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30 March 2020
Dean Gregory
GW Cashmere
PO Box 36511, Merivale
Christchurch 8014

Dear Dean,
Subject: Quarry Gate Stage 4, 5A, and 6 geotechnical completion report
Lots 46-78, 88-104
Aurecon Ref. 253852
1

Overview

GW Cashmere Limited is developing the Quarry Gate subdivision located in Southwest Christchurch,
with the development for Stages 4, 5A and 6 nearing completion. Prior to granting the 224 signoff,
Christchurch City Council require a Geotechnical Completion Report recommending a Technical
Category for each lot in accordance with Section 10.4 of the subdivision consent.
Prior to subdivision construction, the site was predominantly Technical Category 2 (TC2) except for
Lots 75-78, 88-92, 101 and 102, which required ground improvement to meet the TC2 standard. The
required ground improvements which have now been completed are presented in the attached letter,
‘Quarry View TC3 to TC2 Ground Improvement – Geotechnical Specification’ dated 13 December
2018. Ground improvement works were completed by Texco Ltd between October 2019 and February
2020.
The wider earthworks within these stages, including compaction of silt and sand above the ground
improvement layers, were supervised by the site civil engineer, Site Solutions Ltd. Details of the
original geotechnical assessment liquefaction and lateral spreading assessment can be found in the
original Geotechnical Report for Subdivision Consent “Quarry View Subdivision, Halswell
Geotechnical Subdivision Consent Report” Reference 253852, Revision 1, dated 4 May 2018. This
letter shall be read as a whole and in conjunction with the attached letter report and inspection
records.

2

Ground Improvement

Ground improvement was constructed in Lots 75-78, 88-92, 101 and 102 to improve the ground to
meet the TC2 standard for expected liquefaction in a future earthquake. The ground improvements
comprised a 2m deep ‘densified crust’ ground improvement similar to strengthened crust (capping
layer) in general accordance with Section C, 15.3 of the MBIE Guidelines for repairing and rebuilding
houses following the Canterbury Earthquake Sequence. The ground improvement is specified in the
attached letter ‘Quarry View TC3 to TC2 Ground Improvement – Geotechnical Specification’ dated
13 December 2018. Crushed concrete material was used as an approved substitute for pit-run fill in
the base of the ground improvement layer.
Aurecon undertook four inspections of the ground improvement works during construction including
initial inspections to check the Texco construction methodology, and then random inspections during
construction. Minor defects encountered during inspections included a small tear in geotextile, which
was patched on site, and placement of unsuitably thick soil layers for the available construction plant.
This placement of overly thick layers, and potentially under compacted soil, was discussed with Peter
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Lyall of Texco, who confirmed that the affected area had been excavated and re-compacted and that
further compaction was being undertaken with a reduced layer thickness. The reduced layer thickness
was observed in the subsequent site inspection.
Texco have provided a producer statement PS3, certifying that the ground improvement works have
been undertaken in accordance with the plans and specification. On the basis of the provided PS,3
and the compliant site inspections, we consider that the ground improvements have been suitably
constructed to remediate the affected lots to meet TC2 characteristics.
Outside of the ground improvement area earthworks in Stages 1, 2 and 3 have comprised minor reshaping for local stormwater control and have been tested and subsequently certified by Site Solutions
Ltd, with between 0.1m and 1.3m of fill being placed across the lots in accordance with the attached
Cut/Fill plan. In our opinion, the 0.1 to 1.3m of fill placed across Stages 1 to 3 will not significantly
affect the liquefaction or lateral spreading assessment, and in a future earthquake the sites are
expected to behave consistent with a TC2 classification.

3

Foundation Recommendations

Based on the compliant site inspections, Texco producer statement and Site Solutions Ltd confirming
compaction to NZS4431 standard we consider that all residential lots in Stages 4, 5A and 6,
comprising Lots 46-78 and 88-104, are likely to perform to an equivalent TC2 standard in a future
earthquake. This means that “minor to moderate land damage from liquefaction is possible in future
large earthquakes”. We recommend that residential buildings are founded on MBIE TC2 Type
enhanced foundations, as outlined in Section 5 of the MBIE Guidance (2012 and 2014).
In accordance with the MBIE Guidance, lot specific shallow geotechnical investigations are required to
confirm the available bearing capacity and ground conditions for each lot to support Building Consent.
Deep investigations should not be undertaken, particularly in the areas where ground improvement
have been undertaken as this would create holes through the geofabric layer.

4

Explanatory Statement

We have prepared this report in accordance with the brief as provided. The contents of the report are
for the sole use of the Client and no responsibility or liability will be accepted to any third party. Data or
opinions contained within the report may not be used in other contexts or for any other purposes
without our prior review and agreement.
The recommendations in this report are based on data collected at specific locations and by using
appropriate investigation methods with limited site coverage. Only a finite amount of information has
been collected to meet the specific financial and technical requirements of the Client’s brief and this
report does not purport to completely describe all the site characteristics and properties. The nature
and continuity of the ground between test locations has been inferred using experience and judgment
and it must be appreciated that actual conditions could vary from the assumed model.
Subsurface conditions relevant to construction works should be assessed by contractors who can
make their own interpretation of the factual data provided. They should perform any additional tests as
necessary for their own purposes.
Subsurface conditions, such as groundwater levels, can change over time. This should be borne in
mind, particularly if the report is used after a protracted delay.
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This report is not to be reproduced either wholly or in part without our prior written permission.

Adrian Short – CPEng 1024527

Ian McPherson – CPEng 49903

Senior Geotechnical Engineer

Technical Director – Ground Engineering

Attachments:
-

Texco Producer Statement PS3

-

Quarry View TC3 to TC2 Ground Improvement – Geotechnical Specification

-

Site Inspection Records GE-01 to GE-04
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Aurecon New Zealand Limited
Level 2, Iwikau Building
93 Cambridge Terrace
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christchurch@aurecongroup.com
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13 December 2018

Dean Gregory
Gillman Wheelans
PO Box 36511, Merivale
Christchurch 8014

Dear Dean
Quarry View
TC3 to TC2 Ground Improvement – Geotechnical Specification
1

Introduction

Two areas at the south and south west corners of the ‘Quarry View’ subdivision were identified as
Technical Category 3 equivalent (TC3) land during geotechnical investigations in 2018. These areas
comprise 11 lots in three groups as shown in Drawing 2691 C1.1 appended to this letter. The areas
include 1A (Lots 88 to 92), 1B (Lots 101 and 102) and 2 (Lots 75 to 78).
The Aurecon report Quarry View Subdivision, Halswell - Geotechnical Subdivision Consent Report
issued 4 May 2018 presents construction requirements for ground improvements to achieve Technical
Category 2 equivalent (TC2) land performance in a future earthquake. The preferred method of
ground improvement is a strengthened crust (capping layer) in general accordance with Section C,
15.3 of the MBIE Guidelines for repairing and rebuilding houses following the Canterbury Earthquake
Sequence.
2

Densified Crust Construction

2.1

General

Due to changing ground water levels across the site, there are two densified crust ground
improvement options.
The preferred densified crust ground improvement will comprise excavating soils to 2m depth below
finished site level. The base comprises of 0.3m of pit run gravel, overlain with 1.4m of compacted silt,
and 0.3m of topsoil. A Bidim A19 geotextile filter fabric will be placed on the base of the excavation
and will be reinforced with one layer of TX170 or Secugrid Q1 40/40 geogrid prior to backfilling. The
bottom of the silt layer will be reinforced with one layer of geogrid. Details of this design are shown in
Drawing No. 2691 C1.5 appended to this letter. Due to uncertainty over the location of buildings on the
sites the entire lot is to be improved. This crust design is recommended for Area 2 as shown in
Drawing No. 2691 C1.1 appended to this letter.
Construction for the preferred densified crust ground improvement may be difficult due to the presence
of shallow groundwater. If ground water depth is too shallow, or too difficult, to control to allow
construction, then an alternative densified crust option is available as follows. The alternative densified
crust ground improvement will comprise excavating soils to 2.0m depth below finished site level,
placing 0.5m of pit run gravel with one layer of geogrid, overlain by 1.2m of re-compacted silt, and
0.3m of topsoil. A Bidim A19 geotextile filter fabric will be placed in the base of the excavation prior to
backfilling. Details of this design and recommended build sequence are shown in Drawing No. 2691
C1.4 appended this letter. Due to uncertainty over the location of buildings on the sites the entire lot is

Project 253852 File 253852 - Quarry View Ground Improvement - Geotechnical Specification Rev0.docx 13 December 2018 Revision 0 Page 1

to be improved. This crust design is recommended for Areas 1A and 1B, as shown in Drawing No.
2691 C1.1 appended to the back of this letter.
We note that either crust option can be employed on site (depending on groundwater levels), but one
option must be used across any given single lot.
Site Solutions have prepared the construction drawings and will be supervising the densified crust
construction, with site visits by Aurecon at critical stages.
The construction requirements for the densified crust are detailed below.
2.2

Fill Material and Soil Compaction

▪
▪

The capping layer shall be formed a combination of pit run gravel and silty soils.

▪

The pit run gravels at the base of the capping layer shall be well graded and meet the CCC AP65
grading and particle size requirements.

▪

All soil materials (both site won fill and pit run gravels) shall be compacted to a minimum density of
95% of maximum dry density (MDD) at optimum water content. The target density for silt shall be
determined from the standard compaction test NZS 4402:1988 tests 4.1.1 and for pit run from the
vibrating hammer test NZS4402:1998 Test 4.3.3. All fill shall be placed in accordance with
NZS4431. A minimum of one laboratory compaction test per 2,000m3 is required for each soil type
used in the densified raft to determine the MDD and optimum moisture content. In situ soil
compaction testing shall be undertaken by NDM in accordance with NZS4431.

▪

The contractor shall provide the geotechnical engineer copies of the compaction and moisture
content test results prior to construction of the capping layer commencing.

▪

The base of the excavation shall be level and stable before backfilling. If the groundwater is greater
than 0.5m above the base of the excavation, or soft soils are present, then the excavation may
require dewatering and/or an additional layer of pit run placed to stabilise the base of the excavation
before building up the densified crust. The geotechnical engineer should be contacted to confirm
options if ground water is more than 0.5m above the floor of the excavation.

▪

The contractor shall be responsible for controlling the moisture content of soils to enable adequate
compaction. In the event that the excavated material is either too wet or too dry to achieve the
specified compaction, the contractor shall be responsible for wetting, drying or blending the material
to achieve the compaction specification. Aurecon have not conducted laboratory testing to verify the
moisture content of the in situ material, this shall be the responsibility of the contractor.

All organic material, topsoil, soft compressible or otherwise unsuitable material where encountered,
shall be cut to waste.

2.3

Geotextile and Geogrid Placement

▪

The geotextile separator fabric at base of the excavation shall comprise of Bidim A19 or similar
approved by the geotechnical engineer.

▪

The geotextile fabric shall be laid on a flat and level surface and pulled tight to be free of wrinkles
and bulges before the first layer of backfill is placed. A minimum lap width shall be maintained in
accordance with the manufacturer’s installation guidelines.

▪

Geogrids shall be laid on a flat and level surface and pulled tight to be free of wrinkles and bulges
before the next layer of soil is placed. A minimum lap width shall be maintained in accordance with
the manufacturers installation guide.

▪

The bottom layer of the geogrid shall not be lapped at the same location as the geotextile filter
fabric immediately below.
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▪

Plant must not track directly on the geogrid. A minimum of 0.3m of fill shall be placed on the geogrid
before any plant is allowed to track on the surface. Spreading of soil shall be undertaken with small
plant that does not induce any damage to the geogrid.

▪

Geogrid shall be handled and installed in accordance with the manufacturer’s installation guidelines.

2.4

Services

Geogrid shall not be cut to accommodate services unless specifically detailed by the geotechnical
engineer.
2.5

Future Residential Houses

To provide the best seismic resilience houses should:

▪
▪

Use light to mid weight cladding and roofing materials only.
The structural form should be restricted to timber frame (or light weight cold-rolled steel equivalent).

In order to fully utilise the capping layer, and achieve the expected Technical Category 2 performance,
all foundations will need to be set back a minimum of 1m from the boundary. These setback distances
are geotechnical requirements and do not supersede any planning rule.
3

Limitations

We have prepared this report in accordance with the brief as provided. The contents of the report are
for the sole use of the Client and no responsibility or liability will be accepted to any third party. Data or
opinions contained within the report may not be used in other contexts or for any other purposes
without our prior review and agreement.
The recommendations in this report are based on data collected at specific locations and by using
appropriate investigation methods with limited site coverage. Only a finite amount of information has
been collected to meet the specific financial and technical requirements of the Client’s brief and this
report does not purport to completely describe all the site characteristics and properties. The nature
and continuity of the ground between test locations has been inferred using experience and judgment
and it must be appreciated that actual conditions could vary from the assumed model.
Subsurface conditions relevant to construction works should be assessed by contractors who can
make their own interpretation of the factual data provided. They should perform any additional tests as
necessary for their own purposes. Subsurface conditions, such as groundwater levels, can change
over time. This should be borne in mind, particularly if the report is used after a protracted delay.
This report is not to be reproduced either wholly or in part without our prior written permission.
Yours faithfully,

Charles Mangos

Ian McPherson

Engineering Geologist

Technical Director – Ground Engineering

Enc:

Site Solutions Capping Layer Plan Drawing 2691 C1.1
Site Solutions Capping Layer Design 1 Drawing 2691 C1.4
Site Solutions Capping Layer Design 2 Drawing 2691 C1.5
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Aurecon New Zealand Limited
Level 2, Iwikau Building
93 Cambridge Terrace
Christchurch 8013
New Zealand

T +64 3 366 0821
F +64 3 379 6955
E christchurch@aurecongroup.com
Waurecongroup.com

Site Inspection Report
253852-SIR-GE-001
Client

Gillman Wheelans

Inspection Date

23 October 2019

Project Name

Quarry Gate TC3 ground
improvements

Project No

253852

Copies to

Dean Gregory

Pages

2

Purpose

Inspection – ground improvement works

(including this page)

IMPORTANT NOTICE The information contained in this document is CONFIDENTIAL and may also be LEGALLY PRIVILEGED, intended only for
the addressee. If you are not the addressee, you are hereby notified that any use or dissemination of the information and any copying of the
document is strictly prohibited. If you are not the addressee, please immediately notify us by telephone and we will arrange for the return of this
document to us.

Take 5 Safety Check
Have you signed onto the SWMS form?
Y
N

Is the SWMS current? (If no, provide details below).
Y
N

Any new hazards? (If yes, provide details below).
Y
N

Appropriate safety equipment and PPE is being
used? Y
N

IMPORTANT NOTICE All Items noted in this report shall be responded to by the contractor in writing. Contractor’s response shall indicate actions

taken/actions to be taken in response to this report. Contractor’s response shall include visual photographic evidence of any work deemed as an error or
omission, in this report, prior to covering the material/item. If visual photographic evidence does not show construction document compliance the engineer
may require demolition of work to expose the condition in question to verify construction documentation compliance. Any demolition and subsequent reconstruction due to the absence of sufficient visual evidence shall be at the contractor’s expense with no cost to the owner or the design team, unless
specifically stated otherwise in the construction documentation or the construction contract.

1

Description

An Aurecon geotechnical engineer, Adrian Short, visited the site on 23
October and met with Peter Lyall from Texco on site.
The excavation comprised wet sandy silt, with visible subsoil field drain
trenches. Visually, the excavation appears to be located at Lot 78

2

Photos
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3

Site Discussions

4

Comments/
Recommendations

-

Discussed backfilling detail, comprising 2m total thickness.
Excavation currently only 1.4m below finished surface and will be
deepened to 2.0m below finished surface before placing
bidim/grid.

-

Crushed concrete backfill is minimum 0.3m, or thicker as
required to get excavation above groundwater and enable
compaction to 95%. If weaving is an issue, smaller compaction
plant can sometimes help reduce weaving and improve
compaction.

As above, excavation to be deepened to 2.0m below fsl before
backfilling.

Prepared by

A. Short (Senior Geotechnical Engineer)

Approved by

I. McPherson (Technical Director – Ground Engineering)
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Aurecon New Zealand Limited
Level 2, Iwikau Building
93 Cambridge Terrace
Christchurch 8013
New Zealand

T +64 3 366 0821
F +64 3 379 6955
E christchurch@aurecongroup.com
Waurecongroup.com

Site Inspection Report
253852-SIR-GE-002
Client

Gillman Wheelans

Inspection Date

24 October 2019

Project Name

Quarry Gate TC3 ground
improvements

Project No

253852

Copies to

Dean Gregory

Pages

2

Purpose

Inspection – ground improvement works

(including this page)

IMPORTANT NOTICE The information contained in this document is CONFIDENTIAL and may also be LEGALLY PRIVILEGED, intended only for
the addressee. If you are not the addressee, you are hereby notified that any use or dissemination of the information and any copying of the
document is strictly prohibited. If you are not the addressee, please immediately notify us by telephone and we will arrange for the return of this
document to us.

Take 5 Safety Check
Have you signed onto the SWMS form?
Y
N

Is the SWMS current? (If no, provide details below).
Y
N

Any new hazards? (If yes, provide details below).
Y
N

Appropriate safety equipment and PPE is being
used? Y
N

IMPORTANT NOTICE All Items noted in this report shall be responded to by the contractor in writing. Contractor’s response shall indicate actions

taken/actions to be taken in response to this report. Contractor’s response shall include visual photographic evidence of any work deemed as an error or
omission, in this report, prior to covering the material/item. If visual photographic evidence does not show construction document compliance the engineer
may require demolition of work to expose the condition in question to verify construction documentation compliance. Any demolition and subsequent reconstruction due to the absence of sufficient visual evidence shall be at the contractor’s expense with no cost to the owner or the design team, unless
specifically stated otherwise in the construction documentation or the construction contract.

1

2

Description

An Aurecon geotechnical engineer, Adrian Short, visited the site at
approx. 1pm

Photos

The excavation comprised wet sandy silt, and is now excavated below
the subsoil drain level. Appears to have been deepened by approx. 0.6m
to required depth of 2m below fsl. Bidim has been placed and Tensar
TX170 is being laid above the bidim.
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3

Site Discussions

Lap widths are 0.5m based on manufacturer’s instructions.

4

Comments/
Recommendation
s

N/A. No issues observed.

Prepared by

A. Short (Senior Geotechnical Engineer)

Approved by

I. McPherson (Technical Director – Ground Engineering)
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Aurecon New Zealand Limited
Level 2, Iwikau Building
93 Cambridge Terrace
Christchurch 8013
New Zealand

T +64 3 366 0821
F +64 3 379 6955
E christchurch@aurecongroup.com
Waurecongroup.com

Site Inspection Report
253852-SIR-GE-003
Client

Gillman Wheelans

Inspection Date

5 November 2019

Project Name

Quarry Gate TC3 ground
improvements

Project No

253852

Copies to

Dean Gregory

Pages

2

Purpose

Inspection – ground improvement works

(including this page)

IMPORTANT NOTICE The information contained in this document is CONFIDENTIAL and may also be LEGALLY PRIVILEGED, intended only for
the addressee. If you are not the addressee, you are hereby notified that any use or dissemination of the information and any copying of the
document is strictly prohibited. If you are not the addressee, please immediately notify us by telephone and we will arrange for the return of this
document to us.

Take 5 Safety Check
Have you signed onto the SWMS form?
Y
N

Is the SWMS current? (If no, provide details below).
Y
N

Any new hazards? (If yes, provide details below).
Y
N

Appropriate safety equipment and PPE is being
used? Y
N

IMPORTANT NOTICE All Items noted in this report shall be responded to by the contractor in writing. Contractor’s response shall indicate actions

taken/actions to be taken in response to this report. Contractor’s response shall include visual photographic evidence of any work deemed as an error or
omission, in this report, prior to covering the material/item. If visual photographic evidence does not show construction document compliance the engineer
may require demolition of work to expose the condition in question to verify construction documentation compliance. Any demolition and subsequent reconstruction due to the absence of sufficient visual evidence shall be at the contractor’s expense with no cost to the owner or the design team, unless
specifically stated otherwise in the construction documentation or the construction contract.

1

Description

An Aurecon geotechnical engineer, Adrian Short, visited the site at
approx. 3:15pm and met with Peter Lyall from Texco.
The first ground improvement lot has now been backfilled to base of
topsoil level. Two further lots have been excavated for ground
improvement, and crushed concrete is being placed on initial layers of
filter fabric and geogrid in accordance with design.

2

Photos

Photo 1) Correct geogrid stockpiled on site.
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Photo 2) Crushed concrete being spread. Material is crushed and well
graded, and looks suitable. Geogrid laps are acceptable, and grid is
lapped between excavation stages.
DCP 1

DCP 2

Photo 3) Lift thicknesses appear to be up to approximately 0.6m for
backfilled silty sand. Two DCPs were undertaken at the locations shown
above and gave results as per Table 1 attached at the back of this
inspection record.
Discussed with Peter Lyall;
3

Site Discussions

-

Crushed concrete material and geogrid placement looks good.
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4

-

NDMs for silty sand have passed based on discussion with
Peter Lyall but were not sighted. Based on the Scala, the top of
the lift is much denser than the base of lift. NDMs can only test
up to a maximum depth of 0.3m, so the NDM results will only
reflect the top 0.3m of soil.

-

For the 0.6m lift where it is compacted (DCP2), the top 0.3m has
a much higher scala blow count of the base of the lift. We
therefore think that the base of the lift is not compacted.

Compaction of silty sand appears to only extend 0.3m into each lift. We
recommend that lift thicknesses are restricted to approximately 0.3m
in future.

Comments/
Recommendations

We recommend that the area of silty sand that has been placed is
excavated and re-compacted with approximately 0.3m lifts.

Prepared by

A. Short (Senior Geotechnical Engineer)

Approved by

I. McPherson (Technical Director – Ground Engineering)

Depth

DCP 1 (blows
per 100mm)

DCP 2 (blows
per 100mm)

0.1

3

7

0.2

3

5

0.3

2

5

0.4

2

3

0.5

2

4

0.6

3

4

0.7

4

9

0.8

4

8

0.9

4

5
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Aurecon New Zealand Limited
Level 2, Iwikau Building
93 Cambridge Terrace
Christchurch 8013
New Zealand

T +64 3 366 0821
F +64 3 379 6955
E christchurch@aurecongroup.com
Waurecongroup.com

Site Inspection Report
253852-SIR-GE-004
Client

Gillman Wheelans

Inspection Date

28 November 2019

Project Name

Quarry Gate TC3 ground
improvements

Project No

253852

Copies to

Dean Gregory

Pages

2

Purpose

Inspection – ground improvement works

(including this page)

IMPORTANT NOTICE The information contained in this document is CONFIDENTIAL and may also be LEGALLY PRIVILEGED, intended only for
the addressee. If you are not the addressee, you are hereby notified that any use or dissemination of the information and any copying of the
document is strictly prohibited. If you are not the addressee, please immediately notify us by telephone and we will arrange for the return of this
document to us.

Take 5 Safety Check
Have you signed onto the SWMS form?
Y
N

Is the SWMS current? (If no, provide details below).
Y
N

Any new hazards? (If yes, provide details below).
Y
N

Appropriate safety equipment and PPE is being
used? Y
N

IMPORTANT NOTICE All Items noted in this report shall be responded to by the contractor in writing. Contractor’s response shall indicate actions

taken/actions to be taken in response to this report. Contractor’s response shall include visual photographic evidence of any work deemed as an error or
omission, in this report, prior to covering the material/item. If visual photographic evidence does not show construction document compliance the engineer
may require demolition of work to expose the condition in question to verify construction documentation compliance. Any demolition and subsequent reconstruction due to the absence of sufficient visual evidence shall be at the contractor’s expense with no cost to the owner or the design team, unless
specifically stated otherwise in the construction documentation or the construction contract.

1 Description

An Aurecon geotechnical engineer, Andrew Hills, visited the site at approx.
12pm
The excavation is complete. Bidim A19 geotextile has been placed and a layer
of Tensar TX170 geogrid is being laid above the geotextile.

2 Photos

Some areas of geotextile and geogrid appear wavy, likely due to heat.
However, observed contractor using piles of fill to hold grid flat and tight before
backfilling.
Small area of geotextile requires patching.
Some water ponding at the base of excavation.
Limited fill had been placed at the time of inspection.
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Site
Discussions
Comments/
4 Recommenda
tions
3

Expect to complete bulk filling by Monday afternoon (2/11/19).
Small area of geotextile shown requires patching.

Prepared by

A. Hills (Geotechnical Engineer)

Approved by

I. McPherson (Technical Director – Ground Engineering)
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