




















































































































29 May 2012

Michael Sheffield
Christchurch City Council
PO Box 2522
Addington
CHRISTCHURCH 8140

6-QUCCC.84/85SC REV 1
Dear Michael

Reg Stillwell Place - Geotechnical Desktop Study

1. Introduction

The Christchurch City Council (CCC) has requested OPUS International Consultants
(OPUS) provide a geotechnical desktop study and walkover inspection of the Reg Stillwell
Place Residential Housing Units following the Canterbury Earthquake Sequence initiated
by the 4 September 2010 earthquake.
The purpose of the desktop study is to collate existing subsoil information to assess the
current ground conditions, the potential geotechnical hazards that may be present at the
site, and determine whether further subsurface geotechnical investigations are necessary.
The Geotechnical Desktop Study forms part of a Detailed Engineering Evaluation prepared
by OPUS.  The Geotechnical Desk Study has been undertaken without the benefit of any
site specific investigations and is therefore preliminary in its nature.

2. Desktop Study

2.1 Site Description

The Reg Stillwell Place Residential Housing Units are situated approximately 7km north
east of Christchurch City at 189 Palmers Road, New Brighton.  It is a relatively flat site,
approximately 180m north of the Avon River (refer Appendix A).
The housing development was constructed in the 1970’s and comprises 34 units of single
and double storey configuration.
2.2 Available Building Drawings

Construction drawings prepared by the Christchurch City Council of the Housing
Development were sourced from the CCC property file (refer to Appendix B).
The drawings indicate the buildings are of timber framed construction, clad in concrete
block veneer, with a corrugated iron roof.  The buildings foundations are reinforced
concrete perimeter strip footings founded 600mm to 900mm below the finished floor slab
level, with a 100mm thick concrete floor slab reinforced with 1 layer of 668 mesh laid
centrally on compacted hardfill.

2.3 Regional Geology

The published geological map of the area, (Brown et al, 1992) indicates the site is
underlain predominantly by sand of fixed and semi-fixed dunes and beaches belonging to



the Christchurch Formation.  A groundwater table depth of approximately 1m has been
shown on the published map (Brown et al, 1992).
2.4 Earthquake Commission Subsurface Investigations

Four Cone Penetrometer Tests (CPT’s) have been completed within 200m of the site by
Tonkin and Taylor, on behalf of the Earthquake Commission (EQC). The CPT’s indicate
soils comprise silty to clayey SAND/SILT from 0m to 1.4m, underlain by interbedded
SAND and SILT layers down to 3.8m to 5.8m, before transitioning into clean sand to the
end of the test at approximately 14m depth (Refer Appendix C).
2.5 Expected Ground Conditions

A review of the Environmental Canterbury Wells database (ECan, 2012) showed four wells
located within approximately 50m of the property boundary (on the neighbouring property -
refer to Appendix D).  Material logs available from these wells in addition to the EQC
CPT’s have been used to infer the ground conditions at the site as shown in table 1 below.
Table 1: Inferred Ground Conditions

Stratigraphy Thickness
(m)

Depth Encountered from (m) below
ground

silty SAND/sandy SILT

qcave = 0.5 MPa (0 to 1.0 MPa)
1.2-1.8 0

clayey SILT

qcave = 1.0 MPa, (0.2 to 2.2 MPa)
1.8-4.4 1.2-1.4

SAND

qcave = 12 MPa, (10 to 20 MPa)
28.6-29.7 3.0-5.8

PEAT/clayey SILT

qcave =  2.0 MPa, (0.5 to 5 MPa)
4.2-6.7 31.6-35.5

GRAVELS (RICCARTON) - 37.4-39.7

The groundwater level was recorded as 0.8m to 1.0m below ground in the borehole
records.
2.6 Liquefaction Hazard

The Environment Canterbury Solid Facts Liquefaction Study (ECan, 2004) indicates the
site is in an area designated as having ‘High liquefaction ground damage potential’.
According to this study, based on a low groundwater table, ground damage from
liquefaction is expected to be significant and is likely to be affected by greater than 300mm
of ground subsidence.
Examination of post-earthquake aerial photos taken by New Zealand Aerial Mapping
(Project Orbit, 2012) identified evidence of significant quantities of liquefied soils ejected at
the ground surface of the site after the 4 September 2010, 22 February 2011 and 13 June
2011 events.
The Tonkin and Taylor Reconnaissance (Project Orbit, 2012) also indicated evidence of
liquefaction was observed at the site after the 4 September 2010, 22 February 2011 and
13 June 2011 events.
Following the recent strong earthquakes in Canterbury, the Canterbury Earthquake
Recovery Authority (CERA, 2012) has zoned land in the Greater Christchurch area
according to its ground performance in future large earthquakes (refer Appendix E).



The Department of Building and Housing has sub-divided the CERA “Green” residential
recovery zone land on the flat in Christchurch into technical categories.  The three
technical categories are summarised in Table 2 which has been adapted from the
Department of Building and Housing guidance document (DBH, 2011).
Table 2: Technical Categories based on Expected Land Performance

Foundation
Technical
Category

Future land performance expected from liquefaction Expected SLS
land

settlement

Expected ULS
land

settlement

TC 1 Negligible land deformations expected in a future small
to medium sized earthquake and up to minor land
deformations in a future moderate to large earthquake.

0-15 mm 0-25 mm

TC 2 Minor land deformations possible in a future small to
medium sized earthquake and up to moderate land
deformations in a future moderate to large earthquake.

0-50 mm 0-100 mm

TC 3 Moderate land deformations possible in a future small
to medium sized earthquake and significant land
deformations in a future moderate to large earthquake.

>50 mm >100 mm

The property at Reg Stigwell Place has been zoned as N/A-Urban Non-residential, as it is
not a residential dwelling. However, the neighbouring residential properties to the south of
the site have been zoned as “Red” which is evaluated as not being practical to rebuild,
repair or reoccupy.  Properties to the north and east of the site have been zoned as
Green-TC3 “blue zone”, which is determined to have a moderate to significant risk of land
damage due to liquefaction in future significant earthquakes.
The Avon River is approximately 180m south-east of the site and its invert is
approximately 3m to 4m below the floor level of the residential Units at Reg Stillwell Place.
The proximity of the Avon River and presence of liquefiable soils may result in lateral
spread occurring at the site.

3. Site Walkover Inspection

A walkover inspection of the exterior of the building and surrounding land was carried out
by an Opus Geotechnical Engineer on 30 April 2012.   The following observations were
made (refer to Site Photographs and Appendix F):

 Ejected sand due to liquefaction located throughout the entire site (refer photographs
3,4 & 10);

 Up to 20mm stepped cracking of concrete block work cladding in numerous units with
partial instability of the block work (refer photographs 5 & 8);

 1mm to 3mm cracks in concrete slab footing to numerous units (refer photographs 2 &
6);

 20mm to 300mm depressions in asphalt access way and in lawn areas (refer
photograph 4);

 Manhole floated by 40mm relative to the surrounding ground;

 Approximately 80mm of heave in the asphalt path in front of Block F (refer photograph
9);

 Numerous cracks in asphalt areas throughout the site;

 Undulating asphalt surface in car park area (refer photograph 3);

 Numerous cracks in concrete kerb to northern access way;



 Numerous cracks in asphalt surfacing to southern access way;

 Longitudinal cracking along concrete footing to Units 19 & 20, Block C (refer
photograph 7).

4. Level Survey

A level survey was carried out by OPUS on 30 April 2012. The maximum differential
settlement is summarised in Table 3 (refer Appendix G).
Table 3: Variation in Floor Slab Levels

Block Unit Differential Settlement (mm)1,2

A 1 90 (south)

A 3 80 (south)

B 7 100 (south-east)

B 9 110 (south-east)

B 13 40 (south-east)

B 15 40 (south-east)

C 17 40 (south)

C 18 80 (south-west)

C 19 90 (south-west)

C 20 50 (south-west)

F 27 120 (north-west)

F 29 90 (north-west)

F 31 120 (north)

F 33 90 (north-east)
Notes: (1) Floor slab levels rounded to nearest 10mm

           (2) Direction of fall indicated in brackets

          (3) Only units listed were surveyed.

5. Discussion

The ECan liquefaction study indicated the Reg Stillwell Place site possessed a high
liquefaction ground damage potential during future seismic events.  Post earthquake
aerials and observations have confirmed that significant volumes of liquefied soils were
ejected at the site during the 4 September 2010, 22 February 2011 and 13 June 2011
earthquake events.
Residential properties on the southern boundary have been zoned “Red”, indicating that
the land is not practical to rebuild, repair or reoccupy, as the required improvements would
be too difficult or costly to implement.
Observations of damage to the Reg Stillwell Residential Housing Units confirmed that
liquefaction induced differential settlement has occurred at the site.  The extent of
settlement was quantified in a levels survey by OPUS which indicated between 40 and
120mm of differential settlement has occurred in the concrete floor slabs of the units in
Blocks a, B, C & F.
Observed cracking of the concrete kerbs and asphalt surfaces throughout the site are
predominantly perpendicular to the Avon River.  Lateral spread ground cracking would be



expected to be parallel to the Avon River.  Significant ground heave has occurred, which is
inferred to result from liquefied ejected soils accumulating under an impermeable surface,
such as asphalt.
Due to the proximity of the Avon River to Reg Stillwell Place, the site is considered to have
lateral spreading potential.  A detailed investigation and assessment of the lateral
spreading potential for this site is recommended.  The site may also be at risk from
flooding of the Avon River.
The buildings at the site are a similar structural form to a residential structure.
Accordingly, recommendations in the Department of Building and Housing New Zealand
guidance documents for repairing and rebuilding foundations in Technical Category 3
(DBH, 2012) are likely to be applicable for the buildings at this site.  The guidance
document indicates that for foundations comprising reinforced concrete perimeter footing
and a concrete floor slab which are out of level between 50mm to 150mm, with cracks in
the floor slab less than 3mm width; a foundation re-level is required.
GNS Science indicates an elevated risk of seismic activity is expected in the Canterbury
region as a result of the earthquake sequence following the 4 September 2010
earthquake.  Recent advice (Geonet, 2012) indicates there is a 15% probability of another
Magnitude 6 or greater earthquake occurring in the next 12 months in the Canterbury
region. This event may cause liquefaction induced land damage at the site similar to that
experienced; dependent on the location of the earthquakes epicentre. This confirms that
there is currently a significant risk of liquefaction and ground settlements occurring at the
site. It is expected that the probability of occurrence is likely to decrease with time
following periods of reduced seismic activity
If the existing shallow foundations are retained, it is likely that in a future Serviceability
Limit State (SLS) and Ultimate Limit State (ULS) earthquake, liquefaction induced
settlement similar to that which has been reported at the site may occur.
If the existing units are to be retained, a building consent will be necessary for remedial
works.  Deep investigations comprising at least 6 Cone Penetrometer Tests (CPT’s) to a
depth of 20m are recommended to be undertaken to enable a site wide liquefaction and
lateral spreading assessment (refer Appendix H).

6. Recommendations

 Review of the flood risk to the site based on updated topographic surveys of the
area and predicted flooding river levels is recommended;

 It is recommended that deep investigations comprising at least 6 Cone
Penetrometer Tests to a depth of 20m be undertaken to enable a site wide
liquefaction and lateral spread potential assessment;

 If the site is assessed to be the equivalent to the DBH Technical Category 3, in
accordance with the interim guidance document, a foundation re-level is
recommended for the units at Reg Stillwell Place.  However, more damage to the
existing concrete slab foundations is likely in a future seismic event.  Rebuilding
with enhanced foundations (e.g. ribraft or piles) is considered more likely to be re-
insurable and achieve building consent compliance.

7. Limitation

This report has been prepared solely for the benefit of the Christchurch City Council as our
client with respect to the brief.  The reliance by other parties on the information or opinions



contained in the report shall, without our prior review and agreement in writing, be at such
parties’ sole risk.
It is recognised that the passage of time affects the information and assessment provided
in this Document. The recommendations formed in this report are based upon information
that existed at the time of production of the Desk top Study. It is understood that the
services provided allowed OPUS to form no more than an opinion on the actual conditions
of the site at the time the site was visited and cannot be used to assess the effect of any
subsequent changes in the quality of the site, or its surroundings or any laws or
regulations.
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Appendix D:
Environment Canterbury Borehole Logs

























Appendix E:
Land Recovery Zones



SOURCE: 1)  canterburyrecovery.projectorbit.com (Accessed on 15/05/12)
2) http://arcims.ecan.govt.nz/ecanmapping/ (Accessed on 15/05/12)
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Appendix F:
Site Walkover Inspection Plan
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Appendix G:
OPUS Verticality Survey























Appendix H:
Proposed CPT Site Plan



Key: Cone Penetrometer Test Location
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