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1.0

BACKGROUND

Acoustic Engineering Services Ltd (AES) have been engaged to provide acoustic engineering advice relating
to a Resource Consent application for the inground enabling works for the Outpatients, Inpatients, and
Logistics buildings of New Dunedin Hospital (NDH) development.
The Applicant requires an assessment of construction noise and vibration effects for the activity with regard
to section 104 (1) of the Resource Management Act (RMA), which requires the actual and potential effects
of the activity to be considered.
We have based our analysis on the following documentation:
▪

Noise and vibration monitoring report titled New Dunedin Hospital – Trial Piling, Noise and
Vibration Monitoring Report and Prediction Data, as prepared by Marshall Day Acoustics, and
dated the 9th of March 2021.

▪

Geotechnical 75% Preliminary Design report titled New Dunedin Hospital, Inpatient Building
Geotechnical Preliminary Design Report - Enabling works resource consent application issue, as
prepared by Tonkin & Taylor and dated the 21st of July 2021.

▪

Draft resource consent issue piling plans titled New Dunedin Hospital, Inpatient Building, as
prepared by Holmes Consulting, and received on the 5 th of July 2021.

▪

Draft resource consent issue piling plans titled New Dunedin Hospital, Logistics Building, as
prepared by Holmes Consulting, and received on the 5th of July 2021.

▪

Developed Design issue piling plans titled New Dunedin Hospital, Outpatient Building, sheet HCGDWD-112-ST-10-001 as prepared by Holmes Consulting, and dated the 26th of July 2021.

Please find our analysis below.
1.1

Site and surrounds

The New Dunedin Hospital (NDH) development is to be comprised of three main buildings; Inpatients,
Outpatients and a Logistics building. The Inpatients and Outpatients buildings are to be located on the site
of the old Cadbury Factory and a Wilsons Carpark. The Inpatients and Outpatients site is between Castle
Street (State Highway 1 South) and Cumberland Street (State Highway 1 North) spanning St Andrews Street,
within the central city of Dunedin. The Logistics building is to be located between Castle Street and Anzac
Avenue immediately south of Bow Lane. The site and surrounds are shown in figure 1.1 below.
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CBD Edge Commercial North

Central Business District

Site

PAVILLION

Industrial

Areas within neighbouring buildings
with higher noise sensitivity

Figure 1.1 – Site and locality
The Inpatients and Outpatients site is located within the CBD Edge Commercial North zone under the
proposed Dunedin City Council Second Generation District Plan (2GP). Properties to the south are in the
Central Business District, to the west and north are in the CBD Edge Commercial North zone and those to
the east across Castle Street are in the Industrial zone. The Logistics building is to be located in the Industrial
zone; however, we understand it will be proposed to designate this site for hospital use as part of the stage
2 main build consent applications.
We note that while the surrounding zones are commercial, mixed-use and industrial, when we visited the site
it was observed that there are several buildings containing spaces used for residential or visitor
accommodation type uses in the vicinity. These are highlighted in green in figure 1.1 above.
1.2

Proposal

The proposal has been described in detail in the application and we have not reproduced it here. This report
relates to all anticipated adverse noise and vibration effects from the inground enabling works for the
Outpatients, Inpatients, and Logistics buildings. We understand that this will consist of the following
activities:
▪

Breaking out and removal of the existing slabs and excavation at the location of the pile caps.
(including dewatering). For Outpatient and Logistics sites removal of existing slabs for ground
beams and foundations walls and for the Inpatient site removal of the slab for the sub-floor.

▪

Removal and/or encapsulation of contaminated soils, including potential movement of fill from
the Inpatient to Outpatient site.

▪

Probing of the pile locations for obstructions using a pendulum bore auger on the end of an
excavator to a depth of 6 metres.

Acoustic Engineering Services Limited
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▪

Removal of inground obstructions.

▪

Installation of working platforms for the Inpatients site.

▪

Installation of Bottom Driven Steel Tube (BDST) piles.

▪

Installation of Link bridge and VIE tank foundation piles, using displacement and/or micro-pile
techniques.

▪

Construction of the pile caps for all buildings including the air bridges.

▪

Construction of the ground beams and foundation walls for the Outpatients and Logistics sites.

▪

Construction of service trenches.

A key noise and vibration generating activity for the inground enabling works will be the installation of the
BDST piles. As described below, 1 to 2 piles are expected to be completed per day, with an average of 3 piles
being completed every 2 days. The process for each pile involves set-up, pre-auguring of the hole, clearing
of any obstructions, and then the actual driving of the pile. The higher noise and vibration aspect (driving of
the pile) is therefore expected to only be occurring for 25 % of the total activity time associated with each
pile (that is, 2 – 3 hours per day).
Based on the above, we expect the following time-frame for piling activity for each site:
▪

Outpatients building 78 piles (approximately 10 weeks)

▪

Inpatients building 318 piles (approximately 42 weeks)

▪

Logistics building 46 piles (approximately 6 weeks)

We understand that staff may arrive on site for the start of the day at 0700 hours. Restricted working hours
for piling activity will be Monday to Friday 0730 to 1800 hours and should it be required, 0730 to 1400
hours on a Saturday. Staff arrival and departure, site briefings, and other activities not using machinery will
be acceptable outside these hours.
1.3

Receivers

We have shown the nearest receivers in figure 1.2 below, as follows:
▪

Hotels, apartments and sleeping areas of the Fire Station are shown in green. These are generally
the most noise sensitive receivers; however, for some locations these spaces may not be occupied
during the daytime and therefore would not actually be noise sensitive in the daytime.

▪

Buildings that may contain offices are shown in yellow. These areas are also noise sensitive
depending on the activity undertaken in these spaces. These buildings are likely to be occupied
during the daytime when construction activity occurs.

▪

Buildings that are less noise sensitive are shown in purple. These are industrial buildings and
typically have large concrete façades or contain activities that produce high levels of noise; such
as a panel beater.
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Low noise sensitivity areas
Office and works spaces

New World

Apartments and sleeping
areas

Cello

Site
Office

Otago
Tyres
Navy and
RNVR Hall

Countdown
Ironic
Cafe

27 Anzac
Avenue
Apartments
Cook
Brothers
(flats above)

Otago Daily
Times

Figure 1.2 – Receiver locations
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2.0

ACOUSTIC CRITERIA

The Resource Management Act requires consideration of the significance of any adverse effects associated
with the proposal. Guidance as to the significance of any adverse noise effects may be obtained from several
sources.
2.1

Dunedin Second Generation District Plan – Construction noise limits

The Dunedin City Council Second Generation District Plan (2GP) Rule 9.3.6.7.k states that construction noise
is a temporary activity and is exempt from the zone noise rules and to refer to Rule 4.5.4. Rule 4.5.4.1.a
Temporary Activities – Performance Standards – Noise – Construction states that construction noise must
instead be measured and assessed in accordance with NZS 6803:1999 Acoustics – Construction Noise and
the noise received at buildings housing any noise sensitive activities in any zone must not exceed the limits
given in table 2.1 below. Noise sensitive activities include residential activities, visitor accommodation,
hospitals, registered health practitioners and activities that involve the provision of care for babies and preschool children. NZS 6803:1999 states the limits apply at 1 metre from the façade of buildings.
Table 2.1 – Noise limits outlined in section 4.5.4 of 2GP (excerpt from NZS 6803:1999)
Duration of work
Time of week

Time period
(hours)

Typical duration
(dB)

Short-term duration
(dB)

Long-term duration
(dB)

LAeq

Lmax

LAeq

Lmax

LAeq

Lmax

0630 – 0730

60

75

65

75

55

75

0730 – 1800

75

90

80

95

70

85

1800 – 2000

70

85

75

90

65

80

2000 – 0630

45

75

45

75

45

75

0730 – 1800

75

90

80

95

70

85

1800 – 0730

45

75

45

75

45

75

0730 – 1800

55

85

55

85

55

85

1800 – 2000

45

75

45

75

45

75

Weekdays

Saturdays

Sundays and
public holidays

Construction noise received in Industrial, Port and Commercial and mixed-use zones (when not used for
noise sensitive activities) for all days of the year must not exceed the limits shown in table 2.2 below.
Table 2.2 – Noise limits outlined in in section 4.5.4 of 2GP (excerpt from NZS 6803:1999)
Duration of work
Time period
(hours)

Typical duration (dB)

Short-term duration (dB)

Long-term duration (dB)

LAeq

LAeq

LAeq

0730 – 1800

75

80

70

1800 – 0730

80

85

75
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As shown in table 2.1 and 2.2, NZS 6803:1999 Acoustics – Construction Noise provides different noise
limits for construction activities depending on the duration of the works - distinguishing between ‘short-term
duration’ (2 weeks), ‘typical duration’ (2 to 20 weeks), and ‘long-term duration’ (more than 20 weeks). This
is because higher noise levels are tolerable for short term activities as opposed to those which continue on
for longer. The ‘duration of work’ refers to the total construction activity on the site as opposed to a specific
aspect of the construction. Therefore, for the inground enabling works the ‘long-term duration’ (more than
20 weeks) limits apply.
NZS 6803:1999 standard also provides a framework and mitigation strategies to ensure that any adverse
effects are minimised, where compliance with the guideline limits is not practicable.
2.2

Dunedin Second Generation District Plan – Zone noise limits

As stated above, the sites and those surrounding them are located within the CBD and CBD Edge Commercial
North (CEC North) zones. These zones are both Commercial and mixed-use zones as defined in the 2GP.
The Logistics building site and other sites to the east are in the Industrial Zone.
The noise emission limits that apply at the boundary of the receiving property are those given in Section C –
City-wide provisions, 9 Public Health and Safety, 9.3 Performance Standards 9.3.6 Noise, points 5 and 6
and are as follows:
Commercial and mixed-use ▪ 0700 to 1900 hours

60 dB LAeq (15 min)

▪ 1900 to 2200 hours

60 dB LAeq (15 min)

▪ 2200 to 0700 hours

60 dB LAeq (15 min)

85 dB LAFmax

Industrial, Industrial Port, Dunedin International Airport, Taieri Aerodrome, Edgar Centre, Port and Stadium
Zones ▪ 0700 to 1900 hours

65 dB LAeq (15 min)

▪ 1900 to 2200 hours

60 dB LAeq (15 min)

▪ 2200 to 0700 hours

60 dB LAeq (15 min)

85 dB LAFmax

Noise levels are to be measured at the boundary of the receiving property. If it is not possible to measure
noise levels at the boundary, noise levels are to be measured at the closest practical point within the
boundary. Unless stated otherwise noise must be measured in accordance with NZS 6801:2008 Acoustics
– Measurement of environmental sound, and assessed in accordance with NZS 6802:2008 Acoustics –
Environmental noise.
The commercial and industrial zone noise limits are both lenient, and do not provide amenity protection for
noise sensitive activities during the day or night time. Noise generating activities in the area are
accommodated by these lenient limits, such as the panel-beaters and loading areas associated with
supermarkets.
2.3

Existing noise environment

To determine the noise levels already present in the area, Rewa Satory of AES visited the site to observe and
measure the existing ambient noise environment. During her visit between 1400 hours on Monday the 22nd
of June 2020 and 1100 hours on Tuesday the 23rd of June 2020 noise sources audible in the area included:

Acoustic Engineering Services Limited
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▪ Traffic on Castle, Cumberland, Stuart and St Andrew Streets
▪ Noise from pedestrians and vehicles in nearby carparks
▪ Noise from the St. Pauls Cathedral bell
▪ Rail noise from the Main South Line
▪ Noise associated with the Pioneer Energy Centre
▪ Noise from industrial activity, including panel-beaters and automotive repair garages
▪ Intermittent helicopter noise
▪ Emergency sirens associated with both the Police and Fire Stations in close proximity to the site
Measurements were carried out in several locations on the edge of Cumberland and Castle Streets
surrounding the site in proximity to neighbouring buildings. The noise measured was dominated by traffic
on these roads, even during the night-time period. At 1700 hours the ambient noise level was 72 dB LAeq /
93 dB LAFmax with approximately 20 vehicles passing per minute (including 3 % heavy vehicles). Even at 0130
hours when less than 1 vehicle passed per minute (including 10 % heavy vehicles) noise levels remained
high at 57 dB LAeq / 89 dB LAFmax. During the brief periods where no traffic was passing the ‘background’ or
LA90 noise level was measured to be 62 dB LA90 at 1700 hours, reducing to 47 dB LA90 at 0130 hours.
We have also considered traffic count data as collected by Waka Kotaki for adjacent roads. Based on this
traffic data, expected traffic noise levels have been calculated using the CoRTN model to estimate the
expected worst-case noise levels incident on the façade of neighbouring buildings due to traffic on
Cumberland and Castle Streets. Our analysis indicates that traffic noise levels in the order of 66 dB L Aeq (24
hour) would be expected at the boundary of properties on Castle and Cumberland Streets. This modelling
aligns with the measured noise levels as we would expect noise from traffic to be lower than the 24-hour
average at night and higher during the day. We also expect that noise sources such as traffic in the wider
area, train noise and mechanical noise also contribute to the noise levels in the area.
Overall, it is concluded that the existing ambient noise in the area is elevated. The high existing noise levels,
and the lenient District Plan zone noise limits will be relevant to how the noise sensitive existing activities
identified in figures 1.1 and 1.2 are currently conducted. We note that during peak daytime traffic, in some
locations traffic noise already exceeds the daytime construction noise limit of 70 dB LAeq and 85 dB LAFmax.
2.4

NZS 6803:1999

As above, the noise limits outlined in the 2GP and table 2.1 are taken from NZS 6803:1999 Acoustics –
Construction Noise. The standard contains guidelines for the setting of construction noise limits, and
managing construction noise effects. The Standard states that best practicable options for noise avoidance
or mitigation should be applied to construction activities on the site; however, if the best practicable options
are applied and the noise limits are still not met, discretion is able to be applied.
Section C7.1.1 of the Standard notes: “The acceptability of construction noise in any community is likely to
depend on the potential for interfering with activities, the expected duration of the noise and the existing
background sound level at the places affected…”. Section 8.3 provides guidance for community relations
and states “Consultation and co-operation between the contractor and the neighbours before
commencement of work, and the removal of uncertainty, can help reduce adverse reactions to noise.”
2.5

Discussion

Compliance with the long-term daytime construction noise limits of 70 dB LAeq and 85 dB LAFmax outlined in
the District Plan and NZS6803:1999 will ensure noise effects are acceptable. However, as with many
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constrained urban sites, it may not be practical to always comply with these noise limits, even when the best
practicable options have been identified and applied to minimise the level and duration of noise emissions.
NZS6803:1999 recommends that a detailed management strategy be applied in these circumstances.
A suitable Condition which captures the NZS6803:1999 management approach may be:
A Construction Noise and Vibration Management Plan (CNVMP) shall be prepared by a suitably
qualified experienced practitioner that addresses the requirements of Annex E of NZS6803:1999
“Acoustics – Construction Noise” and DIN 4150-3:2016 “Vibration in buildings – Part 3: Effects
on structures”; and outlines how noise and vibration will be managed to ensure effects received
at surrounding sites are minimised. The plan must include:
i. the results of the pre-condition building surveys required by condition X.
ii. mitigation measures that will ensure, as far as reasonably practicable, the work will comply
with noise limits of 70 dB LAeq and 85 dB LAmax.
iii. mitigation measures for higher noise generating activities that cannot practicably comply with
noise limits of 70 dB LAeq and 85 dB LAmax.
iv. specific mitigation measures for the management of noise received at the following buildings
[inert references any sensitive receptors where specific management required], including the
triggers or thresholds for implementing them.
v. specific mitigation measures for the management of vibration received at the following
buildings. [inert references any sensitive receptors where specific management required],
including the triggers or thresholds for implementing them.
vi. procedures for noise and vibration monitoring, including vibration induced structural and
cosmetic damage, and associated contingency actions.
vii. procedures for communication with surrounding activities.
viii.procedures for the receipt, management and response to any complaints received about noise
or vibration.
A Construction Noise and Vibration Management Plan has already been prepared in response to a similar
Condition in the Demolition Consent, which could be readily modified to capture the above. That Construction
Noise and Vibration Management Plan is appended as Attachment 1 for reference.
The effect any periods of noise exceeding 70 dB LAeq may have will depend on a number of factors, including
the level of break-in noise experienced inside the receiving building (which will depend on the building
structure and design, and if windows are open or closed, for example), the internal layout and type of activity
undertaken within the receiving building, the duration of the noise emission and at what times it occurs, and
the ambient noise levels already experienced in the receiver’s location.
In general terms:
▪

Where construction noise levels of 71 and 75 dB LAeq are expected at the façade of noise sensitive
spaces (such as those indicated in yellow or green in figure 1.2) the internal noise level within a
typical building would be 51 – 55 dB LAeq with windows closed. While the construction noise will
be an obvious new component of the background noise, conversations are likely to still be able to
be undertaken at a normal voice effort and day to day activities are still likely to be possible with
minimal modification or disruption. If the receivers have windows overlooking the surrounding
roads, then they are likely to already experience noise levels in this range from time to time.
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▪

Where construction noise received on the façade is 76 – 80 dB LAeq the internal noise level within
a typical building would be 56 – 60 dB LAeq with windows closed. Noise at this level would be
dominant and occupants would likely need to raise their voices to have a conversation or increase
the volume of the television. We expect that it would still be possible to work in an office
environment, although activities that require a low background noise level may need to be
undertaken within internal spaces which do not face towards the construction site. Limiting the
duration of exposure to noise at this level is important, along with consultation with the receiver
and pre-notification and open communication as the higher noise work gets underway in order to
mitigate adverse effects as far as practicable.
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3.0

CONSTRUCTION NOISE

We have calculated the expected noise levels arising from various aspects of the inground enabling works
below.
3.1

Mitigation

Extensive discussions have been undertaken between the design team, project managers and contractor to
establish the best practicable option with regard to the mitigation of noise effects. As an outcome of this
process, the following physical mitigation measures are to be implemented:
▪

The primary piling technique will be Bottom Driven Steel Tube (BDST). This technique generates less
noise than top driven piling. With BDST piling, the impact between the driving hammer and pile
occurs within the pile casing, underground as the pile is driven and the pile casing shields the noise
when the driving hammer hits a gravel bentonite plug located at the bottom of the steel pile tube.
Whereas top driven piling can involve ‘steel on steel’ impact high in the air resulting in a louder noise
without any shielding.

▪

Containers stacked two or three high (total height 4.70 or 7.05 metres) will be placed adjacent to
noise sensitive receivers in the locations shown in figure 3.1 below (or same height of an approved
alternative solid acoustic screening material). Solid blocking will be placed over the joins in the
containers so that there are no gaps. For the three high container stacks, two additional containers
will be required (so the stack is two containers deep) to provide structural stability.

Containers stacked 2 high
Containers stacked 3 high
2.0 metre site hoarding

Figure 3.1 – Location of screening
▪

In the locations indicated in green in figure 3.1 above, 2.0 metre solid site hoarding will be
installed. This is largely already in place. Any openings currently provided as view ports for the
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public will be temporarily covered when work is underway in these areas. Temporary noise barriers
will be located at vehicle accessways when higher noise work is undertaken close to these areas.
▪

Temporary noise barriers or site hoarding will be installed when work is undertaken within the road
corridors.

▪

Localised temporary construction screening will be fitted around the pile driving frame. This will
be fitted so that there are no gaps for the entire 3 metre height of the frame. This will provide
effective screening when the pile casing being driven is protruding less than 3 metres from the
ground. As described below, some piles will be subjected to Pile Driving Analysis (PDA) testing. This
testing produces higher noise levels that the BDST piling, and so will only be undertaken when 3
metres or less of the pile casing is protruding from the ground. This may lead to some process
inefficiencies but is considered appropriate on balance for noise mitigation purposes.

▪

The driving of the piles closest to southern Logistics building boundary will be managed so as to
ensure the height above ground of the pile casing being driven never exceeds the height of the
container barrier.

▪

The first 6 metres of each pile location will be pre-augured, meaning for the first 6 metres the pile
casing can be driven more rapidly, and with a reduced hammer drop. This will reduce noise and
vibration levels during that period, and reduce the overall driving time.

▪

The extent of sheet piling will be kept to a practical minimum.

▪

A low noise piling method will be used for VIE tank supports, with a small piling rig.

The following managerial mitigation is also proposed:
▪

Staff may arrive on site early from 0630 hours to begin the working day from 0700 hours. The
hours of higher noise activities will be limited to 0730 – 1800 hours Monday to Friday and 0730
to 1400 hours on Saturday.

▪

As discussed above, a Construction Noise and Vibration Management Plan will be developed for
the site, which outlines the measures which will be employed to ensure that noise and vibration
impacts on neighbouring properties are minimised as far as practical. The Construction Noise and
Vibration Management Plan will include:
o

Restrictions on the operational hours of construction works on site.

o

Details of machinery and equipment to be used.

o

Duration of work.

o

The requirement for specific equipment to be tested prior to being used on site and the
physical mitigation required to result in complying levels.

o

Noise and vibration monitoring procedures.

o

Limitations on the arrival and departure times of heavy vehicles, and operating
recommendations.

o

Details of complaints procedures and the need for and responsibilities of a Noise Liaison
Officer for the community.
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o

Requirements for liaison with the neighbouring properties prior to high noise/vibration
activities being undertaken.

The current demolition consent Construction Noise and Vibration Management Plan will be
modified for this purpose, and is appended as Attachment 1 for reference.
3.2

Expected noise levels and effects

We have considered noise from each of the key elements of the inground enabling works below.
3.2.1 BDST piling
We understand that BDST piling is proposed to be used for the Outpatients, Inpatients and Logistics
buildings. The Outpatients inground works will commence first and it has not yet been determined which of
the Inpatients or Logistics building will follow.
The noise generated during installation of BDST piles is from the impact of a 14 tonne drop hammer on the
gravel bentonite plug at the bottom of the pile. Noise radiates up and out the top of the pile, with the steel
pile casing providing some shielding to the noise. A typical hammer drop height is 2 metres. During the first
6 metres of driving where the ground is soft due to pre-auguring, a reduced drop height of 1 metre is likely
to be used.
Marshall Day Associates (MDA) have carried out measurements of noise and vibration from trial BDST piling
on site, and their findings are outlined in a report dated the 9th of March 2021, which is appended as
Attachment 2. Based on the MDA measurements, we have modelled noise for range of piling key piling
locations using SoundPLAN 8.2 in accordance with ISO 9613 Acoustics – Attenuation of sound outdoors –
Part 2: General method of calculation. This modelling takes into account screening from buildings, barriers
and site fencing, and assumes worst-case noise propagation conditions.
We have based our analysis on the highest noise measured during the MDA pile driving trial which was a
sound power of 117 dB LwA, and assumed constant piling driving at 2 – 3 strokes per minute over an entire
15-minute period. Noise levels for some trial piles were up to 3 dB lower than this. The trial pile
measurements also did not capture the first 6 metres of driving where a reduced drop height is to be used,
which we expect may result in a further noise reduction of up to 3 dB for this portion of each pile drive
process. Figure 11 of the MDA report demonstrates how noise levels typically reduce with distance.
As described above we understand that the driving process of each pile will take approximately 2/3rds of a
day. The process for each pile involves set-up, pre-auguring of the hole, clearing of any obstructions, and
then the actual driving of the pile. The higher noise and vibration aspect (driving of the pile) is therefore
expected to only be occurring for 25 % of the total activity time associated with each pile (that is, typically 2
hours of ‘piling driving’ noise per pile, and 3 hours of ‘piling driving noise’ on a typical per day). As above, for
each pile the first 6 metres of driving will progress rapidly, and involve a reduced hammer drop.
Based on the above, we have considered the expected noise level arising from a number of scenarios,
including (where relevant) the driving of the piles where there will be line of sight from the pile casing to
receivers, and the reduced noise levels when the casing is screened by the various barriers proposed.
We have considered key receiver locations separately in the following sections. A summary table of these
results is provided in table 3.1 for receivers which may have some noise sensitivity, and noise levels of
greater than 70 dB LAeq are expected. The zone references given in table 3.1 refer zones in the piling plans
in Attachment 3.
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Table 3.1 – Summary of expected worst-case BDST piling noise levels at key receivers

Noise level during loudest part of pile driving
76 - 80 dB LAeq
71 - 75 dB LAeq
Receiver

Strawberry
Sound

Cook Brothers
Flats
27 Anzac Ave
Apartments

Number
of piles

63 piles

Total time
to
complete
those piles

Piling location
Logistics (2 weeks)
Inpatients Zone 4
(4 weeks)

8 weeks

Inpatients Zone 5
(2 weeks)

Total time
to complete
those piles

Piling location

113
piles

15 weeks

Logistics (4 weeks)
Inpatients Zone 4
(4 weeks)
Inpatients Zone 5
(7 weeks)
Inpatients Zone 2
(1 week)

Number
of piles

25 piles

3 weeks

Logistics

21 piles

3 weeks

Logistics

25 piles

3 weeks

Logistics

21 piles

3 weeks

Logistics

Fire Station

24 piles

3 weeks

Outpatients

44 piles

6 weeks

53 Castle
Street (office
building,
currently for
lease)

15 piles

2 weeks

Inpatients Zone 4

84 piles

12 weeks

Quest
Apartments

10 piles

1.5 weeks

Inpatients Zone 2

133
piles

18 weeks

Navy and
RNVR Hall

13 piles

1.5 weeks

Logistics

33 piles

4.5 weeks

Cello
Technology
Hub

5 piles

1 week

Castle Street
Panelbeaters

10 piles

Otago Tyres

Outpatients

22 piles

3 weeks

1.5 weeks

Logistics

47 piles

6 weeks

13 piles

1.5 weeks

Logistics

33 piles

4.5 weeks

The Victoria
Hotel

-

-

-

66 piles

9 weeks

Police office

-

-

-

94 piles

13 weeks

ODT building
1 Anzac Ave
Apartments

-

-

-

17 piles

2 weeks

-

-

-

26 piles

3.5 weeks
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Outpatients
(3 weeks)
Inpatients Zone 6
(3 weeks)
Inpatients Zone 4
(6 weeks)
Inpatients Zone 5
(4 weeks)
Inpatients zone 1
(2 weeks)
Inpatients Zones 5
and 6 (6 weeks)
Inpatients Zones 3,
2, 1 (12 weeks)
Logistics
Outpatients (2.5
weeks)
Inpatients Zone 3
(0.5 week)
Logistics (4 weeks)
Inpatients Zone 5
(2 weeks)
Logistics
Outpatients
(2 weeks)
Inpatients Zones 6,
3 and 2 (7 weeks)
Inpatients Zones 3,
2, 1
Inpatients Zone 1
Logistics
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Noise levels within the bands shown in the table are expected where there is direct line of sight between the
pile casing being driven and receiver, and when full height hammer drops are being used.
As above there is expected to be on average 2 hours of ‘active driving time’ per pile. Full hammer drops are
not expected to be used for the first 6 metres of driving. The pile casing will also always be screened by the
driving frame barriers when less than 3 metres is protruding from the ground. The pile casing will sometimes
also be screened by the container barriers when 4 – 7 metres is protruding from the ground, depending on
exact pile / receiver arrangement. As above, a range of sound powers were also generated during the trial
piling, and this analysis has assumed the highest end of the range will always be generated.
Overall, we expect a combination of the above factors to mean that noise levels 3 to 10 dB lower than those
outlined in table 3.1 will be experienced for 25 % to 75 % of the 2 hours of active driving time for each of the
piles.
We have discussed the situation for specific key receivers below.
3.2.1.1

Strawberry Sound (61 Castle Street)

Strawberry Sound is expected to receive the highest noise levels from piling on the Logistics site. Specific
modifications to the piling technique have been developed for the closest piles to Strawberry Sound, and the
container barrier height increased in this area. Noise levels in the range of 76 to 80 dB LAeq are still expected
during 2 weeks of piling on the Logistics site which shares a boundary with Strawberry Sound, and 6 weeks
of piling activity on the Inpatients site for the closest piling locations across the road. Noise levels will be in
the range of 71 to 75 dB LAeq for another 16 weeks of more distant piling. We note that the western façade
of Strawberry Sound is already exposed to noise levels exceeding 70 dB L Aeq during periods of peak traffic
flow on Castle Street.
The noise levels experienced within the Strawberry Sound building will depend on the construction. In some
locations there are solid brick façades that provide a high level of noise reduction. The glazed windows, steel
roof and any light-weight external wall sections will provide less of a reduction. Within parts of the building
which have glazing overlooking the piling, noise levels may be 56 to 60 dB during the nosiest periods of
piling when windows are closed.
How the noise affects Strawberry Sound depends on how the internal spaces of the building are used. For
warehouse spaces, the noise will be audible but otherwise have minimal effect. In office spaces, as outlined
above the noise is expected to be dominant and occupants would likely need to raise their voices to have a
conversation or increase the volume of the television. We expect that it would still be possible to work in an
office environment, although activities that require a low background noise level may need to be undertaken
within internal spaces which do not face towards the construction site.
As also noted above, consultation with the receiver and pre-notification and open communication as the
higher noise work gets underway are important in situations such as this in order to mitigate adverse effects
as far as practicable. We understand that consultation with Strawberry Sound has already commenced.
3.2.1.2

Cook Brothers Flats (15a and 15b Anzac Ave) and the 27 Anzac Ave Apartments

These residential units are expected to receive the highest noise levels from piling on the Logistics site.
Again, specific modifications to the piling technique have been developed for the closest piles to these
receivers, and the container barrier height increased in this area. Noise levels in the range of 76 to 80 dB
LAeq are still expected during 3 weeks of piling on the Logistics site and noise levels will be in the range of 71
to 75 dB LAeq for another 3 weeks of more distant piling on the Logistics site.
The noise levels experienced within the residential units again will depend on the construction of the
buildings. The glazing which overlooks the Logistics site will be the primary transmission path, followed by
noise transmission through the steel roof. Within parts of the buildings which have glazing overlooking the
piling, noise levels may be 56 to 60 dB during the nosiest periods of piling when windows are closed.
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How the noise affects the occupiers of the residential units depends on how the internal spaces of the
building are used. In some cases, residents will be away from home during the ‘weekday’ hours that the
piling to be undertaken, and so there will be no effect. If occupants are at home the noise may cause
annoyance, or interference with anyone attempting to sleep during the daytime (although as above, the
District Plan noise limits generally do not provide a high level of amenity or sleep protection in this area).
Again, consultation with these receivers and pre-notification and open communication will be important in
order to mitigate adverse effects as far as practicable. We recommend that this consultation commences
now.
3.2.1.3

Fire Station

The Fire Station is expected to receive the highest noise levels from piling on the Outpatients site. When
piling occurs at gridlines A1, A, B, C and D (as shown in the piling plans in Attachment 3) noise from piling is
expected to be up to 76 – 80 dB LAeq on the western (Castle Street) façade of the Fire Station building while
24 piles are driven over a period of 3 weeks. When piling occurs at Gridlines E, F and G noise levels of up to
71 – 75 dB LAeq may be expected at the front façade of the Fire Station over another 3 weeks period. Noise
from piling at the Inpatients building is expected to be below 70 dB L Aeq when received on the Castle Street
façade of the Fire Station for all piles except for piling of the Pavilion area on Gridlines A – C which will be
completed over a 3-week period. We note that the western façade of the Fire Station is already exposed to
noise levels exceeding 70 dB LAeq during periods of peak traffic flow on Castle Street.
We understand that there are sleeping quarters at the rear of the Fire Station building. Noise expected on
the upper storey of the sleeping quarters is not expected to exceed 70 dB L Aeq for the worst-case pile location,
and noise at ground floor is expected to be less than 65 dB LAeq at all times.
Within parts of the Fire Station building which have glazing overlooking the piling, noise levels may be 56 to
60 dB during the nosiest periods of piling when windows are closed. As above in an office environment noise
at this level may cause annoyance, and occupants may need to make some temporary adjustments to how
they use the spaces. Piling noise at this level is only expected over a 3 week period, with lower levels at other
times.
We recommend that this consultation is initiated with the Fire Station to determine if anything further can
be done to mitigate adverse effects as far as practicable.
3.2.1.4

53 Castle Street (office building, currently for lease)

This currently unoccupied building is expected to receive noise levels in the range of up to 76 to 80 dB LAeq
during 2 weeks of piling on the Inpatients site across the road. Levels will be in the range of up to 71 to 75
dB LAeq for another 12 weeks of more distant piling on the Inpatients site. Again, the western façade of this
building is already exposed to noise levels exceeding 70 dB LAeq during periods of peak traffic flow on Castle
Street.
The guidance outlined in NZS6803:1999 is typically only applied to occupied buildings. However, it would
be appropriate to commence consultation with the building owner, to establish lines of communication
should the property be leased before the piling work has been completed.
3.2.1.5

Quest Apartments

When piling occurs on gridlines J and K for the Inpatients building between grids 16 and 19 noise levels may
be 76 – 80 dB LAeq on the overlooking façade of the Quest Apartments as 10 piles are driven over a period
of 1.5 weeks. Noise levels of 71 – 75 dB LAeq may be expected as piling is completed within several other
Inpatients zones, over a combined total of 18 weeks. Noise from piling on the Outpatients site is expected
to be less than 70 dB LAeq at the Quest Apartments. The eastern façade of the Quest Apartments is already
exposed to noise levels exceeding 70 dB LAeq during periods of peak traffic flow on Cumberland Street.
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The noise levels experienced within the apartments will again depend on the construction. There is extensive
glazing which overlooks the Inpatients site which means that internal noise levels may be 56 to 60 dB during
the nosiest 1.5 week period of piling, when windows are closed.
Again, how the noise affects the occupiers of the residential units depends on how the internal spaces of the
building are used. In some cases, residents will be away from home during the ‘weekday’ hours that the
piling to be undertaken. If occupants are home the noise may cause annoyance, or interference with anyone
attempting to sleep during the daytime.
Again, consultation with these receivers and pre-notification and open communication will be important in
order to mitigate adverse effects as far as practicable. We understand that consultation with the Quest
Apartment owners has already commenced.
3.2.1.6

Other receivers where 76 to 80 dB LAeq is expected for 1.5 weeks or less

The Navy and RNVR Hall, Cello Technology Hub, Castle Street Panel Beaters and Otago Tyres are all also
expected to receive piling noise levels of 76 – 80 dB LAeq for 1.5 weeks or less, and noise levels of 71 – 75
dB LAeq for a further 4 to 6 weeks.
It would be appropriate to include these receivers in all general correspondence with neighbours leading up
to and during the piling period, however based on the moderate noise levels expected and duration of
exposure, and relative insensitivity of these receivers, more targeted consultation is less critical.
3.2.1.7

Other receivers

The Victoria Street Hotel, Police Office, ODT Building and 1 Anzac Ave Apartments are expected to receive
piling noise levels of 71 – 76 dB LAeq for 2 to 13 weeks.
It would be appropriate to include these receivers in all general correspondence with neighbours leading up
to and during the piling period.
Midas (172 Castle Street), the New World Supermarket and the Countdown Supermarket are expected to
receive up to 71 – 76 dB LAeq for a limited period, but are not noise sensitive, or have solid facades facing
the noise source. Anzac Avenue Panelbeaters is expected to receive 76 – 80 dB LAeq for a period of piling,
but is not noise sensitive.
3.2.2 Pile Driving Analysis (PDA) testing
Approximately one in ten piles will be tested for strength using Pile Driving Analysis (PDA) testing. For PDA
testing a separate smaller test-driving frame is placed over the protruding pile casing. This test-drive frame
is used to apply the load of the 14 tonne drop hammer to the top of the pile which allows for instrumentation
to measure the capacity of the pile. The test frame will be shrouded with portable construction noise barriers
(such as Hushtec acoustic barriers).
During the trial piling undertaken at the site, a form of PDA testing was also conducted using the PDA testing
rig to continuously drive a pile. The resulting sound power was 11 to 14 dB higher than BDST piling. However
MDA noted that unlike the trial typically only a few impacts of the pile would be required for actual PDA
testing, and that ‘noise blankets’ could be used to reduce noise levels further.
After consultation with the project team, it has been agreed that in order to mitigate noise effects, PDA testing
will only be undertaken when the pile casing extends 3 metres or less above the ground. Piles that require
testing when the casing protrudes further than this will be cut down to this level. This ensures that PDA
testing occurs when noise from the pile can be shielded by the test-driving frame and portable construction
noise barriers. As stated above for testing only a few impacts will be required for each pile, and so the 15minute average noise level will be lower.
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Occasionally the PDA testing may reveal that a pile needs to be driven in further using the BDST method. On
rare occasions an additional section of pile casing would need to be welded on to the protruding casing so
this could be undertaken. This may lead to some process inefficiencies, but is considered appropriate on
balance for noise mitigation purposes.
Based on this mitigation it is expected that noise due to PDA testing can be managed to be at a similar level
to that reported above for standard BDST driving, and is allowed for in the overall piling duration estimates
provided in section 3.2.1.
3.2.3 Sheet piling
We understand that sheet piling is likely to be required on the Inpatients site only and is mostly likely to be
required in the locations shown in figure 3.2 below. However, the total length of sheet piling has not been
determined and it is possible that sheet piling will also be required for the whole perimeter of the inpatients
floor area to reduce water inflow to the excavation for the sub-floor. Based on discussions with the contractor
we understand that approximately 6 metres of piling per day will be undertaken. The sheet piling would
therefore take between 5 and 17 weeks to complete.

Sheet piles

Figure 3.2 – Possible sheet piling locations
Noise levels due to sheet piling can vary considerably due to the ground and machinery type. Sound powers
have been obtained from BS 5228-1:2009 Code of practice for noise and vibration control on construction
and open sites and AES measured data. We expect a sound power between 116 and 121 dB LwA to be
associated with sheet piling with an hydraulic vibro hammer.
Assuming the screening shown in figure 3.1 remains in place for this work and the vibro hammer is below
the top of the containers, for sheet piling in the locations shown inf figure 3.2 we expect the noise levels of
up to the levels shown in table 3.2 at the relevant receivers.
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Table 3.1 – Noise levels due to sheet piling received at key locations (dB LAeq)
Sheet piling location
Receiver Location

Pavillion

Cumberland
Street stairwell

Western end

Eastern end

Castle Street lift
area

Strawberry Sound West
and 1F North

70/64

66/60

70/59

72/62

The Victoria Hotel Tower

67

72

69

65

Quest (1F / 2F)

70/71

70/73

71/73

67/67

Police Tower

72

70

71

68

1 Anzac Avenue 2F

71

63

66

70

53 Castle Street

70

65

69

66

This analysis indicates that noise levels of 71 to 73 dB LAeq may be experienced due to sheet piling in some
locations. This analysis has been based on a worst-case sound power and in most locations includes
shielding due to the containers on site.
If sheet piling is required to the entire perimeter of the Inpatients building, in order to ensure that noise levels
at nearby receivers remain of the order outlined in table 3.1, additional temporary screening will be required
in some locations, of equivalent height to 2 stacked containers. We note that there is a large range of noise
levels due to sheet piling and we recommend that noise emissions are measured before sheet piling is
undertaken in the more sensitive locations, which will allow the exact extent of temporary screening required
to be resolved. Overall, if the approach to screening mitigation is managed as described above, due to the
relatively limited duration of this work, and when also considering the ambient noise levels that are already
experienced these areas due to traffic, we expect this noise to be acceptable.
If sheet piling were to be undertaken at the same time as BDST piling, in some locations there would be a
minor ‘accumulation’ of noise levels (3 dB or less). We expect that it likely that noise receivers would however
prefer this situation, to one where the number of days of total noise emission was increased by prohibiting
these activities from occurring simultaneously.
While not shown in table 3.1, noise received at the façade of the Countdown supermarket may be up to 87
dB LAeq if the vibro hammer is above the site hoarding or if the hoarding needs to be removed in order to
undertake the sheet piling in this area. However, the supermarket façade is comprised of concrete and
therefore we expect noise inside the supermarket would be acceptable, with internal noise levels of less
than 50 dB LAeq.
3.2.4 Other piling
We understand that the preferred piling types for the link bridges are reinforced concrete rotary bored piles
or barrette panels. Micro piles (using a small piling rig – for example with a 119 kW engine) will be used for
the VIE tank area, specially selected to minimise noise effects.
The link bridges will have four piles at each end. The MDA report indicates that trial piling using a similar
technique in the area produced a sound power of 108 dB LwA. Based on the above, our calculations indicate
that the link bridge piling noise will be less than 70 dB LAeq without any additional shielding, for all receivers.
40 – 50 piles will be required to support the VIE tank concrete slab. The closest receiver to the VIE tanks is
the ODT building, which is some 9 – 16 metres away. Provided the sound power of the micro pile rig does
not exceed 100 dB LwA, noise levels at the façade of the ODT building will not exceed 75 dB L Aeq. We expect
this to be realistic.
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As the façade of the ODT building is solid in this area (the closest windows are at the fourth floor level), and
given the elevated traffic noise which already exists in this area, we expect this noise to be acceptable.
3.2.5 Dewatering
We understand that 2” submersible pumps will be used for dewatering. The noise emission of pumps varies
considerably depending on the type, size, installation conditions, and the details of any associated cover or
enclosure. However, we expect that a typical pump would have a sound power in the order of 100 dB LwA.
Pumps may run both during the day and night time period.
Based on the above we expect that it is realistic for pump installations to comply with a 45 dB L Aeq night time
noise limit. Careful consideration of pump placement will be required, along with the use of screening in
some locations.
3.2.6 Generators
Generators may be used on site during the ground enabling works. The noise emissions from a generator
can vary significantly depending on the type, the size, and whether it is within an enclosure. The sound power
of temporary generators can typically range between 80 – 115 dB LwA.
Based on the largest typical generator having a sound power of 115 dB LwA and the acoustic screening
described above, noise levels of 70 dB LAeq or less would be expected at ground floor neighbouring properties
if the generator is a minimum of 20 metres from the site boundary. However, generators of this size should
be located at least 70 metres from the façade of multi-storey buildings.
These setbacks could be reduced if a lower noise model was selected or localised physical mitigation
adopted. The setback would need to be increased or additional localised physical mitigation introduced if a
higher noise model were selected, or if the generators must run outside the daytime period.
3.2.7 Excavation
As stated above the ground enabling works includes excavation and cut and fill on all three sites. We expect
that this will include large excavators using buckets and concrete breaking attachments. There is also
excavation associated with the piling works including excavation of the pile cap area and excavation to the
depth of any obstructions within 6 metres of the surface.
BS 5228-1:2009 – Code of practice for noise and vibration control on construction and open sites – Part 1:
Noise provides noise level information for excavators up to 40T. Based on the range of values presented in
this standard we have assumed a worst-case sound power of 108 dB LwA, which is also reasonable for
breaking of inground obstructions using a concrete breaking attachment.
On the Outpatients sites this activity is expected to occur more than 20 metres from the majority of
neighbouring buildings, with the nearest excavation location likely to be trenching to the boundary (20 metres
from the properties on the other side of Cumberland Street) or for slab removal at the pile locations closest
to Castle Street. Based on the above, with a minimum 2.0 metre site hoarding we expect a noise level of 62
dB LAeq at the nearest noise sensitive façades if an excavator is operating continuously in these worst-case
locations.
Excavation activity on the Inpatients site will similarly be 62 dB LAeq or less at all receivers on the opposite
sides of Cumberland and Castle Streets. There will also be slab removal of an existing floorslab of one of
the Cadbury buildings adjacent to the southern boundary and ODT building. Due to the proximity to the
common boundary a smaller excavator will be required and localised shielding (at least 2 metres high)
adopted. As the distance between is very small and there are likely to be exceedances of the 70 dB LAeq limit
at the boundary from time to time; however, as the majority of the façade nearest the boundary is solid brick
without any windows in this location, we expect the noise level received inside the building will be acceptable.

Acoustic Engineering Services Limited
Specialists in Building, Environmental and Industrial Acoustics

19

AC20112 – 02 – R5: New Dunedin Hospital: Inground Enabling works – ACNVE

On the Logistics site the majority of the excavation for pile caps and foundation walls is expected to occur
approximately 7 metres from the Strawberry Sound building, 18 metres from 27 Anzac Avenue Apartments
and some 13 metres for the buildings on the opposite site of Bow Lane. Based on a sound power of 108 dB
LwA, and considering the containerised shielding and site hoarding we expect the following noise levels due
to excavation at the nearest piling locations:
▪

Strawberry Sound building,

64 dB LAeq

▪

27 Anzac Avenue Apartments

59 dB LAeq

▪

Buildings on the opposite site of Bow Lane

69 dB LAeq

If the container barriers have been removed by the time this excavation occurs, temporary close proximity
screening may need to be erected to ensure noise levels do not exceed 70 dB L Aeq when this work occurs.
There will also be excavation for recontouring and trenching close to the boundaries on the Logistics site.
For this part of the enabling works the containers will need to be moved to allow excavation at the southern
site boundary. In these locations the due to the proximity of the neighbouring buildings a smaller excavator
will be required and localised shielding. However, as the Strawberry Sound building, Cook Brothers
Apartments and 27 Anzac Avenue apartments are closer to the common boundary with the Logistics site,
the distance from the excavation to these buildings is very small and there are likely to be exceedances of
the 70 dB LAeq limit at the façade of these buildings from time to time. We therefore recommend the
occupants of the Strawberry Sound building, Cook Brothers Apartments and 27 Anzac Avenue apartments
are consulted when the excavator is to be used within 10 metres of these buildings.
3.2.8 Concreting activities, cranes and heavy vehicles and other secondary sources
We expect that the main noise generating activities associated with concreting for inground enabling will be
pumping and pouring of concrete for the pile caps and ground beams. Large scale concrete floating is not
expected for these works. BS 5228-1:2009 states that typical concrete trucks and pumps have a sound
power of up to 105 dB LwA. Based on this sound power, to ensure noise levels do not exceed 70 dB L Aeq,
concrete trucks and pumps will need to be located at least 20 metres from neighbouring buildings. We expect
this to be readily achievable.
Based on the methodology report a crane will be required as part of the the BDST piling process. Based on
BS 5228-1:2009, for typical a mobile crane cranes which may be used on site (12 – 100 tonne), a worstcase sound power of 95 dB LwA is likely. Based on this sound power, to ensure noise levels do not exceed 70
dB LAeq, any crane will need to be located at least 10 metres from neighbouring buildings. We expect this to
be readily achievable.
We have undertaken analysis relating to general heavy vehicle movements, and expect that a moderate to
high number of movements could take place at the site vehicle access points, while generating less than 70
dB LAeq at receivers (5 – 50 heavy vehicle movements per 15-minute period).
We expect that there will be other noise source on site from time to time such as saw cutting or hydroexcavation. These sources are expected to be short term and can be shielded and located such the noise
levels will not exceed 70 dB LAeq at any receiver. This should be managed via the CNVMP.
3.2.9 Cumulative noise levels
The construction processes described above will occur in sequence, and/or at times when it is occurring we
expect that BDST and sheet piling noise will dominate the levels received at neighbouring sites. Therefore,
apart from the minor potential cumulative scenario with these two piling types noted in section 3.2.3, we do
not expect noise levels from activities occurring simultaneously to ever meaningfully accumulate to produce
combined levels which are measurably higher than the worst-case predictions provided above.
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4.0

CONSTRUCTION VIBRATION

There are many factors which will influence the vibration level experienced within nearby buildings, such as
ground type, foundation type, distance, machine selection, and the like. Vibration levels are therefore
difficult to accurately predict. However, based on the trial piling measurements we expect moderate levels
of vibration due to BDST pile driving and PDA testing to be experienced in some surrounding buildings. Other
more minor sources of vibration will be the use of excavators and the like.
Vibration effects are typically considered in two ways – with regard to possible structural or cosmetic damage
to buildings, and human response. We note that individuals can detect levels of building vibration that are
well below those required to cause any risk of damage to the building or its contents. The threshold of human
perception of vibration is between 0.14 mm/s to 0.3 mm/s and without sufficient communication complaints
typically start to occur when vibration levels are 1 mm/s or above.
4.1

2GP - Construction vibration limits

The Dunedin City Council Second Generation District Plan (2GP) Rule 4.5.4.1.b Temporary Activities –
Performance Standards – Noise – Construction states that vibration from construction must not exceed a
maximum particle velocity measured on any foundation of an adjacent building on another site, or the same
site if different ownership, of 25 mm/s for commercial buildings or 10 mm/s for buildings housing noise
sensitive activities.
We have considered the expected levels of construction vibration in the following sections.
4.2

BDST and PDA testing of piles

We have undertaken analysis based on the levels of vibration that were measured by MDA during the trial
piling exercise. These measurements were undertaken on the site using the same or similar equipment as
will be used of the actual piling, and with the same ground conditions. However, we note that the ground is
likely to vary across the site and so there may be some variation in practice.
For the Inpatients and Outpatients sites, based on the predicted regression curves of vibration levels
provided in figures 12 and 13 of the MDA trial piling report testing report, we expect that at all off-site receiver
locations the vibration level will be comfortably below 10 mm/s during both BDST piling and PDA testing.
The nearest receiver will be the Fire Station, which is some 22 metres from the nearest piling locations on
the Outpatients site. In this location the the vibration level is expected to be 4.5 mm/s of BDST and 5.5
mm/s for PDA. However, we do note that the vibration expected at the Fire Station is above the 3 mm/s
guideline value provided in DIN 4150-3 Structural Vibration – Part 3: Effects of vibration on structures for
historic buildings. As discussed in section 2.5, Conditions are proposed which require:
▪

Pre-condition building surveys to be conducted for nominated buildings.

▪

A Construction Noise and Vibration Management Plan outlining specific mitigation measures for the
management of vibration received at nominated buildings including the triggers or thresholds for
implementing them.

▪

A Construction Noise and Vibration Management Plan requiring vibration monitoring at nominated
buildings, including vibration induced structural and cosmetic damage, and associated contingency
actions.

We recommend that the Fire Station is included as a nominated receiver for the purposes of these
conditions. A pre-condition survey of the building should therefore be undertaken. When piling occurs on
gridlines A, B and C on the Outpatients site and for the 5 piles in the northeast corner of the Pavilion Building
vibration monitoring should be undertaken at the Fire Station building. Should vibration levels exceed 3
mm/s, the hammer drop height should be reduced or other vibration reduction measures implemented
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and/or a structural engineer should be consulted as to the likely actual effects on the building and retained
to actively assess the building’s condition as those piles are completed, should levels remain above 3 mm/s.
The ‘Dairy building’ is located some 50 metres from the nearest BDST piles on the Inpatients site. In this
location, we expect vibration levels to be in the order of 2 mm/s for BDST piling and 3 mm/s for PDA testing
of piles. We recommend that this building is also nominated in the Conditions relating to vibration
management and monitoring with a ‘historic building’ trigger level of 3 mm/s.
On the Logistics Building site, the closest piles are in the order of 10 metres from the Strawberry Sound,
Cook Brothers Flats (15a and 15b Anzac Ave) and the 27 Anzac Ave Apartment buildings. Vibration levels
may be in the order of 7 mm/s (BDST) and 8 mm/s (PDA testing) when received in these locations. We
recommend that these buildings are also nominated in the Conditions relating to vibration management and
monitoring, with a trigger level of 5 mm/s.
4.3

Other vibration generating activities

Other activities on site may also generate vibration. Approximate vibration levels generated by a range of
construction activities are as follows:
▪ Sheet piling could generate in the order of 5 mm/s at distance of 5 metres, reducing to 1 mm/s at 50
metres.
▪ A vibratory roller could generate up to 6 mm/s at distance of 5 metres, reducing to 2 mm/s at 20
metres.
▪ Excavators and trucks travelling over irregular surfaces could generate 1 – 2 mm/s at distances of 5
metres, reducing to less than 0.1 mm/s at 20 metres.
Based on the above, we expect that vibration levels from these other activities will be significantly less than
10 mm/s. However, we recommend that as part of the Construction Noise and Vibration Management Plan
process for the buildings nominated in section 4.2 above, these sources are reviewed again once the
construction methodology is further developed.
4.4

Vibration effects

The processes described above will appropriately manage construction vibration effects with regard to
building damage. As noted above, people will still be able to the feel the vibration within buildings from time
to time, and this may cause annoyance or anxiety. The key receivers with regard to vibration are the same
as those discussed with regard to noise in section 3.2.1 above, and where direct consultation is
recommended in that section, the matters discussed should include the possible effects of vibration and
ways that these may be able to be mitigated, including through ongoing communication and engagement
around the timing and progress of work in key areas, as this proceeds.
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5.0

SUMMARY AND CONCLUSIONS

AES have been engaged to provide acoustic engineering advice relating to a Resource Consent application
for the inground enabling works for the Outpatients, Inpatients, and Logistics buildings of New Dunedin
Hospital development.
5.1

Appropriate noise levels

Compliance with the long-term daytime construction noise limits of 70 dB LAeq and 85 dB LAFmax outlined in
the District Plan and NZS6803:1999 will ensure noise effects are acceptable. However, as with many
constrained urban sites, it may not be practical to always comply with these noise limits, even when the best
practicable options have been identified and applied to minimise the level and duration of noise emissions.
NZS6803:1999 recommends that a detailed management strategy be applied in these circumstances. A
suitable Condition which captures the NZS6803:1999 management approach has been proposed.
The effect any periods of noise exceeding 70 dB LAeq may have will depend on a number of factors, including
the level of break-in noise experienced inside the receiving building, the internal layout and type of activity
undertaken within the receiving building, the duration of the noise emission and at what times it occurs, and
the ambient noise levels already experienced in the receiver’s location. The effect may also be modified by
consultation with the receiver and pre-notification and open communication as the work gets underway.
5.2

Mitigation

Extensive discussions have been undertaken between the design team, project managers and contractor to
establish the best practicable option with regard to the mitigation of noise effects. As an outcome of this
process, the following physical mitigation measures are to be implemented:
▪

The primary piling technique will be Bottom Driven Steel Tube (BDST). This technique generates less
noise than top driven piling.

▪

Containers stacked two or three high will be placed adjacent to noise sensitive receivers.

▪

2.0 metre solid site hoarding will be installed in other locations.

▪

Localised temporary construction screening will be fitted around the pile driving frame.

▪

PDA testing will only be undertaken when 3 metres or less of the pile casing is protruding from the
ground.

▪

The driving of the piles closest to southern Logistics building boundary will be managed so as to
ensure the height above ground of the pile casing being driven never exceeds the height of the
container barrier.

▪

The first 6 metres of each pile location will be pre-augured, meaning for the first 6 metres the pile
casing can be driven more rapidly, and with a reduced hammer drop.

▪

The extent of sheet piling will be kept to a practical minimum.

▪

A low noise piling method used for VIE tank supports, with a small piling rig.

The following managerial mitigation is also proposed:
▪

Staff may arrive on site to begin the working day from 0700 hours. The hours of higher noise
activities will be limited to 0730 – 1800 hours Monday to Friday and 0730 to 1400 hours on
Saturday.
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▪

5.3

A Construction Noise and Vibration Management Plan will be developed for the site, which outlines
the measures which will be employed to ensure that noise and vibration impacts on neighbouring
properties are minimised as far as practical.
Expected noise levels

Strawberry Sound, Cook Brothers Flats (15a and 15b Anzac Ave) and the 27 Anzac Ave Apartments are
expected to receive the highest noise levels from piling on the Logistics site. Specific modifications to the
piling technique have been developed for the closest piles, and the container barrier height increased in this
area. Noise levels in the range of 76 to 80 dB L Aeq are still expected for limited periods, with noise levels in
the range of 71 to 75 dB LAeq during the balance of piling on the Logistics site. Consultation with these
receivers is recommended in order to ensure adverse effects are mitigated as far as practicable.
The Fire Station is expected to receive the highest noise levels from piling on the Outpatients site with noise
levels of 76 – 80 dB LAeq for a limited period, and 71 – 75 dB LAeq for a limited period. We recommend that
this consultation is initiated with the Fire Station to ensure adverse effects are mitigated as far as
practicable.
The unoccupied office building at 53 Castle Street will receive elevated noise when piling is undertaken at
some locations on the Inpatients site across the road. It would be appropriate to commence consultation
with the building owner, to establish lines of communication should the property be leased before the piling
work has been completed.
The Quest Apartments will receive noise at 76 – 80 dB LAeq over a 1.5 week period, and noise levels of 71 –
75 dB LAeq for a more extended period. Consultation with this receiver is recommended in order to ensure
adverse effects are mitigated as far as practicable.
BDST piling noise levels are expected to be elevated number of other receivers however this is either for a
brief period (1.5 weeks or less), or the receivers are not noise sensitive. It would be appropriate to include
these receivers in all general correspondence with neighbours leading up to and during the piling period,
Sheet piling is expected to generate noise levels up to 73 dB L Aeq at some receivers, and the installation of
micro piles in the VIE tank area may generate up to 75 dB L Aeq at the façade of the ODT building. Given the
limited expected duration of these noise emissions and the elevated ambient noise in these areas, no further
mitigation is recommended.
Excavation for recontouring and trenching that occurs close to the southern boundary on the Logistics site
may exceed the 70 dB LAeq limits at the façade of buildings adjoining site. Consultation with Strawberry
Sound, Cook Brothers Flats (15a and 15b Anzac Ave) and the 27 Anzac Ave Apartments is recommended in
order to ensure adverse effects are mitigated as far as practicable.
All other noise sources are expected to be able to be managed using conventional equipment and mitigation
to readily comply with the long-term daytime construction noise limits outlined in the District Plan and
NZS6803:1999.
5.4

Vibration

The District Plan outlines a construction vibration limit of 10 mm/s for buildings housing noise sensitive
activities.
For the Inpatients and Outpatients sites, we expect that at all off-site receiver locations the vibration level
will be below 10 mm/s during both BDST piling and PDA testing. However, the vibration expected at the Fire
Station and ‘Diary building’ is above or approaches the 3 mm/s guideline value provided in DIN 4150-3
Structural Vibration – Part 3: Effects of vibration on structures for historic buildings. We therefore
recommend that these buildings are included as nominated receivers in the proposed Conditions requiring
a pre-condition survey and vibration monitoring and if required, management.

Acoustic Engineering Services Limited
Specialists in Building, Environmental and Industrial Acoustics

24

AC20112 – 02 – R5: New Dunedin Hospital: Inground Enabling works – ACNVE

On the Logistics Building site, again we expect that at all off-site receiver locations the vibration level will be
below 10 mm/s during both BDST piling and PDA testing. However, we recommend that Strawberry Sound,
Cook Brothers Flats (15a and 15b Anzac Ave) and the 27 Anzac Ave Apartment buildings are included as
nominated receivers in the proposed Conditions requiring a pre-condition survey and vibration monitoring
and if required, management.
Other activities on site are expected to generate much lower levels of vibration.
People will the feel vibration within buildings from time to time, and this may cause annoyance or anxiety.
The key receivers with regard to vibration are the same as those identified with regard to noise, and where
direct consultation is recommended, the matters discussed should include the possible effects of vibration
and whether there is any other practicable steps that can be taken to mitigate this effect.
5.5

Conclusion

We consider that the methodology and physical and managerial mitigation described above to represent the
best practicable option to minimise noise and vibration effects at the nearest receivers. When also
considering that ultimately noise and vibration from in-ground enabling works will be of a limited duration,
and noting the comment in the Foreword of NZS 6803:1999 that “construction noise is an inherent part of
the progress of society”, we conclude that noise and vibration levels due to due to inground enabling works
at the Outpatient, Inpatients and Logistics buildings of the New Dunedin Hospital will be acceptable and not
unreasonable at any nearby receiver.
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