Further information to Process DSA Reports — WHA

Address

WCC Residence Team Comments

Robert Bird Response

16 Glenmore Street

1)

The report notes the assessment uses the 2017 Red Book
and 2018 Yellow Chapter. Please confirm the elements
identified as <34%NBS are identified in accordance with
the Red Book.

Please provide calculations that support the assessment.

Please outline the extent of inspections in the
assessment summary report.

The assessment summary report notes the status as
draft, please update.

Please confirm the %NBS of the building. There are
contradictions between text, tables and summary report
(though noting that all indicate <34%NBS).

1)

2)

3)

4)

5)

The procedures in the 2017 version of the guide were
used to confirm the status of all potentially-earthquake
prone elements. Note that there is only a very small
difference between the Red and Yellow book for the
types of elements present in this building.

Complete calculations were included as an appendix in
the report.

We have amended the report to note that we went twice
before preparing the report, and describing the kind of
observations made.

We have amended to show “Final”

We have corrected the %NBS to align.
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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 DSA
of the residential building at 16 Glenmore Street, Thorndon, Wellington.

The buildings is known as the Whare Ahuru Apartments (WHAA). The original construction was consented as
a two-storey building in 1950, but an additional storey was added in 1974/5. The additional storey is made
from reinforced masonry on a composite concrete slab, which is supported by gravity columns through the
interior and concrete walls on three external faces. The presence of concrete on three sides results in a highly
torsional response in the gap between the two constructions. No strengthening appears to have been carried
out as part of the additional storey. The connection between the original building and the additional storey
was strengthened in 2013, but calculations have shown this is largely ineffective. There is a partial diaphragm
at Ground Level, and complete concrete diaphragms at First Floor and Second Floor.

The building is founded on a gently sloping site, with approximately one storey of height change over the
length of the building.

Reinforced concrete cantilever walls are the building’s only structural system for resisting lateral loads,
extending the entire height of the building. The exterior walls have numerous holes for windows and doors,
with fewer holes for the interior walls.

Beca conducted a peer review of the DSA. They were specifically asked for their comment after completion of
the Initial Assessment Form (refer Appendix Appendix B), and at completion of the detailed calculations, but
have been in communication throughout the process. The peer review process generally followed the
Engineering New Zealand Guidance titled Practice Note 2: Peer Review.

Results Summary

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

The structural form of the building varies around its perimeter and up its height, and numerous elements
have undesirable failure modes or poor load paths. We have identified the most severe weakness as the
connection between the 1950 and 1975 buildings, but seismic retrofit concepts will need to address
potentially poorly-performing elements throughout the building. In particular, the Glenmore Street elevation
has potentially severe failure modes in the ground storey piers between garage doors, in the spandrels below
First Floor windows, in the piers between the ground storey windows, at the plywood wall between the 1950
and 1975 buildings, and out-of-plane response in the Second Floor concrete walls.

The seismic rating for this building is governed by the torsional response of the connection between the
1950 original building and the 1975 additional floor. WHAA has an overall seismic score of 15%NBS. In
our seismic rating system this is designated as “Grade E”, with a hazard to life more than 25 times that of a
new building.

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. 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 are likely most affect buildings with precast floors, concrete frame structures,
and concrete buildings with a reasonable ductile response. WHAA falls outside of these characteristics.
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Hence, we have considered our results gained from considering the 2018 revision of section C5 reasonable to
report.

Element %NBS (IL2) Commentary

Plywood Infill Wall 15 %NBS Governed by anchor tension breakout in the
75EA posts

Second Floor Block Walls 20 %NBS Out of plane parts response as a cantilever

First Floor Concrete Walls 30 %NBS Out of plane parts response as a cantilever on
Grid F

First Floor External Piers 40 %NBS Varied flexural and shear governed

First Floor External Spandrels 25-30 %NBS Flexure governed

First Floor Diaphragm 70 %NBS

Ground Floor Internal Concrete 45-50 %NBS Flexure governed

Walls

Ground Floor External Piers 65-70 %NBS Varied flexural and shear governed

Ground Floor External Spandrels ~ 40-45 %NBS Flexure governed

Garage Level Internal Concrete 40-45 %NBS Flexure governed

Walls

Garage Level External Piers 35-40 %NBS Varied flexure and shear governed

Foundations 70 %NBS Local bearing

Recommendations

There are numerous discrepancies between the structural drawings across the history of the building, and
numerous areas where the final design is not clear. Cracking has been seen on the exterior in places where
the cracks are more likely to be the result of corrosion than of previous seismic damage. To retrofit the
building a detailed site-measure and condition assessment will be needed, especially identifying the exact
setting out of the reinforced concrete walls inside the different units, as some of these walls are indicated
away from any ground-storey supporting structure.

The large-scale mapping of soil classes shows this site on the boundary between Soil Class B and C. An
investigation should be carried out by a Geotechnical Engineer to provide certainty on this. If the site is on
Soil Class B that would increase its level of seismic compliance, but not enough to remove the possibility it is
an EBP. The unfavourable modes of failure found during the DSA mean we would still recommend wholescale
retrofit if the nominal %NBS increases as a result of geotechnical investigation.

The parts and components loading from NZS1170.5 has been used throughout the HUP2 assessments to
determine the performance of out-of-plane walls, and this methodology has often shown that the out-of-
plane response is a critical performance measure for the 1974 extension. A study should be carried out
generically comparing these out-of-plane loads to the proposed revision to the loading standard
TS1170.5:2023. If this study confirms that the out-of-plane response does govern the performance of that
element, seismic retrofit is recommended.
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Seismic Retrofit Concepts

Enhancing the seismic performance of this building will require large-scale works, effectively replacing poorly
performing elements with new systems.

To reach 34%NBS, the link between the 1950 and the 1975 buildings will need to be completed by replacing
the plywood wall on the Glenmore elevation and by extending the interior walls from First Floor to connect
to the Second Floor with in-situ concrete walls. The ceilings in the upper storey will need to be replaced with
a structural plywood diaphragm to provide out-of-plane support.

To reach 67%NBS, in addition to the work for 34%NBS, new shear walls around the outside of the building
will be needed, with new foundations. Preliminary assessment concentrates the new walls along the
Glenmore street elevation. These works create the opportunity to increase the window sizes along the
elevation.
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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, the following design standards were utilised in
this DSA:

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

1.3 Assessment Methodology

1.3.1  Procedure Overview
The DSA procedure adopted for this report is as follows:

1. Review existing information in the form of drawings, calculations, and specifications.

2. Complete an initial site visit to validate the current structure against the available documentation
3. Request site investigations where appropriate to confirm undocumented alterations if required
4

Establish the 100%NBS threshold by assessing the site seismic parameters and calculating the response
spectra for the buildings.

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

6. Calculate by spreadsheet the base shear demands and floor forces using the equivalent static analysis
(ESA) procedure.

7.  Model and analyse the buildings and individual components in either 2D or 3D using force-based
procedures.

8. Complete structural calculations for key structural components.

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

The supporting calculations for this report have been peer reviewed by Beca

1.3.2  Sources of Information

RBG has been provided with limited architectural and structural specification and drawings of the 1950
building and 1974 extension, and structural drawings of the 2013 strengthening. These sources of
information are more accurately described in Table 1 below:
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Table 1: Sources of Information
Originator Document Date

Unknown Original architectural and structural drawings, 1950
specification

DeTerte & Kerr-Hislop Structural extension drawings, calculations and 1974
specification

Dunning Thornton Consultants Seismic improvement drawings 2013

Concrete Structures Investigations Independent Concrete Reinforcing Verification Report 2024

1.3.3 Loading Assumptions

Important permanent, superimposed dead loads and live loads used to calculate the seismic weight of WHAA
are summarised in Table 2 and Table 3 below:

Table 2: Permanent loads for building assessment

Material Permanent Load (G)

Lightweight Timber Roof 0.3 kPa

4No. 750L Roof Water Tanks 29 kN total

2" Composite Floor and Concrete Encased Steel Beams 4.9 kPa

5" Concrete Floor 3.2 kPa
4" — 5" Concrete Stair Flight and Landing 3.2 kPa
6" Concrete Walls and Lining 3.8 kPa
8" Concrete Walls and Lining 5.1 kPa
6" Partially Filled Concrete Block Walls and Lining 2.5 kPa
Timber Framed Wall and Lining 0.4 kPa

Table 3: Superimposed dead loads and live loads in accordance with NZS1170.1

Use Level/Area Superimposed Dead Load Live Load (Q)
Residential Dwelling 1t03 0.4 kPa 1.5 kPa
Egress Corridors and Stairwells 1to3 0.1 kPa 4.0 kPa

The total seismic weight of WHAA was found to be approximately 9,500 kN. This weight was found considering
a live load seismic combination factor of 0.3 and area reduction factor in accordance with NZS1170.0.
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The seismic parameters used for calculating earthquake loads are outlined in Table 4 below:

Table 4: Seismic parameters for building assessment

Parameter Value Notes

Design Working Life 50 years Both the original building and the additional
storey have exceeded their nominated design
lives.

Importance Level 2 -

Site Subsoil Class C Based on WCC mapping

Vs30 = 270 m/s Class IV in the Draft TS1170.5

Return Period Factor 1 -

Hazard Factor 0.40 Wellington

Near Fault Factor 1.0 A near-fault factor has not been considered due

to the short period of the structure, but it is close
to known faults and comment could be sought
from a geotechnical engineer on potential local

effects.
Period 0.4s in both directions -
Structural Ductility and 1 1.0,Sp 1.0 Diaphragms, foundation (ground beams, piles
Performance Factor and pile caps) analysis. Shear walls with plain
round bars.

1.3.4  Material Properties

Material properties used in 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 5 below for the adopted probable strengths used in the DSA
calculations.

Table 5: Material probable strength for building assessment

Material Probable Strength

Concrete f'e = 25 MPa
Reinforcing fy= 280 MPa
fu = 475 MPa
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5.  Risks from Adjacent Buildings

There are insignificant risks from adjacent buildings.

There is an existing retaining wall on the boundary of the site, which may support another building above.
This wall is close to the end of its life, but is sufficiently far away from the building that it poses minimal risk.
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6. Assessment of Seismic Risk

6.1  Seismic Risk and Performance Levels

This building has several elements with predicted poor performance that also have potentially catastrophic
consequences. We have assessed the most severe of these weaknesses at 20%NBS (IL2), which corresponds
to Grade D in the guidelines. Buildings with this level of seismic performance are potentially Earthquake
Prone Buildings (EPB), though this determination must be made by the Territorial Authority.

Table 8: Relative Earthquake Risk

Building Grade Percentage of New Approx. Risk Relative to a Risk Description
Building Strength (%NBS) New Building

A+ >100 <1 Low Risk

A 80 to 100 1 to 2 times Low Risk

B 67 to 80 2 to 5 times Low To Medium Risk

C 33 to 67 5 to 10 times Medium Risk

D 20 to 33 10 to 25 times High Risk

E <20 more than 25 times Very High Risk
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7.  Concept Seismic Strengthening

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

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

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

An important aspect of the seismic assessing system which is not quantitively expressed is that the
expectation is that buildings is unlikely to collapse when experiencing 100%NBS shaking.

All strengthening concepts here are caveated by the need to undertake more detailed investigations into the
existing construction. The detailed information required is shown in the included investigation scoping
sketches in this report, but in summary:

e The presence and detailed construction of concrete walls inside the units needs to be confirmed.

e The construction of the infill concrete walls, the Second Floor Support Structure, are completely
unknown and must be thoroughly investigated.

e Numerous areas of cracking have been observed on the building exterior and interior, and intrusive
investigation will be needed to confirm the cause and determine a remedial strategy in parallel with
any strengthening.

7.1 Critical areas of seismic weakness in the primary
system

The key parts of the building that require improvement are:
1. Plywood Wall Infill at Grid F
Out of Plane Restraint of Concrete and Masonry Walls

2

3. Perimeter RC Walls in-plane shear and flexure around openings

4. Improving the connections between the Second Floor and the First Floor
5

The concrete diaphragm at ground is incomplete

7.2  Concept 1 - Minimum additional structure

In this concept, additional structure is added to ensure that the critical elements identified in the DSA have
enhanced performance above 34%NBS. The nature of some of these changes means that while it would be
possible to fine-tune the scope of work to target exactly 34%NBS, there is minimal benefit compared to
installing a more natural scope of work and achieving a higher %NBS.

1. Replace the plywood infill walls with reinforced concrete walls to remove the risk of gravity support
loss from the plywood walls failing. This will also reduce the torsion effects on the mode shapes in
the x-direction.

2. Connect the interior walls at First Floor to the underside of the existing Second Floor. This ensures as
much load as possible is transmitted to the strongest elements in the building, reducing the load
transfer into the front elevation from infilling the ply wall.
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74  Concept 3 — Replace primary system on Grid F

The existing elevation on Grid F has a number of structural irregularities. Each irregularity in arrangement is a
potential location for poor performance in higher levels of seismic load. In Concept 1, the main concept is
regularising the overall building seismic system by transferring load to the central reinforced concrete walls.
In this concept the irregularities in the front wall are addressed directly, so that regardless of the seismic load
the system has a good seismic response profile.

1. Build new reinforced concrete walls attached the existing walls on Grid F and Grid 5 to effectively
thicken the wall sections to a total 300mm thickness.

2. Remove or strengthen the spandrels that are failing in shear, allowing the front elevation to act as
pure cantilever walls.

3. Install a concrete diaphragm between Grid D and Grid E at Ground Floor level.

4. Connect the interior walls at First Floor to the underside of the existing Second Floor. This ensures as
much load as possible is transmitted to the strongest elements in the building, reducing the load
transfer into the front elevation.

In this scheme it would be possible to achieve 100%NBS or better for Grid F, which would mean the
performance of the building would become limited by other existing elements. Connecting the central walls
to the Second Floor reduces loads in all the perimeter elements, improving the performance level of walls on
the other critical face, Grid 5.

This scheme lifts the building performance to 75%NBS.
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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 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.

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.

8.1.2 Revised Site Spectra

Preliminary work using the draft Technical Standard shows that for this site the seismic loads will increase
substantially, by around 45%, as shown in the figure below.
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A-1  Property Documents

Refer to Table 1: Sources of Information.

A-2 Standards and Guidelines

Refer to 1.2, Regulatory Environment and Design Standards.
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Sensitivity: General

Without prejudicing the results of this initial seismic investigation, the following results seem plausible:
e The performance of the building could be limited by the performance of the ply strengthening. This has
three main potential weaknesses:
0 Brittle connections between the ply and concrete,
o Inadequate stiffness, allowing high accelerations for the second floor,
0 Inadequate strength of wall components.

Detailed Analysis:
e 3D Equivalent Static Analysis
o Models will be built for the cases as described above in the initial stage.
o0 The lumped-mass models can be used to estimate floor acceleration spectra for comparison with
parts loading in assessing the second floor.

Analysis method of diaphragms

In the initial assessments the diaphragm forces will not be considered directly. Assume rigid diaphragms for RC
slabs and flexible diaphragm for both timber roof planes.

A first analysis using Pseudo-Equivalent Static Analysis will be carried out for the first floor. The second floor is
formed with a steel grillage throughout and relatively short spans, and so by inspection does not govern the
seismic performance of the system at that level.

The second-floor diaphragm is also likely to experience significant vertical design actions from wall overturning
forces so a stick-frame model may be needed to assess the bending capacity of the cast-in steel grillage.













Sensitivity: General

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

The 1974 specification calls for welding new galvanized bars and bolts to the 1950s reinforcing. The performance of
welding between galvanised and mild steel members needs to be researched.

The 2013 strengthening shows relatively shallow post-fixed anchors into cover concrete; some research will be
needed into the detailed performance of this fixing in cyclic loads. Since 2013 there has been a move to a more
robust testing regime from the EU and it is possible that fixings which complied in 2013 will no longer comply.

Additional Project-Site Investigation Scope

The Basement level has had significant extensions not reflected in the 1950 or 1974 drawings. The new openings
created to provide light into the extended spaces are shown on the 2013 strengthening scheme. There are also
discrepancies between some details in the 1950s drawings for walls interior to the Ground Floor walls.
e Site measure of the as-build basement and potentially ground floor
e Drilling is needed to confirm the thickness of new basement walls
e Non-intrusive scanning is needed to confirm the reinforcing in any basement walls and confirm which interior
walls on the ground floor are concrete inside each unit

A separate scoping sketch has been prepared showing this work.

The documentation provided via WCC archives for the 2013 strengthening is not as detailed as typical for the era. If
more materials cannot be retrieved from the engineer then it may prompt further investigation scope.
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A-3  Engineering Assessment Summary

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

1. Building Information

Bmldlrlg.Name/ Whare Ahuru Apartments (WHAA)
Description
Street Address 16 Glenmore Street, Thorndon

Territorial Authority

Wellington City Council

No. of Storeys Four (4)
Area of Typical Floor 310 m?
(approx.)

Year of Design (approx.)

Original construction 1950 (Garages, Ground and First Floors)
Third storey added 1974 (Second floor)

NZ Standards designed to

NZSS 95:1935

Structural System
including Foundations

Shallow foundations
Reinforced concrete shear walls
Concrete diaphragms at First and Second Floors

Does the building
comprise a shared
structural form or shares
structural elements with
any other adjacent titles?

No.

Key features of ground
profile and identified
geohazards

The ground is assumed to be historic colluvium, placed as part of the formation
of the Tinakori hills. The rear of the site has a retaining wall with a steep slope
above, so we assume that the rear of the building is placed on cut, while the
front is approximately at street level which may be original ground.

No significant settlement was apparent during our site walk-throughs, so we
infer that the ground has adequate bearing capacity for in-service loads. The
site is near the boundary between Soil Class B and C, so this should be
investigated before any retrofit work is carried out.

Previous strengthening
and/ or significant
alteration

In 1975 an additional storey was added, comprising a composite-steel floor
with steel gravity columns connected to the First Floor walls. A concrete wall
was added to three elevations connecting the two. The Glenmore Street
elevation was apparently left with purely gravity connections.

In 2013 the LTF wall connecting the 1950 and 1975 buildings on the Glenmore
Street elevation was strengthened. A plywood wall with new fixings was built
along this frontage to provide torsional restraint to the front edge. This
strengthening appears to be largely ineffective.

Heritage Issues/ Status

None.

Other Relevant
Information

Cracking has been observed in several places around the facade. These cracks
aren’t in the likely areas for seismic cracking and so likely represent local
corrosion. All these areas will need to be broken out and the condition
investigated. If they are caused by corrosion then a more extensive condition
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For a DSA:
Comment on the nature
of Secondary Structural Water tanks have been installed at roof level. These are on a raised timber
and Non-structural plinth which appears to have no lateral load system at all. The tanks could

elements/ parts identified | become unstable and fall onto the roof in a moderate earthquake.
and assessed

The governing weakness is the connection between the 1950 building and
1975 additional storey. This connection has several potentially brittle and
low-strength aspects:

e  The connections between the singly-reinforced 1950s walls and the

De.s‘cribe the Governing concrete infill are completely unknown. They may have inadequate
Critical Structural embedment, are likely in confined concrete, and there may have been
Weakness

damage to the walls from installation of the connections.

e The resulting shape is highly torsional, which concentrates out-of-plane
displacements at the front of the walls on the Glenmore Street
elevation.

If the results of this DSA Engineering Statement of Structural | Mode of Failure and Physical

are being used for Weaknesses and Location Consequence Statement(s)
earthquake prone Connection between the 1950 and Loss of gravity support to the top
decision purposes, and 1975 construction. storey, leading to general structural
elements rating <34%NBS collapse.

have been identified
(including Parts)?:

Recommendations
(optional for EPB purposes)

4 If 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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