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Executive summary

Tonkin + Taylor Lid (T+T) was engaged by WFH Properties Ltd {WFH)} to monitor and provide
earthworks certification for the 32 No. Residential Lots contained within Stage 4E of Precinct 2 in the
Millwater Subdivision in Silverdale. Stage 4E comprises residential Lots 411 to 424 and 471 to 488, and
Jointly Owned Access Lane {JOAL) Lot 720 inclusive as shown on the Woods Final Contour As—Built
Plan {Woods Ref 33222—04E—100-AB) in Appendix Al. This Geotechnical Completion Report contains
information required for subdivisional earthworks completion reporting, as well as outlining
geotechnical design issues that need to be considered for subsequent building design and construction
on each residential Lot.

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

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

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

¢ 2004 Geotechnical Investigation Report for the Wainul 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. [7]).

Woaods Ltd (Woods) undertook the engineering design for this stage and the 6verall subdivision.

Bulk earthworks were generally completed and certified as part of the adjacent Precinct 3
development, undertaken between April 2008 and February 2010 (T+T Ref. 21854.008, Millwater
Precinct 3, Geotechnical Completion Repart, dated March 2010), with additional bulk earthworks
within Stage 4E undertaken between December 2015 and September 2016, Earthworks comprised the
following:

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

C Cut to fill earthworks across the entire Stage 4E site as shown on the Woods Cut/FiHl Contour
As—Built Plan Original Surface — Earthworks Surface (Woods Ref 33222-04E-110-AB) in
Appendix AL,

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

a Minor cut to fill earthworks across parts of the site as part of finat Lot development, as shown
on the Woods Cut/Fill Contour As—Built Plan Earthworks Surface — Final Surface (Woods Ref
33222-04E—111-AB)} in Appendix Al.

b Installation of roading and services.

Overall subdivisional soil types are moderately to highly expansive (Class M to H1), based on
laboratory testing undertaken in accordance with AS 2870:2011 (Ref. [3]). Due to this classification,
sails lie outside the definition of good ground within NZS 3604:2011 (Ref. [10]). Building foundations
will require either specific foundation design for expansive soils or foundation design in accordance
with AS 2870:2011 (Ref. [9]). Subject to design issues outlined in Section 3, and CSIRO
recommendations outlined in the appendices relating to expansive soils foundation design and home
owner maintenance, each residential Lot is considered to have a building platform area generally
suitable for domestic residential development subject to specific geotechnical assessment and
foundation design due to the presence of expansive soils.

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

1.1 General

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd (WFH) to monitor and provide
earthwarks certification for the 32 No. Residential Lots contained within Stage 4E of Precinct 2 in the
Millwater Subdivision in Silverdale. Stage 4E comprises residential Lots 411 to 424 and 471 to 488, and
Jointly Owned Access Lane {JOAL) Lot 720 inclusive as shown on the Woods Final Contour As—Buiit
Plan {(Woods Ref 33222—04E-100-AB) in Appendix Al.

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

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

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

C 2004 Geotechnical Investigation Report for the Wainui Road Subdivision (Ref. [4]), updated in
QOctober 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]).

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 mavement acrass much of
Precinct 2. These features were proposed to be stabilised, and/or undercut and replaced with
engineered fill, during development works. While these stabilisation works are required across much
of Precinct 2, such works were not required to achieve satisfactory factors of safety against instability
for the finished development of Stage 4E.

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 repeort includes:

Review of geotechnical investigation reporting for the site;

b Monitoring and certificatioh of earthworks operations in compliance with NZS 4431:1989 (Ref.
[81);
Assessment of soils for expansive conditions in accordance with AS 2870:2011 (Ref. {9]);

d 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 contours and cut and fill depths have been prepared by
Woods and are attached in Appendix Al.

1.2 Description of Subdivision

The Millwater subdivision is situated to the north of the Silverdale Township, and west of the Metro
Park East reserve area, and comprises approximately 260 hectares. The subdivision is bound to the
south and west by Wainui Road, to the north by the Orewa Estuary and to the east by the Orewa
Estuary and Mitlwater 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 4E 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 4E areas are
shown on T+T Drawing 21854.001-P2S4E-100 in Appendix A2,

Pre-development gradients within the Stage 4E area were gentle (1 in 15 to 1 in 10 (V:H)) with an
overall fall to the east.

Post-development gradients within the Stage 4E area are gentle (1in 15 to 1 in 10 (V:H)) and generally
fall to the east as before.

Stage 4E is presently accessed from the existing Grut Greens.

1.3 Geological Setting

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

Precinct 2 site
location

Figure 1 - Local Geology (from Edbrooke)

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

a

Northland Allochthon

Deformed sediments, commonly known as Onerahi Chaos - Northland Allochthon: forms
hummocky 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 heen mapped individually.

Pleistocene Age Alluvium

Up to 20 m thick and from 3 to 10 m above present base level: forms higher coastal and valley
terraces throughout the map area; in places locally discontinuous or absent. These alluvial
deposits are typically very thinly to very thickly bedded, yellow-grey to arange-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 4E area are enclosed as Drawing Numbers
21854,001-P2S4E~103 to —104 in Appendix A2. Borehole logs from the post-earthworks investigations
are enclosed in Appendix E.

Fill material placed across the site to form the final design profile typically comprised site-won
Northland Allochthon.
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2 Earthworks Operations

21 Plant

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

Civil works construction has been completed by Hibiscus Contractors Ltd (Hibiscus).

Various earthworks equipment was used to undertake the works, comprising D6 and D8 bulldozers
and scoops, motor scrapers, tractors and discs, sheepsfoot compactors, padfoot rollers, and a number
of 12 to 35 tonne excavators. This plant generally carried out all construction earthworks,

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

2.2 Construction Programme

Subdivisional earthworks commenced in the adjacent Precinct 3 site in April 2008 and progressed
through to February 2010. These works comprised cleaning out of the gullies that extended into the
Precinct 2 site, followed by backfilling with engineered fill up to the proposed design levels. Additional
bulk earthworks within Stage 4E were undertaken between December 2015 and September 2016, also
by Hicks, and were predominantly related to general regrading across the site.

Civit earthworks and construction for the residential Lots were under Hibiscus’ control and were
undertaken progressively from February 2017 through to completion in May 2017.

Key Stage 4E earthwaorks components included:

a Stripping of vegetation, organic materials and topsoil to stockpile.
Installation of gully and subsoil drains.
Cut to fill earthworks across the entire Stage 4E site as shown on the Woods Cut/Fill Contour
As—Built Plan Original Surface — Earthworks Surface (Woods Ref 33222-(04E-110~AB) in
Appendix Al.

Key Stage 4E civil works components included:

a Minor cut to fill earthworks across parts of the site as part of final Lot development, as shown
an the Woods Cut/Fill Contour As—Built Plan Earthworks Surface — Final Surface {Woods Ref
33222-04E-111-AB) 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 33222-04E—100-AB, —110 to —112, and —120), and show the earthworks undertaken across

the site.
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23 Compaction Control

Compaction control criteria, consisting of maximum allowable air voids and minimum allowable shear
strengths, were used for cohesive fill cantrol. 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 — IANZ calibrated)

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

MaxImum Air Voids Percentage (as defined in N2S 4402:1986)

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

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

3.1 Subsoil Drainage

A network of subsoil drains has been installed within the original gully alignments acress Precinct 2
during the original bulk earthworks.

The subsoil drains installed within the original gullies were excavated into the underlying rock to
intercept groundwater and springs. The subsoil drains comprised 600mm to 1m wide trenches,
installed in the base of the mucked out gully alignments, prior to placement of up to 13m of fill, and
backfilled with:

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

b SAP50 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.

The gully drains discharge into the main downslope gully that runs centrally through the adjacent
Precinct 3.

The subsoil drainage system and connections are shown an the Woods Shear Key, Undercuts & Subsoil
Drains As—Built Plan (Woods Ref 33222-04E-120-AB) in Appendix Al, and on T+T Drawing
21854.001-P254E-102 in Appendix A2.
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4 Stability Analyses

As noted in Section 1, slope stability analyses undertaken during the investigation stage of the project
identified that shear keys were not required to achieve satisfactory factors of safety against slope
instability for the finished development of Stage 4E.

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

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

a the exposed ground conditions generally conform to those assumed for design;
b the as-built profiles match design levels;
€ the earthworks monitoring shows compliance with specified criteria, upon which fill properties

have been based.
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5 Project Evaluation / Building Designh Considerations

5.1 General

Ground conditions within Precinct 2, Stage 4E straddle a range of “design conditions” including cut
ground, filled ground and expansive soils. The following sections set out relevant geotechnical design
issues.

5.2 Bearing capacity for buiiding foundations

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

Due to the presence of expansive soils, foundation conditions fall outside the definition of “good
ground” contained in NZS 3604:2011 (Ref. [10]). In terms of AS 2870:2011 (Ref. [9]}, the soils present
are considered to lie within Site Class M to HL (moderately to highly expansive} with characteristic
surface movements anticipated to be in the range of 20mm to 40mm and 40mm fo 60mm
respectively. Due allowance should be made for expansive soils, as discussed in Section 5.11.

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

5.3 Settlement

From our inspections during earthworks operations, and the results of compaction quality control
testing, we consider that differential settlement induced by self-weight of engineered fili,
predominantly placed between 2008 and 2010, 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, NZ5 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.,

5.4 Retaining walls

Due to the shallow grades across most of the Stage 4E Lots, it is not 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°,
Ko = 0.30,
Kp = 3.33,

“Su” of 50kPa for the embedment soil {subject to confirmation during construction).
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These values are based on level ground above and below the wall and will require appropriate
amendment to allow for slope, traffic and other surcharges or toe slopes and the specific lot geometry
and development requirements, as applicable.

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

Any walls greater than 1.5m retained height will require a geotechnical assessment, as a minimum, to
check and canfirm that the stahility 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.

5.5 Subsoil Drainage

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

The extent of the subsoil drainage systems are shown on the Woods Shear Key, Undercuts & Subsoil
Drains As—Built Plan (Woods Ref 33222-04E-120-AB} in Appendix Al, and on T+T Drawing
21854.001-P2S4E-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 (Geatechnical)
Engineer familiar with this report, and notified to Auckland Council.

5.6 Post Earthworks Investigations

Following the completion of earthworks operations, T+T have undertaken supplementary fieldwork
ta confirm the consistency of the natural subsoils and engineered fill. From the investigations, we
confirm that the subsocils 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-P254E-111) are attached in Appendix E.

5.7 Stormwater

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

5.8 Service lines

Trench backfill has been compacted to minimise potential for future settlements. However, where
building envelopes lie adjacent to or across service 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 struetures. Subject to approval from Auckland Council, foundations may extend and bridge
over service lines provided specific foundation design is undertaken.

A copy of the stormwater as—built plans (Woods Stormwater As—Built Plans, Woods Ref 33222-04F~
300-AB to —302) are included in Appendix Al.
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5.9 Road subgrades

Based an 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 ather parts of the Precinct 2 Stage 4E development, within natural
ground, a design CBR of 2% is considered approptiate while, within engineered fil areas, a design CBR
of 7% is appropriate.

5.10 Topsaoil

Following completion of topsoil spreading and grassing, topsoil depths were measured in
representative Lots and these are shown on T+T Drawing 21854.001-P254E-112 attached in Appendix
E. Due to variations in placement depths and earth worked surface levels, topsoil depths may vary
from those recarded.

5.11 Expansive soils

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

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

influence of garden watering and site drainage;

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

c Initial soil moisture conditions at construction time,

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

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 soll shrinkage characteristics in accordance with AS 1289.7.1.1.

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

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

Accordingly, building foundations on this stage of the suhdivision will need to be subject to specific
foundation design by a Chartered Professional Engineer familiar with the contents of this report and

Tonkin & Taylor Ltd " luly 2017
MILLWATER - PRECINCT 2 STAGE 4E - Geotechnical Completion Report lob No: 21854.001/54E.v1
WFH Properties Ltd




11

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 July 2017
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6 Statement of Professional Opinion as to the Suitability of Land for
Building Development

[, Mr C.l. 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 4E (comprising residential Lots 411 to 424 and 471
to 488, and IOAL Lot 720 inclusive) of the Millwater Residential Subdivision Development off
the Millwater Parkway in Silverdale. Inspection and observation of the works have been carried
out during construction by either myself or staff acting under my direction,

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

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

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

6.4.1 The earth fills shown on the attached Woods drawings, Project No 33222, Millwater,
Precinct 2, Stage 4E, Drawing Numbers 33222-04E-100-AB and —110 to —112, have
been generally placed in compliance with NZS 4431:1989 {Ref. ({8]).

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

6.5 For Residential Lots 411 to 424 and 474 to 488 inclusive:
6.5.1 Foundation design

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

6.5.2 Bearing capacity

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

6.5.3 Expansive soils

Due to the presence of expansive clay soils, foundation soils lie outside the definition
of ‘good ground’ in NZS 3604:2011 (Ref. [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 6.5.3.1 of this
Geotechnical Completion Report may be used for expansive soil foundation design on
this subdivision:
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6.5.3.1 Specific foundation design for expansive soils

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

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

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

i) Four bar steel reinforcing cages should be used

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

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

6.5.4 Floor Slab Construction

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

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

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

6.5.5  Building maintenance - Owners responsibility

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

6.5.6 Retaining walls / Earthworks

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

Tonkin & Tayler Ltd July 2017
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Engineer familiar with the contents of this report and responsible for design of
structural elements of the building.

6.6 For Residential Lots 471 to 473 inclusive:
6.6.1 Foundation design

The filled and natural ground within residential Lot boundaries is considered generally
suitable for the erection thereon of light timber framed, flexibly clad residential
buildings subject to clauses 6.6.2 to 6.6.6,

6.6.2 Bearing capacity

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

6.6.3 Expansive soils

Due to the presence of expansive clay soils, foundation soils lie outside the definition
of ‘good ground’ in NZS 36042011 (Ref. [10]). Soils are considered to lie in Site Class
H1 {highly expansive) as defined in AS 2870:2011 {(Ref. [9]) with anticipated
characteristic surface ground movements of 40mm to 60mm. Clause 6.6.3.1 of this
Geotechnical Completion Report may be used for expansive soil foundation design on
this subdivision:

6.6.3.1 Specific foundation design for expansive soils

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

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

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

v) Four bar steel reinforcing cages should be used

vi) For buildings having brittle exterior cladding, for example brick

veneer, stucco plaster, solid plaster, block work, styrofoam type
cladding or sprayed plaster over harditex systems etc, the potential
effects of seasonal ground movements need to be considered by
the building designer.

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

6.6.4 Floor Slab Construction

Slab on grade construction is expected to be relatively straightforward across the
subdivision, but prablems can occur with slab construction on shrink/swell sensitive
soils. In soils which become desiccated in summer, subsequent capillary moisture rise

Tankin & Taylor Ltd July 2017
MILLWATER - PRECINCT 2 STAGE 4E - Gaotechnical Comptetion Report Job Ne: 21854.001/S4Ev1
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may cause dry soils to wet up and swell, causing slab uplift and building distress.
Alternatively, construction during winter may result in subgrade soils with high
moisture contents drying out through summer, with subsequent soil shrinkage and
possible building deformation,.

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

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

6.6.5 Building maintenance - Owners responsibility

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

6.6.6 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 the building.

Underfill {Subseil} drainage

Underfill (Subsoil}) drains have been installed during subdivisional development in the
locations shown on the Woads Shear Key, Undercuts & Subsoil Drains As—Built Plan {Woods
Ref 33222-04E-120-AB) in Appendix Al, and on T+T Drawing 21854.001-P2S4E-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 shoulid be
observed by a Chartered Professional {Geotechnical) Engineer familiar with this report, and
hotified to Auckland Council.

Stermwater and Sanitary Sewer Lines

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

Road and Access Lots

Based on the fill monitoring and site observations undertaken during site development, the
filled and natural ground within Precinct 2, Stage 4E 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 4E

Tonkin & Taylor Ltd July 2017
MILLWATER - PRECINCT 2 STAGE 4E - Geotechnical Completion Repert Job No: 21854,001/S4E.v1
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development, within natural ground, a design CBR of 2% is considered appropriate, while
within engineered fill areas, a design CBR of 7% is appropriate.

6.10  Unexpected ground conditions

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

present.
Tonkin & Taylor Ltd July 2017
MILLWATER - PRECINCT 2 STAGE 4E - Geotechnical Completion Report Joh No: 21854.001/54E.v1
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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:

W‘ P\\, K""ij \
L,\ ...................................................
Al d‘x&ew Linton Andrew Stiles
Senior Geatechnical Engineer Senior Geotechnical Engineer

Authorised for Tonkin & Taylor Ltd by:
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Appendix Al: Woods Drawings

. 33222-04E-100-AB Final Contour As—Built Plan
. 33222-04E-110-AB Cut/Fill Contour As—Built Plan
Original Surface — Earthworks Surface
. 33222-04E-111-AB Cut/Fill Contour As—Built Plan
Earthworks Surface — Final Surface
. 33222-04E-112-AB Cut/Fill Contour As-Built Plan
Original Surface — Final Surface
. 33222-04E-120-AB Shear Key, Undercuts & Subsoil Drains As—Built
Plan

. 33222-04B-300-AB to —-302 Stormwater As—Built Plans
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Appendix B: Contractors Certificates

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

. Hibiscus Contractars Ltd — Sixth Schedule (Civil Earthworks)




NZS 3910:2013

PS3 - FORM OF PRODUGER 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, tifted MILLWATER PRECINT 2 STAGE 3
GEOTECHNICAL REMEDIATION AND BULK EARTHWORKS (“the contract”)

I JAMES BILKEY a duly authorized representativa 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 cantract works in in accordance with the contract.

(Sighature 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 QUT:

1)
2)
3)
4)
5)
6)
7)
8)
9)

All the earthworks within Stage 3

Construction of Reinforced Earth Wall 801 including drainage
Construction of Reinforced Earth Wall 602 including drainage
Consiruction of Reinforced Earth Wall 603 inciuding drainage
Construction of Reinforced Earth Walt 604 including drainage
Construction of Reinforced Earth Walt 605 including drainage
Construction of Reinforced Earth Wall 606 including drainage
Construction of Reinforced Earth Wall 404 including drainage
Construction of Reinforced Earth Wall 405 including drainage

10) Subsoil drainage as instructed and ashuilted




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

Schedule 6 — Form of Producer Statement — Construction

ISSUED BY HIBISCUS CONTRAC:T_ORS LTD 7 (Contracior)

TO WFH PROPERTIES Ltd (Principal)
' MILWATER PRICINCT 2 STAGE 4E

IN RESPECT OF CONTRACT 33222-01 7 ) (Description of Contract Works)

AT MILWATER PRICINCT 2 STAGE 4E (Address)

HIBISCUS CONTRACTORS LTD (Contrastor) has contracted to WFH PROPERTIES Ltd (Principal) to carry out and complete
certain building works in accordance with a Contract titled PRECINCT 2 STAGE 4E (‘the Contract’)

| ..Bryn Morgan............... (Duly Authorised Agent) a duly authorised representative of HIBISCUS CONTRACTORS LTD
(Contractor) believe on reasonable grounds that HIBISCUS CONTRACTORS LTD (Contractor) has carried out and completed:

L All

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

Date 24/05/2017

(Signature of Authorised Agent on behalf of)

(contractor) Hibiscus Confractors Ltd

(Address)
P.0.Box 153,Silverdale,Auckland,New Zealand

WFH Properties Ltd C-29 Precinct 2 STAGE 4E CIVIL CONSTRUCTION
Contract: 33222-01




Appendix C:  NZS 3604:2011 Expansi've Soils
(Extract)




NZS 3604:2011 Expansive Soils (Extract}

Expansive soils tend to be moderately to highly plastic ciays that undergo appreciable volume change
upon changes in maoisture content. Technically, they are defined in NZS 3604:2011 as those soils
having a {iquid limit of mare than 50% and a linear shrinkage of more than 15%. Where soils are quite
siity 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 sail 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 uncempacted loose gravel which contains obvious voids;

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

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

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

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




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

considered to be:

Characteristic Surface Movements

Site Class

Description

a) 20 mm

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

b) 20 mm— 40 mm
c) 40 mm — 60 mm
d} 60 mm—75mm
e) >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 NZS
3604:2011

“Good Ground” sites

Class M
Class H1
Class H2
Class E

Poor to slightly
expansive

Maderately expansive
Highly expansive
Highly expansive

Extremely expansive

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

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

AS 2870 is based on defining 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 bhetter able to tolerate ground movement.

The Australian approach also regards expansive soil fo 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




Homeowner’s

CSIRO

BTF 18
veplaces
Information
Sheet 10/91

Buildings can and often do move. This movement can be up, down, lateral or rofational, The fundamentol cause
of movement in buildings can usually be related fo one or more problems In the foundetion soft. It is important for
the homeowner to idantfy the soil fype in order to ascertain the measures that should be put in place in order to
ensure that problems in the foundation soil can be prevented, thus profecting against building moverment.

This Building Technology Fils is designed to identify causes of soilrelated building movement, and to suggest

methods of pravention of resultant cracking in buildings.

The types of soils usually present under the topsoil in kend zoned for
residential buildings can be split into two approximate groups —
grannlar and elay. Quite often, foundaion soil is a mixmire of both
types. The general problems associted with soils having gtavular
coutent are usvally caused by erosion. Clay soils are subject to
satuzation and swell/shrink problems.

Classifications for a given area can genetally be obtained by
application. o the local anthority; but these are sometimes uneeliable
and if there is doubst, & geotechnical report should be commissioned.
As most huildings suffering moversent problems are founded on clay
solls, there is an emphasis on classification of soils according to the
amount of swell and shrinkage they experience with varfations of
water conteat, The table helow is Table 2.1 from AS 2870, the
Residentizl Shab znd Footing Cods,

iCuuses of Movement

Settlement dae to construction, '

There are two types of settlement that occur as 4 result of

construction:

+ Immediate setlement oroirs when a bnilding is first placed on its
foundation soil, as a result of corpaction of the soil under the
weight of the structnte. The cohesive quality of clay soil mitigates
againse this, but granular (particalarly sandy) soil is susceptible.

o Consolidarion settlement is 2 feature of dlay sof and may eake
place becanse of the expulsinn of meistura from the soil or because
of the soil’s lack of resistance to local compressive or shear stresses,
This will tsually take place during the first few months after
conszruction, but has been kmown to take many years in
exceptional cases,

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

into consideration as part of the prepaxation of the sie for constrie-
tlon. Butlding Technology File 19 (BTF 19) deals with these

, problems,

Erosion

All soils are prona to erosion, but sandy soil is particulaly susceptible
to being washed away. Even dlay with a sand component of say 10%
or mote can suffer from erosion.

Samration

This is particulaly a problem in clay soils. Saturation creates 1 bog-
Jike suspension of the soil that causes it to fose virtually all of its
bearing capacity, To a lesser degree, sand is affected by saturation
because saturated send may undergo o reduction in volume —
patticatarly impoyred sand A}l for bedding and hlinding layers,
However, this usually ocours a5 immedlate sertfement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of soil
All clays reacr to the presence of water by slowly absorbing it, making
the soil increase in volume (see table below). The depree of increase
yaries considerably between different clays, zs does the degree of
decrease during the subsequent drying out caused by fufr weather
periods. Because of the low absorption and expulsion rate, this
phenomenon, will not usnaily be noticeable unless there are
rolanged rainy or dry periods, usually of woeks or months,
epmﬁug on the land and soil characverdstics,

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

Shear failure

This phenosmenon oceurs when the foundation soil does not have

sufficient strength to suppost the weight of the footing, There arc

two major post-construction canses: -

+ Significant load increase,

* Reduction of lateral support of the soil under the foating due to
erosion or excavation,

» Tn clay soil, shear failure can be cansed by saturation of the soil
adjacent to ot under the faoting.

GENMERAL DEFINITIONS OF SITE CLASSES
Class A Foundation
A Most sand and rock sites with little or ne ground movement from moisture cha.uées
3 Slightly reactive clay sites with only slight ground movement from moisture changes
M Moderately reactive clay or silr sites, which ean experfence moderate ground movement from mofsture changes
H Highly reactive clay sites, which can experience high groand movement from moisturs changes
E Extrernely resctive sites, which can experience extreme ground movement from moistute changes
Aw? Filled sites
P Sites which include soft sails, such. as soft clay or silt or loose sands; fandslip; mine subsidencs; eollapsing soile; solls subject
{0 srosion; reactive sites subject to abrormal moisture conditions ot sites which cannot be classified otherwise




Tree raot prowth -
Trees and shrubs that are allowed to grow in the vicinity of foctings
carx canse foundation soll movement In two ways:

s Hoots that grow under footings may increase in cross-seciional
size, exerting upward pressure on feotings.

« Roots in the vicinity of footings will absorh much of the molstute
in the foundation soil, causing shrickape or subsidence.

!Unevennass of Movement

Thee types of ground movement described above usually occur
unevenly throughout the buildings foundetion soil, Settlemenc due »
to constructon tends to be uneven becauss of

« Differing compaction of foundation soil prior to construction.
"2 Diffsing mefstuze content of fovndation soil prior to construction.

Movement due to non-constiaction causes is usually mere uneven
still. Erosion can undermine a footing that traverses the flow or can
create the conditions for shear failure by eroding soil adjacent to a
foo ting thar runs in the same direction as the flow:

Saturation of clay foundation sofl may occur whete subfloor walls
create 4 dam that makees water pond. It can also acour whecever there
ir a source of water near footings in clay soil. This leads to a severe ™
red uction in the strength of the soil which may create local shear
failure. .

Seasonal swelling and shrinkape of clay soil affects the pecimerer of
the building first, then predually spreads to the interios. 'The sweliing
pro cess will usually begin at the uphill extreme of the building, or on
the weather side where the land is flat, Swelling gradvally reaches the
interior soil as absorption continues. Shrinkage usually begins where
the sun'’s heat is greatest.

!Eﬁeﬂs of Unaven Soil Mevement on Biruciures

Erosion and satiration

Brosion removes the support from under footings, tending to create
subsidence of the pare ogﬂ:w. struscture under which it occuss,
Brickwork walls will resist the stress created by this remerval of
suppot by biidging the gap or cantilevering untll the bricks ar the
mortar bedding fil. Older masonzy has lstle restetance. Bvidence of
. failure varies according to clrcamstances and symptorms may indude:

o Step cracking in the maortar beds in the body of the wall or
above/below openings such as doors or windovs.

» Vartical cracking in che hricks (usually but not necessarily in line
with the vertical beds or perpends).,

Isolated plers affected by erosion ar szturation. of foundations will
eventually lose contact with the bearers they support and may ¢ilr or
fall over The floass that have lost this support will becorne bouney,
sometimes rattling ormaments evc. ;

Seasonal swelling/sheinkage in clay

Sweifing foundation soil due v rainy perfads first lifts the most

exposed exiremities of the footing system, then the remainder of the
eriméiter footings while gradually permeating inside the building

ﬁb:tp:i’nt ta ift invernal footings, This swalling first tends to create a

dish.effect, because the externel footings are pushed higher than the

Incernal ones.

‘The first noticeable symptom may be that the floor appears sh'ﬁltly
dished, This is often sccompanied by sorre doors binding on the
floor ar the door head, together with some cracking of cornica
mitres. In huildings with timber focting supposted by bearers and
jaists, the floor can be bovney: Excernally there may be visible
dishing of the bp or ddge lines.

As the moisture sbsorption process completes its fourney v the
innermost ereas of the building, the intetmal footings will rse, ¥ the
spread of moistuse is roughly ever, it may be that the symptors will
temporarly disappear, but it is more likely thet swelling will be .
uneven, creating a difference rather than a disappearance in
symptoms. In buildings with dmbez flooring supporsed by bearers
and joists, the isolated piers will riss more easily than the strig
fontings or plers under walls, creating noticesble doming of flooring,

(O8]
£
ol 8
Wall cracking
due to unaven
Jooling settlement
I =

As the weather pattern. changes and the soil begins to diy out, the
ecrernal footings will be first affected, beginaing with the locations
where the sug's effect is strongest, This has the effect of lowering the
sxternal footings. The doming is accentuared and cracking reduces
or disappears where it aceurred because of dishing, but other cracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in other ways. In
ateas where warm, wet summers and eooles diy winters prevail,
water migration tends to be toward the interior and doming will be
accentuated, whereas where summers are dry and winters are cald
and wet, migration tends to be toward the exterior and the
underlying propensity is toward dishing,

Movement cansed by tzee reots

In general, gréwing roots will exest an wpward pressure on footings,
vwhereas soil subject to drying because of tree or sheub soots will tend
o remove support from under footings by jndueing shrinkage,

Complicationg cansed by the strncture itself

Most forces that the soil causes to be exerted on structures ave
vertical —i.e. cither np or down, However, becanse these forces are
seldom spread evenly azound the footings, and because the building
resists uneven movement because of its rigidity, forces are exerred
from one part of the building to anathez The net result of all these
forces is usually rotationsl, This resultant force often complicates the
diagnosia because the visible symptomns do not simply reflect the
otigina] cause, A common symptom is binding of doors on the
vertical member of the framte.

Elfects on full masonry structures

Brickwork will resist cracking where it can. Te will attempt: to span:
areas that lose suppost because of subsided foundations or raised
points, It is therefore usual to see cracking at weak points, such as’
openings for windows or doozs.

In the event of construction settlerent, ctacking will nsually remata
unchanged after the process of settlement has ceased.

With lacal shear or erosion, cracking will nsually contdoue to develop
undl the otiginal cause has been rrmedied, or until the subsidence
has completely neutralised the affected pordon of footing and the
stouctiee has stabilised on other footings that remain effective,

In the case of swell/shrink effects, the bridowork will in some cases
retusn 1o its original position after completion of a cycle, however it
is more Jikely tHat the rotational effect will not be exactly reversed,
and it s aleo usual that brickwork will settle in s new position and
~will resist he forees trying to retum it to its edginal position, This
means thar in a case where swelling tales place after construction
and cracking occurs, the cracking is likely to at lease partly rervals
after the shrink segment of the eycle is complete. 'Thus, each time
the cyele’is repeated, the likelihoad is that the eracking will become
wider unsil the sections of briclowerk become viztually independent.

$With sepeated cycles, once the cracking s established, i there is no
other complication, it is normal for the incidence of cracking to
stabilise, as the building has the articulation it needs 10 cope with
the problem. This is by 0o means always the case, however, and
monltoring of cracks in walls and focrs should always be meated
seriously.

Upheaval caused by growth of eree roots under footings is noz 2
simple vertical shear stress, There is a tendency for the root to also
exert lateral forees that atiempt: to separate sections of brickwer
after initial cracking has occurred,




v

'The normal structural arrangement is that the inner leaf of brick-
wok in the external valls and at least some of the internal walls
{depending on the zoof type) comprise the load-beating structute on
which any uppe: floors, ceilings and the roof are supported. In these
cases, it it internally visible cracking thar should be the main focus
of attention, however there are a fow examples of dwellings whose -
external leaf of masonrey plays some supporting role, so this should
be checked if thera is any doubt, In any case, externally visible
cracking s important as a guide to stresses on the structure generally,
and it s%ould 2lso be remembered thae the extermel walls must be
capzble of supporting themselves.

Effects on framed structuses

Titnber or steel famed buildings are less likely to exhibit cracking
due to swell/shrink than masonry buildings because of their

flexibility, Also, the doming/dishing effects tend to be Jower because
of the lighter weight of walls, The main tisks o framed buildings ave
enceuntered because of the isolated pier footings used under walls,
“Whete ezosion or saturation eattse a footing to fall away, this can
donble the span which a wall must hridge. This additional stress can
cteate cracking in wall linings, particulatly where there is a weak
point in the structure caused by a door ar window opening It is,
hawevey, unlilely that framed structures will be so strewsed a5 to suffer
serfows damage without first exhibiting soms or all of the shove
symptoms for 3 considesable period, The same warning perlod should
apply in the case of upheaval, It should be nored, hawever, that where
framed buildings are supported by strip footings there s only one leaf
of brickwork and therefors the externally visible walls are the
supposting strutcture for the building. In this case, the subfloor
masonry walls can be expected to hebave as full brickwork wells.

Effects on brick veneer struchires

Becase the load-bearing structuse of a brick vencer building is the
frame that makes up the interior leaf of the external wells plns
perhaps the internal walls, depending on the type of roof, the
building can be expscted to behave as a framed stincture, except that
the external masonry will behave in a similar way to the external leaf
ofra full masenry structire,

E Watar Service and Drainage

Whete a water service pipe, 2 sEWeT OF stormwater drainage plpe is in
the vicinity of a bailding, a water leak can cause exosion, swelling or
satuation of susceptible soil. Even a minuscule leak can be enough
to saturate & clay foundation. A leaking tap near a building can have
the same effect, Tn addidion, trenches containing pipes can become
wetercourses even thaugh bacldfilled, particularly where brolen
rubble iy used as fill. Water that runs along these trenches can be
responsible for sesfous erosion, interstrata seepage into subfloox areas
and saturation.

‘ Pipe leakage and treanch water flows also encourage tree and shrub

soots to the sonrce of water, complicating and exacerbating e

problem.
Poor roof plumbing can result in large volumes of rainwater being
concenirated in a smell area of soilt

= Incorrect falls in roof guttering may result in overflows, a3 may
gutters blocked with leaves etc.

o Corroded gutrering or downpipes can spill warer 1o ground.

s Downpipes not positively connected to a proper stormwater
collection system will dicect a concentration of water to soll that is
directly adjacent to footlugg, sometimes causing large-scale
problems such as erosion, saturation and migration of water nnder

the building,

!Serimmness of Cracking

In general, most cracking found in masonry walls Is 2 cosmetic
nuisance only and can be kept In repair or even ignored, The table
below is 2 reproduction of Table C1 of AS 2870,

AS 2870 alsa publiches flgnies relating o cracking in concrete floozs,
however bacanse wall cracking will usually reach the critical point
significantly eariier then cracking in slabs, this table is not

reproduced here.

]
; Prevention/Cure

Plumbing

Where building movement Is caused by water service, roof plumbing,
sewer or stormuyater faflure, the remedy is to repair the problem.

It is prudent, however, to conslder also rerouting pipes away from
the building where possible, and relocating taps to positions where
any leakage will not direct water to the building vicinlty Bven where
gully reaps are preseny, thers is sometimes sufficlent spill to create
erosion or saturation, partioularly in modern installations wsing
smaaller diameter FVC fixtures, Indeed, some gully traps ate mot
sitnated directly under the taps that ace installed o charge ther,
with the resuls that water fom the tep may enter the bacldilled
tresch, that howses the sewer piping. If the trench has been pootly
backfilled, the water will either pond or flow along the bottam of-
the trench, As these trenches wmally rue slongside the footings and
can be at a similar depth, it s not hard to see how any water that is
thus dixected fnta 2 trench can easily affect the foundations ability to
support footings or even gain entry to the subfloot area.

Gronnd drainage :

In all soils there Is the capacity for water to travel on the sutface and
below it. Sutfice water Hows can be established by inspection during
and after heavy or prolonged rain. If necessary, o grated drain syscem
cnlnuected. to the stormwater collectinn spstem Is usually an casy
selution.

Ttis, however, sometimes necessary when attempting to prevent
water migration thar testing be carrted out to establish watertable
height and subsoll water flows, This subject s referred vo in BTE 19
and may properly be regarded 25 an area for an expert consaltant.,

Protection of the building perimeter

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

For this reason, pardeularly where problems exist or ace Iikely 1o
ocear, it is recommended that 20 epron of paving be installed
around as much of the building perimeter as pecessary. This paviag

CLASSIFICATION OF DAMAGE WITH REFEREMNCE TOQ WALLS

Description of typical damage and required repair prosimate crack width Damage
Limit (see Note 5} categoty

Hairline cracks <0.1 mm 0
Fine aracks which do not need repair <l mm 1
Cracks noticeable but easily fiiled. Doors and windows stick slightly <5 mrm )
Cracks can be repaired and possibly a small a:r‘munt'af wall will ne=d 5-15 mm (or a number of cracks 3
to be replaced. Doors and windows stick. Service plpes can fracture. % mm or ranse in one grotp)
Weathertightness often impaired
Extensive repair work involving breaking-out and replecing sections of walls, 15-25 mm but also depend 4
especially over doors and windows, Window and door frames distort. Walls leen on nurnbes of cracks
or bulge noticeably; some loss of bearing in beams. Service pipes disrupted
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should extend curwards a mintmum of 900 nam (more in highly
reactive soif) and should have 2 minimum fall away from the
building of 1:60, The finished paving should be no less than 100
ram below brick vent bases.

Tt is prudent to relocate dralnage pipes away frorm this paving, if
passible, to evoid complications from future Jeakage. If this is not
practical, earthenware pipes should be replaced by FVC and
bacldilling should be of the same soil fype a5 the surrounding soil
and compacted to the same density.

Bscepr in areas whete freezing of water is an issue, it is wise to )
remove faps in the building area and selocate them vwell away from.
the building — preferably not uphill from it (see BTF 19).

1t may be desimable to Install a prated diain at the cutside edge of the
paving on the uphill side of the building. H subscil drainage is
needed this can be Instalied pnder the strface draln,

Condensation

Tn buildings with a subfleor void such as where bearers and joists
suppoct fooring, insufficient ventilation creates ideal conditfons for
condensation, particubaly where there s little clearance between the
floor 2nd the ground. Condensation adds to the moisture already
present in the subfloor and significantly. slows the process of drying
ont. Tnstallation of an adequate sublloot ventilation system, either
natirral or mechanical, Is desirable.

Wirning: Although this Building Technology File deals with
cracking in buildings, it shonld be said thar subfloor melsture can
result in. the development of other problems, no tably:

» “Water that i transmisted into mesonry, metal or timber buildiog
elements causes damage and/oz decay to those elements.

» High subfloor humidity and moisture content ceeate an ideal
envitonment for various pests, including termires and spiders.

* Where high moisture levels are transmitted to the flooring and
wails, an increase in the dust mite count can ensue within the
living areas. Dust mites, as well as dampness jn. genetal, can be a
health hazard to inhabitants, patfenlady those who are
abnormally susceptible to respiratory ailments.

The garden .

The idedl vegetation, layout is to have lawn or plants thar require

only light watering immediately edjacent to the drainage or paving

zgge, t’z.z:; more demanding plants, shrubs and trecy spread out in
at ordlen, .

Overwatering due to misuse of antomatic watering systems s a
coimumon cause of saturation and water migration under footings, If
it Is necessary to use these systems, it is importane to remove garden
beds to a completely safe distance from buildings.

Existing trees

“Where a tree s causing a problem of soil drying or there is the
existence or threat of upheaval of footings, if' the offending roots ate
subsidiary and their removal will not significantly damage the tree,
they should be severed and a concrete or metal barrer placed

. vertically In. the soff to prevent futuze root growth, in the direction of

the building, If it s not possible to temove the relevant roots
‘without damage to the tree, an application to remove the tree should

b made to the local authority: A prudent plan s to transplant likely

offenders before they become a problem,

Information on trees, plants and shrubs

State departments overseelng agriculture can give information
regarding root patterns, volume of water needed and safe distance
from butldings of most specics, Botanie gardens ate also sourtces of
information, For information on plant roots and drains, see Building
Technology Fils 17.

Excayation

Excavation arsund footings must be propeddy enginesred. Soil
supportlng footings can oaly be safely excavated at an angle that
allows the scil under the footing to remain stable. This angle is
called the angle of repose (or fricion) and varfes sigaficantly
berween soll types and conditions, Rerioval of soil within the angle
of repose will canse subsidence,

! Remediation

Where erogion has occusted that has washed away soif adjacent to
foadings, 'soil of the same classification shonld be intreduced and
compacted to the same density. Wheze footings have been
undermined, augmentation or other specialist work may be required.
Remediaton of footings and foundations is generally the realm of 2
speciatist consultant.

Where isolated footings rise znd fall becanse of swell/sheink effect,
the homeownes may be tempted to alleviare floor bounce by filling
the gap that has appeared between the bearer and the pier with
blecking. The danger here is that when the next swell segment of the
cycle oecuts, the extra blocking will push the flnor up iato =n
accentusted dome and may also cause Jocal shear failure In the soil.
I£it is necessary to use blocking, it skould be by 2 pair of fine
wedges and monitoring should be carried out formighty.

This BT¥ was prapared by John Lewer FAIB, MIAMA, Pariner,
Gonstruction Dicgnosis,

The Informatlon In this and other 18sues In the sarles was derived from various sources and was belleved to be carrect when published.

The Information is advisory. It is provided | good falth and not clalmad to be an exhaustlve treatment of the relevant suliject.

Further professionat ativice needs to be obtalned before taking any action based on the infarmation provided.
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Appendix E:  Test Results

° 21854.001-P2S4E-111 Post Earthworks Investigation Plan
. 21854.001-P2S4E-112 Topsoil Depth Plan
. 21854.001-P2S4E-113 Earthworks Testing Location Plan

. Soil Expansion Test Results
. Post Earthworks Investigation Borehole Logs (BH E1 to BH E12)

. Earthworks Test Results
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Borelog - 14/07/2017 10:18:01 2.m. - Produced with Core-GS by GeRoc

GEOTECHNICS

BOREHOLE LOG

BOREHOLE No.: E1 (421)

Hole Location: Refer lo site plan

SHEET: 1 OF 1

PROJECT: P2584 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854.001 P254

CO-CRDINATES:

DRILL TYPE: 50mm hand auger

DRILL METHOD: HA

HOLE STARTED: 03/04/2017
HOLE FINISHED: 03/04/2017

Hole Depth
P 3.2m

R.L: DRILLED BY: Geotechnics Lid
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
GEBLOBIEAL I,
GEHERIEHALE, G z %
::m o ~ £ @ %En é? Dssription and
TERIAL LD L ” ‘%’ Teste E %z Eg Eﬁ% - Ev Additional Observations
& & 8 A ag a 3o 4
E 8 " t | s |e8 | B8 |3
ae| 2| 5|83 il 2 8|8 |85|68 -era2f
¢ ﬂ":]. g M H SILT, non plastic, moist, dark brown
e
clayey SILT, low plasticity, moist, yellowish brown and
grey
il SILT, non plastic, moist, grey, with fine gravel
T (siltstone)
clayey SILT, low plasticity, moist, yellowish brown, and
@211 kPa SILT, non plastic, grey with fine silstone gravel
Fill
®>211kPa
@ =211 kPa
@ 193/42 kPa VatH SILT, non plastic, moist, yellowish brown and light
whitish grey
1.80m: yellowish brown, and brown with light reddish tint
® >211 kPa
@ B4/15 kPa 2.20m: light whitish brown and light yellowish brown
Residual Soil
@ 148/39 kPa
® 112/32 kPa
® 113/21 kPa
3
3
3.2m: Target depth
COMMENTS:

Scale 1:20

Rev.: A



BOREHOLE No.: E2 (424)

Hole Location: Refer lo slle plan

BOREHOLE LOG

BorelLog - 14/07/2017 10:18:01 &.m. - Produced with Core-GS by GeRec

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P2S4 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P2S4
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
GRILL METHOD: HA HOLE FINISHED: 03/04/2017
R.L.: ' DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTICN
GENéFHDIIAME ‘ 5 z E
::Tmﬁ‘:'“. coMFDSmOL. @ % % _ % E. g £ Descriplion and
£ g TESTS E EZ £ Egg E'— Addilional Cbservations
7| |E e || 8|8 | |8
H 8l g e | ¢ || gE |
ZlE[u|2)|% 1| B E : | Bs | 32
ome| 25|02 2| 2 & | B | 23 | B3 |eneea|-wuneg|censy
; U Y H T i i
b TS ; Ef ; SILT, non plastic, moist, brown
ani i
o A i
et (1111 8ILT, minor clay, non plastic, moist, light yellowish
By i ““ W ; ' i brown motiled light greyish white, minor grey
i H 1 inelusions
40
Ed u‘“
L2 VStH SILT, non plastic, moist, grey, with fine siltstone
: i i ““ x“ i gravel, minor orange brown inclusions
Fil e
: 1= :u
# "
_a L
®UTP % 1.00m; grey and yellowish brown
®
E "
1 ®
_x"x“x
i kow
: «
: & 193/65 kPa s Al
E: -“ Wi
R o
: 5 L “vr
Hukerenui : BE ‘x" 3y D-M H SILT, non plastic, moist then dry, grey
Mudstone : -
—_— el 1.6m: Refusal
5
3

COMMENTS:

_|Hole Depth
2] 1.5m

Seale 1:20 Rev. A




Barelog - 14/07/2017 10:18:01 a.m. - Produced with Core-GS by GeRoc

GEOTECHNICS

BOREHOLE LOG

BOREHOLE No.; E3 (420)

Hole Location: Refer lo sile plan

SHEET: 1 OF 1

PROJECT: P254 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854001 P254

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

DRILL METHOD: HA

HOLE STARTED: 03/04/2017
HOLE FINISHED: 03/04/2017

Hole Deplh
a 3.2m

R.L.: DRILLED BY: Geotechnics Lid
DATUM: DRILL FLUID: LOGGED BY: tbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
sEowaCAL T,
GEMERIC HAME, - x g
i oo E % Eﬁ:E ég Description and
MATEAIAL GOMPGEMION, = z iz E E Eg Qgg E' Additlenal Observations
£ 2z | 2= gge |
g 218 a g - = & PE 15
ARR| = o = g ® a =0 o badodis
i ﬂ’:l.s*- Moot SILT, minor clay, low to no plasticity, moist, dark
£ brown
RI
oo
clayey SILT, low to medium plasticily, moist, yellowish
® 155/69 kPa g brown, with grey inclusions
@ 199/69 kPa : e SILT, minor clay, low to no plasticity, moist, grey and
4 4: yellowish brown
-K ® t ]
B ox
x oW
@ 86124 kPa uT;u st clayey SILT, low to medium plasticity, moist, grey and
g yellowish brown
e
“_"‘T
A VBtH SILT, minor clay, gravelly, non plastic, moist, grey,
e = ® . ' 1 N .
Fill © 5211 kPa 1 with yellowish brown inclusions. Gravel is fine grained,
] mudstone
4 Wiy
g ow
jE x"“
¥ ®
_N x ®
® 184/75 kPa k o«
In :u
H £
_“ “ %
how
X xx
®>211 kPa e
_Sl ‘K.a
Pox
2 4 :"
¥
Vx K,‘
euTP S
e :x
,K“uxx
¥
@ 164777 kPa i clayey SILT, low to medium plasticity, moist, yellowish
F—% brown and light greylsh white
L
P
[
:Jh“ =
® 133/77 kPa e
x
Residual Soil gl
_JG—E*.&
R
et
®92/51 kPa 3 R
_H’_&
e
“—dﬁ o
3.2m: Target depth
COMMENTS:

Scale 1:20

Rev.: A




Borelog - 14/07/2017 10:18:01 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: E4 (427)

Hole Location: Refer lo site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P284 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
DRILL METHOD: HA HOLE FINISHED: 03/04/2017
R.L.: ) DRILLED BY: Geotechnics Lid
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
g, g
o g £ @ g
p— = B i | 3. | i Description and
£ = TESTS E E g “Qé 5= Additional Observations
g g o | 2|88 |5 | 55 | &
I g NERE-2E DR
2le |58 sle | g |85 g
: k‘—":l.sﬂ M H SILT, some clay, low to no plasticity, moist, dark brown
Rl
(1
JEDE
N VStH clayey SILT, and SILT, low plasticily, moist yellowish
S2tLkRa brown and grey
® 84/48 kPa 1
@211 kPa i
! vst SILT, some clay, low to no plasticity, moist, grey and
3 yellowish brown
® 145/71 kPa 1
SILT, non plastic, molst, yellowish orange brown and
i ® 155/68 kPa - light greyish white, with grey inclusions
Fill
H SILT, non plastic, moist, grey with yellowish brown
4 inclusions
e uTP 7
5 -
®>211 kPa 1
o UTP 7
) D-M SILT, non plastic, dry to moist, grey, withy minor
B yellowish brown inclusions
i @ UTP 1
B -
BE ® UTP 3
3.1m: Target depth
COMMENTS:

Hole Deplh
; 3.1im

Scale 1:20 Rev.: A




BorelLog - 14/07/2017 10:18:01 a.m. - Praduced with Core-GS by GeRoc

BOREHOLE No.: E5 (414)

Hole Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P234 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
DRILL METHOD: HA HOLE FINISHED: 03/04/2017
R.L: ' DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
ceoLGicAL LT,
:nzmcm\us ? = " %
3 : g - E E ’ Eg— Egg gu Addilional Observations
é ©® E 8o ] - E 2 §§ b e
blw | 2|2 it E i a &
: M vst SILT, non plastic, moist, dark brown
Stvst clayey SILT, low plasticity, moist, yellowish brown and
® 151/81 kPa grey
3.60m: medium plasticity
® 127/44 kPa
® 81/36 1P
Fill ?
1
e uTP Vst SILT, non plastic, moist, light greyish white, grey and
i yellowish brown
® 154/63 kPa N
® 163/29 kPa I
b H SILT, non plastic, dry to moeist, grey, very hard to
3 ““ e auger
td
B
= e uTP o
Hukerenui : i
Mudstone ! i
3] Juhiey
B2 fow
: § 1% :x
: B E‘ ® UTP *u i
= ®
2.5m; Effective refusal
5 -
COMMENTS:

3 Hele Depth
2.5m

Scale 1:20 Rev.: A




GEOTECHNICS

BOREHOLE No.: E6 (411)

Hole Location: Refer lo sile plan

BOREHOLE LOG

SHEET: 1 OF 1

PROJECT: P284 2017

LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254

CO-ORDINATES:

DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017

HOLE FINISHED: 03/04/2017
DRILL METHOD:; HA

BoreLog - 14/07/2017 10:18:01 a.m. - Produced with Core-GS by GeRoc

Hole Depth
i 1.8m

RiL: DRILLED BY: Geetechnics Lid
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNT,
cewEmis AL, Y 2
o 2 E |z | R |
MATERUAL COMPOSITICH, z E ?: én gG? 5E Add?escrli)ét:;)n ra;.rnil
£ = TESTS 5 5 ,,-’i Eé% g tional Observations
o a @ E o “I‘E %E @
2E|g|2|2 gle F | £ | BE| 38
we| 2 | §6]3 il & [ 8 | 88| B3 |veen|-oneen | nene
: ﬁ'irs‘-" Mo ovst “l-i0¢| SILT, nen plastic, moist, brown
Toe |
e e
clayey SILT, low plasticity, moist, yellowish brown with
® 200175 kPa E grey inclusions
»IBHBIPA ] SILT, miner clay, non plastic, moist, yellowish brown
Fill g and grey, and SILT, non plastic, grey
® 193/95 kPa 1
1 -
@ 137/66 kPa T
i s H SILT, non plastic, moist, grey, becoming dry to moist,
: ®UTE 457 very hard to auger
Hukerenui s e
Mudstone ‘B LG
1 5 A
BE nx !
oo
il 1.8m: Effective refusal
5 -
3 —
COMMENTS:

Scale 1:20

Rav.: A



GEOTECHNICS

BOREHOLE LOG

BOREHOLE No.: E7 {483)

Hole Location: Refer lo site plan

SHEET: 1 OF 1

PROJECT: P284 2017

LOCATION: Millwater Precinct 2

JOB No.: 21854.001 P2S4

CO-ORDIMATES:

DRILL TYPE: 50mm hand auger

DRILL METHOD: HA

HOLE STARTED: 03/04/2017
HOLE FINISHED: 03/04/2017

BoreLog - 14/07/2017 10:18:01 a.m. - Produced with Core-GS by GeRec

Hole Depth
am

Rk DRILLED BY: Geotechnics Lid
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
aRckoaicAL LT,
EHEHIC KA, i : 2
w 5
$zlm.:mmmm = B %_\ FE 5*5- Descriplion and
2 g Tars g gz ES é §§ 5% Addltional Observations
g |z s ||| § | &5 |8
a I 8 g | o | Eg @
6|5 |2|8 il e E| g |88 |é8
we| £ 8[0| 2 il & Bl & | 2| £ el g
: ﬂ':rs 4 M| st SILT, non plastic, moist, dark brown
[
SILT, some clay, low plasticity, moist, yellowish brown
J and light greyish white
® 143/54 kPa &
T H SILT, minor clay, non plastic, grey, minor yellowish
®UTP 4 brown Inclusicns; abundant fine siltstone gravel
(erushed siltstone)
e uTP i
1 -
® 134/63 kPa i V8L SILT, some clay, low plasticity, moist, grey with minor
4 yellowish brown inclusions
H SILT, gravelly, moist, grey (crushed siltstone)
Fill ® 196/51 kPa
e UTP
@211 kPa
®>211 kPa
SILT, non plastic, moist, grey with yellowish brown
R and orange brown inclusions
® 211 kPa 1
P ° 3m: Target depth
COMMENTS:

Scale 1:20

Rev.i A



Borelog - 14/07/2017 10:18:02 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: E8 (480)

Hole Location: Refer to slie plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
DRILL METHOD: HA HOLE FINISHED: 03/04/2017
RL: i DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
GENERIC NAME, g x . g
:ﬂ;n.comusmw 7 § 3 BE_ E’E‘ Descriptlon and
F £ TESTS E EZ m§ %é% 5= Addltional Ohssrvations
" £ 5 1% 3 g
e 5 B[6]3 SIS R | B | B | 2 |ensen|-onsen sueat
: PLASE B H SILT, some clay, nen plastie, wet, dark brown
VStH SILT, non plastic, moist, grey with minor yellowish
o uTP brewn inclusions
® 169/93 kPa @.70m: fine siltstone gravel, grey
® UTP
Fill
1
® 122/62 kPa DM SILT, abundant fine siltstone gravel, non plastic, dry to
i moist, grey
o uTP 7
H SILT, non plastic, meist to dry, yellowish brown, light
g greyish white and grey
®UTP )
b D SILT, non plastic, dry, friable, grey. Solid refusal at
. o —|iigett bottom of hole
Hukerenui L
Mudstene e
@ UTP e
» ap ®
2.2m: Refusal
3
COMMENTS:

Hole Depth
il 22m

Scale 1:20 Rev.: A



Borelog - 14/07/2017 10:18:02 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: E9 (478)

Hele Location: Refer to site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P284
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
DRILL METHOD: HA HOLE FINISHED: 03/04/2017
R.L.: ’ DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
ATERIAL COMPOSITION = & z_ ZE. BE Descriplion and
’ F = TESTS E E Eg %5% 5= Addltional Observations
] g o | | 88 |2 | 2 | &
el 2| B |2 S1F B | 8| 81| B [euase|-cneva|nsmng
: '—"’.’I.s L st ti1:| 8ILT, some clay, non plastic, moist, dark brown
% 4| |
1 ' clayey SILT, low plasticity, moist, yellowish brown
@ 62/21 kPa i }
Vet SILT, non plastic, moist, grey, abundant fine siltstone
- grave|
it clayey SILT, low plasticity, moist, light greyish brown
i and grey
® 145/51 kPa 7
! vatH SILT, some clay, low to no plasticity, moist, yellowish
4 brown and grey
® 161/68 kPa 1
Fill ]
® 125/41 kPa ]
7 1.80m: abundant fine siltstone gravel, trace yellowish clayey
silt (crushed slltstone)
®UTP 7
5
eUTP 1
® UTP 1
® UTP i
2.8m: Effective refusal
3
COMMENTS:

Hole Depth
5 2.8m

Seale 1:20 Rev. A




BOREHOLE No.: E10 (474)

Hele Locatlon: Refer lo slle plan

BOREHOLE LOG

BoreLog - 14/07/2017 10:18:02 a.m. - Produced with Core-GS by GeRoc

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P284 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
DRILL METHOD: HA HOLE FINISHED: 03/04/2017
R.L.: * DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
— 2 g f gk | B Desgiptan and.
z £ esTS E E %g $28 E" Addilicnal Observations
1N g || 85 |8 |®
el.(|%8|5]e 5| . E | | g g |3
wo|w | E|Z E g Eg &
o 2| 588 : k| % |%|8 sHE
! 9“:|.S=- S SILT, some clay, non plastic, moist, dark brown
_‘% i
o e
clayey SILT, and SILT, low to no plasticily, moist, light
o UTP 4 greyish white, grey and yellowish brown
b 0.30m: dry to molst, grey with minor yellowish brown
inclusions, abundant fine siltstone gravel
® 154/53 kPa T
® 151/77 kPa T
1 -
]
®>211 kPa 7
e UTP 7
®UTP b
2 -
® UTP 1
® 131/60 kPa 7
o uTR 1
© 139/63 kPa 37
3.1m: Target depth
4

COMMENTS:

Hole Depth
2 3.1m

Scale 1:20 Rev.. A



BOREHOLE No.: E11 (471)

Hole Lecation: Refer to site plan

BOREHOLE LOG

BorelLog - 14/07/2017 10:18:02.2.m. - Produced with Core-GS by GeRoc

it

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
BRILL METHOD: HA HOLE FINISHED: 03/04/2017
R.L: ' DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGIGAL UNIT,
GEHERIC MAVE, © . 2
e é E gE g'g Daescription and
WAL (OMRR TR = £ : £ £ gz gbe 52 Additional Obssrvations
% y TESTS g g% 2& Egg’ E
Slelilels e EE 65|
ngﬁ s(8|E|d H i i E E% gé ensag
: ﬁ":‘.sﬁ M| vat SILT, some clay, non plastic, moist, dark brown
2
T
e ﬂl-
) a3
Fill T z 7
E i g d
®203/93 kPa ;Er?;ey SILT, low plasticity, moist, yellowish brown an
[RERS VSEH SILT, non plastic, moist, yellowish brown and light
" " . .
® 133/54 kPa 18 ’; greyish white .
—” X ®
Fo®
- L llxx
¥ x
_* L
@ 133/51 kPa kg
® £
1
&
F : o 1.20m; light brown mottled yellowlish brown
"
R ®
i ®:211 kPa Tae
Residual Soll i
: T 1.40m: low to no plasticity, light grey mottled yellowish brown
1x Zx and orange brown
o
,“ ®
® 133/39 kPa e
J% "xk
W ®
." L3 N
¥ 2 NK
® 124/54 kPa T i &
JE u““
4 »
2 :u—! H it i .
% SILT, low to no plasticity, moist, grey; very hard to
ot auger
S UTP x
. & _' " ®
Hukerenui : o
Mudstone ] s 8
B ¥ w
B s
i B2 ® UTP kw
7 X *
: 2.5m: Effective refusal
3 -
COMMENTS:

Hole Depth
2.6m

Scale 1:20 Rev.: A




Borelog - 14{07/2017 10:18:02 a.m. - Produced with Core-GS by GeRoc

BOREHOLE No.: E12 (487)

Hole Lecation: Reler lo site plan

BOREHOLE LOG

SHEET: 1 OF 1
GEOTECHNICS
PROJECT: P254 2017 LOCATION: Millwater Precinct 2 JOB No.: 21854.001 P254
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 03/04/2017
DRILLMETHOD: HA HOLE FINISHED: 03/04/2017
R.L.: ’ DRILLED BY: Geotechnics Ltd
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED: AJL
GEOLOGICAL ENGINEERING DESCRIPTION
e— i
o, £ 2 tr f.,igr Desription and
MANTEEAL LRI & g — % £ L gg % Eg EE Addlllanal Ohservations
g || aE |8 | &5 | %
g g gl 8 T | 2 ¥/§, [ P
: e A MW [H SILT, some clay, low to no plasticity, moist to wet, dark
- brown
W
e o
M clayey SILT, low plasticity, moist, yellowish brown and
®5211 kPa arey
clayey SILT, and SILT, low to no plasticity, moist,
VSt-H yellowish brown and grey
SILT, non plastic, moeist, grey, minor yellowish brown
inclusions
e UTP
0.60m: dry to moist, abundant fine siltstone gravel
®uUTP 1.06m: yellowish brown inclusions
e UTP
1.40m: molst, grey and yellowish brown
. ® 169/93 kP!
Fill °
@211 kPa
® 134/62 kPa
o UTP
b-M SILT, non plastic, dry to moist, grey with minor
4 yellowish brown inclusions
: ® UTP T
% 1 3.00m: yellowish brown and grey
B
B& ® 193/83 kPa 37
: 3.1m: Target depth
COMMENTS:
Hecle Depth
3| 3m

Scale 1:20 Rev.: A
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