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Executive Summary

Scope and Basis of Assumptions

Robert Bird Group NZ Limited (RBG) has been engaged by Wellington City Council (WCC) to complete a
detailed seismic assessment (DSA) of the block of four residential buildings on 5 Kemp Street, Kilbirnie,
Wellington. This DSA focuses on Block D and has been undertaken as part of Phase 2 of the Housing Upgrade
Programme.

The four buildings are collectively known as the Kotuku Apartments and were designed between 1967 and
1969. These buildings are four-storey concrete structures of varying lengths but similar configurations. The
buildings are founded on a relatively flat site with poor soil capacity of subsoil class D classification. Currently,
all four buildings are being used for housing.

In 2016, the buildings underwent seismic strengthening based on a 2014 design by Opus International
Consultants Limited. These structural strengthening alterations have been considered in this DSA. For example,
the increased section sizes for certain ground beams were used to determine the seismic ratings for these
elements.

Reinforced concrete cantilever walls are the building's primary structural system for resisting loads. These walls
are extensive in the “Transverse” direction but are only along the two building edges in the “Longitudinal”
direction. These concrete walls extend the entire height of the building.

Results Summary

Refer to Table 1 below for a summary of the %NBS scores assigned to the critical elements of each structural
component.

Overall, the reinforced concrete ground beams underneath the transverse walls govern the seismic rating of
Block D. As highlighted in Table 1, Block D’s seismic score is 25%NBS(IL2). This rating places Block D as
potentially earthquake prone. Note that 33%NBS corresponds to potentially earthquake prone, but this
determination must be made by Wellington City Council as the territorial authority.

This DSA has been carried out in accordance with the November 2018 revision of section C5 for concrete
buildings of the 2017 New Zealand Society for Earthquake Engineering (NZSEE) document The Seismic
Assessment of Existing Buildings. As this building has been found to fall short of the performance level
described for an Earthquake Prone Building (EPB), the original concrete guidelines from 2017 should be used.
However, guidance from Engineering New Zealand has noted that changes made in the November 2018
revision mostly affect buildings with precast floors, concrete frame structures, and concrete buildings with a
reasonable ductile response. Block D falls outside of these characteristics. Hence, we have considered our
results gained from considering the 2018 revision of section C5 to be representative for the building.
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Table 1: Summary of Building Seismic Performance

System Direction %NBS (IL2) Commentary, Failure Mechanism
Reinforced Longitudinal 67%NBS (*) Plain round bar wall rocking
Concrete Cantilever
Shear Walls
Transverse 45-75%NBS Flexure and tension failure
Transverse 40%NBS Out-of-plane capacity for top level
walls
Floor Diaphragm Longitudinal 100%NBS Governed by tension tie capacity
Ground Beams Transverse 25%NBS (**) Brittle shear failure caused by

wall end uplifting, leading to loss
of gravity support and wall
dropping off from the pile cap.

Pile Caps Both directions 100%NBS Typical 3-pile pile caps.
Both directions 85%NBS Flexure (2-pile pile cap on grid AA
only)
Concrete Piles Longitudinal 100%NBS
Transverse 40-65%NBS Geotechnical tension capacity
45-60%NBS Geotechnical compression capacity
Stairs Both directions >67%NBS Based on secondary load paths and

allowing loads to be redistributed.

(*) This is based on plain round bar wall rocking assessed with SLaMA.

(**) This element governs the overall %NBS rating of Block D.

Recommendations

RBG recommends conducting a geotechnical site investigation to verify the geotechnical parameters, subsoil
class of the site, ground bearing and pile capacities as part of the strengthening design. We do not expect the
ground investigation to significantly alter the assessment outcomes and change the %NBS rating of Block D.
However, it will provide more certainty for scoping the strengthening design.

Seismic Retrofit Concepts

The concept seismic strengthening design for the critical structural elements of Block D is discussed in section
7. Three concept strengthening options are included with relevant sketches in Appendix D.

For Option 1, we propose that a new raft slab be poured to tie the foundation together. This will allow the
building to behave like a 'rigid box" when the piles fail during an earthquake and allow the walls with plain
round bars to rock on the foundation. The raft slab will also provide some bearing resistance. This concept
relies on the gravity load of the building to provide overturning resistance. Our initial study suggests this
strengthening can achieve 67%NBS. Further design and geotechnical investigation inputs are required to
confirm the achievable capacity.

For Option 2, we propose additional tension ground anchors to provide more tension hold-down capacity to
the foundation. These anchors will be located directly under the transverse walls inside the building, providing
hold-down and minimising the shear demands to the foundation beams. Internal access will be required for
the drilling rig and installation of the anchors; the timber floor will need to be removed and reinstated.
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Option 3 is like Option 2 but the proposed ground anchors will instead be located outside of the building. This
option has better buildability. However, we expect that the foundation beams will need to be strengthened
and become very heavily reinforced to be capable of transferring the wall forces out to the new anchors.

For all three options, we also propose fibre-reinforced polymer (FRP) wrap be installed to the base of the singly-
reinforced transverse walls. We expect the plain round bars in the walls to fail in bond slip, which could lead to
significant concrete spalling and the wall subsequently losing gravity support. FRP will provide confinement
to the concrete so that the walls will be able to rock more reliably and provide gravity support to the floors
after an earthquake.

Note that the presented concept strengthening schemes bypass strengthening to the minimum baseline level
of 34%NBS and instead intend to lift the building’s performance directly to the higher performance level of
67%NBS; we reason that once the structural weaknesses are addressed, the building will achieve 67%NBS.
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Glossary

Detailed Seismic
Assessment (DSA)

Design Features
Report (DFR)

Earthquake-prone
Building (EPB)

Importance Level

(IL)

Initial Seismic
Assessment (ISA)

Ultimate Limit
State (ULS)

New Building
Standard (NBS)

(XXX)%NBS

(New Zealand)
Building Code

Non-structural
element

Secondary
structural element
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A quantitative seismic assessment carried out in accordance with Part A and Part C
of the Engineering Assessment Guidelines.

A document that details the important decisions and outcomes regarding the
design of a structure, including any proposed strengthening works.

As explained in Section A5.1.1 of the Engineering Assessment Guidelines; a building
or part of a building that will have its ultimate capacity exceeded in a moderate
earthquake. Additionally, if the building or part of a building were to collapse, the
collapse would be likely to cause injury or death or damage to other properties.

Whether a building or part of a building is considered earthquake prone is decided
by the territorial authority that oversees the district where the building is.

Categorisation defined in the New Zealand Loadings Standard, AS/NZS 1170.0:2002
used to define the ULS shaking for a new building based on the consequences of
failure. A critical aspect in determining new building standard.

A seismic assessment carried out in accordance with Part A and Part B of the
Engineering Assessment Guidelines.

A limit state defined in the New Zealand loadings standard NZS 1170.5:2004 for the
design of new buildings.

Intended to reflect the expected seismic performance of a building relative to the
minimum life safety standard required for a similar new building on the same site by
Clause B1 of the New Zealand Building Code.

The ratio of the ultimate capacity of a building as a whole or of an individual
member/element and the ULS shaking demand for a similar new building on the
same site, expressed as a percentage.

Section B1 of the New Zealand Building Code (Schedule 1 to the Building
Regulations 1992).

An element within the building that is not considered to be part of either the
primary or secondary structure.

A structural element that is not part of the primary structure.
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1. Introduction

1.1Scope of Assessment

Robert Bird Group (New Zealand) Limited (RBG) has been engaged by Wellington City Council (WCC) to
complete seismic assessments and provide concept strengthening designs — if needed — for specific buildings
within its housing portfolio. The purpose of this work is to upgrade WCC's housing portfolio to meet the seismic
strength standard detailed in the Deed of Grant (Minimal Housing Standard) Programme as part of a wider
upgrade to meet HUP2 requirements.

As part of this programme, RBG's work scope entails completing a detailed seismic assessment (DSA) of the
block of four residential buildings on 5 Kemp Street, Kilbirnie, Wellington. These buildings are collectively
known as the Kotuku Apartments, and individually as Blocks A to D. This DSA focusses on Block D, which is
highlighted in Figure 1.
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Figure 1: Kotuku Apartments arrangement, Block D in red

Referring to Figure 2, Block D is a four-storey rectangular concrete structure. It was designed between 1967 to
1969 and is currently being used for residential purposes.

Figure 2: Site elevation of Kotuku Apartments, Block D
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The objective of this DSA is to establish the degree of life safety risk that damage to the building poses to its
occupants. This assessment has been undertaken in accordance with the 2017 Engineering Assessment
Guidelines for existing buildings, including the November 2018 revision of section C5 for concrete buildings.

Strictly speaking, since this building has been found to fall short of the performance level described for an
Earthquake Prone Building (EPB), only the original concrete guidelines from 2017 should be used. However,
guidance from Engineering New Zealand has noted that changes made in the November 2018 revision mostly
affect buildings with precast floors, concrete frame structures, and concrete buildings with a reasonable ductile
response. Block D falls outside of these characteristics. Hence, we have considered our results gained from
considering the 2018 revision of section C5 reasonable to report.

1.1.1 Explanatory Statement
For clarity, RBG would like to convey the following details:

e The assessment is based on the information available to RBG at the time of the assessment and
assumes that the construction drawings are an accurate record of the constructed building.

e Thisreportis not a dilapidation report. It does not include assessment of the current building condition
or repairs that may be required except where these may be pertinent to the seismic capacity.

e Geotechnical and foundation desktop assessment has been completed by other engineers and has
been relied on for this assessment.

e RBG s not able to give any warranty or guarantee that all possible damage, defects, or conditions have
been identified. The work done and advice given by RBG has been provided on a ‘reasonable grounds’
basis.

e This report has been prepared on behalf of and for the exclusive use of the Client, WCC, and is subject
to and issued in accordance with the agreement between WCC and RBG. RBG accepts no liability or
responsibility whatsoever for any use of or reliance upon this report by any third party. Any copying of
this report to external parties requires the permission of the Client and RBG.

1.2Regulatory Environment and Design Standards

EPBs are defined by the Building Amendment Act 2016 as buildings with ultimate capacities that are likely to
be exceeded in a ‘'moderate earthquake,” hence posing a life safety risk to occupants. A ‘'moderate earthquake’
is defined as approximately one-third as strong (but of the same duration) as the shaking assumed when
designing a new building. Thus, the lower threshold to designate a building as earthquake prone is referred to
by the shorthand of “33%NBS".

The 2017 NZSEE Engineering Assessment Guidelines detail a method for assessing existing buildings against
the contemporaneous building standards, especially NZS1170.5:2004. This benchmark of performance may not
reflect changes in seismic design or assessment methodologies after 2017. This provides a way to rate existing
buildings to understand the seismic risk posed to it relative to a new building in 2017. The primary focus of
this procedure is life-safety risk. ‘Probable’ capacities and consideration of structural mechanisms that can form
are allowed, provided these mechanisms do not constitute a significant life-safety hazard.

Territorial authorities (TAs) ultimately determine whether a building is earthquake prone. ISAs or DSAs prepared
by engineers may be used by TAs to assist in this determination. TAs may request an engineering assessment
from a building owner if the ISA process has flagged the building as potentially earthquake prone. In this case,
the building owner will be given a timeframe to complete the assessment.

If a building has been identified by a TA as earthquake prone, that TA must issue an EPB notice that states the
earthquake rating and deadline for completing seismic work on the building (amongst other items). For a
‘normal’ building in Wellington, this deadline typically entails 15 years. Buildings not identified as earthquake

NO0541-RBG-KOTD-XX-RP-ST-00001-D DSA Report 2
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prone by a TA do not fall within the 2016 Building Amendment Act for EPBs. Hence, there is no legal obligation
to strengthen such buildings.
Besides the 2017 NZSEE Engineering Assessment Guidelines, this DSA utilises the following design standards:
e NZS1170.0: 2002
e NZS1170.5: 2004
e NZS3101: 2006

1.3 Assessment Methodology

The DSA procedure adopted for this report is as follows:
1. Review existing information in the form of drawings, calculations, and reports.

2. Establish the site seismic parameters and response spectra to calculate the seismic loads for an
equivalent new building (100%NBS threshold). This will form a baseline for assessing performance.

3. Complete an initial simple lateral mechanism analysis (SLaMA) to understand the displacement and
global ductility capacities of the buildings.

Calculate the base shear demands and floor forces using the equivalent static analysis (ESA) procedure.
Model and analyse the building and individual components in 3D using force-based procedures.

Complete structural calculations for key structural components.

N v s

Prepare a DSA report to summarise building component capacities, identify structural weaknesses,
provide an overall %NBS score for the building.

Block D is of a regular shape on all levels, and all shear walls are distributed relatively evenly throughout the
building. Hence, Block D does not have any notable mass or stiffness irregularities. A check to NZS1170.5 was
done to confirm the building is not torsionally sensitive.

1.3.1 Information Sources

RBG has been provided with the original architectural and structural specification and drawings to undertake
this DSA, as detailed above. Refer to Table 2 for the sources of information used in this DSA.

Table 2: Sources of Information
Originator Document Date

Architectural Department of Wellington Architectural Construction Drawings, specification 1968
City Corporation

Stewart G. Rees & Associates Structural Construction Drawings, specification 1968

Romulus Consulting Group Kotuku Flats Structural Assessment Report Jan 2008
Opus International Consultants Limited Structural Alterations Design Features Report Feb 2014
Beca Geotechnical Desktop Study Report Jan 2024

NO0541-RBG-KOTD-XX-RP-ST-00001-D DSA Report
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1.3.2 Loading Assumptions

Important permanent loads used to calculate the seismic weight of Block D are summarised in Table 3.
Similarly, the superimposed dead loads and live loads are summarised in Table 4.

Table 3: Permanent loads for building assessment
Material Permanent Load (G)

Standard Lightweight Roof 0.7kPa
5” Concrete Floor Slab and Beams 3.3 kPa
5”-6” Concrete Floor Corridor 3.4kPa
5” Concrete Stair Flight and Rail 4.9kPa
5” Concrete Stair Landing 3.0kPa
6” Concrete Walls and Lining 3.9kPa
8” Concrete Walls and Lining 5.1kPa
Lightweight Handrail Along Corridor 0.4kPa
Internal Light Timber Frame Wall 0.25kPa
External Light Timber Frame and Lightweight Cladding 0.5kPa

Table 4: Superimposed dead loads and live loads in accordance with NZ51170.1

Use Level/Area Superimposed Dead Load Live Load (Q)
Residential Dwelling 1to3 0.1kPa 1.5 kPa
Residential Deck/Balcony 1to3 - 4.0 kPa
Other Stairs 1to03 - 4.0 kPa

The total seismic weight of Block D was found to be approximately 7,200kN. This weight was found considering
a live load seismic combination factor of 0.3, in accordance with NZS1170.0. An area reduction factor of 0.5
was considered for the residential dwelling and deck areas, but not for the stairs, as per NZS1170.1
requirements.

NO0541-RBG-KOTD-XX-RP-ST-00001-D DSA Report
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The seismic parameters used for calculating earthquake loads are outlined in Table 5 below:

Table 5: Seismic parameters for building assessment

Parameter Value Notes
Design Working Life 50 years -
Importance Level 2 -
Site Subsoil Class D 2024 Beca Geotechnical Desktop Investigation
Report
Return Period Factor 1 =
Hazard Factor 0.40 Wellington
Near Fault Factor 1.0 -
Period 0.75s in longitudinal -
direction

0.41s in transverse
direction

Structural Ductility and p 1.25,Sp 0.9 Selection of these parameters has been based on:

PEI BT E (R e Potential rocking of the walls at low

loads.

e Potential geotechnical failures at low
loads.

The presence of plain round bars with low
capacity for inelastic mechanisms.

1.3.3  Material Properties

The material properties used in this assessment are based on the information in the architectural and structural
construction drawings and specification, and in accordance with values outlined in Section C5 of the
Engineering Assessment Guidelines. Refer to Table 6 below for the adopted probable strengths used in the
DSA calculations.

Table 6: Material probable strength for building assessment

Material Probable Strength

Concrete '« =36 MPa
Reinforcing fy= 324 MPa
fu= 475 MPa
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1.3.4  Modelling Philosophy

A 3D model of Block D was created on ETABS and subjected to lateral loads based on the seismic parameters
outlined in Table 5. See Figure 3 for a screenshot of the ETABS model developed for Block D.
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Figure 3: Block D 3D ETABS model

The seismic load was calculated using the automatic calculation function for ESA in ETABS. A hand calculation

was carried out to double check the results from ETABS. The weight of the water tank was considered in these
calculations.

In the ETABS model for Block D, stiffness modifiers for cracked sections were assigned to all concrete members.

There is no proper continuity of horizontal reinforcement between the transverse walls and the short walls in

the longitudinal direction. Therefore, small gaps between these walls were modelled to decouple these walls
and reflect the detailing of the reinforcement between them.

Piles were modelled as frame elements supported by lateral springs at 1m spacing and a vertical spring at the
bottom.

There is less than a 5% difference between the building weight and storey shears from the ETABS model and

hand calculations undertaken for Block D. Hence, we have reasonable confidence that these two values
represent the building with sufficient accuracy.
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1.4 Building Description

Block D on 609 Evans Bay Parade (herein termed 5 Kemp Street) was designed between 1967 and 1969 by the
architectural division of the town planning department in WCC (then known as ‘Wellington City Corporation’)
and consulting engineers Stewart G. Rees & Associates. Together with Blocks A, B, and C, the original intention
of the design was 104 single person units as part of the Kotuku Flats Development Scheme. RBG has been
provided with the architectural and structural drawings, specifications but not the calculation records of the
original design. Given the temporal context of the Kotuku Apartments as designed in the late 1960s, it is
suspected that the design was based on the NZ Standard Model Building By-Law (NZS 1900:1964).

Construction on the Kdtuku Apartments likely took place in the late 1960s to early 1970s, based on the contract
for execution of work signed between Wellington City Corporation and O.V.L Builders Limited on June 27, 1969.

In 2014, Opus International Consultants Limited designed alterations to seismically strengthen the Kétuku
Apartments These alterations were conducted in 2016 and included strengthening the ground beams
supporting the longitudinal walls on both sides of Block D, and strengthening the ground floor transverse walls
where door penetrations were added after the original construction of the Kotuku Apartments. The design was
completed to give the buildings an equivalent strength rating of 70%NBS(IL2). Note that these alterations were
completed to the standard of the 2006 NZSEE document Assessment and Improvement of the Structural
Performance of Buildings in Earthquake (NZSEE 2006). In 2017, this document was superseded by NZSEE 2017.

Block D of the Kotuku Apartments is not listed in the MBIE EPB register.

Referring to Figure 4, Block D is a four-storey building with concrete intertenancy walls. The roof is lightweight
and comprises steel on timber purlins. There is a water tank on the roof. From level 1 to 3, the floor type is an
in-situ concrete slab and beam. The ground floor is timber on concrete ground beams.
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Figure 4: Block D elevation and typical cross-section

Block D mainly uses reinforced concrete walls to resist vertical gravity loads. These walls are generally 6 or 8
inches thick, with many of the 6-inch-thick walls acting as intertenancy walls. Gravity loads are transferred into
the ground through concrete ground beams and bulb pile foundations, the former of which the walls sit on.

See Table 7 for a summary of key details for Block D.
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Table 7: Building Summary Information

Details

Block D, Kotuku Apartments

Street Address

609 Evans Bay Parade, Wellington

Age Approximately 55 years
Description / Building Occupancy Residential
Importance Level 2

Building Footprint / Floor Area

Footprint area approx. 252m?

No. of storeys / basements

4 / no basements

Structural system

Cast in-situ reinforced concrete cantilever shear walls

Earthquake resisting system

Cast in-situ reinforced concrete cantilever shear walls

Foundation system

Reinforced concrete ground beams and bulb piles

Stair system

Cast in-situ concrete

Other notable features

Water tank on western side of roof

Past seismic strengthening

2014-2016 by Opus International Consultants Limited

Construction information

Built around 1969

Likely Design Standards

NZS 1900:1964, Model Building By-Law

Heritage Status

N/A

Seismic Risk Area

Moderate to high (Wellington Fault is approx. 5km away,
Evans Bay Fault is 0.5km away)

Priority building status

N/A

Other

N/A

1.5 Geotech Site Conditions

The following sections summarise key ground conditions onsite and the foundation system of Block D, as
detailed in a report by Beca, who WCC commissioned to conduct a desktop study of the 5 Kemp Street site.
For more information, refer to Appendix F for Beca's geotechnical desktop study report.

1.5.1  Site Description

The site location is 5 Kemp Street, Kilbirnie, Wellington. The site is relatively flat and within a residential suburb.
The site is confined by Kemp Street to the north and east, Evans Bay Parade to the west, and residential houses

to the south.

Referring to the GNS Science active faults database, several faults are located near the site, with the most major
being the active Wellington Fault approximately 5km to the west. The proximity of the site to a major fault
necessitates the usage of near-fault factors in the NZ standard NZS1170.5: 2004.
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1.5.2  Site Subsoils

The site geology contains reclaimed land comprising domestic waste, sand, and rock. Beca expects the
reclaimed land to be underlain by Rakaia Terrane greywacke that is highly to completely weathered, and very
to extremely weak sandstone typically with lesser mudstone. The groundwater level across the 5 Kemp Street
site is approximately 2.3m below ground level.

The nearest investigation data available is 100m north of the site and from the New Zealand Geotechnical
Database. The typical profile encountered comprised very loose to medium dense sands and gravels, and in-
situ rock of completely to highly weathered greywacke. This rock was encountered about 6.5 to 17m below
ground level.

GIS data from WCC classifies the site as site subsoil class E. However, analysis based on site subsoil class D has
been recommended by Beca based on the anticipated depth to rock and strength of the overlying soils.

1.5.3 Potential Seismic Geohazards

The main geohazards present on 5 Kemp Street are liquefaction and ground shaking. The details of these two
phenomena specific to the site are described further below.

Liquefaction is a phenomenon in which soil acts like a liquid — thereby exhibiting a loss of strength — when
dynamically disturbed during an earthquake. Based on hazard maps from WCC, Beca has placed 5 Kemp Street
at high risk of liquefaction. This designation results from the presence of loose cohesionless soils in the site's
uppermost 6.5m thick reclaimed land layer. Additionally, Beca has evaluated this layer to be liquefiable when
saturated. The geotechnical desktop study for 5 Kemp Street describes post-liquefaction settlement and lateral
displacement as two potential consequences should liquefaction occur.

For more specific discussion on the expected effect that liquefaction may have on the building, refer to section
2.2.1.

Beca has noted that the site has experienced strong to very strong shaking in several earthquakes including
the 2013 Lake Grassmere and 2016 Kaikoura earthquakes. Furthermore, given the presence of several faults
near the site, the geotechnical desktop study describes the risk of ground shaking on 5 Kemp Street as high.

Despite the high risk of liquefaction posed to the 5 Kemp Street site, Beca designates a moderate risk of lateral
spreading towards Evans Bay Beach as the site is relatively flat and 300m away from the closest water body.

1.5.4 Foundations

The foundation system of the Kotuku Apartments consists of 192 reinforced concrete driven bulb piles with
pile caps and ground beams. Bulb piles are a type of deep foundation that are larger at the base to increase
the capacity of the pile through directly bearing on the ground.

The bulb piles are of unknown diameter. However, Beca advises assuming a constant pile diameter of 15 inches
(0.38m) along the length of the piles. This pile diameter has been suggested based on the steel casing used to
install the piles, which were of a 15-inch diameter. The piling specification indicates that the piles were to be
driven to a depth of 25 feet (7.62m) below ground level.

1.6 Previous Assessments

Romulus Consulting Group carried out a structural seismic assessment of Kotuku Apartments in 2008 and rated
the buildings to have low risk of collapse at 64% of the code requirements at the time. The report proposed
strengthening the front and rear ground beams.
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RBG has also been provided with the 2014 structural alterations DFR prepared by Opus International
Consultants Limited. The alterations were completed to the standard of NZSEE 2006 and NZS 3101: 2006.

1.7 Structural Systems — Longitudinal and Transverse

The main lateral load resisting system of Block D in both the longitudinal and transverse directions is reinforced
concrete cantilever shear walls. In the longitudinal direction, shorter cantilever shear walls resist lateral loads
from earthquakes. For earthquake loading in the transverse direction, the lateral resisting system
predominantly consists of the intertenancy walls. Refer to Figure 5 for the shear wall arrangement that forms
the lateral resisting system for Block D.
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Figure 5: Lateral resisting system shear wall arrangement

The reinforced concrete cantilever shear walls run the full height of all buildings and act as intertenancy walls.
Reinforced concrete floor slabs on all levels except for the ground floor — which is a light timber floor — are
typically 5 inches (127mm) thick and act as diaphragms that distribute earthquake loads to the reinforced
concrete cantilever shear walls in both directions of each building.

Lateral earthquake loads from the cantilever shear walls are carried down to the ground via reinforced concrete
ground beams and bulb pile foundations.
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2. Results of Seismic Assessment

RBG conducted an initial SLaMA to understand the structural mechanism and displacement capacities of Block
D. The shear walls are reinforced with plain round bars with straight splices. This arrangement does not have
much ductility capacity, meaning there is potential for the shear wall reinforcement to undergo bond slip failure
before yielding in an earthquake. Hence, we expect the flexural capacity of the walls to be limited.

Considering the limitations on ductility capacity posed by the shear walls generally having plain round bars
with straight splices, a displacement-based approach was determined as appropriate to evaluate the wall
rocking capacity in the longitudinal direction.

Walls in the transverse direction are singly reinforced and wall rocking is not expected to be a reliable rocking
mechanism as the wall bases are likely to experience significant concrete spalling, which can lead to loss of
gravity support. Our SLaMA also suggested that the foundation beams will fail in shear prior to other
mechanisms. Hence, we adopted a force-based approach for the transverse direction.

As mentioned in section 1.4, the building underwent seismic strengthening around 2014. These structural
strengthening alterations have been considered in this DSA. For example, the increased section sizes for the
ground beams that were strengthened were used to determine the seismic ratings for these elements.

2.1 Hierarchy of Structural Damage

In longitudinal direction (see Figure 6):

1. The corner piles under the stair cores are expected to see damage first due to the limited geotechnical
capacity. This is expected to be uplifting of the pile against the soil. Note that as this failure mechanism
has a geotechnical nature, we expect the pile to remain structurally intact and load can be redistributed.

2. The primary mechanism of the longitudinal system will be the rocking of the cantilever shear walls
above the foundation beam. It has been assessed that the wall will rock prior to the failure of the
foundation.
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Figure 6: Typical longitudinal wall elevation
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While the above-mentioned item 1 could occur first during a significant earthquake, it is unlikely to lead to
significant life-safety risks. The piles under the stairs would be lifted and the shear wall above would be rocking
and providing gravity support, leading to redistribution of seismic loads from this wall to other shear walls. We
have assessed that it is acceptable for these piles to exceed its geotechnical capacity and seismic loads
redistributed; for a further discussion on load redistribution regarding the stair cores, refer to section 3.1.

In transverse direction (see Figure 7):

1. Similar to the seismic performance of the building in the longitudinal direction, the corner piles under
the stair core are expected to see damage first due to the limited geotechnical capacity. This is
expected to be uplifting of the pile against the soil.

2. The foundation ground beams in the transverse direction are expected to experience shear failure.
There is minimal vertical wall reinforcement directly anchored to the pile cap. The in-plane moment
demands from the wall will have to be transferred via shear in the foundation beam to the piles. This
beam'’s shear failure limits the overall capacity.

3. The bulb pile foundations under the middle walls have a geotechnical tension capacity that is only
marginally higher than the foundation beam. It is possible that the mechanism is a combination of pile
tension and beam shear failure, with overall capacity limited by the foundation system.
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Figure 7: Typical transverse wall elevation

As discussed earlier, the failure of the stair piles is unlikely to lead to significant life-safety risks during an
earthquake event and is considered acceptable; the seismic loads can be redistributed.

The damage in ground beams raised in above item 2 is a brittle failure and has no other load path to support
the wall. Once the beam under the transverse wall fails, the shear wall above would lose lateral and gravity
resistance and progressively tilt in one direction. As this failure mechanism occurs, the transverse walls may
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also push the pile caps outwards and drop off from the pile cap. This would lead to excessive vertical settlement,
significant structural damage and floors losing gravity support.

2.2 %NBS Results Summary

Overall, our assessment indicated that Block D has a seismic rating of 25%NBS(IL2). As explained in section
2.1.1, this rating is governed by the probable capacity of the reinforced concrete ground beams underneath
the transverse walls. Refer to Figure 8 for the %NBS ratings of different elements summarised visually.

Table 8 below summarises the %NBS ratings for Block D in each direction of the structure for different structural
systems, and the overall critical element. The %NBS scores have been summarised according to grouping of
structural elements with similar demand and capacity. Table 8 shall be read in conjunction with Figure 9 to
Figure 12, which illustrate the locations of the element groups.

Table 8: Summary of Building Seismic Performance

Direction %NBS (IL2) Commentary, Failure Mechanism
Reinforced Concrete  Longitudinal Group 1 34%NBS Flexure
Cantilever Shear Longitudinal Group 2 45%NBS Flexure

Walls Longitudinal Group 3

30%NBS (*)

Flexure and tension

Transverse Group 4 70%NBS Flexure and tension
Transverse Group 5 30%NBS Flexure and tension
Transverse Group 6 40%NBS Tension
Transverse Group 7 18%NBS (*) Tension

Transverse walls 40%NBS Out-of-plane capacity for top level walls.
Floor Diaphragm Longitudinal 95%NBS Shear
Transverse 100%NBS
Ground Beams Longitudinal B1 90%NBS Shear
Transverse B6 30%NBS Shear
Transverse B8 25%NBS (**) Shear
Pile Caps Both directions 100%NBS Flexure (typical 3-pile pile caps)
Concrete Piles Group  Longitudinal 100%NBS
\1N(;lrs1;1|er Middle Transverse 40%NBS Geotechnical tension capacity
40%NBS Geotechnical compression capacity
Concrete Piles Group  Longitudinal 20%NBS (*) Geotechnical tension capacity
2 (Under Stair Walls) 30%NBS (*) Geotechnical compression capacity
Transverse 20%NBS (*) Geotechnical tension capacity
30%NBS (*) Geotechnical compression capacity
Stairs Both directions >67%NBS Based on secondary load paths.
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(*) The walls and piles under the stair cores were initially assessed to have relatively low %NBS ratings. We reason that it is
acceptable for these walls and piles to exceed their capacity and have the seismic loads re-distributed (refer to discussions in
sections 2.1 and 3.1). Hence, these ratings do not govern the overall building %NBS.

(**) This element governs the overall %NBS rating of Block D.
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2.2.1 Liquefaction

As discussed in Section 1.5.3, liquefaction risk has been assessed and discussed in Beca's geotechnical desktop
study report. During a liquefaction scenario, the piles will have very limited lateral capacity (geotechnical and
structural) in base shear takeout. The piles will not have adequate structural capacity to transfer the base shear
through the liquefied layer to be resisted by the rock below.

A qualitative assessment has been undertaken to evaluate the potential consequences of liquefaction. We
expect that the piles will fail in shear and flexure/tension. The building has shear walls in a regular arrangement
in both directions and the walls are supported on a grillage of foundation beams, tying the building base
together. The building is likely to slide and rock on the damaged piles and ground. Excessive settlement and
different settlement on the building can be expected. However, as the building in well tied by foundation
beams and diaphragms, the building is unlikely to undergo disproportionate collapse. Additionally, the
building is expected to have residual gravity support, so liquefaction is not considered to be a life-safety risk.

Accordingly, this assessment and the results summarised above are based on a pre-liquefaction scenario. The
proposed geotechnical site investigation as part of the strengthening design will provide more insight to the
liquefaction risks.

2.2.2 %NBS Amendment Following Peer Review

Peer reviewer AECOM recommended carrying out a modal response spectrum analysis (MRSA). They
recommended this because they expected to see a lower base shear using this approach, which could
potentially improve the %NBS rating of the building.

The MRSA results suggest that base shear demands in the transverse and longitudinal directions are 17% and
3% lower respectively. The %NBS increase to the individual components is not linear as there is interaction with
gravity loads as well as axial load and moment interaction.

Overall, our assessment with MRSA indicated that the building has a seismic rating of 25%NBS(IL2). This
happens to be consistent with our original conclusion detailed earlier in section 2 based on our ESA results,
where the overall capacity is governed by the brittle shear failure of the ground beams. However, load
distribution has changed slightly, leading to slightly higher capacity to the piles and transverse walls.
Longitudinal wall capacity has reduced due to the slightly higher moment demands owing to higher mode
effects of the short and slender cantilever walls.

As the longitudinal walls are doubly reinforced and have closed stirrups providing some nominal confinement,
our SLaMA results indicated these walls can rock prior to foundation failure and can be a dependable
mechanism. We have updated the longitudinal wall results for this consideration.

See below for a summary of the final %NBS ratings for the building considering MRSA and SLaMA.

Table 9: Summary of Building Seismic Performance

System Direction %NBS (IL2) Commentary, Failure Mechanism
Reinforced Longitudinal 67%NBS (*) Plain round bar wall rocking
Concrete Cantilever
Shear Walls
Transverse 45-75%NBS Flexure and tension failure
Transverse 40%NBS Out-of-plane capacity for top level
walls
Floor Diaphragm Longitudinal 100%NBS Governed by tension tie capacity
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Ground Beams

Pile Caps

Concrete Piles

Stairs

Transverse

25%NBS (**)

Brittle shear failure caused by
wall end uplifting, leading to loss
of gravity support and wall
dropping off from the pile cap.

Both directions 100%NBS Typical 3-pile pile caps.

Both directions 85%NBS Flexure (2-pile pile cap on grid AA
only)

Longitudinal 100%NBS

Transverse 40-65%NBS Geotechnical tension capacity

Both directions

45-60%NBS
>67%NBS

Geotechnical compression capacity

Based on secondary load paths and
allowing loads to be redistributed.

(*) This is based on plain round bar wall rocking assessed with SLaMA.

(**) This element governs the overall %NBS rating of Block D.

Following the additional MRSA study RBG undertook, peer reviewer AECOM closed the outstanding peer
review comments for Block D in May 2024, prior to the issue of this final report.
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3. Secondary Elements
3.1 Stairs

As explained in section 2, the piles under the stair walls are not considered to govern the building's overall
seismic rating. The primary reason for this conclusion is that seismic loads initially attracted by the stair core
can be redistributed if the piles supporting the stairwells fail. This lateral load redistribution is elaborated further
below.

The piles under the stair walls have relatively low geotechnical tension capacity. If the tension on the piles
exceeds this capacity, the piles will likely uplift. Subsequently, a secondary load path will be activated in which
loads from the stairs and stair core walls re-distribute to the adjacent shear walls. This load redistribution means
that the stairs should still be sufficiently supported to allow building occupants to evacuate via the stairwells.
Accordingly, we do not consider the failure of the piles under the stair walls to pose a high risk to life safety.

Following an earthquake in which the piles fail under tension, the piles under the stair core may settle to a
position deeper than before the earthquake. However, as the governing failure mechanism of these piles are
associated with their geotechnical capacity, we expect the piles to remain structurally intact. This means that
these piles may still be able to support the stairwells post-earthquake.

Further to the above discussion about the redistribution of lateral loads associated with the stairs, the stair
flights and landings also have some redundancy in supporting gravity loads. For example, if the interface
between the flights and landings detaches, the flights can cantilever off the transverse stair walls. Additionally,
if the interface between the stair landing and longitudinal stair wall disconnects, the stair landing may still be
supported by the transverse stair walls. Thirdly, if the stair landing detaches from the stair walls on all three of
its sides, it may be supported by the stair flights.

Considering the redundancy in supporting gravity loads described above, the seismic rating of stairs is
100%NBS. Therefore, the stairs are not considered a critical structural element.

See Figure 13 below for the locations of the two stairwells in Block D.
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Figure 13: Block D stairs
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4, Non-Structural Elements

Block D does not have non-structural elements for which analysis was undertaken for in this DSA.

5. Risks from Adjacent Buildings

Block D is not immediately adjacent to Blocks A, B, C, or the neighbouring properties. Consequently, there are
no adjacent buildings that are expected to pose a notable risk to Block D.

6. Assessment of Seismic Risk

6.1 Seismic Risk and Performance Levels

As detailed in section 1.2, the lower threshold to assign a building as earthquake prone is about 33%NBS(IL2).
Thus, RBG considers Block D an EPB due to its overall rating of 25%NBS(IL2).

Referring to Table 10, RBG associated Block D with a Grade D rating, with a degree of high life-safety risk.

Table 10: Relative Earthquake Risk

Building Grade Percentage of New Approx. Risk Relative to Life-Safety Risk
Building Strength a New Building Description
(ZIN:D)

A+ > 100 <1 Low risk

A 80 -100 1 to 2 times Low risk

B 67-79 2 to 5 times Low or medium risk

C 34 - 66 5 to 10 times Medium risk

D 20 -33 10 to 25 times High risk

E <20 More than 25 times Very high risk
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/. Concept Seismic Strengthening

Concept strengthening needs to address the weaknesses identified in the assessment calculations with two
possible performance levels:

e Ensure adequate performance for life-safety at 34%NBS as a minimum baseline to ensure this building
is not potentially earthquake prone.

e Ensure adequate performance for life-safety at 67%NBS as the client’s preferred minimum level of
performance.

Note that the following concept strengthening schemes bypass strengthening to the 34%NBS performance
level and instead lift the building performance directly to the 67%NBS performance level. We have chosen to
propose concept strengthening schemes that will strengthen the building to 67%NBS because once the
structural weaknesses are addressed, the building will achieve 67%NBS.

Three concept seismic strengthening options are proposed in sections 7.2 to 7.4. Refer to Appendix D for
concept strengthening sketches showing the location and details of the strengthening works proposed.

For Option 1, a raft slab is proposed to tie together the foundation and to provide additional bearing support
the building when the pile fails. The raft slab would also act as a base for the plain round bar walls to rock as
the round bars slip. Raft slab will also increase the redundancy of the building to accommodate differential
settlement during liquefaction scenario.

For Options 2 and 3, the overall concept seismic strengthening idea proposed for the building involves
strengthening the foundation so that the cantilever shear walls have a sufficiently solid base to rock about
during an earthquake. We also propose controls to prevent concrete spalling off the singly-reinforced
cantilever shear walls, as this could cause a significant loss of gravity support as the walls rock in an earthquake.

There are four key aspects to the three concept seismic strengthening options proposed:

1. Confirmation of potentially higher pile capacities, ground bearing capacity and liquefaction
risks through a proposed geotechnical site investigation.

2. Increasing the shear capacity of the ground beams in the transverse direction.
3. Increasing the tension capacity of the piles under the middle walls.
4. Providing concrete confinement to the transverse reinforced concrete cantilever shear walls.

7.1 Geotechnical Site Investigation

RBG expects that the geotechnical compression capacity of the piles will be higher than detailed in this report
once a site investigation has been completed, as indicated by the pile test load on the original specification.
We expect this to involve bore hole investigation, and geotechnical engineer to confirm the site subsoil class,
site geology, ground bearing capacity, pile capacity, liquefaction risk and inputs for ground anchor design.

This investigation must be completed before strengthening design start. Results of the investigation will be
used to validate the DSA, as well as form the basis for strengthening design. Refer to geotechnical engineer
for further information.

7.2 0Option 1: Concrete Raft Slab

In this concept, we propose the existing timber ground floor is replaced by a new concrete raft slab. The
concrete raft slab will tie the foundations together better, allowing the building to behave like a 'rigid box’
when the piles fail during an earthquake, and allowing the walls with plain round bars to rock on the foundation.
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The raft slab will also provide some bearing resistance. This will provide the building with a more robust system
and will be more resilient to liquefaction effects.

As the timber floor level is about 500 mm above the top of the existing ground beams, the gap beneath the
concrete raft slab will need to be backfilled with a granular material to allow for concrete to be poured over it.

Note that in this concept design, the foundation piles will be allowed to fail and the building to rock. This
concept relies on the gravity load of the building to provide overturning resistance. Initial study suggests that
can achieve 67%NBS. Further design and geotechnical investigation inputs are required to confirm the
achievable capacity.

For the transverse shear walls concept strengthening design in this proposed concept design, see section 7.5.

7.3 Option 2: Internal Ground Anchors

The ground beams in the transverse direction of the building are associated with brittle shear failure due to
tension loads from the transverse shear walls. To provide a load path for tension forces from the transverse
walls to travel down to the pile caps and piles without causing the concrete to fail in a brittle manner, we
propose the following strengthening works:

e New foundation block adjacent to the pile caps along both longitudinal sides of the building. These
foundations will sit within the building footprint to either side of each transverse ground beam and
will be tied into the existing ground beams using steel dowels.

e Each concrete block will have a ground anchor installed. The pair of ground anchors are designed to
carry the tension from each transverse wall, respectively.

We note that this concept would involve removing the existing timber floor at ground level to install the ground
anchors. Accordingly, early contractor involvement will be necessary to address the inherent buildability
intricacies this concept may involve.

Allowance for the existing piles to share some of the tension has not been considered, as the anchors
embedded deep into the rock are expected to be stiffer than the piles in tension. The new ground anchors
have been designed for the full tension at 67% ULS from each transverse wall, whilst the existing piles provide
compression support.

For the transverse shear walls concept strengthening design in this proposed concept design, see section 7.5.

7.4 0Option 3: External Ground Anchors

Like the concept in section 7.3, this second design would involve installing ground anchors to carry the tension
from the walls into the ground below the building. The key difference is that instead of placing these ground
anchors within the building footprint, the ground anchors will be placed externally adjacent to the existing pile
caps. To accommodate these new ground anchors, the existing ground beam will have to be strengthened
with new concrete sections added to either side. These new sections will be very heavily reinforced and will
extend past the existing pile caps to provide anchorage to the new ground anchors.

For the transverse shear walls concept strengthening design in this proposed concept design, see section 7.5.

7.50ptions 1 to 3: Transverse Shear Walls

For all three options, we propose FRP wrap to the base of the singly-reinforced transverse walls. The plain
round bars in the wall are expected to fail in bond slip; FRP will provide confinement to the concrete and allow
the walls to rock more reliably, providing gravity support to the floors after an earthquake.
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Concrete spalling may occur when the walls rock and bars slip in the wall, and this can lead to a loss of gravity
support. To strengthen the transverse walls against losing gravity support when rocking, we propose the
following works:

e Wrapping the walls with glass FRP on each face of each transverse wall to improve confinement
strength. For walls without door openings, only the end thirds of the walls will be wrapped because
we expect the effect of rocking to be less significant near the middle of thewall.

e Install glass anchors drilled through the transverse walls to secure the FRP wrap.
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8. Future Seismic Hazard

8.1.1 Revised National Seismic Hazard Model

In 2022, GNS Science released a revision of the National Seismic Hazard Model (NSHM), which is a set of
updated guidelines for assessing the risk of earthquakes across the country. The model considers new scientific
data and an improved understanding of seismic activity. It replaces the previous model developed in 2002.

The revised NSHM is expected to have a significant impact on the Building Code in New Zealand. The updated
guidelines will result in higher seismic design standards for buildings, which will require more robust and
earthquake-resistant construction methods.

The increase in seismic hazard anticipated with the revised NSHM in New Zealand varies depending on the
location and type of earthquake. According to the Earthquake Commission and GNS Science, the expected
increase in seismic hazard ranges from around 10% to 30% in some parts of the country, compared to the
previous seismic hazard model. However, in other areas, such as the lower North Island, the increase in seismic
hazard could be more significant, up to 50% or more.

The revised NSHM considers the likelihood of a major earthquake occurring in the Hikurangi subduction zone
off the east coast of the North Island. This area is now considered to be at a higher risk of a large earthquake
than previously thought, and the new NSHM reflects this increased risk.

Overall, the anticipated increase in seismic hazard with the new NSHM is significant and underscores the
importance of ensuring buildings are earthquake-resistant and resilient.

MBIE is responsible for updating the Building Code in response to the NSHM. The Building Code sets minimum
standards for building construction and design, and the updated code will reflect the latest seismic hazard
information. The incorporation of the NSHM will require a determination from MBIE that will balance levels of
risk and the cost/benefit of increasing seismic design loads.

As of February 2024, a draft Technical Specification TS 1170.5 has been released for feedback. TS 1170.5 is a
result of Engineering New Zealand and MBIE collaborating to incorporate the 2022 revision of the NSHM into
New Zealand's building regulations. The feedback period was set to close on 14 March 2024.

Engineering NZ has advised that the proposed Technical Specification will not affect %NBS scoring (and thus
earthquake prone thresholds) as defined by EPB legislation effective from 1 July 2017, which relates NBS to the
level of earthquake shaking. This does not necessarily reflect the future demands of building owners and
tenants (or insurers) for a higher level of seismic strength/resilience, and this should be considered whenever
reviewing seismic assessment information and/or strengthening advice.
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A-1 Property Documents

Relevant drawings: (refer Appendix E)
e 1968 Architectural Construction Drawings, Architectural Department of Wellington City Corporation
e 1968 Structural Construction Drawings, Stewart G. Rees & Associates
e Specifications
e 2014 Design Features Report, Opus International Consultants Limited
Other relevant documents:
e KOTD Initial Review Form, amendment C (refer Appendix B)

e Beca Geotechnical Desktop Study Report for 5 Kemp Street (refer Appendix F)

A-2 Standards and Guidelines

The following standards and guidelines have been used in this DSA:

e NZSEE Engineering Assessment Guidelines 2017, including 2018 revision of section C5 for concrete
buildings.

e NZS1170.0: 2002
e NZS1170.5: 2004
e NZS3101: 2006
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0 DOCUMENT CONTROL

N0541-RBG-KOTD-XX-DN-ST-00001

Issue/Amendment Date
A For Peer Review 18.01.24
B For Peer Review 25.01.24
C For Peer Review 17.04.24

1 SEISMIC ASSESSMENT - INITIAL REVIEW FORM

The purpose of this document is to provide a record of agreed initial parameters for a seismic assessment
project.

Parade - KOTD|

| EVANS BAY PARADE

e I ' S ﬂ
% 4 "

PATH

KEMP STREET

FooT

i
i i [rowser ]
" Site plan

Describe the building
Building Age/Year Constructed Original construction drawings dated 1968.

Structural alteration design and drawings dated 2014.
Previously strengthened? Y/N Alteration and strengthening designed in 2014 to achieve 70%NBS(IL2).

Strengthening scope included:

e Strengthening the ground beams supporting longitudinal walls on
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both sides.

e Strengthening the transverse walls at ground floor where there are
new door penetrations.

Location

609 Evans Bay Parade, Wellington

No. levels

4

Plan Area (sg.m.)

Footprint area: approx. 252m?;
Gross floor area: approx. 987m?2 (252m? + 3x245m?)

Structural Form

Concrete structure

Roof Type

Light weight roof (steel roofing on timber purlins)

Floor Type

1st, 2nd, 3rd floor: In situ concrete slab and beam.
Ground floor: timber floor and timber bearers on concrete ground beams

Foundation Type

Concrete bulb piles (Franki piles) and pile caps with ground beams

Stair Type (Precast, Steel, etc)

In situ concrete

Seismic Gaps (mm)/Pounding N/A
Appendages/Parapets/Canopies Canopies at ground floor
Precast Walls (reo type) Nil

Veneers Present Nil

Lateral Load-Resisting Mechanism (in each direction - confirm with drawings):

Describe the lateral load resisting system in each direction

Longitudinal:

In situ reinforced concrete shear walls

Transverse:

In situ reinforced concrete shear walls

Assessment Methodology

List components and proposed analysis method e.g. eqv Static, pushover, modal analysis, rocking, force based,

displacement based, part and portions, tributary area, flexible/rigid diaphragms

Type of analysis method:

Two-step process is adopted to specify the shear demands of the building.

Step 1: Calculating by hand (or using spreadsheet) the building weights, seismic
coefficients, the base shear demands and floor forces using equivalent static
method.

Step 2: ETABS analysis to assess the building performance. The demands from
ETABS model are verified with precursor calculations.

Equivalent static method and ETABS analysis are proposed to assess the
capacity of the building and foundation. A force-based approach will be followed
up to evaluate the demand and capacity of the different structural components.

The buildings and shear walls generally have plain round bars with straight
splices (as noted on the material specification). Shear walls with this
arrangement generally do not have much ductility capacity. Hence, SLaMA
procedure does not provide much value to the DSA process.

Rigid diaphragm is considered in the analysis for the assessment of the lateral
system and foundation.

Analysis method of diaphragms:

Loadings are based on pseudo-Equivalent Static Analysis (PESA). As the shear
wall layouts are regular, hand calculation using deep beam approach is
considered.
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Initial Assessment of Ductility

List the components of the structural system and the expected ductility to be achieved from them, eg plain
round bar reinforced concrete moment frame ductility 1 — 1.25 or rocking

Shear walls with plain round bars p=1.25
Squat walls p=125
Foundation (Ground beams, pilesand | u=1.25
pile caps)

Assessment Loadings:

Loads to be used as part of assessment:

Building Importance Level: 2

Site Subsoil Class: D/E (the buildings are located at soil class E as per data from WCC
website. It is needed to be confirmed by geotechnical desktop study)

Soil Classification

o8sEcTD

Annual Probability of Exceedance:

Return Period Factor, Ru: 1

Near Fault Factor, N(T,D): 1

Hazard Factor, Z: 0.4

Code of the Day: NZS1170.5:2004

Sp 0.9

Design Working Life (yrs): 50

Light weight roof 0.35 kPa

5” concrete floor slabs + ceiling 3.1 kPa

5”-6” corridor slab 3.4 kPa

Concrete stair flight 4.9 kPa

Concrete stair landing 3.0 kPa

6” Concrete walls + lining 3.9 kPa

8” Concrete walls + lining 5.1 kPa

Internal wall 0.25 kPa (per m? elevation)
External wall or cladding 0.50 kPa (per m? elevation)
Residential dwelling 1.5 kPa

Residential balcony 4.0 kPa

Common stairs 4.0 kPa
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2.5%

ULS Deflection Limit (%)

Reason for Limit

Ultimate limit state

Material Properties:

Reinforcement Plain or Deformed bars? Plain bars
Probable yield strength NZS 197* - 324 MPa
Probable tensile strength NZS 197* - 475 MPa
Concrete Foundations 17.2MPa* 15 36MPa
Slab on Grade 17.2MPa* 15 36MPa
Precast Panels N/A
Shear Walls 17.2MPa* 15 36MPa
Columns 17.2MPa* 15 36MPa
Beams 17.2MPa* 15 36MPa
Structural Steel Beams N/A
Columns N/A
CHS N/A
Plate N/A
Other members N/A
Bolts N/A
Weld Strength N/A

* The reinforcement and concrete material strength are documented on the project specification dated in 1968.

Stiffness Reduction Factors in ETABS software

These stiffness reduction factors are adopted for ULS, complied with
NZS3101:2006, Table C6.5

Columns Moment of inertia about 2 axis and 3 axis: 0.55 to 0.80 (N*/ Agfc = 0.2 to 0.5)
Torsional constant: 0.1

Beams Moment of inertia about 2 axis and 3 axis: 0.43
Torsional constant: 0.1

Walls 22 = 0.36 (N*/ Agfc < 0.5) (in-plane bending)

f12 = 0.83 (ie 5/6 Ag - NZS3101, cl.C6.9.1)
mll=m22=m12=0.1

Slabs, diaphragms

In-plane = rigid
Out-of-plane: m11 = m22 = m12 = 0.25
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Foundation Assessment Criteria:

Geotechnical Report Available? A geotechnical desktop study is being undertaken
Foundation type: Concrete piled foundation

Soil type: D

Geotechnical Investigation: Geotechnical investigation

Ult. Bearing Pressure: Pile foundation

Sliding Resistance: Pile foundation

Pending Code/Guideline Changes to Take into Account :

Are there any upcoming code changes to take into account?
New NSHM — refer to DSA report.

Kick-off Meeting:
Record minutes of the kick off meeting here, including key actions for people

Additional Project-Specific Issues to take into account
E.g. Beam elongation, non-ductile mesh connection, minimal flexural steel, fracture issues, eccentric floor
plate, bar anchoring, insufficient seating, unusual site characteristics, poor detailing

Site appears to be underlain by sandy marine deposit and is potentially prone to liquefaction. A
geotechnical desktop study is being undertaken to confirm the risks.

Additional Project-Site Investigation Scope

A desktop geotechnical study is needed to confirm below key soil parameters for the assessment.

Appropriate subsoil class for the site.

Axial pile capacity, including compression and tension capacity.

Lateral pile capacity. Provision of 1 typical p-y curve of the pile.

Base shear takeout from the pile caps and ground beams by the passive soil resistance, and

passive lateral earth pressure coefficient (Kp).

e Advice on risks of liquefaction and lateral spread, and potential impacts to pile capacity due to
liquefaction.
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A-3 Engineering Assessment Summary

The below summary tables are presented as per MBIE report guidelines:

Block D, Kotuku Apartments

609 Evans Bay Parade

Wellington City Council

Approx. 252m?

1969

NZS 1900:1964

Reinforced concrete cantilever shear walls as both the gravity and lateral
structural systems. Reinforced concrete ground beams, pile caps, and bulb pile
foundations.

No.

Ground profile comprises layers of domestic waste, sand, and rock.

Site subsoil class E from WCC GIS data, but subsoil class D is recommended for
analysis.

Moderate to high seismic risk due to nearby Wellington and Evans Bay Faults.
High risk of liquefaction and ground shaking.

Moderate risk of lateral spreading towards Evans Bay.

2016 strengthening alterations carried out by Opus International Consultants
Limited. Alterations comprised of strengthening ground beams and transverse
walls.

N/A

Building was renovated and seismically strengthened to 70% NBS (IL2) in 2016.

NO0541-RBG-KOTD-XX-RP-ST-00001-D DSA Report
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2. Assessment Information

Consulting Practice Robert Bird Group

s(7)(2)(2)

CPEng #1032824

CPEng Responsible,
including: Practice area statement:

Structural design management, assessment, design and construction
monitoring of low and medium rise buildings and civil infrastructure.
Nelson has over 18 years of experience at the time the assessment was
undertaken and has extensive local seismic experience. He was heavily

) . involved in the recovery works after the Christchurch Earthquake in 2011,
experience in the the 2013 Seddon Earthquake and 2016 Kaikoura Earthquake. He has
seismic assessment of undertaken numerous seismic inspections, seismic assessments and
existing buildings* strengthening across NZ, including assessments complying to 2017
Engineering Assessment Guidelines (EPB methodology).

e Name

e CPEng number

e Astatement of
suitable skills and

Documentation reviewed,

. . e 1968 Architectural Construction Drawings, Architectural Department
including:

of Wellington City Corporation

e date/ version of
e 1968 Structural Construction Drawings, Stewart G. Rees & Associates

drawings/
calculations? e Specifications
e previous seismic ) . L
e 2014 Design Features Report, Opus International Consultants Limited
assessments
Geotechnical Report(s) 2024 Beca 5 Kemp Street Desktop Study Report

Date(s) Building Inspected

. . N/A
and extent of inspection /
Description of any
structural testin
: N/A
undertaken and results
summary
Previous Assessment Kotuku Flats Structural Assessment Report (Jan 2008), Romulus Consulting
Reports Group

KOTD Initial Review Form, amendment B (refer Appendix B)
Other Relevant

eerstiian Beca Geotechnical Desktop Study Report for 5 Kemp Street (refer

Appendix C)

" This should include reference to the engineer’s Practice Field being in Structural Engineering, and commentary on experience in seismic
assessment and recent relevant training
2 Or justification of assumptions if no drawings were able to be obtained
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3. Summary of Engineering Assessment Methodology and Key Parameters Used

Occupancy Type(s) and Residential.

Importance Level IL2.

Site Subsoil Class E (WCC GIS data), D (Beca geotechnical desktop study report, for analysis)
For an ISA:

Summary of how Part B

was applied, including:

o Key parameters such
as U, Sp and Ffactors

e Any supplementary
specific calculations

For a DSA:

e  Review existing information in the form of drawings, calculations, and
reports.

e  Establish the 100%NBS threshold by assessing the site seismic parameters

and calculating the response spectra for the buildings.
Summary of how Part C

was applied, including: e Complete an initial simple lateral mechanism analysis (SLaMA) to

. understand the displacement and global ductility capacities of the buildings.
e the analysis

methodology(s) used e Calculate by spreadsheet the base shear demands and floor forces using the
from C2 equivalent static analysis (ESA) procedure.
e other sections of Part

e Model and analyse the buildings and individual components in 3D using
C applied

force-based procedures.
e Complete structural calculations for key structural components.

e  Prepare a DSA report to summarise building component capacities, identify
structural weaknesses, provide an overall %NBS score for the building.

Other Relevant
Information

NO0541-RBG-KOTD-XX-RP-ST-00001-D DSA Report
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4. Assessment Outcomes

Assessment Status
(Draft or Final)

Final

Assessed %NBS Rating

25%NBS(IL2)

Seismic Grade and Relative
Risk (from Table A3.1)

Grade D, High Risk

For an ISA:

Describe the Potential
Critical Structural
Weaknesses

Does the result reflect the
building’s expected
behaviour, or is more
information/ analysis
required?

Yes — the ISA is sufficient
Or
No - a DSA is recommended?

If the results of this ISA
are being used for
earthquake prone
decision purposes, and
elements rating <34%NBS
have been identified:

Engineering Statement of Structural
Weaknesses and Location

Mode of Failure and Physical
Consequence Statement(s)

For a DSA:

Comment on the nature
of Secondary Structural
and Non-structural
elements/ parts identified
and assessed

Secondary structure: Concrete stairs cast in-situ, with flights cantilevered
from the walls, landings supported by three sides, low risk.

Concrete water tank at roof with walls extended from the shear walls on
three sides, concrete slabs between walls, low risk.

Non-structural elements/parts: Light-weight partition, cladding and hand

rail: low risk

Describe the Governing
Critical Structural
Weakness

Transverse ground beams.

If the results of this DSA
are being used for
earthquake prone
decision purposes, and
elements rating <34%NBS
have been identified
(including Parts)*:

Engineering Statement of Structural
Weaknesses and Location

Refer Table 8.

Mode of Failure and Physical
Consequence Statement(s)

Refer Table 8.

Recommendations
(optional for EPB purposes)

Strengthening is needed for the foundations and walls.

3 Indicate what form should the DSA take/ what the specific areas to focus on are

4If a building comprises a shared structural form or shares structural elements with other adjacent titles, information about the extent to which the

low scoring elements affect, or do not affect the structure.
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|— | NOTES _|

CONCEPT STRENGTHENING

- THIS STRENGTHENING CONCEPT WILL TIE THE
FOUNDATION BEAMS/WALLS AND ALLOW THE BUILDING
TO BEHAVE AS A 'RIGID BOX' WHEN THE PILES FAIL
DURING AN EARTHQUAKE.

- OVERTURNING STABILITY OF THE BUILDING WILL BE
PROVIDED BY THE GRAVITY LOAD OF THE STRUCTURE,
INTIAL STUDY SUGGESTED THE BUILDING CAN ONLY
ACHIEVE <55%NBS. FURTHER DESIGN IS REQUIRED TO
CONFIRM THE CAPACITY.

DETAILING & CONSTRUCTABILITY

- THE CONCEPT SCHEME REQUIRES EXISTING TIMBER
FLOOR TO BE REMOVED AND A NEW INSITU CONCRETE
RAFT SLAB TO BE POURED INSIDE THE GROUND LEVEL
OF THE BUILDING. BUILDABILITY, ACCESS AND
TEMPORARY WORK WILL NEED TO BE DISCUSSED WITH
THE CONTRACTOR.

- ALLOW FOR GRANULAR BACKFILL TO RAFT SLAB
SOFFIT LEVEL.

- FOR DRILLING OF DOWELS INTO EXISTING
STRUCTURE, ALLOW FOR REINFORCEMENT SCANNING
AND CUTTING OF EXISTING REINFORCEMENT IS NOT

14'-0" 14'-0" ALLOWED.

] "
84" ¢ b0 4 of Ples ok MATERIAL PROPERTIES
- CONCRETE GRADE 30 MPa TO BE USED.
- REINFORCEMENT GRADE 500E TO BE USED.

RAFT SLAB STRENGTHEN I NG LAYOUT - OPTION 1 - BOLTS TO BE G8.8 SS UNLESS STATED OTHERWISE.

GEOTECHNICAL CONSIDERATIONS
- ALLOW SITE INVESTIGATION AND BORE HOLE TO BE
UNDERTAKEN BEFORE START OF STRENGTHENING

EXISTING GROUND BEAM DESIGN. REFER TO GEOTECHNICAL ENGINEER FOR SITE
EXISTING GROUND BEAM GNBER,E '.’ﬁ,?gg?.?ﬁ,’f,ﬂ“gy GROUND SLAB LEVEL TO INT\QES;:% -Irl\ll(\)/'I\E‘SS'IEI:gAP'II'EIbN WILL CONFIRM SEISMIC SOIL
AND REINFORCEMENT WALL BEHIND PILE CAP 25 gﬁ?ggT'NATED WITH CLASS, SITE GEOLOGY, PILE CAPACITY AND
UNDER INTERTENANCY NEW RAET SLAB EXTENSION | INFORMATION FOR GROUND ANCHOR DESIGN.
WALL - REFER TO APRIL 2024 BECA GEOTECHNICAL DESKTOP

ON DPM
STUDY FOR PRELIMINARY GEOTECHNICAL

CONSIDERATIONS.

WELL COMPACTED
BACKFILL TO SLAB SOFFIT

LEGEND

. EXISTING TIMBER GROUND FLOOR TO BE
EXISTING GROUND APPROX (COS) REMOVED. NEW 250thk RC RAFT SLAB TO BE
POURED ON DPM ON WELL-COMPACT GROUND.

(cos)
805 mm

NEW DOWEL BARS DRILLED
AND EPOXIED INTO EXISTING
STRUCTURE WITH EPCON C8.

ALLOW FOR 180 kg/m"3 OF
REIFNORCEMENT FOR
NEW PILE CAP EXTENSION

N\ SLAB LOCALLY
THICKENED TO CONNECT

TO TOP OF PILE CAP

(cos)
838 mm

| —— EXISTING PILE CAP

SECTION B-B SECTION A-A
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LEGEND NOTES
FOUNDATION STRENGTHENING LAYOUT - OPTION 2 [ 'SVPILECAPEXTENSION REFER  DETAILING & CONSTRUCTABILITY

TO SECTION FOR DETAILS. - GROUND ANCHORS TO BE EMBEDDED INTO THE
GREYWACKE ROCK. GEOTECHNICAL ENGINEER
EXISTING GROUND BEAM O  NEW TENSION GROUND ANCHOR. ADVISES THAT THE TOP OF THE ROCK IS AT 6.5-17m
AND REINFORCEMENT ISCHEBECK TITAN 73/56 SYSTEM BGL.
UNDER INTERTENANCY OR SIMILAR APPROVED. - GROUND ANCHORS SHALL BE ISCHEBECK TITAN
\év)?_;—é—NBsElg:\’l“D PILE CAP SYSTEM OR SIMILAR APPROVED, INSTALLED IN
EXISTING GROUND BEAM ACCORDANCE WITH MANUFACTURER'S
AND REINFORCEMENT SPECIFICATION.
UNDER INTERTENANCY PROVIDE PROTECTION - THE CONCEPT SCHEME REQUIRES ANCHOR
WALL FOR DURABILITY (100 MIN. DRILLING RIG TO BE LOCATED INSIDE THE GROUND
CONCRETE ENCASEMENT) LEVEL OF THE BUILDING. BUILDABILITY, ACCESS
NEW DOWEL BARS WITH AND TEMPORARY PLATFORM WILL NEED TO BE
TERMINATOR DRILLEDAND -~y DISCUSSED WITH THE CONTRACTOR. ALLOW FOR
EPOXIED INTO EXISTING EXISTING TIMBER FLOOR, FACADE WALL TO BE
STRUCTURE WITH EPCON C8. REMOVED FOR ACCESS AND REINSTATED.
- FOR DRILLING OF DOWELS INTO EXISTING
STRUCTURE, ALLOW FOR REINFORCEMENT
ALLOW FOR 200 kg/m"3 OF
REIFNORCEMENT FOR
NEW PILE CAP EXTENSION

]
|

SCANNING AND CUTTING OF EXISTING
REINFORCEMENT IS NOT ALLOWED.

(cos)
305 mm
(cos)
305 mm

MATERIAL PROPERTIES

- CONCRETE GRADE 30 MPa TO BE USED.

- REINFORCEMENT GRADE 500E TO BE USED.

- BOLTS TO BE G8.8 SS UNLESS STATED
OTHERWISE.

- ALLOW FOR STEELWORK COATING PROTECTION
SUITABLE FOR UNDERGROUND EXPOSURE.

|

/

(cos)
838 mm
(cos)
838 mm

GEOTECHNICAL CONSIDERATIONS

- ALLOW SITE INVESTIGATION AND BORE HOLE TO
BE UNDERTAKEN BEFORE START OF
STRENGTHENING DESIGN. REFER TO
GEOTECHNICAL ENGINEER FOR SITE INVESTIGATION
SCOPE.

- THE SITE INVESTIGATION WILL CONFIRM SEISMIC
SOIL CLASS, SITE GEOLOGY, PILE CAPACITY AND
INFORMATION FOR GROUND ANCHOR DESIGN.

- REFER TO APRIL 2024 BECA GEOTECHNICAL
DESKTOP STUDY FOR PRELIMINARY GEOTECHNICAL
CONSIDERATIONS.

| —— EXISTING PILE CAP

VARIES
ALLOW FOR 16m OVERALL
LENGTH (AVERAGE)

ISCHEBECK TITAN 40/20
SYSTEM

|

1,829 mm 1,829 mm
1 I |

|
(CoSs) 1 _/1/‘_ (COS) ROCK
7\/\\)/\/ LEVEL ?
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[ | | NOTES o

C *4'7 DETAILING & CONSTRUCTABILITY

- GROUND ANCHORS TO BE EMBEDDED INTO THE GREYWACKE ROCK.
GEOTECHNICAL ENGINEER ADVISES THAT THE TOP OF THE ROCK IS AT
6.5-17m BGL.
- GROUND ANCHORS SHALL BE ISCHEBECK TITAN SYSTEM OR SIMILAR
APPROVED, INSTALLED IN ACCORDANCE WITH MANUFACTURER'S
SPECIFICATION.
- THE CONCEPT SCHEME REQUIRES INTERNAL ACCESS THROUGH THE
EXISTING TIMBER FLOOR FOR CONCRETE WORK INSIDE THE GROUND
LEVEL OF THE BUILDING. ALLOW FOR LOCALISED TIMBER FLOOR TO
BE REMOVED FOR ACCESS AND REINSTATED.
- DRILLING OF GROUND ANCHOR CAN LARGELY BE DONE
EXTERNALLY.
- FOR DRILLING OF DOWELS INTO EXISTING STRUCTURE, ALLOW FOR
REINFORCEMENT SCANNING AND CUTTING OF EXISTING
REINFORCEMENT IS NOT ALLOWED.

(COS)
8-

4000mm

MATERIAL PROPERTIES
- CONCRETE GRADE 30 MPa TO BE USED.
< - REINFORCEMENT GRADE 500E TO BE USED.

- - BOLTS TO BE G8.8 SS UNLESS STATED OTHERWISE.
- - ALLOW FOR STEELWORK COATING PROTECTION SUITABLE FOR
UNDERGROUND EXPOSURE.

GEOTECHNICAL CONSIDERATIONS

- ALLOW SITE INVESTIGATION AND BORE HOLE TO BE UNDERTAKEN
BEFORE START OF STRENGTHENING DESIGN. REFER TO
GEOTECHNICAL ENGINEER FOR SITE INVESTIGATION SCOPE.

- THE SITE INVESTIGATION WILL CONFIRM SEISMIC SOIL CLASS, SITE
GEOLOGY, PILE CAPACITY AND INFORMATION FOR GROUND ANCHOR
DESIGN.

- REFER TO APRIL 2024 BECA GEOTECHNICAL DESKTOP STUDY FOR
DETAI L 1 - TYP PI LE CAP PRELIMINARY GEOTECHNICAL CONSIDERATIONS.
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- THIS STRENGTHENING DETAIL APPLIES FOR ALL 3

STRENGTHENING CONCEPT OPTIONS.

- FOR WALLS WITH NO DOOR PENETRATIONS, THE FRP
WRAP HAS BEEN SPECIFIED FOR ONLY THE END

THIRDS.

- ALLOW SCANNING OF EXISTING REINFORCEMENT IN
THE WALL BEFORE INSTALLATION OF FRP AND GLASS

ANCHORS. NO CUTTING OF THE EXISTING
REINFORCEMENT.
- FRP INSTALLED TO MANUFACTURER'S SPEC.

- WALL FINISHES AND FIRE REQUIREMENTS, REFER TO

ARCHITECT.
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No. 1 Site & Anciliary Plan | No. 1 Blocks A & B Foundation Plan

No. 2 /4" Scale Ground Floor Plan Of Block A & B No. 2 Pilecap Reinforcing Details

No. 3 ' Scale Ground Floor Plan Of Block C & D No. 3 Blocks A & B Ground Floor Slab Plans

No. 4 %" Scale Roof Plan Block A & B ; No. 4 [nterior Transverse Wall For All Blocks

No, 5 % Scale Roof Plan Block C & D No. 5 Block A South Wall

No. 6 Elevations Of Block A & B No. 6 Block A North Wall

No, 7 West Elevation Of Block A & B, Elevations Of Block C No. 7 Block A East Wall

No. 8 £ Scale Elevations Of Block D : No. 8 Block A West Wall

No. © 4" Scale Floor Plans No. 9 Interior Longitudinal Wall At East End Of Block A
No. 10 4% Scale Floor Plans No. 10 Block A Slab Plan & Sections

No. 11 Bathroom Details No, 11 Interior Longitudinal Beams At 1st, 2nd & 3rd Floors
No. 12 4 Scale Typical Cross Section For Blocks A,B,C & D No. 12 Longitudinal Roof Beams To Blocks A, B, C & D
No. 13 Plan Of Stair Block A West End & Blocks C & D East End But Rejvczrsczd : No. 13 Block A Stairs At West End

No. 14  Stair Details Blocks A West End & Blocks C & D East End But Reversed No. 14 Block A Stairs At West End
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No. 19  Stair Details Block B South End Typical Floor Plan & Third Floor Plan No, 19 Block B East Wall

No. 20 Stair Details Block B South End Sections C-C, D-D & E-E No. 20 Block B North & South Walls

No. 21 Stair Plans Block C West End No. 21 Block B Slab Plan & Sections

No. 22  Stair Details Block C West End Sections. No. 22 Block B Stairs At North End

No. 23 Stair Details Block D West End Floor Plans No. 23 Block B Stairs At North End

No. 24  Stair Details Block D West End Sections No. 24 Block B Stairs At South End

No. 25 Curtain Wall Details (Window Type W1) | No. 25 Block B Stair Walls At South End

No. 26  Details Of Metal Windows No. 26 Block B Stairs At South End

No. 27 Details Of Timber Windows No. 27 Blocks C & D Founfjation Plan

No. 28 Doors & Door Frame Details | No 28 Block C South Wwall

No. 29 Rubbish Chute Details No. 29 Block C & D North Wall

No. 30 Miscellaneous Details No. 30 Block C West Wall

No. 31 Miscellaneous Details No. 31 Walls Stairways West End Block C

No. 32 Miscellaneous Details No. 32 Block C Slab Plan

No. 33 Sewer & Drainage Plan Block A & B No. 33 Block D South Wall

No.34 4 Scale Sewer & Drainage Plan Block C No. 34 Block D Slab Plan

No. 35 Sewer & Drainage Block D No. 35 Block D Stairs At West End

No. 36 Cold Water Reticulation Block A & B No. 36 Block D Stairs At West End

No. 37 Cold Water Reticulation Block C No. 37 Block D West End Details - Water Tank

No. 38 Cold Water Reticulation Block D

No. 39
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No. 42 Ground Levels Under Blocks

No. 43 Metal Lettering
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