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Executive summary

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd to monitor and provide earthworks
certification for the 23 No. Residential Lots contained within Stage 3A of Arrans Hill Precinct 5 at the
Millwater Subdivision in Silverdale. Stage 3A comprises Residential Lots 37 to 47, 155 to 163 and 213
to 215, and Road Lot 902 (parts of Roads 1, 2, 4, 5 and 6 within Stage 3A) inclusive as shown on the
Woods Final Contour AsBuilt Plan (Woods Ref 37503-03A—100-AB) in Appendix Al.

This Geotechnical Completion Report contains information required for subdivisional earthworks
completion reporting, as well as outlining geotechnical design issues that need to be considered for
subsequent building design and construction on each residential Lot.

Previous geotechnical investigation work across the subdivision was undertaken by T+T and reported
in:

2000 and 2001 Preliminary feasibility reporting (Ref. [1] and [2]).

2003 Major reconnaissance report covering land in the Silverdale North and Orewa West areas
(Ref. [3]).

c March 2013 Geotechnical Investigation Report for the North Bridge to Grand Drive (Ref. [4]).
d December 2015 Geotechnical Investigation Report for Arrans Hill Precinct 5 (Ref. [5]).
Woods Ltd (Woods) undertook the engineering design for this stage and the overall subdivision.

Bulk earthworks associated with development of Stage 3A of Arrans Hill Precinct 5 commenced in
February 2018 and were completed by June 2018. Earthworks comprised the following:

Stripping of vegetation, organic materials and topsoil to stockpile.
Installation of subsoil drains.

o Cut to fill earthworks across the entire Stage 3A area as shown on the Woods Cut & Fill As—Built
Plans (Woods Ref 37503—-03A—-110-AB to —112-AB} in Appendix Al.

d Construction of 2 No. Palisade Walls (PW6 and PW?7) as shown on T+T Drawing 21854.0031~-
AHP5S3A-101 in Appendix A2.

e Construction of a 8m high, 1 in 2 (V:H) engineered fill batter slope (RE 6) along the eastern
boundary of Residential Lots 156 to 163 as shown on T+T Drawing 21854.0031-AHP553A-101
in Appendix A2.

f Construction of a 11m high, 1 in 1.5 (V:H) engineered fill batter slope (part of RE 7) along the
northern boundary of Residential Lots 37 to 47 as shown on T+T Drawing 21854.0031-
AHP5S3A-101 in Appendix A2.

Civil earthworks commenced on site in May 2018 and were completed by September 2018, and
comprised the following:

a Minor cut to fill earthworks across parts of the site as part of final Lot development.
b Installation of roading and services.

Overall subdivisional soil types are moderately expansive (Class M), based on laboratory testing
undertaken in accordance with AS 2870:2011 (Ref. [7]). Due to this classification, soils lie outside the
definition of good ground within NZS 3604:2011 (Ref. [8]). Building foundations will require either
specific foundation design for expansive soils or foundation design in accordance with AS 2870:2011
(Ref. [7]). Subject to design issues outlined in Section 3, and CSIRO recommendations outlined in the
Appendices relating to expansive soils foundation design and home owner maintenance, each
residential Lot is considered to have a building platform area generally suitable for domestic
residential development subject to specific geotechnical assessment and foundation design due to the
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presence of expansive soils and where Lots contain, or are adjacent to, land with slopes steeper than
lin4 (V:H).

Foundation design for residential development should proceed in accordance with Sections 6.5t0 6.10
of this report.
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1 Introduction

1.1 General

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd to monitor and provide earthworks
certification for the 23 No. Residential Lots contained within Stage 3A of Arrans Hill Precinct 5 at the
Millwater Subdivision in Silverdale. Stage 3A comprises Residential Lots 37 to 47, 155 to 163 and 213
to 215, and Road Lot 902 (parts of Roads 1, 2, 4, 5 and 6 within Stage 3A) inclusive as shown on the
Woods Final Contour AsBuilt Plan (Woods Ref 37503-03A-100-AB) in Appendix Al.

Previous geotechnical investigation work across the subdivision was undertaken by T+T and reported
in:

2000 and 2001 Preliminary feasibility reporting (Ref. [1], [2]).

b 2003 Major reconnaissance report covering land in the Silverdale North and Orewa West areas
(Ref. [3]).

o March 2013 Geotechnical Investigation Report for the North Bridge to Grand Drive (Ref. [4]).
d December 2015 Geotechnical Investigation Report for Arrans Hill Precinct 5 (Ref. [5]).

The preliminary (Ref. [1], [2]) and investigation (Ref. [3], [4], [5]) reports noted the presence of existing
instability comprising landsliding, soil creep and shallow slope movement across much of Arrans Hill
Precinct 5. These features were proposed to be stabilised, and/or undercut and replaced with
engineered fill, during development works. While these stabilisation works are required across much
of Precinct 5, such works were not generally required to achieve satisfactory factors of safety against
instability for the finished development of Stage 3A. However, undercutting was required to enable
installation of the geogrid reinforcement required within the reinforced earth slopes (RE06 and part
of REO7), as well as to ensure the RE slopes were founded in competent ground.

Earthworks compaction control, in terms of minimum shear strengths and maximum air voids, was
recommended, and, along with other recommendations, has been incorporated into our control of
the works and, where applicable, included in completion reporting.

The scope of work covered by this completion report includes:

a Review of geotechnical investigation reporting for the site;

b Monitoring and certification of earthworks operations in compliance with NZS 4431:1989 (Ref.
[6]), including construction of 2 No. reinforced earth slopes (RE 6 and part of RE 7);

C Assessment of soils for expansive conditions in accordance with AS 2870:2011 (Ref. [7]);
d Certification of completed Lots for residential development in accordance with NZS 3604:2011
(Ref. [8]).

Woods Ltd (Woods) undertook subdivision engineering design and civil works construction
observations. As-built pians showing final contours and cut and fill depths have been prepared by
Woods and are attached in Appendix Al.

1.2 Description of Subdivision

The Millwater subdivision is situated to the north of the Silverdale Township, and west of the Metro
Park East reserve area, and comprises approximately 260 hectares. The subdivision is bound to the
south and west by Wainui Road, to the north by the Orewa Estuary and to the east by the Orewa
Estuary and Millwater Parkway. The original site comprised a mix of farm properties and associated
dwellings and existing residential developments.
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The Arrans Hill Precinct 5, Stage 3A area of the Millwater subdivision is located within what is known
as Precinct 5 in the Orewa West Structure Plan.

The Arrans Hill Precinct 5 area is bound by State Highway 1 to the west, Grand Drive to the north,
Arran Drive to the east, and the Orewa estuary to the south. The overall Arrans Hill Precinct 5 and
Stage 3A areas are shown on T+T Drawing 21854.0031-AHP5S3A-100 in Appendix A2.

Pre-development gradients within the Stage 3A area were gentle to moderately steep (1in 3, to 1 in
15 (V:H)) with an overall fall to the north.

Post-development gradients within the Stage 3A area generally remain gentle to moderately steep
(1in 3, to1in 15 (V:H)) and fall to the north and east. In order to form more level building platforms,
steep reinforced earth slopes of between 1in 2 and 1in 1.5 (V:H) have been constructed as shown on
T+T Drawing 21854.0031-AHP5S3A-101. ’

Stage 3A is presently accessed from the existing Arran Drive.

1.3 Geological Setting

Published geological mapping and information indicates the Arrans Hill Precinct 5 area is underlain by
East Coast Bays Formation (ECBF) materials. In addition to the ECBF materials, our investigations
identified the presence of alluvial and colluvial materials on site along the stream margins.

Arrans Hill
Precinct 5
| site location

\ Red Beach

Figure 1 - Local Geology (from Edbrooke)

Summary descriptions of geological units in the Arrans Point area (after Kermode 1991) are as follows:
a East Coast Bays Formation

Alternating sandstone and mudstone with variable volcanic content (volcanic-poor lower in the
sequence and mixed volcanic content higher) and interbedded volcaniclastic grit beds. These
material typically show a well-developed weathering profile of clay, silt or sand depending on
the parent lithology.
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b Pleistocene Age Alluvium and Colluvium

Alluvium and Colluvium are generally observed on the lower slopes, along the edges of the tidal
tributaries of the Orewa River - along the southern and eastern boundary of the site. in places,
it is locally discontinuous or absent.

The alluvial deposits are typically very thinly to very thickly bedded, yellow-grey to orange-
brown, angular to well rounded, mixed sizes (usually graded, coarse becoming fine upwards) of
mud, sand and gravel, comprising rock fragments and weathered rock residue from the
hinterland. They include some beds of black, humus-rich clay and white, pumice silt.

Colluvium closely resembles the undisturbed residual soil materials, comprising a mix of clayey
silts and silts, but is often of lesser strength due to the deformation and disturbance that has
occurred during transportation down-slope.

Geological cross-sections through the Arrans Hill Precinct 5 Stage 3A area, based on site investigations
and observations during construction, are enclosed as Drawing Number 21854.0031-AHP5S3A-103
to —105 in Appendix A2.

Fill material placed across the site to form the final design profile typically comprised site-won East
Coast Bays Formation materials.
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2 Earthworks Operations

2.1 Plant

Bulk earthworks and civil works were undertaken by Hick Bros Civil Construction Ltd (Hicks). Various
areas of soft and/or wet materials were encountered during the works and were undercut and
replaced with engineered fill. Much of this undercut material was considered suitable for re-use as
engineered fill if conditioned appropriately. Accordingly, mixing of the cohesive fill materials with
lime/cement to facilitate fill placement and compaction was undertaken by Hiway Stabilizers Ltd
(Hiway) under Hicks’ control.

Various earthworks equipment was used to undertake the works, comprising motor scrapers,
articulated dump trucks, tractors and discs, sheepsfoot compactors, padfoot rollers, and a number of
12 to 35 tonne excavators. This plant generally carried out all construction earthworks.

Specialist contractors and plant were brought on site for pavement construction. Certification of the
pavement construction is beyond the scope of this report.

2.2 Construction Programme

Subdivisional earthworks commenced from February 2018 through to June 2018 under Hicks’ control.
Civil earthworks and construction for the residential Lots were also under Hicks’ control and were
undertaken progressively from May 2018 through to completion in September 2018.

Key Stage 3A earthworks components included:

Stripping of vegetation, organic materials and topsoil to stockpile.
b Installation of subsoil drains.

c Cut to fill earthworks across the entire Stage 3A area as shown on the Woods Cut & Fill As—Built
Plans (Woods Ref 37503—03A-110-AB to —112-AB) in Appendix Al.

d Construction of 2 No. Palisade Walls (PW6 and PW7) and 2 No. reinforced earth slopes (i.e. RE
6 and part of RE 7), as shown on T+T Drawing 21854.0031-AHP553A-101 in Appendix A2.
Key Stage 3A civil works components included:

a Minor cut to fill earthworks across parts of the site as part of final Lot development.
b Installation of roading and services.

The earthworks, undercuts and subsoil drainage as—built plans are included in Appendix A1 {Woods
Drawings 37503-03A-100-AB, ~110-AB to —112-AB, and —120-AB), and show the earthworks
undertaken across the site.
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2.3 Compaction Control

Compaction control criteria, consisting of maximum allowable air voids and minimum allowable shear
strengths, were used for cohesive fill control. The Technical Specification included in our Geotechnical
Investigation Report (Ref. [4],{5]) included the following requirement for the subdivisional earthworks:

Minimum Shear Strength and Maximum Air Voids Method

Minimum Undrained Shear Strength (Measured by insitu vane — IANZ calibrated)

General fills:
Average value not less than 140 kPa
Minimum single value 110 kPa

High Strength Structural fills (Undercuts & Reinforced Earth Fill Slopes):

Average value not less than 150 kPa

Minimum single value 120 kPa

Maximum Air Voids Percentage (as defined in NZS 4402:1986)

General fills;
Average value not more than 10%
Maximum single value 12%

High Strength Structural fills (Undercuts & Reinforced Earth Fill Slopes):

Average value not more than 8%

Maximum single value 10%

The average corrected shear strength value was determined over any ten consecutive tests.

Regular in situ density, strength and water content tests were carried out on the filling at, or in excess
of, the frequency recommended by NZS 4431:1989 (Ref. [6]). Test results are contained in
Appendix E.

Quality Control (QC) testing showed that the results for the filling were consistently meeting the
required undrained shear strength, density and air voids criteria, demonstrating that the water
content of placed fill was consistently at, or close to, optimum. To the best of our knowledge, any
problems encountered were rectified, where required, by close monitoring of the selection of borrow
materials, discing and remixing of the available soil types and minor reworking.
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3 Geotechnical Development Works

3.1 Subsoil Drainage

A network of subsoil drains has been installed across Arrans Hill Precinct 5 during bulk earthworks as
part of the reinforced earth slope construction.

Subsoil drains installed as part of reinforced earth slope construction comprised the following:

a 160mm diameter, Hiway grade, perforated Nexus pipes along the base of the rear of the
reinforced soil block.

b SAP50 scoria over the top of the Nexus pipe and up the back face of the reinforced soil block,
to within 2.0 metres of the ground surface (at time of construction).

C Bidim A19 geotextile filter-cloth over the top of the scoria prior to placement of the reinforced
soil.

The reinforced earth slope drains were connected to the reticulated stormwater system or discharge
into the swale drain along Grand Drive, as shown on the Woods Shear Key, Undercut and Subsoil Drain
AsBuilt Plan (Woods Ref 37503-03A-120-AB) in Appendix Al and on the T+T Drawing 21854.0031—
AHP5S3A-101 in Appendix A2.

3.2 Palisade Walls

Palisade walls were identified as being required along a section of RE 7 (i.e. across Lots 37 to 47) to
provide satisfactory factors of safety against instability for the finished development of Stage 3A.

2 No. palisade walls {i.e. PW6 and PW7) were constructed within Stage 3A during the bulk earthworks
in the location shown on the T+T Drawing 21854.0031-AHP553A-101, included in Appendix A2.
Palisade Wall 6 comprises 8m long 310UC97 steel piles installed at 2m centres encased in 600mm
diameter concreted holes. Palisade Wall 7 comprises 6m long 250UC73 steel piles installed at 1.8m
centres encased in 600mm diameter concreted holes. Drilling for the palisade wall pile bores was
inspected and logged by an Engineering Geologist to check that the base of the piles had been
extended sufficiently to the target depth.

Ground conditions exposed during palisade wall construction were generally as anticipated from the
design stage of the development. The slope stability analysis results from the original design phase
are discussed in Section 4.

3.3 Reinforced Earth Slopes

2 No. reinforced earth slopes'(i.e. RE 6 and part of RE 7) were constructed during the bulk earthworks
period within Stage 3A.

The reinforced earth slopes comprise horizontally laid biaxial geogrids placed at 0.5m (vertical)
intervals within the engineered, compacted earth fill. The grids extend up to within 1.5 (vertical)
metres of the slope crest. They have been placed at various lengths, starting at the face of the slope.

Typical cross—sections of the reinforced earth slopes are shown on T+T Drawings 21854.0031-
AHP5S3A-110to -112 in Appendix A2.

The placement of the geogrid allows steeper finished gradients than is possible with bulk fills, and will
minimise risk of instability across the face of the slope, particularly where finished gradients across
the slopes are up to 1in 1.5 {V:H).

Construction of the slope comprised the following:

a placement and compaction of fill, or excavation within natural ground, to the required levels;
Tonkin & Taylor Ltd October 2018
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b placement of the geogrid, ensuring that the grid is held tightly in place;
C spreading of fill across the surface of the geogrid with lightweight plant;
d compaction and placement of further fill up to the level of the next grid layer.

The fill was placed and compacted beyond the limit of the final slope face and then trimmed back to
ensure full compaction of the slope face was achieved.

As noted in Section 3.1, a drainage blanket was installed at the rear of the reinforced block of soil and
comprises a minimum of 300mm thickness of SAP50 scoria, covered in Bidim A19 geotextile filtercloth
and a cap of engineered cohesive fill 2m in thickness. A 160mm diameter Novaflo pipe at the base of
the drainage blanket provides regular discharge outlets for any groundwater captured in the drainage
blanket. These pipes are connected into the reticulated stormwater system (RE 6) or into the swale
drain below Grand Drive (RE 7).

The slopes have been designed to accommodate surcharge of up to 10kPa distributed load at the crest
of the slopes.

The slope faces will be subject to a planting covenant and building limitation zone preventing
construction within this area. Protection of the geogrids from damage also precludes construction
across the slope faces and immediately adjacent to the slope crest. Accordingly, a building restriction
zone has been applied across the slopes (See Sections 5.3 and 6.6).

3.4 Undercuts

Undercuts (minimum 2m deep and 5m wide) were excavated below the toe of RE 6 and RE 7 to ensure
a consistent subgrade. The undercut was replaced with engineered, compacted fill, placed in
accordance with the bulk earthworks specification (Section 2.3 above).

In addition, 1m deep undercuts were excavated to expose more competent soils (minimum shear
strength of 75kPa) across the Residential Lots and through the road alignments in Stage 3A due to
exposure of some areas of unsuitable subgrade materials {i.e. soft and wet). The undercut was
replaced with engineered, compacted fill, placed in accordance with the bulk earthworks specification
(Section 2.3 above).

The extent of the undercut areas is shown on the Woods Shear Key, Undercut and Subsoil Drain AsBuilt
Plan (Woods Ref 37503—-03A-120-AB) in Appendix Al.
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4 Stability Analyses

As noted in Section 1.1, slope stability analyses undertaken during the investigation stage of the
project identified that shear keys were not required to achieve satisfactory factors of safety against
slope instability for the finished development of Stage 3A.

Observations and monitoring were undertaken during bulk earthworks construction to confirm that
the ground conditions exposed were consistent with the assumptions made in the stability analyses.

We are satisfied that the design stability analyses remain valid for the completed works on the
following basis:

the exposed ground conditions generally conform to those assumed for design;
b the as-built profiles match design levels;

c the earthworks monitoring shows compliance with specified criteria, upon which fill properties
have been based.
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5 Project Evaluation / Building Design Considerations

5.1 General

Ground conditions within the Arrans Hill Precinct 5 Stage 3A area straddle a range of “design
conditions” including cut ground, filled ground, expansive soils and constructed slopes up to 1in 1.5
(V:H). The following sections set out relevant geotechnical design issues.

5.2 Bearing capacity for building foundations

All filled and natural ground within the influence of conventional residential shallow strip and pad
foundation loads is assessed as generally having a geotechnical ultimate bearing capacity of 300kPa,
as required by NZS 3604:2011 (Ref. [8]). This corresponds to a factored (Ultimate Limit State) bearing
capacity of 150kPa and working (Serviceability Limit State) bearing capacity of 100kPa.

Due to the presence of expansive soils, foundation conditions fall outside the definition of “good
ground” contained in NZS 3604:2011 (Ref. [8]). In terms of AS 2870:2011 (Ref. [7]), the soils present
are considered to lie within Site Class M (moderately expansive) with characteristic surface
movements anticipated to be in the range of 20mm to 40mm. Due allowance should be made for
expansive soils, as discussed in Section 5.12.

Where a geotechnical ultimate bearing capacity greater than 300kPa is required to support any
dwelling constructed outside the scope of NZS 3604:2011 (Ref. [8]), further specific site investigation
and design of foundations will be required.

5.3 Building Limitation Zones — RE Slope

Identified steep slopes in the Stage 3A area have been constructed as reinforced earth fill structures
with face gradients of between 1in 1.5 and 1 in 2 (V:H). They are located in Lots 37 to 47 and Lots 156
to 163. Construction within the flatter parts of these Lots is intended, and a Building Restriction Zone
(“No Build Zone”) has been developed across the steeper sections of the Lots to ensure that the
reinforcement of the slopes is not detrimentally affected by future development. The extent of the
Building Limitation Zone associated with the RE slopes is shown on T+T Drawing 21854.0031-
AHP5S3A-120 (Building Limitation Plan) in Appendix A2. Excavation, fill placement and/or
construction within this zone is not permitted.

Vegetation on slopes that are 1 in 4 (V:H) or steeper is recommended to reduce the potential for
shallow slope instability and to minimise surface erosion. Where gradients are 1 in 4 (V:H) or steeper,
there is potential for minor shallow creep of the topsoil layer. However, such creep is considered
unlikely to detrimentally affect the global stability of the slope.

Where slopes exceed gradients of 1 in 2 (V:H), “Enkamat” or “Geocells” have been anchored to the
face of the RE Slope to function as a protective reinforcing layer for the topsoil and plant root system.
This is shown on the Woods Reinforced Earth Batter & Slope Stabilisation Plan {Woods Ref 37503~
03A-140-AB) in Appendix Al.

5.4 Settlement

From our inspections during earthworks operations, the results of compaction quality control testing,
and post construction survey monitoring, we consider that differential settlement induced by self-
weight of engineered fill should now be largely complete. Further settlements should be within
normally accepted design tolerances of 25mm, as outlined in NZS 3604:2011 (Ref. [8]), with respect
to conventional building development.
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Monitoring points were installed across the top of the RE 7 following completion of the construction
works. The monitoring commenced in November 2017 and has continued through until October 2018.
The monitoring shows that while settlements of up to 11mm have occurred, there has been negligible
movement since June 2018.

In order to minimise the risk of ground settlements exceeding 25 mm, NZS 3604:2011 {Ref. [8]) allows
a maximum fill surcharge of 600 mm over the building platform during future development. Filling in
excess of this thickness should be subject to specific foundation design and assessment.

5.5 Retaining walls

Due to the relatively shallow grades across most of the Stage 3A Lots, it is not anticipated that
significant retaining walls will be required. However, if walls are required, then retaining wall design
will be dependent on the site specific requirements.

For preliminary design we recommend the use of the following geotechnical design parameters:
y = 18 kN/m?,
¢’ =0 kPa,
@ =30°,
Ka = 0.30,
Ko = 3.33,
“Su” of 50kPa for the embedment soil (subject to confirmation during construction).

These values are based on level ground above and below the wall and will require appropriate
amendment to allow for slope, traffic and other surcharges or toe slopes and the specific lot geometry
and development requirements, as applicable.

All retaining walls should include a layer of free draining granular fill (with geotextile over the top)
immediately behind the wall covered with a 0.3m thick {minimum)} compacted clay fill cap, with
intercepted groundwater seepage piped into the reticulated stormwater system.

Any walls greater than 1.5m retained height will require a geotechnical assessment, as a minimum, to
check and confirm that the stability of the subject (or adjacent) Lot is not detrimentally affected.

5.6 Subsoil Drainage

Groundwater drainage was installed during bulk earthworks using Nexus drains covered in scoria and
geotextile cloth to permanently handle ground water flows.

The extent of the subsoil drainage systems are shown on the Woods Shear Key, Undercut and Subsoil
Drain AsBuilt Plan (Woods Ref 37503—-03A—-120-AB) in Appendix Al, and on T+T Drawing 21854.0031~
AHP5S3A~102 in Appendix A2,

This drainage system is relatively deep and located so that it is unlikely to be encountered during
future residential site development and is expected to be maintenance free. Any deep excavations
should take account of the presence of these drains nonetheless. If a drain is encountered, damaged,
or identified as defective, repairs should be observed by a Chartered Professional (Geotechnical)
Engineer familiar with this report, and notified to Auckland Council.

5.7 Post Earthworks Investigations

Following the completion of earthworks operations, T+T have undertaken supplementary fieldwork
to confirm the consistency of the natural subsoils and engineered fill. From the investigations, we
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confirm that the subsoils are considered to have a geotechnical ultimate bearing capacity of 300kPa,
as required by NZS 3604:2011 (Ref. [8]). This corresponds to a factored (Ultimate Limit State) bearing
capacity of 150kPa and working {Serviceability Limit State) bearing capacity of 100kPa. Associated
borehole logs and site plan {T+T Drawing 21854.0031-AHP553A-121) are attached in Appendix E.

5.8 Stormwater

Public stormwater services have been installed within Arrans Hill Precinct 5 Stage 3A. Stormwater and
runoff from roofs, decks and paved areas, together with discharges from future retaining wall drains
and other subsoil drainage must be connected directly into the public stormwater drainage network.

5.9 Service lines

Trench backfill has been compacted to minimise potential for future settlements. However, where
building envelopes lie adjacent to or across service lines, all foundations should extend and be founded
below the 45 degree zone of influence line from pipe inverts. This requirement is to avoid excessive
pipe surcharges, and to allow for future maintenance of the system without detrimentally affecting
adjacent structures. Subject to approval from Auckland Council, foundations may extend and bridge
over service lines provided specific foundation design is undertaken.

A copy of the Stormwater and Wastewater As—Built Plans (Woods Ref 37503—-03A-300—-AB to —302—
AB and —400-AB to ~402-AB) is included in Appendix Al.

5.10 Road subgrades

Based on the fill monitoring and site observations during development, filled and natural ground
within the road and vehicle access Lots is considered generally suitable for the proposed residential
pavements. Subgrade strength testing was carried out following excavation to formation levels along
the road alignments. These subgrade test results were passed on to Woods for use in their pavement
design. All road subgrades have been lime and cement stabilised to assist in pavement strengths, and
to minimise the impact of expansive soils on road pavements.

For future road construction in other parts of the Arrans Hill Precinct 5 Stage 3A development, within
natural ground, a design CBR of 2% is considered appropriate while, within engineered fill areas, a
design CBR of 7% is appropriate.

5.11 Topsoil

Following completion of topsoil spreading and grassing, topsoil depths were measured in a
representative number of the Lots and these are shown on T+T Drawing 21854.0031-AHP5S3A~122
attached in Appendix E. Due to variations in placement depths and earth worked surface levels, topsoil
depths may vary from those recorded.

5.12 Expansive soils

Expansive soils {or “reactive soils” using Australian terminology) are clay soils that undergo
appreciable volume change upon changes in moisture content. The reactivity and the typical range of
movement that could be expected from soils underlying any given building site depend on the amount
of clay present, clay mineral type, and proportion, depth and distribution of clay throughout the soil
profile. Moisture changes tend to occur slowly in clays and produce swelling upon wetting and
shrinkage upon drying.

Apart from seasonal moisture changes (wet winters / dry summers) other factors that can influence
soil moisture content include:
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Influence of garden watering and site drainage;

b The presence of large trees (especially fast growing Australian species such as eucalyptus) close
to building envelopes, and;

c Initial soil moisture conditions at construction time.

Visually, the surfaces of expansive soils are noted for developing extensive cracking during dry periods
(especially late summer through autumn in Auckland) and can be locally identified by this feature
when sites are excavated and left for a week or two to dry out. Further information on expansive soils
is given in Appendices C and D of this report.

In order to assess for the presence of expansive soils within this stage of the development,
representative soil samples were retrieved from near surface strata and tested by Geotechnics Ltd to
determine soil shrinkage characteristics in accordance with AS 1289.7.1.1.

Based on the laboratory results (attached in Appendix E), the foundation soils on this stage of the
subdivision lie outside the definition of ‘good ground’ as outlined in NZS 3604:2011 (Ref. [8]).

In terms of AS 2870:2011 (Ref. [7]), the soils present are considered to lie within Site Class M
{moderately expansive) with characteristic surface movements anticipated to be in the range of 20mm
to 40mm.

Accordingly, building foundations on this stage of the subdivision will need to be subject to specific
foundation designh by a Chartered Professional Engineer familiar with the contents of this report and
responsible for design of structural elements (including foundations) of the building. Reference should
be made to AS 2870:2011 (Ref. [7]) for assistance.
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Statement of Professional Opinion as to the Suitability of Land for
Building Development

[, Mr A.P. Stiles of Tonkin + Taylor Ltd, P O Box 5271, Wellesley St, Auckland, hereby confirm that:

6.1

6.2

6.3

6.4

6.5

I am a Chartered Professional Engineer experienced in the field of geotechnical engineering and
an authorised representative of Tonkin + Taylor who was retained by WFH Properties Ltd as the
Geotechnical Engineer on Arrans Hill Precinct 5 Stage 3A (comprising Residential Lots 37 to 47,
155 to 163 and 213 to 215, and Road Lot 902 inclusive) of the Millwater Residential Subdivision
Development off Arran Drive in Silverdale. Inspection and observation of the works have been
carried out during construction by either myself or staff acting under my direction.

The extents of investigations are described in Tonkin + Taylor Ltd Geotechnical Investigation
Report for Arrans Hill Precinct 5 Ref. No. 21854.0031 dated December 2015. The conclusions
and recommendations of those documents have been re-evaluated in the preparation of this
report. Details of all earthworks control tests performed are enclosed (Appendix E).

The Contractor has confirmed that the work undertaken has been completed in accordance with
the drawings, specifications and any variations issued and is consistent with the inspections and
observations carried out by Tonkin + Taylor Ltd. Complete Construction Certificates have been
provided by the Contractors and are presented in Appendix B. Tonkin + Taylor Ltd accepts no
liability for any errors or omissions represented by those documents.

On the basis of our observations and inspections together with the information supplied by
others, including the Contractor’s Construction Certificates, it is my professional opinion, not to
be construed as a guarantee that:

6.4.1 The earth fills shown on the attached Woods drawings, Project No 37503, Millwater,
Arrans Hill Precinct 5 Stage 3A, Drawing Numbers 37503—-03A~-100-AB, ~110~AB to —
112~AB and ~120-AB, have been generally placed in compliance with NZS 4431:1989

(Ref. ([6]).

6.4.2 The completed earthworks give due regard to land slope and foundation stability
considerations.

For Lots 37 to 47, 155 to 163 and 213 to 215 inclusive:
6.5.1 Foundation design

The filled and natural ground within residential Lot boundaries is considered generally
suitable for the erection thereon of light timber framed, flexibly clad residential
buildings subject to clauses 6.5.2 to 6.5.6.

6.5.2 Bearing capacity

Foundation design for these Lots should limit geotechnical ultimate bearing capacity
to 300 kPa (factored (ULS) 150 kPa, working (SLS) 100 kPa). This is as specified in NZS
3604:2011 (Ref. [8]).

6.5.3  Expansive soils

Due to the presence of expansive clay soils, foundation soils lie outside the definition
of ‘good ground’ in NZS 3604:2011 (Ref. [8]). Soils are considered to lie in Site Class M
{moderately expansive) as defined in AS 2870:2011 (Ref. [7]) with anticipated
characteristic surface ground movements of 20mm to 40mm. Clause 6.5.3.1 of this
Geotechnical Completion Report may be used for expansive soil foundation design on
this subdivision:
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6.5.3.1  Specific foundation design for expansive soils

Specific foundation design should be undertaken by a Chartered
Professional Engineer familiar with the contents of this report and
responsible for design of structural elements (including foundations) of the
building.

The minimum specific design requirements set for expansive soils within
this clause are:

i) Minimum foundation embedment of 600 mm following topsoil
removal and benching of building platform areas to finished ground
levels

it) Four bar steel reinforcing cages should be used

iii) For buildings having brittle exterior cladding, for example brick
veneer, stucco plaster, solid plaster, block work, styrofoam type
cladding or sprayed plaster over harditex systems etc, the potential
effects of seasonal ground movements need to be considered by
the building designer.

The above minimum requirements within this clause may be superceded if
individual engineers are able to demonstrate their specific design solutions
are applicable to site soil conditions to the satisfaction of Auckland Council.
Specific design may be undertaken by first principles or by reference to AS
2870:2011 (Ref. [7]}, Section 4 and related documents.

6.5.4 Floor Slab Construction

Slab on grade construction is expected to be relatively straightforward across the
subdivision, but problems can occur with slab construction on shrink/swell sensitive
soils. In soils which become desiccated in summer, subsequent capillary moisture rise
may cause dry soils to wet up and swell, causing slab uplift and building distress.
Alternatively, construction during winter may result in subgrade soils with high
moisture contents drying out through summer, with subsequent soil shrinkage and
possible building deformation.

The structural engineer should take likely construction timeframes into account and
confirm that their design and construction methodologies will accommodate the soil
shrinkage or swelling that may occur.

The Contractor should ensure that the ground beneath the floor slab areas is suitably
conditioned to ensure that the subgrade is neither too dry nor too wet prior to hardfill
placement and concrete pouring to avoid undue shrink or swell movements.

6.5.5 Building maintenance - Owners responsibility

The owner is responsible for maintenance of the building and site and should be
familiar with the performance and maintenance requirements set out in CSIRO sheet
BTF18 Foundation Maintenance and Footing Performance: A Home Owners Guide. A
copy of this sheet is included in Appendix D.

6.5.6 Retaining walls / Earthworks

No retaining wall construction in excess of 1.5 metres height and no earthworks
involving fills in excess of 600mm depth should take place on these Lots unless
endorsed by a suitable design undertaken by a Chartered Professional (Geotechnical)
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Engineer familiar with the contents of this report and responsible for design of
structural elements of the building.

6.6 For Lots 37 to 47 and 156 to 163 inclusive:

6.6.1 These Lots contain a “Building Line Limitation” relating to the reinforced earth slopes
which forms the 1in 1.5 to 1 in 2 {V:H) slopes along the Lot boundaries. The limitation
zone is shown on T+T Drawing 21854.0031-AHP5S3A-120 in Appendix A2.
Excavation, filling and/or construction within this zone is not to be undertaken, to
ensure stability of the slopes is not compromised.

6.6.2 The presence of geogrids within the reinforced earth slopes is brought to the
attention of future building and services desighers. The topmost grid is located
between 1 to 2 metres below the surface at the top of the slope, and does not
generally extend more than 2 metres back from the crest of the slope. It is not
expected that the grids will be encountered during future development of this Lot,
however, the presence of the grids should be recognized. Any exposure and/or
damage and subsequent repair to the grids during any future development must be
observed and certified by a Chartered Professional Engineer (Geotechnical) familiar
with the contents of this report.

Design of the reinforced earth slopes have assumed a maximum distributed load of
10kPa (dead plus live loads) up to the edge of the Building Limitation Line.

6.6.3  Any cut or fill walls greater than 1.5m retained height, or of any height within 2m of
the building restriction lines shown on T+T Drawing 21854.0031-AHP5S3A-120 in
Appendix A2, will require a geotechnical assessment, as a minimum, to ensure
stability of the subject or adjacent Lot is not detrimentally affected.

6.6.4 Development outside of the Building Line Limitation zone may proceed in accordance
with the recommendations outlined in Section 6.5.

6.7 Underfill (Subsoil) drainage

Underfill (Subsoil) drains have been installed during subdivisional development in the
locations shown on the Woods Shear Key, Undercut and Subsoil Drain AsBuilt Plan (Woods
Ref 37503—03A-120-AB) in Appendix Al, and on T+T Drawing 21854.0031-AHP553A~102 in
Appendix A2. These drains are considered to be maintenance free. This drainage system is
relatively deep and located so that it is unlikely to be encountered during future residential
site development. Although future works are unlikely to encounter the drains, their location
should be considered prior to designing deep foundations and, if damaged, repairs should be
observed by a Chartered Professional (Geotechnical) Engineer familiar with this report, and
notified to Auckland Council.

6.8 Stormwater and Sanitary Sewer Lines

Where building envelopes lie adjacent to or across service lines, all foundations should extend
and be founded below the 45 degree zone of influence line extending from pipe inverts. This
requirement is to avoid excessive pipe surcharges, and to allow for future maintenance of the
system without detrimentally affecting adjacent structures. Subject to approval from
Auckland Council, foundations may extend and bridge over service lines provided specific
foundation design is undertaken. A copy of the stormwater and sanitary sewer as—built plans
are included in Appendix Al.
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6.9 Road and Access Lots

Based on the fill monitoring and site observations undertaken during site development, the
filled and natural ground within Arrans Hill Precinct 5 Stage 3A is considered generally suitable
for residential road and accessway construction. Scala penetrometer testing should be
undertaken when road subgrades have been prepared to confirm subgrade strengths. Subject
to such subgrade testing, for future road construction in other parts of the Arrans Hill Precinct
5 Stage 3A development, within natural ground, a design CBR of 2% is considered appropriate,
while within engineered fill areas, a design CBR of 7% is appropriate.

6.10  Unexpected ground conditions

Our assessment is based on interpolation between borehole positions, site observations and
periodic earthworks control visits. Local variations in ground conditions may occur. Although
unlikely, unfavourable ground conditions may be encountered during site benching and
footing excavations. It is important that we be contacted in this eventuality, or in the event
that any variation in subsoil conditions from those described in the report are found. Design
assistance is available as required to accommodate any unforeseen ground conditions

present.
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7 Applicability

This report has been prepared for the benefit of WFH Properties Ltd with respect to the particular
brief given to us and it may not be relied upon in other contexts or for any other purpose without our
prior review and agreement.

It does not remove the necessity for the normal inspection of foundation conditions at the time of
erection of any dwelling, especially in cases where concrete blockwork and/or brick veneer or stucco
plaster buildings are sited partly on fill or partly on natural ground, or where they are entirely sited on
filling whose depth changes significantly across the building platform.

Tonkin & Taylor Ltd

Report prepared by: Authorised for Tonkin & Taylor Ltd by:

e . -
s : ~——
James Lee Andrew Stiles
Geotechnical Engineer Project Director

IXXL
p:\21854\21854.0031 - arrans hill p5\gcr\stage 3a\jxxl.180808.ahp5s3a-gcr.docx
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Appendix Al: Woods Drawings

o 37503-03A-100-AB Final Contour AsBuilt Plan

. 37503-03A-110—-AB Cut & Fill As—Built — Original to Lowest Surface

. 37503-03A-111-AB Cut & Fill As-Built — Lowest to Final Surface

. 37503-03A-112-AB Cut & Fill As—Built — Original to Final Surface

. 37503-03A-120-AB | Shear Key, Undercut and Subsoil Drain AsBuilt
' Plan

® 37503-03A~140-AB Reinforced Earth Batter & Slope Stabilisation

Plan

) 37503—-03A-300-AB to -302—-AB Stormwater As—Built Plans
. 37503-03A-400-AB to -402-AB Wastewater As—Built Plans
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