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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 35 No. Residential Lots contained within Stage 3A of Precinct 2 in the Millwater
Subdivision in Silverdale. Stage 3A comprises residential Lots 331 to 341, 344 to 354 and 373 to 385
inclusive as shown on the Woads Final Contour As—Built Plan (Woods Ref 33210-03A-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 Lof.

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

in:

a 2000 and 2001 Preliminary feasibility reporting (Ref. {1] and [2]}.
2003 Major reconnaissance report covering land in the Silverdale North and Orewa West areas
{Ref. {31).

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

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

Bulk earthworks commenced on site in 2007, temporarily ceased in late 2008, recommenced in 2013,
and were completed by February 2016, Earthworks comprised the following:

Stripping of vegetation, organic materials and topsoil to stockpile.

b Installation of gully and subsoil drains.

c Construction of 1 No. Shear Key (SK03) as shown on T+T Drawing 21854.001-P253A—101 in
Appendix A2.

d Cut to fill earthworks across the entire site, incorporating construction of 4 No. reinforced earth

slopes {i.e. RE 601 to RE 604), as shown on T+T Drawing 21854.001-P253A-101 in Appendix A2.

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

a Minor cut to fill earthworks across parts of the site as part of final Lot development, as shown
on the Woods Cut/Fill Contour As—Built Plan Earthworks Surface — Final Surface {(Woods Ref
33210-03A-AB-111}) in Appendix AL,

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. [9]). Due to this classification, soils lie outside the
definition of good ground within NZS 3604:2011 {Ref. [10]}. Building foundations will require either
specific foundation design for expansive soils or foundation design in accordance with AS 2870:2011
{Ref. [9]). Subject to design issues outlined in Section 3, and CSIRQ recommendations outlined in the
appendices relating to expansive soils foundation design and home owner maintenance, each
residential Lot is considered to have a building platform area generally suitable for domestic
residential development subject to specific geotechnical assessment and-foundation designh due to the
presence of expansive soils and where Lots contain, or are adjacent to, land with slopes steeper than
Llin 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 35 No. Residential Lots contained within Stage 3A of Precinct 2 in the Millwater
Subdivision in Silverdale. Stage 3A comprises residential Lots 331 to 341, 344 to 354 and 373 to 385
inclusive as shown on the Woods Final Contour As—Built Plan {Woods Ref 33210-03A~AB-100) in
Appendix Al.

Previous geotechnical investigation work across the subdivision was undertaken by T+7 and reported

in:

a 2000 and 2001 Preliminary feasibility reporting {Ref. [1], [2]).
2003 Major reconnaissance report covering land in the Silverdale North and Orewa West areas
(Ref. [3]).

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

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

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

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

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

The scope of work covered by this completion report includes:

Review of geatechnical investigation reporting for the site;
b Monitoring and certification of earthworks operations in compliance with NZS 4431:1989 (Ref.
[81);
iMonitoring and certification of construction of 4 No. reinforced earth slopes;
Assessment of soils for expansive conditions in accordance with AS 2870:2011 (Ref. [9]);

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

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

1.2 Description of Subdivision

The Millwater subdivision is situated ta 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 waest by Wainui Road, to the north by the Orewa Estuary and to the east by the Orewa
Estuary and Millwater Parkway. The original site comprised a mix of farm properties and associated
dwellings and existing residential developments.
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The Precinct 2, Stage 3A area of the Millwater subdivision is located within what is known as Precinct
2 in the Silverdale North Structure Plan.

The Precinct 2 area is bound by Manuel Road to the northwest, Old Mill Road to the east, Wainui Road
to the south and west, and Precinct 3 to the northeast. The overall Precinct 2 and Stage 3A areas are
shown on T+T Drawing 21854.001-P253A-100 in Appendix A2.

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

Post-development gradients within the Stage 3A area remain gentle to moderately steep (1in15to 1
in 3 (V:H)) and generally fall to the south east as before. In order to form more level building platforms,
4 No. reinforced earth slopes of between 1 in 1.5 and 1 in 2 (V:H) have been constructed along some
Lot boundaries as shown on T+T Drawing 21854.001-P2S3A-101.

Stage 3Ais presently accessed from the existing Manuel Road.

1.3 Geological Setting

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

Precinct 2 site
location

o - -!" ;h,:‘v{ 0
Pl
. @l J

Figure 1 - Local Geology (from Edbrooke)

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

follows:

a

Northland Allochthon

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

Pleistocene Age Alluvium

Up to 20 m thick and from 3 to 10 m above present base level: forms higher coastal and valley
terraces throughout the map area; in places locally discontinuous or absent. These alluviai
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 Precinct 2, Stage 3A area are enclosed as Drawing Number
21854.001-P253A-103 to —104 in Appendix A2. Borehole logs from the post:earthworks
investigations are enclosed in Appendix E.

Fill material placed across the site to form the final design profile typically comprised site-won
Northiand Allochthon.

Tonkin & Taylor 14d Septermber 2016
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2 Earthworks Operations

2.1 Plant

Bulk earthworks were undertalken by Hick Bros Civil Construction ttd (HBCCL) from early 2013 through
to early 2016. Civil works have been completed by Hopper Construction Ltd (HCL). 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 humber of 12 to 35 tanne
excavators. This plant generally carried out all construction earthworks.

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

2.2 Construction Programme

Subdivisional earthworks were undertaken by HBCCL from early 2013 through to early 2016. Final civil
earthworks and construction for the residential Lots were under HCL's control and were undertaken
progressively from February 2016 through to completion in July 2016.

Key Stage 3A earthworks components included:

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

c Construction of 1 No. Shear Key (SK03) as shown on T+T Drawing 21854.001-P253A-101 in
Appendix A2,

d Cut to fill earthworlks across the entire site, incorporating construction of 4 No. reinforced earth
slopes (i.e. RE 601 to RE 604), as shown on T+T Drawing 21854.001--P2S3A-101 in Appendix A2.
Key Stage 3A civil works components included:

a Minor cut to fill earthworks across parts of the site as part of final Lot development, as shown
on the Woods Cut/Fill Contour As—Built Plan Earthworks Surface — Final Surface {Woods Ref
33210-03A-AB-111) in Appendix AL.

b Installation of roading and services.

The earthworks, undercuts and subsoil drainage as-built plans are included in Appendix Al (Woods
Drawings 33210-03A-AB-100, 110 to 112 and 120}, and show the earthworks undertaken across the

site.

Tonlin & Taylor Ltd September 2016
MILLWATER - PRECINCT 2 STAGE 3A - Geotechnical Completion Report Job Nc: 21854.001/53A.v1
WFH Properties Ltd




2.3 Compaction Control

Compaction control criteria, consisting of maximum allowable air vaids and minimum allowable shear
strengths, were used for cohesive fill control. The Technical Specification included in our Geotechnical
Investigation Report {Ref. [4],[5],[6],[7]) included the following requirement for the subdivisional
earthworks:

Minimum Shear Strength and Maximum Air Voids Method

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

General fills:

Average value not less than 140 kPa
Minimum single value 110 kPa

High Strength Structural fills {Reinforced Earth Fill Slopes):
Average value not less than 150 kPa
Minimum single value 120 kPa

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

General fills:
Average value not mare than 10%
Maximum single value 12%

High Strength Structural fills (Reinforced Earth Fill Slopes):

Average value not more than 8%

Minimum single value 10%

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

Regular in situ density, strength and water content tests were carried out on the filling at, or in excess
of, the frequency recommended by NZS 4431:1989 (Ref. [8]). Test results are contained in
Appendix E.

Quality Control {QC) testing showed that the results for the filling were consistently meeting the
required undrained shear strength and air voids criteria, demonstrating that the water content of
placed fill was consistently at, ar 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 Etd September 2016
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3 Geotechnical Development Works

3.1 Subsoil Drainage

A network of subsoil drains has been installed within the original gully alighments across Precinct 2
during the original bulk earthworks, in addition to those drains installed as part of the shear key and
reinforced earth slope construction.

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

160mm diameter, Hiway grade, perforated Nexus pipes along the base of the trench.

b SAPS0 scoria over the top of the Nexus pipe to within 1m of the ground surface (at time of
construction).

c Bidim A19 geotextile filter-cloth over the top of the scoria.
d Compacted, engineered fill within the top metre of the trench.

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

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

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

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

The gully and shear key drains discharge into the main downsiope gully that runs centrally through
Precinct 2. The reinforced earth slope drains were connected to the reticulated stormwater system,

The subsoil drainage system and connections are shown on the Woods Shear Key, Undercuts & Subsoil
Drains As—Built Plan {Woods Ref 33210-03A-AB-120} in Appendix Al, and on T+T Drawing
21854.001-P253A~102 in Appendix AZ.

3.2 Shear Keys

Based on stability anafyses undertaken as part of the investigation reporting, a shear key was
identified as being required across Precinct 2 to provide satisfactory factors of safety against instability
for the finished development of Stage 3A.

1 No. Shear Key {i.e. SK 03) was excavated within Stage 3A during the recent bulk earthworks in the
location shown on the T+T Drawing 21854.001-P253A-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 underlying more competent Northland Allochthon rock materials,
and that there were no apparent adverse structural features or lower strength materials exposed
within the base of the excavation. Any areas of suspect ground, including areas of identified land-
slippage, were removed under the instruction of our site Geologist and replaced with well compacted
engineered fill, placed in accordance with the bulk earthworks specification (Section 2.3 above}.

The shear key long-section for SK 03 was developed based on the mapping undertaken and is included
in Appendix A2 {Drawing 21854.001-P253A—107). This section shows the materials exposed within
the side of the shear key excavation and relevant geological structural information mapped during our
inspections.

Tonién & Taylor Ltd September 2016
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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 connected to the gully subsoil drainage in several locations {as per
the Woods As-Built plan 33210-03A-AB-120). Additional Nexus drain pipes were also installed
along mid-height benches where appropriate and connected into the key drainage outlet
system.

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

Ground conditions exposed during shear key construction were generally as anticipated from the
design stage of the develapment, The slope stability analysis results from the original design phase
are discussed in Section 4.

3.3 Reinforced Earth Slope

Four reinforced earth (RE) slopes (i.e. RE 601 to RE 604) were constructed during the recent bulk
earthworks within Stage 3A.

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

Typical cross-sections through the RE slopes are shown on T+T Drawing 21854.001-P253A-105 in
Appendix A2,

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

Construction of the RE slopes comprised the following:

Foundation preparation;

Placement and compaction af fill to the required levels;

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

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

- o o o g o

The fill was placed and compacted beyond the limit of the final slope face and then trimmed back to
ensure full compaction of the slope face was achieved, taking care not to damage the geogrid.

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

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

The reinforced earth slope drainage system is also shown on the T+T As—Built plans in Appendix A2.

3.4 Undercuts

Farthworks operations across Lots 344 to 354 and 331 to 341 resulted in exposure of the underlying
Northland Allochthon rock materials. The Northiand Allochthon rock has been undercut by 1m and
replaced with engineered, compacted fill, placed in accordance with the bulk earthworks specification
(Section 2.3 above). The rock undercut has been undertaken to seal off the underlying rock from
ingress of surface water flows, to reduce the potential effects of expansive soils as the Northland
Allochthon rock weathers, and to allow for ease of construction of domestic service connections,

The extent of the undercut areas is shown on the Woods Shear Key, Undercuts & Subsoil Drains As—
Built Pfan {Woaods Ref 33210-03A-AB-120) in Appendix Al.

Tenkin & Tayler Ltd September 2018
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4 Stability Analyses

As noted in Section 1, slope stability analyses undertaken during the investigation stage af the project
identified the need for shear keys to be constructed across Precinct 2 so as to provide acceptable
factors of safety against slope instability for the finished development of Stage 3A.

During excavation of Shear Key 03, the excavated faces were mapped to confirm the key had been
extended sufficiently into the underlying rock materials and to check for any apparent adverse
oriented geological structure or other features exposed within the lower part of the key.

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

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

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

Fonkin & Taylor Led September 2016
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5 Project Evaluation / Building Design Considerations

5.1 General

Ground conditions within Precinct 2, Stage 3A straddle a range of “design conditions” including cut
ground, filled ground, expansive soils and constructed slopes up to 1 in 1.5 (V:H). The following
sections set out relevant geotechnical design issues.

5.2 Bearing capacity for building foundations

All filled and natural ground within the influence of conventional residential shallow strip and pad
foundation loads is assessed as generally having a geotechnical ultimate bearing capacity of 300kPa,
as required by NZ5 3604:2011 (Ref. [10]). This carrespands to a factored (Ultimate Limit State)} bearing
capacity of 150kPa and working {Serviceability Limit State) bearing capacity of 100kPa.

Due to the presence of expansive soils, foundation conditions fall outside the definition of “good
ground” contained in NZS 3604:2011 (Ref. [10]). In terms of AS 2870:2011 {Ref. [9]), the soils present
are considered to lie within Site Class M (moderately expansive) with characteristic surface
movements anticipated to be in the range of 20mm to 40mm. Due allowance should be made for
expansive sails, as discussed in Section 5.12.

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

5.3 Building Limitation Zones

Steep slopes (steeper than 1 in 4 {V:H)) are present within, or immediately adjacent to, a number of
the Lots in the Stage 3A area.

The steep slopes comprise reinforced earth slopes with face gradients of between 1in1.5and 1in 2
(V:H), and are located in Lots 331 to 341, 344 to 354 and 373 to 385. Construction within the flatter
parts of these Lots is intended, and a Building Restriction Zone (“No Build Zone”) has been developed
across the steeper areas of the Lots so as to ensure that the reinforcement of the slopes is not
detrimentally affected by future development. The extent of the Building Restriction Zone associated
with the reinforced earth slopes is shown on T+T Drawing 21854,001-P253A~110 {Building Limitation
Plan) in Appendix A2. Excavation, fill placement and/or construction within this zone is not permitted.

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

5.4 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. [10]), with respect to conventional building development.

In order to minimise the risk of ground settlements exceeding 25 mm, N2S 3604:2011 (Ref. [10]) 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.

Tonkin & Taylor Ltd September 2016
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5.5 Retaining walls

Due to the shallow grades across most of the Stage 3A Lots, it is nat anticipated that significant
retaining walls will be required as part of any Lot development. 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?,

¢’ =0kPa,

&' =30°

Ka=0.30,

Ky =3.33,

“su” of 50kPa for the embedment soil {subject to confirmation during construction}.

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

Al 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.
Retaining walls downslope of the RE slopes shall also take into account the load imposed by these
slopes,

5.6 Subsoil Drainage

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

The extent of the subsoil drainage systems are shown an the Woods Shear Key, Undercuts & Subsaoil
Drains As—Built Plan {Woods Ref 33210-03A-AB-120) in Appendix Al, and on T+T Drawing
21854.001-P25S3A—-102 in Appendix A2. :

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

The subsoil drains running along the boundary of Lots 331, 333/334, 336/337 and 339/340 are
relatively shallow {approximately im below current ground surface) and will need to be taken into
account when undertaking residential design and construction on these properties. Piling of
foundations to below a 45 degree line extending up from the invert of the drains will be required in
proximity to the drain in these Lots, to avoid surcharging the drain.

The Woods Shear Key, Undercuts & Subsoil Drains As—Built Plan (Woods Ref 33210-03A-AB—120)
shows the focation and invert of the subsoil drainage through this Stage.

Tonkin & Taylas Ltd ' September 2015
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5.7 Post Earthworks Investigations

Fallowing 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. [10}}. This corresponds to a factored {Ultimate Limit State) bearing
capacity of 150kPa and working (Serviceability Limit State) bearing capacity of 100kPa. Associated
borehole logs and site plan (T+T Drawing 21854.001-P253A-111) are attached in Appendix E.

5.8 Stormwater

Public stormwater services have been installed within the Precinct 2, Stage 3A. Stormwater and runoff
from roofs, decks and paved areas, together with discharges from retaining wall drains and other
subsoil drains must be connected directly into the public stormwater drainage network.

5.9 Service lines

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

A copy of the stormwater as—built plan {Woods Stormwater Drainage As-Built Overall Layout Plan,
Woods Ref 33210-3A-AB-300) is included in Appendix Al.

5.10 Road subgrades

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

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

5.11 Topsoil

Following completion of topsoil spreading and grassing, topsoil depths were measured in each of the
Lots and these are shown on T+T Drawing 21854.001-P253A—112 attached in Appendix E. Due to
variations in placement depths and earth worked surface levels, topsoil depths may vary from those
recorded.

5.12 Expansive soils

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

Tonkin & Taylor Ltd September 2016
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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.

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

Based on the laboratory results (attached in Appendix E), the foundation soils on this stage of the
subdivision lie outside the definition of ‘good ground’ as outlined in NZS 3604:2011 (Ref. [10]).

In terms of AS 2870:2011 (Ref. [9]}, the soils present are considered to lie within Site Class M
{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. [9]} for assistance.

Tonkin & Taylor Ltd September 2016
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6 Statement of Professional Opinion as to the Suitability of Land for
Building Development

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

6.1 |am a Chartered Professional Engineer experienced in the field of geotechnical engineering and
an authorised representative of Tonkin + Taylor who was retained by WFH Properties Ltd as the
Geotechnical Engineer on Precinct 2 Stage 3A {comprising residential Lots 331 to 341, 344 to
354 and 373 to 385 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 ar staff acting under my direction.

6.2 The extents of preliminary investigations are described in Tonkin + Taylor Ltd Precinct 2
Geotechnical Investigation Report Ref No. 21854.001 dated May 2014. The conclusions and
recommendations of those documents have been re-evaluated in the preparation of this report.
Details of all earthworks control tests performed are enclosed (Appendix E).

6.3 The Contractors have confirmed that the work undertaken has been completed in accordance
with the drawings, specifications and any variations issued and is consistent with the inspections
and ohservations carried out by Tonkin + Taylor Ltd. Complete Construction Certificates have
been provided by the Contractors and are presented in Appendix B. Tonkin + Taylor Ltd accepts
nho liability for any errors or omissions represented by those dacuments.

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

6.4.1 The earth fills shown on the attached Woods drawings, Project No 33210, Millwater,
Precinct 2, Stage 3A, Drawing Numbers 33210-03A—AB-100, —110 to —112 and ~120,
have been generally placed in compliance with NZS 4431:1989 (Ref. {[8]).

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

6.5 For Lots 331 to 341, 344 to 354 and 373 to 385 inclusive:

6.5.1 These Lots contain a “Building Line Restriction” relating to the reinforced earth slopes
which form the 1 in 1.5(V:H) slopes along the Lot boundaries. The restriction zone s
shown on T+T Drawing 21854.001-P253A-110 in Appendix A2. Excavation, filling
and/or construction within this zone is not to be undertaken, to ensure stability of the
slope is not compromised.

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

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

Tonkin & Taylor Ltd September 2016
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Any cut or fill walls greater than 1.5m retained height, or of any height within 2m of
the building restriction lines shown on T+T Drawing 21854.001-P253A-110 in
Appendix A2, will require a geotechnical assessment, as a minimum, to ensure
stability of the subject or adjacent Lot is not detrimentally affected. Any earthworks
involving fills in excess of 600mm depth will also require a geotechnical assessment.

Foundation design

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

Bearing capacity

Foundation design for these Lots should limit geotechnical ultimate bearing capacity
to 300 kPa (factored (ULS) 150 kPa, working (SLS) 100 kPa). This is as specified in NZS
3604:2011 (Ref. [10]).

Expansive soils

Due to the presence of expansive clay soils, foundation soils lie outside the definition
of ‘good ground’ in NZS 3604:2011 {Ref. [10]). Soils are considered to lie in Site Class
M {moderately expansive) as defined in AS 2870:2011 (Ref. [9]) with anticipated
characteristic surface ground movements of 20mm to 40mm. Clause 6.5.6.1 of this
Geotechnical Completion Report may be used for expansive soil foundation design on
this subdivision:

6.5.6.1 Specific foundation design for expansive soils

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

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

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

1] 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 reguirements within this clause may be superceded if
individual engineers are able to demonstrate their specific design solutions
are applicable to site soil conditions to the satisfaction of Auckland Council.
Specific desigh may be undertaken by first principles or by reference to AS
2870:2011 (Ref. [9]), Section 4 and related documents.

Floor Slab Construction

Slab on grade construction is expected to be relatively straightforward across the
subdivision, but problems can occur with slab construction on shrink/swell sensitive

Tonkin & Taylor Ltd
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soils. In soils which become desiccated In summer, subsequent capillary moisture rise
may cause dry soils to wet up and swell, causing slab uplift and building distress.
Alternatively, construction during winter may result in subgrade soils with high
moisture contents drying out through summer, with subsequent soil shrinkage and
possible building deformation.

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

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

6.5.8 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)
Engineer familiar with the contents of this report and responsible for design of
structural elements of thé building.

6.6 Underfill {Subsoil) drainage

Underfill (Subsoil) drains have been installed during subdivisional development in the
locations shown on the Woods Shear Key, Undercuts & Subsoil Drains As—Built Plan (Woods
‘Ref 33210-03A-AB-120) in Appendix Al, and on T+T Drawing 21854.001-P253A-102 in
Appendix A2. These drains are considered to be maintenance free. This drainage system is
relatively deep and located so that it is unlikely to be encountered during future residential
site development. Although future works are unlikely to encounter the drains, their location
should be considered prior to designing deep foundations and, if damaged, repairs should be
observed by a Chartered Professional {Geotechnical} Engineer familiar with this report, and
notified to Auckland Council.

The subsoil drains running along the boundary of Lots 331, 333/334, 336/337 and 339/340
are relatively shallow {approximately 1m below current ground surface) and will need to be
taken into account when undertaking residential design and construction on this property.
Piling of foundations to below a 45 degree line extending up from the invert of the drains will
be required in proximity to the drain in these Lots, to avoid surcharging the drain.

The Woods Shear Key, Undercuts & Subsoil Drains As—Built Plan {Woods Ref 33210-03A-AB-
120) shows the location and invert of the subseil drains through these Lots,

6.7 Stormwater and Sanitary Sewer Lines

Where building envelopes lie adjacent to or across service lines, all foundations should extend
and be founded below the 45 degree zone of influence line extending from pipe inverts. This
requirement is to avoid excessive pipe surcharges, and to allow for future maintenance of the
system without detrimentally affecting adjacent structures. Subject to approval from
Auckland Council, foundations may extend and bridge over service lines provided specific

Tankin & Tayfor Ltd September 2016
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foundation design is undertaken. A copy of the stormwater as-built plans are included in
Appendix Al.

6.8 Road and Access Lots

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

6.9 Unexpected ground cenditions

Our assessment is based on interpolation between borehole positions, site observatians 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 subsocil conditions from those described in the repart are found. Design
assistance is available as required to accommodate any unforeseen ground conditions

present.
Tankin & Taylor Ltd Septemnber 2016
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7 Applicability

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

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

Tonkin & Taylor Ltd

Report prepared by: Technical review by:

Andrew Linton Andrew Stiles
Senior Geotechnical Engineer Senior Geotechnical Engineer

Authorised for Tonkin & Taylor Ltd by:

Chris Freer
Project Director BE (Civil), MIPENZ, C.P. Eng.

IXXL
" p:\21854\21854.001 - precinct 2\ger\stage 3a\jxx|.160907.p2s3a-ger.rep.docx
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Appendix Al: Woods Drawings

33210-03A-AB-100 Final Contour As—Built Plan

. 33210-03A-AB-110 Cut/Fill Contour As—Built Plan Criginal Surface —
Earthworks Surface

. 33210-03A-AB-111 Cut/Fill Contour As—Built Plan Earthworks Surface —
Final Surface

. 33210-03A-AB-112 Cut/Fill Contour As—Built Plan Original Surface —
Final Surface

. 33210-03A-AB-120 Shear Key, Undercuts & Subsoil Drains As—Built Plan
. 33210-3A-AB-300 to 303 Stormwater Drainage As-Built Plans
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Appendix A2: T+T Drawings

21854.001-P2S3A-100

. 21854.001-P253A-101
. 21854.001-P253A-102
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. 21854.001-P2S3A-105
. 21854.001-P2S3A-106
. 21854.001-P2S3A-107
. 21854.001-P2S3A-108
. 21854.001-P253A-110

Drawing List and Site Location Plan
Geotechnical Works Plan

Geotechnical Works Subsail Drain Plan
Geological Cross Section 3

Geological Cross Section 4

Typical Reinforced Earth Slope Details
Shear Key 03 Plan

Shear Key 03 Longsection

Geology Legend and Definition of Terms

Building Limitation Plan
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105 Carlton Gore Road, Newmarket, Auckland MILLWATER — PREC|
Tel. (09) 355 6000 Fax. (09) 307 0265
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ORIGINAL IN COLOUR

33211-03A—AB— 120 SK UC & SUBSOIL.dwg” dated 4 Aug 2016,
. Coordinate Dotum: NZGD2000, New Zeclond Transverse Mercator (NZTM2000).
Level Dotum: LINZ (MSL) Aucklond Vertical Datum 1346

All dimensions are Tn metres unless noted otherwise,
. As—bullt plan supplied by WOGQDS, reference file nome "33211

CONTOURS.dwg" dated 4 Aug 2016.
. Undercuts, shearkey & subsoll drains supplisd by WDODS, reference file name
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Appendix B:  Contractors Certificates

. Hick Bros Ltd — Sixth Schedule {Bulk Earthworks)
. Hopper Construction Ltd — Sixth Schedule {Civil Earthworks)

. FGS Group Ltd — Producer Statement 3 (Pool Fence Installation for RE Slopes)




NZS 3910:2013

PS3 - FORM OF PRODUCER STATEMENT- CONSTRUCTION

ISSUED BY: HICK BROS CIVIL CONSTRUCTION LIMITED

TO: WFH PROPERTIES

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

EARTHWORKS
AT: PRECINCT 2 STAGE 3 CONTRACT 33213 - 01

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

Date: 23" August 2016

; /,’:’ 7 /.-‘
S AT o S
o ,.' S ,'/ / -
-~ :’/f// e

(Signature of Authorized Agent on behalf of)

HICK BROS CIVIL CONSTRUCTION LIMITED
(Contractor)

42 FORGE ROAD, SILVERDALE
(Address)

Attachments:
1) List detailing works carried out




ATTACHMENT 1 ;

MILLWATER PRECINT 2 STAGE 3 GEOTECHNICAL REMEDIATION AND BULK EARTHWORKS

LIST OF WORK CARRIED GUT:

1} AH the earthworks within Stage 3
2) Construction of Reinforced Earth Wall 601 including drainage
3) Construction of Reinforced Earth Wall 602 including drainage
4) Construction of Reinforced £arth Wall 603 including drainage
5) Construction of Reinforced Earth Wall 604 including drainage
6) Construction of Reinforced Earth Wall 605 including drainage
} Construction of Reinforced Earth Wall 606 including drainage
} Construction of Reinforced Earth Wall 404 including drainage
8} Construction of Reinforced Earth Wall 405 including drainage
0} Subsoil drainage as instrucied and asbuiited :




NZ$ 3910:2013 Conditions of contract for building and civil engineering construction

Schedule 6 — Form of Producer Statement — Construction

ISSUED BY Hopper Construction Limited {Contractor)
TO WFH Properties Ltd {Principal)
IN RESPECT OF Millwater Precinct 2 Stage 3A contract 33210-01 {Description of Conlract Works)
AT Manuel Road Millwater {Address)

Hopper Construction Ltd (Centractor} has contracted to WFH Properties Ltd (Prineipal) to carry out and complete certain
building works in accordance with a Contract titied Millwater P2 stage 3A {'the Contract’)

1 Howard Jury (Duly Authorised Agent) a duly authorised represeniative of Hopper Construction Ltd (Conrractor) believe on
reasonable grounds that Hopper Construction Ltd (Coniractor) has carried out and completed:

All

[0  Part only as specified in the attached particulars of the contract works in accordance with the Contract

Click to enter details of aitached particulars

N .
M Date 25 July 2016

éfgnature o{)ur!med Age%’r on behaif of)

oppér Construction Limited

{Contractor)

17 Forge Road, Silverdale

{Address)

NZS 3210:2013 — Schedule 6 — Form of Producer Stafement — Conslruction Page 1 of 1




Producer statement construction (PS3)

General construction work

All sections of this form must be completed

TO BE COMPLETED BY THE PERSON WHO HAS UNDERTAKEN THE BUILDING WORK

Auckland

Council

Ti Katirshara o Timaki Mokaurau

Building consent

R6 24727

1A

Author name: Tte ) A — No:
. — Author
Author company: [T (z.., mow—y Registration No:

bop et bettered oA

L_Djf L ¢ 6746 "I tot 1 Df ’L“‘""‘f’) Lol 2 dp gsq_(f('g

{_L" 1_ DP SL[QC?S() /p“f ’-(\l'(uf‘* (C_\ /)Jll U" AN /‘L..u(\./é iLL{.
gjtpe/e?s, Lop 2. dplee0t7 , Lt A cp 569240 , Cof 4

S~
I"E-r'lf_‘;_.. "“i’_w

Description of

building work: =

L:o; 5.2 ?f::-r'f

AN vl ol @) Dol 771 2 als deto oo >
€ T fori—tet LAY AN S T S R A A S | e
Legal description: 3%3 55"4“5-7(6‘“ Sec § So ¢y 7760, ’or““‘*"“ “#3h of
Ced= dpo 21 Y S J ff o
i | - — ‘-"" B "‘") [ == = ) ¥ "“r Lo 1/ ‘-’ / L 'v,,
Site address: p{"‘d' pang 1. I, i lvascede Nail L\
B1 B2 C1 c2 C3 C4 D1 D2 E1 E2 E3 F1
NZBC clausse: F2 F3 F4 )} F5 F6 F7 F8 G1 G2 | 63 | o4 G5
(circle as applicable)
G6 G7 G8 G9 G10 G111 G12 G13 G14 G185 H1

| have sighted the above building consent and read the attached conditicns of consent and confirm that | have undertaken
the building work described above in accordance with the consented plans and specifications,

I understand that Council will rely upon this praducer statement, for the purposes of establishing compliance with the above
building consent. .

Date:

Signature:

contact details:

25/@1/20/6
0 7

Tradesperson’s

S ‘ '[UQ;U(-:,‘J(-&

Address: e ‘[\}_‘ Uw_é.k{w\ (-(,/L_ Postcode: O ¢/(y
il |

Business: of 77 = FI78 Fax:

Mobile: Email | cxelyin, m @,1‘?57 )iis Nz

O Takapuna

O Central [0 Henderson [0 Manukau O Orewa O Papakura O Pukekohe
Received by: o ool M- NO
Signature: Regi;tlrr?gsz YES NO
Producer statement accepted as establishing compliance with the consented plans; YES NO
Auckland Council Building Control | Private Bag 92300, Auckland 1142 | www.aucklandcouncil.govt.nz | Ph 09 301 0107
AC 2310 (v.1)

Page 1 of 1 October 2011
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Appendix C:  NZS 3604:2011 Expansive Soils
(Extract)




NZS 3604:201.1 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 guite
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 sails 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
accordance with NZS 4402 Test 2.2, and a linear shrinkage of more than 15% when tested in
accordance with NZ$§ 4402 Test 2.6, and

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

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

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




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

considered to be:

Characteristic Surface Movements

Site Class

Description

a) 20 mm

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

b) 20 mm — 40 mm
c) 40 mm — 60 mm
d) 60 mm —75mm
el >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,

Class A (sand) and/or

Class S {Silts)
Equivalent to NZ5S
3604:2011

“Good Ground” sites

Class M
Class H1
Class H2

Class E

Poor to slightly
expansive

Moderately expansive
Highly expansive
Highly expansive

Extremely expansive

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

(Test 7.1.1 in AS 1289 — Methads 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
BIF 18
replaces

Information
Sheet 10/91

Bufldings can and often do move. This movement can be up, down, lateral or rofational, The fundamentol cause
of movement in buildings con usually be related fo one or more problems In the foundation soil. It is important for
the homeowner fo idenﬁl‘ﬁr the soil fype in order to ascerfain the measures that should be put in place in order fo

ensure thet problems in 1

e foundation soil can be prevented, thus profecting agalnst building movement.

This Building Technology File is designed fo identify causes of softrelated building movement, and to suggest

methods of prevention of resultant cracking Tn buildings.

féoil Types

The types of soils usnally present uader the topsoil in Jand zoned for
residential buildings can be split into two approxlmate groups —
gramtlar and clay. Quite often, foundation soil 1s 2 mixmure of both
types. The general problems associated with soils having granular
content are usually cansed by erosion. Clay soils are subject to

saturation and swell/shrink problems.

Classifications for a given atea can genetally be obtained by
application to the Jacal authority; but these are sometimes unteliahle
and if there is doubt, a geotechnical report should be commissioned,
As most buildings suffering movement problems are founded on clay
soils, there is an emphests on. classification of soils according to the
amoust of swell and shrinkege they experience with vasietions of
water content. The table below is Table 2.1 from AS 2870, the
Residential Skab and Footing Code.

%Cuuses of Movement

Settlement due to construction

There are two types of settlement that occur as a result of

construction:

e Immediate setdement oceurs when a building is first placed on its
foundation soil, as = resvlr of compaction of the soil under the
weight of the structure. The eohesive quality of clay soit mitigates
againse this, but gramlar (pacticalacly sandy) soil is susceptible.

» Consolidation settlement is a feanus of clay soif and may take
place because of the expulsion of moisture from the soil or because
of the soil’s lack of resistance to local compressive or shear stresses.
This will usually take place during the first fesr months after
conseruction, but has been known to take many years in
exceptional cases,

These prohlecss are the provines of the builder and shou!d he taken

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

tion. Building Technology File 19 (BTH 19) deels with these

Erosion

Al soils are proxe 1o erosion, but sandy soil is particulady sugceprible
ta being washed away. Bven clay with & sand component of say 10%
or more can suffer fom exosion.

Saturation

"This is particularly a problem in clay soils, Saturation creates a bog-
like suspension of the soil that canses i to Jose yirtually all of its
bearing capacity. To a lesser degree, sand Is affected by saturation
because sattrated sand may undergo 2 reduciion in volume ~
particularly tmported sand fill for bedding and blinding layers.
However, this usually occurs as immedjate sectlement and should
normally be the province of the builder.

Seasonal swelfing and shrinkage of soil

AIl clays react to the presence of water by slowly absorbing it, making
the soil inerease in volume (see table belaw). The degree of increase
yaries considerably between different clays, as does the degree of
decrease during the subsequent drying out caused by fair weather
periods. Because of the low absorption and expulsion rate, this
phenomenon. will not usnally be noticeable naless there ate -
prolonged rainy or dry periods, usually of weeks ar months,

depending on the Jand and soil characteristics.

“The swelling of soil creates an upwazd force on the footingg of the
building, and shrinkage creates subsidence that tekes away the
support necded by the footing to retain equilibrium.

Shear failire
T'his phenomenon occurs when the foundation soil does not have

sufficient strength 1o support the weight of the footing, 'Thete are

W major post-CoDSERCHOn causes:

* Significant load increase.

* Reduction of lateral support of the soil nnder the footing due to
erosion or excavadon,

o Tn clay sol, shear fallure can be caused by samuration of the soil
adjacent to or uader the foting.

. problems.
GENERAL DEFINITIONS OF SITE CLASSES

Class . Toundation
A Most sand and zodk sites with little ox no ground movement from moisture changes
3 Slightly reactive clay sites with only slight ground movemeat from moijsture changes
M Moderately reactive clay or silt sices', which can experdence moderate ground movement from moisture changes
H Highly reactive clay sites, which can experience high ground movement from moisture changes
E Batremely reactive sites, wlhich can experience cxireme ground movement from molstuxe chahges

Atwl Filedsis
? Sites which include soft sofls, such as soft clay or silt or loase sands; landslip; mine subsidence; collapsing soils; soils subject

to erosion; reactive sites subject to abnosmal molsture conditions or sites which cannot be classified otherwise




Thee soot growth '
Thees and shrubs that are allowed to grow in the vicinity of footings

carx case foundation soil movement In two ways:

» Roots that prow under footings may increase In. cross-sectional
size, exerting upward pressure on footings.

» Roots in the vicnity of footings will absorh much of the mofsiure
in the foundation soil, cansing shrinkage or subsidenze.

.

|Unevenness of Movement

The types of ground movement described above nsually oceur
une throughont the building’s foundetion soil. Settlement due »
o constriction teads to be uneven becanss off

« Tiffesing compaction of foundation soil pdor to construction.
o Differing moisture comtent of foundation soll prior to constructon.

Movement due to non-construction cases is usually mose uneven
stifl. Erosion can undermine u fooring that traverses the flow or can
create the conditions for shear failare by erading sofl adjacent toa
footing that runs in the same direction as che flow.

Saruration of day fonndation sofl iy oconr where subfloos walls
create 1 dam thet malkes veater pond. Tt can also ocour wherever there
is a sowrce of water near fooiings in clay soil. This leads to a severe”
reduction in the strength of the soil which may creaic local shear

failure.

Seasonal swelling snd shrinkape of clay soil affects the perimeter of
the building fist, then gradually spreads to the interfor. The swelling
process will usually begin at che uphill extreme of the building, or on
the weather side whee the land is flat, Swelling gradually reaches the
jnterior soil as absorption continues, Shrinkage usually begins where
the sur’s heat is grearesr.

i
| Effects of Uneven Soil Mevement on Struciures

Frosion and saturetion

Erosion removes the support from under footings, tending to create
subsidence of the part ol‘E the srructure under which it occurs,
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevering undl the bricks or the
mostar bedding fail. Older masonry has litile resistance. Bvidence of
Eailure vasies according to circurastances and symptoms may include:

» Step cracking in the mortar beds in the body of the wall or
above/below openings such as dooss or windows.

o Vertical cracking in the bricks (usually bext not necessarily in line
with the vertical beds or perpends),

Tsolated piers affecied by eroslon or saturation of foundations will
sventually lose contact with the bearers they support and may tilt ox
fall over. The floots that have lost this support will becoms bouncy,
sometimes rattling ornaments etc. .

Sensonal swelling/shrinkage in clay

. Swelling foundation soil due to miny periods first lifis the most
expased extremities of the foating systern, then the remainder of the
perimbter foorings while gradually permeating laside the building
footpxiat to lift internal footings. This swelling Hest tends 1o create a
dish.effect, because the externel footings are pushed higher thas the

incernal ones.

The frst noticesble symptom may be that the floor appears slightly
dished. This is often accompanied by some doots binding on the
floor of the door head, together with some cracking of cornice
mitres. In buildings with timber flooring supported by bearars and
joists, the floor can be bouucy: Exernally there may be vislble
dishing of the hip or ridge lines.

As the molstie absorprion process completes its joumey o the
innermost areas of the building, the internal footings will sise. if the
spread of moisture is roughly even, it may be that the symptoms will
temporaily dissppeas, but it is more likely that swelling will be .,
uneven, creating a diference tather than a disappearance in
symptaius. In buildings with dmber flooring supported by bearets
and joists, the isolated piers will rise more easily than the strip
footings or piers undee walls, creating noticeable doming of looring,

Wall cracking
due to uneven
footing settlement

As the weather pattern changes and the soll begins t diy ous, the
external foatings will be first affected, beginning with the locations
where the sud’s effect is strongest, This has the effect of lowering the
external footings. The doming js ancentuared snd cracking reduces
or disappears where it oceutred because of dishing, but other cracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in othes ways. In
areas where warm, wet stunmers and cooler dry winters prevail,
water migration tends o be toward the interfor and deming will be
accentuated, whereas where summers are dry and winters are cold
and wet, migration tends to be toward the exterior and the
undeslying propensity is toward dishing.

Moverment caused by iree roots

Tn general, growing roots will exert an upward pressuse on footings,
whereas soil subject 1o deying because of tree or shrub roots will tend
to zemove support from under foetings by inducing shrinkage.

Complications cansed by the structure jtself

Most forces that the soil causes to be exerted on structures ate
vertical ~ Le. either up or down, However, becanse these forces are
seldom spread evenly around the footings, and because the building
resizts tneven movement hecause of its rigidity, forces are exertad
from one part of the building to another. The net result of all these
forces is usually rotational, This resultant force often complicates the
diagnosis because the visible spmptorns do not simply reflect the
origieal cause, A common. symptom ie binding of doors on the
vyertical member of the frame.

Effects on foll masonry strnctures

Bricleworle will resist eracking where it can. Te will attempt to spai,
areas that lose support because of subsided foundations or raised
points, Tt is therefore usual to see cracking at weal points, such ay’
openings for windows ar doars.

Tn the event of construction serdlestent, cracking will uspally remain
unchanged after the process of serdemnent has ceased.

"With local shear or erasion, cracking will uswally continue to develop
il the original cause bas been remedied, or until the subsidence
has complerely nentralised the affected portion of footing and the
gsructire has stabiliced on other footings that remain effective,

Ir the case of swellfshrink effects, the briclkwork will in soma cases
teturn to its original position after completion of a cycle, however it
is more [ikely cliat the rotational effect will not be exactly reversed,
and i is aleo usual that brickwork will settle In its new position end.
will resist ¢he forces wying to remm it to its originel posiion. This
means thar in a case where swelling talees place after constructon:
and cracking ocouss, the cracking ks likely o at least pastly remain
after the shrink segment of the cycle is complete. Thus, cach thne
the cyeleis repeated, the likelthood Is that the cracking will become
wider until the sections of brickwork become virtually independent.

With, repeated cycles, once the cracking is established, if there is no
other complication, it is norraal for the incidence of cracking to
stabilise, as the building has the articulation it needs ta cope with
the problemn. This is by no means always the case, however, and
monitoring of cracks in wells and foors should dlways be treated
seriously.

Upheaval cansed by growth of tres roots under footings is not a
stmple vertical shear stress, There is 2 tendency for the root to also
exert lateral forces that artempt to separate secifons of brickwork
after initial cracking has occurred,




r

The sosmal structural arrangement is diat the inner loaf of beick-
work in the esternal walls and at least some of the internal walls
(depending on the roof type) comprisc the load-bearing structure on
which any upper floors, ceilings and the roof are supposted. In these
cases, it is internally visible cracking thar should be the main. focus
of attention, however there are a fow examples of dwellings whose -
extenal leaf of masonry plays some supporiing role, so this should
be checked if thete Is any doubt, In any case, extesnally visible
cracking is important as 2 guide to stresses on the structure peneraily;

- and it should also he remenbered that the extersel walls must be

capable of supporting themselves,

Bfferts on framed stractures
Tiraber ot stcel framed buildings are Jess likely to exhibit cracking
due to swell/shuinle than masorry buildings because of their
flextbifity. Alse, the doming/dishing effecty tend to be lower because
of the ighter weight of walls. The main tisks to framed buildings are
encountered becansa of the isolated pier footings used under walls,
Where erosion or saturation cause a footing to fall away, this can
double the span which a wall must bridge. "This additions stress can
create cracking in wall linings, parsiculatly wheue there is 2 weak

oint in the structnre caused by a door or window opening. ki,
Ecw&ver, unlthkely thet framed stmctures will be so stressed as to suffer
serious ¢ withou first exhibiting some or all of the abave
sypmptoms for a considerabls period. The same warning period should
apply in the case of npheaval. Tt should be stoted, however, that whers
framed buildings are supposted hy strip footings thece is only one leaf
of brickwork and therefore the externally visible walls are the
supporting structure for the building. Ia this case, the subfldar
masonry walls can be expected to hehave as full brickwork wells.

Effects on brick venese structures

Because the load-bearing stiucture of a brick vencer building is the
Frame that makes up the interior Teaf of the external walls plus
perhaps the inrernal wells, depending oa the type of roof; the
building can be expected to behave as a framed stmcture, except that
the external masoniy will behave in 2 similar way to the external leaf
ofa full masonry stucire,

t
| Water Service and Drainage

Where 2 water service pipe, a sewer or stormwater drainage pipe is in
the vicinity of a building, & water feak can cause exosion, swelling or
satration of susceptible soil, Bven a minuscule feak can be enongh
to sanurate = clay foundation. A leaking tap near 2 building can have
the saine effect. In additlon, trenches contzining pipes can become
watercourses even thaugh backfilled, particulatly where broken.
rubble is used as fill. Water thet runs along these wenches can be
responsible for serious erosion, interstrata seepage Into subfloor areas
and_saturation.

Pipe leakage and trench water flows also encourage tree znd shub
roots to the souzce of water, complicating and exacerbating the

problem,
Poor reof plumbing ean. result in large volumes of rainwater being

concentrated in a small area of soil:

» Tncorrect falls in roof guttering may result in ovecflows, as may
gutters blocked with leayes etc,

= Corroded guttering or downpipes can spilt water to ground.

# Downpipes not positively connected to 2 proper stormwater
collection systern will direct a concentsation of water to goil that is
directly adjacent to footings, sometimes causing lage-scale
problems such as erosion, saturation and migzation of water nnder
the building.

]
ES@ricusness of Cracking

In general, most: cracking found in masoncy walls is 2 cosmetic
nuisance only and can be kept In repair or sven ignosed. The table
below is a reproduction of Table CT of AS 2870.

AS 7870 also publishes fgures relating to cracking in conarete flooss,
however because wall cracking will usually reach the citical point
signiﬁcmt‘[iy carlier than cracking in slabs, this rable is not

reprodoced here.

E Preveniion/Cure

Plumbing ‘

Where building movement s caused by water sevice, roof plumbing,
sewer or stormwater faflure, the remedy is to tepair the problem.

Tt is prudent, however, to consider also rerouting pipes away from
the hudlding where possible, and relocating taps to positions where
any leakage will not direct water to the building vicinity Even where
glly traps are present, there is sometimes sufficient spill o create
erosion or saturation, particularly in modern installations using
emafler diameter PVC fixtures, Indeed, some guily traps ate not
sitnated directly under the taps that are installed to chasge them,
with the result that water from the tap may enter the baclfilled
trench that hauses the sewer piping, If the trench has been poorly
backfiled, the water will either pond or flovr along the bortam of
the trench, As these trenches usually run alongside the footings and
can be at = similer depth, it is not hard 1o see how any water that is
thus directed nto a trench cun easily affect the foundation’s ability to
support footings or even gain entry to the subfloor area.

Ground drainage .

Tiz all soils there is the capacity For water to travel on the surface and
below it. Surface water flows can be established by inspection duting
and after heavy or prolonged rain. If necessary, a grated drain system
colnu_ected 1o the stormwater collection system is usually an. sasy
sojution.

It is, however, sometimes necessary when attempting to prevent
water pnigration that testing be carried out ra establish watertable
helght and subsoil water flows, This subject Is referred to in BTF 19
and may propecly be segarded 25 an area for an cxpert consultant.

Protection of the building perfmeter

It is essental to remember that the soil that affects footings extends
well beyond the actual building line. Watering of garden plants,
shrubs and trees causes soms of the most sedons water prohlems.

For this reason, particularly where problems exist or are likely to
occus it it recommended that an apron of paving be installed
around gs mnch of the huilding perimeter as necessary: This paving

CLASSIFICATION GF DAMAGE WITH REFERENCE TO WALLS

Deescription of typical damage and required repair Approzimate crack width Darmage
limit (see Mote 3) category

Hairline cracks <0.1 mum ) 0
Fine cracks which do not need repatr <l mm 1
Cracks noticeable but easily filled. Doors and windaws stick slightly <5 mm )
Cracles can he sepaired and possibly a small amount of wall will need 5-15 yum {or 2 mumber of cracks 3
to be replaced. Doors and windows stick. Service pipes can fracture. 8 min of taote in one group)
Weatherrightness often impaired
Extensive repair work involving breaking-out and replacing sections of walls, 15-25 mm but also depend 4
espectally over deors and windows. Window and door frames distort, Wells lean on number of cracks
or bulge noticeably; some loss of bearing in beams. Sexvice pipes disrupted
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‘should extend outwards a minimum of 900 mm {more in highly
reactive soil) and should have 2 minimuem fall away fom the
building of 1:60, The finished paving should be ao less than 100
min below bricle verrt bases.

Tr js prudent to relocate dralnage pipes away from this paving, if
possible, to avoid complications from facure Jeakage. 1f this Is not
praciical, earthenvware pipes should be replaced by PVC and
baclfiliing should be of the same soil type as the sutrounding soil
2nd compacted to the same density

Esxcepr in areas where freezing of water Is an issue, it is wise to .
remove taps in the building arcz and relocate them well away from
the building — preferably not uphill from i (sce BTT 19).

Tt may be desirable to install a grated deain at the outside edge of the
paving on the nphifl side of the building, If subsoll drainage is
needed ¢his can be instelled under the surface drain,

Condensation

Tn buildings witk a subfloor void such as where beexers and joists
support flooring, insufficient ventifadon creates ideal conditions for
condensation, particularly whese there js little clearance between the
flgor and the ground, Condensation adds to the melsture already
present in. the subfloor and significently slows the process of drying
out. Tnstallation of an adequare subflaot ventilution system, either
patural or mechanical, is desizable,

Warning: Although this Building Technology File deals with
cracking in buildings, it should be said that subfloor moisture can
result in the development of odher problems, notably:

o “Water that i3 transmitted into masonry, metal or timber building
elements causes demage and/for decay to those elements.

» High subfoor humidity and molsture content create an ideal
envitonment for various pests, including termites and spiders,

s Where high maisture levels are transmitted to the flooring and
walls, an inerease in the dust mite count can ensue within the
Tiving areas. Dust mites, a5 well as dampness in general, can be 2
health havard to inhabitants, particuiady those who are
abnormally susceptible to respisatory ailments.

The garden .

The ideal vegeration layout is to have lawn or planis that requie
only fight wateting immedintely adjacent to the drainage or paving
edge, then more demanding plants, shrubs and reees spread out in
that orden .

Overwatering dus to misuse of antomatic watering systems is a
comunon cause of szhiration and water migration under footings. If
it is necessary to use these systems, it is important to remove gerden
beds to a complerely safe distance from bulldings.

FExisting trees

Whete a tree is causing a problem of sofl deying or there fs the
existence of theeat of upheayal of footings, if the offending roots are
subsidiary and their removal will not significantly damage the mee,
they should be severed and a concrete or mera] barder placed

. vertically in the sofl to prevent fistuze root growth in the direcdon of

the building, Jf it is not possible to remove the relevant roois
withent damage to the tree, an application to remove the free should
be made to the Jocal autherity A prudent plan is to transplant likely
offenders before they become a problem.

Information on trees, plants and shrubs

State deparsments oversesing agriculture can give information
regarding root pattesms, volume of water needed and safe distance
from buildings of most species. Botanic gardens are also sources of
information., For informatien on plant roots and drains, see Building
Technology File 17.

Bxcavation

Excavation around footings must be properly engineered. Soil
supporting footings can only be safely excavated at an angle that
allows the soil under the footing to remain steble, This angle is
called the angle of repese {or fiiction) and vaties significantly
between soil types and conditions, Restaval of sofl within the angle
of repose will canse subsidence,

];_Remadiﬁi*ian

Wheze erosion has occurred thar has washed away soll adjacent to
footings, soft of rhe same classification should be introdnesd and
compacred to the same density. Where footings have been
nndermined, asgmentation or other specialist wotlk may be required.
Remediation of footings and foundarions is generally the realm of 2
specialist consnltant.

Where isolated footings rise and fall because of swell/shrink effect,
the homeowner may be tempted to alleviate floor bounce by Alling
the gap that has appeared between the bearer and the pier with
blocldng, The danger here is that when the next swell segment of the
cycle occuss, the extra blocking will push the flaor up into an
accentuated dome and may also cause local shear foilure in the soil.
If it is necessary to use blocking, it should be by a pair of fine
wedges and monitoring should be carded out forinighdy.

Thiz BTF wus prepored by John Lewer FAIB, MIAMA, Parfner,
Consfruction Disgnaesis.

The Information in thiz and other lssues In the serlas was derived from. varlous sources and was belfeved to be coirect when publishad.

The Information is advisory, It Is provided in good faith and not claimad o be an exhaustive treatiment of the relevant subjsct.

Fitther professional advice nesds to be obtained before taling any action based on the Information provided.

Distributed by
GSIRO PUBLISHING PO Box 1139, Collingwood 3064, Australia

Froecall 1800 445 051 Tel (03} 9642 7666 Fax {03) 9662 7555 veww.publish.csiro.cu
Emall; publishing.sales@csiro.au

& CSIRG 2003, Unauthorised eopying of this Bullding Technolegy fife is prohiblted




Appendix E:  Test Results

. 21854.001-P2S3A-111 Post Earthworks Investigation Plan
. 21854.,001-P2S3A-112 Topscil Depths Plan
. 21854.001-P253A~-113 Earthworks Testing Location Plan

. Soil Expansion Test Results
. Post Earthworks Investigation Borehole Logs (HA1 to HA11)

. Earthworks Test Results
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BoreLog - 13/06/2015 2:07:18 p.m. - Produced with Core-GS by GeRoc

Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No.: BH5

Hola Lacation: lot 376

SHEET: 1 OF 1

PROJECT: Millwater

LOCATION: Precincl 2 Stage 3A

JOB Na.: 21854.001

CO-ORDINATES:
(NZTM 2000)

R.L:
DATUM:

DRILL TYPE:

DRILL METHOD: HA

DRILL FLUID:

HOLE STARTED: 12/05/2016

HOLE FINISHED: 12/05/2016

DRILLED BY: BZZB

LOGGED BY: BZZBITAJ CHECKED:

GEOLOGICAL

ENGINEERING DESCRIPTION

GEOLOTICAL LHIT,
GENERSS HAME,
aRIGHH,

MATERIAL GOMPOSITION.

50 FLUID LOSS (%}
CORE RECOVERY (%)

=

b=
WATER
METHOD
CASING

TESTS

SAMPLES
RL{m}

CLASSIFICATION SYMBOL

DEPTH (m)
£
GRAPHIC LOG

SHEAR STRENGTH
{kPa)
COMPRESSIVE
STRENGTH
(MPa)
DEFECT SPACING
{mm).

STRENGTHDENSITY

CLASSIFICATION

Desceription and
Additional Obserbvalions

Fill

@ >196 kPa

@ >196 kPa

@ >196 kPa

@ >196 kPa

®>196 kPa

@ >196 kPa

@ >196 kPa

@ >196 kPa

@ >136 kPa

MOISTURE
= ooNornoN\"E'“'"E“"“E

4

B SR

g

0.0m; clayey SILT; orange and grey. Very stiff,
moist, low plasticity.

2.4m: SILT; grey. Very stiff, dry, non to low
plasticity.

2.8m: clayey SILT; crange and grey. Viery stiff,
moist, low plasticity.

3m: Target depth

COMMENTS:

|Hole Depth
3m

Scale 1:20




BOREHOLE No.: BHS

Hole Lacatian: lot 378

BOREHOLE LOG

Tonkin+Taylor sz or

PROJECT: Millwater LOCATION: Precincl 2 Stage 3A JOB No.: 21854.001

GO-ORDINATES: DRILL TYPE: HOLE STARTED; 12/05/2016
(NZTh 2000) HOLE FINISHED: 12/05/2016
DRILL METHOD: HA
RL: DRILLED BY: BZZB

DATUM: DRILL FLUID: LOGGED BY: BZZB/TAJ CHECKED:

GEOLOGICAL ENGINEERING DESCRIPTION

BEGLOGICAL UAIT,
CENERIG HAME,

oR,

MATERIAL COUPOSTON

Dascription and
Additional Cbserbvations
TESTS

DEFECT SPACING
)

SHEAR STRENGTH
[¥Pa)
COMPRESSIVE
STRENGTH
[MFa)

\'JEATHERLNE
STRENGTHIDENSTTY

CLASSIFICATION SYMBOL
CLASSIFICATION

WATER -
CORE RECOVERY [%h)
METHQD
CASING
SAMPLES
RL {m)
DEPTH (m}
BRAPHIE LOG
MOISTURE
CONDITION

o

5

i

w0

0

1

5

2

=

100

250

=
o} 5 FLUDLOSS ()

5

0.0m: Topsaoil.

II?
K —
2

Topsoail

hw
s
@ ¢

BoreLog - 13/06/2016 2:07:16 p.m. - Preduced with Core-GS by GeRoc

® >196 kPa

o
I
=z

VSt 0.3m: clayey SILT; light yellowish grey. Very stiff,

moist, low plasticity.

Ak
e

Fill .

@ >196 kPa 5

Sl
*l"Ll

| ;

¥
g
E4

0.7m: clayey SILT; brawn. Veery stiff, dry to maist,
non to low plasticity.

i

@ >196 kPa :

T
L

.
4

I

@ >1396 kPa

@ >196 kPa i

@ >196 kPa R A

®>196 kPa e

@ >186 kPa A

®>196 kPa i

3m: Target depth

COMMENTS:

::|Hole Depth
o iyl

Scale 1:20




Borelog - 13/06/2016 2:07:16 p.m. - Produced with Core-GS by GeRao

BOREHCLE No.: BH11
Hole Lacation: lot 373
-
Tonkin+Taylor SHEET:1OF
PROJECT: Millwater LOCATION: Precinct 2 Stage 3A JOB Na.: 21854.001
CO-ORDINATES: DRILL TYPE: HOLE STARTED: 12/05/2016
(NETM20003 HOLE FINISHED: 12/05/2016
DRILL METHOD: HA
RL: DRILLED BY: BZzZB
DATUM: DRILL FLUID: LOGGED BY: BZzZB CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT,
BN AL, g
Y S g £ 3
QRIS o & i Ul = Description and
MATERIAL CotRaSTION z H H i . g Additional Obserbvations
“u o wo = Pl
a gla i E a g ¥e ] &
ale|s|e|2 i| € = | £ 8 | 85| 28
Topsoil :—“':I_S : 0.0m: Topsoil.
|— — M V8t 0.1m: clayey SILT; orange and grey. Very stiff,
i moist, low plasticity.
e
@ >196 kPa T
i
_-"—gd_“_
taall
¥ D 0.5m: SILT with minor clay; grey. Very stiff, dry, |
@ >196 kPa 4F = non-plastic.
xx e
- *
¢ &
«
. ® "
"
% "
® >196 kPa gl
i td
1 |
!!u ¥
N ¥
o
“
e UTP - "x P
» KN
: ¥ = M 1.3m: clayey SILT; brown and grey, Very stiff,
Fill : e moist, low plasticity.
; b
®>196 kPa [l
=
| P
s s
=ty
Wi
P |
® >196 kPa F= — - -
Y 1.8m; SILT with minor clay; grey. Very stiff, moist,
1® % non to low plasticity,
xx x
i
2 [
X Ed
eUTP - 15
® “ﬁ
B
n
E x
#
® 3
®>196 kPa : :
®
1 S
*
" ®
u
K«
*
@->136-kPa =
2.7m: Refusal
3 -
COMMENTS:
Hole Depth
2.7m

Scale 1:20




BOREHOLE No:HA331
BOREHOLE LOG Hole Location: LOT 331

Tonkin +Tay|0l' SHEET 1 OF 1

T+T DATATEMPLATE.GDT rbe

PROJECT: Stage 2C LOCATION: Millwater Precinct 2 JOB No: 21854.001
CO-ORDINATES: DRILL TYPE: 50mm HA HOLE STARTED: 29/4/16
HOLE FINISHED: 29/4/16
DRILL METHOD: HA )
Rl DRILLED BY: geotechnics
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:;
GEQLOGICAL ENGINEERING DESCRIPTION
GECLOGICAL UNIT, o g E o SOIL DESCRIPTION
GENERICNAME, 2 % & Z %‘E Q Soil type, minor compaonenls, plasticty or
ORIGIN, £ = % I bs| 695 |58 paricle size, colaur.
MINERAL COMPOSITION. E 1eets . z } % 5 0z E E = E < | roek pESCRIPTION
@ § =3 o !‘;: w Z % g é 8 - ] Subslance:  Rock lype, particle size, colour,
8 lale ® £ o 2 5 g 5 2ls cl minor compenents,
é‘ G| w % =z a ‘E E T a ol|l@ % - Type, inclinati ick
HHHEE 34 B 8|3 |B8|E 3o omnlaeng) T RS
TOPSOIL FILL i ' H SILT, non plastic, moist, dark brown i
: ) (topsoil) )
FILL < SILT, non plastic, moist, grey and yellowish
. brown -
*utP ] -grey and reddish brown, minor yellowish
o inclusions _
0.5 0.5
® >202kPa ] i
®>202kPa g -grey and yellowish brown ]
1.0 1o
® |76/46kPa ] al
1 clayey SILT, low plasticity, moist, yellowish
| brown, with grey inclusions i
E eurp ]'J__ SILT, non plastic, moist, grey, with minor "~ |
% i yellowish brown inclusions N
E ~ .
8
WEATHERED g N SILT, non plastic, moist, grey; dry to moist N
NORTHLAND . . _ix from 1.8m, hard to auger |
ALLOCHTHON S utr L= i
e} %
= i3 K sandy SILT, non plastic, dry, grey |
g X ‘
T UTP =] END OF BOREHOLE 2m (very hard o ~ |
e auger) i
2.5 2.5+
3.0 3.0
i =
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BOREHOLE No:HA335
BOREHOLE LOG Hole Location: LOT 335

Tonkin+Taylor SHEET 1 OF 1

T-+T _DATATEMPLATE.GDT rbe

PROJECT: Stage 2C LOCATION: Millwater Precinct 2 JOB No: 21854.001
CO-ORDINATES: DRILLTYPE: 50mm HA HOLE STARTED: 29/4/16
HOLE FINISHED: 29/4/16
DRILL METHOD: HA x
R.L: DRILLED BY: geotechnics
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, ¥ 2 z w 9 SOIL DESCRIPTION
GENERICNAME, " % % 2 Zz g Sail type, minor componients, plasticty or
ORIGIN, ® 5 = % :.':_’ - % &? ag panicle size, colour.
= o
MINERAL COMPOSITION, E o " Z } % 3 oL E%E nﬁ-é HOE BESGRIBTIGN
] 9 _ 9 g - % = Q 3 i Substance:  Rock lype, paricle size, colour,
3 i a [ E 0 g l£gg|5Eg|® a minor components,
Jle|®loly Yl = x T z |[EE|S &
% g w E % L : & % g a2 E g ool o238 Defecls:  Type, Inclination, thickness,
212 8 a g % 2 g & 3 g 8 =3 88 Sﬁ.ﬁﬁ roughness, filling.
TOPSOIL FILL | [ SILT, minor clay, non plastic, moist, dark
N brown (topsoil) -]
FILL = SILT, non plastic, moist, grey, reddish -
- brown and yeliowish brown; occasionally .
—| sandy —
@ =202kPa i i
g - ol
3 0.5 0.5+
o
‘E‘ . _
] ®>202kPa ] T
o — —
=t
NORTHLAND ; | M8 sandy SILT, friable, dry, light brownish grey — _|
ALLOCHTHON ™ i
= .
XI
®uTP 7]
END OF BOREHOLE 0.95m (unable to ;|
5 auger) T
1.54 1.5~
2.0 2.0
2.5+ 2.5
3.0+ 3.0+
e o

Log Scale 1:17.5 BORELOG 21834.001HA.GP] 27-Sep-2016




T+T DATATEMPLATE.GDT rbe

Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HA337
Hole Lecation: LOT 337

SHEET 1 OF 1

PROJECT: Stage 2C

LOCATION: Millwater Precinct 2

JOB No: 21854.001

CO-ORDINATES:

DRILL TYPE: 50mm HA

DRILL METHOD: HA

HOLE STARTED: 29/4/16
HOLE FINISHED: 29/4/16

R.L.: DRILLED BY: geotechnics
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, d 2 i ) SOIL DESCRIFTION
5] 4 2] ul =
GENERIC NAME, _ g u z 2E ) Soil type, minor camponents, plasticity ar
CRIGIN, g 2l e |z E‘é = | 88 7 lis particle size, colour.
o= o
MINERAL COMFOSITION. E — R z } % F ;’; & ég 2 E.E. ROCK DESCRIPTION
] 3 ~ 9 = Wz _.2_ 2 % a8« ] Substance;  Rack lype, particle size, colour,
8 2 a 7} E o E e O I E 2] ] minor components.
; E 5 g 2 g E i g ?) "’21 g 5 g Defacts: Typo, inclination, thickness,
Slz|8|E1% =l 4 & |E| S |ed|ES s S5 | 2288 S aughness, fling '
212181813 | = Wl %] 3|2 3|5 3|=nsBR..r588|c8ea : filing.
TOPSOIL FILL _ V5t SILT, non plastic, moist, dark brown i
B (topsoil) _
FILL : SILT, minor clay, non plastic, moist,
& ] yellowish brown, light grey and reddish
1477/48kPa N brown, occasionally low plasticity _
0.5 0.5
® 176/52kPa 7 ]
- =
& ] ]
8
g ® 191/72kPa ] ]
3 1.0~ 1.0}
g & -]
5 ] i
&
NORTHLAND £ *ure I ){ MS H sandy SILT, nen plastic, dry to moist, grey
ALLOCHTHON ot
N END OF BOREHOLLE 1.3m (very hard to
| auger) ]
1.5 1.5
2.0 2.0
2.5 2.5+
3.0 3.0
47 a

Log Scale 1:17.5

BORELOG 21854.001HA.GPJ 27-Sep-2016




T+T_DATATEMPLATE.GDT rhe

BOREHOLE No:HA341
BOREHOLE LOG Hole Location: LOT 341
L]
Tonkin+Taylor SHEET 1 OF 1
PROJECT: Stage 2C LOCATION: Miliwater Precinct 2 JOB No: 21854.001
CO-ORDINATES: DRILL TYPE: 50mm HA HOLE STARTED: 28/4/16
DRILL METHOD: HA HOLE FINISHED: 29/4/16
RL. ' DRILLED BY: geotechnics
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, sy 2 z a SOIL DESCRIPTION
GENERIC NAME, 2 & o - z - - -
t i g & AE 9 Soil lype, minor components, plasticily or
CRIGM, £ s E |z 27| 887 | &¢ particls size, colour,
3+ o
MINERAL COMPOSITION. E vt ; z } % z|o= g %‘ £ b £ 1 rockpEscrPTION
a 8 — 8 E W= % E % 8 i Substance:  Rock lype, parlicle size, colour,
a @ n ) E ) £ |2 2|k E @ a minor components,
Zle|lz|8lo 4l = T T = % Elz & s .
SIEIRIE % % = N 2 2] w2 B oo a8 Defecls:  Type, inclination, thickness,
2128 gz sl z H é 2 |2 8|5 3|eus88. e85 e78E roughness, filing.
TOPSOIL FILL | St SILT, non plastic, moist, dark brown 4
= (topsoil) £
FILL B SILT, some ¢lay, low to no plasticity, moist,
° B yellowish brown, reddish brown and grey
189/75kPa | |
0.5+ 0.5
®>202kPa 5 T
WEATHERED % 7 ML SILT, non plastic, moist, grey mottled K
NORTHLAND P x reddish brown _
ALLOCHTHON 174/16kPa 1.x g
I'G_x X 1.0
A i
% =4
4 X -
X
°eure e ¥ i
g =7 o
2 g N
= T X i
: T :
g e 15, * 1.5
; >202kPa s - al
—_ x
= s 5 - friable, dry to moist from 1.7m 1
5. X 5 V;
—UTP i END OF BOREHOLE 1.75m (unable to |
i auger) a
2.0 2.0+
2.5+ 2.5+
3.0 3.0
¥ - -
4 _

Log Seale 1:17.5 BORELOG 21854.001HA.GPJ 27-Sep-2016




BOREHOLE No:HA352
BOREHOLE LOG Hole Location: LOT 352

Tonkin +Tay|0r | SHEET 1 OF 1

T+T DATATEMPLATE.GDT rbe

PROJECT: Stage 2C LOCATION: Millwater Precinct 2 JOB No: 21854.001
CC-ORDINATES: DRILL TYPE: 50mm HA HOLE STARTED: 29/4/16
HOLE FINISHED: 29/4/16
DRILL METHOD: HA )
Rila DRILLED BY: geotechnics
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GECLOGICAL UNIT, - g z o SOIL DESCRIPTION
GENERIC NAME, 2 Z 7] g = : : -
' F s T & GE 2 Soil lype, minor components, plasticity or
ORIGIN, & & = E g 5 % 8 | &g particle size, colour.
MINERAL COMPOSITION. % resTs . z } % Z| 2 g ?‘EJ = g £ | RrockoescriPTIon
@0 § " 9 ’E w Z '% g ; 8 @ h Substance:  Rack lype, particle size, colour,
8 el @ E Q '_% 2|5l ? a miner components.
HEAEIE |l 8 =z |E| 3 |BElza
= % o E = % % N 5 2 |2 S E 2 83 Defecls:  Type, inclination, thickness,
2123 |¥|s 2l 2 Y |5| 3 |28]|5 d|=ns28. 5228|028 raughness, fillng.
TOPSOIL FILL E St E SILT, clayey, low plasticity, maist. dark |
- brown (topsoil) N
E _
FILL N SILT, minor clay, non plastic, occasionally B
low plasticity, moist, grey and yellowish i
® |32/74kPa 1 ot SIEy AR 1
0.5 0.5
®>202kPa ] ]
euTP i ]
1.0+ 1.0+
®>202kPa 7] N
. .
. ]
] -stiff 1.4-1.6m i
®>202kPa 1.5 1.5
® 94/40kPa i ]
2.0 2.0+
eurp ] ]
WEATHERED _x i ML SILT, non plastic, moist, grey and dark grey
NORTHLAND x o
ALLOCHTHON s x A
S UTP Ty * -
A .
2.5—% 2.5
=] 4 X .
= X
% AR S fine sandy SILT, non plastic, moist, grey ]
g °uTP 1 ]
o =% -
5 o e
o % J
o
% I . ML SILT, non plastic, moist 1o dry, grey
= -
*urp 30* 301
i END OF BOREHOLE 3.05m (very hard
| to auger) i
4 A

Log Scale 1:17.5 BORELOG 21854.001HA.GPJ 27-Sep-2016




T+T _DATATEMPLATE.GDT rbe

BOREHOLE No:HA382
BOREHOLE LOG Hole Lacation: LOT 382

Tonkin 'I'TaYIDI' SHEET 1 OF 1

PROUJECT: Stage 2C LOCATION: Millwater Precinct 2 JOB No: 21854.001
CO-ORDINATES: DRILL TYPE: 50mm HA HOLE STARTED: 29/4/16
HOLE FINISHED: 29/4/16
DRILL METHOD: HA .
R.L.: DRILLED BY: gectechnics
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, = g z w 9 SOIL DESCRIPTICN
GENERIC NAME, & % @ % % E g Sail lype, minor companents, plasticity or
ORIGIN, & & = E & E a g E.,‘ Le parlicle size, colour.
MINERAL COMPOSITION. E reaTs z } % z g =z E &‘ = E E | Rock pESGRIPTION
o | © g
@ § = S g iz % g z 8" i Subslance:  Ruock type, parlicle size, colour,
§ 218 41 £ e B [ g 5 ol a miner camponenls.
o 21 £ o+ E @
alf|w|g|z 5| € F | § |B5 ga 5 Defects:  Typa, inclination, thickness,
2|28 E & 2l 4 B k|3 |28|5 3 |one8E 0088 BB roughness, fling.
TOPSOIL FILL i H SILT, non plastic, moist, brown (topsoil) |
FILL : SILT, minor clay, non plastic, moist, grey |
- i and yellowish brown |
uTP i |
0.5+ 0.5
@ >202kPa ] N
® 202/77kPa i ]
1.0 1.0—
e uTP 7] 7]
] SILT, seme clay, non plastic, moist, |
g | yellowish orange brown and light greyish -
®>202kPa Lo ] white, grey inclusions from 1.55m ha il
RESIDUAL SOILS s % ML SILT, non plastic, moist, yellowish brown Bl
x mottled light greyish white J
X
= .
® 192/121kPd _X_X MC clayey SILT, low to medium plasticity, |
% moist, yellowish brown with minor light i
f«.—x greyish white mottles i
E.O—H—x 2.0+
T x 3
® 110/52kPa g i
= il
i .
X =
X
. ]
4 x =
[ ] = —“K' -1
88/45kPa J.X _
25— % 2,51
it i
Jx ]
-
e i
g ® 90/38kPa 1 9
k] 1. n
E :i » -low plasticity, yellowish brown mottled i
g S light greyish white |
g Ix .
X
B ® 84/35kPa 30 3.0}
2 T -
£ T x -
z b Al
=3
B END OF BOREHOLE 3.2m (target depth)
" -

Log Scale 1:17.5 BORELOG 21854.001HA.GP] 27-Sep-20106
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