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Summary

The assessment of vibration measured at 69 Gogh Road shows that the current exposure to vibration
generated by the railway is at alevel considered to be perceptible. However, it falls below the criteria
for annoyance defined within British Standard 6472 ‘ Evaluation of Human Exposure to Vibration in
Buildings (1 Hzto 80 Hz)'.

The Standard provides a method for estimating Vibration Dose Values that can be used to calculate the
change in impact due to an increase in the frequency of vibration events. The cumulative level of
exposure to vibration following the introduction of passenger services has been estimated assuming
that each rail movement generates the same level of vibration as an individua freight train under the
existing conditions. This considers very much a worst-case scenario. The significance of this has been
shown to be below that considered to have alow probability of adverse comment.

The proposed Aylesbury Vale Parkway scheme includes improvements to the permanent way that are
expected minimise the sources of vibration, particularly the replacement of the existing jointed rails
with continuous welded rail.

Therefore, the impact of railway vibration following the introduction of passenger services and the
improvement of the permanent way is expected to remain low according to the criteria set out in the
Standard.
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1 Introduction
1.1 Purpose of the Investigation

The proposed introduction of passenger railway services between the existing Aylesbury station and
the proposed Parkway station would intensify the use of an existing railway corridor. The route lies
within the residentia areas of Fairford Leys and Haydon Hill and is currently used by freight traffic
only, with up to six movements a day.

The impact of vibration experienced by residents in dwellings close to railway has been raised as a
concern by aresident of Gogh Road in Haydon Hill.

The purpose of this investigation is to establish the significance of the level of vibration currently
generated by the use of the railway and received at dwellings on Gogh Road, and estimate how the
impact may change following the proposed changesto the railway.

1.2 Railway Vibration

The passage of railway vehicles may be a source of ground-borne vibration that is perceptible at the
wayside or within nearby dwellings. Vibration arises from dynamic forces at the wheel/rail interface.
The main mechanisms of railway vibration are:

Impacts at rail joints or dueto irregularities on the wheel or rail running surfaces.
Deformation of the permanent way under moving loads.
Whed/rail roughness, wear and rail corrugation.

The passage of railway vehicles over uneven track may give rise to dynamic forces acting on the rail,
which are transmitted by the track fastenings into the sleepers, the track support (e.g. balast), the
formation and into the surrounding ground.

Typicaly, railway vibration is a low frequency phenomenon with most energy concentrated between
1 Hz and 80 Hz.

S2
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2 Assessment Methodology

2.1 British Standard 6472

The measurements and assessment were carried out using the guidance described within British
Standard 6472 Evauation of Human Exposure to Vibration in Buildings (1 Hz to 80 Hz) (1). The
revision of this Standard is imminent.

BS 6472 describes two approaches in assessing vibration within buildings againgt criteria for the
human response to vibration.

Peak particle velocity — useful in determining the significance/perceptibility of individual
events.

Vibration Dose Vaue — useful in quantifying the impact of multiple occurrences of a discrete
event within over a given period of time in assessing the likelihood of adverse comment.

The criteria are given as levels of equal annoyance referred to as ‘ satisfactory vibration magnitudes’,
and are specified in the horizontal (x and y) and vertical (z) axes. Separate assessment criteria are
defined for workshops, offices, residential and critical working areas (e.g. hospital operating theatres
where low levels of ambient vibration are required).

The Standard identifies three types of vibration:

Impulsive — rapid build up and decay with a single peak or multiple peaks of a maximum
duration of 2 seconds.

Continuous — uninterrupted exposure during a 16-hour day or an 8-hour night time period.

Intermittent — not clearly defined in the Standard but the assessment of Vibration Dose Values
is associated with the limits and thresholds of continuous vibration.

The vibration from the railway is considered to be intermittent. The criteria for continuous vibration
are lower than those given for impulsive vibration and are adopted here to ensure a conservative
assessment of the impacts.

The minimum criteria for residential buildings are for the night period (referred to in the Standard as
Curve 1.4) and are given in Table2.1 below. The night period is defined in BS 6472 as an 8-hour
period of 23:00 to 07:00. As residents may be exposed to railway induced vibration within this period
(see Table 3.3) these criteriawill be used in accessing significance.

BS 6472 describes the calculation of Vibration Dose Vaues from the measurement of vibration
acceleration. The estimated Vibration Dose Vaue is the level of vibration normalised to a one second
period that is of equal severity to the measured vibration over the entire period of the event. Thisis can
be used to estimate and assess the impact of a given number of events. The criteria for assessing
Vibration Dose Values correspond to the likelihood and degree of adverse comment. These are
reproduced fromin Table 2.2.
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Table 2.1: BS 6472 Satisfactory Magnitudes of the Peak Particle Velocity of
Continuous Vibration for Residential Buildings during the Night Period

1/3 Octave band Centre Peak particle velocity [m/g]

Frequency [HZ] x- and y- axes z axis
1 3.15x 10° 1.13x 10°
1.25 2.25x 103 9.00 x 10*
1.6 1.55x 10° 7.03x 10*
2 1.11x 10° 5.63 x 10*
25 7.97x 10 5.63 x 10™
3.15 5.63x 10™ 5.63 x 10*
4 3.93x 10™ 5.63 x 10*
5 3.15x 10™ 5.63 x 10*
6.3 2.51x 10™ 5.63 x 10*
8 1.97 x 10™ 5.63 x 10*
10 1.97 x 10* 5.63 x 10*
125 1.97 x 10™ 5.63 x 10*
16 1.97 x 10* 5.63 x 10*
20 1.97 x 10™ 5.63 x 10*
25 1.97 x 10* 5.63 x 10™
315 1.97 x 10™ 5.63 x 10*
40 1.97 x 10* 5.63 x 10™
50 1.97 x 10™ 5.63 x 10*
63 1.97 x 10* 5.63 x 10™
80 1.97 x 10™ 5.63 x 10*

Table 2.2: BS 6472 Vibration Dose Values Above Which various Degrees of Adverse

Comment may be Expected in Residential Buildings

Place Vibration Dose Values [m/s""]
Likelihood of adverse comment
Low Possible Probable
Residential buildings 0.2t00.4 0.4t00.8 08016
16 hour day
Residential buildings 013 0.26 051
8 hour day

2.2 Threshold of Perception

The human perception of vibration in the vertical axis occurs at peak particle velocities of between
0.14 and 0.3 mm/s at frequencies between 8 and 80 Hz (2).
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3 Baseline Conditions
3.1 Measurement Location

Measurements were conducted at 69 Gogh Road as shown in the map at Figure 3.1. It is a detached
property built in the early 1980s. The property is at the end of a row of houses with the rear facades
facing onto the railway. The current owners are Ken and Shirley Browne — the sole occupiers since the
property was built. The residents were not the originators of the initial concern raised about vibration,
and 69 Gogh Road the lies furthest from the railway compared with the other houses on the row.
However, the Brownes have become increasingly annoyed by vibration from the railway.

Figure 3.1: Map Indicating the Measurement Location
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3.2 Resident’s Observations

The residents reported perceivable vibration in all parts of the house but particularly on the side of the
house facing the railway and on both the ground and first-floor levels. Vibration levels were perceived
to be more prominent in the lounge area. There was no evidence of structural damage to the building.

The level of vibration has been observed to increase during hot spells when the ground dries out. The
present measurements were conducted after periods of heavy rain and the level vibration induced by
the railway at the time of the measurement was described as the residents as being relatively low. The
park areato the north of the property is prone to flooding and although it was quite boggy it was not
flooded at the time of the measurements.

The residents commented that the trains may at times travel at relatively high speeds, judged to be
above the line speed of limit of 30 mph.

3.3 Railway Operations

The railway adjacent to 69 Gogh Road runs on an embankment with the top of the nearest rail roughly
3 metres above ground floor level. The track is made up of jointed flat-bottomed rail (rail lengths of
approximately 16 metres) on wooden bearers and ballast. The rails visibly sag at down at the joints,
which may induce vibration.

The railway is currently used by freight traffic only. The trains transport waste from London for
disposa at the Shanks and McEwan Waste Termina at Calvert approximately 10 miles north-west of
Aylesbury. Therefore, the vehicles of trains heading northbound are loaded and the southbound trains
are returning empty. The resident observed that occasionaly the trains may have a locomotive
attached at each end of the train.

There are 6 booked freight moves between 13:40 and 23:18, weekdays only. However, the residents
reported that trains also ran at weekends to the same pattern. The residents of 69 Gogh Road kept a
record of movements during the day following the vibration measurements (3). These are given in
Table 3.3 below.

Table 3.3: Train Movements Noted by the Residents of 69 Gogh Road

Northbound Southbound
13:45
16:40
18:36
19:36
21:00
23:15
S6
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4 Measurement Results
4.1 Procedure

The measurements were conducted during the afternoon of Thursday 15" February 2007 at the rear
facade of the house that faces onto the railway, as shown in Figure 4.2.

Figure 4.2: Rear Facade of 69 Gogh Road

The vibration sensor was placed on a doorstep that is attached to the foundation of the rear wall,
shown in Figure 4.5 and described in Table 4.4, at a plan distance of approximately 37 metres form the
nearest rail. The measurement equipment used was a Syscom Recorder MR2002-CE (serial number
711 ZC-226) with MS2003 sensor (seria number 386 ZC-212).

Table 4.4: Orientation of the Vibration Sensor

Channel Sensor axis Orientation

1 X Parallel to rear fagade of the building with +ve in north-west direction
2 y Perpendicular to rear fagade of the building with +ve towards the railway
3 z Vertica with +ve upwards

S7
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Table 4.5: Position of Vibration Measurement Equipment

During the survey there were two northbound freight train movements. Each train comprised one
Class 66 diesel locomotive hauling freightliner vehicles — with each freightliner vehicle carrying three
containers. The first train passed the property at 13:47 with 17 freightliner vehicles, and the second
passed at 16:37 with 20 freightliner vehicles.

4.2 Subjective Assessment
During the train passages, low levels of vibration could be felt when standing on the patio. There were
no audible effects e.g. rattling.

4.3 Peak Particle Velocity Time Histories

The acquisition of the time histories was made using a 160 Hz low pass filter. The measurement data
is processed using VIEW 2002 Data Analysis Software version 3.1. Peak particle velocity time
histories in the three orthogonal axes are shown for the first train in Figure 4.3 and the second in
Figure 4.4.
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4.3.1 Train 1

Figure 4.3: First Train — Northbound Class 66 Locomotive and 17 Freightliner Vehicles
Fully Loaded

Figure 4.3 shows concatenated results compiled from the results of two consecutive measurements.
There appears to be a gap of one second between the end of the first sampling period and the
beginning of the second which may have been created by an error in applying the time stamp.
However this would not affect the analysis of data.

Table 4.6: Overall Vibration Characteristics of the First Train Passage

Axis Peak particle velocity [mm/s] RM S [mm/g|
X 0.328 0.0507
y 0.505 0.0873
z 0.437 0.0798
Vector sum (maximum) 0.577 -
S9
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4.3.2 Train 2

Figure 4.4: Second Train — Northbound Class 66 Locomotive and 20 Freightliner
Vehicles Fully Loaded

Figure 4.4 shows concatenated results compiled from the results of two consecutive measurements.

Table 4.7: Overall Vibration Characteristics of the Second Train Passage

Axis Peak particle velocity [mm/s] RM S [mm/g|
X 0.260 0.0587
y 0.400 0.0953
z 0.345 0.0790
Vector sum (maximum) 0.466 -
S-10
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4.4 Spectral Characteristics and Comparison with Satisfactory Magnitudes

The measured vibration in the x, y and z axes (see Table4.4) are compared with the satisfactory
magnitudes defined in BS 6472 for continuous vibration during the night period (see Section 2.1). The
second part of the measurement made during the passage of the first train has been used in
determining the one-third octave band spectra presented in Figures 4.5 to 4.7. The second part of the
measurement made during the passage of the second train has been used in determining the one-third
octave band spectra present in Figures 4.8 to 4.10.

441 Train 1

Figure 4.5: Measured Maximum Peak Particle Velocity - Train 1 ‘X’ axis
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Figure 4.6: Measured Maximum Peak Particle Velocity - Train 1 'y’ axis
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Figure 4.7: Measured Maximum Peak Particle Velocity - Train 1 ‘z’ axis
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4472 Train 2

Figure 4.8: Measured Maximum Peak Particle Velocity - Train 2 ‘x’ axis
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Figure 4.9: Measured Maximum Peak Particle Velocity - Train 2 'y’ axis
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Figure 4.10: Measured Maximum Peak Particle Velocity - Train 2 ‘z’ axis
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45 Vibration Dose Value

The period of al measurements that gives the highest Vibration Dose Value is used to determine the
likelihood of adverse comment according to the BS 6472 criteria (see Table 2.2). The results of this
assessment are given in Table 4.8. The Vibration Dose Vaueis calculated for:

1 passage — the sample measurement.
6 passages — atypical 16-hour day under existing rail traffic.

74 passages — corresponds with the total number of rail movements in a 16-hour day under the
proposed scheme. Assumes as worst case that the passage of trains (passenger or freight)
generates an equal level of vibration as measured i.e. afreight train on jointed track.

Table 4.8: Summary of Vibration Dose Value Calculations

Parameter Value
Root-mean squared acceleration [M/s’ 0.0076
Duration of exposure [s] 55.2
Vibration Dose Value — 1 passage [m/s"”] 0.029
Vibration Dose Value — 6 passages [m/s""] 0.045
Vibration Dose Value — 74 passages [m/s""] 0.083

Table 4.8 shows that the calculated Vibration Dose Values dl fal below the minimum level of
0.2 m/s*"™ corresponding with the low probability of adverse comment. It is also below the night time
level of 0.13 m/s"".

4.6 Discussion

The results show that the levels of vibration measured for the current investigation are levels
considered to be perceptible but below the adopted criteria of satisfactory magnitudes defined within
BS6472. The main frequency components are in the 5Hz and 6.3 Hz one-third octave frequency
bands. The largest component, observed during both measurements, was in the horizontal direction,
perpendicular to the railway.

4.7 Limitations of the Measurement and Assessment

The measurements were limited to a single measurement position as only two train passages occurred
within the time available to conduct monitoring.

The measurement location was not made at the residentia property on Gogh Road that is the closest to
the railway.

The received levels of vibration are likely to be influenced by the variation in factors such as train
speed, vehicle load, and with ground conditions (e.g. moisture).
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5 Conclusions

The assessment of vibration measured at 69 Gogh Road shows that the current exposure to vibration
generated by the railway is at alevel considered to be perceptible. However, it falls below the criteria
for annoyance defined within British Standard 6472 ‘ Evaluation of Human Exposure to Vibration in
Buildings (1 Hzto 80 Hz)'.

The Standard provides a method for estimating Vibration Dose Values that can be used to calculate the
change in impact due to an increase in the frequency of vibration events. The cumulative level of
exposure to vibration following the introduction of passenger services has been estimated assuming
that each rail movement generates the same level of vibration as an individua freight train under the
existing conditions. This considers very much a worst-case scenario. The significance of this has been
shown to be below that considered to have alow probability of adverse comment.

The proposed Aylesbury Vale Parkway scheme includes improvements to the permanent way that are
expected minimise the sources of vibration, particularly the replacement of the existing jointed rails
with continuous welded rail.

Therefore, the impact of railway vibration following the introduction of passenger services and the
improvement of the permanent way is expected to remain low according to the criteria set out in the
Standard.
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