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Foweraker House, Botanic Gardens
PRK 1566 BLDG 017 EQ2

Detailed Engineering Evaluation
Quantitative Report - SUMMARY
Final R1

Hagley Park, Botanic Gardens, Christchurch

Background

This is a summary of the quantitative report for the building structure at Hagley Park, Botanic
Gardens (Foweraker House), and is based on the Detailed Engineering Evaluation Procedure
document (draft) issued by the Structural Advisory Group on 19 July 2011, visual inspections on 09
March 2011 and November 2011, available drawings and calculations.

Key Damage Observed
Key damage observed includes:-
e Minor cracks at the top of the frame columns at the beam intersection on the East and West
walls.
e There are no surrounding buildings to consider within immediate proximity of the structure.
e No evidence of ground damage or surface expression of liquefaction was visible in the
immediate vicinity of the building, and no surface expression was observed elsewhere on
the site.
¢ No signs of settlement have been observed in the floor or walls of the building. This is
consistent with the observations of adjacent buildings.
e The form and depth of the foundations is unknown, however it is expected that the building
is supported on shallow concrete strip footings which are assumed to be undamaged.

Critical Structural Weaknesses
The following critical structural weaknesses have been identified:

a) No Critical Structural Weaknesses have been identified in either the qualitative or
quantitative assessments.

Indicative Building Strength (from quantitative assessment)
Based on the information available, and from undertaking a quantitative assessment, the building’s
post-earthquake capacity has been calculated as 40% NBS.

Recommendations
It is recommended that:

a) A bracing element should be re-installed into the roof of the glasshouse to mirror the
existing. This would bring the capacity of the building to >67% NBS.
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1 Introduction

Opus International Consultants Limited has been engaged by Christchurch City Council (CCC) to
undertake a detailed seismic evaluation of Foweraker House, located in the Christchurch Botanic
Gardens, following the M6.3 Christchurch earthquake on 22 February 2011.

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

The seismic evaluation 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) 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 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.

6-QUCCC.39
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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.
2. The placard status and amount of damage.
3. The age and structural type of the building.

4. Consideration of any critical structural weaknesses.

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.

2.2 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).
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
6-QUCCC.39
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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.

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 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.
6-QUCCC.39

November 2013 3




Foweraker House, Botanic Gardens — Detailed Engineering Evaluation

24

25

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.

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 t0 0.3);

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 safequard 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.

6-QUCCC.39
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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
—> Legal Requirement NZSEE Recommendation
f Acceptable The Building Act sets 100%NBS desirable.
Low Risk . .
Building AorB Low Above 67 | (improvement may no required level of Improvement should
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
Unacceptable ]
High Risk . 33 or (Improvement
o DorE High : Unacceptable Unacceptable
Building 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.

Table 1: %NBS compared to relative risk of failure

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

6-QUCCC.39
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3.1 Minimum and Recommended Standards

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

3.1.1

3.1.2

3.14

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 assessment. Based on information received from
CERA to date, 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.

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/Christchurch City Council guidelines.

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.

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.

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

6-QUCCC.39
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4 Background Information
41 Building Description
Foweraker House was constructed circa 1967 and is located in Hagley Park, Botanic
Gardens. The building has approximate plan dimensions 9m long x 4m wide with a height
to ridge of 2.8m. No intrusive investigation of the foundations has been carried out,
however, the foundations are assumed to be shallow concrete strip footings.
The super-structure consists of two
¥ distinct parts; the lower reinforced
“E¥ concrete frame with masonry infill; and
B & an aluminium framed roof which is fully
S0 glazed.
Building 50| Wl The lower reinforced concrete frame
Location ral M) ¢ consists of columns spaced at
i - ‘ approximately 2.2m centres with a
continuous concrete cill beam which is
split about the door openings. The
oy frame is in filled with brickwork
masonry panels estimated to be 1
wythe thick and the vertical height of
| the infill panels is approximately 0.9m
high.
Figure 2 - Site Location Plan
The superstructure is formed from aluminium frames at regular centres with short vertical
legs at the wall positions and rafter sections extending from eaves to ridge. At every other
frame line a knee brace is provided along with a raised tie between opposing slope rafters,
effectively forming a truss. The raised tie is supported mid span by a vertical tie from the
ridge. At the East end of the roof diagonal bracing is provided from the ridge at the gable
end down to the eaves level six frames into the building on the North slope only. A number
of vertical braces exist between cill and eaves level to all sides of the building, 4 each side
longitudinally and 2 each side transversely.
Internally the central walkway is lined either side by raised beds which are formed with pre-
cast concrete planks with soil over which span between a shelf angle fixed internally
between columns and a hollow section post/ steel beam arrangement. Springing off the
edge of the bed support is a galvanised steel mesh screen extending up to the raised tie of
the roof frame work.
6-QUCCC.39
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4.2  Gravity load resisting system

An overview of the existing gravity load system has been described below.

25x25 EA brace between roof framing

o

Concrete slabs form base of planter

s 5 - +__|_J=— Concrete sil and posts
N F - H '.y'\'//-—srickinﬁllpamls
= B o
S AN 55
A 7
/1°\ Section
w 1:50

/ / / / / / /, 26x25 EA brace between roof framing
/

R R R R R R R R R R R
S5 5%
/"27\ Section

A
\Jo / 1:50

Figure 3 — Foweraker House typical section through glasshouse

6-QUCCC.39
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7R

43

Figure 4 — Foweraker House 3D view

Transverse aluminium trusses alternate between aluminium rafters which span from the
ridge to eaves. Aluminium purlins frame out the glass and transfer gravity forces back to the
supporting rafters and trusses.

The trusses span transversely between the North and South side walls. The vertical legs
forming the side elevation of the aluminium roof structure appear to be cast into the
reinforced concrete cill beam.

Vertical loads are transmitted through the concrete cill beam into the brick infill panels, it is
assumed the concrete and brick walls are supported by shallow strip footings.

6-QUCCC.39
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7“1\ North Elevation /2\, East Elevation
Qoo/‘ 1:50 w 1:50
e

/3\ South Elevation ﬂ\ West Elevation

w0/ 1:50 o/ 1:50

Figure 5 — General elevations of Foweraker House
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4.3 Seismic Load Resisting System
4.3.1 Longitudinal — East/ West Direction:
Vertical braces between the cill beam and eaves levels resist horizontal forces from the roof
structure. Between the eaves and ridge levels, the single brace that exists on the North roof
slope at the East end may result in unfavourable actions such as a stiffness irregularity and
torsion due its asymmetric location.
Horizontal forces from the aluminium and glass roof structure enter the concrete cill beam
and are resisted by the in-plane brick infill panels which brace the reinforced concrete
column arrangement. This force is subsequently distributed to the ground in friction.
Horizontal forces from the concrete units and planting beds will be resisted through friction
between the units and supporting shelf angle along the two side walls.
4.3.2 Transverse — North/ South direction:
The aluminium trusses resist horizontal forces through axial capacity of the truss members
and their connections in shear. The rafters and purlins transfer horizontal forces back to the
truss positions which are spaced at approximately 1280mm centres.
The concrete cill beam running the length of the North and South side walls spans
horizontally, transferring the roof force to the concrete columns. In addition, horizontal force
generated from the concrete units and planting beds are transferred to the column positions
by the steel shelf angle fixed between.
The ability of the columns to resist horizontal forces by way of cantilever action will depend
on their strength and the type of footing. A shallow strip footing will offer limited rotational
capacity and without cantilever action of the columns the cill beam will be susceptible to
large horizontal deflections.
Horizontal forces from the two gable ends will be resisted by in-plane action of the brick
infill panels, which is in turn distributed to the ground by friction.

44  Survey
4.4.1 Post 22 February 2011 Rapid Assessment
A structural (Level 2) assessment of the building was carried out on 9" March 2011 by
Opus International Consultants Limited. These inspections included external and internal
visual inspections of all the structural elements only, without the benefit of any opening up
works.
4.4.2 Further Inspections
A damage survey was conducted in November 2011 by Opus International Consultants
Limited, refer to section 5 and Appendix A (photographs) of this report.

6-QUCCC.39
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4.5

5

Additional intrusive investigation and calculations of the main structure was carried out by
Structural concepts on 30" August 2013 refer to Appendix 4 of this report.

Original Documentation

Drawings of the structure were not available for this assessment.

Structural Damage

The following damage has been noted:

5.1

5.2

5.3

54

6

Surrounding Buildings
No buildings are within immediate proximity of Foweraker House.
Residual Displacements

No evidence of ground damage or surface expression of liquefaction was visible in the
immediate vicinity of the building, and no surface expression was observed elsewhere on
the site. No signs of settlement have been observed in the floor or walls of the building.
This is consistent with the observations of adjacent buildings.

Foundations

The form and depth of the foundations has been recorded in Appendix 4, the building is
supported on shallow concrete strip footings which were undamaged in the areas of
inspection.

Primary Gravity Structure

There are signs of minor cracks at the top of the frame columns at the beam intersection on
the East and West walls.

General Observations

The general condition of the building appears to be reasonable considering the age. There are
signs of minor historic cracking to the concrete structure in a number of locations.

6-QUCCC.39
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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.

7.1

7.2

7.3

7.4

Qualitative Assessment Summary

An initial qualitative assessment of the buildings was undertaken in accordance with the
DEEP guidelines and involved a desktop review of existing structural and geotechnical
information, including existing drawings and calculations, and some non-intrusive and
intrusive site investigation. The purpose of the assessment was to determine the likely
building performance and damage patterns, to identify any potential critical structural
weaknesses or collapse hazards, to confirm the require scope of the Quantitative
assessment, and to make an initial assessment of the likely building strength in terms of %
NBS.

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.

No singular component or structural system forming the building structure has been found
to be a Critical Structural Weakness following the qualitative and quantitative assessments.

Quantitative Assessment Methodology

The assessment assumptions and methodology have been included in Appendix 2 of the
report due to the technical nature of the content. A brief summary follows:

In-plane models of the frames forming the super-structure were created along with a 3D
model of the supporting concrete with brick infill structure. An assessment of the building
capacities was made based on the actions determined by equivalent static forces
established from NZS1170.5, with an updated Z factor of 0.3 (B1/VM1).

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 will 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-QUCCC.39
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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.

7.5 Quantitative Assessment
A summary of the structural performance of the building is shown in the following tables.
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 elements.

Table 2: Summary of Seismic Performance — Foweraker House, p = 1.25
Structural Failure mode or description of limiting Critical % NBS based
Element/System | criteria based on elastic capacity of critical | Structural on calculated

element. Weakness capacity
and Collapse | (ULS)
Hazard
Aluminium super- Failure governed by the extent the frame deflecting No >100%
structure, before glazing loses support and/ or induces forces
Transverse frames | that may damage the glazing.
Aluminium super- Failure limited by strut capacity of the vertical No >100%
structure, braces.
Longitudinal, cill to
eaves.
Aluminium super- Existing asymmetric single brace may induce No 40%
structure, unfavourable stiffness and torsion. (Based on
longitudinal, eaves investigation works and calculations provided by
toridge Structural Concepts limited refer Appendix 4)
RC Frame with brick | In-plane capacity governed by shear and strut No >100%
infill, in-plane capacity of brick infill panels.
RC Frame with brick | Failure governed by lateral deflection of the cill beam No >100%
infill, out-of-plane combined with the inability of columns to provide
cantilever action. Excessive deflection will “spread”
transverse frames which may result in collapse.
(Based on investigation works and calculations
provided by Structural Concepts limited refer
Appendix 4)
6-QUCCC.39
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7.6

8

Evaluation of Results

In the transverse direction the aluminium frames are rated greater than 100% NBS (ULS),
this is partly due to the knee brace configuration adding stiffness in the plane of frames in
conjunction with the relatively close spacing of the frames which reduces the overall
demand per frame.

The concrete cill beams forming the reinforced concrete side frames of the building are
susceptible to out-of-plane loading, i.e. in the force in the transverse direction. The ability of
the columns to resist this force assuming they have sufficient flexural capacity will depend
on the type of footing and bearing strata. The calculations have been based on the findings
from the site inspections.

Longitudinally the aluminium frames are braced between eaves level and concrete cill
beam level, there is adequate capacity in the bracing system to achieve greater than 100%
NBS (ULS). However, as there is no reliable roof diaphragm, roof bracing is required to
distribute gable end face loads and the force generated from the seismic weight of the roof
itself back to the longitudinal lines of bracing (and to avoid unfavourable in-plane forces
being induced by the glazing). As only one diagonal roof brace has been identified, the
rating of the structure between eaves and ridge level longitudinally has been limited to 40%
NBS (ULS).

The in-plane capacity of the concrete frames is governed by strut action of the infill brick
masonry panels which perform well due to the relatively low seismic weight above cill beam
level and the stocky geometry of the panels which achieve a rating of greater than 100%
NBS (ULS).

At SLS the building performs adequately with no adverse deflections expected - both in the
longitudinal and transverse directions - that are likely to cause loss of support to panes of
glass. It is not anticipated that the concrete frames or brick infill panels will be subject to
deformation at SLS.

The building capacity is 40%NBS and is limited by the missing bracing member. It is
recommended that the brace is reinstalled to match the existing, this would bring the
capacity of the two buildings to >67% NBS.

Summary of Geotechnical Appraisal

The building is located in an area that is assessed to have shallow gravels and low risk of
liquefaction. Further investigations are recommended to be undertaken at design stage to assess
the risk of liquefaction and mitigation measures if the building is to be strengthened.

9

Remedial Options

The building requires strengthening, with a target of increasing the seismic performance to as near
as practicable to 100% NBS, and at least 67% NBS. Our conceptual strengthening scheme to
achieve this would include addressing the distribution of roof and end face loads into longitudinal
bracing.

6-QUCCC.39
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10 Conclusions

a) The seismic performance of the building is governed by the bracing in the roof which is
currently rated at 40%NBS (ULS). SLS performance is considered satisfactory for an
Importance Level 2 building.

b) The building should be improved to achieve a rating of at least 67%NBS and therefore be
considered as “Low Risk”.

6-QUCCC.39
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11 Recommendations

a) A bracing element should be re-installed into the roof of the glasshouse to mirror the
existing. This would bring the capacity of the building to >67% NBS.

12 Limitations

a) This report is based on an inspection of the structure of the buildings and focuses on the
structural damage resulting from the 22 February 2011 Canterbury Earthquake and
aftershocks only. Some structural damage is described but this is not intended to be a
complete list of damage to 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
this time.

c) This report is prepared for CCC to assist with assessing the remedial works required for
council buildings and facilities. It is not intended for any other party or purpose.

d) This report has been written in conjunction with the inspection works and calculations that
Structural Concepts Ltd have produced attached in Appendix 4.
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Appendix 1 - Photographs

6-QUCCC.39

November 2013



Foweraker House, Botanic Gardens — Detailed Engineering Evaluation

Foweraker House, Botanic Gardens, Christchurch

No. Item Photo
description

General

North East
view

Internal view
showing
raised ties
and mesh
screening
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3. View on
underside of
pre-cast
units
bearing on
shelf angle

4, View on
underside of
pre-cast
units
bearing on
post and
beam
arrangement
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Appendix 2 — Quantitative assessment methodology and assumptions
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Foweraker House, Botanic Gardens — Detailed Engineering Evaluation

Quantitative Assessment

Methodology and Assumptions
1.1. Material Strength
Structural drawings were not available, the following material strengths were assumed:
Structural steel —f, = 250 MPa
Concrete —f'c = 30 MPa
1.2. Building Weights
Roof/glazing — 0.22 kPa
1.3. Seismic Parameters
T (estimated) = 0.40 sec
Z=0.30
Importance Level 2
R=1.0
N(T,D) =1.0
Site subsoil class = D

u=1.25

1.4. Analysis Procedure

The transverse aluminium frames were assessed using an equivalent static method (ESM).
Lumped masses were applied at eaves level and distributed gravity loads were included in
the model which was analysed using an elastic software package.

The concrete cill beam was modelled using elastic software spanning between the two
concrete gable frames and assumed the columns and cill beams did not have torsional
stiffness.

The in-fill brick panel was checked as a strut by manual calculation in accordance with
NZSEE 2006.

The in-fill brick panel was checked for out-of-plane loading in accordance with NZSEE
2006.
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Appendix 3 — CERA DEEP data sheet
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Appendix 4 — Structural Concepts calculations

and inspection works
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP

Subject: Gravity Loads

Sheet No.: 2

Loads

Roof
8mm Glass 0.214
Steel Structure 0.050
0.264 kPa
0.264 / Cos 12 = 0.269 kPa

Conservatory Structure

0 0.000
100 Med Brick 2.200
0 0.000
2.200 kPa

Live loads
R2 Roofs 0.25 kPa
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP

Subject: EQ Static 1170.5

Seismic Loads to NZS 1170.5 Sheet No.: | 3
Ref: Design Output
Design working live 50 Years
Importance level 2
Annual Probability of exceedance (inverse) Ultimate 500
Annual Probability of exceedance (inverse) Service 25
Element Area/lengt Load Kpa | Total kN Live load reduction
Conservatory Structure 35.00 2.20 77.00 Total floor area 0.0
17.50 0.27 4.72
0.00 0.00 0.00 3+ i
0.00 0.00 0.00 \/K = 1.000
0.00 0.00 0.00 But not less than .5
0.00 0.00 0.00
1.00 0.40 0.00 0.00 0.00
81.72 kN
Element Area/lengthl Load Kpa | Total kN
Roof 17.50 0.27 4,72
0 0.00 0.00 0.00
0 0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
1.00 0.40 0.00 0.00 0.00
1.00 0.40 0.00 0.00 0.00
472 kN

Total building weight
86.43 kN
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP
Subject: EQ Static 1170.5
Sheet No.: | 4
Ref: Design Output
Soil type
|D. Deep or soft soil m
Across the building
Period of building across the building 0.40 O
Does the seismic bracing have ductile capabilities but is designed as nominally ductile
Structural ductility factor (Ultimate) m= 1.25
Structural ductility factor (Service SLS1) m= 1.25
Hazard Factor Christchurch Z= 0.3
Return period factor Ru=  1.00
Return period factor Rs= 0.25
Structural Performance factor (Ultimate) Sp= 0.93
Structural Performance factor (Service) Sp= 0.70
Spectral Shape Factor (across) Ch(M= 3.00
Near Fault factor N(T,D) = 1.0 n/a
Elastic site spectra (Ultimate) C(M= 0.90
Elastic site spectra (Service) cM= 0.23
Ultimate km= 114
Service km= 114
Ultimate
Horizontal design action coefficients (Across) Cd(T1)= 0.73 Butnot less than 0.030Ru
Ultimate force across the building Cd(M1) xWi= 6296 kN Total
Service
Horizontal design action coefficients (Across) Cd(my) = 0.14
Service force across the building Cd(Tl) xWi= 1191 kN Total
Along the building
Period of building along the building 0.40
Does the seismic bracing have ductile capabilities but is designed as nominally ductile U
Structural ductility factor (Ultimate) m= 1.25
Structural ductility factor (Service SLS1) m= 1.25
Structural Performance factor (Ultimate) Sp= 0.93
Spectral Shape Factor (across) Ch(M= 3.00
Near Fault factor N(T,D) = 1.0
Elastic site spectra (Ultimate) C(M= 0.90
Elastic site spectra (Service) cM= 0.23
Ultimate km= 114
Service km= 114
Ultimate
Horizontal design action coefficients (Across) Cd(T1) = 0.73 Butnot less than 0.030Ru
Ultimate force along the building Cd(M1) xWi= 62.96 kN Total
Service
Horizontal design action coefficients (Across) Cd(T1))= 0.18
Service force across the building Cd(Tl) xWi= 15.74 kN Total
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP

Subject: EQ Static Forces

Seismic Loads to NZS 1170.5 Sheet No.: 5

Ref: Design Output
Seismic weight at level i Wi 472 kN
Height at level i hi 2.8 m
Seismic weight at level | Wi 81.72 kN
Height at level | hi 1.0m
Sum of Wihi 94.7
Base shear ultimate 62.96 kN
Base shear service 1191 kN
8% of base shear to be applied at top level 5.04 kN
8% of base shear to be applied at top level 0.95 kN

Fi =.92v O\M—h'
a (Wihi)
Ultimate
Equivalent Lateral force at level i (Roof) 12.97
Equivalent Lateral force at level i 49.99
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Service 62.96 kN base V
Equivalent Lateral force at level i (Roof) 2.45
Equivalent Lateral force at level i 9.46
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
Equivalent Lateral force at level i 0.00
1191 kN base V
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Structural Concepts
Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP
Subject: Brace Bolts in shear
Design of bolts in shear, bearing & plate tearout Sheet No.: 6
Ref: Design Output
This calculation assumes that all bolts are equally loaded, as in the case of a tension only
connection. It does not check for tension fracture of the connecting ply.
Force on bolt (Ultimate load) N* 13.6 kN
Thickness of plate tp 2 mm
Grade of connecting plate Fyp 250 Mpa
Tensile strength of plate Fup 410 Mpa
Size of bolts in connection df 6 mm
Grade of bolt 4.6
Tensile strength of bolt fub 400
Number of bolts in group n 1
Bolted lap correction Kr 1.0
Shear type Single
Load type Seismic
The seismic system is (3) Nominally Ductile
Reduction factor C1 C1 1.0
Bolts in shear
Strength reduction factor T 1
Shear plane through bolt is Core Ac
Area of bolt A 20.25887 mm
Nominal shear capacity of bolts
.62 X Fux Krx (n x Ac + n x Ao) = Vf 5.0 kN
Shear strength Tvi 5.0 kN 36%NBS |
Bolts in Bearing
Plate
Strength reduction factor T 1
Nominal bearing capacity of bolts
32xdfxtpxfupxn=Vb 157 kN
bearing strength of bolts ClxfxVb 15.7 kN |
12.9.45.2 |For category 1 members connected by snug tight bolt mode, holes shall be a maximum of .5mm

oversized only.
Plate tearout

plate
Edge distance 60 mm
Force on each bolt 13.6 kN

Nominal tearout capacity
aextpxFupxn=Vb 49.2 kN
Tearout capacity 49.2 kN
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP
Subject: Concrete Column Moment
Design of elastic concrete column in bending NZS3101:2006 Sheet No.: 7
Ref: Design Output

Axial load

Design moment
Design Shear force
Ductility factor used

T1
T2 —> - a—e—]
[ ]
Tl —_— - - R
- L P
CS e ~-— & —— i
-

Typical column steel configuration
Clear storey height
Depth of column
Width column
Cover
Concrete grade
Steel reinforcement yield stress (Yeilding steel)
Steel reinforcement yield stress (Shear steel)
Tension steel For T1
Number of bars
Diameter of bars
Area of bars at T1
Tension capacity As x Fy =
Tension steel For T2
Number of bars
Diameter of bars
Area of bart As x Fy =
Tension capacity As x Fy =
Compression steel For Cs
Number of bars
Diameter of bars
Area of bars at T1
Tension capacity As x Fy =
Axial load on wall
Self weight of column 0.2x1x0.2x24 =
Other dead load

C=T1+T2+Nn-Cs=0x 67.87 +0.96 - 67.87 =

N*

M*
V*
m

0
7.07
7.0
1.25

kN
kNm
kN
<=1.25

The moment capacity is based on concrete

theory, as found in any concrete text book,

i.e. ccanz "Red Book"

Fc
Fy
fyt

No.
dia
Asl

No.

dia

As2
T2

No.
dia
AsCs
Cs

1000
200
200

40
25
300
300

12

0.0

12

226
67.9

12
226
67.9

0.96
0.00

0.96

1.0

mm
mm

mm
Mpa
Mpa
Mpa

mm?
kN

mm
mm?2
kN

mm?
kN
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Structural Concepts
Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP
Subject: Concrete Column Moment
Design of elastic concrete column in bending continued Sheet No.: | 8
Ref: Design Output
Depth of equivalent stress block a
a= C
.85xFc'xb = 0.23 mm
therefore c = 0.23/0.85= 027 mm
With reference to centraidal axis of the column
Centroid of T1 0.00 mm
Centroid of T2 54 mm
Centriod of C 100 mm
Centriod of Cs 54 mm
Hence moment capacity of column is:-
Mn for T1 = AS x Fy x La x 10™-6 0.0
Mn for T2 = AS x Fy x La x 10™-6 3.7
Mn for C = C x La x 10™-3 0.1
Mn for Cs = Cs x La x 10™-3 3.7
7.4 kNm
FMn = 7.426 kNm >7 kNm therefore OK |
Shear Steel design
Shear force V*wall 7.0 kN
Nominal shear stress
11.3.10.3.3 |Note d = 80% of actual length
vh=V*wall/bwx .8xd=  0.22 Mpa
752 [Maximum shear stress
2Fc'= 5.00 Mpa
OR
8.00 Mpa
11.3.10.3.5 |Shear resistance provided by concrete
* §
27ﬁ + N : =vc 1.36 Mpa
3 T
OR
ng 1,/ fc' + 2—
Adg -vc N/A Mpa
M* Lw
vV o2
75.1 |Shear strength provided by concrete mechanisms
vexLlwx.8xb= Vc 43 kN
aVc 33 kN

Only min shear steel to 11.3.10.3.8 b required
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: AP

Subject: Concrete Column Moment

Design of elastic concrete column in bending continued Sheet No.: | 9
Ref: Design Output
11.3.10.3.8 | (a) Shear strength provided by shear reinforcement
Main bar diameter DIA 0 mm> 10
Area of steel provided Av 0 mm2/275
Bar spacing S2 275 mm
Maximum bar spacing Smax 450 mm
d _
Av. fyt_ =Vs 0 kN
S,
Vs 0 kN

11.3.10.3.8 |(b) Minimum sheatr steel

Total shear strength @Vc + BVs 33 kN |

7bw.S2 Av 128  mm2/275| NA

fyt




Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: NS

Subject: Concrete Beam Moment

REINFORCED CONCRETE RECTANGULAR BEAM DESIGNED TO NZS3101:PART 1:2006 Sheet No.: | 10
Ref: Design Output
Design bending moment from analysis M* 1 kNm
Shear from analysis V* 2 kN
Beam dimensions and materials
52.1 |Concrete grade Fc' 25 Mpa
533 |Steel reinforcement yield stress Fy 300 Mpa
Shear steel yield stress Fyt 300 Mpa
Cover to reinforcement C 60 mm
Depth of beam D 200 mm
Width of beam bw 200 mm
Effective depth H-C-DIA/2 = d 133.65 mm
2.3.2.2 |Strength reduction factor flexural 1 ] 1.00
Strength reduction factor Shear L 0.75
_ _Asky _
Lever arm 1.7Fc'b Jd 125 mm
Main bar diameter DIA 12.7 mm
Number of bars N 2
Area of steel provided As 253 mm?
Minimum area of tension steel \/F_C
9.3.8.2.1 |Min. area of tension steel 4—Fbe'd = As min 111 mm?
But equal to or greater than 1.4 bw.d/Fy = Asmin 125 mm?
9.3.8.2.3 |Alternatively may be 1/3 greater than what is required by analysis
Moment capacity FXASXFyxJdx10™M6=  @Mn 9.5 KkNm >1.2 kNm
Shear Check
751 |Total nominal shear stress Vv*/ (bw.d) = vn 0.075 Mpa
75.2 |Maximum shear stress vn shall be less than
.2Fc' or 8Mpa 5.0 Mpa > 0.075 Mpa
9.3.9.3.4 |Shear stress provided by concrete
Vc =vcAcv Where vc = kd.kavb
9.1 Ratio of tension reinfrncemeaent As/bhw A= r 0.0095
vb = smaller of (.07 +10r }J/Fc OR 2Fc
But not less than .08 x Fc'.5 vb 0.824 Mpa
Aggregate size factor ka 1.0
Effective depth factor kd 1.00
vb x ka x kd = vC 0.824 Mpa
Nominal shear strength provided by concrete
VC.Acv = Vc 22.0 kN
Shear steel not required
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Structural Concepts

Client: Insight Unlimited Ref:  1923-2243
Project: Foweraker House Date: 15/5/13
Botanical Gardens, Christchurch BY: NS

Subject: Concrete Beam Moment

REINFORCED CONCRETE RECTANGULAR BEAM DE