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PREFACE

This report documents the results of wayside noise and vibra-
tion level measurcments made on the high speed "Metroliner", built
by the Budd Company, and on the high- speed ”Turbutra:n,” built by
United Aircraft,

‘The Metroliner which is in daily revenue service between
New York and Washington DC was measured along the tracks of
the Penn Central Railroad (PCRR) in Plalnshﬂrn New Jersey.

The Turbotrain in daily revenue service between Boston and
New York was measured along the tracks of the Penn Central Rail-
road in West Mansfield, Massachusetts.

‘Other than the primary authors, Messrs. S.(. Skeiber and
F.M. Sears of the Noise Assessment Group, Ttanspurtatlan Systems
fentax, contributed to the preparation of this report.
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1. InNTRODUCTION

The U. 5. Department of Transportation, Transportation Sys-
tems Center (TSC), Cambridge, MA, measured the wayside nodise and
vibration levels generated by the high-speed Metroliner and Turbo-
trains operating on the tracks of the Penn Central Railroad (PCRR)
between New York and Washington, DC and between Bosten and New-
York, respectively.

Four and six-car self-propelled Metroliner trains traveling
at speeds up to 110 miles per hour were measured on May 23, 1972
at a location in Plainsboro NJ 2600 feet north of mile post No.,
46. The PCRR line in this location is part of a 21-mile section
of track which was specifically upgraded for high-speed operation
and includes welded rail constructicn. The trains obtained power
through a pantegraph from the overhead catenary system,

Turbotrain No. I consisting of twe power dome cars (engines)
and one coach was measured on November 4, 1971. Turbotrain No. II
consisting of two pewer dome cars and three coaches was measured
on September 20 and 26, 1872. The measurements were made at a site
in West Mansfield, MA, 1310 feet east of mile post Neo. 201,
where the Turbotrain operates at high speed. The PCRR line in
this location consists of two tracks with standard non-welded
jointed rails. The Turbotrain, powered by gas turbine engines,
traveled at speeds up to 106 miles per hour in this area.

In addition freight trains and conventional passenger trains
which passed during the test periods were also measured and re-
corded.

Time history chart recordings were prepared for each micro-
phone cutput (Noise Level-dBA re 20 umez vs time) and for the
three vibration axes (RMS AccelerationlLevel-dE re 10'6 g vs time).
Specific representative events were selected for 1/3-octave spec-
tral analysis. The frequency analysis performed is on a time coin-
cident period during the passby of the selected event for the noise
data measured at all three microphone locations and for each axis




of the triaxial vibration data. Synchronization of neise and
vibration data was possible through the use of a time code signal
‘which was recorded on the fourth channel of each recorder. This
time code was used to automatically start the analysis equipment
at the proper imstant.

Appendixes A, B, C, and D contain the time histories and 1/3-
octave frequency spectra of selected events for each microphene
and accelerometer output. The periods selected for frequency
analysis are marked on the time history.

Appendixes E, F, G, H and I contain: (E) photographs of
the measurement sites and relative locations of the microphone
and vibration transducers; (F) procedure used in obtaining and
reducing data; (Gﬁ destriptian$=&nd photographs of the Metroliner
and Turbntrainﬁ¢.[ﬂa environmental data for each measurement day;
and (I) definition of terms.



2. DISCUSSION

2.1 MEASUREMENTS DN METROLINER AND CONVENTIONAL PASSENGER AND
FREIGHT TRAINS-PCRR, NEW YORK-TO-WASHINGTON LINE, PLAINSEORO,
NEW JERSEY. MAY 23, 1072
Wayside noise and ground vibration measurements were made next
to the tracks of the PCRR, New York-to-Washington Line in Plainsboro,
New Jersey, 2600 feet north of mile post No. 46, on May 23, 1972,
Trains traveled at high speed in this area on welded rails.

Microphones were set up at offset distances of 25, 50, and
100 feet from the centerline of southbound track No. 2 (measure-
ment statlions 1, 2, and 3, respectively) and were placed 5.5 feet
above grade level and 3.3 feet above the level of the rails of
track No. 2 (see diagram figure E-1 and photograph figures E-2 through
E-7)}. The PCRR line at this location consists of four tracks
numbered 1 through 4, west to east. The centerline of track No. 3
(northbound) was 38, 63, and 113 feet; and of track No. 4 was 50,
75, and 125 feet, respectively, from the three microphoneg stations.
The noise data were recorded on a four-channel instrumentation tape
recorder operated in the direct mode. A time code signal was re-
corded on the fourth channel. See Table H-1 for environmental
data.

Appendix A contains passby time histories and 1/3-actave
frequency spectra of the wayside noise levels of selected Tepre-
sentative events, which were measured at the three microphone stations.

Wayside ground vibration measurements were made utilizing an
insulated triaxial arrangement of vibration transducers mounted
on two brass rods (2 feet long and 7/8 inches in diameter).
The rods were driven into the ground at a point offset 25 and 50
feet from the centerline of track 2 (measurement stations 1
and 2). The three-axis acceleration data {z-axis vertical motion,
x-axis longitudinal motion, y-axis lateral motion) from statiom 1
were recorded on three of the available four channels of the EM
instrumentation tape recorder. The data outputs from station 2
were time-shared on the fourth channel with a time code sipnal,




one axis at a time for several passby events. The time code sig-
nal was used for synchronizing the vibration data and the noise
data which were simultaneously measured and recorded on a sgparate
four-channel tape recorder.

The vibration rods used were left in the ground at the con-

clusion of the test for any future measurements.

Appendix B contains time histories and 1/3-octave frequency
spectra of the ground vibration levels measured of selected repre-
sentative events. The same events selected and analyzed for their
noise level characteristics in Appendix A are presented in

Appendix B,

2:1.1 Metroliner Trains

Measurements were made on four- and six-car Metroliner trains
which traveled southbound on track No. 2 and northbound on Track
Nos, 3 and 4. Power for the electric traction motors was obtained
from the overhead catenary system through a pantograph.

Figure A-1 contains wayside noise level time histories of the
passby of a 4-car Metroliner traveling southbound at a speed of
106 mph, on track 2. An examination of figure A-la, necise data
from measurement station 1, shows five individual noise peaks
superimposed on the familiar flat-topped bell-shaped history one
would expect to obtain from a moving uniform line source of un-
correlated noise. At measurement stations 2 and 3, figures A-1b and
A-1c, these distinctive peaks are less obvious and the flat top of
the bell shape is more pronounced. At station 1 the noise level
history measured seems to be a composite of the noise contribution
from each individual noise source in the train (more or less a
uniform line source) and the "wheel roar'" resulting from wheel-
rail interactions. Because the relative level of noise when the
sets of wheel trucks are in close proximity to the microphone is
greater than the composite noise from the overall train, indi-
vidual point source noise peaks are generated during their passby.
The first and last peaks of figure A-la were generated during the
passby of the front wheel trucks of the first car and the rear
wheel trucks of the last car, respectively. The middle three peaks




were caused by a combination of the noise from the Tear wheel

trucks of the first car and the front wheel trucks of the next
consecutive car in the train and se forth. The close proximity

of these wheel to one another at the junction of two cars produces a
single, broader noise peak. This noise is reduced from station 1

to station I to station 3 by attenuation due to spreading and is

2 function of hoth point source and line source reductions (point
source reduction 6 dB, line source reduction 3 dB, both per doubling

of the distance from source).

In figures A-1b and A-1c, the noise peaks noted
at station 1 are obscured by and have become a part of the over-
all train noise as measured at station 2. In this first doubling
of the distance away from the noise source (25 to 50 feet) the
noise peaks from wheel-rail interaction {(peint sources) are atten-
uated at twice the rate of the noise from the train proper (line
source). Thus the transition from "in-close" conditions {simul-
taneous presence of line source conditions and non-uniform high
level point sources) at 25 feet is essentially complete at 50 feet
where we basically have line source conditions. Note the bell-
shaped necise level history at 100 ft, where for this lemngth train
(540 feet) line source conditions still exist. It is conceivable
that the transition te line source conditions could require two
or more doublings of distance away from the source depending on the
relative levels of the noise peaks at the 25-foot measurement point.

Figures A-2 and A-3 contain the 1/3-octave frequency spectra
of a 2-second and a 1/2-second period respectively during the
passhy of the above 4-~car Metroliner. The periods analvzed are
as marked on the time history. The 2-second period is centered
around the complete passby while the 1/Z-second period is centered
around the second noise peak, Note the similarity of the spectra
between these two measurement periods, showing that the domi-
nant noise during the passby of a Metroliner is associated with

wheel-rail interactions.

Comparison of the noise spectra between measurement stations
shows that in a narrow frequency band centered at 400 Hz the measured




data are attenuated by 0 and 8 dB between measuring stations 1 and
Z and stations 2 and 3, respectively. This is caused by the inter-
ference between the direct sound and the ground reflections that
reach the microphones. According to Heranek,fl] the amplitude

and phase of the reflected sounds are determined by the acoustic
impedance of the ground, which varies with frequency, and the con-
ditions for interference are met only in & narrow frequency band

in the range of 300 te 500 Hz.

Figure B-1 contains the coincident wayside ground vibration
level time histories, in three axes, of the passby of the above
4-car Metroliner (southbound on track 2 at 106 mph), These data
wereé measured at station 1, 25 feet from the centerline of track 2.

Note the similarity in the shape of the y-axis acceleration
level time history (figure B-la) with the noise level history
measured at station 1 (figure A-la). As in the noise data shown
in figure A-la, the peaks in the y-axis acceleration data of
figure B-lc were generated during the passbhy of the sets of wheel
trucks in close proximity to the measuring station (point sources).
These peaks are not as predominent in the z- and x-axis acceleration
histeries shown in figures B-la and B-1b.

The vibration freguency spectra in each axis for a 2-second
time coincident peried shown in Figure B-2. Note that the
slight peak in the spectra at 800 Hz is a result of the acoustic
sensitivity of the accelerometers used and should be disregarded.

The noise level time history of a 6-car Metroliner also
traveling southbound on track Z at a speed of 110 mph is shown in
figure A-4. Note that the level history, including the noise peaks,
is approximately equal in level but lasts for a longer periocd of
time when compared with the level history of the passby of a 4-car
Metroliner (figure A-1). The bell shape of the line source is
even more pronounced,

{1jBeranek, L.L., Noise and Vibration Control, McGraw-Hill, New York,
1971, 185 - &.




Figures B-3 and B-4 contain the ground vibration level time
histories and frequency spectra for the southbound 6-car Metro-
liner,

Figures A-5 through A-8 are selected representative time
histories of the noise levels measured during the passbhy of other
4- and 6-car Metroliner trains while traveling northbound on tracks
3 and 4. Tracks 3 and 4 are 38, 63, and 113 feet and 50, 75, and
125 feet from measurement stations 1, 2 and 3, respectively. Note
the shape of the top of the level history (figures A-1c, A-Sc,
A-7c). The flat bell-shaped top becomes rounded with increasing
offset and indicates a transition from line source back to point

spurce conditions.

Rathiz} has shown that propagation of sound radiated from
a vehicle (finite line source) of length L is proportional te the
inverse of the distance (1/d) at distances lesc than L{w, and is
proportional te the inverse of the square of the distance (1Id2]
at distance greater than L/x. That is to say when d is less than
L/m line source conditions prevail, and when d is greater than
L/m point source conditions prevail. This results in a reductien
of the noise level of 3 or & dB, respectively, for each doubling
of distance from the source within the above limits.

In the case of the 4-car Metreliner train which is 340 feet
long, line source conditions held to 108 feet which agrees with
the rounding of the time history suggesting the transition from
line source te point source conditions. Line source conditions
will hold for a 6-car Metroliner (510 feet long) to 162 feet.
Examination of the shape in figures A-4c, A-6c and A-8c verifies that

line source conditions dg in fact exist.

Time histories of the wayside ground vibration levels in
three axes for the ahove 4- and 6-car Metroliner trains are shown

in figures B-5 through B-8.

{ElRath, E.J., Note on two common problems of sound propagationm,
Journal of Sound and Vibrations, volume 10, page 472. 1969




Table 2.1 is a tabulation of the wayside noise and ground
vibration levels fer all Metroliner trains measured on May 23, 1972,
The peak BMS noise levels (dBA e 20 nymz} at three measurement
stations, and the ceincident peak RM3 acceleration levels in three
axes (dB re 1G_Eg} at two measurement stations are tabulated for
Metroliners traveling southbound on track 2 and northbound on
tracks 3 and 4. Metreoliners on tracks 2 and 3 traveled in excess
aof 100 miles per hour while those on track 4 traveled at approxi-

mately 80 miles per hour.

2.1.2 Conventional Passenger and Freight Trains

Table 2.2 is a tabulation of the wayside noise and ground
vibration level data obtained during the passby of conventional
passenger and freight trains at the Plainsboro NJ measuring
site. The trains operating on this line were driven by electric
locomotives which obtained power through a pantegraph from the

overhead catenary system.

In general, the peak RMS noise levels (dBA re Z0 Hﬁfmz]
tabulated occurred during the passby of the locomotives, exceptions
are noted in the tabulation. The peak RMS acceleration levels
tabulated (dB re lﬂ_ﬁg] are in time coincidence with the neoise

data tabulated except where noted.

Figures A-9 and B-9 contain time histories of the wayside
noise and ground vibration levels, respectively, of the passby of a
conventional six-car passenger train. The train driven by an
electric locomotive traveled south on track Z at a speed of 84
miles per hour,

Note in figure A-%9a, the first broad peak is the noise gen-
erated during the passby of the locomotive. The individual peaks
associated with the passhy of the wheel trucks of the passenger
cars are visible but are not as prominent as those ohserved
during the passby of a Metroliner (figure A-la). The broad peaks
approximately in the middle and end of the time history (middle
and end of train) are associated with extremely noisy cars (note




- TABLE 2.1
'COINCIDENT WAYSIDE NOISE AND GROUND VIBRATION LEVELS
4- AND 6-CAR METROLTNER TRAINS

- PENN CENTRAL HAILRODAD, PLAINSBORD NJ
5/23/ ?2
HE=
: E ",;!- - Fﬂﬂka%;[s;fl.igﬂ _t.én_w.'-ilr: : Peak m: #Eulegatian I.Ell.‘.l.!
Ha. 2lE | BS |48 ] T Al AL li,..-::tur;ned:.t Statian
of Cars| B|= i ] rhuuh_m:_nl ATaficn 1 ey ]
1 T 3 z-ials | s-asis | yopxis | zosxde | s-axis | yeaxis
t 2l& 007 | 110 | o o e 2.5 :_EH:-'.’ 5.3
i s |ues | oo | owses| sas) wees Bl AL | 8BS
& z|s |amne | 110 | ao | ez BE.S iz &2 ‘BT
& & 134 | o306 | 8B.5| a2 £ WS I 11 B55
4 | | wame| s | oew | sa | wEes Bh.3 | Tos 15
4 e |izasc| tes | an 51.3 r.i._'_s_, 1_'1 -:_s_ﬂ.'s 3.5 705
s z|s [teoz | 103 | 57 | @ Ras 80,5 | 60 w5 | 78
- i I8 | 1708 | 119 | %&.5| 81.3 Eo.d &0 BE BE:E T
4 3% |3z | a0 | 3 s| wa 2 Foig e ru
' " s|a |ases | 210 | 3z | ws | ws s0.5 | W #1.3
b S| |83 [ 10 | 9z | 89 | B B9 ELEE I e
4 I[N |30 o308 | exs| amii] cEss 60,5 b E THLE
1 1| |1o30 | B2 B S0.5| TR Mig TH.3 HOLE
4 s fozm e | e | ores| o 41 T8 40,5
s a| ¢ |1s2 fae | szs| 72 | res L5 | T ne s

) Pessurenent Stations 1y 2 and 4 locaved 25, Gl and 100 ft from ceater)ine of Track I (southbound) ;
i B3 and 113 £t fron centerline of Traclk 5 (northbomeéli and 50, 75 and TI5 fr from centerline of
Track A {northbound], rospectively.




TABLE 2.2
COINCIDENT WAYSIDE NOISE AND GROUND VIBRATION LEVELS
CONVENTIONAL PASSENGER AND FREIGHT TRAINS
PENN CENTR&?ILE’L.;L’I’LMAD PLAINSBORD NJ
72

Peuk AMS Moise t.mri.‘.l: (B Paak BNY Acceleration I.e_d.lz!g[m
Cpe 20 ubifm ) E ee 10°Pg - -

weasurenent Staticn (M) Ar B fE At 50 ft
1 B | 3 5 | x-axis -nxi L% =-axis

Ditection
Ao Note

&g T LES
113
21 5 Be.
81, ] 0
- o BE

W N

o T s T Y
Wiw oW woEoa am am

rains
as 1E356 | ‘34 ;: 1 B
L SRR+ s | a3
s | 25 fazes | e 1 92
a5 T2E | S0 5 | B4,
B3 1300 S0 & 155 | a1

35 1040 | %a a8 93 | &8 B L
an : 1154 | 40 |a2 LU I 11 Ba,5 | B2.3
1 Mo fizoe| 35 loo,s e | a2 gn.5 | saus H
7 W |1220| w0 |sT.s |B3 B 73 75 i

7 and 3 lpeated 25, 50 and 100 ft from centerline of Track 2; =nd 5B, 7% ond LIS FT

+, respectively.

B] Pedk Eevels secuTred dﬂin,‘z passhy of Ergine sxcopl where fotad.

€] Peak Llevel n::u.rrn& during passky of Passenger or Frrig‘h‘t cars:

il h'ibnﬂ:m lovel ﬂﬂ:tﬂatmi is in r_-l.ﬂ.: :uinci.ﬂzncz with peak ncise Ievel tabuiaved but Is nat the pr-ai level
generated during 'pp“hg‘q

Al Measurenent Srnf.uu 1,
fh&u centerline of - ;‘rm:k




also the y-axis vibration time history for this train, Figure B-9¢).
The vibration peaks associated with the passby of the wheel trucks
dre &s prominent as was noted with the Metroliner data. The

first broad peak is a result of the closely spaced wheels on the
locomotive and the front wheel trucks of the first passenger car.
The uniformity of the remaining vibration peaks suggests all wheels
were of equal quality (wheel flats, etc.). The excess noise
associated with the third, fourth, fifth, and sixth cars is not

due to poor wheels in these cars but more likely from the cars
themselves.

Note in figure A-9a at 25 fest that the noise level history for
the passby of this train is more complex than that measured during
a Metroliner passby. The noise level history is made up of broad
noise peaks from individual line sources of noeise and noise peaks
from non uniform point sources, all superimposed on the familiar

bell-shaped noise history.

Observe further in figure A-9C that two doublings at dis-
tances to 100 feet were required to obtain the flat bell-shaped
noise level time history associated with a finite moving uniform

line source of incoherent noise.

The neise level frequency spectra, at the three measurement
stations, of three time periods during the passby are presented,
Figure A-10 contains the noise spectra of the engine passhy;
figure A-11 contains the noise spectra of the first three cars in
the train which were relatively quiet; and figure A-12 contains
the noise spectra of the last three relatively noisy cars,

Figure B-10 is the 3-axis vibration spectra generated in a
2-second peried during the passby of the above six-car passenger
train.

The noise and vibration data measured during the passhy of
a 63-car freight train driven by two electric locomotives travel-
ing south on track No. 2 at 49 mph are found in figures A-13 and
B-11. Note the noise level peaks in fipure A-13a associated with
the passby of the locomotives and 2/3 down the length of the train
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the noise peaks associated with one or more noisy freight cars.
Examination of the y-axis vibration time history (figure B-1llc)
shows that at least three cars during this same period produced
excess vibration levels, thus indicating that the excess noise
produced by this section of the train dppears to he associated

with sither bad wheels or heavily loaded ecars or both.

Note, as for the conventional passenger train above, that
the noise level time history at 25 feet (figure A-13a) for this
freight train is made up of point and individual line sources of
various excess levels in addition to the overall train noise., The
relative levels are such that even at 100 feet eoverall line source
conditions have not been met. It is estimated from the shape of
the history at 100 feet that overall line source conditions, flat-
top hell-shaped history, will be achieved at an offset distance
of 1600 feet at a level of 63 dBA considering only the attenua-
tion due to geometric spreading.

Figures A-14, A-15, and A-16 contalin the frequency spectra
of the noise level data in 1/2-second periods during: the passby
of the engines; during a relatively quiet period midtrain; and

during a relatively noisy period 2/3 down the length of the train.

The three axis vibration spectra of a two-second interval

during the freight train passby are shown in figure B-1Z.

£
bd

MEASUREMENT ON TURBOTRAIN AND CONVENTIONAL PASSENGER AND
FREIGHT TRAINS - PCRR BOSTON-TO-NEW YORK LINE, WEST MANSFIELD,
MA. MNOVEMBER 4, 1971 AND SEPTEMBER 20 AND 26, 1872

Wayside noise and ground vibration level measurements were
made next to the tracks of the PCRR, Boston to New York Line, in
West Mansfield MA 1310 feet east of mile post 201 on November 4,
1971 and repeated again on September 20 and 26, 1572.

Microphones were set up at offset distances of 25, 50, and
100 feet from the centerliine of the eastbound track (measurement
stations 1, 2, and 3, respectively). The PCRR line at this loca-

tion consists of two tracks (non-welded jointed rails) with the

1Z




centerline of the westhound track effectively 12, 37, and &7

feet from the three measurement stations (see diagram figure E-8 and
photographs E-9 through E-14). The microphones were placed 5.5

feet above the grade level and 3.5 feet above the level of the

rails. The noise data were recorded on a four-channel instru-
mentation tape recorder operated in the direct mode. A time code sig-
nal was recorded on the fourth channel. See table H-1 for environ-
mental data.

Appendix C contains passby time histories and 1/3-octave
freguency spectra of the wayside noise levels of selected repre-
sentative events measured at the three microphone stations.

Wayside ground vibration measurements were made utilizing
an insulated triaxial arrangement of vibration transducers mounted
on a brass rod (2 feet long and 7/8 inch in diameter). The rod
was driven into the ground and located at a point offset 25 feet
from the centerline of the easthound track (measurement station
1). The three-axis acceleration dats (z-axis vertical motion; x-axis
longitudinal motien; y-axis lateral motion) were recorded on a
4-channel FM instrumentation tape recerder along with a time code
signal. The time cede signal was used for synchronizing the
vibration data to the noise data which were simultanecusly measured
and recorded on a separate four-channel tape recorder.

The vibration rod was left in the ground at the conclusion
of the tests for any future measurements.

Appendix D contains time histories and 1/3-octave frequency
spectra of the measured ground vibration levels of selected repre-
sentative events. The same events selected and analyzed for their
noise level characteristics in Appendix C are presented in Appen-
dix D.

2.2.1 Turbotrzins

Measurements were made on November 4, 1971 on Turbotrain
Ne. I which was made up of two power dome cars and one coach (3-
car train). Turbotrain Neo. II, made up to two power dome cars

13




and three coaches (5-car train), was measured on September 20 and
26, 1872. The Turhotrains were measured during revenue service
traveling easthound to Boston. The same trains were again measured
as "deadhead trains" ({operating without passengers) on the west-

bound track.

Note in the illustrations, figure G-1, that a two-axle power
truck is located at the front and rear of the Turbotrain with
single-axle trucks located between adjacent cars. Three gas tur-
bine engines in the front power dome car and two engines in the
rear power dome car provide tractien power to the two 2-axle power
trucks by a direct mechanical drive system from the gas turbine
engines. The third turbine engine in the rear power dome car usu-
ally drives an alternator and supplies auxiliary power for the
train,

Figure C-1 contains wayside noise level time histories of
the passby of a 5-car Turbotrain, eastbound at a speed of 97 miles
per hour, as measured at the three measurement stations (25, 50,
and 100 feet). An examination of figure C-la (data from station
1 at 25 feet) shows noise peaks of varying amplitude and broad-
ness superimposed on the bell-shaped history expected from a uni-
form line source. At measurement stations 2 and 3 these peaks are
less obvious (figures C-1b and C-1c). Since engines are in oper-
ation in both front and rear power dome cars, it appears at first
glance that the first and last noise histories are associated with
these gas turbine engines,

However, a like examination of the y-axis ground vibration
level time histery for this 5-car Turbotrain (figure D-1le) shows
prominent vibration peaks occurring during the passhy of the
two-axle power trucks of the front and Tear power dome car, re-
spectively., The vibration peaks associated with three out of four
of the single-axle wheel truck (located between adjacent cars) are
approximately 3 dB less in amplitude than the vibration levels
produced during the passby of the two-axle power trucks. The
second large vibration peak shown (Znd from the left) was generated




during the passhy of the first single-axle truck in the train,
The larger level generated, during the passby of this truck, rela-
tive to level generatiaon from the other single-axle trucks in the

train may be a result of an irregularity in the wheels of this truck

+

It was noted from Metroliner passby data in section 2.1.2
that a close similarity exists between the shape of the noise level
time history, and the shape of the v-axis dcceleration level time
histories as measured at 25 feet. Wheel truck noise was seen to
be the prominent noise source during the Metroliner nassby, In
the case of the Turbotrain, a distinctive similarity does not ex-
ist suggesting neoise sources other than that from the wheel trucks
predominate.

Using the similarity noted between the Metroliner noise and
y-axis acceleration data as a guide, the y-axis time history meas-
ured during the passby of the Turbotrain suggests that the noise
level history at station 1 should be made up of two distinctive
point source peaks of similar amplitude during the passhby of the
first two axle power truck and the first single axle truck between
cars. These should he followed by three additional point source
noise peaks each of equal amplitude but lower than the first two
noise peaks. The rear two-axle power truck should produce a noise
peak of approximately the same amplitude as the first two noise

peaks in the passby history.

The actual noise level history measured for this train (fig-
ure C-la) is however, made up of a broad noise peak (marked a)
followed by three lower amplitude peaks (marked b, ¢, d). The
peak indicated by (d) is partially obscured by the last higher
amplitude noise peak (e]}.

The broad noise peak measured (a) is made up of the point
source noise from the passby of the first two-axle power truck,
and the normal noise from the first single-axle truck between the
power dome car and the first coach, and noise from a third source
of approximately equal amplitude, "engine noise.'
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The last peak shown (e) is a composite of the engine noise
from the passby of the last power dome car and the passby noise
from the rear two-axle power truck., The middle three lower ampli-
tude peaks (b, c, d) are as expected from the passby of the single-

axle wheel trucks located between adjacent cars.

Figures C-2, C-3, and C-4 contain 1/3-octave freguency
spectra of the noise generated during three periods of time during
the passhy of the above 5-car Turbotrain. The periods analyzed
are as marked on the time history fipure C-1,

Figure C-2 is the frequency spectra in a two-second period
covering essentially the complete passby.

Figures C-3 and C-4 contain the spectra in two one-half-
second periods covering essentially the periods during the first
broad noise peak and the quieter peried during the passby of the
second single-axle wheel truck, respectively.

Figures C-5 and C-6 ceontain time histories and noise spectra
af the passby data of the above eastbound 5-car Turbotrain during
a '"deadhead" run (operating without passengers) on the westbound
track. Note that the distances the measuring stations were off-
set from the westbound track are 12, 37, and 87 feet (See figure
E-8]., The shape of the noise level history (Figure (C-5a) can be
seen to be the mirror image of the data in Figure C-la., Figure
C-6 is the noise level frequency spectra of a two-second period
covering essentially the complete westbound passby.

Figures D-1, D-2, D-3, and D-4 contain pground vibration
time histories and composite passby vibration spectra for the
above 5-car Turbotrain during the eastbound and westhound passhys,

respectively.

The above Turbotrain and a second 5-car Turbotrain were also
measured six days before on September 20, 1972 (only two 5-car
Turbotrains were in operation on this line at this time). Because
of measuring system problems, ne vibration data were obtained and
only noise data at stations 1 and 2 were recorded. These passby
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time histories are shown in figures C-7 through C-9 for the east-
bound revenue runs and the westbound "deadhead" runs for both
trains,

The shape of these time histories at station 1 show, when
compared with the neoise level time history measured on September
26, 1972 at station 1 (figure C-1a), that the Turbotrain which
generated the levels shown in figure C-la and C-7a were one and
the same. Note that in each case the first single-axle tTuck
generated excess noise in comparison with the other single axle
trucks in the train.

By the dissimilarity of the noise history shown in fipure
C-9a, we note that it was generated by the second 5-car Turbo-
train in operation on this line. We note from figure C-%9a that
the first and fourth single-axle truck in this train generate
excess level as compared with the remaining single-axle trucks
in the train. The westbound trip for this second Turbotrain
(deadhead train) passed the measurement site at 40 mph as compared
with the other passby speeds in excess of 90 mph. Note the de-
tails of the noise peaks generated in figure C-10a. Tt can be
shown that these noise peaks were generated when the individual
wheels of the train came in contact with the joints in the rails.
From the photograph, figure E-10, we see that a rail joint on the
far rail (from the microphones) of the westbound track was direct-
ly opposite the microphone. The jeints on the near rail on this
track (not shown) were spaced symmetrically on either side of the
microphone. Since standard rail sections are 39 feet in length
we have rail joints, one directly opposite the microphone and then
on alternate rail every 19,5 feet symmetrically on either side of
the microphenes. Thus, at least one wheel of the train approach-
ing at 39 miles per hour (57.2 feet per second) would pass over
8 joint every 0.293 second. Note from figure C-10a that the
peaks in guestion occur approximately every 0.3 second.

Because the distance between wheels (59.2 and 56.8 feet,
figure G-1) are approximately whole number multiples of 19,5
(3 x 19.5 = 58.5 feet) multiple wheels will strike joints on the
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track at approximately the same time thus reinforcing some of the
noise peaks shown. Note the double hump on the peak marked (a)
at the end of the time history (figure C-10a). These are a result
of the two closely spaced wheels on the Z-axle power truck indi-

vidually passing over a joint in the rail,

Un November 4, 1971, the original 3-car Turbotrains put in
service on this line were measured. Fipures C-11 and C-12 contain
the noise level histories at the three measurement stations of
the eastbound revenue passby and the westhound "deadhead" passby,
respectively. Note from Figure C-1la that no irregularities are
noted in the levels generated by either of the two single-axle
wheel trucks in this train. The large noise peak noted in Figure
C-11 at the three stations is the train whistle.

Figures D-5 and D-6 contain the 3-axis ground vibration time
histories for the two east- and westhound passby of the above 3-car

Turbotrain.

Table 2.3 is a tabulation of the wayside noise and ground
vibration levels for the Turbotrains measured on the three days
at West Mansfield, MA. The peak RMS noise levels (dBA re 20 uN/m2)
at the three measurement stations, and the coincident peak RMS
accelerations levels in three axes (dB re ID_ﬁg} are tabulated,

2.2.2 Conventional Passenger and Freight Trains

Table Z.4 is a tabulation of the wayside noise and ground
vibration level data obtained during the passby of conventional
passenger and freight trains at the West Mansfield MA measur-
ing site. The conventional trains operating on this line were

driven by diesel locomotives.

In general the peak RMS noise levels (dBA re 20 uN/m%) tabu-
lated occurred during the passby of the locomotive, except where
noted. The peak RMS acceleration levels tabulated (dB re 1D'6gJ
are in time coincidence with the noise data tabulated except where

noted.
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. . TABLE 2.3 o
COINCIDENT WAYSIDE NOISE AND GROUND VIBRATION LEVELS
. _ 3- AND 5-CAR TURBOTRAINS
PENN CENTRAL RATLROAD, WEST MANSFIELD MA
11/4/71, 8/20/72, 9/26/72

; & | pate
o o
= o w ) Peak IHE Nefse Levals Peak WM5- ation Lovels £
e [= 8| %5 [w . | dbAve 30 wijat p v aum e beets z
Train 2 b i3 - Hr= Y Ty e (R [AY 4
Type = =l & & | Measurenent Sation Ar 2k f1 A 42 Ft &
X 2 3 T-8xi1F | m-wiis | yeoxis | z-agis | x-anis | yoavis
) | asm
Turba I |2 E| 193z lt_rgam a5 05 | B4 aa &5 .3/ T
Turbo 11| 2 B 115 | g0 [ee.s| .| - : = -
| Beznrrr n
Tarbo 112 &| 1837 | o0 [ge.s| ae ; = - c
I ) )
Torbke 11| % E| Z03d a7 TE CBRLE | HA g4 Bt HE.5
R N - .
Torho @ (7 W| z0z0 | 108® |z | es | moiz 45 ‘ap a5 c
B 5420472 ' ' '
Turhe [1| I W 1!311!__ ELil a0, 5 Ea = = - -
970,72
Turha 11| 1 W[ 2043 | 87 [1om | w5 | - = = =
|
- Terbo I |3 W| 2132 L il W1 - A 91 e | &

Terha I - 2 pawer dome cars and ﬁﬁ:-:m‘n::h
Turbo [T « I power dese cars ond zhree coaches

- Indicates:-No Data

A} Measurement Stotlon I, I dand § loceted 1%, 50 and 100 ft from centerline Track 2 (eastbound); 12, 37 anid
Y £ [rom conterline of Track 1 [westhound], respectively.

B} Speed chtained with stopwarch. Deppler radar system Ln use for reoulning events listed,
€} Vibration levels p#ﬂ_uhﬂt &Fe in time tn_i-_gﬂiim_.u_:u with paik Hatee 1,,,“11.“1 15 n_@;_tﬁg__put_.lgﬁ_&}:

- mRenerated during passby.

10




TABLE 2.4
COINCIDENT WAYSIDE NOISE AND GROUND VIBRATION LEVELS
CONVENTIONAL PASSENGER AND EREIGHT TRAINS
PENN CENTRAL RAILROAD, WEST MANSFIELD MA
9;25;?3

Peak AMS hoise 1 L8 Poak 3NS5 Mu&hiutlnn Lewet )
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M
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E
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ET ; L2
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0y Vibratien ievel tahulated ir *.11 time :nfn:-mrn-:c wizh rrmk noise levels zabuloted hut is no: peek level
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Figures C-13 and D-7 contain time histories of the wayside
noise and ground vibration levels measured during the passby of
d conventional fFifteen-car passenger train. The train was driven
by one-diesel locometive eastbound at a speed of 71 miles per hour,
The y-axis ground vibration time history (figure D-7c) shows the
passby of the locomotive with its closely spaced wheels and the
adjacent front wheel truck of the first car (possibly a baggage
car) in the first broad vibration peak. The vibration levels
generated during the passhy of the wheel trucks of the passenger
Cars are seen to be reasonably uniform. The noise level history
at station 1 (Figure C-13a) does not exhibit the uniform predomi-
nant nceise peaks as noted with both the Metroliner and the Turbo-
train and as indicated by the vibration level history. This non-
uniformity and broadness of the noise peaks, especially the noise
from the cars in the last one-third of the train, suggest excess
noise from the cars themselves, perhaps from noisy suspension
systems,

The noise level frequency spectra at the three measursment
stations of three time periods during this passenger train passhy
is presented. Figure C-14 contains the noise spectra generated
in a 1/2- second period during the passby of the diesel locomotives;
Figure C-15 contains the noise spectra generated in a 1/2-second
period during a relatively quiet period mid-train; Figure C-16 con-
tains the noise spectra generated in a 1/2-second peried during
a relatively noisy peériod at the end of the train. The time his-
tory (figure C-13) has been marked to indicate the above three
periods.

Figure D-8 is the three-axis vibration spectra generated
in a two-second period during the passhy of the above 15-car
passenger train,

The wayside noise and ground vibration level datd measured
during the passby of a 70-car freight train driven by five-diesel

locomotives traveling west a#t a speed of 50 miles per hour is
shown in figures C-17 and D-9, respectively. Note the noise level
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peaks in figure C-17a associated with the passby of the five loco-
more noisy freight cars. Examination of figure D-9c, the y-axis
vibration level history, shows that excess vibration levels were
produced by the ears-during these same tim&*p&niﬂdﬁ; Thus, the
excess noise appears to be associated with either bad wheels or
heavily loaded cars or both. Note that with the exception of the
cngine noise envelope, overall line source conditions have been
essentially achieved at 87 feet (figure C-17c¢).

Figures C-18, C- 19;-, and C-20 contain the noise level fre-
quﬁnﬁy_sés:tri of data in 1f2+sacﬂnd_geriaﬁs=&hring: the passhby
of the engines; a relatively noisy period mid-train; and a rela-
tively guiet period, also mid-train.

The three-axis vibration spectra of a 2Z-second peried during
the passby of this freight train is shown in figure D-10.
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3. COMMENTS

It has been shown that because of the non-uniform nature of
the noise from trains, passby noise measured "in close," at an
of fset distance of 25 feet, contains point source noise peaks at
various levels superimposed on the familiar bell-shaped noise

history expected from a moving uniform line source.

Depending on the level of these peaks relative to the over-
a1l train noise, the offset distance must be increased one or more
times (doublings of distance) before the noise behaves as a
uniform line source. In addition as shown by Rath for a train of
510 feet in lenpth, uniform line sdurce conditions, once achieved,
will hold to an offset distance of 162 fect {510/7) at which point
the transition to point source behavior takes place. Thus care
must be exercised in extrapolating data measured "in close," to
large offset distances based on the assumption that the train
noise behaves as from a uniform line source.

For example, using the data of figure A-4 for a 6-car Metro-
liner 510 feet in length, a peak level of 98 dBA is observed at
25 feet. Based on assumption that line source conditions exist
at I5 feet this measured value extrapolated out to 100 feet (2
doublings of distance) yields a level of 92 dBA(98 - Z x 3 dBA).
However, a level of B8 dBA was measured at 100 feet, where it is
noted line source conditions do in fact exist., Thus an error of
4 dB is observed. This error is a function of the number of douh-
lings of distance required te achieve line source conditions times
3 dB. Where 3 dB is the difference between the rate of change of
attenuation per distance doubled for peint and line sources, 6 and
3 dB, respectively. Using this information, it is noted in the
above example that an additional 1-1/3 (4 + 3) doublings of distance
dare required to achieve line source conditiens, i.e. at an offset

distance of 67 Feet away, line source condition will exist.

el
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The number of times the distance from the source must be
doubled is related to the relative fluctuation of the point source
noise peaks. In the above case a peak reading of 98 dBA with 6 dB
peak-to-valley fluctuations are observed.

Since the peak level noted is a combination of the excess
peint source noise and the overall train noise, by the technique
of combining uncorrelated noise signals, it can be shown that the
actual level of the point source noise is 96.7 dBA and the overall
train neise (line source) is 92 dEBA. Considering these twe sig-
nal levels separately, and the fact that point source noise
attenuates, due to spreading, at twice the rate as that for line
source noise, the two signal will be attenuated down to the same
level at an offset distance of 74 feet in this case., At this
point the signals are indistinguishable one from the other and line
source conditiong can be said to exist.

This offset distance (74 feet) is consistent with and repre-
sents an error in level of less than 1 dB when compared with the
calculated distance above (67 feet) which was based on the measured
error at 100 feet.

Thus, by the above technique it can be shown that if the
peak-to-valley point source fluctuations at 25 feet were gredater
than 6 dB, for example 8 dBE, then an offset distance of 313 feet
would bhe reguired to attain line source conditions., In this case,
an error of 7.2 dB would result in extrapolating data from 25 feet
under the incorrect assumption of uniferm line source conditions
prevailing.

A further complication is noted in figure A-9, where "in
close" broad noise peaks, as from short individual line sources,
are also observed superimposed on the overall bell-shaped level
history expected from a line source. Thus in addition te having
a situation "in close" of simultaneous point source and line
source conditions, in this case multiple level line source con-
ditions alse exist. Note the first broad peak is attenuated as
a8 line source in the first doubling of distance (25 to 50 feet)
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and 45 & point source in the second Qnﬂbiing.ef-distange (50 to
100 feet). Extrapolation of "in close” readings to 100 feet based
on the assumption of line kaurca:ennditi9gs vields an error in
this exanple of 3.5 dp. |

Note in the majority of noise level histories presented in
this report that at 100 feet line source conditions have been
approximately met. The greatest exception is the lﬂvel"ﬁistﬁrieg
for the freight trains, figures A-13 and C-17, with the extremes
in excess noise levels shown,

'Thus:it'hasaheﬁn'shawn that care must be exercised in the
extrapolation of measured railroad passby noise data "in ‘close"
under the assumption of line source conditions. ‘The extrapolated
error would be minimized in a majority ’uf'caiqﬂ by making the
initial measurements at 100 feet. '
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APPERDIX A
NOTSE LEVEL DATA MEASURED AT
THREE WAYSIDE LOCATIONS NEXT TO THE TRACKS OF
THE PENN CENTRAL RAILROAD
NEW YORK-TO-WASHINGTON LINE
~ PLAINSBORO NEW JERSEY
MAY 23, 1972
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Figure A-1 Coincident Time Histories-Wayside Noise Level
25,50 and 100 ft from Centerline of Track 78
Plalnsbnra NJ 5/23/72,
Four-Car Metroliner-Southbound- Spead 106 mph.
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Figure A-10 Coincident Wayside Noise Spectra-Engine Passhy-
at 25,50 and 100 ft from Centerline of Track 2.
Plalnsbnru, NJ 5/23/72,
6-car Conventional Passenger Train with One
Electric Locomotive-Southbound-Speed 84 mph.
See Figure A-9 to Latate Ferimﬂ Analyzed.
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See Figure A-9 to Locate Period Analyzed.
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Figure A-1Z Coincident Wayside Noise Spectra-Noisy Period
) End of Train at 25,50 and 100 ft. from the
Centerline of_TraEi 2. Plainsboro, NJ 5/23/72
6-Car Conventional Passenger Train with One
Electric Locomotive-Scuthbound-Speed 84 mph.
See Figure A-9 to Locate Period Analyzed,
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Figure A-14 EuiHC1dent Wayside Noise Spectra-Engine Passby-
at 25,50 and 100 ft from Centerline of Track
Plaxnshora, NJ'E!ZS!?Z
63-Car Freight Train with 2 Electric Locomotives-
Southbound-Speed 49 mp
See Figure A-13 to Lacata Period Analyzed.
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Figure A-15 Coincident ‘E?ﬂ)z'-s'iﬁﬂ_' Noise Spectra-Quiet Period
Mid-Train at 25,50 and 100 ft from Centerline
of Track 2. Plainsboro, NJ 5/23/72,
63-Car Freight Train with 2 Electric Locomotives-
Southbound-Speed 49 mph. B '
See Figure A-13 to Locate Period Analyzed.
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APPENDIX B
THREE-AXTS WAYSIDE RROUND VIBRATION DATA MEASIRED
AT TRACKS OF PENN CENTRAL
RAILROAD NEW YORK-TO-WASHINGTON LINE,
PLAINSBORO, NEW JERSEY,
MAY 23, 1972
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Figure B-1 G;‘;‘rim:id-r__zn'; Time Histories-Wayside Ground Vibration
Levels in 3 Axes at a Point Offset 25 ft from the
Centerline of Track 2. Plainshoro, NJ 5/23/72.
Four-Car Metroliner-Southbound, Speed 106 mph.
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Figure B-2 (Coincident Wayside Ground Vibration Spectra
in 3 Axes at a Point Offset 15 feet from the
Centerline of Track 2. Plainsboro NJ 5/23/72.
Four-Car Metroliner-Southbound-Speed 106 mph.
See Figure B-1 to Locate Pericd Analyzed.
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Figure B-4 Coincident Wayside Ground Vibration Spectra
in 3 Axes at a Point Offset 25 ft from the
Centerline of Track 2. Plainshoro, NJ §/23/72.
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See Figure B-3 to Locate Period Analyzed.
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Vibration Levels in 3 Axes at a Point Offset
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Figure B-10 Coincident Wayside Ground Vibration Spectra
in 3 Axes at a Point Offset 25 ft from the
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6-Car Conventional Passenger Train with One
Electric Locomotive-Southbound-Speed 84 mph.
See Figure B-9 to Locate Period Analyzed.
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Southbound-Speed 49 mph.
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Figure B-12 Coincident Wayside Ground Vibration Spectra
in 3 Axes at a Point Offset 25 ft from
Centerline of Track 2. Plainsboro, NJ 5/23/72.
§3-Car Freight Train with 2 Electric Locomotives-
Southbound Speed 49 mph.
See Figure B-11 to Locate Period Analyzed.







APPENDIX C

NOISE LEVEL DATA MEASURED AT
THREE WAYSIDE LOCATIONS NEXT TO THE
TRACKS OF THE PENN CENTRAL RAILROAD
BOSTON-TO-NEW YORK LINE
WEST MANSFIELD, MASSACHUSETTS
NOVEMBER 4, 1971 AND SEPTEMBER 20 AND 26, 1972
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Figure C-1

Coincident Time Histories-Wayside Noise Levels
25,50 and 100 ft from Centerline of Eastbound
Track, West Mansfield, MA, §/26/72,

(5-Car Turbotrain-Eastbound-Speed 97 mph.)
See Figure (-5 for Westbound Data This Train.
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Figure C-2Z Coincident Wayside Noise Spectra Composite of
Passby 25,50 and 100 ft from Centerline of
Eastbound Track, West Mansfield, MA, 9/26/72
(5-Car Turbotrain-Eastbound-Speed 97 mph.)
See Figure C-1 to Locate Period Analyzed.
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See Figure C-1 to Locate Period Analyzed.
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Figure C-4 Coincident Wayside Noise Spectra Quiet Period a-
Mid-Train 25,50 and lﬂﬂ'ftpfrﬁﬁ antérliﬁeiﬁf t
Eastbound Track. West Mansfield, MA, 9/26/72
(5-Car Turbotrain-Eastbound-Speed 97 mph.)
See Figure C-1 to Locate Period :Analgzéd.
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Figure C-5 Coincident Time History Wayside Noise Levels
12,37 and 87 ft from Centerline of Westbound
Track. West Mansfield, MA, 9/26/72
(5-Car "Deadhead" Turbotrain-Westbound-Speed 91 mph.)
See Figure C-1 for Eastbound Data This Train.
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Figure C-6 Coincident Wayside Noise Spectra Composite of
Passby 12,37 and 87 ft from Centerline of
Westbound Track. West Mansfield, MA, 9/26/72
(5-Car "Deadhead" Turbotrain-Westbound-Speed
91 mph.) See Figure C-5 to Locate Period Analyzed.
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Figure C-11 Coincident Time Histories Wayside Neoise Levels
25,50 and 100 ft from Centerline of Eastbound
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(3-Car Turbotrain-Eastbound-5peed 89 mph.)
See Figure C-12 for Westbound Data This Train.
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Figure C-13

Coincident Time Histories Wayside Noise Levels
25,50 and 100 ft from Centerline of EBastbound
Track. West Mansfield, MA, 9/26/72

(15-Car Conventional Passenger Train with One
Diesel-Powered Locomotive-Easthbound-Speed 71 mph.)
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Figure C-14 Coincident Wayside Noise Spectra Engine Passhy
' 25,50 and 100 ft from Centerline of Eastbound
Track., West Mansfield, MA, 9/26/72 o
(15-Car Conventional Passenger Train with One
Diesel-Powered Locomotive-Eastbound-Speed 71 mph.)
See Figure C-13 to Locate Period Analyzed,
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Figure C-15 Coincident Wayside Noise Spectra Quiet Period at
Mid-Train 25,50 and 100 ft from Centerline of
Eastbound Track, West Mansfield, MA, 9/26/72
(15-Car Conventional Passenger Train with One
Diesel-Powered Locomotive-Eastbound-Speed 71 mph.)
See Figure C-13 to Locate Period Analyzed. '
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Figure C-16 Coincident Wayside Noise Spectra Noisy Period
at End of Train 25,50 and 100 ft from Centerline
of Eastbound Track. West Mansfield, MA, 9/26/72
{15-Car Conventional Passenger Train with One
; Diesel-Powered Locomotive-Easthound-Speed 71 mph,}
See Figure C-13 to Locate Period Analyzed. o
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Figure C-17 Coincident Time Histories Wayside Noise Levels

12,37 and B7 ft from Centerline of Westbound
Track. West Mansfield, MA, 9/26/72

(70-Car Freight Train with 5-Diesel-Powered
Locomotives-Westbound-Speed 50 mph.)
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Figure C-18 Coincident Wayside Noise Spectra Engine Passh
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(Tﬂ-Car-‘ Freight Train with 5-Diesel-Powered
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See Figure C-17 to Locate Period ﬂﬁﬁryfeﬂ}




Figure C-18
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Coincident Wayside Noise Level Noisy Period at
Mid-Train 12,37 and B7 ft from Centerline of
Westbound Track. West Mansfield, MA, 9/26/72
(70-Car Freight Train with 5-Diesel-Powered
Locomotives-Westbound-Speed 50 mph.)

See Figure C-17 to Locate Period Analyzed.
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Figure C-18 Coincident Wayside Npise.Speatra.ﬁnginE:Pgssby
12,37 and 87 ft from Centerline of Westbound
Track. West Mansfield, MA, 9/26/72 .
(70-Car Freight Train with 3-Diesel-Powered
Locomotives-Westbound-Speed 50 mph.} _
See Figure C-17 to Locate Period Analyzed.
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Figure C-19 Coincident ‘Wagsmd& Noise Level Noisy Period at
Mid-Train 12 and 87 ft from Centerline of
Westbound Track. West Mansfield, MA, 9/26/72
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See Figure C-17 to Locate Period Analyzed.
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12,37 and 87 ft from Centerline of Westbound
Track. lWest Mansfield, MA, 9/26/72
(70-Car Freight Train with 5-Diesel-Powered
Locomotives-Westbound-Speed 50 mph.)
See Figure C-17 to Locate Period Analyzed,
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See Figure C-17 to Locate Period Analyzed.
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APPENDIX D
THREE-AXIS WAYSIDE GROUND VIBRAT TN DATA
MEASURED HEXT TO THE TRACKS OF THE
PENN CENTRAL RATLROAD
BOSTON-TO-NEW YORK LINE
WEST MANSFIELD, MASSACHUSETTS
NOVEMBER 4, 1971 AND SEPTEMBER 20 AD 26, 1972
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Figure D-1

Coincident Time Histories Wayside Ground
Vibration Levels in 3 Axes at a Point Offset
25 ft from Centerline of Eastbound Track.
West Mansfield, MA, 9/26/72

(5-Car Turbotrain-Eastbound-Speed 97 mph)

Sege Figure D-3 for Westbound Data This Train.
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Figure D-2 Coincident Wayside Ground Vibration Spectra in
3 Axes at a Point Offset 25 ft from Centerline
of Eastbound Track. West Mansfield, MA, 9/26/72
(5-Car Turbotrain-Eastbound-Speed 97 mph.)
See Figure D-1 to Locate Period Analyzed,
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Figure D-3

Coincident Time Histories-Wayside Ground
Vibration Levels in 5 Axes at a Point Offset
12 £t from Centerline of Westbound Track.
West Mansfield, MA, 9/26/72 (5-Car "Deadhead"

Turbotrain-Westbound-Speed 81 mph.)

See Figure D-1 for Eastbound Data This Train.
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Figure D-5 Coincident Time Histories-Wayside Ground Vibration
Levels in Three Axes at a Point Offset 25 feet
from Centerline of Eastbound Track.

West Mansfield, MA, 11/4/71. -
(3-Car Turbotrain-Eastbound-Speed 89 mph.)
See Figure D-6 for Westbound Data This Train.
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Figure D-6 'EDiHEi&fﬁI_Tim?'Hfﬁ%ﬁhiﬂﬁrﬁ&?%i&ﬂﬂﬁﬁﬁuﬂﬂ'?fﬁth

tion Levels in 3 Axes at a Point Dffset 12 feet

from Centerline of Westbound Track.

West Mansfield, MA, 11/4/71. (3-Car
"Deadhead" Turhﬁtr&iﬁ—ﬁéﬁfﬁghndfﬂgaai 104 mph.)
See Figure D-5 for Eastbound Data This Train
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Figure D-7 Coincident Time Histories- wayslde Ground
Vibration Levels in 3 Axes at a Point Offset
25 ft from Centerline of Eastbound Track. .
West Mansfield, MA, 9/26/72. (15-Car
Conventional Paﬁsanggr Train with One-
Diésel-peﬂarad Locomotive-Eastbound-Speed 71 mph.)
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Figure D-8 Coincident Wayside Ground Vibration Spectra in
Three Axes at a Peint Offset 25 ft from
Centerline of Eastbound Track. (15-Car
Conventiconal Passenger Train with One-Diesel-
powered anumntive—Eastbound-Speed 71 mph,)
See Figure D-7 to Locate Period Analyzed.
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Figure D-9 Coincident Time Histories- Wayside Ground Vibra-
tion Levels in Three Axes at a Point Offset 12
feet from Centerline of Westbound Track.

West Mansfield, MA, 9/26/72. (70-Car Freight
Train with 5- Dlesel—puwered Locomotive-Westbound-
Speed 50 mph.)
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Figure D-10 Coincident Wayside Ground Vibration Spectra in
3 Axes at a Point Offset 12 ft from Centerline
. of Westhound Track. (70-Car Freight Train with
' 5-Diesel-powered Locomotives-Westbound-Speed 50 mph.)
See Figure D-9 to Locate Period Analy:zed.
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APPENDIX E
MEASURING STATION LOCATIONS AND PHOTOGRAPHS
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Figure E-2 View Easterly Showing Three Microphone
Systems and Southbound Metroliner at
Plainsboro,; NJ.

Figure E-3 View Westerly from Tracks toward Three
Microphone Systems at Plainsboro, NJ.

25




Figure E-4 View Northerly from Microphonme 3 at Plainsboro, NJ.

Figure E-5 View Southerly from Micropheone 3 at Plainsboro, NJ.
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Figure E-6 View Northerly down Tracks at the
Plainsboro, NJ, Measurement Site

Figure E-7 View Southerly down Tracks at the
Plainsboro, NJ, Measurement Site

97




“‘“—‘EﬁST'TRﬁCK.l

—— WEST TRACK 2.

Station No. 2
X MiﬂIﬂphﬂﬂe Systems:
Microphone 5.5 feet ahove
grade level and 3.5 feet
abave the level of the rails

. Vibration Systems:

- Triaxial accelerometer mounted
Station Ne. 3 on brass Tod 2 feet long

and 7/8 inch diameter. Rod

driven into grﬂund

x-axis, Longitudinal

y-axis, Lateral

z-axis, Vertical

Figure E-8 Measuring System Locations-Trackside-
' Penn Central RR, Boston-to- New York Line,
West Mansfield, I'-U.s.. 1310 feet East of
Mile Post No. EHI-Eeptem?:er 20 and 26, 1972,




Figure E-% View Southerly Showing Three Microphone
Systems and Eastbound Turbetrain at
West Mansfield, Ma,

Figure E-10 View Northerly from Tracks Toward Three
Micropheone Systems at West Mansfield, MA,
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Figure E-11 View Easterly from Microphone 3
at West Mansfield, MA.
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Figure E-12 View Westerly from Micropheone 3
at West Mansfield, MA,
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Fipure E-13 View Easterly down Tracks at
West Mansfield, MA. Measurement Site

o
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APPENDIX F

MEASUREMENT AND DATA REDUCTION SYSTEMS




NOISE-MEASURING SYSTEM

Figure F-1 depicts the noise-data-gathering equipment used
at the three wayside-measuring stations. Figures E-1 and E-8 show
the exact locations for each system at the wayslde measurement

sites in Plainsboro, New Jersey and West Mansfield, Massachusetts.

A magnetic tape recorder, capable of essentially flat re-
cordings from 30 Hz to 15 kHz, was used. The recorder was gper-
ated in the direct mode at a tape speed of 3-3/4-inch per second.
The dynamic range of the recorder and measuring system was 50 dB.

Prior to each run, a short verbal annotation was recorded on
tape giving the following: date, time, location, tape number,
tape recorder channels used, and gain setting for each channel.

A calibration signal of 1000 Hz at a level of 114 dB re 20
micronewton per sgquare meter was recorded on tape before and after
each run to provide a reference level for the data-reduction instru-
mentation and to detect any system instability. The calibrator
used was a General Radio Model #1562A. In this calibrator, the
signal is generated by a solid-state oscillator driving a small
magnetic loudspeaker. The calibrator is placed on the microphone
and the resultant signal at the specified sound pressure level is
fed through the system and recorded on tape. In addition, a
passive microphone simulator was substituted for the microphone to
determine the minimum discernible sound-pressure level (Noise Floor)
for the system. This signal was also preserved on tape.

The fourth channel on the recorder is for verbal annotation
and to record a time code signal (hours, minutes, and seconds) to
synchronize data between channels and between recorders.

The measuring and analysis systems conforms to Society of
Automotive Engineers' (SAE) Standard SAE J184,
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VIBRATION-MEASURING SYSTEM

Figure F-1 depicts the equipment used for data gathering of
ground vibration levels in three axes at the wayside measurement
locations shown in Figures E-1 and E-8, The frequency response of
this system is 3 to 1250 Hz.

Ground vibration measurements were made utilizing a brass
rod 2-ft long and 7/8-inch wide which was driven into the ground
at the measurement locations. Three accelerometers were mounted
on the rod with a special adapter in a triaxial arrangement, each
dccelerometer was electrically insulated from one another and

from the driven stake.

4 magnetic tape recorder, capable of essentially flat record-
ing from dc to 1250 Hz, was used. The recorder was operated in the
FM mode at a speed of 3-3/4-inch per second. The dynamic range of
the recorder and measuring system was 60 dB.

Prior to each run, a short verbal annotation was recorded on
tape giving the following: date, time, location, tape number, tape
recorder channels used and gain setting for each channel.

A dynamic calibration signal of 100 Hz at 1 g was recorded
on tape before and after each run to provide a reference level for
the data reduction instrumentation and to detect any system insta-
bility. The GR Type 1557A Vibration Calibrator was used to provide
this on-the-spot calibration of the vibration-measuring system
including the accelerometer. The 1557-A is a small battery-
operated unit consisting of a transistorized electromechanical
oscillator and a cylindrical shaker., The accelerometer of known
mass is attached to the shaker and the level control adjusted to
the proper mass setting. The accelerometer is then automatically
subjected to an acceleration of 1 g at 100 Hz. In addition, the
accelerometer is replaced by a short circuit to determine the
minimum discernible acceleraticn level (Noise Floor) for the
measuring system. This signal was also preserved on tape.

The three-axis wvibration data from station 1 (z-axis vertical
motion, x-axis longitudinal motion, y-axis lateral motion) was
recorded on three of the four available recorder channels. The
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fourth channel was used for verbal annotation and to record a
time code signal (hours, minutes and seconds) which was simul-
tansously being recorded on a second instrumentation recorder
used to record noise data,

Since three channels of the tape recorder were being used
to record the 3-axis vibration data from measurement station e
it was possible to record one axis of data per event at station 2
by time-sharing the fourth channel of the tape recorder with the
time code signal for selected events in the following manner:

The time code signal was recorded on channel 4 just prior to
the event. With the recorder running, the time code signal was
physically disconnected and replaced (on the FM recorder only)
with the output of one accelerometer axis from station 2. Using
this technique and changing the station 2 axis recorded after
successive events, it was possible to record a few representative
X-, ¥-, and z-axis acceleration levels at measurement station 2 for
Metroliner and conventional passenger trains in additien to the 3-
axis acceleration data measured at station 1.

These data are included in Tables 2.1 and 2.2.

Noise Data Reduction

The configuration of the noise data reduction system is shown
in Figure F-3, The noise data plus the calibration signal recorded
on magnetic tape at the test site were reproduced and fed to a
General Radio (GR) 1921 Real Time Analyzing System made up of a
GR 1925 Multifilter and a GR 1926 Multichannel RMS Detector. The
necessary gain adjustments were made in the multifilter and graphic
level recorder with the calibration signals.

The GR 1921 multifilter contains a set of 30 parallel 1/5-
octave band filter channels ranging from 25 Hz to 20 kHz, plus
additional channels with standard "A," "B," and "C" sound-level
meter-weighting networks and an unfiltered channel with a flat
frequency response "F". The output of the "A" weighted channel
was selected and fed to the Graphic Level Recorder to produce a
chart of noise level vs. time (time history) of all recorded data.
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All 34 coutputs from the multifilter are fed into the multichannel
detector. The multichannel detector simultaneously computes the
rms (roet mean square] level for esach channel and converts this
level to a digital ocutput., Single integration or measurement
periods are adjustable from 1/8 to 32 seconds.

Special selected events are analyvzed in detail for their 1/3-
octave band frequency spectra using this equipment and the GR 1522
dc Recorder which in conjunction with the GR 1926 Multichannel
RMS Detector provides a hard copy bar graph of level (dB) vs 1/3-
actave frequency bands from 25 Hz to 20 kHz, including the flat
(F} and "A" weighted outputs.

The multichannel detector is programmed to integrate over
the time interval of the selected event or portion therecf, compute
the level in dB for all 32 channels and provide a dc output to the
recorder. The recorder provides a hard copy of level (dB) vs 1/3-
actave bands for the event. The start of the integration period
15 controlled by a coincidence circuit in the time code reader;
thus insuring the identical start of the integration period for
events on multichannel recorders or between recorders which have
been synchronized with time code signals., The graphic recorder at
2 pen-writing speed of 5 inches per second simultaneously provides
an expanded "A'" weighted level time history of the event. Time
marks are manually placed on the graphic recording to show the
start and end of the integration period.

Vibration Data Reduction

The configuration of the vibration data reduction system is
as shown in Figure F-3. It is noted that this is the identical
system described above for Noise Data Reducticon. To utilize this
system, which is equipped with 1/3-octave filters down te 25 Hz,
for the analysis of data with freguency components dewn to 3 Hz,
the following frequency transformation procedure was necessary.

The vibration data which were originally recorded at a speed of
3-3/4-inch per second were played back at a tape speed of 15 inches
per second., The recorded signal is thus scaled up in frequency
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by a factor of 4, and frequency components of the original signal
that were in the 1/3-octave bands of 6.3 Hz, '8 Hz, 10 Hz, 12.5 Hz,
etc, appear in the 25 Hz, 31.5 Hz, 40 Hz, and 50 Hz, etc., 1/3-
actave bands, respectively. Thus, the data are shifted into the
useable frequency range of the 20 Hz to 20 kHz dats reduction
system shown in Figure F-3.

The vibration data plus the 100 Hz, 1 g calibration signal
recorded at 3-3/4-inch per second at the test site are reproduced
at 15 inches per second and fed inte the GR 1921 Real Time Analyz-
ing system. The necessary pain adjustments are made in the multi-
filter and recorders with the calibration signal now at a fre-
guency of 400 Hz,

Special events (as in the Noise Data Reduction Section) are
analyzed in detail for their 1/3-octave frequency spectra and a
hard copy bargraph of level (dE) vs 1/3-octave frequency bands
from 6.3 Hz to 5 KHz plus an unfiltered or flat (F) output are
produced with the 1522 dec recorder in conjunction with the 1926
Multichannel Detector.

The multichannel detector is programmed to integrate over the
time interval of the selected event (now occuring in 1/4 the time),
compute the level in dB for all 31 channels and provide a de out-
put to the recorder which provides a hard copy of the level in dB
vs the 1/3-octave bands from 6.3 to 1250 Hz plus flat (F} output
of the vibration spectra of the event. The start of the integra-
tion period is controlled by a coincidence circuit in the time
code reader, thus insuring the identical start of the integration
periods for events on multichannel recorders or between recorders
which have been synchronized with time code signals. The graphic
recorder simultaneously provides an expanded time history of the
event analyzed and time marks are manually placed on the history
to show the start and end of the integration period,
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DESCRIPTION METROLINER AND TURBOTRAINS
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METROL INER

Th&-highiﬁpéeﬁ Metroliner, Figure G-1, in operation on the
Penn Central Railroad, New York-to-Washington DC line, was built
by the Budd Company; it was placed into service on this line in
1969. "

The self-propelled Metroliner has a stainless steel exterior,
curved sides with reinforced plastic sheathing in some areas. Each
car has four electric Prapulsibn mmtorsg'ona'fﬁf‘aath axle,
capable of developing ﬁ4ﬂ-hnr5&pawar each, Electric power (11 Kv
nominal, 25 Hz) is obtained through a pantograph from the overhead
catenary system.

Physical dimensions are as follows:

Length of car over coupler B5rgn
Distance between truck centers 596"
Width 106"
Height - running rail to roof gy
Truck - wheel base 8'e"
Wheels - diameter 38
Weight 102,200 1b.

114



Figure G-1

High-Speed Metroliner
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TUREOTRAIN

The high-speed Turbotrain, Figure G-2, in operation on the
Penn Central Railroad, Boston-to-New York line, was huilt by
United Aircraft; it was placed into operation on this line in
186D,

Each Turbotrain is comprised of two Power Dome Cars, one at
¢dch end of the train, and one or more Intermediate cars (coaches)
in between. Three gas turbine engines are located under the dome
section of each Power Dome car, thus each train contains six 400-
horsepower engines. One engine is used to drive a 300-watt alter-
nator for auxiliary power and the remaining five engines are used
for traction power. The power is transmitted to the Z-axle power
trucks of the Power Dome Cars by a direct mechanical drive system.
Single-axle trucks are located between cars rather than under one
end of each car (see illustration, Figure G-3). Physical dimensions
are as follows:

Length overall (3-car train) 2034
Length overall (5-car train) 31710
Length Power Dome Car TE&30
Length Intermediate Car 56'1o"
Height- over Donme LZrT
Width 1075
Floor level from rail LM
Underbelly clearance g
Empty Weight (3-car train) 105 tons
Empty Weight (5-car train) 135 tons
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APPENDIX H
ENVIRONMENTAL DATA
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APPENDIX I

DEFINITION OF TERMS
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TABLE -1,

DEFINITION OF TERMS

TERM

ABBREVIATION

DEFINITION

A-Weighted

Deadhead train

In-close

FPassby

Time history

Wayside

dBA

Sound level obtained by
measuring the sound pressure
through a filter network
having a frequency response
(A-weight) conforming to
American National Standards
Institute (ANSI, 51.4, 18717.

Train operating without
passengers,

Relative position te a
finite moving source where
non uniform high level point
sources exist simultaneously
with noise as from a uniform
line source,

Passage of vehicle by the
fixed measuring stations.

Graphic recording of the
variations of level measured
vs. time.

Along side the railroad
right-of-way
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