for selecting sultable locations). When

4o
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H
i
1
¥
e
¥
]
H
H
!
{
y
!

P
; 3
1 4., Divide thia sum by n.

Heose:

2

The steps to calculate Lyua payx are s follows:

1. Divide the valur of 2ach Lmax.‘ by 10, ta yield Lm“,./m,

2. Determine the antiloy of Lnay,/10,0r Lottenx /100

Add together all n values of 10flmaxg/10)

5, Take the logarithm and then multiply by 10,

If o particular value of Lys, oceurs more than once,
1t 13 not neceasary to go through steps ! and 2 each
time. I Lmnxl occurs n times, then after obtalning
lﬂ(Lmeifln). aimply multiply by m before tncluding

in the aum,

The atepd te calculate the adjustment € are ns follewsn:

1. Divide the total number of measurementd n by the total

measuyrement pericd in minutes, 7.

. Take the logarithm of £ und then multiply by 19,

-

Adl together Laye may and C to yleld the Lagdd ave max-

Example;
For the 75 measured Ln,y valueas shown in Flg. 10,
the caledlations are aa follows:
1091730 | 358925416
169970 . 1009000000
1088710 « g30557346
2 x 2085/20 o 30455532

3 x 1061/30 « 3776776
5703905358 + 75 = 74052071

Lyve max ™ 10 log (76052071) » 78.8

DoT%«,25
T  &p
¢ 10 log {1,25) « 1

Lady ave max = 748.5 + 1 = 75.8

FIG. 12. PROCEDURE

g e

FOR DETERMINING L WITH A HAND-HELD CALCULATOR.

adj ave max
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selecting locations for the measurement of these sources, a
chosen location should be cne in which the cobserver can ldentify
the principal directlion of the nearly steady-state scunds by
listening to the sounds and localizing the apparent sources.
These sounds should be observed to be the major sources of nearly
steady-state sound at the measurement locatilen. If the observer
can clearly locallze the sources as comlng from one or more sets
of stationary switcher locomotives and/or locomotive load cell
test stands, then the measurement location may be used. When
measurements of the nolse of locomotive load cell test stands

at 30 m (100 ft) are required, but condltlons at the site do not
meet the site criterla, measurements may be taken more than 120 m
(400 ft) from the test stand on recelving property. The 120 m
(400 ft) distance 1s measured from the centerline of the track on
which the locomotive under test is located, and the longiltudinal
midpeint of the locomotive. Survey the site to determine com=-
pliance wlth the site eriterias discussed previously. Observe
weather condltions to determine whether the weather criteria are
glso met. Identlify the presence of other sources that mlght
interfere with the deslired compllance measurements.

Step 2. Set Up Meaourement Equipment. Assemble the instru-
mentation in accordance with the manufacturer's recommendations
and instructlons. Position the microphone between 1.2 and 1.5m
{4 and 5 ft) above the ground, and in accordance with the manu-
facturer's recommendations in order to ensure Type 1 or Type 2
performance. Check all connectlicons and test the power supply
of all equipment that 1s battery operated.

Lz
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Step 3. Caltbrate Instrumentation., TFollowlng the manu-
facturer's instructions, use a callibrator of known acoustic
output to calibrate the measurement system. YNote on the log
sheet the time and level of calilbration,

Step 4. Measure Noige Levela. Nolse levels are to be mea~
sured using the A-weilghting scale and the fast® meter response,
wlth either a Type 1 or Type 2 sound level meter {Type 1 is
preferred, however;. During the test, no one may stand between
the mierophone and the noise source(s}! beling measured. Further,
the manufacturer's recommendations concerning the positiloning
of people relative te the mlcrophone must be followed 1n order
to ensure Type 1 and Type 2 performance., Uhen the nolse of one
or more switcher locomotlves and/or lecomotlve load cell test
stands 1s observed at the measurement locatlion, nolse measure-
ments are to be obtained as follows:

4.a Note on the log sheet the time at which measurements

begin.

4.5 At a rate of at least once each 10 sec, read the A-
welghted sound level {fast), and note the Jevel on the log
sheet. Continue the nmeasurements untlil 100 measurements
are obtained. This corresponds to a measurement duration
of 16-2/3 min, if measurements are obtained at 10 sec
intervals. Measurements may be obtalned at more frequent
intervals, as long as the total measurement duration iz at
least 15 min. (Note that the nolse levels may be measured
by direct reading of a sound level metar at regular inter-
vals, by using a statistical distribution analyzer, or by
any other equivalent device that 1is capable of determining

#Specification of "fagt" reflects a correction to the regulation.
See footnote, p. 4.
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the appropriate statlstlcs of the nolse level distribution,

provided that the measurement Instrumentation conforms to
Type 1 ar Type 2 requirements.)

4.e¢ List the measured nolse levels 1n ascending order.
Note the 10th highest reading, the 90th reading, and the
99th reading. These nolse levels correspond respectively
to levels exceeded 10%, 90%, and 99% of the time (L, ,

L,,» and ng).

4,4 If the numerical difference between the Lln and the

Bolt Beranek and Newman Inc.

L levels is 4 dB or less, the measurements are complete.

93
Such a condition will occur when the nolse environment is

nearly steady state. If thls difference 1s greater than
4 4B, the noise environment is not sufficlently steady
state for the purposes of thls measurement procedure. In
this case, an additional serles of measurements may be
obtained, and the 10%, 90%, and 992 levels determined
accordingly. For example, the 20th, 180th, and 198th
noise levels would correspond to the L‘ﬁ, Lgo, and Lgs
levels for a total sample of 200 measurements. If the

numerical difference between the Llu and ng for the entire

set of measurements 1s 4 dB or less, the measurements are
now complete, (Note that the U-dB differenge test must
be applied to measurements conducted over a continuous
period of time, in which at least 100 measurements are
obtalned over a period of at least 195 min. Noilse levels
measured before and alter such a time period may be ex-
cluded from the analysis.)

4.e . If the measuresments are successfully completed such
that the numerical difference between the L, and L,,
levels 1z 4 dB or less, the measured value of the L,, is

termed the "valldated" Ly,e

4y
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Step §. For measurements of the noise of statlonary switcher
locomotdlves and lecomotive loazd cell test stands at an arblirary
location on receiving property, 1 the valldated L,, 1s 65 B
or less, the sources belng measured are 1n compllance with the
regulatlon. If the validated Ly, exceeds 65 B, the further
evaluation described below musl be conducted. For measurements
of the nolse of locomotive load cell test stands at 120 m (K00
ft) from the stand, 1f the valldated L,, is 65 4B or less, the
locomotive load cell test stand 1z In compliance with the regu-
lation. If the validated L,, exceeds 05 dB, thc locomotive load
cell test stand is not In cempliance with the repulation.

Step §. The valldated Lg, measured thus far may be due to
the nolse of elther stationary switcher locomotives, locomotive
load cell test stands, or a combination of these. The following
steps are necessary to sort out the pessible noise soureces con-
tributing to the measured noise level.

6.a Il only stationary locomotives, includling at least one
switcher locomotlve, are present, since the L,  exceeds

65 d3, additional compliance measurements at the 30 m

{100 ft) measurement locatlon are required, relative to

the standards in Sec. 201.11{(c) and Scec. 201.12(c).

6.5 If only a locomotive load cell test stand and the loco-
motive bheing tested are present and operating, silnee the
measured L, exceeds 65 déB, additional compliance measure-
ments at the 30 m (100 ft) measurement locatlon are required,
relative to the standards in Sec. 201.16.

L5
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8.c If both a locomotive lcad cell test stand and the loco-
motive belng tested are present, and statlonary locomotlves
including at least one switcher locomotive are present, sub-
tract 3 dB from the measured L, noise level. If this level
is 65 dB or less, both of these sources are In compliance
with the regulation. If this level exceeds £5 4B, additilonal
compliance measurements at the 30 m (100 ft) measurement
locatlon are requlred, relative to the standards in Sec.
201.11{c), Sec. 201.12{c), and Sec, 201.16,

8.d If both & locomotive load cell test stand and the loco-
motive belng tested are present and operating, and stationary
locomotives including at least one switcher locomotilve are
present, the nolse environment may be observed to change as
the operatlon of the locomotive load cell test stand changes.
If a change as large as 10 4B 1s observed to occur as opera-
tilon of the locomotlve load cell test stand changes, conduct
a second series of measurements as deseribed in step 4 above
to determline a new validated L, corresponding to the new
noise environment. If the new valldated L, , 1s at least

10 dB above the earlier validated Lgu, the new higher value
of L,, 1s to be used. If thils new value of L, 1s 65 dB

or lesg8, the locomotive load cell test stand 1s in compliance
with the regulation. If the new value of L90 exceeds 65 dB,
additional compliance measurements at the 30 m (100 ft)
measurement locatlon are required, relative to the standard
in Sec. 201.16.

i

?

; Step 7. Calibrate Instrumentation. After the test, cali-
b

. brate the instrumentatlon 1n the same manner as performed under
3 step 3 above, If the meter indicates a signifilcantly different
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reading than the initlal ecalibration (greater than + 1 dB), =a
malfunction in the instrumentation may have oceurred (particularly
1f the time between initial and final calibration is within 1 to
2 hr). Determine the cause of the malfunction, and repeat the

measurements, 1f necessary.
Stegp 8. Disuassemble Equipment.

Step 9. Maintain Documentation. During steps 1 through 8
above, document the essentlal items wherever possible. When one
or more noise sources are in operation (1.e., stationary switcher
locomotives as well as locomotive load cell test stands), docu-
mentation of nolse source iInformation 1s required. Thils in-
cludes the approximate locatlon of all stationary swiltchers and
all locomotlve load cell test stands present, the location of
the mlerophone on a drawlng of the railroead facility and sur-
rounding area, and the dlstances between the mlerophone location
and each of the sources, Additional rall and nonrall noise
sources must also be ldentifled and documented.

Step 10. Influence of Baockground Noise. Measurement of
the nearly steady-state noilse due to stationary switcher locomo-
tives and/or a locomotive load cell test stand was obtained on
the belief that these sources are the dominagnt sources of nolse
at the measurement locatlion, ZIf it is desired to verify this
bellief, measurement may be conducted on subsequent days at the
game time of day as that of the initial measurements, when all
other conditlons are believed to be acoustically similar to those
of the original measurements, except that the noilse sources that
were mgasured initially are no longer in operation (because they
have been moved or turned off). If any Ly, measured at the same
recelving property location when these sources are not operating
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1s not at least 5 dB below the measured validated L, , resulting
from the nolse sources being measured, the validated L,, carnot
he used for the purposes of the regulation.

Figure 13 1is a supgpested log sheet for documenting several
of the l1tems discussed 1n Sec. 3.2 above, as well as tabulating
the 100 or more seqguential scund levels measured during the test.
Figure 14 1s an example of the use of Flg., 13.

3.5 Probable Compliance Measurements

Probable compllance measurements are permitted by the regu-
lation to allow the rallroad to assess, in an approxlmate manner,
whether or not specific sources within its boundaries exceed the
noise level limits on receiving property that are incorporated
within the regulations.

Probable compliance measurements are to be conducted in the
gsame manner as recelilving preoperty measurements, as described in
Sec. 3.4 of this handbook, with the following exceptlons:

1. Measurement locatlions are to be on railroad property,
between a particular source of iInterest and the recelving
property line.

2. Measurement locations should not be selected such that
noilse barrlers and other noilse reduction features in the vicinity
of the measurement loecation provide a greater shielding benefif
than would be expected on recelving property.

When measurements are made 1n accordance with the procedures
in Sec. 3.4, subject to the restrictions listed above, if measured
levels are less than the limits in the regulation, there is
probably complliance wlth the standard.

hg
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1, Enter the positicn (address or pesition numbepr), your name,
the day and date, and the type and serial number of the
measurement instrumentation on the Log Sheat.

2. The Log Sheet permits tabulation of nolae levels occuring
over a 35 dB range. Conduet a few preliminary measurements
to establish the range of expected noise levela, then label
the left "Moise Level” scale to correspond to thls range.

3. Enter the calibration level at the start of the measurements,
and the time ot which the switcher locomotive and/cr load
cell test stand measurements hegin.

4, Using a stop watch {or waych with sweep second hand or digl-
tal seconds display), every 10 seconds measure the A-welghted
sound level (fast)¥,

5, Put a check mark in one of the boxes correspending to the
measured sound level.

6. Alfter 100 sampes are cbtalned, determine the Llo, Lgo' and
ng nolse levels as fellows, Starting with the highest level
measured (the top-most check mark on the Log Sheet), count
the first 10 cheek marks {from left to right), The noise
level caorresponding to the box containing the 10th cheek mark
{8 the Llo level. The LQO and ng levels are similarly ob-
talned by counting to the 90th and 99th check marksa.

T+ If additional measurementa are required, the table on the

: Leg Sheet indicates the number of check marks to be counted

‘ to obtain the Llu‘ Lgn and ng levels, depending on the total
numper of samples obtained,

8. At the concluslon of the measurements enter the end time, and
the galibration level.

9, Enter the meteprolegical dato on the Log Sheet, and draw a
simple sketch of the measurement site including microphone
lecation, location of neise source(s) measured, ete,

! ¥Specification of "fast! reflects a correction to the regulation,
] 8ee footnote, p. #.

FIG. 13a. [INSTRUCTIONS FOR USE OF “LOG SHEET FOR STATIONARY SWITCHER
LOCOMOTIVE AND LOAD CELL TEST STAND NOISE MEASUREMENTS."
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POSITION ENGR TIME: BEGIN EHD
DAY DATE CAL: BEGIN END.
MIC:  TYPE N DRY BULE WET BULE_
SLH:  TYPE sn REL.HUMD. SKY
cALIB: TYRE N WING SPEEO____ __ DIRECTION ____
WEATHER CONDITIONS MET: \'esE ] No[ i
NOTES AND SKETCH: MICROPHONE POSITICN MET: Yes[ ] Ho
WAL L L L
cikpLes 0 %0 99
100 10th 5 th 99 th
150 15 th 135 th 143 th
200 20 th 180 th 198 th

250 25 th 226 th 248 th
100 30 th 210 th 297 th
Sample from top.

]

e oo el s | o [<lmlo ] ol s fin (o [ e{ s ol-Tnw

20 el 40 0
LEVEL NO. OF OCCURENCES

FIG, 13b. LOG SHEET FOR STATIONARY SWITCHER LOCOMOTIVE AND LOAD C
STAND NOISE MEASUREMENTS, ELL TEST
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LOG SHEET FOR STATIONARY SWITCHER LOCOMOTIVE ARD LCAD CELL
TEST STAND NDISE MEASUREMENTS

posivion_ Co ENGR M. SMITH _ TIME: BEGIN_/600AagEND__ [61F
DAY WED DATE 3/ MAf- & cat: oeGlu_{14.2_ eno__ ({40 .
Hit:  TYPE_Aep sy 1234yl DRY DULG__ 65" weT BULB_ST”
s TYRE_Sip SN 6T REL , KUMD, SKY SUNNY GLEAR
CALIB: TYPE_LAp0  SN__R ¥E/0 WIND SPEED_SALr  DIRECTION
WEATHER CONDITIONS MET: Yes[j uoE J
NOTES AND SKETCH: MICROPHONE POSITICN MET: teseT Mo
LoAD CELL MEMNTS TOTAL L L L
4 camples 19 bt 99
AT WESTERN 100 10th 90 th 99 th
flaPeRTY "“‘fsf 150 15 th 135 th 139 th
N . 20 20 th 180 th 198 th
AN Mb) 250 25 th 225 th 248 th
{ SET MpP) 300 30 th 270 th 297 th

Sample from top.
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FIG. 14, EXAMPLE OF USE OF LOG SHEET.
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4, MEASUREMENT HINTS AND EXAMPLES

Examples of hypothetical measurements of various rail
carrier nolse scurces are provided in thls sectlon so that the
reader may become more famillar with typlecal problems and situ-
atlons that arise during compliance measurements in the fleld.
The discussions below include examples of measurements of

+ Statlonary sources at 30 m (100 ft)
+ Moving sources at 30 m (100 ft)
+ Retarder and car-coupling nclse at receiving property

+ Statlonary locomotives and locomotlve load cell test
stands at recelving property.

4.1 Stationary Source Measurements at 30 m (100 ft)

Stationary rall carrier nolse socurces that are measured at
30 m (100 ft) ineclude stationary locomotives, stationary switcher
locomotives, and locomotive load cell test stands. Measurement
of these noise sources at 30 m (100 ft) involves observing the
sound level meter for 30 sec during the operation of the nolse
source, noting the maximum level observed, and checking that
this level exceeds the background level by at least 10 dB. The
primary problems assoclated with this type of measurement in-
volve unusual changes 1n noise level during the measurement
period by the source belng measured or by other sources,

For example, 1f a car coupling occurs during the measure-
ment of an ldling locomotive, causing the meter needle to jump,
the data taken are 1invalid, and a new 30~sec period must be
measured, If the locomotive 1s shut off in the middle of the
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test, the obgerver must walt untlil it 1s turned back on and
running for a full 30-sec perlod before the measurements are
complete. A noticeable chanpe in noise level by the source
during the test may indicate that a new test 1s required, but
this 1s true only If there has been a change 1in throttle setting
from idle to another settling since different standards apply to
the different settings.

To determine which setting is belng used during the measure-
ment period, cobtain assistance from railroad persconnel. It may
also be neceasary to seek thelr help 1n determining the date of
manufacture of the locomotlive so that the appropriate standard
may be applled. The following example 1llustrates some of these
points.

Example

A measurement l1s to be made of 1dling loccomotives that are
parked for extended perilocds of time adjacent to a residential
community. A maln street nearby produces a background level
(averaging about 65 dB) during the daytime that 1s quite notice-
able from the locomotive measurement peosition. When an idling
locomotive 1s measured, the maximum needle reading 1s 74 dB. In
thils case, the 10 dB~above-backbround eriterion 1s not met, and
therefore the measurements must be deelared invalid.

Nighttime background levels are generally lower than day-

! time levels, so the measurements are taken again at 9 p.m. The
i background levels before and after the 1dling measurements are
about 50 dB, and during the 1dling measurements, a level of

74 dB 18 again reached. A check of the neise standards for this
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source (Table 1) reveals the locomotive 1s In violation, 1rrespec-
tive of 1ts date of manufacture. During the above measurements,

2 stationary runup that exceeds 95 dB for about 10 sec 1s ob-
served. This level exceeds the standard for throttle settings
other than idle (Table 1), but the time pericd 1s too short to
allow & finding of noncompliance. Further, the idling measure-
ments must be begun again in order to obtain an uninterrupted
3C~sec reading.

4,2 Moving Source Measurements at 30 m (100 ft)

Moving sources of raill carrler noise that are measured at
30 m (100 ft) include moving locomotives, moving swiltcher loco-
motives, and moving rail cars. Measurement of the two types of
locomotives involves noting the maximum noise level of the passby
and checkling that thls level exceeds the background level by at
least 10 dB., Measurement of rall car noise inveolves walting
until the closest locomotive on the traln 1s at least 150 m
{500 ft) away or at least 10 rall cars have passed, noting the
maximum rail car nolse level, and checking that this level exceeds
the background level by at least 10 dB. Problems assoclated with
this type of measurement include finding allowable measurement
locations and maklng sure that other nolses do not influence
locomotive or rall car nolse measurements.

The measurement locatilon should be selected so that the
effect of the track does not unduly influence the vehicle passby
noise, If a bridge or trestle 1s observed to rattle as the
train goes by, the measurement site should be changed. If the
radius of curvature of the track is less than 873 m (2865 ft},
the wheel-rall interaction willl generate too much noise, and
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the slte should be changed. Sometimes a rail car brake wlll be
on too tightly, generating brake squeals. If these occur durlng
the measurement perlod, the noise levels that they generate
should be lgnored.

When measuring rall cars alone, be careful to observe whether
or not there are locomotlves attached to the end of the train,
Such a situation would iInvalidate raill car nolse readings made
of any of the 10 cars immediately preceding them in the train.

The following example 1llustrates these peolnts.

Example

A routine check of noilse from a feeder rail line 1s to be
made in preparation for new housing development near the track.
If the trains do not meet the nolse standards, there will be
some publlc pressure to treat the nolsy vehicles or move the
track. A measurement site 1s selected 2.5 m (8 It) below an
elevated portion of stralght track, which 1s within the standard
requirements. A bridge 1s located 300 m {1000 rt) down the
track, but no addltional noise levels are observed to emanate
from 1t as the trains pass by.

The first train measured is pulled by four locomotives.
These reglster a maximum of 85 dB on the sound level neter {fast
response), which Is within the standard. After walting for 10
cars to pass, the maxlmum for the remaining cars is found to
be 90 dB. This level exceeds the standard for vehlcles traveling
less than 75 kph (45 mph), but is within the standard for faster
speeds. To determine the approximate train speed, a count may
be taken of the number of rall cars in the train (N) and the
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number of seconds it takes them to pass (8). Assuming an average
length of 15 m (45 rt) per car, 1f N-divided By S is less than
1.4, the train 1s travellng less than 75 kph (45 mph}; 1f it is
greater than 1.4, the train 1s traveling faster than thls speed,

4.3 Retarder and Car-Coupling Measurements on Receiving Property

Retarder and car-coupling nolse measurements are obtalned
at any recelving property locatlon that meets the site require-
ments of the standard. The measurements involve reading at
least 30 consecutive retarder or car-couplings events (whlechever
18 to be measured), taking thelr adjusted energy average over a
1 to 4 hr period, and continuously checking that in each case
they exceed the background nolse level by at least 10 dB. With
this type of measurement, some factors to be considered are

+  Making sure the readings are consecutive {(not interrupted)
+ Setting the meter range correctly

+  AdJusting for measurements closer than 30 m (100 ft) to the
track (for car-coupling measurements)

*» AdJusting for readlngs made with a Type 2 sound level meter.

If an Iinterruption is made in the readings for whatever reason,
the readlings must be started again. It wlll be somewhat dif-
flicult to antleipate the maximum needle exeursion for each
coupling or retarder event, therefore a sound level meter with

a wlde dB range in its window 1s highly recommended. If a noise
event exceeds the range of the mefer, it indlecates that a higher
meter range 1s required, and a new group of 30 readings must

be begun, On the other hand, the meter range must not be set
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so high that 1t 1s not possible to determine whether the

events exceed the background level by at least 10 dB. Obviously,
some experimenting and adjusting will be reguired here befcre

a valld set of measurements can be acquired.

If measurements are to be taken less than 30 m (100 ft)
from a track where coupllings are taking place, the events on
thls track must he lgnored. To determlne on which track the
events are occurring, 1t will be helpful elther to have an
assistant wateh the tracks, or to use a sound level meter with
a "maximum~hold" feature, Thils feature will hold the maximum
reading of an event until the orligin of the nolse source can be
ascertailned. It 1s also useful for retarder and car-coupling
measurements because the meter needle may swing to its maxlimum
position very quickly; the maximum-hold feature permits an
accurate reading of the noise level even after the event has

accurred,

When using a Type 2 sound level meter, remember to subtract
4 dB from the average value found lor retarder events and 2 dB
from the car-coupling average, to take Into account the wlder
tolerance limits of this type of meter. In order to avoid
confusion, 1t is better to note the actual readings durlng the
complliance measurements and to perform the subtraction later.
The following example 1llustrates some of these polnts.

Example

A measurement is to be taken of car couplings at a resi-
dential position located 40 m (130 £t) from the nearest track.
It 1s found that there 1s an air conditioner unit that produces
noise within 10 dB of the coupling impacts, so a new slte is
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chosen, also outslde the raillroad right-of-way, but only 25 m
(82 ft) from the nearest traclk. During the measurements, the
couplings on thls nearest track are lgnored. After 4 hr, only
25 events are recorded, 50 the entire sequence must he started
over. Thls time a large train 1s being assembled, so a large
number of couplings take place. Over U0 events are recorded in
only 1 hr on tracks other than the excluded track., Al} 30 of
these events are used to determine the adJusted average.

4.4 Stationary Switcher Locomotives and Locomotive Load Cell

Test Stand Measurements on Receiving Property

The procedures involved 1n measuring switcher locomotives
and locomotive load cell test stands on receiving property require
many steps. After a sultable measurement site 1s selected and
the noise sources under test .are operating, readings are taken
every 10 sec untll at least 100 values are complled.* After the
readings are tabulated, various noise level and nolse source
criteria are checked, the L,, 1s found, and compllance with the
standard 1s determined. If the L, standard 1s exceeded, a new
get of measurements 18 made at 30 m (100 ft), or if no sultable
site 13 found for test stand measurements, a new set 1s made more
than 120 m {400 ft) from the test stand on receiving property.
Finally, these noise levels indicate whether the nolse emission
standards have been violated.

Potentlal problems with this type of measurement lnelude
exceeding the steady-state and beckground nolse criteria and
interrupting the 100 consecutilve readings for varlous reasons,
If, during the measurements, a passing scund source causes a
number of readings to be much higher than the steady-state sound

#Ten~gecond intervals can readlly be determined using a stop-
watch, or a watch with sweep second hand or digital indicator
for seconds. Alternately, time signals (beeps) can be recorded
on a cassette recorder and played back through earphones.
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from the switcher locomotlives or lead cell test stands, the
ateady-state criteria will not be met, and the measurements
should be begun agaln,

If this change in noilse level 1s due to cobserved changes
in test stand operations and the change 1s greater than 10 4B,
measure the new steady-state level by beglnning a new set of

100 readings. It 1s essential tc note the background noilse

level hefore and after the steady-state measurements. Both
must be at least 5 dB below the computed L, for the measure-
ments te be valid.

If switcher locomotives and locomotive load cell test stands
are both 1n operation at any time during the measurements, sub-
tract 3 4B from Lgu before checking for compliance. The [{oliow-
ing example 1llustrates some of these points,

Example

A lccomotive load cell test stand is located near a nelgh-
borhood park. The measurement personnel arrive at the park and
find that the test stand 1s not operating. They take 100 read-
Ings at 10 sec apart in order to define the amblent conditlons.
The 90th loudest level is found to be 52 dB, The next day they
are Informed that the test stand is operating, sc measurements
are made at about the same time of day as the previous background
measurements. After about 50 readings, averaging about 56 dB,
a switcher locomotive moves onto a nearby track and sits in an
1d1ing mode, Subsequent readings are increased by 3 dB due to
this actlon, so an additional set of 100 measurements are
attempted under this conditien. But after only 25 of these
readings, the test stand throttle setting is changed, which
lncreases the level in the park by 11 dB. A full set of 100
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readings are finally taken under these stable conditions. In
this example, Lhe Ly, for the locomotive test stand 1s 70 dB,

and 1s validated. Do not subtract 3 dB from this level due to
the presence of both the switcher and the test stand, because

the test stand nolse clearly dominates (it 1is over 10 dB higher
than previously exlsting levels). Although the original readings
did not exceed the background by more than § dB, the final 100
mezsurements exceeded i1t by 18 dB, therefore 70 dB 1s the vali-

dated Lgo.

This level exceeds the 65~-dB standard, so the next step is
to measure the Lmax at 30 m (100 ft). A maximum value of 76 dB
is found at 30 m (100 ft) from the test stand, This level is

less than the standard of 78 4B.
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APPENDIX A

SAMPLE LOG SHEETS ARND
CALCULATION SHEETS




LOG SHEET FOR SQOURCE NOISE
MEASUREMENTS AT 30 METERS (100 ft)

POSITION ENGR TIME: BEGIN END
DAY DATE CAL: BEGIN END
MIC: TYPE SN DRY BULB WET BULB
SLM: TYPE SN REL.HUMD, SKY
CALIB: TYPE SN WIND SPEED DIRECTION

WEATHER CONDITIONS MET: Yes[ ] No[ ]
MICROPHONE POSITION MET: Yes[ ] Neo[ 1]

NOTES AND SKETCH:

[y

Time

Event
No.,

Source

Serial
No,

LMr.m

Fast/

Slow

COMMENTS

s

il
TR



LOG SHEET FOR RETARDER AND CAR-COUPLING
NOISE MEASUREMENTS

POSITION ENGR TIME: BEGIN END

DAY DATE CAL: BEGIN END

MIE: TYPE SN PRY BULB WET BULB
SLM: TYPE, SN REL. HUMD, SKY
CALIB: TYPE SN WIND SPEED DIRECTICN

WEATHER CONDITIONS MET: Yes[ ] No[ 1

NOTES AND SKETCH:
MICROPHONE POSITION MET: Yes[ ] Mol ]

TOTAL
NO,

Mol i (o [N Ol ro o]

O | M| 3] [ tnf On ] oo [ O] o =] ho] ca| ] 1 o\ o

20 40 50

30
NO. OF OCCURENCES
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ADJUSTED AVERAGE MAX LEVEL CALCULATION SHEET
FOR RETARDER AND CAR COUPLING SOUNDS

POSITION ENGR TIKE: BEGIN END
DAY DATE MEASUREMENT DURATION, T min.
100,000 —— 50 dB
5 EE
. . 3= 45
Noise Total Relative P
Level,dB No. Energy =
9 10,000 =— 40
9 x |2k |= olo]o 5 =F
3 x [2 |= ololo =
3 < |15 |= aloo 3 ___JE 35
1 ¥ 1% [= 0/0[0 -
0 ~ 1 = 0l0[0 1000 '=;‘=1__""30
9 % |8 [= 0lo . 5 3
3 % [6% {= olo Sum < n—p 3:_:__—25 —_—
7 x [5 = 0|0 =
6 % |2 - olo 100 gt_— 20
5 x 13 |= olo 5 ‘fé_
3 % 2% 1= olo S
3 x |2 = olo -
2 x |5 I= olo 10 =10
1l x N |= aln 5 =+
0 x I [= olo 3 5§
g x 1B |= 0 -
[F] x 6% |[= 4] 1_.1:_ 0 l
7 ®x |5 = 0
[ o 4 = 0 =
5 X = g Lave max Baseline Level +
4 x 2% |= 0 _
3 x |2 = 0 -
2 'THE 0 aB
1 x % |= 0
0 ¥ 1 = ) 10 ——10dB
9 ¥ ‘E& = ?:
- d 55—
0| 9 x |6k [= 332§
> - =
3 7 x 5 = _‘E
6 X M =
o= = nyT =—p g0
£ 5 o
AN TR 335
@13 X = —+
m 2 x ik |= ~
\‘ I - i A 10
0 x =
= =
n= Sum = L adj ave max” Lave max
n+T= Sumsin =

i T T




LOG SHEET FOR STATIONARY SWITCHER LOCOMOTIVE AND
LUAD CELL TEST STAND NOISE MEASUREMENTS

POSITION ENGR TIME: BEGIN END
DAY DATE CAL: BEGIN END
MIC:  TYPE SN DRY BULB__ WET BULB
SiM:  TYPE SH REL. HUMD. SKY
CALIB: TYPE SN WIND SPEED___ DIRECTION___
WEATHER CONDITIONS MET: Yes[ ] NOE %
NOTES AND SKETCH: MICROPHONE POSITION MET: Yes[ ] No
TOTAL L L L
SAMPLES _ 1° 90 39
100 10th 90 th 99 th
150 15 th 135 th 149 th
200 20 th 180 th 198 th
250 25 th 225 th 248 th
300 30 th 270 th 297 th
Sample from top.
4
3
2
1
0
9
8
7
&
5
4
3
2
]
9
8
7
6
5
r
3
2
]
b
9
]
7
5
3
4
F]
1
¥
NOISE 10 20 30 40 50
LoAI NO, OF OCCURENCES
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APPENDTX B: BASICS OF SOUND

B.1 Physical Nature of Sound Sources, Paths, and Receivers

Any noise problem can be viewed in terms of three inseparable
aspects:

+ The source of sound waves
* The path(s) they take

« The receiver{s) who hears then.

Even the definlition of sound (i.e., sound 1s defined as the
sensatlon produced in the organs of hearing by certain pressure
variations or vibrations in the alr) implies that each of these
three components is important. In this section, each component
will be highllghted as it relates speciflcally to rallroad
nolse,

As 1ts definition suggests, sound requlres a source of
vibrations or air pressure varlations, a medium or path that
will preopagate the sound, and a reeceiver to be sensitive to
those vibrations after they have traveled through the path(s)
from the source{s). A source can be any vibrating object,
such as a loudspeaker or a wheel on a rall. This object will
invariably push and pull on the surrounding air molecules,
which in turn, will de likewlse to the air surrounding them.
As thias serles of expandlng and contracting layers of alr
propagates away from the source {in the form of waves traveling
at about 338 m/sec [1128 ft/sec]), it encounters objJects in
its path, some of which reflect more sound energy toward
receivers than would otherwise have gotten there. It should
be made clear that the energy in the wave, not the ailr ltself,
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propagates great distances. The vibratory motion in the air
remalns very small, but 1f the osclllatlons are large enough
and occur wilthin a certaln range of frequencles, they are
detected as sound,

Two characteristles of sound deserve discussion before
specifics of receivers, paths, and rallroad sources are further
examined. The propagation and reception of sound depend largely
on the apparent size and shape of the source as viewed from
the recelver. For example, the rate at which sound energy is
disslpated due to the natural spreading of waves away from
the source (Just as the helght of water waves diminishes
radially from a pebble dropped into a pond) depends on whether
the source is "seen" ms a point (e.g, & locomotive 300 m
[1000 ft] away) or a line (e.g., 100 rail cars 30 m [100 ft]
away). Because of thls effect, the loudness of sound generally
decreases more rapidly as we move away from polnt sources than
as we move away from line sources.

Apart from the manner in whilch sound waves behave physically,
they must also he consldered in terms of the human senslitivity
to these waves once Lhey reach the receilver. Sound waves (the
push-pull motion) produced by a vihbrating source can be measured
(with speclally designed Instruments) as slight variations in
pressure. Loud and soft sounds correspond, respectively, to
large and small pressure variations, but the range of pressure
variations that the human ear can detect 1s tremendous. A
very loud sound can cause one milllon times the pressure varia-
tlons of a very qulet sound. Thus, to describe sound in terms
of pressure varlatlons would be very cumbersome, To compute
a simple acoustics problem In thls manner would requilre a vast

A
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effort Just to add up all of the diglts. A more compact scale
18 needed, therefeore, to describe the size (or energy content)
of a sound.

The scale that has been devlsed for thls purpese 18 based
upon logarithms. In acoustles, the unit of this logarithmilc
scale is the decibel, or one-tenth of a Bel. The Bel 1is named
for Alexander Graham Bell, the famous inventcr, For thils reason,
the abbrevliation of decibel, dB, capltallizes the second letter.

The declbel scale most commenly used to measure the slze
of a sound is sound pressure level (SPL). The mathematical
formula for the sound pressure level is

sound pressure level (SPL) = 20 log ?—-——E———- ,
reference
where Prererence refers to the standard reference pressure

{corresponding approximately to the faintest audible sound),
and P 1s the pressure of the sound in question. For those
wishing a more detalled discussion of sound pressure levels and
other decibel scales, refer to any basic text on acoustic
measurements.

Two such texts are: Handbook of Noise Measurements by the
General Radio Company and Acoustic Noise Measurements by the
Bruel & Kjaer Company. At present, however, 1t is only important
to understand that sound pressure levels are a measure of the
glze of a8 sound in terms that net only simplify calculations
but also relate closely to the subjective response of loudness.

Obviously, two locomotives make more noise than one. Pre-
dicting the getual sound level 1ncrease, however, is perhaps not
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quite so obvious., For example, 1f two identical locomotives
operate simultancously under the same load, equidistant from the
microphone, the resulting sound level will be only 3 dB higher
than that for the single operating locomotlve. For two sounds
of different SPL, the sum of the two wlll always be less than

3 dB above the sound level produced by the stronger source
alone. If the two scund sources produce individual levels that
differ by 10 dB or mecre, adding the two together will produce

g level not significantly dlfferent from that preoduced by the
stronger source operating alone,

To add any two sound levels, the chart in Fig. B.1l can be used.

ANOUNT TO ©E ADDED TO HYGHEST
SOUND  LEVEL- (4B}
- ~N
p'
Y
I

4] 1 L [} +] |-

DIFFERENCE BETWEEN SOUND LEVELS
(LI}

FIG. B.1. GRAPH FOR DECIBEL ADDITION,

First, find the difference between the larger and smaller sound

"levels. Then locate this number on the horizontal scale.

Follow this point upwards to the intersecitlon wilth the curved
line, Note the number to the left, on the vertical scale.

Add this number to the larger of the two sound levels. This

is the combined level. For example, tc add levels of 70 dB and
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7)1 dB, the difference is U4 4B. From Fig. R.1,the amount to be
added to the larger 1s almost 1.5 dB. Therefore, the total 1s
about 75.5 dB. In this way, any number of sound levels can be
combined 1n pairs, beginning with the lower and working toward
the higher levels.

B.2 Sound Receiver Characteristics

B.2.1 Hearing response

Sound energy 1s converted into the logarithmiec decibel
scale not only because it 1s more convenlent to deal with
smaller numbers that represent the great range of pressures to
which people are sensitive, but also because hearing sensitivity
to loudness behaves "logarlthmically." Figure B.2 depicts common
sounds and the corresponding sound levels, showing that 0 dB
represents the falntest sound that a perscon with excellent
nearing can percelve, whille a sound that causes physical paln
would be at or ahove 120 dB.

In addition to the measured magnitude of a sound wave, the
frequency must also be consldered. The lrequency 1s simply how
frequently the sound wave vibration {(the push-pull cycle)
repeats (cycles) itself in a glven space 1n one second. Some
sound waves vibrate qulte rapidly, others less so. Still other
sound waves vibrate at many different rates simultaneocusly.

The ear perceilves the frequency of these vibrations as the "pitch"
of a sound. High-pltched sounds vibrate very rapldly; low~
pltehed sounds vibrate at a much slower pace. The [reguency at
which the alr particles vibrate in a sound wave 1s measured in
units of Hertz, or Hz, named after the famous 19th century

German sclentlst. One Hz 1s one cycle per second.
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COMMON QUTDOOR A=~WEIGHTED COMMON INDOOR
NOISE LEVELS NOISE LEVEL,dB NOISE LEVELS
-3 130
-1~ 120 THRESHOLD OF PAIN
- Hto ROCK BAND
JET FLYQVER AT 1000 &t
=~ h-loo
INSIDE SUBWAY TRAIN {New York )
GAS LAWN MOWER AT 3
-+ %0
DIESEL TRUCK AT 30# ECOD BLENDER AT 3 it
NGILSY URBAN DAYTIME 4 20 GARBAGE DISPOSAL AT 36
SHOUTING AT 3#
GAS LAWN MOWER AT 100k 4= 7 VACUUM CLEANER AT 10k
COMMERCIAL AREA NORMAL SPEECH AT 3k
-+ 40
LARGE BUSINESS OFRICE
QUIET URBAN DAYTIME -1= 50 DISHWASHER NEXT ROOM
QUIET URBAN NIGHTTIME 1= 40 SMALL THEATRE, LARGE CONPERENCE ROOM
{Bachground)
QUIET SUBURBAN NIGHTTIME LIBRARY
BECROOM AT NIGHT
GUIET RURAL NIGHTTIME CONCERT HalL [Background)
e m
BROADCAST & RECOADING STUD:S
%= 10
J_ . THRESHOLD OF HEARING

FIG. B.2. COMMON OUTDOOR AND INDOOR NOISE LEVELS.
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The human ear can detect a wlde range of frequencles, from
about 20 to 20,000 Hz. In the low range (20 to 500 Hz) arec the
bass sounds — those produced in a hi-fi by the '"woofer." The
mid-range frequencies (500 to 2000 Hz) are where most speech
oeccurs. The high frequencies (2000 to 20,000 Hz} are the
treble sounds, produced in a hi-fi by the "tweeter." Pecple are
least sensltlve to the very lowest and hlghest frequencles and
most sensitive to the mid-range, or speech, frequencles.

B.2.2 Sound level descriptors

If twe sounds of equal sound pressure level were heard,
one at 63 Hz and one at 1000 Hz, the 1000 Hz sound would be
Judged louder than the 63 Hz sound. Thils characteristic,
peculliar to human hearing, must be accounted fer when sound Is
measured if the measurement value 1s to relate to people's
sense of loudness. The sound-measurlng instrument used for
ralirocad nolse enforcement electronically moedifies the sound
30 that i1t corresponds to the sound the ear detects.

The electronle filter used in sound-measuring instruments
to approximate the frequency response of the human ear 1s
called the A-scale, or A-welghting, filter. In imitation of
human hearing sensitivity, a sound-measurement instrument
equipped with an A-welghting fillter is less sensitive to sounds
of low or very high frequencies than to scunds of mid-range
frequenclea, Thus, by first rlltering a sound through an A-
gcale device, a measurement 15 obteined that corresponds
approximately to how people would rate the sound. These
measurements are called A-weighted sound levels and are expressed
in declbels on the A-scale as "A-weighted sound levels of
X dB." The A~welghted decilbel scale has been widely accepted

B-7
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as the proper measure of rallroad nolse. In fact, the levels
shown in Fig., B.2 are really typlcal indecor and outdoor A-
weighted sound levels (L,}, not unweighted or owerqll dB.

In order for any measured noise level to have meaning,
some mention should be Ilncluded (either stated or implied)
regarding the time-varying nature of the sound. For this pur-
pose, "descriptors" are used that employ not only the A-welghted
sound levels but alsc a measure of the time during which a
specific event occurs.

One of the simpler descriptors that states the hlghest
sound level measured, or expected In a glven environment over
a specified period of time (or for a gilven event), is the
"maximum A-welghted level” Lmax' Normally, the Lmax will occur
at the time of closest approach of a moving source; as this
distance lncreases, the Lmax stands out less and less above the
background noise at the recelver. For close distances, the
maximum nolse levels are high, and the nolse level changes are

rapid. The significance of this fact will be pointed ocut later,

The energy-equlvalent {(or energy-average) sound level Leq
is becoming commonly used as a descriptor of nolse that
fluctuates with time. I..eq involves an average of the agnergy
of the fluctuating sound, rather than an average of the sound
level, For example, if a fluctuating sound 1s measured using
A-welghting, such that halfl the time the level 1s 60 dB and half
the time the level 1s B0 dB, the sound level average is 70 4B,
However, the energy average (Leq) is higher, 77 dB, because
80 dB represents so much more sound energy {100 times) than
60 dB. Therefore, the Leq tends to emphasize the loudest
sounds (as does people's hearing) because these sounds contailn

most of the sound energy.

B-8
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The Le 13 defined as the continuocus, or steady-state,
A-welghted sound level that has the same sound energy as the
fluetuating sound level being measured.

Because the Leq does not depend on the statistical nature
of the nolse~time pattern, 1t provides an effective methad for
the comparison or comblnation of nolses from sources whose time
histories differ greatly. For example, without Leq’ the
comparison of nolse from a highway and a rallroad would bhe very
complex. The Leq provides a strazightforward compariscn and
total by the simple cperation:

L {Raillroad) 55 4B

eq
Total L., = 64.5 dB.
Leq (Highway) 4

64 aB

The time period over which the Leq 15 developed may usually
be taken as 1 hr, 24 hr, or a 15-hr daytime and 9-hr nighttime
perliod. These time perlods would provide a l-hr Leq’ a 2k-hr

Leq’ or a daytime or nighttime Leq’ respectively.

As creatures of a regular work hablt, people have come to
expect the right to (relative) evenlng and nighttime guiet in
the home environment. The day-night sound level (Ldn) has been
developed to describe this guality of the habltable, 24-hr noilse
environment, The I..dn is the A-weighted nolse level averaged
{on an energy basls) over a 24-hr period, with appropriate
welghtings applied for the noise levels occurring in the nighte-
time periods. The Ldn incorporates a 10-dB adjustment for
nighttime (10 p.m. to 7 a.m.} nolse intrusions to account for
the increased annoyance during those hours.

B-9
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A5 a trein moves, the sound level near the tracks rises and
£al1ls with time. I the sound levels near the tracks are recorded
continuously before, during, and after the passby of & traln, a
time history of the sound simlilar to the one 1n Figp. B.3 would be
obtalned.

LOCOMOTIVE
f - RAILCARS

_/‘\wr
10 Units

\M::;
—Hgf Time *—

lemssemar— 50 Units of Time —-J

100 Units of Time

o
[+

\

Sound Level {dBA)
~
o

3
1

¥
.

FIG, B.3. TIME HISTORY OF A TRAIN PASSBY.

This rising and falling of the sound level is mainly a
distance effect. From the previous discussion on the effects
of distance, 1t can be seen that the maximum sound level will
be produced when the locomotive is closest to the measurlng
microphone, The sound level remains relatively constant,
however, as the full train passes by the micrephone.

Several other time-related descriptors have been developed
to describe the fluctuating character of many nolse environ-
ments., This 1s lmportant beecause annoyance to nolse 1s
apparently based partly on its fluctuating nature.

Suppose that the length of the sample trace in Flg, B.3 is
assipgned an arbiltrary time interval of 100 units. The length
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of 10 time units and 50 time units on that sample trace could
be determined. By examining the upper portions of the sample
trace, one can then determine the sound level that is exceeded
for these 10 time units and 50 time units; these are called the
10th and 50th percentile levels, L
[ the nolgse sample.

AR e AL S R B, T T Ty -

1o and LSu, respectlvely, of

In Fig. B.3 this procedure 1s followed. By approximate
fitting, it 1s found that L, = 76 dB, and L, = 65 dB, approxi-
mately. For this I1llustratlion, notice that the total nolse
level fluctuates greatly (between 61 and 78 dB — a 17-dB swing)
and that the difference between the Llu and Lso values 1is also
qulte large (11 dB)}. Large differences, such as these, are
characterlstic of sparse traffic and close distance to the track.

Percentile levels can be determined for a specific event

(suech as the trailn passby in Fig. B.3) or for a specified time

) period (such as 10 min, 1 hr, etc.). The noise level exceeded

for any desired percentage of the time can be determined, such
as 1%, 90%, and 99% (L,, Ly,, and L,,, respectively).

i B.2.3 Effects of sound

Since nolse levels are added logarithmically, people often
do not understand what a 1-dB lnecrease iIn noise level means
subjJectively. Therefore, the following informaticn 1s presented
to help clarify the effects of Ilncreasing nolse. Under real-

: life listening conditions, the feollowing nolse level changes
1 would probably be percelved as

1 dB Not notilceable

! 3 dB Barely noticeable, only if the listener con-
i centrates on the nolses heard

B-11
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5 dB C(Clearly notlceable, but not ocutstanding

10 dB Clearly noticeable, evaluated subJectively as
halving (or doubling) in loudness

20 dB 1/4 (or 4 times) the loudness of a reference nolse
level,

Excesslve nolse can affect both animals and humans 1n
several ways. One measureable eflfect of noise 1s hearing loss.
Damage or loss of hearing relates to both the level and dura-
tion of the sound at the recelver. In general, however, the
noise levels required to produce hearing loss are higher than
the noise levels measured in the vicinity of railroad tracks
or rallyards.

Probably the most well-known effect of nolse on people 1s
the interference or "drowning out" of speech, television and
radlo listening, and telephone usage by loud nolses. This
effect has been well researched and can be quite accurately
predicted based on the speaker's volce level (or televlsion
volume), distance from speaker to llstener, and the sound level
of the interfering nolse at the receiver, Table B.1l shows maximum
sound levels for rellable conversation at the distances and
nolse levels indicated.

Nolse levels that Interfere with sleep are not as well
defined. Thils is due te the wide veariation 1in human sensitivity
to noise while sleeplng and the different physiological levels
of sleep. Although 1t 13 clear that sleep gquality 1s reduced
by noise events, the significance of these disturbances is
st11) under Investigation and not clearly understcod.

B-12

it e e i L S



Repoert No. 4369 Bolt Beranek and Newman Inc.

TABLE B.1. SPEECH INTERFERENCE TABLE — AVERAGE NOISE LEVELS [db{A)] AT A
RECEIVER THAT PERMIT BARELY ACCEPTABLE SPEECH INTELLIGIBILITY.

e et e o i et A B

Distance, ft Voice Level
{m) Normal | Raised | Very Loud | Shouting
1/2 (0.15) B1 87 93 99
1 (0.3) 75 81 87 93
2 (0.6) 69 75 81 87
L (1.2) 63 69 75 81
6 (1.8) 60 66 72 78
8 (2.h) 57 63 69 75
10 {3.0) 55 61 67 73
12 {3.6) 53 59 €5 Tl
16 (L.8) 51 5T 63 69

Note: Values apply for average male voices (reduce values
5 dB for female voice), with speaker and listener
facing each other, using unexpected word material.
Values may be increased 5 dB when familiar material
is spoken. Distances assume no reflecting surface
to aid the speech sound.

B.3 Sound Path Characteristics

B.3.1 Attenuation of sound with distance

As indicated earlier, the natural spreading of sound waves
away from a source usually causes a dimilnishing of the wave
energy at greater distances, and the rate of this loss of energy
with distance depends on whether the source 1s "seen" as a
peint or a line. This loss 1s called "geometrical spreading"
and is usually expressed in terms of zo many dB per doubling
of distance. Besldes being dependent on the type of source
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{(whether 1t 1s "viewed" as being a point, such asz a single
locomotive at a great distance, or & llne, such as a long string
of nearby rail c¢ars), the measured sound level change with
distance depends on whether the intervening ground 1s hard or
soft. Table B.2 summarlzes the expected losses.

TABLE B.2. SOUND LEVEL CHANGE IN RELATION TO TYPE OF SQURCE AMD GROUND.

dB Loss per
Source Type Ground Type Doubling Distance
Point Hard (asphalt, hardpan, 6
concrete)
Point Soft (grass, cultivated 7.5
farmland, crops
Line Hard 3
Line Sort k.5

From Fig. B.4, i the A-welghted sound level of a locometive
1s measured at 15 m (50 ft) and at 60 m (200 ft), the measure-
ment value at 60 m (200 ft) — four times farther away — would
be 12 dB lower than the measurement value at 15 m {50 ft),
assuming hard ground.

B.3.2 Sound path obstacies

When a sound wave encounters an obJect of sufficient size
and density, some of the energy 1s reflected, sSome 1s absorbed,
some may still pass through, and some will "bend" around the
edges of the barrier. If the obstacle 1s properly (or impro-
perly) located, it can actually increase the level at the
recelver due solely to reflection.
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The simplest form of gound refiecllivn occurs when souhd waves
strike & large, flat, hard surface, as shown 1n Fig, B.5. As the
waves strlke the surface, they rebound. The reflected sound
waves leave at an angle egual to the angle at which the incoming
waves struck the surface.

SOURCE

£

REFLECTED
SOUND

DIRECT SOUND

FIG. B,5. EFFECT OF A SOUND-REFLECTING SURFACE,

Typlcal large reflecting surfaces near rallroad tracks
and yards might be bulldings, brldge structures, embankments,
retaining walls, and parked rail cars. The presence of large
reflecting surfaces can significantly change the sound level
measured from rail sources. Because of this effect on measure-
ments, the noise emission regulations lnelude measurement site
eriteria regarding the presence of miscellaneous objects.

Of course, just as reflectlons can increase the level at
a recelver, some obstacles can reduce the level at the receiver
by shielding the receiver from the source. To be ef'fective 1n
reducing nolse levels, such "barriers" must cempletely break the
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APPENDIX C: USE OF SOUND LEVEL METCRS

The most important factor in performing rail carrler nolse
compliance measurements 1s the proper use and understanding of
the sound level meter. In thls section, the sound level meter
1s desceribed, along with the auxlllary equipment that 1s needed
to perform the required measurements correctly. Measurement
procedures that are lntended to yleld as consistent and accurate
readings as possible are recommended. Additional equipment
that can enhance the quality and gquantity of data acquired is
also listed,

€.1 How the Sound Level Meter Works

The chalin of events from the production of a sound to the
reading of its level on a meter linvolves many intermedilate
steps. First, the pressure fluctuations in the atmosphere must
be converted to an electrical signal ("transduced") by a
miecrophone, Microphones generally have 1/2-in. or l-in.
dlameters and are rated as to the accuracy of their frequency
response for sound impinging from all angles (random incidence).

After the slgnal has been transduced by the microphone,
1t passes through a preamplifier into a spectrum-shaplng net-
work inside the sound level meter. The spectrum welghtings
available on most meters are A, B, C, and linear (no welghting).
The A-welghting filter adds or subtracts from the various
frequency components of the signal 1n a way desligned fo mimlc
the respense of the human ear. Therefore, the A-welghting 1s
used for railroad nolse measurement purposes.

Once flltered, the signal 1s fed into a second amplifier
inside the meter that ususlly has & gain control in 10-dB steps

c-1
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adjustable by the operator., The proper attenuator selectlon
must be made so that the maximum excursion of the meter needle
iIn response to a nolse falls within the range of the meter
window (usually 15 to 20 dBR). If the antlelpated maxlimum level
is underestimated, the needle willl top out, and the true
maximum wlll have been missed.

Before the signal reaches the meter, 1t may be fed
to an external device such as a tape recorder or headphones.
The signal passes Internally through a needle response-time
network, which 1s set to elther Fast or Slow for noise com-
pliance measurements. The Slow setting gives a continuous
reading, which 1s an approximate average of the sound level
over the previous 1 sec., The needle moves more slowly at this
setting than at the Fast setting, making the reading easler.
The Fast setting averages the silgnal over about 1/8 sec
(125 msec) and causes the needle to move more rapidly.

The overall accuracy of sound level meters in transferring
pressure fluctuations to meter needle readings 1s codifled by
the American National Standards Institute (ANSI). ANSI Standard
851.1-1971 classifies sound level meters according to four types:
Type 1 (Precision), Type 2 (General Purpose), Type 3 (Survey),
and Type F (Special Purpose). For rail carrier noise compllance
measurements, Type 1 meters are preferred. Type 2 meters may
also be used if certain adJustments are made to the readings
{see Sec. 3.4).

£.2 Auxiliary Equipment

In addition to the scund level meter, at least four pileces
of auxillary equipment are requlred. A number of other pleces
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are alsec suggested for making noise measurements, The requilred
pleces are 2 calibrator, windscreen, sripod, and a leog sheet
or annotation pad.

When the callbrator 1s coupled to the microphone, the
calibrator produces a standardized, stable source of sound at
4 single frequency and at a known scund pressure level. It 1s
good practice to callbrate the meter before and after taking
each set of nolse data, and to make any small adjJustments 1n
the "gain" of the sound level meter to keep 1t reading correctly.
A "small adjustment” might be up to ! dB. Before adjusting
the galn of the sound level meter, let 1t warm up for at least
2 min. Let the calibrator warm up for at least 1/2 min, and
check the battery level of the meter. If the needle deflectlon
1s below the appropriate lower limit line of the meter scale
on battery check, new batteries should be installed In the
gound level meter. The batteries of the calibrator should also
be checked periodically and replaced when necessary. If, at
the time of a calibration, the sound level meter appears to
have shifted more than about 1 dB from 1ts last calibration,
thlis 1s a clue that something may be wrong with either the
calibrator or the sound level meter, If Lattery replacement
does not return the Instrument to reasonably correct condition,
refer to the Instruetion Manual for assistance or send the
meter and callbrator back to the manufacturer for a check or
repair. It 1s useless to take guestionable data.*

A windscreen 1s & porous sphere, often made of foam, that
covers the mlcrophone to reduce the wind turbulence wlthout
reducing the sound signal. Without a windsereen, even low-
speed wind movement over the mlcrophone produces turbulent

%At regular intervals (at least once per year), measurement
equipment should be checked out to ensure that operating
characteristics satisfy the requirements specified in the
regulation (Sec. 201.22).
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nolse that may be greater In level than gulet background nolse
that may be measured. In high winds (greater than 12 mph) and/or
in quiet backgrounds, false sound level readings may be obtalned -
even with the windscreen in place. In this case, readlngs should
not be taken., To listen for wind noise or other false nonacoustic
signals, a set of well-fitted, high-gquallty, high-impedance ear-
phanes may be connected to the sound level meter when background
nolse levels are heing taken. (Low impedance headphones load
down the output of the sound level meter so that falsely low
readings are cobtained.)

A tripod supports the sound level meter durlng measurements,
leaving the measurer's hands free for taking data. The micro-
phone helght should be 1.2 to 1.5 m (3.9 to 4.3 £t) above
ground level.

A log sheet or annotatlon pad is an essential plece of
measurement equipment, even if the tape recordings wlll be
analyzed at a later time., Before taking measurements, the
following information should be noted:

+ Time of measurement

« Location of site

+ Location of microphone

+ Description of equlpment

+ Equipment settings

+ Weather conditions (temperature, humidity, wind speed).

Additional recommended equlpment lncludes a stopwatch, or
wateh with a large, readable sweep-second hand; a dry-bulb and

C-4

e i



R D AL A i 1 e

Report No. 4369 Bolt Beranek and Newman Inc.

wet-bulb anemometer for measuring humidlity; a thermometer; a
tape measure; a wind speed indicator; duct tape (or other strong
tape) for securinp mierophones and cables; and extra batteries
for calibrator and sound level meter,

C.3 Measurement Procedures
Briefly, a proper nolse measurement procedure should follow
these steps:
1. Determine appropriateness of mlcrophone locatlon,
weather conditions, and background nolse
. Set up equipment
. Calibrate before measurements

. Annotate initlal condltions

., Calibrate alfter measurements

2
3
4
5. Take data
6
7. Annotate final conditlions
8

.  Take down equipment

8. Analyze and document resultfs,

The detailed procedural requirements for making rail
carrier noise compliance measurements are glven in Sec. 3;
therefore, only general guldelines wilth respect to these ateps
are presented here.

Proper locatlon of the microphone in an essentially non-
reverberant area 1s necessary Iin order to aveld mlsleading
readings caused by nearby reflective surfaces such as bulldings
and sgteep hills. Contrary to popular opinion, trees deo not
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greatly influence nolse propagation, unless there ls a very

thick stand of them. Therefore, one or two trees in the slfe
area may be 1lgnored, aleng with one or two people, sipgnal poles,
low lying boxes and equipment, etc¢., as long as they are no closer
than a few meters from the mlcrophone.

High humidity can affcet nolese measurcments by causing
intermittent short circults at varlous points in the electrical
system through condensation. Excessive wlnd can add to the
noise level readings by generating turbulence around the micre-
phone. At extremely low temperatures, measurements should be
avolded because batteries will be slugglsh or need freguent
replacement and the callbrator may drift. These and other
environmental conditions should be checked with respect to
speciflcations in the equipment instruction manuals before
proceeding to set up eguipment.

Durlng equipment setup, check for loose connections and
proper equlpment settings before calibrating. Annotate tThe
required information on your log sheet, and proceed wlth the
measurements. If there are drastic changes In weather con-
ditions or & large period of time elapses between one block
of data and another, callbrate again, and note the new
conditions.

While making the measurements, the observer should stand
to the side and to the rear of the microphone (if it is attached
to the meter). This will minimlze the mierophone picking up
reflections off the observer from the sound source.

When the data collectlon phase 1s finilshed, callbrate
the system once more, note the time and other pertinent informa-
tion, and dismantle the system. The data should be analyzed
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as soon as possible thereafter 5o that detalls of the measure-
ment program are not forgotten by the attending chservers.

C.4 Alternate/Additional Measurement Equipment

Some additlonal equlpment exists that can replace and/or
enhance the sound level meter.

Graphlc level recorders record the time history of fluc-
tuations in neolse level on a continuously relling drum of paper.
This equipment is very useful for visuallzing the attack and
decay time of car-coupling nolse, for instance. It 1s also
useful for identifying other intrusive nolses such as car
passbys and aircraft flyovers. The observer can merely put a
markt near the peak of the intrusive event indilcating the source
of the necise. A drawback of thls equipment, however, 1s that
the response time of the pen that draws on the paper cannot
be accurately calibrated and adjusted. Therefore, except for
nearly steady-state condltions, the noise level readings
obtalned are best restricted to illustrative purposes.

Tape recorders are the hest form of nolse measurement,
since virtually all the noise data are collected and stored.
However, only professional models may pe used 1f the data are
to be valid. Cassette recorders that cannot be callbrated
and that do not have frequency response similar to Type 2 or
better sound level meter speclficaticons described in ANSI
81.4-1971 are not sultable, except for source identification
or annotatlon. Most Inexpensive cassette recorders have automatie
level control during recording, and thus are useless for recording
noise data.

Integrating sound level meters provide additional informa-
tlon that can reduce analysis time and lnerease accuracy. These
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meters, depending on the model, can average the impinglng nolse
level over a specified period of time, provide statistical nolse
level Information, or Iintegrate the noise level over the time
during which a specifled threshold 1s exceeded.
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