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Executive summary

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd {WFH} to monitor and provide
earthworks certification for the 33 No. Residential Lots contained within Stage 4C of Precinct 2 in the
Millwater Subdivision in Silverdale. Stage 4C comprises residential Lots 371, 399, 425 to 431, 438 to
445, 455 10 470 inclusive as shown on the Woods Final Contour As-Built Plan (Woods Ref 33220-04C~
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:

a 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 2004 Geotechnical Investigation Report for the Wainui Road Subdivision (Ref. [4]), updated in
October 2005 following scheme modifications (Ref. [5]).

d 2006 Investigation report following purchase of Westlake property (Ref. [6]).
e May 2014 Geotechnical Investigation Report for Precinct 2 (Ref. [7]).
Woods Ltd (Woods) undertook the engineering design for this stage and the overall subdivision.

Bulk earthworks commenced on site in late 2014 and were completed by October 2016. Earthworks
comprised the following:

a Stripping of vegetation, organic materials and topsoil to stockpile.

b installation of gully and subsoil drains.
Construction of 1 No. Shear Key (SK03} as shown on T+T Drawing 21854.001-P254C-101 in
Appendix A2.

d Cut to fill earthworks across the entire site, incorporating construction of 3 No. reinforced earth

slopes {i.e. part of RE 604, RE 605 and RE 606), as shown on T+T Drawing 21854.001-P254C~
101 in Appendix A2.

Civil earthworks commenced on site in February 2017 and were completed by July 2017, and
comprised the following:

a Minor cut to fill earthworks across parts of the site as part of the final Lot development, as
shown on the Woods Cut/Fill Contour As—Built Plan Earthworks Surface — Final Surface (Woods
Ref 33220-04C-111-AB) in Appendix Al.

b Construction of 3 No. timber pole retaining walls (i.e. part of Wall 305, Wall 306 and Wall 307}
in the location shown on the Woods Retaining Wall As—Built Plans (Woods Ref 33220-04C-130-
AB to —132) in Appendix Al, and T+T Drawing 21854.001-P254C~101 in Appendix AZ2.

c Installation of roading and services.

Overall subdivisional soil types are moderately to highly expansive {Class M to H1}, based on
laboratory testing undertaken in accordance with AS 2870:2011 (Ref. [9]). Due to this classification,
soils lie outside the definition of good ground within NZS 3604:2011 (Ref. [10]). Building foundations
will require either specific foundation design for expansive soils or foundation design in accordance
with AS 2870:2011 (Ref. [9]). 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.

Foundation design for residential development should proceed in accordance with Sections6.5t0 6.11
of this report.
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1 Introduction

1.1 General

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd (WFH) to monitor and provide
earthworks certification for the 33 No. Residential Lots contained within Stage 4C of Precinct 2 in the
Millwater Subdivision in Silverdale. Stage 4C comprises residential Lots 371, 399, 425 to 431, 438 to
445, 455 to 470 inclusive as shown on the Woods Final Contour As—Built Plan {Woods Ref 33220-04C-
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]}. :

€ 2004 Geotechnical Investigation Report for the Wainui Road Subdivision (Ref. [4]), updated in
October 2005 following scheme modifications (Ref. [5]).

d 2006 Investigation report following purchase of Westlake property {Ref. [6]).

e May 2014 Geotechnical Investigation Report for Precinct 2 (Ref. 71}

The preliminary (Ref. [1], [2]) and investigation reports {Ref. [3], [4], [5], (6], [7]) noted the presence
of existing instability comprising landsliding, soil creep and shallow slope movement across much of
Precinct 2. These features were proposed to be stabilised, and/or undercut and replaced with
engineered fill, during development works. Stability analyses further indicated that shear keys and
geotechnical remediation works were also required to achieve satisfactory factors of safety against
instability for the finished development of Stage 4C.

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 cantrol of
the works and, where applicable, included in completion reporting.

The scope of work covered by this compietion report includes:

Review of geotechnical investigation reporting for the site; _
b Monitoring and certification of earthworks operations in compliance with NZS 4431:1989 (Ref.

[81);

C Monitoring and certification of construction of 3 No. timber pole retaining wall {i.e. part of Wall
305, Wall 306 and Wall 307);

d Assessment of soils for expansive conditions in accordance with AS 2870:2011 (Ref. 9));

e Certification of completed Lots for residential development in accordance with NZS 3604:2011
{Ref. [10]).

Woods Ltd (Woods) undertook subdivision engineering design and civil works construction
ohservations. As-built plans showing final contours and cut and fiil 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 Precinct 2, Stage 4C area of the Millwater subdivision is located within what is known as Precinct
2 in the Silverdale North Structure Plan,

The Precinct 2 area is bound by Manuel Road to the northwest, Old Mill Road to the east, Wainui Road
to the south and west, and Precinct 3 to the northeast. The overall Precinct 2 and Stage 4C areas are
shown on T+T Drawing 21854.001-P254C-100 in Appendix A2.

Pre-development gradients within the Stage 4C area were gentle to moderately steep (1in15to 1 in
3 (V:H)) with an overall fall to the south east.

Post-development gradients within the Stage 4C area are gentle (1in 15to 1in 10 (V:H)) and generally
fall to the south east as before. In order to form more level building platforms, 3 No. timber pole
retaining walls and 3 No. reinforced earth slopes (1in 1.5 (V:H)) have been constructed along some
Lot boundaries as shown on T+T Drawing 21854.001-P254C-101.

Stage 4C is presently accessed from the existing Manuel Road.

1.3 Geological Setting

Published geological mapping and information indicates the Precinct 2 area is underlain by Northland
Allochthon materials. In addition to the Northland Allochthon, our investigations identified the
presence of alluvial materials on site.

Precinct 2 site
location

Figure 1 - Local Geology (from Edbrooke)

Land south of the Orewa River is located on an area of extensively deformed and sheared mudstones
and muddy to sandy limestones described as Onerahi Chaos — Northland Allochthon material. Recent
stream alluvium and slope colluvium derived from residual Northland Allochthon material is mapped
towards the base of the gullies at the bottom of the slopes. Recent stream alluvium and discontinuous
areas of older Pleistocene Age alluvium are also likely to be present overlying the Northland
Allochthon.
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Summary descriptions of geological units in Wainui/Manuel Roads area {after Kermode 1991} are as
follows:

a

Northland Allochthon

Deformed sediments, commonly known as Onerahi Chaos - Northland Allochthon: forms
hummocky roliing hills covering more than 100 km? west of Whangaparaoa Peninsula. Mixture
of undifferentiated deposits of various and widely sized {cm-km), randomly oriented blocks
comprising conglomerate limestone, mudstone, alternating sandstone and mudstone, and
serpentinite in a matrix of closely fractured and crushed, moderately soft, grey, brown, and
greenish grey mudstone and some sandstone (calcareous or siliceous). Some of the large
blocks, especially of limestone, have been mapped individually.

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 ora nge-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-tich clay and white, pumice silt.

Geological cross—sections through the Precinct 2, Stage 4C area are enclosed as Drawing Numbers
21854.001—-P254C~103 to —104 in Appendix A2. Borehole logs from the post-earthworks investigations
are enclosed in Appendix E.

Fill material placed across the site to form the final design profile typically comprised site-won
Northland Allochthon.
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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 when 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 D6 and D8 bulldozers
and scoops, motor scrapers, 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 late 2014 through to October 2016 under Hicks' control.
Civil earthworks and construction for the residential Lots were also under Hicks” control and were
undertaken progressively from February 2017 through to completion in July 2017.

Key Stage 4C earthworks components included:

a  Stripping of vegetation, organic materials and topsoil to stockpile.

b Installation of gully and subsoil drains.

c Construction of 1 No. Shear Key (SK03) as shown on T+T Drawing 21854.001-P254C-101 in
Appendix A2.

d Cut to fill earthworks across the entire site, incorporating construction of 3 No. reinforced earth

slopes (i.e. part of RE 604, RE 605 and RE 606), as shown on T+T Drawing 21854.001-P254C~
101 in Appendix Al.

Key Stage 4C civil works components included:

a Minor cut to fill earthworks across parts of the site as part of final Lot development, as shown
on the Woods Cut/Fill Contour As—Built Plan Earthworks Surface — Final Surface (Woods Ref
33220-04C-111-AB) in Appendix Al.

b Construction of 3 No. timber pole retaining wall (i.e. part of Wall 305, Wall 306 and Wall 307)
in the location shown on the Woods Retaining Wall As—Built Plans (Woods Ref 33220-04C-130-
AB to —132) in Appendix Al, :

o Instaliation of roading and services.
The earthworks, reinforced earth slopes, shear keys, undercuts, subsoil drainage, and retaining wall

as-built plans are included in Appendix Al (Woods Drawings 33220-04C-100-AB, —110 to ~112, -120,
—130 to —132 and —150}, 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],16),[7]) 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 (Shear Keys & 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 {Shear Keys & Reinforced Earth Fill Slopes):

Average value not more than 8%

Minimum 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. [8]). 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 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 within the original gully alignments across Precinct 2
during the original bulk earthworks, in addition to those drains installed as part of the shear key,
reinforced earth slope and timber pole retaining wall construction.

The subsoil drains installed within the original gullies and shear key were excavated into the underlying
rock to intercept groundwater and springs. The subsoil drains comprised 600mm to 1m wide trenches,
installed in the base of the mucked out gully alignments, prior to placement of up to 10m of fill, and
backfilled with:

160mm diameter, Hiway grade, perforated Nexus pipes along the base of the trench.
SAPS0 scoria over the top of the Nexus pipe to within 1m of the ground surface (at time of
construction).
o Bidim A19 geotextile filter-cloth over the top of the scoria.
d Compacted, engineered fill within the top metre of the trench.

The gully drains discharge into the main downslope gully that runs centrally through Precinct 2.
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 SAPS0 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 within
Precinct 2. '

in addition to the above, subsoil drains were installed as part of the retaining wall structure.

Timber pole wall drainage comprised a 110mm diameter Nexus pipe covered in SAP50 scoria installed
along the rear of the timber poles and brought through under the base of the wall to discharge into
the reticulated stormwater system. A cap of engineered fill was placed over the top of the drainage
trench to limit surface seepage.

The subsoil drainage system and connections are shown on the Woods Shear Key, Undercuts & Subsoil
Drains As—Built Plan {Woods Ref 33220-04C-120-AB) in Appendix Al, and on T+T Drawing
21854.001-P254C~102 in Appendix A2.

3.2 Shear Key

Based on stability analyses undertaken as part of the investigation reporting, shear keys were
identified as being required across Precinct 2 to provide satisfactory factors of safety against instability
for the finished development of Stage 4C.

Shear Key 03 (5K03) was excavated within Stage 4C during the recent bulk earthworks in the location
shown on the T+T Drawing 21854.001-P254C-101, included in Appendix A2. Excavations for SKO3
were inspected and mapped by an Engineering Geologist to check that the key base had been
extended sufficiently into the underlying more competent Northland Allochthon rock materials, and
that there were no apparent adverse structural features or lower strength materials exposed within
the base of the excavation. Any areas of suspect ground, including areas of identified land-slippage,
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were removed under the instruction of our site Geologist and replaced with well compacted
engineered fill, placed in accordance with the bulk earthworks specification (Section 2.3 above).

The shear key long-section for SK03 was developed based on the mapping undertaken and is included
in Appendix A2 {Drawings 21854.001-P2S4C—~107). This section shows the materials exposed within
the rear of the shear key excavation and relevant geological structural information mapped during our
inspections.

Following completion of the shear key excavation, drainage blankets were placed along the rear face
of the key, and comprised the foliowing:

a 160mm diameter perforated Hiway grade Nexus drain pipe: This was run along the base of the
rear of the excavation and connected to the gully subsoil drainage in several locations (as per
the Woods As-Built plan 33220-04C-120-AB). Additional Nexus drain pipes were also installed
along mid-height benches where appropriate and connected into the key drainage outlet
system.

b SAP50 scoria: A layer of minimum 300mm thickness of SAP 50 was placed across the entire rear
face, and extended to within 1.0m of the top of the key. It should be noted that the top of the
key at this stage generally coincided with the original ground surface.

o Bidim A19 geotextile filtercloth: This was placed over the surface of the SAP 50 scoria to prevent
contamination of the drainage aggregate with overlying bulk earthworks materials.

The rear face drainage blanket was extended up to at least 1 metre above the soil / rock interface to
intercept perched groundwater flows which typically flow along this interface. '

Ground conditions exposed during shear key 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 Slope

Three reinforced earth (RE) slopes {i.e. part of RE 604, RE 605 and RE 606) were constructed during
the recent bulk earthworks within Stage 4C.

The slopes comprise 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 tengths,
starting at the face of the slope.

Typical cross-sections through the RE slopes are shown on T+T Drawing 21854.001-P254C-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 1in 1.5 (V:H).

Construction of the RE slopes comprised the following:

-~ D O O T W

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;

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.
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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 fiitercloth
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.

This slope has been designed to accommodate construction of a lightweight structure of up to a
maximum distributed load of 10kPa at the crest of the slope.

The reinforced earth slope drainage system is also shown on the T+T As—Built plans in Appendix AZ2.

3.4 Timber Pole Wall

Three timber pole retaining walls were constructed across this stage of the subdivision, comprising
part of Wall 305, Wall 306 and Wall 307 at the location shown on T+T Drawing 21854.001-P254C-101.
These walls were designed by T+T and allow for the various design conditions encountered across the
stage, including toe slopes, stope surcharges and vehicle surcharges, as appropriate. Construction
drawings for Walls 305 to 307 were issued in February 2016 and a copy of these are included in
Appendix A2. These walls were constructed by JG Civil Ltd (JGCL} under two separate Civils
construction packages, namely Stages 3B and 4A.

The walls comprise high density timber poles installed to various depths dependent on design
conditions. Inspections for these walls were undertaken by T+T staff to confirm pile hole diameter,
depth and spacing, pile sizes, and installation of drainage materials and lagging, in accordance with
the design drawings.

The drainage pipes from behind the walls are connected into the stormwater system, as shown on the
Woods retaining wall as—built plans in Appendix Al, although connection of the 3B wall drainage to
"the stormwater system was undertaken during the Stage 3C works.

These walls have been designed to accommodate a maximum 5kPa surcharge, although development
immediately behind/above the walls are likely to be precluded by Council ptanning rules.

Certification of Wall 305 in accordance with the relevant Engineering Approval has been supplied
under a separate cover as part of the Stage 3B certification process (refer T+T letter report Reference
21854.001/P253B, dated 5 September 2016). Certification of Walls 306 and 307 in accordance with
the relevant Engineering Approval has been supplied under a separate cover as part of the Stage 4A
certification process {refer T+T letter report Reference 21854.001/P254A, dated 16 May 2017}.

Tonkin & Taylor Ltd August 2017
MILLWATER - PRECINCT 2 STAGE 4C - Gectechnical Completion Report Job Mo: 21854.001/%4C.v1
WFH Properties Lid




4 Stability Analyses

As noted in Section 1, slope stability analyses undertaken during the investigation stage of the project
identified the need for shear keys to be constructed across Precinct 2 so as to provide acceptable
factors of safety against slope instability for the finished development of Stage 4C.

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;

¢ - 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 Precinct 2, Stage 4C straddle a range of “design conditions” including cut
ground, filled ground and expansive soils. 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. [10]). 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. [10]). In terms of AS 2870:2011 (Ref. [9]), the soils present
are considered to lie within Site Class M to H1 (moderately to highly expansive} with characteristic
surface movements anticipated to be in the range of 20mm fto A0mm and 40mm to 60mm
respectively. Due allowance should be made for expansive soils, as discussed in Section 5.11.

Where a geotechnical ultimate bearing capacity greater than 300kPa is required to support any
dwelling constructed outside the scope of NZ5 3604:2011 (Ref. [10]), further specific site investigation
and design of foundations will be required.

5.3 Settlement

From our inspections during earthworks operations, and the results of compaction quality control
testing, we consider that differential settlement induced by self-weight of engineered fill should now
be largely complete. Further fill settlements should be within normally accepted design tolerances of
25mm, as outlined in NZS 3604:2011 (Ref. [10]}), with respect to conventional building development.

Settlement plates were installed in the areas of greatest fill thickness, prior to fill placement, to
monitor the settlement of the subgrade through Precinct 2. This menitoring shows that settlements
of up to 5mm have occurred during development. This settlement occurred between December 2016
and May 2017, with no record of on-going movement since May 2017. We consider that settlement
of the underlying soils is also essentially complete under the current surcharge.

We note that NZ$ 3604:2011 (Ref. [10]) allows a maximum fill surcharge of 600 mm over the building
platform during future development in order to minimise the risk of ground settiements exceeding 25
mm. Filling in excess of this thickness should be subject to specific foundation design and assessment.

5.4 Retaining walls

Due to the shallow grades across most of the Stage 4C Lots, it is not anticipated that significant
retaining walls will be required as part of any Lot development. However, if walls are required, then
the retaining wall design will be dependent on the site specific requirements.
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For preliminary design we recommend the use of the following geotechnical design parameters:
y = 18 kN/m?,
¢ =0 kPa,
@' =30°,
Ka = 0.30,
K, = 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 fifl (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.

The existing timber pole retaining walls constructed within the Precinct 2 Stage 4C area is shown on
the Woods Retaining Wall As—Built Plans (Woods Ref 33220-04C-130-AB to —132). These walls have
been designed to accommodate a maximum 5kPa surcharge, although development immediately
behind/above the walls are likely to be precluded by Council planning rules. The presence of these
walls should be taken into account for any proposed works downslope of the walls, specifically to
ensure that any proposed cuts do not undermine the base of the walls. In general, earthworks should
be limited to no closer than 1.5m from the toe of the walls.

For clarity, the Lots within Stage 4C that will need to consider the presence of the existing retaining
walls during site development are:

a Timber wall 305 — Lot 399 inclusive
b Timber wall 306 — Lots 455 to 462 inclusive
C Timber wall 307 — Lots 463 to 470 inclusive

5.5 Subsoil Drainage

Following gully muckouts during initial bulk earthworks, groundwater drainage was installed using
Nexus drains covered in geotextile cloth to permanently handle ground water flows.

The extent of the subsoil drainage systems are shown on the Woods Shear Key, Undercuts & Subsoil
Drains As—Built Plan (Woods Ref 33220-04C-120-AB) in Appendix Al, and on T+T Drawing
21854.001-P254C—-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.

The Woods Shear Key, Undercuts & Subsoil Drains As—Built Plan (Woods Ref 33220-04C—120-AB)
shows the location of the subsoil drainage through this Stage.

Tonkin & Taylor Ltd August 2017
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5.6 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 these investigations, we
confirm that the subsoils are considered to have a geotechnical uliimate bearing capacity of 300kPa,
as required by NZS 3604:2011 (Ref. [10]). 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 are attached in Appendix E{T+T Drawing 21854.001-P254C-111).

5.7 Stormwater

Public stormwater services have been installed within the Precinct 2, Stage 4C. Stormwater and runoff
from roofs, decks and paved areas, together with discharges from retaining wall drains and other
subsoil drains must be connected directly into the public stormwater drainage network. '

5.8 Service lines

Trench backfill has been compacted to minimise potential for future settlements. However, where
building envelopes lie adjacent to or across service fines, 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 as~built-plans are included in Appendix A1 (Woods Stormwater As—-Built
Plans, Woods Ref 33220-~4C—-300-AB to —303).

5.9 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 Precinct 2 Stage 4C development, within natural
ground, a design CBR of 2% is considered appropriate while, within engineered fill areas, a design CBR
of 7% is appropriate, '

5.10 Topsoil

Following completion of topsoil spreading and grassing, topsoil depths were measured in
representative Lots and these are shown on T+T Drawing 21854.001-P254C-112 attached in Appendix
E. Due to variations in placement depths and earth worked surface levels, topsoil depths may vary
from those recorded.

5.11 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.

Tonkin & Taylor Lid August 2017
MILLWATER - PRECINCT 2 STAGE 4C - Geotechnical Completion Report Job Neo: 21854.001/54C.v1
WFH Properties Ltd




13

Apart from seasonal moisture changes (wet winters / dry summers) other factors that can influence
soil moisture content include:

Influence of garden watering and site drainage;

b The presence of large trees (especially fast growing Australian species such as euca lyptus) 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. [10]).

In terms of AS 2870:2011 (Ref. [9]), the soils present are considered to lie within Site Class M to H1
{(moderately to highly expansive) with characteristic surface movements anticipated to be in the range
of 20mm to 60mm.

Accordingly, building foundations on this stage of the subdivision will need to be subject to specific
foundation design 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
he made to AS 2870:2011 (Ref. [9]) for assistance.

Tonkin & Taylor Ltd August 2017
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6 Statement of Professional Opinion as to the Suitability of Land for
Building Development

I, Mr C.J. Freer of Tonkin & Taylor Ltd, P O Box 5271, Wellesley St, Auckland, hereby confirm that:

6.1 |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 Precinct 2 Stage 4C {comprising residential Lots 371, 399, 425 to 431,
438 to 445 and 455 to 470 inclusive) of the Millwater Residential Subdivision Development off
the Millwater Parkway in Silverdale. Inspection and observation of the works have been carried
out during construction by either myself or staff acting under my direction.

6.2 The extents of preliminary investigations are described in Tonkin & Taylor Ltd Precinct 2
Geotechnical Investigation Report Ref No. 21854.001 dated May 2014. 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}.

6.3 The Contractors have 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.

6.4 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 33220, Millwater,
Precinct 2, Stage 4C, Drawing Numbers 33220-04C~100-AB and —110 to —112, have
been generally placed in compliance with NZS 4431:1989 {Ref. {[8]).

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

6.5 For Residential Lots 371, 425 to 431 and 438 to 445 inclusive:

6.5.1 These Lots contain a “Building Line Restriction” relating to the reinforced earth slopes
which form the 1 in 1.5{V:H} slopes along the Lot boundaries. The restriction zone is
shown on T+T Drawing 21854.001-P254C-110 in Appendix A2. Excavation, filling
and/or construction within this zone is not to be undertaken, to ensure stability of the
slope is not compromised.

6.5.2 The presence of geogrids within the reinforced earth slopes is brought to the
attention of future building and services designers. 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 these Lots,
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 slope has assumed a maximum distributed load of
10kPa (dead plus live loads) up to the crest of the slope.

Tenkir & Taylor Ltd August 2017
MILLWATER - PRECINCT 2 STAGE 4C - Gectechnical Completion Report lob No: 21854.001/54C.v1
WFH Properties Ltd




6.5.3

15

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 21854.001-P2S4C-110 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 For Residential Lots 399, 425 to 431, 438 to 445 and 455 to 470 inclusive:

6.6.1

6.6.2

6.6.3

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 6.6.2 to 6.6.5.

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. [10]). '

Expansive soils

Due to the presence of expansive clay soils, foundation'soﬂs lie outside the definition
of ‘good ground’ in NZS 3604:2011 (Ref. [10]). Soils are considered to lie in Site Class
M (moderately expansive} as defined in AS 2870:2011 (Ref. [9]) with anticipated
characteristic surface ground movements of 20mm to 40mm. Clause 6.6.3.1 of this
Geotechnical Completion Report may be used for expansive soil foundation design on
this subdivision:

6.6.3.1  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 embedmeht of 600 mm following topsoil
removal and benching of building platform areas to finished ground
levels

if) 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. [9]), Section 4 and related documents.

Tonkin & Taylor Ltd

August 2017
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6.6.4

6.6.5

6.6.6

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 hardfili
placement and concrete pouring to avoid undue shrink or swell movements.

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.

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)
Engineer familiar with the contents of this report and responsible for design of
structural elements of the building.

6.7 For Residential Lot 371 inclusive:

6.7.1 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 6.7.2 10 6.7.5.
6.7.2 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. [10]).
6.7.3  Expansive soils
Due to the presence of expansive clay soils, foundation soils lie outside the definition
of ‘good ground’ in NZS 3604:2011 (Ref. [10]). Soils are considered to lie in Site Class
H1 (highly expansive) as defined in AS 2870:2011 (Ref. [9]} with anticipated
characteristic surface ground movements of 40mm to 60mm. Clause 6.7.3.1 of this
Geotechnical Completion Report may be used for expansive soil foundation design on
this subdivision:
Tonkin & Taylor Ltd August 2017
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6.7.3.1  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:

iv) Minimum foundation embedment of 750 mm following topsoil
removal and benching of building platform areas to finished ground
levels

V) Four bar steel reinforcing cages should be used

vi) 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. [9]), Section 4 and related documents.

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 capiliary 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 acceunt 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.

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.

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)

Tonkin & Taylor Ltd
MILLWATER - PRECINGT 2 STAGE 4C - Geotechnical Completion Report Job No: 21854.001/54C.v1
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6.8

6.9

6.10

6.11

Engineer familiar with the contents of this report and responsible for design of
structural elements of the building.

Underfill {Subsoil) drainage

Underfill (Subsoil) drains have been installed during subdivisional development in the
locations shown on the Woods Shear Key, Undercuts & Subsoil Drains As—Built Plan {Woods
Ref 33220-04C-120-AB) in Appendix Al, and on T+T Drawing 21854.001-P254C-102 in
Appendix A2. These drains are considered to be maintenance free. This draihage 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.

The Woods Shear Key, Undercuts & Subsoil Drains As—Built Plan (Woods Ref 33220-04C-120-
AB) shows the location of the subsoil drains through these Lots.

Stormwater and Sanitary Sewer Lines

Where building envelopes lie adjacent to or across service fines, 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 as—built plans are included in
Appendix Al.

Road and Access Lots

Based on the fill monitoring and site observations undertaken during site development, the
filled and natural ground within Precinct 2, Stage 4C 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 Precinct 2 Stage
4C development, within natural ground, a design CBR of 2% is considered appropriate, while
within engineered fill areas, a design CBR of 7% is appropriate.

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.

Tonkin & Taylor Ltd August 2017
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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: Technical review by:

Andrew Linton Andrew Stiles
Senior Geotechnical Engineer Senior Geotechnical Engineer

Authorised for Tonkin & Taylor Ltd by:

Chrisfreer |
Project Director BE (Civil), MIPENZ, C.P. Eng.

JXXL
p:\21854\21854.001 - precinct 2\ger\stage 4c\jod 170711 p2sdc-ger - final.doex
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Appendix Al: Woods Drawings

e  33220-04C-100-AB
e  33220-04C-110-AB

. 33220-04C-111-AB
. 33220-04C-112-AB
. 33220-04C-120-AB

. 33220-04C-130-AB to -132
. 33218-04A-130-AB
. 33217-03C-130-AB
. 33220-04C-300-AB to.—303

Final Contour As—Built Plan

Cut/Fill Contour As—Built Plan
Original Surface — Earthworks Surface

Cut/Fill Contour As—Buiit Plan
Earthworks Surface — Final Surface

Cut/Fill Contour As—Built Plan
Original Surface — Final Surface

Shear Key, Undercuts & Subsoil Drains As—Built
Plan

Stage 4C Retaining Wall As—Built Plans
Stage 4A Retaining Wall As-Built Plan
Stage 3C Retaining Wall As-Built Plan

Stormwater As—Built Plans
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(11)B 11/285 PL, RO, VT, CN

(16} F 20-81" @ 275-307" /UN/SM/CN
(11} B 27° @ 337" JUN/SM/CN

(21)B 27" @ 241 /UN/SM/CEN
(22) B 68" @ 248" /UN/SM/CN

(26) Zone of highly fractured N>50 Northern Allochthon.
(27)B 5" @ 299" /UN/SM/CN

(12) SZ 14°/260" UN, SL, T, CV
80 (13) 400mm thick block of mod. strong S/ST of 127 @ 263 {(18) B 30° @ 319" JUN/SM/CN (23) F 22—42° @ 261—314" /UN/SM/CN (28)8 50° ® 267" /UN/SM/CN r 69
(14) F 26—-70" @ 255—-310" /UN/SM/CZ (600— 100mm thick). (19) Zone of fibrous organics within the base of the gully. Alluvium (24) F 19—-47" @ 280-300" /UN/SM/CZ( 1000~ 1900mm thick) (29) F 10-35" @ 260-310" /UN/SM/CN/100mm Offset.
(15) B 6—20" @ 240-350" /UN. Possible Shear Zone (20) B 23" @ 263" /UN/SM/CN 25) F 27" @ 267" /UN/SM/CN (same as feature 24). (30) B 18—-27" @ 252—-297" /UN. Possible Shear Zone.
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(3) B 12" @ 296" /UN/SM/CN (36) F 35-75" /UN/SM/CN (41} F 30—60" /UN/SM/CN/400mm offset (46} F 45-60" /UN/SM/CN
(32) F 839" @ 296" /UN/SM/CV(Clayey silt) (37) J 20-70" JUN/SM/CN (42) J 15-75" /UN/SM/CN (47)B 26' @ 279°/UN/SM/CN
60 (33) F 47-62" @ 271-312" JUN/SM/CN/BOCmm Offset. (38) Shear Zone 40—60° /UN/SM/CZ{1000—1300mm thick) (43) F 50—85" /UN/SM/CN/300mm Offset. (48) B 33' @ 276"/UN/SM/CN r &0
{34) Shear Zone 35-72° @ 273—306" /UN/SM/CZ/700— 1000mm thick. (39) B 35-60" /UN/SM/CN. {@4) F 80" /Pl/SM/CZ(700—1200mm thick). {49) J 62" @ 330°/UN/RO/N/CN
(35) Angular to sub—angular, calcite smented cobbles & (40) F 60—B0" J/UN/SM/CN/600mm offset (45) J 30—75" /UN/SM/CN (50) Multiple bedding planes B 20-60" /UN/SM/CN
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ORIGINAL IN COLOUR

DEFECT CODE LEGEND

LONGSECTION MATERIAL LEGEND

Alluvium

Silty Clay and Clayey Silt, firm to stiff, moist to wet,
light grey to white, organic layers, generally thinly
bedded (subhorizontal)

Northland Allochthton residual soil, stiff to very stiff silts
and clays, moist, moderately to highly plastic, light
yellow grey

NORTHLAND ALLOCHTHON
Slltstone, highly weathered to moderately weathered, grey,

dark grey and light brown, fractured, common minor
polished surfaces at various orientations, generally dry

NORTHLAND ALLOCHTHON

Mudstone, highly weathered, grey and
red/brown, fractured, common minor polished
surfaces at various orientations, dry to damp
NORTHLAND ALLOCHTHON

Sandstone, highly weathered to moderately

weathered, grey/brown and light green/grey,
fractured, generally dry

Saturated zone

Groundwater seepage

Seepage

Shear Surface

Existing Ground Level

Undercut Level

SHAPE ROUGHNESS APERTURE

TERM CODE DESCRIPTION CF CODE TERM SYMBOL DESCRIPTION
JOINT SURFACE (Seperation)

Planar PL Slickensided SL Very Tight VT less than O.1mm

Slightly Curved sC Smooth SM Tight T 0.1 to 1.0mm

Curved Ccv Defined Ridges DR Open 0] 1.0 to 10.0mm

Irregular IR Small Steps ST Very Open VO more than 10mm

Stepped ST Rough R

Wavy Wy Very Rough YR

Undulated UN

INFILLINGS AND COATINGS

Clay Gouge CG

Clay Veneers [#4%

Penetrative Limonite  PL

Joints have openings between opposing faces of intact rock substance in
excess of Imm filled with clay gouge.
Clay is generally described in terms of soil properties.

Joints contain clay coating whose maximum thickness does not exceed 1mm.
Note: Describe clay in terms of soil properties.

Joint traces are marked in terms of well defined zones of slightly to
moderately weathered ferruginised rock—substance within the adjacent rock.

Joint surfaces are stained or coated with limonite, although the rock

Li i tained St
ranibe Staine e substance immediately adjacent to the joints is fresh.
Coated cT Joints exhibit Coatings other than clay or limonite, eg. Carbonate (CT) or
sC silica (SC)
Cemented cL Joints are cemented with limonite (CL), silica {CS), or carbonates (CC)
Cs
cc
Clean CN Joint surfaces show no trace of clay, limonite, or other coatings
TYPICAL EXAMPLE:
DiPE (3)480/152’, PL, SL, T, CV, stiff green CLAY
TERM CODE SYMBOL
Bedding B 5 =———— Dip angle
—I———— Strike
Joint J ss—=——— Dip angle
—. . Strike 509 = T A o~
. a%=e 2 5 8 35 'E; 25
Shear zone | SZ 2" ————— Dip angle 275 § & £ % a3
_____ Strike £ e 3 a8 E 8o
Fault trace F 40 ———— Dip angle 3 ° 3’ - E 3 &
—h— strike = L 2=
; = =
o} = =0
= = T
= =9
E o
n
2
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300 min thick compacted clay
cap wilh Bidim A19 geotextile (or
similar approved) separating clay
and drainage material

Refer to Table A for
maximum allowed back slope

Geotextlls bidim A19 or similar approved

Backfill any over excavalion
with compacted GAPES

300 min thick SAP50 drainage
materlal (or simlior approved)

1
§0x200 H4 treated timber lagging (top 2m of wiall)
2No. 50%200 H4 treoted timber logging (below top 2m of wall)

1104 perforated Nexus Hi—way grade
pipe (top of pipe o be ot some level
os FGL In front of wall) connected to

stormwater system at lowest point

Paal type fence bolted to well lagging
(where vall greater than 1m retained height)

/—Top of pole to be scorfed ot 20
and cut surface treated with
Ensele or similar opproved product

—

v aigp) Jaiad qybiay pauibiad XON

Refer to Table A for moximum
allowed forward slope

100

T B

H5 limber pole (Refer Table A for pole
diameter, spacing, length and density)

20MPa concrete encasement

50 thick precast
concrete pucker_\'

TYPICAL DETAIL — TIMBER POLE RETAINING WALL (TP)

¥ aiqpL 49j94 ‘yidap JuALUpaqUE WRWILIA

L —
Concrete encasement
\ l diometer, refer Toble A

SCALE 1:50

i Refer to Table A |

A3 SCALE 1:50

(g 0.5 1.0 1.5 2.0 2i5 {m)

TABLE A: TIMBER POLE DETAIL TABLE
wall No. Wall Pile Type Retalned | Pile Length MimInum Pole/Plle Slze Pole Pole Spacing | Min Hole | Maximum | Maximum
Type Helght {m) (m) Embedment {m) {mm) Denslty (m) Size (mm) | Backslope | Frontslope
C |Timber Pole 53.0 9 6 375 High 1.2 525 1viizh 1v:12h
E3 |Timber Pole $2.5 7.5 5 300 High 12 450 1v:ii2h 1v:12h
306,308| F1 |Timber Pole <2.0 6 4 225 High 12 375 1v:12h 1v:12h
G |Timber Pale <1.5 4.2 2.7 200 High 1.2 350 1vii2h iviizh
H [Timber Pole £1.0 24 14 150 High 1.2 300 1v:i2h 1viizh
D |Timber Pole <3.0 8 5 350 High 1.2 500 1viizh 1viizh
E3 |Timber Pole 2.5 5 5 300 High 1.2 450 1viizh 1viizh
304,305| F1 |Timber Pole £2.0 6 4 225 High 12 375 1viizh 1viizh
G |Timber Pole <15 4.2 27 200 High 12 350 1vi1Zh 1vii2h
Timber Pole £1.0 24 14 150 High 12 300 1v:ii2h 1viizh
E |Timber Pole <25 7 45 275 High 1.2 425 1v:12h 1v:12h
269 F1 |Timber Pole 2.0 6 4 225 High 1.2 375 1vi12Zh 1vi12h
G |Timber Pole €15 4.2 2.7 200 High 1.2 350 1v:i1Zh 1viizh
H |Timber Pole s1.0 24 14 150 High 1.2 300 1vi12Zh 1viizh
NOTE
1. All poles shall be sourced fram the some region and documentation shall be provided.
2. For each pole size, 10% of all poles shall be tested in accordance with the specification.
3. Retaining walls have been designed with 10kPa surcharge on upslope side for residentiol use purposes,
4, Design makes no provision for over excavetion in front of wall (e.q. for service trenches). All such

temporary excavatlons, if required,
qualified Geotechnical Enginser.

2No. 50X200 or
50X200 timber lagging
(H4 treated)

A3 SCALE 1:10

0 0i 1 0]2 0!5 014 ]

Timber poles at 1.2m centres
(refer Table A for pole detall) )\

should be reviewed and confirmed as acceptable by a sultably

~

Lot boundary —

Timber poles at 1.2m centres
(refer Table A for pole detail)

~,

TYPICAL DETAIL AT LOT BOUNDARY

SCALE 1: 10

0.5 (m)
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300 min thick compacted clay
cap with Bidim A19 geotextile (or
similar approved) separating clay
and drainage material

Refer to Table B for
maximum allowed back slope

Backfill ony over excavation
with compacted GAPB5

300 min thick SAP50 droinage DAXAALLL
material (or similar approved) N

200¢ unilog (H4 treated standard
density) timber lagging

1109 perforaled Nexus Hi—way grade
pipe (top of pipe to be at same level
as FGL in front of wall) connected to

stormwater system at lowest point

A3 SCALE 1:50

H5 timber pole (Refer Table B for pole
diameter, spacing, length and density)

% oy """,‘_-}'

Y70
’“‘4{00 /”
SRRRRHRRRK, N ..

% Petetels
Petetetete%e et
N feteteteletateteteletet
L AR

et e e tete % tutets!
""""’ {3 ”’

Pool type fence bolted to wall lagging
(where wall greater than 1m retained height)

Top of pole to be scarfed at 20°
and cut surface treated with
Ensele or similar opproved product

Yybray psuipyad XOW

0

g =|qp) Jajad

Refer to Table B for maximum
allowed forward slope

20MPa concrete encasement

50 thick precast

nyydep jusWpaqua winuIUIN

g °|qoL J34dd

concrete packer

‘ ‘ Concrete encasement
diameter, refer Table B

TYPICAL DETAIL — PIPE CROSSING TIMBER POLE RETAINING WALL (PCTP)

SCALE 1:50

Refer to table B

TABLE B: WALL PIPE CROSSING DETAIL TABLE

Wall No. Wall Type | Pile Type | Retained [pjle Length Minimum Pile spacing|Min Hole Size| Maximum | Maximum
Helght (m}) (m) Embedment (m) (m) (mm) Backslope | Frontslope
RV ViVl £ i VA VAl VA VA il RO i [ N
304, 305, =
306, 307 PC TP1 450 SEO =3.0 9.0 6.0 2.80 600 1v: 12h 1v: 12h
308 PC TP2 375 SED 2.2 7.0 4.8 2.80 550 iv: 12h 1v: i2h

L W L

All poles shall be sourced from the same region and documentation shall be provided.

Retaining walls hove been designed with 10kPa surcharge on upslope side for residential use purposes.
Design makes no provisfon for over excavation in front of wall (e.g. for service trenches). All such
temporary excavations, if required, should be reviewed and confirmed as acceptable by a suitably

qualified Geotechnical Engineer.

0
1.
2. For each pole size, 10% of all poles shall be tested in occordance with the specification.
3
4.

0 0.5 1.0 1.5 2.0 2.5
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A

4mm cap plate — 4mm cap plate —
£ £
E E
50450 square galvanised ——— g t5§¢x50 s%uure g:;'lvgnlaeld—- 2
tube, powder coated, min o ube, powder coated, min &
5mm thick at 2.46m centres Smm thick at 2.46m centres
Packer to be Packer ta be
Installed as Treaded rods through centre of Installed as
necessary 2006 round pole with 75x75x5 S5 nacessary
washer and M16 SS nut
RS 7, Topsail Topsoil
2 //\‘.&(ﬁcmm)z// & 0 (1sgmm)>\ B
P ~
X7
, / 2xSS M 16 Treaded rod with
Engineered Clay Fill Cap 50x50x5 SS washer and nut
2455 M6 © (a00me. min)
coach bolts B W
with 50x50x5 (Ll
/ SS washers
Bidim A19 geotextile or simitar Bidim A19 geotextile or similor | | Q2
oppraved seporaling clay cap 10 opproved separating clay cop
and drainage materlal and drainage material
SAP 50 Scorla or \ SAP 50 Sceria or
approved similar 50%200 H4 timber lagging (top 2m of wall) approved similar
2No. 50x200 H4 timber lagging (below top 2m of wall)
DETAIL /B POST DETAIL
DETAIL /A" POST DETAIL SoALE 120 \12 3/
SCALE 1:20 120,
, 2408 .
I |
2 PLAN
SCALE 1:20
75 =
o o
& B
A3 SCALE 1:20 I——-BG Powder cooted golvanised steal
0.2 0.4 0.6 0.8 1.0 (m) In accordance with AS 3715-2002
SECTION ELEVATION
SCALE 1:20 SCALE 1:20
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Refer to Dwg. 21854.001-P2S3—-120
for pole size, length and embedment

Timber lagging, see
Dwg. 21854.001-P253—120

Centinuous 200 unilog lagging (5200 leng)

Timber logging, see

Dwg. 21854.001-P2S3~ 120

Refer to Dwg. 21854.001-P253—121
for pile type, length and embedment

l—Top of wall

Refer to Dwg. 21854,001-P253—~120
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Dummy pole embedment] ! | 1| L1t Ve efeprfirg
2

for pole size, length and embedment
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Appendix B:  Contractors Certificates

. Hick Bros Ltd — Sixth Schedule (Bulk Earthworks — Stage 3)

. Hick Bros Ltd — Sixth Schedule (Civil Earthworks}

As Part of Civil Stage 3B:
. G Civil Ltd — Producer Statement 3 (Timber Pole Retaining Wall 305 Construction)
. Pinepac Group Ltd — Timber Pole Grading and Treatment Certification for Wall 305

. Geogroup.co.nz Ltd — Producer Statement 3 (Pool Fence Installation for Wall 305)

As Part of Civil Stage 4A:

. 1G Civil Ltd — Producer Statement 3 (Timber Pole Retaining Walls 306—307
Construction)

. PermaPine Ltd — Timber Pole Grading and Treatment Certification for Walls 306307

. Pinepac Group Ltd — Timber Pole Grading and Treatment Certification for Walls 306~
307

. North Harbour Fencing Ltd — Producer Statement 3 (Pool Fence Installation for Walls
306-307)




NZS 3910:2013

PS3 - FORM OF PRODUCER STATEMENT- CONSTRUCTION

ISSUED BY: HICK BROS CIVIL CONSTRUCTION LIMITED

TO: WFH PROPERTIES

IN RESPECT OF: MILLWATER PRECINT 2 STAGE 3 GEOTECHNICAL REMEDIATION AND BULK

EARTHWORKS
AT: PRECINCT 2 STAGE 3 CONTRACT 33213 - 01

HICK BROS CIVIL CONSTRUCTION LTD has contracted to WFH PROPERTIES to carry out and complete
certain building works in accordance with a centract, titted MILLWATER PRECINT 2 STAGE 3
GEOTECHNICAL REMEDIATION AND BULK EARTHWORKS (“the contract’)

| JAMES BILKEY a duly authorized representative of HICK BROS CIVIL CONSTRUCTION LIMITED believe

on reasonabie grounds that HICK BROS CIVIL CONSTRUCTION LIMITED has carried out and completed
part only as specified in the attached particulars of the contract works in in accardance with the contract.

Date: 239 August 2016 . . |

//..///r/.:/f/} /' f" 4

(ng‘;nature of Authorized Agent on behalf of)

HICK BROS CIVIL CONSTRUCTION LIMITED
(Contractor)

42 FORGE ROAD, SILVERDALE
(Address)

Aitachments:
1) List detailing works carried out




ATTACHMENT 1

MILLWATER PRECINT 2 STAGE 3 GEOTECHNICAL REMEDIATION AND BULK EARTHWORKS

LIST OF WORK CARRIED OUT:

1) All the earthworks within Stage 3
Construction of Reinforced Earth Wall 601 including drainage
Constructian of Reinforced Earth Wal! 602 including drainage
Cohstruction of Reinforced Earth Wall 603 including drainage
Construction of Reinforced Earth Wall 504 including drainage
Construction of Reinforced Earth Wall 605 including drainage
Construction of Reinforced Earth Wall 06 inciuding drainage
Construction of Reinforced Earth Wail 464 including drainage
Construction of Reinforced Earth Wall 405 including drainage

) Subsoil drainage as instructed and asbuiited

~ M U N
Furb R e ah )

W oo
O -
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NZS 3910:2013 Conditions of contract for building and civil engineering construction

Schedule 6 — Form of Producer Statement — Construction

ISSUED BY JG Civil Ltd o (Coniractor)
TO WFH PROPERTIES Ltd
. - (Principal)
PECT OF ,
e Precinct 2 Stage 3B 33211-01 — Timber Pole Retaining wall

AT o8 Sy _{Description of Conlracl Works)

Millwater P2 Stage 3B '
(Address)

JG Civil Ltd (contractor) has contracted to WIFH Properties (Principal) to carry out dnd'complete certain building works in
accordance with a Contract titled Precinct 2 Stage 3B 33211-01 — Timber Pole Retaining wall the Contract)

| Joel Giddy (Duly Autharised Agent) a duly authorised representative of JG Civil Lid (Contractor) believe on reasonable
grounds that JG Civil Ltd (coniracter) has carried out and completed:

¥ All

I Part only as specified in the attached particulars of the contract works in accardance with the Contract

Date 18-07-2016

JG Civil Ltd

(Coniractor)

180 Foundry Road
Silverdale
0932

(Address) FH Properties Ltd Precinct 2 Stage 3B 33211-01 — Timber Pole Retaining wall




PINEPAC ROUNDWOOD

A
Pl N EPA 246 Main Road, Kumeu

B GROUP BTG Auckland, New Zealand
Telephone: (09) 412 7011

Facsimnile: (09) 412 6293

PRODUCERS STATEMENT

A A A e i

All construction poles supplied to JG civil on behalf of Albany ITM, on order number 397 1107675P, meet or exceed
the minimum standards of NZ53605:2001.

Species: Radiata Pine

Timber Pile and Poles: NZ53605:2001
Characteristic stress tables as per: NZS3603

Timber Treatment: NZ53640 [hazard class: H5]
Treatment plant brand: 6870145

The construction poles supplied meet or exceed the “High Density” Threshold of 450kg/m?*. Core samples from the
outer 20% of the radius of the feedstock logs have been measured for dry weight over wet volume, as per the
standard, to ensure that the density requirements are met.

Treatment:
This Is to certify that al] poles supplied are free of any visible signs of fungal attack, bark and have been treated with

Sarmix Oxcel C.680 — CCA wood preservative to charge retention of not less than 8.4 kg/m®.

Sarmix Oxcel C 680 is a.copper chrome arsenic wood preservative to meet the optimum formulation ratio
recommended by the Forest Research Institute. [t is widely used in New Zealand and corresponds to the CCA
formulations used in Australia.

Sarmix Oxcel C 680 conforms to NZ53640:2003 having relative proportions.
Chromium 38 —45%

Copper 23-25%

Arsenic 30-37%

The Preservative is approved by the Timber Preservation Council for use at the following retentions:

Hazard Class Brand ldentification
HE 0.95% TAE (8.4 kg / m3) 687 01 H5

The timber treatmeant process has been carried out by Pinepac, 246 Main Road Kumeu, Auckland, New Zealand.
Pinepac Group is “Woodmark” registered and a member of the Timber Preservation Council (TPC)

should you require any further information in this regard, please do not hesitate to contact me.

John van Zijl
Site Manager — Pinepac Roundwood
PINEPAC GROUP

Mabile: 0272289283 | Office: 08 412 7011 Fax: 00 412 6203 | DD 09 412 6702
246 MainRoad, Kumeu, Auckland 0618

Email: john.vanzji@pinepac.co.nz

Web: www,pinepac.co.nz



Producer statement construction (PS3)

General construction work

Al sections of this form must b

Author ﬁame_: _ | DM EC LR T

Author company: Gsestl o, Lo N

Buiiding consent

Registration No:

Auckland
Coungil

Ta Kerithora a Igeaki Mmianvac

No;

Author -

v?rgfif:riptiOHOfbu’|ding' Fermut 7o /@1’%;&@{, WaLLS

—

Performance standard Su(}SE(.f T onNGONG COQ.KO;B! 04\5 onTE’CT Taal) .

for maintenance and
“inspection, if appficable

NZBC clauses:
(select as applicable)

. 1 NA
Legal desqrilfltioh: _ M\ CLATEL. PZ gm(,é Z@ \QL,_S <0S
Sito address: Miooatee Pz e 313
. cl c2 | ca | c4 | c5 | ce DI p2 | E E2 E3
E1 F2 F3 F4 F5 j3G] F7 | F8 Gt | G2 G3 G4 Gs
G | o7 | 68 | Ge | GO | G | Gl2 | GI3 | G Gis |

[ have sighted the above building consent and read the atfached conditions of cqnsent.and confirn that | have undertaken the
building work described above in accordance with the cansented plans and specifications. :

1 understand that Council will pély fipon fhis producer statement, for the purpesas of establishing compliance with the above

huilding consent.

Signature: . % A é{# Date: 2 /g /j{é
Tradespe:rson’s contact ‘;léé;ls: - . !
Address: N7 KaducareA 1CLM’ Qamf Dt am—' Posteode: ©F P4

Fax:

Business: Qq Cf- 23S 4—2 !

Mobie: 027 2828227

el Ao./\@gz{’ai\oup. co N

i _.QU- o

{1 Central B Henderson 1 Manukau {1 Grewa

[0 Takapuna

O Papakura [1 Pukekohe
[] Accepted in supgort of Inspection [ ] Accepted instead of N )
inspection ) ' Relglsterchle{:ked. Ot LBP I__NIA[:_:
Name:' ' T Date:[ |
Prodicer statem tablisting compliance with the e T T

found on Councils website for further details

hita:Heww.auckiandcouncil.govt. nz/EN/ratesbuildingproperty/consents/Consent%

Producer stataments are accepted solely at Auckland Council's discretion; please refer to the Producer Statement Policy which can be

20documents/ac2301producerstafemenfpoh’cy.p_ch’

Page 1 of 1 May 2014
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Producer statement construction (PS3)

General construction work

Ai;thor name:

Authar compeiny:

Description of buﬁdmg

work:

Performance standard '
for maintenance and
mspectlon if applicable

Legal description:

7 Sité address:

NZBC clauses:
(select as applicab

| have sighted the
building work desc

| understand that Council will

Mu&%

buitding consent.

Signature:
Tradesperson's co

Address:

Businass:

Mobile:

inspection
Narme!

- Producer stat !

0 Central
[] Accepted in suppori of mspectlon ] Accepted instead of

Building consent
No:

Author
Registration No:

Auckland
Counci

TaKewifiora o Fimaki Mk

2

R L

e 2t
B oy

A R

e |

ferdCindes TO Rerieom G LaALLS

SWASECT ™ orNeew & Calfohon) ReTECTIaA].

0 NA
Miutel, P2 Smoe 38 Ruw Zol.
Muawicd P2 Stkee 216
@@ ci cz | c3 704 cs | ce | D1 p2 § K E2 E3
le) Fi1 e | Fa | P4 | F5 | ®6 | F7 | FB | 61 | G2 | G3 | G4 | G5
66 | G7 | o8 | G8 | Glo | Gl | 612 | 613 | G14 | G156 | HI

above bilding consent and read the attached conditions of consent and confirm that | have undertaken the
ribed above in accordance with the consented plans and specifications.

ntact details:

Date:

rely upon this producer statement, for the purposes of establishing compliance with the above

2/@/:6.

\F Warkuaren har Load , Dy AAT  posonte OF74

09 427542

02?’ 2823 22?

[0 Hendersen

{7 Manukau

(i Orewa

Fax:

‘--Ema" Cﬂdu’\@ﬂt femup Co. (’\3

O Papakura

Register checked:

:

[J Pukekohe

{1 Takapuna

Coun?iL_

NIA

J Date: [

ed as establlshmg com Ilance w1th the consented plans o

Producer statements are accepte

found on Councils website for further details

htrp://www.aucklandcounci!.qovt.nz/EN/ratesbufldinqproperf

o solely at Auckland Council's discretion; please refer to the Producer Statement Policy which can be

v/consents/Consent"oZOdocuments/acQSO1 producerstaternentpoticy, pdf

Page 1 0f 1

May 2014

AC 2310 (v.2)




NZS 3910:2013 Conditions of contract for building and civil Engineering construction

Schedule 6 — Form of Producer Statement — Construction

ISSUED BY JGCIVIL LTD. (Contractor)
TO WFH PROPERTIES LTD. (Principal)
IN RESPECT OF CONTRACT 33218-01 (Description of Cantract Works)
AT PRECINCT 2 STAGE 4A, MILLWATER DEVELOPMENT (Address)

J6 Civil Ltd (Contractor) has contracted to WFH PROPERTIES Ltd (Principal) to carry out and complete certain building
works in accordance with a Contract titled PRECINCT 2 STAGE 44 ('the Contract’)

| (./03'/_ Jz’/?/? V (Duly Authorised Agent) a duly autharised representative of J& civil Lid
(Contractor) believe on reasonable grotnds that J& Civil L #d (Contractor) has carried out and completed: ‘

O I
Part only as specified in the attached particulags of the contract works in accordance with the Contract

Click to enter details of attached particulars / ‘f'/_/-ﬂz‘/ L/Z;f/ / W/j

-~

+ &> = Date 50/75/%/7

g
(Signature of Authorised Agent on behalf of)

Tl (Ziie L

(Contractor) -
S Sy Sz

(Address)

WH Properties Ltd C-29 Precinct 2 STAGE 3C CIVIL CONSTRUCTION
Contract: 33217-01



PINEPAC ROUNDWOOD

R
Pl N EAc 246 Main Road, Kumeu

g GROUP N Auckland, New Zealand
Telephone: (09) 412 7011

Facsimile: {09) 412 6293

PRODUCERS STATEMENT

All construction poles supplied to Albany ITM, on order number 397/1178225p, meet or exceed the minimum
standards of NZ53605:2001.

Species: Radiata Pine

Tirnber Pile and Poles: NZ53605:2001
Characteristic stress tables as per: NZS3603

Timber Treatment: NZ53640 [hazard class: H5)
Treatment plant brand: 687 01 H5

The construction pales supplied meet or exceed the "High Density” Threshold of 450kg/m?,

Treatment:
This is to certify that all poles supplied are free of any visible signs of fungal attack, bark and have been treated with
Sarmix Oxcel C 680 — CCA wood preservative to charge retention of not less than 8.4 kg/m?.

Sarmix Oxcel C 680 is a copper chrome arsenic wood preservative to meet the optimum formulation ratio
recommended by the Forest Research Institute, It is widely used in New Zealand and corresponds to the CCA
formulations used in Australia.

Sarmix Oxce! € 680 conforms to NZ$3640:2003 having relative proportions.
Chromium 38 —45%

Copper 23-25%

Arsenic 30-37%

The Preservative is approved by the Timber Preservation Council for use at the following retentions:

Hazard Class Brand identification
HS 0.95% TAE {8.4 kg / m3} 687 01 H5

The timber treatment process has been carried out by Pinepac, 246 Main Road Kumeu, Auckland, New Zealand.
Pinepac Group is “Woodmark” registered and a member of the Timber Preservation Council {TPC}

Should you require any further information in this regard, please do not hesitate to contact me.

John van Zijl
Site Manager — Pinepac Roundwood
PINEPAC GROUP

Mabile: 0272289283 | Office:; 09 412 7011 | Fax: 09 412 6293 | DDI: 09 412 6702
248 MalnRead, Kumeu, Auckland 0618

Email; john.vanzifif@pinepac.co.nz
Weh: www.pinepac.co.nz



43 White Rd, RD1, Reporoa, New Zealand
| Permapine ... .
1 Ministry for Primary Tndustries (MFPI)
| Registration: 01 0A 2009 1400
| Fux: 073338766
. Date: 18/10/16

CCA TREATMENT CERTIFICATE
This is to certify that the product described below has been CCA treated to the
following specifications.

Details of treatment

' Type of treatment | Tanalith CCA Oxide ]
Plant registration number 159 .
Preservative Components Copper %: 23 - 25
(relative proportions of CCA Cromium %: 38 - 45
components) Arsenic %: 30 - 37
Standard NZS 3640 HAZARD CLASS: HS
Retention | Copper Retention % m/m Total Active Elements (TAE) Yom/m

I < E D T UL . S —

H4 AL 072 L
HS 622 0.85
H6 040 1.80
Customer | Albany ITM _ 1
Delivery DKT Numbers: 284766, 284763, 285174, 785201, 284719, 284686 &
3843 3? s an e s e e —
Order numbers 107/119831SP, 119883SP, 1198838P, 11982 & 1
- l1207938P
Packetrumbers | Multiple numbers - delivery dkts attached _J

[ Earliest TreatmehtDéfés: ‘ | Between: 09/06/2016 — 12/02/2016 :_——u—r]
Contact details
an Piebenga
General Manager, PermaPine Ltd {1 -

[ Signed o I ]




NZS 3910:2013 Conditions of contract for building and Civil Engineering construction

Schedule 6 - Form of Producer Statement - Construction

ISSUED BY North Harbour Fencing Lid {Coniracter)

To -3’9 & . C\ \;\ - L_.:TLD {Prircipa}

IN RESPECT OF %@lﬂ, %&q We C’J@& - \}ﬂgﬂrﬁ i}d & ?\-sﬂ 44 Bl dypescrintion of Conteact Werks)
AT M speser’, ‘SMSE, 40 {Addrass)

M”F@‘Qf"!@_ {Gontrastor) has contractad to j G Cadd B, iPrnciesllto carry out and cemplete ceriain

buiiging works in accaordance with 2 Cartrack titled ; (‘the Contract’)

i,; ;-é;\(?@l 5 .. {Duly Authorised Agentl a duly authorised representative of A }_J MC/J{ {Contractor) helieve on

reaadnabte grounds that M y Fg I'Jﬁfhj ....fContravtar) has carried out and completed:

Il
E//Qan: only as specifiad n the attached particulars of the contract works in accordance with the Contract

f:;lu quG-
Date 28'/3/??

-."' e of Althorised Agent on behalf of]

fD, Y12 f'flhf??o.}f énfz%fé’ LD

{Coniraafor)

510 foundly /g N

{Address]




Appendix C:  NZS 3604:2011 Expansive Soils
(Extract)




NZS 3604:2011 Expansive Soils (Extract)

Expansive soils tend to be moderately to highly plastic clays that undergo appreciable volume change
upon changes in moisture content. Technically, they are defined in NZS 3604:2011 as those soils
having a liquid limit of more than 50% and a linear shrinkage of more than 15%. Where soils are quite
silty or sandy, shrink and swell is less of a problem, due to the lower clay contents.

Building damage resulting from expansive soil movement can range from relatively minor brick veneer
cracking and internal cracking on wall corners and wall ceiling corners with attendant door and
windows jamming, through to extensive cracking of foundation block framework, extensive internal
visual cracking and significant warping of building frames. Damage is dependent on building
construction and materials and is rarely of structural concern,

NZS 3604:2011 “Timber Framed Buildings” defines good ground as follows:

“Any soil or rock capable of permanently withstanding an ultimate bearing capacity of 300 kPa (i.e. an
allowable bearing pressure of 100 kPa using a factor of safety of 3.0), but excludes:

o) Potentially compressible ground such as topsoil, soft soils such as clay which can be moulded
easily in the fingers, and uncompacted loose gravel which contains obvious voids;

b) Expansive soils being those that have o liquid limit of more than 50% when tested in
accordance with NZ§ 4402 Test 2.2, and a linear shrinkage of more than 15% when tested in
accordance with NZ§ 4402 Test 2.6, and

c) Any ground which could forseeably experience movement of 25 mm or greater for any reason
including one or a combination of: land instability, ground creep, subsidence, seasonal swelling
and shrinking, frost heave, changing ground water level, erosion, dissolution of soil in water,
and effects of tree roots.”

Foundations on expansive soils are outside the scope of NZS 3604:2011 as an acceptable solution to
the New Zealand Building Code (NZBC). Specific engineering design of foundation elements is involved
where expansive soils are present with a recommendation that AS 2870:2011 is used for building
design. While not mandatory, AS 2870 designs will allow for a non-specific design foundation to be
used without resorting to further ongoing investigation or design.

This geotechnical completion report has classified the soils present on this subdivision to be in Site
Class M to H1 as per the requirements of AS 2870:2011. Descriptions of the various site classes,
together with characteristic surface ground movements are outlined below.




Allowing for some carrelation with NZS$ 3604, the various site classes applicable to NZ conditions are

considered to be:

Characteristic Surface Movements

Site Class

Description

a) 20 mm

(Note NZS 3604:2011 assumes movement of 25
mm as part of underlying design.

b) 20 mm =40 mm
c) 40 mm — 60 mm
d) 60 mm ~ 75mm

e) >75mm

AS 2870 uses a range of factors to assess characteristic soil movement including:

i Building distress due to ground movement visible on adjacent structures,

Class A {sand) and/or

Class S (Silts)
Equivalent to NZS
3604:2011

“Good Ground” sites

Class M
Class H1
Class H2

Class E

Poor to slightly
expansive

Moderately expansive
Highly expansive
Highly expansive

Extremely expansive

ii. Known soil properties and site specific testing to determine the shrink / swell index of a soil

(Test 7.1.1 in AS 1289 — Methods of Testing Soils for Engineering Purposes).

AS 2870 is based on defining scil types into various hazard classes based on expected surface
movement and depth of desiccation that could occur. It then applies various foundation designs and
embedment depths based on the form of building construction (stab on ground, strip footing, stiffened
raft, stiffened slab with deep edge beams, etc). AS2870 uses more reinfarcing steel than NZ designs
generally would to create stiffer foundations that are better able to tolerate ground movement.

The Australian approach also regards expansive soil to a considerable extent heing a home owner
maintenance issue and significant emphasis is put into ensuring that people understand the influence
that trees and dry summers eic may have on foundation performance. See Appendix D.




Appendix D: CSIRO — BTF18 — Foundation
Maintenance and Footing
Performance: A Homeowners Guide
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Infermation
Sheet 10/91

Buildings can and often do move. This movement can be up, down, lateral or rafational. The fundamental cause
of rovement in buildings can usually be related fo one or more problems in the foundation soil. Tt is important for
the homeowner fo idenfify the soil type in order o ascerfain the measures that should be put in place in order to
ensure that problems in the foundafion soil can be prevented, thus profecting against building movement.

This Building Technology File is designed to idenfify causes of soilrelated building movement, and fo suggest

methods of prevention of resultant cracking in buildings.

s
ﬁmf Types

The types of soils nsually preseat under the topsoil in land zoned for
residential buiidings ean be split into two approximate groups —
granilar and clay. Quite often, foundation soil s & mixnire of both
types. The general problems assoclated with soils having granular
comtent are wsually caused by erosion. Clay soils are subject to
saturaton and swell/shrink problems.

Classifications for a given arca can generally be obtained by
application 1o the local authority; but thess are sometimes unteliable
and ifthere is doubt, a geotechnical report shonld be commissionad.
As most buildings suffering movement psoblems are founded on clay
sails, there is an emphesis on dlassificarion of soils according to the
amount of swell and shrirkage they experience with variations of
water content. The table below is Table 2.1 from AS 2870, the
Residentizl Skab and Footing Code.

%Cuuses of Movement

Settlement due to copstruction

“There are two types of settlement that accus as a result of

comstction:

o Immediate settlement ocours when a building is first placed on Its
foundation soil, as & result of compaction. of the soii under the
weight of the structure. The cohesive quality of clay soil mitigares
against this, but granuler (pacticnlacly sandy) soil is susceptible.

» Consolidation settlement is a feerurs of clay soil and may take
place because of the expulsion of moisture from the soll or because
of the soil’s Jack of resistance to local compressive or shear stresses.
This will usually take place during the first few months after
construction, but has been known to take many years in
exczptional cases,

These problems are the province of the builder and should be taken

into considesation a3 part of the preparation of the site for construe-

tion. Building Technalogy File 19 (BTH 19} deals with these

. problems,

Erosion

All soils are prone to erosion, but szixdy soit s particalarly snsceptible
1o heing washed away: Tven clay with a sand component of say 10%
or more can suffer from erosion.

Saturation

This is particularly a problem in clay soils, Saturation creates a bog-
fike suspension of the soil that canses it to lose virtually all of its
bearing capacity. To a lesser degree, sand, is affected by saturation
becase saturated sand may undergo a redueiion in volume -
particalady imparted sand fill fox bedding avd blinding layers,
However, this usually occurs as immediate sertlement and should
notmally be the province of the builder.

Seasonal swelling and shrinkage of soil

All clays react to the presence of water by slowly absorbing it, misking
the soil inerease in volume (see table below). ‘The degree of increase
yaries considerably between different clays, as does the depgee of
decrease during the subsequent drying out caused by fair weathes
periods. Because of the low absorpiion and expulsion rate, this
phenomenon will not usually be noticeable unless there ate
prolanged rainy or dry periods, usually of weeks or months,
depending on the land and sail characteristics.

The swelling of soil creates an upward forcs on the footings of the
building, and shrinkage creates subsidence that takes away the
support needed by the footing to ratain equilibrium.

Shear failure

This phencrnenon occurs whe the foundation soil does not have

sufficient strength to support the weight of the footing. There ate

£Wo major post-CODSTRUCion Causes:

» Significant load increas

» Reduction of lateral support of the soil under the foating due to
erosion or excavation.

o Tn clay soil, shear faiture can be caused by sasuration of the soil
adjacent to or under the footing.

GENERAL DEFINITIONS OF SITE CLASSES
Class ' Foundation
A Most sand znd rock sites with litle or na ground movement from moisture changes
S Slightly reactive clay sices with only slighe ground movement from maoisture changes
M Moderately reactive clay or silc sites, yehich can experience moderats ground movement from maistuze changes
H Highly reactive clay sites, which can experience high ground movement from molstere changes
i Pxteemely zeactive sites, which can experience extreme ground movement from moistuse chahges
Atl Filled sites
P Sites which include soft soils, such as soft clay or sile or lopse sands; landslip; mine subsidence; collapsing soils; soils subject
to erosian; reactive sites subject to abnormal molsture conditions or sizes which cannot be classified otherwise




Tree root growth
“Trees and shrubs thar ave allowed to grow in the vicinity of foctings
cary cause foundation soif movement In two ways:

o Roots that grow under footings may increase in crass-sectional
size, exerting upward pressure on footings.

o Roots in the vicinity of footings will absorb much of the molsture
in the foundation soil, cansing shrinkage or subsidence,

;
§Unevenness of Meovement

"The types of ground movement described above usually oceur
nnevenly throughout the building’s foundation soil. Settlement due -

to construction tends to be uneven because of:

» Differing compaction of foundarfon soil prior to construction,
s Piffering moistare content of foundation soil prior to constructon.

Movement due o non-constinction causes is nsually mors uneven
still, Erosion can undsrmine a footing that traverses the flow or can
create the conditions for shear filure by eroding soil adjacent to 2
footing that runs in the same direction as the flow

Satcuraton of day foundation soil may cecar where subfloor walls
create a dam that makes water pond. It can also occur wherever there
is a sowrce of water near footings in clay soil. This leads to a severe
reduction in the strengrh of the soil which may create local shear

failure.

Seasonal swelling and shrinkage of dlay soil affects the pedmeter of
the building first, then graduslly spreads to the interior. The swelling
process will usually begin &t the uphill extreme of the building, or on
the weather side where the land is flat. Swelling gradually reaches the
interior soil as dbsorption continues. Shiinkage usually begins where
the sun heat is greatest.

: Effects of Uneven Soil Movement on Structures

Erosion and saturation

Frosion removes the support from under foetings, tending o create
subsidence of the parc of the strwcture under which it ocours.,
Brickwork walls will resist the stress crezted by this removal of
support by bridging the gap or cantilevering until the bricks or the
mortar bedding fil. Older masonsy has little resisiance. Evidence of
failure varies according to circumstances and symptoms may include:

« Step cracking in the moztar beds in the body of the wall or
abovelbelow apenings such as doors or windows.

o Vertical cracking in the bricks {usually bue mot necessarily in line
with the vertical beds ar perpends).

Teolated piers affected by erosion or saturation of fonndatins will
evertually lose contact with the bearers they support and may tilc or
£alf aver, The floors that have lost this suppore will becorne botncy,
sametimes rattling ornaments etc. .

Seasonal swelling/shrinkage in clay

Swelling foundation soil due to rainy periods first ifts the most

exposed extremities of the footing system, then the remainder of the
erimbtes footings while graduslly permeaiing inside the building

gob:tpri'nt to Vift internal footings, "This swelling first tends to create a

dish.effect, berause the external footlngs are pushed bigher than the

inzernal ones.

The first noticezhle symptom may be that the floor appears slighsly
dished. This s often accompanied by same deors binding on the
floar or the door head, together with some cracking of cornice
mitges. In buildings with timber flooting supported by beazers and
joists, the floor can be bouncy: Externally there may be visible
dishing of the hip or 1idge lines,

As the moistare absozption process campletes its journsy to the
innermost aress of the building, the intermal footings will rise. IFihe
spread of moisture is roughly even, it may be thac the symptoras will
temporarily disappear, hut it is more likely that swelling will be .
nneven, creating a difference rather than a disappearance in
symptoms. In buildings with timber flooring supported by bearers
and joists, the isolated piers will rise more easily than the strip
footings or piers undee vwalls, creating noticeable doming of flooring,
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As the weather pattern changes and the soll begins to dry out, the
external footings will be first affected, beginning with the locations
where the sun's effect s strongest. This has the elfect of lowering the
external footings. The doming is accentvated and cracking reduces
or disappears where it accurred because of dishing, but other cracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in other ways, In
areas where warm, wet sumtners and cooler dry winters prevail,
water migration tends to be roward the intesior and doming will be
accentuated, whereas where surnmers are dry and wintes are cold
and wet, migration tends to be toward the sxterjor and the
underlying propensity is toward dishing.

Movement caused by tree roots

In general, gréwing roots will exert an upward pressure on foatings,
whereas soil subject to drying because of ires or shrub reots will tend
to zemove suppart from under footings by inducing shrinkage.

Complications cansed by the stmctire jteelf

Most forees that the soil causes to be exerted on structures are
vextical — i.e. either np or down, Hawever, because these forces are
seldom spread evenly around the footings, and becanse the building
restats uneven movement becatse of its rgidity, forces ave exerred
from vne part of the building to another. The net resule of all these
Fareces is usually rotational. ‘This resultant force often complicates the
diagnosis becanse the visible symptoms do not simply reflect the
orginal cause, A common symptom is binding of doars on the
vertleal member of the frame.

Effects on foll masonxy structures

Brickworl will resise cracking where it can. Ir will attempt to span
arezs thar Tose support because of subsided foundations or raised
points, It is therefore usual to see eracking at weak points, such as’
openings for windows or doors,

in the event of constrizetion settlement, cracking will usnally temain
unchanged afrer the process of setdement hes ceased.

With lacal shear oz erosion, cracldag will usually continue to develop
until the original cause has been remedied, or uniil che subsidence
has completely neumalised the affected portion of footing and the
structure has stabilised on other footings that rernain effective.

Tn the case of swell/shrink effects, the briclework will iz some cases
retun to its ariginal position after completion of a cycle, however it
is more likely that the rotational effect will not be exactly teversed,
and it Is also usual that brickework will setile in its new position and
will resist the forces trylng to return it to its ofiginal positon. This
means that in a case where swelling takes place after construction
and cracking ocouss, the cracking is likely to at leagt parely remain
after the shrink segment of the cyde is complete. Thus, each time
the cyele is repeated, the likelihood is that the eracking will become
wider uaril the sections of brickwork become virtually independent.

Wich repeated cycles, once the cracking is established, ¥ there is no
other complication, it is normal for the incidence of cracking to
stabilise, a5 the building has the ardculation it needs to cope with
the problem. This is by no means always the case, however, and
mopitoring of eracks in walls and Hoors should zlways be treared
seriously. '

Upheaval caused by growth of tree roots under footings is not a
simple vertical shear stress. There is a tendency for the oot to also
exert lateral forces that attempt to sepasate sections of bridewnck
after initial cracling has occurred.
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The normal strectural arrangement is thae the janer leaf of brick.
work in the external walls and at Jeast sonze of the internal walls
(depending on the roof type) comprise the load-bearing structure on
which any uppet flooxs, ceilings and the roof ate supported. In these
cases, it §s internally visible cracldng that should be the main, focus
of attension, however there are 4 fow examples of dwellings whose -
external lezf of masonry plays some supporting role, so this sheuld
te checled if there is any doubt, In any case, externally visthle
cracking it important as a guide to stresses on the structaee generzlly,

- and it should also be remembered that the murernal walls must be
rapable of supporiing themselves.

Tiffects on framed steactores

Timber or steel framed buildings are less likely to exhibit cracking
dire 1o swell/shrink than masonry buildings because of their

flexibility, Also, the doming/dishing effects tend to be lower because
of the lighter weight of walls. The main sisks to Framed buildings are
encotintered because of the fsolated pier footings used under valls,
Where erosion or saturation catise 2 footing to fall away, this can
double the span which a wall must bridge. This additional stress can
create cracking in wall linings, partioularly where there is a weale
poine in the structure caused by a daor or window opening. It Is,
Fowever, unlikely thar framed structures will be so stressed as to suffer
serions damage withous fizst exhibiting some or zll of the zbave
symptoms for a considerable period. The saine waming period should
apply iix the case of upheaval. It should be noted, however, that where
framed buildings are supporied by strip footings thete is only one leaf
of brickwork and therefore the externally visible walls are the
supporting structure for the building. Tn this case, the subfloor
smasonry walls can be expected to bebave as full brickwork walls.

Tffects on brick veneer stractures

Because the Joad-hearing structuie of a brick veneer building is the
frarne that makes up the interior leaf of the external walls phus
pethaps the internal walls, depending on the type of roof, the
building can be expected to behave as a framed structure, except that
<he external masonry will behave in 2 similar way to the external leaf
of 2. full masonry structire.

|
| Water Service and Drainage

1

Whese a water service pipe, a sewer or stormwater drainage pipe s in
the vicinity of a building, a waver feak cun cause erosion, swelling or
sanuration of susceptible soil. Evan a minuscnls leal can be enongh
to sanurate a clay foundation. A leaking tap near a building can bave
the seme effect. In addition, trenches containing pipes can become
watercourses even though backfilled, particularly where broken
rubble is used as fill. Water that runs afong these rrenches can be
responsible for serious erosion, interstrata seepage into subfloor areas
and saturation.

Pipe leakage and trench water flows also encourage tree and shrub
saots to the source of water, complicating and exacethating the

problem.
Poor taof plumbing can result in large volumes of raimwater being

concentrated in # small area of soil:

s Tncorrect falls in roof gutrering may result in overflows, as may
gutters blocked with Jeaves etc.

= Corroded gutrering or dewnpipes can spill wates to ground.

= Tlownpipes not positively connected fo a proper stormwatex
collection system will direct a concentration of water to soil that is
directly adjacent to footings, sometimes causing large-scale
preblems such as erosfon, saturation and miggation of water tnder

the building,
y
|Seriousness of Cracking

In general, most cracing found in masonsy walls Is a cosmetic
nuisance only and can be kept In repaix ox even ignored. The table
below is 2 reproduction of Teble C1 of AS 2870,

A8 2870 aleo publishes fignres relating o eracking in concrete floois,
however becanse wall cracking will usually reach the eritieal point
significantly carfier than cracking in slabs, this reble & not
reproduced hers.

i .
|Prevention JCure

Piumbing

Wheie building movement is cansed by water service, rof plumbing,
sevwer or stormwater failuge, the remedy is to repair the problem.

Tt is prudent, however, to consider also rerouting pipes away from
the building where possible, and relocating taps to positions whese
any leakage will mot direet water to the building vicinity. Fven where
gully traps are present, there is sometimes safficient spill to create
¢rosion o saturation, particulatly in modern installzrions using
smaller diameter FVC fixinres. Indeed, some gully traps are not
situated directly under rhe taps that are installed o charge them,
with the result that water from the tap may enter the backfilled
trench that howuses the sewer piping, If the trench has been poorly
backdilled, the water will either pond or flow along the bottom of
the trench, As these trenches usually run zlongside the footings and
i be at a similar depth, it is not herd to see how any water that is
thus directed into a wench cen easily affoct the foundaton’s sbility to
support footings or even gain entry to the subfloor area.

Gronnd drainage

In alt soils there is the capacity for water to travel on the surface and
helovw it. Surface water flows can be established by inspection during
and after heavy or prolonged rain, If necessary, a grated drain system
connected to the stormwarer collection system is usually an easy
solution.

¥t Is, however, sometimes necessary wheh attempting to prevent
water migrarion that testing be cazied out te estzhlish warertable
height and subsoil water flows. This subjest Is referred to in BTF 19
and may propecly be regarded as aa area for an expert copsultant.

Protection of the hullding peximeter

Tt is essential to remember that the soil that affects footings exvends
well beyond the aceual building line. Watering of garden plants,
shrubs and teees causes some of the most serions water problems.

For this reason, particulaidy where problems exist or are likely 1o
orcu, it is recommended that an apron of paving be instafled
around as mech of the building perimeter as necessacy. This paving

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS

Deseription of typical damage and required repair Approgimate crack widis Damage
Emit {see Note 3) category

Hairline cracks <0.1 mm 0
Fine cracks which do not need repais <l mm 1
Cracks noticeable but easily filled. Diors and windaws stick slightly <5 mm 2
Cracks can be repaired and possibly 2 small amount’of wall will need 5-15 mm (or 2 pumber of cracks 3
to be replaced. Doors and windows stick. Service pipes can fracture. 3 mun or mote in one group)
“Weatherdghtness often impaired
Extensive repair work involving bresking-out and seplacing seciions of walls, 15-25 mm but also depend 4
especially over doors and windows. Windew and door frames distort. Walls lean on numbser of cracks
or bulge noticeably, some loss of bearing in beams. Service pipes disrupted
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should extend otstvrards # minimum of 900 mm {more in highly
reactive soil) and should have 2 minimum fall away from the
building of 1:60. The finished paving should be no less than 100
min below bricle vert bases.

Tt is prudent to relocat drainage pipes away from this paving, if
possible, to avoid complications from Luture leakage. If this is not:
practical, earthenware pipes should be replaced by PVC and
baclfilling should be of the same soil type a5 the surrounding soil
end corpacted to the same density.

Excepr in areas whete freezing of warer [s an iszue, it s wise to .
remove taps in the building area and refocate them well away from
the huilding — preferably sot uphil!l from ir (sce BTT 19).

It may be desirable to inustall a grated drain at the outside edge of the
paving on the uphill side of the building. ¥f subscil drainage is
needed this can be installed under the surface drain,

Condensation

Tn buildings with a subfloor void such as where bearers and joists
support flaoring, insufficient ventilation croates ideal conditions for
condensation, particularly where there is little clearance between the
floor and the ground. Condensation adds 10 the moisture already
present In the subfoor and significantly slaws the process of diying
out. Tastallation of an adequate subfloor ventilation system, cither
hatural or mechanical, is desirable,

W}zmz‘ng: Although ¢his Building Technology File deals with
ctaclking in buildings, it should be said thar sebfloor moisture can
result in the development of other problems, notably:

o Water that is transmitted into masonry, metzl or dmber buiiding
elements causes damage and/for decay to those elements.

= Figh subfloor humidity and mofsture content create an ideal
environment for various pests, including termites and spidess.

o Where high moisture levels aze transmitted 1o the flooring and
walls, an increase in the dust mite count can ensue within the
fiving arcas. Dust iites, as well as dampness in general, can bea
health hazard to inhabitanes, particularly those who are
ahnormally susceptible to respiratory ailments.

The garden ' :

The ideal vegeration layout is to have lawn or plants that require
anly light wateting immediately adjacent to the drainage or paving
edge, then more demanding plants, shrubs and trees spread ourin
that order :

Overwatering due fo misuse of antomatic watering systems is a
commmen canse of saturation and water migration under footings. If
it is neeessary to use these systems, it is important to remave garden
beds to a completely safe distence from buildings.

Existing trees

Where & tree is causing 4 problem of scil drying or there is the
existence or threar of upheaval of footings, if the offending reots are
subsidiary and thefr removal will not significantly damage the tree,
they should be severed and & conceete or metal barrier placed

., vertically in. the enil to prevent future root growth in the direction of

the building. If it is not possible 1o remave the relsvant roots
‘without damage to the wee, an application to remove the tree should
be made ta the local anthority: A prudent plan is to transplant likely
offenders before they became a problem.

Information on trees, plants and shrubs

State departments overseeing agricultire can give information
regarding root patterns, volume of water needed wud safe distance
from buildings of mest species, Botenic gardens are also sources of
information. For information an plant roots and draing, see Building
Technology File 17.

Ezcavation

Fxcavation around footings must be propetly engineered, Soil
supporting footings can only be safely excavated at an angle that
alloves the soil under the footing to remadn smble. This angle is
called the angle of repose {or fricdon) and varies significantly
berween soil types and conditions. Removal of soil within the angle

of repose will canse subsidence.

Where erosion has ocewrred that hes washed away seil adjacent to
feorings, soit of the same classification should be introdnced and
compacted to the same density, Where foorings have been
undermined, avgmantation or other specialist work may be required.
Remediation of footings and foundations is generally the realm of a

specialist consultant.

Where isolated footings sise and fall becanse of swell/shrink effect,
the homegwnes may be tempted to alleviare floor bounce by filling
the gap that has appeared berween the bearer and the pier with
biocling. The denger hete is that when the next swell segment of the
cyde oceurs, the extra blocking will push the floor up foto an
accentuated dorme and may 2lso cause Jocal shear failure In the soil.
If it is necessary fo nse blocking, it sheuld be by a pair of fine
wodges and monitoting should be carried pur formighdy.

This BTF was prepored by John Lewer FAIB, MIAMA, Partner,
Construction Diagnosis,

The infarmalion in this and othar issues in the sorles was detived from varlous scurces and was befleved to be correst when published.

Tha Infarmation 1s advisary. It is provided In good faith and net clalmed to be an sxhaustive treatment of the refevant subject.

Further professional advice needs to ba obtained before taking any action based on the Information provided.
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Appendix E:  Test Results

. 21854.001-P254C-111 Post Earthworks Investigation Plan
. 21854.001-P254C-112 Topsoil Depth Plan
. 21854.001-P254C-113 Earthwarks Testing Location Plan

. Soil Expansion Test Results
. Post Earthworks Investigation Borehole Logs (P254C-HAC1 to P2S4C~HAC12)

. Earthworks Test Results
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BoreLog - 14/07/2017 10:08:15 a.m. - Produced with Core-G8 by GeRoc

GEOTECHNICS

BOREHOLE No.: P2S4C-HAC1 |

Hole Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1

PROJECT: P254 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854.001 P284

CO-ORDINATES:

DRILL TYPE: 50mm Hand Auger

DRILL METHOD: HA

HOLE STARTED: 26/04/2017
HOLE FINISHED:

_|Hole Depth
3 31m

R.L.: DRILLED BY: Gectechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
GroLoSGALUNT,
GLHERIT MANE g
arain, é E u g Bescrotion and
- S i z SE 5E escription an
WATERIAL CONPDSITY 2 _,; rests % E E;:- ﬁ%g Eg Addnionalpohservations
we| 5|3 B3 fl 2 b | § | 33| BS |mmemn|-ocetncena
Topsoil 35“:;.33- M | clayey SILT, low plasticity, moist, brown
QK}‘ Vst clayey SILT, low plasticity, moist, grey and yellow
60y brown
,—.:‘{5”)!
® 123/53 kP 364 ‘
a f}iz_ % SILT some clay AND clayey SILT, low plasticity, moist,
S . grey and yellowish brown - : .
e |
® 128141 kPa B
1 2e8KRa VStH SILT some clay, non plastic, moist, yellowish brown
1 and light greyish white
o103 H SILT, non plastic, moist, grey; minor yellow brown
inclusions of crushed silt
® >211 kPa
Fill
o UTP
®UTP 2.20m; changes to; dry to moist
o UTP
® UTP
=
| &
b2 ® UTP
‘Ba&
' 3.1m: Target depth
COMMENTS:

Scale 1:20



BOREHOLE No.: P254C-HAC2

Hole Locatian: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P284
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HOLE FINISHED:
R.L.: ’ DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
z:?;:u coupnsIoN = % % Eﬁ’{ g'g‘ Desaription and
% § - E % Eg ;u(’j%': g E- Additional Observations
2 8lala g E i gz | 2| @ i
oe| 2| 8| B[ I & § | 28 | 53 =2858
' W DM | VStH 1] SILT, moist ta dry, non plastic, mottled grey and
X Q{- yellowish brown
PRV
® 164170 kPa \
® 131/21 kPa
i &
® 130/75 kPa Bbd
1 PR
(RS
@200 kP P54
e g-’\){
R
D %
}Q’{}i D SILT some sand, rion plastic, dry, grey occasional
pR— 849 orange, occasional gravel
" Fill ole)
®>209 kPa
2
®UTP
euTP
) o uTP e
by b
. _}2, :
e
e %
3 - o uTP 3
A X Eg oiete
g 3.1m: Target depth
a .
2
G.] -
@
S ]
£
2
i i
& ,
£
g
‘; COMMENTS:
g Hola Depth
:3' 2.1m

Scale 1:20



GEOTECHNICS

BOREHOLE LOG

BOREHOLE No.: P2S4C-HAC3

Hole Location: Refer to site plan

SHEET: 1 QF 1

PROJECT: P254 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854.001 P284

CO-ORDINATES:

DRILL TYPE: 50mm Hand Auger

DRILL METHOD: HA

HOLE STARTED: 26/04/2017

+ HOLE FINISHED:

DRILLED BY: Geotechnics

R.L.:
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
ceounisAL U,
cevemcAE, o
CRIGIH, g E E £ Descripti d
& z ZE iz ion an
MATERAC oSN 7 g TESTS E E %@ Q%E EE Additional Elbsewal\nns
] H g | |88 |8 | & |2
al. |8 g | ¢ || g2 e
Slelz|8]|g -] = z E = o
dlE(#|E|3 g = £ g 28 | &% | -
ase|l 2|82 @ & & & & g3 Ed -esREF |85835
: k‘—"fr EE R i1 SILT, non plastic, moist, dark brown mottled yellow
i "
Topsoil b s I
e s
o LTS -
1941104 kPa DM | VStH SILT, non plastic, moist ta dry, grey mottled, yellowish
b brawn %
4
2 i b H SILT some sand, occasional gravel, non plastic, dry,
o 1 % grey mottled yellow .
_: d & =
@208 kPa 1 ;
1 .
® 72128 kPa M st SILT minor clay, trace fine sand, no to low plasticity,
A moist, yellowish brown and light grey,
® 97/30 kPa N
Fill
W =000 kPa VStH SILT, non plastic, moist, orange mottled light grey
e UTP
@ 182770 kPa
® 148/48 kPa
3.00m: changes to; dark grey mottled orange
= @ 125/43 kPa
8
k2
BER&
' 3.2m: Target depth
COMMENTS:

Borelog - 14/07/2017 10:08:15 a.m. - Produced with Cars-GS by GeRoc

= Hole Depth
4 3.2m

Scale 1:20




BOREHOLE No.: P254C-HAC4

Hale Location: Refer to site plan

BOREHOLE LOG

: SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P284 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
HOLE FINISHED:
L METHOD:
R.L.: ERLEM Sl DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
=i e |, |3
MATERIL GOMSOETION = & Z ZE &g Description and
Z £ Tests |k gz | B3¢ | 5° Addllonal Qbservations
i ’-‘1":I_S‘— M H SILT, non plastic, moist, dark brown mottied yellow
i Tae
Topsail o f:w ’”—"h
: B TS
@ =209 kPa &
s
D | VEtH SILT some sand, occasional gravel, nan plastic, moist
- ta dry, mottled grey and yellow
® >209 kPa 'E' :
& 179/57 kPa 1
. o
N ®uTP 7
® UTP N
Fill ;
® UTP g
gy |
®UTP )
@ UTP 7
® UTP T
S 1
R |
- ® uTP 37
k&
Ao~
£ 3.1m: Target depth
(U] -
»
a -
3 ]
E
3 4
‘; J
E
g i
% I
T_ COMMENTS:
g_ Hole Depth
gijt 31m

Scale 1:20



Log - 14/07/2017 10:08:15 a.m. - Produced with Core-GS by GeRac

GEOTECHNICS

BOREHOLE LOG

BOREHOLE No.: P254C-HACS

Hole Location: Refer to site plan

SHEET: 1 OF 1

PROJECT: P284 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854.001 P254

CO-ORDINATES:

DRILL TYPE: 50mm Hand Auger

DRILL METHOD: HA

HOLE STARTED: 28/04/2017
HOLE FINISHED:

Hole Depth
3im

R.L.: DRILLED BY: Geotechnics
DATUM; DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
ceoLonoaL U,
GENERIC NAME. i = lza"
mmu:.M - N % % %E g-ﬁ- Description and
MATERIAL COMPDEMON s E o E 5 rF @%é EE Additional Observations
ame| 5| 8| 2|2 3| & g g | 28 [ E3
: A% M H clayey SILT, low plasticity, maist, dark brown
Topsoil pl
clayey SILT, low plasticity, moist, yellowish brown with
i @211 kPa grey inclusions
SILT, minar clay, non plastic, maist, gray with
: # — yellowish brown inclusions
E7a .
: L SILT, non plastic, moist, yellowish brown mottled light
2 @ >211 kPa & greyish white :
% 4
ik
L X
® 131/66 kPa g
1 - INGee
rth %
® 149/53 kPa
@ 124/30 kPa
Residual Soil @®>211 kPa 7] XK £ 1.80m: changés to; white mottled yellowish brown, meist ta
et dry
1 L
B ox ¥
2 = ;‘#
o
e
®121/- kPa TR
# o
u
x & =
K” 2
L "o 2.40m: changes to; light brownish white, dry
®
E
e uTP TR
S
—H* b
g
Bow
#
= & ¥
s
eUTP ’: 3y
e
%
3%
=~ B 3.00m: changes to; slightly clayey, moist
g X
L ® 124/42 kPa 3
Ba ¥l
! 3.1m: Target depth
COMMENTS:

Scale 1:20




BOREHOLE No.: P2S4C-HACSE

Hole Location: refer to site plan

BOREHOLE LOG

Borelog - 14/07/2017 10:08:15 a.m. - Praduced with Core-GS by GeRoc

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P284
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HOLE FINISHED:
R.L.: ’ DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
ssaLacicaL U,
GENERIC NaME, g
R, g £ i g
S % 5 2 = gz Deseription and
WATERML COMPDSITON - § oS E = ,E g E%g ge Additional Ohservations
2 Elalg g| . E | 8 |eE g2 |
: ﬁ':rs A M H clayey SILT, low plasticity, moist, brown
Tapsoil ':,-a,g 4
e oa :
clayey SILT, low plasticity, moist, grey and yellowish
®5>211 kPa ] brawn
< VStH SILT some clay, low plasticity, moist, grey and
7 yslpﬁsgh%rn%vgg to; non plastic
® 164/33 kPa 1 .
T S
1 "O.QOm.‘changes to; low to no plastic.\'ty
® 119/54 kPa N V
i 4 .
g 1.20m:chénges to; non plastic
@ 149/66 kPa 7
® TP 7]
Fill
®UTFP 7
2
®UTP ]
1 2.40m: abundant yellowish brown inclusions
® 169/88 kPa 1
@211 kPa 1
2| %, 4
| &
b2 ® 145/74 kPa 37
‘Ee
B &)
: 3.1m: Target depth
COMMENTS:

|Hale Depth
B 3.1m

Scale 1:20



BOREHOLE No.: P254C-HAC7

Hole Location: Refer ta site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P24 2017 LOCATION: Millwater Precinct 2 JOB Na.: 21854.001 P284
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HOLE FINISHED:
Rl ’ DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEQLOGICAL ENGINEERING DESCRIPTION
e g
[ — z £ 2 | zE. | Be Description and.
g % <esTs H % . gg E% % e Additional Qhservations
g g g | 27| BB |5 | g5 |8
z 81 . o B 2 vg | E2 | &
AR z| & £ T |3g:| 28
wee| 28|83 Sl s & | 5 | 23 | EE |ewess|--sszg|sencd
: %’S‘- M H SILT, non plastic, moist, dark brown
h Tepsoil : Tk
: SILT, non plastic, meist, grey and orange, some gravel
@209 kPa inclusions '
@ >209 kPa
® =209 kPa
Fill
; @ >209 kPa
5 SILT, non plastic, dry, grey
. 1.60m: changes to; moist, mottled grey and arange and dark
brown, some gravel inclusions
®uTP
e uTP
% L %
- ‘BES
Hukerenui L SILT, non plastic, dry, grey
Mudstone
2.2m: Refusal
3 -
é ]
(i B
@
a J
&
S |
g
2
& J
€
§
o COMMENTS:
; Hole Depth
gi| 2.2m
8%

Scale 1:20




Barelog - 14/07/2017 10:08:16 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: P2S4C-HACS

Hole Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P2S4 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HELEEIISAD:
R.L.: . DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
z § p— g Ez g § E§§ Eu Additional Observations
2 8lal. q E a ¥ [ EE [ &
IlE|s|g)|2 | 2 £ £ | B | 2%
an| 2| E|E|8 Il z & & 8 53 R§§§E
] :"':‘Hl M H SILT, non plastic, moist, dark brown
Topsoil T |
e
VStH SILT, non plastic, moist, grey with yellowish brown
e uTP E inclusions
i 0.30m: changes to; low to no plasticity, grey with occasional
yellowish brown inclusions
® 133/68 kPa Il
@211 kPa 7
4 4
®>211kPa 7
® 148/63 kPa T s
Fill ! b
@ 188/- kPa )
5
e UTP 1
® 164/87 kPa 1
® 133/11 kPa 1
~ ®80/15 kPa 3
| g
i ) i
EG
=k
3.2m: Target depth
COMMENTS:
.|Hole Depth
5 32m

Scale 1:20



Borelog - 14/07/2017 10:08:16 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: P2S4C-HACS

Hole Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P284 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HOLE FINISHED:
R.L.: ’ DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
GECLOGIGAL UNIT,
- el e |2
WATERIAL CCMFOSTTIGN = i z BE ie Description and
= f Teats % E EZ Qgg E-ﬁ Additional Observations
S| E|lul8]2 T E 2 il 59 it
e 25| B[R il 8 | B |88 | &3 RsEgg
: f’:rs‘ M vt SILT some clay, low plasticity, maist, brown
“Topsail : T
: B
SILT, nan plastic, maist, grey and brown with yellow
© 154/53 kPa L brown inclusions
@ 102/59 kPa 1
® 184/78 kPa 1
Fill i
@ 196/68 kPa T 1.30m: grey with redish brown and yellowish brown
| inclusions
clayey SILT, law plasticity, moaist, greyish brown,
® 124/50 kPa - mottled yellowish brown
®16R/ERkRE SILT, low to no plasticity, moist, grey with yellowish
4 brown inclusions
2
; SILT minor clay, lastic, maist, grey, very hard to
Bliikestarit i augerml y, non plastic, moist, grey, very
Mudstone : ®uTP H - -
2t sandy SILT, non plastic, moist, grey
2.2m: Refusal
5 -
COMMENTS:
_|Hole Depth
i 2.2m

Scale 1:20



Borelog - 14/07/2017 10:08:1€ a.m. - Produced with Core-GS by GeRoo

BOREHOLE No.: P254C-HAC10

Hole Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LLOCATION: Millwater Precinct 2 JOB No.; 21854.001 P284
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HOLE FINISHED:
R.L: ' DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
! z < S— E E EF g2F 5 Additional Observations
ae| 2[5 | B3 HEEE AR 2L Ik
i D-M H SILT, non plastic, moist to dry, dark hrown motiled
Topsoil yellow
b SILT, non plastic, dry, light grey, mottled yellow
eUTP
@ >209 kPa
Fill
® 209 kPa
5
o uTP M VSt SILT very minor clay, low ta no plasticity, yellowish
4 brown mottled light grey and dark grey
N1 kP [ % | bM | vsed SILT, non plastic, moist, dark grey
. ¥ x ¥
=
,R B oy
fox
x *x
©209 kPa e
% "
] L
box o 2.00m: changes to; dry
2 R’ % "
E3 K"
@ >209 kPa R,
. A= :x
Hukerenui ; L
Mudstone : By
: Kﬂ‘ *M
e uTP e
_3‘ Kxx
o
%
4% X x®
xxxx
® TP TS
=
~ 4= 2 *
& o A
e R
:E% 2 s
e . 3m: Target depth
COMMENTS:
Hole Depth
“ 3m

Scale 1:20



BarsLog - 14/07/2017 10:08:16 a.m. - Praduced with Core-GS by GeRoe

BOREHOLE No.: P254C-HAC11

Hole Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm Hand Auger HOLE STARTED: 26/04/2017
DRILL METHOD: HA HOLE FINISHED:
R.L.: ’ DRILLED BY: Geotechnics
DATUM; DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
2::LH|ICNM£. g x . g
NﬂEI:.:.LDGMPD"mCN z & % GE EE Description and
. R z L = qew & itional Obsarvati
z E TESTS g %% E& g g§ E Additional ations
4 H e 27| BE | 5 3% B
a 8 @ B i wg [ £2 | &
sse| £ 8 L|2 il 2 g 5 g8 | B2
2 M st SILT, non plastic, maist, dark brown
Topsail
Vst SILT, non plastic, moist, grey mottled yellowish brawn
® 110/52 kPa
0.50m: occasional gravel inclusions
®>209 kPa
Fill
® 200/95 kPa
1
® >200 kPa
¥ 1514119 kPa ol H SILT, non plastic, dry, grey
Hukerenui =
Mudstone g
B
=)
®UTF 1.8m: Refusal
5 -
3 -
COMMENTS:
.|Hale Depth
N 1.8m

Scale 1:20
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GEOTECHNICS

BOREHOLE LOG

BOREHOLE No.: P254C-HAC12

Hale Location: Refer to site plan

SHEET: 1 OF 1

PRQJECT: P2S4 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854.001 P284

CO-ORDINATES:

DRILL TYPE: 50mm Hand Auger

DRILL METHOD: HA

HOLE STARTED: 26/04/2017
HOLE FINISHED:

_|Hole Dapth
¥ 2m

R.L: DRILLED BY: Geotechnics
DATUM: DRILL FLUID: LOGGED BY: RBE CHECKED: AJL
GEQOLOGICAL ENGINEERING DESCRIPTION
Gralosica U,
GLRERICNARE, 2
oRiam, H z u g -
— - E 3 gE_ | kg Description and
L » £ T £ % : Eg E %E E £ Addltional Observations
i | g |2 | B |§ | & |3
E £l g Sl s | BB 5E|°
SlE|lu|2|g i = H z BE | 38
el 2|5 E| 2 HIE 3 g | 8 | mo
B A M H SILT, non plastic, moist, dark brown
Topsall ETS P
i B Vst SILT, gravelly, friable, dry, grey and yellowish brown,
very hard to auger
S UTP b
© 92148 kPa M | VStH clayey SILT, non plastic, moist, greyish brown, AND
gravelly SILT, grey, low to nc_plasticity
®3>211 kPa
Fil !
®>211 kPa
1.50m: brown, yellowish brown and white with grey
inclusions
eyuTP
e
E ®>211 kPa
2
w1
Hukerenui E el H SILT minor clay, non plastic, dry, hard, grey
Mudstone -
2m: Refusal
3 -
COMMENTS:

Scale 1:20
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