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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Executive summary

Atkins is currently undertaking the detailed design of the proposed double-tracking of Oxford to Bicester Rail
line (referred to as the ‘Scheme’ in this document). There are a number of vibration conditions which need to
be discharged with the local planning authority before the Scheme can be built.

This report deals with vibration form the plain line, and vibration from switches and crossings will be
considered in a separate report. The aim of this report is to present appropriate data and analysis, and
based on the relevant vibration conditions, make recommendations on suitable form of mitigation measures,
to support the application process.

There are 9 vibration-sensitive dwellings which have been considered in detail as part of this assessment.
The assessments take into account the best available information on the number, type and speed of trains
during day-time and night-time as well as the distance between individual tracks and vibration-sensitive
dwellings.

A number of vibration measurements have been undertaken as part of this project to identify appropriate
data for use in the assessments. Over the course of a number of site visits, data from 70 pass-by events
have been captured. These included 51 passenger trains, 16 freight trains and 3 stone trains. The full details
of each pass-by event including speed, vehicle type, number of wagons and distance from the track were
noted.

Two different approaches were used to estimate Vibration Dose Value (VDV) based on information from
vibration measurement surveys and other empirical analysis. The first approach was based on analysis of
measured vibration acceleration levels, in dB, to identify vibration decay characteristics with distance at
individual 1/3 octave band frequencies. The second approach used the measured data to derive appropriate
vibration decay curves for distance attenuation, in single VDV figures, which could be used directly to assess
compliance with project limits. The results from both approaches were found to be consistent.

The predicted night-time VDVs at Islip, Kareol (0.16 m/s'1'75), which is the dwelling with the highest predicted
level, was 20% below the project limits (0.2 m/s™"7®).

Analysis of measured data indicated that the predictions incorporate sufficient factor of safety to demonstrate
that the predicted VDVs are robust in determining compliance with project limit values. For passenger trains,
predicted vibration levels were 3.5dB higher than the average values and 95% of all measurements were
observed to be on or below the regression curve. For freight trains, the predicted vibration levels were 2.5dB
higher than the average values and 90% of all measurements were shown to be on or below the regression
curve.

The assessments demonstrate that calculated VDVs at all nine potentially vibration sensitive properties
would be below project VDV targets (as described in the Noise and Vibration Mitigation Policy) and that there
is no requirement to implement mitigation measures.

A discrepancy exists between the measured vibration readings and calculations in relation to the existing
situation at Oddington Crossing which is most likely to have been caused by track roughness due to the
presence of the current level crossing or a problem with the track support, each due to the presence of the
current level crossing. Further investigation might resolve this discrepancy, however the level crossings here
and adjacent to Islip level crossing are to be removed as part of the project eliminating this issue. The
pragmatic proposal is that the project will also take the opportunity to remove the existing railway earthworks
adjacent to these two properties, as well as for a suitable distance in either direction, and incorporate
completely new earthworks and embankment footings, designed and installed to modern standards. This will
provide enhanced track support and further reduce potential vibration effects by ensuring that track quality
remains higher between maintenance cycles.

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 8
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1. Introduction

1.1.  Atkins is currently undertaking the detailed design of the proposed double-tracking of Oxford to
Bicester Rail line (referred to as the ‘Scheme’ in this document). There are a number of vibration
conditions which need to be discharged with the local planning authority before the Scheme can
be built.

1.2, This report deals with vibration form the plain line, and vibration from switches and crossings will be
considered in a separate report. The aim of this report is to present appropriate data and
analysis, and based on the relevant vibration conditions, make recommendations on suitable
form of mitigation measures, to support the application process.

1.3.  The structure of the report is as follows;

Section 2 provides details of the project background and the main assumptions made.
Section 3 gives details of vibration monitoring survey methodology and measured levels.
Section 4 provides an analysis of measured vibration levels at a control position to identify
the influence of track and to derive appropriate speed relationships with vibration.

Section 5 provides an analysis of measured vibration levels, normalised for speed, to identify
vibration decay characteristics, in dB, with distance at individual 1/3 octave band frequencies,
for passenger and freight trains.

Section 6 presents empirical relationships for deriving VDV adjustment factors for small
variations in train speeds.

Section 7 provides an analysis of vibration levels and derives decay relationships for VDVs
with distance.

Section 8 presents the findings of the assessment, both for current situation and for the
proposed Scheme, using the two approaches described in Sections 5 and 7. The VDV
estimates for the current situation are compared with measured VDVs reported in the
Environmental Statement, where these are available for the receptor under consideration.
Section 9 provides a summary of calculated VDVs, identifies dwellings which could qualify for
mitigation and presents an analysis of a mitigation option.

Section 10 provides a discussion of the main findings of the study.

Section 11 contains the conclusions to the report.

Section 12 makes recommendations regarding potential mitigation measures.

1.4. A glossary of technical terms is provided in Appendix A.

Atkins Vibration Mitigation Report | Version 7.0 | Jaruary 15 2014 | 5114534 9
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2. Methodology

Project Vibration Limits

2.1.  The vibration limits, in Vibration Dose Value (VDV), which the Scheme is required to meet in
occupied vibration-sensitive receptor buildings adjacent to the Scheme are summarised below;

e Day (0700 - 2300 hours) - 0.4 m/s""®
¢ Night (2300 — 0700 hours) - 0.2 m/s""®

2.2.  Vibration Dose Value (VDV) is a measure of the accumulated level of vibration over a period, and,
through the application of BS6472 [1], is a standard metric for predicting the likelihood of adverse
comments from building occupants. According to the guidance contained in the standard, the
probability of adverse comment at or below the described threshold VDV levels, as adopted by
the Scheme, is low.

Background

2.3.  Atkins prepared a Vibration Mitigation Strategy report (reference: 5114534-ATK-EWRP1-AV001) in
December 2012, which has been reviewed in a report dated February 2013 by the Independent
Expert (IE) appointed by the Local Authority. The main elements of the review which are relevant
to the current assessments are summarised here for completeness.

Scheme Variables

e The assumptions made regarding the number of train movements as part of this study
are reasonable;

» The 15m distance limit used for identifying properties at risk from vibration impacts is
sensible and all such properties have been fully identified;

¢ The main parameters of concern due to double tracking and re-alignment are as follows;
change of distance between track and property, change in line speeds and change in the
number of trains during day and night;

e Other scheme wide changes, including train types, are not expected to result in
significant changes in vibration levels.

Assessment

e |t is reasonable to base the decay in vibration levels with distance from the track,
provided suitable measurement information is available, from a site with the correct
geotechnical conditions;

e It is reasonable to make corrections to RMS vibration data to allow for small speed
adjustments;

The assessments should use separate event VDVs for passenger and freight trains;
» The distance to each track from the properties at risk should be considered individually.

Vibration Monitoring

e Further vibration monitoring should be made at Oxford (Wolvercote) on the main line
(DCL) where train speeds are closer to the operational speeds of the new line and the
soil geology is representative of the study area. The measurements should provide
vibration information at various distances and appropriate frequency information should
be obtained to support the choice and design of mitigation measures. The information
should relate to passenger and freight trains, separately.

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 10
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2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

2.13.

General Approach

The preferred unit adopted for train speeds throughout this report is in miles per hour (mph), which is
in line with the existing and design line speed convention provided in design coordination
drawings.

As described above, the project limits are in VDVs. VDV is obtained by weighting the rms
acceleration values as appropriate at one-third octave frequency bands and combining these
together to obtain a single value. Therefore frequency characteristics are appropriately reflected
in the definition of VDV. In this project acceleration has been the preferred unit of measurement
for vibration levels. Where possible, the assessment has been based on frue VDVs as obtained
from direct measurements on site. In other instances, rms acceleration values have been
converted to decibels (dB) for undertaking additional assessments, and then converted back to
VDVs. Working in VDVs meant that compliance with project limits could be clearly demonstrated.

There are 9 No. vibration-sensitive dwellings which have been considered in detail as part of this
assessment.

The assessments take into account the best available information on the number, type and speed of
trains during day-time and night-time as well as the distance between individual tracks and
vibration-sensitive dwellings. For each receiver, the full details of assumptions on distance from
track, number, type and speed of trains are shown in Appendix B.

The estimates of vibration dose values (VDV) are undertaken based on information from targeted
vibration measurement surveys and other empirical relationships. A number of technical sources
have been used in this assessment and a list of technical references is provided in Appendix C.

VDVs are initially estimated for the existing situation at all 9 No. receivers. The estimates are then
extended to the scenario which represents the expected operational characteristics of the
Scheme in the future. Where the Scheme vibration limit values are exceeded, appropriate
recommendations are made regarding the type of mitigation measures which may be appropriate
and a performance specification for these is given.

Assumptions

Although part of the same Scheme, the only section not being double-tracked at this stage is
between Woodstock Junction and North Oxford. However, when designing mitigation measures,
potential impacts of this future double tracked section needs to be taken into account, as part of
the planning application for the Scheme. Although the full details of the alignment of this section
of the track are not known at this stage, the design is likely to follow a similar alignment to the
proposed double-track in line with the rest of the Scheme being considered in this report.
Assumptions have been made on an envisaged outline alignment to enable vibration impacts to
be appropriately assessed.

Where a group of properties in a similar location is identified as being at risk of exceeding project
vibration thresholds, the distance between the tracks and the nearest property have been used in
the assessments. It is assumed that the choice of mitigation at that location would be dictated by
vibration levels at the nearest property to the tracks.

The distances between existing track and dwellings have been measured using electronic Ordnance
Survey maps. The distances between realigned and new track have been measured using the
Jatest electronic design coordination drawings. The speed profile information is as shown on the
coordination drawings. The number and type of trains are based on various project
documentation including the Noise and Vibration Policy and Environmental Statement. On all
track sections, an even split is assumed for the number of trains travelling in each direction.

The speed information shown on the speed diagrams are the maximum permitted. Due to the braking
and acceleration patterns, the trains will not be at the maximum speed for the whole route. The
assessment does not consider acceleration or braking or the resulting changes in speed profiles
where these occur.

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 11
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2.14. The so-called ‘stone train’ travels from various locations, but ultimately at present comes from the
Oxford direction to the Banbury road sidings (east of Oxford Parkway station). This is expected
to remain the same in the future. However during construction there may need to be temporary
access arrangements from the East (Bicester end) between February 2014 and September 2014
(via Claydon jct) and between September 2014 and February 2016 (via the new chord line). The
assessments have been based on the current and the future situations. The potential impacts of
the temporary access arrangements are not considered in this report. The potential impacts of
stone train are only considered at 3 Bladon Close and Quadrangle due to the current and
anticipated future route of the train.

2.15. The assessments do not take into account the building response for any of the properties. It is
assumed that the levels calculated outside the buildings will be representative of those measured
on the floor inside the building.

2.16. This report does not consider any synergies with the noise assessments or mitigation measures
specifically being developed to minimise potential noise impacts.

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 12
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3. Vibration Monitoring Survey

3.1. Vibration measurements were undertaken by Atkins during three separate site visits on; Thursday
14th March; Thursday 25th April, and for two consecutive days on Wednesday o™ & Thursday
10" October, all in 2013.

Introduction

3.2.  An initial desk-based investigation identified four potential vibration monitoring sites. A subsequent
site visit by Atkins ascertained that none of these sites was suitable for the desired programme of
monitoring. The main issues were noted as presence of a watercourse and a retaining wall next
to the track, presence of former trackbed, lack of space for measurements and access issues.
Following this site selection process, two new measurements sites were identified as suitable
alternatives. The approximate location of the two measurements sites are shown on the Figure 1

below.

Figure 1. Vibration Monitoring Locations
X~ o Lh & L PN ST ;
<X ¥ < o "‘\'{5 b A
7 "f.‘-.\";."-,"_ a4

{", Ny

'y ()-.'_‘

/2P

Loi:qtion 2-

Location 1 -\ \ :
(DCL) .

Didcott & Chestext

3.3. The measurements along Bicester to Oxford Line (Location 2) were intended to capture data from
the pass-by of a stone train, which is generally considered to generate a higher level of vibration
compared with ‘conventional’ freight trains. The measurements on the DCL (Location 1) were
aimed at obtaining data from faster moving trains approaching the design speeds of the trains on
the proposed scheme.

3.4. The ground type in this general area is understood to be a substrate of Oxford Clay (un-weathered).
3.5, Measurement Location 1 was just outside the Network Rail boundary, at the bottom of the railway

embankment, approximately 1.5 metres below rail head, in an area of grassland currently used
as a small holding by the local school for keeping some animals.
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3.6.  Location 2 was within Network Rail land on top of the embankment, approximately 0.5 metres lower
than the rail head. This area of made ground is thought to be of the same age as the railway
construction.

3.7.  Photos of the general measurement locations are presented in the figures below:

Figure 2. Location 1 — Oxford to Banbury (DCL) Line

Figure 3. Location 2 — Bicester to Oxford (OXD) Line

Measurement Positions

3.8. At each location the ground was prepared for each measurement position by using a trowel to dig a
shallow hole, approximately 50mm to 100mm deep, which was made level and any loose
material removed. Plaster of Paris was mixed on site and poured into the hole, then a solid steel
plate (100mm x 100mm x 15mm) was placed level into the plaster. This heavy metal platform
was then used to mount the accelerometers.

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 14
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3.9. For the measurements taken on the 14™ March and 25" April, at measurement Location 1 three
measurement positions were set up at different distances, perpendicular to the track. At Location
2 only one measurement position was established due to the physical constraints of the site. The
Figure 4 below shows the arrangement of measurement positions in relation to the track at this
site.

Figure 4. Measurement Positions in Relation to Track (March/April)

Location 1 - DCL and Loop

~af— U,
Loop
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Branch

T ol

To Oxford To Bicester

3.10. For the measurements taken on the 9th and 10th October, four positions were set up at location 1 at
sequential distances, perpendicular to the track. At location 2 four further positions were set up,
again perpendicular to the track. Figure 5 shows the arrangement of measurement positions in
relation to the track.
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Figure 5. Measurement Positions in Relation to Track (October)
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3.11. During the latter survey on the DCL and Loop lines, a control distance from each track was
maintained. The measurement of distances between measurement positions and the tracks
were further improved in accuracy with the use of a laser distance measurer.

3.12. At each position the orientation of the accelerometers in relation to the railway tracks was as follows:

e X axis (horizontal) — perpendicular to the tracks
e Y axis (horizontal) — parallel to the tracks
e Z axis (vertical ) — vertical to the tracks

3.13.  An example of the measurement position set up can be seen in the Figure 6:
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Figure 6. Example Measurement Position Accelerometer Set Up

Equipment Set Up

3.14. All the instruments used to undertake ground vibration measurements were provided by Acoustic1
Limited. The general set up was a combination of tri-axial and mono-axial accelerometer sensors
(between 3 to 12 channels), connected to NetdB, a multi-channel acquisition unit, which
communicated real-time with the dBFA software suite. The software (dBTrig) recorded the
signals and gave the opportunity for real-time analysis and checks on-site. This set up is
demonstrated in Figure 7 below.

Figure 7. Measurement Equipment Set Up

3.3.1 Table 1 details the vibration equipment details.

Table 1. Vibration Equipment Details

Equipment _Type Serial Number
Multi-Channel Acquisition Unit and Analyser 01db - Net dB LCF011500-142
Tri-axial Accelerometer (Piezoelectric) PCB 356B18 LW133898
Mono-axial Accelerometer (Piezoelectric) CTC — AC133-1D 1044
Mono-axial Accelerometer (Piezoelectric) CTC - AC133-1D | 1045
o Mono-axial Accelerometer | (Piezoelectric) CTC — AC133-1D | 1046 |
e Mono-axial Accelerometer ‘ (Piezoelectric) CTC — AC133-1D 1047
Mono-axial Accelerometer i (Piezoelectric) CTC - AC133-1D 799M11729
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Equipment | Type Serial Number
Tri-axial Accelerometer ' MMF — KS823B 10074
Mono-axial Accelerometer ' B&K 4507 002 10412
B Mono-axial Accelerometer B&K 4507 002 10413
Mono-axial Accelerometer B&K 4507 002 : 10414

3.15. All vibration measurement equipment had been reference calibrated within the last two years.
Calibration certificates for all accelerometers are provided in Appendix D.

3.16. Other equipment used on the site surveys included:

Digital Camera

Digital Video Recorder

Tape measure

Anemometer

Trowel, Plaster of Paris & water
Sound Level Meter — NorSonic 118

Survey Details for Main Line (Location 1)

14" March 2013

3.17. On this date the weather was warm, with clear skies and negligible levels of wind. The conditions
were considered suitable for vibration measurements.

3.18. As shown in Figure 4, there were three measurement positions set up at this location, each 2 metres
apart in a direct line perpendicular to the railway tracks. Details of each position are summarised
in Table 2:

Table 2. Location 1- Measurement Position Details (March)

Position Accelerometer Distance to Distance to nearest Distance to

(From Figure 4) set up nearest rail head | rail head of Main Up| nearest rail head
of passenger loop line (m) of Main Down line

(m) (m)

P1 Tri-axial (x, y & z) 4.3 8.5 11.9

P2 3 x Mono-axial 6.3 10.5 13.9

(x,y&2)
P3 2 x Mono-axial 8.3 | 125 15.9
(x & z)

3.19. There were 15 pass-by events recorded which included 6 Cross Country passenger trains, 4 First
Great Western passenger trains and 5 freight trains.

9-10"" October 2013

3.20. On the 9" of October the weather was mild with clear skies but frequent cold gusts of wind.
Conditions were similar on the 10" but with negligible levels of wind. The conditions were
considered suitable for vibration measurements on both days
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3.21.

As shown in figure 5, there were four measurement positions set up at this location on these dates.
The closest possible distance to achieve from the loop line was 3.3 due to the railway ballast.
Details of each position are summarised in Table 3.

Table 3. Location 1 - Measurement Position Details (October)

Position Accelerometer Distance to Distance to nearest Distance to
(From Figure 5) set up nearest rail head | rail head of Main Up| nearest rail head
of passenger loop line (m) of Main Down line
(m) (m)
P1 Tri-axial (x, y & z) 3.3 7.8 11.2
P2 3 x Mono-axial | 6.7 11.2 14.6
(x,y&2)
P3 3 x Mono-axial 8.7 13.2 16.6 j
(x,y&2)
P4 Tri-axial (x, y & 2) 11.2 15.7 19.1 g

3.22.

3.23.

3.24.

3.25.

3.26.

3.27.

3.28.

There were 52 pass-by events recorded which included; 22 Cross Country passenger trains, 19 First
Great Western passenger trains and 11 freight trains.

Survey Details for Bicester to Oxford Line (Location 2)

The main purpose of this survey location was to obtain vibration measurement of the stone freight
train. This freight train was known to pass by the Location 2 measurement position at
approximately 08:25.

25" April 2013
On this date the weather was warm, clear skies with negligible levels of wind. The conditions were
considered suitable for vibration measurements.

The single measurement position was set up at 4 metres away from the nearest rail well before this
time in order to be ready when the stone freight came

There were four pass-by events recorded which included 3 Chiltern Railways (2 Car) passenger
trains and the stone freight train.

10" October 2013

On this date the weather was mild with clear skies and negligible wind. The conditions were
considered suitable for vibration measurements.

As shown in Figure 5, there were four measurement positions set up at this location, each 2 metres
apart in a direction perpendicular to the railway track. The closest achievable distance to the
railway track was 2.5 metres. Table 4 summarises the details of each position.

Table 4. Location 2 - Measurement Position Details (October)

Position Accelerometer set up Distance to nearest rail
(From Figure 5) head of branch line (m)
P5 Tri-axial (x, y & z) 25
P6 3 x Mono-axial (x,y & z) 4.5
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3.20.

3.30.

3.31.

3.32.

3.33.

3.34.

3.35.

3.36.

3.37.

3.38.

P7 3 x Mono-axial xy&z) 6.6

P8 Tri-axial (x, y&z) | 8.5

On all survey dates and locations, a digital video recorder captured each train pass-by and the speed
of the trains was calculated by reviewing this video footage and applying the Speed =
Distance/Time relationship. The video footage was recorded at 30 frames per second and
derived speeds are considered to be estimates suitable for this study. The Sound Exposure Level
(SEL) of each train pass-by was also measured for information purposes.

Permanent Way Inspection

Permanent way inspections were undertaken on 9 October 2013 on the Oxford to Bicester Line
(OXD) and the Oxford to Anyho Junction Line (DCL). The results are contained in the Atkins
technical note 5114534-ATK-GEN-TN-00044 which is included in Appendix E.

The scope of the inspection was to determine the overall condition of the permanent way and to
identify factors that would unduly impact on the vibration results.

The inspections on both the OXD and DCL lines concluded that the track is in a good condition, with
no evidence of “track pumping” or other issues that would be outside of the normal parameters
for a well maintained line for the track category currently in service.

Measurement Results

The table in Appendix F provides a summary of the pass-by events observed at both measurement
locations. Each pass-by event has a unique event number which are subsequently used to refer
to the different events in this report.

Ignoring locomotives there were no two axle wagons. All wagons were four axle i.e. two axle per
bogie. Videos are available for most pass by events which can be reviewed if more information is
required.

The acceleration signal was measured for each pass-by event and this was processed as required to
obtain the relevant outputs for this study. Before the weighted RMS acceleration and VDV/eVDV
values could be determined, a fourth order high pass filter was used on all measured signals with
a 1 Hz cut-off, in order to remove unwanted low frequency interference in the signal.

The VDV and eVDV values for all events during both site surveys are presented in Appendix G
along with weighted RMS acceleration data for selected events. In accordance with the guidance
of BS6472 Part 1:2008 — “Guide to evaluation of human exposure to vibration in buildings” [1],
the measured acceleration has been frequency weighted using the following correction
weightings for the different axes:

¢ X axis = Wd weighting
e Y axis = Wd weighting
e Z axis = Wb weighting
As defined in [1].

From these the weighted acceleration values the VDV and eVDV values have been derived by the
analysis software.

Table 5 presents the weighted rms acceleration and single event VDV for selected events.
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Table 5. Selected Event Results
Event - Train | Estimated Speed Event Distance from | Z Axis Weighted | Z Axis Single
{(mph) Duration Source (m) (Wb) RMS Event VDV ms’
(Seconds) Acceleration ms™ 75
5 - Freight 38 33 11.9 0.008 0.040
11 - Freight 60 19 8.5 0.015 0.046
12 - Passenger 75 3.5 8.5 0.015 0.028
| 1B - Passenger 35 5 4 0.016 0.034
3B — Freight 35 21 4 0.034 0.124
(Stone Train)
3.39. Frequency data has been extracted for the selected events by undertaking Fast Fourier Transform

on the weighted acceleration signal in the time domain. Figures 8-12, show selected results for
events 11 (freight 60mph), 12 (passenger 75mph) and 3B (stone train 35mph).
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3.40.

Figure 8. Acceleration 1/3 Octave Frequency Data - Freight (Z-Axis only)
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Figure 9. Acceleration 1/3 Octave Frequency Data - Freight (X, Y & Z - Axis)

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534

22



East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Event 11 - Frelght 60mph
1000 —-—
%04
890
3
E 700
§
p 500
B
b3
500
=== 32ls B.5m
(1 ===y-am5 8.5m
2 w0
=131 3.5M
2
g 100
200
100
a0
Lewr 2Mr 25H:S1SHe 40 SHz &3Mr ®Mc 10Wz LLSMr16Hr 200u 23Hz SL.SH: 40Mr SOMz 63H: $Or 100Kz 125 Hr 14OMH:

Frequency(Hz)
Figure 10. Acceleration 1/3 Octave Frequency Data — Stone Freight (X, Y & Z - Axis)
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Figure 11. Acceleration 1/3 Octave Frequency Data - Passenger (Z-Axis only)
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Figure 12. Acceleration 1/3 Octave Frequency Data — Passenger (X, Y & Z - Axis)
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3.6.1 The next section presents an analysis of the results, for use in the assessments.
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4. Measurements at Control Position

41. During the second set of site visits in October 2013, the measurement positions were selected in a
way to provide a common distance from all track for a direct comparison of measurements at a
control position. The spacing of the track (DCL up, DCL down and Loop line) and the closest
practicable measurement distance to track (3.3m to loop line) determined this distance as 11.2m.
Figure 5 in Section 3 illustrates the relative position of measurement points from the track.

4.2. Figure 13 shows the vibration acceleration levels (weighted) (re 10® m/s?) in dB at the control
position for passenger and freight trains in the up and down directions. Regression curves having
the general shape m Log(speed) + C have been plotted through the measured vibration levels for
passenger trains on the up and down lines. The number of freight trains observed at the control
position was limited and a 20 Log (speed) + C relationship has been used. Similar relationships
were shown to apply to the individual 1/3 octave band frequencies. The resulting regression
equations are summarised below;

e Passenger up; 18.6 log (speed) + 43.2
e Passenger down; 24 log (speed) + 31.3
e Freight up; 20 log (speed) + 44
e Freight down; 20 log (speed) + 41
Figure 13. Measurements at Control Position
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4.3. It is shown that the general trend of the regression lines is similar. The speed dependence of

different types of trains travelling on different track was approximately 2dB increase in vibration
levels per 10miles/hour increase in speeds.
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4.4.  The vibration levels are generally lower for passenger trains travelling on the down main line,
compared with passenger vehicles on the up line. The average difference is 3dB at low speeds,
reducing to 1.5dB at the higher speeds. Similar observations can be made for freight trains on the
down line, which result in lower levels of vibration compared with freight trains on the up line,
even though there is limited data available for the latter.

4.5.  The observed differences between vibration levels from traffic on up and down directions are likely to
be due to track. The vibration levels in the down line travel through a greater proportion of
embankment and ballast compared with those on the up line. It is noted that the scatter in data is
such that levels could vary by as much as +/- 4dB from the ‘best fit' regression curve for
passenger trains and +/- 3dB for freight trains. For example it can be seen that at 75 mph, the
down line generates the higher levels of vibration from passenger trains, even though it is further
away from up line.

4.6. The speed relationships are used in the next section to normalise the measured vibration levels for
speed.
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5. Vibration Decay Curves with

Frequency

5.1.  This section provides analysis of measured vibration levels to identify vibration decay characteristics

with distance at individual 1/3 octave band frequencies, for passenger and freight trains. The
vibration levels have been normalised for speed using the relationships described earlier in
report, to minimise the influence of train speed in the variation observed in the data. The
reference speeds used for normalising data from passenger and freight trains were 100mph and
70mph, respectively, which correspond to the line design speeds with the scheme. The levels
have not been corrected for the influence of track due to variable nature of track influence.

5.2. The graphs in Appendix H show linear (unweighted) vertical vibration acceleration levels in dB La

(re 10°° m/sz) plotted against distance in m, for each 1/3 octave frequency band of interest, for all
passenger and conventional freight pass-by events observed on site. A decay curve is shown for
each frequency band considered in the assessment, using data for all trains. In addition, specific
events are identified which are used as reference or base case in the assessments. These
correspond to selected pass-by event travelling at a representative speed are (event 11 for
freight and event 12 for passenger).

5.3. The decay curves have the general shape, y = -mx + C where m is the vibration decay rate/ m, in dB,

and C is the vibration level, in dB, at origin (i.e. at the track), and y is the resulting vibration level,
in dB, at a distance x from the track.

Freight Trains

5.4. The overall vibration levels for freight pass-by events are shown in Figure 14. Full set of vibration

Figure 14.

decay curves at each 1/3 octave band frequency between 3.15Hz and 160 Hz are shown in
Appendix H-1. The selected reference curve (event 11, at 8.5m from track) is shown to be 2.5dB
higher than the global decay curve, with approximately 90% of all data points shown to be on this
curve or below it.

Freight train decay characteristics, overall vibration levels
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5.5.  Theinfluence of track on vibration levels from freight trains is illustrated in Figure 15. On average, the
nearer track (up direction) generates higher levels of vibration compared with the further track
(down direction). Freight pass-by data observed on the loop line resulted in the highest scatter in
the data. The reference curve is a conservative representation of the measured data from both
tracks on the main line.

Figure 15. Freight train, influence of track on overall vibration levels
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5.6. In order to illustrate the influence of track at different 1/3 octave frequencies, the decay relationships

at 40Hz and 63Hz are shown in Figures 16 and 17 respectively for freight trains.
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Figure 16.
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5.7. At 40Hz, the vibration levels from the nearer track (up direction) are higher, in line with the observed
differences in overall vibration levels. The selected decay curve results in levels which are up to
10dB higher. At 63Hz, the track which is further away resuits in higher vibration levels and the

selected decay curve is consistent with the higher of the two decay curves.

Passenger Trains

5.8.  The overall vibration levels for freight pass-by events are shown in Figure 18. Full set of vibration
decay curves at each 1/3 octave band frequency between 6.3Hz and 160 Hz are shown in
Appendix H-2. The selected reference curve (event 12, at 8.5m from track) is shown to be 3.5dB
higher than the global decay curve, with approximately 95% of all data points shown to be on this

line or below it.
Figure 18. Passenger train decay characteristics, overall vibration levels

100 -

| ®  Passenger train data

i 95 |

90 *

-
<
E
@
o
=1
o
1™
o
T
B e e e e A R S e B S S, e TN
ey *
| @ o 8 I TEa,
H * . o
= s ¢ o ¢ * ;
2 s "
* *
g 5 | .
- 70 *
| [
(=}
o
<
| § e
2
m
A
=
> 60
55
50 | g \
0 1 2 3 4 5 6 7 8 9 106 11 12 13 14 15 16 17 18

Distance from nearest traffic running rail (m)

O eventl2
$

19

< offsetfrom mean

--------- Linear 'best fit'

20

Linear {offset from mean) |

""""""""."“"""" i, | ., ‘
: e, L.
Terany,, ) oeaagl

[y=-0.6449x + 87.616 |

21

22

5.9. The influence of track on vibration levels from passenger trains is illustrated in Figure 19. On
average, the nearer track (up direction) generates higher levels of vibration compared with the
further track (down direction). Passenger pass-by data observed on the branch line (i.e. stone
train measurement site) resulted in the highest scatter in data. However the base curve is
representative of the measured levels on the site from both tracks on the main line.
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Figure 19. Passenger trains, influence of track on overall vibration levels
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5.10. Figures 20 and 21 show the influence of track on vibration levels from passenger trains at 40Hz and
63Hz respectively.

Figure 20. Passenger train, influence of track at 40Hz
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Figure 21. Passenger train, influence of track at 63Hz
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5.11. At 40Hz, the contributions from both track are similar and the selected decay curve results in higher
levels of vibration (by up to 10dB) compared with average levels from each track individually. At
63Hz, the track in down direction (further away) results in higher vibration levels, and this is
reflected by the selected base curve.
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Decay Constants

5.12. A summary of decay curve constants for specific passenger and freight trains are tabulated below.
The decay rates are expressed in the form (-m) for direct use in the decay curve having the
general shape of y = -m + C. Decay constants C have been rounded to nearest dB, and the
decay constants m are shown to nearest 1 decimal point.

5.13. As discussed later in this report, the VDVs predicted using these decay constants provide a good

correlation with VDVs predicted using an alternative prediction approach which relies on
measured VDVs.
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Table 6. Decay Curve Constants

1/3 octave band |Freight trains Passenger trains
frequency
Hz -m C -m C
Decay rate/ m, dB|linear vertical |Decay rate/ m, |linear vertical
vibration dB vibration
acceleration acceleration levels
levels in dB La indB La (re 10°®
(re 10° m/s?) m/s?) at origin
at origin
3.15 -0.5 57 E -
4 -1.2 75 B -
5 -1.1 81 - -
6.3 -04 73 -0.8 64
8 -0.2 69 -0.5 66
10 -0.5 71 -0.6 75
12,5 . 03 71 -0.5 76
16 -0.2 71 -0.4 77
20 -0.3 73 -0.8 84
25 -0.3 76 -0.5 80
3156 -0.5 79 -0.4 78
40 -0.7 83 -0.7 82
50 -1.2 93 -0.9 88
63 -1.5 98 -1.3 95
80 -1.6 98 -1.6 95
100 -2.0 100 -1.8 97
125 -2.1 97 -2.2 97
160 -1.5 86 -1.4 84
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Application of Decay Curves

5.14.

5.15.

In this section, the application of decay curves is discussed.

The predicted vibration levels are illustrated below for a typical freight train (event 11) at 8.5m from

track, both in linear dB and with the Wb weighting applied to illustrate the effect of weighting at
higher frequencies. In determining the VDVs, hence assessing project compliance with limits and
designing mitigation, this becomes an important consideration since VDVs are based on
weighted acceleration levels.

Figure 22,
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5.16.

Influence of weighting at higher frequencies

—&— predicted linear acceleration at 8.5m

«» e+ predicted weighted accelerationat 8.5m

Hz

Hz

315 4Hz S5Hz 63Hz 8Hz 10Hz 125 16Hz 20Hz 25Hz 31.5 40Hz 50Hz 63Hz 80Hz 100Hz125Hz160 Hz

Typically, the decay rates were noted to be less than 1dB/ m at low frequencies (<=40Hz), and varied

between 1dB/m and 2dB/m at higher frequencies. Using the decay curve relationships, the

resulting vibration levels, for example, at 3m from the track could be expected to be as follows;

Table 7.

Example showing expected variation in vibration levels for a typical freight train

Frequency Reference Decay rate/m Chan_ge in | Predicted
weighted indB levels, dB weighted
vibration level in (moving 5.5m | Vibration level at
dB at 8.5m from towards track) | 3m from track
track
6.3Hz 70 -0.4 2 72
25Hz 68 -0.3 2 70
63Hz 73 -1.5 8 81
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5.17. The table above illustrates that low frequencies could be expected to be affected by a smaller margin
when moving closer to the track, however, the higher frequencies would be increased more
substantially. The predicted weighted acceleration levels for event 11 are shown below for the full
frequency spectrum of interest, at 3m from track.

Figure 23. Predictions undertaken using the decay curves through event 11 data
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5.18. The following section of the report identifies speed relationships for use with vibration decay in single
VDV figures, which can be used directly to assess compliance with project limits.
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6.

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

Speed Relationships for VDVs

This section presents assessments to derive adjustments for small speed corrections for use with
VDV decay curves.

Empirical relationships are relied upon to assess the implications of small speed variations on
vibration levels.

Stone Train

The operator DB Schenker Rail (UK) advised that it would be very unusual for a loaded train of stone
or any other bulk materials (as opposed to containers or cars) to be authorised to run at more
than 60 mph, as the gross weight of a worthwhile load in every wagon would tip the scales at
over 25 tonnes per axle.

In the immediate surroundings of the siding at Water Eaton or Banbury Road, by definition the train
would be approaching a red signal at the new Water Eaton station, which would change to give a
“subsidiary” indication of 2 white lights at the last minute as the train approaches it to allow a slow
speed (max 15 mph) entry into the siding. Generally speaking, it is understood that the drivers of
freight trains are advised not to exceed 20 mph after passing the yellow signal which gives
warning that the next one is at red and that can be approximately 1 km away (or more).

In some instances, the overall maximum speed of heavily loaded wagons of 60 mph could be further
reduced by additional instructions which impose lower speed limits over known weaker bridges
and viaducts and in some cases longer stretches of line where the underlying soil conditions are
regarded as sub-standard or naturally “spongy”. In the vicinity of Oxford and the terminal, it is
understood that there are no additional speed restrictions applicable to the loaded wagons.
Therefore the normal maximum speed in ‘heavy’ and ‘empty’ mode would apply. DB Schenker
Rail (UK) advised that currently the trains typically include JYA wagons, which are restricted to 45
mph loaded and empty, but other types include JNA, which is allowed to go up to 60mph in both
states of loading. The trains themselves are timed at a maximum speed of 45 mph, but for
“future-proofing”, it is reasonable to assume 60 mph.

As to likely attainable speeds, currently Oxford North Junction, 1 mile north of Oxford station, is
restricted to 20 mph for trains bound for Bicester, so freight trains to Water Eaton (another two
miles away) would only cover a short distance before slowing for the entrance to the terminal as
explained above. It is understood there are active plans to improve the diverging speed at Oxford
North Junction to 60 mph, but in view of the relatively short distance between this point and the
terminal, the train would need to be slowing down most of the way. For reasons of fuel economy
and concerns about the risk of broken couplings and shifted loads, freight train driving style is
different from that applicable to passenger rolling stock, with drivers actively seeking to “smooth
out” the speed profile where possible without excessive loss of time. In good rail conditions (i.e.
no heavy rain or greasy rail from tree sap in adjacent hedges and woodlands) 60 mph may well
be attainable with the empty train in just over a mile after the last wagon leaves the exit points
from the siding, but the probability of that happening will also be dictated by the aspect shown by
the signals at the major junction ahead, as the train will have to be filtered in among the frequent
passenger and freight services using the Banbury - Didcot main line.

Therefore it is unlikely that a fully loaded stone train will travel at the line speeds of 70mph. The
highest maximum speeds for an unloaded train, under ideal conditions, would be expected to be
60mph. As explained above, the attainable speeds in reality would be further limited by a number
of physical and operational constraints associated with the network and the trains. As part of the
vibration assessments, it is assumed that the stone train could travel at 60mph with the scheme,
which is a conservative assumption.

In addition to above, there is some uncertainty in the speed adjustments for the stone train at the
assumed new speed of 60mph, since the current vibration measurements correspond to a speed
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6.9.

6.10.

6.11.

6.12.

6.13.

6.14.

6.15.

6.16.

Atkins

of 35mph. The technical paper entitled ‘Ground Vibrations from Heavy Freight Trains’ (Dawn
1983) [2] investigated the measured vibration levels from a loaded test train consisting of 16 no.
of 50t bulk powder carrying vehicles over a range of speeds. The speeds varied between 23kph
(14mph) and 88kph (55mph). Vibration measurements of 22 pass-by events were undertaken at
a distance of 26m from the track. The ground at the test site was river gravels and sand to a
depth of 6m with an underlying Keuper Marl and was at grade with the track. It was found that the
vibration levels generated by heavy freight trains have a weak dependence on speeds above
30kph (19mph). The increase in vibration velocity level (dB) measured between train speeds of
56kph (35mph) and 88kph (55mph) was shown to be around 1dB.

It is considered that the use of an empirical speed relationship for the stone train over the speed
ranges of 35mph to 60mph is likely to result in an overestimate of the impacts from this type of
train. This is retained as a further factor of safety in the calculations. The potential impact of this
assumption on the assessments is discussed later in the report.

Passenger and Freight Trains

According to [3], in most cases, the changes in vibration levels are proportional to 13-30Log (speed),
typically 20Log (speed). Similar relationships are given elsewhere [4], whereby vibration level in
dB is noted to be proportional to 20Log (speed/speed,s) and that sometimes the vibration with
speed has been observed to be as low as 10 to 15Log (speed/speed,). Although [3] does not
make the distinction, [4] applies the adjustments derived in this way to a vibration velocity base
curve, rather than to vibration acceleration values.

In this assessment, vibration acceleration values have been used, since these provide a more direct
link to the VDV values, than the vibration velocity values. The approach adopted was to apply
the 20Log (speed) dependence to the weighted acceleration signal. The calculation steps are
described in Appendix I.

The analysis described in Appendix | provides a relationship for rms vibration levels for small
changes in train speeds. It is found that a speed increase of 5mph, for example from 75mph to
80mph (6.7% increase) would be expected to result in the same percentage increase in rms
vibration levels for a 20Log (speed) dependence.

This speed corrected weighted acceleration and time is then used to determine an eVDV. The true
VDV is determined from the eVDV by using an eVDV to VDV correction factor obtained from
measurements, as derived from the same signal. The calculation steps are described in
Appendix I.

Strictly the rms acceleration values can only be used to obtain an estimated VDV, or the eVDV, and
the true VDV values are a function of rmq (root-mean-quad) acceleration. According to ANC
guidelines [5], where the crest factor of the signal is low, for example in the case of non-impulsive
vibration, the rmq (root mean quad) acceleration may be expected to be about 1.4 times the rms
acceleration.

The common experience of measurements of ground vibration from trains [5] appears to be that
eVDV does not differ from true VDV by more than a factor of two. In [5] it is explained that the
eVDV can be higher or lower than the true VDV.

For the measurements described in this report, the ratios of VDV/eVDV were found to vary
approximately between 0.92 and 1.77. The relationship between the two indicates that the VDV
at these sites is, on average, 1.1 times higher than the eVDV. The relationships applied in this
assessment are specific to measured events, type of train and its speed used in the
assessments.
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6.17.

The resulting speed correction factors used in the assessments are summarised in Table 8;

Table 8. Summary of Speed Correction Factors
i Measured Proposed
et Type Speed Speed Spesd Comment
No. Factor
(mph) (mph)
| Used to derive a speed correction
passenger 75 100 1.24 |for passenger trains on new main
line
Used to derive a speed correction
for passenger trains on new main
e passenger i g o line at Woodstock Jnc, near
| Qaudrangle
Used to derive a speed correction
passenger 75 60 0.85 |for passenger trains on new main
line near 3 Bladon Close
Used to derive a speed correction
1B passenger 35 40 1.11 |for passenger trains on existing
main line as well as the new chord
. Used to derive a speed correction
freight 60 a5 =18 for freight trains on new main line
11 Used to derive a speed correction
. for freight trains on new main line
freight o0 L L at Woodstock Jnc, near
Qaudrangle
Used to derive a speed correction
5 freight 38 40 1.04 |for freight trains on existing main
. S, | Iine — 1
[ Used to derive a speed correction
stone train 28 40 1.31 |for stone trains on existing main
41 | line _|
stone train 28 60 177 Used to denye a speed cor_re(_:tlon
for stone trains on new main line
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7.

7.1.

7.2,

7.3.

7.4.

7.5.

7.6.

7.7.

Vibration Decay Curves using VDVs

This section presents an analysis of measured data to derive appropriate vibration decay curves for
distance attenuation, expressed in VDVs.

Distance Decay Relationships

The decay in vibration levels with distance from the track, have been based on the measured VDV
information, which was gathered on soil conditions representative of the study area. The decay
curves are valid for distances of between 3m and 19m from the nearest traffic running rail head.
This is representative of the range of distances where properties at risk were identified as part of
this project.

A number of regression relationships were derived from various vibration data. The general form of
the resulting equation is as follows;

y=C.e™kx (Equation 7-1)

where;

yis the VDV(z) in m.s™7®

C and k are constants derived from regression curves

x is the distance from nearest edge of traffic running rail, m

The magnitude of VDV1 (or y1) and VDV2 (or y2) at any given distance x1 and x2, using the same
regression curve, can be expressed as follows;

y, = C.e~hxt (Equation 7-2)
¥; =C. g ~HX3Z (Equation 7-3)

The ratio of equations 5-3 and 5-2 provides the VDV scale factor for distance, as follows;

Va .

2 = gHx2-x1) (Equation 7-4)

N

This relationship is then used to factor up or down VDV1 (or y1) measured at a known distance of x1,
to derive a VDV2 (y2) at a new distance x2. The distance dependence relationship is different for

the different types of train and so each train type is considered separately.

Freight Trains

The VDV (z) measurements in m.s™7° from freight trains at various distances from the nearest traffic
running rail are summarised in Figure 24. The graph shows an ‘upper bound’ and a ‘lower bound’
decay curve which demonstrates the potential uncertainty at distances considered. The upper
decay curve has been offset to represent a similar decay through the reference pass-by event
(event 11 at 8.5m from track), which is used for predicting VDVs in this assessment. The details
of individual pass-by events are given in Appendix F.
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Figure 24. Summary of VDV(z-axis) values for Freight
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7.8.  The graph in Figure 25 shows the best-fit regression curve through all measurements corresponding
to conventional freight vehicles. At 5m from the track, the decay curve through the reference
pass-by event (event 11 at 8.5m from track) results in levels which are 50% higher than the
average values (factor of 1.5). Approximately 80% of all measured VDVs are on or below this
curve.

Figure 25. VDV(z-axis) Freight Vs Distance — Best Fit Curve
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Stone Train
7.9. In addition to a measurement of a loaded train at a single location in March 2013, measurements in
October 2013 included that of a loaded and unloaded stone train at 4 distances from the track.
Figure 26 below shows the regression curves through data where multiple measurements were
undertaken of the same pass-by event.

Figure 26.
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Combined Freight and Stone Train
7.10. The measured vibration levels from conventional freight trains and stone trains are compared below.
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Figure 27. VDV(z-axis) Combined Freight and Stone Train Regression Curve
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7.11.

7.12.

7.13.

7.14.

It is shown that the vibration levels from the unioaded stone train are consistent with the regression
curve for the conventional trains. Although the loaded stone train is shown to generate higher
vibration levels than an average freight train, the levels are mainly within the upper bound
regression curves illustrated earlier. The levels appear to decay faster, becoming consistent with
the rest of the measured levels at around 9m from the track.

On the basis of this evidence, it is reasonable to assume that unloaded stone train could generate
similar levels of vibration as the conventional freight trains. The loaded stone trains should be
treated separately.

Passenger Trains

The VDV (z) measurements in m.s™ ™ from passenger trains at various distances from the nearest
traffic running rail are summarised in Figure 28. The graph shows an ‘upper bound’ and a ‘lower
bound’ decay curve which demonstrates the potential uncertainty at distances considered. The
upper decay curve has been offset to represent a similar decay through the reference pass-by
event (event 12 at 8.5m from track), which is used for predicting VDVs in this assessment. The
details of individual pass-by events are given in Appendix F.

For ease of comparison with the freight train data, the same graph scales have been applied. As
expected the vibration levels generated by passenger trains are lower than those caused by
freight trains.
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Figure 28. Summary of VDV(z-axis) values for Passenger
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The graph in Figure 29 shows the best-fit curve through all measurements corresponding to
passenger vehicles. At 5m from the track, the decay curve through the reference pass-by event
(event 12 at 8.5m from track) results in levels which are 50% higher than the average values
(factor of 1.5). Approximately 93% of all measured VDVs are below this curve.

Figure 29. VDV(z-axis) Passenger Vs Distance — Best Fit Curve
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7.16.

7.17.

7.18.
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Choice of Decay Curves
For the prediction of VDVs, the decay curves having the following general shape have been used.

VDV1 = VDV1 x e ¥¢2-X1)  (Equation 7-5)

Where;
e VDV1 is the measured VDV corresponding to the reference pass-by event
x1 is the distance between the track and the position at which the reference pass-by event
was measured
e X2 is the distance between the track and the vibration sensitive receiver
« kisthe VDV decay rate
The VDV decay rates, k, are summarised below for different train types.

Table 9. Distance Decay Curves for VDVs

VDV decay

Proposed Scheme rate, k

Passenger trains 0.075

Freight trains 0.105

Loaded Stone Train (applies to 3 Bladon 0.194
Close and Quadrangle only) )

Unloaded Stone Train (applies to 3 0.118
Bladon Close and Quadrangle only) )
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8. Assessment of Plain Line Vibration

8.1.  This section identifies predicted vibration levels, in VDV, and compares these against project limit
values. Where limits are met, no further action is required. Where limits are exceeded, mitigation
measures need to be considered.

8.2. As described above, the project limits are in VDVs. Working in VDVs ensures that compliance with
project limits can be clearly demonstrated. The predicted VDVs have been derived using two
different approaches.

s Use of frequency decay curves in appropriate 1/3 octave band frequencies (Section 5 of the
report)

e Use of decay curves obtained directly from true VDVs as obtained from measurements on
site (Section 7 of the report)

8.3.  Both approaches consider the following separately,

Day and night time levels

Passenger, freight and, where available, stone train
Each individual track

Existing and Proposed scenarios

Approach 1 - Frequency Decay Curves

8.4. The details of all calculations are shown in Appendix J-1. Calculations have been undertaken with
the aid of spreadsheets. The calculations use frequency decay curves in appropriate 1/3 octave
band frequencies. The decay rates described in Table 6, Section 5 are applied to the base curves
for representative pass-by events at known distances. Base vibration data from high-speed
freight and passenger events (events 11 and 12), and a loaded stone train (event 41) were used
for assessing the impacts of the proposed Scheme.

8.5.  In each frequency band, the weighted rms acceleration values, La, have been converted to decibels
(dB) using the equation 20 log (La'/ 10®). The single figure levels L1, in dB, are derived by
logarithmic addition of each 1/3 octave band dB level. Each base case also has a measured
VDV1 associated with the event. Figure 30 below is used to explain how the calculations are
arranged.
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Figure 30. Frequency Decay Calculations in dB

8.6. Step 1 - Using the decay rates shown in Table 6 of Section 5, the vibration levels are calculated at
the receiver distance, relative to the selected base curves, for each track and train vehicle type.

8.7. Step 2 - The distance corrected and frequency weighted vibration levels in each 1/3 octave
frequency band (shown in Step 1) are logarithmically added to derive a single figure at the
receiver position. This is undertaken separately for each track and train type.

8.8. Step 3 — Each vibration level L2, in dB, is converted to an intermediate VDV value termed VDV2 (int)
(which at this stage has not been adjusted for number of trains or speeds) using the relationship
below. As explained earlier, L1 and VDV1 are values associated with the base data.

L1-12 = 20log( EErl ) (Equation 8-1)
- = ogl———— uation 8-
E\UDr2tng a

8.9.  Step 4 - Appropriate correction factors are applied to the VDV(int) for speed, S and for number of
trains, N. Speed corrections are tabulated in Table 8 of Section 6. The correction for number of
trains uses the simple relationship (no of trains 2/ no of trains 1)*%. In these calculations, the
‘number of trains 1’ is always 1. This step 5gives calculated VDVs per track per vehicle type at the

receiver position as follows VDV(2), ms™7® = VDV2(int) x S x N.

8.10. Step 5 - Each VDV per track per vehicle type is added to give an overall VDV at the receiver position,
using the following;

VDVtotal = (VDVi* + - 4 VDVn*)025 (Equation 8-2)
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Approach 2 - Single Figure VDVs

8.11. The details of all calculations are shown in Appendix J. Calculations have been undertaken with the
aid of spreadsheets. Figure 31 below is used to explain how the calculations are arranged.

8.12. Each table in Appendix J-2 shows the results of assessment undertaken at a selected receiver, the
name of which is indicated in the table, and for a given scenario (i.e. current situation or proposed
situation). Therefore there are 2 consecutive tables associated with each receiver to describe
assessments for current and proposed scenarios.

8.13. The information is arranged in 3 main horizontal parts (labelled 1 to 3) and 5 main vertical parts
(labelled A to E), as follows;

Figure 31. Single Figure VDV Calculations
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8.14. Top third (1) of the table shows the assumed base vibration data. The second (2) and third (3) parts
of the table show details of the day-time and night-time calculations respectively. The second and
third parts are further sub-divided into two. The parts (a) show the input assumptions made as
part of the calculations (distance from dwellings, speeds, number of trains) and the parts (b)
describe the correction factors and the calculated VDVs. The calculation steps and the input
assumptions are described in column A. Columns B, C and D contain details of assessments for
passenger, freight and stone trains respectively, at each individual track. Column E gives the
results of total VDVs, with contributions from all tracks and all passenger types summed up.
Where celis are shown in grey, these parts of the calculations are not applicable to the
assessments.

8.15. The selection of ‘base’ vibration data for undertaking the assessments has been determined by the
train type (passenger, freight or stone train) and the train speed of interest. Base vibration data
from low-speed events (1B, 5 and 41) were used for calculating the VDVs for current situation,
where the relative speed adjustments to VDVs would be relatively small. Similarly, base vibration
data from high-speed events (11 and 12) were mainly used for assessing the impacts of the
proposed Scheme. On the proposed chord line, event 1B has been used to account for the speed
limit of 40mph with minimal speed adjustment. This is reflected in calculations at 12 Whimbrel
Close.

8.16. The calculation steps are explained below with the aid of a sample calculation (12 Whimbrel Close,
passenger train, day-time, nearest track).
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8.17.

8.18.

8.19.

8.20.

Table 10. Sample Calculation (12 Whimbrel Close, passenger train, day-time, nearest track)

Variable Case 1 Case 2 Assessment Ad::t;scttr:rent

Distance (m) x1=4m | x2=12.2m | Input parameter n/a

VDV scale factor for no c]anoi.n?; zdgn?r'nzf
of trains, N yt yt (20/1)°% 2.1

passenger | passenger

trains |  frains
VB s:a;:;agtor for Speed1 = | Speed2 = Use Table 8 111
peed, 35mph 40mph (passenger train) ’
VDV scale factor for x1 & x2 as above. B -
distance, D k=0.076 Use Equation 7-5 0.53
(from Table 9) !
VDV1 =
| Calculate VDV2 =

Calculated VDV 0.034{17 ? ms VDV2 VDV1 x N x S x D n/a

At a given receiver, assessment period (day or night) and a scenario (i.e. current situation or
proposed scheme), the above calculation steps are repeated for each track and for each vehicle

type (passenger, freight, stone train) separately, as appropriate. The resulting VDVs are summed
up using Equation 8-2 above.

Site Assessments

The VDVs at each receiver have been calculated for the current and future operation of the railway.
and results are set out in Tables 11 to 28.

The tables showing current VDV's include, for reference, the measured VDVs reported in the
Environmental Statement (ES), where these are available. Normally, it would be expected that
external ground borne vibration levels would be similar to those measured on the floor within the
building, however in this instance comparisons between these levels are limited for the following
reasons. The data presented in the ES was obtained from unattended monitoring within occupied
buildings, for which there was no record of either monitoring locations within the buildings or
traffic flows during the monitoring period.

The location of each dwelling under consideration is shown on a plan relative to existing and
proposed tracks. The existing track is shown in black and the proposed tracks are shown in red.
In @ number of cases, the new track follows closely the alignment of the existing track, and may
make it difficult to visually differentiate different tracks.
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Receiver — 12 Whimbrel Close

7 ' Op, Ry
2
6
. L ] » - [ ] .
-.mae N —
Table 11. Summary of VDVs for Current Situation — 12 Whimbrel Close
Assessment Calculation Calculated ES Measured Comment
Period Method (open ground) | (inside property)

. Approach 1 0.05 ES values based on
Day-t::wz_y]?V (2) 0-0.01 continuous measurements
' Approach 2 0.05 over 4 days

Night-time VDV(z) |  APProach 1 0.04 ES values based on
m.s 75 0-0.01 continuous megsurements
Approach 2 0.04 over 5 nights

8.21. There is currently no stone train in this area. Night-time VDV levels are dominated by freight trains.
Both passenger and freight trains make similar contributions to the overall day-time VDV levels.

Table 12. Summary of VDVs for Proposed Situation— 12 Whimbrel Close

Assessment Period Can:lc:::‘a;i;m (og::flg'::t:: d) Project Limits Comment
Day-time_1\/JI2V 2) Approach 1 0.13 W
= Approach 2 0.12 VDVs lower than limit
values. Mit_igation not
Night-timﬁ%DV(Z) Approach 1 0.09 . required.
m.s Approach 2 0.08
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8.22. According to the project understanding of the current and expected future train movements, no stone
train is expected in this area in the future. Contributions are noted from both passenger and
freight trains, however, the resulting VDVs are below project limits.

Receiver — 53 London Road
=

(N
. S

/ g LONDON ROAD
f LEVEL CROSSING

/
/' // D- - -S 10 " . E )

Table 13. Summary of VDVs for Current Situation - 53 London Road

Assessment Calculation Calculated | ES Measured Comment
Period Method {open ground) | (inside property)
Day-time 1\/7?\/ 74) Approach 1 0.08 - )
s Approach 2 0.08
Night-time1 \7/5DV(Z) Approach 1 0.06 i ]
= Approach 2 0.07

8.23. There is currently no stone train in this area. Night-time VDV levels are dominated by freight trains.
Both passenger and freight trains make similar contributions to the overall day-time VDV levels.

Table 14. Summary of VDVs for Proposed Scheme - 53 London Road

Assessment Period Earcaidtion eelEmiEEs Project Limits Comment
Method {open ground)
. Approach 1 0.16
Day t::‘z.ngv 2) 0.4 VDVs lower than limit
) Approach 2 0.16 values. Mitigation not
required.
Night-time VDV(2) Approach 1 0.1 0.2
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1.710

m.s Approach 2 0.11

8.24. According to the project understanding of the current and expected future train movements, no stone
train is expected in this area in the future. Contributions are noted from both passenger and
freight trains, however, the resulting VDVs are below project limits.

Receiver — 21 Nuthatch Way

27

25
23

§
é
§

Table 15. Summary of VDVs for Current Situation — 21 Nuthatch Way

Assessment Calculation Calculated ES Measured | o nt
Period Method (open ground) | (inside property)
Day-time 1\/7?\/ @) Approach 1 0.04 . -
H Approach 2 0.03
Night-time YDV(2) Approach 1 0.03 - _
ms Approach 2 0.02

8.25. There is currently no stone train in this area. Night-time VDV levels are dominated by freight trains.
Both passenger and freight trains make similar contributions to the overall day-time VDV levels.

Table 16. Summary of VDVs for Proposed Scheme — 21 Nuthatch Way

. Calculation Calculated . -
Assessment Period Method (open ground) Project Limits Comment
) Approach 1 0.09 VDVs lower than limit
Day-tlnr:\es_ng)v (2) 0.4 values. Mitigation not
' Approach 2 0.09 required.
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Night-time1 ysDV(Z) Approach 1 0.06 02
= Approach 2 0.06
8.26. According to the project understgnding of the current and expected future train movements, no stone

train is expected in this area in the future. Contributions are noted from both passenger and
freight trains, however, the resulting VDVs are below project limits.

Receiver — 5 Westholme Court

(™)

20-28

8-17

4
%
%

Table 17. Summary of VDVs for Existing Scheme - 5 Westholme Court

Assessment Calculation Calculated ES Measured Comment
Period Method (open ground) | (inside property)
Day-time 1\/7I25)V 2) Approach 1 0.06 T )
L I Approach 2 0.06
Night-time1 y5DV(Z) Approach 1 0.05 O )
m.s Approach 2 0.05

8.27. There is currently no stone train in this area. Night-time VDV levels are dominated by freight trains.

Both passenger and freight trains make similar contributions to the overall day-time VDV levels.

Table 18. Summary of VDVs for Proposed Scheme — 5 Westholme Court

Assessment Period STy el Project Limits Comment
Method {open ground)
. Approach 1 0.12 VDVs lower than limit
Day-tl:z_yjlgv (2) o 0.4 values. Mitigation not
) Approach 2 0.12 required.
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Night-time VDV(Z) Approach 1 0.08

m.s 02

Approach 2 0.08

8.28. According to the project understanding of the current and expected future train movements, no stone
train is expected in this area in the future. Contributions are noted from both passenger and
freight trains, however, the resulting VDVs are below project limits.

Receiver — Kareol, Islip Crossing

P
[N )

4

<0
27

" I1SUP LEVEL
~~ CROSSING

Table 19. Summary of VDVs for Existing Situation - Kareol, Islip Crossing

. Calculation Calculated ES Measured
AssessiiontiBerled Method (open ground) | (inside property) Comment
Day-time \1/7D5V (Z) m.s] Approach 1 0.15 0.05 ES values based on continuous
Approach 2 015 measurements over 1 day
Night-time VDV(z) | APProach1 00 0.05_006 |ES values based on continuous
m.s™"® : : measurements over 2 nights
Approach 2 0.11

8.29. There is currently no stone train in this area. Both day and night-time VDV levels are dominated by
freight trains.
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Table 20. Summary of VDVs for Proposed Scheme - Kareol, Islip Crossing

Assessment| Calculation| Calculated . -
Period Method | (open ground) FiclecOLImie el
Day-time | Approach 1 0.22
VDV (Zg m.s’ 0.4
v Approach 2 0.20 VDVs lower than limit
values. Mitigation not
Night-time | Approach 1 0.16 required.
VDVQZ72 m.s 0.2
’ Approach 2 0.15

8.30. According to the project understanding of the current and expected future train movements, no stone

train is expected in this area in the future. The estimated VDVs are dominated by freight trains
both during the day and at night.

Receiver — Oddington Crossing

a4
®
.
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e ODDINGTON
7 LEVEL CROSSING
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L] ] 10 18 k-] 2om
- - . —— A
Table 21. Summary of VDVs for Existing Situation — Oddington Crossing
Assessment ' Calculation Calculated ES Measured Comment
Period [ Method {open ground) | (inside property)
. Approach 1 0.1 ES values based on
Day-tlr;m:_}.lgv 2) - 0.16-0.24 continuous measurements
’ Approach 2 0.12 over 6 days
. . Approach 1 0.08 ES values based on
nght':‘msﬁ%Dv(z) 0-0.13 continuous measurements
’ Approach 2 0.09 over 7 nights
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8.31. There is currently no stone train in this area. Both day and night-time VDV levels are dominated by

freight trains.

Table 22. Summary of VDVs for Proposed Scheme - Oddington Crossing

Calculation Calculated

Assessment Period Method (open ground) Project Limits Comment
Day-time_1\/]I2V ) Approach 1 0.18 o
m-s Approach 2 B 0.17 VDVs lower than limit
values. Mitigation not
[ Night-time VDV(2) Approach 1 0.13 T required.
e Approach 2 0.13

8.32. According to the project understanding of the current and expected future train movements, no stone
train is expected in this area in the future. The estimated VDVs are dominated by freight trains

during the night. Both passenger and freight trains make similar contributions during the day.

Receiver - Alchaster House, Langford Lane Crossing
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4

4
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/ ° . 10 1 »
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Table 23. Summary of VDVs for Existing Situation — Alchaster House

Assessment Calculation Calculated (open [ ES Measured Comment
Period Method ground) (inside property)
Day-time 1\/72\/ 74) Approach 1 0.04 " )
m.s Approach 2 - 0.04
Night-time1 \7/5DV(Z) Approach 1 0.03 = )
i Approach 2 0.03
|

8.33. There is currently no stone train in this area. Night-time VDV levels are dominated by freight trains.
Both passenger and freight trains make similar contributions to the overall day-time VDV levels.

Table 24. Summary of VDVs for Proposed Scheme — Alchaster House

Assessment Period CTJI‘:‘:E;Z’“ Calc;lrzt::l d()o pen Project Limits Comment ‘
Day-time_1\/7%)V 2) Approach 1 0.09 "
il = Approach 2 0.09 VDVs lower than Iimit‘
values. Mit.igation not
Night-timt_at\?/sDV(Z) Approach 1 0.07 02 required.
= Approach 2 0.06

8.34. According to the project understanding of the current and expected future train movements, no stone
train is expected in this area in the future. Contributions are noted from both passenger and
freight trains, however, the resulting VDVs are below project limits.
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Receiver - 3 Bladon Close

<
%
<
o L ] 0 s =
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Table 25. Summary of VDVs for Existing Situation — 3 Bladon Close
Assessment Calculation Calculated ES Measured Comment
Period Method (open ground)| (inside property)
Day-time }‘EV 2) Approach 1 0.07 o )
8 Approach 2 0.05
Night-time YDV(z) |~ APProach ! 0.03 s ‘
= Approach 2 0.03

8.35. The freight trains are the dominant component of VDVs during both day and night.
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Table 26. Summary of VDVs for Proposed Scheme — 3 Bladon Close

Assessment Period CT\:IZ‘:E‘::’" Calc;lrit::d(;) pen Project Limits Comment
Day-time_1\/JI2V ) Approach 1 0.1 -
m.s ' Approach 2 0.07 VDVs lower than limit
B values. Mit.igation not
Night—tim%.\/sDV(Z_) Approach 1 0.06 - required.
e Approach 2 0.06

8.36. The main contributions to VDVs during the night are from freight trains. During the day, both freight
and passenger trains provide a similar contribution to VDVs. The resulting VDVs are below

project limits.

Receiver — Quadrangle, St Peter’s Road

®

THE

QUADRANGLE
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Table 27. Summary of VDVs for Existing Situation - Quadrangle

Assessment Calculation Calculated ES Measured

Period Method (open ground)| (inside property) Comment

ES values based on
Approach 1 0.09 0.03-0.04 continuous measyrements
n
Day-time VDV (Z) over 2 days, 2™ storey
m.s™’® S

ES values based on
Approach 2 0.08 0.04 continuous measurements
over 1 day, basement

ES values based on
Approach 1 0.05 0.02-0.04 continuous measurements

: nd
Night-time1 ¥SDV(Z> over 3 nights, 2™ storey

m.s f—

ES values based on
Approach 2 0.06 0.03-0.04 continuous measurements
. over 3 nights, basement

8.37. The freight trains are the dominant component of the higher day time VDV estimates. Both the freight
trains and the stone train contribute similarly to lower day time VDV estimates. The night-time
VDVs are dominated by freight trains.

8.38. It is understood that the measurements undertaken in the basement level of the property include a
measurement of a stone train. It is likely this is reflected in the day-time VDV values.

8.39. The observations on PPV (Peak Particle Velocity) levels indicate that measurements undertaken at
the second storey level are in the region of twice the magnitude of those measured at the
basement level. However the observed amplification factor of 2 in the PPV levels at Quadrangle
does not appear to be reflected in the measured VDVs. On this basis, and the fact that predicted
VDVs in this assessment were generally shown to be higher than those measured inside the
properties, no additional adjustments have been applied to the calculations at this property to
account for potential attenuations or amplifications due to the presence of the building and its
elements. ’

Table 28. Summary of VDVs for Proposed Scheme - Quadrangle

Assessment Period CT\:IZ':E::)" (og::‘c;:zt:: d) Project Limits Comment
Day—time_1\(7I25)V 2 Approach 1 0.15 o4
e Approach 2 0.12 VDVs lower than limit
- values. Mitigation not
Night-timgysDV(Z) Approach 1 0.09 a3 required.
e ~ Approach 2 0.09

8.40. All train types make contributions to resulting VDVs during the day. At night, freight trains provide the
dominant VDV component. However, the resulting VDVs are below project limits.
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9.

Vibration Mitigation

9.1. This section identifies the locations which could qualify for vibration mitigation, and where
appropriate, provides an acoustic specification and a potential solution to meet this specification.

Quantification of Uncertainty

9.2.  All calculated VDVs were shown to be higher than the average values observed in measurements,
due to factors of safety employed in the calculations. The scheme impacts are calculated using
appropriate regression curves through representative reference pass-by events which result in
higher vibration levels than average. The observed factors of safety in the calculations are

summarised below.

Table 29.

Prediction method

Estimated factors of safety in VDV calculations

Passenger trains

Freight trains

Approach 1 — Decay
curves in dB for each 1/3
octave band frequency
linearly offset to represent
appropriate reference case

Predicted vibration levels are

3.5dB higher than average

95% of all measurements are on
or below the regression curve

Predicted vibration levels are
2.5dB higher than average

90% of all measurements are on or
below the regression curve

Approach 2 — VDVs
predicted from upper
regression curves offset to
represent appropriate
reference case

Predicted VDVs at 5m from track!
are higher than average by a

factor of 1.5

93% of all measurements are on
or below the regression curve

Predicted VDVs at 5m from track
are higher than average by a factor
of 1.5

80% of all measurements are on or
below the regression curve

Properties Qualifying for Mitigation
9.3.  The night-time vibration levels were shown to be the critical levels in determining the need for

mitigation. The day-time vibration levels are included for completeness. The appropriate VDVs
are summarised below to determine whether the project VDV limits are exceeded or met.

Table 30. Summary of Project Compliance with VDV Limits

Predicted Project VDV Limit, m/s™"°
Receiver VDV, m/s™7® (D =0.4,N=0.2)
D N Met or Exceeded?
12 Whimbrel Close 0.13| 0.09 Met
53 London Road 0.16 | 0.11 Met
21 Nuthatch Way 0.09| 0.06 Met
5 Westholme Court | 0.12 [ 0.08 Met
lslip, Kareol | 0.22] 0.16 | Met |
Oddington 0.18 | 0.13 Met
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94.

9.5.

9.6.

9.7.

[ Predicted Project VDV Limit, m/s™"°
Receiver VDV, m/s™*™® (D =0.4, N=0.2)
D N Met or Exceeded?
Alchaster House 009 0.07 Met
'3 Bladon Close 0.11| 0.06 T Met
Quadrangle 0.15 | 0.09 Met

The predicted vibration levels indicated that the calculated VDVs at all 9 vibration-sensitive properties
were below project VDV limits.

The predicted night-time VDVs at Islip, Kareol, which is the dwelling with the highest predicted level,
is 20% below the project limits. For passenger trains, predicted vibration levels were 3.5dB higher
than the average values and 95% of all measurements were observed to be on or below the
regression curve. For freight trains, the predicted vibration levels were 2.5dB higher than the
average values and 90% of all measurements were shown to be on or below the regression
curve. Therefore it is considered that the predictions incorporate sufficient factor of safety to
demonstrate the predicted VDVs are robust in determining compliance with project limit values.

The assessments demonstrate that calculated VDVs at all nine potentially vibration sensitive
properties would be below project VDV targets (as described in the Noise and Vibration
Mitigation Policy) and that there is no requirement to implement mitigation measures.

A discrepancy exists between the measured vibration readings and calculations in relation to the
existing situation at Oddington Crossing which is most likely to have been caused by track
roughness due to the presence of the current level crossing or a problem with the track support,
each due to the presence of the current level crossing. Further investigation could resolve this
discrepancy, however the level crossings here and adjacent to Islip level crossing are to be
removed as part of the project eliminating this issue. The pragmatic proposal is that the project
will also take the opportunity to remove the existing railway earthworks adjacent to these two
properties, as well as for a suitable distance in either direction, and incorporate completely new
earthworks and embankment footings, designed and installed to modern standards. This will
provide enhanced track support and further reduce potential vibration effects by ensuring that
rails remain smoother between maintenance cycles, and will provide increased confidence that
the vibration targets will be achieved.
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10.

10.1.

10.2.

10.3.

10.4.

10.5.

10.6.

10.7.

10.8.

10.9.

10.10.

10.11.

Atkins

Discussion

This section presents a general discussion of the results.

Project Limits and Assumptions

There are 9 No. vibration-sensitive dwellings which have been considered in detail as part of this
assessment.

The vibration limits, in Vibration Dose Value (VDV), which the Scheme is required to meet in
occupied dwellings adjacent to the Scheme are summarised below;

e Day (0700 — 2300 hours) - 0.4 m/s""®
e Night (2300 — 0700 hours) - 0.2 m/s""®

Therefore assessments are undertaken in the unit of VDVs to be able clearly demonstrate
compliance with project limits and to assess the need for mitigation measures.

Section 2 provides further specific information and assumptions related to the scheme, which have
shaped the assessments. This includes best available information on the number, type and
speed of trains during day-time and night-time as well as the distance between individual tracks
and vibration-sensitive dwellings.

Vibration Measurements

A number of vibration measurements have been undertaken as part of this project to identify
appropriate data for use in the assessments. Over the course of a number of days, data from 70
pass-by events have been captured. These included 51 passenger trains, 16 freight trains and 3
stone trains. The full details of each pass-by event including speed, vehicle type, number of
wagons and distance from the track were noted.

Full details of vibration monitoring methodology and results are described in Section 3.

Track Inspection

The existing permanent way was inspected at the vibration monitoring sites on the existing Bicester
to Oxford line (ELR — OXD) and the Oxford to Anyho Junction line (ELR — DCL), to determine the
(a) component type; (b) component condition; (c) overall condition of the permanent way; and to
(d) identify factors that could unduly impact on the vibration resuits.

The inspection of both lines was undertaken by Julien Green, who is the project CEM, and a former
Permanent Way Maintenance Engineer, on 9 October 2013. The report is attached in Appendix
E.

It was identified that the track is in a good condition, with no evidence of “track pumping” or other
issues that would be outside of the normal parameters for a well maintained line for the track
category currently in service.

It was also advised by the engineers that the tamping regime of the Loop line is likely to be 6-12
months basis dependent on how the track holds up in service. Because of the track category
(level 2), tolerance levels for quality of track will be fairly stringent and will need to be maintained
in the good to very good quality band.
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10.12.

10.13.

10.14.

10.15.

10.16.

10.17.

10.18.

10.19.

10.20.

Atkins

Analysis

The analysis of vibration measurement survey results are undertaken in Sections 4 to 7. The
information gathered from measurement surveys were analysed and used for deriving
appropriate vibration decay curves with distance and frequency. These were also used to identify
the frequency content of the resulting vibration -levels for assessing effectiveness of mitigation
measures.

Semi-empirical Prediction Method

The predicted VDVs are shown in Section 8. The predictions of VDVs have been undertaken using
two different approaches. The first one was based on analysis of measured vibration acceleration
levels to identify vibration decay characteristics, in dB, with distance at individual 1/3 octave band
frequencies, for passenger and freight trains. The second approach applied directly measured
data to derive appropriate vibration decay curves for distance attenuation, expressed in VDVs.

Comparisons between the results obtained using the two approaches showed a very good
correlation in the predicted VDVs, both in the existing situation and with the scheme. By
definition, VDV is obtained by weighting the rms acceleration values as appropriate at one-third
octave frequency bands and combining these together to obtain a single value. Therefore
frequency decay characteristics are appropriately reflected in the definition of VDV.

This comparison showed that both approaches provide consistent results and it would be appropriate
to use the directly measured VDVs or the individual frequency decay curves in dB at each 1/3
octave band frequency for the assessment of project compliance with VDV limits.

Compliance with Project Limits

The predicted VDVs were further summarised in Section 9 and the calculated VDVs at all 9
vibration-sensitive properties were shown to be below project VDV limits. The predicted night-
time VDVs at Islip, Kareol (0.16 m/s™"®), which is the dwelling with the highest predicted level,
was 20% below the project limits (0.2 m/s™ 7).

Analysis of measured data indicated that the predictions incorporate sufficient factor of safety to
demonstrate the predicted VDVs are robust in determining compliance with project limit values.
For passenger trains, predicted vibration levels were 3.5dB higher than the average values and
95% of all measurements were observed to be on or below the regression curve. For freight
trains, the predicted vibration levels were 2.5dB higher than the average values and 90% of all
measurements were shown to be on or below the regression curve.

The assessments demonstrate that calculated VDVs at all nine potentially vibration sensitive
properties would be below project VDV targets (as described in the Noise and Vibration
Mitigation Policy) and that there is no requirement to implement mitigation measures.

A discrepancy exists between the measured vibration readings and calculations in relation to the
existing situation at Oddington Crossing which is most likely to have been caused by track
roughness due to the presence of the current level crossing or a problem with the track support,
each due to the presence of the current level crossing. Further investigation could resolve this
discrepancy, however the level crossings here and adjacent to Islip level crossing are to be
removed as part of the project eliminating this issue. The pragmatic proposal is that the project
will also take the opportunity to remove the existing railway earthworks adjacent to these two
properties, as well as for a suitable distance in either direction, and incorporate completely new
earthworks and embankment footings, designed and installed to modern standards. This will
provide enhanced track support and further reduce potential vibration effects by ensuring that
rails remain smoother between maintenance cycles, and will provide increased confidence that
the vibration targets will be achieved.

Stone Train

Detailed discussions associated with the maximum and attainable speeds of stone trains are
provided in Section 6. Further assumptions on stone trains are described in Section 2.
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10.21.

10.22.

10.23.

10.24.

10.25.

10.26.

The current and expected future movements of the ‘stone train’ indicate this train is only likely to
affect 2 of the 9 receivers assessed. These are 3 Bladon Close and Quadrangle. Since no stone
train is expected at night, and the day-time VDVs are well below the limit values, it was found that
the project VDV limits would not be exceeded at either of these locations.

Currently, the stone train operates 2 days of the week. The assessments are based on a typical day
when the stone train would be operational, and represents a conservative approach when
assessing typical VDVs at the dwellings.

With the scheme, there would be an increase in the number of freight movements. However there is
no positive indication that there would be an intensification in use of the stone train. As a
conservative approach, it has been assumed that, with the scheme, there could be up to 2 fully
loaded stone trains a day (1 on each track, since both tracks are designed to be bi-directional).
The total number of freight movements has therefore been proportionately reduced to allow for
these movements.

Measurements of a loaded and unloaded stone train showed that when the stone train is not loaded,
the vibration levels generated are comparable to the ‘average’ decay curve from freight trains.
Therefore as part of this assessment it is reasonable for an ‘unloaded’ stone train to be treated as
a ‘conventional’ freight train.

Summary of Uncertainty

There are a number of sources of uncertainties associated with the measurement and the prediction
of vibration levels at the various receptors considered in the assessment. These sources of
uncertainty are identified and described below with their potential effect on the assessment and
how they have been taken into account.

The last column of the tables provide a traffic-light assessment whether each item has a potential
adverse (red), neutral (orange) or positive (green) impact on the assessments.

Atkins Vivration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 66



East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Table 31. Sources of Uncertainty Associated with Stone Train

Item | Assumption | Assessment of Risk Potential Effect Action
or
Uncertainty

1 Itis assumed | Advice from the operators is that this is This could lead to a
that with the | the highest maximum speed which could | lower assumed speed
scheme, the | be expected under ideal conditions. The correction for the
loaded stone | attainable speeds in reality would be stone train with the
train can further limited by a number of physical scheme (1.77), and
travel up to and operational constraints associated make it more
60mph. with the network and the trains. Further comparable to the

details are provided in the report. speed correction
without the scheme
(1.131).
Only affects part of
scheme used by
stone train.

2 Empirical These relationships are suitable for This likely to result in
relationships | adjustments for small variations in speed. | an over-prediction,
are used for However as part of this assessment, they | supported by
adjusting are applied to stone trains to scale up previous work by
VDVs from vibration levels from speeds 28mph to others discussed in
stone trains 60mph. report. Only affects
for speed. part of scheme used

by stone train.

3 It is assumed | The measurements have shown that an Not expected to affect
that unloaded stone train is expected to assessments.
unloaded generate vibration levels which are
stone train similar to those from conventional freight
would trains.
generate
similar levels
of vibration
as the
conventional
freight trains.

4 The Currently, the stone train only operates 2 | This results in an
assessments | week-days of a 7-day week. over-prediction of
are based on typical vibration levels
a typical day experienced at
when the properties over a
stone train period of time. Only
would be affects part of
operational. scheme used by

stone train.

5 Assumed an | There is no indication from the operators | The predicted
increase in of the stone train that the number of vibration levels with
the number trains in use would be increased in the the scheme are likely
of stone future. It is understood this would depend | to be higher than
trains with on operational constraints and economic | those expected in
the scheme. | considerations. Any potential additional practice, over-

stone trains could be spread onto predicting scheme
different days of the week, or there could | impacts. Only affects
be more slots for loaded stone trains part of scheme used
within the same day. by stone train.
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Table 32. Sources of Uncertainty Associated with Semi-Empirical Prediction Method

Item

Assumption or
Uncertainty

Assessment of Risk

Potential Effect

Assessments are
based on
regression curves
derived from
measurements of
in-service trains.

The assessment takes into
account the effect of different
vehicle types travelling at
speeds representative of
design speeds and on
representative geology.

For passenger trains,
predicted vibration
levels were 3.5dB
higher than the
average values and
95% of all
measurements were
observed to be on or
below the regression
curve. For freight
trains, the predicted
vibration levels were
2.5dB higher than the
average values and
90% of all
measurements were
shown to be on or
below the regression
curve.

The maximum
permitted speeds
on the line have
been used in the
assessments.

Due to the braking and
acceleration patterns, the
trains will not be at the
maximum speed for the whole
route.

The calculated
vibration levels are
likely to be higher than
those expected under
operational speeds.

Speed corrections
for freight and
passenger trains
rely on empirical
relationships.

This is consistent with
standard literature on the
subject.

This element of the
assessment is not
expected to affect the
assessments
significantly.

Action
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Table 33. Sources of Uncertainty Associated with Measured Vibration Levels

for freight and passenger
trains.

of uncertainty which is
likely to result in
variation in vibration
levels.

decay relationships
through a number of
distances, speeds and
vehicle types and
numbers.

Item Assumption or Assessment of Risk Potential Effect Action
Uncertainty

1 Variation in track This is a general source | Inspection of track at Assessments are
roughness through the of uncertainty which is | measurement positions | based on decay
tamping cycle of track as | likely to result in identified that track is in re!aﬁonshlpe through
well as along the route variation in vibration good overall condition, |a number of

levels. and consistent with the | distances, speeds
rest of the network. and vehicle types
Engineer’s report is and numbers.
included in the report. 'Pafantlal uncertainty
is demonstrated by

2 Local variations in geology | This is a general source | Not quantified as part of apprapriale 'Upper”

within the study area. of uncertainty which is | this study. However and 'lower’
likely to result in assessments are based |egression curves.
variation in vibration on similar type of
levels. geology and a large In estimating the
number of scheme impacts, in
measurements to VBV& appropriate
minimise risk. esign curves have
u'se_d_ fo

3 Day-to-day variations in | This is a general source | The same site has been acmmtforganaral
material properties. of uncertainty which is | visited over a number of of

likely to result in days. Potential day-to- U"Wdﬂ'“ti'

variation in vibration day variation is reflected

levels. in the measured data. | ©On the basis of
measurements.

4 The spread in This is a general source | Variation has been undertaken, it is
measurements of different | of uncertainty whichis | investigated. Appropriate | SHOWR that. ﬁ'ﬁs
vehicles of same type likely to result in design curves are used M@uld ensureuihata
travelling at speeds within | variation in vibration for calculating scheme '
a narrow band. levels. VDVs.

5 Lack of control distance for | Second round of Variation has been ; fs
measurements. measurements use a investigated. Appropriate CUIVes. Th]&

control measurement design curves are used qwnﬁﬁed in Table
position at equal for calculating scheme
distance from all track. |VDVs.

Assessments

6 Uncertainty associated with| This is a general source | 70 pass-by events ‘"“"’;“'_‘hﬁtm s
the number of pass-by of uncertainty which is | measured, including 52 :,'gﬁn o “g
events relied upon for likely to result in passenger trains, 15 i P'?"H
deriving appropriate variation in v1brat|on freight trains and 3 stone :vob'ua' dﬂohl m than
regression curves. levels. trains, to minimise risk. the calcuiated Jevels.

7 Variation in source terms | This is a general source | Assessment based on
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11.Conclusions

11.1.

11.2.

Atkins is currently undertaking the detailed design of the proposed double-tracking of Oxford to
Bicester Rail line (referred to as the ‘Scheme’ in this document). There are a number of vibration
conditions which need to be discharged with the local planning authority before the Scheme can
be buiilt.

This report deals with vibration form the plain line, and vibration from switches and crossings will be
considered in a separate report. The aim of this report is to present appropriate data and
analysis, and based on the relevant vibration conditions, make recommendations on suitable
form of mitigation measures, to support the application process.

There are 9 vibration-sensitive dwellings which have been considered in detail as part of this
assessment. The assessments take into account the best available information on the number,
type and speed of trains during day-time and night-time as well as the distance between
individual tracks and vibration-sensitive dwellings.

A number of vibration measurements have been undertaken as part of this project to identify
appropriate data for use in the assessments. Over the course of a number of site visits, data from
70 pass-by events have been captured. These included 51 passenger trains, 16 freight trains and
3 stone trains. The full details of each pass-by event including speed, vehicle type, number of
wagons and distance from the track were noted.

Two different approaches were used to estimate Vibration Dose Value (VDV) based on information
from vibration measurement surveys and other empirical analysis. The first approach was based
on analysis of measured vibration acceleration levels, in dB, to identify vibration decay
characteristics with distance at individual 1/3 octave band frequencies. The second approach
used the measured data to derive appropriate vibration decay curves for distance attenuation, in
single VDV figures, which could be used directly to assess compliance with project limits. The
results from both approaches were found to be consistent.

The calculated VDVs at all 9 vibration-sensitive properties were shown to be below project VDV
limits. The predicted night-time VDVs at Islip, Kareol (0.16 m/s'”s), which is the dwelling with the
highest predicted level, was 20% below the project limits (0.2 m/s’ '75).

Analysis of measured data indicated that the predictions incorporate sufficient factor of safety to
demonstrate that the predicted VDVs are robust in determining compliance with project limit
values. For passenger trains, predicted vibration levels were 3.5dB higher than the average
values and 95% of all measurements were observed to be on or below the regression curve. For
freight trains, the predicted vibration levels were 2.5dB higher than the average values and 90%
of all measuremerits were shown to be on or below the regression curve.

The assessments demonstrate that calculated VDVs at all nine potentially vibration sensitive
properties would be below project VDV targets (as described in the Noise and Vibration
Mitigation Policy) and that there is no requirement to implement mitigation measures.

A discrepancy exists between the measured vibration readings and calculations in relation to the
existing situation at Oddington Crossing which is most likely to have been caused by track
roughness due to the presence of the current level crossing or a problem with the track support,
each due to the presence of the current level crossing. Further investigation might resolve this
discrepancy, however the level crossings here and adjacent to Islip level crossing are to be
removed as part of the project eliminating this issue. The pragmatic proposal is that the project
will also take the opportunity to remove the existing railway earthworks adjacent to these two
properties, as well as for a suitable distance in either direction, and incorporate completely new
earthworks and embankment footings, designed and installed to modern standards. This will
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provide enhanced track support and further reduce potential vibration effects by ensuring that
track quality remains higher between maintenance cycles.
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12.Recommendations

121. The assessments demonstrate that calculated VDVs at all nine potentially vibration sensitive
properties would be below project VDV targets (as described in the Noise and Vibration
Mitigation Policy) and that there is no requirement to implement mitigation measures.

12.2. A discrepancy exists between the measured vibration readings and calculations in relation to the
existing situation at Oddington Crossing which is most likely to have been caused by track
roughness due to the presence of the current level crossing or a problem with the track support,
each due to the presence of the current level crossing. Further investigation might resolve this
discrepancy, however the level crossings here and adjacent to Islip level crossing are to be
removed as part of the project eliminating this issue. The pragmatic proposal is that the project
will also take the opportunity to remove the existing railway earthworks adjacent to these two
properties, as well as for a suitable distance in either direction, and incorporate completely new
earthworks and embankment footings, designed and installed to modern standards. This will
provide enhanced track support and further reduce potential vibration effects by ensuring that
track quality remains higher between maintenance cycles.
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Appendix A. Glossary of
Technical Terms

Acceleration - The measure of the rate of change of particle velocity with respect to time, typically
expressed in m.s™.

Weighted RMS acceleration is the root-mean-squared value of the frequency weighted acceleration,
using W, or W, as appropriate.

Frequency (Hertz) - The number of cycles per second (Hertz) at which a structure will oscillate when
either; driven by a “forcing frequency” or when excited and then allowed to come to rest naturally,
“natural frequency”.

Frequency Weightings - Different frequency weightings (value corrections) are required for different
axes of motion because people perceive vibration differently depending on the frequency and the
direction of movement. The frequency range concerned is 0.5 Hz to 80Hz for the thre axes. The
weightings (Wb (for vertical motion) and Wd (for horizontal motion) are defined in BS 6841, “Guide to
Measurement and evaluation of human exposure to whole-body vibration and repeated shock”.

Peak Particle Velocity (PPV) - Instantaneous maximum velocity reached by a vibrating element as it
oscillates about its rest position, typically expressed in mm.s™. ‘

Vibration Dose Value (VDV) - Measure of the total vibration experienced over a specified period of time,
expressed in m.s”’%. The VDV is derived from the weighted RMS acceleration in each axis and provides
a consistent approach to the assessment of continuous, intermittent, occasional and impulsive vibration,
which correlates well with subjective human response.

» estimated Vibration Dose Value (eVDV) - Is an approximation of the VDV and is sometimes

appropriate to use where vibration is not time-varying in magnitude. It is over a specific time
period and expressed in m.s™7°,
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Appendix B. Design

Table 34. Current Situation
Track Time Period Passenger Freight
- Di
Receiver M(:- _I\/'Car:g:_lge e;:tsat:]zet:gocrl? D=16hr Day
(m) Number aneid’ Number Sr%eid’
N=8hr Night P P
C1 - - - - -
i M1 D 20
ol e 12.24 40 40
N 2
M2 - . : = :
M1 D 20
53 London 6.84 - 5 40 40
Road
M2 - - - - -
M1 D 20
21 Nuthatch 17:62 o2 %
N 2
Way
M2 - - - - -
M1 D 20
5 Westholme 200 N > 4 40
Court
M2 - - - - .
M1 D 20
2.87 40 40
Islip N 2
M2 - - E - -
M1 D 20
5.09 40 40
Oddington N 2
M2 - - - -
Alchester M1 D 20
House, 16.00 40 40
Langford Lane N 2
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M2 - - - -
M1 20
3 Bladon 14.34 > 40 40
Close
M2 - - - -
M1 20
8.97 40 40
Quadrangle 2
M2 - - - -
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Table 35. Proposed Scheme

Receiver Track Time Passenger Freight
Distance Period g g
M - from
Mainline proposed D=Day
track (m) Number Srr:]eehd, Number Sr‘:]eid'
C - Chord N=Night P P
12 Whimbrel D 31 0
Close C1 5.18 40 40
N 4 0
D 109 9
M1 9.80 100 75
N 18 4
D 79 9
M2 13.32 100 75
N 14 4
53 London D 140 9
Road M1 6.84 100 75
N 22 4
D 79 9
M2 10.28 100 75
N 14 4
21 Nuthatch D 140 9
Way M1 14.03 100 75
N 22 4
D 79 9
M2 17.52 100 75
N 14 4
5 Westholme D 140 9
Court M1 9.80 100 75
N 22 4
D 79 9
M2 13.17 100 75
N 14 4
Islip D 79 9
M1 3.51 100 75
N 14 4
D 79 9
M2 6.74 100 75
N 14 4
Oddington M1 5.09 D 79 100 9 75
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N 14
D 79
M2 8.62 100 75
N 14
Alchester D 79
House M1 12.25 100 75
N 14
D 79
M2 16.00 100 75
N 14
3 Bladon D 79
Close M1 12.92 70 70
N 14
D 79
M2 13.62 60 60
N 14
Quadrangle D 79
M1 10.89 70 70
N 14
D 79
M2 7.49 70 70
N 14
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Appendix D. Equipment
Calibration Records

The calibration certificates and sensitivities are provided below for the accelerometers used during the
vibration surveys.

~ Calibration Certificate ~

180 10083-2v
Asamin

1.W133998 (y aniu)
ICP® Triaxial Accelerowter
rCB

Method: _ Back-to-Back C i AT-401-3

Calibration Data

Output Blsa

tommiger pres

T4 °F 14 )

Frequency (Ha) Dev. (%)
10 08 £4.9

(F] 07 S00 1.3

) 0.8 1000 17

S0 0.l 3000 0.8
REF. FREQ.

Py (st
e—~rerg
“The avshmates ivet y bu hamasty E l-¥;_ -.—?.- Suvlspns Lovet

--l-.-u-\
Condition of Unlt

Vg

MNew Uit s Tolerane
Notes

| Calibeathon |s NIST Traccebie thre Praject 681 280472 and FTT Traceabile iy Progeqt 10048

1 This certi oate shiall mot be sebrodaced. eveet (1 Tll, without wittten spprval frosn POH Mepctronics Inc.

1 Calibeatm bs petfarmed m compiiance with 150 000), 10 1001 21, ANS| Z830 3 s 80 1T S

1 See Manufacturor s Speciflcatsm Sheet G o dovalled Hiping of perfermunce ype cation

4 Measstement mcersinty (09% conflidence level with covernge lsctir of 1) for frequency ranges tesind during culibration

are a follows. 4.9 )z S % 1000 M2 §oAG DONB- A bl oo 1 0P 2410 Kils |

1%

Technician: Ghary Ol 4 Dete: 282012

oPCB

e
Houdgamtors 342¢ Wikden Avesisr Depes, N 1043
[ o ET R Caltemmmm Perfrmed ot | 008N [Egher gy W1 Halilm NC 2789
2 TEL #B48d oit FAX L6835 Jets e pchom

-

T TR T L A RLE L R )
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~ Calibration Certificate ~

Per 150 14083 2}
Model Number: - Is6RIR
Serisl Number: L LWIIIS9S (zenin)
Descriptivn ICP& Triavial Accelerometer

Munufacturer: PCH Method Huck-ta-Back Comparisan _ AT-401-3

Calibration Data
Sensitivity @ 100 Ha 970 mV /g Output Bisy

(98.9 mV/m/s") Transy erse Sensitivity

Discharge Timne Constant 10 seconds

Senxitiviey Plot

Temperalure 241 (2470 Relative Humidiy

1309

He
Data Points

Frequency (117} Freguency (Hzy Dev (*»)
1¢ . RI{] N9
14 . Suo 14
30 1000 -9
50 A 3000 gN

REF FREQ

Vmry Swrtme Wrilie s lciniine  farme TE L e veman

T e i [T

Tier o st tya ol Ra) 0 |l ¥ it Dtk m o a2y | 1M Ded el et e AT S B PN TRP waly (8 D w ry fme ot ca fvsee Sadas  Acsmaree el
Tha porialond (v elie verd of ek eAeas i RuSHIREIIY Heew i g cC Anet e

Conditian of Unit

M N

As Found:  na
As Lel: New Unst, In Folerance
Notes
I Calibration is NIST Traccable thru Project 681 280472 und PTH Traceable thru Project 10363
2 This certificate shall not be reproduced, except in full, without written appeosal from PCB Piczotronics Inc,
3. Calibraiion is performed in compliance with 1SO 2001, 1SO 10012-1. ANSI Z840.3 and SO 17028
4 See Manufacturer's Specificatian Sheet for o detailed listing of performance specifications.
& Measurement uncertuinty (95% confidence lescl with coverage factor of 2) for frequency ranges tested duning calibration
are as follows: 5-9 Mz; +/« 20%, 1099 Hz, == | 5%, 100-1999 Ha + - 1 0%, 210 &H2 - - 2.5%

Technician Gury Oatis k4 Date 6232012

OPCB PIEZOTROMCS
VIBRATYON
Headgpuarrert 12¢ Walden Avenue. m 140M3

Coubdy ston Performed ar 10849 Highoray 903 Hablaw NC 27839
TEL 838 684-0013 FAX 7:6-687 3886 aww peb com NPT r—

TR TR TR LR HE R

[T T T T R

I
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~ Calibration Certificate ~

Pur IS0 10083-2*

Model Number: —— 11

Seriel Number: LWIISO (navks)

Description: ICP® Triaxial Accelerometer

Manufacturer: PCH Method Buck-to-Back Comparison  AT-401-3

Calibration Data
Sensitivity @ 100 He 1913 mv/g Output Bias 1.7 VYDC
(1033 mV/im/s*)

Fransverse Sensitivity

Discharge Time Constant 1.0 seconds

Sensitivity Plot

1cmperature M_'r_ui“(')_ Rebprvg Lwmadiy 9%

t v
00 1000 1000 0 3000 6

Hz
Data Points
Frequency (I1z) Dev. (%) Frequency (Hz) Dev. (%)
10 It 300 -0.9

15 09 500 -14
3o 0.5 1000 <16
50 0.1 3000 20
REF. FREQ 0.0

My beins et fai Wl irwe Totoes mtwd EES
NS L LI
T it Bepd S e Lnvend e vielyy Sarbes ERe o L (g e f B iadon] e 4 vourin B¢ afmpimd, B0 pdeytan 71 a5e wER i infistvey rumda p 2 A - iV edead  Aoimon Leel
@Ak g The g sort et 9 @rimmt sind {81 ot pliteo o P 1he aldemawA vmwm e 1 g IR @y

Condition of Unit

As Found: na o
As Left: New Unit, In Tolerance

Notes
1 Caslibration is NIST Traccabie thru Project 68)°280472 and PTB Traceable thru Project 10065

2. This certificate shall not be reproduced. except in full, without written approsal from PCB Piezotronics, Inc

3. Calibrution is performed in sompliance with 1SO 9001, ISO 1001 2-1. ANS) 7540.3 and ISO 17025

4. See Manufacturer's Specification Sheet for a detailed listing of performance specifications

4 Measurement uncertainty (95% confidence level with conerage factor of 2) for frequency manges tested during calibration
are as follows: 5-9 Hz; ¢/- 2.0%. 10-99 He: v« 1.5%, T00-1999 Hz: <« 1.0%, 2-10 kHz; - - 2.3%,

WEEERERE] Gary Oatis i} Date 6252012

VIBRATION OAISION |
Headqoaters 3471 Walden Averoe Depew. NV 1404)
MM NO S LB aTeRD 9 ( abbranon Perfortned 3t (0589 Haghway 905 Habfax, NC 27819
TEL 888-684-001) FAX 716.50%- 1856 waw pch camn

TR LA R TR R
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ISSUED BY Gracey & Associales
DATE OF ISSUE 23 September 2013
DATE OF CALIBRATION 23 September 2013
CALIBRATION INTERVAL 12 months

CERTIFICATE OF CALIBRATION

B8Si CERTIFICATE FS 25913
CERTIFICATE NUMBER 2013-0329

PAGE 1 OF 1

Gracey & Assodates
Barn Court Shefton Road

TEST ENGINEER APPROVING SIGNATORY
Greg Rice

iy ey

Upper Dean PE28 ONQ
Tel: 01234 708835
Fax: 01234 252332

WWW.gracey.com

Equipment B&K 4507 002, s/n: 10412

Customer Gracey & Associates

Description Accelerometer - IEPE - 100mV/ms2, Bruel & Kjaer UK Limited

High Street, Cheiveston. Northamplonshire. NNO 8AS

Standerds Conditions
Manufacturer's Original Specifications Atmospheric Pressure 101.9kPa
Temperature 21.4°C
Relative Humidity 48.8%
Callbration Osts
At Frequency (Hz) : 159.15
Voltage Sensitivity (mV/ms-2) : 97.5130
VoRage Sensitivity (mV/g) : 956.2759
Charge Sensitivity (pC/mg-2) na
Charge Sensitivity (pC/g) - nva
A vilue ol g = 9 B0B65 ms ¥ has been used in relevant cacilatons
Calibraticn Re2ference Scurces
fquipment S/N Last Cai Fquipmont S/N Last Cal
B&K §294-002 1409724 Jhe-Mar-1:} B4 8304 1483344 25-Mar-13
Deuck DPI 141 419 2-dni-il HP 14401 5 46AL6 148 18-cet-12
Stanford SS36 332:3 l4-Jul-t]
Notss

We carty hat the above product was duly esied end found 1 be withm the specrcation st the pori messsed (sxcept where indicated) Usasurements &
tracesbis 10 UKAS reference sources from the UK Nationsl Physcal Laboratory Whera no national of smemaoons standards esl taceabiy ¥ 1D Sandards
marasned by Te mamsaciuner Our Queity Management Systern has been assessed 10 comply with BS EN iSO 90012008 - BSI Cartilcate mevder FS 29813
Tests ware camed out 11 envirormenial condtions controlied 1 the extend appropriste 1o the nasument's speciication Al relevant lest cerifcales ae avasabie for

mapacion.
Tre uncertasinies are kor & confidence prodatilty of rot less than 95%

Copyright of s corifcate » oanod by Gracey & Assocsies and miy nat be reproduced ofher han in ful except ailh Pl pror weilien agorovel

BS| approved lor the hire and calibration of noise and vibeation instruments. Establishad 1972

( ‘ Gracey & Assoaales 1s the trading name ot W T Gracey Lid. Regrsterad i Lipper Dean England No 1176412
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CERTIFICATE OF CALIBRATION

ISSUED BY Gracey & Assacistes B8SI CERTIFICATE F5 25013

DATE OF 1SSUE 23 Seplember 2013 CERTIFICATE NUMBER  2013-0330

DATE OF CALBRATION 23 September 2013

CALIBRATION INTERVAL 12 monthe PAGE 1 OF 1 Gracey & Assodates
Bam Court Sheiton Road

TEST ENGINEER APPROVING SIGNATORY : |m(:>;1;g;‘627g£%

Greg Rica Fax: 01234 252332

Equipment B&K 4507 002, s/n: 10413
Description  Accelerometer - IEPE - 100mV/ms2, Bruel 8 Kjaer UK Limited

Customer Gracey & Associates
High Street. Cheiveston. Northamptonshine. NNS 6AS

Standerds i Cenditions
Manufactwer's Original Specitications Atmospheric Pressure 101.9kPa
Temperature 21.4°C

Relative Humidity 48.8%

Callbration Osta
At Frequency (Hz) 159.15
Volage Sensitivity (mV/ms2) 99.0680
Yohage Sensitivity (mV/g) : 971.5350
Charge Sensitivity (pC/ms2) : na
Charge Sensitivity (pC/g) : na

A valus of g - 9 80665 ms 7 has been used n relevant cackiations.

Calibration Reference Scurces

Zauipman: §/N Last. Cal Equipment §/N Last Cal
BaK 4294-002 1608124 25-Mar-11 BeK B304 1483344 2h-Mar-13
Druck DPI 141 479 2h-TJul-l HP 34401 3L45AL6728 18-Get -2
Stanford 9536 33211 i4-Jul-11

Notes

We aarely Bt the above praduct was duly tesied and found 1o be wilhin the specricaton st the ponts d (except where d) Me ”
raceatie 1 UKAS reference soutes from the UK Natona! Physal Laborsiory. Whers no national or miemasional siandards sxst raceabilty is 0 sandards
merained by 1 masviactuter Our Quabty Menagement System has besn 5190t8ed 10 comply with BS EN ISO 9001 2008 - BSI Cartiicate mumiber F$ 25013
Tesis wers camvied Ol 0 ol CONStIOns ded 10 the axtent appropnate 10 e nsrument's speciication All relevant lesl covificales are avadabie for
mpecton

The uncartaintes are fo a confidencs probabuily of rot less han 5%
Copynght of s carsiicale  owned by Gracey & Assotisies ard mary not be reproduced ofher than in ful excapi af Pew pror wiilien approval

Gracey & Assocsated is the luding name of W T Gracey Lid. Regisiered in Upper Dean England No 1176412
BS| spproved for the hite and calibeation of noise and vbration instrumaents. Eslablished 1972
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CERTIFICATE OF CALIBRATION

ISSUED BY Gracey 8 Associates B8S! CERTIFICATE FS 25913
DATE OF ISSUE 23 September 2013 CERTIFICATE NUMBER  2013-0331
DATE OF CALIBRATION 23 Septamber 2013
CALIBRATION INTERVAL 12 montha PAGE 1 OF | Gracey & Associates
Bam Court Sheiton Road
Upper Dean PE28 ONQ
TEST ENGINEER APPROVING SIGNATORY Tel: 01234 708835
Greg Ruce Greg Rics Fax: 01234 252332

Equipment B&K 4507 002, s/n: 10414
Description Accelerometer - IEPE - 100mV/ms2, Bruel & Klaer UK Limited

Cuslomer Gracey & Associates

High Street, Ch . Northamp . NND 8AS
Standarde Conditions
Manufacturer's Original Specifications Atmosphaeric Pressure 101.9kPa
Temperature 214°C

Relative Hurmidity 48.8%

Colibration Osta
At Frequency (Hz2) : 159.15
Voltage Sensitivity (mV/ms-2) ; 98.5710
Voltage Sensitivity (mV/g) : 966.6513
Charge Sensitivity (pC/ms2) : na
Charge Sensitivity (pC/g) - na

A value of g - 9.80665 ms ? has been used m relevant cachilations

Calibration Refzrencs E:urces

EQquipmant 84N st Sal Eiqu i pment SN Last Cal
BiK 4294-002 1608724 25-Maz-112 Ba¥X B3I0H 1483344 2h-Mar-113
Druck P11 14)] 479 Itednl-ll HP 34401 3LA6AL67ZH 18-0ct~i2
Stantard 0S3i6 33Z2:2 HEE [P

Netss

We canvly il the above product was dudy Wesied snd iound 10 be within the Ipecicston at he ponts messsed ($:Xept whers indicaled) Upasurements s
traceabis © UKAS referemce souroes from the UK Nations! Physical Laborstory Whera no netonal or mtesmetonat siandardes sxst, racoabiity it 10 senderds
markained vy P miufachine. Gur Clumity Managemest System has been avsossed 1o comply with BS EN IS0 80012000 - BSI Certifcate mumber FS 29613

Teats were carmed out Trmarta ConGtions 1o the aaderd AOEEOPNAM 10 T PATumant's seacicanon Al iehrint test cenilcates s avidatia for
napecton.
The thed 208 1o 2 oty y of net less I B5%

Copynghi of 948 ceriiicata « owned by Grecey & Associsias snd sy not be reproduced ofher than in full exceqt aith Sir pror wilien agprovel

Gracey & Associates 1s the irading name of W T Gracey Lid RaoumadmwpovbomEnqlNNoHTuﬁ
B8S| approved lor the hire and calibration of noise and d 1972
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Appendix E. Track
Inspections

Project: East-West Rail Phase 1 To: Inan Ekici/David terry

From: Julien Green (CEM) Cc: Mike Ashton, Peter Hampshire, Alan
Yeung, Chris Brooks, Stephen Wilson,
Ken Lam

Subject: Permanent Way Inspections at Vibration Monitoring Sites

Date: 10 October 2011

Reference: Document No. 5114534-ATK-GEN-TN-00044 P01

East-West Rail Phase 1

Permanent Way Condition Inspections at Vibration Monitoring Sites

1. Introduction and Scope

As part of the EWRP1 project, vibration monitoring is being undertaken at sites on the existing Bicester
to Oxford line (ELR — OXD) and the Oxford to Anyho Junction line (ELR — DCL). As part of the vibration
monitoring, the existing permanent way, was inspected to determine the following:

a. Component type;

b. Component condition;

c. Overall condition of the permanent way;

d. Identify factors that would unduly impact on the vibration results.

The inspection of both lines was undertaken by Julien Green the project CEM, and a former Permanent
Way Maintenance Engineer, on 9 October 2013. The weather was overcast, slight wind and 160C.

Due to restrictions of access, the inspection was undertaken from the lineside cess and reviewing of the
high speed track recording train quality reports.

It should be noted that the dimensions quoted are miles and chains, (however, the dimensions provided
in () are those of the project chainage that has been set up for the project on the OXD line. For the DCL
line the project chainage is not required and therefore is not provided.

2. Oxford to Bicester Line — OXD

This is a line that runs from Bicester to Oxford and is currently a single line, with a line speed of 30mph
and the ELR of the line is OXD, see Figure 1. The area chosen for the vibration monitoring was the
Down (southern — left hand side facing Oxford) cess at 29m 27.5chains. This is 4.5chains East (Islip
side) of Underbridge OXD50 which crosses the canal. Figure 2, provides a hand drawn sketch of the
layout at this location.
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Figure 1: Extract of Sectional Appendix for the OXD Line
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Figure 2: OXD 29m 27.5ch - Site Sketch
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21 Components

2.1.1 Alignment

At this location, the track is situated on a straight alignment. The horizontal alignment looks satisfactory
for the line speed. The vertical alignment at the vibration location is of a satisfactory condition, however
at the Islip side of U/B OXD 50, between 29m 30ch and 32chain (the bridge end), there is a long vertical
“slack”, see Photograph 2. This is 85m from the vibration monitoring site, however under visual
inspection during dynamic loading, no excessive forces were heard or feit over this location.

Photograph 1: OXD Line looking towards Islip (Up direction)

Long “slack” at u/B OXD50

U/B OXD &0

bridge end

Photograph 2: OXD Line looking towards Oxford (Down Direction)
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2.1.2 Rail

The rail is 113A Flat Bottom Workington 1976 rail, on concrete F27 sleepers with pandrol “e” clip”
fastenings and rubber pads. Flash butt and thermit welds are located approximately 10m either side of
the vibration monitoring site (see figure 2). All the welds looked to be in good condition and no
irregularities could be identified, and therefore are assumed to conform to standards.

The Up rail (right hand rail looking towards Oxford) at the vibration monitoring location, showed signs of
“shadowing” or a local “squat” developing, see photograph 3. However, no surface “breaking out” had
started to occur and when the site was witnessed under dynamic loading, no noticeable change in noise
was noted.

“Shadows”/"squat”
on the Up rail

A

;W

e -
=S :

Photograph 3: Shadowing on right hand rail facing Oxford

The running pattern on top of the rail, was for the full width of the rail, but appeared smooth in
appearance. Minor (<1mm) of lipping was noted on the cess (left hand rail facing Oxford) rail.

2.1.3 Sleepers

The sleepers are concrete F27 sleepers with pandrol “e” clip fastening. All fastenings, pads, insulators
were in position and there were none missing.

2.1.4 Ballast

The ballast seems clean, well graded, and free of fines. The cess on both sides is lower than the
formation (see photographs 4-7), and as a consequence the ballast shoulder is suitable to resist thermal
forces. There is no evidence of any “wet spots” and the track was witnessed under dynamic loading
(freight train) and there were no excessive vertical movements.
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Photograph 4 and 5: Up Cess (right hand side facing Oxford) looking towards Islip (left) and
Oxford (right) ballast shoulder and cess

Photograph 6 and 7: Down Cess (left hand side facing Oxford) looking towards Islip (left) and
Oxford (right) ballast shoulder and cess

2.1.5 Topography

The vibration site is on a small shallow embankment (approx 2m height). Between 29miles 564metres to
593metres, the up cess (northern right hand side facing Oxford), a new local ballast retention wall has
been instalied to stabilise the cable trough route, see photograph 5. The cess in this area, seems to
indicate a localised movement in this area. However, the track alignment through here is still consistent
at the time of the inspection.

The slopes are heavily vegetated with shrubs and trees.

2.1.6 Track Quality
The latest available track quality data available from the track recording train can be seen in figure 3
below.
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Western Thames Val - ELR OXD : TRACK 3100.

Options ;——————-—

28/4 28/6 29/0 2972 29/4 29/6 30,0
B — CCQ worst top 35m ]
19.Apr.13 S 5 N - 0 e s e 2y X | e = o |

2LDec.12 5 P N 5 T O 0 O .5 D 2. W 1 35 s .
19.Aug.11 5 0 ) ) WO 50 25 50 e 290 O )| |
13.Apr.10 55 5 3O O 0 7 5 N A O o I 21 1 v 1
07.0¢1.09 i 2 e .y 5 B S G 2 5 B |
15.Apr.09 [ E s b S £ s ) B e ) K |
15.Apr.08 55 e O 5 | s i s e 1 | e |V A TE T
12.0ct.07 _m—-___m:!
17.Apr.07 -—__—___m
01.Nov.06 _—______:S:D

Track History ___-

Date

28/4 28/6 29/0 29/2 2.9“/4 i 29/6 > 30./0
CCQ aligr 35m

19.Apr 13 III____II____
21.Dec.12 S0 (TSI ]
19.Aug.11 Il__lj__l-—ljl:___
13.A0r.10 [ I 4.5 () [ N S I 37 |
07.0c1,09 EEEEE 4 . I

§ 15.Apr.09 ST 5 | ) I 3.7 |
15.Apr.08- [FErEsscnssesl | |[SsEmiEessELE |
12.0ct.07 ErrmEssmssEsl | |[SeamimmisesaE] | (EFKE|
l?.Anr.U?. i | .

01L.Nov.0&

Track History
2814 2816 29/0 2972 29/4 29/6 30/0

Figure 3: Track Recording vehicle Track Quality Data
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The data’clearly shows that for April 2013, that between the 29/2 (29m % milepost = 20chains) and 29/4
(29m %% milepost = 40chains) that the honzontal alignment is in the good quality band. It can be seen
that on the vertical alignment that the 1/8" mile band prior to 29/4 is in the satisfactory band. This is no

doubt due to the vertical alignment at the underbridge OXD50 bridge ends. As highlighted in photograph

2 and section 2.1.1.

2.2 Conclusion

The track is in a good condition, with no evidence of “track pumping” or other issues that are likely to
provide excessive vibration or noise characteristics at this location, and that would be outside of the

normal parameters for a well maintained line for the track category currently in service.
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3 Oxford to Anyho Junction — DCL

See Appendix B for inspection records.

This is a line that runs from Oxford to Anyho junction and is currently 3 lines, the Up Passenger Loop, Up
and Down Main. It should be noted that at the time of the inspection, construction work was underway in
the Down cess to reinstate the Down Passenger loop.

The line speed for the Up Passenger Loop is 25mph and for the Up and Down Main it is 90mph and the
ELR of the line is DCL, see Figure 4. The area chosen for the vibration monitoring was the Up cess
(eastern - left hand side facing Oxford) cess at 65m 23chains. Figure 5, provides a hand drawn sketch
of the lay out at this location.

Sectional Appendix

ELR: DCL {14.0080 milesiyarss to 85,0066 mivs/ywds)
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Figure 4: Extract of Sectional Appendix for the OXD Line
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Figure 5: DCL 65m 23chains Site Sketch

3.1 Components

3.1.1 Alignment

At this location, the track is situated on a straight alignment with the alignment going into a transition and
right hand curve travelling in the up direction towards Oxford. The horizontal alignment looks satisfactory
for the line speed. The vertical alignment at the vibration location is of a good condition. Al the lines
were witnessed under dynamic loading of freight and passenger trains, and all demonstrated good
characteristics with no excessive movement under load.
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Photograph 8: DCL Line looking towards Anyho Junction

Right hand
curve

Photograph 9: DCL Line Looking towards Oxford
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3.1.2 Rail

The rail is 113A Flat Bottom rail on all the lines. Table 1 below lists the details for each line. Note that
the inspection is only what could be undertaken from lineside.

Table 1: Rail, Sleeper, Fastening types for the DCL lines

Line Rail Sleepers Fastenings Welds/Joints Comments
Up Passenger 113A Colivilles Steel Pandrol fastclips | Thermit welds AWS in the 4’
Loop 1965 within 3m of within 4m of the

monitoring site to

monitoring site.

Running pattern, the north and (photograph 9)
is approximately flashbutt welds
50mm and is within 8m to the
from the middle south
to the outside
edge of the rail
head
Up Main 113A Concrete F27 Pandrol 401 Thermit welds Scrap rail
within 4m to the situated in the
The rail head north. The 6’ rail | 10’ between the
shows evidence was emergency Up Main and Up
of recent rail clamped. Passenger Loop.
grinding. The (photograph 10) | Photograph 9.
running pattern is
approximately Thermit welds
40mm wide in within 8m to the
the centre of the south of the
rail head. monitoring site.
The 6' rail was
an “L80" wide
gap weld.
(photograph 11)
Down Main 113A Concrete F40 Pandrol “e" clips | Thermit welds
within 2m of the
The rail head monitoring site to

shows evidence
of recent rail
grinding. The
running pattern is
approximately
40mm wide in
the centre of the
rail head.

the north.

It was noted that on the Up Main, a thermit weld has been emergency clamped and that there was an
L80 wide gap weld installed. There was no evidence of these causing any issues at present and under

dynamic loading no excessive track movement or "banging” was noted.
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Photograph 11: DCL Line Up Main 6' rail 65m 501yards. L80 wide gap weld

3.1.3 Sleepers
The sleepers are as per table 1, all sleepers were in good condition, with all fastenings present and
correct.

3.1.4 Ballast
The ballast seems clean, well graded, and free of fines. No evidence of wet beds or “pumping” was
identified or witnessed during dynamic loading.

There was some weed growth noted in the 4’ and on cess ballast shoulder of the Up Passenger loop
however this was well clear of the vibration monitoring site, and no pumping of the track was noted.
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3.1.5 Topography

The vibration site is on a steep embankment (approx 3-4m height) on the Up side and at grade on the
Down cess side.. There is minimal cess on the Up side.

The slopes are heavily vegetated with shrubs and trees.

3.1.6 Track Quality

The latest available track quality data available from the track recording train can be seen in figures 6-7
beiow.

TME Banbury - ELR NAJ3 : TRACK 2100.

Options [—

0/0 1/0 2/0 3/0 4/0 5}0 6}0 7)0 8/0 9/0 10/0
CCQ worst top 35m
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19.5ep. 127 | ]
23.Aug.12 BREERE
08.Aug.12 L
24.May.12 | |
25.Apr.12
21.Mar.12
24.Feb.12

Date

® Super Red
Work Records.

23.Feb.12 {1 EREFE
25.Jan.12 2
Track History |
0/0 1/0 2/0 3/0 4/0 5/0 6/0 710 8/0 9/0 10/0
CCQ alignment
24.0ct.12 TTTT
19.5ep.12 38
23.Aug.12 SRR
08.Aug.12 &
T 0 No Data
25. 12 200 T
. 5.Apr B Good
g 21.Mar.12 & Salisfactory
x B Poor
24.Feb.121 E ® Very Poor
23.Feb.12 I “_?‘:SEI'RB""’E -

25Jan.12 4
21.Dec.11 2

Track History ]
0/0 1/0 2/0 3/0 4/0 5/0 6/0 7/0 8/0 9/0 10/0
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Figure 6: Track Recording vehicle Track Quality Data (DOWN LINE)

TME Banbury - ELR NAJ3 : TRACK 1100.
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Figure 7: Track Recording vehicle Track Quality Data (UP LINE)

3.2 Conclusion

The track is in a good condition, with no evidence of “track pumping” or other issues that are likely to
provide excessive vibration or noise characteristics at this location, and that would be outside of the
normal parameters for a well maintained line for the track category currently in service.
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East West Rail Phase 1

Plain Line Vibration Assessment and Mitigation

Appendix F. Detailed
Description of Pass-by

Events

Table 36. Pass-by Event Data — March/April

For 'Event Reference’, the number in brackets corresponds to the period of testing. (1) indicates that the
event was recorded during the March to April period in 2013, (2) indicates that the event was recorded
during the second period of measurement in October 2013.

[ Event Line Specific Type of Train Train Speed Pass-by
Reference Track (number of cars) Details Estimatel duration
(mph) (seconds)
1(1) DCL Loop Freight Two types of flat bed 22 25
(>23) wagon, FWA
Shortliner / Ecofret
intermodal spines,
and the longer FSA
Arbel Fauvet ‘outer’
| intermodal flats.
2(1) DCL Up Cross Country Voyager Class 220 67 1.5
4)
3(1) DCL Down | Cross Country Voyager Class 220 60 2
| ) ..
4(1) DCL Down | First Great Western (2) | Class 166 (centre 55 25
car removed)
5(1) DCL Down | Freight EWS 66167 (30)| Flatbed wagons. 38 33
6(1) DCL Up First Great Western (5) Class 180 60 2
7(1) DCL Down | Cross Country Voyager Class 220 67 4
4
8(1) DCL Up | Cross Country Voyager Class 220 75 3
(4)
9(1) DCL Down | Cross Country Voyager Class 220 60 4
(4)
10(1) DCL Down | Freight EWS 66079 (33)| Class 66 pulling IPA-| 24 44
B-STVA 4-unit
covered single level
flat.
11(1) DCL Up Freightliner 66517 (27) | Long flatbed - FSA 60 19
Arbel Fauvet ‘outer’
intermodal flats.
12(1) DCL Up Cross Country Class 221 75 35
_ (5) I
13(1) DCL Down Cross Country Class 220 60 3.8
(4) N )
14(1) DCL | Down Freight Additional details not| 30 25
(est.12) recorded.
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| Event

Line | Specific Type of Train Train Speed Pass-by
| Reference Track (number of cars) Details Estimat duration
(mph) (seconds)
15(1) DCL Down Passenger Additional details not 60 4.5
(4) recorded.
1B(1) OXD Single Passenger Class 165/0 two car 35 5
Track (2) DMU. Operated by
Chiltern Trains.
2B(1) OXD Single Passenger Class 165/0 two car 35 3.5
Track ) DMU. Operated by
Chiltern Trains.
3B(1) OXD Single Freight Class 59 Diesel 35 21
Track (Stone Train) Locomotive (59206)
pulling JNA-39XX
wagons (leased by
NACO Ltd France).
Box open top
gondola wagon for
L aggregates.
4B(1) OXD Single Passenger Class 165/0 two car 35 5
Track (2) DMU. Operated by
Chiltern Trains.
Table 37. Pass-by Event Data — October
| Event Line Specific Type of Train Train Speed Pass-by
Reference Track (number of cars) Details Estimate| duration
(mph) (seconds)
1(2) DCL Up First Great Western Class 166 73 2.10
NO
2(2) DCL Down | Cross Country Voyager | Class 220/221 82 2.53
(4)
3(2) DCL Up Cross Country Voyager |  Class 220/221 86 3.03
(5)
4(2) DCL Up First Great Western Class 180 69 3.77
(5)
5(2) DCL Down First Great Western Class 180 69 3.80
(5)
6(2) DCL N/A Dump Truck N/A N/A N/A
Measurement e
7(2) DCL Up Cross Country Voyager | Class 220/221 88 2.37
(4)
8(2) DCL Down | Cross Country Voyager | Class 220/221 74 3.50
(5)
9(2) DCL Down Freight Loco 66125. The 36 30.60
(36) wagons are owned
by STVA. They
appear to be Car
carrying wagons,
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Event Line | Specific Type of Train Train Speed Pass-by |
Reference Track (number of cars) Details Estimate| duration
(mph) (seconds)
connected in pairs.
There appears to
be two versions.
Operated by DB
Schenker (EWS).
10(2) DCL Loop Freight EWS 66174. The 28 73.83
(30) wagons are
container flats. 9
pairs are "Megafret
Flats".Code FKA
and the remainder
are "Intermodal
Flats” Code FYA.
Operated by DB
Schenker (EWS).
11(2) DCL Up Freight The start of the 68 0.60
(>20) train cannot be
seen so it is not
possible to
determine the
overall length. As
the train is moving
fast it is also
difficult to establish
what the wagons
are. The speed is
estimated by the
length of 3x20 foot
containers (18.2m)
passing a certain
point.
12(2) DCL Up Cross Country Voyager |  Class 220/221 108 2.40
(4)
13(2) DCL Down | Cross Country Voyager | Class 220/221 59 2.60
(3)
14(2) DCL Down First Great Western Class 166 53 0.97
(3)
15(2) DCL Up Cross Country Voyager |  Class 220/221 88 2.37
(4)
16(2) DCL Down | Cross Country Voyager | Class 220/221 82 2.53
(4)
17(2) DCL Down Freight No video file N/A N/A
(33) available.
18(2) DCL Up First Great Western No video file N/A N/A
(4) available.
19(2) DCL Up First Great Western HST 62 7.90
(10)
20(2) DCL N/A Background N/A N/A N/A
Measurement
21(2) DCL Down First Great Western Class 180 50 5.17
(5)
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Event Line Specific Type of Train Train Speed Pass-by
Reference Track (number of cars) Details Estimate| duration
(mph) (seconds)
22(2) DCL Up First Great Western Class 166 79 1.93
| (3) .
23(2) DCL Up Cross Country Voyager |  Class 220/221 7 2.70
- 4) I
24(2) DCL Down | Cross Country Voyager | Class 220/221 75 3.47
(5) ]
25(2) DCL Up Freight Class 70. Operated| 64 0.63
(24) by Freightliner
26(2) DCL Up First Great Western Class 180 39 6.70
(5)
27(2) DCL | Down Freight Class 66. The 69 13.50
(30) wagons are in sets
of 5 and there are 6
sets. They are
likely to be covered
car carrying
wagons (Code
WIA) manufactured
by Arbel Fauvet
France.Operated
by DB Schenker
(EWS)
28A(2) DCL Up Cross Country Voyager |  Class 220/221 82 2.53
(4)
28B(2) DCL Down Passenger No video file N/A N/A
(4) available.
29(2) DCL Up First Great Western Class 166 60 2.57
(3)
30(2) DCL Down First Great Western Class 166 55 2.77
(3)
31(2) DCL Up | Cross Country Voyager| Class 220/221 87 2.40
32(2) DCL Down | Cross Country Voyager | Class 220/221 82 3.17
‘ (5)
33(2) DCL Down Freight Class 66. Containert 68 0.60
(30) wagons. Operated
by Freightliner. B
34A(2) DCL Up Passenger No video file N/A N/A
(4) available.
34B(2) DCL Down Passenger No video file N/A! N/A
(4) available.
35(2) DCL N/A Background N/A N/A N/A
Measurement |
36(2) DCL Down | Cross Country Voyager | Class 220/221 79 2.63
(4)
37(2) DCL Up Cross Country Voyager| Class 220/221 N/A N/A
Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 108




East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Event Line Specific Type of Train Train Speed Pass-by
Reference Track (number of cars) Details Estimate| duration
(mph) (seconds)
| 38(2) DCL Down First Great Western HST 46 10.77
_ . (10) I ]
L 39(2) OXD N/A Background N/A N/A N/A
Measurement
40(2) OXD Single Chiltern Railways Class 165/0. N/A N/A
Track (2) "Networker Turbo"”
Diesel Multiple Unit
- each vehicle is
powered, with one
powered and one
unpowered bogie
per vehicle. Unit
No. 165022
consisting of two
vehicles. Not
possible to
estimate speed as
camera is not
stationary.
41(2) OXD Single Freight Class 59. Loco 28 1.70
Track (12) 59206. Bogie
Wagons - Appear
to be open topped
heavy wagons.
Probably JNA Type
Used by Mendip
Rail. Operated by
DB Schenker
(EWS)
42(2) DCL Loop Freight No videg file N/A N/A
(31) available.
43(2) DCL Up Passenger No video file N/A N/A
(4) available.
44(2) DCL Up Cross Country Voyager |  Class 220/221 86 243
_ (4)
45(2) DCL Up First Great Western Class 180 67 3.87
(5)
46(2) DCL Up First Great Western Class 166 77 2.00
(3)
47(2) DCL Up Freight Container wagons. 68 0.60
(30) Operated by
freightliner. -
48(2) DCL Down | Cross Country Voyager | Class 220/221 75 2.80
(4)
49(2) DCL Up Cross Country Voyager |  Class 220/221 86 2.43
(4)
50(2) DCL Up First Great Western Class 166 62 2.47
109
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Event Line | Specific Type of Train Train Speed Pass-by
Reference Track (number of cars) Details Estimate| duration
{(mph) (seconds)
(3)
51(2) DCL Down First Great Western Class 180 77 3.37
(6)
52(2) DCL Up Cross Country Voyager |  Class 220/221 82 1258
B 4)
53(2) DCL Down | Cross Country Voyager | Class 220/221 82 2.53
(4)
54(2) DCL Up Freight Container wagons. 68 0.60
(26) Operated by
freightliner.
55(2) DCL Up First Great Western Class 166 58 2.63
3)
56(2) DCL Down Freight Class 66. Mixture 68 0.60
(25) of wagons some
with low platforms
and some normal.
Some are twin
wagons capable of
carrying 18m and
some are individual
wagons which carry
12m containers.
Operated by
freightliner.
57(2) OXD Single Freight Class 66. Mendip 25 24.17
Track (17) Rail Stone Carrying
Wagons - Type
JNA - 15.56m long.
Operated by DB
Schenker.
110
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Appendix H. Frequency
Decay Curves

H.1. Freight Trains (Excluding Stone Train)

Figure 32. Freight train decay characteristics at 3.15Hz
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 33. Freight train decay characteristics at 4Hz
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Figure 34. Freight train decay characteristics at 5Hz
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 35. Freight train decay characteristics at 6.3Hz
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Figure 36. Freight train decay characteristics at 8Hz
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 37.

Vertical Acceieration Level dB re 10 mv/y/

Figure 38.

Vertical Acceleration Leved dB re 10 m/y¢
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 39. Freight train decay characteristics at 16Hz
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Figure 40. Freight train decay characteristics at 20Hz
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Figure 41.

Vertial Acceleration Level 48 te 10* m/y’

Figure 42,

Vertical Acceleration Level dB re 10° m/s’

Freight train decay characteristics at 25Hz
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 43.

Figure 44.
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 45. Freight train decay characteristics at 63Hz
n
i & .
. » .
*
¢ t
[ 2 3 i . ,
° * o ) °
s ! ey
N 1 * $ e "

Vertical Acceleration Leve! dBre 10° m/3-

Figure 46.

| B

¢ Frevhe
fiem ]

—— Uira (Fraacter

Distance (m)

Freight train decay characteristics at 80Hz

> .

- ‘% . S
€ b *,*
& = .
o = ¢ * " ’ 0 s 3
. . . L o ¢ SIS
a . oIy

*
= . $ . ¥ELm
3 = :
.g - o height
g bueni 11
_: ~—- Umea (Freipht
-1
d
s 4
-
T
3

I 1
Oistance (in}

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534

124



East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 47. Freight train decay characteristics at 100Hz
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Figure 48. Freight train decay characteristics at 125Hz
120
1 L 4
*
- L 4
- L
€ S
CRl ¢ E RS . 8
& L | O
= B *
'.: | S t t
§ ‘ . : : Y o Freight
g . B il .
_f > —- Umea (height
d
3 4
2
\ 1"
Distande ()

Atkins Vibration Mitigation Report | Version 7.0 | January 15 2014 | 5114534 125



East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 49. Freight train decay characteristics at 160Hz
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East West Rail Phase 1
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H.2. Passenger Trains
Figure 50. Passenger train decay characteristics at 6.3Hz
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Figure 51. Passenger train decay characteristics at 8Hz
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Figure 52.
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Figure 53.

Passenger train decay characteristics at 10Hz
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Figure 54. Passenger train decay characteristics at 16Hz
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Figure 55. Passenger train decay characteristics at 20Hz
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 56. Passenger train decay characteristics at 25Hz
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Figure 57. Passenger train decay characteristics at 31.5Hz
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East West Rail Phase 1
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Figure 58. Passenger train decay characteristics at 40Hz
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Figure 59. Passenger train decay characteristics at 50Hz
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Plain Line Vibration Assessment and Mitigation

Figure 60.
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East West Rail Phase 1
Plain Line Vibration Assessment and Mitigation

Figure 62. Passenger train decay characteristics at 100Hz
]
1 ]
[} = z ) o ®
- ° ’ 't L4
. ° 1 ~ _. : ; 04 $ . o
. ' "'.'{ g L} s 3
. . | ! f ! - *
* * L g (I * Pavenget

tone

Linr s (§ svwny e

Vertical Acceteration Level dB re 10° m/s!

Distance (m)

Vuwr w (b aawny e

Figure 63. Passenger train decay characteristics at 125Hz
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Figure 64.

Vertical Acceleration Level dB re 10° m/s*
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Appendix |. Speed dependence of Vibration
Levels

Table 45. Application of 20Log speed relationship to r.m.s acceleration values

The main steps are explained with the aid of example calculation below;

Event1 |Event2 |20"log (speediref) Ratio
Speed, mph, S 75 80 0.56dB __ Speed = 1.067
Vibration lavel, rms acceleration, m.s® |  0.0212 | 0.0226 RMS acceleration = 1.067
Reference level, m.s~ 07
Vibration level, dB 86.5 87.1

Example Calculation

Step 1 - The following simple relationship is used for estimating speed dependence on vibration levels in dB.
Change in dB vibration levels, d = 20 x log (speed/ speed ref)

This results in a 0.56dB difference between speeds of 76mph and 80mph.

Step 2 - The base r.ms. vibration levels X1 are expressed as vibration level D1 in dB using the relationship below;
D1 =20 x log (X1/Xo)

X1 —~The base rms vibration level (0.0212 m.sin above example)

Xo - Reference value

In the example calculation, this results in 86.5 dB.

Step 3 — The vibration levels in Steps 1 and 2 are linearly added together to détermine the new vibration level D2 in dB
D2=D1+d

This results in 87.1 dB.

Step 4 - The following relationship is used to convert new vibration level X2 in dB to r.m.s vibration level

X2 =Xo x 10 (D2/ 20)

X2 - Predicted rms vibration level at the new speed

Xo — Reference value

The resulting new mms vibration level is 0.0226 m.s”

The analysis described above gives a relationship for rms vibration levels for small changes in train speeds. It is found that a speed increase of 5mph, for
example from 75mph to 80mph (6.7% increase) would be expected to result in the same percentage increase in rms vibration leveis.

Table 46. Deriving speed relationships for VDVs
The calculation steps are explained below;

Event No -> M 1" 12 5 1B Cc it
Parameter Stone Train | Freight Passenger | Freight | Passenger
VDVz (1) 0.1074 0.046 0.028 0.040 0.03419 | obtained directly from vibration signal
eVDVz (1) 0.0943 0.043 0.029 0.02458 | 0.03439 | obtained directly from vibration signal
a(rms) (1) 0.0313 0.0146 | 0.0153 0.008 0.016 obtained directly from vibration signal
speed (1), mph 28 60 75 38 35 measured on site
VDVz / eVDVz 1.14 1.07 0.97 1.63 0.99 | ratio of VDV and eVDV obtained from same signal
214 calculate (1) from eVDV and rms acceleration
t(1) 19.6 34 23.2 5.6 determined from same signal
speed (2) 40 75 60 40 40 enter new speeds
15.0 calculate t(2) at the new speed (faster the train,
t(2) 15.7 4.2 22.0 4.9 smaller the 1)
1.43 use s vibration ratios determined from 20Log
factor a(rms) for speed 1.25 0.80 105 | 114 relationship, described above
0.0447 apply factor to rms acceleration (1) to obtain new
a(rms) (2) 0.0183 | 0.0122 0.0084 0.0183 | value (2)
0.1232 calculate corresponding eVDV using t(2) and a{rms)
eVDV (2) 0.0508 0.0245 0.0255 0.0380 | (2)
0.1403 apply specific VDVz/eVDVz ratio derived from same
VDVz (2) 0.0544 0.0237 0.0416 0.0378 signal to determine new VDV(2)
VDVz (2) / VDVz (1) 1.3 1.18 0.85 1.04 1.11
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