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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 19 No. Residential Lots cantained within Stage 2B of Arran’s Point Precinct 7 at
the Millwater Subdivision in Silverdale. Stage 2B comprises residential Lots 101 to 119 inclusive as
shown on the Woods Final Contour As-Built Plan {Woods Ref 37001-02B—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]).

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

C November 2011 Geotechnical Investigation Report for the North Bridge, Socuthern Abutment
(Ref. [4]).

d November 2013 Geotechnical Investigation Report for Arran’s Point Precinct 7 (Ref. [5]).
Woods Ltd (Woods) undertook the engineering design for this stage and the overall subdivision.

Bulk earthworks associated with development of Stage 2B of Arrans Point (Precinct 7} commenced in
March 2014 and were completed by February 2016. Earthworks comprised the following:

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

C Cut to fill earthwaorks across the entire Stage 2B area as shown on the Woods Cut & Fill As—Built
Plan Lowest to Subgrade {Woods Ref 37001-02B-110-AB) in Appendix Al.

d Construction of a 1 in 1.5 (V:H) engineered fill batter slope {RE 4}, up to 9m high along the
southern boundary of Lots 101 to 119 as shown on T+T Drawing 21854.0037-APP752B-101 in
Appendix A2.

Civil earthworks commenced on site in June 2016 and were completed by February 2017, 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 to highly expansive {Class M to H2), based on
taboratory 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 presence of expansive soils and where Lots contain, or are adjacent to,
land with slopes steeper than 1in 4 (V:H).

Foundation design for residential development should proceed in accordance with Sections 6.5 to 6.9
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 19 No. Residential Lots contained within Stage 2B of Arran’s Point Pracinct 7 at
the Millwater Subdivision in Silverdale. Stage 2B comprises residential Lots 101 to 119 inclusive as
shown on the Woods Final Contour As-Built Plan {(Woods Ref 37001-02B~100-AB) in Appendix Al.

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

a 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]).

c November 2011 Geotechnical Investigation Report for the North Bridge, Southern Abutment
(Ref. [4]).

d  November 2013 Geotechnical Investigation Report for Arran’s Point Precinct 7 {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 Arran’s Point
Precinct 7. 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 7, such works were not generally required to achieve satisfactory factors of safety against
instability for the finished development of Stage 2B. However, undercutting was required to enable
installation of the geogrid reinforcement required within the reinforced earth slope (REO4), as well as
to ensure the RE slope was 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:

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 1 No. reinforced earth slope (RE 4);

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
ohservations. As-built plans 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 and the Northern Motorway, to the north by the Orewa Estuaty and
Grand Drive 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 Arran’s Point Precinct 7, Stage 2B area of the Millwater subdivision is located within what is known
as Precinct 7 in the Orewa West Structure Plan.

The Arran’s Point Precinct 7 area is bound by Arran Drive to the west, and the Orewa estuary to the
north, south and east. The overall Arran’s Paint Precinct 7 and Stage 2B areas are shown on T+T
Drawing 21854.0037-APP752B-100 in Appendix A2.

Pre-development gradients within the Stage 2B area were gentle to moderately steep (1in3to 1in
15 (V:H)) with an overall fall to the north.

Post-development gradients within the Stage 2B area remain gentle to moderately steep (1in5to 1
in 15 (V:H)) and generally fall to the north and north-west. In order to form gentler building platform
areas, a steep reinforced earth slope of up to 1 in 1.5 (V:H) has been constructed along the southern
boundary of Lots 101 to 119 as shown on T+T Drawing 21854.0037-APP752B-101.

Stage 2B is presently accessed from the existing Maka Terrace.

1.3 Geological Setting

Published geological mapping and information indicates the Arran’s Point Precinct 7 area is underlain
by East Coast Bays materials. In addition to the East Coast Bays materials, our investigations identified
the presence of alluvial materials on site.

Arran’s Point
Precinct 7
site location

—r, > . L]
'»".ﬂ"'-% Red Beach

" 4
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"

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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h Pleistocene Age Alluvium

Up to 20 m thick and from 3 to 10 m above present base level: forms higher coastal and valley
terraces throughout the map area; in places locally discontinuous or absent. These alluvial
deposits are typically very thinly to very thickly bedded, yellow-grey to orange-brown, angular
to well rounded, mixed sizes (usually graded, coatse 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.

Geological cross-sections through the Arran’s Point Precinct 7, Stage 2B area, based on site
investigations and observations during construction, are enclosed as Drawing Number 21854.0037—
APP752B-103 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

Buik 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 March 2014 through to February 2016 under Hicks’
control. Civil earthworks and construction for the residential Lots were also under Hicks’ control and
were undertaken progressively from fune 2016 through to completion in February 2017,

Key Stage 2B earthworks components included:

Stripping of vegetation, organic materials and topsoil to stockpile.
b installation of subsail drains.

c Cut to fill earthworks across the entire site as shown on the Woods Cut & Fill As—Built Plan
Lowest to Subgrade (Woods Ref 37001-02B~110-AB) in Appendix Al.

d Construction of a 1 in 1.5 {V:H) engineered fill batter slope (RE 4), up to 9m high, along the
southern boundary of Lots 101 to 119 as shown on T+T Drawing 21854.0037-APP752B—101 in
Appendix A2,

Key Stage 2B 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, reinforced earth slope, undercuts and subsoil drainage as—built plans are included in
Appendix Al (Woods Drawings 37001-02B-100-AB, —110 to —111 and ~120 to —122), and show the
earthworks undertaken across the site.

We note that, at time of writing, a topsocil stockpile remains across a number of the Lots, and the as-
builts presented herein are based on the subgrade surface prior to placement of the stockpile. We
understand this stockpile will be removed prior to release of the Lots.
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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 (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 {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 Arran’s Point Precinct 7 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, as shown on
the Woods Shear Key, Undercuts & Subsoil Drains As—Built Plans (Woods Ref 37001-028-120-AB) and
on T+T Drawing 21854.0037-APP752B8-102 in Appendix A2.

3.2 Reinforced Earth Slope
A reinforced earth slope (RE 4) was constructed during the bulk earthworks within Stage 2B.

The slope comprises biaxial geogrids placed at 0.5m (vertical) intervals within the well compacted
engineered fill, placed in accordance with the bulk earthworks specification {Section 2.3 above). The
grids extend up to within 1.5m (vertical) of the slope crest. They have been placed at various lengths,
starting at the face of the slope.

A typical cross-section through the RE slope is shown on T+T Drawings 21854.0037-APP752B-104 and
105 in Appendix A2,

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

Construction of the RE slope comprised the following:

Foundation preparation;

Placement and compaction of fill to the required levels;

Placement of the geogrid layers, ensuring that the grid is held tightly in place;
Spreading of fill across the surface of the geogrid with lightweight plant;
Compaction and placement of further fill up to the level of the next grid layer; .

- D O 0 T D

Installation of Enkamat across the face of any slopes steeper than 1 in 2 (V:H} to assist in
retention of the topsoil facing while vegetation is established.

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, taking care not to damage the geogrid.

As noted in Section 3.1, a drainage blanket was installed at the rear of the reinforced block of soil and
comprised a minimum of 300mm thickness of SAP50 scoria, covered in Bidim A19 geotextile filtercloth
and a cap of cohesive fill 2.0m in thickness. A 160mm diameter perforated Nexus pipe at the base of
the drainage blanket provides a discharge outlet for any groundwater captured in the drainage
blanket. The drainage pipe is connected into the stormwater system.
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