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1.

INTRODUCTION

Southdowns was instructed by BBMV to monitor noise and vibration during the trial use
of Nonex RockJack Pyrotechnic Blasting Capsules (PBCs) on a trial concrete slab cast
in the base of the eastern side of CS1. The PBCs trials were carried out on
Wednesday 19th, Thursday 20th and Friday 21st August 2015.
The results of the noise and vibration surveys obtained during the Nonex RockJack
PBCs trials will be used as part of an investigation into alternative breaking methods for
the removal of the temporary TBM inverts placed in PTW-W, EBRT and the two
caverns.
The original method proposed for the removal of the temporary TBM inverts requires a
significant amount of hydraulic breaking which could potentially generate high levels of
groundborne noise and vibration based upon previous works of this nature within the
tunnels. To mitigate this risk and in pursuance of Best Practicable Means alternative
methods for the removal of the TBM inverts are being considered including the trial use
of Nonex RockJack PBCs.
The Nonex RockJack PBCs trials were intended to enable BBMV to determine what
charge size of PCB can be used without introducing unacceptable groudborne noise
and vibration at sensitive receptors.
Relevant terminology and noise and vibration criteria are summarised in Section 2. An
overview of the Nonex RockJack PBC trials is given in Section 3. Details of the noise
and vibration monitoring are provided in Section 4. The results of the trial noise and
vibration measurements are presented in Section 5 and are discussed in Section 6.
Tables and Figures are attached to this summary report in Appendix A.
2.

TERMINOLOGY AND CRITERIA

Crossrail – Environmental Management, Noise and Vibration
The Crossrail Works Information Volume 2B – Part 21 Environmental Management
states the Contractor shall undertake noise and vibration assessment of all works and
these assessments should be used to prepare section 61 consent applications, satisfy
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the requirements of Crossrail’s Noise and Vibration Mitigation Scheme and satisfy the
legal requirements of undertakings and assurance.
In regards to vibration, for the determination of potential significant impact on buildings
and the occupants of buildings, proper regard shall be given to the standards and
advice given in BS5228-2, BS6472 and BS7385. The potential for significant impact is
deemed to occur if the relevant thresholds defined in BS5228-2, BS6472 and BS7385
are predicted to be exceeded.
Building Damage
Crossrail has defined threshold limits for assessing significant impacts on buildings due
to vibration. These thresholds are presented below in Table 2.1.
Category of Building

Threshold of Potential Cosmetic Damage
(Peak Particle Velocity at Building Foundation)

Standard buildings

5 mms-1

Listed or potentially vulnerable buildings

3 mms-1

TABLE 2.1: SIGNIFICANT IMPACT VIBRATION THRESHOLDS ON BUILDINGS
British Standard BS 6472-2:2008 Guide to evaluation of human exposure to vibration in
buildings Part 2: Blast-induced vibration, provides thresholds and guidance on the
assessment associated with periodic blasting within range of occupied buildings.
These thresholds are presented in Table 2.2 below.
Place

Time

Residential

Day
Night
Other Times
Any time
Any time

Offices
Workshop

Satisfactory magnitude PPV
mms-1
6.0 to 10.0
2.0
4.5
14.0
14.0

TABLE 2.2: MAXIMUM SATISFACTORY MAGNITUDES OF VIBRATION WITH
RESPECT TO HUMAN RESPONSE FOR UP TO THREE BLAST VIBRATION
EVENTS PER DAY
Notes:
[1] This table recommends magnitudes of vibration below which the probability of adverse comment is low (noise
considered by any structural vibration is not considered);
[2] Doubling the suggested vibration magnitudes could result in adverse comment and this will increase significantly if
the magnitudes are quadrupled;
[3] For more than three occurrences of vibration per day, further multiplication factors apply;

British Standard BS7385-2:1998 Evaluation and measurement for vibration in buildings
Part 2: Guide to damage levels from groundborne vibration provides guidance on the
levels of vibration above which building structure could be damaged. These thresholds
are presented in Table 2.3 overleaf.
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Transient vibration guide values for cosmetic damage
Type of Building

Peak component particle velocity in frequency range of
predominant pulse
4 Hz to 15 Hz

15 Hz and above

50 mms-1 at 4 Hz and above

Reinforced or framed structures Industrial
and heavy commercial buildings.
Unreinforced or light framed structures.
Residential or light commercial type

15 mms-1 at 4 Hz increasing
-1

to 20 mms at 15Hz

20 mms-1 at 15 Hz increasing
to 50 mms-1 at 40 Hz and
above

TABLE 2.3: TRANSIENT VIBRATION GUIDE VALUES FOR COSMETIC DAMAGE
Subjective Response
British Standard BS 5228-2:2009+A1:2014 Code of practice for noise and vibration
control on construction and open sites – Part 2 Vibration provides guideline PPVs for
assessing the effects of vibration on humans. These guideline PPVs are presented below
in Table 2.4.
Vibration level

Effect

0.14 mms-1

Vibration might be just perceptible in the most sensitive situations for most vibration
frequencies associated with construction. At lower frequencies, people are less
sensitive to vibration.

0.3 mms-1

Vibration might be just perceptible in residential environments.

1.0 mms-1
10 mms-1

It is likely that vibration of this level in residential environments will cause
complaint, but can be tolerated if prior warning and explanation has been given to
residents.
Vibration is likely to be intolerable for any more than a very brief exposure to this
level.

TABLE 2.4: GUIDANCE ON EFFECTS OF VIBRATION LEVELS INSIDE BUILDINGS
Note:
[1] The vibration dose value (VDV) is recommended in BS 6472 as the appropriate measure to evaluate human
exposure to vibration in buildings in residential and other uses.

It is likely, PPV’s in excess of 1 mms-1 in residential environments will cause complaint,
but can be tolerated if prior warning is given.
Assessing human response to vibration should typically be undertaken based on
vibration magnitudes measured at the point of entry to the human body.
Groundborne Noise Metrics
In the UK groundborne noise is traditionally measured using the A-weighted maximum
sound pressure level indicator using the ‘slow’ time weighting (or LAmax,S). As such the
majority of case study information and guidance is provided using this metric rather
than a time averaging indicator. This investigation has concentrated on measuring and
assessing the LAmax,S levels to enable a comparable assessment with available
guidance, the majority of which is associated with permanent operational railway
groundborne noise.
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It should be noted that the operation of the construction railway (used during TBM
operation) was in general intended to be constrained to a predicted level of 40 dB
LAmax,S for residential dwellings according to Crossrail Information Paper D10. BS
5228-2 suggests that a level of 35 dB LAmax,S or lower during sub-surface construction
working may indicate a need to enhance community relations activities as the activity
would most likely be audible and therefore of some concern to building occupants,
especially if combined with tactile (perceptible) vibration. The Crossrail project
anticipated that some tunnelling activities (including the operation of the TBM) would
generate groundborne noise levels in excess of the above thresholds but that they
would be transitory and relatively short lived compared to the longer term operation of
the construction railway in some locations along the route.
For the purposes of introducing an objective measure into the assessment of
groundborne noise from the Nonex trials, and on the side of caution as recommended
by BS 5228-2, a benchmark level of 35 dB LAmax,S has been applied for risk appraisal
purposes. It should be noted that there are other sources giving rise to groundborne
noise and vibration including London Underground (LU) and London Overground (LO)
movements into and out of the existing Whitechapel station, and other noticeable
domestic sources.
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3.

OVERVIEW OF NONEX ROCKJACK PBC’S TRIALS

RockJack PBC is a gas generator which enables rock and concrete to be broken / split.
Rather than a detonating shockwave PBC relies on a rapid build-up of inert gases at extreme
pressure formed during burning of a pyrotechnic composition which causes rock / concrete to
crack / split by infusing into fissures inherent in all rock / concrete.
First, shot holes are drilled into the subject rock / concrete. The shot hole(s) are then charged
with PBC capsules which are then stemmed using either sand, sand and a rubber plug or a
quick setting grout. Once the shot holes are charged and stemmed, the capsule(s) are wired
to the exploder.
For the purpose of the PBC trials, a trial slab measuring 8.9m x 2.9m x 1.2m was cast in the
base of CS1 shaft using a protection concrete mix that replicates the strength of the invert mix
used. The trial slab cast in CS1 is shown in Figure 3.1.

FIGURE 3.1: TRIAL SLAB CAST IN THE EASTERN SIDE OF CS1

Shot holes were drilled using hand operated equipment, on completion the holes were blown
out using a lance to deliver compressed air to clear excess dust that built up during the drilling
of the holes.
Once the PBCs were charged and stemmed, blast mats were placed over the trial slab to
prevent flying rock. On completion of a blast, broken trial slab sections were removed using
an excavator fitted with bucket attachment.
Details of the test shots / blast design performed during the PCB trials on Wednesday 19th –
Friday 21st August 2015 are presented in Table 3.1.
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Date

Time

Blast No.
(ID)

Hole
Diameter
(mm)[1]

Hole
Depth
(mm)[2]

PBC Size
(g)[3]

No. of
Shots[4]

Spacing
Distance
(m)[5]

19/08/15

14:19

1

32

850

25

1

0.5

19/08/15

16:16

2

32

850

25

2

0.5

20/08/15

10:33

3

32

850

25

3

0.5

20/08/15

14:14

4

32

850

25

10

0.5

12 (row 1)

0.5

11 (row 2)

0.5

8 (row 3)

0.5

13:51
21/08/15

13:52

5

32

850

13:54

25

TABLE 3.1: PCB BLAST DESIGN
Notes:
[1] diameter of shot hole drilled;
[2] depth of shot hole drilled;
[3] size (grams) of PBC capsule used;
[4] number of PBC capsules; and
[5] distance between each shot hole drilled.

4.

NOISE AND VIBRATION MEASUREMENTS

Vibration
Vibration measurements were obtained at VB1 – VB9 whilst noise measurements were
obtained at N1 – N4. A description of each monitoring location is presented in Table 4.1.
Vibration measurements were obtained using Profound Vibra / Vibra+ units, each fitted with a
tri-axial geophone to measure PPVs in the horizontal x- and y- axes and vertical z-axis.
Measurements at VB1 utilise the existing C510 Albion Yard continuous unattended vibration
monitor with the geophone mounted on a wall bracket that was glued to the external façade of
Albion Yard using a quick drying epoxy resin.
Measurements at VB2, VB3, VB4, VB7 and VB8 were obtained with the geophone mounted
on a floor bracket that was glued using a quick drying epoxy resin. Measured locations VB3
and VB4 were ‘roaming’ locations and were used to provide a measurement of the PBC trials
at source.
Measurements at VB5 and VB6 were obtained with the geophone mounted on a wall bracket
that was glued using a quick drying epoxy resin and screwed to the secondary lining of CP2 N.
Measurements at VB9 were obtained with the geophone bolted directly to a heavy duty floor
mounting plate fitted with carpet spikes.
Each vibration meter was configured to continuously monitor vibration during the blast trials
and log the highest PPV measured in consecutive 5 second intervals.
Noise
For monitoring locations N1 (CS1 shaft) and N2 (CP2 N) Type 1 Rion NL-31/32 Sound Level
Meters were configured to continuously monitor LAmax,F, LAeq,10sec, LA90,10sec and LCpeak values in
consecutive 10 second intervals.

1727m-SEC-00974-01

6

September 2015

Attended noise measurements were obtained at internal N4 (Kempton Court) to enable
observations to be made with regards to ground-borne noise during the PBC trials. Class 1
Rion NL-52 sound level meters were used configured to continuously monitor LAmax,S, LAeq,10sec,
LA90,10sec and LCpeak values in consecutive 10 second intervals.
Measurements at N3 utilise one of the existing unattended continuous noise monitors installed
in the basement of Albion Yard. This monitor is a Class 1 SPLtrack M01 sound level meter
and was configured to continuously monitor LAmax,S, LAeq,1min, and LA90,1min in consecutive 1
minute intervals. Where practicable, measurements were obtained whilst the monitoring
engineer was in attendance to enable observations to be recorded with regards to groundborne noise and vibration during the PBC trials.
The output of the sound level meters at N1 (CS1) and N4 (Kempton Court) were each
connected, using a c. 0.5m length BNC cable to a Rion DA-20 4-channel data recorder, which
enabled the acquisition of time-history noise signals (linear signals). The signals were stored
as WAV files on compact flash cards in the DA-20’s to enable subsequent post processing.
The DA-20’s were manually triggered to record a time-history. The frequency bandwidth of
each data recording system was set to measure un-weighted frequencies between 1 and
10,000 Hz.
All sound level meters were mounted on tripods, elevating the microphones to a height of 1.5m
above the floor. The equipment was calibrated before and after each of the blast trials using a
Rion NC-74 Class 1 Acoustics Calibrator to generate a calibration level of 94 dB at 1 kHz.
The calibrator used for the surveys has been laboratory calibrated to traceable standards
within 12 months of the survey.
The internal clocks on all vibration and sound level meters were synchronised.
All noise and vibration monitoring locations are shown on Figures A1 to A5 of Appendix A.
Monitoring ID[1]
VB1[2], [5]
VB2 & N1[2]

Location Description
Albion yard.
Slab floor of CS1 shaft. 7 m from face of trial slab

VB3[3]

Slab floor of CS1 at base of trial slab

VB4[3]

Slab floor of CS1 at base of trial slab

VB5[2]

Geophone fixed to secondary lining of CP2 N, 2 m from edge of trial slab

VB6[2]

Geophone fixed to secondary lining of CP2 N, 10 m from edge of trial slab

VB7[2]

Floor. Next to supporting column of Sainsbury’s car park

VB8[3] & N3[2],[4]
VB9 & N4[3]
N2[3]

Albion Yard Basement
Communal Stairway 10, Kempton Court
CP2 N, 10 m from trial slab

TABLE 4.2: NOISE AND VIBRATION MONITORING LOCATIONS
Notes:
[1] ‘VB’ denotes vibration monitoring location and ‘N’ denotes noise monitoring location
[2] monitoring locations used for all PBC blasts
[3] roaming monitoring location (individual monitor relocated between trials depending on monitoring requirements)
[4] existing C510 continuous unattended noise monitoring location (N3)
[5] existing C510 continuous unattended vibration monitoring location (VB1)
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5.

NOISE AND VIBRATION MEASUREMENTS

The results of the noise and vibration measurements are presented on Figures A6 to A15 of
Appendix A and summarised below in Tables 5.1 to 5.5
Nonex PBC Trial – Blast No. (ID) 1
Measured Peak Particle Velocities, mms-1
Monitoring Location

Measured Noise
Levels, dB re. 2
x 10-5 Pa.

x-axis

y-axis

z-axis

LAmax,S

-[1]

- [1]

-[1]

n/a

2.39

4.01

1.08

89.5

VB3 (trial slab base loc. #1)

-[2]

- [2]

-[2]

n/a

VB4 (trial slab base loc. #2)

-[2]

- [2]

-[2]

n/a

VB5 (CPN2 Secondary Lining)

1.17

0.45

0.54

n/a

VB6 (CPN2 Secondary Lining)
and N2 (CP2 N)

0.03

0.02

0.02

85.7

VB7(Sainsbury’s Column)

0.04

0.05

0.07

n/a

VB8 & N4 (Albion Yard Basement)

0.03

0.02

0.05

42.7[4],[5]

VB9 & N3 (Kempton Court)

0.08

0.08

0.07

<28.6

VB1 (Albion Yard)
VB2 & N1 (CS1)

TABLE 5.1: NOISE AND VIBRATION RESULTS – BLAST NO. (ID) 1
Notes:
[1] Data file corrupt. Data for 20/08/15 missing. Manual Download required
[2] satellite / roaming monitoring locations not used on 19/09/15
[3]
shaded cells denote off-site residential monitoring locations
[4] measured using existing C510 continuous unattended noise monitor (N3)
[5] subjective observation indicate presented level attributable to existing ambient noise level, and not associated with Nonex trials
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Nonex PBC Trial – Blast No. (ID) 2
Measured Peak Particle Velocities, mms-1
Monitoring Location

Measured Noise
Levels, dB re. 2
x 10-5 Pa.

x-axis

y-axis

z-axis

LAmax,S

-[1]

- [1]

-[1]

n/a

1.57

1.43

2.96

90.8

VB3 (trial slab base loc. #1)

-[2]

- [2]

-[2]

n/a

VB4 (trial slab base loc. #2)

-[2]

- [2]

-[2]

n/a

VB5 (CPN2 Secondary Lining)

0.14

0.07

0.18

n/a

VB6 (CPN2 Secondary Lining)
and N2 (CP2 N)

0.02

0.02

0.03

75.1

VB7 (Sainsbury’s Column)

0.02

0.02

0.03

n/a

VB8 & N4 (Albion Yard Basement)

-[3]

- [3]

-[3]

49.0[6],[7]

VB9 & N3 (Kempton Court)

-[4]

- [4]

-[4]

-[4]

VB1 (Albion Yard)
VB2 & N1 (CS1)

TABLE 5.2: NOISE AND VIBRATION RESULTS – BLAST NO. (ID) 2
Notes:
[1] Data file corrupt. Data for 19/08/15 missing. Manual Download required
[2] satellite / roaming monitoring locations not used on 19/09/15
[3] Access into Albion Yard during time of Blast not possible
[4] Access into Kempton Court during time of Blast not possible
[5]
shaded cells denote off-site residential monitoring locations
[6] Measured using existing C510 continuous noise monitor (N3)
[7] subjective observation indicate presented level attributable to existing ambient noise level, and not associated with Nonex trials

Nonex PBC Trial – Blast No. (ID) 3
Measured Peak Particle Velocities, mms-1
Monitoring Location

Measured Noise
Levels, dB re. 2
x 10-5 Pa.

x-axis

y-axis

z-axis

LAmax,S

VB1 (Albion Yard)

0.04

0.03

0.07

n/a

VB2 & N1 (CS1)

3.00

2.61

3.28

95.7

VB3 (trial slab base loc. #1)

-[1]

- [1]

-[1]

n/a

VB4 (trial slab base loc. #2)

-[1]

- [1]

-[1]

n/a

VB5 (CPN2 Secondary Lining)

2.22

1.37

0.59

n/a

VB6 (CPN2 Secondary Lining)
and N2 (CP2 N)

0.01

0.02

0.03

94.0

VB7 (Sainsbury’s Column)

0.04

0.03

0.10

n/a

VB8 & N4 (Albion Yard Basement)

0.04

0.03

0.07

40.0[3],[4]

VB9 & N3 (Kempton Court)

0.03

0.02

0.03

<29.2

TABLE 5.3: NOISE AND VIBRATION RESULTS – BLAST NO. (ID) 3
Notes:
[1] satellite / roaming monitoring location not used for Blast No. (ID) 3
[2]
shaded cells denote off-site residential monitoring locations
[3] Measured using existing C510 continuous noise monitor (N3)
[4] subjective observation indicate presented level attributable to existing ambient noise level, and not associated with Nonex trials
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Nonex PBC Trial – Blast No. (ID) 4
Measured Noise
Levels, dB re. 2
x 10-5 Pa.

Measured Peak Particle Velocities, mms-1
Monitoring Location
x-axis

y-axis

z-axis

LAmax,S

-[5]

- [5]

-[5]

n/a

VB2 & N1 (CS1)

8.54

2.37

4.62

98.9

VB3 (trial slab base loc. #1)

10.00

9.20

18.83

n/a

VB4 (trial slab base loc. #2)

-[1]

- [1]

-[1]

n/a

VB5 (CPN2 Secondary Lining)

2.70

0.78

1.98

n/a

VB6 (CPN2 Secondary Lining)
and N2 (CP2 N)

0.01

0.03

0.02

97.0

VB7 (Sainsbury’s Column)

0.07

0.21

0.17

n/a

VB8 & N4 (Albion Yard Basement)

0.02

0.03

0.03

40.7[4],[6]

-[2]

- [2]

-[2]

-[2]

VB1 (Albion Yard)

VB9 & N3 (Kempton Court)

TABLE 5.4: NOISE AND VIBRATION RESULTS – BLAST NO. (ID) 4
Notes:
[1] satellite / roaming monitoring location not used for Blast No. (ID) 4
[2] Access into Kempton Court during time of Blast not possible
[3]
shaded cells denote off-site residential monitoring locations
[4] Measured using existing C510 continuous unattended noise monitor (N3)
[5] Data file corrupt. Data for 20/08/15 missing. Manual Download required
[6] subjective observation indicate presented level attributable to existing ambient noise level, and not associated with Nonex trials

Nonex PBC Trial – Blast No. (ID) 5

Monitoring
Location

VB1 (Albion
Yard)

VB2 & N1 (CS1)

VB3 (trial slab
base loc. #1)

VB4 (trial slab
base loc. #2)
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Measured Peak Particle Velocities, mms
Row

Measured
Noise Levels,
dB re. 2 x 10-5
Pa.

x-axis

y-axis

z-axis

Row #1

0.31

0.30

0.54

Row #2

0.12

0.12

0.12

Row #3

0.10

0.09

0.11

Row #1

5.74

4.43

10.26

101.3

Row #2

2.03

2.29

8.82

102.4

Row #3

0.69

0.65

1.55

95.3

Row #1

- [1]

-[1]

-[1]

-[1]

Row #2

- [1]

-[1]

-[1]

-[1]

Row #3

- [1]

-[1]

-[1]

-[1]

Row #1

27.71

21.73

55.62

Row #2

3.30

3.23

13.77

Row #3

2.67

2.25

12.06

10

LAmax,S

n/a

n/a

September 2015

VB5 (CPN2
Secondary
Lining)

VB6 (CPN2
Secondary
Lining) and N2
(CP2 N)

VB7
(Sainsbury’s
Column)

VB8 & N4
(Albion Yard
Basement)

VB9 & N3
(Kempton Court)

Row #1

7.58

2.47

2.23

Row #2

2.35

1.03

0.69

Row #3

1.22

0.93

0.54

Row #1

0.08

0.35

0.49

Row #2

0.07

0.23

0.26

Row #3

0.03

0.03

0.02

Row #1

0.11

0.31

0.30

n/a

Row #2

0.06

0.14

0.19

n/a

Row #3

0.04

0.07

0.10

n/a

Row #1

- [3]

-[3]

-[3]

40.9[5],[6]

Row #2

- [3]

-[3]

-[3]

44.1[5],[6]

Row #3

- [3]

-[3]

-[3]

44.3[5],[6]

Row #1

- [2]

-[2]

-[2]

-[2]

Row #2

- [2]

-[2]

-[2]

-[2]

Row #3

- [2]

-[2]

-[2]

-[2]

n/a

99.9
97.7
94.5

TABLE 5.5: NOISE AND VIBRATION RESULTS – BLAST NO. (ID) 5
Notes:
[1] satellite / roaming monitoring location not used for Blast No. (ID) 5
[2] Access into Kempton Court during time of Blast not possible
[3] Monitoring location not used for Blast No. (ID) 5
[4]
shaded cells denote off-site residential monitoring locations
[5] Measured using existing C510 continuous unattended noise monitor (N3)
[6] subjective observation indicate presented level attributable to existing ambient noise level, and not associated with Nonex trials

5.2

Results and Discussion

Surface monitoring locations – Building Damage
The results of the vibration monitoring during the PBC trials show that measured PPV’s at offsite residential locations and at the base of a Sainsbury’s car park column support remained
below both the 3.0 mms-1 and the 5.0 mms-1 Crossrail criterion defined for assessing
significant impacts on buildings due to vibration.
Surface monitoring locations – Subjective Response
PPV’s monitored at off-site residential locations during the PBC trials remained below 1 mms-1.
The maximum PPV measured at an off-site residential monitoring location was 0.54 mms-1
during the detonation of Blast No. (ID) 5 Row #1 at Albion Yard (VB1) and therefore might
have been perceptible to the residents of Albion Brewery and the neighbouring buildings.
The corresponding maximum measured PPV’s at Albion Yard (VB1) during denotation of Row
#2 and Row #3 of Blast No. (ID) 5 were 0.12 mms-1 and 0.11 mms-1 respectively, and as such
fell below 0.14 mms-1. PPV’s of up to this magnitude would not be expected to cause adverse
comment, according the BS 5228:2 guideline criteria as presented in Table 2.2.
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Groundborne Noise
Observations made whilst obtaining noise measurements at N3 (Communal Staircase 10,
Kempton Court) indicate the internal noise environment was governed by domestic sources
from the flats located above on the 1st floor, distant road traffic and LU and LO movements.
Subjectively, blasting activity associated with the detonation of Blast (ID’s) 1, and 3 was not
audible at N3, with measured levels below 29.2 dB LAmax,S.
Observations made whilst in attendance within Albion Yard Basement (N4) indicate the
internal noise environment was governed by water drainage noise, road traffic and domestic
sources within Albion Yard brewery. Subjectively, blasting activity associated with the
detonation of Blast (ID’s) 1, 3 and 4 was not audible at N4. Measured levels ranged between
40.0 – 49.0 dB LAmax,S and although these exceed the groundborne noise risk appraisal criteria
of 35 dB LAmax,S they are considered to be attributable to the existing ambient noise
environment.
Due to access arrangements, it was not possible to gain access to N3 (Communal Staircase
10, Kempton Court) for all PBC blast trials.
Sub-Surface Noise and Vibration monitoring locations
The results of the vibration monitoring during the Nonex trials show that the maximum
measured PPV on the secondary lining was 7.58 mms-1 during the detonation of Blast No. (ID)
5 Row #1. This was measured at a distance of 2 m (VB5) from the trial slab. The
corresponding PPV measured at VB6 on the secondary lining at a distance of 10 m from the
trial slab, was 0.49 mms-1 with a PPV of 10.26 mms-1 measured on the floor slab of CS1 (VB2)
at a measured distance of 7 m from the face of the trial slab.
All further measured PPVs obtained at VB6 on the secondary lining during the PBC trials
remained below 0.26 mms-1.
During Blast No. (ID) 4, a PPV of 8.54 was measured on the floor slab CS1 (VB2). For the
remaining Nonex trials, all measured PPV’s at VB2 remained below 5 mms-1.
The results of the vibration monitoring results obtained at roaming monitoring locations VB3
and VB4 located at the base of the trial face utilised during Blast No. (ID’s) 4 and 5 show that
the maximum measured PPV was 55.62 mms-1 during the detonation of Blast No. (ID) 5 Row
#1. However, it is likely this vibration magnitude was attributable to movement in the trial slab.
The maximum PPV’s measured for Row’s 2 and 3 were 13.77 mms-1 and 12.06 mms-1
respectively. For Blast No. (ID) 4, the maximum PPV measured at VB3 was 18.83 mms-1.
6.

SUMMARY AND CONCLUSIONS

Southdowns was instructed by BBMV to monitor noise and vibration during the trial use of
Nonex RockJack PCBs on a trial concrete slab cast in the base of the eastern side of CS1.
The results of the noise and vibration surveys obtained during the Nonex RockJack PCB trials
will be used as part of an investigation into alternative breaking methods for the removal of the
temporary TBM inverts.
The results of the vibration monitoring during the PBC trials show that measured PPV’s at offsite residential locations and at the base of a Sainsbury’s car park column support remained
below 1.0 mms-1.
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Observations made whilst obtaining noise measurements at Kempton Court and within Albion
Yard Basement , indicate the internal noise environment was governed by domestic sources,
distant road traffic and LU and LO movements. Subjectively, blasting activity associated with
the Nonex trials was not audible at either Kempton Court or Albion Yard.
Noise and vibration monitoring was undertaken within CS1 and CP2 N during the Nonex trials
and included the installation of vibration monitoring equipment on the secondary lining at
distances of 2 m and 10 m from the trial slab.
The results of the vibration monitoring obtained within CS1 and CP2 N show that the
maximum measured PPV on the secondary lining at a distance of 2 m from the trial slab was
7.58 mms-1 during the Blast No. (ID) 5 Row #1, with 0.49 mms-1 measured on the secondary
lining at 10 m which are below the thresholds set out in BS7385-2:1998 for the on-set of
cosmetic damage.
The maximum PPVs measured on the CS1 floor during the Nonex trials were 10.26 mms-1
measured at a distance of 7 m from the face of the trial slab and 55.62 mms-1 measured at the
base of the trial slab on the floor of CS1. Both were measured during the denotation of Blast
No. (ID) 5 Row #1. The measurement obtained at the base of the trial slab exceeds the
thresholds set out in BS7385-2:1998, however, it is likely this vibration magnitude was
attributable to movement in the trial slab.
The trials undertaken on a temporary slab inside CS1 have provided an indication of the
potential noise and vibration levels expected during the use of Nonex RockJack PCBs,
however it should be noted that the trial slab located inside the access shaft, may not be totally
representative of the temporary inverts located inside the platform tunnels. It is recommended
therefore that additional trials are undertaken on the inverts once access to the tunnels is
available, to ensure that any potential groundborne noise and vibration generated from within
the tunnels is fully understood before extensive use of Nonex RockJack PCB commences
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APPENDIX A: FIGURES
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FIGURE A1: SUB-SURFACE NOISE AND VIBRATION MONITORING LOCATIONS
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FIGURE A2: SURFACE NOISE AND VIBRATION MONITORING LOCATIONS
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N1

VB2

FIGURE A3: NOISE AND VIBRATION MONITORING LOCATIONS N1 AND VB2
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N2

FIGURE A4: NOISE MONITORING LOCATION N2
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VB5

VB6

FIGURE A5: VIBRATION MONITORING LOCATIONS VB5 AND VB6
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FIGURE A6: VIBRATION MONITORING RESULTS AT SURFACE MONITORING LOCATIONS DURING BLAST NO.1
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FIGURE A7: VIBRATION MONITORING RESULTS AT SUB-SURFACE MONITORING LOCATIONS DURING BLAST NO.1
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FIGURE A8: VIBRATION MONITORING RESULTS AT SURFACE MONITORING LOCATION VB7 DURING BLAST NO.2
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FIGURE A9: VIBRATION MONITORING RESULTS AT SUB-SURFACE MONITORING LOCATIONS DURING BLAST NO.2
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FIGURE A10: VIBRATION MONITORING RESULTS AT SURFACE MONITORING LOCATIONS DURING BLAST NO.3
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FIGURE A11: VIBRATION MONITORING RESULTS AT SUB-SURFACE MONITORING LOCATIONS DURING BLAST NO.3
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FIGURE A12: VIBRATION MONITORING RESULTS AT SURFACE MONITORING LOCATIONS DURING BLAST NO.4
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FIGURE A13: VIBRATION MONITORING RESULTS AT SUB-SURFACE MONITORING LOCATIONS DURING BLAST NO.4
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FIGURE A14: VIBRATION MONITORING RESULTS AT SURFACE MONITORING LOCATIONS DURING BLAST NO.5
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FIGURE A15: VIBRATION MONITORING RESULTS AT SUB-SURFACE MONITORING LOCATIONS DURING BLAST NO.5
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