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Executive Summary

Paragon Engineering was commissioned by Moits to provide vibration & noise monitoring services
during the redevelopment activities for the site located at St. George Hospital. The project comprises
of excavation and construction of a new Medical facility with two basement carpark

This report provides vibration and noise monitoring information for the excavation and construction
of a new Medical facility with two basement carpark at the above site. Vibration monitoring was
initiated to assess the potential of structural damage to the surrounding properties. Based on the
Construction Noise & Vibration Monitoring Plan, Ref # VIB-23661-NVMP[B] dated 31 May
2023prepared by Paragon Engineering, the criteria “Structures that, because of their particular
sensitivity to vibration, cannot be classified under lines 1 and 2)” has been considered for the heritage
building and Medical facility with sensitive equipment where the criteria/trigger is set to 3mm/s.

The Construction Noise Management levels have been established for the nearest noise sensitive
residential and Hospital receivers. For mix use residential/office receivers, Laeqsmin) Values are set to
be 68dB(A) for noise affected and 75dB(A) for highly noise affected for when occupied through the
day. As per the request from the Principal and Superintendent, the medical receiver’s nominated
Laeq1smin) Values were revised to be 60dB(A) for internal noise monitoring in the administration room
and 55dB(A) for Wash bay room on Level 2 as shown in Table 5. Three vibration data logger and three
noise monitor were used. The loggers are equipped with on-board modem which provides remote
monitoring communication functions, system status and vibration and noise triggers are instantly
reported through mobile SMS function.

The vibration results found in Table 6 summarise the maximum daily peak particle velocity (PPV)
recorded and compared to the criteria set for this project. The PPV was within the criteria during the
monitoring period. It should also be noted that the vibration amplitudes recorded by Paragon to date
are relatively marginal. It is understood that Acoustic Logic (AL) is undertaking vibration monitoring
for the MRI and Mammogram equipment, we understand that their reporting criteria has been
specifically set for the monitoring of these equipment. Based on the above, and although the vibration
measurement output and reporting methodologies of Paragon and AL are not directly comparable,
both reports are in line and indicating compliance with the criterion set for structural damage and
equipment tolerances, respectively.

The results found in Table 7 summarises the noise level recorded for this project. During the
monitoring period, noise monitor at Location 2 have exceeded the criteria by up to 07 dB(A) for the
Noise Affected NML however, it is still within the highly noise affected criteria while at Location 2 and
Location 3, the monitors have recorded an exceedance of up to 01 dB(A) and 03 dB(A) respectively.
Further monitoring is recommended, and vibration and noise controls should be implemented to
maintain the structural integrity of surrounding structures and avoid discomfort to surrounding
residents.
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1. Introduction

1.1 Background

Paragon Engineering was commissioned by Moits to provide vibration and noise monitoring services
during the redevelopment works that is located at St. George Hospital for the proposed
redevelopment located at St George Hospital. The project comprises of piling, excavation and
construction of a new Medical facility with two basement carpark.

1.2 Site Information

The project is located at St. George Hospital. The Stage 3 redevelopment includes the piling,
excavation and construction of a new Medical facility with two basement carpark. The nearest
vibration and noise sensitive receivers are shown in Figure 1 and Figure 2 below.

Working Hours

The Project construction working hours shall be in accordance with approved DA Condition C4-C8 as
described below:

Table 1 Working Hours
C4. Construction including the delivery of materials | <  Monday to Friday — 7:00am to 6:00pm inclusive
to and from site: %  Saturday - 8:00am to 1:00 pm

< Sunday & public holidays - No work permitted
C5. Not withstanding condition C4, provide noise < Monday to Friday — 6:00am to 7:00pm inclusive
levels do not exceed the existing background level &  saturday - 1:00pm to 5:00 pm
plus 5dB, work may also be undertaken during the o

% Sunday & public holidays - No work permitted
following hours:

C6. Construction activities may be undertaken % By the police or a public authority for the delivery of vehicles,
outside of the hours in condition C4 and C5 if plant or materials; or
Required: < Inan emergency to avoid the loss of life, damage to property or

to prevent environment harm; or

< Where the works are inaudible at the nearest sensitive receivers;
or

< For the delivery, set-up and removal of construction cranes,
where notice of the crane-related works is provided to the
Planning Secretary and affected residents at least seven days
prior to the works; or

< Where a variation is approved in advance in writing by the
Planning Secretary or her nominee if appropriate justification is
provided for the works

C7. Notification of such construction activities as

referenced in Condition C6 must be given to

affected residents before undertaking the activities

or as soon as is practical afterwards.

St. George Hospital
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Activity Permitted working hours

C8. Rock breaking, rock hammering, sheet piling, < Monday to Friday — 9:00am to 12:00pm
pile driving and similar activities may only be « Monday to Friday - 2:00pm to 5:00 pm
carried out between the following hours: ¢ Saturday — 9:00am to 12:00pm

< Sunday & public holidays - No work permitted

1.3 Objectives

The purpose of this document is to provide a practical construction vibration and noise monitoring
information to assess the potential structural damage and human comfort in the surrounding
properties, compare the collected vibration and noise results against the recommended criteria and
to provide a discussion about the mitigation measures to reduce the vibration and noise occurring.

2. Sensitive Receivers

Sensitive Vibration Receivers

The nearest vibration sensitive receivers are identified in Figure 1 and listed below:

X3
<

M1, Medical Facility on the Southern boundary of the site.

R
o<

M2, Medical Facility on the Norther boundary of the site along Kensington St.

R
o<

M3, Medical Facility on the Norther boundary of the site along Kensington St.

R
o<

H1, Fire Station (heritage) on the Western side of the boundary.

X3
<

SW, Sydney Water asset along the Northern boundary of the site along Kensington St.

;\ ;
: . . ’ &

>

Legend
M - Medical Service

H - Heritage Building

R - Mix Use Residential/Shops
SW - Sydney Water Asset

Figure 1 Sensitive Vibration Receiver

St. George Hospital
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Sensitive Noise Receivers
The nearest noise sensitive receivers are identified in Figure 2 and listed below:

< R1, Residential buildings on the Northern boundary of the site along Kensington St.

< R2, Residential buildings on the Eastern boundary of the site along Belgrave St.

< M1, Medical Facility on the Southern boundary of the site.

< M2, Medical Facility on the Norther boundary of the site along Kensington St.

< M3, Medical Facility on the Norther boundary of the site along Kensington St.

< S1, Educational Facility on the North-western boundary of the site along Kensington St.
< H1, Fire Station (heritage) on the Western side of the boundary.

-
Y 7

<

Belgrave

Legend
W M - Medical Service

! H - Heritage Building
S - Educational Facility
R - Mix Use

Figure 2 Sensitive Noise Receiver

3. Vibration & Noise Sources and Criteria

3.1 Vibration Sources

Vibration can be caused by various external sources, including industrial, construction and
transportation activities. The vibration may be continuous (with magnitudes varying or remaining
constant with time), impulsive (such as in shocks) or intermittent (with the magnitude of each event
being either constant or varying with time).

The potential source of vibration in this project is likely to be caused by hydraulic excavators with
jackhammers, saws and other various construction activities which may be categorised as
intermittent/short term sources of vibration.

St. George Hospital
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3.2 Noise Sources

The noise sources likely to be associated with the works mentioned in the Construction Noise &
Vibration Monitoring Plan, Ref # VIB-23661-NVMP[B] dated 31 May 2023 prepared by Paragon
Engineering are shown in Table 2 below.

Table 2 Potential noise sources

Stages Equipment Sound Power Level dB(A)
Excavator with hydraulic hammer (30t-40t) 117
Demolition Concrete Saw 117
Truck & Dog 101
Excavator with hydraulic hammer (30t-40t) 117
. Bobcat 100
Excavation
Concrete Saw 117
Truck & Dog 101
Powered hand tools 95
Bobcat 100
Structure
Concrete pump 103
Truck & Dog 101

3.3 Applicable Standards

The list below illustrates the relevant reports, standards, guidelines or policies that has been used
during the preparation of this report:

2

% Department of Environment and Conservation (NSW) Publication, Interim Construction Noise
Guideline

R
L4

Australian Standard “AS ISO 6393:2019, Earth-moving machinery - Determination of sound power
level - Stationary test conditions”

R
23

Department of Environment and Conservation (NSW) Publication, Assessing Vibration: a technical
guideline (Feb 2006)

Australian Standard “AS 2436-2010, Guide to noise and vibration control on construction, p and
maintenance sites”

R
L4

R
23

International organization for Standardization “ISO 5348:2021, Mechanical vibration and shock
Mechanical mounting of accelerometers”

German Standard “DIN 4150-3:2016-12, Vibration in buildings - part 3: effects on structures”
Australian Standard “AS 1SO 2631.2.2014, Mechanical Vibration and Shock — Evaluation of human
exposure to whole-body vibration. Part 2: Vibration in buildings (1-80Hz)”

British Standard “BS 7385-2:1993, Evaluation and measurement for vibration in buildings — Part 2
Guide to damage levels from groundborne vibrations”

R
L4

R
L4

R
L 4

X3
£<s

Australian Standard “AS 2187.2-2006, Explosives — storage and Use. Part 2: Use of Explosives”

Paragon Engineering, Construction Noise & Vibration Monitoring Plan, Ref # VIB-23661-NVMP[B]
dated 31 May 2023

R
°o
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3.4 Vibration Criteria

In this report, the effect of vibration on the asset’s integrity and the potential to cause structural
damage will be assessed. Vibration may cause damage to a building structure, ranging from minor
hairline cracking to major structural defect.

The Australian Standards AS 2187.2 states that vibration guide values and the methods of assessing
the structural response prepared by BS 7385-2 and (USBM) Rl 8507 are applicable to the Australian
Conditions.

The British Standard BS-7385-2, Evaluation and measurement for vibration in buildings —Part 2: Guide
to damage levels from groundborne vibrations provides the vibration limits to reduce the risk of
structural damage to buildings. Table 3 below outline the frequency-dependent vibration criteria for
residential and commercial buildings. These levels have been established such that no damage would
occur up to the limits. The levels are generally considered conservative, i.e. vibration levels that exceed
the limits would not necessarily translate into structural damage.

The BS 7385 states that when continuous vibration causes dynamic loading such that the dynamic
loading magnifies the structural dynamic response especially in low frequency range, up to 50%
reduction may be applied on the values listed in Table 3.

Table 3 guideline values for vibration velocity (BS 7385)

Peak component particle velocity in frequency range of

Type of building predominant pulse

4 Hzto 15 Hz 15 Hz and above
1 szlnforced or frame stru.cturef . 50 mm/s at 4 Hz and above
Industrial and heavy commercial buildings
5 Unreinforced or light framed structures 15 mm/s at 4 Hz increasing| 20 mm/s at 15 Hz increasing to 50
Residential or light commercial type buildings to 20 mm/s at 15 Hz mm/s at 40 Hz and above

The DIN 4150, Vibrations in buildings - Part 3: Effects on structures is used to assess the likelihood of
structural damage to nearby structures. Figure 3 below outline the frequency-dependent vibration
criteria for Heritage, residential and commercial buildings. These levels have been established such
that no damage would occur up to the limits. The levels are generally considered conservative, i.e.

vibration levels that exceed the limits would not necessarily translate into structural damage.

St. George Hospital
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Table 4 guideline values for vibration velocity (DIN 4150)

Guideline values for velocity (mm/s)
Vibration at the foundation at a Topmost floor, Floor slabs,
frequency of: horizontal vertical
direction i=x,y direction, i=z
1Hzto 10Hzto 50 Hz to All frequency All frequency
10 Hz 50 Hz 100 Hz

Structure

Buildings used for commercial
purposes, industrial buildings, and 20 20 to 40 40 to 50 40 20
buildings of similar design

Residential buildings and
buildings of similar design and/or 5 5to 15 15to 20 15 20
occupancy

Structures that, because of their

particular sensitivity to vibration,
cannot be classified under lines 1 3 3to8 8to0 10 8 20
and 2 and are of great intrinsic value

(e.g. listed buildings)

bin the case of building types, it may be necessary to lower the relevant guideline value markedly to prevent minor damage

The DIN standard defines ‘damage’ to include cracks forming in plastered surfaces of walls, existing
cracks in a building becoming enlarged, and separation of lightweight walls from load bearing walls.
Most commonly specified “safe” structural vibration limits are designed to minimise the risk of
threshold or cosmetic surface cracks, and are set well below the levels that have potential to cause
damage to the main structure. The DIN 4150 states that buildings exposed to higher levels of vibration
than recommended limits would not necessarily result in damage as these limits are generally
recognised as being conservative.

Guideline values for vibration velocity (DIN 4150)

@
gy
=
2
>
a
a

50

Figure 3 Guideline values for PPV as per DIN-4150

St. George Hospital
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In accordance with the recommendations from the Construction Noise & Vibration Monitoring Plan,
Ref # VIB-23661-NVMP[B] dated 31 May 2023 prepared by Paragon Engineering, the criteria
“Structures that, because of their particular sensitivity to vibration, cannot be classified under lines 1
and 2)” has been considered for the heritage building and Medical facility with sensitive equipment

where the criteria/trigger is set to 3mm/s. Figure 4 shows the location of each vibration monitor.

3.5 Noise Criteria

The construction Noise Management Levels (NMLs) for the Project have been nominated in the
Construction Noise & Vibration Monitoring Plan, Ref # VIB-23661-NVMP[B] dated 31 May 2023
prepared by Paragon Engineering as shown in Table 5. Figure 4 shows the location of each noise
monitor.

Table 5 Construction noise management levels

. . ; . Construction NMLs —  Highly Noise
Noise Source Time Period Receiver
Laeq(15min) Affect
% 07:00am to R1 68
6:00pm, 75
Monday to R2 68
Friday B
. s1 45/552
< 08:00am to
Construction 01:00pm, -
) H1 70
Noise Saturday
@, .
% No site works M1 55/652 -
shall be
undertaken on M2 55/65% _
Sundays or
public holidays. M3 55/65%b -

a - Noise Management Level of 55 dB(A) for internal noise monitoring or 65dB(A) for external noise monitoring

The Construction Noise Management levels have been established for the nearest noise sensitive
residential and Hospital receivers. For mix use residential/office receivers, Laeq1smin) Values are set to
be 68dB(A) for noise affected and 75dB(A) for Highly Noise Affected for when occupied through the
day. As per the request from the Principal and Superintendent, the medical receiver’s nominated
Laeq1smin) Values were revised to be set to 60dB(A) for internal noise monitoring in the administration
room and 55dB(A) for Wash bay room on Level 2 as shown in Table 5.

St. George Hospital
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4. Methodology

4.1 Vibration & Noise Instrument

Three vibration Data logger with a 2.0 Hz tri-axial geophone and three noise monitors were used, the
logger is equipped with on-board modem which provides remote monitoring communication
functions, system status and vibration and noise triggers are instantly reported through mobile SMS
function.

4.2  Site setup and Monitoring Procedure

Vibration Monitor

The geophone was firmly mounted in the ground in accordance with the manufacturer’s
recommendations & the Australian Standards AS 2775-2004 Mechanical vibration and shock —
Mechanical mounting of accelerometers / the ISEE Field practice guidelines for blasting seismographs
2020 as applicable, the geophone was orientated as recommended by the manufacturer in the
direction of the vibration source. Vibration Monitor 1 was installed on the wall within the
mammogram waiting room and Vibration Monitor 2 was installed on the ground adjacent to the MRI
room as can be seen in Figure 4. Each device was set to continuous daily monitoring mode at one-
minute intervals recording velocities along the three orthogonal axes, i.e. x-axis / radial (back to chest),
y-axis / transverse (right side to left side) or z-axis / vertical (foot to head) along with their
corresponding frequencies.

Noise Monitor

The noise monitor was mounted on a solar stand in accordance with the manufacturer’s
recommendations. The monitor is oriented with the camera facing the direction of the noise source
as per the recommendation of the manufacturer. The monitor was located to be as close to the
sensitive noise receiver as possible as shown in Figure 4 below. Each device was set to continuous
daily monitoring at 15-minute intervals recording Laeq(1smin).

St. George Hospital
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Description

\Within Mammogram Room
Within MRI Room

\Within CT-Scan Room on Level 1

Within Administration room

Along site boundary

\Within wash bay room on Level 2
VM - Vibration Monitor; NM - Noise Monitor; M - Medical
Facility; H - Heritage Receiver; SW - Sydney Water Asset

5. Monitoring Results

Vibration Monitoring
The maximum daily vibration PPV values are summarised in the following table:

Table 6 maximum daily vector sum peak particle velocity values

Max. vector sum PPV | Max. vector sum PPV |~ Max. vector sum PPV C”(trirriﬁ‘/gpv
(mm/s) — Monitor 1 (mm/s) — Monitor 2 (mm/s) — Monitor 3
Fri 01/09/2023 0.3 14 0.2 3.0
Sat 02/09/2023 0.2 0.5 0.1 3.0
Mon 04/09/2023 0.2 1.7 0.3 3.0
Tue 05/09/2023 0.2 0.2 1.8 3.0
Wed 06/09/2023 0.2 0.5 0.5 3.0
Thu 07/09/2023 0.2 0.3 11 3.0

St. George Hospital
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Noise Monitoring

A summary of the measured Laeq(15minute) Noise levels at the monitoring location is shown below:

Table 7 Daily Measured Noise Levels — Location 1 dB(A)

Measured Maximum Daytime Laeq(15minute) Construction Noise Goal
Daytime Laeq(15minute) Noise Exceedance -
. Affected
Noise Levels Affected

Fri 01/09/2023 56 Nil 60
Sat 02/09/2023 58 Nil 60
Mon 04/09/2023 57 Nil 60
Tue 05/09/2023 55 Nil 60
Wed 06/09/2023 61 01 60
Thu 07/09/2023 56 Nil 60

Table 8 Daily Measured Noise Levels — Location 2 dB(A)

Measured Maximum Daytime
Daytime Laeq(15minute) Noise Construction Noise Highly Noise
Laeq(15minute) Noise Exceedance Goal Affected Affected

Levels Affected
Fri 01/09/2023 72 04/Nil 68 75
Sat 02/09/2023 60 Nil/Nil 68 75
Mon 04/09/2023 70 02/Nil 68 75
Tue 05/09/2023 73 05/Nil 68 75
Wed 06/09/2023 72 04/Nil 68 75
Thu 07/09/2023 75 07/Nil 68 75

Table 9 Daily Measured Noise Levels — Location 3 dB(A)

Measured Maximum Daytime Laeq(15minute) Construction Noise Goal
Daytime Laeq(15minute) Noise Exceedance -
L Affected
Noise Levels Affected

Fri 01/09/2023 54 Nil 55
Sat 02/09/2023 58 03 55
Mon 04/09/2023 55 Ni 55
Tue 05/09/2023 54 Ni 55
Wed 06/09/2023 55 Ni 55
Thu 07/09/2023 55 Ni 55

6. Discussion and Recommendations

As can be seen from the previous section and the graphs below, the peak particle velocity values were

below the criteria which is set for this project.

St. George Hospital
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Table 7 summarise the noise levels recorded for this project. During the monitoring period, noise
monitor at Location 2 have exceeded the criteria by up to 07 dB(A) for the Noise Affected NML
however, it is still within the highly noise affected criteria while at Location 2 and Location 3, the
monitors have recorded an exceedance of up to 01 dB(A) and 03 dB(A) respectively. Further
monitoring is recommended, and vibration and noise controls should be implemented to maintain the

structural integrity of surrounding structures and avoid discomfort to surrounding residents.

Best management practice

When short-term works such as piling, demolition and construction give rise to impulsive vibrations,
undue restriction on vibration values may significantly prolong these operations and result in greater
annoyance. Short-term works are works that occur for a duration of approximately one week. In
circumstances where work is short term, vibration controls should be implemented to maintain the
structural integrity of surrounding structures and avoid discomfort to surrounding residents.

Feasible and reasonable mitigation measures should be applied and best management practices
should be used to reduce values as far as practicable, and a comprehensive community consultation
program should be instituted.

An example of a possible management strategies are listed below:

@,

%+ Restrict the times during which high vibration values occur to the least sensitive times of the day

%+ Ensure piling and earthmoving/breaking activities are organised and do not occur at the same
time or less impact equipment is used if values have been exceeded in multiple occurrences

%+ Typical issues covered in a consultation program include a public contact point for handling
complaints

«» Early notification of proposed operations and any significant change to operations

The following recommendations provide reasonable noise control measures to reduce noise impacts

to sensitive receivers.

< Doubling of distance between source and receiver where possible, example when loading
materials

% Using barriers or screens can be an effective means of reducing noise. Barriers can be located

either at the source or the receiver.

DS

» Using mounds as a temporary or permanent noise barriers

X3

A

Engine casing lagged with acoustic insulation and plywood

X3

S

Use electric motors in preference to diesel or petrol
In addition to physical noise controls, the following general noise management measures should be
followed:

% Use less noisy plant and equipment, where feasible and reasonable

»  Plant and equipment should be properly maintained

s Provide special attention to the use and maintenance of silencing equipment fitted to plants to
ensure they perform as intended

<+ Strategically position plant on site to reduce the emission of noise to the surrounding

St. George Hospital
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neighbourhood and to site personnel, example locate concrete pump at maximum distance from
the sensitive receivers
% Avoid any unnecessary noise when carrying out manual operations and when operating plant
Any equipment not in use for extended periods during construction work should be switched off

Complaint Management

An effective community relations program is essential to keep the stakeholders informed throughout
the project development process, to obtain valuable data related to the project, and to become aware
of any project-related impacts in a timely manner. Additionally, the community is likely to be more
understanding and accepting of the vibration where the information provided is frank, does not
attempt to understate the likely vibration impacts and if commitments made are firmly adhered to. A
range of media could be used to notify the community before and during construction, including use
of community meetings, individual contact and letterbox drops. Contact details for complaints and
further information, including emergency phone numbers, should be readily available to the
community.

St. George Hospital
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7. Conclusions

The vibration results can be found in Table 6 and the noise results can be found in Table 7. The
vibration results found in Table 6 summarise the maximum daily peak particle velocity PPV recorded
and compared to the criteria set for this project. The PPV was within the criteria during the monitoring
period. It should also be noted that the vibration amplitudes recorded by Paragon to date are relatively
marginal. It is understood that Acoustic Logic (AL) is undertaking vibration monitoring for the MRl and
Mammogram equipment, we understand that their reporting criteria has been specifically set for the
monitoring of these equipment. Based on the above, and although the vibration measurement output
and reporting methodologies of Paragon and AL are not directly comparable, both reports are in line
and indicating compliance with the criterion set for structural damage and equipment tolerances,
respectively.

The results found in Table 7 summarises the noise level recorded for this project. During the
monitoring period, noise monitor at Location 2 have exceeded the criteria by up to 07 dB(A) for the
Noise Affected NML however, it is still within the highly noise affected criteria while at Location 2 and
Location 3, the monitors have recorded an exceedance of up to 01 dB(A) and 03 dB(A) respectively.
Further monitoring is recommended, and vibration and noise controls should be implemented to
maintain the structural integrity of surrounding structures and avoid discomfort to surrounding
residents.
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Important information about this report

Introduction

This report has been prepared by Paragon for you,
in accordance with the agreed scope, schedule and
budget. The opinions, recommendations and
conclusions set out herein has been prepared using
accepted procedures and practices of the
consulting profession at the time it was prepared. It
is based on information gained from site conditions.
Assessment has been scoped with consideration to
industry standards, regulations, guidelines and your
specific requirements, including budget and timing.
The characterization of site conditions is an
interpretation of information collected during
assessment, in accordance with industry practice.
This interpretation is not a complete description of
all conditions on or in the vicinity of the site, due to
the inherent variation in spatial and temporal
vibration information. For these reasons the report
must be regarded as interpretative, in accordance
with industry standards and practice, rather than
being a definitive record.

Your report has been written for a specific
purpose

Your report has been developed for a specific
purpose as agreed by us and applies only to the site
or area investigated. Unless otherwise stated in the
report, this report cannot be applied to other sites,
nor can it be used when the nature of the specific
purpose changes from that which