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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 27 No. Residential Lots contained within Stage 2 of Arran’s Point Precinct 7 at the
Millwater Subdivision in Silverdale. Stage 2 comprises residential Lots 120 to 136, 154 to 160 and 202
to 204 (high density residential Lots), Joint Owned Access Lane Lot 605 and Road Lots 901 (Arran Point
Parade) and 902 (Mana Terrace) inclusive as shown on the Woods Final Contour As—Built Plan (Woods
Ref 37001-02-100-AB) in Appendix Al.

This Geotechnical Completion Report contains information required for subdivisional earthworks
campletion reporting, as well as outlining geotechnical design issues that need to be considered for
subsequent building design and construction on each residential Lot.

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

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

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

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

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

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

Stripping of vegetation, organic materials and topsoil to stockpile.

b Installation of subsail drains. '

o Cut to fill earthworks across the entire Stage 2 area as shown on the Woods Cut & Fill As—Built
Plan Lowest to Final Surface (Woods Ref 37001-02-110-AB) in Appendix AL.

d Construction of 1 No. Shear Key (SK1) as shown on T+T Drawing 21854.0037—APP752-101 in
Appendix A2,

e Construction of 1 No. palisade wall (PW?2) as shown on T+T Drawing 21854.0037-APP752-101
in Appendix A2.

f Construction of a 3m high Screen Block retaining wall (Wall 3) along the northern boundary of
Lots 120 to 131 (immediately below RE 5) and the western boundary of Lot 160 as shown on
T+T Drawing 21854.0037-APP752-101 in Appendix A2.

g Construction of a 7m high, 1 in 1 (V:H) engineered fill batter slope (RE 5) along the northern
boundary of Lots 120 to 136 as shown on T+T Drawing 21854.0037—-APP752-101 in Appendix
A2.

Civil earthworks commenced on site in June 2016 and were completed by February 2017, and
comprised the following:

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

b Construction of 1 No. geogrid reinforced segmental block wall (i.e. part of Allan Block Wall 9),
as shown on T+T Drawing 21854.0037-APP752-101 in Appendix A2.
C Installation of roading and services.

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

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

Tonkin & Taylor Ltd March 2017
MILLWATER SUBDIVISION - ARRANS POINT PRECINCT 7 STAGE 2 - Geotechnical Completion Report Job No: 21854.0037/APP752.v1
WFH Properties Ltd



1 Introduction

1.1 General

Tonkin + Taylor Ltd (T+T) was engaged by WFH Properties Ltd to monitor and provide earthworks
certification for the 27 No. Residential Lots contained within Stage 2 of Arran’s Point Precinct 7 at the
Millwater Subdivision in Silverdale. Stage 2 comprises residential Lots 120 to 136, 154 to 160 and 202
to 204 (high density residential Lots), Joint Owned Access Lane Lot 605, and Road Lots 901 (Arran Point
Parade) and 902 (Mana Terrace) inclusive as shown on the Woods Final Contour As—Built Plan (Woods
Ref 37001-02-100-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 cavering land in the Silverdale North and Orewa West areas

(Ref. [3]}.

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

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

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

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

The scope of work covered by this completion report includes:

Review of geotechnical investigation reporting for the site;

b Monitoring and certification of earthworks operations in compliance with NZS 4431:1989 (Ref.
[6]), including construction of 1 No. reinforced earth slope (RE 5);

Monitoring and certification of construction of 1 No. palisade wall (PW?2);

d Monitoring and certification of construction of 2 No. geogrid reinforced segmental block
(Screen Block and Allan Block) walls (Wall 3 and part of Wall 9 respectively);

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

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

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 nerth by the Orewa Estuary and to the east by the Orewa
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Estuary and Millwater Parkway. The original site comprised a mix of farm properties and associated
dwellings and existing residential developments.

The Arran’s Point Precinct 7, Stage 2 area of the Millwater subdivision is located within what is known
as Precinct 7 in the Orewa West Structure Plan.

The Arran’s Paint Precinct 7 area is bound by Arran Drive to the west, and the Orewa estuary to the
north, south and east. The overall Arran’s Paint Precinct 7 and Stage 2 areas are shown on T+T Drawing
21854.0037-APP752—-100 in Appendix A2.

Pre-development gradients within the Stage 2 area were gentle to moderately steep (1in3to1in 15
(V:H)) with an overall fall to the north.

Post-development gradients within the Stage 2 area remain gentle to moderately steep (1in3to 1in
15 (V:H)) and generally fall to the north as before. In order to form more level building platforms, a
steep reinforced earth slope of up to 1 in 1 (V:H) and a geogrid reinforced segmental block (Screen
Block) wall have been constructed along some Lot boundaries as shown on T+T Drawing 21854.0037—
APP752-101. In addition, part of a geogrid reinforced segmental block {Allen Block) wall has been
constructed in the eastern end of Precinct 7 Stage 2.

Stage 2 is presently accessed from the existing Arran Drive.

13 Geological Setting

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

: .
1 b 3 2

Arran’s Point
| Precinct7
# site location

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

a

East Coast Bays Formation

Alternating sandstone and mudstone with variable volcanic content (volcanic-poor lower in the
sequence and mixed volcanic content higher) and interbedded volcaniclastic grit beds. These
material typically show a well-developed weathering profile of clay, silt or sand depending on
the parent lithology.

Pleistocene Age Alluvium

Up to 20 m thick and from 3 to 10 m above present base level: forms higher coastal and valley
terraces throughout the map area; in places locally discontinuous or absent. These alluvial
deposits are typically very thinly to very thickly bedded, yellow-grey to orange-brown, angular
to well rounded, mixed sizes (usually graded, coarse becoming fine upwards) of mud, sand and
gravel, comprising rock fragments and weathered rock residue from the hinterland. They
include some beds of black, humus-rich clay and white, pumice silt.

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

APP752-103 in Appendix A2.

Fill material placed across the site to form the final design profile typically comprised site-won East
Coast Bays Formation materials.
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2 Earthworks Operations

2.1 Plant

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

Various earthworks equipment was used to undertake the works, comprising motor scrapers,
articulated dump trucks, tractors and discs, sheepsfoot compactars, padfoot rollers, and a number of
12 to 35 tonne excavators. This plant generally carried out all construction earthworks.

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

2.2 Construction Programme

Subdivisional earthworks commenced from March 2014 through to February 2016 under Hicks’
control. Civil earthworks and construction for the residential Lots were also under Hicks' control and
were undertaken progressively from June 2016 through to completion in February 2017.

Key Stage 2 earthworks components included:

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

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

d Construction of 1 No. Shear Key (SK1) and 1 No. palisade wall (PW2), 1 No. geogrid reinforced
segmental block wall {i.e. Screen Block Wall 3} and 1 No. reinforced earth slope (RE 5), as shown
on T+T Drawing 21854.0037-APP752-101 in Appendix A2.

Key Stage 2 civil works components included:

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

b Construction of 1 No. geogrid reinforced segmental block wall {i.e. part of Allan Block Wall 9),
as shown on T+T Drawing 21854.0037—-APP752—-101 in Appendix A2.

C Installation of roading and services.

The earthworks, retaining walls, shear keys, undercuts and subsoil drainage as-built plans are included
in Appendix Al (Woods Drawings 37001-02-100, 110to 111, 120t0 122 and 130 to 133-AB), and show

the earthworks undertaken across the site.
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2.3 Compaction Control

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

Minimum Shear Strength and Maximum Air Voids Method

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

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

High Strength Structural fills (Shear Keys & Reinforced Earth Fill Slopes):

Average value not less than 150 kPa

Minimum single value 120 kPa

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

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

High Strength Structural fills {(Shear Keys & Reinforced Earth Fill Slopes):

Average value not more than 8%

Maximum single value 10%

The average corrected shear strength value was determined over any ten consecutive tests.
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Compaction control criteria consisting of minimum allowable Clegg Impact Values and minimum
allowable in-situ dry density were used for cohesionless fill control. The Technical Specification
included in our Geotechnical Investigation Report (Ref. [4],[5]) included the following requirement for
the subdivisional earthworks {and in particular during construction of Walls 3 and 9):

Minimum Clegg Impact Value and Minimum In Situ Dry Density Method

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

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

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

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

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

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

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

3.1 Subsoil Drainage

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

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

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

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

b SAP50 scoria over the top of the Nexus pipe and up the back face of the reinforced soil black,
to within 1m of the ground surface (at time of construction).

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

The retaining wall drains were connected to the reticulated stormwater system or discharge into the
Orewa Estuary below, as shown on the Woods Shear Key, Undercuts & Subsoil Drains As—Built Plans
{Woods Ref 37001-02-120 to 122-AB) and the Retaining Wall As-Built Plans (Woods Ref 37001-02-130
to 132-AB) in Appendix A1, and on T+T Drawing 21854.0037—-APP752—102 in Appendix A2.

3.2 Shear Keys

Based on stability analyses undertaken as part of the investigation reporting, shear keys were
identified as being required across Arran’s Point Precinct 7 to provide satisfactory factors of safety
against instability for the finished development of Stage 2. ‘

1 No. Shear Key (i.e. SK1) was excavated within Stage 2 during the bulk earthworks in the location
shown on the T+T Drawing 21854.0037-APP752-101, included in Appendix A2. Excavations for the
Shear Key were inspected and mapped by an Engineering Geologist to check that the key base had
been extended sufficiently into the competent underlying ECBF rock materials, and that there were
no apparent adverse structural features or lower strength materials exposed within the base and sides
of the excavation. Any areas of suspect ground, including areas of identified land-slippage, were
removed under the instruction of our site Engineering Geologist and replaced with well compacted
engineered fill, placed in accordance with the bulk earthworks specification {Section 2.3 above).

The shear key long-section for SK1 was developed based on the mapping undertaken and is included
in Appendix A2 (Drawings 21854.0037-APP752-113 and —114). This section shows the materials
exposed within the side of the shear key excavation and relevant geological structural information
mapped during our inspections.

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

a 160mm diameter perforated Hiway grade Nexus drain pipe: This was run along the base of the
rear of the excavation and discharges into the Orewa estuary in several locations (as per the
Woods As-Built plans 37001-02-120 to 122-AB). Additional Novaflo pipes were also installed
along mid-height benches where appropriate and connected into the key drainage outlet

system.
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b SAP50 scoria: A layer of minimum 300mm thickness of SAP 50 was placed across the entire rear
face, and extended to within 2m of the top of the key. It should be noted that the top of the key
at this stage generally coincided with the original ground surface.

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

The rear face drainage blanket was extended up to at least 1 metre above the soil / rock interface to
intercept perched groundwater flows which typically flows along this interface. This in essence
became the rear face drainage for the reinforced earth slope as well.

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

3.3 Palisade Wall

Due to the identified shear planes within SK1 dropping well below the adjacent estuary, and based on
stahility analyses undertaken as part of the investigation reporting, a palisade wall was identified as
being required along a length of SK1 to provide satisfactory factors of safety against instability for the
finished development of Stage 2.

1 No. palisade wall (i.e. PW2) was constructed within Stage 2 during the bulk earthworks in the
location shown on the T+T Drawing 21854.0037-APP752-101, included in Appendix A2. Palisade Wall
2 comprises 4m to 8m long 310UCY97 steel piles installed at 1.8m centres encased in 600mm diameter
concreted holes. Drilling for the palisade wall pile bores was inspected and logged by an Engineering
Geologist to check that the base of the piles had been extended sufficiently into the competent
underlying ECBF rock materials.

Ground conditions exposed during palisade wall construction were generally as anticipated from the
design stage of the development. The slope stability analysis results from the original design phase
are discussed in Section 4.

3.4 Geogrid Reinforced Segmental Block Retaining Walls

Two geogrid reinforced segmental block walls (i.e. Screen Block Wall 3 and part of Allan Block Wall 9)
were constructed within Stage 2.

Screen Block Wall 3 was constructed during the bulk earthworks and a section of the reinforced earth
slope (RE5) discussed in Section 3.5 is constructed immediately above this wall. This wall comprises
uniaxial High Density Polyethylene (HDPE) geogrids placed at a maximum of 1.0m (vertical) intervals
within the well compacted engineered fill (i.e. 3m width of hardfill immediately behind the Screen
Block units and cohesive fill for the remaining areas), placed in accordance with the bulk earthworks
specification (Section 2.3 above). The grids extend up to the toe of the reinforced earth slope
immediately above. :

Construction of the Screen Block retaining wall comprised the following:

placement and compaction of fill to the required levels;

placement of the Screen Block units, including starter sections of geogrids cast into the blocks
at the appropriate levels; .

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

d spreading of fill across the surface of the geogrid with lightweight plant;

e compaction and placement of further fill up to the level of the next grid layer.
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This Screen Block retaining wall has been designed to accommodate a maximum 10kPa surcharge, or
construction of the reinforced earth slope discussed in Section 3.5 where present immediately above,
although development immediately behind/above the wall is likely to be precluded by Council
planning rules.

Allan Block Wall 9 was constructed during the civil works period and comprises uniaxial High Density
Polyethylene (HDPE) geogrids placed at a maximum of 0.4m (vertical) intervals within the well
compacted engineered hardfill, placed in accordance with the bulk earthworks specification (Section
2.3 above). The grids extend up to within 0.3m of the ground surface. For the section of Allan Block
Wall 9 retaining less than 1m, the reinforced block is backfilled with no fines concrete (i.e. no geogrid
reinforcement).

Construction of the Allan Block retaining wall comprised the following:

placement and compaction of fill to the required levels;

placement of the Allan Block units;

placement of the geogrid, 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.

T O 0o o W

Allan Block Wall 9 has been designed to accommodate a maximum 10kPa surcharge, although
development immediately behind/above the wall is likely to be precluded by Council planning rules.

Typical cross-sections of the retaining walls are shown on T+T Drawings 21854.0037-APP752-105, and
=109 and =110 in Appendix A2.

As noted in Section 3.1, a drainage blanket was installed at the rear of the reinforced block of soil
which comprises a minimum of 300mm thickness of SAP50 scoria, covered in Bidim Al9 geotextile
filtercloth. A 160mm diameter perforated Nexus pipe along the backface of the wall and base of the
rear of the reinforced soil block provides a discharge outlet for any groundwater captured in the
drainage blanket. The drainage pipes from behind the walls are connected into the stormwater system
or discharge into the Orewa Estuary below, as shown on the Woods subsoil drainage as-built plan in
Appendix Al.

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

3.5 Reinforced Earth Slope
A reinforced earth slope (RE 5) was constructed during the bulk earthworks within Stage 2.

The slope extends from above the western end of Screen Block Wall 03 to the east, with an
approximately 210m long section of RE 5 constructed immediately above Wall 03 (see Section 3.4). RE
5 comprises horizontally laid biaxial geogrids placed at 0.5m (vertical) intervals within the engineered,
compacted earth fill. The grids extend up to within 1.5 (vertical) metres of the slope crest. They have
been placed at various lengths, starting at the face of the slope.

A typical cross-section of RE 5 is shown on T+T Drawing 21854.0037-APP752-107 in Appendix A2.

The placement of the geogrid allows steeper finished gradients than is possible with bulk fills, and will
minimise risk of instability across the face of the slope, particularly where finished gradients across
the slopesare upto1in 1 (V:H).

Construction of the slope comprised the following:

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

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

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

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

The slope has been designed to accommodate surcharge of up to 10kPa distributed load at the crest
of the slope.

The slope faces will be subject to a planting covenant preventing construction within this area.
Protection of the geogrids from damage also precludes construction across the slope faces and
immediately adjacent to the slope crest. Accordingly, a building restriction zone has been applied
across the slope (See Sections 5.3 and 6.6).

3.6 Undercuts

A 2m deep, minimum 5m wide, undercut was excavated below the toe of RE5 to ensure a consistent
subgrade. The undercut was replaced with engineered, compacted fill, placed in accordance with the
bulk earthworks specification (Section 2.3 above).

Earthworks operations across Lots 202 and 203, and through the road alignments in Stage 2 resulted
in the exposure of some areas of unsuitable subgrade materials (i.e. soft and wet). The unsuitable
material has been undercut to expose mare competent soils (minimum shear strength of 75kPa) and
replaced with engineered, compacted fill, placed in accordance with the bulk earthworks specification
(Section 2.3 above).

The extent of the undercut areas is shown on the Woods Shear Key, Undercuts & Subsoil Drains As—
Built Plans (Woods Ref 37001-02-120 to 122-AB) in Appendix Al.
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4 Stability Analyses

As noted in Section 3, slope stability analyses undertaken during the investigation stage of the project
identified the need for shear keys and a palisade wall to be constructed across Arran’s Point Precinct
7, so as to provide acceptable factors of safety against slope instability for the finished development
of Stage 2.

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

Inspections were also undertaken by a T+T Geologist during drilling of the PW2 pile bores to confirm
the materials encountered and to ensure the piles extended into the competent underlying ECBF rock
materials.

We are satisfied that the design stability analyses remain valid for the completed works 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 Design Considerations

5.1 General

Ground conditions within the Arran’s Point Precinct 7, Stage 2 area straddle a range of “design
conditions” including cut ground, filled ground, expansive soils and constructed slopes upto 1in 1
(V:H). The following sections set out relevant geotechnical design issues.

5.2 Bearing capacity for building foundations

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

Due to the presence of expansive soils, foundation conditions fall outside the definition of “good
ground” contained in NZS 3604:2011 (Ref. [8]). In terms of AS 2870:2011 (Ref. [7]), the soils present
are considered to lie within Site Class M (moderately expansive} with characteristic surface
movements anticipated to be in the range of 20mm to 40mm. Due allowance should be made for
expansive soils, as discussed in Section 5.12.

Where a geotechnical ultimate bearing capacity greater than 300kPa is required to support any
dwelling constructed outside the scope of NZS 3604:2011 (Ref. [8]), further specific site investigation
and design of foundations will be required.

5.3 Building Limitation Zones — RE Slope

Identified steep slopes in the Stage 2 area have been constructed as reinforced earth fill structures
with face gradients of between 1 in 1 and 1 in 1.8 (V:H). They are located in Lots 120 to 136 and Lots
154 to 160. Construction within the flatter parts of these Lots is intended, and a Building Restriction
Zone (“No Build Zone”) has been developed across the steeper sections of the Lots 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 RE slope is shown on T+T Drawing 21854.0037—-APP752—
116 {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 detrimentally affect the global stability of the slope.

Where slopes exceed gradients of 1 in 2 (V:H), “Enkamat” or “Geocells” have been anchored to the
face of the RE Slope to function as a protective reinforcing layer for the topsoil and plant root system.

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. [8]), with respect to conventional building development.

Settlement points were installed in the areas of greatest fill thickness following completion of
earthworks operations, to monitor the settlement of the subgrade. This monitoring shows that
settlements of up to 70mm occurred during development of Stage 2. This settlement occurred
between December 2015 and September 2016, with negligible movement since that time.
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In order to minimise the risk of ground settlements exceeding 25 mm, NZS 3604:2011 (Ref. [8]) allows
a maximum fill surcharge of 600 mm over the_building platform during future development. Filling in
excess of this thickness should be subject to specific foundation design and assessment.

5.5 Retaining walls

Due to the relatively shallow grades across most of the Stage 2 Lots, it is not anticipated that significant
retaining walls will be required. However, if walls are required, then retaining wall design will be
dependent on the site specific requirements.

For preliminary design we recommend the use of the following geotechnical design parameters:
y =18 kN/m?,
¢’ =0kPa,
@' =30°,
K, =0.30,
Ko =3.33,
“Su” of 50kPa for the embhedment 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 gecometry
and development requirements, as applicable.

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

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

The existing geogrid reinforced segmental block walls constructed within the Stage 2 area are shown
on the Woods Retaining Walls As—Built Plans (Woods Ref 37001-02—130 to 133-AB). These walls have
been designed to accommodate a maximum 10kPa surcharge or a reinforced earth slope where
present immediately above, although development immediately behind/above the walls is likely to be
precluded by Council planning rules. The presence of these walls should be taken into account for any
proposed works downslope of the walls, specifically to ensure that any proposed cuts do not
undermine the base of the walls. In general, earthworks should be limited to no closer than 1.5m from
the toe of the walls.

For clarity, the Lots within Stage 2 that will need to consider the presence of the existing retaining
walls during site development are:

a Screen Block Wall 3 — Lots 120, 160 and 202 to 204 inclusive

5.6 Subsoil Drainage

Following shear key construction during bulk earthworks, groundwater drainage was installed using
Nexus drains covered in scoria and geotextile cloth to permanently handle ground water flows.

The extent of the subsoil drainage systems are shown on the Woods Shear Key, Undercuts & Subsoil
Drains As—Built Plan (Woods Ref 37001-02—-120 to 122-AB) in Appendix Al, and on T+T Drawing
21854.0037-APP752-102 in Appendix A2.
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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.

5.7 Post Earthworks Investigations

Following the completion of earthworks operations, T+T have undertaken supplementary fieldwork
to confirm the consistency of the natural subsoils and engineered fill. From the investigations, we
confirm that the subsoils are considered to have a geotechnical ultimate bearing capacity of 300kPa,
as required by NZS 3604:2011 (Ref. [8]). This corresponds to a factored (Ultimate Limit State) bearing
capacity of 150kPa and working (Serviceability Limit State) bearing capacity of 100kPa. Associated
borehole logs and site plan (T+T Drawing 21854.0037—-APP752—117) are attached in Appendix E.

5.8 Stormwater

Public stormwater services have been installed within Arran’s Point Precinct 7, Stage 2. Stormwater
and runoff from roofs, decks and paved areas, together with discharges from future retaining wall
drains and other subsoil drainage 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 plans (Woods Ref 37001-02—-300 to 303-AB) is included in Appendix
Al.

5.10 Road subgrades

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

For future road construction in other parts of the Arran’s Point Precinct 7 Stage 2 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 21854.0037—-APP752-118 attached in Appendix E. Due to
variations in placement depths and earth worked surface levels, topsoil depths may vary from those
recorded.
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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.

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. [8]).

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

Accordingly, building foundations on this stage of the subdivision will need to be subject to specific
foundation design by a Chartered Professional Engineer familiar with the contents of this report and
responsible for design of structural elements (including foundations) of the building. Reference should
be made to AS 2870:2011 (Ref. [7]) for assistance.
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6

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

I, Mr A.P. Stiles of Tonkin + Taylor Ltd, P O Box 5271, Wellesley 5t, Auckland, hereby confirm that:

6.1

6.2

6.3

6.4

6.5

I am a Chartered Professional Engineer experienced in the field of geotechnical engineering and
an authorised representative of Tonkin + Taylor who was retained by WFH Properties Ltd as the
Geotechnical Engineer on Arran’s Point Precinct 7 Stage 2 (comprising residential Lots 120 to
136, 154 to 160 and 202 to 204, JOAL Lot 605 and Road Lots 901 and 902 inclusive) of the
Millwater Residential Subdivision Development off Arran Drive in Silverdale. Inspection and
observation of the works have been carried out during construction by either myself or staff
acting under my direction.

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

The Contractor has confirmed that the work undertaken has been completed in accordance with
the drawings, specifications and any variations issued and is consistent with the inspections and
observations carried out by 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.

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

6.4.1 The earth fills shown on the attached Woods drawings, Project No 37001, Millwater,
Arran’s Point Precinct 7, Stage 2, Drawing Numbers 37001-02-100, 110 to —111 and
—120 to 122-AB, have been generally placed in compliance with NZS 4431:1989 (Ref.

([e).

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

For Lots 120 to 136, 154 to 160 and 202 to 204 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. [8]).

6.5.3 Expansive soils

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

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 benching of building platform areas to finished ground
levels

ii) Four bar steel reinforcing cages should be used

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

The above minimum requirements within this clause may be superceded if
individual engineers are able to demonstrate their specific design solutions
are applicable to site soil conditions to the satisfaction of Auckland Council.
Specific design may be undertaken by first principles or by reference to AS
2870:2011 (Ref. [7]), Section 4 and related documents.

6.5.4 Floor Slab Construction

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

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

The Contractor should ensure that the ground beneath the floor slab areas is suitably
conditioned to ensure that the subgrade is neither too dry nor too wet prior to 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.
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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 the building.

6.6 For Lots 120 to 136 and 154 to 160 inclusive:

6.6.1 These Lots contain a “Building Line Limitation” relating to the reinforced earth slope
which formsthe 1in 1to 1in 1.8 (V:H) slope along the Lot boundaries. The restriction
zone is shown on T+T Drawing 21854.0037-APP752-116 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.

6.6.2 The presence of geogrids within the reinforced earth slopes is brought to the
attention of future building and services designers. The topmost grid is located
between 1 to 2 metres below the surface at the top of the slope, and does not
generally extend more than 2 metres back from the crest of the slope. It is not
expected that the grids will be encountered during future development of this Lot,
however, the presence of the grids should be recognized. Any exposure and/or
damage and subsequent repair to the grids during any future develoapment 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.

6.6.3 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 21854.0037-APP752-116 in
Appendix A2, will require a geotechnical assessment, as a minimum, to ensure
stability of the subject or adjacent Lot is not detrimentally affected.

6.6.4 Development outside of the Building Line Limitation zone may proceed in accordance
with the recommendations outlined in Section 6.5.

6.7 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 Plans (Woods
Ref 37001-02-120 to 122-AB) in Appendix Al, and on T+T Drawing 21854.0037-APP752-102
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.

6.8 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
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foundation design is undertaken. A copy of the stormwater as-built plans are included in
Appendix Al.

6.9 Road and Access Lots

Based on the fill monitoring and site observations undertaken during site development, the
filled and natural ground within Arran’s Point Precinct 7, Stage 2 is considered generally
suitable for residential road and accessway construction. Scala penetrometer testing should
be undertaken when road subgrades have been prepared to confirm subgrade strengths.
Subject to such subgrade testing, for future road construction in other parts of the Arran’s
Point Precinct 7 Stage 2 development, within natural ground, a design CBR of 2% is considered
appropriate, while within engineered fill areas, a desigh 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, or in the event
that any variation in subsoil conditions from those described in the report are found. Design
assistance is available as required to accommodate any unforeseen ground conditions

present.
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7 Applicability

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

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

Tonkin & Taylor Ltd

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

Andrew Linton Andrew Stiles
Senior Geotechnical Engineer Project Director
IXXL
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Appendix Al: Woods Drawings

® 37001-02-100-AB
e 37001-02-110-AB
o 37001-02-111-AB
o 37001-02-120 to 122-AB
o 37001-02-130 to 133-AB
o 37001-02-300 to 303-AB
® 37001-02-400 to 403-AB

Final Contour As—Built Plan

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

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

Stormwater Drainage As-Built Plans

Sanitary Sewer As-Built Plans
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GEOGRID REQUIREMENTS FOR RETAINING WALL 03 (MASSBLOC) AND RE SLOPE 05

GEOGRID REQUIREMENTS

WALL TYPE

TOTAL SLOPE
HEIGHT (m)

BACK SLOPE
(V:H)

CHAINAGE
{(m)

Height above slope toe

(m)

Geogrid Length
(m)

Geogrid Type

Massbloc — Wall
Type A

3m

0-13,
214-244

1:5

0.0,

1.0, 2.0, 25

2.5

Tensar RES540

Massbloc — Wall
Type B )

3m

13-214

0.0,

1.0, 2.0, 25

16.0

Tensar RE570

RE Slope

7m

0-244

3.0, 45

16.0

Tensar RES570

6.0, 7.5

8.0

Miragrid GX 60/30

(Primary)

5.0, 5.5, 8.5,
8.5, 9.0, 9.5

4.0,

2.0

Tensar SS20

(Secondary)

7000

Enkamat (or similar approved) erosion
protection pinned to the finished face and filled
with topsoil. Compacted fill bund at slope crest

RE Slope 5

16.0m_

0.5m high Massbloca—u |

16.9m_, .

-

Standard Massbloc ——|
unit with key

Maximum Retained

.'-_1_.

Bidim A19 geotextile wrapped

‘around GAPBS .

Hardfill

Height 3000

{GAP 65 or
equivalent)

High .Strength Structural Fil

-

unit
toe —__|

Massbloc base
Slope

~,

1000
max

— 3000~ e

/

Min. 0.5m

150 thick GAP40 or
.approved equivalent
levelling pad

- S SO
% 1. az00 H\

1609 Perforated Nexus
Hi—way grade pipe or

. similar approved, along

rear of wall

A3 SCALE 1:75

Q ] 2

< Shear Key

RETAINING WALL 03 TYPICAL SECTION DETAILS — WALL TYPE B

SCALE 175

4 (m)

b — — —]

#>———— Wall drainage to
connect to underlying
shear key drains

High Strength Structural Fil

filter cloth
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Min. 2000 clay fill cover
over scoria blanket

b

Natural
soll /rock

1

o o oauN

o

300 thick SAP50 scoria
blanket with Bidim A19

NOTES:

14.

All dimensions are in milimetres
unless noted otherwise.
See drawing 2 1854.0037—AFP7S2
— 104 for plan and long section.
Foundation to be inspected by
geotechnical engineer.
The bottom geogrid layer has to
start at finished ground level.
Geogrid spacing in wall is no more
than 1.0m (vertical).
All fill shall be placed and
compacted according to fill
specification.
The Contractor shall ensure that
temporary excavated faces are
stable.
Excavation in front of the wall to
be reinstated with High Strength
Structural Fill.
All fill shall be spread using
mechanical plant such as an
excavator bucket or a dozer with
an opening bucket, which causes
the fill to cascade onto the grids.
All censtruction plant and other
vehicles having a mass exceeding
1000kg shall not be used within
1.0m of the back face of the
MassBloc. The plant used for
compacting this zone shall be
restricted to:—
a)Vibrating rollers having a
total mass not exceeding
1000kg
b)Vibrating plate compactors
having a tctal mass not
exceeding 100kg
c)Vibro tampers having @ mass
not exceeding 75kg
Compaction testing of backfill
around grids is required {refer to
specification).
Geogrids shall be laid horizontally
(perpendicular to wall) on
compacted layers of fill. They shall
be tensioned to remove all slack
prier to back filling and anchored
by either placing a small volume of
fill on or staking the free end. They|
shall remain tensioned whilst the
balance of fil is placed. No traffic
or site plant shall be permitted to
travel on the grids where cover [s
less than 100mm.
The Engineer shall Inspect and
approve installation of at least the
first layer of geogrid and other
layers as necessary.
Geogrid starters to be cast into
MassBloc during manufacture and
joined to geogrid using bodkin
joints.
Excavated subgrade to be inspected
by Engineer and tested to confirm
minimum Su>120KPa.

-
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LEGEND
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1. All dimensions are in millimetres unless noted ctherwise.
’ ~ 2. See drawing 21B854.0037—APP752—101 for plan.
3. Foundation to be inspected by geotechnical Engineer.
SLOPE HEIGHTS GECGRID REQUIREMENTS LEGENR 4. The bottom geogrid layer may be below the finished ground level but shall not be above the finished ground level.
: : 5. Geogrid spacing in reinforce earth slope is no more than 0.5m (vertical).
(m) TS A e p——— ——————- —  Miragrid GX60/30 6. All fil shall be placed and compacted according to the fill specification.
g {m) P d (m) d Geogrid Type (Primary Geogrid) 7. The Contractor shall ensure that temporary excavated faces are stable. )
. Excavation in front of the wall to be reinstated wi g ruc !
Mil dexseo/30 | | mmEmEmEssssss Iensap Hody g EII fill :hqll bef sp:eag TJhs[ng rlw'lletchubnical plctmi (siuchthasHla: S;LZZ%s:zrséucktgtméngl dozer with an opening bucket
4 iragri . 1
- Dh e e g(Primmy) (Seconcer) 10 ghiCh c?:'usest tht? " ftob qujf(':\?de nmd0 tri; gir;dialequired (refer to specification)
e - ; . Compaction testing of backfill around grids k
gg ;'0’ gg' gg' 33' ;g' 2.0 Tensar SS20 Bidim A1 Geotextile 11. Geogrids shall be laid horizontally (perpendicular to slope) on compacted layers of fill. They shall be tensioned to
8.0 B'g' R ’ {Secondary) ; remove all slack prior to back filing and anchored by either placing a smdll volume of fill on or staking the free
2 ; : J High Strength Structural end. They shall remain tensioned whilst the balance of fill is placed. No traffic or site plant shall be permitted to
; Miragrid GX 60/30 . bl Fill travel on the grids where cover is less than 100mm.
50 Bk .. i 0 12.0 qug(r;:rimqry) é 12, The Engineer shall inspect and approve installation of at least the first layer of geogrid and other layers as
Natural soil frock necessdary.
gg 513 512 gg %8 ;g 5.6 T{E”E‘“r dSSZ;l / 13. Excavated subgrade to be inspected by Engineer and tested to confirm minimum Su>120KPa.
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Outlet drain to grade at
minimum 1: 100 and connect
to stormwater network. Drains
at approx. 50—60m spacings

Slope toe
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Bidim A19 or approved equivalent

In fill areas, back face is to be
formed by overflling and
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""" : : ' : ; 160 perforated Novaflo pipe to run

\ B o pardllel to base of slope. Bedded in
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Proposed road

TABLE 2A: RE Slope 6 (Below Retaining Wall 9) Reinforcement Details

Finished ground profile

Bidim A 19 geotextile or
/upproved equivalent

300 thick SAP50 scoria
drainage blanket

160¢ perforated Nexus Hi—Way
grade drainpipe aleng rear of
shear key intermediate bench

2000 wide shear
key intermediate
bench

300 thick SAP50 scoriag 1
drainage blanket

NOTES

Do aNoOL pUN

12.
13.

All dimensions are in millimetres unless noted otherwise.

All setout to be completed by Contractor in accordance with WOODS drawings.

See drawing 21854.0037—-APP752— 108 for Wall 9 plan and long section,

Foundation of wall to be inspected by Geotechnical Engineer prior to placement of levelling
pad.

Excavated subgrade to be inspected by Engineer and tested to confirm minimum Su>120kPa.
All fill shall be placed and compacted according to the fill specification.

The Contractor shall ensure that temporary excavated faces are stable.

Excavation in front of the wall to be reinstated with high strength structural fill, tested in
accordance with earthwork specification.

Clay cap placed to be tested to confirm minimum Su>BOkPa, or otherwise approved

. All fill shall be spread using mechanical plant such as an excavator bucket or a dozer with

an opening bucket, which causes the fill to cascade onto the grids.

. All construction plant and other vehicles having @ mass exceeding 1000kg shall not be used

within 1m of the back slope face of the Allan block. The plant used for comparing this zone
shall be restricted to:

a. Vibrating rollers having a total mass not exceeding 1000kg.

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

c. Vibro tampers having a mass not exceeding 75kg.

Compaction testing of backfill around grids is required (refer to specification).

Geogrid shall be laid horizontally (perpendicular to wall) on compacted layer of fill. They shall
be tensioned to remove all slack prior to back filling and anchored by either placing @ small
volume of fill on or staking the free end. They shall remain tensioned whilst the balance of
fill is placed. No traffic or site plant shall be permitted to travel on grids where cover is
less than 100mm.

. The Engineer shall inspect and approve installation of at least the first layer of geogrid and

other layers as necessary.

¥
. All Stratagrid to be cut to length. No jointing shall be dllowed for the Stratagrid.
. Maximum 100mm overlap on adjoining grids.
. Allan Block units used to construct the retaining wall to be produced and supplied in

accordance with manufacture's specifications and recommendations.

. Shear Key drainage to be installed in accordance with earthworks design.
. Refer to Design Report (Ref 21854.0037, Geotechnical Design Report — Retaining Walls 8—10

& RE Slope 6 dlong Esplonade Reserve Path, June 2016) for onticipated construction
sequencing and staging of works.

— 160¢ Non—perforated
Novacoil drainpipe.

<
Geogrid Requirements r LEGEND
Total Slope Max. Max. G id 3
Type cf Wall Height (m)| Forward Back Geogrid Type M‘[ene;(?]r Geagrid KL High strength structural fill
Slope Slope (m) (m) s
RE Slope | < 7.0m V:15H | 1V:30H  |Tensar RE570| 4.0 3.0 Hardfill (GAPES)
(Primary) 45
Retaining Wall @ typical detail. 6.0 I:l Clay cap
See 7.5
35 4.0 SAP50 Scoria
- Tensar $520 2.0 5.0, 5.5
(Secondary) ' 6.5, 7.0 Natural soil /rock
Proposed grass area 8.0, B.5
Place 'Form Tube' during s I S Bl A1d9 geo;extme
construction. Do not drill s s o e Stratagrid SG550
fence post holes after = o m— = = = Tensar RE5S70
construction is complete. (Primary)
Top of wall o o Tensar SS20
Safety fence, (Secondary)
refer to Dwg. o Ewisti :
Proposed Esplanade 2 1854.003 1-S3ESP—22 Existing ground profile
- - Reserve Path —————— Finished ground profile
HU{GAP - e Shearkey undercut extent )
Toe of wall Top of slope
RL 7.5m
- iy b Py ot Sk o RL 6.0m | o
XK XA |5
y “\;\\ A — e Sm— D gﬁ
3 ) i i : o9
Bidim A19 geotextile or==__ * = o o 2 v o wn |+
approved equivalent ; 2 > AR
| TN e s — = "o
S g ; i s Lo (Geogrid length, el
Trma e i - - refer to Table 2A)
! foe of slope Existing
s y ground profile

% Bidim A13 geotextile or
/upproved equivalent o

1608 perforated

drainpipe along rear

Nexus Hi—Way grade

< |High strength structural fill

1609 perfdrated Nexus
Hi—Way grade drainpipe.
Connect to shearkey or

‘\% ________ | S
Outlet drain discharging into

of shear key subsoil drains outlet pipe
intermediate bench Pt et s,
: approximately 50m interval.
| Refer to Dwg.
[ 30 1608 Non—perforated Novacoll 21854.0037—S3ESP-21 for
2000 drainpipe. Trench for pipe to outlet drain detail
2000 be cut into underlying ground
with fall at min grode of
1V:50H ond installed at
1 B agpproximately 50m centres
1
Base of shear key at RL —2.5m
l 5000 min. _J

Shear key base width
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TABLE 2B: RE Slope (Above Retaining Wall 9) Reinforcement Details LEGEND
Geogrid Requirements
Type of Wall Lueti;IhtSI(orze)z Fg?;\if}'d gggk Geogrid Type gMinLe(;gz;ﬁrid Gbgsgtifsé };?Tgsl'llgpe K« A,} High strength structural fill
b i {m) (m)
RE Siope | < 3.0m N/A | 1V:30H z‘snlsar R)ES?O s 0 Hordfil {GAPG)
. 2520 o 51.51 0 ) Proposed road ) Proposed grass area B P
(ggigr:dury) 20 2.0, 2.5 ’ I SAP50 Scoria
m Natural soil /rock
gé |t Bidim A 19 geotextile
‘?—"g P:uci 'chm Tgbe' ciu:;n_(l;l '_“: : : : : ?:;GS?rgrRi:5S7%550
83| “fonce post nales after Primse
b § corfstructii:orw t|'sh clornpt:‘ie. ‘ Top of slope gz:s?r;b?gzzoﬂ (BEasndary] 0000 | %I'ensur )252)0
“." ’ "‘ < : e I T i?:oi:dur)rfoun rofile
KRR, R R e o s RESTO 3 |2 Frishod groun rofte
.&,W&W Q’ ‘&’ ‘ ’ . Geogrid length, X5 ."&’ (Primary) % o Shearkey undercut extent
RS SR SeRmEet i [EL 8 : y
‘ ’ ‘ "““ 2 . “‘.‘ g ” % X <- _J a < Qutlet drain discharging into the stream
’.’ “".’ Q‘ " ’ ” ’ " . ’ & - 2 (max) % 2 elow at approximatel m Interval.
IR s % e sooomsascecsrtrs, S N S T
ERLHLHRRS LIRS RS R e e I R e for autt e datl
SRIBLIBIKLKS RIS B SRS & H[E potaon/ o of v
RIS SRILHLRKS T oo e e e tesaresatatescnsi?: datateaYas N
SRS 9359 ERERRRERRIKIIIKIIIE, By ~
33333533 s N % P
’ T T o et ace ur_'m ube Urﬂ':l
gﬁ:»:@:«,q:o, :ozo,&:,o,o::: SRR K G RS ety lels e kg
RIS ’:%“3‘%’@*33’&3:%%”:3’32%3““0333’&% : Wil [
oseseieedeledsielel ettt 0 0 0 0 te 20 2020 20 0 0 0 et 0000 te e tecels: Kt
KRR G SRS el S
RS S
ISR s s
SIS S ssS R
R R S SRS e 5 ks
R R SR EERIIRIRRIRIXIHLIHLRLRL XXX KA RRI AL L @
R S SRR IR HIHRIX R I KX R KR KKK IR K KKK KA oo @
KRR LKL ELLHSSIRKIIRRHIKEIRIAIKA S || 2000 |
R s =
SR ol it 0 O ORR RIS oes |
””I’. ’0’0’“’.’"’ :‘&’."’%"“‘”‘“"&’:”“ ””Q"%‘&"’." 1. All dimensions are in millimetres unless noted otherwise.
300 thick SAPSO scoria ”"’ " ‘”"‘&"“&&. " %&"”"”’ ; 2, All setout to be comp\etfd by CoEtrcctor in accordance with WOODS'draangs.
arai blanket "I””"””&"’ ‘00.”%"””’&”"&& ”‘%.."‘.”‘”‘0”.&’.”&’ 3, See drawing 21854.0037—-APP752—108 for Wall 9 plan ‘_:nd long section.
rainage blanke &.”""”"”®‘z’%".%“"‘”".”’ ‘g"”""‘.‘.“"%‘“""0’.‘&&. 4. Fggndqtion of wall to be inspected by Geotechnical Engineer prior to placement of levelling
o ””"‘ ”.”‘& . \< &‘ ’&”.‘%’0’& “’&"“”’"’ g Eﬁc?\l."atid”subbgrc:de ‘tjo btz inspecte;:l dby Engigper fmdthtesf‘gltled to .?_onf:rm minimum Su>120kPa.
1508 perorated Nexus oy > e = - 800 ol o docadanl cohpsctel sty ¢ lo 1 pssinetn
gs;lqelier ﬁ;?niﬁain?;?ﬂ?agtere;;nglz Eg)?ainbtzsr:hed'}ute ‘ 0$0$ .’:‘:'¢ “’ .‘ 2000 1608 Non_nerforcted Novacol drainpips. g Eggg§§;iége irt:mf;orz’;t?;wtgri \.;éEc;f?::te:;?ins{?téd witth dhifgh strengtht stilrutfturczl fill, tested in
"’"‘ ‘. %”.""“”"””.’" “’ T pe to b t int dp| i 9. Clay cap ploced to be tested to confirm minimum Su>80kPa, or otherwise approved
1 &‘g"’" 6 ’.&”I .00 rrgzﬁré E’i;hplai ;t r:mcu mlgeoot;nﬂe/:rsygll-'g 10. All fil shall be spread using mechanical plant such as an excavator buckst or a dozer with an
1 ”’”’&’0"‘ ”%%”%’"”’%".% 1 gnd installed at upproxirﬁatety 50m centres opening bucket, which causes the fil to cascade onto the grids.
RIS e T it M Yot evpmark: Hhe e
”%’&’&’""%"”“"" "&‘,”"’ shall benll'estricted to: we " i paring
.”"‘“ 0 a. Vibrating rollers having a total mass not exceeding 1000kg.
SRS poss-of sheor ey ot 1 =257 O e oY ciang g, )

2]
ORIGINAL IN COLOUR

A3 SCALE 1: 100

5000 min.

Shear key base width

SECTION /4

SCALE 1:100

N

. Compaction testing of backfill around grids is required (refer to specification).

. Geogrid shall be laid horizontally (perpendicular to wall) on compacted layer of fill. They shall
be tensioned to remove all slack prior to back filling and anchored by either placing a small
volume of fill on or staking the free end. They shall remain tensioned whilst the balance of fill
is placed. No traffic or site plant shall be permitted to travel on grids where cover is less
than 100mm.

. The Engineer shall inspect and approve installation of at least the first layer of geogrid ond
other layers as necessary.

15. All Stratagrid to be cut to length. No jointing shall be dllowed for the Stratagrid.
16. Maximum 100mm overlap on adjoining grids.
17. Allan Block units used to construct the retaining wall to be produced and supplied in

accordance with manufacture's specifications and recommendations.
. Shear Key drainage to be installed in accordance with earthworks design.
19. Refer to Design Report (Ref 21854.0037, Geotechnical Design Report — Retaining Walls 8-10
& RE Slope 6 along Esplanade Reserve Path, June 2016) for anticipated construction

0 1 2 3 4 5 (m) sequencing and staging of works.
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TABLE 2C: Retaining Wall 9 Reinforcement Details

Geogrid Requirements
High Strength Standard Fill
Retaired Max. Max. i Min. Geogrid Vertical height i
Type of Wall Height (m)| Forward Back Gecgrid Type Length above toe of wall Hardfill (GAPE5)
Slope Slope (m) (m)
Clay cap
MSE Wall | = 2.5m Wi2H | V:2H | Stratagrid +.0 - O‘g-i
SG550 , 0. ;
3.0 0.8 1.2 SAP50 Scoria
1.6, 2.0
2.2 =i Bidim A19 geotextile
st e e Stratagrid SG550
Proposed road Proposed grass area e e e e e e Existing ground profile
Finished ground profile
.
Safety fence, refer to Dwag.
21854.003 1—-S3ESP—-22
5 _ 300 Min. compacted clay ca Place 'For[‘n Tube' during construction.
) 3*6 with Bidim A{é qeotexti[); OrP Do not drill fence post holes after
5= similar approved separating clay construction is complete.
s and drainage material
U‘Q
%.g Finished ground profile ;
Finished o 3 Allan block cap unit
ground profile o Stratagrid SG550 i
=2 (See Table 2C) Step the Allan block back 25mm every 200 lift
Top of wall/ Toe of slope
,,,,, £|g
structural fill %" 2
T|s
3|7 I
C |
R
""" S e 2|2
" (Geogrid length,
At 19, I8 Proposed Esplanade Reserve Path
10 MP 1 tend to
Bidim A 19 geotextile or opproved equivalent Toe of wall/ Top of slope 100 th?clfog:rzoihezizre]
300 thick SAP50 scoria dranage blanket I
High strength :. :
structural fill s 2
1609 perforated Nexus Hi-way—" =99/ T T T T T T T e e e e e e
NOTES . : s " grade pipe or similar approved /T T T T T T T T T T e e e e e e
1. All dimensions are in milimetres unless noted otherwise. equivalent.
2. All setout to be completed by Contractor in accordance with WOODS drawings.
3. See drawing 21854.0037—APP752— 108 for Wall 8 plan and long section. 1609 Non—perforated Novacoil drainpipe. 1609 Perforated Nexus Hi—way — 800 of
4, Foundation of wall to be inspected by Geotechnical Engineer prior to placement of levelling Trench for pipe to be cut into grade pipe or similar approved, .
pod. underlying ground with fall at min grade along rear of wall 1508 uPVC pipe
5. Excavated subgrade to be inspected by Engineer and tested to confirm minimum Su>120kPa. of 1V:50H and installed at
6. All fill shall be placed and compacted according to the fill specification. approximately 50m centres ; Connection between
7. The Contractor shall ensure that temporary excavated faces are stable. 150 thick compacted _GAP4O or uPproved non—perforated Novacoil
8. Excavation in front of the wall to be reinstated with high strength structural fill, tested In equivalent levelling pad and UPVC pipes
accordance with earthwork specification.
9. Clay cap placed to be tested to confirm minimum Su>80kPa, or otherwise approved ; 5
10. All fill shall be spread using mechanical plant such as an excavator bucket or a dozer with 16049 ‘Nun—perforoted Novacoil drolnp_lpe. Fall at
an opening bucket, which causes the fill to cascade onto the grids. min grade of 1V:50H discharge into stream
11. All construction plant and other vehicles having a mass exceeding 1000kg shall not be used below at approximately 50m intervals
within 1m of the back slope face of the Allan block. The plant used for comparing this zone
shall be restricted to:
a. Vibrating rollers having a total mass not exceeding 1000kg.
b. Vibrating plate compactors having a total mass not exceeding 100kg.
c. Vibro tampers having a mass not exceeding 75kg. DETAIL m TYPICAL RETAINING WALL 9 — DETAIL
12. Compaction testing of backfill arcund grids is required (refer to specification). SCALE 1:50 109110
13. Geogrid shall be laid horizontally (perpendicular to wall) on compacted layer of fill. They shall : W
be tensioned to remove all slack prior to back filling and anchored by either placing a small
volume of fill on or staking the free end. They shall remain tensioned whilst the balance of fill
is placed. No traffic or site plant shall be permitted to travel on grids where cover is less
than 100mm.
14. The Engineer shall inspect and approve installation of at least the first layer of geogrid and
other layers gs necessary.
15. All Stratagrid to be cut to length. No jointing shall be allowed for the Stratagrid.
16. Maximum 100mm overlap on adjoining grids.
17. Allan Block units used to construct the retaining wall to be produced and supplied in
accordance with manufacture’s specifications and recommendations. ORIGINAL IN COLOUR
18. Shear Key drainage to be installed in accordance with earthworks design. A3 SCALE 1:50
19. Refer to Design Report (Ref 21854.0037, Geotechnical Design Report — Retaining Walls 8-10 0.5 1.0 1 5 20 2.5 (m)
& RE Slope 6 along Esplanade Reserve Path, June 2016) for anticipated construction | K ! H i .
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(1) B 17" to 136" PL, SM, T, CN 6) J 65—B0" to 80" PL, SM, VT, CN 9) B, 4 @ 174 (14) B, 77 @ 115" (19) B; 10" @ 88° (23) B; 11" @ 92° (28) B; 9@ 115
(2) B 11" to 121" PL, SM, VT, CN spaced 200—-500mm in both siltstone (1) B; 4 @ 171 (15) B; 6~ @ 180° (20) B; 4 @ 93" (24) B; 6" @ 124 (29) B; 28" @ 104
3) F 40" to 82' SC, SM, T, FeSt within and sandstone beds, laterally (1) B 10" @ 190° (6) B; 8" @ 186" @1) B 81" @ 94° (25 B 26" ® 122" (30) B; 22° @ 136°/UM/SM/CC
500mm either side of fault discontinuous, na iron staining (12y B; 7' @ 182 (7)) B 8" @ 87" (22} SHEAR PLANE: 3" @ 87'/PL/SM/cv/ (26) B; 32" @ 117 (Clay with minor silt: purplish grey)
@) B 19" to 157" PL, SM, VT, CN (n B 6 @ 158° o e g e 1 i Rl Bartially Polished on B B @ 132 @ B 1T 8 120°
() B 18" to 157" PL, SM, VT, CN (8 B; 8 @ 160"
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32) B; 8 @ 124 (37) B; 10" @ 146" (A)  FAULT; 62 @ 95°/UN/SM/cCV (clay)/ (C) SUSPECTED FAULT; Difficult to identify . (A4 84 @ 85"/seepage () J; B4" @ 85°/seepage
33) B 18" @ 130° (38) B; 7" @ 142" ) Polished AP AL JER gq_’f;tér_‘ecdue té) rubble ur_lf_shegrlkey f.c:ce.” 74 (@) J 87" @ 95'/UN/SM/CY (sit) () 2 PARALLEL JOINTS, B7* @ 108"/PL/SM fwith
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138) B: 9@ 17" @1 B: ' @ 144 unit below (D}  Sheared Siltstone bed/UN/4—6" @ 180— 194", Apprgximute'1m offset with cu'(lj uf{fe{: of gpdto .EhODmm. —
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[N} Sheared zone with seepage (R) Soft sediment deformation observed
(0) Zone of high seepage along the across feature (Q)
sheared siltstone. (S) 2 PARALLEL JOINTS; 86" @ 165°
Py & 60" @ 327'/UN/RO/N/CN/seepage (T) SUSPECTED FAULT; Minor offset at the
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42) J; 3@ 124" 47 & 8 @ 1267 (52) & 4" @ 139" (57) & 9° @ 129° 62) J; 7' @ 142" 67) J; 8" @ 145 (72) J; 68" @ 14T (17) & 5° @ 138° (82) J; 8" @ 181" (87) & 4" @ 168" 92) 4 10: @ 152:
43) J; 4" @ 120° 48) J; 10' @ 139" (53) J; 3" @ 145° (58) J; 5° @ 1471 63) J; 7" @ 129 (68) J; 4" @ 139 (73) & 7 @ 130° (78) J; 9 @ 1307 83y J; 5" @ 1727 (88) J; 5" @ 156° 93) & 100 @ 762_
44) J; 6" @ 121 (49) J; 68" @ 126° (54) J; 4" @ 148" (59) J; 7 @ 139" 64) J; 4 @ 147" (69) J; 5" @ 142" (74) J; 3 @ 153" (19) & 7@ 138" (84) J; 6" @ 167" (89) & 4" @ 153" (94) J; 10" @ 169
45) J; 4" @ 129" (50) J; 6" @ 142" (55) J; 6" @ 129" (60) J; 6”@ 1235° (65) J; 107 @ 139" (70) J; 4' @ 143" 75 J; 9" @ 133" (80) J; 5° @ 148" (85) J; 9" @ 182° ©0) 4 10" @ 162
46) J; 7 @ 103" (51) & 8" @ 1227 (56) J; 7@ 137" 61) J; 10" @ 130" (66) J; 4" @ 134" T & 7' @ 146" 76) J; 7" @ 133" (81) J; 65—-88" @ 12°/UN/RO/VN/EST (86} J; 5" @ 1527 1) J 12" @ 169
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(U) SHEAR PLANE; 6" @ 129°/PL/SM/VN/CN /Polished

(V) Sheared Siltstone bed.

(W) SHEAR PLANE; 9" @ 139°/PI/20mm thick max. very soft,

wet, purplish grey SILT seam. Suspect this possibly a shear

surface

00 g B—12" @ 234'/PL/SM/CV (silty clay)/Polished/ Striated to

248
Y} Sheared Siltstone beds with seepage along the base of the

units.

{Z) 2 PARALLEL JOINTS; 69" @ 248°/UN/SM/CV (clayey SILT)
(AA) Sheared Siltstone beds; 7° @ 1427

(AB) J; 27" @ 2497/PL/SM/CN /VN.

(AC) SHEAR PLANE: 7° @ 133'/UN/SM/VT/CV (clay; pink)

(AD) J; 54-82" @ 17°/UN/RO/V/FeST

(AE) 100mm thick, pink, SILT bed. Firm to stiff, with seepage on

the units upper boudary. 6" @ 142"
(AF) Sheared Siltstone bed, 40mm thick; 9" @ 130°/PL/RQ/T/CC

(silty CLAY, up to 12mm thick). Sandstone above sounds

hollow when struck.

(AG) Extremely weak Siltstone bed with seepage below. No clay

seam, approx. 60mm thick typically & 7° @ 138"
(AH) Suspected fault. Links with the feature (AD). No visual offset

observed, seen as a linear fecture in the

face only.

(Al} SHEARED PLANE; 6—13" @ 120°/UN/SM/CC (up to 5mm thick
& moist) Suspect all units to the east of this plane are
colluvium. Observed within the Residual ECBF only.

(Ad) Alluvial Pocket betwwen CW & HW ECBF. Wood fragments

visible within. Suspect all units to the east of feature (AH)

are colluvial, however this pocket may have been transposed
during the excavtion of the key.

(AJ) Alluvium at top of HW ECBF. Woed fragments visible within.

Suspect all units abeve are Colluvium.
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( LONGSECTION MATERIAL LEGEND

Alluvium

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

East Coast Bays Formation Soils
Stiff to very stiff Silty Clay, Clayey Silt and minor
Silty Sand, moist to wet, light yellow to light grey

MW East Coast Bays Formation
Moderately Weathered ECBF, Silty Clay and Clayey Silt,
minor Silty Sand, very stiff, wet, dark grey, thinly bedded

DEFECT CODE LEGEND

SHAPE ROUGHNESS APERTURE
TERM CODE DESCRIPTION OF CODE TERM SYMBOL DESCRIPTION

’ JOINT SURFACE (Seperation)
Planar PL Slickensided SL Very Tight VT less than 0.1mm
Slightly Curved sSC Smooth SM Tight T 0.1 to 1.0mm
Curved cv Defined Ridges DR QOpen 0 1.0 to 10.0mm
Irregular IR Small Steps ST Very Open Aol more than 10mm
Stepped ST Rough R
Wavy Wy Very Rough VR

INFILLINGS AND COATINGS

Joints have openings between opposing faces of intact rock substance in

Clay G CG
tuy Gonge excess of 1Tmm filled with clay gouge.
SW—-UW East Coast Bays Fermation Clay is generally described in terms of soil properties.
Slightly to unweathered ECBF. Interbedded Sandstone,
Siltstene and Mudstone. Clay Veneers cv Joints contain clay coating whose maximum thickness does not exceed 1mm.
Sandstone, Silty, very weak, dark grey. Note: Describe clay in terms of soil properties.
Siltstone and Mudstone, extremely weak to very weak, - ; i st
dark grey trative Li it Joint traces are marked In terms of well defined zones of slightly to
Fensiraive Limenite.  PL moderately weathered ferruginised rock—substance within the adjacent rock.
M Engineered Fill Limonite Stained FeSt Joint surfaces are stgined or coated with limenite, although the rock
substance immediately adjocent to the joints is fresh.
Coated cT Joints exhibit Coatings other than clay or limonite, eg. Carbonate (CT) or
$ Groundwater seepage sC silica (SC)
—_— Shear Surface Cemented cL Joints are cemented with limonite (CL), silica (CS), or carbonates (CC)
CS
cc
Existing Ground Level ; i i
Clean CN Joint surfaces show no trace of clay, limonite, or other coatings
Undercut Level
~~~~~ Bedding Feature TYPICAL EXAMPLE:
J TYPE (3)960/157, PL, SL, T, CV, stiff green CLAY
p / TERM copE | SYMBOL
Bedding B 15 —«—  Dip angle
——J—-—~— Strike
Joint J 55 ~————— Dip angle
—mm . 0 Sirike 5o c 9 9w 9 o c=
582 2 § 8358 25
Shear zone SZ 20" «———— Dip angle «Fs 9 & £ % 23
%——_-_.— Strike E a % o % “E" g5
: 2 4 2 3B S8
Fault trace F 400 Dip angle 2 g 2
—b — Stike = & g=
y > £
o = = w0
= = Ey
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Appendix B: Contractors Certificates

@ Hick Bros - Producer Statement PS3 — Contract 37000-02 (Stage 1 Bulk Earthworks)
8 Hick Bros - Producer Statement PS3 — Contract 37001-02 (All Stage 2 Civil works)

° ICB Retaining and Construction Ltd — Producer Statement 3 (Massbloc Wall 03
Construction)

° ICB Retaining and Construction Ltd — Producer Statement 3 (Palisade Wall 02
Construction)

° ICB Retaining and Construction Ltd — Producer Statement 3 (Allan Block Wall 09
Construction)

° Getgroup.co.nz Ltd — Producer Statement 3 (Walls 03 & 09, and RE Slope 5 Fences)



NZS 3910:2013

PS3 - FORM OF PRODUCER STATEMENT- CONSTRUCTION

ISSUED BY: HICK BROS CIVIL CONSTRUCTION LIMITED

TO: WFH PROPERTIES

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

REMEDIATION
AT: PRECINCT 7 CONTRACT 37000-02

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

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

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

Date: 4™ August 2016

(Sig

ure 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

PRECINT 7 OREWA WEST BULK EARTHWORKS AND GEOTECHNICAL REMEDIATION

LIST OF WORK CARRIED OUT:

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

3} Construction of Wall 2

4) Construction of Palisade Wall 1




NZS 3910:2013

PS3 - FORM OF PRODUCER STATEMENT- CONSTRUCTION

ISSUED BY: HICK BROS CIVIL CONSTRUCTION LIMITED

TO: WFH PROPERTIES

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

HICK BROS CIVIL CONSTRUCTION LTD has contracted to WFH PROPERTIES to carry out and
complete certain building works in accordance with a contract, titted PRECINT 7 OREWA WEST STAGE 1

& 2 CIVIL WORKS (“the contract”)

1 JAMES BILKEY a duly authorized representative of HICK BROS CIVIL CONSTRUCTION LIMITED believe
on reasonable grounds that HICK BROS CIVIL CONSTRUCTION LIMITED has carried out and completed
part only as specified in the attached particulars of the contract works in in accordance with the contract.

Date: 4" August 2016

; Y
(Sighature of Authorized Agent.efi behalf of)

HICK BROS CIVIL CONSTRUCTION LIMITED
(Contractor)

42 FORGE ROAD, SILVERDALE
(Address)

Attachments:
1) List detailing works carried out




ATTACHMENT 1

PRECINT 7 OREWA WEST STAGE 1 & 2 CIVIL WORKS

LIST OF WORK CARRIED OUT:

1) All of the works in Stage 1

2) Fencing above Wall 1

3) Fencing above Wall 2

4) Fencing nexttoroad 1

5) Fencing of inlet structure to wetland




SIXTH SCHEDULE

(NZS 3910:2003)
FORM OF PRODUCER STATEMENT CONSTRUCTION

Issuepsy ICB Retaining & Construction Limited
(Contractor)
TO Hick Brothers
(Principal)
IN RESPECT OF Retaining Wall No. 3 ( Mass Blocks). Consent

ABA-1019549
(Description of Contract Works)

AT Lot 1 DP 463561, Silverdale 0931, ( Arran
Point, Millwater Precent 7)
(Address)
ICB Retaining & Construction Ltd
(Contractor)
has contracted to Hick Brothers
) (Principal)
to carry out and complete certain building works in accordance with a contract, titled
Mass Block Wall No. 3 Arran Point, Millwater Precent 7 _ (The Contract)
(The Project)
1 Chris Burke a duly authorised
(Duly Authorised Agent)
representative of ICB Retaining & Construction Limited
(Contractor)
Believe on reasonable grounds that ICB Retaining & Construction Limited
(Contractor)

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

that have been issued during the course of y\’
7o

(Signature of AuthoFised Agent on Behalf of)

15 August 2016
(Date)

ICB Construction Limited
(Contractor)

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




SIXTH SCHEDULE

(NZS 3910:2003)
FORM OF PRODUCER STATEMENT CONSTRUCTION

ISSUED BY ICB Retaining & Construction Limited
(Contractor)
fo Hick Brothers
(Principal)
IN RESPECT OF Allen Block Wall No. 9
(Description of Contract Works)
AT Lot 1 DP 463561, Silverdale 0931, ( Arran
________ Point, Millwater Precent 7) o
(Address)
ICB Retaining & Construction Ltd
(Contractor)
has contracted to Hick Brothers
(Principal)

to carry out and complete certain building works in accordance with a contract, titled

Allen Block Wall No. 9, Arran Point, Millwater Precent 7
(The Contract)

(The Project)

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

has carried out and completed:
@ All O Part only as specified in the attached particulars of the building works

in

accordance with the Building Consent No. andw?f Authprised/.lnstruction / Variations

that have been issued during the course of the wer

A {-‘ / : /
_;ér//-’y !/~’%{4(1J

" (Signature of Authorised Agent on Behalf of)
17 August 2016

(Date)

ICB Construction Limited

(Contractor)

PO Box 303 340, North Harbour, Auckliand

(Address)



SIXTH SCHEDULE

(NZS 3910:2003)
FORM OF PRODUCER STATEMENT CONSTRUCTION

ISSUED BY ICB Retaining & Construction Limited
(Contractor)
TO Hick Brothers
(Principal)
IN RESPECT OF Palisade Wall No. 2 (310UC97). Consent

ABA-1019549
(Description of Contract Works)

AT Lot 1 DP 463561, Silverdale 0931, ( Arran
Point, Millwater Precent7)
(Address)
ICB Retaining & Construction Ltd
(Contractor)

has contracted to Hick Brothers
(Principal)

to carry out and complete certain building works in accordance with a contract, titled

Palisade Wall No. 2, Arran Point, Millwater Precent 7 _ (The Contract)
(The Project)
L ChrisBurke a duly authorised
(Duly Authorised Agent)
representative of ICB Retaining & Construction Limited
(Contractor)

Believe on reasonable grounds that ICB Retaining & Construction Limited

(Contractor)

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

that have been issued during the course of W/
A a] A 4

(Signature of Authorised Agent on Behalf of)

15 August 2016
(Date)

ICB Construction Limited
(Contractor)

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




Producer statement construction (PS3) Auckland

General construction work COUQCII Uy

All seclions of this form must be competsd

70 BE COMPLETED BY THE PERSON\ \WHO HAS UNDER

. > Building consent
Author name: Au &, S, o
e ) Author
AT Do ey éd& 67\ v (D ~e LA Registration No:

‘o 4o ol AL . 2,

Description of building .
e F—c_v'\c.—‘ )

Performance standard Cf‘,‘q\?j‘ic_ﬂ,— X0 NGy o oS R Pretrabs o,
for maintenance and ik
inspection, if applicable O NA

Legal description:

Site address:

Novo~ @~ PCovimde

Y .
nyy c1 | c2 | c3 | c4 | ¢ | c6 |DI D2 | Ef E2 | E3

NZBC clauses:

(select as applicable) Fi F2 F3 F4 | F5 F& F7 | F8 | 61 | G2 | 63 | G4 | 65

G6 G7 G8 G9 G10 G11 G12 G13 G114 G165 H1

5
I have sighted the above building consent and read‘the attached conditions of consent and confirm that | have undertaken the
building work described above in accordance witiy'the consented plans and specifications.

| understand that Council will rely upon this rodgc‘fer statement, for the purposes of establishing compliance with the above
building consent. /

Signature: % ’ Date: \"'1 /l } l =2

/7

Tradesperson's contact detalls:

Address: Y1 \Céq\f\,\({,«,lf e ey (d ., Oy !‘7 Postcode é?v A

Business: O“\ — %q_ ‘5’%—2 ) Fax:
Mobile: oL 2S2$7228 Email | Qo @ 9@k gucn @ co e
GOUNCILUSEONEY T4 Bt s i i Sl ]
O Central [ Henderson 0 Manukau 0 Qrewa 0 Papakura OO Pukekohe [ Takapuna
!:] Acc.epted in support of inspection [_] Accepted instead of Register checked: |Council LBP N/A
inspection ) il
Name: l —I Date: l |
Producer statementaccepted as estabhshmg compilanc:e WIth the consented plans R | YES ” | i ND | l

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

found on Councils website for further details
httpAwww.aucklandcouncil.govt.nz/EN/ratesbuildingproperty/consents/Consent%20documents/ac2301producerstatementpolicy.pdf
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Producer statement construction (PS3) Auckland
General construction work Council

b lausthora o Fnafd Mealiauray | s

All sections of thm farm must be comp.’efed

[)Au\f Lw" C"i’/r HEs ki I
‘Cru (AZS + ft:mrc s L"h | ] et Lﬁ_:j

7 T e

f'l/ SN OBl & C&Q..Qu\ L on Ao TE C"TL.. P

Légal description: ~ [ ' : T : e

Site agdress: "

| e ‘ P . - ‘ V - - ; - o -
PRECNCT 7 oREA o €8T wALL 9

Lri i GGV |(@)| ¢ | e | s | ot | o5 | s | D2
‘NZBC c!auses .'

(select as app!fcable) F F2 F3 F4 F5 Fe F7 F8 G1 G2

G | G7 G8 G9 G10 G G112 G13 G14 G156

'i hwe aghted the above bu:ldmg ccnc:ent cmd raac! the attachad conditlons of Gonsent and c,onﬂrm that l have undertaken the
bufldmg wor describacf above in acconclance wsth the conqpntcd phna and speruhcaﬂoﬂ" ’ :

| understand that Councll m/f tely upcm thss pi
bulfdlng cor&senf

uaer stdtement for the purpcnses of establlshlng ccmpnance with ihe abovo

N)é (/LM ’
rmdespersonsconta&«f/tans Pl o O BTSSP L et e Lah 2 .

Midess | (7 »ww(m Lo o A hwf /£ /F,Omde » ;;ZT
Bus'ness _ U) lh? ?SC(IZJ Fax | i%m‘
Mob'ie 029 25 2c ;ga:; "' "’..'_:.-En?alfr Q{cm@c{ {.-Q(QJP_ oAy ’

[J Central O Henderson [0 Manukau [l Orewa D Papakura B Pukekohe [0 Takapuna

”L_—] _f’?c@:ePEQd 'Qf’g"“?‘f?ﬁ e Reg Storrheckml Coungll— L&P __|NIA -~
’._Datez L

Producw sfa!amanfs are ac:cepfed sole!y atAuckhnd Council's discretion; please refer to the Producer Statement Policy which can be
found on Gouncils website for further detaiis

hittp:/fwww.atcklandcouneil.govi.nz/EN/rates shuildingproperty/consents/Consent%20documents/ac230 iproducerstatementnolicy.pdf

e Accaptod in support of mspec i
mspecton w1
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Producer statement construction (PS3) Auckland
GGeneral construction work Council

T Kawhera o Tamak! Muiaran |5

All sections of this form must be compieted

| 70 BE COMPLETED BY 1 :

Aqt:hor.riame:-_ ’?ﬁf‘u—»\. /gmqa < . Buw-dmg mnsﬁgt ‘
Author company: C“g"’*’ CL-FTJU £ e N2 el Reg|’stratl":;\r{:t“(r;l:~ L ‘
33;?‘3%“ of building ?:5”“4"1% «:,Jx;« e < C)Q e () s

Performance standard o K S o $ o R e - YT LR
for maintenance and %U\?.\ﬂ@jﬂ O OO ey ECAV OB ProYeotra—

inspection, if applicable
P PP O NA
Legal description: J
Site address: Bos. 7 )3 , .
I v 20 o e polag
o { ¥ (< c L& ]
@ @ c1 | c2 | cd@ | c4 | ¢5 | c6 |Dt p2z | E1 | B2 | E3
NZBC clauses:
(select as applicable) F1 F2 F3 F4 F5 FB F7 F8 G1 G2 G3 G4 G5
G6 G7 G8 GQ',- ~G10 G111 G12 G13 G14 G15 H1 |
ra h |

| have sighted the ahove building consent and re t{the attachs-d conditions of consent and confirm that | have undertaken the
building work described above in accordance wi the cgnsented plans and specifications.

I understand that Council will rely upon this mdu r statement, for the purposes of establishing compliance with the above
Signature: Date:
{. .

building consent,
Al
Tradesperson's contact details: y//

A \7 YC"'\/\;X’_(:(T“@@, I;[ ‘:‘{" \éj—ﬁ,’L Postcode: CZ?’ 7'? L.’_
Business: 20 \.{/?_:7 g{wz 1 Fax:

Mobile: oL A5 C;’Lz% Email '?{-Hw\ A ‘W&GV@P e 42;
| COUNCIL USE ONLY
[0 Central [ Henderson O Manukau [ Orewa [0 Papakura O Pukekoche [ Takapuna
] Accepted in support of inspection [ ] Accepted instead of Redlster chacked: |count .| P -
inspection ‘ ) i
Name: l ‘ Date: f
Pmducer statement accepted as astablishlng compliance wtth the consented plans [ YES I E NG
'WEI: = A R S R RS S s D S A R T 1 o e W T r= e

Producer statemenis are accepted sofely at Auvickland Councif’s discretion; p!ease refer to the Producer Statement Policy which can be

found on Councils website for further delails
ftto:/www.aucklandcouncil.govt. nz/EN/ratesbuildingproperty/consents/Consent% 20documents/ac2301 producerstatementpolicy.pdf
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Appendix C: NZS 3604:2011 Expansive Soils
(Extract)




NZS 3604:2011 Expansive Soils (Extract)

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

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

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

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

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

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

c) Any ground which could forseeably experience movement of 25 mm or greater for any reason
including one or a combination of: land instability, ground creep, subsidence, seasonal swelling
and shrinking, frost heave, changing ground water level, erosion, dissofution 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)  20mm Class A (sand) and/or Poor to slightly
(Note NZS 3604:2011 assumes movement of 25 Class S (Silts) expansive
mm as part of underlying design. Equivalent to NZS
3604:2011

“Good Ground” sites

b) 20 mm —40 mm Class M Moderately expansive

c) 40 mm — 60 mm

Class H1 Highly expansive
d) 60 mm —75mm
e) s F5 IR Class H2 Highly expansive
Class E Extremely expansive

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

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

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 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.
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Performance: A Homeowners Guide




Foundation

_ laintenance
and Footing Performance:
A Homeowner’s Guide

CSIRO

BTF 18
replaces
Information
Sheet 10/91

Buildings can and often do mave, This movement can be up, down, lateral or rotational. The fundamental cause
of movement in buildings can usually be related fo one or more problems in the foundation soil. It is important for
the homeowner fo identify the soil type 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 protecting against building movement.

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

methods of prevention of resultant cracking in buildings.

%Suil Types

e ——

The types of soils usually present under the topsoil in land zoned for
residential buildings can be split into two approximate groups — .
granular and clay, Quite often, foundation soil is a mixture of bath
types. The general problems associated with soils having granular
content are usually caused by erosion. Clay soils are subject to
saturation and swell/shrink problems.

Classifications for a given area can generally be obtained by
application to the local authority; but these are sometimes unteliable
and if there is doubt, a geotechnical repert should be commissioned.
As most buildings suffering movement problems are founded on clay
soils, there is an cmphasis on classification of soils according to the
amount of swell and shrinkage they experience with variations of
water content. The table below is Table 2.1 from AS 2870, the
Residential Slab and Footing Code.

%Causes of Movement

Settlement due to construction

There are two types of sertlement that occur as 2 result of

construction;

 Immediate settlement occurs when a building is first placed on its
foundation soil, as a result of compaction of the soil under the
weight of the structure. The cohesive quality of clay soil mitigates
agaiast this, but granular (particularly sandy) soil is susceptible,

» Consolidation settlement is a fearure of clay soil and may take

lace 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 few months after
construction, but has been known 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 preparation of the site for construc-

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

. problems.

Erosion

All soils are prone to erosion, but sandy soil is particularly susceptible
to being washed away. Bven clay with a sand component of say 10%
or more can suffer from erosion.

Samuration

"This is particulady a problem in clay soils. Saturation creates 2 bog-
like suspension of the soil that causes it to [ose virtually all of its
bearing capacity. To a lesser degree, sand is affected by saturation
because saturated sand may undergo a reduction in volume ~
particularly imported sand fill for bedding and blinding layers.
However, this usually accurs as immediate sertlement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of soil

Al clags reace to the presence of waer by slowly absorbing it, making
the soil increase in volume (sce table below). The degree of increase
varies 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 ot usually be noticeable unless there are
prolonged rainy or dry periods, usually of weeks or months,
depending on the land and soil characteristics.

The swelling of soil creates an upward force on the footings of the

building, and shrinkage creates subsidence that takes away the

support needed by the footing to retain equilibrium.

Shear failure .

This phenomenon occurs when the foundation soil does not have

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

W0 major pOST-ConStruction causes:

* Significant load increase.

» Reduction of lateral support of the soil under the footing due to
erosion or excayation.

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

GENERAL DEFINITIONS OF SITE CLASSES
Class V Foundation
A Most sand and rock sites with little or no ground movement from moisture changes
S Slightly reactive clay sites with only slight ground movement from moisture changes
M Moderately reactive clay or silt sites, which can experience moderate ground movement from moisture changes
H Highly reactive clay sites, which can experience high ground movement from moisture changes
E Extremely reactive sites, which can experience extreme ground movement from moisture changes
Awl Filled sites
P Sites which include soft soils, such as soft clay or silt or laose sands; landslip; mine subsidence; collapsing soils; soils subject
to erosion; reactive sites subject to abnormal moisture conditions or sires which cannot be classified otherwise




Tree xoot growth '
Trees and shrubs that are allowed to grow in the vicinity of footings
carx cause foundation soil movement In two ways:

e Roots that grow under footings may increase in cross-sectional
skze, exerting npward pressuce on footings,

« Roots in the vidnity of footings will absorh much of the meistmre :
in the foundation sofl, cansing shrinkage or subsidence,

{Unevenness of Movement

The types of ground movemenr described above usually occur
unevenly throughout the buildings foundation soil. Serdement due
o construction tends fo be tneven because of: .

» Differing compaction of foundation soil prior to construction.
o TDiffering moisture content of foundation soil prior to copstruction.

Movement due to non-construction causes is usnafly more uneven
still. Frosion can undermine 2 footing that traverses the flow or can
creare the conditions for shear failure by eroding soil adjacent to 2
footing that runs in the same direction as the flow

Satnration of clay foundation soil may occur where subfloor wealls
create a dam that malces water pond. ¥ can also occur wherever there
isa sowrcs of water near footings In clay soil. This leads to & severe ™
reduction in the strengzh of the soil which may create local sheas
faiture. -

Seasonal swelling and shrinkage of dlay soil affects the perimeter of
the building fivst, then gradually spreads to the imterior. The swelling
pro cess will usually begin =t the uphill extreme of the building, or on
the weather side where the land is flat. Swelling pradually reaches the
interior soil as absorption continues. Shrinkage usually begins where
the suds heat is greatest. )

i
| Effecis of Uneven Scil Movement on Siruciures

Frosion and saturation

Erosion removes the support from under footings, tending to create
sithsidence of the parc of the structure under which it ocouss,
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevering until the bricks or the
mortar bedding fail. Older masonry has livtle resisance. Byidence of
failure varies according to circumstances and symptoms may include:

* Step cracking in the mortar beds in the body of the wall or
above/below cpenings such as doors or windows.

» Vertical cracking in the bricks (usually but not necessarily in lne
with the vertical beds or perpends).

Tsolated piers affected by erosion or saturation of foundations will
eventually [ose contact with the bearers they support and may tile or
£ over. The floors that have lost this support will become bouney,
sometimes rattling ornaments eic. .

Seasonal swelling/shrinlage in cay

Swelling foundation soil dus to rainy periods first lifts the most
exposed extremities of the footing system, then the remainder of the
periméter footings while gradually permeating inside the building
fobiprint to lift internzl footings. This swelling fizst tends to create 2
dish.effect, because the external footings are pushed higher than the
intemal ones.

The first naticesble syraptom may be that the floor appeass slightdy
dished. This is often accompanied by seme doors binding on the
flpor ar the door head, together with some cracking of cornice
mitres. In buildings wich timber flooring supported by bearers and
joists, the floor can be bouncy: Externally there may be visible
dishing of the hip or ridge lines.

As thie moisture absorption process completes its fouraey to the
innermost areas of the building, the internal footings will rise. If the
spread of moisture is roughly even, it may be that the symptoras will
temporarily disappear, but it is more likely that swelling will be .
uneven, creating 2 difference rather than 2 disappearance in
symptosms. In buildings with dmber flooring supposted by bearers
and joists, the isolated piess will rise more easily than the strip
footings or plers under walls, creating noticeable doming of flooring,

&%
Weall cracking
due to unsven
footing setilement
4 T~

As the weather pastern. changes and the soll begins to dry out, the
external footings will be first affected, beginning with the locations
wheze the sun’s effect is strongest, This has the effect of lowering the
external footings. The doming is accentuated and cracking reduces
or disappears where it ocarred because of dishing, but other cracks
open up. The roof lines may become convex.

Doruing and dishing are also affected by weather in other ways, In
areas where warm, wet surmmers and cooler dry wintess prevail,
water migration tends to be toward the interior znd 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 tree roots

In general, gréwing roots will exest an upward pressure on footings,
whereas soil subject to drying because of tree or shrub roots will tend
to remove support from under footings by inducing shrinkage,

Complications caused by the structuse ftself

Most forees that the soil eanses to be exerted on structures ase
vertical — i.e. either up or down. However, because these forces are
seldom spread evenly around the footings, 2od because the buiiding
resists uneven movement hecause of its rigidity, forces are exerred
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 symptoms do not simply reflect the
original cause. A common symptom is binding of doors on the
vertical member of the frame.

Effects on full masonry structures

Brickworl will resist cracking where it can. Ie will attempt to span
areas that lose support because of subsided foupdations or raised
points, It is therefore nsual 1o see cracking at week points, such as”

opettings for windows or doors.

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

With local shear or erosion, cracking will usuaily contdaue to develop
untl the original cause has been remedied, or unti! the subsidence
has commpletely neutralised the affected portion of footing and the
structure hag stzbilised on other footings that remain effective.

In the case of swell/shrink effects, the briclowork will in some cases
retwrn to its original position after completion of a cycle, however it
is more likely ehiat the rotational effect will riot be exactly reversed,
and it is also usual that brickwork will setide in its new position and
will resist che forces trying to return it to its original position. This
means thar in a case where swelling takes place after construction
and cracking occurs, the cracking is likely to at least partly remain
after the shrink segment of the cyde is complete. Thus, each time
the gycleIs repeated, the likelihood is that the cracking will became
wider until the sections of brickwork become virually independent.

With repeated cycles, once the cracking is established, if there is no
other complication, it is normal for the incidence of cracking to
stabilise, =s the building has the articulation it needs o cope with
the problem. This is by no means always the case, however, and
monitoring of cracks in walls and Hoors should always be treated
seriously:

Upheaval caused by growth of tree roots under footings is nota
simple vertical shear stress. There is 2 tendency for the root to also
exert lateral forces that attempt ta separate seatfons of brickwork
after initial cracking has occurred,



.

[

The normal structural arrangement is that the inner leaf of brick-
work in the external walls and at least some of the internal walls
(depending on the roof type) comprise the load-bearing structure on
which any upper flooss, ceilings and the roof are supported. In these
cases, it is internally visible cracking that should be the main focus
of attension, however there are a few examples of dwellings whose -
external leaf of masonry plays some supporting role, so this should
be checked if there is any doubt, In any case, externally visible

cracking is imporrant as a guide to stresses on the structure generally,

- and it should zlso be remembered that the external walls must be

czpable of supporting themselves.

Effects on framed structures

Timber or steel framed 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 lower because
of the lighter weight of walls. The main risks to framed buildings are
encountered because of the isolared pier footings used under walls,
Where erosion or saturation cause 2 footing to fall away, this can
double the span which a wall must bridge. This additional stress can
create cracking in wall linings, particulatly where there is a weak
point in the structure caused by 2 door or window opening. It is,
however, unlikely that framed structures will be o stressed as to suffer
serious damage without first exhibiting some or all of the above
symptoms for a considerable period. The same warning period should
appg in the case of upheaval. It should be noted, however, that where
framed buildings are supported by strip footings there is only one leaf
of brickwork and therefore the externally visible walls are the
supporting structure for the building. In this case, the subfloor
masonry walls can be expected to behave as full brickwork walls.

Effects on brick veneet structures

Because the load-bearing structure of a brick veneer building is the
frame that males up the interior leaf of the extetnal walls phus
perhaps the internal walls, depending on the type of reof, the
building can be expected to behave as a framed structure, except that
the external masonry will behave in = similar way to the external leaf
ofa full masonry structure.

iWnl'er Service and Drainage

Where 2 water service pipe, a sewer or stormwater drainage pipe is in
the vicinity of a building, a water leak can cause erosion, swelling or
saturation of suseeptible soil. Even 2 minuscule leak can be enough
to sanurate a clay foundadon. A leaking tap near a building can have
the same effect. In addition, trenches containing pipes can become
watercourses even though backfilled, particularly where broken
rubble is used as fill. Water that runs along these renches can be
resgonslble for serious erosion, interstrata seepage into subfloor areas
and saturation.

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

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

concentrated in 2 small area of soil:

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

° Corroded gutrering or downpipes can spill water to ground.

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

E Seriousness 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 a reproduction of Table C1 of AS 2870,

AS 2870 alsa publishes figures relating to cracking in concrete floors,
however becanse wall cracking will usually reach the critical point
significantly éarlier than cracking in slabs, this table is not

reproduced here.

|
! Prevention/Cure

Plumbing

Where building moverment is caused by water service, mof plumbing,
sewer or stormwater failure, the remedy is to repair the problem,

It is prudent, however, to consider also rerouting pipes away from
the building where possible, and relocaring 1aps to positions where
any lealeage will not direct water to the building vicinity. Even where
gully traps are present, there is sometimes sufficient spill to create
erosion or saturation, particularly in modern installarions using
smaller diameter PVC fixtures. Indeed, some gully traps are not
situated directly under the raps that are installed to charge them,
with the result that water from the tap may enter the backfilled
trench that houses the sewer piping. If the trench has been poorly
bacldilled, the water will either pond or flow sleng the bortom of
the trench, As these trenches usually run alongside the footings and
can be 2r 2 similar depth, it is not hard to see how any water that is
thus directed into a trench can easily affect the foundation’s ability to
support footings or even gain entry to the subfloor arsa.

Ground drainage

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

It is, however, sometimes necessary when attempting to prevent
water migration that testing be carried out to establish watertable
height and subsoil water flows. This subject is referred to in BTF 19
and may properly be regarded as an area for an expert consultant.

Protection of the building perimeter
Tt is essential to remember that the soil that affects footings extends
well beyond the actual building line. Watering of garden plants,

shrubs and trees causes some of the most serfons water problems.

For this reason, particularly where problems exist or are likely to
oceur, jt is recommended that an apron of paving be installed
around as much of the building perimeter as necessary. This paving

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS

Description of typical damage and required repair Approzimate crack width Damage
limit (see Note 3) category

Hairline cracks <0.1 mm ]
Fine cracks which do not need repair <1 mm 1
Cracks noriceable but easily filled. Doors and windows stick slightly <5 mm 2
Cracks can bz repaired and possibly a small amount of wall will need 5-15 mm (or a number of cracks 3
to be replaced. Doors and windows stick. Service pipes can fracture. 3 mm or more In one group)
Wearhertightness often impaired
Extensive repair work involving bresldng-out and replacing sections of walls, 15-25 mm bur also depend 4
especially over doors and windows. Window and door frames distort. Walls lean on number of cracks
or bulge noticeably, some loss of bearing in beams. Service pipes disrupted
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should extend cutwards a minimum of 900 mm (more in highly
reactive soil) and should have 2 minimum il away from the
building of 1:60. The finithed paving should be no less than 100
mu below brick vent bases.

Tt is prudent to relocate drainage pipes away from this paving, if
possible, to avoid complications from funure leakage, If this ismot
practical, earthenware pipes should be replaced by PVC and
backfilling should be of the same soil type as the surrounding soil
and compacted o the same density.

Fxcepr in aress where freezing of water is an issze, it Is wise to )
remove taps in the building area and relocate them wrell away Fom
the building — preferably not uphill from it {see BTF 19).

it may be desizable to install a grated drein at the outside edge of the
paving on the uphiil side of the building. If subsoil drainage is
needed this can be installed under the surface drain,

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

support flocring, insufficient ventilation creates ideal conditions for
condensation, pzrticularly where there js lirde clearance between the
floor and the ground. Condensation adds to the moisture already
present in the subfloor and significantly slows the process of drying
ozt Tnstallation of an adequare subfloos ventilation system, either
hrattrral or mechanical, is desirable,

Wizrning: Although this Building Technology File deals with
¢facking in buildings, it should be seid that subfloor moisture can
result in the development of other problems, notably:

» Water that is transmitted into masonry, meizl or dmber building
elements causes damage and/for decay to those elements.

= High subfoor humidity and moishuze content create an ideal
environment for varions pests, including termites and spiders,

» Where high moisture levels are transmitted to the flooring and
vyalls, an fncreass in the dust mite count can ensue within the
Tiving areas. Dust mites, as well a5 dempness in general, can bea
health harard to inhabitants, particulatly those who are
abnormally susceptible to respisatory silments.

The garden : !

The ideal vegeration layout is to have lawn or plans that require
only light watering immediately adjacent to the drainage or paving
edge, then more demanding plants, shrubs and tress spread outin
that orden .

Overwatering due to misuse of antomatic watering systerms is a

.common cause of saturation and water migration under footings. If

it is necessary to use these systems, it is imporiant to remove garden
beds 1o 2 completely safe distance from buildings.

Existing trees
Where a tee Is causing a problem of soil diying or there is the
existence ot threat of upheeval of footings, if the offending soots are
subsidiary and rheir removal will not significantly damage the rree,
they shonld be severed and a conctete or metal barder placed

. vestically in the soil to prevent fature roat growth in the direction of

the building, If it is not possible to remove the relevant roots
‘without ta the tree, an application to remove the tzee should
be made to the local zuthority: A prudens plan Is to wansplant likely
offenders before they become a problem.

Information on trees, plants and shrubs

State departments overseeing agriculture can give information
regarding root patterns, volume of warer needed and safe distance
from buildings of most species. Botanic gardens ate also sources of
information. Por information on plent toots and drains, see Building
Technology Eile 17.

Bxcavation |

Excavation aronnd footings must be propedy enginecred. Soil
supporting footings can only be safely excavated at an angle that
allows the soil under the footing to remain srable. This angle is
called the angle of repose (or friction) and varies significantly
between soil types and conditions. Reroval of soil within the angle
of repose will canse subsidence.

E_Rﬂmed;iuiiﬂn

Whete erosion has occurred thar has washed away soil adjacent to
foortings, 'soil of the same classificarion should be intreduced and
compacted to the same density: Where footings have been
undermined, augmentation or other specialist work may be required.
Rernediztion of footings and foundations is generally the realm of 2
specialist consultant.

“Where isolated footings rise and fall becanse of swell/shrink effect,
the homeowner may be tempted to alleviare floor bounce by filling
the pap that has appeared between the bearer and the pier with
blocking. The denger here is that when the nexc swell segment of the
cyele occuts, the extra blocking will push the floor vp intoan
accentuated dome and may also cause Jocal shear failure in the soil.
If it is necessaty to use blocking, it should behy a pair of fine
wedges and monitoring should ba earded out formighty:

This BTF was prepared by John Lewer FAIB, MIAMA, Pariner,
Consiruction Riagnosis.

The information in this and other Issues In the series was derived from varlous sources and was belleved to be corect when published.

The information is advisary. it Is provided in good falth and not claimed to be an exhaustive treatment of the relevant subject.

Further professlonzl advice needs to be obtained before teking eny action based on the information provided.

Disributed by
€SIROG PUBLISHING PO Box 1139, Collingweod 3066, Australic

"~ Freecall 1800 645 051 Tel (03] 96462 7666  Fox [03] 9662 7555 www.publish.esiro.co
Emall: publishing.sales@csiro.au

©® C3IR0 2003. Unauthorised copying of this Building Techrology fite is prohibfted



Appendix E:  Test Results

o 21854.0037-APPP752-117 Post Earthworks Investigation Plan
e 21854.0037-APPP752-118 Topsoil Depths Plan
° 21854.0037-APPP752-119 Earthworks Testing Location Plan

] Soil Expansion Test Results
° Post Earthworks Investigation Borehole Logs HAS to HA10 — 28 January 2016
s Post Earthworks Investigation Borehole Logs HAL to HA9 — December 2016

° Earthworks Test Results
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Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HA05

Hole Location: Refer to site plan

SHEET 1 OF 1

PROJECT: MillwaterAHP7-largelots

LOCATION: Arran Point

JOB No: 21854.0037

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

DRILL METHOD: HA

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

T+T DATATEMPLATE.GDT rbe

R.L:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, 3 g z o SOIL DESCRIPTION
GENERIC NAME, - 8 g 2 % E o Soil lype, minor components, plasticty or
ORIGIN, g § £ |r g F g g% § E— particle size, colour.
MINERAL COMPOSITICON. E reers z E 2 z E :lE 83 [ 5&| rockoescremon
- o| B | 77|uB|E |36 |B
2 3 _ 9 3 wZ|ES g a w Substance:  Rock lype, pariicle size, colour,
3 | a 0 E o E |2 C8IRE]® g minor components.
HEA L 4l =z |Z| 2 |EE|lza
% oy E % % = £ & o |o2|lda Defecls:  Type, inclinalion, thickness.
HHEHEE 3| 2 & | 8] 3 |28|E 3 [onssh .ns0n|onER i
FILL i H SILT, minor sand and gravel, some clay, i
| friable, dry to moist, brown and yellowish
N brown 4
S TR ] ]
0'5__ Vst -yellowish brown and grey 0'5__'
® 119/70kPa . 1
i clayey SILT, low plasticity, moist, light
. _ \brownish white mottled yellowish brown
158/70kPa . SILT, minor clay, non plastic, moist,
1.0 yellowish brown and grey 1.0
@ 120/44kPa N =
RESIDUAL SOILS ® 100/25kPa LTS sandy SILT, minor clay, low plasticity, 1~
i x:( . maist, light yellowish brown i
¥ X -moisl to wet, orange brown to light grey i
oo ]
g _
COMPLETELY ® 171/63kPa T SILT, non plastic, moist, grey i}
WEATHERED ECBF _x E
%
de ]
2.D—x x 5 2.0
E i
® §7/19kPa 13 x MS sandy SILT, non plastic, moist, grey i
X ]
st
— -
4 e =4
% .
® 70/16kPa jie % -moist to wel i
; VSt 2'5__
a L& i
B - Ix. i
B 138/44kPa ] ;g_’.; [ ™ME clayey SILT, low plasticity, moist, grey ]
8 X
= =X St
o e -
& % 1
k=] X
2 X zarill
2 ® §9/22kPa 30 i K MS sandy SILT, non plastic, wet, grey ]
i- -
R END OF BOREHOLE 3.1m (target depth)
w
BORELOG 616818.GFJ 28-Jan-2016

Log Scale 1:17.5



Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HA08

Hole Location: Refer to site plan

SHEET 1 OF 1

PROJECT: MillwaterAHP7-largelots

LOCATION: Arran Point

JOB No: 21854.0037

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

DRILL METHOD: HA

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

T+T_DATATEMPLATE.GDT rbe

R.L.:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, 4 g = " © SOIL DESCRIPTION
GENERIC NAME, - o % g ,,2, ﬁ Q Soil type, minar componenls, plasticity or
ORIGIN, 2 % [ ' E = | & g E ag pariicle size, colour.
= a
MINERAL COMPOSITION. E . . - /:g/ g 3 8z Eg = E E| rockoescrPTION
@ <} 18] 5|5z § T % 3 I Substance:  Rock lype, particle size, colour,
a é & @ & o E < E 5 glw £ miner components.
pur} (<] = T = E =
a E 'E'gJ g % % ‘E’ E g % E % E $ - Defecls: Type, inclination, thickness,
SHEEE 3|2 & | 8| 3|28|5 3[0s88 uaatn]endE oughnss, g
FILL | H SILT, some clay, low plasticity, moist, ]
i vellowish brown and brown _
®>221kPa ] ]
i -yellowish brown and grey ]
0.5 0.5+
®>221kPa il SILT, non plastic, moist, yellowish brown |
1 and grey .
®>221kPa ] ]
1.0 1.0—
COMPLETELY SILT, non plastic, moist, grey i
WEATHERED ECBF
® 155/32kPa sandy SILT, non plastic, moist, grey, minor 3
layers of low plasticity clayey silt |
® 202/27kPa L3% 154
e 2 i
e .
...,'Q .
% =
. J% i
>221kPa 1% ]
X i
e -
45X .
2.0 2,0+
e ]
®>221kPa 1% T
S5 ]
o .
- x =
X -
G A .k- E
Jxe it H
°® 1% Fi -1
utTe £ % _
25150 2.5
%! l
L% i
g 1
5 et "
= ® uTP X
£ K A
51 4 % ]
5 %] .
z P 1
i e 3 0—-8 & 3.0+
a5 UTP Bl v v sl
| END OF BOREHOLE 3.1m (target depth)
e il
BORELOG 616818.GPJ 28-Jan-2016

Log Scale 1:17.5



Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HAQ07

Hole Location: Refer to site plan

SHEET 1 OF 1

T+T DATATEMPLATE.GDT rbe

Log Scale 1:17.5

PROJECT: MillwaterAHP7-largelots LOCATION: Arran Point JOB No: 21854.0037
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 28/1/16
DRILL METHOD: HA HOLE FINISHED: 28/1/116
R.L: ' DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, o g z “ ) SOIL DESCRIPTION
GENERIG NAME, =N 8 i % % T E Soil type, minor components, plasticily or
ORIGIN, £ g £ i E =| 897 [ae pariicle size, colour.
MINERAL COMPOSITION. E - " é } 2zla= ; E = 5 E | ROCKDESCRIPTION
[ 8 ~ |8 g |wsz % 5 % 3 I} Substance:  Rock lype, particle size, colour,
9 e o 8 o @ ~ E % il g 5 T @ Q minor components,
a wl2|z =] E £ 2 |hc|ag Defecis:  Type, Inclination, thickness,
HHEEE 302 B8] 3 (28|83 |eness con|ontl s
FILL | H SILT, friable, moist, yellowish brown and
i grey, minor gravel E
*uTp 1 SILT, some clay, low plasticity, moist, i
| yellowish brown and grey B
0.5 0.5
®>221kPa 7 i
N Vst ]
® 149/51kPa g ]
1.0 1.0
COMPLETELY ® 96/17kPa JF s St sandy SIL.T, non plastic, moist, grey i
WEATHERED ECBF e U
. s
s E
N -
X" VSt |
s ”
® 128/44kPa L3y 1.5
+ 5 af
) o
S o
e
I® £ ML St SILT, some clay, low plasticity, moist, grey ]
® 93/22kPa T x K
— i X -
— X -
= 2.0
- tﬁ T MS VSt sandy SILT, non plastic, moist to wet, prey =~ |
® 138/22kPa % I
H g
®>221kPa ]
2.5
= -
S .
3 | _
[=9
g UTP ]
3 N
=
(=] —
= 4
| 3 ]
i) *ute . 3.0
MC clayey SILT, low plasticity. moist. grey
4 END OF BOREHOLE 3.1m (target depth)
P =
BORELOG 616818.GP] 28-Jan-2016



Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HA08

Hole Location: Refer to site plan

SHEET 1 OF 1

PROJECT: MillwaterAHP7-largelots

LOCATION: Arran Point

JOB No: 21854.0037

CO-ORDINATES:

DRILL TYPE: 50mm hand auger
DRILL METHQOD: HA

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

T+T DATATEMPLATE.GDT rbe

R.L:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, 4 2 z \ o SOIL DESGRIPTION
GENERIC NAME, — o ﬁ 2 3 E Soil type, minor companents, plasticity ar
ORIGIN, ® > = E E ;."" 27 | 8¢ pariicle size, colour.
INERAL COMPOSITION, % a & us £
RERS g — o é /Q/ 2 § z S SE o ROCK DESCRIPTION
0n o - 9 = |uz Qi -] o h Substance:  Rock type, pariicle size, colour,
§ H:‘ ala g € 2 5 g g E g w (=1 minor components.
= o =3 T e z |[EE|lz @& e
o(glw|z|= = [ = E B w |n2|dag Delects:  Type, inclination, thickness,
é g § g g % Eij % g é g § E é Sﬁgg roughness, filling.
FILL i ) ; SILT, some clay, low plasticity, moist, i
jl vellowish brown mottled light brown B
® |38/70kPa ] clayey SILT, low plasticity, moist, yellowish
a brown and light brown |
Va4
O'St SILT, non plastic, moist, yellowish brown =~ |
and grey ]
®>221kPa il ]
®>221kPa il ]
1.0 1.0
© 190/84kPa N ]
COMPLETELY ” I 5_" % SILT, non plastic, moist, grey mottled 1 5]
WEATHERED ECBF 114/25kPa T x yellowishbrown ]
—x x -
- X -
— X -
x
-4 —
® 4 * -
150/35kPa x . i
x .
X
e ]
o X el
2.0 5 2.0 ]
q1 x
® 149/28kPa T x -minor clay ]
—x .
X
I 4
- ® =
- ® —3
® 220/38kPa L ]
X A
7_5_:x " SILT, non plastic, moist, grey =]
b
g i K sandy SILT, non plastic, moist, grey |
z el i
= ® 209/40kPa iy
E e o)
8 .'_ x‘ _
g o -
[ =% .
o _ XA L]
=2 ¢ % )
T ®>221kPa i 3.0
ES
N END OF BOREHOLE 3.1m (target depth)
4
BORELOG 616818.GFJ 28-Jan-2016

Log Scale 1:17.5



T+T DATATEMPLATE.GDT rbe

BOREHOLE No:HAQ09
BO RE HOLE LOG Hole Location: Refer to site plan

Tonkin+Taylor SHEET 1 OF 1

JOB No: 21854.0037

PROJECT: MillwaterAHP7-largelots LOCATION: Arran Point
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 28/1/16

HOLE FINISHED: 28/1/16
R.L.: DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION

GEOLOGICAL UNIT, SOIL DESCRIPTION
GENERIC NAME,
ORIGIN,

MINERAL COMPOSITION.

DRILL METHOD: HA

Soil type, minor components, plaslicity or
particle size, colour.

ROCK DESCRIPTION

\VEATHERING
STRENGTH/DENSITY
CLASSIFICATICN

STRENGTH

(MPaj)

TESTS

COMPRESSIVE

Subslance:  Rock lype, parlicle size, colour,
minor componenls.

SHEAR STRENGTH
(kPa)
DEFECT SPACING
(mm)

Defecls:  Type, inclination, thickness,
roughness, filling.

CORE RECOVERY (%)
CLASSIFICATION SYMBOL

FLUID LOSS
WATER
METHOD
CASING
SAMPLES
RL (m)
DEPTH (m)
MOISTURE
CONDITION

250
1000
2000

eng28. 9558

X
>':l GRAPHIC LOG

=
@

clayey SILT, medium plasticity, moist, il
yellowish brown and light whitish grey F|

=z
[$]

RESIDUAL SOILS E |

Ly
% X
x& >}:«c

® 112/59kPa

o
i

¥ X XX
:J xlex

53

® 101/51kPa

11
x
xl x Ix k

T

® 100/41kPa

o
i |
ERETE
x| x Ix

L
T

® 43/13kPa

%
kol

53

ERE
XI KIK

&
ol

® 84/35kPa

L1
b3

TR
x!x Ix k

® 76/28kPa

P‘kx’lxl

2.0

!
|3
XIX

® 51/17kPa

* |
oty

1
XK
I x

® 51/16kPa

N
(¥
|
X]

Xk X[ XX x % x|
Ix b ol xI xIx k o x| x

|

® 44/16kPa

®33/14kPa 3.0+

Hole dry on completion

T
I x

END OF BOREHOLE 3.2m (target depth)

Log Scale 1:17.5 BORELOG 616818.GPJ 28-Jan-2016



Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No:HA10

Hole Location: Refer to site plan

SHEET 1 OF 1

PRQOJECT: MillwaterAHP7-largelots

LOCATION: Arran Paint

JOB No: 21854.0037

DRILL TYPE: 50mm hand auger

HOLE STARTED: 28/1/16

T+T DATATEMPLATE.GDT rbe

CO-ORDINATES:
DRILL METHOD: HA HOLE FINISHED: 28/1/16
R.L: ’ DRILLED BY:
DATUM: DRILL FLUID: LOGGED BY: rbe CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, 3 g z " 0 SOIL DESCRIPTION
GENERIC NAME, e g E g % E = 2 Soil lype, minor camponents, plasticity o
ORIGIN, 5 5 s EE ol -E- particle size, colour.
MINERAL COMPOSITION. % —_— z } :”ZJ 5 g = 5;. H{EJ - E = | ROCKDESCRIPTION
w 3 3| E <|8E|® | 8% |k Substance;  Rock lype, particle size, colour,
g g a & E g i g 8 I E i B minar companents.
= LR 21 E ! T u |[E5|lz o
o ;15_ wlx|= & E I o o o8|l g Defecis:  Type, Inclination, thickness,
HEHEEE 2| 2 8§ 3 [28|E 3|onsth .asmn|sul roughness, i
FILL i BN SILT, friable, dry to moist, light brown and
i yellowish brown _
®>221kPa ] ]
U.Sj 0.5
RESIDUAL SOILS = =™ clayey SILT, low plasticity, moist, light N
70/35kPa lirs brownish white mottled yellowish brown |
_*‘* -light greyish white mottled yellowish _
-t brown _
X
P % ML SILT, some clay, low plasticity, moist, |
. x orange brown and light greyish white i
82/38kPa X i
%
- X -
L0 § 1.0 g
X
—x -
5 4l
T
® §0/25kPa T X SILT, trace sand, non plastic, moist, light il
e x greyish white o
_x x :
4. =
x <
s X 1
® 60/25kPa 13 % | ™C clayey SILT, low plasticity, moist, ight "~ |
Ix greyish white mottled orange brown |
X
e 3
4 x o
1% -l
T x
® 59/27kPa T % ]
4 ¥ 2
S 1
g% -
Z.U—x-_x 2.0
- X -
S d
® 62/17kPa 5L 1
— X
_I® o ML SILT, some clay, minor sand, low to no 2
Ix plasticity, wet, orange brown B
X
s =
h"d
® 84/38kPa _X—K MC clayey SILT, medium plasticity, moist, light i
2.5-% greyish white mottled yellowish orange 2.5—
L brown 2
e
§ iy ]
5 x
a i
g— ® 104/49kPa ] ><—x | MCS clayey SILT, sandy, low plasticity, moist,
g _l','{ " light greyish white; light brownish white
g 4 mottled yellowish brown from 3m _
F: e .
= 4 o
2 X
= ® 101/36kPa 30 3.0
x__
i END OF BOREHOLE 3.1m (target depth)
. .
BORELOG 616818.GPJ 28-Jan-2016

Log Scale 1:17.5



HandAugerLog - B/O2/2017 4:36:20 p.m. - Produced with Core-GS by GeRoo

Tonkin+Taylor

HAND AUGER LOG

HOLE Id: HA1

SHEET: 1 OF 1

PROJECT: MILLWATERAHPY

LOCATION:; Arran's Paint - P7 S2

JOB No.: 0021854.0037_52

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

HOLE STARTED: 10/11/2016

b [
o w
PR T T S T S I S S Y T SO TN ST N S M

4.5

P T N NI S

{NTh4 2000) DRILL METHOD: HA HOLE FINISHED: 10/11/2016
R.L. ’ DRILLED BY: TAJ
DATUM: DRILL FLUID: LOGGED BY: TAJ CHECKED:
GEQLOGICAL ENGINEERING DESCRIPTION
aausica v,
—— "
P, H Desarption and
MATERIAL COMPOSITION, = £ : Additional Obserbvations
g TESTS § %E
B il & | § |23 &2
— & A 0.0m: Topsail.
opsoi
M H 0.2m: sandy SILT; yellowish brown mottled grey.
® >214 kPa Hard, moist, low to mederate plasticity.
®>214 kPa
Fill
®>214 kPa
®e1aPs 1.2m: clayey SILT; yellowish brown mattled grey.
Hard, moist, moderate plasticity.
® >214 kPa
®>214 kPa 1.8m; grey with yellow brown matiles.
Weathered East Coast Bt
Bays Farmation ®>214 kPa =
P
B
&
—
®>214 kPa Z.‘_f;
2 ﬁju—r
P
-:‘T
®5214 kPa Tasn
T
_Lﬁ&
b
_‘_...._K_
WSITZkPa &6

3m: END OF BOREHOLE

COMMENTS:

+|Hole Depth
i am

Scale 1:25




HandAugerlog - B/03/2017 4:36:20 p.m. - Produced with Core-GS by GeRoc

Tonkin+Taylor

HAND AUGER LOG

HOLE Id: HA2

SHEET: 1 OF 1

PROJECT: MILLWATERAHP7

LOCATION: Arran's Paint - P7 82

JOB No.: 0021854.0037_52

CO-ORDINATES:
{NZTM 2000)

DRILL TYPE: 50mm hand auger

DRILL METHOD: HA

HOLE STARTED: 10/11/2016
HOLE FINISHED: 10/11/2016

R.L.: DRILLED BY: TAJ
DATUM: DRILL FLUID: LOGGED BY: TAJ CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION

GEQLAGICAL LT,
GEMLRIC NALE,
aRiGN,

MATERIAL GOMPOSTION,

CORE RECOVERY (%)

WATER
METHOD

SCALA PENETROMETER
(Blowsiboum)

2 4 & 8 10 12 14 16 18
PR R S

TESTS

o
Z
g
£ E
23
8 | = 8
@ g 3 ¢8 g2
] = = I 2E &
z E E T 58 il
s & 3 gz | E3
3|z 4 g 28 3
3

E Description and

E',,. Additional Obserbvations
£

et =

i

2

i

=558§

Topsail

Fill

Weathered East Coast
Bays Formatian

®>214 kPa

®>214 kPa

@214 kPa

®>214 kPa

® >214 kPa

®>214 kPa

® =214 kPa

®>214 kPa

®>214 kPa

0.0m: Topsoil.

T
|

0.2m: sandy SILT; yellow brown mottled grey.
Hard, moist, low to moderate plasticity.

1.5m: clayey SILT; yellowish brown mottled grey.
Hard, moist, moderate plasticity.

1.7m: grey with yellow brown mottles.

LAY 0

1

35

1

4.0

4.5

3m: END OF BOREHOLE

COMMENTS:

;:|Hele Dapth
i am

Scale 1:25




HandAugerlog - 8/03/2017 4:36:20 p.m. - Produced with Core-GS by GeRoo

Tonkin+Taylor

HAND AUGER LOG

HOLE Id: HA3

SHEET: 1 0F 1

PROJECT: MILLWATERAHPY

LOCATION: Arran's Point - P7 82

JOB No.: 0021854.0037_82

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

HOLE STARTED: 20/10/2018

® 137/107 kPa

®137/92 kPa

w:vutuuu:
|

& 137/98 kPa

L
|

® 144/95 kPa

I“‘t‘xlll
|

(hzind 2000) sl T HOLE FINISHED: 20/10/2016
R.L.: ' DRILLED BY: TAJILG
DATUM: DRILL FLUID: LOGGED BY: TAJ/SREI CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
[
GeNERICNAYE 0
ereik, = 5 Description and
MATERIAL COMPOSTION z 2 = 4. Additional Obserbvations
5 e " I | 5|
R g1 . £ g =2 i w
glg |k el £ £ |8 |38
2|18 |E| 2 4 8 8 10 12 14 18 18 : |z & H g3 £3 |[sasz3
: {2 0.0m: Topsaoll.
Topsall £ TS
VSt-H 0.2m: sandy SILT; vellowish brown with grey
@ 214/-kPa mattling. Very stiff to hard, dry to moist, low
plasticity.
0.5m: light yellowish brown. Moist.
® 183/113 kPa
® 179/113 kPa
VSt-H Clayey SILT; yellowish brown with grey mottling.
Very stiff to hard, moist, low plasticity.
® 189/113 kPa
®165/101 kPa
Weathered East Coast
Bays Formation
st Clayey SILT; yellowish brown and grey. Stifl, |

moist, maderate plasticity.

9
d

W 134/80 kPa

i L
o tn
P S S AT SRR S SN S S S SN SN SNN T S [ O S A T

»
2]
|

PR RS B T S

3m: END OF BOREHOLE

COMMENTS:

-|Hole Depth
bt am

Scale 1:25




Tonkin+Taylor

HAND AUGER LOG

HOLE Id: HA4

SHEET: 10F 1

PROJECT: MILLWATERAHP7

LOCATION: Arran's Point - P7 52

JOB No.: 0021854.0037_S2

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

HOLE STARTED: 26/10/2016

Weathered East Coast
Bays Formation

" |®@168/128 kPa

: |®198/146 kPa

® 175/107 kPa

®165/118 kPa

®162/134 kPa

® 198/156 kPa

lzTn20m) DRILL METHOD: HA HOLE FINISHED: 26/10/2016
R.L.: : DRILLED BY: TAJ/LG
DATUM: DRILL FLUID: LOGGED BY: TAJ/LLG CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
ceaLagaLUA,
cenEmGHAE, §
cran 4 & Description and
WATERIAL COMPOSITION. = g s i Addilional Obserbvations
g SCHA FENETROVETER TESTS § [ 2 5E
% (BlowsiOmm) . % w/Z %% E
Blg|8 : fle = § s E |
8|8 2 ¢ 8 8 1012141818 |2 1 H 93 | £5 |e=ss3
i TOPSOIL.
Tapsail
M| Vst Sandy SILT; yellowish brown with grey mottles.
® >214 kPa Very stiff, moist, low plasticity.
®>214kPa
®>214kPa
® =214 kPa

- increasing plasticity.

“
g

[k
<

P T S T T T T T S TRV N S T

Fig
o
PRI S B S|

4.5

3m: END OF BOREHOLE

COMMENTS:

H_apdAugerLag - 8032017 4:36:20 p.m. - Produced with Core-GS by GeRoc

=[Hole Depth
: am

Scale 1:25




Tonkin+Taylor

HAND AUGER LOG

HOLE Id: HAS

SHEET: 1 0F 1

PROJECT: MILLWATERAHP7

LOCATION: Arran's Point - P7 82

JOB No.: 0021854.0037_82

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

HOLE STARTED: 26/10/2016

Weathered East Coast
Bays Formation

® 198/86 kPa

®UTP

®UTP

®UTP

®UTP

C leuTP

: leuTP

@ 183/110 kPa

*UTP

R N Y v W
x|

(pzTmr200) DRILL METHOD: HA HOLE FINISHED: 26/10/2016

R.L.: ’ DRILLED BY: TAJLG
DATUM: DRILL FLUID: LOGGED BY: TAJILG CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
SEaLeGaAL LN,
eEA .
oRiEH, H E Description and
MATERIAL COMPOSITION = :‘:: = B Additlonal Ohserbvations

: o pevemoneren TESTS 5 g, | BE

: g |2 8BS | %

cl § |||
E|a @ £ g £0 ol
)82 2468 1012181518 iz g g 83 | E3 |=a=gg
R BRI
Topsall 1 :I.S TOPSOIL.
M VSt Sandy SILT; yellow brawn, grey mottles. Very

stiff, moist, low plasticity.

1.5m: becomes moderate plasticity.

Clayey SILT; yellow brown, grey mottles. Very
stiff, moist, low plasticity.

L |euTP

>0

35

PRI R B S

4.0

R R R T

4.5

PSRN B S|

3m: END OF BOREHOLE

COMMENTS:

HandAugerLag - 8/03/2017 4:38:20 p.m. - Produced with Core-GS by GeRoc

Hole Depth
3m

Scale 1:25




HandAugerLog - 8/03/2047 4:36:20 p.m. - Produced with Core-GS by GeRoc

HOLE Id: HA&

HAND AUGER LOG
Tonkin+Taylor

PROJECT: MILLWATERAHP?7 LOCATION: Arran's Paint - P7 S2 JOB No.: 0021854.0037_S52
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 20/10/2016
e T —_— HOLE FINISHED: 20/10/2016
R.L.: ’ DRILLED BY: TA/SREI
DATUM: DRILL FLUID: LOGGED BY: TAJ/SREI CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
““EW-- . % E Description and
MATERIAL EONROSITION. £ 2 . B Additional Obserbvations
E SCMAc;uEysTm%EER TESTS } 5 E&
1B g q|_ §| g | 8E | BE | ®
Ble |z s | & E| & | B8 | 58
HEEEREER N R 3|z g & §8 | &o |=
: X M| Vet Sandy SILT; yellowish brown, grey mottles. Very
stiff, moist, low plasticity.
©:214 kPa
24P 0.6m: with pink mottles.
®>214 kPa
| As above, but more dlayey SILT. N
®>214 kPa
Fill 1.3m: becomes sandy SILT, with pink mottling.
Dry to moist.
®:214 kPa
®>214 kPa
i |®@>214 kPa
®>214 kPa
- D-M 2.7m: END OF BOREHOLE
a0
3.5*_
410—:
4.5-_
COMMENTS:

»|Hole Depth
i 27m

Scale 1:25




HAND AUGER LOG

Tonkin+Taylor

HOLE Id: HA7

SHEET: 1 QF 1

PROJECT: MILLWATERAHP7

LOCATION: Arran's Point - P7 82

JOB No.: 0021854.0037_S2

CO-ORDINATES:

DRILL TYPE: 50mm hand auger

HOLE STARTED: 20/10/2016

HandAugerLag - 8/03/2017 4:36:20 p.m. - Produced with Core-GS by GeRec

=|Hole Depth
= 3m

(NZTW 2000) ORILL METHOD: HA HOLE FINISHED: 20/10/2016
R.L.: ’ DRILLED BY: TA/SREI
DATUM: DRILL FLUID: LOGGED BY: TAJ/SREI CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
QEALOGICAL UHIT,
— Y
RGN, z 5 Description and
WATERIAL COMPOSITION = E x Q? Additional Gbserbvations
o =t
55|82 81 | &8 |65 |5
i B
1S TOPSOIL.
Topsoil LTS
S
JE— M VSt Clayey SILT, traces of sand; grey and yellow and
® >214 kPa T nink mottling. Very stiff, moist, moderate
=3 plasticity.
=
0.5-{=F=p
-Lx._’l.
®>214 kPa 1=
_“—"'7
J‘_:_k_
'JL-—-EJL
e
®>214 kPa P
1.0
| Sandy SILT; grey, yellow brown matiles. Very
@ =214 kPa stiff, moist, low plasticity.
‘ ®>214kPa 153 | Sandy SILT: yeliow brown, with grey motiling, |
Fill Very stiff, moist, low to moderate plasticity.
2.0
®>214 kPa
| Sandy SILT; yellowish brown with grey mottling. |
®>214 kPa Very stiff, moist, low plasticity.
® 5214 kPa 257
® 5214 kPa
e 3m: END OF BOREHOLE
3.51
4.0*_
4.5
COMMENTS:

Scale 1:25
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Tonkin+Taylor

HAND AUGER LOG

HOLE Id: HA8

SHEET: 1 QF 1

PROJECT: MILLWATERAHP?7 LOCATION: Arran's Point - P7 52 JOB No.: 0021854.0037_82
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 20/10/2016
et 0] e ——— HOLE FINISHED: 20/10/2016
R.L: ’ DRILLED BY: TA/SREI
DATUM: DRILL FLUID: LOGGED BY: TAJ/SREI CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
—— £ i Diséription &nd
MATERIAL CONPOSITIC, z g r ‘E; Addltional Obserbvalions
x scués:mwmn TESTS g £ 4 Z g
HHHEEEEE LA ila BB |8
: TOPSOIL.
Topsoil
£ M | Vst Clayey SILT, with sand; yellow brown, with grey
: |®@>214 kPa ] mottles. Very stiff, moist, low plasticity.
0.5:,
®>214 kPa ]
] 0.7m: dry to moist.
®35214 kPa ]
1.0
1 1.1m: no grey mottles, moist.
®>214 kPa i
®>214 kPa 1.5
A ] [ Ciayey SILT, with minor sand; grey and ik |
] mottling. Very stiff.
®5214 kPa ]
20
®>214 kPa ]
® >214 kPa 1
2.5
@ >214 kPa
=) D-M 3m: END OF BOREHOLE
] M
3.5-_
4.0
45
COMMENTS:
-|Hala Depth
s 3am

Scale 1:25
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HOLE Id: HAS

HAND AUGER LOG
Tonkin+Taylor ik

PROJECT: MILLWATERAHP7 LOCATION: Arran's Paint - P7 S2 JOB No.: 0021854.0037_82
CO-ORDINATES: DRILL TYPE: 50mm hand auger HOLE STARTED: 20/09/2016
ETzale) e HOLE FINISHED: 20/09/2016
R.L: ! DRILLED BY: TRJM
DATUM: DRILL FLUID: LOGGED BY: TRIM CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
ORIGIN, % % Description and
NATERIAL COMPLSITION, = E r s Addltional Obserbvations
> SCALA PENETROMETER TESTS 5 Si g %
é (BlowsTmm) i y EE 5
1 g | 2 |||k
Blg|d dle E|§ | B g3
HHIIEREEE NN E HEEEIEEE AR G
P 0.0m: Topsail.
LTS opsoi
Topsoil 4 8.
Je &
KU :
@214 KPa S DM H 0.3m: clayey SILT,; light yellowish brown mottled
T light grey. Hard, dry to maist, low to non-plastic.
Jul
CI.S*__“_”‘T
®:214kPa i
x
Jsns D 0.7m: SILT with some clay; light yellowish brown
=—Tom mottled light grey. Hard, dry, non-plastic.
®5214 kPa T
1 U_,,""T 0.8m: clayey SILT; light brown mottled yellowish
' -JT brown and grey. Hard, dry to meist, low to non-
Fill e plastic.
Joet
®UTP Jetie 1.2m: dry, non-plastic,
P
s
:Jl—i g2
Wit
®>214 kPa 15 P o 1.5m: dry to maist, low to non-plastic.
RS
7
B
v".—n.T
*UTR ¥= | D 1.8m: SILT with minor clay; light brown mottled
] m— yellowish brown and grey. Hard, dry, non-plastic.
2.0*_
] 1.9m: Refusal
254
3.0
3.5+
4.0—_
4.5
COMMENTS:
«|Hole Dapth
bl 1.9m

Scale 1:25
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