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Executive summary

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd to monitor and provide earthworks
certification for the 15 No. Residential Lots contained within Stage 1 of Arran’s Point Precinct 7 at the
Millwater Subdivision in Silverdale. Stage 1 comprises residential Lots 1 to 13 and Lots 200 to 201 (high
density residential Lots), Reserve Lot 803 and Joint Owned Access Lanes Lots 603 and 604 inclusive as
shown on the Woods Final Contour As—Built Plan (Woods Ref 37001-01-AB-100} 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

n:
2000 and 2001 Preliminary feasibility reporting {Ref. [1] and [2]}.

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

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

d November 2013 Geotechnical Investigation Report for Arran’s Point Precinct 7 (Ref. [5]).

Woods Ltd {(Woods) undertook the engineering design for this stage and the overall subdivision.

Bulk earthworks commenced on site in fate 2010 and progressed through to the end of 2013, works
at this stage being generally associated with the formation of Arrans Drive (including shear keys and
retaining walls for the bridge abutments). Bulk earthworks associated with development of Stage 1 of
Arrans Point (Precinct 7) commenced in March 2014 and were completed by February 2016.
Earthworks comprised the following:

Stripping of vegetation, organic materials and topsoil to stockpile.

h Installation of subseil drains.

o Construction of 1 No. Shear Key (SK1) as shown on T+T Drawing 21854.0037-APP751-101 in
Appendix A2.

d Cut to fill earthworks across the entire Stage 1 area, incorporating construction of 2 No.

geogrid reinforced segmental block walls (i.e. part of Allan Block Wall 01 and Massbloc Wall
02) and 2 No. gabion basket walls (Walls 06 and 07), as shown on T+T Drawing 21854.0037~
APP751-101 in Appendix AZ. '

Civil earthworks commenced on site in February 2016 and were completed by September 2016, and
comprised the following:

a Minor cut to fill earthworks across parts of the site as part of final Lot development;

b Installation of roading and services.

Overall subdivisional soil types are moderately expansive (Class M), based on laboratory testing
undertaken in accordance with AS 2870:2011 (Ref. [7]). Due to this classification, soils lie outside the
definition of good ground within NZS 3604:2011 (Ref. [8]). Building foundations will require either
specific foundation design for expansive soils or foundation design in accordance with AS 2870:2011
{Ref. [7]). Subject to design issues outlined in Section 3, and CSIRO recommendations outlined in the
appendices relating to expansive soils foundation design and home owner maintenance, each
residentia! Lot is considered to have a building platform area generally suitable for domestic
residential development subject to specific geotechnical assessment and foundation design due to the
presence of expansive soils and where Lots contain, or are adjacent to, land with slopes steeper than
1in 4 {(V:H).




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




1 Introduction

1.1 General

Tonkin + Taylor Ltd {T+T) was engaged by WFH Properties Ltd to monitor and provide earthworks
certification for the 15 No. Residential Lots contained within Stage 1 of Arran’s Point Precinct 7 at the
Millwater Subdivision in Silverdale. Stage 1 comprises residential Lots 1 to 13 and Lots 200 to 201 {high
density residential Lots) inclusive as shown on the Woods Final Contour As—Built Plan {Woods Ref
37001-01-AB-100) 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 Siiverdale North and Orewa West
areas (Ref. [3]).

C November 2011 Geotechnical investigation Report for the North Bridge, Southern Abutment
{Ref. {4]).
d November 2013 Geotechnical Investigation Report for Arran’s Point Precinct 7 (Ref. [5]).

The preliminary (Ref. [1], [2]} and investigation (Ref. [3], [4], [5]) reports noted the presence of existing
instability comprising landsliding, soil creep and shallow slope movement across much of Arran’s Point
Precinct 7. These features were proposed to be stabilised, and/or undercut and replaced with
engineered fill, during development works. 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 1.

Construction of the North Bridge (immediately north-west of Stage 1) and associated abutments,
incorporating part of the Reinfirced Earth slope now located within the Wetland (Lot 803} was
undertaken between 2008 and 2013. Certification of these earthworks was included in the North
South Link Part B Geotechnical Completion Report (T+T Ref 21854.012, dated December 2013).

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

The scope of work covered by this completion report includes:

a Review of geotechnical investigation reporting for the site;

Monitoring and certification of earthworks operations in compliance with NZS 4431:1989 (Ref.
[6]}, including construction of a reinforced earth slope within Lot 803;

o Monitoring and certification of construction of 2 No. geogrid reinforced segmental block (Allan
Block and Screen Block) walls (Walls 01 and 02 respectively) and 2 No. gabion basket walls
{Walls 06 and 07);

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

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

The Arran’s Point Precinct 7, Stage 1 area of the Millwater subdivision is located within what is known
as Arran’s Point Precinct 7 in the Silverdale North Structure Plan.

The Arran’s Point Precinct 7 area is bound by Arran Drive to the west, Grand Drive to the north, the
Orewa estuary to the south and east, Arran’s Point Precinct 6 to the west, and Arran’s Point Precinct
5 to the northwest. The overall Arran’s Point Precinct 7 and Stage 1 areas are shown on T+T Drawing
21854.0037—-APP751-100 in Appendix A2.

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

Post-development gradients within the Stage 1 area remain gentle to moderately steep (1in3to 1in
15 (V:H)) and generally fall to the northwest as before. In order to form more level building platforms,
2 No. geogrid reinforced segmental block (Allan Block and Screen Block) walls have been constructed
along some Lot boundaries as shown on T+T Drawing 21854.0037-APP7S1-101.

Stage 1 is presently accessed from the existing Arran Drive.

1.3 Geological Setting

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

Arran’s Point
Precinct 7
#| site location

A Red Beach

Figure 1 - Local Geology (from Edbrooke)
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Summary descriptions of geological units in the Arrans Point area (after Kermode 1991) are as follows:
a East Coast Bays Formation

Alternating sandstone and mudstone with variable volcanic content (volcanic-poor lower in the
sequence and mixed volcanic content higher) and interbedded volcaniclastic grit beds.

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

Geological cross-sections through the Arran’s Point Precinct 7, Stage 1 area are enclosed as Drawing
Number 21854.0037-APP751-103 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 East
Coast Bays materials.
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2 Earthworks Operations

2.1 Plant

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

Bulk earthworks commenced on site in late 2010 and progressed through to the end of 2013, works
at this stage being generally associated with the formation of Arrans Drive {including shear keys,
reinforced earth slopes and retaining walls for the bridge abutments). Subdivisional earthworks within
Arran’s Point commenced from March 2014 through to February 2016 under Hicks' control. Civil
earthworks and construction for the residential Lots were also under Hicks’ control and were
undertaken progressively from February 2016 through to completion in September 2016.

Key Stage 1 earthworks components included:

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

c Cut to fill earthworks across the entire site as shown on the Woods Cut/Fill Contour As—Built
Plan Lowest Surface — Final Surface (Woods Ref 37001-01-AB-110} in Appendix Al.

d Construction of 1 No. Shear Key {SK1), 1 No. Reinforced Earth slope, 2 No. geogrid reinforced
segmental block walls (i.e. part of Allan Block Wall 01 and Screen Block Wall 02) and 2 No.
gabion basket walls (Walls 06 and 07), as shown on T+T Drawing 21854.0037-APP751-101 in
Appendix A2.

Key Stage 1 civil works components comprised installation of roading and services,

The earthworks, retaining walls, shear keys, undercuts and subsoil drainage as-built plans are included
in Appendix Al (Woods Drawings 37001~01-AB-100, 110 to 111, 120 to 121 and 130 to 133), and
show the earthworks undertaken across the site.
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2.3 Compaction Control

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

Minimurn Shear Strength and Maximum Air Voids Method

Minimum Undrained Shear Strength {Measured by insitu vane — 1ANZ calibrated)

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

High Strength Structural fills (Shear Keys):

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 vafue 12%

High Strength Structural fills (Shear Keys):

Average value not more than 8%

Minimum single value 10%

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

Tenkin & Tayler Ltd October 2016
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Compaction control criteria consisting of minimum allowable Clegg Impact Values and minimum
allowable in-situ dry density were used for cohesionless fill control. The Technical Specification
included in our Geotechnical Investigation Report (Ref. [4],[5]) included the following requirement for
the subdivisional earthworks (and in particular during construction of Walls 1 and 2):

Minimum Clegg Impact Value and Minimum In Situ Dry Density Method

Minimum Clegg Impact Value {Measured by Clegg Impact Hammer — IANZ calibrated)

General fills:
Average value not less than 20
Minimum single value 18

Minimum In-Situ Dry Density Percentage (as defined in NZS 4402:1986)

General fills:
Average value not less than 95%
Maximum single value 90%

The average Clegg Impact value was determined over any ten consecutive tests.

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

Quality Control (QC) testing showed that the results for the filling were consistently meeting the
required undrained shear strength 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.

Tonkin & Taylor Ltd QOctober 2016
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3 Geotechnical Development Works

31 Subsoil Drainage

A network of subsoil drains has been installed across Arran’s Point Precinct 7 during bulk earthworks
as part of the shear key, reinforced earth slope and geogrid reinforced segmental block walls
construction.

The subsoil drains installed within the shear key and reinforced earth slope were excavated into the
underlying rock to intercept groundwater and springs, and are as detailed in Section 3.2.

Subsoil drains installed as part of the geogrid reinforced segmental block walls construction comprised
the following:

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

b SAP50 scoria over the top of the Nexus pipe and up the back face of the reinforced soil block,
to within 1m 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 retaining wall drains were connected to the reticulated stormwater system, as shown on the
Woods Shear Key, Undercuts & Subsoil Drains As—Built Plans (Woods Ref 37001-01-AB—120 and 121)
and the Retaining Wall As-Built Plans {Woods Ref 37001-01-AB-130 to 132} in Appendix Al, and on
T+T Drawing 21854.0037-APP751-101 in Appendix A2.

3.2 Shear Keys

Based on stability analyses undertaken as part of the investigation reporting, shear keys were
identified as being required across Arran’s Point Precinct 7 to provide satisfactory factors of safety
against instability for the finished development of Stage 1.

1 No. Shear Key (i.e. SK1) was excavated within Stage 1 during the bulk earthworks in the location
shown on the T+T Drawing 21854.0037-APP751-101, included in Appendix A2, Excavations for the
Shear Key were inspected and mapped by an Engineering Geologist to check that the key base had
been extended sufficiently into the competent underlying ECBF rock materials, and that there were
no apparent adverse structural features or lower strength materials exposed within the base and sides
of the excavation. Any areas of suspect ground, including areas of identified land-slippage, were
removed under the instruction of our site Engineering 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 SK1 was developed based on the mapping undertaken and is included
in Appendix A2 {Drawing 21854.0037-APP751-110. This section shows the materials exposed within
the side 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 following:

a 160mm diameter perforated Hiway grade Nexus drain pipe: This was run along the base of the
rear of the excavation and discharges into the Orewa estuary in several locations (as per the
Woods As-Built plans 37001-01-AB—120 to -121). Additional Novaflo pipes were also installed
along mid-height benches where appropriate and connected into the key drainage outlet

system.
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b SAPS50 scoria: A layer of minimum 300mm thickness of SAP 50 was placed across the entire
rear face, and extended to within 2m of the top of the key. It shouid be noted that the top of
the key at this stage generally coincided with the original ground surface.

C 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 flows along this interface. This in essence
became the rear face drainage for the reinforced earth slope as well.

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 Wetland {Lot 803)

A stormwater wetland has been constructed during the development of Arrans Point Stage 1, within
Lot 803.

Construction of the wetland comprised excavation to a minimum of 1m below proposed finished level,’
followed by placement of a.(minimum) 1 metre thick compacted, engineered, high plasticity clay fill
back up to finished level. High plasticity clays were used to provide a low permeability liner across the
base and sides of the wetland, thus reducing the risk of leakage during the lifetime of the wetland.
The southern batter slope of the wetland comprises the lower section of the reinforced earth slope
discussed in Section 3.4 below.

3.4 Reinforced Earth Slope

A reinforced earth slope has been constructed below and adjacent to the southern abutment of the
North Bridge, and this extends through the Wetland (Lot 803) below Arran Point Parade. This slope
comprises horizontally laid biaxial geogrids placed at 0.5m (vertical) intervals within the engineered,
compacted earth fill. The grids extend up to within 1.5 {vertical) metres of the slope crest. They have
been placed at various lengths, starting at the face of the slope. Typical cross-section details through
the RE Slope are shown on T&T Drawings 21854.0037-APP751-108 in Appendix A2,

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

Construction of the slope comprised the following:

placement and compaction of fill to the required levels;
placement of the geogrid, ensuring that the grid is held tightly in place;
spreading of fill across the surface of the geogrid with lightweight plant;

[on T o TR o R ¢

compaction and placement of further fill up to the level of the next grid layer.

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

A drainage blanket was installed at the rear of the reinforced block of soil (essentially an extension
of the underlying shear key drainage) and comprises a minimum of 300mm thickness of SAP50
scoria, covered in Bidim A19 geotextile filter-cloth. A 160mm diameter Novaflo pipe at the base of
the drainage blanket provides a discharge outlet for any groundwater captured in the drainage
blanket. These drains are extended out to discharge to the adjacent stream system.

Tonkin & Taylor Ltd October 2016
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The slope has been designed to accommodate surcharge of up to 10kPa distributed load at the crest
of the slope.

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

3.5 Gabion Basket Retaining Wall

Two gabion basket retaining walls were constructed on either side of the wetland inlet during bulk
earthworks within Stage 1 (Walls 06 and 07).

Construction of the gabion basket retaining walls comprised the following:

a placement and compaction of fill to the required levels;
b placement of the gabion basket units;
c compaction and placement of fill to backfill any over-excavation.

A typical cross-section of the gabion basket retaining wall is shown on T+T Drawing 21854.0037—
APP751~107 in Appendix A2.

The gabion basket retaining walls have been designed to accommodate the maintenance access track
immediately above.

Certification of these walls, in accordance with the relevant Engineering Approval, is to be supplied
under separate cover.

3.6 Geogrid Reinforced Segmental Block Retaining Walls

Two geogrid reinforced segmental block walis {i.e. part of Allan Block Wall 01 and Screen Block Wall
02) were constructed during bulk earthworks within Stage 1.

Allan Block Wall 01 comprises uniaxial High Density Polyethylene (HDPE} geogrids placed at a
maximum of 0.4m (vertical) intervals within the well compacted engineered hardfill, placed in
accordance with the bulk earthworks specification {Section 2.3 above). The grids extend up to within
0.3m of the ground surface. For the section of Allan Block Wall 01 up to 1.0m retained height, the
reinforced biock is backfilled with no fines concrete (i.e. no geogrid reinforcement).

Construction of the Allan Block retaining wall comprised the following:

placement and compaction of fill to the required levels;

placement of the Allan Block units;

placement of the geogrid and ensuring that the grid is held tightly in place;
spreading of fill across the surface of the geogrid with lightweight plant;

T QO 0 T Q@

compaction and placement of further fill up to the level of the next grid layer.

Screen Block Wall 02 comprises uniaxial High Density Polyethylene (HDPE) geogrids placed at a
maximum of 1.0m (vertical) intervals within the well compacted engineered hardfill, placed in
accordance with the butk earthworks specification {Section 2.3 above). The grids extend up to within
0.3m of the ground surface.

Construction of the Screen Block retaining wall comprised the following:

a placement and compaction of fill to the required levels;
Tonkin & Taylor Ltd October 2016
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b placement of the Screen Block units, including starter sections of geogrids cast into the blocks
at the appropriate levels;

c placement of the geogrid and connection to the starter sections using a “Bodkin” joint,
ensuring that the grid is held tightly in place;

d spreading of fill across the surface of the geogrid with lightweight plant;
e compaction and placement of further fill up to the level of the next grid layer.

Typical cross-sections of the retaining walls are shown on T+T Drawings 21854.0037-APP751-105 and
106 in Appendix A2. '

As noted in Section 3.1, a drainage blanket was installed at the rear of the reinforced block of soil
which comprises a minimum of 300mm thickness of SAP50 scoria, covered in Bidim A19 geotextile
filtercloth. A 160mm diameter perforated Nexus pipe along the backface of the wall and base of the
rear of the reinforced soil block provides a discharge outlet for any groundwater captured in the
drainage blanket. The drainage pipes from behind the walls are connected into the stormwater
system, as shown on the Woods subsoil drainage as-built plan in Appendix Al.

These walls have been designed to accommodate a maximum 10kPa surcharge, although
development immediately behind/above the walis is likely to be precluded by Council planning rules,

Certification of these walls, in accordance with the relevant Engineering Approval, is to be supplied
under separate cover.

3.7 Undercuts

Earthworks operations through the road alignments in Stage 1 resulted in the exposure of some areas
of unsuitable subgrade materials (i.e. soft and wet). The unsuitable material has been undercut to
expose more competent soils {minimum shear strength of 75kPa) and replaced with engineered,
compacted fill, placed in accordance with the bulk earthworks specification {Section 2.3 above).

The extent of the undercut areas is shown on the Woods Shear Key, Undercuts & Subsoil Drains As—
Built Plan {Woods Ref 37001—-01-AB~120) in Appendix Al.
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4 Stability Analyses

As noted in Section 3, slope stability analyses undertaken during the investigation stage of the project
identified the need for shear keys to be constructed across Arran’s Point Precinct 7, so as to provide
acceptable factors of safety against slope instability for the finished development of Stage 1.

During excavation of Shear Key 1, the excavated faces were mapped to confirm the shear key had
been extended sufficiently into the underlying competent ECBF rock materials and to check for any
apparent adverse oriented geological structure or other features exposed within the sides and lower
part of the key.

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

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

C the earthworks monitering shows compliance with specified criteria, upon which fill
properties have been based.

Tonkin & Tayler Etd Cctober 2016
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5 Project Evaluation / Building Design Considerations

5.1 General

Ground conditions within Arran’s Point Precinct 7, Stage 1 straddle a range of “design conditions”
including cut ground, filled ground, expansive soils and constructed slopes up to 1 in 4 (V:H). The
following sections set out relevant geotechnical design issues.

5.2 Bearing capacity for building foundations

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

Due to the presence of expansive soils, foundation conditions fall outside the definition of “good
ground” contained in NZS 3604:2011 (Ref. [8]). In terms of AS 2870:2011 (Ref. [7]), the soils present
are considered to lie within Site Class M (moderately expansive) with characteristic surface
movements anticipated to be in the range of 20mm to 40mm. Due allowance should be made for
expansive soils, as discussed in Section 5.11.

Where a geotechnical ultimate bearing capacity greater than 300kPa is required to support any
dwelling constructed outside the scope of NZS 3604:2011 {Ref. [8]}, further specific site investigation
and design of foundations will he 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 settlements should be within normally accepted design tolerances of
25mm, as outlined in NZS 3604:2011 {Ref. [8]), with respect to conventicnal building development.

Settlement points were installed in the areas of greatest fill thickness following completion of
earthworks operations, to monitor the settlement of the subgrade. This monitoring shows that
settlements of up to 50mm occurred during development of Stage 1. This settlement occurred
between January 2014 and June 2015, with negligible movement since that time.

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

5.4 Retaining walls

Due to the shallow grades across most of the Stage 1 Lots, it is not anticipated that significant retaining
walls will be required. However, if walls are required, then retaining wall design will be dependent on
the site specific requirements.

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

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

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

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

The existing geogrid reinforced segmental block walls constructed within the Stage 1 area are shown
on the Woods Retaining Walls As—Built Plans (Woods Ref 37001-01B-AB—130 to 133). These walls
have been designed to accommodate a maximum 10kPa surcharge, although development
immediately behind/above the walls is 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 [imited to no closer than 1.5m from the toe of the walls.

For clarity, the Lots within Stage 1 that will need to consider the presence of the existing retaining
walls during site development are: ‘

a Allan Block Wall 01 —~ Lots 7 to 10 and 12 to 13 inclusive
b Masshloc Wall 02 — Lots 1 to 7 inclusive

5.5 Subsoil Drainage

Following shear key construction during 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 37001-01-AB-120) in Appendix Al, and on T+T Drawing
21854.0037-APP751-102 in Appendix A2.

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

5.6 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 the investigations, we
confirm that the subsoils are considered to have a geotechnical ultimate bearing capacity of 300kPa,
as required by NZS 3604:2011 (Ref. [8]). This corresponds to a factored (Ultimate Limit State) bearing
capacity of 150kPa and working (Serviceability Limit State) bearing capacity of 100kPa. Associated
borehole logs and site plan (T+T Drawing 21854.0037-APP751-112) are attached in Appendix E.

5.7 Stormwater

Public stormwater services have been installed within Arran’s Point Precinct 7, Stage 1. 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.
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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 lines, all foundations should extend and be founded
below the 45 degree zone of influence line from pipe inverts. This requirement is to avoid excessive
pipe surcharges, and to allow for future maintenance of the system without detrimentally affecting
adjacent structures. Subject to approval from Auckland Council, foundations may extend and bridge
over service lines provided specific foundation design is undertaken.

A copy of the stormwater as—built plans {(Woods Ref 37001-01-AB-300 to 303} is included in Appendix
Al

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 soits on road pavements.

For future road construction in other parts of the Arran’s Point Precinct 7 Stage 1 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 each of the
Lots and these are shown on T+T Drawing 21854.0037-APP751-113 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.

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 eucalyptus)
close to building envelopes, and;

C Initial soil moisture conditions at construction time.

Visually, the surfaces of expansive soils are noted for developing extensive cracking during dry periods
(especially late summer through autumn in Auckland} and can be locally identified by this feature
when sites are excavated and left for a week or two to dry out. Further information on expansive soils
is given in Appendices C and D of this report.
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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 Lid to
determine soil shrinkage characteristics in accordance with AS 1289.7.1.1.

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

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

Accordingly, building foundations on this stage of the subdivision will need to be subject to specific
foundation 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
be made to AS 2870:2011 (Ref. [7]} for assistance.
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6

Statement of Professional Opinion as to the Suitability of Land for
Building Development

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

6.1

6.2

6.3

6.4

6.5

| 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 Arran’s Point Precinct 7 Stage 1 {(comprising residential Lots 1 to 13
and 200 to 201 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.

The extents of investigations are described in Tonkin + Taylor Ltd Geotechnical Investigation
Report for Arran’s Point Precinct 7 Ref No. 21854.0037 dated November 2013. The conclusions
and recommendations of those documents have been re-evaluated in the preparation of this
report. Details of all earthworks control tests performed are enclosed (Appendix E).

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

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

6.4.1 The earth fills shown on the attached Woods drawings, Project No 37001, Millwater,
Arran’s Point Precinct 7, Stage 1, Drawing Numbers 37001-01-AB~110 to —111 and —
120 to 121, have been generally placed in compliance with NZS 4431:1989 (Ref. {[6]).

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

For Lots 1 to 13, 200 and 201 inclusive:
6.5.1 Foundation design

The filled and natural ground within residential Lot boundaries is considered generally
suitable for the erection thereon of light timber framed, flexibly clad residential
buildings subject to clauses 6.5.2 10 6.5.5.

6.5.2 Bearing capacity

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

6.5.3 Expansive soils

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

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

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

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

i) 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 sclutions
are applicable to site soil conditions to the satisfaction of Auckland Council.
Specific design may be undertaken by first principles or by reference to AS
2870:2011 {Ref. [7]), Section 4 and related documents.

6.5.4 Floor Slab Construction

Slab on grade construction is expected to be relatively straightforward across the
subdivision, but problems can occur with slab construction on shrink/swell sensitive
sails. 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 are suitably
conditioned to ensure that the subgrade is neither too dry nor too wet prior to hardfill
placement and concrete pouring to avoid undue shrink or swell movements.

6.5.5 Building maintenance - Qwners responsibility

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

6.5.6 Retaining walls / Earthworks

No retaining wall construction in excess of 1.5 metres height and no earthworks
involving fills in excess of 600mm depth should take place on these Lots unless
endorsed by a suitable design undertaken by a Chartered Professional (Geotechnical)
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6.6

0.7

6.8

6.9

6.10

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

For Reserve Lot 803 inclusive:

6.6.1 This Lot contains a “Building Line Restriction” relating to the 1 in 1.5(V:H} reinforced
earth slope. It covers the entire reinforced earth slope. Excavation, filling and/or
construction across this slope is not to be undertaken, to ensure stability of the slope
is not compromised.

Underfill (Subsoil} drainage

Underfilt (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 37001-01-AB-120) in Appendix Al, and on T+T Drawing 21854.0037-APP751-102 in
Appendix A2. These drains are considered to be maintenance free. This drainage system is
relatively deep and located so that it is unlikely to be encountered during future residential
site development. Although future works are unlikely to encounter the drains, their location
should be considered prior to designing deep foundations and, if damaged, repairs should be
observed by a Chartered Professional (Geotechnical) Engineer familiar with this report, and
notified to Aucldand Council.

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 Arran’s Point Precinct 7, Stage 1 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 Arran’s
Point Precinct 7 Stage 1 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.
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7 Applicability

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

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

Tonkin & Taylor Ltd

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

Andrew Linton Andrew Stiles
Senior Geotechnical Engineer Project Director
JXXL

p:\21854\21854.0037 - arrans hill p7\ger\stage 1\ajl 161025 app7sl-ger - final.docx
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Appendix Al: Woods Drawings

37001-01-AB-100

. 37001-01-AB-110
. 37001-01-AB-111
. 37001-01-AB-120 to 121
. 37001-01-AB-130 to 133
. 37001-01-AB~-300 to 303

Final Contour As—Built Plan

Cut & Fill As—Built Plan - Lowest to Final Surface

Cut & Fill As—Built Plan — Original to Final Surface
Shear Key, Undercuts & Subsoil Drains As—Built Plans
Retaining Wall As—Built Plans

Stormwater Drainage As-Built Plans
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NOTES:

1. All dimensions are in millimetres unless
noted otherwise.

2. Foundation to be inspected by T&T

geotechnical engineer. The subgrade

material shall have minimum undrained shear
strength of greater than 120 kPa

The bottom geogrid layer shall start at

finished ground level.

All fill shall be placed and compacted

according to the construction specification.

The Contractor shall ensure that temporary

excavated faces are stable.

Excavation in front of the wall to be

reinstated with compacted, engineered fill.

Hard fill shall be spread using mechanical

plant such as an excavator bucket or a

dozer with an opening bucket, which causes

the hard fill to cascade onto the grids.

8. All construction plant and other vehicles
having a mass exceeding 1000kg shall not
be used within 1.0m of the back face of the
Allan Block. The plant used for compacting
this zone shall be restricted to:—

a)Vibrating rollers having @  total mass
not exceeding 1000kg

b)Vibrating plate compactors having a
total mass not
exceeding 100kg

c)Vibro tampers having a mass not
exceeding 75kg

9. Density testing of backfill around grids is
required (refer to Specification)

10. Geogrids shall be laid horizontally
(perpendicular to wall) on compacted layers
of GAPB5 fill. They shall be tensicned to
remove all slack prior to back filling and

P anchored by either placing a small volume of

i e G GAPE5 fill o, or staking, the free end. They

p g shall remain tensioned whilst the balance of
GAPB5 fill is placed. No traffic or site plant
shall be permitted to travel on the grids
where cover is less than 100mm.

W 11. The Engineer shall inspect and approve

TABLE 1: Reinforcement Details TABLE 2: Minimum wall width for walls <1m height

Retained ) Min Geogrid Max. Vertical Reinforced Min. base
Height "H’ Geogrid Type Length L' Spacing 'S’ height H width
(m) (m) {m) (m) (m)

N e oo s

1.0 — 3.0 Tensar RES40 3.0 0.4 < 0.5
0.5 — 1.0

R

NOTE: Refer to Table 2 for walls with retained height less than 1m

 Minimum 300mm compacted clay
cap with Bidim A19 geotextile or
similar approved sepuarating clay and

drainage material installation of at least the first layer of

’ ) . : gecgrid and other layers as necessary.
Place 'Form Tube’ during construction 12. Wall setout to be as provided by Woods and
Do not drill fence post holes after confirmed on site by the Engineer.
construction is complete

GAP 65 or approved equivalent
compacted to 82.5% of material
solid density

Finished Level —

100mm  minimum —

Finished Level _—l

D T s e M topsoil & grass
N e B e r  E Minimum 300mm compacted clay cap with
8 7 Allan Block Bidim A19 geotextile or similar approved
=] separating clay ond drainage material —— Allan Block
T 10MPa no fines concrete
=
= 12 Top of wall
Q
=
. : Step the Allan Block back 2
Scoria _Drumuge 25mm every 200mm lift g
(300mm wide, min) = (block height) 2 Step the Allan Block back 8-
: &= ) SAPS0 25mm every 200mm lift g £
Vi s Bkt . i Scoria Drainage o
ottom of wal 3
\,;7.‘ (300mr wile) Bottom of wall Ee
- . i, = ————
Bidim A19 geotextlle—u\: ﬁD"‘EmbEdme”t Depth 110mm# Novaflo (perforated) pipe or TR e A T
(minimum 300mm}) similar approved, connected to 5 R
TR stormwater network for discharge /\

¢ )

[ieia . Tt Embedment Depth
L . 5 ==t (minimum 300mm)
Bidim A19 geotextil ‘ Min wall base width \

110mm¢® Novaflo {perforated) pipe or
refer to table 2

similar approved, connected to
stormwater network for discharge

150mm depth compacted

150mm depth GAP40C levelling pad
GAP40 levelling pad

TYPICAL ALLAN BLOCK WALL (FOR WALLS > 1m HEIGHT
SCALE 1:50 TYPICAL ALLAN BLOCK WALL (FOR WALLS <1m HEIGHT)

SCALE 1:50

A3 SCALE 1:50
o 05 10 15 20 25(m) DRAWING STATUS: COMPLETION REPORT
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WALL SPECIFICATION 4 LEGEND h
Max. Retcllllr-'ll,ed Height | Min. Embeﬁzn"lent Depth Geogrid Type Min. Length of Geogrid Max. Gz;ggﬂgver’ucql o u Tensar RES40
(Primary Geogrid)
30 m 0.5 m Tensar RE560 25 m 10 m
P Hard Fill
L v stractural il
— vy
Safety Fence
Minimum 300mm compacted clay cap with
M Bidim A19 geotextile or similar approved
separating clay and drainage material
Connect with bodkin joint "_’_v‘.‘.z’:;.." :
Geogrid cast into Massbloc B s ettt
5.0 LR SN
= oeaatatetetetetete s ¢ WX
R R KR HE High Strength
0.5m high MassBloc ~0.4m ettt 1.0m Structural Fill
TR X sl P
ST Z
Blitetetetetstotel
7 F R
Standard MassBloc ——_ | £ e
unit with key dl

300mm thick SAP50
or approved equivalent

Hard Fill {GAP&5 or

approved equivalent High Strength

MassBloc base unit

Max slope gradient

. 0.50m )Maximum Retained Height

compacted to 82.5%
of material soild
density)

_ Structural Fill

See note 14

NOTES:

oo P

o

All dimensicns are in millimetres unless
noted otherwise.
Foundation to be inspected by
geotechnical engineer.
The bottom geogrid layer has to start
at finished ground level.
Geogrid spacing is no more than 1.0m
(vertical).
All fill shall be placed and compacted
according to the hordfill specification.
The Contractor shall ensure that
temporary excavated faces are stable.
Excavation in front of the wall to be
reinstated with High Strength Structural
Fill.
Hard fill shall be spread using
mechanical plant such as an excavator
bucket or a dozer with an opening
bucket, which causes the hard fill to
cascade onto the grids.
All construction plant and other vehicles
having a mass exceeding 1000kg shall
not be used within 1.0m of the back
face of the MassBlec. The plant used for
compacting this zone shall be restricted
for—
a)Vibrating rollers having a
not exceeding 1000kg
b)Vibrating plate compactors having a
total mass not
exceeding 100kg
c)Vibro tampers having a mass not
exceeding 75kg
Density testing of backfill around grids is
required (refer to specification).
Geocgrids shall be laid horizontally
(perpendicular to wall) on compacted
layers of fill. They shall be tensioned to
remove all slack prior to back filling and
anchored by either placing a small
volume of fill on or staking the free end.
They shall remain tensioned whilst the
balance of fill is placed. No traffic or
site plant shall be permitted to travel on
the grids where cover is less than
100mm.
The Engineer shall inspect and approve
installation of at least the first layer of
geogrid and other layers as necessary.
Geogrid starters to be cast into
MassBloc during manufacture and joined
to geogrid using bodkin Jeints.
Actual extent of base level of blocks to
be inspected by Engineer and tested to
confirm minimum Su>120KPa.

total mass

V) :5(H)
= \\\\_\'. T—160mm9 perforated Novacoil drfll'mpipe.
150mm thick GAPZ20 or approved o g{?ﬂctsj,rg{'%m gr?clw’lizgc(tnui?e:hp?:;. key or sibsel
equivalent levelling pad N :
RETAINING WALL 02 — MASSBLOC WALL TYPICAL SECTION
SCALE 1:50
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Wall 7 Finished Ground Level

1 x 0.5m Gabion Basket 300mm thk clay cap

Wall &

Finished Ground Level | ' . WA it
300mm thk clay cap ‘ . N raraaray 5
1 x 1m Gabicn Basket e / . i g -
e ~_ (REHEILLDS
o I 030302030 O THRASNAK 4
®,

Wing Wall

Compacted GAPE5 hardfill

Compuacted GAP65 hardfill

150mm bedding layer Bidim A24 Filter Lfner\WOmm compacted GAPBS

RETAINING WALLS 06 & 07 — GABION BASKET WALL TYPICAL SECTION

SCALE 1:25

150mm bedding layer

A3 SCALE 1:25

Q 0.5 1.0 1.5 (m)
[ e —
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RL 15.0m

fusan

Finish ground prc;file1

1.5m thick clay
cap minimum

Compacted fill
(Refer to reinforced slope specification
for compaction & testing requirements)

%%%\ 1500 (typ)

g,

(typ)
- :

Scoria SAP50 (0.3m
thick) blanket at

upslope side of
reinforced block.

Drainage qunket: -

- 2
o 1
e — Tensar RE540 9m long @ 1.5m crs
(main grid)
— Tensar RE520 2m long @ 0.5m crs
(intermediate grid)
9000 {typ)

RL4.5m

LUm:lerr:ut to Su =>75kPa

160mm ¢ perforated Nexus (depth varies)
Hi—way pipe parallel to slope, P

art of shear key drainage.

DATUM 0.0m
Shear Key below RE Slope
A3 SCALE 1:25
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A3 SCALE 1:500

SHEAR KEY 01 PLAN

SCALE 1:500

\‘——‘_

-

Ch 20

LEGEND
= | W Precinct 7 Boundary

= == == Stgge 1 Boundary

Lot Boundaries

Shear key undercut contours
(5m interval)

Shear key undercut contours
(1m interval)

—=-—A-——-——-—RBase shear key and

chainage
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(1) B 17" te 136" PL, SM, T, CN 4 B 19" to 157" PL, SM, VT, CN

(5) B 18" to 157" PL, SM, VT, CN

(8) J B5'-80" to 80" PL, SM, VT, CN
spaced 200—500mm In both
siltstone and sandstone beds,
laterally discontinuous, no iron
staining

(2) B 11 to 121" PL, SM, VT, CN

(3) F 40" to 82" SC, SM, T, FeSt
within 500mm either side of fault

Top of Undercut

154 P i o
Ps B b

e — T
s AL s T"l‘""l’\1\i i e b ol vt et ot S e O
/

B R R S i i o et | T

As—Bullt Ground Level

Undercut Level

_____ S T e

B R R I‘--—T_ 10 wa
E "l E
5 5
'43 5 -5 €
> =
o A
[} i}

04 )

-5 F—5
- 10 T T T T T T T T = 10
a 20 40 60 80 100 120 140 160 187

Distrance {m)

LONG_SECTION / 3\

SCALE 1:500

Note: Refer Dwg. No. 21854.0037—APP7S1—111 for
Geology Legend and Definition of Terms
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DEFECT CODE LEGEND

LONGSECTION MATERIAL LEGEND h SHAPE ROUGHNESS APERTURE
Alluvium
I:I e cnd Glayeg St o 6 SHFY malse t it TERM CODE  DESCRIPTION OF CODE TERM SYMBOL DESCRIPTION
light grey to whité, organic layers, generally thinly JOINT SURFACE (Seperutlon)
bedded (subhorizontal) Planar PL Slickensided sL Very Tight VT less than O.1mm
l: Colluvium Slightly Curved sC Smooth SM Tight T 0.1 to 1.0mm
7 , ; 5 i Curved cv Defined Ridges DR Open 0 1.0 to 10.0mm
Clnyey/stl)lt.wﬂrm to stiff; mslat, light grey mtiled Irregular IR Small Steps ST Very Open Vo more than 10mm
arange/brown Stepped ST Rough R
East Coast Bays Formation Soils . Wavy L Very Rough ¥
Stiff to very stiff Silty Clay, Clayey Silt and minor
Silty Sand, moist te wet, light yellow to light grey INFILLINGS AND COATINGS
MW East Coast Bays Formation Clay Gouge cG Joints have openings bs:-tween opposing faces of intact rock substance in
Moderately Weathered ECBF, Silty Clay and Clayey Silt, b Higd jwih clay goHae: il
minor Silty Sand, very stiff, wet, dark grey, thinly bedded Clay is generally described in terms of soil properties.
Clay Veneers oV Joints contain clay coating whose maximum thickness does not exceed Tmm.

Note: D ibe clay in t f soil erties.
SW=UW East Goast Bays Formation ote: Describe clay in terms of soil properties

Slightly to unweathered ECBF. Interbedded Sandstone, i § . Joint traces are marked in terms of well defined zones of slightly te
gil:ﬂto:e ungllyudsto;a — . Penstrative: Limanits Pl moderately weathered ferruginised rock—substance within the adjacent rock.
andstone, Silty, very weak, dark grey.
Siltstone and Mudstone, extremely weak to very weak, . . : Joint surfaces are stained or coated with limonite, although th k

St b g e rocl
dark grey Lipnorltet Shaled hask substance immedictely adjacent to the joints is fresh.

Joints exhibit Coatings other than clay or limonite, eg. Carbonate (CT) or

M Engineered Fill Coated (S:é silica (SC)

Concretion t. ; ; li
Topicelly skt dieeng; Sandstire DRk Cemented gl§ Joints are cemented with limonite (CL), silica (CS), or carbonates {CC)
cC
Groundwater seepage
Clean CN Joint surfaces show no trace of clay, limenite, or other coatings
— Shear Surface
TYPICAL EXAMPLE:
———  Existing Ground Level THPE (3)d60/152', PL, SL, T, GV, stff green CLAY
TERM CODE SYMBOL
Undercut Level Bedding B 150 = Dip angle
—L—--i Strike
~~~~~ Bedding Feature )
Joint J s5————— Dip angle
—m . Strike - 0 c @ w9 o~
- .t fom S o 95 g S5
| . e & 9D 2 2 =] :S
Shear zone 57 20" —=———— Dip angle £ 9 8 6 £ & 278
= Strike & a 5 3272 a5
; s 9 4 e % a8
Fault trace F 40 = Dip angle g g =
S (A £ & 2
S o =0
z £ E
= | =
= - o
= a
w
<
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Appendix B:  Contractors Certificates

® Hick Bros - Producer Statement PS3 — Contract 37000-02 {Stage 1 Bulk Earthworks,
Wall 1 and Wall 2)

- Hick Bros - Producer Statement PS3 — Contract 37001-02 {All Stage 1 Civil works,
Fencing above Walls 1, 2, 6 & 7)

. ICB Retaining and Construction Ltd — Producer Statement 3 (Allan Block Wail 01
Construction)

. ICB Retaining and Construction Ltd — Producer Statement 3 (Massbloc Wall 02
Construction)

. ICB Retaining and Construction Ltd — Producer Statement 3 (Gabion Basket Wall
Construction)

. Getgroup.co.nz Ltd — Producer Statement 3 (Walls 01, 02 and Gabion Basket Wall
Fences)




NZS 3910:2013

PS3 - FORM OF PRODUCER STATEMENT- CONSTRUCTION

ISSUED BY: HICK BROS CIVIL CONSTRUCTION LIMITED

TO: WFH PROPERTIES

IN RESPECT OF: PRECINT 7 OREWA WEST BULK EARTHWORKS AND GEOTECHNICAL

REMEDIATION
AT: PRECINCT 7 CONTRACT 37000-02

HICK BROS CIVIL CONSTRUCTION LTD has contracted to WFH PROPERTIES to carry out and complete
certain building works in accordance with a contract, titted PRECINT 7 OREWA WEST BULK
EARTHWORKS AND GEOTECHNICAL REMEDIATION (“the contract”)

I JAMES BILKEY a duly authorized representative of HICK BROS CIVIL CONSTRUCTION LIMITED believe
on reasonable 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 accordance with the contract.

Date: 4" August 2016

/’

@a ure of Authorized Agent a

HICK BROS CIVIL CONSTRUCTION LIMITED
(Contractor)

ehalf of)

42 FORGE ROAD, SILVERDALE

(Address)

Attachments:
1) List detailing works carried out




ATTACHMENT 1

PRECINT 7 OREWA WEST BULK EARTHWORKS AND GEOTECHNICAL REMEDIATION

LIST OF WORK CARRIED OUT:

1) All the earthworks within Stage 1
2) Construction of Wall 1

3) Construction of Wall 2

4) Construction of Palisade Wall 1




NZS 3910:2013

PS3 - FORM OF PRODUCER STATEMENT- CONSTRUCTION

ISSUED BY: HICK BROS CIVIL CONSTRUCTION LIMITED
TO: WFH PROPERTIES

IN RESPECT OF: PRECINT 7 OREWA WEST STAGE 1 & 2 CIVIL WORKS
AT: PRECINCT 7 CONTRACT 37001-02

HICK BROS CIVIL CONSTRUCTION LTD has contracted to WFH PROPERTIES to carry out and
complete certain building works in accordance with a contract, titled PRECINT 7 OREWA WEST STAGE 1
& 2 CIVIL WORKS (“the contract”)

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

on reasonable 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 accordance with the contract.

Date: 4" August 2016

ighature of Authorized Agent.efi behalf of)

HICK BROS CIVIL CONSTRUCTION LIMITED
(Contractor)

42 FORGE ROAD, SILVERDALE
(Address)

Attachments:
1) List detailing works carried out




ATTACHMENT 1

PRECINT 7 OREWA WEST STAGE 1 & 2 CIVIL WORKS

LIST OF WORK CARRIED OQUT:

1)
2)
3)
4)
5)

All of the works in Stage 1

Fencing above Wall 1

Fencing above Wall 2

Fencing next to road 1

Fencing of inlet structure to wetland




SIXTH SCHEDULE

(NZS 3910:2003)
FORM OF PRODUCER STATEMENT CONSTRUCTION

ISSUED BY ICB Retaining & Construction Limited
(Contractor)
TO Hick Brothers
(Principal)
IN RESPECT OF Allen Block WallNo. 1
(Description of Contract Works)
AT Lot 1 DP 463561, Silverdale 0931, ( Arran
Point, Millwater Precent 7)
(Address)
ICB Retaining & Construction Ltd
(Contractor)
has contracted to Hick Brothers
(Principal)
to carry out and complete certain building works in accordance with a contract, titled
Allen Block Wall No. 1, Arran Point, Millwater Precent 7 (The Contract)
(The Project)
I, Chris Burke a duly authorised
(Duly Authorised Agent)
representative of ICB Retaining & Construction Limited
(Contractor)
Believe on reasonable grounds that ICB Retaining & Construction Limited
(Contractor)

has carried out and completed:

M All O Part only as specified in the attached particulars of the building works in
accordance with the Building Consent No. and any Authorised Instruction / Variations
that have been issued during the course of the war

e
(Signature of Authorised Agent on Behalf of)

15 August 2016
(Date)

ICB Construction Limited
(Contractor)

PO Box 303 340, North Harbour, Auckland

(Address)



SIXTH SCHEDULE

(NZS 3910:2003)

FORM OF PRODUCER STATEMENT CONSTRUCTION

ISSUED BY ICB Retaining & Construction Limited
(Contractor)
TO Hick Brothers
(Principal)
IN RESPECT OF Mass Block Wall No. 2
(Description of Contract Works)
AT Lot 1 DP 463561, Silverdale 0931, ( Arran
Point, Millwater Precent 7)
(Address)
ICB Retaining & Construction Ltd
(Contractor)
has contracted to Hick Brothers
(Principal)
to carry out and complete certain building works in accordance with a contract, titled
Mass Block Wall No. 2, Arran Point, Millwater Precent 7 (The Contract)
(The Project)
I, Chris Burke a duly authorised
(Duly Authorised Agent)
representative of ICB Retaining & Construction Limited
(Contractor)
Believe on reasonable grounds that ICB Retaining & Construction Limited
(Contractor)

has carried out and completed:
M All O Part only as specified in the attached particulars of the building works in
accordance with the Building Consent No. and any Authori truction / Variations

that have been issued during the course of the work. /
(/\24 (74

o 7 Y
f Authorised Agent on Behalf of)

)
(Signature

15 August 2016
(Date)

ICB Construction Limited
(Contractor)

PO Box 303 340, North Harbour, Auckland
(Address)




SIXTH SCHEDULE

(NZS 3910:2003)

FORM OF PRODUCER STATEMENT CONSTRUCTION

ISSUED BY ICB Retaining & Construction Limited

(Contractor)
TO ) Hick Brothers

(Principal)
IN RESPECT OF _.Gabion Basket Wall No. 6

(Description of Contract Works)

AT Lot 1 DP 463561, Silverdale 0931, ( Arran
Point, Millwater Precent 7)

(Address)
__ICB Retaining & Construction Ltd

(Contractor)
has contracted to Hick Brothers
(Principal)
to carry out and complete certain building works in accordance with a contract, titled

Gabion Basket Wall No. 6, Arran Point, Millwater Precent 7 (The Contract)
(The Project)

I, Chris Burke a duly authorised
(Duly Authorised Agent)
representative of ICB Retaining & Construction Limited
(Contractor)
Believe on reasonable grounds that ICB Retaining & Construction Limited
(Contractor)

has carried out and completed:

M All O Part only as specified in the attached particulars of the building works in
accordance with the Building Consent No. and any Authorised Instruction / Variations

that have been issued during the course of the wo

el [

(Signature of Atthorised Agent on Behalf of)
i5 August 2016

(Date)

ICB Construction Limited

(Contractor)

PO Box 303 340, North Harbour, Auckland

(Address)



SIXTH SCHEDULE

(NZS 3910:2003)
FORM OF PRODUCER STATEMENT CONSTRUCTION

ISSUED BY ICB Retaining & Construction Limited
(Contractor)

TO Hick Brothers
(Principal)
IN RESPECT OF Gabion Basket Wall No. 7
(Description of Contract Works)

AT Lot 1 DP 463561, Silverdale 0931, ( Arran
__Point, Millwater Precent 7)
(Address)

ICB Retaining & Construction Lid
(Contractor)
has contracted to Hick Brothers
(Principal)
to carry out and complete certain building works in accordance with a contract, titled

_Gabion Basket Wall No. 7, Arran Point, Millwater Precent 7 _ (The Contract)
(The Project)

L Chris Burke a duly authorised
(Duly Authorised Agent)
representative of ICB Retaining & Construction Limited
(Contractor)
Believe on reasonable grounds that ICB Retaining & Construction Limited
(Contractor)

has carried out and completed:
@ All O Part only as specified in the attached particulars of the building works in
accordance with the Building Consent No. and any Authorised Instruction / Variations

that have been issued during the course of%//
gl A,

(Signature of-Authorised Agent on Behalf of)

15 August 2016
(Date)

ICB Construction Limited
(Contractor)

PO Box 303 340, North Harbour, Auckland
(Address)
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I have sighted the above bu1ld:ng consent and read the attached condttaons of consent and confirm that | have undertaken the
buuldmg work described above in accordance with the consented plans and specifi ications.

| understand that Coumncil wi ely upon this producer statement, for the purposes of establishing compliance with the above
building consent. 7/ C ‘ _

Siéﬁétute: - (ﬂ/{ M : Date: 177 / 4 / / s
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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:

a) 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 a liquid limit of more than 50% when tested in
gccordance with NZS 4402 Test 2.2, and a linear shrinkage of more than 15% when tested in
accordance with NZS 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,
ond 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 as per the requirements of AS 2870:2011. Descriptions of the various site classes, together
with characteristic surface ground movements are outlined below.




Altowing for some correlation with NZS 3604, the various site classes applicable to NZ conditions are

considered to bhe:

Characteristic Surface Movements Site Class Description
a)  20mm Class A {sand} and/or Poor to slightly
{Note NZS 3604:2011 ?ssume.s movement of 25 Class S {Silts) expansive
mm as part of underlying design. Equivalent to NZS
3604:2011

h) 20 mm —40 mm
c} 40 mm — 60 mm
d) 60 mm —75mm
e) >75 mm

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

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

“Good Ground” sites

Class M
Class H1
Class H2

Class E

Moderately expansive
Highly expansive
Highly expansive

Extremely expansive

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

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

AS 2870 is based on defining soil 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 {slab on ground, strip footing, stiffened
raft, stiffened slab with deep edge beams, etc). AS2870 uses more reinforcing 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 being a home owner
maintenance issue and significant emphasis is put into ensuring that people understand the influence
that trees and dry summers etc may have on foundation performance. See Appendix D.




Appendix D:  CSIRO — BTF18 — Foundation
Maintenance and Footing
Performance: A Homeowners Guide




CSIRO

BTF 18
replaces
Information
Sheer 10/91

Buildings can and often do move. This movement can be up, down, lateral or rofational. The fundamental cause
of movement in buildings can usually be relafed to one or more problems in the foundation soil. Tt is important for
fhe homeowner fo identify the soil type in order fo ascertain the measures that should be put in place in order to
ensure that problems in the foundation soil can be prevented, thus profeciing against building movement.

This Building Technology File is designed to identify causes of soil-related building movement, and to suggest
methods of prevention of resultunt cracking in buildings. -

The types of soils wsually present under the topsoil in fand zoned for
residentizl buildings can be split into two approximate groups -~
gramular and clay. Quite often, foundation soil is 2 mixture of both
types. The general problems assaciated with soils having gramular
content are usually cansed by erosion. Clay soils are subject to
saturation and swell/shrink problems.

Classifications for a given area can genetally be obtained by
application. to the local authority, but thess are sometimes unreliable
and if there s doubt, a geotechical report should be commissioned.
As most buildings suffering movement problems are founded on clay
soils, there is an emphasis on classification of soifs according to the
amount of swell and shrinkege they experience with vasiations of
water content. The table below is Table 2.1 from AS 2870, the
Residential $izb and Footing Code.

%Cquses of Movement

Setilement due to construction

Thete are two types of settlement that occur a5 2 result of

consttuction:

e Tmmediate settlement occurs when a building is first placed on its
foundation soil, as & result of compaction of the soil under the
weight of the structure. The cohesive quality of clay soil mitigates
against this, but granular (particlady sandy) soil is susooptible.

» Consolidation settlement is a feanre of clay soil and may take
place because of the expulsion of moisture from the soil or because
of the soil’s lack of tesistance to local compressive or shear stresses.
This will usnally take place during the first few months after
construction, but has Eccn known to take many years in
exceptional cases,

These probloms aze the province of the builder and should be talen

into consideration as part of the preparation of the site for consteuc-

tion. Building Techuology File 19 (BTF 19) deals with these

. problems.

Erosion

All soils are proné to erosion, bur sandy sofl is particularly susceptible
10 being washed away: Bven clay with a send component of say 10%
or mote can suffer from erosion.

Saturation

‘This is particularly a problem in clay soils, Saruration creates 2 bog-
like suspension of the soil that causes it to fosa yirtually all of its
bearing capacity. Tb a lesser degree, sand is affected by saturation
because saturated sand may undergo a reduction in volume —
particularly imporred sand fill for bedding and blinding layers.
However, this usualfy occurs as immediate sectlement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of soil

All clays react to the presence of warer by slowly absorbing it, malking
the soil increase in volume (see table below). The degree of increase
vazies considerably between different clays, as does the deptee of
decrease during the subsequent diying out, caused by fair weather
periods. Because of the low absorption and expulsion rate, this
phenomenon will not usnally be noticeable unless ehere are
orolonged rainy or dry perlods, usually of weeks or maonths,
depending on the land and soil characreristics.

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

Shear failure

This phenomenon occurs when the foundation soil does not have

sufficient strength to support the weight of the footng. There are

two major post-construction causes:

» Significant foad increase.

e Reduction of lateral support of the soil under the footing due to
erosion or excavation,

» Tn clay soil, shear failure can be caused by saturation of the soil
adjacent to or under the footing.

GENERAL DEFINITIONS OF SITE CLASSES
Class . Foundation
A Maost sand and rock sites with litdle or no ground movement from moisture changes
8 Slightly reactive clay sites wirh only sfight ground movement from moistare chatiges
M Moderately reactive clay or silt sites, which can experience moderate ground movemest from moisture changes
H Highly reactive clay sites, which can experience high ground movement flom moisture changes
B Extremely reactive sites, which can experience extreme ground movement from moisture changes
Aw? Filled sives
P Sites whick include soft soils, such as soft clay or silt or loose sands; landslip; rnine subsidence; collapsing soils; soils subjeet
to erosion; reactive sites subject to abnormal moisture conditions o sites which cannot be clussified otherwise




Tree root growth '
"Ttees and shrubs that are allawed to grow in the vicinity of footings
carx cause foundation soif movement in two ways:

» TRoots that grow under footings may increase in cross-sectional
size, exarting npward pressure on footings.

» Roots in the vicinity of footings will absorb much of the moisture
in the foundation sofl, causing shrinkage or subsidence.

Umnevenness of Movement

The types of ground movement described above usually accur
unevenly throughout the building’s foundation soil. Sertlement due
to construction tends to be uneven because of:

« Differing compaction of foundation soil prior te construction.
= Djffering moisture content of foundation soil prior to construction.

Movement due to nor-construction, causes is usually more uneven
still. Frosion can undermine a footing that trayerses the flow or can
creare the conditions for shear failure by erading soil adjacent to a
foo ting thet runs in the same direction as the flow:

Saturation of clay foundation soil may occur where subfloot walls
create 4 dam that makes water pond. Jt can also ocour wherever thete
is a source of water near footings in clay sail. This leads to a severe ™
reduction in the strengeh of the soil which may create [ocal shear

failure.

Seasonal swelling and shrinkage of clay soil affects the perimeter of
the building first, then gradually spreads to the interior. The swelling
pro cess will usually begin at the uphill extreme of the building, or on
the weather side where the land is flat, Swelling gradually reaches the
interior soil as absorption continues. Shrinkage usually begins where
the su’s heat is greatest,

Effects of Uneven Scil Movement on Structures

Erosion and saturation

Erosion removes the support from under footings, tending to creare
subsidence of the part of the structure under which it occurs,
Prickwork walls will resist the stress created by this removal of
support by bridging the gap or cantileveriag undll the bricks or the
moxtar bedding fail. Older masonry has little resistance, Bvidence of
fuilure vasies according to circumstances and symptoms mey include:

+ Step cracking in the mortar beds in the body of the wall or
ahove/below operings such as doors or windows,

o “ertical cracking in the bricks (usually but not necessaily in line
with the vertical beds or perpends).

Teolzted pers affected by erosion ar saturation of foundations will
eventualgr lose contact with the bearers they support and may tilt er
fall over, The floors that have lost this support will become bouncy,
sometimes ratling ornaments eic. -

Scasonal swellingfshrinkage in clay

Swelling foundation soil dus to rainy perfods fivst lifis the most
exposed extremities of the footing systern, then the remainder of the
periméter footings while gradually permeating inside the building
footprine to lift internal footings. This swelling first tends to create a
dish .effect, because the external footings are pushed higher than the
imternal ones.

The first noticeable symptom may be thet the floar appears slightly
dished. This is often accompanied by some doors binding on the
flsor ot the door head, together with some cracking of cornice
rnitres. In buildings with timber flooring supported by bearers and
joists, the floor can be bouncy. Externally there may be visible
dishing of the hip or ridge lines. '

.
As the moisture shsorotion precess completes jts joumey to the
innermost areas of the building, the internal footings will dse. If the
spread of moisture is roughly even, it may be that the symptoms will
temporarily disappear, but it is more likely that swelling will be .
uneven, creating 4 difference rather than a disappearance in
symptoms. In buildinge with timber flooring supparted by bearers
and joists, the isolated piers will rise more easily than the Str}j[f
footings or plers under walls, creating noticesble doming of flooring.

Wall cracking
due to uneveh
footing setilement

As the weather pattern changes and the soil begins to dry out, the
exrernal footings will be first affected, beginning wich the locations
where the sun's effect is strongess, This has the effect of lowering the
external footings. The doming is accentuated and cracking reduces
or disappears where it accurred beczuse 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 summers and cooler dry winters prevall,
water migration fends to be toward the interior and doming will be
aecentuated, whereas where summers are dry and winters are cold
and wet, migration tends to be toward the exterior and the
underlying prapensity is toward dishing,

Movement caused by tree roots

In general, growing zoots will exert an upward pressure on footings,
whereas soil subfect to drying because of tree or shrub zoots will tend
to remove support from under footings by inducing shrinkage.

Complications caused by the stractiee itself

Maost forces that the soil causes to be exerted on structures aze
vertical — Le. either up or down, However, because these forces are
seldom spread evenly around the footings, and because the building
resists uneven movement because of s rigidity;, forces are exerted
from one part of the building to another, The net resnlt of all these
forces is usnally rotational, This resultant force often complicates the
diagnosis because the visible symptoms do not simply reflect the
original ceuse. A commion symptom is binding of doors on the
vertical member of the frame,

Effects on full masonry structures

Brickeork will resist cracking where it ean. It will artempt to span
areas that lose suppore because of subsided foundarions or raised
points, Tt is therefore usual to see oracking at weale poings, such as”
openings for windows or doors.

In the event of construction settlement, cracking will usnally remain
unchanged after the process of settlement has ceased,

With local shear or erosion, cracking will usually continae to develop
uniii the original cause has been temedied, or until the subsidence
has completely neutralised the affected portion of foating and the
stencture hag stabilised on other footings that temain effective.

In the case of swellf/shyink effects, the brickwork will in some cuses
retum to #s original position after completion of a cycle, however it
is more likely thiaz the rotational effect will not be exactly reversed,
and it Is also usual that brickwork will settle in its new position and
will resist the forces erying to return it to its ariginal position. This
means that in a case where swelling tales place alter construction
and cracking occuss, the cracking s likely to at least pardly remain
after the shrink segment of the cyele is complete. Thus, cach time
the cycle is repeated, the likelihood is that the eracking will become
wider until the sections of briclework become virtually independent.

With repeated cycles, once the cracking is established, If there is no
other complication, it is normal for the incidence of cracking to
stabilise, as the building has the articulation it needs to cope with
the problem. This is by 2o means always the case, however, and
tmonitoring of cracks in wells and floors should always be treated
seriously.

Upheaval caused by growth of tres roots under footings is nota
simple vertical shear stress. There is a tendency for the root to also
exezt lateral forces that attempt to separate sections of brickwork
after initiel eracling has occusred,




I

The narmal structural arangement js that the jnner leaf of brick-
wouk in the external walls and at least some of the internel walls
(depending on the soof type) comprise the load-bearing structute on
which any upper Hooss, ceilings and the roof azs supported. In these
cass, it is internally visible cracking that should be the main focus
of attention, however there are a few exemples of dwellings whose -
external leaf of masonry plays some supporting role, so this should
be checked if there is any doubr, In any case, extecnally visible
cracking is important as a guide to stresses on the structute genetally,

- and i should alsa be remembered that the external walls must be
capable of supporting themselves.

Fffects on framed structures

Timber ar steel framed huildings are less likely to cxhibit cracking
due to swell/shink than masonty buildings because of their

flexibility, Also, the doming/dishing effects tend to be Jowet because
of the lighter weight of walls. The main sisks to framed buildings are
enconntered hecause of the isolated pier footings used under walls,
Where ezosion or saturation cause a footing to fall away, this can
double the span which a wall must bridge. This additionel stress can
create cracking in well linings, particutatly where there is a weak
point in the structure cmssed by a door or window opening. It is,
however, unlikely that framed strnctures will be 5o steessed a5 to suffer
serious damape without first exhibiting some or 2l of the above
symptoms for a cansiderable peziod. The same werning period should
apply in the case of upheaval, It should be noted, however, that where
framed buildings are supported by strip footings thers is only one leaf
of brickwork and therefore the externally visible walls are the
supporting structuze for the building. In this case, the subflvor
masonry walls can be expected to behave as full brickwork walls.

Effects on brick veneer structutes

Because the load-bearing structure of a brick veneer building is the
frame that males up the interior leaf of the external walls plus
perhaps the internel walls, depending on the type of roof, the
Building can be expected to behave as & framed structure, except that
the external masonry will behave in a simifar way to the externel leaf
of a full masenry strucrure.

{ *
| Water Service and Drainage

Where a water service pipe, a sewer ar stormwater drainage pipe is in
the vicinity of a building, a water leak can canse erosion, swelling or
saturation of susceptible soil. Even a minuscule leak can be enough
to sanirate a clay £undatlon. A leaking tap near 2 building can have
the same effect, In addition, trenches containing pipes can become
watercousses even though backfilled, particularly where broken
rubble is used as fill. Water that runs along these trenches can be
responsible for serfous erosion, intersteata seepage into subfloor areas
and sattiration.

Pipe lealcage and trench water flows also encouzage tree and shrub
roots to the seurce of water, complicating and exacerbating the

problem.
Poor roof plumbing can result in large volumes of rainwater being

concenirated in g small area of soil:

« Incorrect falls in yoof guttering may resuly in overflows, as may
gurters blocked with leaves etc.

= Corroded guttering or downpipes can spill water to ground.

« Downpipes not positively connected to & proper stormwatet
collection system will ditect a concentration of water to soil that is
directly adjacent to footings, sometimes causing large-scale
problams such as erosion, saturation and migration of water under
the building,

Seriousness of Cracking

Tn general, most cracking found in masonsy wells is a cosmetic
nuisance only and can be kept In xepaix or even ignored, The table
below Is a seproduction of Table CY of AS 2870,

AS 2870 also publishes figures relating to cracking in concrate floors,
however because wall cracking will usually zeach the critical point
significantly earlier than cracking in slabs, this table is not
reproduced here.

Prevention/Cure

Plumbiog

Where building mavernent js eansed by water setvice, roof plumbing,
sewer or stormwater faflure, the remedy is to repair the problem.
Itis prudent, howeves, to consider also rerouting pipes away from
the building where possible, and relocating taps to positions where
any leakage will not direct water to the building vicinity. Fven where
gully traps ave present, there is sometimes sufficient spill to create
erosion or satwration, particularly in medern installations using
smaller dismeter PVC fixaures. Indeed, some guily traps are not
sittated directly under the taps chat are installed to charge ther,
with the zesult that water from the tap may enter the backfilled
trench that houses the sewer piping. If the twench has been pootly
backEiled, the water will either pond or flow along the bottom of
the trench, As these trenches usually xun alongside the footings and
can be at a similer depth, it is not hard to see how any water that is
thus directed into a tench can. easily affect the foundation’s ebility to
support footings or even gain entry to the subfloor atea.

Ground drainage

In =ll soils there is the capacity for water to travel on the surface and
helow it. Surface water fiows can be established by fnspection during
and after heavy or prolonged rain. If necessary, a grated drain system
connected to the stormwater collection system is usually an easy
solution.

It is, however, sometimes necessary when attemipting to prevent
water migtation thar testing be carried out to establish warertable
height and subsoil water flows. This subject s referred to in BIE 19
and may propecly be regarded as an area for an expert consultant.

Protection of the building perimeter

Tt is essential to remember Exat the soil that affects footings extends
weil beyond the actusl building line, Watering of garden plants,
shrubs and trees causes some of the most serious water problenas.

For this reason, pacticularly where prablems exist or ace fikely to
oceu, it is recommended that an epron of paving be installed
zround as much of the building perimeter as pecessary: This paving

CLASSIFICATION OF DAMAGE WITH REFEREMNCE TO WALLS

Description of rypical damage and required repair Approrimate crack width Damage
Hmit (see Note 3) category

Hairline cracks <0.1 mm Q
Fine cracks which do not need repair <l mm 1
Cracks noticeable but easily filled. Doors and windows stick slightly <5 mm 2
Cracks can be repaired and possibly a small amaount of wall will need 5-15 mm (or 2 number of eracks 3
to be replaced. Doars and windows stick. Service plpes tan fracture. 3 ma or more in one group)
"Weatherdpghtness often impaired
Extensive repair work involving breaking-out and replacing sections of walls, 15-25 mm but alse depend 4
especially over doors and windows. Window and door frames distort. Walls lean on number of cracks
or bulge noticeably, some loss of bearing in beams. Service pipes disrupted
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dhould extend outwards a minimum of 900 mm {more in highly
seactive soil) and should have 2 minimum fall away from the
building of 1:60. The finished paving should be no less than 100
am below briek vent bases.

Tt is prudent to relocate dralnage pipes away from this paving, i
possible, to avoid complications from futire leakage, If this 1s not
practical, sarthenyare pipes should be replaced by PVC and
backfitfing should be of the same soil type as the surrounding soil
and compacted to the same density.

Except in areas where freezing of water is an issue, it is wise to

remove taps in the building area and relocate them well away from '

the building — preferably not uphill from it (see BT 19).

Te may be desirable to install a grared drain at the outside edpe of the
paving on the uphill side of the building. if subsoil drainage is
neeced this czn be installed nnder the sutface drain.

Condensation
In buildings with a subfloor void sach as where bearers and joists

support flooring, insufficient ventilation creates ideal conditions for
condensation, particularly where there is livdle clearance between the
floor and the ground. Condensation adds to the moisture already
present in the subfloor and signiffcantly slows the process of drying
out. Tnstallation of an adequate subfloot ventilation systera, either
pariral or mechanical, is-desfrable,

Warning: Although this Building Technology File deals with
cracking In buildings, it should be seid that subfloor moisture can
result in the development of other prohlems, notably:

» “Water that is transmitted fato masonry, metdl of timber butlding
elements causes damage and/or decay to those elements.

» IJigh subfloor humidity and moisture content create an ideal
environment for various pests, including termites and spiders.

s Where high mojsture levels ase transmitted to the flooring and
wralls, 2n increase in the dust mite count can ensue within the
Tiving areas. Dust mites, as well as dampness in general, can be 2.
health hazard to inhabitants, particalarly those who are
abnormally susceptible to respiratory ailments.

The garden
The ideal vegetation layout is to have lawn or plants that require
anly light watering immediately adjacent to the drirage or paving
edge, then more I:Emanding plants, shrubs and trees spread out in
that orden .

Overwatering due to misuse of antomatic watering systems is a
common cause of saturation and water migeation under footings. If
it is necessary to use these systems, it is important to remove garden
heds 10 a completely safe distance from buildings.

Existing trees _

Where a tree ia causing a problem of soil diying or there is the
existence or threat of upheayal of footings, if the offending roots are
subsidiary and their removal will not significantly damage the tres,
they should be severed and a concrete or metal barrles placed

. vertically it the soil to prevent futurs root growth in the direction of

the building. I it is not possible to remove the relevant roots
without damage ta the tree, an application to temove the tree should

- be made to the local authority: A pradent plan is to tansplant likely

offenders before they became a problem,

Information on trees, plants and shivbs

State departments overseeing agriculture can give information
regarding root patterns, volune of water needed and safe distance
from buildings of most species. Botanic gardens ate also soutces of
information, For information on plant roots and drains, see Building

Technology File 17.

Bxcavation

Excavatior: around footings must be properly enginzered. Soil
supporting footings can only be safely excavated at an angle that
allows the soil under the footing to remain stable. This angle i
called the angle of repose (or fiiction) and varies significanty
between soil types and. conditions, Rerioval of soil within the angle
of repose will canse subsidence.

Remediation
Where erosion has occurred that has washed away soil adfacent to
footings, soil of the same classification should be introduced and
compacted to the same density. Where footings have been
undermined, augmentation or other specialist work may be required.
Remediation of footings and foundations is generally the sealm of a
specialist consultant.

Where isolated footings rise and £l because of swellfshrink effect,
the homeowner may be tempted to alleviare floor bounce by filling
the gap that has appeared between the bearer and the pler with
hlocking. The danger here is that when the nexe swell segment of the
cycle occurs, the extra blocking will push the floor up into an
accentuated dome and may also cause local shear failue in the soil.
If it is necessary to nse blocking, it should be by a pair of fine
wedges and monitoring should be cavried out formightly:

This BIF was prepared by John Lewer FAIB, MIAMA, Partner,
Conskruction Diagnosis.

The information I this and other issues In the serles was derived from various sources and was belleved to be correct when published.

Tha informatlon is agvisory. It is provided In good falth and not clalmael to be an sxhaustive treatment of the relevant subject.

Further professional advice naeds to be obtalned before taking any action based on the information provided.

Dislribuled by
ESIRO PUBLISHING PO Box 1139, Collingwond 3066, Australia

Freacall 1800 645 051 Tel (03) 96462 7666 Fax [03) 9662 7555 wrw.publish.cstro.oy
Emall: publishing.sales@csiro.au

© CSIRO 2003, Unautharised copying of this Building Technology file is prohiblted




Appendix E:  Test Results

. 21854.0037-APPP751-112 Post Earthworks Investigation Plan
. 21854.0037-APPP751-113 Topsoil Depths Plan
. 21854.0037-APPP751--114 Earthworks Testing Location Plan

. Soil Expansion Test Results
. Post Earthworks Investigation Borehole Logs HA1 to HAS8 - 02 December 2015

. Post Earthworks Investigation Borehole Logs HA1 to HA4 — 28 January 2016
December 2015

. Post Earthworks Investigation Borehole Logs HA1 to HA3 — 20 September 2016

. Earthworks Test Results
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Borelog - 19/08/2016 11:40:10 a.m. - Produced with Core-GS by GeRoc

Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No.: HA1

Hole Location: Refer site plan.

SHEET: 1 OF 1

PROJECT: Millwater AHP7

LOCATION: Arran's Hill, Precinct 7, Millwater JOB No.: 21854.0037

CO-ORDINATES:

DRILL TYPE: Hand Auger HOLE STARTED: 02/12/2015

Hole Depth
il 3.2m

(NZTM 2000) ol GEFiER: ik HOLE FINISHED: 02/12/2015
R.L. ' DRILLED BY: NTW/CHM
DATUM: DRILL FLUID: LOGGED BY: CHM/NTW CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGACM, UNIT,
ORIGIN, R é % % z g & Descriplion and
HATER SonFasat ” £ —_— - Bg | @27 | g* Addltiens| Observations
g : o |2 | 88 | % | & |8
a 8l g e | 3 || g2
Slelalg)2 E| € z g ks | 68
ae| 2883 5 2 & | § |38 | Bl |ence|-onasn|ensg
= [ = Clayey SILT; light yellow brown with mottled light grey.
TEows Moist, non-plastic to low plasticity.
o
L ®
@198 kPa 5| 3
Clayey SILT, with minor gravels; light yellow brown
®>198 kPa with mattled light grey. Moist, non-plastic to low
plasticity.
0.9m: low plasticity.
® 107/30 kPa 1
® 86/33 kPa 1.4m: low to moderate plasticity.
&
9 1.6m: non-plastic to low plasticity.
Residual Soil = @ >198 kPa
=
=
o
1.9m: low plasticity.
® 190/79 kPa
Z 2.1m: yellow brown with mottled dark grey.
® 99/45 kPa 2.2m: moderate to high plasticity.
2.3m:; low plasticity.
® 198/41 kPa
R
foi e~
® 5198 kPa iEw
e}
1 Clayey SILT; light yellow brown with light grey and
® 190/096 kPa 3 e S light brown mottles. Moist, low plasticity.
_x_:;
P -]
3.2m: END OF BOREHOLE
4
COMMENTS:

Scale 1:25




Borelog - 19/08/201€ 11:40:10 a.m. - Preduced with Core-GS by GeRoc

BOREHOLE No.: HA2

Hole Location: Refer site plan.

BOREHOLE LOG
Tonkin+Taylor sl

PROJECT: Millwater AHP7 LOCATION: Arran's Hill, Precinct 7, Millwater JOB No.: 21854.0037

CO-ORDINATES: DRILL TYPE: Hand Auger HOLE STARTED: 02/12/2015
(NZTM 2000} DL ETE: ik HOLE FINISHED: 02/12/2015
R.L: ' DRILLED BY: NTW/CHM

DATUM: DRILL FLUID: LOGGED BY: CHM/NTW CHECKED:

GEOLOGICAL ENGINEERING DESCRIPTION

E20LOGICALUNIT,
GEUERIG AN,

caiam,
Dascriptian and

Additional Obssrvations.

(em}

MATERAL COMPOSITION.
TESTS

Q
Z
g
2
&
o
o
i
i
o

STRENGTH
MFa)

SHEAR STRENGTH
(kP2)
COMPRESSIVE

WATER
GORE RECOVERY (%)
VETHDD
CASING
SAMPLES
AL {m)
DEPTH (m)
GRAFHIC LOG
STRENGTHIDENSITY
CLASSIFICATION

1

25

5

1o

-nR2BE

5

[ 8 AupLoss m
MOISTURE
£ :nan'r\cy&‘EﬂHER'NG

ki

Clayey SILT; light yellow brown with mottled dark grey.
Moist, low plasticity.

® 157/82 kPa %

® 150/73 kPa i

0.8m: light yellow brown with mottled light grey.

® 152/69 kPa B

® 140/58 kPa |

Clayey SILT; light grey with mottled yellow brown.
Moist, low plasticity.

® 162/63 kPa gl

Residual Soil

HAND AUGER
k

® 140/58 kPa gl

Clayey SILT; light yellow brown with light grey mottles.

® 99/46 kPa TR Moist, low to moderate plasticity.

@06/41 A Ji— Clayey SILT; light grey with light yellow brown motiles.

Moist, low to moderate plasticity.

Clayey SILT,; light yellow brown with light grey motiles.

® 107/49 kPa T Low to moderate plasticity.

® 82/40 kPa 3

®>198 kPa e

3.3m: END OF BOREHOLE

COMMENTS:

..|Hole Depth
b 3.3m

Scale 1:25



BoreLos

BOREHOLE No.: HA3

Hole Lacation: Refer site plan.

BOREHOLE LOG
Tonkin+Taylor

PROQJECT: Millwater AHP7 LOCATION: Arran's Hill, Precinct 7, Millwater JOB No.: 21854.0037

CO-ORDINATES: DRILL TYPE: Hand Auger HOLE STARTED: 02/12/2015
(NZTM 2000) S— HOLE FINISHED: 02/12/2015
R.L: ' DRILLED BY: NTW/CHM

DATUM: DRILL FLUID; LOGGED BY: CHM/NTW CHECKED:

GEOLOGICAL ENGINEERING DESCRIPTION

QECLOGICAL UNIT,
GEIERIC HAME,

oaiam,

Dascription and
Additional Obscrvalions

fem)

MATERAL COMROSITION
TESTS

(MPa}

o
H
g
g
H
G
it
g
&
a

SHEAR STRENGTH
(kPa}
COMPRESSIVE
STRENGTH

WATER
CORE RECOVERY (%)
METHOD
CASING
SAMPLES
RL(m)
DEPTH m)
GRAPHIC LOG
STRENGTHIDENSITY
CLASSIFICATION

0
L o2s
7

a0

75

+f 50 FLLID LSS (%)
MOISTURE
z CONDIHDN\JEHHERING

a

Clayey SILT; light grey with mottled yellow brown.
Moist, low plasticity.

® 09/30 kPa ®

Clayey SILT; light yellow brown. Moist, low to
moderate plasticity.

@ 101/31 kPa T =

® 86/33 kPa e

® 73/26 kPa

Clayey SILT; light grey with yellow brown mottles.

Residual Soil Moist, moderate plasticity.

®71/83 kPa ®

HAND AUGER
|
E

® 73/35 kPa =

® 73/30 kPa 2 “Feg

Clayey SILT; light yellow brown with light grey mottles.
Moist, moderate plasticity.

® 135/79 kPa ] ®

® 138/89 kPa i

®61/36 kPa =

3m: END OF BOREHOLE
3.0m: Target depth.

COMMENTS:

|Hote Depth
b} am

g - 19/09/2016 11:4D:10 a.m. - Produced with Core-GS by GeRoc

Scale 1:25



Bareleg - 19/08/2016 11:40:10 a.m. - Produced with Core-GS by GeRoc

Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No.: HA4

Hole Location: Refer site plan,

SHEET: 1 OF 1

PROJECT: Millwater AHP7

LOGATION: Arran's Hill, Precinct 7, Millwater

JOB No.: 21854.0037

CO-ORDINATES:
(NZTM 2000)

R.L.:
DATUM:

DRILL TYPE: Hand Auger
DRILL METHOD: HA

DRILL FLUID:

HOLE STARTED: 02/12/2015
HOLE FINISHED: 02/12/2015
DRILLED BY: NTW/CHM

LOGGED BY: CHM/NTW CHECKED:

GEOLOGICAL

ENGINEERING DESCRIPTION

GEOLOGICAL UKT,
BENTRIC NAME.
ORIGIN,

MATERIAL CONFOSITION,
TESTS

CORE RECOVERY (%)

METHOD
CASING

SAMPLES

RL (m)

MOISTURE
b mamnu\"E‘“HER'N“
STRENGTHIDENSITY
CLASSIFICATION
BHEAR STRENGTH
{kPa)
COMPRESSIVE

DEPTH (m)
10
28
=
100

STRENGTH
(WPa)

Description and
Additional Observations

DEFECT SPACING
(em)

®74/33 kPa

® 96/36 kPa

® 59/26 kPa

® 74/33 kPa

Residual Soil ® 120/53 kPa

HAND AUGER

@ 79/30 kPa

® 104/40 kPa

® 99/66 kPa

®78/43 kPa

E
I
=

Clayey SILT; light grey with yellow brown mattles.
Maist, low plasticity.

Clayey SILT; light yellow brown with light grey mattles.
Moist, law to moderate plasticity.

Clayey SILT; light yellow brawn with light grey and
reddish brown moitles. Moist, moderate plasticity.

1.5m: low plasticity.

Clayey SILT; light yellow/orange brawn. Moist, low
plasticity.

2.1m: low to moderate plasticity.

Clayey SILT; light grey with light yellow brown and
reddish brawn mottles. Moist, low to moderate
plasticity.

W H9/A0kPa

3m: END OF BOREHOLE
3.0m: Target depth.

COMMENTS:

_|Hole Depth
i 3m

Seale 1:25




HAS5

BOREHOLE No.:

Hale Location: Refer site plan,

SHEET: 10F 1

BOREHOLE LOG

Taylor

in+

-

Tonk

PROJECT: Millwater AHP7

CO-ORDINATES:

JOB No.: 21854.0037

HOLE STARTED: 02/12/2015

LOCATION: Arran's Hill, Pracinct 7, Millwater

DRILL TYPE: Hand Auger

HOLE FINISHED: 02/12/2015
DRILLED BY: NTW/CHM

(NZTM 2000)

DRILL METHOD: HA

R.L.

CHECKED:

LOGGED BY: CHM/INTW

DRILL FLUID:

DATUM:

B
(=]
2 22
7]
R V..m
= [
Q o= L
E Ay et =l
S&
> == e}
a £ =0 I
5 = £3 |
23 k= ElSt 14
S =2 £ o
g4 = . 2 - . m
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SNISE3HANOD
{ed)
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ysIvAL
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2 3
; w)
Q H
o 2 o
S5y i >
il B S =
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Olsfz-3 2

COMMENTS:

Hole Depth
3am

20489 Aq S9-8100 Ui PIONPOId - UIE OLIOFLL 910Z/E0/6) - Boaiog

Scale 1:25



Berelog - 19/08/2016 11:40:10 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: HAG

Hole Locatlan: Refer site plan.

BOREHOLE LOG
Tanil'I +Tay|nr SHEET: 1 OF 1

PROJECT: Millwater AHP7 LOCATION: Arran's Hill, Precinct 7, Millwater JOB No.: 21854.0037

CO-ORDINATES: DRILL TYPE: Hand Auger HOLE STARTED: 02/12/2015
THELM =000 S HOLE FINISHED: 02/12/2015
RL: ' DRILLED BY: NTW/CHM

DATUM: DRILL FLUID; LOGGED BY: CHM/NTW GHECKED:

GEOLOGICAL ENGINEERING DESCRIPTION

GECLOGIGAL UHIT,
GENEAIG HAME,

oRIGH, o
Description and

MATERIAL CUROSITION. Addilional Obssrvations

DEFECT SPACING
(em}

NE.&THERINS
STRENGTHIDENSITY

CLASSIFICATION
SHEAR STRENGTH
¥Pa)
COMPRESSIVE
STRENGTH
{MPa)

b FLUID LOSS (6}
CORE RECOVERY (%)
DEPTH {m)

GRAFHIC LOG
MOISTURE
CONDITION

WATER

METHOD
CASING
SAMPLES
RL (m)

o fas

k
{
=z

Clayey SILT, with minor gravel; light brown with light
grey and yellow brown mottles. Moaist, low to moderate
plasticity.

® 115/33 kPa T2

® 148/82 kPa

® 162/96 kPa B

Clayey SILT; light brown with light grey motiles. Moist,
low plasticity.

® 115/40 kPa =

Residual Soil ® 129/83 kPa = e Clayey SILT; light yellow brown with light grey mottles.

Maoist, low plasticity.

HAND AUGER

® 112/46 kPa il 2

® 102/46 kPa i
® 119/51 kPa B

2.5m: low to maderate plasticity.

@ 119/46 kPa ]

® 112/54 kPa RS

3m: END OF BOREHOLE
3.0m: Target depth.

COMMENTS:

. |Hole Depth
2 am

Scale 1:25



BOREHOLE No.: HA7

Hole Location: Refer site plan.

SHEET: 1 OF 1

BOREHOLE LOG

Tonkin+Taylor

JOB Na.: 21854.0037

HOLE STARTED: 02/12/2015

LOCATION: Arran's Hill, Precinct 7, Millwater

DRILL TYPE: Hand Auger

PROJECT: Millwater AHP7

CO-ORDINATES:

(NZTM 2000)

HOLE FINISHED: 02/12/2015
DRILLED BY: NTW/CHM

DRILL METHOD: HA

R.L.:

CHECKED:

LOGGED BY: CHM/NTW

ENGINEERING DESCRIPTION

DRILL FLUID:

DATUM:
GEOLOGICAL

Description and
Additional Observatlons

Clayey SILT; light grey with yellow brown mottles.

Maist, low plasticity.

Clayey SILT; light crange brown with light grey

0.9m: low to maderate plasticity.
mottles. Moist, low plasticity.

2.2m: END OF BOREHOLE

2.2m: Refusal.

fwa)
INITVes Lo3d3d

oanz

(edw)
HLONaNIS
SNSSIMAINDD

{rcht}
HiISNIHLIS HYIHS

o o

. NOWLYOIJISSYID
ALSNSO/HIDNTHLS

SHLSION

SNIHIHLYA _)/zn_: 0MOD

507 DHVED

fw) Higza

w7y

S31dvE

1ESTS

© 99/33 kPa

® 59/26 kPa

@ 132/40 kPa
@ 96/36 kPa

® 92/49 kPa

® 105/53 kPa

® 155/56 kPa

NISYD

aoHLaW

HIDNY ONVH

%) ANIAODTY TWOD

HALYM

S
(%I $S01QNTd 054
2

GEOLOGICAL UNIT,

MATERIAL COMPASITION,

GENERC HANE,

T

Residual Sail

COMMENTS:

Hole Dapth
2.2m

s
20489 Aq SO-9107 LM PSINPOIY - ‘W8 LLIDYILL 9LOZE0E) - Boaleg

Seale 1:25



BOREHOLE No.: HA8

Hole Location: Refer site plan.

SHEET: 1 OF 1

BOREHOLE LOG

Tonkin+Taylor

JOB No.: 21854.0037

LOCATION: Arran's Hill, Precinct 7, Millwater

PRQJECT: Millwater AHP7

o P
g &
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o
x o
sz
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I
i
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e |
z
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—
(]
T
ai
2
)
=
o
a
..\Ir
0g
=&
Z=
25
Om
Q
Q

DRILLED BY: NTW/CHM

DRILL METHOD: HA

R.L.

CHECKED:

LOGGED BY: CHM/NTW

DRILL FLUID:

DATUM:
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COMMENTS:

Holo Depth

2m
Scale 1:26
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Tonkin+Taylor

BOREHOLE LOG

SHEET 1 OF 1

BOREHOLE No:HAO1

Hole Location: Refer fo site plan

PROJECT: MillwaterAHP7-largelots

LOCATION: Arran Point

JOB No: 21854.0037

CO-ORDINATES:

DRILL TYPE: §0mm hand auger

DRILL METHOD: HA

HOLE STARTED: 28/1/16
HOLE FINISHED: 28/1/16

[ %

R.L.: DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, a g E W g SOIL DESCRIPTION
GENERICNAME, — ‘E ﬁ % % E 0 Soil lype, minor componenls, plaslicity or
ORIGIN, £ : £ B Bs| 8o % € parlicle size, colour.
MINERAL COMPOSITION, E LEsts . é } 2z b §§ 25 E| ssexoestrerion
a 8 P 9 ;5 W Z % g E 8 i Substance:  Rack lype, particle size, colour,
8|, o gl al _ E % £ |5 g FE|l® a minor compenants.
g By E % g '-E’ E % A E E i B o Defects:  Type, inclinalion, thickness,
AHEBE 2 %8| 2 |28|5 3|snetE0nsth]s0%8 roughness, g
FILL | sandy SILT, non plastic, moist, hard, .
| yellowish brown and light greyish white |
RESIDUAL SOILS _P* % SILT, trace clay, non plastic, moist, light |
. x brownish white |
98/22kPa X
A ]
- X =
— X —]
X
0.5—% 0.5
—_ X -
X
® 131/25kPa 1% 5 sandy SILT, non plastic, moist, yellowish |
S brown mottled light greyish white ]
B3
] 7
% 2 SILT, minor clay, non plastic, moist, n
° Ix yellowish brown i
63/16kPa %
i x X 10 ]
Lpe Clayey STLT, low plasticity, moist, ight
-4 = A h n
% brownish white 4
=5
ke 4
® g5/32kPa i " i
£ .
I . SILT, non plastic, moist, light brownish R
I white g
x
iy ,
® 79/16kP L5 - 5
a i = clayey SILT /SILT, with some clay, low 4]
Ix plasticity, moist, light brownish white A
_x_"‘ mottled yellowish brown ul
- X =
I
- x i
® 47/16kPa T 5 7
o A
—H_ % .
X =
201 2.0
- 2 -
%
® 52/13kPa g ]
x _
X —
=% 2]
X ]
-
e i
® 57/21kPa i W i
& |
25— 2.5+
I X%
X
N i
| _
g ® 55/1 7kP: b §
3 a " x =
] T .
£ g |
3 _;’i % _
s _ I -
5 ® §2/22kPa 3.0 3.0
= e -
e T :

T+T DATATEMPLATE.GDT rbe

END OF BOREHOLE 3.2m (target depth)

Log Scale 1:17.5

BORELOG 616818.GPJ 28-Jan-2016



Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HAO02

Hole Location: Refer to site plan

SHEET 1 OF 1

PROJECT: MillwaterAHP7-largelots

LOCATION: Arran Point

JOB No: 21854.0037

CO-ORDINATES:

DRILL TYPE: 50mm hand auger
DRILL METHOD: HA

HOLE STARTED: 28/1/16
HOLE FINISHED: 28/1/16

T+T DATATEMPLATE.GDT tbe

R.L. DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEQLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, i g E o SOIL DESCRIPTION
5] © @ M Z
GENERIC NAME, g o % & EE 2 Soil lype, minor componenls, plasticity or
ORIGIN, é % E E EF ﬁ% &? & -E- parlicle size, colour.
MINERAL GOMPOSITION. B reors E } 2 § 6 4 - %ﬂ; 121 T ——
3 3 = 9 E w Z E < % 8 ] Subslance:  Rack lype, parlicle size, colour,
2 Glal, ﬁ E o g £ g 5 gl a minor camponents.
- Q = in = o
% E & E £ g ‘E' E g 8 |B g ig Defecls:  Type, inclination, thickness,
2|2(8]¥[3 HERE AR R EEEIE bl roughiness g
FILL g H clayey SILT, low to medium plasticity, i
i moist, yellowish brown and brown, minor
N fine gravel "
RESIDUAL SOILS ©>221kPa L SILT, nion plastic, moist, Tight whitsh N
0.5 brown mottled yellowish brown 0.5+
- X St -
Lo N
® 79/30kPa g 1
A -
:x x [ ML SILT, minor clay, low plasticity, moist, light
i e brownish white i
x .
x
® 73/14kPa T T
X
1.0 » 1.0—
=% -
4 X ol
X
4% % il
® 73/25kPa 2 X 7]
il il
— x a
_x —
x
e -
- x il
® 63/19kPa o N Lo
4 =
- N
- X -1
X
i ® -orange brown |
® = -
62/17kPa F* « g
x
3 X -orange brown mottled light brownish white |
—a x —
L I -light brown and reddish brown 4 i
COMPLETELY © 108/35kPa :x x | ML SILT, some clay, low plasticity, moist, grey
WEATHERED ECBF . K
X ]
X
b -
- X -
X
© 63/17kPa 1. * ]
2.5, ® 2.5
1, % -
5 1 Vst ]
D
E ® 136/47kPa T ]
o 1% n
51 x -
5 A X -
g I ]
—_— X
£ ® 142/49kPa A 3]
X
] END OF BOREHOLE 3.1m (target depth)
4] =
BORELOG 616818.GPJ 28-Jan-2016

Log Scale 1:17.5



T+T DATATEMPLATE.GDT rbe

BOREHOLE No:HA03
BOREHOLE LOG Hole Location: Refer to site plan

Tonkin +Tay|or SHEET 1 OF 1

PROJECT: MillwaterAHP7-largelots LOCATION: Arran Point JOB No: 21854.0037

CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 28/1/16
HOLE FINISHED: 28/1/16

DRILL METHOD: HA

R.L.: DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL - ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, 3 % T " 9 SOIL DESGRIPTION
GENERIC NAME, g w % ,,':-; E g Soll lype, minar components, plaslicly or
ORIGIN, g = E el E @ | 8¢ E:‘ EF particle size, colour.
MINERAL COMPCSITION. E TS " 5 } % 5 % 2 g EE '&’] E ROCK DESCRIPTION
a 3 . 9 E z % ';f I 8 i Subslance:  Rock type, parlicle size, colour,
Fes g ala @ E o e & g EEl® & minor components.
o | = = =
o It"[_" ‘&J % % g E E % 6“7 E % 5 g Defects: Type, inclinalion, thickness,
HHHEE Sl d B8] 3 |S8[E 3|cumen eotm|sns e i
FILL i St | SILT, friable, dry to moist, yellowish |
N brown, minor fine gravel |
® 90/32kPa B SILT, some clay, low plasticity, moist, light
COMPLETELY I [\yellowish brown
WEATHERED ECBF x SILT, some clay, low plasticity, moist, grey -
0.5—x % 0.5
4 x .
X —3
® 29/30kPa 1.® ]
— X —3
X
% _
x il
x -
X
® 68/19kPa 1 7
7 X
1.0—% 1.0
-~ X -
X
4 i
x i
x =
® 96/16kPa T i
X —
N X
i -3
X
= 1 MS sandy SILT, non plastic, moist, grey |
® 60/21kPa ‘-5j: % Sy
ﬁ.xl : ML SILT, some clay, low plasticity, moist, grey
x o
x
P
- ® -]
® 60/19kPa % i
I X
% -l
X N
x
204 x 2.0
)4 =)
x -
® 68/22kPa T .
- X -
b
—x o
— X -3
X
I &
& x |
82/17kPa X 4
b1
— X —3
25 @ 2.5 ]
i L "
=1 = o
(=3
® s -4 x -
g 71/25kPa T ]
8 A, -
= X
(=] - x =
£ I -
o % -
X ) —1
& ® 89/32kPa 30 3.0-
X
] END OF BOREHOLE 3.1m (target depth)
4] .
BORELOG 616818.GPJ 28-Jan-2016

Log Scale 1:17.5



T+T DATATEMPLATE.GDT rbe

BOREHOLE No:HA04
BOREHOLE LOG Hole Location: Refer to site plan

Tonkin+Taylor SHEET 1 OF 1

PROJECT: MillwaterAHP7-largelots LOCATION: Arran Paint JOB No: 21854.0037
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 28/1/16
HOLE FINISHED: 28/1116
DRILL METHOD: HA
R.L: DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL : ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, o 2 E " g SOIL DESCRIPTION
GENERIC NAME, —_ ‘g ﬁ LZ') % E E‘ Sall lype, minor companents, plasticily or
ORIGIN, £ 5 I-E E ga {ﬂ g E 35 £ particle size, calour.
MINERAL COMPOSITION, E resrs .| B } g2 3 é HEJ s EE ROGK DESGRIPTION
“ 8 - 9 5 W Z E =3 é 8 i Substance:  Rock lype, parlicle size, colour,
o [l Y [ E %) o glw 2 minor components.
3 E E 2 % Q E E a ﬁ E 'E— l.%ll g Defecls: Type, Inclinatien, thickness
HHHEE Sl d B 8|3 [85|E 3 |eumncunsal ot R
RESIDUAL SOILS Ix - MC St clayey SILT, medium plasticity, moist, i
% yellowish brown N
-
" =4
- X -
_x -yellowish brown mottled light greyish N
" g white i
95/40kPa oo
e .
T -low plasticity 1
b g '-x Fa il
il o | M SILT, some clay, low plasticity, moist, i
% yellowish brown and light brownish white
® 65/32kPa B 7 : ]
Jx| Me clayey SILT, low plasticity, moist, yellowish
S (- brown mottled light brownish white -
s -
- X -
1% _
1.2
® 84/38kPa g i i
1.0—i_x 1.0
X =
-*
Y i
- X -
I
® 77/30kPa T i
—x -
X
i N
X o
.4
L 2]
® 54/16kPa 15—, 154
Sy =
Hx— =]
=x -
B,
8 i i
_Ix =]
e —*1 1
60/14kPa T ]
X 4
X
Ax— -
— X
20« 2.0
T X -
® 76/24kPa T = T
ol o
X
COMPLETELY X " ML SILT, some clay, low plasticity, moist, grey
WEATHERED ECBF x .
x
x "
® 89/30kPa =, % A
] X -
2.5% 2.5+
—] X -
X
8 Ix ; Vst :
2 R i
E ® 108/40kPa T« i
k4
o - -
8 i ]
E‘ K
5 i3 K MS H sandy SILT, non plastic, moist, grey i
L .
L e n
2 ® 209/57kPa 3.0 _><_x MC clayey SILT, low plasticity, moist, grey =]
X
i END OF BOREHOLE 3.1m (target depth)
i ]
BORELOG 616818.GPJ 28-Jan-2016

Log Scale 1:17.5



Borelog - 20/09/2016 2:44:37 p.m. - Produced with Core-GS by GeRoc

Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No.: HA1

Hole Location: Lot 9

SHEET: 1 OF 1

PROJECT: MILLWATERAHP7 LOCATION: Arran's Paint - P7 S1 JOB No.: 0021857.0037
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 20/09/2016
(HETH 2000} DRILL METHOD: HOLE FINISHED: 20/08/2016
R.L. ' DRILLED BY: TRJM
DATUM: DRILL FLUID: LOGGED BY: TRIM CHECKED: AJFG
GEOLOGICAL ENGINEERING DESCRIPTION
GENERIC HANE, V ” . g
:F:Iiﬁ:r:at.cwroﬂtlm F E 2 gE ~ %E Description and
sIFIH, a % - g Ez Eg ‘szg g- Additional Observations
] L g | .~ %E b 3k ]
a g|a g a g3 g |4
HEHHE i e : | 2
2| f | H g| E 5| z
we| 25|02 2| < g i 23 E%
£ a4 0.0m: Topsoil.
Topsoll s ;TS
e
et M [VStH 0.2m: clayey SILT; light grey mottled yellowish brown.
®3>201 kPa "‘_?"" Hard, moist, low plasticity.
i
—HEE.
.,)L_.x_&
@ >201 kPa =
_R—"' =1
u; 0.7m: light yellowish brown mottled light grey.
’Jh* |
R
® 190/89 kPa T 0.9m: Very stiff.
1
-*—1 et
i e 1.1m: Moderate plasticity.
® 164/83 kPa J_:
‘.u_." -
=%
F—se
® 03/53 kPa TEE 1.5m: Stiff,
Fill *_,_“T-
ey =
=2
® 118/34 kPa T 1.8m: mottled brownish grey and reddish brown. Very stiff.
e
fiadh H 1.9m: SILT with some clay; light grey mottled brown
2 SR and reddish brown. Hard, moist, low plasticity.
®>201 kPa g
ko
[——1 DM 2.2m: clayey SILT with trace fine gravel; light yellowish
"‘_?“" brown. Hard, maist, low plasticity; gravel: subangular,
® 5201 kPa ‘"__,._"? basalt, unweathered.
_jEEs
_,__““_,,_ 2.4m: dry to moist, low to non-plastic.
5 i
= ® 201 kPa ‘—“T“
§ e
3 e
3 —3
S=20 KR N 3m: Target depth
4 -
COMMENTS:
ole Depth
am
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BOREHOLE No.: HA2

Hole Location: Lot 13

BOREHOLE LOG
Tonkin+Taylor SHEET 1 OF 1

PROJECT: MILLWATERAHP7 LOCATION: Arran's Point - P7 S1 JOB No.: 0021857.0037
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 20/09/2016
gl DRILL METHOD: HOLE FINISHED: 20/09/2016
R.L.: ' DRILLED BY: TRJM
DATUM: DRILL FLUID: LOGGED BY: TRJM CHECKED: AJFG
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT,
BENERIC HAME, g
- ) . % 5 E E g- Description and
MATERIAL GOMPSITION, . 2 e E b Eg' ?ﬁ g Ei Additional Observations
2leld|d|e e E| % ||l
war| 5883 HEEEEERE 2 rada
LA i 0.0m: Topsail.
Topsoail b TS
Ak
i M 0.2m: clayey SILT; light yellowish brown mottled light
® 164/75 kPa "‘?"“ grey. Very stiff, moist, low to moderate plasticity.
raa
I
Jhu*dl. 0.5m: mottled light brown.
Fill @ 162/90 kPa i t“_-,—_
T X
-JL_’:.N.
L=t
® 132/65 kPa T
9 - e
Hx&
iy 1.4m: SILT with some clay; dark gray. Stiff, moist, low
® 98/49 kPa TeRE plasticity.
3 ;gK L]
® ®
o K
I 1.4m: SILT with minar sand and clay; dark grey. Very
® 146/46 kPa stiff, moist, non-plastic.
® 175063 kPa 1.8m: SILT with some sand; dark grey. Very stiff,
moist, non-plastic.
East Coast Bays i 2 1.9m: sandy SILT; dark grey. Very stiff, moist, non-
Formation i T plastic. /

2.0m: SILT with minor clay; dark grey. Stiff, moist, low
to non-plastic.

REELL 2.4m: SILT with minor sand; dark grey. Very stiff,

moist, non-plastic.

® 132/56 kPa

2.8m: SILT with minor clay; dark grey. Very siiff, moist,
low to non-plastic.

00746 kPa 3 3m: Target depth

COMMENTS:

_|Hole Depth
i sm

Scale 1:25
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BOREHOLE No.: HA3

Hole Location: Lot 1

BOREHOLE LOG
Tonkin+Taylor

PROJECT: MILLWATERAHP7 LOCATION: Arran's Point - P7 81 JOB No.: 0021857.0037
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 20/09/2016
(=) DRILL METHOD: HOLE FINISHED: 20/09/2016
R.L. ’ DRILLED BY: TRJM
DATUM: DRILL FLUID: LOGGED BY: TRJM CHECKED: AJFG
GEOLOGICAL ENGINEERING DESCRIPTION
GEI\EWCH-M-IE: ' - g
aniGin, _ % % 2 %E Description and
AATERIAL COMPOSITION = § — E 2 E 7 @g g 151‘_ Addillonal Observations
o ol a @ E o z8 g w
ERR AR i = z £ 28 | &g
ase| 2|8 E 3 I % & 28 Eg ¢ 2
i g A o[ 0.0m: Topsail.
Topsail ks L TS ey
o (B e
[ —{ D-M 1 0.2m: clayey SILT; light yellowish brown modtled light
®>201 kPa “Tmtie 1t grey and brown. Hard, molst, low plasticity.
= e [BREI
- H_., P [N
st i
_u_::. Lk 0.5m: dry to maist.
LR
, *20LkPa el M [vstH 1111 0.6m: clayey SILT; light yellowish brown mottled dark
Fill Tz il grey. Hard, maist, low plasticity.
1 :“ = Vi
i G
P (RN}
® 158/98 kPa IR LAt 0.9m: Very sliff.
3 i
Ho
[N
i
®>201 kPa 1l 2m: SILT with some sand; dark grey. Hard, moist,
Tl 111 non-plastic.
Tk RN
e P 1.4m: SILT with minor clay; dark grey. Very stiff, maist,
® 172/50 kPa g i low plasticity.
e v i
Fox (N3 t :
t "!I : : 1
i
® 161/40kPa K H[ 1.8m: SILT with some sand; dark grey. Very stiff,
Ll maist, non-plastic.
IR R
2
East Coast Bays i 3 i 3 2.0m: SILT wiih_minor clay; dark grey. Very stiff, maist,
Formation ® 135/32 kPa o low to non-plastic.
i
[N
tiirl 2.3m: SILT with some sand; dark grey. Very stiff,
® 184/78 kPa b malst, non-plastic.
i
T
5 Gl 2.6m: SILT with minor clay; dark grey. Very stiff, moist,
s ® 129/50 kPa 7 "” x " 11 low to non-plastic.,
i | ® KEEl
& e i
g I % Ay IERE
8 i i
LR ° L 3m: Target depth
NN
ot
i
I
- thed
i
ISR
111
111
| i
(RN NI
[N
ey
[
RN
[
i i
[N
[
- it
Pl
v
i b
i
read
(RN
¥ IR RN
CR A |
I
e
(NN
[REN]
e
- [N
I
e
(N}
(NN}
[
7 [N
e
v
e
thei
1 Y
IR
COMMENTS:

Hole Depth
3m
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