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Summary

Lyn Christie Place Complex
30 Wildwood Ave, Wainoni, Christchurch
BE 0727 EQ2

Detailed Engineering Evaluation
Quantitative Report - Summary
Final

Background

This is a summary of the quantitative report for the Lyn Christie Place Housing Complex and is
based on the Detailed Engineering Evaluation Procedure document (draft) issued by the Structural
Advisory Group on 19 July 2011. This assessment covers the 30 residential units.

Key Damage Observed
The damage to the buildings mainly results from the slab settlements causing distortion of the
buildings causing cracks in wall and ceiling linings.

Damage to block masonry veneers around windows was also observed throughout the site.

Critical Structural Weaknesses
No critical structural weaknesses were found in any of the buildings.

Indicative Building Strength
None of the buildings on the site are considered to be earthquake prone.

All of the Blocks have a capacity of 52% NBS as limited by the in-plane capacity of the internal
walls between the lounge and the bedroom and the kitchen and the bathroom.

Recommendations
It is recommended that all buildings be strengthened to at least 67% NBS.

A geotechnical site investigation should be carried out to determine the liquefaction potential of the
site and the thickness of the underlying landfill, if future building on the site is anticipated.

Remediation of the foundations of Blocks A and B should be considered.
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1 Introduction

Opus International Consultants Limited have been engaged by the Christchurch City Council to
undertake a detailed seismic assessment of the Lyn Christie Place Complex, located at 30
Wildwood Ave, Wainoni, Christchurch following the Canterbury Earthquake Sequence which
began in September 2010.

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

The seismic assessment and reporting have been undertaken based on the qualitative and
quantitative procedures detailed in the Detailed Engineering Evaluation Procedure (DEEP)
document (draft) issued by the Structural Engineering Society (SESOC) [3] [4].

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 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). CERA have adopted 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.

Christchurch City Council requires any building with a capacity of less than 34% of New
Building Standard (including consideration of critical structural weaknesses) to be
strengthened to a target of 67% as required under 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).

The Earthquake Prone Building policy for the territorial authority shall apply as outlined in
Section 2.3 of this report.

Section 115 — Change of Use

This section requires that the territorial authority 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 territorial authorities as being 67% of the strength of an
equivalent new building or as near as practicable. This is also the minimum level
recommended by the New Zealand Society for Earthquake Engineering (NZSEE).

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. In the 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

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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5. A territorial authority has not been able to undertake an inspection to determine
whether the building is dangerous.

Section 122 — Earthquake Prone Buildings

This section defines a building as earthquake prone (EPB) 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.

2.3 Christchurch City Council Policy

Christchurch City Council adopted their Earthquake Prone, Dangerous and Insanitary
Building Policy in October 2011 following the Darfield Earthquake on 4 September 2010.

1. The policy includes the following:

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

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

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

5. 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.
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2.4

2.5

3

Where an application for a change of use of a building is made to Council, the building will
be required to be strengthened to 67% of New Building Standard or as near as is reasonably
practicable.

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 increase in the basic seismic design load for the Canterbury earthquake region (Z
factor increased to 0.3 equating to an increase of 36 — 47% depending on location
within the region);

e Increased serviceability requirements.

Institution of Professional Engineers New Zealand (IPENZ)
Code of Ethics

One of the core ethical values of professional engineers in New Zealand is the protection of
life and safeguarding of people. The IPENZ Code of Ethics requires that:

Members shall recognise the need to protect life and to safeguard people, and in their
engineering activities shall act to address this need.

1.1 Giving Priority to the safety and well-being of the community and having regard to
this principle in assessing obligations to clients, employers and colleagues.

1.2 Ensuring that responsible steps are taken to minimise the risk of loss of life, injury or
suffering which may result from your engineering activities, either directly or
indirectly.

All recommendations on building occupancy and access must be made with these
fundamental obligations in mind.

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.

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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Existing
Building Improvement of Structural Performance
Description | Grade Risk %NBS
Structural
Performance —» Legal Requirement NZSEE Recommendation
Low Risk Above Acceptable The Building Act sets 100%NBS desirable.
Buildin AorB Low 6 (improvement no required level of Improvement should
8 v may be desirable) structural improvement achieve at least 67%NBS
(unless change in use)
. This is for each TA to
Moderate Risk ’ 340 Acceptablve legally. decldo T i " Not recommende.d.
Esillebie BorC Moderate 66 Improvement Edls; MmjpRonEmEE I Acceptable only in
recommended not limited to 34%NBS. | exceptional circumstances
Unacceptable J
High Risk . 33 or (Improvement
Fis e DorE High lower satred] males > Unacceptable Unacceptable
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).

Table 1: %NBS compared to relative risk of failure

Percesrg:;gga(l).t('ll\(Toe/owlt\nglslilding Relative Risk (Approximate)
>100 <1time
80-100 1-2 times
67-80 2-5 times
33-67 5-10 times
20-33 10-25 times
<20 >25 times

Minimum and Recommended Standards

Based on governing policy and recent observations, Opus makes the following general
recommendations:

3.1.1 Occupancy

The Canterbury Earthquake Order! in Council 16 September 2010, modified the meaning of
“dangerous building” to include buildings that were identified as being EPB’s. As a result of
this, we would expect such a building would be issued with a Section 124 notice, by the
Territorial Authority, or CERA acting on their behalf, once they are made aware of our

t This Order only applies to buildings within the Christchurch City, Selwyn District and Waimakariri District
Councils authority.

6-QUCC2.13 | January 2013
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assessment. Based on information received from CERA to date and from the DBH guidance
document dated 12 June 2012 [6], this notice is likely to prohibit occupancy of the building
(or parts thereof), until its seismic capacity is improved to the point that it is no longer
considered an EPB.

3.1.2 Cordoning

Where there is an overhead falling hazard, or potential collapse hazard of the building, the
areas of concern should be cordoned off in accordance with current CERA/territorial
authority guidelines.

3.1.3 Strengthening

Industry guidelines (NZSEE 2006 [2]) strongly recommend that every effort be made to
achieve improvement to at least 67%NBS. A strengthening solution to anything less than
67%NBS would not provide an adequate reduction to the level of risk.

It should be noted that full compliance with the current building code requires building
strength of 100%NBS.

3.1.4 Our Ethical Obligation

In accordance with the IPENZ code of ethics, we have a duty of care to the public. This
obligation requires us to identify and inform CERA of potentially dangerous buildings; this
would include earthquake prone buildings.

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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4 Background Information

4.1 Building Descriptions

The site contains 30 residential units constructed in 1974. A site plan showing the locations
of the units is shown in Figure 2. All of the units are single-storey, timber-framed buildings
with 19omm masonry block firewalls between adjacent units. Cladding is light-weight metal
on the roofs and 100mm block masonry veneer on the walls. Foundations are piled
perimeter ring beam footings with an in-filled concrete slab on grade. Interior walls are
lined with 1omm GIB foil or chipboard and ceilings are lined with 1tomm GIB board.

We note that previous settlement (prior to the earthquakes), and subsequent remedial
work, to some of the blocks has occurred. The floor slabs are not attached to the walls.

Block B

26 25

Blook G -

Figure 2: Site plan of Lyn Christie Place.

6-QUCC2.13 | January 2013 Opus International Consultants Ltd



Lyn Christie Place Complex — Detailed Engineering Evaluation 8

Figure 3 shows the floor plan of typical unit taken from original drawings.
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Figure 3: Floor plan of a typical unit.

4.2 Survey

4.2.1 Post 22 February 2011 Rapid Assessment

The extent of rapid assessments following the February earthquake and other events is

unknown.

4.2.2 Further Inspections

A further assessment of the site was undertaken on November 7%, 2012 by Opus
International Consultants. A summary of the damage to the units is provided in section 5.

4.2.3 Level Survey

A level survey of Blocks A and B was undertaken on 7 November, 2012. The results of the

survey are outlined and discussed in section 8.

6-QUCC2.13 | January 2013
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4.3

53

4.2.4 Geotechnical Survey

A geotechnical site walkover was conducted on November 215, 2012 to supplement a
geotechnical desktop study. A summary of the geotechnical findings is given in section 8.

Original Documentation
Copies of the following construction drawings were provided by CCC:

e Site Plan for Blocks A, B, C, D and E.

e Site Plan for Blocks F, G and H.

¢ Floor Plans for Blocks A, Band C, D, E, F and G and H.
e Typical unit cross-section and typical unit floor plan.

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

Copies of the design calculations were not provided.

Structural Damage

This section outlines the damage to the buildings that was observed during site visits. It is not
intended to be a complete summary of the damage sustained by the buildings due to the
earthquakes. Some forms of damage may not be noticeable during a visual inspection due to being
‘hidden’ behind cladding, interior linings, etc.

5.1

5.2

53

5.4

Residual Displacements

The level survey found evidence of differential settlement in the foundation slabs of Blocks
A and B, resulting in a floor slope in the order of 0.5%-0.7%. The results are outlined in
more detail in Section 8.

Foundations

Some slab settlement in the order of 20mm-30mm was noticed around the site due to
differential ground settlements.

Primary Gravity Structure

Deformation of some timber framing was noticed as a result of slab settlements mentioned
in the previous paragraph.

Primary Lateral-Resistance Structure

Some minor cracking of GIB-lined walls was noticed, this could be the result of the
earthquakes and/or the slab settlements mentioned in Section 5.2.

Non Structural Elements

Some stepping and cracking of block masonry veneers was observed around the site.

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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6 General Observations

The buildings appeared to have performed as reasonably expected during the earthquakes. They
have suffered distributed amounts of minor damage which is consistent with the heavy nature of
the cladding and the age of the buildings.

7  Detailed Seismic Assessment

The detailed seismic assessment has been based on the NZSEE 2006 [2] guidelines for the
“Assessment and Improvement of the Structural Performance of Buildings in Earthquakes”
together with the “Guidance on Detailed Engineering Evaluation of Earthquake Affected Non-
residential Buildings in Canterbury, Part 2 Evaluation Procedure” [3] draft document prepared by
the Engineering Advisory Group on 19 July 2011, and the SESOC guidelines “Practice Note —
Design of Conventional Structural Systems Following Canterbury Earthquakes” [5] issued on 21
December 2011.

As the majority of the residential units (all but Units 1 and 2) have the same floor plan, the analysis
was simplified by conducting the analysis of each multi-unit block once for each cladding type
(brick veneer or block veneer).

7.1 Critical Structural Weaknesses

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 a building. During
the initial qualitative stage of the assessment the following potential CSW’s were identified
for each of the buildings and have been considered in the quantitative analysis.

No critical structural weaknesses were identified in the buildings.
7.2 Quantitative Assessment Methodology

The assessment assumptions and methodology have been included in Appendix 3. A brief
summary follows:

Hand calculations were performed to determine seismic forces from the current building
codes. These forces were distributed to walls by tributary area and relative rigidity. The
capacities of the walls were calculated and used to estimate the % NBS.

-7.3 Limitations and Assumptions in Results

Our analysis and assessment is based on an assessment of the building in its undamaged
state. 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:

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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7.4

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.

Assessment

A summary of the structural performance of the buildings is shown in Table 2. Note that the
values given generally represent the worst performing elements in the building, where these
effectively define the building’s capacity. Other elements within the building may have
significantly greater capacity when compared with the governing elements. This will be
considered further when developing the strengthening options.

Table 2: Summary of seismic performance.

Failure Mode, or description of limiting % NBS based on
Block criteria based on displacement capacity of | calculated
critical element. capacity.
Bracing capacity of walls between the lounge and o
Along bedroom and kitchen and bathroom. R
Blocks A-E
ACTOSS E;ﬁg\l;l;g} capacity of walls to the side of the rear 63%
Bracing capacity of walls between the lounge and o
Along bedroom and kitchen and bathroom. 52%
Block F-H
Across }E;rlﬁ(vz‘llgg] capacity of walls to the side of the rear 61%

Summary of Geotechnical Appraisal

General

The site was used as a landfill in the early 1940’s. The Units are built on top of
approximately 2m of landfill which was capped as a part of the Lyn Christie Place
development. The units have had some historical difficulties relating to ground settlements
from the landfill which are identified in a report prepared by MWH in 2001. If any ground
disturbance is planned, care should be taken as there may be soil contamination.

Investigation data from a cone penetrometer test (CPT) within 100m of the site showed the
expected stratigraphy below Lyn Christie Place to be as indicated in. The groundwater level
recorded on the CPT was 1.0m.

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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Table 3: Inferred ground conditions.

Depth Encountered from (m) below

Stratigraphy Thickness (m) ground, based on well M35/1499
Landfill of uncontrolled materials,
uncompacted 2.0 0

Organic, sensitive fine-grained material 1.0 2.0
Soft CLAY with loose silty SAND 1.0 3.0
Medium dense silty SAND 1.5 4.0
Soft CLAY with occasional SILT 0.5 5.5
Medium dense silty SAND 2.0 6.0
Dense SAND 3.0 8.0
Loose to medium dense SAND 2.0 11.0
Dense to very dense SAND >5.0 13.0

Geological maps show the site to be close to the border between the Springsteen Formation
and the Christchurch Formation. The Springsteen Formation includes postglacial fluvial
and over-bank sediments accumulated along the inland margin of the Christchurch
Formation. These sediments consist of poorly-graded (well sorted) gravel, sand and silt. The
Springsteen Formation has a maximum thickness of 20m.

A summary of the level survey undertaken by Opus Surveyors in November 2012 is given in

Table 4.

Table 4: Results from the level survey.

Unit No. Slope % Direction of down slope
1/ Block A 0.56 NW

2 / Block A 0.66 SE

3/ Block B 0.67 NwW

4 / Block B 0.59 SW

5/ Block B 0.71 w

6 / Block B 0.49 w

7 / Block B 0.55 NE

6-QUCC2.13 | January 2013
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8.2

8.3

8.4

9

Liquefaction Potential

Liquefaction analyses were carried out for three CPT’s located near to Lyn Christie Place.
During a 500 year the site is categorised as high to very high risk and liquefaction
settlements in the order of 130mm are likely to occur, resulting in moderate land damage.

Summary

The site walk-over on the 215t of November 2012 found evidence of differential ground
settlement in the form of cracking of pavements, footpaths and lawns. The nature of the
evidence suggested that a significant portion of the settlement observed may have been due
to long term settlement related to the land fill that the site is founded on with only minor
additional settlement due to the Canterbury earthquakes. It is concluded that the damage to
the floor slabs of the units and the ground is from long term settlement of the underlying
landfill. There is little evidence that liquefaction contributed to the damage.

The residual slopes of the Blocks A and B indicate that a floor re-level is necessary as the
slope is greater than the maximum limits specified in The Building Act 2004 and the
Ministry of Business, Innovation and Employment (formerly the Department of Housing)
guidelines2.

Evidence from nearby sites suggests that significant liquefaction settlement is likely to have
occurred under the site after the 22 February 2011 earthquake. However, site evidence
suggests that liquefaction generated settlements are minimal compared to the long term
settlements related to the underlying landfill. It is therefore concluded that the landfill cap
likely alleviated any significant differential settlements that may have resulted due to
liquefaction.

Further Work

Further investigation is recommended to gain a better understanding of the site-specific
liquefaction hazard and to assess the thickness of the landfill in relation possible remedial
measures. The investigation would include:

e An evaluation of a 2001 report by MWH with regards to the landfill.

e 4 CPT’sto a depth of 20m.

¢ 2 hand augers at each building block to verify the thickness of the landfill.
e Assessment and reporting.

Conclusions

e None of the buildings on site are considered to be Earthquake Prone.

e All Blocks have a capacity of 52% NBS as governed by the in-plane shear capacity of internal
walls of the building between the lounge and bedroom and kitchen and bathroom.

2 Guidance on house repairs and reconstruction following the Canterbury earthquake, Department of
Building and Housing ,2010.
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All Blocks are deemed to be a ‘moderate risk’ building in a design seismic event according to
NZSEE guidelines. Their level of risk is 5-10 times that of a 100% NBS building (Figure 1).

All Blocks have experienced some differential settlement with the residual slope in the
foundations of Blocks A and B exceeding the maximum limits recommended by the Ministry of
Business, Innovation and Employment (formerly the Department of Housing).

We note that there may be some soil toxicity on site.

10 Recommendations

A strengthening works scheme be developed to increase the seismic capacity of all buildings to
at least 67% NBS. The scheme will need to consider compliance with accessibility and fire
requirements.

A geotechnical site investigation should be carried out to determine the liquefaction potential of
the site and the thickness of the underlying landfill, if future building on the site is anticipated.
This would be required in order to quantify the risk and for the design of new foundation
systems.

Remediation of the foundations of Blocks A and B should be considered.

11 Limitations

This report is based on an inspection of the buildings and focuses on the structural damage
resulting from the 22rd February Canterbury Earthquake and its subsequent aftershocks only.
Some non-structural damage may be described but this is not intended to be a complete list of
damage to non-structural items.

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 this time.

This report is prepared for the Christchurch City Council to assist in the assessment of any
remedial works required for the Lyn Christie Complex. It is not intended for any other party or
purpose.
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Appendix 1 - Photographs
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Lyn Christie Place

No. | Item description Photo

1 Unit Front Elevation - r
Typical

2 Unit Back Elevation —
Typical Blocks A, B, C, D
and E.
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3 Unit Back Elevation —
Typical Blocks F, G and
H.

4 Unit Side Elevation -
Typical

5 Unit Roof Framing View
- Typical
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6 Unit Interior View -
Typical
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Appendix 2 - Geotechnical Appraisal
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Capital Programme Group
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PO Box 2522
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Dear Matt

Lyn Christie Place - Geotechnical Desk Study

1 Introduction

Christehurch City Council (CCC) has requested Opus International Consultants (Opus) to provide
a geotechnical desk study and walkover inspection of Lam Christie Place, blocks A-H, loeated at 50
Wildwood Avenue, Wainoni.

The purpose of the geotechnical study is 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 desk study comprises a site walkover
and a preliminary liquefaction assessment.

This Geotechnical Desk Study forms part of a Detailed Engineering Fvaluation prepared by Opus,
and has been undertaken without the benefit of any site specifie investigations and is therefore
preliminary in nature.

Z2 Desktop Study

2.1 Site Description

The site comprising of Blocks A-H with 30 Units which consists of 28 Studios and 2 bedsits at Lyn
Christie Place, is located at the North eastern end of Wildwood Avenue approximately 60 metres
south of the Pannell Avenue/ Wildwood Avenue intersection in the Wainoni suburh of
Christchurch City. The Avon River is located approximately 650 metres Lo the northwest of the
site.

The site was used as a landfill in the early 1940's. Tt is understood that the units, drive way and a
car parking facilitics are built in 1974 as well as the stone block retaining wall bordering the east
side of the property. The complex was built on approximately two meters of landfill, as reported



by Montgomery Watson Harza (MWH) who conducted the investigations of Lyn Christie Place for
the Council back in 2001, The landfill is assumed to be capped as part of the Lyn Christie Place
development. A veneer of capping was apparently replaced in the 2000's for environmental
reason. A summary of the of the MWH report as part of an CCC Agenda 10 Nov 2003 is attached
in the appendices and the report is being sort to source any potential geotechnical information it
may include. This report will not address any environmental issues associated with the site.

The retirement housing units comprise of eight main blocks of single storey structures with
lightweight aluminium roofing and concrete cinderblock external walls which are founded on a
perimeter piled conerete ring beam foundation with an in filled concrete slab on grade. The piles
are assumed to penetrate the landfill in to natural ground.

As reported in 2001 (MWH), the units have been in some issues from the underlying landfill,
notable floor slab settlement, which were apparently remediated by injecting quick setting resin
under the floor slabs (CCC Agenda 10 Nov 2003).

2.2 Available Structural Drawings

Although no geotechnical report or records associated with the construction of the complex were
found, the Property Unit of the CCC commissioned MWH to undertake some exploratory drilling
to ascertain the potential causes of the slumping and property damage back in 2001 (details
regarding the MWH report are not available at this stage).

Foundation detail plans showing the layout of the units have been made available and these
include room type details within the units. Copies of CCC drawings are included in Appendix D.

Based on the Christchurch City Council's drawings the foundations beneath the retirement
housing units consist of an external perimeter piled concrete ring beam footings with an in filled
conerete slab on grade. The external perimeter ring beam footings ( 180x250x510deep) are
sitting on pre-tensioned rectangular piles of dimension 100mm by Bomm wide, The length of
these piles is currently unknown but it is expect the piles traverse the landfill and capping and are
some 2 to 3m in length,

2.3 Regional Geology

The published geological map of the area, (Geology of the Christchurch Urban Area 1:25,000,
Brown and Weeber, Map 1, 1992) shows that Lyn Christie Place, located in Wainoni Christchurch,
is develaped on the border of the Springston Formation, adjacent to the area mapped as
Christchurch Formation (east of the projeet site). See Figure C.1

The Springston Formation inclucdes postglacial fluvial and over-bank sediments accumulated
along the inland margin of the Christchurch Formation (deposits ceased cirea gooo years BP).
These deposits consist of poorly graded (well sorted) gravel, sand and silt. The Springston
{furmation has a maximum thickness of 20 m,

Reference to the historic “blackmaps” drawing on the Project Orbit website indicated the site
bordered onto a swamp.

2.4 Expected Ground Conditions

A review of the geotechnical investigation data from Project Orbit showed one cone penetrometer
test (CPT 142) surrounding the area of interest within a 100 metre radius (refer to the Site
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Location Plan in Appendix A1). The expected stratigraphy below Lyn Christie Place, inferred from
local CPT s0il behaviour type (SBT), is shown in Table 2 below. Thees ground conditions needs to
be confirmed by specific testing on the site.

Table 2: Ground Conditions

Depth encountered
Stratigraphy Thickness | from below ground
(m) level (m)
Landfill of uncontrolled materials, uncompacted 2.0 Surface
Organic, sensitive fine grained material Lo 2.0
Soft Clay with loose silty Sand 1.0 3.0
Medium dense silty SAND L5 4.0
| Soft CLAY with occasional SILT a5 | 55
Medium dense silty SAND 2.0 f.0
' Dense SAND 3.0 8.0
Loose to medium dense SAND 2.0 1.0
Dense to very dense SAND 5.0 14.0

(sroundwater fable

The level recorded on the CPT in-situ test log indicates that the groundwater is approximately 1
meter beneath the ground surface.

2.5 Seismic and liquefaction potential

2.5.1 Risk of seismic activity

(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) indicates there is currently a 13% probability that a magnitude 6 or greater earthquake
may oceur in the next 12 months in the Canterbury region, Ground damage may oceur in such an
event, dependent on the location of the epicentre. [t is expected that the probability of ceeurrence
is likelyto decrease with time, following periods of reduced seismic activity,

2.5.2 Design earthquakes

The site has been subjected to strong seismic shaking with a number of recent earthquakes,
especially the 22 February 2011 earthquake which produced very strong shaking in Christchureh.
The nearest seismic strong motion recording station to the site is at the Pages Road Pumping
Station (PRPC) approximately 5o00m south-southwest of the site. The peak ground accelerations
recorded at the PRPC station were 0,22y for the 4th September 2010 earthquake and o.66g for the
22nd February 2011 earthquake,

In order to proceed with the liquefaction assessment, the following three acceleration values were
Laken into aceount with the relevant design earthquakes:
1) 0.08g, from the Serviceability Limil State (51.5) scenario (using Ch = 1.12 [site subsoil
class D], £ = o.a[for the Canterbury earthgquake region ], Ru = 0.25 for 1/25 Annual
Probability of Exceedance, Mag 7.5 design earthquake).
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2)  0.34g, from the Ultimate Limit State (ULS) scenario (using Ch = 1.12 [site subsoil class D],
7 = 0.3[for the Canterbury earthquake region|, Ru = .o for 1/500 Annual Probability of
Exceedance, Mag 7.5 design earthquake).

2)  0.57g, from the conditional peak ground aceelerations (PGA), developed for conventional
liquefaction assessments by Bradley Seismic Ltd. and the University of Canterbury (Mag
6.3 for the 229 February 2010 earthquake),

2.5.3 Information from ECAN studies

Tahle 1

Type of information from project urj;:i_i database (FQC) Description

Liguefaction and Lateral Spreading observed:

Aorial phatography shows Moderate-Severe Observed Liguefaction

Dbserved ground crack locations

From LIDAR chservations there are no observations of cracks. However, 100 m.south
east of the site a number of < 50 mm cracks have been observed from this data.

| LiDAR and digitat elevation models

Ground surface eevation from LIDAR observation: 13.0- 13,5 m +ChiCh datum at the
north side and 11.0 - 11.5 m at the south side,

Veertical ground models

According ba the verticak slevation model, the groundlevel has been moved
downwards in between 0.2 and -1.5 m

Horizontzl grovnd moverment

Direction of the harizontal ground mevement is to west, 270 - 290 degrosd

Groundwater Surface Elevation

Ground water surface 0 - 2 m deep.

 Borehole logs {pre september 20100

MNearest borehole available M35_1827 available 150 m south west of Lyn Christie.

CCC Borehole logs

An Ecan Borehole M35_1927 is available 140 m south of the units.

CERA Residenlial roning mags

Thix site located in the green zone.

_OBH Residential Foundation Technical

DBH Residential Technkcal eategory is M/

CCC CBD Geological sections

EQHC report Tor Wainenl is relevant. This document provides technical information for
land damage following the 4 September 2010 and 22 Februan 2011 earthquakes in
Canterbury.

EOC Suburban imyestigation Areas (post eg)

EGE Factual Geotechnical report for Avanside: The EOC report for Avonside provides
technical information for land damage following the 2010 / 2011 earthgquakes in
Canterbury, The factual report collates geotechnical investigation data from
borehales, soil tests, seismic surveys for this suburb. This factual report will be
followed by an interpretive report that analyses the data. The two sets of reports will
previde information that will assist

EQL Suburbsan Investigation Areas [pre eg)

Cadestrial boundaries

Thie site is on the west border of Wainoni and lbes within Avonside.

2.5.4 Liquefaction Hazard

Liquefaction Analysis has been completed for three CPUs located nearby the Lyn Christie Place

Retirement Village, see appendix E.

The overall assessment of the CPTs surrounding Lyn Christie Place reveals that under SLS
conditions the site is categorised as no risk as liquefaction is unlikely to oceur and no land damage
is expected to oceur. However, under both ULS and conditional PGA conditions the site is
categorised as high to very high risk and settlements in the order of 130mm are likely to occur. As
liquefaction is very likely to oceur during an ULS seismic event moderate land damage is likely to

OCCur.

While site observations of ground settlement was prevalent it is difficult to distinguish
liquefaction settlement from landfill settlement. Liguefaction settlement may have a low
differential distortion especially with the landfill capping any not generate obvious ground
features, It is significant that the units with piled foundation have not exhibited any marked
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structural damage indicating little differential settlement at some 3m depth. Liquefaction
settlement would oeeur below this depth.

3 Site Walkover Inspection

Awalkover inspection of the exterior of the buildings and surroundings at Lyn Christie place was
earried out by an Opus Geotechnieal Engineer on 21 November 2012. The purpose of the walkover
was to observe (differential} settlement of the landscape and find evidence of defects caused by
liuefaction after the carthquakes of 2010/2011 and aftershocks and attempt to distinguish these
from the on-going ground settlement from the landfill. Internal parts of the buildings have not
been inspected during this site walk-over; this part is reported separately by a structural engineer.

Observations (21 November zo12)

Several signs of ground movement were observed at the drive way, the footpaths, doorsteps and
grass lawn of the individual units and simultancously a significant amount of defects have been
ohserved, mainly major eracks in the asphalt pavement. There is some evidence of liquefaction
observed from observations of various sand bulges in the grass fields but little evidence that the
majority of defects are solely due to liquefaction settlement. There was little apparent damage to
the external building structure founded on the shallow piles. Site Photographs and Inspection of
these defects have been attached to this report, see appendix Aj.

Block A {units 1 and 2}
»  Major crack in pavement footpath and sand bulge (Mo 1 south side of block A)
o Cracks in the pavement of the footpath {No 1 south)
s Minor Cracks in pavement (No 1)
* Doorstep settlement and settlement under wiaste water trap next to the doorstep  (No 1)
= Cracking in the mortar of the conerete masonry wall (gouth-east corner of No 1)
#  Asphalt unlevelled at doorstep (No 2}
»  Crack of the pavement (No @)
+  Settlement of the gully pot (No 2)
= Rotation of the pole of the clothesline [west of No 2)

¢  General settlement of garden

Block B° (units 13,4,5.6 and 7)
*  Repairs of eracks visible, depression of the pavement (bend of the drive way near No 3)
*  (rack visible in the mortar of the concrete masonry wall {south-east corner of No 3)
*  Cross eracks around the corner of the pavement of footpath (No 5 and No 6)
s Depression of = /- 10 ¢m along the concrete foundation slab (Mo 5 and No &)
= Vertical displacement and depression under gully pot (No 4)
«  Defect of 4 waste water trap [(WNao 4)

Block C {units 8, . 10, 11, 12 and 19)
= Settlement of gully pot and eracks in kerb (Car parking next to No 8, near No 7)
s  Crack in the kerb, 1.0 em wide (Car parking next to No 8)
«  Rotation of the gully pot +/- 10 degrees {detail at car park north of No 7)
« Bulging of the pavement of the footpath; the grass field is bumpy (No 10 north)
»  Pavement of the footpath pushed up (north of No 10)
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Block D

4

Block retaining wall, no defects observed (opposite No 13)

Distinctive rotation of the pole of a clothesline {in between No 13 and No 14)
(units 14, 15 and 16)
Differential settlement and minor cracks1 — 2 mm (at doorstep of No 14)
Crack between foundation slab and doorway, window cracked feastside of No14)
Minor cracks on footpath {west face of units No 14 and No 15)
Settlement under the waste water trap (No 16)
Again, ground level depression under waste water trap (Mo 16)
Horizontal eracks in in the mortar of the conerete masonry (No 16)
Retaining wall next to lawn, grass lawn is bumpy no obvious visual indication of
movement observed (east of block C - T)
bumpy ground level visible {east of block C - F)
funits 17,18 and 19)
Minor eracks in the pavement of the footpath 1 = 2 mm (between No 17 and No 19)
Cracks in the doorstep 1 —2 mm (No17)
Settlement under the waste water trap {near no 17)
Distinetive rotation of the pole of a clothesline (between No 16 and no 17)
Crack in asphalt of the doorstep (No 18)
(units 20,21,22,23)
Rotation of the pole of the clothesline (Mo 24)
Cracks in the masonry wall, next to the doorstep (No 23)
Depression of the grass near garden shed (No 20 - 23)
(units 24, 25,26

Several cracks along the footpath, most of these eracks are considered to be existing,
before the earth quake event and caused by long term consolidation settlement (between
No 24 and No 26)

Some minor eracks along the edge of the footpath (between No 24 — No 26)

[Existing and recent cracks in pavement footpath (between No 24 - 26

Recent crack along the footpath (No 24 — No 26)

{units 27,28,29,30)
Settlement under waste waler trap {vorner of No 24)
Minor cracks in pavement of the footpath (No27)
Visible rotation of the street light towards east (No 30)

Cracks in pavement (next to No 29 and No 30)

Level Survey

A floor level survey was carried out in the housing blocks A and B; based on these measurements
floor deflections are derived and displaved in Table 3. It should be noted that these
measurements do not necessarily reflect settlement within the piled peripheral footings. It is
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understood that eracking has oecurred in these floor slabs and the struetural connection to the
peripheral footing are not robust,

Table 3: Results Floor Level Survey and Moor detection

Space . R
Unit No / ,F].mr between [l?l.m:-lmn_nf Floor
Variance ditferential : .
Block No measured deflection (%)
(mm) ; settlement
variance (m)
1/ Block A 94 .06 Naorthwest .50
2 / Block A 46 694 Southeast 0.66
13/ Block B | 4 5.05 Northwest 0.67
4/ Block B 46 7.75 Southwest 059 |
5/ Block B 36 505 West .71
6/ Block B 18 3.04 West 0.49
| 7 .“." Block B 98 .04 Northeast .55

The maximum allowable slope between any two points (greater than two metres apart) which
indicates that no foundation re-level is considered necessary is 0.5% (1 in 2o0). The floor
deflection exceeds this point in the units of both Block A and B.

5 Discussion and recommendations

o The z2i1/11/2012 site walk-over lound evidence of (differential) settlement of the
landscape: cracking in the pavement of the driveway, car parking, footpath and lawn were
observed. The length, shape, vegetation and position of these pavement eracks indicate
evidence of sub-surface long term settlement from the landfill with perhaps some minor
additional displacement from the carthquake inertia and liquefaction.

* The general conclusion is that the damage to the floor slabs of the dwelling units and the
grounids is from settlement caused by the underlying landfill. There is little evidence that
liquefaction was a significant cavse for that damage.

= Most of the variance measurements made across the Blocks A and B floor slabs, indicate
that a floor re-level is necessary as the deflection across the floor is greater than the
_maximum limits specified in the Building Act and the Department of Building and
Housing November 2011 guidelines for revised guidance on repairing and rebuilding
houses affected by the Canterbury Earthquake sequence.

* The buildings at the site are single storey and timber framed, with either conerete block or
brick vencer walls. In general the existing piled foundations have performed well in the
recent seismic events, but cracking of the in filled floor slabs have been observed from the
outside of the buildings caused by differential settlement recorded in the level survey. This
has been reported again as far as back at 2001.

¢ If the nearby ground investigations are representative, significant liquefaction settlement
is likely to have oceurred under the site after the 22 February 2011 earthquake, Apart from
one sand boil there is no evidence to indicate liquefaction generated significant settlement
on site over on going settlements from the landfill. Liguefaction settlements would have
oceurred under the piled foundations of the peripheral footings but there is no evidenee of
strength distortion in the dwellings. It can only be concluded that the presence of the
landfill cap alleviated any detrimental differential settlements from liquefaction at the
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sirface and the close centre piled foundation aided in locally densifying the underlying
sands.

s Recent caleulations using nearby ground investigation confirms that liguefaction is very
likely to occur under the site during an ULS seismic event but as with the recent
earthquakes little detrimental differential settlement should oceur at the surface

Remedial works may inelude re-levelling of the units of structural damage. A number of
approaches could be considered:-

o The floor slabs be re-levelled using engineered resin — a temporary solution with on-
going landfill settlement

«  Re-level and support the floor slab on close centred micropiles

¢ Reconstruction and redesign of the floor to be a suspended floor slab to be
tied /structurally connected to the external concrete perimeter ring beam foundation.

6 Proposed ground investigations

Subject to evaluating the 2001 MWH report on the landfill, it is recommended that in order to
further understand the future of the buildings with the Lyn Christie complex and to confirm
remedial works, a site specific investigation is undertaken including CPTs, hand augers and scalas.
The site investigation data will enable a liquefaction assessment to be undertaken and can localise
the thickness of the landfill and underlying weak soils to aid remedial measures. The investigation
should focus on the observed area of ground damage in the centre of the site,

The information obtained from the liquefaction assessment and site walkover will help
Christehurch City Couneil understand and separate the future risk of liquefaction and potential
ground damage from the underlying landfill for Lyn Christie Place. Tt will further identify and
detail

concept repair options for the buildings.

Further ground investigations can be helpful to elassify the local soil strata, soil properties and
ground water table. With this factual information a detailed assessment ean be carried out to
decide on the future of the eomplex.

The scope of the proposed site specific geotechnieal investigations will be:

¢  Fvaluate MWH 2001 report on the landfill
s 4 Cone Penetrometer Tests (CPT's) to a depth of 2o0m
« 2 Hand augers at each building block (total 16) to verify the thickness of the landfill.

s  Assessment and reporting

7 Limitation

This report has been prepared solely for the benefit of Christchurch City Council as our client with
respect to the particular brief given to us, Data or opinions in this desk study may not be used in
other contexts, by any other party or for any nther purpose.
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It is recognised that the passage of time affects the information and assessment provided in this
document. Opus's opinions are based upon information that existed at the time of the production
of this Desk 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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Photos of observed defects during site walkover 21-11-2012 :

DRIVE WAY
Figure 1 Street view of the Lyn Christie Place (units 27-30 block H; drive way on the left side)

Block A {units 1 and 2}
Figure 2 Major crack in pavement footpath at sand bulge (footpath towards unit No 1 (south side
of block A, facing north)

Figure 3 Close-up of sand bulge and eracks in the pavement (footpath towards unit No 1 southside
of block A, facing north)

Figure 4 Doorstep settlement; settlement under waste water trap (unit No 1 Block A)

Figure 5 Minor Cracks in pavement and detail below (unit No 1 block A on the right, facing south /
towirds block 1D No 17-19)

Figure 6 Cracking in the mortar of the conerete masonry wall (around the corner of unit No 1
hlock A facing north)

Figure 7 Rotation of the pole of the clothesline (west of unit No 2 Block A facing west)

Figure 8 Settlement of the gully pot (unit No 2 Block A)

Figure g Crack of the pavement (unit Noz2 Block A)

Figure 10 Crack of the pavement (unit Noz Block A, facing south-west)

Figure 11 Cracks of drive way and repair (Block B, unit No 3 facing south)

Block B {units 3,456 and 7)
Figure 12 End of the drive way (unit No 3 Block B facing south)

Figure 14 Bend on the end of the drive way, repairs of cracks visible general depression of the
pavement visible (Unit No 5 of Block B facing north)

Figure 14 Bend on the end of drive way facing east, various repair work of asphalt eracks (Unit No
4 hlock B facing cast)

Figure 15 West of block B, facing east

Figure 16 Cracking (atl doorstep of unit 5 Block B facing south)

Figure 17 Detail of eracking (at doorstep of unit 5 Block B Facing south)

Figure 18 Close-up of the conerete foundation; depression of +/- 10 ¢m along the conerete
foundation slab (unit No 5 and No 6 Block B)

Figure 19 Cross eracks around the corner of the pavement of footpath (unit No 5and No 6 of Block
B)

Figure 20 Differential settlement (total = /- 10 em) of doorstep unit No 5 Block B

Figure 21 Close-up of gully pot; vertical displacement and depression under gully pot (unit No 4
block B)Figure 22 Defect of a waste water trap (unil No 4 block B)

Figure 23 45 degrees crack visible in the mortar of the concrete masonry wall (south-east corner of
unit Mo 3, [acing west)

Block C {units 8,9, 10, 11,12 and 13}
Figure 24 Block retaining wall, no defects observed (opposite unit No 13, Block C)

Figure 26 Distinctive rotation of the pole clothesling (in between unit No 13 and No 14, block C
and D)

Figure 27 Bulging of the pavement of the footpath, the grass field is bumpy (No 10 north of block
C facing west)

Figure 28 Pavement of the footpath pushed up, possibly due to a sand well. There is a safety cone
placed next to the footpath to indicate this defect (north of unit No 10 Block C, facing east).
Figure 29 Setttlement of gully pot and eracks in kerb (Car parking next to No 8 (near No 7 facing
north-east)

Figure 30 idem (Car parking in front of No 7 (Block B), facing south-east)

Figure 31 Detail of a crack in the kerb, 1.0 em wide (Car parking next to No 8, west of Block C,
facing East)

Figure 32 Other detail of erack in kerb (1o No 8, west of Block C, facing Fast)
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Figure 33 Rotation of the gully pot (detail at car park north of unit No 7, Block B/C)
Figure 44 idem

Block D (units 14,15 and 16)

Figure 35 Differential settlement and minor cracks at (doorstep of unit No 14 Block 1)

Figure 36 Crack between foundation slab and doorway, window cracked (eastside of unit No 14,
block D facing south)

Figure 37 Minor cracks on footpath (west face of units No 14 and No 15 Block D facing north)
Figure 38 Settlement under the waste water trap (unit No 16 Block D, facing south)

Figure 30 Again, ground level depression under waste water trap (No 16 of block D)

Figure 40 Horizontal cracks in in the mortar of the conerete masonty (No 16 of block D)
Figure 41 Retaining wall next to lawn, grass lawn is bumpy (east of block C — F facing south, no
obvious visual indication of movement observed)

Figure 42 Retaining wall next to lawn (east of block C - F)

Figure 43 Detail of the retaining wall, bumpy ground level visible (east of block C — F)

Black E tunits 17,18 and 19)
Figure 44 Minor cracks in the pavement of the footpath (betwee n Unit No 17 and No 19 Block L)
Figure 45 Cracks in the doorstep (No 17 Block E)

Figure 46 Settlement under the waste water trap (near no 17 block E)

Figure 47 Distinctive rotation of the pole of the clothesline (between unit No 16 and no 17 block D
and E)

Figure 48 Crack in asphalt of the doorstep (No 18 Block E, facing east)

Block F (units 20.21,22 23)
Figure 49 Rotation of the pole of the elothesline (Mo 23 of block ¥ facing south)

Figure 50 Detail retaining wall along the grass lawn, no significant defects observed (near unit No
22 and No 23 block F)

Figure 51 Cracks in the masonry wall, next to the doorstep of (unit No No 23 Block 1)

Block G {units 24, 25 26)
Figure 52 Several cracks along the footpath, most of these eracks are considered Lo be existing
before the carth quake event and caused by long term consolidation settlement (hetween unit No
24 and No 26 Block )

Figure 51 Some minor cracks on along the edge of the footpath (between unit No 24 — No 26 of
block G)

Figure 54 Existing and recent cracks in pavement footpath (hetween No 24 - 26

Figure 55 Recent erack along the footpath (unit No 24 — No 26, block G)

Block H (units 27.28.29.30)
Figure 56 Settlement under waste water lrap {corner of unit No 24, Block H)

Figure 57 Crack perpendicular to the drive way (unit No 2, between block B and block H)

Figure 58 Minor eracks in pavement {(No 27, Block H, facing north-east

Figure 59 Visible rotation of the street light towards east (unit 40 facing north east)

Figure 60 Cracks in pavement (next to No 29 and No 30 block H
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Figure 1 Street view of the Lyn Christie Place (units 27-30 block H; drive way on the left side)
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Figure 2 Major crack in pavement foolpath at sand bulge (footpath towards unit No 1 (south
side of hlock A, facing north)

Figure 3 Close-up of sand bulge and eracks in the pavement {footpath towards unit No 1
southside of block A, facing north)
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Figure 4 Doorstep settlement; settlement under waste water teap (unit No 1 Block A)
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Figure 5 Minor Cracks in pavement and detail below (unit No 1 block A on the right, Dcing
south / towards block T No 17-19)
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Figure 6 Cracking in the mortar of the conerete masonry wall (around the corner of unit No 1
hlock A facing north)
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Figure 7 Rotation of the pole of the elothesline (west of unit No
-

2 Block A facing west)
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Figure 8 Settlement of the gully pot {unit No 2 Block A)
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Figure g Crack of the pavement (unit Noz Block A)

Figure 10 Crack of the pavement (unit Noz2 Block A, facing south-west)
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Figure 11 Cracks of drive way and vepair (Block B, unit No 3 facing south)
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Figure 12 End of the drive way (unit No 3 Block B facing south)

Figure i3 Bend on the end of the drive way, repairs of cracks visible general depression of the
pavement visible {Unit No 3 of Block B facing north)
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Figure 14 Bend on the end of drive way facing east, various repair work of asphalt eracks
(Unit No 3 block B facing east)
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Figure 15 West of block B, facing east
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figure 16 Crocking (at doorstep of unit 5 Block B facing south)
i .

Figure 17 Detail of cracking {at doorstep of unit 5 Block B facing south)
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Figure 18 Close-up of the concrete foundation; depression of +/- 10 em along the conerete
foundation slab (unit No 5 and No 6 Block B)

Figure 19 Cross eracks around the corner of the pavement of footpath (unit No 5 and No 6 of
Block B)
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Figure 20 Diferential settlement (total +/- 10 em) of doorstep unit No 5 Block B
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Fignre 21 Close-up of gully pot; vertical displncement and depression under gully pot (unit No
4 block B)
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Figure 22 Defect of a waste water trap (unit No 4 hlock B)
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Figure 23 45 degrees crack visible in the mortar of the conerete masonry wall (south-east
corner of unit No 3, facing west)
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Figure 25 Settlement under west side of the mini-container, also eracks along the conerete
(opposite unit No 13 of Block C)
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Figure 26 Distinetive rotation of the pole clothesline {in betwern unit Mo i3 and No g, block C and 1)
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Figure 27 Bulging of the pavement of the footpath, the grass field is buompy (No 10 north of
block C facing west)
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Figure 28 Pavement of the footpath pushed up, possibly due to a sand well. There is a safety
cone placed next to the footpath to indicate this defect (north of unit No 10 Block C, facing
cast).,
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Figure a9 Setttiement of gully pot and cracks in kerb (Car parking next to No 8 (near No 7
fucing north-east)
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Figure 31 Detail of a erack in the kerh, 1.0 em wide (Car parking next to No 8, west of Block C,
facing East)
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Block B/C)

Figure 33 Rotation of the gully pot (ear park north of unit No 7,
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Figure 35 Differential settlement and minor eracks at (doorstep of unit No 14 Block D)
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n slab and doorway, window eracked {(eastside of unit No

Figure 36 Crack between founda
14, hlock 1) facing south)
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Figure 37 Minor cracks on footpath (west face of units No 14 and No 15 Block D facing north)
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Figure 38 Settlement under the waste water trap (unit No 16 Block 1, facing south)
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Figure 39 Again, ground level depression under waste water trap (No 16 of block D)
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Figure g1 Relaining wall next to lawn, geass lawn is bumpy (east of block C - F facing south,
no obvious visual indication of movement obhserved)
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Iigure 43 Detail of the retaining wall, bumpy ground level visible (east of block C - F)
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Figure 44 Minor cracks in the pavement of the footpath (betwee n Unit No 17 and No 19 Block
E)
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Figure 45 Cracks in the doorstep (No 17 Block E)

21 11 2012
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Figure 46 Settlement under the waste water trap (near no 17 block E)
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Figure 47 Distinetive rotation of the pole of the clothesline (hetween unit No 16 and no 17
block D and E)

Page 40



Figure 48 Crack in asphalt of the doorstep (No 18 Block E, facing east)
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Figure 49 Rotation of the pole of the clothesline (No 23 of block F facing south)
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Figure 50 Detail retaining wall along the grass lawn, no significant defeets observed (near
unit No 22 and No 23 block F)
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¢ 51 Cracks in the masonry wall, next to the doorstep of (unit No No 23 Block F)
A
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Figure 52 Several cracks along the footpath, most of these eracks are vonsidered to be existing
before the earth quake event and eansed by long term consolidation settlement (between unit

No z4 and No 26 Block G)
bra=w '!I
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Figure 53 Some minor eriacks on along the edge of the footpath (between unil No 24 = No 26
af hlock G)
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Figure 54 Existing and recent cracks in pavement footpath (between

No 24 — 26 block G)
o ks
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Figure 56 Settlement under waste wiler trap (corner of unit No 24, Block H)
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Figure 57 Crack perpendicular to the drive way {unit No 3, between bloek B and block H)

Page 49



Figure 58 Minor ecracks in pavement (No 27, Block H, facing north-east)
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Figure 59 Visible rotation of the street light towards east (unit 3o facing north east)
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I"igl!ri' 60 Cracks in pavement (next to No 29 and No 30 block H)
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Appendix Br: Farthguake Damaged Zone Plan
Appendix Bz: Location plan of available ground investigation
Appendix Ba: Environment Canterbury {(ECAN] Borehole Logs and EQC CPT plots
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Environment Canterbury {ECAN) Borehole Logs and EQC CPT plots
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Project: Christehurch 2011 Earthgquake - EQC Ground Investigalions Page: 1of2 CPT-AVS-59

Test Date: 14-jul-2011 Location: Avonside Operator: Pearry
Pre-Drill: 1.2m Agsumed GWL: 2 JmBGL Located By: Survey GRS m W

Position: 2484440 imE STAZETaAMN 32mAL Coord. System: NZMG B MSL
Other Tests: Comments:
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Project: Christchurch 2011 Earthguake - EQC Ground Investigations Page: 7of2 CPT-AVS-59
Test Date: 14-jul-2011 Location: Avonside Operator: Permy e Y
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Project: Christchurch 2011 Earthquake - EQC Ground Investigations Page: 1of2 CPT-WAI-81
Test Date: Gedul-2011 Location: Witlnoni Operator: Opus [
Pre-Drill: 1.2m Assumed GWL:  2.AmBGL Located By: Survey GPS m W
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Project: Christchurch 2011 Earthquake - EQC Ground Investigations Page: 2of2 CPT-WAI-81

Test Date: G-lul-20011 Location: Wainoni Operator: Cpus
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Appendix I

Available Drawings
(Copy of Christchurch City Council drawings 727, 7270 t/m 727h)
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Appendix Liguefaction Assessment

Liquefaction Analysis has been completed for three CPTs located nearby the Lyn Christie
Place Retirement Village. The following assumptions have been made when assessing the
CPTs surrounding the site:

« Magnitude 7.5 design earthquake (50km from source)
« Water table during an earthquake is the same as in-situ testing, 1.0 metre

beneath the surface.

o Peak Ground Acceleration (PGA) under serviceability limit state (SLS) conditions
is 0.08g.

¢ Peak Ground Acceleration (PGA) under ultimate limit state (ULS) conditions is
0.348.

« Liquefaction depth has been limited to 10m beneath the surface
» Robertson and Wride (NCEER 1998, 2009) has been used for the liquefaction
caleulation with Zhang et al. being used for the settlement analysis.

CPT 142 (AVS-539) 15 located approximately 25 metres west of the site and has been
assessed for the overall liguefaction potential during a future seismic design earthquake.

e Under SLS conditions this site has an overall LPI of zero which is categorised as
no risk. Vertical settlement is in the order of 12mm with lateral spreading
considered negligible.

e Under ultimate limit state (UULS) conditions this site is categorised as very high
risk and has an overall LPI of 18.9. Vertical settlement is in the order of 130mm
and lateral spreading is in the order of 35mm which is expected to cause
moderate land damage.

+ Using the PGA of 0.57 for the magnitude M6.3 earthquake during the 22 of
February 2o11, this site is categorised as very high risk and has an overall LPI of
19.4. Vertical settlement is in the order of 130mm with lateral spreading in the

~order of 35mm which is expected to cause moderate land damage.

CPT 1952 is located approximately 110 metres southwest of the site and has been
assessed for the overal liquefaction potential during a future seismic design earthquake.

» Under SLS conditions this site is categorised as no risk with vertical settlement
and lateral spreading considered negligible.

« Under ULS conditions liquefaction is likely to occur with settlement up to 50mm
and lateral spreading up to 2omm occurring. This site is categorised as high risk
and has an overall LPI of 7.8.

= Using the PGA of 0.57 for the magnitude M6.3 earthquake during the 22 of
February 2011, this site is categorised as high risk and has an overall LPI of 8.3.
Vertical settlement is in the order of 5omm with lateral spreading in the order of
20mm.



CPT 902 (WAL 81) is located approximately 150 metres southeast of the site and has
been assessed for the overall liquefaction potential during a future seismic design
carthquake.

Results of the CLIQ calculations:

s Under SLS conditions this site is categorised as no risk for liquefaction as
settlement and lateral movements are considered negligible,

o Under ULS conditions this site is categorised as high risk and has an overall LPI
of 16.6. Vertical settlement is in the order of 120mm and lateral spreading in the
order of 56mm.

* Using the PGA of 0.57 for the magnitude M6.3 earthquake during the 22 of
February 2011, this site is categorised as very high risk and has an overall LPI of
18.1. Vertical settlement is in the order of 12zomm with lateral spreading in the
order of 62zmm which is expected to cause moderate land damage.
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LIQUEFACTION ANALYSIS REPORT
Project title : Location :
CPT file : CPT_142
Input parameters and analysis data

Anaiysis method: MCEER (1998) GOW.T. (in-situ): 100 m U fill: o Clay like behavior
Fines corréction method:  NCEER (1998) G.W.T. {eartha. ): 1.0 m Fill haight: N/A appilied; Sands anly
Points to test: Based on lovalee:  Average results interval: 3 Fill welght: WA Limit depth appleed: Yes
Earthquake magnituge M 7.50 T eut-oft valiig: .60 Trars. detect. applied: Yes Lirmit dipth: 10.00 m
Paak ground acceteration: 034 Unit weight calculation:  Based on SBT K., appiiad: Tes

CRR plot FS

Cone

L 33153

--I-;E.Iq
\

o 10 40 g
at (MPa)

M.=7"% sigma'=1 atm base curve
1 L | i i i I

Ic (Robertson 19940)

0.6 L i L i i 1,000
Liquafaction -
] [ g
1.5+ B .E
] : 2
L =
o - B
E 0.4 L 4 H
. 1 DI STy g
_,5_.} ] eota s b aped Bl
3 ] r E
ﬁ 0.3 ol [
1 -
[T L g
2 0.2 - 3
o g -
0.1 i 0.1 1 4]
] i Normalized friction ratio (%)
i L Zonn Ay Gyoiic iquelagion kel gependng on sire and duration of cyclic ioadng
J No Liquefaction [ Zone Ay Cyclie Moquelaction and seengih lces Ikaly dependng on lvadng and ground
ganmairy
F i T Yy [ 70 ¥ JVEEJITTIT T[T VEOT IO Fep Liquataction and
poat-suthiuks strergll kes uniihaty, chack cycic saltaning
6 W M@ s 80 100 120 140 160 180 2D g o Cyedo qualsclion and SUEngM IG6S possibie depanding on sail phasssty,
Qtn,cs brilthareas/sanailivty, airsn o peak undrained strength and peund gaamalry

Clig w.1,7.1.6 - CPT Liguefaction Assessment Software - Report created on: 4/12/2012, 12:43:55 p.m. i
Project file: \\=heywdl \branchlib\Projects\G-QUAKE. 01 YCOD,_ Residential unsts\Lyn Christie Place\Geotechrécal\Report\Desk Study Components revl\Appendix E Liquefaction Assessmi
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Opus

OPUS Gentechnical Engineering

Pt . Dpus 0o, ne

LIQUEFACTION ANALYSIS REPORT

Project titla : Location :
CPT file : CPT_143
Input parameters and analysis data
Analysis methaod: MCEER (1998} GW.T, (in-situ): Lo m Lz fill: Mo Ciay like behanor
Fines correction method:  NCEER (1998) GW.T. (sarthg.}: 1.aam Fill helght; M A applied: Sands gnly
Points to-test: Based on [cvalue  Average results interval: 3 Fill wzight: MN/A Limit depth applied: Yes
Earthguake magnitude M_: 530 Ic cut-off value: 2.60 Trans, detect. applied! Yes Lirmet depth: 10.00 m
Pegk ground scceferation: 0,57 Unit weight calonfation:  Based on SBT K, applied:
e Ry
i 1~
- 2=
3 3
4 4=
5 5=
61 &=
7 ™
8 B
L 9=
10+ 104
o E L 11
E 12 124
£ 134 13
& 147 14+
15=4 154
167 16+
17 17=
158 16
15+ il
201 20
21 Pk
il il
23 23
29 24
254 Farg
] T I 1 T o ow F T T T T T
o 10 20 30 1} 2 B b ] 0.2 0.4 0.5
gt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR
M..=7? sigma'=1 atm base curve Summary of liguefaction potential
0.5 L 1 P | M M L i i L i i i i L 1.Dﬁﬂ L i J_ L i il L 1 R e
1 Liguefaction L
0.5+ o

ats o o BOPR DY

Mormalized CPT penetration resistance

&=
)
1

Cydlic Stress Ratio® (CSR*)
=
u

Wi 0.4

1
Normalized friction ratio (%)

fone A ol lgqualaction Mely sapendng an size and curalion of cycic kadirg
Jana Ay Cycle bguatattion end drengih fose ikedy depending an lbadmg and ground

Mo Liguefaction

E TTT | T 1T | T 17T | T 1T | T 1T | T T 7T | 1T | T 'I Ty | L ] ;:::‘EEIII
Liguetactian and posl-saihdquise sirenglh loes urnikely, chack cyohio soflanayg
0 @ 40 B0 B0 100 1ID 14D 180 180 M0 gng o Cycbo ligusbaction and SFEgE oss posstie deponding o seil pasticily,
QI‘.F'I.CE nrsllanessisenallivly, st W peak unoEEed Arengith ard grourd goamaley
Clig v.1.7,1.6 - CPT Liguefaction Assessment Software - Report created on: 4/12/2012, 1;13:40 p.m. 1

Project file: \\Chavl 1branchiib\Projects\6-QUAKE 01O, Residental units\Lyn Chiistie Place\Geotechnical\ReportPesk Study Components rev]\ppendix E Liquefaction Assessm
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GeoLogismiki

Geotechnical Engineers
Merarhias 56
hittp:/ fwww. gealogismiki.ar
LIQUEFACTION ANALYSIS REPORT
Project title : Location :

CPT file : CPT_1952_SLS
Input parameters and analysis data

Anabysis method: NCEER {1998} GW.T, (in-situ): 100 m L fill: M Clay like behavear
Fines correction method:  NCEER {1998} GW.T. (easthn.): 100 m Fill hazight: Mis Appihed: Sands only
Points to test: Based on [cvalue  Average results interval: 3 Fill weight; A Limst depth aoplied: Yes
Earthguake magndtude M, 7.50 I cut-off value: .60 Trans. detect. spplied; Yes Limit depth: 1008 m
Peak ground acceferation: 008 Unit weight calcuiation:  Based on SBT K., applied;
Cone reSiRtANG8en Friction,§atio, cex FS Plot
1 1 I
i F 7
I K by 3
4 4 4
5 5 5
B - &
Lo 7 7
B f- 8
9+ el | g
- 10 101 L ——— |
E 11 11+
£ 1 12 ;'
8 13 13+
14 144
15 154 ¢
16 16 !
174 I+
1B 1B
184 19
Fitm 20
rity 1
22+ 2
] I I 13— L | | I L. SR L T ¥ T ¥
o 1 20 0 a i 4 1§ B 10 0.2 [FE nE i) a5 1 15 2
qt (MPa) RF {%) CRR & CSR Factor of safety
Mo=74 a' =1 atm base curve Summary of liguafaction potential
n_ﬂ A i l"i] i i i [} i il 'l i i i 2 lﬂﬂﬁl 1 1 .I A1 41l 1 ] l.IlIIIII
1 Liguefaction
0.5+

LR L AL RS I T G I L AL B A (LB ok

Mormalized CPT penetration resistance

Cyclic Stress Ratio® (CSR*)
=
b

=
(¥
P .2

11

0.1 1
Morrraifized friction ratio (%)

o My Gycbo liouefaction ioaly dopamding on aize amd duration of cyolc foading

Mo Liquefaction Zora b1 Cyele lquataction and stmigik ioes likety dapanding on laading and graund

geamatry
(155 0 i B o e e I B e e e e e Zrm B: . i .
Lagusizcsion &nd pos-earhquakn sirengm inss unialy, cnecy cyclic soflenmg
o 20 40 &0 Aq 10 120 140 160 180 A Zoma C: Cyalig guotacton and stmngih inss possshle dedending o 0l plasliety,
Qm,{s terllleninsdinengiliviy, siram o peak undrained staangib and ground geoamsin
Cligv.1.7.1.6 - CPT Liguefaction Assessment Software - Repart created on: 4/12/2012, 12:53:29 p.m. 1

Project fike: Chevl 1\branchiib'Projects'6-QUAKE.014CC0, Residential units\Lyn Christie PlaceGeotechnical\Report\Desk Study Components: rev1\Anpendix £ Liguedaction Assessm
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Opus
0 P U s Geotechnical Engineering
Rkt f wwew .o pUs.co.nz
LIQUEFACTION ANALYSIS REPORT

Project title : Location :

CPT file : CPT_1952_ULS

Input parameters and analysis data

Analysis method: NCEER (1998) GWLT, {In-situ): 1.00m e f1ll; o Qay like Behavior

Fines coirection method:  NCEER (1998) GUW.T. {earthi. ): 1.00 m Fili helght: N/A applied: Sands onfy
Points: to test: Based on lcvalue  Average results intenal: 3 Fill wisight: LTED Limit depth appiied: Yes
Earthquake magnibude M,:  7.50 I cut-off vale 2.560 Trans. detect. applied: Yes Limmit. dhepth: 10,00 m
Peak ground acceteration: 034 Unit weight calculation:  Based on 58T K, apptied: Tes

Cone resigEANGE:, Frictiop.Bati ces

CRR plot FS Plot

1 I 1 o ?
i Fam z
Eln 3
; i .
54 5 5
6 6 B
iy Fan 7
B B H
o9 e r q
P 10 10 |
E ;i 11 1
B 1 12 ;‘ 12
a 13+ 13+ 13
14 14+ 14
15 159 15
167 16~ ! 16
174 17 17
18+ 18—
19+ 18+
20 20
219 214
224 22
37 T T A — 1 T T
1] 1) 0 EL 0 1 i L) & 1I0 0.2 04 LG a 0.5 1 15 k4
gt (MPa) RF (%) le (Robertson 1990) CRR & C5R Factor of safety
M. =742, sigma =1 atm base curve Summary of liguefaction potential
0.6 R Y E— - : % ! - - ' I ! ' y 1,000 : =t ..'.'“'_' — ',"'“t
Liquefaction .
0.5 -

109

=
n
1

Mormalized CPT penetration resistance

Cychic Stress Ratio® (CSR*)
=

4]

0. i
Narmalized friction ratio (%)

Zone &y Gychic quelnotion likely sepending on size and duration ol cycic foading

done Ay Cyclie lguelaction and strengeh loss likely depending on badng &rd grourd

guamairy

Zona B Ligugfaction and pest-eanhquaka strangth ia4s undhaly, check cyole safisning

o W4 80 B0 100 130 140 160 180 200 oo o Cycsc bquatsclion and SIRQH oos possibie depending on sail passicily,
Qtn,cs brittlorags saralivty. sirain 0 prak undrunod Sirength and grund gesmalry

L Tk DT ) IR s e e s |

Mo Liguefaction
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Opus
O'P u S Geatechnical Engineering
hitp:/ fwww.opus.co.nz
LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT_1952_ULS
Input parameters and analysis data

Analtysis method: NCEER (1998) GW.T. (Irsitu): 1.00m Lise il Moy {Jay like behavior
Fines correction method:  NCEER {1998} GW.T. (earthy.): 1.00m Fill haight: A applied: Sands only
Points to fest: Based on [cvalue  Average resats interval: 3 Fill wsight: P Limit dispth applied: Yes
Earthquake magnitude M_: &30 le cut-off value: .60 Trans. detect. applied: Yes Limtit depth: 10.00 m
Peak ground acceleration: 0,57 Unit weight calculation:  Based on SBT K., applied; Yes
Cone rosatANS8er Friction,Rath cex CRR piot
1 11 v
LiFT
i Fag
Bl Eu
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9 o}
- 104 10 %
—= 11 11
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15— 15
20 20
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=g I i i 2-'1_'P'I'I'I' T [ % T 7
o 1 0 30 0 Fi 4 6 & 10 0.2 0.4
gt (MPa) R (%) CRR & C5R
M..=7Y2, sigma’ =1 atm base curve Summary of lguefactio
06 1 1 ==l I L I i 1 L L 1 i 1 L | i I I |.| |||.I
1 Uguefaction \
0.5
]
~ d
ﬁ 0.4
[
-
(=]
5
.35
:
A
T g2
O
0.1+ 0.1 1 10
1 f MNormalized friction ratio (%)
J E fone A Cycao iquataction Wkaly depandng on size and curalicn ol oyoic 0adirg
No Liguefaction L Tone Ay Cyelle bguslaclion and ssrenglh iose likety depanding an loadng and grauna
Iy
n||||||||||||||-||l|-|l|-|441|||1||4||4l|||| gx;;mmmmnmwl atrs
. uass AtrEnglh loss anikaly, check cyclic-sationmng
o W0 40 0 B0 00 120 140 160 180 00 gppg ) Gyeke loustsction Bnd BB o8S pOSSDIE depending on Bl plaslicily,
Qtn,cs onfllonass/enallivity, B30 1 peak unoEened stranglh ard ground Geomaley
CLigw.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 4/12/2012, 1;19:26 p.m. 1

Project file: \\Chsvl 1 \branchiib\Projects\e-QUAKE. 011000, Residential unitsiLyn Chnstie PlaceiGeotechnicaliReportiDesk Study Components rev ] \Appendix E Liguefaction Assessm
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GeolLogismiki
. Geatechnical Engineers
Merarhias 56
http: /fwww .geologismikl.gr

i Mnis &7
ATIV]] 1\-JII ..'-
Gearechnical sorinsr [URNESES

LIQUEFACTION AMALYSIS REPORT

Project title : Location :
CPT file : CPT_902_SLS
Input parameters and analysis data
Analysis mathod: WCEER {1958) G.W. T {In-situ): 1.00 m Use Fil: Ma Cay like behavior
Fines omection method: NCEER (1998) GW.T. {mrthq.]: 1.00 m Fill hedght: MA applied: Sands only
Points: to best: Based on Ic value  Average results interval: 3 Fill wsght: MA Limit dopth applied: Yes
Earthqoake magnitude M_:  7.50 Ic cub-off value: 260 Trans. detect. appiied: Yes Limit depth: 10.00 m
Peak ground acceleration: Q.08 iUnit wesght calculation:  Based on 58T K;-applied: Yes
Cone resistance Friction Ratio CRR plot
a
im
o 5l v
1 = 1 ——— 1
21 i
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B 5 - ———
5,_ 5_ | e — 5
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7 L e 7
8- 5 e z
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E 10+
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o 11 114 e
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12_ ‘}- 12 i
134 ] 13
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15 16 16+
17 17 1?_
187 18+ 18~
19+ 19+ 19+
20 21]'1 20+
] ] LAY PR I I i L T T T T T
L] 10 20 i 2 4 ] B 10 1 2 4 ] 0.2 0.4 e 1] 0.5 1 15 2
qt (MPa) Rf (%) ic {Robertson 1990) CRR & CSR Factor of safety
M..=7'%, sigma =1 atm base curve Summary of liguefaction potential
0.6 1 1 TEL | 1 n i 1 i n i i i i M lrI:H:IE i i e e T | 1 L l.!ll.J_J'l
1 Liguefaction r 5
0.5+ - ]
] LB
1 i e loog
S -
E 0.4+ = [ 3
1 L i 4
S
o [ &
a L -
E 0.3 = 5
. .
5 [ &
G B
&% -2
.1 01 1 10
1 Mormalwed friction ratio (%)

fars A Gyohs liguefactan lkely depersling On 328 Bnd duraton of cycks lnadng

] Mo Liguefaction Tong Byo Cyola louefacton and sirerglh lass fkely depending o loading ard gound
geamabny
E III|III|III|rrlrIII|II'|"_|-'|-'|'r||IrI|'|]1|'| Msmmﬁulﬂmﬂlmwmtﬂ
H gl loas unlikely, aheok cyclio solleming
o 20 40 &0 aa 00 120 140 160 180 20O Zara C; Opelic liguelassion and shengih loss possibie depending an soi plasticity
Qin,cs rifllenesaiaensilaly, Birdin 1o seak undrainsd direnglh Ena graund gesrmelny
Clig v.1.7.1.6 - CPT Liguefaction Assessment Software - Repost created on: 4/12/2012, 12:49:25 p.m. 1
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Opus
0 PU S Geotechnical Engineering

hittps /P www, opus-co.ng

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT_902_ULS
Input parameters and analysis data

Analysis method: MNCEER (E998) GW.T. [in-situ): 1.00m Usa fill: Mo Oay like behavior
Fimes comection method: NCEER (19%8) GW.T. (earthg.}: 100 m Rl height: N/A applled: Sands only
Puainits to est: Besed on o visiue Average resuts intenval: 3 Fill wesght: & Limit depth appdied: Yes
Earthquake magnitude M. 750 Ic cukt-off vahue! .60 Trans. detect. applied: Yes Lirnit depth: 1000 m
Peak ground aoceleration: 0,34 Unit wesght calculabion;  Based on SBT K, applied: fes
Cone resistance Friction Ratio CRR plot FS Plot
1-' i wr !
2+ GETm -
2--
3 4 i
; 3
q-.
—
£ Ey e .
=
6 1 3
74 =1 l
> & g
i g = -
-E' 10
= 1t
Eﬂ 114 1
124 2]
13 ok
14 149
1541 157
16+ 16
17 17
189 18
18+ 184
20 201
T T T T T T T I T s ARy S
Li] 10 20 ] 2 4 b B 10 1 2 3 4 o 0.2 0.4 0.6 L] o5 1 1.5 2
gt (MPa) Rf (%) Ic {Robertson 1990) CRR & CSR Factor of safety
M, =7"2, sigma =1 atm base curve Summary of liguefaction potential
0.6 i L aary | i i " i 1 L i | P | L l,mn | |. i _|||||I i L -_;|_|||i
1 Liguefaction F :
0.5 o

Mormalized CPT penetration resistance

Cyclic Stress Ratio® (CSR*)
=] (]
Pt ta

2 1 L_a_a Il

jii]

0.1 1

Mormalzed frictson ratio (%)
Zooe A, Gyolio Tiguslaonhon kel depending on 228 And durslon of H"Iﬂl'ﬂ |m"|ﬂ

Zor@ Ay Cyzlic liguelactian and sirength Ioss Fhaly desending on loading art geound
gty

Mo Liguefaction

DL R i AL S o AR TLER G TLIRIY P 0 PSP PLEL L Zone B! Lguslsclion and post-sarthguake strengih kass unlikedy, chock cyclic saltening
b 2 40 &0 80 100 120 140 160 180 P00 gy o Cyslic Hguelasiion and sirength loss possibie depending on soil plasticity
Otn,cs belineneassarsily, sirmin 1o pems, rdrained srengh end graund gesery
Clig v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 4/12/2012, 12:530:51 p.m, 1

Project file: \\Ohsvil \branchiib\Projects!\6-QUAKE.01 W00, Resdentlal urdtsiLyn Christie Flace\Geotechnical\Report\Desk Study Companents rev1Appendix E Liquefadson Assessm
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0 PU 5 Geotechnical Engineering

bt/ fwww . OpuUs.co.ne
LIQUEFACTION ANALYSIS REPORT
Project titie : Location :

CPT file : CPT_902_ULS
Input parameters and analysis data

Analysis rnethod: MCEER (1998) GW.T. fin-situ): 1.00 m e fill: Mo Clay like behavior
Fines correction method: NCEER {1998) GWLT. {earthg. ): 1,00 m Fll height: LTS aoxpling: Sands only
Paints to test: Based on Ic value Aversge results interval; 3 Fill weight: Y Limit depth applied: Yes
Earthquake magnitude M,:  6.30 I cut-off value: 2.60 Trans. detect. appiied: Yes Limit: diepih: 10,00 m
Peak ground accsteration::  0.57 Unit weight caiculation:  Based on SBT k. appiied: Tes
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Appendix 3 - Methodology and Assumptions

6-QUCC2.13 | January 2013 Opus International Consultants Ltd
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Seismic Parameters

As per NZS 1170.5:

e T < 0.4s (assumed)

e Soil: Category D

e 7=0.3

e R=1.0(IL2, 50 year)

e N(T,D)=1.0

For the analyses, a p of 2 was assumed for the residential units.
Analysis Procedure

The age and/or structural layout of the buildings meant that a rigid diaphragm assumption would
be invalid for the ceiling diaphragms of all of the buildings. Base shears and capacities were
therefore calculated based on tributary areas.

Capacities were based on the NZS 3604 approach where base shears are converted to bracing units
(1 kN = 20 BU’s) and the bracing capacities were found by assuming a certain BU/m rating for the
walls along each line. Due to the unknown nature of the walls, the BU/m rating was taken as 60
BU/m for all timber walls with an aspect ratio (height : length) of less than 2:1. This was scaled
down to 0 BU/m at an aspect ratio of 3.5:1 as per NZSEE guidelines. %NBS values were then found
through the ratio of bracing demand to bracing capacity along each line; with the worst %NBS for
each block being reported.

Additional Assumptions
Further assumptions about the seismic performance of the buildings were:

e Foundations and foundation connections had adequate capacity to resistance and transfer
earthquake loads.

e Connections between all elements of the lateral load resisting systems are detailed to
adequately transfer their loads sufficiently and are strong enough so as to not fail before the
lateral load resisting elements.

6-QUCC2.13 | January 2013 Opus International Consultants Ltd



Lyn Christie Place Complex — Detailed Engineering Evaluation 23

Appendix 4 — CERA DEE Spreadsheet

6-QUCC2.13 | January 2013 Opus International Consultants Ltd



Detailed Engineering Evaluation Summary Data

V111

Non-structural:

Damage?:[yes

Location
Building Name:[Lyn Christie Place | Reviewer:[John Newall
Unit No: Street CPEng No: 1018146
Building Address:| [ 30]Wildwood Ave, Wainoni Company:|Opus International Consultants Ltd.
Legal Description:| [ Company project number:[6-QUCC2.13
Company phone number:|03 363 5400
Degrees Min Sec
GPS south:| | Date of submission: 18-Jan-13
GPS east;| [ [ | Inspection Date:
Revision:|Final
Building Unique Identifier (CCC):[BU 07272 EQ2 | Is there a full report with this summary?|yes
Site
Site slope:[flat Max retaining height (m):] |
Soil type:[mixed 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): |
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):| |
Storeys below ground 0
Foundation type:|timber piles if Foundation type is other, describe:| |
Building height (m): height from ground to level of uppermost seismic mass (for IEP only) (m):| |
Floor footprint area (approx): 190
Age of Building (years): 40 Date of design:[1965-1976 |
Strengthening present?[no | If s0, when (year)?
And what load level (%g)?
Use (ground floor):|multi-unit residential Brief strengthening description:
Use (upper floors):
Use notes (if required):
Importance level (to NZS1170.5):|IL2
Gravity Structure
Gravity System: |load bearing walls
Roof:|timber truss truss depth, purlin type and cladding
Floors:|timber joist depth and spacing (mm)
Beams:
Columns:
Walls:
Lateral load resisting structure
Lateral system along:|lightweight timber framed walls Note: Define along and across in |
Ductility assumed, p: 2.00 detailed report! note typical wall length (m)
Period along: 0.40| 0.00 estimate or calculation?|estimated
Total deflection (ULS) (mm): estimate or calculation?
maximum interstorey deflection (ULS) (mm): estimate or calculation?
Lateral system across:|lightweight timber framed walls [
Ductility assumed, p: 2.00 note typical wall length (m)
Period across: 0.40| 0.00 estimate or calculation?|estimated
Total deflection (ULS) (mm): estimate or calculation?
maximum interstorey deflection (ULS) (mm): estimate or calculation?
north (mm) leave blank if not relevant
east (mm)
south (mm)
west (mm)
Non-structural elements
Stairs:
Wall cladding:[brick or tile describe (note cavity if exists)
Roof Cladding:|Metal describe
Glazing:
Ceilings:|fibrous plaster, fixed
Services(list):
Available documentation
Architectural|none original designer name/date
Structural | full original designer name/date
Mechanical|none original designer name/date
Electrical| none original designer name/date
Geotech report|none original designer name/date
Damage
Site: Site performance: | Describe damage:|
(refer DEE Table 4-2)
Settlement:|0-25mm notes (if applicable):
Differential settlement:|1:250-1:150 notes (if applicable):
Liguefaction:|none apparent notes (if applicable):
Lateral Spread:|none apparent notes (if applicable):
Differential lateral spread:|none apparent notes (if applicable):
Ground cracks:|none apparent notes (if applicable):
Damage to area:|none apparent notes (if applicable):
Building:
Current Placard Status:[green |
Along Damage ratio:| 0%] Describe how damage ratio arrived at:|
Describe (summary):| |
[y o)) — @
Across e it % Damage _Ratio = (% NBS (before) — % NBS (after))
Describe (summary):| | 9 NBS (before)
Diaphragms Damage?:[no | Describe: | |
CSWs: Damage?:[no | Describe: | |
Pounding: Damage?:[no | Describe: | |

Describe:[Cracking of linings and firewalls. |

Recommendations

Level of repair/strengthening required:

minor non-structural

Building Consent required:

no

Interim occupancy recommendations:

full occupancy

Along Assessed %NBS before e'quakes:|

52%| ##### %NBS from IEP below

Assessed %NBS after e'quakes:|

52%]

Across Assessed %NBS before e'quakes:|

61%| ##### %NBS from IEP below

Assessed %NBS after e'quakes:|

61%]

Describe:|Reline walls, epoxy masonry cracks.
Describe:
Describe:

If IEP not used, please detail[DEE
assessment methodology:
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