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Wharenui Pool Building Quantitative Seismic Assessment

Executive Summary

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

Two critical structural weaknesses have been identified for the building. These are the lack of a
load path for north-south seismic loads to be distributed to the western vertical cross bracing
elements and the eastern reinforced masonry wall. The seismic loads in the north-south direction
can be resisted by out of plane flexure in the glue-laminated timber portal frames, however this
could lead to increased levels of damage in the building.

The seismic capacity of the building has been calculated as between 35-40% NBS including all
critical structural weaknesses. The capacity is governed by the out of plane flexural capacity of the
eastern reinforced masonry wall.

It is recommended that strengthening works are undertaken to restore the load paths to the bracing
elements on the eastern and western walls. This would need to be developed in a strengthening
options stage.

Intrusive investigation works undertaken on the eastern wall revealed that a number of bolt fixings
supporting the plywood box gutter are heavily corroded. It is recommended that a structural
condition survey of these and other hidden fixings is completed.

6-QUCCC.41 %
September 2012 1 % OPUS
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1 Introduction

Opus International Consultants Limited has been engaged by Christchurch City Council (CCC) to
undertake a detailed seismic assessment of the Wharenui Pool building, located in the Wharenui
Sports Centre on Elizabeth Street, Christchurch, following the M6.3 Christchurch earthquake on 22
February 2011.

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

The seismic assessment and reporting have been undertaken based on the 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.

A qualitative seismic assessment report for the building was issued on 9 November 2011.
2 Compliance

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

2.1 Canterbury Earthquake Recovery Authority (CERA)

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

Section 38 — Works

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

Section 51 — Requiring Structural Survey

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

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

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

6-QUCCC.41 %
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2.2

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.

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

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

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

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

Section 115 — Change of Use

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

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

2.2.1 Section 121 — Dangerous Buildings

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

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

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

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

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

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

6-QUCCC.41 %
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Section 122 — Earthquake Prone Buildings

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

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

Section 124 — Powers of Territorial Authorities

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

Section 131 — Earthquake Prone Building Policy

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

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.
If strengthening works are undertaken, a building consent will be required. A requirement of
the consent will require upgrade of the building to comply ‘as near as is reasonably
practicable’ with:
e The accessibility requirements of the Building Code.
e The fire requirements of the Building Code. This is likely to require a fire report to be
submitted with the building consent application.
6-QUCCC.41
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24 Building Code

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

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

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

e Increased serviceability requirements.

3 Earthquake Resistance Standards

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

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

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

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

Guidelines

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

6-QUCCC.41 %

September 2012 5



Wharenui Pool Building Quantitative Seismic Assessment

4.1

4.2

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

Table 1: %NBS compared to relative risk of failure

Building Description

General

The Wharenui pool building is a single storey structure which forms part of a complex of
buildings for the Wharenui Sports Centre. The centre is located on the corner of Elizabeth
Street and Matipo Street. For the purposes of this report we refer to the direction parallel to
Matipo Street as north to south direction and the direction parallel to Elizabeth Street as
east to west direction.

From archive drawings we have deduced that the building was probably built in the late
1960s over an existing outdoor swimming pool and later modified in the 1990s. The existing
building is a single level glue-laminated timber portal frame structure with a steel framed
structure for changing areas along the western elevation. To the north end of the glue-
laminated portal structure is a masonry and precast concrete panels structure incorporating
the plant and administrative areas. This structure has been built around an existing brick
substation owned by Orion. The south gable and east external walls of the pool building are
constructed in reinforced masonry.

The building is approximately 50m long in the north-south direction and 26m wide in the
east-west direction. The roof apex is approximately 6m above ground level.

Gravity Load Resisting System

Eight glue-laminated timber portal frames span in the east-west direction and are supported
on concrete bases. The portal frames do not have any intermediate props. A lightweight
roof consisting of insulated panels is supported on glue-laminated timber purlins which span
between the portal frames. A box gutter is provided on the eastern and western sides of the
building and is supported by a 300mm deep steel beam spanning between the portal
frames.

The changing block to the west is a steel clad framed structure which dates from the period
when the pool was an outdoor facility. There are no details of the changing block structure
amongst the archive drawings however it appears that the structural system consists of
insulated panels.

6-QUCCC.41 %
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4.3

The plant block at the northern end of the pool building comprises an extended plant area
and a substation (owned by Orion). The plant area has been altered and extended by
building a small steel portal framed structure around the original plant area with external
precast concrete panel walls. From the record drawings the plant block and substation
appear to be structurally independent from the pool building in terms of gravity loads.

Seismic Load Resisting System

There are four distinct parts to the building, each having different seismic load resisting
systems.

The seismic load resisting system in the east-west direction for the main pool building is
provided by the glue-laminated timber portal frames and the southern gable masonry wall.
In the north-south direction the seismic loads were intended to be provided by in-plane
shear action of the eastern full length reinforced masonry wall and by two vertically cross
braced steel frames on the western wall. There is no visible lateral bracing in the roof and it
has been assumed that the insulated panel roof is providing a form of diaphragm action in
distributing seismic loads to the load resisting elements.

The changing block on the western side of the main pool building pre-dates both current
and previous pool buildings and no structural details have been located in the archive
drawings. The changing block is formed from insulated panels, and it has been assumed
that these panels resist the seismic loads in each direction.

The plant block at the north-eastern end of the pool building has been altered and extended
in the past. Originally a masonry structure, a steel frame has been constructed over the
existing footprint incorporating an additional area to create a larger building. The new
external walls are constructed from precast concrete tilt panels. According to the record
drawings there is no roof bracing although Villaboard has been specified as a ceiling lining.
In the north to south direction stability is achieved though steel portalised bays and precast
concrete panels. In the east to west direction precast concrete panels provide stability
against seismic loads.

The administration area at the north-western end of the pool building comprises reinforced
masonry walls to the north and west and two internal steel portal frames in the east-west
direction. Seismic loads in the east-west direction are resisted by the northern masonry wall
and the steel portal frames, and loads in the north-south direction are resisted by the
western wall.

From the archive drawings the substation appears to be structurally independent of the pool
building, even though it is adjacent and forms a party wall with the pool. The substation is
rectangular on plan with masonry walls providing lateral stability in both directions.

6-QUCCC.41 %
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6

Survey

A survey of the building was undertaken on 1 November 2011 by Opus International
Consultants. Intrusive opening works were undertaken to several structural elements in the
pool building on 20 January 2012 to ascertain details of structural connections.

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

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

o A set of R & A Design architectural drawings in relation to the extension and alteration
of the plant block dated 1997.

o Drawings for a new club room dated 1962 but are no longer representative of the
current structure.

o A set of drawings by Bill Lovell-Smith dated 1968 for the original steel portal framed
building erected over the pool.

o A set of Christchurch City Council Drawings dated 1990 for the construction of a new
gallery (these drawings show a small part of the building under evaluation).

No copies of the design calculations have been obtained as part of the documentation set.

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

Structural drawings have not been located for the building in its current form.

Damage Assessment

The following damage has been noted:

6.1 Glue-laminated portal frames
Clamps have been put in place at the ridge locations on some of the rafters of the glue-
laminated portal frames. There are cracks in these locations between the laminates.
6.2  Perimeter block masonry walls
The east wall of the pool building appears to be out of plumb but there are no signs of
cracking or other damage.
6-QUCCC.41
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7 General Observations

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

operational.

Due to the non-intrusive nature of the original survey, many connection details could not be
ascertained. However a limited “opening up” exercise has now been carried out, and most of the
critical details at junctions and interfaces between load bearing elements have been determined
and their capacity assessed, particularly at the head of the east external wall where apparent
displacement has occurred.

8 Detailed Seismic Assessment

8.1 Critical Structural Weaknesses

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

We have identified the following potential CSW’s for the building:

8.1.1

8.1.2

Seismic load path to the eastern reinforced masonry wall

No vertical bracing system is apparent on the eastern side of the main pool building
to resist seismic loads in the north to south direction, and it has been assumed that
the existing 190mm thick reinforced masonry wall is intended to act as a shear wall.

The reinforced masonry wall is strutted back to the portal frames just below the roof
level with two 140x45mm timber members. This detail does not provide any means
for the north-south seismic loads to be transferred to the masonry wall.

The box gutter appears to be formed from plywood which could potentially provide
some diaphragm action between the masonry wall and the longitudinal steel beam
supporting the box gutter, however the bolted connections between the timber
runner and masonry wall are extremely corroded and have limited capacity.

Seismic load path to the western wall vertical bracing elements

Two bays of steel vertical cross bracing are provided on the western wall in order to
resist seismic loads in the north to south direction.

The opening up works have revealed that there is no viable load path to transfer
north to south direction seismic loads from the main roof level and into the cross
bracing elements. There does also not appear to be an adequate collector beam
running along the top of the wall to transfer the seismic forces into the frames.

6-QUCCC.41
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8.2 Seismic Coefficient Parameters
The seismic design parameters based on current design requirements from
NZS1170.5:2004 and the NZBC clause B1 for this building are:
e Site soil class D, clause 3.1.3 NZS 1170.5:2004
e Site hazard factor, Z=0.3, B1/VM1 clause 2.2.14B
e Return period factor R, = 1.0 from Table 3.5, NZS 1170.5:2004, for an Importance
Level 2 structure with a 50 year design life.
8.3  Expected Ductility Factors
Based on our assessment of the structural details our estimates for the expected maximum
structural ductility factors for the main seismic resisting systems are:
* uma = 1.25 for all reinforced concrete masonry walls and precast concrete panels.
* Uuma = 2.0 for the glue-laminated timber portal frames.
* umax = 2.0 for the steel portal frames and vertical cross bracing.
8.4 Detailed Seismic Assessment Results
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 element.
Table 2: Summary of Seismic Performance
Structural Failure mode and description of limiting criteria Critical % NBS
Element/System Structural based on
Weakness and calculated
Collapse Hazard capacity
Pool building glulam | In-plane flexural capacity. No 120%
portals (east-west
direction)
Reinforced masonry | The wall is only reinforced with vertical reinforcement bars No 35-40%
wall (east elevation) | which have an out of plane flexural capacity of 73% NBS,
—out of plane however the limiting element is the bond beam at roof level
capacity which is required to span between the portal frame struts.
The bond beam has a low level of reinforcement and
limited flexural capacity, however is continually supported
by the plywood forming the box gutter which provides an
adequate load path. The box gutter fixings to the wall are
in poor condition.
Reinforced masonry | The wall has an in-plane flexural capacity greater than No <34%
wall (east elevation) | 100% NBS however there is no viable load path for
—in plane capacity transferring seismic loads from the pool building into the
wall.
6-QUCCC.41 %
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8.5

Structural Failure mode and description of limiting criteria Critical % NBS
Element/System Structural based on
Weakness and calculated
Collapse Hazard capacity
Reinforced masonry | Shear failure of the single M16 fixing between the No 79%
wall (east elevation) | horizontal timber struts and the steel brackets bolted to the
— connection to masonry wall. The connection detail lacks redundancy.
glulam frame
Reinforced masonry | Flexural out of plane failure of the wall. The wall No 41%
wall (south reinforcement details are unknown so have been based on
elevation) — out of an assumed layout of D12 at 600mm centres.
plane capacity
Purlin connectionto | Shear failure of the bolted connection between the purlins Yes 88%
southern reinforced | and the masonry wall.
masonry wall.
Steel braced bays The two sets of vertical cross bracing have a capacity No <34%
to the western greater than 100% NBS however there is no viable load
elevation path for transferring seismic loads from the pool building
into the cross bracing elements.
Pool building glulam | Out of plane flexural capacity. Fixed base connection No 80%
portals out of plane assumed.
flexure (north-south
direction)
Diaphragm over Shear failure of the screw fixings along the eastern and No >100%
main pool western sides of the roof.
Plant room steel In-plane flexural capacity. No >100%
portal frames (north-
south)
Plant room precast Out of plane flexural capacity No >100%
panels

Discussion of Results

The building has a calculated seismic capacity of around 35-40% NBS as limited by the out
of plane capacity of the eastern reinforced masonry wall and is therefore not classified as
an earthquake prone building.

The building contains two critical structural weaknesses in the lack of reliable load paths to
transfer north-south seismic loads into the western wall braced steel frames and the
eastern reinforced masonry wall. The calculated seismic capacity of these elements in their
existing configuration is less than 34% NBS, however a secondary load resisting system is
provided through out of plane flexure of the glue-laminated timber portal frames. This
mechanism relies upon having a fixed connection at the base of the portal frames. While
this is an adequate secondary load path to resist seismic loads in the north-south direction
it is possible that this could lead to increased levels of damage within the building. It is
therefore recommended that remedial works be undertaken to restore the load path to the
western and eastern walls.

The bond beam at roof level in the eastern reinforced masonry wall has insufficient capacity
to span horizontally between the portal frames. While some support from the plywood box

6-QUCCC.41 %
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8.6

9.1

9.2

gutter has been considered, the bolt fixings from the timber runner nailed to the plywood
and bolted to the wall are extremely corroded and therefore have limited capacity. Two
bolts were viewed during the opening up works and each had levels of corrosion greater
than 50% section loss. The combination of the bond beam flexural capacity and support
from the box gutter has been assessed as providing a seismic capacity of around 35-40%
NBS which governs the overall capacity of the building.

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:

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.

This analysis has focussed on potentially critical structural weaknesses identified during the
engineering assessments. Other parts of the structure, such as the portal frames, which
were judged in the qualitative stage to be satisfactory, have not been analysed in detail.

Geotechnical Appraisal

Desk Study

A desk study of well logs in the area obtained from Environment Canterbury records
identified four drill logs from boreholes located within 300m of the site. The borehole logs
indicate the area is underlain by a layer of sands and clay, which is underlain by gravel
layer. The gravel layer is encountered between 8.5m and 13.7m below ground level.

Ground Damage

Aerial photographs taken on 24th February 2011 and 16th June 2011 show no evidence of
surface rupture of liquefaction at the site. A walkover inspection of the exterior of the
building and surrounding sites was completed on 10 January 2012. No evidence of
liquefaction was observed during the site walkover and there was also no evidence of
differential settlement.

6-QUCCC.41 %
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9.3

9.4

10

Liquefaction Hazard

The 2004 ECan Liquefaction study indicates that no liquefaction is predicted on the site.
The initial reconnaissance completed by Tonkin & Taylor on 24 Feb indicates the site is not
in a liguefaction area. The CERA land zone map released 23 June 2011 has classified the
land as ‘green’, repair/rebuild process can begin.

The Department of Building and Housing (DBH) guidance document on residential house
repairs and reconstruction indicates the residential areas surrounding the site are Technical
Category 2. Technical Category 2 identifies the area may be subject to minor to moderate
land damage from liquefaction in future significant earthquakes.

Summary

On the basis of the above observations, the existing foundations appear to have performed
well under seismic loading. The existing foundations are considered to be suitable for the
ground conditions. We do not believe any further geotechnical investigations are warranted
at this site at this stage.

Remedial Options

Any remedial options for increasing the seismic capacity above 34% NBS would need to address
increasing the out of plane capacity of the eastern wall and the lack of adequate connection
between the main pool building roof and the eastern and western wall bracing elements. These
strengthening works would need to be specifically designed.

11 Conclusions

(a) The building has a seismic capacity of between 35-40% NBS and is therefore not
considered to be earthquake prone.

(b) Two critical structural weaknesses have been identified in the building and these
control the overall seismic capacity of the building. The critical structural weaknesses
relate to inadequate loads paths for distributing seismic loads from the main pool
building rood into the bracing elements along the eastern and western wall.

(c) The existing foundations appear to have performed well under seismic loading and are
considered to be suitable for the ground conditions. We do not believe any further
geotechnical investigations are warranted at this site at this stage.

(d) Intrusive investigation works undertaken on the eastern wall revealed that a number of
bolt fixings supporting the plywood box gutter are heavily corroded. It is recommended
that a structural condition survey of these and other hidden fixings is completed.

6-QUCCC.41
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12 Recommendations

(a) Strengthening options be developed for increasing the seismic capacity of the building
to at least 67% NBS and restoring the load paths to the eastern and western walls.

(b) Undertake a structural condition survey of all hidden fixings to check the levels of
corrosion.

13 Limitations

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

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

(c) This report is prepared for the CCC to assist with assessing remedial works required for
council buildings and facilities. It is not intended for any other party or purpose.
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Appendix A — Photographs
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Photo 1 — Eastern perimeter wall

Photo 3 — North elevation (west end)
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Photo 4 — South elevation

Photo 5 - Internal view of portals frames and cross bracing elements on western wall
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Photo 7 — View of top of steel vertical cross bracing on the western wall
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Appendix B — Floor Plan
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Wharenui Pool Building Quantitative Seismic Assessment

Appendix C — CERA DEE Spreadsheets
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