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SUMMARY

Vibration détahwere obtained in aﬁd outéide a two-story pri-
véte?home during the passby of rapid transit cars on the Brighton
Line of the New York City Transit Authority (NYCTA)."The home,
situated within 30 feet of the near tracks, was instrumented with
six vibration transducers in several rooms and on the outside .
patio. An analysis of the data showed the ground-borne vibration
spectra peaked in the 40 Hz 1/3 octave band. This frequency is
directly related to the natural resonance of the cars' suspension
system. The spectral data measured in the home (vertical axis
midfloor) exhibited an additional peak near 20 Hz. This is. a
function of the natural resonance of the floor.

- No attempt has been made to assess the vibration level
measured vs. annoyance or damage criteria since it is beyond
the scope of this limited project. The purpose of this project
was to obtain data to expand the data base being developed by
the Transportation Systems Center for the prediction of ground-

borne noise and vibration near transit systems.
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1. INTRODUCTION

This report documents the results of.a vibration measurement
program conducted on August 14-15, 1980 in the Midwood section
of Brooklyn, NY next to the tracks of the Brighton Line of the
New York City-Transit Authority (NYCTA). The test was conducted
by the U.S. Department of Transportation - Transportation Systems
Center (DOT/TSC) for the U.S. DOT-Urban Mass Transportation

Administration.

A two—stbry home of a private citizen at 1546 E 16th Street,
Brooklyn NY, was instrumented to obtain a measure of the ground
and structural vibration levels resulting from the passby of
rapid transit trains. The house was built on the old roadbed
of the Long Island Railroad in"1943 and stands approximately
30 feet from the near track of the four-track right-of-way of the
Brighton Line. R-27, NR-30, R-38, R-40, R-42, and R-44 transit
cars made up into 8- and 10-car trains travel on these tracks

enroute between the Bronx and Brooklyn.

Vibration transducers were deployed in three separate rooms
in the home on both the first and second floors. Vibration
levels in the vertical and transverse axes, resulting from the
passby of the transit trains, were measured and recorded on
magnetic tape. In addition, ground vibration levels in three
akes were recorded within 3 feet of the foundation of the home on

the concrete backyard patio.

Spotters identified passing trains by car type, number of
cars in the train, speed, passenger load, and track number for
correlating with the measured vibration data. All data tapes

were returned to TSC for reduction and analyéis.



2. EXPERIMENTAL APPROACH .

2,1 BASIC APPROACH

The.movément of transit cars on tracks over railbeds is ac-
companied by the generation of ground-borne vibration. This
'Vibration, transmitted to a structure, depends upon the elastic
properties of the medium relative to the structure. To obtain a
measure of the ground-borne vibration and the structural vibra-
tion levéls, vibration transducers (accelerometers) were deployed
~in three rooms o0f a two-story residential home at 1546 E. 16th
Street,-Brooklyn; NY and on the attached backyard concrete patio,
'3 feet from the foundation of the home (see floor plan Figure 1).
Six individual accelerometers were simultaneously deployed during
the two-day period (August 14-15, 1980 as follows:

Axis
August 14, 1980 Midfloor, 2nd floor Vertical
1500~1800 Hours dining room
Load-bearing wall, 2nd : Vertical
floor dining room Transverse
Midfloor, 2nd floor living Vertical
room
Load-bearing wall, 2Znd floor Vertical
living room Transverse
. August 15, 1980 Midfloor, 1st floor den Vertical
O730-0930vHour§A Load-bearing wall, 1lst floor Vertical
den ’ Transverse
Backyard patio ' , ~ Vertical
: Longitudinal

Transverse

Measurements wgre scheduled during .the evening rush hour on
August 14 (1500-1800 hours) and the morning rush hour of August 15
(0730-0930 hours). All trains that passed during these time per-
iods were measured, aﬁd vibration data from the six sensors were re-
corded on magﬁetic tape to be processed back at the TSC laboratory.



Spotters identified trains that passed the measurement loca-
tion by time of day, car type, number of cars, approximate speed,
passenger load, and track number for correlating with the recorded
noise data. A total of 125 trains passed the measurement site
during the periods of observation. Appendix A contains the on-

site observer's log data.

2.2 MEASUREMENT SITE

Through the courtesy of a private citizen, a brick two-story

"attached" home at 1546 E 16th Street, Brooklyn, NY was made
available for instrumenting for the purpose of monitoring vibra-

tion levels resulting from the passby of transit trains on the
nearby four tracks (2 local, 2 express) of the Brighton line of
the NYCTA (see photographs Figure 2).

The home, set back 30 feet from the near transit track, was
built without a cellar on the old roadbed of the Long Island
Railroad (see Figure 3). The level of the first floor was 12 feet
below the level of the rails of the four track right-of-way of the

Drighton Line.

Accelerometers were deployed on two successive days (August
14-15, 1980) in three rooms of the two-story residence and on the
outside patio. Two rooms on the second floor, the dining room and’
the living room, were instrumented the first day. On the second |

day, the first floor den and the backyard patio were instrumented.

In each of the three rooms, vibration transducers, mounted
on the floor in the center of the room, monitored vibration
levels in the vertical axis. In addition, two vibration trans-
ducers, mounted on the floor within six inches of a load-bearing
wall, monitored vibration levels in the vertical and transverse

(perpendicular to the track) axes (see photograph Figure 4).

On the outside patio, three accelerometers were mounted 3
feet from the foundation of the home on a one-inch brass cube
-(one on each of three faces) to monitor vertical ground motion,

the transverse motion (i.e., perpendicular to the track), and



the longitudinal motion (parallél to the track). The patio lo-
cation was 8 feet below the level of the near rails (see photo-

graphs/, Figures.ZC and 2D).

2.3 INSTRUMENTATION AND DEPLOYMENT

The vibration measuring systems consisted of Endevco Ac-
telerometers‘Model 2217E with signal conditioning amplifiers and
filters as s?own in Figure 5. Vibration data in the frequency
range 1 Hz to 2500 Hz was recorded on three tracks of a four-
track FM Instrumentation Tape Recorder HP Model 3960A. A time
code signal was recorded on the fourth track for exact time syn-
chronization of the recorded data with the observers' log of -
events and between measuring systems. The GR type 1557A Vibra-
tion Calibrator was used to provide a dynamic 1 g acceleration
reference signal at 100 Hz. This calibration signal was recorded
on tape for each of the six measuring systems. Two identical
three-channel systems were used.

In the middle of the first floor den and second floor living
room, the accelerometers were attached as follows: a number 9,
1 1/2 inch flathead wood screw was ‘screwed into the hardwood
flooring through the wall-to-wall rug, taking care not to damage

the rug nap or the backing material.

A one-half inch washer was epoxied to the head of the wood
screw to provide a flat mounting surface for an accelerometer,
The accelerometer was then attached to the washer/screw combination
with beeswax.

In the middle of the second flédr dining room, the accelero-
_mefer was mounted directly to the asphalt tile flooring with

beeswax.

In all three rooms, at the load-bearing wall locations, two
accelerometers were mounted on the vertical and transverse faces
of one-inch brass cubes. Each cube was attached to the flooring
with beeswax (In the dining room, it was attached directly to the

asphalt tile; in the living room.and den, the rug was peeled back



from the wall and the cube was attached to the hardwood floor-
ing) (see photograph Figure 4).

On the outside patio, accelerometers were mounted on three
faces of a one-inch brass cube, and the cube was epoxied directly

to the concrete patio (see photograph Figure ZDT.

2.4 DATA REDUCTION

The configuration of the data reduction system is shown in
Figure 6. The acceleration data plus the calibration signal which
were recorded on tape, were reproduced and fed to a GenRad 1921
Real-Time Analyzing System made up of a 1925 Multifilter and 1926
Multichannel RMS Detector. The necessary gain adjustments were
made in the multifilter and graphic level recorder using the cali-

bration reference signal.

The GenRad 1925 Multifilter contains a set of 30 paralTlel
1/3 octave band filter channels ranging from 3 Hz to 2500 Hz plus

an unfiltered channel with flat response.

The output of the unfiltered channel was fed to the Graphic
Level Recorder to produce a chart of acceleration level vs. time
(acceleration time history) of all the recorded data.- A1l 31
outputs of the multifilter were fed into the 1926 multichannel
detector. The detector simultaneously computes the rms (root
mean square) level for each filter channel, over a designated
measurement period, and converts the level to a digital output.
The digital data (frequency spectra) was then fed to the Data
General NOVAZ computer for storage and further processing. For
this program, the multichannel detector was programmed to provide
contiguous one-second averages of the acceleration data over
the period of each passby event. The period of the event was
determined by inspection of the acceleration level time history.
The time between the passage of the first wheel truck and the

last was taken as the period of the event.



Further processing of the data was accomplished by computer
to produce the average acceleration spectra over the period of
each event at each measurement location. In addition, the
average acceleration level (dB re 1 micro-g) was computed along
with the éVérage veiocityllevel (dB re 1 microinch per second)
and the average dlsplacement level (dB re 1 microinch).

Slmllar events on the same track were further averaged
together to produce statistically significant results for each
car type at each measurement location.



3. MEASUREMENT DATA

3.1 SUMMARY DATA

Summary vibration data from the ﬁassby of'tréins on the
Brighton Line of the NYCTA are presented.

Table 1 contains the average acceleration levels measured at
the eight locations inside and outside a residential home. Data
from trains of the same car type or combination of car types were
averaged together to provide a single statistically significant
level for that car type as measured at the various locations. The
level tabulated represehts the average vibration measured 1in
a period of time represented by the passage of the first wheel .
truck to the last wheel truck (axle to axle) of the multiple car
train. Because an average value is measured, 1t is possible to

combine the data from 8- and 10-car trains.

In a similar manner, Tables 2 and 3 contain calculated average

velocity and displacement levels.

Note that because of instrumentation problems, some date on

August 15, 1980 was not retrieved.

An inspection of the acceleration levels of Table 1 shows, in
general,-that the levels measured at the various locations in the
house are less than the ground vibrations measured on the outside
patio. The exceptions are the vertical acceleration levels
measured midfloor in the first floor den. As discussed in the
spectral data of Section 3.3, a floor resonance at approximately
40 Hz has the effect of amplifying the ground vibrations trans-
mitted to the home structure. The ground vibration peaked at 40 Hz.

3.2 ACCELERATION TIME HISTORIES

Graphic level time history recordings are presented of the
acceleration levels measured at several locations during the
passby of representative events. Figures 7 and 8 contain coin-
cident time history recordings of the acceleration levels mea-

sured in three axes on the.backyard concrete patio. Figure 7



contains graphic recordings of the acceleration levels measured
on -the .concrete patio from the 15 mph passby on track 2 of a

- :fully loaded 10-car train made up of R40 and R42 cars. The

peaks on the timé history are the result of the 'point source"
vibrations from the wheel trucks as they pass -the measurement
location. In this case, the uniformity of the peaks suggests all

wheel trucks on the cars were of equal quality.

For‘coﬁpérison, Figure 8 ‘contains graphic recordings of the
acceleration levels measured on the concrete patio from the 15 mph
passby on track Z of a partially loaded 8-car train made up of
R44 cars. Note that the wheel trucks between the first and second
and fourth and fifth car contain one or more bad wheels.

Figure 9 contains graphic level time history data measured
simultaneously for the same 8-car train of Figure 8 above in the,w
first floor (ground floor) den. The A and B curves respectively
are data measured in the transverse and vertical axes 6 inches
from a loadbearing wall. Note the histories are not too dissimi-
lar from the transverse and vertical data from the patio. How-
ever, Figure 9C, which contains data measured in the vertical axis
in the middle of the floor in the den, shows an increase in the
levels measured. - One may suspect that the floor has begun to
resonate (This will be confirmed upon examination of the spectral
data of Section 3.3).

To complete the comparison, Figures 10 and 11 contain graphic
level time history data measured on the previous day simultaneously
. in the second floor dining and living rooms during the passby of
-.an 8-car. train of R44 cars traveling on track 2 at approximately
10 mph. Note.the vertical and transverse level data at the load-
bearing wall in the dining room (closest to the track) are ‘
greater than the vertical and transverse acceleration data measured
at the load-bearing wall in the living room, as would be expected.
However, the vertical acceleration of the living room floor 1is

greater than that of the dining room floor.

3.3 FREQUENCY SPECTRA

Data from similar events were averaged together to increase

the statistical significance of the information measured for each

8



type of consist which passed the measurement site. Tabulation
of the average accelefation level vs. 1/3 octave frequency band
" (1/3 octave frequency spectra) are presented in Tables 4-18.

In addition, the average acceleration levels, velocity

levels, and displacement .levels were computed from the accelera-
tion spectral data and are included in the tabulation. The.
standard deviation shows the spread of the data within each

1/3 octave band.

Spectral data are provided for 8-car consists of R44 cars
on track 2 in Tables 4-7; for 10-car consists of R40/42 cars
on track 2 in Tables 8-11; for 8-car consists of R27/30 cars on
track 1 in Tables 12-15; for 8- and 10-carvconsists of R32 cars
on track 1 in Tables 16-18.A '

An inspection of the acceleration spectral data in thel verti-
cal axis on the outside patio and midfloor in each of the threée
rooms in the home shows a peaking of the data in the 40 Hz 1/3
octave frequency band. In addition, a second peak in the spectra
is noted in the: 20-Hz 1/3 octave frequency band in the living room

and in the 25 Hz band in the dining room.

The peak in the data in the 40 Hz band is as expected, and is
function of the resonances of the suspension system of these
transit cars. The 20 Hz band peak in the second floor living room
and the 25 Hz band peak in the second floor dining room suggest a
sympathetic floor resonance in the vicinity of 20 and 25 Hz
respectively. The floor in the first floor den appears to re-
sonate at or near 40 Hz. This may be explained by the fact that
with no cellar in the home, the floor in the den may be supported
at various places under the floor thus effectively changing the
dimensions of the "vibrating plate." This was not verified
since this area could not be seen from the opening in the small

crawl space between the floor and ground.
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FIGURE 5. 3-CHANNEL VIBRATION MEASUREMENT SYSTEM
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TABLE 1. SUMMARY VIBRATION DATA

Average Acceleration-dB RE 1 Micro-g (RMS)
Pass-By 8- and 10-Car Trains

AUGUST 15, 1980 AUGYST 14, 1980

CAR TRSCK QUTSIDE PATIQ Ist-FLR DEN 2nd-FLR LVR. RM 2nd-FLR DNG. RM
TveE 20 MID-FLR  LOAD-WALL MID-FLR LOAD-WALL MID-FLR  LOAD-WALL

VERT, TRANS. LONE. VERT.  VERT. TRANS. ~ VERT.  VERT. ~ TRANS. VERT. VERT. TRANS.
R44 2 75.9 78.8 78.6 81.6 74.4 72.2 71.5 7.2 68.9 66.6 © 77.8° 7.8
R4 3 72.9 75.8 74.3 - - - 72.8 69.8 67.8 65.9 .. 73.7 70.5
R44 4 - - - - - - 73.2 69.3 66.8 64.7 73.5 70.7
R42 S0 - - - - - - 76.0 75.2 73.7 - 72.4° -"84.4 7 75.9,
RA42 2 - - - - - - 70.8 70.8 67.9 66.1 77.8 71.0
R42 4 68.6 . 75.7 ° 75.7 - - . - - - - - -
R32 1 79.7 . 84.3° 814 - - - 76.3 73.8 73.5 7.4 83.1 75.2
R32 4 - - - - .- - 7n.9 69.7 68.7 64.7 75.2 7.7
R38 ] 80.7  81.9 81.3 - - - - - - - - -
RA0/RA2 1 77.1 77.6 67.0 82.7 78.5 77.2 - - - - - -
R40/R32 2 76.5 70.3 61.5 79.7 73.0 70.5 70.3 70.0 68.0 65.9 72.8 65.8
RA0/R42 3 7.8 69.4 60.3 79.0 73.3 69.4 73.8 69.4 67.2 . 65.0 70.2 66.5
R40/RA2 4 71.4 70.8 61.1 - - - - - - - - -
R27/R30 1 80.0 77.1 66.1 82.7 77.1 75.3 76.0 74.2 72.8- 72.3 78.0 70.6
R27/R30 3 - - - - - - 73.4 70.9 68.8 66.1 7n.2 67.3
R27/R30 4 701 70.7° 60.4 76.7 75.6 70.9 72.3 7.4 69.5 65.7 70.9 67.5
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TARLE 2. SUMMARY VIBRATION DATA

Average Velocity-dB RE 1 Micro Inch-Per-Second (RMS)
Pass-By 8- and 10-Car Trains

AUGUST 15, 1980 AUGUST 14, 1980

OUTSIDE PATIO 1st-FLR DEN 2nd-FLR LVR. RM ] 2nd-FLR DNG. RM
CAR TRACK MID-FLR LOAD-WALL MID-FLR LOAD-WALL MID-FLR LOAD-WALL
TYPE NO. VERT. TRANS. LONG. VERT. VERT. TRANS . VERT. VERT. TRANS. VERT. VERT. TRANS.
R44 2 80.4 84.7 83.8 86.5 79.9° 76.1 82.2 78.6 76.9 71.8 82.2 77.5
R44 3 78.9 84.2 81.8 - - - 84.1 78.9 80.1 74.1 79.7 79.3
R44 4 - - - - - - 85.0 79.0 78.5 76.1 81.1 80.6
R42 1 - - - - - - 86.4 82.1 82.5 76.6 89.2 82.2
R42 2 - - - - - - 81.7 78.1 76.9 7.8 82.5 77.1
R42 4 76.7 84.5 84.9 - - - - - - - - -
R32 1 '+ 85.0 91.5 87.3 - - - 86.8 81.0 82.3 75.7 87.8 81.8
R32 4 - - - - - - 83.3 79.3 80.2 74.6 82.0 80.2
R38 1 . 86.9 89.1 87.2 - - - - - - - - -
R40/R42 1 81.7 84.7 73.5 87.3 84.7 82.2 - - .- - . . -
R40/R42 2 81.2 76.1 67.0 84.7 79.3 75.1 80.8 77.2 76.5 n.7 77.3 71.6
R40/R42 3 79.3 78.8 68.7 84.5 80.4 76.9 85.2 - 78.8 78.9 - 73.2 6.1 75.4
R40/R42 4 77.8 79.6 69.5 - - - - - - - - -
R27/R30 1 85.0 84.0 72.5 87.6 83.3 80.5 86.5 81.0 81.8 76.2 82.6 76.9
R27/R30 3 - - - - - - 84.3  79.8 79.8 75.3 77.6 75.9
R27/R30 4 - "78.6 79.3 69.7 82.6 82.7 78.0 83.5 79.7 80.3 . 75.1 77.3 75.5
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CAR

. TYPE

R44
R44
R44

R42
R42
R42

R32
R32

R38

R40/RA2
R40/RE2
RA0/RA2
R40/R42

R27/R30
R27/R30
R27/R30

TRACK

oW

B —

BN —

-

OUTSIDE PATIO

VERT.

38.8

50.

35.
37.

36.
42.0
39.8

36.6

o

[~ W Ne Ne-]

TABLE 3.

AUGUST 15, 1980

TRANS .

4]

45.
41.

40.
38.

40.
38.

(=R e - RV=J)

.9
42.

8

w

[a~d

LONG.

41.0

44,

31.
26
29.
30.

PWw—o

3).

o

- 31.7

SUMMARY VIBRATION DATA

Avevage Displacement-dB RE V Micro-Inch (RMS)
Pass-By 8- and 10-Car Trains

AUGUST 14, 1980

Ist-FLR DEN 2nd-FLR LVR. RM 2nd-FLR DNG. RM.
MID-FLR LOAD-WALL MID-FLR LOAD-WALL MID-FLR LOAD-WALL
VERT. VERT. TRANS. VERT. VERT. TRANS VERT. " VERT.” TRANS.
38.7 34.7 31.6 41.1 37.7 36.9 3.1 36.2 36.0
- - - 43.0 39.0 42.7 34.6 37.5 40.4
- - - 43.9 39.3 41.9 41.3 43.5 44.2
- - - 44.7 40.6 43.7 36.4 42.2 41.2
- - - 40.5 37.3 38.5 31.1 36.8 36.4
- - - 44.9 39.0 43.1 35.9 41.2 40.6
- - - 42.4 39.8 42.4 35.6 38.7 40.0
41.1 41.7 40.4 - - - - - -
39.0 34.4 34.1 39.6 35.9 37.8 30.7 31.4 30.6
39.8 37.3 36.0 43.9 38.8 41.3 32.6 32.9 36.0
42.6 38.3 36.9 44.5 38.9 43.9 35.8 35.9 35.7
- - - 43.1 40.0 42.0 38.1 36.8 39.4
38.1 39.2 38.1 42.6 39.6 42.5 36.3 34.0 34.7
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CTABLE 4.° VIBRATION LEVEL'DATA

noT/TSC
o 8/15/80
CONCRETE FATIO - '3 FEET FROM FOUNDATION
R44 TRANSIT-CARS FASSRY — EVENTS 15y18:33,42,50
"UAVERAGING TIME 10 SECONDS a TRACK NO. 2 : B8-CAR TRAINS
- . ...... . .. VERTICAL-AXIS . .. TRANSVERSE~-AXIS LONGITUNINAL~AXLS
"7 1/3<DCTAVE .. AVE ACCEL . . AVE ACCEL . AVE ACCEL .
. CNTR-FREQR ~  LEVEL STD DEV . LEVEL STD DEV LEVEL . STD DEV
LT HZ DR . DR DE b ] v 1) S IR
4 4200 505 35‘6 109 3804 109
5 : x - 36,2 2.1 38,1 1.2
643 44,4 . | 1.8 43.9 1.9 45,7 1.0
-8 - X L 42.4 1.6 43,7 0.7
10 * - 46.8 1.7 47.5 0.6
12,5 . 44,7 3.4 36.2 2.5 53,4 0.2
16 50.6 . 4.4 62.3 2, 58,7 0.3
20 57.3 3.3 66.7 2.9 64,7 0.5
25 62.0 . 1.5 68,4 3.0 64,5 0.8
31.3 6541 2.0 68.0 2.4 &7 .3 0.8
40 68.1 2. 68,0 3.0 72.8 0.6
50 71.4 2.3 73.4 .9 72,4 0.4
63 ' 6946 2, 72,0 3.3 71.0 0.4
80 63.8 2.5 6745 3.1 66.3 0.9
T 100 58,7 2.3 63.4 3.3 63.7 0.8
160 51,7 2.6 60.3 3.3 5747 1.0
50 : 45,2 1.9 48,1 2.9 49,1 0.6
315 41.1 1.6 45,0 2,2 46,7 0.4
400 ; 41.8 1.3 43.0 247 49,4 1.4
500 X - 40.8 1.9 46,7 0.2
630 * - . 40'2 1“6 . 4800 091
© 800 * - 41.0 1.9 47.1 0.1
1000 X - 42,2 2.1 48,3 0.2
. AVE ACCEL LEVEL (DR) 75.9 ' 78.8 78.6
AVE VELOC LEVEL (IB) 80.4 . B4,7 .. 83,8

AVE DISFL LEVEL (DE)  38.8 41,9 , 41,0

ACCELERATION ~ DR RE 1 MICRO~G (RMS).
VELOCITY - DB RE 1 MICRO-INCH-FER-SECOND (RMS).
" 'DISFLACEMENT ~ DR°RE 1 MICRO-INCH (RMS).

X - DATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR.
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TABLE 5. VIBRATION LEVEL DATA

norT/Tsec

8/15/80
18T-FLOOR DEN o
R44 TRANSIT-CARS FASSEY - EVENT 50
AVERAGING TIME 10 SECONDS TRACK NO, 2 _ . B-CAR TRAIN
MID-FLOOR LOAL-REARING WALL
VERTICAL-AXIS VERTICAL~AXIS TRANSVERSE-AXIS
1/3~-0CTAVE AVE ACCEL AVE ACCEL * AVE ACCEL
CNTR-FREQ LEVEL STD DEV LEVEL STI DEV LEVEL ST DEV
HZ IR Ji):] IR ) 0)3] . 1)) DR
4 X - X - % -
5 * - X - X -
603 4109 0'0 4005 000 3804 0.0
8 X - 3641 0.0 35,7 0.0
10 40.1 0.0 38.0 0.0 38.7 0.0
12.5 47 .8 0.0 47.2 0,0 44,0 0.0
14 48,6 0.0 51,0 0.0 50:3 0.0
20 S4.2 _ 0,0 54,4 0.0 54.,Q 0.0
25 58.3 7 0.0 &1.2 0.0 54,7 0.0
31.5 70.6 0,0 468.8 0.0 60,8 0,0
40 80.1 0.0 68.9 0.0 62,5 0.0
50 7.6 0.0 bhéo1 0,0 65,7 0.0
63 68,64 0.0 6641 0.0 68,2 0.0
B30 64,2 0.0 62.3 0.0 63.2 0,0
100 59,3 0.0 54,2 0.0 5146 0.0
125 55.9 0.0 48,1 0.0 46.4 0.0
160 47.5 0.0 39.0 0.0 39.4 0.0
200 44,2 0,0 35.3 0.0 37,0 0.0
250 . 45,64 0.0 36.2 0.0 37.4 0.0
z1 43,2 0.0 35.6 0,0 40,1 0,0
400 43.7 0.0 35, b 0.0 46,2 0.0
500 48,4 0,0 40,7 0,0 37,5 0.0
4630 47.3 0.0 41.5 0.0 35,4 0.0
800 40.6 0.0 X - X -
1000 41.7 0.0 % - % -
AVE ACCEL LEVEL (DR)- 81.6 74,4 ‘ o 72,2
AVE VELOC LEVEL (DR)  86.5 79.9 7441
AVE DISPL LEVEL (DEY 38.7 34,7 ' 3.6

ACCELERATION - IR RE 1 MICRO-G (RMS).
VELOCITY - DR RE 1 MICRO-INCH-FER-SECOND (RMS),
DISFLACEMENT — DR RE 1 MICRO-INCH (RMS)Y,

X - DATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR.
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TABLE 6. VIBRATION LEVEL DATA

DOT/TSC
. S 8/14/80
, 2ND-FLOOR LIVING ROOM
R44 TRANSIT-CAR FASSEY —~ EVENTS 14s44,49
" AVERAGING TIME 10 SECONDS TRACK NO. 2 8-CAR TRAINS
MID-FLOOR LOAD-REARING WALL
. VERTICAL-AXIS VERTICAL~-AXIS TRANSVERSE-AXIS
1/3-0CTAVE AVE ACCEL AVE ACCEL AVE ACCEL
"CNTR-FREQ LEVEL ST DEV LEVEL STU DEV LEVEL STD DEV
HZ 03] DR DR IR R DR
4 * - )« - \42;(..)#2 n..o4
5 . % .. - % - % -
6.3 40,0 0.6 34,2 0.9 34,8 1.4
e » 37.8 0.6 36.5 0. 44,3 G2
10 50,3 Ol 55, 1.0 B3R 0.8
12.5 9.2 0.2 49,4 0.7 47,2 0.8
16 h4.3 . 1.2 54,3 1.0 5L 8 0.7
20 : &663 0.1 57,9 0.1 59 .4 0.2
] 62,0 0.5 57,7 0.2 52,4 0.7
31.5 60.4 035 58,0 1.0 57,0 0.8
40 6246 0.6 H8,2 1.0 62, 1.1
50 . &s1l.1 1.0 &5 .3 1.3 [SER] Q.9
63 S4.4 0.6 55,1 0.6 60.8 0.4
80 51,7 0.8 48,9 1.0 S56.% O
100 46,5 0.8 1,1 0.9 5003 0.8
125 46.8 1.2 48,5 0.7 50,4 0,4
160 20,2 0.9 4244 0,2 44,4 0.3
200 3705 0,2 39.3 0.6 AL 0.3
250 42,3 0.7 25,9 0.6 41.8 - 0.4
315 47 .0 0.8 38.8 0.4 48,4 0.6
400 43,2 0.6 43,2 0.3 50,4 0.5
500 * - 39,4 0,3 35,4 0.3
630 * - 40.8 0.4 30.2 0.3
800 * - 33,5 0.3 X -
1600 * - P - X -
AVE ACCEL LEVEL (DRY 71.95 71,2 48.9
AVE VELOC LEVEL (DOR) 82,2 78,6 76.9
AVE DISFL LEVEL (DR) 41,1 37.7 26,9

ACCELERATION -~ DR Ré 1 MICRO-G (RMS).
VELOCITY - DB RE 1 MICRO-INCH-FER-SECOND (RMS).
DISPLACEMENT - DR RE 1 MICRO-INCH (RMS).

% - DATA AT OR BELOW INSTRUMENTATION NOISE~FLOOR.
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TABLE 7. VIBRATION LEVEL DATA

noT/TSC
8/14/80
2ND~-FLOOR DINING ROOM
R44 TRANSIT-CAR FASSBY ~ EVENTS 14,4449
AVERAGING TIME 10 SECONIDS TRACK NO, 2 8-CAR TRAINS
MII-FLOOR LOAD-REARING WALL
VERTICAL-AXIS VERTICAL-AXIS TRANSVERSE~AXIS
1/3-0CTAVE AVE ACCEL AVE ACCEL AVE ACCEL
CNTR-FREQ LEVEL STH DEV LEVEL ST DEV LEVEL STD DEV
HZ DR DR IR )] IR DR
4 * - b4 - * -
5 * - % - % -
6.3 38,5 0.5 41.5 2,1 43,0 Z.4
8 \59'1 0“5 -.5907 04-:.) 4202 O\\‘q'
10 40,9 0.8 42,7 0.2 44,5 0.9
12.5 45,7 0.7 49,7 0.6 49,3 G5
16 48,4 0.9 572, ) 57 .4 1.0
20 52.8 G.2 G 0.4 57,8 0.2
23 53.8 OO 59,1 0,7 o7, 0.4
31.5 53,2 0.7 &7.3 0.2 61.9 0.5
40 BG4 1.4 74,0 0.9 60,9 (O
50 G Y 0.7 71,0 Oo7 64,9 0.7
63 62,2 0.3 H8.9 0.3 473 0.4
80 5.4 0.4 &AL 4 [EJ H8. 4 06
100 53,8 0. b 60,8 143 1.4 0.8
125 Sé L 0.6 7 613 065 51,2 0.4
140 48,8 Oy 417 0.2 54,1 O
200 48,9 0.3 538 O 5.8 0.7
250 44,4 Db 53,3 0.2 48,4 0.5
315 43,3 0.9 51,5 Ol 45,4 0.0
400 374 0.8 Ad el 0.3 z8, 9 0.2
S00 3452 0.1 29,4 0,7 % -
630 33,0 0.l 35.6 Ooh % .
800 3L Ol % - % -
1000 34,1 0.1 % - % .
AVE ACCEL LEVEL (DR) bbb 778 71.8
AVE VELOC LEVEL (OR) 7.8 a2 77 H
AVE DISFL LEVEL (IIR) .1 6.2 I4H.0

ACCELERATION - IR RE 1 MICRO-G (RMS).
VELOCITY - DR RE 1 MICRO-INCH-FER-SECONLD (RMS).
DISFLACEMENT - DB RE 1 MICRQ-INCH (RMS).

¥ - DATA AT OR RELOW INSTRUMENTATION NOISE-FLOOR.
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TABLE 8. VIBRATION LEVEL DATA

DOT/TSC
. 8/15/80
CONCRETE FATIO -~ 3 FEET FROM FOUNDATION
R40/R42 TRANSIT-CARS FASSEY ~ EVENTS 2,10y28537,52
AVERAGING TIME 10 SECONDS TRACK NO. 2 10-CAR TRAINS
VERTICAL-AXIS TRANSVERSE~AXIS  LONGITUDINAL-AXILS
1/3-0CTAVE AVE ACCEL . AVE ACCEL AVE ACCEL
CNTR-FREQ LEVEL STD DEV LEVEL ST DEV LEVEL STII LEV
HZ IR uR jude] LR R DR
4 X - X - X -
5 X - *® - X -
6.3 44,0 2.5 42,0 1.4 X -
8 % - 39,1 1.3 X -
10 X - 41.3 1.0 X .-
12.5 45.3 2.6 47,2 0,7 40,0 1.8
164 5243 3.7 54,0 0.7 45,0 1.0
20 5747 3.4 Gh L0 0.9 50.8 0.8
25 61.6 2.5 58.64 1.5 49,9 1.1
31,5 6641 2.4 60,7 1.0 51.2 0.5
40 67 .4 2.9 55,7 1.0 54,4 1.7
50 71'1 3'7 64.7 101 5405 1;6
80 62.3 2.7 58,7 0.9 951.3 0.3
100 a8.3 2.2 54,8 1.2 48,3 0.6
125 57.4 2.8 5546 2.0 46,2 1.3
1&0 52.3 3+0 51,6 1.5 42,0 1.8
200 30.2 2.4 4641 1.2 40.4 1.0
250 46,7 1.9 41,2 0.7 35,4 0.4
315 X - 39.8 1.1 X -
400 X - 39.7 0.7 37.6 1.0
500 X - 36404 1.1 35,9 1.5
&30 ' X - 365.4 1.0 375 1.7
800 b3 - ' 36.9 1.2 3640 1.7
1000 X - 38.6 1.3 37.8 1.4
~ AVE ACCEL LEVEL (DIE) 73.95 70,1 L 61,7
AVE VELOC LEVEL (DE) 80.2 . 75.9 o 6746

AVE DISFL LEVEL (DE) 36.6 34,2 53,4

ACCELERATION - DR RE 1 MICRO-G (RMB).
VELOCITY - DE RE 1 MICRO-INCH-PER-SECOND (RMS).
DISFLACEMENT - DB RE 1 MICRO-INCH (RMS).

¥ - DATA ‘AT OR BELOW INSTRUMENTATION NOISE-FLOOR.
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TABLE 9. \‘/'I'BRATIONILEVEL DATA

DoT/TSC
B8/15/80
. 18T-FLOOR DEN
R40/R42 TRANSIT-CARS FASSEY - EVENT 52
AVERAGING TIME 10 SECONDS TRACK NO. 2 . 10~-CAR TRAIN
MII-FLOOR LOAN-BEARING WALL
’ ) VERTICAL-AXI VERTICAL=-AXIS TRANSVERSE-AXIS
1/3-0CTAVE AVE ACCEL ‘ AVE ACCEL . AVE ACCEL
CNTR-FRER LEVEL STD DEV LEVEL STD DIEV LEVEL STD DEV
HZ (}:] DR UE 133 1)) ]3]
4 X - . X - * -
5 X - X - X -
6,3 47.5 0.0 . 38.1 0.0 43.8 0.0
8 X - ' 35.6 0.0 40.7 0.0
10 X - 38.0 0.0 40,6 0.0
12,5 47.2 0.0 46,9 0.0 43,0 0,0
14 50.8 0.0 53.5 0.0 50.1 0.0
20 55,4 0.0 57,4 0.0 52.2 0.0
25 58.8 0.0 6140 0.0 S4.6 0.0
31.5 69.9 0.0 68.9 0.0 59,4 0,0
40 77.9 0.0 6641 0.0 62.1 0.0
=0 70.8 0.0 63,2 0.0 64,2 0.0
&3 66.8 0,0 64,5 0.0 65.9 0.0
80 62,6 0.0 59,6 0.0 61.7 0.0
100 57 .4 0.0 51,5 0.0 49.3 0.0
125 53.6 0.0 46,4 0.0 44,1 0.0
1L&0 45,7 0.0 37,7 0.0 38.8 0.0
200 43,2 0.0 35.4 0,0 365 0.0
?50 4207 OQO * b 3547 000
315 40.6 0.0 b - 39.6 0.0
400 _ 41,1 0.0 X - 45,0 0.0
500 46,3 0.0 38.4 0.0 35,5 0,0
630 43,9 0.0 38,2 0.0 X -
800 * - X - X -
1000 X - X - * -
AVE ACCEL LEVEL (DR) 79,7 73.0 ' ST 7045
AVE VELOC LEVEL (ORY 84,7 79.3 75,1
AVE DISFL LEVEL (LEB) 39.0 34.4 T T 34.1

ACCELERATION - DB RE 1 MICRO-G (RMS),
VELOCITY -~ DE RE 1 MICRO-INCH-FER-SECOND (RMS).
DISPFLACEMENT - DE RE 1 MICRO-INCH (RMS).

X - DATA AT OR RELOW INSTRUMENTATION NOISE~FLOOR.
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TABLE 10.

_2NID-

R40/R4“ TRANSIT CARS FASSBRY - EUENTS 39,

AVERAGING TIME 10 SECONDS
MID- FLOOR

T VERTICAL-AXIS
1/3-0CTAVE AVE ACCEL -

A

CNTR-FREQ LEVEL STh DEV
HZ IR IR
4 X -
5 X -
603 4006 001 .
e 37,9 0.8
10 49,3 1.3
12,5 58.0 1.1
14 63.8 1.3
20 64.4 0,1
25 . 62,0 2.8
31,5 59,6 1.2
50 60.2 1.4
63 52,9 1.1
80 50,5 0.4
100 45,8 0+4
129 . 46.3 1.3
160 40,2 1.0
200 38.6 0.6
250 43.6 1.4
315 48.0 0.6
400 45.0 0.8
500 ) 34641 0.3
630 375 1.9
80O ' X -
1000 ’ X -
E ACCEL LEVEL (DR)> 70.6
AVE VELOC LEVEL (DR) 81.2
AVE DISFL LEVEL (OR) 40,1

'VIBRATION LEVEL DATA

FLOOR LIUING RDOM

TRACK ND.'&

VERTICAL-AXIS

AVE ACCEL
LEVEL
DE

X
X
35.1
35.8
935
48,9
53.0
97,0
S56.8
S7.3
bé6.44
444,46
93.7
47 .7
49.8
47,9
41.95
392.3
36.1
39.6
45.2
42,6
44,2
36,2
31.8

PEROCOOC OO OO OCORRBRPEPOODOOO

LR I T R T S SR R I T IR SRS SN

ST DEV
R

CHLHWUINWOTIRNWCDRNROOWUTOH OND KO

-ACCELERATION - Uﬂ RE 1.MICRO—G (RMS) .

VELOCITY - IR RE 1 MICRO-INCH-FER-SECONID
NISFLACEMENT - DB RE 1 MICRO-INCH (RMS).

X - DATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR.
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noT/7sc
8/14/80

- 10-CAR TRAINS

_LDAD BEARING WALl

TRANSVERSE~AXIS

AVE ACCEL
LEVEL STD LEV

DB DR

* -

* ——
377 2.7
48.4 1.0
53.8 2.2
45.6 0.4
33.0 0.3
\J8 6 003
52.2 0.5
58.3 0.1
60.6 0.4
60.9 0.9
S52.2 1.1
5647 0.1
49.1 0.0
49,0 0.9
. 43.7 0.1
44,4 0.2
41.9 0.7
49.3 . 0.1
51.3 0.7
32,2 . 0.2
32.6 1.1
X -

* —
67.9
7635
37.5

(RMS)



TABLE 11. VIBRATION LEVEL DATA

LoT/TSC
8/14/80
”NB FLLOOR DINING ROOM
R40/R42 TRANSIT CARS FASSRY - EVENTS 20+39+5
AVERAGING TIME 10 SECONDS TRACK NO. 2 10~-CAR TRAINS
MID-FLOOR LOAD-BEARING WALL
VERTICAL-AXIS VERTICAL-AXIS . TRANSVERSE~AXIS
1/3-0CTAVE AVE ACCEL - AVE ACCEL T AVE ACCEL
CNTR-FRER LEVEL STD DEV LEVEL STh DEV LEVEL 8T DEV
HZ IR IR 1] OR IR i) 3]
4 X - X - X -
9] X - X - % -
6.3 38,1 1.9 37.9 1.6 37.0 2,9
8 3?.1 1.0 X - 32.5 0.9
10 41.4 0.8 35.5 0.7 40.3 1.6
12.5 42,3 1.0 42.3 1.2 42.7 1.3
16 47.9 0.7 47 .9 0.7 50.3 0.7
20 . S54.1 0.1 5146 0.2 93.2 0.3
:..)5 5500 006 Sdo._ 0‘3 5106 006 .
31.5 53.5 0.9 61,7 0.3 59.7 0.3
40 54.5 0.9 - 69,0 0.8 54.3 0.7
50 96.0 0.6 64,2 0.9 58.1 0.9
63 60.3 0.6 62,7 0.1 60,8 0.7
80 \J3 7 0.4 5706 0.3 \_J._.l 0.8
100 52‘5 003 34,3 007 4\Jod 0.4
s 55.1 Q.4 935 0.4 45.3 Q.9 -
160 48 8 004 \.16’.. 004 48o6 007
200 49.5 0.4 54.3 0.6 52.3 0.9
250 46.5 0.6 49.9 0.7 45.0 0.9
313 45.4 0.4 48.5 0,5 42.7 0.7
400 - 38.4 0,3 43.1 0.9 359 0.8
500 38.% 0.9 3644 007 X . -
630 . 365.6 0.8 X - X -
80O 35.4 1.3 % - X -
1000 37.7 1.2 X - X -
AVE ACCEL LEVEL (DR) 65.6 ' 72.2 655
~ AVE VELOC LEVEL (IE) 71.3 76.8 71.5
AVE DISFL LEVEL (DB> 30.8 31.0 30.5

ACCELERATION - IE RE 1 MICRO-G (RMS).
VELOCITY - OB RE 1 MICRO-INCH-FER-SECOND (RMS).
DISFLACEMENT - DE RE 1 MICRO-INCH (RMS).

% - DATA AT OR RELOW INSTRUMENTATION NOISE-FLOOR.
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TABLE 12. . VIBRATION LEVEL DATA

IOT/TSC
8/15/80
CONCRETE PATIO - 3 FEET FROM FOUNDATION
R27/R30 TRANSIT CARS PASSBY - EUENTS 1:14:16,27v31r34;43
AUERAGING TIME 10 SECONDS TRACK No. 1 a LAR TRAINS
VERTICAL-AXIS - TRANSVERSE~AXIS - LONGITUDINAL-AXIS
1/3 OCTAVE AVE ACCEL o AVE ACCEL : AVE ACCEL
CNTR-FREQ LEVEL  STDO DEV LEVEL  STD DLEV LEVEL  STD LEV
HZ IR og. DE- 2] IR IR
4 45,9 4.6 X - 37.1 7.4
9 X - b4 - % -
6'3‘ 460'7. 1~6 4109 ]té 36.1 . 3.9 .
8 X - 44.7. 0.8 36.2 0:8
10 * b 4606 008 39.3 ..0.6
12.5 C50.9 4,2 93,35 0.4 44,9 0.6
16 55,5 3.9 G97.8 Lel 49,9 2.1
20 63,9 3.6 66.8 1.5 53.9 0.7
25 63.9 1.8 6840 1.0 S4.1 0.4
31.5 70,1 2.0 70.2 0.3 57.4 0.5
40 74,9 2.6 71.6 1.1 59,1 1.2
50. 73.0 2.8 . 6640 1.0 57,2 2.0
&3 70.5 D47 85,3 0.8 55,4 1,7
80 » 66.8 2.6 65.8 0.8 57.8 1.8
100 66,0 2,7 &1.7 0.8 57.2 0.5
125 65,6 2.4 . 61464 1.0 51.3 1,0
140 61.1 2.8 59,5 1.0 49, 4 1.4
200 56 4 3,0 93,5 1.2 46,5 1,5
250 53, 1 2.4 1.1 1.1 41 .4 1.1
35 . 49,1, 2.5 4641 1.0 - 40,2 1.0
400 50,2 1.8 44,9 0.9 42,9 1.0
500 50,0 1.9 43,4 0.9 42,9 0.8
630 50,1 1.9 42.5 0.7 43,8 0.8
800 50.1 2.0 43,0 0.9 42,3 0.8
1000 48,6 1.9 44,2 1.0 . 43,3 - 1.0
AVE ACCEL LEVEL (DE) 79.7 ' CT7742 e bbb
AVE VELOC LEVEL (DE) B4.6 . 84,0 oo 72.9
AVE DISFL LEVEL (IR) 42.6 . 40,2 . L 33,7

ACCELERATION - DF RE 1 MICRO-G (RMS). .
- VELOCITY - DE RE 1 MICRO~INCH-FER-SECOND (RMS).
DISFLACEMENT —~ DB RE 1 MICRO-INCH (RMS).

% - DATA AT OR EELOW INSTRUMENTATION NOISE-FLOOR.
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TABLE 13. VIBRATION LEVEL DATA

DOT/TSC
8/15/80
18T-FLOOR LDEN
R27/R30 TRANSIT-CARS FASSRY - EVENT 53
AVERAGING TIME 10 SECONDS TRACK NO. 1 8-CAR TRAIN
MID-FLOOR LOAD-REARING WALL
VERTICAL-AXIS VERTICAL-AXIS TRANSVERSE-AXIS
1/3-0CTAVE AVE ACCEL " AVE ACCEL AVE ACCEL
CNTR-FREQ LEVEL STD LEV LEVEL ST DEV LEVEL ST LEV
HZ IR pije] LB Ik DR Jij2)
4 41.7 0.0 % - X -
5 % - * - X -
6543 49,6 0.0 43,7 0.0 43,9 0.0
8 42,5 0.0 39.8 0.0 43,5 0.0
10 43,9 0.0 42,2 0.0 43,4 0.0
12.5 50,9 0,0 49,8 0.0 48,9 0.0
16 49,8 0,0 52,9 0.0 52 030
20 5840 0.0 58,2 0.0 58,7 0.0
25 60,8 0,0 65,5 0.0 6444 0.0
31.5 73,2 0.0 73.5 0.0 65,7 0,0
40 80,9 0.0 70,9 0.0 68,9 0.0
=50 73,9 0.0 54,9 0.0 6747 0.0
&3 70,1 0.0 671 0.0 &9, 3 0.0
80 68.5 0.0 6346 0.0 65 .4 0.0
100 64,73 0,0 60.3 0.0 54,4 6.0
125 61,3 0.0 5.6 0.0 51,0 0.0
160 53,0 0.0 43.8 0.0 45,7 0.0
200 47,6 0,0 39,5 0,0 41.2 0.0
250 49,0 0,0 39.4 0.0 41 .4 0.0
315 44,0 0.0 37.9 0.0 43,3 0,0
400 44,4 0.0 372 0,0 48,46 0.0
00 50,9 0.0 41,7 0.0 33.8 0.0
630 49,0 0.0 44,3 0.0 38. 1 0.0
ROO 43,0 0.0 X - * -
1000 44,8 0.0 X - 2 -
AVE ACCEL LEVEL (LR) 82,7 ' 7741 7543
" AVE VELOC LEVEL {(OR) 87.6 83.3 80.5
"AVE DISFL LEVEL (IR) 42,6 38.3 T36.9

ACCELERATION ~ DE RE 1 MICRO-G (RMS).
VELOCITY - DE RE 1 MICRO-INCH-FER-SECOND (RMS).
DISFLACEMENT - DR RE 1 MICRO-INCH (RMS).

¥ - DATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR.
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" 'TABLE 14 VIBRATION LEVEL DATA

- “2ND-FLOOR LIVING ROOM

R27/R30. TRANSIT~CARS :FASSEY — EVENTS 12,25547,53

ACCELERATION - I'E: RE 1 MICRO-G (RMS). ‘ -
VELOCITY - DB RE 1 -MICRO-INCH-PER-SECOND (RMS).
DISFLACEMENT - DB RE 1 MICRO-INCH (RMS).

%X - DATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR. .
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noT/TSsc
8/14/80

8-~-CAR TRAINS

AVERAGING TIME 10 SECONDS . : TRACK NO., 1
", MID~FLOOR . LDAD~-BEARING WALL
- VERTICAL-AXIS ™ VERTICAL-AXIS TRANSVERSE-AXIS
1/3-0CTAVE .. AVE ACCEL o .AVE ACCEL : * AVE ACCEL
© CNTR-FREQ "LEVEL STO DEV LEVEL = STI DEV LEVEL STO DEV
- HZ ) DR 3] jid:] LR 13:]
4 X - X L - . X -
3 X - % - X -
6’3 40'3 2’2 3709 109 ' 4206 006 -
8 446. 4 1.0 44,2 0.9 55.3 0.5
10 52.4 1.6 55.1 1.6 Sé.6 1,3
12.3 99.2 0.4 49,3 0,6 30.0 0.6
16 64,5 0.6 54,5 0.2 5443 0.5
20 74.3 1.7 . 63.1 1.0 63.6 0.3
2 64,1 0.6 50.9 0.5 59.3 0.3
31.5 64.6 0.5 63.0 0.2 6646 0.5
40 65,2 1.2 70.5 0.9 66.0 1.1
50 61.8, 1.0 68.1 0.6 63,2 0.4
63 55,9 0.4 5640 0.5 6240 0.7
80 57.1 0.7 53.7 0.4 60,2 0.6
100 53,1 0.6 5642 0.5 54,0 1.0
125 51.4 0.5 53,0 0.9 55.5 0.4
160 45.4 0.7 47 .1 0.2 48,7 0.6
200 44,0 0.5 44,1 0.3 49,2 0.6
315 91,7 0.3 44,1 0.5 53.4 0.6
400 48,4 0.9 49,7 1.4 551 0.9
500 40.6 0.5 47,5 1.0 44,2 0.7
630 40.4 0.4 48.3 0.2 36.9 0.9
. 800 38.5 - 1.1 41.8 2,7 X -
1000 X - 3646 2.8 X -
~ AVE ACCEL LEVEL (DB)" 76.3 .. 74,0 72.8
© AVE VELOC LEVEL (DR) . 86.8 L. BO.9. 81.5
AVE DNISFL LEVEL (DER) 44,7 38.7 42,5



TABLE 15. VIBRATION LEVEL DATA

noT/TSC
8/14/80
2ND~FLOOR DINING ROOM
R27/R30. TRANSIT~CARS FASSRY - EVENTS 12,25,47,353
AVERAGING TIME 10 SECONDS TRACK NO.. 1 . 8-CAR. TRAINS
) MID-FLOOR ' LOAD-REARING WALL
. VERTICAL-AXIS VERTICAL~AXIS TRANSVERSE-AXIS
1/3-0CTAVE .AVE ACCEL AVE ACCEL : . - AVE ACCEL
CNTR-FREQ LEVEL STD LEV LEVEL STDL DEV LEVEL STD DEV
Y HZ OR DE DR e LR DR
4 32.4 3.2 - X - * -
5 30.1 0.6 X - X -
643 . 40,1 1.7 38.6 2.1 38.8 1.3
3 44.2 0.1 41.2 0.2 446, 4 0.3 -
10 45,46 0.5 41.7 0.4 4741 0.5
12,5 47 .2 0.4 46.1 0.3 46.6 0.2
16 52’4 0.8 50'8 008 5304 0.3
20 563 0.2 92.7 0.3 548 0.4
25 ) 98.2 0.2 55.8 0.6 39.3 0.2
31.5 98.7 0.2 68.2 0.8 42,3 0.6
40 62.1 0.4 75.1 0.5 63.7 1.0
S50 98,1 0.4 63.9 0.3 59,9 0.8
&3 éiOo.?y 1.1 &2.8 007 60,4 0.8
20 60,2 0.4 64,0 0.4 57, 4. 0.3
125 65.8 0.8 63.2 0.4 55,4 0.4
160 3841 0.8 41.0 0.9 54,5 0.5
200 S4eb 0.9 58.3 0.3 S58.7 1.5
250 49,9 0.4 4.5 1.1 50.5 1.5
315 ) 48 .8 O.é 31.3 0.4 446.3 0,2
. : 400 43,8 . 0.6 47 .6 0,4 39.8 0.4
N 900 45 .6 - 0.9 41.7 0.6 35.4 L0.R
' 630 41 .5 0.2 8.3 0.9 % R
800 40,1 0.8 . X - X -
1000 41.5 0.4 X - % -
© AVE ACCEL LEVEL (DR). 72.2 . 77,3 : LD 0.3
© AVE VELOC LEVEL (DR). 76,0 82,0 L a7
AVE DISFL LEVEL (IR ~35.8 ) 3545 ) S 35,4

ACCELERATION - DR RE 1 MICRO-G (RMS). . '
VELOCITY -~ DB RE 1 MICRO-INCH-FER-SECOND  (RMS).
DISFLACEMENT - OB RE 1 MICRO-INCH (RMS).

* -~ DATA AT OR RELOW INSTRUMENTATION NOISE-FLOOR,



TABLE 16. VIBRATION LEVEL DATA

noT/TscC

’ ’ 8/15/80
CDNCRETE PATIO - 3. FEET FROM FOUNDATIDN
oo R32 TRANSIT- CARS FASSBY - EVENTS ﬂo,41
AUERAGING TIME 10 SECONDS - TRACK NO. 1 ‘ 8-CAR TRAINS
7 7 .. VERTICAL-AXIS ~ TRANSVERSE~-AXIS  LONGITULINAL-AXLS
.1/3—OCTAUE' AVE ACCEL . - AVE ACCEL AVE ACCEL ’ .
" CNTR-FREQ@ ~ LEVEL ST DEV - LEVEL  STD DEV - LEVEL STD DEV
© HZ - DR IE DR g i} © DR :
4 45,8 1.4 . C38.3 1.2 40.0 2.2
5 42,4 1.2 37.7 1.3 39.8 0.3
&£.3 45.7 2.3 L. 47,5 1.9 46,5 0.8
10 . 44,7 2.4 52,6 1.8 54.7 . 0.4
12.5 50.9 3.9 60.5 . 2,9 99,5 0.1
14 55.9 . 4.4 65,0 2.4 63,7 2.3
20 0 64,3 3.1 74,9 2.0 68,4 0.6
ne 6347 2.1 72640 3.8 71.2 0.4
3195 ' 7101 204 77.7 3.0 7...0.. 006
- 40 - 75.5 - 2.1 78.3 2,4 73,9 1.3
50 72.5 2.0 - 73,2 3.0 71.8 02
63 49,4 . 1.8 72,0 2.9 72,1 0.4
- 80 _ 65,6 1.9 . 71.8 2.6 72.1 0.7
- 100 - 65.0 1.9 67,9 . 2.9 71.5 0.4
125 : 64.0 1.9 &67.7 - 3.4 65.8 0.1
140 o 60,2 1.9 65, 4- 3.5 64,2 0.3
200 - 546.5 2.1 60,3 3.6 61.5 0.3
250 52,8 1.8 57,5 3.5 5644 0.0
S 315 , 49.2 1.8 53.3 3.3 55.0 0.2
400 90.4 1.3 T 52,5 3.3 58,2 0.2 .
500 50,5 1.1 51.4 3.4 58.8 0.1
630 B 10 0.6 50,2 2.9 59.6 0.5
800 30.7 0.8 50.8 © 2.9 58.3 0.8
1000 ' 49,0 0.8 52.0 2.8 $9.0 0.5
AVE ACCEL LEVEL (LR) - 79.7 84,3 - . . ....81.4
AVE 'VELOC LEVEL (DR) " -85.0 S-S N N = I 4
AVE DISFL LEVEL (DE) 43.4 47,7 - 0 44,8

ACCELERATION - DB RE 1 MICRD-G (RMS). ~
VELOCITY - DB RE 1 MICRO~INCH-FER-SECOND (RMS).
DISFLACEMENT — DB RE-1 MICRO-INCH (RMS).

‘% - DATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR«
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TABLE 17. VIBRATION LEVEL DATA

noT/TSC
8/14/80
ONI-FLOOR LIVING ROOM
R32 TRANSIT-CAR FASSBY - EVENTS 19s59 -
AVERAGING TIME 10 SECONDS TRACK NO. 1- 8-CAR»10-CAR TRAINS
MID-FLOOR LOAD-BEARING WALL
k VERTICAL-AXIS VERTICAL-AXIS - TRANSVERSE-AXIS
1/3-0CTAVE AVE ACCEL AVE. ACCEL ~ AVE ACCEL
CNTR-FRER LEVEL STD DEV  LEVEL STD DEV LEVEL SThH LEV
HZ 1)) LE DR R , DR i} ]
4 * - X - X -
5 P - X .- X ~
6.3 41.3 . 0.0 39.5 0.1 43,1 0.8
8 46.8 0.0 44,1 0.7 5640 1.0
10 ‘ 53.1 0.0 55,2 1.6 57.1 0.8
12.5 61.2 0.0 50.0 0.8 50,0 0.7
16 64.9 0.0 54,6 0.3 5742 1.1
20 73.7 0.0 64.1 0.6 64,6 0.3
25 56.0 0.0 61,6 0.6 61.3 0.0
31.5 : 665 0.0 61.8 0.4 6745 0.8
40 : 65.2 0.0 70.2 0.8 6647 0.9
50 62,4 0.0 67,5 0.2 62,8 0.1
63 551 0.0 55,7 0.3 61,7 0.6
80 956.5 0.0 53,0 0.3 59,8 0.2
. 100 51,8 0.0 55,4 0.4 53,7 0.1
160 45.3 0.0 46,9 0.3 48,7 0ol
200 44,0 0.0 44,8 0.1 50,2 0.4
319 52,5 0,0 46,0 0.8 56,3 2.1
400 . 48,8 0.0 51.0 1.4 58,0 2.1
630 40.8 0.0 50,3 2.8 38,9 3.4
800 38,5 0.0 42,1 3.0 X -
1000 . X - 3741 2.5 X -
AVE ACCEL LEVEL (DE) 76.3 C73.8 . - S 73E
AVE VELOC LEVEL (DB) . 86.8 v 81.0 ' e BR.3
AVE DISPL LEVEL (DER) 44,9 © 29,0 A3

ACCELERATION - DR RE 1 MICRO-G (RMS).
VELOCITY - DR RE 1 MICRO-INCH-PER~-SECOND (RMS).
DISFLACEMENT ~ DB - RE 1 MICRO-INCH (RMS),

% - DATA AT OR EBELOW INSTRUMENTATION NOISE~FLOOR. .
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TABLE 18.

VIBRATION LEVEL DATA

2NL-FLOOR DINING ROOM

R32 TRANSIT-CAR FASSEY - EVENTS 19,59

AVERAGING TIME 10 SECONDS

MID-FLOOR
VERTICAL-AXIS
1/3-0CTAVE AVE ACCEL

CNTR-FREQ LEVEL STD DEV

HZ IR i3]

4 30,0 2.7

5 32, 0.1

6.3 41,0 1.2

8 4640 Le1

10 44 .9 2.3

12.5 T 47.4 0.4

16 52.9 1.2

20 335.9 0.6

25 57,4 0vé

31.5 . 58,4 0.8

40 41,64 0.1

50 5744 0.3

63 60.7 0.1

80 59,1 0.3

100 CHh.0 0.5

125 64 .8 Q.6

1460 5.1, Q.7

200 94.3 0.2

250 49 .5 0.3

315 48.35 0.1

400 4T 6 0.1

300 5.5 0.1

420 A1+ 6 0.7

8O0 37.8 0.3

1000 42,2 0.3

AVE ACCEL LEVEL (IR) 71.4

AVE VEILOC LEVEL (DR) 75.7

AVE DISFL LEVEL (DR? 35.9

TRACK NO. 1

8-CARs10-CAR TRAINS

LOAD-REARING WALL

VERTICAL-AXIS

AVE ACCEL
LEVEL
DR

X -
X
43.6
4646
48,0
H2.0
G649
G749
62.0
74.0
81.0
68.8
6({305
&85
71.4
68.3
b647
63.8
U246
5744
G343
47 .4
44,1
37,59

%

STL DEV
DR

3.8
0.6

o b oA

SO COCOOO RO

L © « o o » o 2 + + « « + + < =

O e N D DD BN

83.1

87.8

41.2

ACCELERATION - DB RE 1 MICRO-G (RMS).

VELOCITY ~ DB RE 1 MICRO-INCH-FER-SECOND

DISFLACEMENT - DR RE 1 MICRO-INCH (RMS),

¥ - DIATA AT OR BELOW INSTRUMENTATION NOISE-FLOOR.

38

DeT/TSC
8/14/80

TRANSVERSE-AXIS

AVE ACCEL
LEVEL
JH]

X
X
43,1
Gle7
52,4
5R.8
58,8
41.3
&4.7
48,1
68,5
s4,2
65,3
61.8
62,7
59,8
59,3
63.3
55,1
Sl
45,1
40.9
38,5
36.8
35

(RMS)

STh DEV
DE

COOOHOH O
L I T L L

.

SDOD D DD =

o)
I3

+

<
-
€8 =2 3
it

0.8
0.2
0.4
1.0
0.9
0,1
0.3
Qb
1.0
0.8
1.1

~N
&1}
[

81.8

40,6

-
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Pg’ / of 3
*  RAPID TRANSIT VIBRATION OBSERVERS LOG , Date Qug. /4, )980
Location /546 £/67% s, Bresklyn, NY _ Observer LsZoma so !

Event| Time Sga,-ﬁe Track [@arSf As%/;/:g. Remarks |
/130 R4A 4 é ' ‘ /7;’44/& 7 i Northlound Joeal
A 13.19:46| R4 2 /0 . AIA'TCJ Traek 2 .'/%rf/éoﬂm/ expless
3| E4ﬁ4/& ‘3 g /VU“-7 Track 3. 5&054/”":./ Expfes=
4 R43 | £ \ Tet 4. souttbbsond Joca/
5 [3:206 R4 /7 | & . = |
é 2303015 +/2 g0 2 Zrams arossed a7 s/fe
v R3P - |
s R44| 44 g |
9 RA%0A / | /0 '\ 2 Zrans

R42 2 | /0 )

70 7ayy I 4 Z

/! R%%a| 3| &

/21339 R7ms| 1| @

/3 13140 7%, | ?

)£ 13:45 | R4« A ¥ |Slews

/5 [3:40 | R42 / &

/6 13:53 | R42 2 | /0 |Shw

/7 | ,Q;&%o / /0 1 2 Zrams arossec/
RE2 £ /0 B at s/fe

)8 1355 R 3 | /0

/9 1402 | R32 / g

20 R%a| 2| /0

2/ Fo%asl 3 | /0

22 ez |R*%o 4 '3

23 R42 3 /0 | flat wheel/ om First car

24 R2%ol 7] &2 |

25 K%, / &

26 ki R, £ /0

a7 lg7 - R3¥2%, /| 70

29 R%%2| 3| /0
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' Pg A of 3 3
RAPID TRANSIT VIBRATION OBSERVERS LOG - Date 4“6 /4, /9?0 ‘

Locatlon 544 E/é 52,5522{4@, Z Observer ,D/éama.so

Event |- Time E‘ype Track. N(Q.arOfASpppggg o ‘Remarks
29| [R2%,.-/ &
-2 7 'Q"z%’o - ¢ 07
V2 B o PA A
- 320 - 1?1%0_ 7 20 |
- .33 .| R3® //3 S R ZLra/ns
34| - RA%| s | /o -
35| | R4 3! &
3¢,  |Rs| 4| /0
37 R#44| 2| &
- 32 |- R44.| 3 5
39 442 \R%%a| 2| /0
40| - RA%p| 4 &
411 |R%%, 3 /0 L
4o /a“/o -/ )0 |10 mph
. 43| |Rae | 3 F lomph | |
44| |R44 | 2| P lomh P«r?‘m//r Tosded
45| - R4o | . 3 /0 | - : Fu///.seoJ[J ax:/ 57.(:.”://::9_ :
44 |R3a | 4| 2 |
47 R2%0l 1| &
.48 . |rga| 3| 2| Fully seaied
4915060 REE | . 2| & :
50|80k 44%2 3. g . - | :

’ - &7 |50 22%0 “//3""”/0//0' | A Braems 0 L L
—Slleis Pl a2 [ ol | Brtedh deaded
- 53 15723 - R:%a e/ e 25;;.,9‘ /2-/‘7‘/4//)/ Sooded
. &4 15.28 -Rz%a 4| /0 | e Fu//y Joode d
55 |5:28 R*Y%al 3 | 0| - | Fulty Jeas/ed

N2 34%;4 A4/2‘ | . 2 Zrevas crossed a7 sile
57| R44. | 3 | . & lasmph| Folly feaded.
5@ Re%a| 3 | /0 Lasmph| Fully foacled
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RAPID TRANSIT VIBRATION OBSERVERS LOG Date 40; /4, /980

Location /54£é& £/& TH .S'é. , 55494454, AZ Y Observer D/Zfe Mo S o

Event | Time | T9be |Track Rsr8F /g/;pe/;oé : Remarks"
59 R3Q / JO P»rf}m/// Joadeo/
&0 R%g 3 /0 /fu//,v /oé.a/ea/
&/ R27% o 4 y Fu/ly Josded
£ 1542 24%3 2 g FrZoally /AAJ;J
63 15:42 R*%a| 4| /0 Folly fooded
6415140 R%%4| 3| /0 Fully foaded
s5lsae R30d 7/a |77/7 2 e EN e
¢ Ra%p| 3| & Fully loaded B
47| Ra%%0 4 g Fu//y /aaq/ec/
7 R g9 1| & |Shw | Emply
49 Razeol 1| /o BrZially /foaded -
70 Raze,l 4| /0 Fully foaded '
7/ ‘Qa%o 3 /0 Fully loaded .
7A15:59 | R34 4 g Trews» 57‘o,ape</
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. Pg_/ / of A Q
RAPID TRANSIT VIBRATION OBSERVERS LOG Date /40

e T 5 J¢
_ Location AS€é4 £/4 TH ' SZ. N 5ceegf den, Y Observer DiZloma. so
Event | Time Eype Track I\Iear Asp;fggg Remarks
/ 22730 - ) gl
2 K% 2| & Fully loaded
_ 3 R2%el 4| & /;%Zf— |
4 R44 3 & |"5r
& Ri%o| 4| 2 V135°
4 R32 / & i)
A R9%1 21| 20 lomph Folly loaded
- R44 | 3| P3¢
9 R3¢ / & liomph Fully Joaded
0l R%za 2l J0lisweh|  Fully Jeaded
// Razza 4 g ysmph Emply
/2] Ragil Al 10532 Folly loaded
/3] Ry 3| Jopsmph| Emply
/4 Ra%bo| 1| Buswph |  Emply
15 R4 4 2 g lomph | Fully foaded
/6 RA%%0 / 8 5 mph ”
)71 R#4| 3| g%
)8 R44 | 2 $ Us mph Fully lfooded
19 Re%a) 3| 10 %R% |
20 R32 /| & lismph| _ »
At Raso| 4| 10 faomph| -
g7 R3%, )L o lisweh PorTially looded
23 Ra%o| 2| 1o 580 | Fully Joaded .
A4 R33 4| & lasweh|  Emply
25| R27%s ARG AR
26 R4 | = 3| Flasmph| - -
aal gl [ plma | Eeetr
A% R%%2 2| 10 [/omph Fully loaded
29 R9%al 2] 1olismsh|  Bartially leaded
30 3| Josmph
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pg 2 of_ 2

Ceation s RAPID TRAI\;SL{IT VIBRATION OnggzgserOGlé D:t-f Wg
Event| Time Siazge Track’ N8a g 'ggg'e.fix | “ Remarks
31 _|R2Z, } | & lismph Portiolly foaded
32 |R4a| 3| & |
. 33] R44 2| 2 |ismph Fully /oo.;/ec/
34 |R*mp| & |20 mph
35 R44 3| & |aswph Empty
34|  |R42 4| & |aowmph Emptly
37 Rq-o,/4:k A i Mmph Fu//y' /pmc/e.J
38 R4 4 3 g 2smph|  Empty
39 Ré% a 4 /0 |25 mph Empty B
4“9 'Qajgp 4 /0 ' £5wp79’ -
4-{ R32, / g Fully Joaded -
42 R4 A g - Folly Jfesded
43 R4 3 /0 Portoally /oaded
4.44 JQ4221 / & |20 mph Emply ‘
45| Re%a 31 /0 Lasmph Lmply
44 Rz 4| & lasmph |  Emp7y
471 R4 2 & lromph Emply
4-7 R%%a. / S |aomph Emp)()’ -
49 R"%o - Y zomph Emp)ly
LY R44 2 g lismh | Purtsally foaded
Sl R4oL 3| /o |asmph Emply
5 Raggal 2|  10lackph|  EmpPy
53 R27%5s ]| g _AE%@DZV
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