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1 Executive Summary

Will Rudd Davidson (WRD) were instructed by The City of Edinburgh Council (CEC) to undertake a building
and condition appraisal of existing residential flat units located along Westfield Court & Alexander Drive,
Edinburgh. An initial site survey was undertaken alongside the building surveyor team at AtkinsRealis UK Ltd.

The purpose of this survey was to review the following items. This was restricted to a visual inspection of
external elevations, internal circulation spaces, rooftop and a selection of void flats:

e Inspect the structure to determine the current condition and identify any existing structural defects
which were visible at time of inspection.

e Inspect any defects noted across the buildings, where practical.

e |dentify the requirement for intrusive investigations and provide a scope to further understand the
existing construction, detailing and which flats could be utilised for these investigations.

This report provides commentary on the structural form, the condition of the structure and identifies any
associated issues for future repair, maintenance and usage of the building. Our findings are based on visual
inspections recorded during WRD visual surveys and the further investigations which have been undertaken
by Capital Testing and Zenith.

We understand the existing high-rise apartments to be 8 storeys with a total of 88 apartments. The ground
floor of the building is formed of precast concrete slabs supported by cast in-situ ground beams which are
supported from piled foundations. A centrally located basement in Block E contains the building's central
boiler and heating equipment. While precast concrete is confirmed at ground level, it’s uncertain if it spans

over the basement but this reporting will assume it this is reflected across the full ground floor area.

The building's stability is provided by a monolithic moment-resisting frame formed by “fixed” reinforced
beam to column connections instead of shear walls which are typically found in structures of this scale.
Internal walls are non-loadbearing infill brickwork panels tied to the main frame while the external facade
features cavity wall construction consists of brick inner leaf and profiled concrete "Orlit panels" as the outer
leaf tied and supported at each floor level.

Following the review of available historic information, WRD completed a visual inspection to both the
exterior elevations and a selection of internal flat units located along Westfield Court & Alexander Drive. The
internal communal spaces and service (boiler) room at basement level were surveyed alongside a selection

of void flats which were made available, these have been summarised below.

e Flat1/4
e Flat2/1
e Flat5/1

Reference should be given to Appendix A for all surveys and their relevant locations.
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A summary of key observations have been provided below and have been expanded upon within this report:

e External balcony areas are in poor condition with cracking and spalling to underside of concrete slab.
This can be seen at several balcony locations on the eastern elevation. Balconies are formed of
concrete slabs at each floor level which are in turn supported between by an arrangement of
steelwork beams and columns. The condition of the steelwork is unknown but it should be noted
that the steel balustrades are highlighted to be in poor condition within the Zenith inspection report.

e Canopies surveyed on the west (rear) elevation are in generally poor condition. This is determined
due to the spalling recorded at the underside of the concrete slab which forms the canopy structure.
This has resulted in bottom reinforcement across the slab being exposed to the external environment
and therefore this reinforcement is highly likely to be corroded. This will form an inherent weakness
in this structure which will deteriorate without intervention.

e Visual identification from ground level notes cracking to the external Orlit panels on a portion of the
west elevation.

e Vegetation growth can be seen primarily to the external leaf on the east gable elevation.

e The drainage system has been blocked off along sections of the roof drainage system. It is unknown
why this has been carried out, however, this has led to water ponding across areas of the flat roof.

e Severe water ingress was noted in Flat 5/1 which has damaged plasterboard and exposed concrete
underneath. The concrete slab is visibly saturated with water.

e Cracking is present at select landing locations within the stair void. This is noted on multiple floors of
block E. These cracks are located at ‘weak’ points across the concrete slab and are likely a result of
thermal shrinkage and relatively common for the age and function of these areas.

e Various patch repairs can be seen on the west and east external elevations. This suggests that there
have been Orlit panels removed and replaced. The reason for this is unknown but it can be assumed
this is due to maintenance works or poor condition of the panel.

e Rope access survey has identified Orlit panels which are in poor condition, approximately 10% of
those surveys with reinforcement in some which are visibly exposed.

e The ‘boot’ edge of the concrete perimeter beams, also referred to as the ‘stringers’, are in poor
condition in many instances. They are experiencing spalling and cracking which has often resulted in
the reinforcement being exposed to the external environment. This element is integral to the
perimeter concrete beam and supports the Orlit cladding panels at each floor level. As such, the
degradation in condition of these will risk the primary concrete frame and may result in the external
panels being inadequately supported. As such, it is critical that the repair of these are addressed.

e Concrete investigations undertaken within Flat 2/1 suggest that the internal elements are in
generally good condition with low risk of reinforcement corrosion. Reinforcement ties between key
structural elements have been identified and assessed with respect to their ability to satisfy modern
disproportionate collapse checks — which they are satisfactory.

e The ground floor concrete slab in Flat 2/1 has significant cracking noted and in various locations. The
reason for this is unknown and recommendation for the further review and repair will be provided

fully within this report.
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e Brick removal within Flat 2/1 has confirmed that there is adequate wall tie embedment between the
masonry and external Orlit panels. Windows are regularly fixed back to masonry.

e Wall ties seem to be present generally across the external elevation cavity wall ties. They are noted
to be in generally good condition, where observed. In some instances there are no wall ties recorded

but it is unknown whether this is due to restricted view or a potential lack of sufficient support.

Recommendations for further monitoring, repairs and next steps will be outlined in detail within this

report.
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2 Overview

2.1 Brief
Will Rudd Davidson (WRD) have been appointed by City of Edinburgh Council (CEC) to undertake a building

and condition appraisal of the main structural frame and the existing building fabric at Westfield Court &

Alexander Drive, Edinburgh.

The building, Westfield Court, is a purpose-built high-rise accommodation building which consists of 88
apartments over 8 storeys and is located in the Gorgie area of the city, the building was designed in 1948
and construction was completed in 1952.

This report will look at the essential repairs and maintenance that may be required across the block of flats.
A visual condition survey of the external elevations, roof and available void flats were undertaken. An initial
visual inspection was undertaken to review the construction of the building, inspect for typical structural
defects associated with the type of construction and assess if there are any other features of the building
block that may impact on the proposed repairs and maintenance to the building. The internal survey was
undertaken within communal spaces, the basement service room, and available void flats allowed the

general condition of these spaces to be determined and any structural defects to be highlighted.

This report provides commentary on the structural form and provides summary of the findings from the

visual condition surveys and regime of intrusive investigations undertaken internally and externally.

WRD carried out a visual, non-intrusive inspection of the building exterior from ground level and internal
survey including roof access on the 27™ March 2025. A rope access survey was undertaken by Zenith to
inspect the external fabric of this structure and identify any high level defects. This report has been reviewed
and the key findings have been summarised within this report, which contribute to the wider structural

appraisal of Westfield Court.

Capital Testing in conjunction with Zenith carried out intrusive investigations across the exterior elevations
via. rope access. This was undertaken between the 6th and 9th of May and the purpose of these
investigations were to determine the frequency and condition of panel ties alongside the condition of
concrete ‘stringer’ course. A borescope was utilised to determine information on the panel ties whilst
chloride, carbonation and cover readings were obtained to provide indication of the concrete conditions with

regards to risk of reinforcement corrosion.

Further investigations were carried out by Capital Testing which include intrusive investigations within void
Flat 2/1 between the 6th and 9th of April. The results of these look to inform the presence of robustness tie
reinforcement, the general condition of concrete elements, window fixings and embedment condition of ties

between the internal masonry structure and external Orlit panels.
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2.2 Report Limitations

The survey is limited in scope to structural defects that may impact the proposed repairs and maintenance

works.

No advice is given or implied regarding the presence or otherwise of any asbestos in any shape or form within
the property. Should any areas be suspected, the Client is advised to follow Health and Safety Executive
guidelines.

No site investigation works have been undertaken in respect of foundations or drainage.
No assessment with respect to fire safety is covered within this report.

The presence or otherwise of timber decay or infestation is considered to rest solely within the remit of a

specialist survey and not within this report.

No detailed inspection of the structure which is unexposed or inaccessible has been carried out and we are

therefore unable to report that any such part of the property is free from defect.

Access to 3 void flats were obtained out of the total 88 units, as such, we cannot comment on the condition
of flatted units which have not been inspected, however it is likely that general condition descriptions

contained within this report could be generalised and considered representative of the entire building.

2.3 Existing Asset Information

Address: Westfield Court & Alexander Drive,
Edinburgh,
Scotland,
EH11 2RJ,
United Kingdom

The building is an 8-story block of flats which is bound by a public road to the East, Alexander Drive, and a
private road to the West, Westfield Court Road, which allows for access to the rear of the building. The
building is also bound by landscaped areas with the Gorgie Mills bowling club to the north-east.

2.3.1 Archive information available

The following historical information was made available by the client for review and to assist with the

proposed brief;
1. As Built Drawings;
a. Full set of As Built drawings for Block A

b. Foundation and Basement drawings for Blocks B, C, D, E, F

Westfield Court & Alexander Drive, EH11 2RJ | Structural Condition Report | E20511-WRD-XX-XX-RP-5-00001 | Rev P02 5



2.3.2 As Built Drawing Review

The as built drawing have been supplied by the client which consist of a full set of structural drawings for
Block A, and we understand that the same level of information may be available for remainder of the building.
It is assumed for the basis of this report that the construction of all other blocks is the same as Block A, with
similar floor layouts and structural member sizes. The drawing set was reviewed prior to intrusive
investigation works commencing, allowing the specialist team to focus on areas of potential concern, or to

confirm specific elements and arrangements of the structural frame.

Our review of the supplied drawings suggests that the main structure of the building is constructed as a cast
in-situ reinforced concrete frame throughout. The main structural elements consist of a one-way spanning
ribbed slab construction spanning between a series of primary RC concrete beams. These beams are
supported by columns which transfer the applied permanent & imposed loadings to foundation level via
compression action. The internal walls all appear to be infill panels which do not appear to contribute to the

overall stiffness of the building.

In reviewing the structural reinforcement diagrammatic layouts, the connections between the floor slabs to
supporting beams and columns all note steel reinforcement continuing through the supporting beam and
providing a full lap length. As the drawings do not appear to exhibit steel loops found in precast construction

or notes of individual precast elements, this would suggest that the building is of cast in-situ construction.

2.3.3 Form of construction

The structural form of the Westfield Court flats consist of cast in-situ reinforced concrete frame. This frame
consists of a series of beams and columns which support a ribbed reinforced concrete slab. The ground
floor consists of a series of Precast concrete slabs supported directly by cast in-situ ground beams. All

columns and ground beams are supported directly by piled foundations throughout the building footprint.

A basement is located centrally to the building at Block E which houses the existing central boiler and
heating equipment for the entire building. An assessment of the historical drawings which have been
obtained previously by the client, Precast concrete within the structural frame is only used at ground floor
level to form the ground slab, however, it is unknown if whether the precast units also form the ground
slab over the basement to Block E. For the purposes of this report, we currently assume that precast slabs
are installed throughout the entirety of the ground floor.

The stability of the building appears to be provided by the monolithic frame with moments being resisted
by the continuity of steel reinforcement provided in beam to column connections, creating what is
effectively a tall portal frame structure. Generally, for a building of this size, shear walls are a common
contributor to frame stability however our review of the historical drawing information supplied,

particularly at foundation level suggests that lateral stability is provided by moment frame action.

The internal walls consist of infill brickwork panels which are assumed to be tied to the main structural frame.
The brickwork panels are non-loadbearing and do not appear to contribute to the vertical or lateral stability
of the building. The external wall panels consist of a cavity wall construction comprising of a 100mm

brickwork inner leaf, and profiled concrete panels, known as “Orlit panels” which form the outer facade.
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These panels are tied back to the inner brickwork leaf using traditional wall ties and supported at each floor
level by a profiled edge to the external floor beams.

2.3.4 Cast In-Situ vs Large Precast System (LPS) High Rise Buildings

In assessing a high rise building against accidental loading in which a progressive collapse event could occur,
it is particularly important to identify the materials contained within its construction, and the method of its
construction particularly when it comes to buildings formed primarily from Reinforced Concrete elements.
While both cast in-situ buildings and those containing LPS Precast panels are formed from the same materials,
the method of construction and by extension the overall robustness of these building types can be very

different.

2.3.5 Cast In-Situ Construction

A Reinforced Concrete structural frame which has been constructed in-situ means that the structural
members which form the frame were formed in place on site, rather than being prefabricated off site in a
factory and transported to site for erection. This method consists of steel reinforcement bars being
assembled on site into cages. These cages which will form the structural members are then tied together
using a series of lapping bars which creates a robust connection between elements. Shuttering, a mould
formed traditionally from timber boards and joists, is then built around the reinforcement cages to the sizes
of the finished concrete beams and columns. The concrete is then poured into the moulds and allowed to

cure over a period of time until the concrete meets its designated strength.

As all of the structural members can be formed within a single concrete pour, this form of construction is
very robust as it creates a structure which is homogeneous in form. As the joints between members are cast
as a single entity these types of structure are highly resistant to permanent, variable and accidental forces

which may be applied over the structure’s lifetime.

2.3.6 Precast Construction

Buildings which are formed from precast construction, particularly LPS systems, take full advantage of
prefabrication methods. This type of construction generally allows for a building to be constructed much
quicker as the structure can be formed off site in a controlled factory environment prior to being craned into
position on site. It is a very popular method of construction due to the speed in which a building can be
constructed and made wind & water tight. This quality of finish is also less susceptible to inclement weather,

which does affect cast in-situ construction methods.

Unlike cast in-situ buildings, the detailing at member connections and joints needs to be considered carefully.

As each piece of the building is constructed completely separately the method in which they are joined
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together is a critical part of the building. Joints between elements normally consist of a series of steel loops
which are cast into the member during the prefabrication stage and protrude from the ends of the cast
precast section. Steel reinforcement bars are then fed through these loops and are tied to the supporting
member before pouring concrete into the joint that ties everything into place. Unlike cast in-situ construction
where the structure is formed as a single homogeneous entity, this type of assembly creates a physical joint
between the individual precast concrete structural members and the cast in-situ connection. If detailed and
executed correctly these types of connections will be sufficiently robust to resist all loadings which the
structure is designed against over its intended lifetime. However as there is a significant reliance on site
workmanship and checking of successful site execution these joints can become the weak point in what is

otherwise a robust structure.

When assessing the effects of accidental loading, such as blast loading from appliances which use gas as a
means of supply, the identification of precast elements is particularly important as such weak points may
exist within them which could fail under extreme actions. If a building is formed as cast in-situ, there is a
higher degree of confidence in the buildings construction due to all joints being continuous and do not exhibit

the same potential weakness as those found in precast construction.
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3 Visual Survey Observations

3.1 Visual Inspection

WRD visited Westfield Court & Alexander Drive on the 27" March 2025 to undertake a visual condition
survey of the external elevations from ground level, internal communal areas, the roof extent and void flats
(2/1, 1/4 and 5/1) available at the time of survey. The photos relevant to this survey are presented in

Appendix A and are referenced throughout this report.

Figure 1 - Site position and elevation reference

The weather conditions on the day of this survey was mild and overcast.

3.1.1 WRD External Visual Inspection

A visual walk around survey was completed by WRD alongside the building surveyor team at AtkinRealis on
the 27" March 2025. Visual observations were recorded externally at the roof and external ground level for
all elevations. A summary of the observations made during the survey have been provided below. Refer to

Appendix A and B for photo and drawing references.
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West (Rear) Elevation Photos

Orlit panels are cracked through the centre and it appears that they may have slipped out of position
(Photo 41, 42 & 43)

Cracking and spalling are noted across the ‘boot’ end of the perimeter concrete beam, also referred
to asa ‘stringer’ (Photo 1, 6,7, 8,9, 11 & 50).

Evidence of patch repairs to the ‘boot’ end of the perimeter concrete beam or ‘stringer’ (Photo 5).
Vegetation growth, dampness, and cracking or spalling can be seen to the underside of several
canopy locations. (Photo 32, 33, 38, 44 & 47).

Visible cracking at the jambs of doors (Photo 30 & 31).

Staining across the Orlit panels which may suggest water ingress and/or damage (Photo 21 & 22).

Building service penetrations taken through Orlit panels (Photo 46)

North Elevation Photos

No visual defects noted from ground level observations (photo 1)

East (Front) Elevation Photos

Cracking and spalling can be seen on to the underside of many balcony locations which are formed
of concrete slabs. (Photo 1, 6, 20, 21,22, 32).

Large areas of vegetation growth are visible across the building elevations (Photo 24, 25).

Evidence of patch repair to Orlit panel (Photo 31).

Sandstone cladding feature was observed, suggesting a change in construction at this point along the
elevation (Photo 27 & 28).

Cracking and spalling are noted across the ‘boot’ end of the perimeter concrete beam or ‘stringer’
(Photo 24 & 26).

Roof Area Photos

Water ponding is visible across various parts of the roof (Photo 8, 9, 14, 15, 16 & 31).

Slight cracking and spalling are present across some of the render to the roof access walls (Photo 10,
11, 22,30 & 32).

Water ingress and dampness are visible (Photo 10, 21 & 22).
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3.1.2 Internal Inspection

A visual survey was completed internally within the communal spaces, several void flats (1/4, 2/1, 5/1) and

the service room/basement. A summary of observations have been provided below.
Communal Area Photos

e Concrete has spalled revealing the concrete slabs reinforcement (Photo 8 & 9).
e Suspected thermal shrinkage cracking on the stair landing which is consistent throughout may of the
stair slab locations (Photo 2).

e Cracking was identified to internal walls (Photo 39).
Service room Photos 1-30

e Paint flaking is present throughout the service room (Photo 1,3, 4 & 7).

e large traditional water boiler with multiple repairs suggested (Photo 19 & 21)
Flat 1-4 Photos 1-21

e The flat has a service a penetration hole through the external wall (Photo 4).

e The flat has a service a penetration hole on through internal ceiling (Photo 19).

e Possible water ingress which has led to paint peeling and flaking (Photo 12 & 13).

e Window surrounds are in very poor condition and brickwork and wall build-up is exposed to the
elements (Photo 14)

Flat 2-1 Photos 1-28

e Ground floor slab cracking is present throughout the flat in majority of the room locations. The same
cracking is continuous within other rooms and is often adjacent or perpendicular to the external wall
elevation (Photo 3, 4, 5, 11, 13, 14,17, 18 & 19)

e Leaking service pipes in the service riser which indicate possible mould risk in these locations (Photo
23 & 24)

Flat 5-1 Photos 1-4

e Severe water ingress found to the bathroom ceiling area which is causing disrepair of the
plasterboard and exposing the concrete slab. Concrete slab is visibly saturated in this location (Photo
1-4)

3.1.3 Zenith Inspection Report

A visual rope access inspection survey was undertaken at Westfield Court by Zenith. This was undertaken to
thoroughly inspect the condition of external elevations across the building. Areas of particular focus were
the perimeter concrete beam exposed and referred as the ‘stringer’ course, ledges, concrete balconies,
steel balcony handrails, windows surrounds, external Orlit panels, and concrete roof terrace. These were
inspected at a close eye level via. abseiling techniques and assessed in some cases with a hammer tap

survey.
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Zenith gained close-up access to all elevations, allowing them to identify various structural and material
defects.

These surveys have identified hairline and severe cracks, areas of concrete spalling, and significant
corrosion of reinforcement across the ‘stringer’ courses and ledges. The report highlights defects due to
long-term water ingress and environmental exposure.

o The Orlit panels were generally stable but showed signs of distress in some locations. Some panels
display localised cracking and spalling with reinforcement exposed. No immediate risk of
detachment is noted at the time of survey.

o The balconies show concrete spalling and surface cracking where there was noticeable corrosion of
the metal handrails which could pose a safety risk if left untreated.

e Onthe top ledges, previous repairs using flash band appear to be failing with ongoing cracking and
water penetration behind the protective bands.

e One of the two concrete canopies were found to be in poor condition showing extensive spalling
and exposed reinforcement while the other had only minor surface defects.

This investigation report undertaken by zenith emphasise the requirement for immediate repairs and
further assessment across critical areas over these external elevations. This is required to stop the defects
from deteriorating especially in the perimeter concrete beam ‘boot’ ends or ‘stringer’ course and ledges
where ‘medium to long term’ maintenance is recommended to manage other observed issues and prevent
any further damage.

Reference should be given to Appendix B for full reporting from Zenith and associated photos.
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4 Intrusive Investigation

Following the visual condition surveys undertaken by WRD, a scope for intrusive investigations were provided

and undertaken by Capital Testing. The intrusive investigations included:

Concrete testing to critical elements within void flat 2/1. Historical testing had been undertaken
within void flat 4/1 in 2021 and therefore it was appropriate to carry out similar testing within 2/1 as
a comparison. Location of concrete testing captured a selection of key elements across the flat to
ensure results provided some indication of concrete condition, compressive strengths and
reinforcement ties. It should also be noted that cracking was evident across the ground floor slab
within void flat 4/1 but not observed in other void flats.

Concrete testing was undertaken to external elevations. These were undertaken to determine the
condition of the concrete perimeter beam at ‘boot’ end which is exposed to the external

environment.

Capital Testing Ltd were appointed by WRD to undertake opening works of existing structural elements.

The tests were carried out with the recommendations set out in BR 444 which focused on durability of

reinforced concrete structures by following the certain aspects below:

o vk wnN R

Recording of any cracking and visible defects following stripping of soft furnishing
Recording concrete cover by cover meter surveys

Type, diameter and spacing of reinforcement by physical exposure to all testing areas
Samples to determine chlorides, chloride profiles and sulphates for laboratory analysis
Determine concrete strength, concrete types (including presence of admixtures) from cores

Condition of movement joints where available

As a result of building occupancy, the internal intrusive tests were undertaken within one flat, Flat 2-1.

Capital Testing carried out the site works in April 2025 which was limited to Flat 2/1. The works consisted of

the following intrusive testing methods which were carried out at various sections of the building:

Dust drilling

Core samples

Concrete breakout
Review of window fixings

Review of wall tie embedment internally between masonry leaf and external Orlit panel.

A breakdown of the testing positions in relation to the structure can be found within the Capital Testing

report, Appendix B. All commentary provided is an interpretation of the intrusive investigations undertaken

by Capital Testing and reviewed based upon the investigation and assessment methods as outlined in the

BRE Digest 444 Part 2 documentation. The estimated risk of steel reinforcement corrosion within BRE 444 is

as included below for reference.
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Figure 2 - Extract from BRE444 (Figure 4) describing estimated risk of steel reinforcement corrosion

A summary of findings concluded from concrete investigations have been provided below, based upon the
Capital Testing reporting. Commentary will be provided in the following report pages to expand on the
observations recorded for each area. All samples undertaken were returned with chlorine samples less than

0.15% with negligible risk of reinforcement deterioration from built-in chlorides

A total of three core samples, five concrete break outs and dust sampling were carried out to the internal
concrete frame within Flat 2/1. The 93mm diameter cores were recovered from three different locations of
concrete frame within Flat 2/1 and were submitted for laboratory testing to determine the concrete’s
material properties.

Elements from the investigatory work, such as concrete cover will be checked in relation to current design
standards. Guidance in Eurocode 2, clause 4.4 states the minimum concrete cover should satisfy the
following:

Crmin = 15mm or @ + Acyev
Where:

e (@ isthe bar diameter

e Acgevis the allowance for deviation, usually taken a 10mm
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Flat 2/1 Westfield Court, Edinburgh

Location Cover Carbonation Chloride Result (% by

Depth mass of cement)
D1 Beam 18mm 0-2mm 0.06
D2 Column 18mm 0-2mm 0.06
D3 Column 40mm 0-2mm 0.01
D4 Floor slab 87mm 0-2mm 0.03
D5 Beam 33mm 2-4mm 0.15
D6 Floor slab 87mm 0-2mm 0.01
Refer to Capital Testing report for full reporting and locations

4.1.1 Internal Columns

The core samples undertaken at column locations measured compressive strength of 25.8N/mm?2and
17.7N/mm?2. This is a lower compressive strength than what would typically be adopted in modern design
but is considered relatively normal for the time in which the property was constructed. The concrete cores
undertaken confirm concrete was well compacted and suggests that the concrete frame was constructed to

a reasonable standard.

The concrete cover varies between 18mm and 40mm. These are sometimes lower than modern standards
but it should also be recognised that this is an older structure. The depth of carbonation does not exceed
the cover in areas tested, regardless of the lower cover value.

The risk of corrosion for the majority of internal concrete frame locations were found between ‘negligible’
and ‘low’ with depth of carbonation ranging between Omm to 2mm. As suggested within the BRE 444
guidance, concrete at ‘low’ risk indicates that with normal maintenance that no significant corrosion is
likely to occur.

The following reinforcement was notes within the concrete column elements.

e 25mm diameter smooth round bar reinforcement were noted at the living room columns

e 25mm diameter smooth round vertical reinforcement were noted at mid height living room column

e 25mm diameter smooth round reinforcement were noted vertically through the bedroom column
location.
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4.1.2 Internal Floor Slab
The concrete testing undertaken at floor slab confirms a cover to reinforcement depth of circa 87mm.

The depth of carbonation is nominal at maximum 2mm. This suggests that there is no risk of corrosion to

reinforcement due to chloride content.

However, extensive cracking has been noted across the ground floor slab within Flat 2/1. It is understood
from archive drawings, that the ground floor slab may be precast concrete construction. It is possible that
movement in the ground floor slab causing cracking may be a result of movement between the precast
concrete floor and supporting substructure.

The cause and certainty of this is unknown but may be as result of ground shrinkage or vegetation growth
across the external elevation. Further investigations should be considered to fully determine the cause of
cracking with monitoring undertake across a period of time which might determine if this movement is
ongoing or stabilised. An effort should be made to determine if this issue has occurred elsewhere across
the ground floor slab, within occupied flat units. This will help determine whether the issue is widespread
or local to Flat 2/1.

4.1.3 Beams

A concrete core sample was taken from a beam element and analysed with a measured compressive strength
of 35.2N/mm?. This is a relatively high compressive strength and typical of what may typically be adopted in
modern design. Material distribution is good with good concrete compaction noted. This suggests that the
quality of concrete is good within the beam structure was installed with standard construction practices and

relatively good standards.

The concrete cover varies between 18mm and 33mm across samples taken. These are lower than modern
standards but it should also be recognised that this is an older structure. The depth of carbonation varies
between 2mm — 4mm which suggests that there is low risk of reinforcement corrosion despite the lower

concrete cover.

e Two square twisted reinforcement longitudinal bars were noted in the living room beam locations.
These were 15mm and 20mm diameter.

e 20mm square twisted reinforcement longitudinal bar were noted to the bedroom location beam

4.1.4 Column to Beam connection

Capital testing have undertaken breakouts within the void flat to confirm reinforcement ties between
primary column and beam elements. These have confirmed continuous square twisted reinforcement bars

which tie between beam and column elements.

These are provided as a minimum 20mm diameter bar, however, in one location there is a pair of 20mm
and 15mm square twisted reinforcement bars recorded. The reinforcement bars are recorded to be in good

condition with no corrosion highlighted within the Capital Testing report. There was no concrete spalling or
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cracking visible across the primary frame elements which also suggests that the reinforcement is not as risk
of corrosion, at the time of inspection.

4.1.5 Localised Brick Removal

Two Brick removals were undertaken by Capital Testing to inspect the wall tie embedment within the inner
masonry leaf. This has revealed a wall cavity depth of 85mm. This closely correlates to what has been
reported within the external elevation investigations (See section 4.2). There is a deviation of 10mm
between cavity depths recorded which may suggest difference in cavity width across parts of the building

elevation.

This revealed steel galvanized fish tail wall ties which were circa 105mm long. These were identified
between the external Orlit panels and the inner masonry leaf. Inspection of the wall ties verified that these
were in generally good condition with an embedment of 85mm. This is greater than the typical minimum

required which is considered to be 50mm.

Window fixings were exposed and these were confirmed present, all which appear in reasonable

condition.External Elevation Investigations

Investigations were undertaken across all external elevations to provide more certainty on the general
condition of the external fabric. The following investigations which have been summarised were undertaken

by Zenith via. rope access with the reporting and lab results processed by Capital Testing:

e Borescope investigations to external wall cavities were undertaken in order to identify the presence
and condition of wall ties between Orlit panels and the internal masonry structure. The coverage
and condition of ties were recorded where feasible.

e General commentary on the cavity width and any notable defects. In some cases, remedial ties may
be anticipated as archive drawings suggests that remedial works have been undertaken historically.

e Concrete testing was undertaken to the external stringer courses to collate preliminary information
on the chloride, carbonation and cover values across these samples. The results of these tests

provide an indication of the risk to reinforcement corrosion within these stringer courses.

Reference should be made to Appendix C for the Capital Testing report on (external) cavity wall ties and
concrete elements for methodology of works and investigation scope drawings.
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4.1.6 External Borescope Investigations and Concrete Testing

A summary of findings have been collated below to inform the condition of external wall cavities and ties, as
viewed from the building elevation. The investigation locations were chosen to provide a spread of data
within the time constraints set forth for rope access drops. It does not look to provide detailed results for
each panel location but should identify any areas of defects or weaknesses which should be suggested for

ongoing maintenance works.
4.2.1.1 Rear (West) Elevation

The investigations B1 to B14 were carried out across the rear elevations. There was no insulation identified
across these locations.

The majority of sample locations report an external wall cavity of 75mm depth. An exception to this is within
sample ‘B12’ which reports a 75mm and 50mm cavity. It is understood that this location is in region of a
structural concrete column and therefore we may expect a junction detail between inner masonry leaf and

concrete which results in a change to the cavity width locally at this area.

Generally, where ties have been identified between inner masonry and external Orlit panel, these are
described in ‘good’ condition and noted as ‘steel galvanised flat tie’. The quantity of ties vary across each

location.

In some instances (B3/B4/B7/B8/B9/B13/B14) debris or mortar bridging have been noted within the cavity
of the Orlit panel.

Location B5 notes cracking to outer face of the Orlit panel. Ties have been noted to the top edge of this Orlit
panel and there is no indication of what has caused the cracking at this location. Reference should be made
to Appendix C for photograph documentation of this defect.

There are no ties visible at position B12, however, it does note that this panel is positioned at existing
concrete column. It is noted elsewhere on this survey that the cavity width is smaller at concrete column
locations and therefore the ties may be present but not visible during borescope survey. There has not been
movement noted, however, remedial ties should be considered if there is any concern that this panel is

moving or damaged.

Panels identified at B10 and B11 note locations where historic remedial repairs have been installed via. Helifix
type ties to secure the panels. This would suggest that these have been loose in the past or that there has
been previous concern regarding the fixity of these panels. At location B11, there appears to be ‘missing’ ties

and would suggests why remedial repairs have been undertaken.
4.2.1.2 Front (East) Elevation

The borescope investigations B15 to B36 were carried out across the front elevations. There were no

insulation identified across these locations.

The majority of sample locations report an external cavity of 75mm depth with narrower cavity depths, in

the region of 35-45mm, where a concrete column is visible. In some cases, the cavity restricts the view of the
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cavity zone and therefore no ties have been recorded. It is unknown how the cladding panels are tied back

to the concrete columns in these instances.

The number of ties recorded vary between 1-6 across the different sample locations. This suggests a variety
in the original installation of these but we are unable to confirm if these are missing or simply not visible from
the limited borescope view.

Mortar bridging on ties and debris within the cavity is noted at various locations.

Panels identified at B17 and B26 note locations where historical remedial repairs have been installed via.
Helifix type ties to secure the panels. This would suggest that these have been loose in the past or that there

have been previous concerns regarding the fixity of these panels.
4.2.1.3 North Gable

Borescope testing was undertaken across a sample of locations at the North Gable. This assisted a review of
the ‘Orlit’ panel condition and whether these are adequately tied back to the inner masonry leaf. These were

observed across sampled B37 to B42.

There are various locations (B40 and B41) where remedial ties have been applied. The survey records that
ties appear to be missing at these locations which could suggest why remedial ties have been installed. The
lack of ties are concerning but it is noted that where these are identified, that these ties are in ‘good’
condition. There are a couple of instances noted where ties appear to be missing at top and bottom
(B37/B38).

Most of the samples record a cavity of 75mm with a lower 45mm cavity recorded at B42, where a concrete

column is present.
4.2.1.4 South Gable

Borescope testing was undertaken across a sample of locations at the South Gable. This assisted a review of
the ‘Orlit’ panel condition and whether these are adequately tied back to the inner masonry leaf. Testing

samples for this elevation are described between B44 and B50.

In some instances, ties have been recorded at top and bottom of panels and are in stated ‘good’ condition.
There are various positions across the south gable which indicate remedial repairs (B45/B46/B48/B49/B50).
This would suggest that these have been loose in the past or that there have been previous concerns

regarding the fixity of these panels.

Where ties are identified, they are noted to be in a good condition. Some mortar bridging is noted at B46 and

B48 locations.

It should be noted that at locations, such as B49, a tie is present at concrete column location which has been
‘bent back against the concrete surface.’ It is not known whether this was the design intent or a site ‘work
around’ at the time - therefore the adequacy of this is not fully known. These areas should be considered

when considering future cladding panel surveys to ensure they do not become loose.

Westfield Court & Alexander Drive, EH11 2RJ | Structural Condition Report | E20511-WRD-XX-XX-RP-5-00001 | Rev P02 19



4.2.1.5 Concrete ‘Stringer’ Course

Concrete testing was undertaken across a sample of locations to determine the risk of corrosion to the
external perimeter beam ‘boot’ edge which forms the ‘stringer’ course feature around the perimeter of the
building. This concrete element is integral to the concrete framing around the perimeter of the structure and
supports the weight of Orlit panels above each floor level, as such it plays a critical role in the concrete
structure but also the cladding support. This concrete element functions in a similar manner to a brick relief

angle which may be used in a masonry cladding system.

The results of these have been summarised below and can reviewed in full with Appendix C of this report.
Results summarise are in addition to the locations highlighted within the Zenith external cladding inspection

which have experienced visible spalling or exposure of reinforcement.

In many instances below, the concrete sits within a ‘negligible to low’ risk of reinforcement corrosion.
However, it should be noted that these must be monitored to identify any future disrepair given the exposed

nature of this feature.

Sample D6 highlights a ‘very high risk’ of estimated reinforcement corrosion in line with the BRE 444
guidance. It is therefore likely that the embedded reinforcement is corroded and this could translate to
concrete spalling or cracking at the face of the concrete boot in these locations. This sample is positioned at
window locations, which could be expected due to the exposed nature of these positions.

Sample D11 highlights a ‘moderate risk’ of estimated corrosion in line with the BRE 444 guidance. It is
therefore recommended that this area is monitored in case corrosion is suggests through cracking or spalling

of concrete in these locations.

The information tabulated is based on a sample of locations and illustrative of the general condition,
however, it cannot comment definitely on all areas of concrete stringer. Monitoring and repair works will

need to be deployed proactively to ensure that disrepair is identified and remediated as soon as feasible.
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External Concrete Testing on Westfield Court, Edinburgh

Location Cover Carbonation Chloride Result (% by
Depth mass of cement)

D1 West Elevation — Stringer course 35mm 0-2mm 0.28

D2 West Elevation — Stringer course 37mm 8-10mm 0.08

D3 West Elevation — Stringer course 38mm 0-2mm 0.25

D4 West Elevation — Stringer course 35mm 15-20mm <0.01

D5 West Elevation — Stringer course 27mm 2-4mm 0.27

D6 East Elevation — Window Sill 9mm 10mm 0.62

D7 East Elevation — Stringer course 16mm 2-4mm 0.20

D8 East Elevation — Stringer course 42mm 0-2mm <0.01

D9 East Elevation — Stringer course 32mm 10-12mm 0.04

D10 East Elevation — Stringer course 42mm 15-20mm 0.06

D11 East Elevation — Stringer course 38mm 30mm 0.43

D12 South Elevation — Stringer course 18mm 2-4mm 0.24

D13 South Elevation — Stringer course 23mm 0-2mm 0.06

Refer to Capital Testing report for full reporting and locations.
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5 Disproportionate Collapse Review

Robustness is defined in BS EN 1991-1-7 as ‘the ability of a structure to withstand events like fire, explosions,
impact or the consequences of human error, without being damaged to an extent disproportionate to the

original cause’.

It is generally understood that a building designed with robust principles will not collapse in a

disproportionate nature.

Progressive collapse is a term used to describe an incident where the failure of a single element results in a
‘chain reaction’ to which further member failures occur. This continues to occur to a point where the total

number of failed elements and thus damage is disproportionate to the initial failure which had occurred.

A prominent example of progressive collapse is the Ronan Point disaster in 1968, where a 22-storey building
partially collapsed two months after completion. The loadbearing walls were blown out from the force from
a gas explosion which caused the collapse of an entire corner of the building. The building incorporated the

use of Precast Concrete Large Panel Systems (LPS) throughout.

The resulting force from the gas explosion caused the critical connections between the precast panels to fail
which resulted in a progressive collapse event. It was later discovered that due to poor workmanship and
design that the connections between the panels were not designed to withstand accidental loading such as

blast loading from an explosion.

This event resulted in major changes to the Building Regulations and how buildings are designed with respect

to accidental loading.

Following the incident, the 1970 UK Building Regulations were revised so that any new buildings were
required to take risk of progressive collapse events into consideration during their design stage. This principle
is still a major consideration of any modern building design. Current regulations categorise risk by the
building type, number of storeys and occupancy rate which then informs the requirements for robustness in

building design.

Westfield Court pre-dates this requirement and progressive collapse is unlikely to have been assessed as a
major influence within the original design as the regulation for doing so did not exist. However, this doesn’t
imply that the building does not have sufficient robustness to withstand an accidental loading scenario. As
stated by the ISTRUCTE guidance on the appraisal of existing structures ‘many existing structures were not

designed to meet current requirements but nevertheless provide an acceptable level of safety. An appraisal
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of any existing building is reliant on engineering judgement, testing and assessment of a selection of

considerations.’

As the structural frame of the building has been established as a cast in-situ beam and column structure,
rather than formed from Precast LPS panels found at Ronan Point. Therefore the risk of a progressive collapse

event occurring from similar accidental loading is already reduced due to the buildings structural form.

5.1 Assessment of Building for Risk — ALARP/SFARP

In assessing risk of a progressive collapse event occurring reference is made to the BRE Special Digest 526 —
Structural Assessment of Existing LPS Dwelling Blocks for Accidental Loads. Although this building is not
formed of an LPS system, the document is still relevant with regards to the assessment criteria for high rise

buildings, generally, when assessing against accidental loading such as blast loads.

In line with the ALARP/SFARP principle, the document recommends that a risk-based approach is used to
determine the through-life management and associated measures taken with the goal of eliminating hazards
where practicable. The document goes on to recommend that risks should remain controlled and reduced as

far as practicable for buildings which are considered to be of low or acceptable risk.

Previous Faithful & Gould (now AtkinsRealis) reporting for this building suggests that an external gas supply
pipework was installed to the rear elevation of the building which presumably feeds kitchen appliances at
each flat location. However, application of ALARP/SFARP to the introduction of new gas fed Combi Boilers
at each apartment creates an increase in risk rather than reduction of risk to the building. A reduction of risk
would involve the removal or partial removal of gas from this building. As previously recommended, the
following measures would go as far to eliminate accidental blast loading occurring from a gas explosion;

1. Removal of gas from the building internally

2. Adopting electrical appliances in kitchens such as heat induction cookers etc

3. Install a new centralised boiler or CHP system externally which would feed hot water for heating

purposes into each apartment.

It is not known whether the provision of gas to these apartments have been removed since the previous
building survey undertaken at Westfield Court. If not, the above points should be immediately considered. It

should be noted that an alterative approach could be considered.

BRE Special Digest 526 suggests an alternative approach which involves the assessment of the existing
building in order to evaluate its ability to satisfy the requirements with regards to the design of new

structures. In the context of an existing building, it would be reasonable to adopt a similar approach which
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would deem to satisfy the construction of a new building. It is therefore reasonable to adopt this approach

when assessing the building.

5.2 Numerical Approach to Progressive Collapse Events

A detailed assessment based on the individual void flat 2/1 was investigated and the impact of element
removal for progressive collapse damage on the floors above and below this apartment. As we have very
little information for the superstructure of the remaining areas of this building, we assume at this stage that

all other blocks are of similar structural layout and construction.

All buildings designed to modern codes of practise are designated a Risk Group Category depending on the
buildings function, occupancy and storey height. These risk groups are noted in section 1.2.2 of the Non-
Domestic Building Regulations for Scotland 2023. An extract of this clause is provided below where Westfield
Court is categorised as a Class 2B Building — “residential buildings exceeding 4 storeys but not exceeding 15

storeys”.

Figure 3 - Building Class Table

The rules in Fig. 3 informs the designer of the requirements for additional measures to design against
progressive collapse events from occurring under accidental loading. Buildings designated as Class 2B have
the following options available for the designer to consider;

1. Provide effective horizontal and vertical ties in compliance with tie forces as derived in Codes of

Practice
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2. Where removal of a structural element (floor, wall, beam column etc) will cause only limited damage;
limited to 15% of the total floor area; and will only affect the next adjacent storey
3. Where removal of a member exceeds the requirement for limited damage, the member must be

designed as a key-element.

In cast in-situ buildings, the reinforcement provided for other purposes may be used as the reinforcement
acting as ties within the concrete. In most cases it will be found that no additional reinforcement is required
to ensure a robust structure. The normal detailing rules that are applied to reinforcement ties are generally
a nominal requirement to ensure sufficient anchorage into the supporting element. Horizontal ties are
generally achieved in beam to column connections by ensuring the bottom two bars in each direction pass

directly through the reinforcement contained within the supporting column.

The rules stated in both the British Standard (BS 8110-1:1997) and Eurocode 2 (BS EN 1992-1 and its national
annex) effectively apply the same rules for the design of horizontal and vertical tie forces, and are aligned to
the derivation of tie forces applied. As Eurocodes employ high-yield grades of reinforcement in the
calculation suite which did not exist when the Westfield Court was constructed, the British Standard
derivation of tie forces are used for the purpose of our analysis. Although the documentation of British
Standards is mostly withdrawn, the codes can still be used for the assessment of modern-day structures.

Calculations relating to the derivation of tie forces are provided within Appendix F of this report.

5.3 Conclusions of Numerical Approach to Progressive Collapse Events
The following assessments were carried out to determine the building elements robustness to progressive
collapse events:
1. Determining tie force requirements applicable to structural elements and the known reinforcement
capacity to resist tie forces applied.

2. Assessment of known central column reinforcement quantities for element to act as key element

Based on methods contained within BS 8110-1:1997 cl. 3.12.3, it was calculated that a minimum tie force of
60kN is applicable to all horizontal ties throughout the building, and 161 kN is applicable to vertical ties at 1°

floor level.

Based on the results of the intrusive investigation works with void flat 2/1 it is known that horizontal ties
exist between all of the beam to column connections investigated on site, formed from a single 20mm square
twist bar or in some instances a 20mm and 15mm square twist bar pair. This is in line with the minimum

detailing requirements as noted within BS 8110-1:1997 amendment 3 described in section 4.2 of this report.
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The tensile resistance of the tie connection for a single 20mm square twist bare is found to be 70kN, providing

an overall safety factor of 1.15 as a worst case. However, we note that it is as high as 1.8 in some cases.

The reinforcement contained within columns were noted on site to be an estimated 400 x 400mm square
column with minimum 4No. 25mm reinforcement bars and 8mm shear links at maximum 250mm centres. As
the area of steel reinforcement contained within the column is much greater than that contained within the
beam to column connections, but with a similar tie force applied, the minimum requirements for tie forces

are achieved by inspection.

The above does rely on minimum lap lengths being achieved within the detailing of the reinforcement. The
extracts from As Built drawings below denote locations of laps within slabs and beams with reinforcement

detailed as continuous through each of the supporting elements.
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Figure 4 — Typical Reinforcement Detailing of Ribbed Slabs. Note Continuous Reinforcement Through Beams
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Figure 5 — Typical Reinforcement Detailing of Ribbed Slab Edge Showing Curtailment of Reinforcement
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Figure 6 — Plan on Slab Edge Denoting Peripheral Ties

Figure 7 — Typical Section Through Beam-Column Connection Noting Continuous Reinforcement Through Column Positions.
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Figure 8 — Section Through Beams From Front to Rear Elevation Noting Continuous Reinforcement and Anchorage Lengths of
Main Reinforcement Through Columns.

The conclusions of the intrusive investigations appear to reflect the As Built design of the reinforcement
arrangements on site. When considered alongside the minimum requirements for horizontal and vertical
ties which appears compliant with BS 8110:1-1997, it is concluded that the risk to progressive collapse

damage to the building is low.

This conclusion is based on the building being of the same condition and reinforcement detailing as the

apartment to which intrusive works were carried out.

It should also be noted that prior investigations which were carried out within void flat 4/1 have yielded
similar results which should provide some reliability that these construction conditions are consistent across

the different blocks.
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6 Conclusions & Recommendations

6.1 Conclusions

6.1.1 Visual Inspection of External Elevations

The external walls at ground floor appear to be in poor condition, with cracking & spalling observed on
balconies and canopies in additions to vegetation growth across the Orlit panels, this is present on the east

and west elevation.

Repair work will be required to the isolated areas of exposed reinforcement at junctions at external ground
level. Further investigation should be undertaken to this area to determine the appropriate concrete repair

works.

The Orlit panels on west elevation show signs of visible cracking, damage, and staining, with evidence of
ineffective patch repairs. However, reference should be made to the Zenith Ltd report for repair and
maintenance recommendations. These should be carried out as early as possible to omit risk of

deterioration or detached panels.

The perimeter concrete edge beam ‘boot’ ends which are also referred to as the stringer, exhibit extensive
spalling and cracking. This is visible across both western and eastern elevations. These are critical to the
support of ‘Orlit’ panels at every floor level and play and integral part of the concrete framing. As such,
remedial repairs and maintenance must be agreed and adopted, as soon as possible. Further deterioration
may result in damage or risk of collapse of external cladding.

The roof at some locations displays signs of inadequate drainage. It appears that areas of drainage points
have been blocked which has resulted in water ponding. A further review of this would be required to
determine why this has occurred and any remedial action.

6.1.2 Visual Inspection of Internal Spaces

A visual inspection of void flat 5/1 highlighted an area of severe water ingress, within the bathroom space.
The wall finishes were removed and the exposed concrete slab appeared completely saturated.

There were no items to note within void flat 4/1 as the space was partially decorated with evidence of
previous concrete testing repairs throughout the flat space. It is understood that testing has been undertaken

previously within this space with wall ties inspected at balcony level.

Survey of Flat 2/1 revealed extensive cracking across the ground floor slab. Cracks run parallel and
perpendicular to the external wall line with some spanning across rooms or between vertical structure. It is
not known how long these cracks have been present or if there has been any noted deterioration over any

period of time.

There were few items noted elsewhere in Flat 2/1 from visual inspection. Intrusive investigations were

undertaken within Flat 2/1 to determine condition of the structural framing.

Westfield Court & Alexander Drive, EH11 2RJ | Structural Condition Report | E20511-WRD-XX-XX-RP-5-00001 | Rev P02 29



6.1.3 Intrusive Investigation

Intrusive investigations were conducted within void flat 2/1 and across external elevations to determine the

condition of cavity and concrete ‘stringer’ element which support Orlit cladding panels at each level.

The testing undertaken within void flat 2/1 have confirmed that reinforcement ties are present between
primary column and beam elements. This also confirms that tie reinforcement appears to be in good
condition with progressive collapse calculations ascertaining that the reinforcement observed can suitably
withstand the tension applied within a disproportionate collapse event. The concrete cover varies and can
be relatively low at minimum 18mm, however, the depth of carbonation is nominal and members are at low
risk of corrosion with review against the BRE 444 guidance. Concrete cores confirm that the concrete is
compacted well with no significant voids, this suggests that the structure was constructed to reasonable

standards.

Concrete testing was undertaken across the perimeter concrete beam ‘boot’ end which forms the ‘stringer’
course feature. It is known from the visual inspections that there are many instances of the stringer course
being described in a poor condition at these locations. The carbonation and chloride results vary across
samples with areas of the front (east) elevation highlighting high to moderate corrosion risk to reinforcement.
The high risk area, sample D6, is located in proximity to the window and will continue to deteriorate due to
the increase exposure in this position. The cover is extremely low at 9mm which suggests the reinforcement
will soon be at risk of complete exposure. We understand from the rope access visual survey, that there are

several areas of external concrete in a similar condition.

6.2 Recommendations

A list of recommendations have been summarised below for consideration. These are concluded across all

the reporting provided in both visual and instructive surveys:

e Regular survey and maintenance to be undertaken to monitor the condition of external elevations.
A point cloud point survey is suggested to record each Orlit panel for detailed records of the condition
at each panel. This will enable an accurate and targeted maintenance strategy to be adopted moving
forward. This should also include the maintenance and repair of concrete ‘stringer’ course.

e The concrete beam which forms the perimeter ‘stringer’ at each floor level is in poor condition. This
concrete member is partially exposed to the external environment and has been subject to various
degrees of spalling and disrepair. In some cases the reinforcement has been exposed and likely
corroding. This member performs a primary function in the support of ‘Orlit’ cladding panels above
and if eroded further may cause collapse. It is recommended that concrete repair works are
undertaken to this feature in the short term (within 6 months)

o Detailed review and concrete repair solutions to be explored for any concrete canopy or balcony
which is experiencing damage or disrepair, as noted within the report. We recommend this is

completed within the short term (6 — 12 months)
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e Steelwork handrails at balcony levels, reported as corroded within the Zenith inspection report, must
be assessed individually to ascertain the current condition and implication to resident’s safety. These
should be repaired or replaced to satisfy the relevant health and safety requirements. This should be
done in tandem with works to the balcony soffit structures.

e Disrepair to the concrete base at building ground level should be reviewed and a concrete repair
specified to avoid further deterioration.

e Concrete repairs and maintenance should be considered for any location highlighted within this
report.

e Further investigation and monitoring works to be undertaken across the ground floor slab in Flat 2/1.
This should determine the caused and proposed repair for the slab in this area. Where possible, effort
should be made to understand whether this cracking has been reported elsewhere at ground floor
level. Investigations to determine the cause for cracking may involve trial pits undertaken at the
external wall line to ascertain the substructure and ground conditions within this area.

e Condition of concrete to be monitored within the basement spaces.
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Structural Survey Report

Introduction

Zenith Property Conservation has been assigned to carry out a rope access survey of the
properties, focusing on the external elevations. The survey's goal is to identify any structural and
fabric defects present, and the results will be compiled into a comprehensive report. This report
will feature elevation drawings of the properties with each identified defect clearly recorded.
These drawings will be cross-referenced with photographs for clarity, allowing for a thorough
documentation of each issue.

The severity of the defects will be categorized into various levels, with specific attention given to
the following areas:

Hairline and Severe Defects: These will be classified according to their size and extent,
ranging from minor, barely noticeable cracks (hairline) to larger, more significant fractures
or damage (severe).

Exposed Reinforcement: Any areas where reinforcement bars are visible due to damage
to the masonry or concrete will be noted, as this can indicate significant structural
weaknesses.

Levels of Corrosion: The report will identify areas where corrosion of metal components
(such as steel reinforcement) is evident, including an assessment of the extent and
severity of the corrosion.

Boss Render Areas: Any sections of boss (rough, irregular) render, which may be prone to
cracking or degradation, will be highlighted.

General Vertical Cracking: Vertical cracks will be surveyed, as these are typically
indicative of settlement or structural movement. The report will assess their severity and
potential impact on the structure’s integrity.

By meticulously documenting these issues with precise drawings and photographs, the report will
serve as an essential resource for planning repairs and ensuring the long-term stability of the
properties.
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2. Description

1. Introduction:

This report outlines the proposed approach for conducting a high-level rope access inspection of
the facade at Westfield Court, located at 15 Alexander Drive, Edinburgh. The primary aim of this
inspection will be to assess the overall condition of the building’s exterior, including the balconies,
windows, service elements, and Orlit panels, and identify any areas requiring maintenance or
repair.

2. Building Overview:

®=  Building Name: Westfield Court

= Construction Date: Early 1950s

= Structure: The building is an eight-storey residential tower block with a unique curved
design.

= Materials: The facade consists of concrete and brick, with metal-framed windows, south-
facing balconies, and Orlit panels.

= Historical Significance: Westfield Court is one of Edinburgh’s first multi-storey residential
buildings and features a rooftop terrace offering panoramic views of the city. The building
originally included a rooftop nursery school with an outdoor play area.

3. Areas to be Inspected:

® Balconies: South-facing, metal-framed with railings on each floor.

®  Windows: Large, metal or uPVC-framed windows across the building.

= Facade: North-facing facade, which may contain service elements like ash chutes.

= QOrlit Panels: Precast concrete panels, commonly used in post-war construction, which
may show signs of weathering, cracking, or other deterioration.

= Roof: Rooftop terrace area, including original structural elements from the nursery school
design.

4. Proposed Inspection Details:
4.1 Balconies:
®"  Proposed Focus: Inspect the condition of the balcony railings, flooring, and connections

to the main structure for any signs of corrosion, damage, or structural instability.
= Key Areas: Balcony railings, connection points, flooring integrity, and overall safety.
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4.2 Windows:

®"  Proposed Focus: Check the condition of window frames and seals, looking for signs of
weathering, cracks, or deterioration.
= Key Areas: Window seals, frame attachments, and potential water ingress points.

4.3 Orlit Panels:

=  Proposed Focus: Assess the condition of the Orlit panels, checking for cracks, weathering,
and potential issues that could impact structural integrity or cause water ingress.
= Key Areas: Panel joints, surface condition, and any signs of deterioration or disrepair.

4.4 Roof and Roof Terrace:

"  Proposed Focus: Inspect the rooftop terrace, including protective barriers, enclosures,
and structural integrity of the original nursery area components.
= Key Areas: Condition of roof barriers, surface wear, and potential structural concerns.

5. Conclusion:

This proposed inspection aims to provide a comprehensive assessment of the high-level facade of
Westfield Court, focusing on identifying areas of concern, particularly those related to structural
integrity and weathering, including the Orlit panels. The goal is to ensure the building remains
safe, well-maintained, and free from potential hazards.
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3. Procedure and Methods

The inspection was conducted by operatives from Zenith Property Conservation - Rope Access,
prioritizing thoroughness and safety throughout the process.

3.1.1.1. Access and Inspection Techniques

Access to the roof was facilitated via a door located on the top floor of the building, providing
direct entry to the inspection area. The team employed abseiling techniques, commonly referred
to as rope access, to perform a detailed visual examination of the building's exterior surfaces. This
method allowed operatives to access hard-to-reach areas and closely inspect various elements of
the roof and external structure.

3.1.1.2. Concrete Assessment

The concrete surfaces (string course) underwent a hammer tap survey, a technique designed to
detect areas of delamination (the separation of layers within the concrete, often caused by
moisture or corrosion

3.1.1.3. Defect Recording and Categorization

All identified defects were carefully documented on elevation drawings and cross-referenced with
photographs taken during the inspection. These defects were categorized into the following key
areas:

= Hairline and Severe Cracks: Hairline cracks were noted for their potential to develop into
more significant issues, while severe cracks indicated substantial damage or instability.

= Exposed Reinforcement and Corrosion: Areas where internal reinforcement (e.g., steel
bars or mesh) was exposed to the elements were identified, as this often leads to
corrosion and compromises the structural integrity of the concrete

= Boss Render: The textured or rough exterior surface finish was inspected for signs of wear
or damage.

= General Vertical Cracking: Vertical cracks, often indicative of structural shifts or settling,
were recorded as a critical defect requiring attention.

3.1.1.4. Safety and Compliance

All repair and maintenance activities were conducted in strict adherence to Zenith Property
Conservation’s Risk Assessment and Method Statement (RAMS). These documents ensured all
operations, including the use of abseiling techniques, were planned and executed with proper
safety measures in place.

The rope access techniques specifically followed the IRATA (Industrial Rope Access Trade
Association) guidelines, guaranteeing that all work adhered to the highest safety and professional
standards.

3.1.1.5. Borescope Investigation
A borescope investigation was carried out to determine the type, frequency, condition, and
embedment of ties between the internal masonry leaf and external concrete Orlit panel. All drill
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holes or opening-up works must be reinstated to a suitable standard with appropriate concrete
repair.

3.1.1.6. Panel Condition and Notification

Any panel identified as loose or damaged during the rope access survey must be clearly marked,
and the Structural Engineer (SE) must be informed. The position for the borescope investigation is
shown indicatively below. Drill holes should not be undertaken in any panel that is in poor
condition or deemed unsuitable for repair. The location of the drill hole should be selected to
optimize the view of the existing wall ties.

3.1.1.7. Asbestos Records and Intrusive Works
The client is required to provide asbestos records and confirm that no risks are associated with
the proposed intrusive works.

Summary

The inspection was conducted by Zenith Property Conservation’s rope access team, using
abseiling techniques to assess the building’s exterior and roof’s structures. A detailed visual
examination was performed, focusing on concrete surfaces, cracks, exposed reinforcement, and
damage to the Orlit panels and elevation. Defects were documented and categorized into hairline
and severe cracks, corrosion of exposed reinforcement, boss render wear, and general vertical
cracking.

A hammer tap survey was used to detect areas of concrete delamination (especially on string
course).
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4, Survey Results

String Courses and Ledges:

The string courses and horizontal ledges throughout the facade exhibit widespread deterioration.
Numerous areas display concrete spalling, with extensive exposure of embedded reinforcement.
The exposed rebar in these locations is heavily corroded, indicating prolonged ingress of moisture
and loss of passivation. Additionally, there are numerous linear and transverse cracks present,
ranging in length from 10mm up to approximately 1000mm. These defects are dispersed across all
elevations, suggesting systemic degradation consistent with age-related wear and environmental
exposure.

Spalling and exposed rebar on the string course

Orlit Panels:
Based on visual inspection and tap testing, the majority of Orlit panels did not exhibit movement
and show no immediate risk of detachment. Approximately 10% of the panels show signs of
distress, including surface cracking and localised spalling. However, a full assessment of their
structural condition will only be possible after a borescope inspection has been carried out.

Spalling and exposed rebar on the Orlit panel
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Top Ledges:
The top perimeter ledges of the building have undergone previous remedial work, evidenced by
the application of flashband across multiple sections. While these interventions appear to have

slowed active water ingress, some ledges still exhibit ongoing spalling and cracking, particularly at
interfaces and junctions.

Previous flash band repairs.

Balconies:
Several balcony slabs and soffits show signs of minor spalling and surface cracking. Although not
currently posing a structural hazard, these defects should be monitored, and preventative
maintenance is recommended to avoid progression. Additionally, there is visible corrosion to the

handrails, which should be assessed and treated to prevent potential safety issues and material
degradation.

Spalling on the balcony.
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Concrete Canopy:
One of the canopies is in poor condition, exhibiting spalling and exposed reinforcement, while the
other is in reasonable condition with minor defects and no immediate risk.

Concrete Canopy.
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Conclusions and Recommendations

The condition of the building’s external reinforced concrete elements indicates progressive
and widespread deterioration consistent with environmental exposure, aging construction
materials, and potentially inadequate past repair methods. Key conclusions are as follows:

String Courses and Ledges
The presence of extensive concrete spalling, long linear cracking, and heavily corroded
reinforcement across the string courses and ledges highlights a significant breakdown in the
concrete cover's protective function. The recurring nature of these defects suggests systemic
failure due to prolonged water ingress and carbonation-induced corrosion. The structural
integrity of these elements is compromised in numerous areas, requiring urgent remedial
ElatnlilolsMThere is a high risk of falling concrete, and these issues must be rectified as
quickly as possible to ensure public safety and prevent further deterioration.

Orlit Panels

Given that the Orlit panels are stacked above the string courses at each floor level, significant
deterioration of these ledges presents not only a falling concrete hazard but also a risk to the
structural support of the panels themselves. Even where panels are adequately tied back,
failure of the bearing ledge may compromise overall stability.

Top Ledges

The presence of flashband across the top ledges indicates prior attempts to control water
ingress; however, this method is not a long-term structural solution and appears to be failing
in several areas. Water penetration likely continues behind the flashband, contributing to
ongoing deterioration.

Balconies

Several balcony slabs and soffits show signs of minor spalling and surface cracking. Although
these defects do not currently pose a structural hazard, they should be monitored, and
preventative maintenance is recommended to avoid further deterioration. Additionally, there
is visible corrosion to the handrails, which should be assessed and treated to prevent
potential safety issues and material degradation.

Concrete Canopy.
One of the concrete canopies is in poor condition, exhibiting significant spalling and areas of
exposed reinforcement. The other canopy remains in reasonable condition, with minor

spalling and cracking observed; however, there is currently no apparent risk of material
detachment or structural failure.
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Recommendations

Immediate Repairs (High Priority)

String Courses & Ledges:

=  Remove all loose and delaminated concrete.

®  Carry out full exposure of corroded reinforcement.

= Clean and treat rebar with corrosion inhibitor or replace where section loss
exceeds 25%.

= Reinstate using compatible repair mortar (EN1504 compliant) with adequate
cover depth.

=  Apply anti-carbonation protective coating post-repair.

Orlit Panel (Moving):

= Conduct intrusive inspection to determine cause of movement.

= Secure or repair the affected panel depending on severity. Full replacement
should only be considered following assessment after a borescope inspection
has been carried out

= Repair any spalled or cracked areas using compatible patch repair methods.

Planned Maintenance (Medium Priority)
Remaining Orlit Panels:

®=  Monitor for progressive cracking or new movement.
= Apply protective coatings to prevent moisture ingress and UV degradation.

Balconies:

= Patch repair areas with surface spalling using concrete repair mortar.

= Consider application of waterproofing membrane or protective sealant.

®  The corroded handrails should be cleaned to remove rust (e.g., wire brushing
or sandblasting), treated with a rust-inhibiting primer, and repainted with a
suitable weather-resistant coating. Severely affected sections should be
further assessed for structural integrity and replaced if necessary. Regular
inspections and maintenance are advised to prevent recurrence.

Top Ledges:

= Remove flash band and inspect underlying substrate.
= Reinstate defective sections and install a more durable weatherproof flashing
or capping system.

Preventative Works (Low Priority)
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Concrete Canopy:
For the canopy in poor condition:

= Remove all loose and delaminated concrete.

= (Clean and treat exposed reinforcement to remove corrosion.

= Reinstate concrete section using a suitable structural repair mortar in
accordance with BS EN 1504.

=  Consider engaging a structural engineer to assess for any underlying
structural concerns.

" |mplement protective measures to prevent further deterioration (e.g.
waterproof coatings, improved drainage if applicable).

For the canopy in reasonable condition:

= Carry out minor patch repairs to areas with spalling and cracks to prevent
further degradation.

= Use appropriate crack injection or surface repair techniques depending on the
crack type and depth.

= |nclude the canopy in a routine inspection and maintenance programme to
monitor for any changes in condition.

General Recommendations:

= Conduct a full structural condition survey annually, or sooner if defects worsen.

®  Establish a planned preventative maintenance (PPM) schedule incorporating
inspections, cleaning of ledges/gutters, and protective coatings reapplication
every 5—7 years.

= Carry out a water ingress diagnostic assessment to identify any active leaks
behind facades.
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Drawings

Front Elevation D, E, F

Front elevation A, B, C

I Spalling and Exposed Rebars
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Back Elevation D, E, F

Back Elevation A, B, C

I Spalling and Exposed Rebars
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Front Elevation.
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Back Elevation.
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East/West Elevation.
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. INTRODUCTION

1.1. Further to the instructions from Will Rudd Edinburgh consulting engineers , Capital
Testing Services Ltd have carried out borescope inspection on external wall cavities at
Westfield Court Edinburgh. The purpose of the investigation was to provide details of the
tie coverage/condition and embedment.

1.2. Investigation works and sampling was also carried out to determine the properties of
concrete as part of an assessment being carried out by Will Rudd Edinburgh.

1.3. The investigation was carried out between the 6 — 9" May 2025 .

1.4. Access, Cavity Inspections and Concrete Testing was carried out by rope access team
provided by Zenith.

. EXTENT OF INVESTIGATION

2.1. At locations of the wall externally, an area of the wall cavity was surveyed to assess the
wall ties within each location.

2.2. Covermeter surveys of the reinforcement in the concrete elements were conducted as
indicated on the location plan contained in Appendix A.

2.3. Concrete dust samples were taken for the purpose of chemical analysis.

2.4. Depth of Carbonation survey results were recorded at concrete dust sampling locations

. INSPECTION PROCEDURES

3.1. The survey was carried with out at various wall locations by drilling a 12mm access hole
through the external “Orlit” Panels using an 36v percussion drill fitted with the appropriate
drill bit. A right-angled viewing endoscope was inserted at these access points to view the
immediate area of the wall cavity. Video footage was then taken at each location for
reporting purposes.

3.2. At each covermeter survey location, reinforcement bars were located and cover to
reinforcement was recorded.

3.3. Dust samples were obtained using a 36v cordless percussion drill fitted with a 20mm drill
bit. The samples were bagged and given a unique reference number. The dust samples were
sent for testing in accordance with BS 1881: Part 124:2015 Determination of Chloride
Content.

3.4. Carbonation assessment of the concrete was carried out by phenolphthalein spray to BRE
IP 6/81 on freshly exposed concrete.

. OBSERVATION RECORDS

4.1. Locations of the cavity wall investigation are presented in Appendix A.

4.2. Observation records made during the survey are presented in Appendix B .

4.3. Video footage and photographs taken during the investigation are presented in a separate
folder.

. TEST RESULTS

5.1. Chloride content results table and BRE corrosion risk assessment are Presented in Appendix
C.
5.2. The Determination of Chloride Content test certificates are presented in Appendix D.
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Appendix B

Observation Records
Borescope Survey of Wall Cavity
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Will Rudd Davidson Consulting Engineers Ltd

Location: W_estfield Court, Rear Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer Cavity Type
Video Ref mm mm &
Condition
06/05/2025 B1 001 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 4 Ties Visible Evenly Spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B2 002 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 2 Ties Visible Evenly Spaced at Top of Orlit
“Orlit” Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B3 003 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on Ties
Present Concrete | 75 6 Ties Visible Evenly Spaced at Top and
“Orlit” bottom of Orlit Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B4 004 None Brick Pre Cast Steel Galvanized Flat Tie View obscured by debris
Present Concrete | 75 2 Ties VisibleAT Bottom of Orlit Panel in cavity
“Orlit” Ties viewed are in good condition and appear
Panel central within cavity. Concrete Column visible,
with what appears to be
Tie Bent back Against
concrete surface.
06/05/2025 B5 005 None Brick Pre Cast Steel Galvanized Flat Tie Photos 98-101
Present Concrete | 75 3 Ties Visible Evenly Spaced at Top of Orlit Cracking at outer face
“Orlit” Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B6 No Photo 102
Video See Note On Location
Drawing
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Will Rudd Davidson Consulting Engineers Ltd

Location: Westfield Court , Rear Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer Cavity Type
Video Ref mm mm &
Condition
06/05/2025 B7 006 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on Ties
Present Concrete | 75 4 Ties Visible Evenly Spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B8 007 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on Ties
Present Concrete | 75 5 Ties Visible Evenly Spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B9 008 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on Ties
Present Concrete | 75 4 Ties Visible Evenly Spaced at Top and
“Orlit” Bottom of Orlit Panel Tie also on Vertical
Panel Edge
Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B10 009 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 5 Ties Visible Evenly Spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and appear
central within cavity.
Remedial Helifix Type Tie Visible
06/05/2025 Bi1l 010 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 1 Tie Visible at Top of Orlit Panel
“Orlit” Ties appear to be missing where viewed at
Panel previous locations.
Remedial Helifix Type Tie Visible
06/05/2025 B12 011 None Brick Pre Cast No Ties Visible Survey Location At
Present & Concrete | 75 &50 Concrete Column
Concrete | «p1jt”
Panel
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Will Rudd Davidson Consulting Engineers Ltd

Location: W_estfield Court, Rear Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer Cavity Type
Video Ref mm mm &
Condition
06/05/2025 B13 012 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on Ties
Present Concrete | 75 4 Ties Visible Evenly Spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and appear
central within cavity.
06/05/2025 B14 013 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on Ties
Present Concrete | 75 2 Ties Visible Ties viewed are in good Views Partially
“Orlit” condition and appear central within cavity. Obscured By Concrete
Panel Column
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Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, Front Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
07/05/2025 B15 014 None Brick Pre Cast Steel Galvanized Flat Tie Views Obscured By
Present Concrete | 75 2 Ties Visible at Top of Orlit Panel Debris in Cavity
“Orlit” Ties appear to be missing at bottom of
Panel panel .
07/05/2025 B16 015 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 2 Ties Visible, Ties viewed are in good visible, with what
“Orlit” condition and appear central within cavity. | appears to be Tie Bent
Panel back Against concrete
surface.
07/05/2025 B17 016 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on
Present Concrete | 75 5 Ties Visible Evenly Spaced at Top and Ties
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and
appear central within cavity.
Remedial Helifix Type Tie Visible
07/05/2025 B1S8 017 None Brick Pre Cast Steel Galvanized Flat Tie Short Video only part
Present Concrete | 75 1 Tie Visible at Top of Orlit Panel of full 360 degree view
“Orlit” Tie viewed is in good condition and recorded.
Panel appeasr central within cavity.
07/05/2025 B19 018 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 2 Ties Visible Visible
“Orlit” Ties viewed are in good condition and
Panel appear central within cavity.
07/05/2025 B20 019 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 5 Ties Visible Evenly Spaced at Top and Visible
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and
appear central within cavity

14



Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, Front Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
07/05/2025 B21 020 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging On
Present Concrete | 75 4 Ties Visible evenly spaced at Top and Ties
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and Concrete Column
appear central within cavity. Visible
07/05/2025 B22 021 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 3 Ties Visible evenly spaced at Orlit Visible
“Orlit” Panel. Tie Missing at Bottom of Orlit
Panel Panel
Ties viewed are in good condition and
appear central within cavity.
07/05/2025 B23 022 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on
Present Concrete | 75 3 Ties Visible Ties
“Orlit” Ties viewed are in good condition and
Panel appear central within cavity.
Bottom Tie appers to be missing
07/05/2025 B24 024 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 g ;11"11:,; ;i:esible evenly spaced at Top and Bottom of Visible
“Orlit” Ties viewed are in good condition and appear central
Panel within cavity.
07/05/2025 B25 025 None Concrete | Pre Cast No Ties Visible Concrete Column
Present Concrete | 35 Very Narrow Cavity At Column Position | Visible
“Orlit” Which Limits the Depth of Field View
Panel from Borescope
07/05/2025 B26 026 None Concrete | Pre Cast (1)1‘1{0 Eemledial Helifix TypeTie Visible Column- Concrete Column
rlit Pane . .
Present §rick C:?On:;;?,e 4375 Narrow Cavity_ At quumn Position Which Limits Visible
the Depth of Field View from Borescope
027 Panel 2 Ties Visible
1 No Remedial Helifix TypeTie Visible to Brick
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Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, Front Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
07/05/2025 B27 028 None Concrete | Pre Cast No Ties Visible No Ties Visible Mortar
Present Concrete | 40 Very Narrow Cavity At Column Position | Debris In Cavity
“Orlit” Which Limits the Depth of Field View Obscuring View
Panel from Borescope
07/05/2025 B28 029 None Concrete | Pre Cast No Ties Visible
Present Concrete | 40 Very Narrow Cavity At Column Position
“Orlit” Which Limits the Depth of Field View
Panel from Borescope
08/05/2025 B29 030 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Section
Present Concrete | 75 2 Ties Visible Evenly Spaced at Top of Visible Spanning
“Orlit” Orlit Panel Cavity
Panel Ties viewed are in good condition and
appear central within cavity.
Bottom Tie appears to be missing
08/05/2025 B30 031 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Section
Present Concrete | 75 3 Ties Visible evenly spaced at Top and Visible Spanning
“Orlit” Bottom of Orlit Panel Cavity
Panel Ties viewed are in good condition and
appear central within cavity.
08/05/2025 B31 032 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 1 Tie Visible at Top of Orlit Panel Visible
“Orlit” Ties appear to be missing Tie viewed is in
Panel good condition and appear central within
cavity.
08/05/2025 B32 033 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 g;ll"iif;;;ieslible evenly spaced at Top and Bottom of Visible
“Orlit” Ties viewed are in good condition and appear central
Panel within cavity.
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Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, Front Elevation

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
08/05/2025 B33 034 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging
Present Concrete | 75 3 Ties Visible evenly spaced at Top of
“Orlit” Orlit Panel
Panel Tie appears to be missing at bottom of
panel.
Ties viewed are in good condition and
appear central within cavity.
08/05/2025 B34 035 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 4 Ties Visible evenly spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and
appear central within cavity.
08/05/2025 B35 036 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 4 Ties Visible evenly spaced at Top and
“Orlit” Bottom of Orlit Panel
Panel Ties viewed are in good condition and
appear central within cavity.
08/05/2025 B36 037 None Concrete | Pre Cast No Ties Visible Concrete Column
Present Concrete | 45 Visible
“Orlit”
Panel
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Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, North Gable

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
08/05/2025 B37 038 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 2 Ties Visible
“Orlit” Ties appear to be missing at top and
Panel bottom of panel.
08/05/2025 B38 039 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 3 Ties Visible
“Orlit” Ties appear to be missing at top and
Panel bottom of panel
08/05/2025 B39 040 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on
Present Concrete | 75 5 Ties Visible Evenly Spaced at Top and Ties
“Orlit” bottom of Orlit Panel
Panel Ties viewed are in good condition and
appear central within cavity.
08/05/2025 B40 041 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 3 Ties Visible, Ties appear to be missing
“Orlit” at top and bottom of panel
Panel Ties viewed are in good condition and
appear central within cavity.
4 x Remedial Helifix Type Ties Visible
08/05/2025 B41 042 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 2 Ties Yis?ble, Ties appear to be missing ,Ties apper
N1t s to be missing at top and bottom of panel.
Orlit Ties viewed are in good condition and appear central
Panel within cavity.
2 x Remedial Helifix Type Ties Visible
08/05/2025 B42 043 None Concrete | Pre Cast No Ties Visible Concrete Column
Present Concrete | 45
“Orlit”
Panel
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Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, North Gable

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
08/05/2025 B43 044 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 75 2 Ties Visible Visible
“Orlit”
Panel
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Will Rudd Davidson Consulting Engineers Ltd

Location: Wes_tfield Court, South Gable

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
09/05/2025 B44 045 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 4 Ties Visible Ties Visible Evenly Spaced
“Orlit” at Top and Bottom of Orlit Panel
Panel Ties viewed are in good condition and
appear central within cavity.
09/05/2025 B45 046 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 2 Ties Visible
“Orlit” Ties appear to be missing where viewed at
Panel previous locations.
Remedial Helifix Typ Tie Visible
09/05/2025 B46 047 None Brick Pre Cast Steel Galvanized Flat Tie Mortar Bridging on
Present Concrete | 75 4 Ties Visible Ties
“Orlit” Ties appear to be missing where viewed at
Panel previous locations.
Remedial Tie Visible
09/05/2025 B47 048 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 1 Tie Visible. Ties appear to be missing at
“Orlit” top and bottom of panel.
Panel Ties viewed are in good condition and
appear central within cavity.
09/05/2025 B48 049 None Brick Pre Cast Steel Galvanized Flat Tie o Mortar Bridging on
Present Concrete | 75 2 Ties Yls}ble, Ties appear to be missing ties appear Ties
e to be missing at top and bottom of panel.
Orlit Ties viewed are in good condition and appear central
Panel within cavity.
2 x Remedial Ties Visible
09/05/2025 B49 050 None Brick Pre Cast Steel Galvanized Flat Tie Concrete Column
Present Concrete | 45 2 Ties Visible, Ties appear to be missing visible, with what
“Orlit” Ties viewed are in good condition and appears to be Tie Bent
Panel appear central within cavity. back Against concrete
2 x Remedial Ties Visible surface.
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Will Rudd Davidson Consulting Engineers Ltd

Location: We_stfield Court, South Gable

appear central within cavity.
2-3 x Remedial Ties Visible

Location Insulstion Tie Comments
Date Ref Borescope Type Inner Outer | Cavity Type
Video Ref mm mm &
Condition
09/05/2025 B50 051 None Brick Pre Cast Steel Galvanized Flat Tie
Present Concrete | 75 4 Ties Visible, Ties Visible are evenly
“Orlit” Spaced at Top and Bottom of Orlit Panel
Panel Ties viewed are in good condition and
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Concrete Test Results Table
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CONCRETE TEST RESULTS TABLE- WESTFIELD COURT, EDINBURGH

Test | Sample Location Dz::{:r"f Depth Olf Ch(LZ;i-ie rﬁ:s:t:fnt Corrosion Photograph
Area Ref Carbonation cenrent*) Risk
(mm) (mm) Reference

c1 D1 | RearElevation-Stringer Course [ 35 0-2 0.28 Low 097

Cc2 D2 Rear Elevation- Stringer Course 37 8-10 0.08 Low 103 &104

C3 D3 Rear Elevation- Stringer Course 38 0-2 0.25 Low 105&106

c4 D4 Rear Elevation- Stringer Course 35 15-20 <0.01 Low 107&108

C5 D5 Rear Elevation- Stringer Course 27 2-4 0.27 Low 109-111

Cé6 D6 Front Elevation- Window Sil 9 10 0.62 High 112&113

c7 D7 Front Elevation- Stringer Course 16 2-4 0.20 Low 114

C8 D8 Front Elevation- Stringer Course 42 0-2 <0.01 Low 115

Cc9 D9 Front Elevation- Stringer Course 32 10-12 0.04 Low 116
C10 D10 Front Elevation- Stringer Course 42 15-20 0.06 Low 117
C11 D11 Front Elevation- Stringer Course 38 30 0.43 Moderate 118 &119
C12 D12 South Gable- Stringer Course 18 2-4 0.24 Low 121
C13 D13 South Gable- Stringer Course 23 0-2 0.06 Low 122

Notes: cement content assumed to be 14%.

Corrosion Risk Determined from BRE Digest 444 Part 2:

Corrosion of Steel in Concrete.
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Concrete Test Results Certificate
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25/3045/3352

1. INTRODUCTION
1.1. Further to the instructions of Will Rudd Davidson, Capital Testing Services Ltd have
carried out building inspection and testing works on flat 2/1 Westfield Court,
Alexander Drive, Edinburgh. The purpose of the investigation was to provide details of
the material properties and limited structural details in order to assess the suitability of
the property for continued residential use.
1.2. The investigation was carried out in April 2025

2. EXTENT OF INVESTIGATION

2.1. A covermeter survey was conducted to assess the level of concrete cover protecting the
embedded reinforcement in concrete elements.

2.2. Breaking out of concrete to confirm the concrete cover to reinforcement, size,
condition and arrangement of reinforcement.

2.3. Concrete dust samples were taken for the purpose of chemical analysis.

2.4. Removal of concrete core samples to determine the compressive strength.

2.5. Borescope and Brick Romoval to Inspect Wall ties.

3. INSPECTION PROCEDURES

3.1. The Elcometer 331 covermeter used in the survey was calibrated on site by locating
and exposing reinforcement in the concrete selement, and using actual measurement of
depth to metal reinforcement for calibration purposes. The survey was conducted by
using the known depth of reinforcement contained within the concrete element. The
lowest readings were then marked within a small area in each direction to establish the
arrangement and depth of reinforcement. This was then recorded for reporting
purposes.

3.2. Breakouts were conducted by identifying the position of reinforcement using the
Elcometer 331. The concrete cover to reinforcement was removed using a Hilti TAG-
76 110v rotary percussion drill fitted with various drill bits. Measurements and
photographs were then taken for reporting purposes.

3.3. Concrete dust samples were taken at various locations. The samples were removed
using a Hilti TAG-76 110v rotary percussion drill fitted with a 16mm diameter drill
bit. Holes were drilled on each sample to a depth of 50mm. At the same locations as
the dust samples, the depth of carbonation was measured in accordance with BRE
Information Sheet IP6/81, using a phenolphthalein indicator solution sprayed on a
freshly broken concrete surface and measuring the depth of concrete to which no
distinct colour change occurred. Samples were submitted to Stanger Testing Services
for Chemical Analysis.

3.4. Sample cores of the concrete elements were taken using a 110v hand held water flush
rotary percussion core rig fitted with a 100mm diameter diamond impregnated core
barrel.Core Samples were submitted to MatTest Ltd for visual description and
compressive strength testing.

3.5. A small area of the external wall cavity was surveyed by means of 90 degree
borescope to confirm presence and position of wall ties before removing a single brick
to confirm type embedment and condition.
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25/3045/3352

4. LABORATORY TEST RESULTS

4.1. Chemical Test Results are presented in Appendix B.
4.2. Core Sample Test Results are presented in Appendix C

5. OBSERVATION RECORDS

5.1. Observation Records are presented in Appendix E.
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APPENDIX A

INVESTIGATION LOCATIONS
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CHEMICAL RESULTS TABLE

&

APPENDIX B

ANALYSIS CERTIFICATE

Flat 2/1 Westfield Court

Location Cover To Depth of Chloride
Date Ref Reinforcement | Carbonation | Content
by Mass
Cement
mm mm %
01/5/2054 D1 18 0-2 0.06
Beam
D2 18 0-2 0.06
Column
D3 40 0-2 0.01
Column
D4 87 0-2 0.03
Floor
Slab
D5 33 2-4 0.15
Beam
D6 87 0-2 0.01
Floor
Slab
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APPENDIX C

TEST CORE RESULTS TABLE

&

TEST CERTIFICATES

Flat 2/1 Westfield Court

Location As Received | Compressive
Date Ref Densty Strength
Kg/m3 N/mm2
16/5/2025 C1B 2310 352
Beam
C2 2290 25.8
Clumn
C3 2240 17.7
Column
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APPENDIX D

CORE SAMPLE PHOTOGRAPHS
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APPENDIX E

INVESTIGATION RESULTS

&

OBSERVATIONS
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25/3045/3352

INVESTIGATION RESULTS

Location BO1 Colmn ( living room)

Location BO1 Beam ( living room)

/ 15mm Square Twist
—— 20mm Square Twist
11mm Square Twist Link Bar
Spacing 200mm.
Depth of Cover 18mm to front face

Breakout at location BO1 shows 15 and 20 mm Square Twist Main Bar
with 11mm Square Twist Link Bar at 200mm spacing. All bars

are in good condition.
Both Longtitudnal main Bars Extend into Column

25.4mm Round Bar

/ / 8mm Round Link Bar
Spacing 250mm
Ol
Depth of Cover 30mm

Breakout at location C4 shows 25.4mm Round Main Bars with 8mm
Link Bars at 250mm spacing. All bars are in good condition.

NOTES:- Drawings not to scale. Reference Photographs 49-53

prerareD BY: [

CLIENT: Will Rudd Davidson

PROJECT:
Flat 2/1 Westfield Court, Edinburgh

Capital Testing Services Ltd
Units 13/14 Laverock Road
Stirling Road Industrial Estate
Airdrie

43 York Place, DATE: April 2025

Edinburgh SHEET NO.. b5c4
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25/3045/3352

INVESTIGATION RESULTS

Location BO2 Column Mid Hieght ( living room)

25.4mm Round Bar

/

o o

Breakout at location BO2 Column shows 25.4mm Round Vertical Main Bar
Link Spacing 200mm 25mm Cover

NOTES:- Drawings not to scale. Reference Photographs 54-55

Capital Testing Services Ltd PROJECT: CLIENT: Will Rudd Davidson PREPARED BY: -

Units 13/14 Laverock Road i . 43 York Place ;

Stirling Road Industrial Estate Flat 2/1 Westfield Court, Edinburgh Edinburah DATE: April 2025

Airdrie g SHEET NO.: b5c4
Page 19 of 24
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25/3045/3352

INVESTIGATION RESULTS
Location BO3 Beam/Top of Column (Bedroom 1)
COLUMN
25.4mm Round Bar

BEAM

20mm Square Twist

‘ 8mm Square Twist Link Bar 9mm Round Link Bar
Spacing 200mm. |. /Spacing 200mm
Depth of Cover 26mm to front face Depth of Cover 38mm

Breakout at location BO3 Top of Column shows 25.4mm Round Vertical Main Bar

Breakout at location BO3 shows 20 mm Square Twist Main Bar
With 9mm Round Link Bars

with 8mm Square Twist Link Bar at 200mm spacing. All bars

are in good condition.
Longtitudnal main Bar ExtendS into Column

NOTES:- Drawings not to scale. Reference Photographs 61-63
Capital Testing Services Ltd PROJECT: CLIENT:  Will Rudd Davidson PREPAREDBY: [
Stiring Road ndusial Exate Flat 2/1 Westfield Court, Edinburgh Ednboran DATE April 2025
Airdrie SHEET NO.: b5c4
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25/3045/3352

INVESTIGATION RESULTS

Location BO4 Beam/Top of Column (Bedroom 1)
COLUMN

BEAM
15mm Square Twist 25.4mm Round Bar
‘ 9mm Square Twist Link Bar 8mm Round Link Bar
Spacing 200mm. |. Spacing 200mm
/ Depth of Cover 24mm

Depth of Cover 20mm to front face

Breakout at location BO4 Top of Column shows 25.4mm Round Vertical Main Bar

Breakout at location BO4 shows 15 mm Square Twist Main Bar
With 8mm Round Link Bars

with 9mm Square Twist Link Bar at 200mm spacing. All bars

are in good condition.
Longtitudnal main Bar Extends into Column

NOTES:- Drawings not to scale. Reference Photographs 64-67

Capital Testing Services Ltd PROJECT: CLIENT.  Will Rudd Davidson PrerareD BY: [
Units 13/14 Laverock Road . . 43 York Place .

Stirling Road Industrial Estate Flat 2/1 Westfield Court, Edinburgh Edinburah ’ DATE: May 2025
Airdrie g SHEET NO.: b5c4
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25/3045/3352

INVESTIGATION RESULTS

Location BO5 Transverse Beam/Top of Column (Bedroom 1)
TRANSVERSE BEAM

20mm Square Twist

‘ 10mm Square Twist Link Bar
Spacing 200mm.
Depth of Cover 35mm to front face

Breakout at location BO5 shows 20 mm Square Twist Main Bar
with 10mm Square Twist Link Bar at 200mm spacing. All bars

are in good condition.
Longtitudnal main Bar Extends into Column

25/3045/3352.rep

NOTES:- Drawings not to scale. Reference Photographs 68-73
Capital Testing Services Ltd PROJECT: CLIENT:  Will Rudd Davidson prerarep sy: [
Stiring Road mduainal Estate Flat 2/1 Westfield Court, Edinburgh gi\r:m;:ace, DATE: May 2025
Airdrie SHEET NO.: b5c4
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25/3045/3352

WINDOW FRAME CONNECTIONS

Typical Window Frame Connections

Typical Window Frame Connections

NOTES:- Drawings not to scale. Reference Photographs: Flat 2/1 58,59,77.78.79 Reference Photographs: Flat 1/4 124-130
Capital Testing Services Ltd PROJECT: Flat 2/1 Westfield Court, Edinburgh CLIENT:  Will Rudd Davidson PREPARED BY:
Units 13/14 Laverock Road 43 York Place, .
Stirling Road Industrial Estate Edinburah DATE: May 2021
Airdrie g SHEET NO.: 2
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Appendix E — Archive Drawings

Westfield Court & Alexander Drive, EH11 2RJ | Structural Condition Report | E20511-WRD-XX-XX-RP-S-00001 | Rev P02
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Appendix F — Progressive Collapse Calculations

Westfield Court & Alexander Drive, EH11 2RJ | Structural Condition Report | E20511-WRD-XX-XX-RP-S-00001 | Rev P02
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An assessment of existing tie provision will be undertaken within the following calculations.

The analysis will take into the consideration the historic drawings that have been made available for
Westfield Court. These include reinforcement layouts which provide some indication to how the
structure would have been formed and tied together during construction.

Intrusive concrete testing has been undertaken by Capital Testing. This will be used to verify the
archive information and inform the type or size of reinforcement ties which are likely present between
key concrete elements.

The BS and EC evaluation of tie forces are virtually identical and therefore we will base the following
assessment on BS, since the construction of this structure pre-dates the EC guidance. This should,
however, follow the exact same principles.

Assessment of Tie Forces

Horizontal ties will be assessed for the following criteria:

Each external column and (if the peripheral ties are not located within the wall), every meter length of
external wall carrying vertical load should be anchored or tied horizontally into the structure at each
floor and roof level with a tie capable of developing a force (in kN) equal to the greater of;

a) 2.0 * Ft or (Ls/2.5)Ft (if less). Where Ls is the floor-to-ceiling height (in metres); or
b) 3% of the total design ultimate vertical load carried by the column or wall at that level

Where:

Ft = the lesser of (20 + 4No) or 60, where No. is the number of storeys in the structure.
Ft = (20 + 4*8) = 52kN

Therefore adopt the lesser which is 52 kN

OR

3% of the total design ultimate vertical load carried by the column at that level. The ultimate vertical
load carried by the column at that level (i.e. at first floor where the void flat is located and therefore
supports 7 floors and roof above).

Dead/Permanent Loading (Gk):

Slab self weight (ribbed with 130mm average depth) = 25 * 0.13 = 3.25 kN/m2
Ceiling and finishes allowance = 0.25 kN/m2

Services = 0.1 kN/m2

Total DL = 3.6 kN/m2

Partition loading for brickwork walls = 1.0 kN/m2
Allow a 20% self weight for concrete beams within the depth of the floor slab = 0.65 kN/m2
This gives a total DL at each floor level = 5.25 kN/m2

Imposed/Live Loading (QK):

Domestic Loading for a flat = 1.5 kN/m2
or
Roof loading with M&E allowance = 1.5 kN/m2
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Dead/Permanent Loading (GK):
This gives a total DL at each floor level = 5.25 kN/m2

Imposed/Live Loading (QK):

Domestic Loading for a flat = 1.5 kN/m2

or

Roof loading with M&E allowance = 1.5 kN/m2

Total ULS loading at each floor level =
(1.4*5.25) + (1.6 * 1.5) = 9.75 kN/m2

Consider 3% of the worst case applicable load at 1st floor which supports 7 floors above and roof.
Giving a total tie force = 9.75 kN/m2 * 8 * 0.03 = 2.34 kN/m2

Therefore providing a single column does not support a greater floor area than 27m2, a maximum tie
force of 60kN is considered

Consider Horizontal Ties

The conservative approach is to ignore the tensile capacity of concrete provided this is an inherent
weakness to concrete as a material and thus has limited tensile capacity. The tensile resistance will
be resisted by any reinforcement which is notable acting as a tie between two elements (typically
between beam and column).

Refer to the extract above from the Capital Testing records.
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Consider Horizontal Ties

Tie bars are noted in breakout locations undertaken by CT.

These are in the form of 15mm and 20mm square twist bars which extend from beam into the
column. These are recorded to be in good condition which provides comfort that these have note
been weakened by any corrosive actions.

fs = 250 N/mm2

Area of 15mm square twist bar = pi * 7.5"2 = 176mm2
Area of 20mm square twist bar = pi * 10"2 = 314 mm2

Total tensile capacity of the longitudinal bars which extend/lap into the column reinforcement =
(176 x 250) + (314x 250) * 0.9 = 110 kN > 60 kN

Tensile capacity achieved assuming full tensile lap length.

If worst case, the 20mm square twist bar was the only bar to be sufficiently lapped, this would still
provide 70kN which is greater than the 60kN tensile force required.

Consider Vertical Ties

Each column and each wall carrying vertical load should be tied continuously from the lowest to the
highest level. The tie should be capable of resisting a tensile force equal to the maximum design ULS
load supported by the column or wall from one storey.

Worst case loaded area which the column supports is taken as (3.75m x 4.4m) and is located central
within the flat general arrangement.

Area of load = 3.75m x 4.4m = 16.5 m2
ULS per floor = 9.75 kN/m2
Tensile load applied = 16.5 x 9.75 = 161 kN

The column within living room space has 25mm DIA. reinforcement bars.

Number of bars has not been confirmed but 4No. minimum is suitable assumption.

A single bar will provide = pi * 12.5"2 * 250 * 0.9 * 0.001 = 110 kN

4No = 440kN > 161 kN

It is therefore deemed satisfactory that the vertical tie force is resisted by the column reinforcement.
We would also note that the column will likely have greater than 4No. vertical bars provided it is at
lower level of a 8 storey building. The nature of in-situ concrete means that the reinforcement should
be suitably lapped between building levels for standard construction practices.
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Consider Horizontal Ties

Through assessment of the structure to determine the minimum requirements for tie force is met by
standard detailing measures, key element analysis is not a requirements. However, the column will
be checked to determine if it is capable of performing as a key element in an case.

Size of column = 400mm x 400mm (Based on historical information)

Main reinforcement = 4No. 25mm DIA bars (minimum)

Shear links = 8mm DIA. at 250mm CTR (worst case across testing at Flat 2/1)

Load applied to column per floor/roof level =
161 kN x 8 = 1300 kN (ULS)

Load case for accidental loading = 1.0Gk + 1.0Qk + Key element loading

Key elements to be subject to a 34 kN/m2 load in conjunction with any load which may reasonably be
applied at the time of accidental loading.

Ultimate loading to be divided by partial safety factor to determine actual load applied.
Fs = 1300/1.45 = 900kN

Key element load applied = 34 kN/m2 * 0.4m = 13.6 kN/m
Floor to ceiling height = 2650mm

Moment applied from key element loading = WL"2/10 (continuous) =
13.6 * 2.65"2 /10 = 10 kNm (at top)

Shear force applied from key element loading = WL/2 =13.6 *2.65/2 = 20 kN

Refer to EC check of minimum column volumes with key item check.
This column is acceptable as a key element.
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RC COLUMN DESIGN (EN 1992)

In accordance with EN1992-1-1:2004 incorporating Corrigendum January 2008 and the UK national annex

Design summary

Tedds calculation version 1.4.08

Description Unit Provided Required Utilisation |Result
Moment capacity (y) kNm 170 26 0.15 PASS
Moment capacity (z) kNm 170 26 0.15 PASS
Biaxial bending 0.17 PASS
Shear capacity (y) kN 117 20 0.17 PASS
Shear capacity (z) kN 117 20 0.17 PASS
Column input details

Column geometry

Overall depth (perpendicular to y axis) h =400 mm

Overall breadth (perpendicular to z axis) b= 400 mm

Stability in the z direction Braced

Stability in the y direction Braced

Concrete details

Concrete strength class C20/25 Note than minimum 20N/mm2 strength

Partial safety factor for concrete (2.4.2.4(1))
Coefficient owcc (3.1.6(1))
Maximum aggregate size

Reinforcement details

Nominal cover to links

Longitudinal bar diameter

Link diameter

Total number of longitudinal bars

No. of bars per face parallel to y axis
No. of bars per face parallel to z axis
Area of longitudinal reinforcement
Characteristic yield strength

Partial safety factor for reinft (2.4.2.4(1))

yc =1.50
ace = 0.85
dg =20 mm

Cnom = 35 mm
¢ =25mm
ov =8 mm
N=4
Ny= 2
Nz= 2

As=Nx 7 x ¢?/4=1963 mm?

fyk = 500 N/mm?2
ys =1.15

concrete assumed from the concrete core
samples undertaken.
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Modulus of elasticity of reinft (3.2.7(4))

Fire resistance details
Fire resistance period
Exposure to fire

Ratio of fire design axial load to design resistance

Es = 200 kN/mm?2

R =120 min
Exposed on more than one side
wi = 0.70

Axial load and bending moments from frame analysis

Design axial load

Moment about y axis at top
Moment about y axis at bottom
Moment about z axis at top
Moment about z axis at bottom

Column effective lengths
Effective length for buckling about y axis
Effective length for buckling about z axis

Calculated column properties

Concrete properties

Area of concrete

Characteristic compression cylinder strength
Design compressive strength (3.1.6(1))
Mean value of cylinder strength (Table 3.1)
Secant modulus of elasticity (Table 3.1)

Rectangular stress block factors
Depth factor (3.1.7(3))
Stress factor (3.1.7(3))

Strain limits
Compression strain limit (Table 3.1)
Pure compression strain limit (Table 3.1)

Design yield strength of reinforcement
Design yield strength (3.2.7(2))

Ned = 1300.0 kN

Miopy = 10.0 kNm
Mbtmy = 0.0 kNm
Miwpz = 10.0 KNm
Mbtmz = 0.0 kKNm

loy= 2650 mm
loz= 2650 mm

Ac =h x b =160000 mm?2

fek = 20 N/mm?

fed = otee x fek /yc = 11.3 N/mm?
fem = fok + 8 MPa = 28.0 N/mm?

Ecm = 22000 MPa x (fem / 10 MPa)°3 = 30.0 kN/mm?2

Asb = 0.8
n=10

gcus = 0.00350
ec3 = 0.00175

fya = fyk / ys = 434.8 N/mm?2

Check nominal cover for fire and bond requirements

Min. cover reqd for bond (to links) (4.4.1.2(3))
Min axis distance for fire (EN1992-1-2 T 5.2a)

Allowance for deviations from min cover (4.4.1.3)

Min allowable nominal cover

Cminb = max(¢v, ¢ - ¢v) = 17 mm
afi =57 mm
ACdev = 10 mm

Note that the cover to existing column
is generally lower than acceptable at
circa 30mm. Provided the age of the
structure, this 'failure’ to modern EC is
acceptable in this instance. Concrete
testing has generally confirmed that
the depth of carbonation is minimal
(<10mm) and risk of corrosion to the
structure is small. Any assessment
required in terms of fire resistance
must be assessed by a fire engineer if
deemed necessary.

Cnom_min = max(aﬁ - (I) /12- (l)v, Cmin,b + ACdev) =36.5 mm

| FAIL - the nominal cover is less than the minimum required

Effective depths of bars for bending about y axis

Area per bar

Spacing of bars in faces parallel to z axis (c/c)

Layer 1 (in tension face)
Layer 2
Effective depth about y axis

Abar:nx¢2/4:491mm2

sz =(h-2 x (Cnom + ¢v) - ) / (Nz - 1) = 289 mm

dylzh-Cnom-¢v-(1)/2:344mm
dy2:dy1-Sz:55 mm
dy:dy1:344 mm

Effective depths of bars for bending about z axis

Area of per bar

Abar:nx¢2/4:491mm2
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Spacing of bars in faces parallel to y axis (c/c)
Layer 1 (in tension face)

Layer 2

Effective depth about z axis

Column slenderness about y axis

Radius of gyration

Slenderness ratio (5.8.3.2(1))

Column slenderness about z axis
Radius of gyration
Slenderness ratio (5.8.3.2(1))

Design bending moments

Sy =(b -2 x (Cnom + ¢v) - ¢) / (Ny - 1) = 289 mm
dz1 =D - Cnom - v - ¢/ 2 = 344 mm

dz2 = dz1 - sy =56 mm

dz = dz2 = 344 mm

iy=h/~(12) = 11.5 cm
7\,y = |Oy / iy =229

iz=b/V(12)=11.5cm
Az = |Oz / iz =229

Frame analysis moments about y axis combined with moments due to imperfections (cl. 5.2 & 6.1(4))

Ecc. due to geometric imperfections (y axis)
Min end moment about y axis
Max end moment about y axis

eiy = loy /400 = 6.6 mm
Mo1y = min(abs(Mtopy), abs(Mbtmy)) + €iy x Ned = 8.6 kNm
Mozy = max(abs(Mtopy), abs(Mbimy)) + ey x Neda = 18.6 KNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A

Mechanical reinforcement ratio
Factor B

Moment ratio

Factor C

Relative normal force
Slenderness limit

A=0.7

© = As x fya / (Ac x fed) = 0.471
B=+V(1+2xe)=1.393

rmy = Mo1y / Mozy = 0.463

Cy=1.7 - rmy = 1.237

n = Ned / (Ac x fed) = 0.717

Mimy =20 x A x B x Cy/ V(n) = 28.5

Ay<Aiimy - Second order effects may be ignored

Frame analysis moments about z axis combined with moments due to imperfections (cl. 5.2 & 6.1(4))

Ecc. due to geometric imperfections (z axis)
Min end moment about z axis
Max end moment about z axis

eiz = loz /400 = 6.6 mm
Mo1z = min(abs(Mtopz), abs(Mbtmz)) + €iz x Ned = 8.6 KNm
Moz2z = max(abs(Mtwpz), abs(Mbimz)) + €iz x Ned = 18.6 kNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A

Mechanical reinforcement ratio
Factor B

Moment ratio

Factor C

Relative normal force
Slenderness limit

Design bending moments (cl. 6.1(4))
Design moment about y axis
Design moment about z axis

A=0.7

© = As x fya / (Ac x fed) = 0.471
B=V(1+2x e)=1.393

I'mz = Mo1z / Mo2z = 0.463

C:=1.7 - rmz = 1.237

n = Ned / (Ac x fed) = 0.717

Mimz = 20 x A x B x Cz/ V(n) = 28.5

Az<Aimz - Second order effects may be ignored

Medy = max(Mozy, Ned x max(h/30, 20 mm)) = 26.0 KNm
Medz = max(Mozz, Ned x max(b/30, 20 mm)) = 26.0 kNm
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Moment capacity about y axis with axial load (1300.0 kN)

Moment of resistance of concrete

By iteration:-

Position of neutral axis y =285.0 mm

Concrete compression force (3.1.7(3)) Fyc = nx fed x min(ksb x ¥, h) x b = 1033.6 kN
Moment of resistance Mrdyc = Fye x [N/ 2 - (min(Asb x y , h)) / 2] = 88.9 KNm
Moment of resistance of reinforcement

Strain in layer 1 gy1 = gcus x (1 -dy1/y)=-0.00073

Stress in layer 1 oy1 = max(-1xfyd, Es x gy1) = -146.1 N/mm?
Force in layer 1 Fy1 = Ny x Abar x oy1 = -143.5 kKN

Moment of resistance of layer 1 Mrdy1 = Fyr x (h/ 2 - dy1) = 20.7 kNm

Strain in layer 2 gy2 = gcus x (1 - dy2 / y) = 0.00282

Stress in layer 2 oy2 = min(fyd, Es x gy2) - 1 x fed = 423.4 N/mm?
Force in layer 2 Fy2 = Ny x Abar x oy2 = 415.7 kKN

Moment of resistance of layer 2 Mrdy2 = Fy2 x (h / 2 - dy2) = 60.1 kNm
Resultant concrete/steel force Fy = 1305.8 kN

PASS - This is within half of one percent of the applied axial load

Combined moment of resistance
Moment of resistance about y axis Mrdy = 169.7 kNm
PASS - The moment capacity about the y axis exceeds the design bending moment

Moment capacity about z axis with axial load (1300.0 kN)

Moment of resistance of concrete

By iteration:-

Position of neutral axis z =285.0 mm

Concrete compression force (3.1.7(3)) Fzc = nx fed x min(Asb x z , b) x h = 1033.6 kN
Moment of resistance Mrdze = Fze x [b /2 - (min(Asb x z , b)) / 2] = 88.9 KNm
Moment of resistance of reinforcement

Strain in layer 1 €21 = gcus X (1 - dz1 / z) = -0.00073

Stress in layer 1 oz1 = max(-1xfyd, Es x £21) = -146.1 N/mm?2
Force in layer 1 Fz1 = Nz x Abar x 621 = -143.5 kN

Moment of resistance of layer 1 Mrdz1 = Fz1 x (b / 2 - dz1) = 20.7 KNm

Strain in layer 2 €22 = geus X (1 - dz2 / z) = 0.00282

Stress in layer 2 o022 = Min(fyd, Es x €22) -  x fea = 423.4 N/mm?2
Force in layer 2 Fz2 = Nz x Abar x 622 = 415.7 kN

Moment of resistance of layer 2 Mrdzz = Fz2 x (b / 2 - dz2) = 60.1 KNm
Resultant concrete/steel force Fz =1305.8 kN

PASS - This is within half of one percent of the applied axial load

Combined moment of resistance
Moment of resistance about z axis Mrdz = 169.7 KNm
PASS - The moment capacity about the z axis exceeds the design bending moment

Biaxial bending
Determine if a biaxial bending check is required (5.8.9(3))
Ratio of column slenderness ratios ration = max(Ay, Az) / min(iy, Az) = 1.00
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Eccentricity in direction of y axis
Eccentricity in direction of z axis
Equivalent depth

Equivalent width

Relative eccentricity in direction of y axis
Relative eccentricity in direction of z axis
Ratio of relative eccentricities

Biaxial bending (5.8.9(4))

Design axial resistance of section

Ratio of applied to resistance axial loads
Exponent a

Biaxial bending utilisation

Shear along y axis- Section 6.2)

Design shear force

Tension reinforcement
Depth of tension reinforcement

Width of the cross section in tensile area
Longitudinal reinforcement radio
Axial pressure in cross-section

Design shear resistance —exp. 6.2a &b

Shear along z axis- Section 6.2)
Design shear force

Tension reinforcement
Depth of tension reinforcement

Width of the cross section in tensile area
Longitudinal reinforcement radio
Axial pressure in cross-section

Design shear resistance —exp. 6.2a &b

ey = Medz / Neda = 20.0 mm

ez = Medy / Neda = 20.0 mm

heq = iy x V(12) = 400 mm

beq = iz x V(12) = 400 mm

erel y = €y [ beq = 0.050

erel z = €z / heqg = 0.050

ratioe = min(erely, €rel z) / max(erely, €rel z) = 1.000

ratioe > 0.2 - Biaxial bending check is required

Nrd = (Ac x fed) + (As x fyd) = 2667.0 kN
ration = Ned / Nrd = 0.487
a=1.32
UF = (Medy / Mrdy)? + (Medz / MRrdz)2 = 0.167
PASS - The biaxial bending capacity is adequate

VEed = Vedy = 20.0 kN
Crdc=0.18/yc =0.12
Asi=Nzxmx¢$2/4=982 mm?
dv = dz2 = 344 mm
kshear = min(1 + (200 mm / dv)%5, 2) = 1.762
bw=h =400 mm
pi = min(Asi / (bw x dv), 0.02) = 0.00712
oep = MiN(Ned / Ac, 0.2 x fed) = 2.27 N/mm?
Vmin = 0.035 N%3/mm x kshear®? x fek2 = 0.37 N/mm?2
ka1 shear =0.15
VRrd,c = Max(Crd,c x Kshear x (100 N2/mm* x pi x fek)3, vmin) x bw x dv +
K1,shear x ocp x bw x dv =117.5 kN
Ved / Vrde = 0.17
PASS - Design shear resistance exceeds design shear force

Ved = Vedz = 20.0 kN
Crdc =0.18/yc =0.12
Asi=Ny x 1t x ¢2/4 =982 mm?2
dv = dy1 = 344 mm
kshear = min(1 + (200 mm / dv)%5, 2) = 1.762
bw=b =400 mm
pi = min(As / (bw x dv), 0.02) = 0.00712
oep = MiN(Ned / Ac, 0.2 x fed) = 2.27 N/mm?2
Vmin = 0.035 N%5/mm x Kshear®? x fek/2 = 0.37 N/mm?2
K1,shear =0.15
VRd,c = Max(Crd,c x Kshear x (100 N2/mm# x pi x fek)3, vmin) x bw x dv +
K1,shear x Gep x bw x dv =117.5 kN
Ved / Vrde = 0.17
PASS - Design shear resistance exceeds design shear force






