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Linwood Community Creche Building
BU 0836-002 EQ2

Detailed Engineering Evaluation
Quantitative Report - SUMMARY
Final

136 Aldwins Road, Linwood

Background
This is a summary of the quantitative report for the building structure, and is based on the Detailed
Engineering Evaluation Procedure document (draft) issued by the Structural Advisory Group on 19
July 2011, visual inspections on 15 December 2011 and 19 January 2012, available drawings and
calculations.

Key Damage Observed
Key damage observed includes:-
e Minor cracking to wall lining at the circular skylight;
e Cracking to the wall lining and slab at the interface between the new staff room and the
main building.

Critical Structural Weaknesses

The lack of a ceiling diaphragm to the main indoor play area has been identified as a critical
structural weakness, however it is expected that this will potentially lead to increased levels of
damage to this area and not result in a collapse.

Indicative Building Strength (from quantitative assessment)

Based on the information available, and from undertaking a quantitative assessment, the building’s
original capacity has been assessed to be in the order of 40-60%NBS and post-earthquake
capacity in the order of 40-60NBS. The building’s post-earthquake capacity excluding critical
structural weaknesses is in the order of 73%NBS. The building is therefore not classed as an
earthquake prone building.

Recommendations
It is recommended that:

a) The current placard status of the building remains as green.

b) Strengthening works that would increase the overall seismic capacity of the building to at least
67% be developed.

c) If the CCC wish to further evaluate and quantify the liquefaction potential at this specific site,
additional site testing comprising two CPT’s and associated analysis would be required.
Allowance should be made for predrilling of shallow gravels, if encountered, to complete CPT
testing.
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Executive Summary

Christchurch City Council appointed Opus International Consultants to carry out a detailed seismic
assessment of the Linwood Community Créche building in Linwood, Christchurch. The purpose of
this assessment was to ascertain the anticipated seismic performance of the structure and to
compare this performance with current design standards.

The lack of a ceiling diaphragm to the main indoor play area has been identified as a critical
structural weakness, however it is expected that this will potentially lead to increased levels of
damage to this area and not result in a collapse.

The seismic capacity of the building has been calculated as 40-60% NBS and the building is
therefore not classed as earthquake prone.

Strengthening works addressing the issue of a lack of a ceiling diaphragm would increase the
buildings overall seismic capacity to 73% NBS.
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1 Introduction

Opus International Consultants Limited has been engaged by Christchurch City Council (CCC) to
undertake a detailed seismic assessment of the Linwood Community Créche building, located at
136 Aldwins Road, Linwood, Christchurch, following the M6.3 Christchurch earthquake on 22
February 2011.

The purpose of the assessment is to determine if the building is classed as being earthquake
prone in accordance with the Building Act 2004.

The seismic assessment and reporting have been undertaken based on the quantitative
procedures detailed in the Detailed Engineering Evaluation Procedure (DEEP) document (draft)
issued by the Structural Engineering Society (SESOC) on 19 July 2011.

2 Compliance

This section contains a brief summary of the requirements of the various statutes and authorities
that control activities in relation to buildings in Christchurch at present.

2.1 Canterbury Earthquake Recovery Authority (CERA)

CERA was established on 28 March 2011 to take control of the recovery of Christchurch
using powers established by the Canterbury Earthquake Recovery Act enacted on 18 April
2011. This act gives the Chief Executive Officer of CERA wide powers in relation to building
safety, demolition and repair. Two relevant sections are:

Section 38 — Works

This section outlines a process in which the chief executive can give notice that a building is
to be demolished and if the owner does not carry out the demolition, the chief executive can
commission the demolition and recover the costs from the owner or by placing a charge on
the owners’ land.

Section 51 — Requiring Structural Survey

This section enables the chief executive to require a building owner, insurer or mortgagee
to carry out a full structural survey before the building is re-occupied.

We understand that CERA will require a detailed engineering evaluation to be carried out
for all buildings (other than those exempt from the Earthquake Prone Building definition in
the Building Act). It is anticipated that CERA will adopt the Detailed Engineering Evaluation
Procedure (DEEP) document (draft) issued by the Structural Engineering Society (SESOC)
on 19 July 2011. This document sets out a methodology for both initial qualitative and
detailed quantitative assessments.

It is anticipated that a number of factors, including the following, will determine the extent of
evaluation and strengthening level required:

1. The importance level and occupancy of the building.
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2.2

2. The placard status and amount of damage.
3. The age and structural type of the building.

4. Consideration of any critical structural weaknesses.

We anticipate that any building with a capacity of less than 34% of new building standard
(including consideration of critical structural weaknesses) will need to be strengthened to a
target of 67% as required by the CCC Earthquake Prone Building Policy.

Building Act
Several sections of the Building Act are relevant when considering structural requirements:
Section 112 - Alterations

This section requires that an existing building complies with the relevant sections of the
Building Code to at least the extent that it did prior to the alteration.

This effectively means that a building cannot be weakened as a result of an alteration
(including partial demolition).

Section 115 — Change of Use

This section requires that the territorial authority (in this case Christchurch City Council
(CCQ)) is satisfied that the building with a new use complies with the relevant sections of
the Building Code ‘as near as is reasonably practicable’.

This is typically interpreted by CCC as being 67% of the strength of an equivalent new
building. This is also the minimum level recommended by the New Zealand Society for
Earthquake Engineering (NZSEE).

2.2.1 Section 121 — Dangerous Buildings

This section was extended by the Canterbury Earthquake (Building Act) Order 2010, and
defines a building as dangerous if:

1. In the ordinary course of events (excluding the occurrence of an earthquake), the
building is likely to cause injury or death or damage to other property; or

2. Inthe event of fire, injury or death to any persons in the building or on other property
is likely because of fire hazard or the occupancy of the building; or

3. There is a risk that the building could collapse or otherwise cause injury or death as
a result of earthquake shaking that is less than a ‘moderate earthquake’ (refer to
Section 122 below); or

4. There is a risk that other property could collapse or otherwise cause injury or death;
or

5. A territorial authority has not been able to undertake an inspection to determine
whether the building is dangerous.

6-QUCCC.60 % )
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23

Section 122 — Earthquake Prone Buildings

This section defines a building as earthquake prone if its ultimate capacity would be
exceeded in a ‘moderate earthquake’ and it would be likely to collapse causing injury or
death, or damage to other property.

A moderate earthquake is defined by the building regulations as one that would generate
loads 33% of those used to design an equivalent new building.

Section 124 — Powers of Territorial Authorities

This section gives the territorial authority the power to require strengthening work within
specified timeframes or to close and prevent occupancy to any building defined as
dangerous or earthquake prone.

Section 131 — Earthquake Prone Building Policy

This section requires the territorial authority to adopt a specific policy for earthquake prone,
dangerous and insanitary buildings.

Christchurch City Council Policy

Christchurch City Council adopted their Earthquake Prone, Dangerous and Insanitary
Building Policy in 2006. This policy was amended immediately following the Darfield
Earthquake on 4 September 2010.

The 2010 amendment includes the following:

1. A process for identifying, categorising and prioritising Earthquake Prone Buildings,
commencing on 1 July 2012;

2. A strengthening target level of 67% of a new building for buildings that are
Earthquake Prone;

3. Atimeframe of 15-30 years for Earthquake Prone Buildings to be strengthened; and,

4. Repair works for buildings damaged by earthquakes will be required to comply with
the above.

The council has stated their willingness to consider retrofit proposals on a case by case
basis, considering the economic impact of such a retrofit.

If strengthening works are undertaken, a building consent will be required. A requirement of
the consent will require upgrade of the building to comply ‘as near as is reasonably
practicable’ with:

e The accessibility requirements of the Building Code.

e The fire requirements of the Building Code. This is likely to require a fire report to be
submitted with the building consent application.

6-QUCCC.60 % 1
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24 Building Code

The Building Code outlines performance standards for buildings and the Building Act
requires that all new buildings comply with this code. Compliance Documents published by
The Department of Building and Housing can be used to demonstrate compliance with the
Building Code.

On 19 May 2011, Compliance Document B1: Structure was amended to include increased
seismic design requirements for Canterbury as follows:

e 36% increase in the basic seismic design load for Christchurch (Z factor increased
from 0.22 to 0.3);

e Increased serviceability requirements.

3 Earthquake Resistance Standards

For this assessment, the building’s earthquake resistance is compared with the current New
Zealand Building Code requirements for a new building constructed on the site. This is expressed
as a percentage of new building standard (%NBS). The loadings are in accordance with the
current earthquake loading standard NZS1170.5 [1].

A generally accepted classification of earthquake risk for existing buildings in terms of %NBS that
has been proposed by the NZSEE 2006 [2] is presented in Figure 1 below.

Existing Building
Description | Grade Risk %NBS Structural Improvement of Structural Performance
Performance
—p Legal Requirement NZSEE Recommendation
Low Risk Acceptable The Building Act sets 100%NBS desirable.
Buildin AorB Low Above 67 | (improvement may no required level of Improvement should
urding be desirable) structural improvement achieve at least 67%NBS
(unless change in use)
Moderate Acceptable legally. This is for each TA to Not recommended.
Risk B orC | Moderate | 34 to 66 Improvement decide. Improvement is Acceptable only in
Building recommended not limited to 34%NBS. exceptional circumstances
Risk Unacceptable
Building DorE High 33 or (Imp_rovement Unacceptable Unacceptable
lower required under
Act)

Figure 1: NZSEE Risk Classifications Extracted from Table 2.2 of the NZSEE 2006 AISPBE

Guidelines

Table 1 below compares the percentage NBS to the relative risk of the building failing in a seismic
event with a 10% risk of exceedance in 50 years (i.e. 0.2% in the next year). It is noted that the
current seismic risk in Christchurch results in a 6% risk of exceedance in the next year.
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4.1

4.2

4.3

Percentage of New Relative Risk
Building Standard (%NBS) (Approximate)
>100 <1 time
80-100 1-2 times
67-80 2-5 times
33-67 5-10 times
20-33 10-25 times
<20 >25 times

Table 1: %NBS compared to relative risk of failure

Building Description

General

The Linwood Community Créche is a single storey timber framed building located on
Aldwins Road in Linwood. For the purposes of this report we refer to the direction parallel to
Aldwins Road as the north to south direction, and the direction perpendicular to Aldwins
Road as the east to west direction.

From archive drawings we have ascertained that the building was built in 1996, with
structural renovations to the building in 1999 extending a section of the building with further
renovations and an extension in 2003.

The building is clad with lightweight Nu-wall aluminium cladding around the majority of the
building and with sections of Hardiflex and kwila cladding at the back. The building sits on a
100mm thick reinforced concrete slab foundation with the floor slab for the extension
connected to the original slab through doweled reinforcing.

The building is approximately 13.6m wide in the north to south direction and approximately
20m long in the east to west direction. The roof apex is approximately 4.8m above ground
level.

Gravity Load Resisting System

The roof structure is made up of a series of timber trusses at approximately 900mm centres
spanning across the building in the north-south direction. The walls are timber framed with
100x50mm studs approximately 2.7m high and lined with GIB board. The slab is a 100mm
thick mesh reinforced slab on grade tied into a perimeter slab thickening.

Seismic Load Resisting System

Seismic loads in both orthogonal directions are resisted by a series of timber walls braced
with GIB plasterboard sheets.

In the main indoor play area the ceiling is formed from a suspended ceiling grid hung from
the timber roof trusses. This ceiling does not form a diaphragm, which is required to transfer
the seismic loads to the braced walls due to the large spacing of 10m between the braced

6-QUCCC.60 % 1
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6

walls. The original specification noted that a ceiling diaphragm was provided however one
was not provided in the indoor play area.

In the main entrance area the spacing of the braced walls generally complies with
NZS3604:2011 although renovations have reduced the capacity of an internal bracing line
to less than that required by NZS3604.

Survey

The playcentre building currently has a green placard (not issued as part of this inspection
and authorised by an engineer working for a company other than Opus International
Consultants).

Copies of the following archive drawings were referred to as part of the assessment:

o A set of C. W. Hadlee architectural drawings and specification in relation to the
building’s original construction dated 1997.

o A set of C. W. Hadlee architectural drawings and specification in relation to the
renovations and extension of a new play area dated 1999.

o A set of Royal Associates Ltd architectural drawings in relation to the extension of the
staff room and veranda dated 2003.

Copies of the original bracing calculations have been included as part of the documentation
set.

The drawings have been used to confirm the structural systems, investigate potential critical
structural weaknesses (CSW) wherever possible and identify details which required
particular attention.

Damage Assessment

The following damage has been noted:

6.1

6.2

Slab separation at staff room extension

There is some cracking to the slab at the interface between the new staff room extension
and the original building. The door from the staff room outside jammed following the
February earthquake event and has since been repaired. The movement of the slab
foundation is limited and appears to be within acceptable limits.

Cracking to skylight

There was some minor cracking to the paint/linings at the corners where the roof trusses
pass through the circular skylight.

6-QUCCC.60 % 1
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7

General Observations

Overall the building has performed well under seismic conditions which would be expected for a
modern single storey structure. The building has sustained little damage and continues to be fully
operational.

Due to the non-intrusive nature of the original survey, many connection details could not be
ascertained.

8

8.1

8.2

8.3

Detailed Seismic Assessment

Critical Structural Weaknesses

As outlined in the Critical Structural Weakness and Collapse Hazards draft briefing
document, issued by the Structural Engineering Society (SESOC) on 7 May 2011, the term
‘Critical Structural Weakness' (CSW) refers to a component of a building that could
contribute to increased levels of damage or cause premature collapse of the building.

The following critical structural weaknesses have been identified:

e The spacing between the braced walls in the indoor play area is around 10m, which
exceeds the maximum limit of 6m without a ceiling diaphragm. The lack of a
diaphragm may result in increased levels of damage to the building but will not
result in a collapse.

Detailed Seismic Assessment Methodology

As the building is a timber framed structure constructed in 1995 it has been considered
appropriate to derive the seismic loadings from NZS3604:2011 as the building falls within
the scope of this design standard.

The seismic design parameters based on current design requirements from NZS 3604:2011
and the NZBC clause B1 for this building are as follows:

e Site soil class D, clause 3.1.3 NZS 1170.5:2004

e Earthquake Zone 2, Figure 5.4 — Earthquake zones NZS 3604:2011

e Multiplication factor = 0.8, Table 5.8 NZS 3604:2011

e Importance Level 2 structure with a 50 year design life to NZS 1170.5:2004
Detailed Seismic Assessment Results

A summary of the structural performance of the building is shown in the following table.
Note that the values given represent the worst performing elements in the building, as these
effectively define the building’s capacity. Other elements within the building may have
significantly greater capacity when compared with the governing element.

6-QUCCC.60 % 1
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8.4

Table 2: Summary of Seismic Performance

Structural Failure mode and description of limiting criteria Critical % NBS
Element/System Structural based on
Weakness and calculated

Collapse Hazard capacity

GIB board capacity Capacity of GIB board braced walls along the building No 73%
along the building

(east-west)

GIB board capacity Capacity of GIB board braced walls across the building No 77%

across the building
(north-south)

Diaphragm capacity | No diaphragm has been provided, but is required based Yes (CSW only, with 40-60%
on the spacing of the bracing lines an increased level of
damage)

Discussion of Results

The lateral capacity of the building is provided by a series of GIB lined timber framed walls.
The original bracing calculations for the building used NZS3604:1990 and assumed a
seismic capacity requirement of 2 bracing units per meter square of floor area leading to a
seismic demand of 450 bracing units (23kN) in each direction. In the current code
NZS3604:2011 the seismic demand on the building has increased to 4.8 bracing units per
square meter of floor area giving a requirement of 1296 (65kN) bracing units in each
direction.

Although the seismic demand on the building has increased greatly the overall design
demand has not increased significantly as wind loading was the critical load case for the
original design

Renovations undertaken in the office/reception area have reduced the capacity of the
bracing line between this area and the main corridor to less than the minimum capacity of
an internal bracing line required in NZS 3604:2011. However the presence of the wall will
provide some support for the roof diaphragm at this end of the structure. The lack of a
ceiling diaphragm in the main play area means that it is difficult to transfer seismic loads to
the braced wall at the far end of the building adjacent to the verandah. The ceiling in this
area is a suspended ceiling hung from the roof trusses and therefore provides no bracing
capacity. The seismic loads must therefore be resisted by the braced wall adjacent to the
sleeping room, which is spaced 7m from the office/reception wall. The sleeping room also
appears to be bounded by a suspended ceiling. Therefore although the walls generally
have a capacity greater than 67% NBS there are limitations on how much load can be
transferred to them by the top plates and diaphragms.

The building has a seismic capacity of around 40-60% NBS as governed by the load
transfer to the braced walls and is therefore not classed as an earthquake prone building.

6-QUCCC.60 % 1
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8.5

9

Limitations and Assumptions in Results

Our analysis and assessment is based on an assessment of the building in its undamaged
state, although this building has not suffered significant structural damage. Therefore the
current capacity of the building may be lower than that stated.

The results have been reported as a %NBS and the stated value is that obtained from our
analysis and assessment. Despite the use of best national and international practice in this
analysis and assessment, this value contains uncertainty due to the many assumptions and
simplifications which are made during the assessment. These include:

e Simplifications made in the analysis, including boundary conditions such as foundation
fixity;

e Assessments of material strengths based on limited drawings, specifications and site
inspections;

e The normal variation in material properties which change from batch to batch;

e Approximations made in the assessment of the capacity of each element, especially
when considering the post-yield behaviour.

Geotechnical Assessment

The geotechnical report is contained in Appendix C of this report. A summary of the report is as
follows:

9.1

Discussion

Minor damage has occurred to the building at 136 Aldwins Road due to the Canterbury
Earthquake Sequence following the 4 September 2010 earthquake.

No obvious evidence of surface rupture or lateral spreading due to the recent earthquakes
was observed on the property or adjoining properties. While liquefaction has occurred in
close proximity to the site, it appears the existing shallow foundations have performed
adequately in recent earthquakes.

The existing building is supported on a reinforced concrete slab on grade, connected into a
shallow reinforced concrete perimeter strip footing. The existing foundations have
performed satisfactorily and do not appear to have sustained damage from cracking from
differential settlement. The existing foundations are considered appropriate for the building
with CCC acceptance of potential differential subsidence damage.

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 advice1 indicates there is an 18% probability of another Magnitude 6 or greater

' GNS Science reporting on Geonet Website: http://www.geonet.org.nz/canterbury-quakes/aftershocks/
updated on 3 February 2012.
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9.2

10

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, however it is
dependent on the location of the earthquakes epicentre. This confirms that there is currently
a significant risk of liquefaction and differential settlements occurring. It is expected that the
probability of occurrence is likely to decrease with time following periods of reduced seismic
activity.

Recommendations

Based on the building performance in recent earthquakes, the existing foundations should
be acceptable in terms of future ultimate limit state (ULS) and serviceability limit state (SLS)
loadings, although the CCC will have to accept the risk for potential differential settlement in
the order of 0 to 50mm in a future seismic event;

If the CCC wish to further evaluate and quantify the liquefaction potential at this specific
site, additional site testing comprising two CPT’s and associated analysis would be
required. Allowance should be made for predrilling of shallow gravels, if encountered, to
complete CPT testing.

Remedial Options

Remedial options to increase the building capacity to at least 67% NBS would involve addressing
the transfer of load to the braced walls in the main play area.'

11

12

Conclusions

(a) The building has a seismic capacity of around 40-60% NBS as governed by the lack of
a ceiling diaphragm, which has been classed as a critical structural weakness.

(b) Strengthening works addressing the issue of a lack of a ceiling diaphragm would
increase the buildings overall seismic capacity to 73% NBS

(c) Based on the building performance in recent earthquakes, the existing foundations
should be acceptable in terms of future ultimate limit state (ULS) and serviceability limit
state (SLS) loadings, although the CCC will have to accept the risk for potential
differential settlement in the order of 0 to 50mm in a future seismic event;

(d) If the CCC wish to further evaluate and quantify the liquefaction potential at this specific
site, additional site testing comprising two CPT’s and associated analysis would be
required. Allowance should be made for predrilling of shallow gravels, if encountered, to
complete CPT testing.

Recommendations

(a) A conceptual strengthening works design be undertaken to provide adequate load
paths to transfer seismic loads to the braced walls

6-QUCCC.60 % 1
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13 Limitations

(a) This report is based on an inspection of the structure with a focus on the damage
sustained from the 22 February 2011 Canterbury Earthquake and aftershocks only.
Some non-structural damage is mentioned but this is not intended to be a
comprehensive list of non-structural items.

(b) Our professional services are performed using a degree of care and skill normally
exercised, under similar circumstances, by reputable consultants practicing in this field
at the time.

(c) This report is prepared for the CCC to assist with assessing remedial works required for
council buildings and facilities. It is not intended for any other party or purpose.
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Photo 4 - Crackina to GIB lining in the staff room where the slab extension has moved

Photo 5 — Paint cracking in the circular skylight
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Appendix B — Floor Plan
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17 February 2012

Lindsay Fleming /
Christchurch City Council

PO Box 237
CHRISTCHURCH 8140

6-QUCCC.60/005SC
Dear Lindsay

Geotechnical Desktop Study — Linwood Community Créche
(New Beginnings Pre-School Inc.)

1. Introduction

This report summarises the findings of a geotechnical desktop study and site walkover
completed by Opus International Consultants (Opus) for the Christchurch City Council at
the above property on 26 January 2012. The Geotechnical desk study follows the
Canterbury Earthquake Sequence initiated by the 4 September 2010 earthquake.

The purpose of the geotechnical study is to assess the current ground conditions and the
potential geotechnical hazards that may be present at the site, and determine whether
further subsurface geotechnical investigations are necessary.

It is our understanding this is the first inspection by a Geotechnical Engineer of this
property following the Canterbury Earthquake Sequence. Rapid structural inspections
have been undertaken by Opus on 9 March 2011 and 17 June 2011.

2. Desktop Study

2.1 Site Description

The Linwood Community Créche is located east of the Christchurch Central Business
District, approximately 250m southwest of the Linwood Avenue/Aldwins Road intersection.
The site is relatively flat.

The original building was constructed in 1997 while alterations completed in 1999, 2003
and 2007 have been undertaken. The building is a single storey structure with timber
framed walls clad in various light materials.

2.2 Structural Drawings

We have received extracts from building consent drawings prepared by C W Hadlee
Architects dated 1999 and Royal Associates Limited dated May 4 2004 (refer Appendix A)
which detail the foundations to the existing building and subsequent additions.

The drawings indicate the existing foundations comprise a 100mm thick 17.5 MPa
concrete slab on grade reinforced with 665 or 668 mesh, connected into a 450mm deep by
165mm wide concrete perimeter strip footing with 2 D12 lateral reinforcement rods tied into
the concrete slab by R10 ties at 600 centres.

! Opus International Consultants Limited {20 Moorhouse Avenue ! Telephone: +64 3 363 5400
i Christchurch Office i PO Box 1482, Christchurch Mail Centre, i Facsimile: +64 3 365 7858
i i Christchurch 8140, New Zealand i Website: www.opus.co.nz



No geotechnical report or record of a ground conditions assessment associated with the
construction of the original building or additions have been provided by the Christchurch
City Council.

2.4 Regional Geology

The published geological map of the area, (Geology of the Christchurch Urban Area
1:25,000, Brown and Weeber, 1992) indicates the site is located at the boundary between
two surficial geological soil types, one being dominantly sand of fixed and semi-fixed
dunes and beaches and the other dominantly alluvial sand and silt overbank deposits
belonging to the Yaldhurst member of the Springston Formation.

A groundwater table depth of approximately 1m has been shown on the published map by
Brown and Weeber (1992).

2.5 Expected Ground Conditions

A review of the Environmental Canterbury (Ecan) Wells database showed three wells
located within approximately 190 m of the property (refer to Site Location Plan and
Appendix B). Material logs available from two of these wells have been used to infer the
ground conditions at the site as shown in table 1 below.

Stratigraphy Thickness Depth Encountered from bgl
TOPSOIL 0.5m 0
SILT 0.5m 0.5m
SAND with interbedded SILT layers 1.0-8.1m 1.0m
sandy GRAVEL 10.7m 9.1m
clayey SAND 7.0m 19.8m
Sandy GRAVEL (Riccarton Formation) - 32.3m

Table 1 Inferred Ground Conditions
Borehole log M35/16559 recorded a ground water level of 1.1m below the ground.

Subsurface investigations have been completed by Tonkin and Taylor on behalf of the
Earthquake Commission around Christchurch. CPT-LWD-28 (refer Appendix C),
completed in Linwood Park, approximately 90m southeast of the site, indicated the
presence of a suspected dense sand, shallow gravel layer or an obstruction at
approximately 4.2m below ground level.

2.6 Liquefaction Hazard

Examination of post-earthquake aerial photos did not identify any evidence of significant
guantities of liquefied soils ejected at the ground surface after the Magnitude 7.1
September 2010, Magnitude 6.3 February 2011 event or recent aftershocks. It appears
soils ejected resultant from liquefaction occurred in Aldwins Road, but little to no material
was ejected at the property.

The 2004 Environment Canterbury Solid Facts Liguefaction Study indicates the site is in
an area designated as ‘moderate liquefaction ground damage potential’. According to this
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study, based on a low groundwater table, ground damage is expected to be moderate and
may be affected by 100-300mm of ground subsidence.

The Christchurch Earthquake Recovery Authority (CERA) last updated 11 December,
2011 has classified 136 Aldwins Road and surrounding residential properties as Green
Zone, indicating repair and rebuilding process can begin. The maps that were released by
the Department of Building and Housing (DBH) on 9 February 2012 indicate that the area
surrounding the site is classified as Technical Category 2 (yellow), which indicates that
minor to moderate land damage from liquefaction is possible in future significant
earthquakes.

3. Site Walkover Inspection

A walkover inspection of the interior of the building and surrounding land was carried out
by Mark Broughton, Opus Geotechnical Engineer on 26 January 2012. The following
observations were made (refer to the Walkover Inspection Plan and Site Photographs
attached to this report):

e 50mm undulations in the asphalt footpath due to liquefaction, observed 20m
northeast of property on Aldwins Road near fire hydrant (refer Photograph 2);

e Evidence of ejected sand material due to liquefaction at the kerb on Aldwins Road;
e 10mm depression in asphalt carpark surface;

e hairline cracks in concrete encasement to slotted drain around the perimeter of the
building. Possibly due to seismic shaking (Refer Photograph 3);

e settlement of concrete tile/paver in rear of section by up to 20mm;
e 3mm crack in concrete path;

e numerous cracks in gib and gib linings in interior of the dwelling, predominantly
confined to the northern part of the building;

e a number of windows and doors had been realigned to open and close properly.
Largely confined to the northern part of the building;

4. Discussion

Minor damage has occurred to the building at 136 Aldwins Road due to the Canterbury
Earthquake Sequence following the 4 September 2010 earthquake.

No obvious evidence of surface rupture or lateral spreading due to the recent earthquakes
was observed on the property or adjoining properties.

While liquefaction has occurred in close proximity to the site, it appears the existing
shallow foundations have performed adequately in recent earthquakes.

The existing building is supported on a reinforced concrete slab on grade, connected into a
shallow reinforced concrete perimeter strip footing. The existing foundations have
performed satisfactorily and do not appear to have sustained damage from cracking from
differential settlement. The existing foundations are considered appropriate for the building
with CCC acceptance of potential differential subsidence damage.
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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' indicates there is an 18% 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,
however it is dependent on the location of the earthquakes epicentre. This confirms that
there is currently a significant risk of liquefaction and differential settlements occurring. It is
expected that the probability of occurrence is likely to decrease with time following periods
of reduced seismic activity

5. Recommendations

e Based on the building performance in recent earthquakes, the existing foundations
should be acceptable in terms of future ultimate limit state (ULS) and serviceability
limit state (SLS) loadings, although CCC will have to accept the risk for potential
differential settlement in the order of 0 to 50mm in a future seismic event;

e If Christchurch City Council wish to further evaluate and quantify the liquefaction
potential at this specific site, additional site testing comprising x2 CPT's and
associated analysis would be required. Allowance should be made for predrilling of
shallow gravels, if encountered, to complete CPT testing.

6. Limitation

This report has been prepared solely for the benefit of 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.

Prepared By: Reviewed By:

S\ [ PR

Mark Broughton Graham Brown
Geotechnical Engineer Senior Geotechnical Engineer
Figures:

Site Photographs
Site Location Plan
Walkover Inspection Plans

Appendices:
Appendix A: Building Consent Drawings

Appendix B: Environment Canterbury Borehole Logs
Appendix C: CPT-LWD-28 Report

' GNS Science reporting on Geonet Website: http://www.geonet.org.nz/canterbury-quakes/aftershocks/
updated on 3 February 2012.
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Photograph 1. Northfsrn 'ELevation Main entrance to building

Photogr 2, mmudlion in sphalt otpath ajacent site on AIdis Road



Photograph 3. Hairline crack in concrete encasement to slotted perimeter drain

Photograph 4. Typical cracking in Gib above door frame in northern part of building
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Appendix A:

Building Consent Drawings



—3— e o

. PN&'ED =« |co%TS
CVERM CAL AR

20° 2 = O\mgumﬂef"

. BRACKLET (0TO \Bﬂ!w

WALL- PLATE. PAunab RENCP -

: ) AL DooR- #
. ot O \Winsow TOWERY

Wso

t8o 4
]

- 4 id, FlieREcLALL QAT NS ULaTions ‘ (
' = . — PANED GRRACTARBOACD -
v s TO 106 %50 TIMEEL. FRAMED "V
W_/

—= - - NU-WALL- g-_.t_Aethc-r ovee_.
—_— : RBUILDINS Ca

2o - L TOoe 0F4-s~w\
HMD\FLE&L SKIRTW G RAcROARLS

— ZLONED Uy, FLOOR -

3 0 _

l =N % . ~ BAeSten  BENen ciTOmuo0n

Q_z‘{"vm'r

€
F

8. ' S\ BPL, Unpee. REnFoRLED
s [ = : o =

commm \—NDF"LI_

REWSFORLETS cOMNC -
FOURNDATTIONL -

5o, || o 2Dz R T\Es AT o0 L/,
e : Wbaaeoolﬂ'ro

1 | |

7T, .

les

DETAILS - ' } ‘ 12
INWOOD CRECHE S - ~7-7-96 110 9515




PALRTTEDS TIMBER. BARGEBOARL> oee _

. _cran.ottﬂ'r@_ FLAE i G y BUTV
EEEEEEEEEEEEEL CACOIN L cARLIED

——F—-.::ﬂE PARTELrS HARDWLEF- SOFFIT ; BuO U 4Cr-
— 1
- NU W AL, CLADD e N WAL
ovel - BUuDW & PAPEE- . STrve-ely
PANTEL> GrE BT BUTvL LOBRER NMEMERAE =107
Cr — = TO PLYWOOD SARKINCT -
INSULATTOR I-S= P(TCH RERIILES LSo ~50
L HARED
OO STERY . GITTEE-. Auetr |
PLYwoo> M
Sup STRAE R
1
SOFFTT To S50 %40 '
4 SOFF ¥
oF shAFED 150 »S0 ] cuéé,o.az_
\ by g (N wee))
e 0 AlLOws Fo. Fouk—
SEE DRAWING foars 0 VENTS (Ac- CrRILES)
K} Joire=Ry K oo N TO SOFFIT (v POSITIONS
02— | -+ o A T = DETeRmrED BY
oS | e | 0 g THE ARLHCTE DT .
=Y. POORS p(’) Z
‘g 9
8. 1IN e
= - = :; Do |
' PENY .= 1y
o 1200 q 100 MM B . SLAE-
SECTION 3 - Vo Er A (e TERRACES
. 2 A
' 1:50
PR SED O RADIISSED
EXTERMNPL cOEERS TO
PAISTED €% 10000 PS5
. RoOOF PITur I&°
CORRIS e TEYS  CLOLOULSTER . ROOKF
C OO (r O ROQRMiCry UMNDOSZLAY.

COLORSTEER. FLASHI—~Cx
PAINTEDS TIMEER BALZLAE-BOARD

Elgnsza-.ass PANTED MARDIFLEX SOFFIT
CTTE NSULATION
. tNU WALL . AL, CLADDNGr

v CODESTETD... FLASHINGT OVER
. L ATOA ool STeRm.. RooF:
L.ay area PoOOF  PrYCH 1O
3 - — o
eV O PArSTErD
N - RES TIMEER. FASUA
PUAAECOR@ :_ N R N ] PAINRSTEX B« 2SO x(CO POLYCARBONATE
o
AL, DO,/ Wira] [ BE¥wn f Ex 100 % 00 o PruEr>
Ui [ Wit TImBER. POST e
SRR PARLSH ) FRAE
v —=fil .. . (' s
o () fvinc, ISR SIDE.
POLGALRANATE N . 2 u's_g —r%o AP TEeRS GrRooE TO
TO PAvIreTE> — . . . ’ AT 90 o MA* - S
TIMBEIR- SKITS Gr \
Berc - ",/ PANIED b MeA HARDIFLES >
g TO 7S5 x BO FRAMMCT A
5 ; i
l g = T T e PRED sulPRcE %ﬁﬂe
;-],- ” = s T

L APPROYK. RUSTING SrROUAD
[ V=

. SECTION & ";
1:50
8

9525

'lNWOOD CRECHE 7.96 1:10



C.W. Hadlee, Architect
3 Tillman Avenue, CHCH §
TelWFax: (03) 352-7149

e

F,Lfé‘"

SHACED AREA =

Newd TRUSSEX AT 900 /¢
(ETRUTS AOT Sitownin -
PernOvE. “NU Wacr . FRown
EXNSTIS G GrABLE &
PELOATE wentT,

MATH EUSTING FASOUA,

ExaSTInGe
TRUJISS

REXWONE. EXASTIRGy AL

WO WS § RELOCATE
TO EXTEMNSIOMN,
T OVUT REmAr (NG
WAL, OPEr sl W ITH

H " 200k 10D (LirTO-
| PAMNTED CEIUNG TILES
TO 7o0x S EBATTENS @
OO <l MATCH BXIST
L=vVEL- .

CESwanS Ex
PAWSTED CrlBRALTARE

EPO~-Y

D12 STAEERsS ISO (T0
EX(ETING FOURDATION
A0 BETFEND OO M

100 rarn R o SULAE Ovele]
DP c . TO comPACTED
FiLe . WA TCH EXSTINS G
FLoor_ Leaea

Z DI2Z Wity
Elo Ties

- INTO cOonNG, SLAE., i 00 c/fc o
-||' ESTIMNG BUnDi~=Ca 1|, EXTENSON '
CEROSS = SECTION
/ Pyl
Wt Ng5 4219
I
T 11 R o o I Gt MOUNTED WAL LIGHTT [4?7
N FrROoM EXSTING REST ARENX . SAME AFPPUES 7O
OTHER. SIDE OF New EEST Ale .
i s PANTED CEWIN G TUX
F TIMBEE_ TR TTD wWALL -
N TUNCTION |
HEATEY FROM DVEX 2. PLAY
AREA RELOCATED 710 New
A0S/ 70— £ CONNEZTTED IN
| SERIET WIiTH OTHEL. HEATELS
L= ] A \F;_WFMW U@F(‘K'Tﬁ‘ SRS TIn
| RUCEILING PLAN |
\ |
- | ENT |
! W A VERBEEK
1 8 DECAPEY ioment Officer
LE CORY....o 70 e
[DRAWING MODIFIED  3:-12:99 F‘L Ue} | Kt buitding
EUSTING: WHrRooL) REmoer, fhlow—laaand — " ‘!'.“: g
MNEOAN BAY WWIKNDOW  ADDED . . . Ly CC . /
NG CcHANGeE To  LInFTOC -

HE LT S WISSTH, N;:—;q‘u R.oa:"wu‘m EVASTINA G |

= i
NEWw PooF B ace }\ - - ED e OF =<isTiier VER e .
Ly - esusice Rook GrrTER .
= o= e

NEAWS T D.P B 7 i S
;?&_VCJA&BQ\JA‘TE._TD N g frErs WirdDow |

1\ -

D mseﬂ;d = { ¥ = . :l— Joryel2
PAINTED HARD\WFu=S -~ e 5T - g
RAME e Fe ; ol
AS P 7z = = —

WHTE. coenel FL_ASHIMC-J
NU WL PREcosTED AL |

LAl TTO AT OH

EX\STING: .

NORTH-EAST ELEVATION

(@u Ml £ o ISERVINTOR Yy
“WHITE. PONERCOATES
ALLR I LAY § TTOLSHEDRD

PROPOSED ALTERATIONS TO LINWOOD CRECHE :

SNCLE. ETUAZInG.  IMBELR
Rejer . 4 corchETE.
Flook—

ALDWINS ROAD 1:100, 2369 9630 &4




T

~ 100 % 190_{GEAMON. o0
ox.

W8 wracET fip_eoll

UTeL A0 RAFTERG,

b colcpixe’

LoD 1

gt
AU o 106 %

T

=H— cupe. scrduic [reorieo.
- AT 600 cito,

.
S E=— R AL A A
E% HiL Kol

PART WEST ELEVATION

SHOWING PASSIYE PLAY "AREA PROJECTION

scaLe ¢

G A HARIES o EOTAN.
BULOA TATGR.

ettt
% .ué"’ Bomit sSroron

170 50

04 copereer cosToM
G B e i oo zo
Foriws o o 20 kAFTRS

e o
BB INsULATIAY
W i AT

HANG  SROUTWE D FRECH,
RoT e e R W e

AW AR e
KO

SOUTH ELEVATION

SHOWING PART CLOSING-IN OF YERANDAH

scaE 1110 €0

/

pfsCaE s

125 it BOARY  CenAEr

i

NOM ALSIKIION

AR
\ iy 9

WO,
FONTTRCZAT_ Figh TO
HEAG, A
R

F====7

= CONTRACTOR SHALL VERIFY ALL DIMENSIONS ON THE SITE BEFORE COMMENCING ANY WORK

SECTION THROUGH PASSIVE PLAY AREA

SCALE ©

170 25

20 W pr w
oo e G T s couties o1
oo v ke b8 e,
e o S5 K50 AT
B oo
1o T ors at ceo ces TR
T R, 255 e S
I llﬂA‘L e, "
| w9 AL RONFOLED
| 2t o 35 R
| B
L Toe WAL,

3
1

GHSTIT TWPER. B

sore
IO SHL PASHWT:
oraz Witk

W1 AakVier TikpeR.

eieees.

Zweae cugL naons, .
RS A i,

100X5D FRNALE:, STOPS GRUMIS
SACR0 - WACNDN 60O CanTRBS,

—— :wmw 102

CUBAR  ACRUUG PRORUSY GRS
FIRED HoRizanTaui.

29%15 KA BOREDS

£5% 15 KMILA  POARD

LINWOOD COMMUNITY CRECHE

SECTION

scace

2NCALME 2 FLASHWE
FC WOTH oF sk

ar (D)

170 2

CHRISTCHURCH GITY coumu {
PAM. APFLICATIGN i
Recd 9 - AUG 2004 |

Linwood Service Cuntre 4

048081

PROJECT No. 4.

i
|
i
i
1
1

N E‘N"EWE'GINNINGS

-

¢ 4 s s 1 ocow o+ o2os v
HE
ELEVATIONS
SECTIONS
TAILS
Stage 2.
5ATE
MARCH 2004
ey

A2 1:50 1:25

SHEET No.

A-3.00

ROYAL ASSOCIATES LIMITED
REGISIERED AR hUECTS




Appendix B:

Environment Canterbury Borehole Logs



Borelog for well M35/14475

Gridref: M35:83416-41281 Accuracy . 3 (1=high, 5=low)
Ground Level Altitude : 4.2 +MSD

Well name : CCC BoreloglD 3317

Drill Method : Not Recorded

Drill Depth 1 -2.29m  Dirill Date :

-1
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Borelog for well M35/16559

Gridref: M35:83499-41318 Accuracy . 3 (1=high, 5=low)
Ground Level Altitude : 3 +MSD

Well name : CCC BoreloglD 6112

Drill Method : Not Recorded

Drill Depth . -1.8m  Drill Date : 22/05/2006

Water

Scale(m) Level Depth(m) Full Drillers Description

Environmen
Canterbury
Regional Council

t

Formation
Code

1

topsail

-0.50m

grey / brown mottled silt

P -1.00m

grey saturated sand

-1.80m




Borelog for well M35/2111

Gridref: M35:836-414 Accuracy : 4 (1=high, 5=low)
Ground Level Altitude : 3.1 +MSD

Driller - Job Osborne (& Co/Ltd)

Drill Method : Hydraulic/Percussion

Drill Depth  : -66.4m  Drill Date : 8/12/1944

‘@ Environment
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Wa Formation
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Appendix C:
CPT-LWD-28 Report
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Project: Christchurch 2011 Earthquake - EQC Ground Investigations Page: 1of1 CPT-LWD-28
Test Date: 19-May-2011 Location: Linwood Operator: Geotech
Pre-Drill: 1.2m Assumed GWL: 2mBGL Located By: Survey GPS E ﬁ
Position: 2483547.1mE 5741248.6mN 2.73mRL Coord. System: NZMG & MSL B
Other Tests: Comments:
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Linwood Community Creche Building Quantitative Seismic Assessment

Appendix D — CERA DEE Spreadsheet
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Detailed Engineering Evaluation Summary Data

V1.1

Location
Building Name:[Linwood Community Creche | Reviewer:|Alistair Boyce
Unit No: Street CPEng No: 209860
Building Address:| [ 136]Aldwins Road Company:|Opus International Consultants
Legal Description:| Company project number:|6-QUCCC.60
Company phone number:|03 363 5400
Degrees Min Sec
GPS south:] [ [ | Date of submission: 3-Sep-12
GPS east:| [ [ | Inspection Date: 19/01/2012
Revision:|Final
Building Unique Identifier (CCC):[BU 0836-002 EQ2 | Is there a full report with this summary?|yes
Site
Site slope:[flat Max retaining height (m):[ 0]
Soil type:|silty sand Soil Profile (if available):| |
Site Class (to NZS1170.5):|D
Proximity to waterway (m, if <100m): If Ground improvement on site, describe:| |
Proximity to clifftop (m, if < 100m):

Proximity to cliff base (m,if <100m): Approx site elevation (m):| 5.00]

Building
No. of storeys above ground: 1 single storey = 1 Ground floor elevation (Absolute) (m):[ |
Ground floor split?|no Ground floor elevation above ground (m):| 0.10]

Storeys below ground 0
Foundation type:|isolated pads, no tie beams if Foundation type is other, describe:| |
Building height (m): 4.80 height from ground to level of uppermost seismic mass (for IEP only) (m):| |
Floor footprint area (approx): 275

Age of Building (years): 17 Date of design:[1992-2004 |

Strengthening present?[no

Use (ground floor):|educational

Use (upper floors

):
):
Use notes (if required):
Importance level (to NZS1170.5):

L2

If so, when (year)?

And what load level (%g)?

Brief strengthening description:

Gravity Structure

Gravity System: |load bearing walls

2m high timber trusses and lightweight
Roof:|timber truss truss depth, purlin type and cladding|steel roof cladding
Floors:|concrete flat slab slab thickness (mm) 100
Beams:|timber type
Columns:|timber typical dimensions (mm x mm)
Walls:
Lateral load resisting structure
Lateral system along:|lightweight timber framed walls Note: Define along and across in note typical wall length (m) 13
Ductility assumed, p: 3.00 detailed report!
Period along: 0.40{ 0.00 estimate or calculation?|estimated
Total deflection (ULS) (mm): estimate or calculation?|estimated
maximum interstorey deflection (ULS) (mm): estimate or calculation?|estimated
Lateral system across:|lightweight timber framed walls note typical wall length (m) 20
Ductility assumed, p: 3.00
Period across: 0.40| 0.00 estimate or calculation?|estimated
Total deflection (ULS) (mm): estimate or calculation?|estimated
maximum interstorey deflection (ULS) (mm): estimate or calculation?|estimated

Separations:

leave blank if not relevant

Non-structural elements

Stairs:

Wall cladding:|profiled metal

Roof Cladding:(Metal

Glazing:[aluminium frames

Ceilings:|light tiles

Services(list):

describe|Lightweight

describe|Lightweight

Available documentation

Architectural|partial

Structural{none

Mechanical|none

Electrical|none

Geotech report|none

original designer name/date

original designer name/date

original designer name/date

original designer name/date

original designer name/date

Damage

Site: Site performance:|

(refer DEE Table 4-2)

Settlement:|none observed

Differential settlement:{none observed

Liquefaction:|none apparent

Lateral Spread:|none apparent

Differential lateral spread:|none apparent

Ground cracks:|none apparent

Damage to area:|none apparent

Describe damage:|

notes (if applicable):

notes (if applicable):

notes (if applicable):

notes (if applicable):

notes (if applicable):

( )
( )
( )
notes (if applicable):
( )
( )
( )

notes (if applicable):

Building:
Current Placard Status:[green |
Along Damage ratio:| 45%] Describe how damage ratio arrived at:|
Describe (summary):|
. % NBS (before) — % NBS (after
Across Damage ratio:| 48%| Damage _ Ratio = ( (o) (i)
Describe (summary):| | 9 NBS (before)
Diaphragms Damage?:[no | Describe:| |
CSWs: Damage?:[no | Describe:| |
Pounding: Damage?:[no | Describe:| |
Non-structural: Damage?:[no | Describe:| |
Recommendations
Level of repair/strengthening required:|minor structural Describe:
Building Consent required: yes Describe:
Interim occupancy recommendations:|full occupancy Describe:

Along Assessed %NBS before: [

73%| #it#t# %NBS from IEP below

Assessed %NBS after: [

40%]

Across Assessed %NBS before: [

77%| #it### %NBS from IEP below

Assessed %NBS after: [

40%]

If IEP not used, please detail[Quantitative

assessment methodology:







