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Abstract

A field investigotlion of noise emission from railroad cperations was
conducted. The objectives of the study were the establishment of a data
base on the noise levels asscclated with railroad operaticns, both iine
(trains in transit) and yerd, and the development of measurement proecedures
that could be utilized in regulations applicable to the noise from rall
carrier equipment and facilities. TFor trains in transit, measurements were
made as a Tunetion of horizontal distance from the tracks [five loeaticns
at 25, 50, 100, 20C and %00 feet] and as a Tunction of microphone height
[three different heights ot the 25 and %0 foot microphone locaticns). Train
passby deta are presented as the maximum A-weighted sound level observed
during the passby and as Single Event Noise Exposure Levels (both A-weighted
and one-third octave band levels). A-welghted sound level measurements

" were made st the boundary of the railyard, at 0.1 second intervals, for

periods of time ranging from 1 to 23 hours over several days. These date
are presented as Lthe energy wquivelent sound level and the level exceeded
ten percent of the time. The directionality of retarder hoise was also
investigated. Measurements were made of the noise emitted In various diree-
tions during retarder cperation.
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1, Introduction

The U, 5. Environmental Protection Agency (EPA) is chearged, under Sec~
tion 17 of the Noise Control Act of 1972 (Public Law 92-5T7h}, with the dev-
elopment of railroad noise emission stendards. The law states "After con-
sultation with the Department of Transportation, EPA is required to promul-
gate regulations for surface (rail) carriers engaged in interstate commerce,
including regulations governing noise emission from the operation of equip-
ment and facilities of such carriers.”

The lack of data in the public demain on the nolse levels associated
with railroad operations necessitated the establishment of a substantisl
data base prior to Federal rule making in thls area., Through an inter-
agency agreement, EPA requested the assistance of the Nationml Bureau of
Standards (§BS) in the establishment of such & f ta base: These data, in
canjunction with data from other socurces [1, 2}/, provide the technical
basis for the proposed EPA Interstate rall carrier noise emission regulations.

2. Field Test Program

For the purpose of this report, the broad range of noises emitted by
rallroad coperations hes been divided into two categories -- line operations
(trains in transit) and yard operations.

Tha movement of locomotives and freight/passenger cars over main line
and lecel branch mein line tracke is termed line operations., For trains in
transit, there exists two majJor noise contributors -- the noise from the
locomotive, or road power unit, and the wheel/rail interaction noise which
defines the car-generated ncise levels,

Railroad yard operations, on the other hand, include all operations
which are conducted within the confines of the yard property boundaries,
including the classifiecation of freight cars and services relating to the
performance testing and routine maintenance of cars and locomotives. The
classification process -~ the uncoupling of cars from incoming trains and
recoupling them into outgeing trains bound for various destinetions -~ is
the mejor yard activity. The various noise sources wssociated with this
operation include: (1) switcher engine noise as incoming cars are pushed
up the hump for weighing, classification and destinetion determination,
(2) wheel/rail and retarder noice as the speeds of the free-rolling rail
ears which have been pushed over the hump are controlled by retarders --
rails which squeeze against the wheels of the moving cars -~ as they are
guided to the outgoing train make-up ares and (3) the coupling noise as
the free-rolling rail ears bump into the other (stationary) cars of the

outgoing train.

l/Figures in brackets indicate the literature references at the end of this
report.
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The nolse asscciated with both yard and line operations was investi- :
gated during this study with emphasis on the development of measwrement
procedures and the establishment of = data base appropriate to railread
eperations. ‘ .

2.1. Rellroad Line Operations

The noise levels assoclated with trains in transit are dependent upon
the physical charaeteristies of the train, the opereting speed, the condi-
tion of the wheels and rails, total weight and length of the train, and the
contour of the track bed. Although these variables can be determined, they
eennot be contrelled in a field study such as this; therefore, it is diffi-
eult to correlate the noise levels and frequency spectra of successive train
passbys. This section presents & discussion of the field test site end
test procedures utilized during the data acquisition phase of the railroad .
line operation study es well as a presentation of the resultant deta.

[ 4

2.1.1. Field Test Site {Line}

The high speed maein line of the Chesapeake and Ohlo Railrocad, located
adjacent to the Montgomery County Feirgrounds in Gaithersburg, Maryland (in
close proximity to the National Bureeu of Standards) was selected as the
field test site for the line operation noise study. The Fairgrounds pro-
vided e large grass-covered (mowed) open area free of any lerge reflecting
surfaces. Figure 1 is a contour map of the test site and surrounding area.
The roads interspersed throughout the ares ere dirt with the exceptlion of
the one adjucent and parallel to the tracks which is paved. The stands
for the baseball field are open style grandstand bleachers. Immedlately
south of the tracks is a fairly dense growth of weeds and brush sbout 2
to 3 Peet thick end 6-7 feet high. Behind the brush is e large cpen area
that drops in elevation until it reaches Interstate Highway T0-S which is
20 feet below the level of the treck bed,

. Microphones were loceted along a line perpendicular to the tracks as
indicated in Figure 1., The point of intersection of track-and the line of
microphones 1s approximately 520 feet from the nearest point of I-TO-S.
Along the microphone line, the ground elevetion decreases es it recedes
from the tracks, The land was surveyed to establish the elevation of the
microphone positions relative to the track bed (see Figure 2}, For the
burpose of this measurement, the track bed is defined as the top of the
wooden ties.

At this locaetion, two types of rails exist -- continuous.welded reil
on the weatbound tracks and Jointed rail on the eestbound track. Since
grade could be an important parameter affecting trailn noise, the track ele=- v
vation was surveyed 300 feet on either slde of the intersection between the
microphone array and the track {see Figure 3). Eastbound trains go up a
slight grade as they pass the microphones while westbound trains go dowm
the grads.
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Figure 1.

Field test site for trains in transit study showing microphone
1oca:ion5,6§ , and the location of the mobile instrumentation

van, A. Scale 1 in. = 200 ft.
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Figure 2. Ground elevations at the microphone locations relative to the track bed of
the Chesapeake and Ohio main line at the Gailthersburg test site.
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114 = 2 FT. (VERTICAL)

Track elevation 300 feet on either side of the intersection point of the track
and the line of microphones.
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2.1.2. Test Procédure (Line)

As stated previously, the microphones were located along & line per-
pendicular to the direction of travel of the trains. For one serles of
measurements, five microphones, located at distances of 25, 50, 100, 200
and 400 feet as memsured from the centerline of the westbound treck,.formed
a horizontel array. Each microphone was mounted on a tripod and positioned
at & height of L feet above ground leval. BSinee the ground along the micro-
Thone line wes not level (see Figure 2) the line-of-sight distance hetween
the microphones and the tracks were slightly different from the nominal
distances cited above. Table 1 shows the angle and line-of-sight distence
for each microphope in the horizontal arrey with respect to both the east-
bound end westbound tracks.

Table 1 Angle (0) and line-of-sight distances (d) for
each microphone in the horizontal array with
respect to the eastbound aznd westbound tracks.
(See Figure 2)

Microphone West Track East Track
[¢] d,ft : ] d,ft
1 6° 23| as.2 Lo 1o 38.6
2 1° g 0.0 0° 54 63.5
3 0° 41' [160.0 . |- . 0% 36' | 1135
4 1% 48' | 2¢0.1 ] l“l_hli 213.6
5 1° 370 | boo.2 | ¥ c10wWhinl413.6

A second serles of messurements were alsc conducted utilizing a verti-
cal, rather than a horizontal, microphone array. For these measurements
microphones were mounted at heights of 4, 10 and 15 feet above the ground
et horizoninl distances of 25 and 50 feet as measured from the centerline
of the wesibound track. Figure 4 illustrates the array end ahows the micro-
phone heights with respect to the track bed and ground level. The associate
table gives the angle and line-uf-aight dists.nce for each microphone with
reapect {0 the track bed,

During both series of measurements, the miecrophones were connected
through copxial cables to the tape recerding end monitoring equipment housed
in the moblle instrumentetion van. The ven was located approximately 125
feet from the westbound track and 100 feet to the’eabt of the line elong
which the microphones were located -~- point A:in front of the stands in
Figure 1. The data from each microphone were Yecorded on one channel of a
seven-channel F.M. tape recorder. The recorder was manually gtarted and
stopped upon the approach end subsequent departure of each train. Appendix
& contalns e detalled discussiocd of the instrumentation which comprized the
data acq_uiait‘.ion and analysis system for line operation studies.
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Figure 4. Layour of vertical microphone array showing
angles (@) and line-of-sight distances (d)
for each microphone with respect to the
zastbound and westbound tvacks,
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Statistical information on each train, such as, total number of cars,
loaded cars, empty cars, total welght, etc., was provided by the Chesapeeke
and Ohio Railroad Company (see Tables 2 and 3, Section 2.1.3). Train speed
was determined by timing the train with a stop watch ms it traversed a
marked distance of 4S0 feet. Depending on the train length, repeated tim-
ings were obteined and the aversge used to compute the speed. .

2,1.3. Test Results (Line)

Data were obtalned during 23 train passbys. For 12 of the passbys e v
horizontal mierophone array wes utilized which congisted of flve microphones
located at 25, 50, 100, 200 and MO0 feet from the centerline of the west-
bound track. All microphones in the heriiontal array were mounted on tri-.
pods at a height of 4 feet above the ground, Measurements of the remaining
11 troin passbys were made utilizing & vertical microphone arrey. In this
case mierophones were loceted at heights of L, 10 and 15 feet above the
ground at locations of 25 and 50 feet from the centerline of the westbound
track, It was felt that the results of this data acquisition program weould
provide the necessary data base (1) of the noise levels asscciated with trains
in transit and (2) to allow for the selection of eppropriaste numbers of miero=-
phones as well ss location and height specifications to ensure adequate

characterlization of train noise.

In addition to the A-weighted sound level, the Single Event Noise Expos-
ure Level {SENEL) was investigated as a descriptor of train pessby noise.

SENEL i3 mathematicaelly defined as: : )
- 2 : ©  L(£)/10 . :

- RO de 1 , (1 v
SENEL=10 103101; [ 5 ‘. 10 log,, : L. 10 de | | |

where p 18 the time-varying, mean-gquare-sound-pressure at the point of ohser=-

vation, L is the corresponding sound level, p_ 18 the stenderd reference pres-

sure (20 micropascals), t. is the standard reference time (1 second} and t is

the time (in seconds)., From a practical standpoint, of course, the integration

is only carried out over a finite time interyal which essentlally includes all

of the acocustle energy from a glven passby. The SENEL value is very depend-

ent on the integration time selected; errors as great as 10 4B can occur if

the time is too short. This is especially critical as the microphone distance v
from the train is increased. Considering the train ms a line source, this
effect was investigated theoretieally and, considering the length and speed '
of the train and the microphone distance, the integration time was selected ;
for each train pasaby such that in no case was the error due to the finite
integration time greater than 1 dB at any mierophone locacion.

2/ The procedure by which the SENEL integral was eveluated from the analog
sound pressures is discussed in Apperdix B.



Also, SENEL is easily relatable to the energy equivalent noise level (L _ ),
which is the level of gtecly state continuous noise having the same energy
as the aetual time varying nolse, Among the many scales used for noise and
its effect, L__ appears to emerge as one of the most important measures of

. &
environmental®Aoise effects on man [3].

The data for the 25, 50, 200 and 400 foot microphones of the horizontal
microphone array are presented in the following tables end {igures. It should
be noted thet due to Instrumentation fallure, date were not obtained ot the
1006 foot microphone location. On several occasions one or more microphones
were inoperative during the troin passby and therefere, data are not available
in these instances either. Table 2 presents information on the characteris-
tics of the 12 trains whiech were measured. Data such as the train nunber
(identification number of the lead locomotive), the direction of travel, num-
ber of locomotives, number of cars and whether the cars were empty or loaded,
the total welght and length of the train and the speed of the trailp, are
included. The acoustic deta are presented in Figures 5-16, Each figure
corresponds to a particular train and i{s composed of two parts labeled (a}
and {b). The one-third octave band Single Event Noise Exposure Level versus
Trequency date for each mierophone position are presented in Figures Sa~16a,
while Figures 5b-16b present the A-weighted Single Event Noise Exposure Level
and the maximum A-~weighted sound level during the trein pessby plotted versus
the perpendicular distance from the center of the track on which the train
was running. In the upper right-hand corner of Figures 5b-l6b are shown the
average attenuation with distance (deeibel/doubling of distance) of both the
SENEL and LHAX} dntn, .

The one-third octave band SENEL apectral deta show that, as expected,
train passby noise is characterized by low freguency peaks in the range 40-
100 Hz velated to the firing frequency of the locomotive engine. The higher
frequency portions of the spectra result chiefly from the interation of the
wheels with the rails. .

Both the spectral and the attenuation-with-digtanee data point out why
eomplaints triggered by train noise come from people living miles eway from
the railroad tracks. Even at distances of 400 feet from the passing trains,
the low frequency peek is little attenunted from the level measured at 25
feet, The wheel/rail noise, which is typleally higher in frequency and is
generated by sources closer to the ground, sttenuntes at en increased rate
in comparison to locomotive nolse. Beceuse of this, & general tendency exists
for the rate of attenuation of A-weighted sound levels to increase with the
number of cars in the train, resulting from the greater contribution from
wheel/rail noise, as opposed to locomotive noise.

In order to gaein some understanding of the variation in the rate of
attenvation with distance as a function of frequency, the S0 foot microphone
was selected as a reference and the differences between its reading and
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those of the other microphones were determined -- [L{x) - L(50)]§/. These
differences were computed for the octave band SENEL values over the fre-
quency range from 63 to 4000 Hz. The average velues for each frequency were
Plotted against the microphone distapces. A streight line was fitted to
the average value data using the method of leeat squares, The average
values, the range, and the least squares line are presented in Flgures 17T
and 18, The date in these figurea are separated according to direction of
travel ~- east or west -- which slso correspends to differences in track
type and grade. It should be noted thet the least square lines have heen
displaced and forced to go through 0 dB at 50 feet for westbound trains

and at 63 feet for eastbound trains. The average deviations [L{x) - L({50)] v
are elso plotted versus frequency for each microphone location as shown in .
Figures 19 and 20 for the West and east bound trains, respectively.

As expected, there is a general tendency for an inecreassed rate of ab-
sorption at higher frequencies. The data alsc seem to indicdte that des-
tructive interference la occurring in the region of 500 Hz (this phenomena
will be discussed in detail later in this section). Since the data include
both locomotives and cars -- for which the effective source heights, snd
hence the expected rate of attenuation, are different -- no quantitative con-
clusions can readily be drawn.

In erder to determine the influence of microphone height as s parsmeter,
a vertical microphone array was utilized to measure the noise from 1l pass-
ing treins. As stated earlier, the verticsl arrey consisted of six micro-
Fhones -- three at heights of 4, 10 ard 15 feet above the ground at a dis=-
tance of 25 feet from the centerline of the westbound track and three at the
same helghts at & 50 foot distance., The date obtained with the 4 foot high
microphone located at 50 feet were frund to be erronecus; therefore, the
only tie with the horizontal array was the.l foot high microphone located at
25 feet and this microphone was selected as the reference microphone.

These were 11 train pessbys; however, on two occasions enst and west
bound treins pessed the microphone array simultaneously. These are noted on
Table 3 which presents deta on the characteristics of the trains measured
utilizing the verticel microphone arrsy.

Figures 21 and 22 present the differences in the A-weighted Single
Event Noise Exposure Level and A-weighted sound levels that existed bﬁ ween
the reference mierophone and the other microphenes [L{x,y) - L(25,4)]

§/L(x) is the noise level measured at the microphone location whose hori-
zontel distance from the source is defined within the perenthesis, i.e.,
L(50) is the level meesured st the 50 foot microphone location.

E/L(x,y} i1s the nolse level measured at the microphone location whose
horizontal distance from the source and helght ghove the ground are
defined within the parenthesis, 1.a., L{25,10) iz the lovzl meagured ;
at the 25 foot nmicrophone locetion for a microphone height of 10 feet. i

10



The horizontal distances shown correspond to data for westbound trains --
the distances for the eastbound trains were 13.5 feet greater.

The chief conelusion to be drawn from these data is that some care is
required in attempting to prediet levels at one vertical height from measure-
ments at some other height. At a horizontal measurement distance of 50 feet,
assuming a 15 foot high locomotive and a 15 foot high mierophone, an acoustic
signal originating from the roof-top exhaust would travel about 8.5 feet
further by undergoing one reflection from the ground than it would travel
in going directly from the exhaust to the microphone. A distance of 8.5
feet corresponds to one~half wavelength for sound at a frequency of about T0
Hz, This 1s in the frequency range where the maximum sound pressure levels
due to the locomotive engine firing frequency occur. This observation would
suggest that the ancmalously low levels at the 15 feot high microphone at a
horizontal measurement distance of 50 feet were due to destructive inter-
ference between the direct signal and that reflected from the ground.

For measurements using & microphone b feet above the ground, assuming
& hard reflecting surface, at a distance of 100 feet from a locomotive (dis-
tances that have been suggested for regulatory purposes), a 15 foot high
source {i.e., locomotive exhaust) would result in destructive interference
at about 500, 1500, 2500, 3500,..Hz and constructive interference at about
1000, 2000, 3000, LGOO, ....Hz. The first frequency at which destructive
interference occurs is well above the frequency range asscciated with the
fundamental firing freguency of the locomotive engine. Thus one would not
expect serious measurement errors due to interference. phenomena, Similarly,
measured sound levels should be reasonably independent of small differences
in microphone height, provided the terrain is ressonsbly flet and level.
However, if there were a small valley between the train mnd the microphone,
destructive interference could oceur st frequencies near that of acoustical
radiation assoclated with the fundamental firing frequency of the locomotive
engine. As an example, assume the ground falls off to about 10 feet below
track level at 50 feet awsy and then rises to be level with the track at
100 feet away. TFor exhaust noise from a 15 foot high locomotive, destruc-
tive interference would oceur {for a k foot high microphone) at frequencies
of about 80, 2ko, koD, 560,...H2z., Destructive interference would ocour
near these same frequencies if the ground fell off’, for example, to 7 feet
below track level at a distance of 50 feet and then rose to sbout 5 feet
above track level at 100 feet.

2.2, Rallroad Yard Operations

The nolse levels associated with a railroad yard are dependent upon &
variety of activities within the yard. The primary noise sources typically
are the various retarders, the coupling of cars, and the working and idling
locomotives -~ both road and switcher. This section presents a discussion
of the fleld test site and test procedures utilized during the data acquisi-
tion phase of the railroad yard operation study as well as a presentation
of the resultant data.
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Table 2, Characteristics of trains on the main line during measurements made

utilizing the horizontal microphone array.

Empty Looded Speed Weight Length
Train* | Direction Locomotives Cars Cars Ft/sec Tons Feet
4103 West 3 9k R 62 7380 7020
6607 West 2 0 0 112 300 136
Th1il West 5 138 0 33 4890 6961
Losh West 6 0 0 56 500 ko8
3823 West 2 20 3 30 1016 1350
4o36 West L 0 81 88 6689 h160
45L8 West L 63 13 L3 Kee 3920
6970 West 2 32 5 - 51 2100 1512
ozl West ‘3 0 77. Bt 5840 3500
3555 Bast 3 21 | 59 46 800 | . k332
6955 East e 16 8 49 1535 1288
5983 East T2 2 2 36 500 260

¥The numbers refer to';he identification numbers of the lead lacomotives.
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Figure 6a. Single event noise exposure level versus frequency

for train no. 6607.
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Table 3. Charecteristics of trains on the msin line during measurements made
utilizing the vertical micercphone array.

Empty Loaded Speed Weight Length

Train¥* Direction Locomotives Cars Cars Ft/sec Tons Peet

3692 West b S Th b6 39 6682 . 6032

- 6964 West 2 0 0 b 300 136
6493 East 1 2 2 30. 500 260

) 4100 East 2 313 0 41 h230 6Lzl
[4157ew East 3 0 118 us | 7730 | sees

| b1ogww West 3 0 68 52 ¥730 3468
f-sgss** East 2 L 29 33 2900 1720

|| Bgpkee Vegt 2 0 0 L) 300 136
9g1o# East 4 4] 0 87 236 39

1L56%a Eagt 1 3 0 107 239 3k9

GQL1nk# Fast - it 0 0 88 236 349

#The numbers refer to the

*#3imultaneous Passby

b ##8Commuter Trains

identification numbers of

L3

the lead.locomotives.
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2.2.1., Fleld Test Site (Yard)

Rail yard measurements were mede at the Norfolk and Western Railroad
Terminal located in Roanoke, Virginia. The Roancke terminsl i1s the eastern
hub of the Norfolk and Western Reilway system and as such is operated on &
2h~hour, T days per week basis. The following statistics are presented
to provide an indicatlon of the size and activity of the faeility:

® There is an average of 4500 cars handled daily through the terminal,
with peak loads near 6500 cars. An average of over 85 trains arrive
and depart Roancke on & dally basis.

® Approximately 2100 cars each day are classified over the dual hump
(master retarders).

®The classification yard containe 55 clagsification tracks with a
capacity of approximately 1950 cars. *

®The receiving yard contains 20 tracks with & capacity of approximately
2000 cars.

_Q@The hump computer controls 2 master, 2 intermediste, and 9 group
retarders, end 65 switches.

©The terminal contains 228 miles of track.

A reduced reproduction of a detailed map of the Roanoke Yards is shown
in Flgure 23. Superimposed on the map are the microphone positicns at the
yard perimeter (locations Al, A2, Bl and B2) and within the yard (location
C) which were utilized for reil yard measurements.

2.2.2. Test Procedure- {Yard)

Meamsurements were made at four locations (designated Al, A2, Bl and B2)
along the boundary of the Roanoke trein yard and at cne location (deaignated
€) within the yard. . o

\ Microphone positions Al and A2 were selected because of their proximity
to the intermediate and group retarders and the cer coupling area respectively.
Figure 24 shows an overview of this area with microphone number Al in the
foreground. The two microphones at location A were mounted on tripods at a
height of 5 feel above the ground. They were located at the edge of an em-
bankment which was approximately 50 to 60 feet sbove the level of the track
bed of the nearest track., The line~of-sight distences from the microphones
to the edge of the nearest track were 65 and Bl feet for loeations Al and A2
respectively.

At microphone positions Bl and B2 (see Figure 25) the microphones were
also mounted 5 feet ebove the ground at the edge of an enbankment. At this
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Figure 23. Layout of the Norfolk and Western Railroad Terminal, Roancke, Virginia, showing
microphone locations, designated 41, AZ, Bl, B2, and C, for rail yard noise

measurements.
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location the embankment was 35 to U5 feet above the level of the nearest [
track, The noise levels measured at this location were dominated by the l
noise from stationary {1dling) and moving locomotives.

In order to gain a better understanding of the noise levels and the ,
directionality patterns of the noise asscclated with retarders, meagure- .
ments were also made within the yerd interior. This locetion is designated .
location C. Figure 26 shows the eight microphone positions utilized. Re-
tarder number 1 was selected as the primary source to be studied; therefore,
all positions selected ere in relstion to this retarder. The nolse from
retarder nurber 2 wes also measured and dimensions relative to this reterd-
er are also given, Microphone position 1 wes established oun a line perpen-
dicular to retarder number 1 end 50 foot from the centerline {both longltu~
inal and leteral) of this retarder. Microphone heights of 5, 10 and 15 feet
agbove the ground were utilized at microphone positien number 1. A line was
then drawn through microphone position number 1 parallel to the long axis of
retarder number 1. Microphone positions 2 and 3 were located along this line
at an engle of 30° and U5° respectively, in relation to the line from micro-
phone number, 1 perpendicular teo retarder number 1. At these two positions,
microphone heights of 5 and 15 feet were used. A final position, number 4,
vas located at an angle of T5° but as close to retarder number 1 as possible
rather than along the line of microphone positions 1, 2 and 3. At location
4 a single microphone height of 5 feet was utilized. Since various loca-
tions and helghts were utilized, it was determined that one way to, keep
track of the positions would be to designate each with an angle and a height
which would uniquely define each measurement position. For exemple, the
microphone et the five foot height at position 1 was designated (0%, 5 ft.},

" For each messurement two microphones were utilized. One of the micro-
rhones was elweys at the reference position —- location 0°, 5 ft. =« vhile
the other microphone was successively placed at the other seven test positions
as indicated in the table of Figure 26. Figures 27 and 28 show the referénce
microphone (0%, 5 feet) and a test microphone (02, 10 feet) from two differ-
ent perspectives showing the aree in and around the retarder locations.

2.2.3, Test Results (Yerd)

A-weighted sound level meamsurements were mede at the boundary af the
rall yerd at 0.1 second intervals utilizing a mini-computer-based digitel
date acquisition system (descrited in Appendix C). Data were taken for per-
iods of time ranging from 1 to 23 hours over & 7 day period. .

Deta et positions Al and AR were taken from 1200 hours of the 1U5th day
of 1973 until 1000 hours of the 150th day of 1973. At positions Bl and B2,
data were taken from 1100 .hours of the 150th day of 1973 until 1000 hours
of the 1518t dey. The date resulting from these measurements are presented
in this section in the form of the A-weighted scund levels exceeded ten
percent of the time (Ll } and the energy equivalent A-welghted sound levels
(Leq)’ both plotted es Qunctiona of time. '
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MICROPHONE LOCATIONS

drawn from microphone number 1 and any other mlcrophone
through the intersection of the longitudipal center-
iine of retarder number 1 with the perpendicular llne

SCALE: 1 IN

Microphone locations near
@ is defined as the angle betwoen lines

drawn from microphone number 1 to retarder numbar 1,

! ,
|
LOCATION | 6 [HEIGHT, FT.
71 0° [ 5. 10, 15
! #2 30° | 5, 15
Lo ST a5° | 5, 15
h
? #4 75° ] 5
% FPigure 26, Measurement location C.
i retarders.
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Measurement ppsition ¢, Retarder number 1 is to the left, retarder
number 2 is to the right with the master recrarder and hump In the
background, The two microphones in this photograph are the reference
microphone (8 = 0°, height = 5 feet) and one of the seven test
microphones (8 = 0°, height w 10 feet).
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Figure 28, Measurement position C. View of retarder number 1. The two
microphones in thie photograph are the reference microphone

(6.= 0%, helght = 5 feet) and one of the seven test micro-
phones (6 = 0°, height = 10 feet).
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The energy equivalent noise level, Le , for a stated period of time Is
the level of o constant, or steady staete, foise which has an emount of acous-
tic energy equivalent to that contained in the messured time-varylng noise.
I’eq is mathematically defined as:!

T 2 T
= 1 B - 1 L{t)/10 :
I"eq 10 1|::‘g10 [T,[ (Pg) c!t::] 10 log;, [T/o' 10 de |, (2)

where p 1s the time-varying, mean-sguare sound pressure at the point of
cbservation, I is the corresponding sound level, p_ 1s the standard pgfer-
ence pressure (20 micropascals) end T is the perioa of integration.

The A-weighted L., sound levels at locations Al and A2 are presented
in Figures 29as-3ka for days 145 - 150, The hourly equivalent A-weighted
sound levels, i.e., L for each hour, for locations Al and A2 for days
145 = 150 are present&d in the complementary Figures 26b - 34b, Similar
data for measurement loceztions Bl and B2 are presented in Figures 35a - 36b.
The date points ou these plots represent the cumulative noise level during
the preceding hour; that is, the date point at 1200 hours represents the
noise which-occurred between 1100 and 1200 ‘hours. The lack of date at cer-
tain hours on these plots is due either to inclement westher or electrical
pover failures or power fluctuations which affected the data ascquisition
system at the fileld test gite. :

To provide some indicetion of the correlation between specific activity
within the yard end the L 3 and Le sound levels meesured at the boundery of
the railyard, retarder ac%lvity £58m 1600 hours on day 149 until 0900 hours
an day 150 has bedn summarized in Pable 4. Since measurenment locations Al
and A2 along the railyard boundary were in the vicinity of the active reterd-
ers, the operations cen easily be compared-with the corresponding values of

and L = A-weighted sound levels for these days es shown in Figures 33a,

L
338, 3la S8a,3kn. : ,
%, . _ X .

The da :.bbhtained on plots 29a - 36b are compreased into two summary
plots (Fi_gu.reé ‘37 and 38) which show the I"J. and Le A=veighted sound levels
for the total time period {days 145-151). “Hote thiR the data prior to 1100
hours of,day 150 was for locatlon A while date after this time was for loca-
tion B, -

It is important at this time, on the basis of these data, to examine )
the relaticnship between Llo end Le and evaluate the appropriateness of the
two measures as descriptori of the foise emaneting from railroad yards.
Figures 39 end L0 show plots of L,, versus Leq at microphone positions Al

'E/The rrocedure by which the L integral was evaluated from the digital
date is discussed in Appendix’B, .
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Figuke 29b., Hourly equivalent A-~weighted sound level versus time.
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29

DAY OF YEAR, 148

)
5 o}
=
2
=]
]
m .
ﬁgg- 80
3]
Bo
HN
£
28 ™
1
£ | \/
> S '
H
a
[~ h]
5
E
g ® PASITIAN Al
4 POSITION A2 _ _
S00~""Z00 400 600 800 1000 1200 1400 1600 180G 2000 2200 2400

TIME, hrs

Figure 32b. Hourly equivalent A-weighted sound level versus time.

TETTT T vww sy rrvw ewres il




DAY OF YEAR, 149

&

i gof

(=]

o

[V}]

M

2

. 8ot

:

|

o]

o
[9%)

[7H]

[ ]

i~

[

a.

>

£ eof

{9

(]

e

- ® PASITIAON Al

a PGSIT_IGN a2 e ) ) . ) .
S0 —"200 400 600 800 1000 1200 140G 1600 1800 2000 2200 2400

TIME. hrs

Figure 33a. A-weighted L10 sound level versus time.




w9

DAY OF YEAR, 149

™ PASITION Al
A PASITION A2

:
B a0}
]
[]
=
[=]
U
g& aof
B4
Uo
N
o
5
m 70F
E‘U
:
=
()
2
(] 60}
E
o ]
o
<]
500

200 400 600 800 1000 1200 1460 1600 1860 2000 2200 2400
TIME, hrs

Figure 33b. - Hourly equivalent A-weighted sound level versus time.

WERSLTS AW WAV S AW A IS



€9
SOUND LEVEL, dB re 20 pPa

A-WEIGHTED LIO

- 80

80

70

60

DAY OF YEAR, 150

® POSITIEN Al
4 POSITION A2

sSe

0 200 400 600

Pigure 34a. A-weighted Lyy sound level versus time.

800

1000 1200 1400 1600 1860 2000 2200 2400

TIME, hrs




99

—

DAY OF YEAR, 150

O POSITION Al
A POSITION a2

..i.
£ gor
A
2
o]
3]
ag 80f
i
0o
o™
g
=
B% 70
=
3
]
-
8.
] 601
>
2
Q
o
500

Figure 34b.

200 400 600

800

1000 1200 1400
TIME, hrs

1600

1600 2000 2200 2400

Hourly equivalent A~weighted sound level versus time.




DAY OF YEAR, 150

[}
q a0t
o
™
@
H
m
o] .
N 80}
[
g
3
o
-t [=]
§ 70F
5]
=]
[
e
a
3 60}
[&]
=
B
P ® POSITION Bl
&4 PASITION B2
50 A i 1

o200 400 600 800 1000 1200 1400 1800 1800 2000 2200 2200
TIME, hrs

Figure 35a. A-weighted L;g Sound level versus time.

}
1
S
H
H



89

HOURLY EQUIVALENT A-WEIGHTED SOUND LEVEL,

dB re 20 uPa

DAY OF YEAR, 150

90

T

80

70}

60

O FPASITION Bl
A FBSITIIGN BZ

S0

Figure 33r.

200 400 600

800

1000 1200 1400
TIME, hrs

1600 1800 2000 2200 2400

Hourly equivalent A-weighted sound level versus time.

AL LA L



DAY OF YEAR, 151

a0

T

-1

70-. /\3/@

B0

69
A-WEIGHTED Llﬂ SOUND LEVEL, dB re 20 pPa

@ PBSITICN B 1
A PESITION B2

S0y 700 400 600 ®00 1000 1200 1400 1800 1800 2000 2200 2400
TIME, hrs

. Figure 36a. A-weighted I‘lo sound level versus time,

T T,

e e L S



DAY OF YEAR, 151

oy

O PESITIAN BI
l&lPUSIT‘lEN 82._

J
4]
n o 90r
2 .
[=]
Z
- Q
w0 ) .
an go}
B
E
mo
- ™
2 Ea
g 70F
2z
£
=
-
o
2 sof
3
four]
[=)
o
50,

300 400 600 600 1000 1200 1400 1600 1800 2000 2200 2400
TIME, hrs

Figure 36b. Hourly equivalent A-weighted sound level versus time.




R ATy

PRI

[t LR e

e e LGRS

Table 4. Sur: vy of reta.rde.r'uctivity from 1600 hours on day
14 until 0900 howrs on day 150,

Retarder |Operations Empty Loaded
Dey Start "Finish Cars Cars
1h9 1616 1650 90 0
1705 1736 35 35
1756 1808 31 51
1840 1841 " »
1936 1954 19 . 2y
2019 20ks 33 3
2100 2127 14 23
2131 2139 9 9
2223 2300 27 25
2323 2331 2 18
150 0010 0050 36 19
0100 0122 3 50
0148 0207 20 22
o21h 0233 38 21
0310 0321 9 a5
0333 o3 101 0
0kod ghes 25 8
0436 ohsh ko 0
oshs 0607 23 60
0627 0635 ] 18
0B16 odzg 9 21
0835 0913 hy 51
*Unknown
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and AZ? respectively for measurements made on day 149. As can easily be
seen, the correlation between the two descriptors is not very good in this
case, The probable reason for the large differences —-— as much as 20 dB --
between L., . and Le is the fact that short durstion, high level noises which
do not ocdlr more than 10 percent of the time have a sgignificant influence
on the value of L__ but abselutely no influence on the value of L,.. A
review of the raw data confirmed this to be the case for railyard meesurements
taken during this study. For those hours where the differences between L
end L__ were the largest, the raw data showed that high level noises occurred
for neéarly 10 percent of the time and therefore, the Le value tended to be
much higher than the L, . value (which was not influenced at al by the high
level noises since they did not occur more than 10 percent of the time dur-
ing the hour.of interest)}. What these date show is that the nature of the
activities within & railyard are such that L., is a poor descripter of the
noise in this case. 8imilar dests have been Teported [k] for L,. and L

date at sites near airports. Differences between the two desc%?ptors Were
as much as 20 dB over a major portion of the dey at a residential site

under the landing peth of Los Angeles Internaticnal Airport while for a
suburban residential site, comparable L o and L _ values were reported over
& 24 hour day (typical differences on t%e order®df e few decibels or less).

Ly, 15 & relatively simple descriptor but it should be utilized with caution,
especianlly in situations where high level sounds cccur for short periods of
time. .

However, L 1s not without problems either, It has been previously'
reported [1], if’the case of rallroad yard boundary measurements that:
"In general, the 10 minute sample times utilized for this survey [Wyle
survey] were of insufficlent duration for sccurate measurement of the yard
activities, indlcating that due to the random nature of most yard gpera-‘
tions, 24 hour continuous recerdings would most likely be required.”

In order to investigate this problem further, the dats for the time
period from 0041 hours to 0240 hours of day 150 were selected for investi-
gation as to the varistion one could expect in the values of I _ das a
result of the integration time selected. The results (for meaSurement posi-
tions Al end-A2} are presented in Figures Wl -~ 45 for integration times of
1, 3, 10,30 and. 60 minutes. Since the A-welghted sound levels were digit-
ally recorded every 0.1 second, this correspords to 600, 1800, €000, 18,000
ahd 36,000 samples, respectively. The values of Le plotted in these fig-
ures correspond to the beginning point of the integ?'ation time; that is, in
Figure 42 the data plotted at 40 minutes represents the L value for the
period extending from the beginning of the 40th minute toe%he beginning of .
the 43rd minute. Since only a two-hour deta sample wes used, there ave no
L‘?q values plotted over the last period of integration of the two~hour period.

On the bagis of these data, it would asppear that regulation of rail yard
nolse emission -levels, in terms of Le » would require, at a minimum, continu-
ous monitoring for each of several reBresentative hours in & given day. Con=-
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tinusus monitering for 24 hours on representative days would, of course, yleld
more reliable results. On the other hand, 1f it is desired to relate varia-
tions in L with gpecific variations in yard activity, integration times in
the range 9 1l to 10 minutes would be preferred.

As discussed previcusly in Section 2.2.2., measurements were also made
within the rail yard near the sctive retarders to investigate the characteris-
tie reterder noise levels and directlonality -- both in the horizontsl and
vertical planes. A reference microphone was utilized in conjunction with
geven different test microphones. Each test microphone was located at a
different height/angle combination in relation to the location of the refer-
ence microphene (see Figure 26 for microphone locations with respect to
retarders 1 and 2).

Data were obtained for 58 passes through reterder number 1 and 37 pmases
through retarder number 2. The data for each train car passing through the
retarders are presented in the form of (1) the differences in the A-weighted
sound level between the test and the reference microphones and (2} the maxi-
num A-welghted sound levels at the reference microphone. Tor selected passes
through retarder number 1, one-third octave band spectral analysis was also
performed and the data are presented here.

:lrferences between the maximum A-welghted scund levels at the tegt
[L(ﬂ,x)]—- and reference [(L{0, 5)] microphones are presented graphically in
Plgures 46 and 47.. In addition, the data are tabulated in Tables 5 and 6.
The level differences ere coupled with an identification of the type of rail
cer passing through the retsrder at the time of the measurement. No informa-
tion was cbtailned as to whether the numbers and types of cars sampled during
this study were representative of the long-term operational statistics for
this par ticula.r rail yard, An indepth study of retarder squeal {which was
not the intent of this study) would of necessity have to investigate such
faets as car age, condition and type of wheels, car weight, environmental
conditions, speed, etec, .

In summary, the average sound level differénces between the test and ref-
erence microphone locations as well as the standard deviations are preseated
in Table 7. Note that in the case of position (75,5) the dete are shown for
retarder number 1 and number 2 seperatély rather than combinkd. The data were
plotted in this manner since this loeation is much closer to retarder number 1
than it 1s te retarder number 2. At all other measurement locations, the
mierophone is approximately equidistent from the two reterders.

é/L(e.xJ 1ls the nolse level measured at the microphone location whose
height above the ground and anguler locstion with respect to the per-
pendicular line drawn from microphone number 1 (see Figure 26) to the
longitudinal centerline of retarder nuwrber 1 are defined within the
parenthesis, i.e., L(D,5) is the level measured at an angle, ©, of
0° and a microphone height, x, of 5 feet.
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Table 5. The difference in masimum A-weighted sound level [L{@,x} -~ L{0,5)] between the
“test and reference microphones for 58 passes through retarder number J.

UYPE CAR 0°,10 Ft TYPE CAR 0%,15 Ft_ TYPE CAR 30°,5 Pt TYPE CAR  30°,1% Pt

Dox 4,0 Large Tank 14,4 Box 2,0 Flat{2} B,k
. Box(2) R Hox 11.6 Box -3.0 Box 7.6
Coal 3.6 Box 5.0 Box 2.2 Box(2) 1.k
Box h.6 Gondola 1.8 Box & Tank -2.0 Box 3.0
Box 6.4 Box 3.8 Box -0.2
- Box 6.8 Box T.h
Box =2.6 Box 5.8
Box 1.6 Tank ~5.6
Box 0.2
Large Flat 6.2
Box(2) 5.0
Box 3.0
Box(2) 6.2
TYPE CAR 45%,5 Pt  TYPE CAR Lgo,15 Pt TYLE CAR  75°,5 Ft
Box{2) 21.6 - Box ol Box{2) 7.2
Flat 16.h Tank 2.4 Box -7.6
Box(2) 17.2 Cement 8.4 Box =h.0
Box{2) 2L Box(2) 2.} Bax -0.6
Box({2) 21.6 Box(2) Lo lox 5.2
Box 17.8 Box T.2 Box -11.2
v Flat & Tank 19.6 Box 4.8
i Gondola{2) 1&.4 Box 0.2
Gondola(2) 13.%4 Gondola 14,0 ’
’ . Box ~-2.8 :
o Large Flat 13.h E
b Coal({a} 12.4 E
4 Tank{2) 7.0
8s
i
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Teble 6. The difference in maximum A-weighted sound level [L{Q,x) -L{0,5)]
between the test and reference micropheones for 37 passes through
retarder number 2.

TYPE CAR 0°,10 Ft TYFE CAR 02,15 Pt TYPE CAR 30°,5 Ft -
Box(2) 3.0 Box 10.0 Cement 5.6 v
Gondolafa)} 10.6 Conl{2) 15.4 Box 1.2 o
Box b Gondola 9.0 :
Tank (2) 10.8 - Box{2) 8.8 )
Box(2) 5.8
Box 18.6

TYPE CAR 30°,15 Ft  'TYFE CAR 452 .5 Ft  TYPE CAR 459,15 Ft.

Box 0.6 Box(2) 18.0 Flat 4oy !
Box -3.2 Box 18.8 Grain 5.8 .
Box 4,6 Box 20.8 Box 0.2 !
Box 0.4 Box & Cement 16.2 ?
Tank -1.2 Bax 16.0 :
Automobile k.6 Box(2) 19.2 -
Automchile 2.4 Gondola 18.6 '
Box -2.4 ;
Box . 3.0 !
Box(2) 8.8

Gondola 1.6

TYPE CAR  75°,5 Ft

Box -3.6
Grain -2,2°
Box =5.4

Box : 6. b

[
L=)%




Table 7. Summary of the average differences in A-welghted sound
level between the test and reference microphones and
the corresponding standerd deviations,

Microvhone L{8,x) - L{0,5)
Retarder Pogition Angle Helght Averege Std. Dev,
#1 & #2 #1 o° 10 ft. +4,8 dB k.1 4B
FL & #2 #1 0 15 +10.0 5.1
#1 & #2 42 30 5 +1.,7 4.2
#l & #2 #2 30 15 +0.9 4,3
#L & #2 #3 L5 5 +18.3 a.h
#1 & #2 #3 Ls 15 +h.3 2.6
#1 . #h 75 5 +2.9 8.6
#2 #4 75 5 =1.2 5.2

It can easily be seen that the noise radiation characteristic of retarders
exhibit strong directionality in both the horizontal and vertical planes. Much
more detailed mapping of the sound field would be needed to adequately char-
acterize the directions of minimum and maximum radiction.

The maximum A-weighted sound levels for the reference miecrophone were
tabulated for all pasaes through the relarders. The tabulated datae were
grouped into 5 dB steps for the renge of 100 to 1h0 dB. Since only those
cages where the maximum exceeded an A-woiphted sound level of 100 dB are pre-
sented, these data should not be construed as being indicative of the average
nolge levels assqclated with retarder operations. The tabulation was per-
formed individually for each retarder, These data are presented in Figures

. 48 and 49 for retarders number 1 and 2 respectively.

To provide an indication of the spectral content of "retarder squeal" a
limited amount of one-third octave band analysis was performed. One event
was randomly selected from the group of events that comprised each 5 dB step
for passes through retarder number X. These events are labeled A through G.
The one-third octeve band sound pressure levels versus frequency measured at
the reference microphone at the time corresponding to the oceurrence of the
maximum A-weighted sound level are presented in Flgures 50a and 50b for each
of the randomly selected events. The alsence of data at eertain frequencies
indicate that the sound pressure levels were not asbove the base line of the
analysis equipment. It should be noted that on curves A and G there is &
single datum point at 63 Hz.
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THIRD OCTAVE BAND SOUND PRESSUKE LEVEL, dB re 20 uPa
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Figure 5Ca. Third octave band sound pressure level versus freguency at
the time corresponding to the cccurrence of the maximum
A-weighted sound level measured at the reference microphone
for passes through retarder number 1.
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A F 125.2 125-130 1.7
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Figure 50b. Third octave band sound pressure level versus freguency at
the time corresponding to the occurrence of the maximum
A-weighted sound level measured at the reference microphone

for passes through retarder number 1,
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3. Conclusions

Based on the data obtained during the conduct of thisg test program, the

following conclusions can be drawn:

® The Single Event Nuise Expogure Level (SENEL) value is very dependent
on the integration time selected; errors as great as 10 dB can occur if
the time 1s too short. This is especially critical as the microphone
distance from the train is increased.

& A general tendency exists for the rate of atternuation to increase with
the number of cars in the train, reflecting & greater contribution
from wheel/reil noise (high frequency) as oppeosed to locomotive noise
{low frequency).

® If the terraln between the train and the meassurement location is not
reasonably flat and level, destructive Interference can occur at fre-
quencies near that of the acousticel radiation associated with the
fundamentel firing frequency of the locomotive engine,

# Caution should be exercised if attempts are made to predict the
noise levels for trains in transit at locations other than the ones
8t which mensurements were actually taken. This is especially criti-
cal for changes in vertical height. :

® The patﬁfe of activities within e railyard are such that L., is a
poor deseriptor of the neise at the boundary of & railroad yard.

® Regulation of railyard noise emission levels; in terms of L
would require, at a minimum, continuous monitoring for each gf
seyeral representative hours in e given day. Continuous monitor-~
ing for %h hours would hp,preferable.

@ The noise rediated from ective retarders is highly directicnal in

both the horizontel and vertical planes, and any attempts to regulate
retarder noise should consider this directionality.
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€. Appendix A. Data Acquisition and Analysis System
for Line Operations

Figure A-1 identifies the components of the date acquisition system
utilized for the measurement of noise from trains in transit. To deseribe
the workings of the system, the following example is cited with the con-
tribution of each component discussed.

Consider 8 train passing an array of microphones. As the train moves
forward, it causes pressure fluctuations which travel as waves and activate
each microphone's diaphragm into vibration., These vibrations are transduced
into an AC voltage which can be recorded for analysis at a later time. The
microphone itself was & three-part subsystem comprised of & one inch con-
denser microphone certridge, protecting grid and a mierophione preamplifier.
Battery-powered micrcphone power supplies were utilized to provide the neces-
sary polarization voltage to the microphones. It was not praectical to locate
the tape recorder next to the microphone array, since cne wanted to minimize
undesired reflection effects; therefore, long cables carried the signal from
the microphone to the recording faecility housed in & mobile instrumentetion
van. Once the signal reached the tape recorder there existed a need for
signal econditioning prior to actual recording. A specielly designed elec-
tronic system provided the necessary amplificatien/nttenuation capability
and in addition, through a series of peanel lights, provided an Indication as
to whether or not a tape channel had become saturated (i.,e., the signal had
exceeded the dynamic range of the recorder} and thus the data were not
acceploble. The signal from each microphone was then recorded on one track
of the seyen-channel F. M. tape recorder. Windacreens were placed over the
microphones at wll times. '

A single polnt calibration utilizing a pistonphone which produced a
12k dB sound pressure level (re 20 micropascals) at a frequency of 250 Hz
vas used for system calibration in the field. ’

Once the deta had been recorded, the anelog tapes were returned to the
National Bureasu of Standards for reduction and analysis. Figure A-~2 identifles
the equipment which was utilized for analysis purpeses., Each tape was played
back a chennel at o Yimc tlaough the real-time analyzer., An interface was
necesgary to ensure compatibility between tha real-time znalyzer and the
mini-computer. The time constent for the =ne-third cetave filters was 0.2
second above 2 kHz and below 2 kHz the time constant inereased with decreas~
ing frequency to 20 seconds at 20 Hz. The time constant for the A-welighting
network was 240 millisecond:s which zorresnends to the requirement for "RMS
Fast" specified in Americen Nationsl Standard S1.4=1971 [5]. Once all data
had teen analy’ed in one-third octeve bands, the computer stored the date and
dumped it onto digital magnetic tape formatted to be ncceptable to the large
NBS computer which was utilized for further anslysis and graphical plot gen-
eration,
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. T. Appendix B. Procedures for Calculation
of Leq ond SENEL

! The equivalent sound level (L ) 1s the average, on an energy basis,

| noise level (usually the A-weighteﬁqlevel) intégrated over scme specified
i amount of time. The purpose of I"e is to provide a single number measure of
. the time-varying noise for a p:ede%ermined time period. FEquivalent, in this
case, means that the numerical value of the fluctuating sound is equivalent

in level to a steady state sound with the same amount of total energy. Le
is defined as: 4

. T 2 T
Ly = 10 logo [% f (g) dt:] = 10 log |, [% _[ 10-(£)/10 dt] . (B-1)
o

Py

where p ig the time-varying, mean-square sound pressure al the point of obser-
vation, L is the corresponding sound level, P, is the standard reference pres-
sure (20 micropascals) and T is the period of integration.

A specialized mini-computer-based digitel data ocquisition system (des-
eribed in Appendix C) was utilized for measurementes of A-weighted sound levels
for rail yard boundary measurements. Data were sampled at 0.1 second inter-
vals, For discrete sampling of the A-welghted sound level for a specified
time period, equation B-l becomes:

n

/10

= 10 log,, % 2 10 M (B=2)

Leq 1=
where I, is the instantanecus A-weighted sound level for the ith cample and n is
the number of samples of L in a specified time period.

The Single Event Noise Exposure lLevel {SENEL) provides a measure which
quantifies the effect of duration and magnitude for a gingle event. In this
case, SENEL is a measure of the individual train passby which time integrates
the level accumulated during this event with reference to a duration of one
second. SENEL is defined as:

3] 2 o
SENEL = 10 log f ME) 1T de .10 10g, . |E f 1040710 4 gy
10 Y~ P, to 10 £y o

where p ls the time-varying, mean-square sound pregsure 8t the point of obser-
vation, L is the corresponding sound level, p_ 1s the standard reference pres-
- sure (20 micropascals) and to is the standard reference time (1 second).

An enalog data acqulsition system (described in Appendix A) was utilized
for rail line noise measurements. As the train passed the microphone array,
voltages corresponding to the sound pressures at euch of the measurement loca-

o7

gf;‘\,’lii‘ﬂx" eimmn e ¢ e e b e e e



tions were recorded on magnetic tape in analog form. During analysis, each
anelog tape was pleyed back 4 channel at a time through a one-third octave
band real-time-analyzer interfeced to a mini-computer. One-third octave band
sound pressure levels and A-veighted scund levels were digitized and stored
on magnetic tape. The analog data were sampled at 0.3 second intervals., For
temporal sampling of the data, equation B-3 becomes:

T

SENEL = 10 log,, & D 10 W10 gy, (B-4)

o iml

wheére L is the ilnstanteneous A-weighted sound level or one-third octave sound
pressure level for the ith sample, At is the time interval between samples,

t is the standard reference time (1 second) and n is the number of samples
ifeluded in the time intervel which essentinlly includes all of the acoustic
energy from & given passby. That is, from a practical stendpoint, the noise
samples must be taken during the time the signal is within & given number

of decibels down from the maximum value. A5 wus pointed ocut in Section 2.1.3.,
the SENEL velue is very dependent on the integration time selected. For this
study, the integration time for each passby was selected to ensure that the
error due to the finite integration time was no greater than 1 4B at any micro-
rhone position.
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8. Appendix C. Data Acquisition and Analysis System
for Rail Yard Boundary Measurements

To facilitate data acguisition in the field, o specialized@ mini-computer
based digital date acquisition system was designed and fnbricated by NBS. This
system was utilized for measurements of A-welghted sound levels near the rail
yard property line.

The analog portion of the system consisted of a condenser microphone, a
battery-powered mierophone power supply, an amplifier, an A-weighting net-
work, a true r.m.s, detector log converter and a sample and hold amplifier
(see Figure 0~1), The dynamic range of the amplifier was 80 dB, The r.m.s.
detector haed & time constant correspording to r.m.s. fast response for a
type-I sound level meter as specified in American National Standard S1.h-
1971[5]. The sample-and-held circuitry was under computer control and
maintained the time coherency between the two channels utilized for data
acquisition. A third channel was used for celibration and synchronizution.

The digital portion of the system consisted of a three-channel multi-
plexer, an eight-bit analog-to-digital converter {ADC), an asychronous Tirst
in-first out memory (FIF0), & time-of- day clock (the data and time of day
are recorded automatically) end a power fail safe unit to ensure that no
data were lost in the event of a power failure. The system was self-correct-
ing in time of day and channel synchronizamtion when power faeiled and was
deaigned so that no data were lost while the computer was writing detm on
the digital tape or writlng the analyzed date on an output device. Addition-
ally, & read-gnly-memory (ROM) was used for the timing of the various func-
tions of the digital seetion.

The dats were sampled and held ten times per second. The aperture time
of the sample and Lold circuitry was 20 nanoseconds with & hold drift rate
of one millivolt per second. One millisecond after the data were sampled,
the reference channel was multiplexed to the ABC. The two data channels
were digitized using & ten bit ADC. The output of the ADC wes connected to
e first in-first out asynchronous external memory so that data could be
written on magnetic tepe without loaing new input data.

Initial calibration and check-out of the system in the field was per-
formed using & program which interrogated the multiplex interfece and
printed the interna)l reference value and the values for channels one and
two on the teletype writer. Additionally a Fortren program was used to
scan the deta tapes and print selected values as a check on the quality of
the data while still in the field. A pistonphone which produced z 124 4B
sound pressure level (re 20 micropaescals) et a frequency of 250 Hz was alao
uged for single point calibration. The digital tapes were returned to the
National Bureau of Standards for reduction and analysis. Figure C-2 identi-
fies the instrumentation which was utilized for anelysis purposes.
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9. Appendix D. Data Acquisition' end Analysis Bystem for
Retarder Nolsme Measuremente

The dete from the reference and test position microphones were recorded
on geparate channels of a two-channel, direct record tape recorder. The data
acquisition system 1s shown in Figure D-l. A single point celibration util-
izing e pistonphone which produced a 12k dB sound pressure level (re 20
micropascals) at a frequency of 250 Hz was used for system calibration in the
field,

Once the date had been recorded, the analog tapes were returned to the
National Bureau of Standards for reduction and analysis. Figure D.2 identifies
the instrumentation which was utilized for reduction and enalysis purposes.

The time constant for the one-third octave filters wes 0.2 second above 2 kHz
and below 2 kHz the time constant increased with decreasing frequency to 20
seconds 2t 20 Hz. The time constant for the A-weighting network was 240 milii-
seconds which corresponds to the requirement for "RMS Fast" as specified in
American National Standard 81.h=-197L{57.

102




£01

WINDSCREEN
NORMAL

GRID PREAMPLIFIER

4
Y

CONDENSER
- MICROPHONE
— PISTONPHONE
MICROPHONE -
POWER. SUPPLY
ANALOG

TAPE SYSTEM
(TWO CHANNEL)

Figure D-1. Data acquisition and recording system for retarder noise.

VRO DR PO VSRR I LINCI U L. DRNELITI W LSt YT TRS P E R SY FHURETIC M AT |



%01

FORMATING
© © P o) —>—  R1A
8= %— CONTROL
ANALOG TAPE :
SYSTEM o I O INTERFACE
(2 CHANNEL) : COUPLER
REAL TIME | v
SPECTRUM ANALYZER
TH O
L - —
con::ussn | 06000
T BUFFER STORAGE
’ : MINI-COMPUTER

DIGITAL MAGNETIC.
TAPE RECORDER

Figure D-2. Data reduction and analysis system for retarder noise.




NBSIV4A tREY, 7.73}

u.5, DEPT, OF COMM. 1. BUBLICATION O REPORT NO, 2. Gav't Accession | 3, Recipient's Accession No:
BIBLIOGRAPHIC DATA No.
SHEET NBSIR 74-488
4. TITLE AND SURTITLE h 5. Publication Daee
Meagurements of Rallroad Noise -- Line Operation, Yard .
Boundaries, and Retarders 8, Prefarming Organizaion Code
7. AUTHOR(S) J. M. Fath, D, §. Blemquist, J, M, Heinen, and 8, Performing Organ. Neport No.
M, Tarica NBSIR 74-488
9. PERFORMING ORGANIZATION NAME AND ADDRIISS 10, Project/Task/Work Unit No.

NATIORAL BUﬁEAU OF STANDPARDS 2130498

DEPARTMENT OF COMMERCE 11, Contruct /Grant No,
\'MSHINGTON. D.C, 20234

12, Sponsaring Organization Name and Complete Address (Steect, City, State, ZIP) 13 E_:ypc of Report & Periad
0ffice of Nolse Abatement and Gontrol overed
U. S. Environmental Protection Agency . Final
Washingten, D,C. 20460 14, Sponsoring Agency Code

15, SUPPLEMENTARY NOTL:S

16. ABSTRACT (A 200-word or less lfactual aummery of masi signilican! information, If document includes a algnificant
bibliogtaphy or litsrature srurvey, mentiont it herv.)}
A field investigation of nolse emission from rallroad operations was

conducted. The objectives of the study were the establishment of a data

. bage on the noise levels associated with railroad operations, both line
(trains in transit) and yard, and the development of meesurement procedures
that could be utilized in regulations applicable to the noise from rail
carrier equipment and facilities. For trains in transit, measurements were
made as a function of horizontal distance from the tracks [five locations

at 25, 50, 100, 200 and 40G feet] and as a function of microphone height
[three different heights at the 25 and 50 foot microphone locations]. Train
pagsby data are presented as the maxipum A-welghted sound level observed
during the passby and as Single Event Noise Exposure Levels (both A-weighted
and one~third cctave band levels). A-weighted sound level measurements

were made at the boundary of the rallyard, at- 0.1 seccnd intervals, for
periods of time ranging from 1 te 23 hours over several days. These data
are presented as the energy equivalent socund level and the level exceeded
ten percent of the time. The directionality of retarder noise was also
investigated, Measurements were made of the noise emitted in various direc-
tions during retarder operation.

17. KEY WORDS (six to twelve entrios; alphabetical order; capitalize only the first fetter of the first key wornd unless u praper

name; aeparaled by semicolons) )
Acoustics; nolse measurement; noise (sound); railroad yard; trains

18. AVAILABILITY [®X Unlimited 19, SECURITY CLASS 21, NO. OF PAGES
. {THIS REPORT)
[C2 For Official Distribution. Do Nt Release to NTIS 104
UNCL ASSIFIED
7 Ocder From Sup. of Doc., V.S, Gnvernment Printing Qtfice 20, SECURITY CLASS 22, Pri
- ¥ashington, D.C, 20402: S0 Car No, C N ({THIS PAGE) flee
"7 Otder From Nationul Technieal lnformation Service {NT IS4
Springfield, Virginia 2215) UNCLASSIFIEDR

e L 4B bk e e b A 1 it e T 25 RS T T et b iy 4 4 g2

USCOMM. OC 29042.PT4

)





