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ABSTRACT

The results of some preliminary measurements of groundborne
vibrations caused by passing freight trains in the Mont St, Hilaire,
Québec area are reported. The measured levels are compared to some
existing criteria on human exposure to building vibrations to judge the
severity of levels before taking any remedial action. The results indi-
cate that the levels exceed the criteria set by ANSI and other standards
for human exposure to building vibrations. However, the levels do not
indicate any apparent danger to buildings based on an existing criterion
for building damage.

RESUME

Les résultats de certaines mesures préliminaires de vibrations
transmises dans le sol par des trains de marchandises & Mont St. Hilaire,
Québec sont dévoilés. Les niveaux mesurés sont comparés a certains
criteres existants sur 1'exposition de l'organisme humain & des vibra-
tions dans des batiments afin d'évaluer 1'intensité des vibrations avant
de prendre des mesures correctives. Les résultats montrent que les
niveaux dépassent les seuils établis par 1'ANSI et d'autres normes
d'exposition de l'organisme humain aux vibrations dans des batiments.
Cependant, les niveaux ne présentent aucun danger apparent pour les
batiments d'apres un critére existant sur les dommages causés aux
batiments.

- iii -
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PREL IMINARY MEASUREMENTS OF GROUNDBORNE VIBRATIONS
PRODUCED BY PASSING FREIGHT TRAINS IN MONT ST. HILAIRE, QUEBEC

1.0 INTRODUCTION

From time to time, the Canadian Transport Commission has
received noise and vibration complaints from residents living in close
proximity to railway tracks. These complaints pertain to passing
freight trains, which are allegedly causing structural damage to homes,
rattling windows, etc., besides interfering with normal residential
activities. Most of the serious complaints are of transmission of
groundborne vibrations to adjacent buildings, with some limited concern
about noise.

One of the two outstanding complaints is from the residents
of Mont St. Hilaire, regarding vibrations caused by eastbound passing
freight trains from the adjoining CN track. Complaints have increased
since the fall of 1983, when Canadian National Railways replaced the
jointed tracks with continuous welded rails. The residents claim that
there has been a sharp increase in the magnitude of vibrations. The CTC
is interested in finding out the cause of this increase in the vibration
levels in order to recommend remedial measures.

Vibration complaints are subjective, and therefore some
Jjudgement in deciding whether ar not there is a problem is required.
This should be measured against some criteria or standards. There is
no legislation in place governing acceptable noise or vibration levels
for residential property adjacent to railway tracks. 1In response to a
request from CTC, NRC has undertaken the task of measuring vibration and
noise levels caused by passing freight trains in the nearby residential
areas, in order to compare these readings against some recognized
standards.

This report presents the results of preliminary vibration
measurements carried out on a residential property in the Mont St.
Hilaire area in order to check the appropriateness of instrumentation
and procedures for measurement and analysis. These results are a
prelude to more detailed measurements which will be carried out later.

2.0 INSTRUMENTATION AND MEASUREMENT PROCEDURE

The ground vibration measurements were carried out on 19 June
1985, at the CN Rail property line bordering the residential property
of 60 Provencher Street, Mont St. Hilaire. Noise measurements are
straightforward; they can be done with a single microphone mounted at a
certain height above ground level. However, the measurement of ground
vibration is a complex procedure with the resultant vibration signatures
depending strongly on mounting techniques. A variety of transducer
mountings have been proposed and used for the measurement of groundborne
vibration. Detailed descriptions of these mountings are given in
References 1 and 2.
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Four different mountings, shown in Figure 1, were used in the
present measurements in order to evaluate their relative performance.
These mountings were expected to give reliable accuracy in the frequency
range 0-600 Hz.

The following vibration measuring instruments were used:

4 accelerometers: 1 Bruel & Kjaer, type 4321
2 Bruel & Kjaer, type 4371
1 Bruel & Kjaer, type 4334

4 charge amplifiers Bruel & Kjaer, type 2635

1 FM tape recorder Bruel & Kjaer, type 7003

- 1 accelerometer, calibrator Bruel & Kjaer, type 4291

1 Sony oscilloscope, Model 326.

The vibration measuring systems were calibrated by using
the calibrator to establish reference levels gn the recording_tapes.
The transducers had sensitivities of 1 pc/ms=“ and 7.1 pc/ms=“ which
resulted in low recorded signal levels. Therefore, in order to obtain
better signal/noise ratios, high sensitivity accelerometers are recom-
mended for future measurements. Recording of the measurements was
started when the train was well down the track and continued until it
had passed the measurement site.

The recorded tapes were analyzed using Bruel & Kjaer Real-
time 1/3 Octave Analyzer, type 2131. Block diagrams for the measuring
and analysis instrumentation are shown in Figure 2.

3.0 RESULTS AND DISCUSSION

The object of the measurements was to compare the measured
vibration levels against some known standards or criteria, as there are
no existing regulations in Canada specifically governing allowable
vibration levels for residential property adjacent to railway tracks.
There are some relevant applicable guidelines on noise levels, which are
simple and straightforward, but the available relevant standards on
vibration levels are complex, requiring the use of complex instruments
to measure and analyze the data.

There are IS0 and ANSI standards on building vibration limits
as they affect humans within buildings. They also specify the magnitude
of vibrations which humans will perceive and react to. One of the
problems in evaluating vibration levels is the lack of a universally
acceptable single number descriptor analogous to A-weighted sound level.
Human response to vibration is described in terms of acceleration or
velocity. Many experts feel that human response to velocity is better
correlated than acceleration, which is very non-linear. Most of the
existing standards are in one-third-octave levels.
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Vibration limits required to produce damage to buildings are
generally much higher than those that could be tolerated by humans.
ANSI criteria [Ref. 3] for evaluation of human exposure to vibration in
buildings is much lower than the criteria for minor damage to buildings.
However, once the residents start to perceive uncomfortable levels they
react and fear damage to the building structure,

There were no significant differences in the performance of
the four mountings used in the tests, Therefore, the results are
presented only for one mounting (Number 3), shown in Figure 1. Vibra-
tion measurements for three east bound freight trains were made. Since
there were noticeable differences in the signal levels between the loco-
motive and the freight cars, the signals were analyzed and presented
separately. This procedure was suggested by Wilson [Ref. 4] during the
discussions at the Toronto meeting. The time trace of the acceleration
levels in Figure 3 shows that the amplitude levels for the locomotive
were higher than those for the freight cars.

Average velocity levels for three freight trains, differen-
tiating between the locomotive and the freight cars, are presented in
Figures 4 to 9. ANSI base response velocity levels [Ref. 3] are super-
imposed on the same plots. No attempt has been made to modify the base
response levels by multiplying factors, taking into account the time of
day, building type and source characteristics. Since the freight trains
operate during the night, the multiplying factor is taken as 1 for a
good residential neighborhood. The ANSI standard defines acceptable rms
vibration velocity levels, in the frequency range 1-80 Hz before causing
annoyance. In the Figures, ANSI levels are presented in decibel units
referenced to 1 uin/sec velocity as given in Ref. 1. The Figures show
that the average levels produced by the locomotive are generally higher
than the levels of the freight cars. Vibration velocity levels are
prominent in the frequency range of 4-12 Hz, and are generally higher
than the baseline levels of ANSI by 10-20 dB in the frequency range
5-8 Hz. The peak levels for all three trains appear to be in the
sensitive frequency band of 6.3 Hz. Also shown in the Figures are
the integrated velocity levels from 4-160 Hz, as suggested by Wilson
[Ref. 4], which are in the range of 92-100 dB referenced to 1 uin/sec
velocity. These levels are approximately 20-30 dB higher than the
suggested criteria for rail transit by Wilson, 69-79 dB re 1 uin/sec.
The above two comparisons indicate that there is a vibration problem at
this site.

One of the attempts in the development of a universal vibration
descriptor is the weighting curve proposed by the CHABA Working Group 69
Report [Ref., 1]. The CHABA weighting curves, in one third octave band
levels, and in the frequency range 1-80 Hz [Figure 10] provide levels
proportional to velocity at high frequencies and proportional to accel-
eration at low frequencies., Using these weighting levels, integrated
overall velocity levels were computed for the three trains which are
described in Table 1. Figure 11 (taken from Ref. 1) shows the building
occupant response as a function of the weighted vibration level of the
floor during transit train pass-bys. The calculated weighted overall
velocity levels shown in Table 2 are in the range of distinctly percep-
tible to disagreeable levels [Figure 1]. The barely perceptible levels
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are in the range of 70 to 80 dB re 10-% m/s. Measured vibration levels
at the site exceed this range by more than 20 dB.

The results presented in this report are based on a limited
set of measurements using low sensitivity accelerometers and therefore
should be treated with caution. The objective of this exercise was to
check the appropriateness of measurement instrumentation and procedure.
Elaborate measurements at a number of sites in the area are necessary to
confirm the results. Further measurements are planned in the very near
future using higher sensitivity transducers.

The complaints from the area are related to building vibration
causing damage to the building. The CHABA report [Ref. 1] tends to
suggest that it is realistic to maintain a criterion at 2 in/sec peak
particle velocity, which corresponds to an overall vibration velocity
level of 123 dB re 1.0 uin/sec velocity. The total levels computed are
far below this number suggesting there should not be any apparent damage
to the building structure.

4.0 CONCLUSIONS

Some preliminary groundborne vibration measurements, carried
out in the Mont St, Hilaire area, indicate the groundborne vibration
levels exceed recommended criteria for human exposure as set by ANSI.
The vibration velocity levels exceed, by nearly 20 dB, the threshhold
levels set for human response, indicating there is a vibration problem
caused by passing freight trains. However, the measurements do not
indicate any apparent danger to buildings, based on criteria for
building damage.
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DETAILS

(Dimensions are in mm)

(1) 10%1I5 dia. top plate, SX40X I50 T section legs

(2) 50 die. X 300 long solid cone
(3) 10 X 50 dia. top plote,5X 30

O long tapered plate welded to form - section

(4) 10X 90 plywood plate, nails SO 8 75 long

Figure 1:

Vibration Transducer Mountings
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INSTRUMENT CONFIGURATION FOR FIELD MEASUREMENTS

11 i FM TAPE RECORDER
1 1 BRUEL & KJAER 7003

OSCILLOSCOPE

r
CHARGE AMPLIFIERS
BRUEL 8 KJAER 2635
[ | |
ACCELEROMETERS
BRUEL 8 KJAER
() (2) 3) (4) MOUNTS (1) to (4)
SETUP FOR ANALYSIS
== i
FM TAPE RECORDER  I/3 OCTAVE ANADZER  DESKTOP DIGITAL PLOTTER
COMPUTER
B&K 7003 BaK 213l HP 9825 HP 9872

Figure 2: dlock Viagrams of Vibration Measuring System and Analysis
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TABLE 1

Freight Train Details

TRAIN 1
Type:
Direction:
Time:
Speed:

Engine #:

TRAIN 2
Type:
Direction:
Time:
Speed:

Engine #:

TRAIN 3

Type:

Direction:

Time:
Speed:

Engine #:

freight
Eastbound
Approx. 1030
26-29 mph

Unknown

Freight
Eastbound
Approx. 1430
32-36 mph

9425

freight
Eastbound
1710
29-33 mph

2553
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TABLE 2

Weighted Overall Velocity Levels

Levels are in dB8 Ref. to 1 x 10-% m/s.

Train 1 Engine 106 dB

Train 106 dB

Train 2 Engine 105 dB

Train 99 dB

Train 3 Engine 102 dB

Train 98 dB
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