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1 Introduction

1.1 Background

In June 2017, the Grenfell Tower fire resulted in the death of 72 residents, many
others becoming homeless and a wider impact on the local community and the UK
housing sector more broadly. The incident also posed a significant challenge to the
operational capabilities of the London Fire Brigade. In response to the Grenfell
Tower fire, Dame Judith Hackitt conducted an independent review of Building
Regulations and fire safety in England where she supported the recommendation to
carry out “...further research with the construction industry to understand who uses
Approved Documents, how they are used and where they are used to influence how
they should be developed in the future...”. Soon after, the Government through the
then Ministry of Housing, Communities & Local Government (MHCLG) introduced an
effective ban on combustible materials to the external walls of relevant buildings
through changes to Regulation 7 to the Building Regulations in England.

This report contributes to research that forms part of the recommended technical
review by the Building Safety Regulator (BSR) at the Health and Safety Executive
(HSE)! of the Building Regulations and statutory guidance given by Approved
Document B (AD B) for fire safety in buildings in England. The research investigates
the mechanisms of fire spread between balconies that might be located on the
external walls of multi-storey residential buildings. Particular focus is made on the
impact of having laminated glass as the balustrade of balconies as the introduction
to the changes to Regulation 7 resulted this product not being permitted for this use
on relevant buildings (as defined in Regulation 7). The research also examined
several other factors of relevance regarding the fire safety of balconies which are
summarised in this report and discussed in more detail in the accompanying
appendices.

‘Building work’ is a legal definition for work covered by the Building Regulations in
England. Although the guidance given by AD B is generally applied to building work
associated with new construction it is important to note that “Building work and
material changes of use subject to requirement B1 [of the Building Regulations]
include both new and existing buildings.” As such, although most of the study is

! The research was originally commissioned by the Ministry of Housing, Communities and Local
Government (MHCLG), which subsequently became the Department for Levelling Up, Housing and
Communities (DLUHC), which then transferred its role to develop and maintain Approved
Document B to the Health and Safety Executive (HSE).



assumed to be applicable to new buildings, the work also examined elements related
to existing buildings, particularly where AD B gives guidance on the use of a non-
combustible soffit to the underside of balcony decks that are made of a combustible
material. The application of a soffit may be used as a retrofitting solution to existing
buildings.

1.2 Work programme

At the start of the project the work programme associated was broken into three
broad objectives. Objective A was to carry out a review of the then current research
literature, standards and codes, incidents and history of balconies, spandrels and
laminated glass. Objective B was to examine the current guidance associated with
the three topics and Objective C was to then generate further knowledge. As the
work proceeded it was clear that the three topics had several overlaps and also
impacted on other research that was being carried out on behalf of the HSE. In
discussion with the HSE during the progress of the work the work programme was
modified to the following objectives:

* Objectives A and B: Review of the use of balconies, spandrels and
laminated glass in construction (Appendix A/B)

e Objective C1: Balcony fuel load survey (Appendix C1)
¢ Objective C2: Small-scale laminated glass experiments (Appendix C2)

e Objective C3: Balcony fire demonstration test methodology and matrix
(Appendix C3)

e Objective C4: Full-scale balcony fire demonstration tests (Appendix C4)

e Objective C5: Preliminary findings from computational fluid dynamics
simulations (Appendix C5)

¢ Objective C6: Spandrel zone demonstration test methodology
(Appendix C6)

These objectives broadly followed the initial plan of work. However, the research on
spandrels was not progressed as first envisaged, partly because the work would
overlap with the separate project on external wall systems (CPD 004/121/108, of
which OFR is also the lead partner), and partly to allow this project to have greater
focus on the balcony and laminated glass topics.

1.3 Reporting

This study has been carried out by a consortium of partners that has been led by
OFR. The majority of the work has been jointly undertaken by members of OFR and
Efectis. The responsibility of the members from University of Edinburgh and
University College London (UCL) has been to provide internal review and critique of
the work. These internal reviews have provided an important role in improving and



clarifying key elements. The contributors and their organisations are identified within
the reports contained within each appendix, relevant to the time of writing of the
reports. External oversight of the project has been provided by an Expert Review
Panel (ERP) consisting of stakeholders from various public and private
organisations.

The appendices to this final report are those documents released throughout the
research project with some relatively minor editorial and formatting changes. The
appendices retain the tenses as they were written at the time rather than being
updated to reflect their current status. The earlier documents make reference to work
that may or may not have subsequently been carried out as the result of ongoing
findings, and feedback from the BSR and the ERP. The research also needed to
adapt to various external factors such as newly published documents and events
that have occurred over its duration.

Related to the release of the contents of the appendices, several articles have been
published in the open literature. As a result of the review process, some of these
articles contain updated and or additional content that has not been included in the
original documents (i.e., the attached appendices). Further articles may be
forthcoming which may again differ from some elements of the work presented here
in response to feedback. A list of the published articles and those currently under
review is provided below:

1. M. Spearpoint, I. Rickard, ‘Laminated glass in balcony balustrades’,
International Fire Professional, 38, 43-51, 2021.

2. M. Spearpoint, |. Rickard, S. Lay, ‘Additional perspective on three balcony fire
incidents involving glass balustrades’, Fire Technology, Jul. 2021, doi:
10.1007/s10694-021-01154-6.

3. S. Bryant, |. Rickard. M. Spearpoint. ‘A survey of fire loads on private
residential balconies in England’, Fire Technology, 59, 3415-3443, 2023.
10.1007/s10694-023-01467-8

4. Bryant S, I. Rickard, M. Spearpoint, ‘Findings from a survey of fire loads on
private residential balconies in England’, International Fire Professional, 48,
39-46, 2024.

5. D. Hopkin, M. Spearpoint, K. Chotzoglou, T. Fateh. ‘Analysis of fire exposure
to structural elements forming and supporting balconies’, CONFAB 2024,
London, England, UK, 9-10 Sept 2024.

6. M. Spearpoint, G. Remy, I. Rickard, L. Bisby. ‘Reaction-to-fire performance of
vertical laminated glass panels with different inter-layer materials when
exposed to an external heat flux’, submitted to Fire Safety Journal (under
review)


http://dx.doi.org/10.1007/s10694-021-01154-6
https://doi.org/10.1007/s10694-023-01467-8

2 Objectives A and B

Review of the use of balconies, spandrels and laminated glass in
construction

Objectives A and B combined work to conduct a scoping study to identify key
issues and establish the current state of knowledge on balconies, spandrels, and
laminated glass with a review of the current provisions relating to balconies,
spandrels and laminated glass in AD B and their effectiveness. Appendix A/B is the
result of this phase of the work in which the tasks listed below were completed.

e Balconies: The work examined the evolution of balconies throughout the
ages from a design and use perspective and then discussed what a modern
balcony is and what it can be used for. Balconies that are used as amenity
spaces (private and shared) were distinguished from those used as means of
escape as they present different challenges from a fire safety perspective.

The study investigated the main form of construction of modern balconies and
details the main components that can be found in balconies. The work lists the
different pros and cons of balconies on external fire spread. A review of the
building regulations and fire safety guidance applicable across the UK and
elsewhere that may have an impact on balcony design was carried out.

Finally, the balcony section discussed several UK fire incidents associated
with balconies and examined some of the available international research into
their impact on external fire spread.

e Spandrels: The spandrel section focused on what is a spandrel, how is a
spandrel zone defined and what is its role in relation to fire safety. It also
provided details of the various typologies and details related to panels used in
a spandrel zone.

e Laminated glass: The section on laminated glass begins with a historical
account of the development of laminated glass from the early 1900s and its
introduction into building construction. In the context of the use of laminated
glass in buildings, a selective review of the various British Standards for its
design and application is provided. A summary of the materials used to
manufacture laminated glass is given along with a brief discussion on how the
glass is mounted in glazing and balustrade systems.

The section included a review of the literature that has investigated the
performance of glass in fire with a focus on laminated glass that aids in
identifying the flammability of the product in relation to its use, the materials
used to form interlayer/s, configuration, etc.



The section described the fire safety considerations that are relevant to the
use of laminated glass. These considerations include the fire separation
functions of glazing systems along with reaction-to-fire performance, and the
potential for vertical fire spread.

The work provided a set of recommendations for the next steps in the research
that included proposals for experimental and numerical investigations. This work
was caried out in Objective C as described below.



3

Objective C1

Balcony fuel load survey

Objective C1 provided a survey of the fuel load on balconies of 1020 residential
buildings in England using images sourced from Google Street View. Objective C1
also reviewed guidance produced by various organisations regarding the use of
balconies and also identified some balcony fires at the time of writing. Additional
balcony fire incidents were also noted as part of Objective A/B. The key findings
from Objective C1 were:

Guidance notes produced by London Fire Brigade and insurance companies
consider the ideal fuel load on a private residential balcony to be zero, and
that balconies should not be used for storage.

The survey identified the fuel load from a range of balconies throughout the
year. Analysis determined an average fuel load energy density (FLED) of
64.4 MJ/m?, and an 80" percentile of 110 MJ/m? for a balcony. Balcony
FLEDs within London are 1.6 to 1.7 times higher than the FLEDs outside of
London. Comparisons on balcony fuel load were explored including the impact
of building height, season, year, and balcony size. It was found that buildings
between 18 m and 30 m in height have a statistically significant higher FLED
than other heights, and that balconies smaller than 2.5 m? have a statistically
significant higher FLED than balconies larger than 2.5 m2. Furthermore, it was
found that Social Grade has no statistically significant impact on the average
FLED.

A ‘representative balcony’ was found to have dimensions of 2.85 m wide and
of 1.3 m deep. The total fuel load of this representative balcony was

233.7 MJ, where 179.2 MJ is from plastic-based materials, and 54.5 MJ from
wooden contents, i.e. the fuel composition by mass on balconies is 60%
plastic and 40% wood and has a FLED of 63 MJ/m?. The average peak heat
release rate for the representative balcony was estimated as 105 kW/m?, with
an 80" percentile of 173 kW/m? with a Medium growth rate of 0.012 kW/s?.

Results from Objective C1 fed into the work conducted as part of Objective C3 and
Objective CA4.



4 QObjective C2

Small-scale laminated glass experiments

Objective C2 was an extensive series of small-scale experiments on the reaction-to-
fire performance of vertical laminated glass panels with different inter-layer materials
when exposed to an external heat flux. Samples of laminated glass at two sizes,
three glass thicknesses, four types of inter-layer material were used in the study. The
samples were exposed to three radiant heat fluxes at three exposure locations.
Measurements of time to glass shatter, ignition time, and mass loss were recorded
along with observations of flame behaviour and dripping inter-layer.

For panels with PVB and EVA inter-layers the results showed that time to
ignition generally increased with glass thickness and did not change
significantly whether the heat exposed pane was broken or unbroken prior to
heating. Furthermore, the time to ignition with the PVB inter-layer was
generally unchanged when heated in one of the three locations (i.e. the top,
middle or bottom of the panels). For panels with the SGP inter-layer, times to
ignition showed substantial variability both with panel thickness, the initial
condition of the exposed pane, and somewhat the heating location.

Although the SGP was found to have the highest calorific value of the four
inter-layer materials, the panels with the PVB inter-layer showed the highest
peak heat release rate when compared to panels using the other three
laminate types.

The thickness of the panel (i.e., the thickness of panes of glass) may have
had some impact on heat release rate, although the results were generally
inconclusive when it came to peak values.

Breaking the front pane of glass prior to exposure to the radiant heat flux can
make a difference to the burning characteristics of a panel in terms of the
peak heat release rate, although it did not necessarily result in a more severe
fire when assessed in terms of time to ignition or total mass loss.

Results both in terms of total mass loss and also peak heat release rate
suggested that heating the panels in the centre would likely give the highest
values when compared to heating at the bottom or at the top.

The larger laminated glass panels with the PVB and SGP inter-layer generally
resulted in a higher peak heat release rate, although the finding was not
universal.

The reaction-to-fire performance of laminated glass with an SGP inter-layer
had greater variability when compared to PVB. Among the tested inter-layers,



the PVB inter-layer stood out as having the highest occurrence of flame

spread or flame flashing at a higher location when compared to the other
inter-layer types.

e Overall panels with the PVB inter-layer showed a faster time to ignition and

higher peak heat release rate when compared to panels that used the other
three inter-layer types.

Results from Objective C2 fed into the work conducted as part of Objective C3 and
Objective CA4.



5 Objective C3

Balcony fire demonstration test methodology and matrix

Objective C3 described the development of the scenarios that led to the full-scale
balcony demonstration tests to fulfil Objective C4. The scenarios considered the
wide range of balcony design parameters that could be investigated but focused on
the key ones that BSR had particular interest in, namely the inclusion of laminated
glass in the balustrade, the use of timber as a decking material, and the presence of
a moveable fuel load. The scenarios also included an assessment of the using a
non-combustible soffit to the underside of balconies with combustible decking, which
was not part of the scope of the original objectives. Furthermore, as discussed in
Objective C4, there was a subsequent change to the balcony test programme as the
result of the fire that occurred at Hallam Court, Croydon on 7t June 2023.

Objective C3 provided preliminary calculations for the specification of the moveable
fire load. The work considered what combustible materials should be used for the
decking, and the design of the laminated glass balustrade. An initial design of the
test rig and its associated instrumentation was proposed which were subsequently
refined as part of Objective C4.



6 Objective C4

Full-scale balcony fire demonstration tests

Objective C4 described a series of eight full-scale balcony fire demonstration tests
that were carried out by Efectis under their calorimeter in their Belfast laboratory
facility. The test series resulted from the work carried out as part of Objective C3,
and further discussion with BSR and specific members of the ERP associated with
glazing specifications and balcony design.

Measurements of heat release rate, gas temperatures and heat fluxes were used to
guantify balcony-to-balcony fire spread and compare the eight different balcony
configurations. Findings from the tests examine the impact on balcony fire spread of
a range of factors including:

The presence of a moveable fuel load,
Where a balcony has an exposed timber deck,
Having laminated glass balustrades,

The use of a non-combustible soffit on the underside of balconies with a
timber deck,

The likely performance of non-combustible balconies,

Where combustible balustrades, in particular a HPL panel system, has been
used, and

The implications on lateral fire spread to neighbouring balconies.

In addition to considering fire spread, results from the tests were used to assess the
stability of balcony structures under thermal exposure conditions. The findings from
the tests were:

Moveable fire load: The presence of moveable combustible items on
balconies can influence fire behaviour, modifying airflow, contributing to heat
release, and impacting flame dynamics. These items can enhance upward or
downward fire spread through burning or falling materials. Non-combustible
items, though not directly involved in combustion, may also affect fire spread
by modifying airflow and shielding combustible materials.

Exposed timber deck: Balconies with non-fire retardant treated exposed
timber decks demonstrated poor fire performance. Tests showed rapid fire
spread within minutes. Timber decking was identified as the dominant factor
in fire spread, more so than the type of balustrade. Smaller gaps between

10



decking planks might influence fire behaviour, but this aspect was not
investigated.

Laminated glass balustrades: Tests using laminated glass balustrades
suggested they do not significantly influence upward fire spread in the early
phases of a fire. Laminated glass contributes a small fuel load in comparison
to other potential combustibles. The presence of glass can slow the ignition of
moveable fuels by separating them from flames extending to the edges of a
balcony. The tests represented a worst case in which the bottom edge of the
glass was exposed. Dripping, burning laminate could ignite other materials
although observations in tests showed that when this occurred the pool fires
were small. Placing the laminated glass within a channel may reduce the
likelihood of dripping laminate, although this was not examined in the tests.
Glass panels could fail and fall, potentially spreading fire downward.

Non-combustible soffit: Tests of non-combustible soffits showed improved fire
performance compared to balconies with exposed timber decks. However,
while upward fire spread was slowed, it was not completely prevented.

Non-combustible balconies: Balconies with nhon-combustible decks and
balustrades are likely to perform better in fire scenarios when compared to
those with combustible decks and/or balustrades. Solid balustrades can
reduce heat flux to the facade (in a similar way as shown by the laminated
glass balustrade tests), lowering the likelihood of igniting the moveable fuel
load. The study indicated that solid balustrades may not have a significant
impact on flame height but could alter airflow and flame dynamics.

Combustible balustrades: Combustible balustrades add energy to a fire and
increase the likelihood of both upward and downward fire spread. Tests with
combustible HPL balustrades showed burning material falling away and
contributing to fire spread. The specific behaviour of larger HPL panels or
other combustible materials remains uncertain, and further investigation would
be needed.

Lateral fire spread: Lateral fire spread on the same balcony level can occur
when flames exit a building's exterior opening and combustible items are
nearby. While upward fire spread is generally more influential, lateral spread
could be significant for certain balcony configurations with timber decks.

Stability of balcony structures in fire: The tests revealed that unprotected steel
used in balcony structures could reach temperatures associated with
structural failure. It is recommended that balconies should either align with the
fire resistance period for the building, or achieve 60 min. This will mitigate
premature failure in low-rise buildings and enhance the likelihood of structural
survival in medium- and high-rise buildings during a fire.

Fire development: Those balcony configurations in which the heat release
rate exhibited a significant increase beyond the contribution of the BS 8414

11



crib showed an approximately linear growth. Balcony fires differ from
enclosure fires since there are not the same heat feedback and ventilation
effects taking place. Fires in room-scale enclosures often exhibit an
accelerating fire growth and a transition to a fully developed regime following
flashover. However, fires on balconies are likely subject to external wind
conditions which could change the burning characteristics when compared to
typical enclosure fires. The influence of wind was not investigated in this
study.

12



/ Objective C5

Preliminary findings from computational fluid dynamics simulations

The principal aim of Objective C5 has been to investigate the possibility of
benchmarking computational fluid dynamics (CFD) simulations against the results
from the full-scale balcony fire demonstration tests in Objective C4. The findings
from this phase of the research followed on from the completion of the tests and
analysis of the results.

The work assessed whether the Fire Dynamics Simulator (FDS) computational fire
dynamics (CFD) model could reliably replicate the thermal conditions observed in the
full-scale balcony fire tests. The assessment process involved:

e Simulating the same balcony fire conditions in FDS,

e Comparing key outputs such as gas temperatures and radiant heat flux
between the FDS simulations and the test data, and

e Considering how refining the simulation parameters might improve the
agreement between the FDS predictions and test results.

The work focused on Test A as detailed in Objective C4, which served as the
baseline scenario with non-combustible balcony floors, open balustrades, and no
additional fuel targets. This test was designed to characterise heat fluxes and other
fire-related parameters under a simple configuration. The benchmarking of FDS
against Test A was important as it will serve as the foundation for any future work on
a comparison with the more complex scenarios undertaken in Objective C4.

The study highlighted the challenges and implications of simulating the relatively
simple balcony fire scenario using FDS. Representing the burning of the BS 8414
wood crib was not a straight-forward process. While the simulations adequately
represented certain aspects, such as the heat release rate (HRR), the comparative
analysis between the test measurements and simulated data revealed several
discrepancies in gas temperature and heat flux predictions. OFR plan to carry on
with investigating the performance of FDS outside the BSR project and will look to
report its findings through a different means.

13



8 Objective C6

Spandrel demonstration test methodology

The purpose of Objective C6 was to propose an experimental programme for the
assessment of the spandrel zone, as detailed in Objective A and Objective B. The
work examined options for the design of a test rig, the type of instrumentation that
would likely be required, and the configuration of representative facade systems.
However, ultimately the work proposed in Objective C6 did not go ahead as the
scope of the balcony demonstration tests expanded through the project timeline and
the resources needed to build a specific rig and complete the spandrel zone tests
was not available. Furthermore, the proposed tests have the potential to overlap with
a separate project being carried out on behalf of BSR on external wall systems
(EWS) and it is possible the EWS research will be able to address aspects of
spandrel zone performance.

14



9 Implications

9.1 Introduction

The findings from this research project have potential implications on three key
aspects of the fire safety regulatory system in England, namely the functional
requirements, Regulation 7, and the statutory guidance given in Approved
Document B (AD B). Each of these are discussed in more detail below.

9.2 Functional requirements of the Building Regulations

Given that the Building Regulations in England for building work are expressed in the
functional requirements B1 to B5, it is appropriate to consider the findings of this
research project in their context. The discussion below suggests that consideration
of the functional requirements from the perspective of balconies on the outside of
buildings needs a nuanced approach. In addition, it is important to note that
balconies have a complicating factor in that they may also have moveable fuel load
present which cannot be directly addressed by building work requirements of the
regulations as this will be introduced by building users once a building has been
completed. The presence of moveable fuel loads is likely to be more relevant to
private balconies but cannot be ruled out from access balconies.

9.2.1 Fire spread

The primary requirement that this work relates to is the fire spread associated with
balconies. Fire spread can be both external and internal to the building, and also
between buildings. Functional requirement ‘B4(1): External fire spread’ states that

The external walls of the building shall adequately resist the spread of fire
over the walls and from one building to another having regard to the height,
use and position of the building.

Balconies are not specifically ‘external walls’ but, where present, are part of the
external envelope of the building and therefore it is appropriate to expect them to
also ‘adequately resist the spread of fire’ both over the external envelope and
between buildings.

On first inspection one could interpret that functional requirement ‘B2: Internal fire
spread (linings)’ and functional requirement ‘B3: Internal fire spread (structure)’ are
not directly relevant to balconies as these requirements addresses internal fire
spread and a balcony that is on the outside of a building is not ‘internal’. Functional
requirement B3(3) states that

15



Where reasonably necessary to inhibit the spread of fire within the building,
measures shall be taken, to an extent appropriate to the size and intended
use of the building, comprising either or both of the following—

(a) sub-division of the building with fire-resisting construction;
(b) installation of suitable automatic fire suppression systems.

and functional requirement B2(1) states

To inhibit the spread of fire within the building, the internal linings shall—
(a) adequately resist the spread of flame over their surfaces; and

(b) have, if ignited, either a rate of heat release or a rate of fire growth,
which is reasonable in the circumstances.

Depending how ‘within a building’ is interpreted in the context of balconies then
B3(3) might be relevant particularly where private balconies are connected across a
compartment line between separate properties. If the application of B3(3) leads to
balconies as being within a building then B2(1) also becomes relevant, although it
can be argued that B4(1) already addresses the same requirement.

However, the key point is that balconies provide a potential means of storey-to-
storey or compartment-to-compartment fire spread, thus potentially affecting
compliance with B3(3) and B4(1). A fire could start in a compartment on a storey and
then spread to other compartments above, below and/or laterally via balconies as
the result of the structure and/or contents associated with those balconies. Similarly,
a fire could start on a balcony and spread in a comparable manner. Fires associated
with balconies may also provide a mechanism for building-to-building fire spread.

9.2.2 Stability

Functional requirement B3(1) states that

The building shall be designed and constructed so that, in the event of fire, its
stability will be maintained for a reasonable period.

Where a balcony is on the outside of a building, its stability can be integral to other
building functions and their associated functional requirements, for example B1 and
B5(1), as discussed below. Similar to some fagade systems, the mechanical failure
of balcony components could present a hazard to those below, e.g., evacuating
occupants and FRS.

16



9.2.3 Means of escape

Functional requirement ‘B1: Means of warning and escape’ states that

The building shall be designed and constructed so that there are ...
appropriate means of escape in case of fire from the building to a place of
safety outside the building capable of being safely and effectively used at all
material times.

Therefore, where a balcony is used for access then functional requirement B1 is of
relevance. The structural stability and any hazard posed by the flammability of
materials used to form the balcony need to be addressed to ensure appropriate
means of escape remains available. This would include considerations of falling
debris and its potential impacts on egress routes.

It is reasonable to conclude that in the case of private balconies, requirement B1 is
less significant other than such balconies form an ‘inner room’ when considering
means of escape.

9.2.4 Fire service access

Functional requirement ‘B5(1): Access and facilities for the fire service’ states that

The building shall be designed and constructed so as to provide reasonable
facilities to assist fire fighters in the protection of life.

The observations regarding functional requirements B1 and B3(1) for balcony access
apply to this requirement, as does the more general comment regarding mechanical
failure and considerations of falling debris.

9.3 Regulation 7

In addition to the functional requirements of the building regulations, this work also
has implications for Regulation 7(2) as it is applied to ‘relevant buildings’. More
details of this regulation are covered in Objectives A and B (see Appendix A/B-4)
however the key component is that Regulation 7(2) currently states:

Subject to paragraph (3), building work shall be carried out so that materials
which become part of an external wall, or specified attachment, of a relevant
building are of European Classification A2-s1, dO or Al (classified in
accordance with the reaction to fire classification).

Where Class Al or Class A2-s1, dO products do not exist and there are no suitable
alternatives, the Regulation includes a list of exemptions, given in Regulation 7(3).
Thus, this regulation achieves an in-effect ban on the use of materials and hence
products (in and on the external wall zone) that do not meet the reaction-to-fire
requirements as set out by the Government.

17



The exemptions given in Regulation 7(3) do not include where a balcony balustrade
is constructed using laminated glass panels (or any other specified materials). As
discussed in Objectives A and B (see Appendix A/B-28.3), the outcome from
European Commission decision 96/603/EC (consolidated 2003/424/EC) and the
work previously undertaken by Glass for Europe meant that all laminated glass
products are considered Euroclass B when classified by BS EN 13501-1. Over the
time this research has taken place at least one processor of laminated glass has
released a product that does meet Regulation 7(2), but it is expensive, relatively
heavy, and there is a limited capacity to supply the market.

It is beyond the remit of this report to suggest if and how Regulation 7 might be
amended. However, as demonstrated in Objective C4 (see Appendix C4), the
research does suggest that the presence of laminated glass with characteristics that
represent a reasonable worst case does not make a significant impact on the
likelihood of fire spread during the initial phase of a fire. The fuel load introduced by
a laminated glass balustrade is likely to be small when compared to the moveable
fuel load, and the balustrade may increase the time to ignition of that fuel load by
separating it from the flames from below the balcony floor.

As discussed in Section 9.4, there would likely need to be consideration on any
impacts of any proposed changes to Regulation 7, the guidance given by AD B, and
the relationship with other guidance such as that given by BS 9991 and BS 8579,
where relevant.

9.4 Approved Document B (AD B)

Most of the findings from the research project do not have a direct impact on the
guidance given in the current (at time of writing 2019 edition (incorporating 2020 and
2022 amendments)) of AD B since it only assigns certain fire safety features to
balconies. In general, clauses address the materials and construction of balconies in
relation to the functional requirements in B4, and there are a small number of
clauses that address Functional Requirement B1 including a reference to clause 7.3
in BS 9991 for common/deck access balconies.

As noted in Section 6, one specific finding from Objective C4 (see Appendix C4-7.4)
that the fire resistance of elements forming or supporting balconies should either
align with the fire resistance period for the building or achieve 60 min, whichever is
the lesser. It is recommended that a future version of AD B be updated to include
this expectation. More generally it is possible to contemplate where the guidance in
AD B could be amended in relation to balconies, noting that this research project
does not address whether such changes are necessary, nor to what level, if such
changes were believed to be necessary. Any changes would need to be cognisant of
the relevant requirements specified by Regulation 7 and BS 9991 depending on if
and how those are updated. Some examples are as follows:
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Moveable fire load: AD B (nor the Building Regulations) cannot directly exert
influence on the moveable fire load present on a balcony after construction.
Where there might be particular concern, such as on access balconies, then
The Regulatory Reform (Fire Safety) Order and/or the Building Safety Act
2022 could have relevance on the control of items, or other mechanisms such
as leasehold contracts etc. However, if the intention is to allow building
occupants to use their private balconies in a reasonable manner there needs
to be an acceptance that some amount of fire load will be present.

Combustibility: Where the hazard posed by the combustibility of the materials
associated with balconies other than residential buildings with a storey 11 m
or more in height be of concern then clause 12.11 / clause 10.10 in the two
volumes of AD B could be extended to cover other occupancy types and or
building heights. It might be argued that restricting balconies on low-rise, low
occupant buildings might be unnecessary as the risks may be sufficiently low.

One of the balcony provisions in AD B (clause 10.10 b. in Volume 1 and
clause 12.11 b. in Volume 2) relates to the use of a non-combustible soffit and
Class B materials in the line of compartment walls to mitigate lateral fire
spread. Beyond that, however, there are no limitations on either the deck or
balustrade flammability. The test with the HPL balustrade presented in
Objective C4 (see Appendix C4-5.8) showed that the benefit of a soffit can be
undermined by a highly combustible balustrade and, therefore, some
consideration could be given to prescribing some minimum reaction-to-fire
classification for materials forming balustrades.

Balcony arrangement: Should the hazard posed by fire spread vertically
and/or horizontally between separated balconies be deemed to be
unacceptable then AD B could present provisions to restrict the spacing
between balconies. This could be in the form of minimum distances between
the floors/ balustrades. These distances could be dependent on the
construction materials used, although that would likely introduce additional
complexity. Alternatively, if separation was not an option, balconies could be
separated by fire-resisting construction.

Building separation: Similar to the issue of fire spread between balconies
associated with a given building, the question of fire spread between buildings
from balconies and/or external walls (balcony to balcony, wall to balcony, etc.)
could be specifically accounted for in AD B by appropriately updating

Section B4. Currently, guidance exists for canopies that could be extended to
include specific consideration of balconies.

BS 8579: As noted in Objectives A and B, there is no mention of BS 8579:
2020 ‘Guide to the design of balconies and terraces’ within AD B at the time
that objective was completed, nor at the time of writing this final report. It is
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beyond the scope of this discussion to fully review BS 8579, but an option
exists for AD B to adopt all, or parts, of this standard (as Volume 1 of AD B
has done in the case of BS 9991).

It must be noted that any changes to one part of AD B could have positive (or
negative) implications to another part. For example, including minimum spacing

provisions could allow balconies to be constructed with more combustible materials.

However, changes to AD B would need to be considered in view of any impact they
might have on the way that balconies are designed, constructed, and used, along
with the many legacy buildings that already exist.

20



APPENDIX A/B:
Review of the use of balconies, spandrels
and laminated glass in construction

Authors: M Spearpoint!, M Rapenne?, M Dadashzadeh?, A Law?, | Rickard?

Reviewers: J Torero?, L Bisby2, D Hopkin?

'0FR, 2Efectis, 2University of Edinburgh, *UCL

Part A: M Rapenne, M Dadashzadeh

Part B: A Law

Part C: | Rickard

Part C and Introduction, etc.: M Spearpoint



Contents

A/B-1. OVBIVIBW. ..ottt e e e e ettt e e e e e e e e e eetba e e e e e e eeeeessnnn e e eeeaeeeennes 1
A/B-2. 1Y [=] 1 ToTe (o] (0o |V PP PP PPPPPPP 3
A/B-3. ReQUIALONY CONTEXL.....oiiiiiiiiiiiiiiiiii ittt 4
= A [ 0o To 18 o o o USRI 4
A/B-3.2  FIr€ SAFELY ...ceiiiiiiiiiiieiti e 4
A/B-3.3  Falling and IMPACT ........ooiiiiiiiiiiiiiiieiiieee ettt 4
A/B-3.4 Standardised testing Methods .............coovviiiiiiiiiiiiiiiiieeeeeeeeeeeee e 5
A/B-4. POSE-Grenfell TOWET ........ueiiiiee e e e e e 7
T = = oo ] 1 PP 10
A/B-5. BaACKGIOUN .....cooviiiiiiiiiiiiiiiieeeeeeeeeeee ettt 10
A/B-6. Historical purposes and eVoIULION ............ccovvviviiiiiiiiiiiiiiieeeeeeeeeeeeeeeee 11
A/B-7. Modern balcony: Definition, types and role............ccccoooevvriiiiiiiiiiii e, 14
F = 0 R B 1= 11 0111 o] 1 PP 14
A/B-7.2 Private vs. shared balCONIES............ccuvviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 16
A/B-7.2.1 Private DAICONIES .......uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeieaaee bbb eneeseeaneeesenneees 16
A/B-7.2.2 Shared DalCony.............oiiiiiiiiic e 17
A/B-7.3 Balconies as means Of aCCESS/EQIESS......cccuiiiiiiiuiiiiiiee e 18
A/B-7.4 Boundary system — open vs. enclosed balconies...........cccccccvvieeiiiiiiiiiiiiiiinnnn. 18
A/B-8. Balcony construction methods............coiiiiiiiiiiii e 20
F Y] = Ec T R [ 1o T (U Td 1 o PP 20
A/B-8.2 Projecting DalCoNy ...........ouuiiiiiiiie e 20
A/B-8.3 HUNQG DAICONY.....cciiiiiiiiiiiiiiiiiiiieee e 21
A/B-8.4 Self-supporting DalCONY ..........covviiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 22
A/B-8.5 ReCesSed DAICONIES .........uuiiiiii e 22
A/B-8.6 Juliet balcony / guarding ...........cooviiiiiiiiiiiiiii 23

F A = T TR A o T o (1] o] o RPN 24
A/B-9. Challenges in designing and building balconies .............cccccuiiiiiiiiiiiiiiiiiiiienes 25
A/B-9.1 Materials and components of balconies ..........cccccccvviiiiiiiiiii 26
= T T I A 1 0 Td 11 = U 26
A/B-9.1.2 Balustrades and Separation SCrEENS ..............uuuuurrummmummmmrminnneninninnnneneenennens 26

FN =T Tt G T B 1o (] o 27

FN = T Tt )] o 1SN 27
A/B-9.1.5 INSUIALION ....uuiiiiiiiiieeee et e e e e et e e e e e e e e eeeraa s 27



A/B-9.1.6 Thermal Bridging..........uuoiiiiiiiii e 27

AB-9.1.7  WaterPrOOfiNG ... ..uuuuueueuiiueniiiiiiitieeiieiibiiieseeee bbb neenennnnnee 29
A/B-9.1.8 Fire stopping and cavity Darmiers. ..o 30
F = I e R @0 o o] [ 1 [0 o U 31
A/B-9.2 Interfaces and responsSibilities ............ooovviiiiiiiiiiiiiiii 31
F S T T D 11 ] 11 1 o o SRR 31
A/B-9.4  Green DAlCONIES ......coooiiiiiiiie e 32
A/B-10. Effects of fire spread and fire performance..........ccccccvvvvvviiiiiiiiiiiiiiiiiiiiiiieeeee, 33
= 0 I T oo ] 1 SRR 33
A/B-10.2  TRE PIOS ..cciiiiiiiiiiieeeeet ettt ettt ettt ettt ettt e e e e e e e e e e e e e e e e eeeeeees 35
A/B-11. o ] O 15 R 36
F ] = E e 0t R [ o1 o To 18 ox 1 o o EO PP 36
Y] = E e A @ o 11 ] o] o PP 41
A/B-12. Balconies in building regulations and fire safety guidance...............cccccevvvvnnnnn. 43
A/B-12.1 Building Regulations 2010 (as amended) .........ccccoeviieeiiiiiiiiiiiiie e, 43
A/B-12.1.1 B1: Means of warning and €SCape ...........ccuuuuiiiieeeeeeeiiiiiiiiieeeeeeeeeeenninn 43
A/B-12.1.2 B3: Internal fire spread (StrUCIUIE) .........coovvviiiiiiii i, 44
A/B-12.1.3 B4: External fire spread ..............ciiiiiiieiiiiiecce e 44
A/B-12.1.4 B5: Access and facilities for the fire service...........cccccccvvvvvviiiiiiiiiiniinnnnnnns 45
A/B-12.1.5 Regulation 7 — Materials and workmanship............cccccvvvieiiiiieeieeeeiiiinnnn. 45
A/B-12.2 Approved Document B (AD B) ...ooovvveiiiiii i 46
A/B-12.3 BS 9991: Fire safety in the design, management and use of residential

buildings 48
A/B-12.4 BS 8579: Guide to the design of balconies and terraces ..............cccccevvvvnnnnn. 50
A/B-12.5 BS 9251: Fire sprinkler systems for domestic and residential occupancies .. 51
A/B-12.6 International apprOaCNES. ..........cuvviiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeee e 51
A/B-12.6.1 Separation of openings to limit fire spread............cccccuvvviiiiiiiiiiiiiiiiiiiies 51
A/B-12.6.2 ReEACHON-TO-TIFE ...ceeeiiiiiii e e e e e e e e 54
A/B-13. Review of research lIiterature ..............coiiei i 55
A/B-13.1  Fire STAtISTICS ..uuuuuuiiiieeeiiieiiiiiie e e e et e e e e e e e e e e et e e e e e e e e eeeasasn s e e eeeeeeeeenes 55
A/B-13.2 Balcony contribution to external fire spread ..........ccccccccvvviiiiiiiiiiiiiiiiiiiiiinnn, 55
] = T R TR N @ T 1113 [ SRR 58
A/B-13.4 Open vs. enclosed DalCoNY ... 60
A/B-14. Overview of fire standards applicable to balconies............cccoeviiii. 61
A/B-14.1 Structural fire resiStance, R.........cccccociiiiiiiiiiie 61



A/B-14.2 Insulation, I, and integrity, E ... 61

A/B-14.3  ReEACHON-TO-TITE....cciieiieiiiiie e e e e e e e 62
A/B-14.4 Overall contribution to external fire spread...........ccccccvvveviviiiiiiiiiiiiiiiiiiiieeeee, 62
A/B-15. (@] o Tod 1§ 1710 o PP 63
Part B : SPANTIEIS .....ooeiiiiiiiiiieeeeee e 66
A/B-16. SUMMIATY ..ttt et e e ettt e e e ettt e e e et et e e e e eaba e e e eesaan e eeeesnnns 66
A/B-17. What is @ SPandrel? ... 68
A/B-17.1  HiSIOMCAI USES ... e iiiiiieiiiiiie ettt e e e e e et e e e e e e e e eeeeaannnn s 68
A/B-17.2  Changing MEANING .......cceutiiiiiiiiiiiiiiiieiieeiee et eeee et e e et e e e et e e e e e e e e eeeeeeeeeeeeeeeeeeees 69
A/B-17.3  CONEMPOIAIY USAQJE .....cetteiiiieieiiiiiiiieieieeeeeeteeeeteeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 74
A/B-17.4 NoOtable fir€ @VENLIS ......eeeiiiii e 76
A/B-18. Role of the spandrel ZONE...........ooooviiii e 77
F Y] = J0t R @ o [} o= 11 o o EO PP 77
A/B-18.2  De-COUIfICAION ....cvviviiiiiiiiiiiiiiiiiiiiiieeee ettt e e 78
A/B-18.3 A NEW STALUS QUO.....ceiiiiiiiiiiei e e et e e e e e e e e e e e e e e e e e e e e eeeraanas 82
A/B-18.4  PeriOQIC FEVIEW.....ccevviiiiiiiiiiiiiiiiiiieeiiee ettt ettt et e ettt e e e e e e e e e e e e e e e e e eeeeeeees 83
A/B-18.5 Loss Prevention COUNCIl FEVIEW ...........ceuvviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 85
A/B-18.6 International PEIrSPECHIVES ......cccoiiiiiiiiiiiie e 85
A/B-18.7  SUMIMAIY ...eiiiuiiie e eee ettt e e e e et e e e e e e e e e e e e e e e e e e e e eeeaaa e e e e eeeeeessaanannas 88
A/B-19. B AR LIRS (= LE=To |25 89
A/B-19.1  DeEIAY IME ..oeueiiiii e e e e e e e e e e e e e e 89
A/B-19.1.1 REACHON-TO-TIIE ...uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiii bbb nenannanaennne 89
A/B-19.1.2 Fire resistance and reStraint ...........cooeeevveveeeiiiiiiee e e e e 90
AIB-19.1.3  SUMMIAIY ...ettitiitiiiiiiiiiittiaeeeeeeeeee bbb ae e e bbb see bbb ssbeessaenbesnnnnnes 91
A/B-19.2  WarNiNg @nd ESCAPE .....eeviiiiiiiiiiiiiiiiieiieeee ettt ettt ettt ettt ettt et e e e e 91
A/B-20. Typologies and detailS ... 94
A/B-20.1 Built-up wall vs curtain wall ... 94
A/B-20.2  BUIlE-UP Wall.....oooii 95

F = O (T 1 -V 1 | U 96

LN = R I A 1 (=1 (o] o] o] [T 96
A/B-20.2.3  CaAVitY DAITIEIS ....utiiiiiiiiiiiiiiiiiitiiiiiiiibii bbb nenanneee 96
A/B-20.3  CUaIN WAl ......eeeiiiii e e e e e e e e e e e aa e e e e e e e eeane 97
A/B-21. Conclusions on the spandrel ... 99
A/B-21.1 Critical @ppraiSal............oiiiiiiiiiiiciii e 99
A/B-21.2 Defining the spandrel ZONe.............ouuuiiiiiiiiiii e 99

A/B-iii



A/B-21.3 ReECOMMENUALIONS .. nenieee et 100

Part C : Laminated gIassS ..........ooeviiiiiiiiiiiiiiiiiieieeeeeeeeeeee et 102
A/B-22. g (oo 18 o 1o o ISR 102
A/B-23. [ T T T0] PP 104
A/B-24. Glass in construction and tranSPOortation .....................eeeeeeeeeieiiiiieeiii. 105
A/B-24.1  MONOITNIC QIASS.....cciiiiiiiiiiie e e e eeees 106
AB-24.1.1 EAIlY NISTOMY .....uiiiiiiiiiiiiiiiiiiiiiieitiiii e 106
A/B-24.1.2 Modern deVelOPMENTS .........uuuuuiiiiiiiiiiiiiiiiiiiiieiieibeb bbb 108
A/B-24.2  Laminated glassS ..........couviiiiiiiiiiiiiiiiiiiiieeeeeeeee e 109
A/B-24.2.1  INTrOAUCTION ......ceiiiiieiiiiiie e e e et e e e e e e e e s e e e e e e e e eeaaannneeeeeeeeeneees 109
A/B-24.2.2  TranSPOITAION ........uuuuuuueeeiiiiiiiiiiieieeieeiiebeaebeeeeaebabe bbb eeeeeaeanenenne 109
A/B-24.2.3 Construction and arChiteCtUIe..............uuuuuuuriruiuriiiiiiiiiiiieiiiiieeenee. 111
A/B-24.3 Recent drivers for the use of laminated glass ..........c.cccceevvvvviiiiiiieeeeeeeens 113
A/B-24.3.1 Provision Of DAlCONIES..........uuuuiiiiiiiiiiiiiiiiiiiiiiii e 113
A/B-24.3.2 Failure of monolithic glass panels..........ccccovviiiiiiii e, 114
A/B-24.3.3 SCOSS alert December 2019..........uuuuuuiuiiiiiiiiiiiiiiiiiiniineeienenee.. 115
A/B-24.3.4 Industry led risk redUCtion...............cooiiiiiiiiiiiiiie e 116
A/B-25. 1S =TT =T o LS 117
A/B-25.1 Fire Safety Standards ...........ccooooiiiiiiiiiiiiii e 117
AIB-25.1.1  CP 3. iiiiiiiiiie ettt e e e e e e e a i raaaaeeaaaans 117
AIB-25.1.2 CP A53.. e eiiiiiiii ettt e e e e e e e raaaeeaaaans 117
A/B-25.1.3 BS 5588.....ciiiiiiiiiiiiiiiiiie et a e e e e 118
A/B-25.1.4 PD B512.... i 119
A/B-25.1.5 BS 9999 ... .0 ittt ————————————————————————————————————————_ 120
A/B-25.2 Glass, glazing and balcony standards............cccccvvvviiiiiiiiiiiiiiiiiiiiiiiiieeeeeee 121
AIB-25.2.1  CP L. e 121
A/B-25.2.2 BS 6206 and BS EN 12600 ............cuuuuuurumummrrninnnnernnennernnenennnnnnenn... 122
AIB-25.2.3 BS B262.......cuuuuuiuiiiiiiiiiiiiiiiii i —————————————————————————————————————_ 122
A/B-25.2.4 BS B180......cuuuuuuuuuieriiiiiiiiiiiiiiararaara i ————————————————————————————————————————————_ 123
AIB-25.2.5 BS 8579 . uiiiiiiiiiiiiiiiiiiiiiiie i —————————————————————————————————————_ 123
A/B-25.3 European Commission decision 96/603/EC (consolidated 2003/424/EC)... 124
A/B-25.4  INterNationNal COUBS ......ooviiiiiiiei e e et e et e e e e e e e e e e e e e e e e eeeeanes 125
A/B-25.4.1  AUSTAIIA. ....uuiiieieeeeeeeie ettt e e e e e et e e e eeaaee 125
A/B-25.4.2  CANAUA ......uuiiiiieiiiiiiiiie et aaaeaeaae 125
A/B-25.4.3 International Building Code..............coiiiiiiiiiiiiiiiii e 126



A/B-25.4.4 NEW ZEAIANM ......oniieee e 126

A/B-25.4.5 CONCIUSION.....ciiiiiiiiiiiiiie et e e e e et s e e e e e e e e eeaaaana s e e aeeeeeeeenes 126
A/B-26. Materials and ManUFaCIUIe ..........ooeuuiiiiiiie e 127
A/B-26.1  GlASS ... iiiiiiiiiiiiiie ettt e e e e e a et e e e e eeeaaae 127
A/B-26.2  Laminated glassS ..........ccuviiiiiiiiiiiiiiiiiiiiiieeeeee e 127
A/B-26.3 Interlayer MaterialS.............ooiieiiiiiiii e 128
A/B-26.4  FilMS .. e e eeaaeeaaae 129
A/B-26.5 FiXiNG @N0 SUPPOIT......eiiiiiiiiiiiiiiiiiiiieie ittt e e e e 129
A/B-27. Review of research and teSting ..........coeviiiiiiiiiiiiiii e 133
A/B-27.1 Published academic reSearCh ............cccooiviiiiiiiiiiiiiii e 133
A/B-27.1.1 GIlassS Dre@kage ...........uuuuuuummumiiiiiiiiiiiiiiiiiiiiiiiie bbb 133
A/B-27.1.2 Laminated gIassS ..........ciiiiieeiiiiiiice e 133
A/B-27.1.3 Film-backed glass.........cccoiii i 135
A/B-27.2 Industry-led fire safety experiments on laminated glass................cceeeeveees 135
A/B-27.2.1 Glass and Glazing Federation report...........cccccceeiiiieeiiieeiiiiciie e eeeeeeennns 136
A/B-27.2.2 Sapphire BalCONIeSs rEPOIt ........ccuvuuiiiiie i eeeeeeaans 136
A/B-27.3 Summary of existing reSearCh............ccccoiiiiiiiiiiiiiiiic e 137
A/B-28. Fire safety CONSIAEratioNS..........oovvviiiiiii e 138
PV = 4 Tt R [ o1 o To 18 ox 1 o] o RO PP 138
A/B-28.2 Fire separation and fire resistance testing ...........ccccoeveeeeiiiiiiiiiiiii e, 138
A/B-28.3 EUrOCIasS aSSESSMENTS........cuuiiiiiiiiiiiiiiiiiiieieieeeeeeeeee ettt e e e e e e e e ee e eeeeeeeees 139
A/B-28.4 Modern [aminated glassS .........cccoiiiiiiiiiiiiii e 140
A/B-28.5  Filr€ INCIOBNTS .. ..t e i e e e e e e e s e e e e e e e e e e e e e e e e e e eeeennes 141
A/B-28.5.1 Statistical INfOrmMation...........ccoviiiiiiiiiiie e e e e eeeeees 141
A/B-28.5.2 Qualitative review of balcony fire iNnCIdents.................evueviiiiiiiiiiiiiniinnnns 142
A/B-28.6 Understanding external fire spread involving laminated glass..................... 143
A/B-29. (@0] o T0d 1§15 0] o 1P 149
Part D : RECOMMENUALIONS.......coiieeiiiiiie et e et e e e e e e e e e e e e e e e e eeesnnnannas 151
A/B-30. T 1 =T VLYo o 151
A/B-30.1  BalCONIES....cceeiiiiiii et e e e e e aaaae 151
A/B-30.2  SPANAIEIS....cccoiiiiiiiiiii e 152
A/B-30.3 Laminated glassS .........cccouiiiiiiiiiiiiiii 152
A/B-30.4 Combination of EleMENtS..........coiiiiiiiiiii e 153
A/B-31. RETEIENCES ... e 155
Y o] o 1= o o [ G U 166



Figures

Figure A/B-1 Medieval NOUId ............uuuiiiie e e s 11
Figure A/B-2 Typical modern Juliet DalCoNy ...........ccoooiiiiiiiiii e 12
Figure A/B-3 Apartments since modified with balcony access originally designed by
Bauhaus architectural SChOOl............cooooiiiiii 13
Figure A/B-4 Balcony definition, reproduced from BS 8579:2020...........cccevvvrirriieriieieeennnn. 15
Figure A/B-5 Open (left) and enclosed (right) types of balconies ..........cccccceevviiiiiiiiiiiinnnnnn. 19
Figure A/B-6 Projecting DalCONY ...........oiiiiiiiiieeeie e e e e e e e 20
Figure A/B-7 Steel cantilever balcony deSigN .........oiieiiiiiiiiiiiiiiie e 21
Figure A/B-8 Wood joists for cantilevering a balcony ............ccccooeiiiieiiiiiiiiiiii e, 21
Figure A/B-9 A hung balcony using a stainless rod ..............ouiiiiiiie e, 22
Figure A/B-10 Different types of balconies used inthe UK...........coovvviiiiiiiiiiiiiiiiiiiiiiiiiieee, 23
Figure A/B-11 Balcony with glass panes supported on metal posts ..........cccoeeeeeeviiiiiiinnnnnn. 27
Figure A/B-12 Thermal break shown on the connection of a balcony..........cccccccvvvvviiinnnnn. 28
Figure A/B-13 Balcony waterproofing — SECHON VIEW...........cevviiiiiiiiiiiiiiiiieiieeiiieeeeeeeeeeeeeeeee 30
Figure A/B-14 Cavity barrier and fire StOPPINGg........ccoeieieeiiiiiiiiiiee e 31
Figure A/B-15 Example of green balconies - Urban Forest, South Brisbane...................... 32
Figure A/B-16 Projecting balconies and protection from fire...........cccccvviiiiiiiiiiiiiiiinn, 34
Figure A/B-17 External fire spread — Benefit of balconies in external fire spread — example
Of @fire iN BerliN......ooooiiii e 35
Figure A/B-18 Extract from Diagram 8.1 Of AD B .......coviviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee a7
Figure A/B-19 BS 9991 specifications — Alternative means of escape available ................ 49
Figure A/B-20 BS 9991 specifications — alternative means of escape available................. 49
Figure A/B-21 Vertical separation of openings to limit fire spread — Horizontal vs. vertical
51T 0= = 110 o PSSP 52
Figure A/B-22 An arch of Old Westminster Bridge, c. 1750, Samuel Scott,............c....uuee... 69
Figure A/B-23 Extracts from Freitag, (a) Spandrel at American Surety Company Building;
and (b) spandrel at the Reliance Building ..............uoiiiiiiiiiiiiiii e 70
Figure A/B-24 (a) Spandrel panel in a curtain wall; (b) Spandrel beam at slab edge ......... 72
Figure A/B- 25 Spandrel panel in a precast concrete wall ..., 73
Figure A/B-26 lllustration showing infill panels in the location of the slab edge................... 76

Figure A/B-27 Extract from (a) The Architectural Forum ridiculing the logic of the fire
resisting spandrel; and (b) from Fire Research Note 8 showing the ‘assumed’ and

‘actual’ effect of the fire resisting spandrel wall..................ccoc 79
Figure A/B-28 Extract from the Building Regulations 1965.............ccccoeeiiiiiiiiiiiccvcien e, 80
Figure A/B-29 Extract from Fire Research Note 8 showing the main functions of the

external wall as assumed by Langdon Thomas and Law ............ccccoevviiiiiiiiiiinenens 80

A/B-vi



Figure A/B-30 Extract from Fire Research Note 8 showing (a) ignition will not occur within
15 minutes (b) that the absence of fire resistance will not reduce the fire safety of a

0T 1] [ 11 o U 81
Figure A/B-31 Extract from diagram 8.1 V1 AD Bi.......cooiviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 91
Figure A/B-32 Distinction between a built-up wall, and a curtain wall...................ccooevvnnnnn. 95
Figure A/B-33 Indicative examples of the several possible configurations for a built-up wall

................................................................................................................................ 96
Figure A/B-34 Indicative arrangement of cavity barriers in a built-up wall .......................... 97
Figure A/B-35 Curtain wall systems, (a) stick systems; and (b) unitised systems. ............. 98
Figure A/B-36 Use of glass in bUildiNgS..........couvviiiiiii e 105
Figure A/B-37 Example of a crown glass window, Ghent, Belgium ............ccccccvvvvveeennnnn. 106
Figure A/B-38 Charles Burton’s proposed design for a 1000 ft tower using material recycled

from The Crystal PAlAcCe .............uuiuiiiiiiiiiiiiiiiiiiiiiiiiii e 107
Figure A/B-39 Example decision tree for balconies to apartments ................eccevevvvivvnnnnn. 114
Figure A/B-40 Balcony balustrade glass fixing methods.............cccvvvviiiiiiiiiiiiiiiiiiiiiiiiiee, 130
Figure A/B-41 Glass Juliet guarding fixing methods .............cccoeiiiiiiiiiiiici e, 131
Figure A/B-42 Glass curtain wall point fixXing SYSIEMS .........covviiiiiiiiiiiiiiiiiiieiieeieeeeeeeeeeeee 132

Figure A/B-43 Potential fire spread events for laminated glass used as a balcony balustrade
.............................................................................................................................. 148

Tables

Table A/B-1 Performance criteria relating to elements of construction which are assessed in

FUMNACE TESTING ...ttt 6
Table A/B-2 Past fire incidents on balConies ... 37
Table A/B-3 Horizontal projection to limit fire spread — International perspective................ 53
Table A/B-4 Reaction-to-fire of balconies for buildings with at least 3 floors ..................... 54
Table A/B-5 Literature reVIEW SUMIMAIY.......ccceceeeiiiiiiiiiieeeeeeeeeeeeaties e e e e eeeeeeesssnnnaeeeeseeeennnns 59
Table A/B-6 International approaches to the spandrel zone...........cccooeevvvviiiiiiiiiiie e 87
Table A/B-7 Fire performance properties of glass (excluding fire resistance),

LI Lo Lo I I I G 3 120
Table A/B-8 Fire performance properties of glass (excluding fire resistance),

LI 1oL S IS G 123

A/B-vii



A/B-1.0verview

This report provides the first stage deliverable in a project that investigates the potential
impact of the use of balconies, spandrels and laminated glass in buildings. This project
forms part of further research by MHCLG" to provide evidence on which to consider any
potential future technical changes to Approved Document B (AD B) and Regulation 7. The
objectives of this reporting stage are to identify: what are we building with? why are we
building with it? how long have we been building like this? and how might things develop in
the future? It also examines existing national and international guidance; findings from
relevant MHCLG calls for evidence; interdependency of fire safety and other building
performance requirements; and a gap analysis for further knowledge generation.

This report is the result of an on-going survey of stakeholder groups, one-to-one interviews
with key participants, and reviews of the literature to capture the current technologies that
are used by industry in relation to balconies, spandrels and laminated glass. This survey
provides a method to begin to categorise the various construction typologies, the variability
of components within categories, and also make inferences about the relevance of current
technology in relation to historical fire incidents identified during the project.

It is important to recognise that balconies, spandrels, and laminated glass are design
components associated with the external walls of buildings that enhance the functionality of
buildings for reasons that are not only directly linked to fire safety considerations.
Nevertheless, each component may have profound implications for the performance of a
building during a fire. The components may contribute to the source of the fire, they may
become the target of a fire, but they may also provide a means to mitigate the effects of a
fire. Although the components may be viewed as isolated elements, in practice the three
are linked by the role they may play in supporting, or undermining, the fire safety strategy
for a building through their impact on fire spread. At this stage of the project, this report is
split into sections that cover the three topics of interest. Invariably there is some overlap
between the sections and as the project develops these common elements will be drawn
together. In addition, a final section is included in this report that provides recommendations
for follow-up work that results from the findings so far.

Part A first looks at the evolution of balconies throughout the ages from a design and use
perspective. Then, the reports analyses what a modern balcony is and what it can be used
for. It distinguishes balconies that are used as amenity spaces (private and shared) from
the ones used as means of escape as they present different challenges from a fire safety
perspective. It also differentiates between open and enclosed balconies. Section A/B-8
analyses the main form of construction of modern balconies and identifies the most
common ones. The report then details the main component that can be found in balconies
and the associated design challenges. Section A/B-10 lists the different pros and cons of

" The research was originally commissioned by the Ministry of Housing, Communities and Local Government

(MHCLG), which subsequently became the Department for Levelling Up, Housing and Communities

(DLUHC), which then transferred its fire safety responsibilities to the Health and Safety Executive (HSE).
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balconies on external fire spread, then Section A/B-11 reviews fires associated with
balconies that have occurred, mainly in the UK. Part A reviews the Building Regulations
and fire safety guidance applicable in the UK and elsewhere that may have an impact on
balcony design. Finally, the last section looks at international research into the impact of
balconies on external fire spread.

Part B focuses on spandrels and in-fill panels. Sections A/B-17, A/B-18 and A/B-21.2 cover
what is a spandrel, how is a spandrel zone defined and what is its role in relation to fire
safety. This part of the report also provides details of the various typologies and details in
Section A/B-20.

In Part C of this report a historical account of the development of laminated glass from the
early 1900s and its introduction into building construction is given in Section A/B-24. In the
context of the use of laminated glass in buildings, a selective review of the various British
Standards for its design and application is also provided in Section A/B-25. A summary of
the materials used to manufacture laminated glass is given in Section A/B-26 along with a
brief discussion on how the glass is mounted in glazing and balustrade systems. The report
includes a review of the literature that has investigated the performance of glass in fire with
a focus on laminated glass that aids in identifying the flammability of the product in relation
to its use, the materials used to form interlayer/s, configuration, etc. Section A/B-28
describes the fire safety considerations that are relevant to the use of laminated glass.
These considerations include the fire separation functions of glazing systems along with
reaction to fire performance, including the potential for vertical fire spread. Finally, some
conclusions and a roadmap for further research are given in Section A/B-29.

The final section (Part D) provides a set of recommendations for the next steps in this
project that includes proposals for experimental and numerical investigations.
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A/B-2.Methodology

Work to support this report has involved several industry experts being contacted either
individually or as part of group sessions. Some of the experts are members of the project
Expert Review Panel (ERP) or are names that have been suggested by ERP members. As
a result of the Covid-19 pandemic, and following government guidelines, most of the
contact was made through video conference calls although some limited face-to-face
meetings were possible. Notes from those meetings were collated and these have been
used as part of the information provided in this report. However, the names of individuals
and/or organisation have not been attributed.

As part of this project, an extensive literature review has been completed. The literature
search included reviewing current and historical standards, research papers published in
peer-reviewed journals and conferences, books, industry periodicals, web-based resources,
and news and opinion articles in the press. The literature has been searched using web-
based tools such as Google Scholar and Scopus using appropriate keywords and
examining material that the authors already were aware of or had access to from their own
personal resources. The citation lists of these resources were then used to identify further
material of interest. There is no guarantee that every relevant document has been found
and so the authors would be happy to receive any additional material.

In general, statistical data regarding fires that are associated with balcony, spandrel and/or
laminated glass fires are difficult to obtain. For example, the Home Office Dwelling Fire
Dataset (Home Office, 2017) does not hold information on these specific elements, and it is
a similar case for the West Midlands Fire Service dataset that has been used to study the
location of dwelling fires (Spearpoint and Hopkin, 2020). Some limited ad-hoc data is
available from other sources but of the three elements this is only related to balcony fires.
Some specific incidents are mentioned in the press, again primarily related to balcony fires
and some of these incidents are summarised in the report.

Throughout this work it has been difficult to maintain a consistent terminology. Each of the
parts of the report give some background to the specific definitions but often the meanings
vary across industry. Even when it comes to describing the buildings in which people live,
terms such as dwellings, homes, houses, flats, apartments are often used synonymously.
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A/B-3.Regulatory context

A/B-3.1 Introduction

Buildings in the UK are subject to the statutory requirements set by the appropriate national
government bodies through regulatory instruments. Amongst other things, these regulations
address the fire safety, protection against falls, structural performance, accessibility, energy
performance, acoustic performance of new buildings and those undergoing certain
changes. Of particular interest to this project are fire safety and protection against falls
requirements, although there is interaction between these and other parts of the
regulations.

A/B-3.2 Fire safety

Fire safety regulations address the design, construction and subsequent operation of
buildings so as to protect the lives of people in and around buildings and to enable fire and
rescue services to effectively and safely carry out their operations. Fire and rescue
operations will include protecting neighbouring property from the effects of fire. The
regulations are generally expressed in terms of performance-based functional requirements
that are broadly the same in each country forming the UK.

In England, the functional fire safety requirements are expressed in Schedule 1 of The
Building Regulations 2010 (HM Government, 2019a) as means of escape (B1), internal fire
spread (B2 and B3), external fire spread (B4) and fire brigade intervention (B5). Specific to
the discussion herein, B4 requires that external walls of buildings adequately resist the
spread of fire over the walls and from one building to another. Statutory guidance is
provided in two volumes of Approved Document B (HM Government, 2020), (HM
Government, 2019b) but designers are free to adopt alternative methods to meet the
Regulations. However, as discussed in Section A/B-4, recent changes to the Building
Regulations primarily resulting from concerns raised following the Grenfell Tower fire mean
that certain (relevant) buildings must satisfy a prescriptive regulatory requirement alongside
the existing functional requirements. This additional prescriptive requirement governs the
choice of materials used in the construction of external walls with the objective of (further)
mitigating external fire spread via the building envelope. Given the significant impact of the
Grenfell Tower fire on the understanding and perception of fire safety of buildings in
England (and more generally across the UK) further changes to the regulations and
statutory guidance are expected follow.

A/B-3.3 Falling and impact

The Building Regulations across the UK have had requirements for glazing subjected to
human impact since the early 1990s. Currently in England, Part K of Schedule 1 to the
Building Regulations 2010 states:
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K4 — Glazing, with which people are likely to come into contact whilst moving in or about
the building shall:

(a) if broken on impact, break in a way which is unlikely to cause injury; or

(b) resist impact without breaking; or

(c) be shielded or protected from impact.

Similarly, Mandatory Standard 4.8(b) in Scotland requires that:

Fixed glazing in the building is not vulnerable to breakage where there is the possibility
of impact by people in, and around, the building.

To meet the Buildings Regulations 1991, statutory guidance was given in Approved
Document N (Glazing Safety) until it was withdrawn in England in 2013. Thereafter the
functional requirements and technical guidance were moved into Approved Document K
(Protection from falling, collision and impact) (HM Government, 2013). The current edition
of Approved Document K calls up BS EN 12600 and BS 6206 which are discussed in
Section A/B-25.2.2. Approved Document N still exists in Wales through the current 2017
edition.

A/B-3.4 Standardised testing methods

Although this report later provides details on specific standardised tests on the fire safety
performance of materials and products there are particular tests that are of relevance
across the three areas of interest. Specifically, these tests are BS EN 13823 ‘Reaction to
fire tests for building products. Building products excluding floorings exposed to the thermal
attack by a single burning item’, often referred to as the Single Burning Item or SBI test,
and BS EN 1364 ‘Fire resistance tests for non-loadbearing elements’. These tests are
presented as the current assessment approaches although the authors do not necessarily
subscribe to the methods, objectives or performance assessment metrics.

Results from the BS EN 13823 test are used (although not uniquely) to classify the
reaction-to-fire performance of a product according to BS EN 13501-1. There are seven
reaction-to-fire classifications that evaluate how much (if any) a material potentially
contributes to the development of a fire. Broadly speaking the classifications can be broken
into three groups where Al and A2 are non-combustible materials; B, C and D ranges from
very limited to medium contribution to fire; and E and F give a high contribution to fire. In
addition, BS EN 13501-1 gives a three-tier classification on the level of smoke production
that goes from Class sl to s3 and also a three-tier classification for the production of
flaming droplets during combustion that goes from dO to d2. Classification to

BS EN 13501-1 is often referred to as the ‘Euroclass’ system.

The ability of an element of construction to achieve a fire resistance rating is determined by
standard furnace testing following the 1ISO 834 temperature time curve and BS EN 13501-2
defines the performance classification. In general, there are three criteria that can be
applied to an element of construction: namely load bearing capacity (R), integrity (E) and
insulation (1), see Table A/B-1. Not all three criteria are necessarily applied to all type of
construction element. For each criterion, a rating is defined in terms of minutes varying from

15 min to 240 min. As an example, a fire door may have a rating of EI 30 which means it
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can achieve the insulation and integrity criteria for a duration of 30 minutes when tested in
this standard test. However, it is important to be aware that elements of construction may
perform for longer or shorter durations in a real fire incident depending on the specific fire
environment, the physical boundary conditions and the context within which the element
resides.

Prior to the adoption of BS EN 13823 and BS EN 13501-1 the fire performance of building
products across the UK were assessed against various parts of the BS 476 standard. The
parts included BS 476 Part 4 and BS 476 Part 11 as methods for determining the
combustibility of building materials, BS 476 Part 8 to determine the fire resistance of
elements of building construction. A full review of BS 476 is not presented in this report.

Table A/B-1 Performance criteria relating to elements of construction which are
assessed in furnace testing

Performance Notation | Comments

criteria

Load bearing R Ability of the element of construction to withstand fire
capacity exposure under specified mechanical actions, on one

or more faces, for a period of time, without any loss of
structural stability

Integrity E Ability of the element of construction that has a
separating function, to withstand fire exposure on one
side only, without the transmission of fire to the
unexposed side as a result of the passage of flames or
hot gases

Insulation I Ability of the element of construction to withstand fire
exposure on one side only, without the transmission of
fire as a result of significant transfer of heat from the
exposed side to the unexposed side.
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A/B-4.Post-Grenfell Tower

Following the events on the 14" June 2017 the government has initiated a range of
activities to address the fire safety of buildings, and in particular high-rise residential
buildings. These activities have included Dame Judith Hackitt’'s independent review of the
Building Regulations and fire safety in England, several calls for evidence in respect to
guidance and regulations, proposing and enacting changes to statutory instruments that
affect the Building Regulations, and the setup of the Grenfell Tower Inquiry headed by Sir
Martin Moore-Bick. Appendix A of this report presents a timeline of these initiatives to date
and links to the appropriate documents or hosting webpages.

In her 2018 review of the Building Regulations and fire safety following on from the Grenfell
Tower fire, Dame Judith Hackitt (Hackitt, 2018) noted that:

“The new regulatory framework must be simpler and more effective. It must be truly
outcomes-based (rather than based on prescriptive rules and complex guidance)...”
and then goes on to say “This approach also acknowledges that prescriptive
regulation and guidance are not helpful in designing and building complex buildings,
especially in an environment where building technology and practices continue to
evolve, and will prevent those undertaking building work from taking responsibility for
their actions”.

However, that same year the Government’s response to the Grenfell Tower fire set out its
intention “to ban the use of combustible materials on the external walls of high-rise
residential buildings, subject to consultation”. A public consultation was launched in June
2018 and concluded in August 2018 with the introduction of a new prescriptive regulation in
December 2018 through the Building (Amendment) Regulations (2018). The scope of the
regulation was to those buildings where the normal strategy for evacuation tends to be
delayed and/or where the occupants of the building are most vulnerable.

As part of the regulation changes in December 2018 a new definition for an ‘external wall’
was also added to Regulation 2 (HM Government, 2018) which states:

(a) any reference to an “external wall” of a building includes a reference to—
(i) anything located within any space forming part of the wall;

(i)  any decoration or other finish applied to any external (but not internal) surface
forming part of the wall;

Then Regulation 7(2) states:

Building work shall be carried out so that materials which become part of an external
wall, or specified attachment, of a relevant building are of European Classification
A2-s1, dO or A1, classified in accordance with BS EN 13501-1:2007+A1:2009
entitled “Fire classification of construction products and building elements.
Classification using test data from reaction to fire tests” published by the British
Standards Institution on 30th March 2007 and amended in November 2009.
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Where products for which a Class Al or Class A2-s1, dO does not exist and there is no
suitable alternative, the regulation includes a list of exemptions, given in Regulation 7(3) as:

a) Cavity trays when used between two leaves of masonry;

b) Any part of a roof (other than any part of a roof which falls within paragraph (iv) of
regulation 2(6)) if that part is connected to an external wall;

c) Door frames and doors;
d) Electrical installations;
e) Insulation and water proofing materials used below ground level;

f) Intumescent and fire stopping materials where the inclusion of the materials is
necessary to meet the requirements of Part B of Schedule 1,

g) Membranes;
h) Seals, gaskets, fixings, sealants and backer rods;

i) Thermal break materials where the inclusion of the materials is necessary to meet
the thermal bridging requirements of Part L of Schedule 1; or

j) Window frames and glass.

Regulation 7(2) applies to the following buildings as detailed in Regulation 7(4):

a) A ‘relevant building” means a building with a storey (not including roof-top plant
areas or any storey consisting exclusively of plant rooms) at least 18 metres above
ground level and which—

i. Contains one or more dwellings;
ii. Contains an institution; or

iii. Contains a room for residential purposes (excluding any room in a hostel,
hotel or boarding house).

b) “above ground level” in relation to a storey means above ground level when
measured from the lowest ground level adjoining the outside of a building to the
top of the floor surface of the storey.”

Thus, this regulation achieves an in-effect ban on the use of materials that do not meet the
reaction-to-fire requirement as set out by the Government.

As part of the introduction of the new regulation, there is a commitment to review it annually
(Explanatory memorandum to the Building (Amendment) Regulations 2018, 2018) where
MHCLG published a consultation document in January 2020. A number of changes were
proposed in the consultation that include adding hotels and hostels to the buildings included
within scope; lowering the trigger height from 18 m down to 11 m or removing the height
limit entirely; banning metal composite panels with a polyethylene core on any building
irrespective of purpose and height; reviewing whether the scope of attachments be altered;
and updating the list of exemptions. Of particular relevance to this project was whether
laminated glass in balcony construction should continue to be within scope of the in-effect
ban and therefore have to achieve Class A2-s1, dO classification or A1 to BS EN 13501. At

the time of writing, results of this consultation have not been published.
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Notwithstanding the changes to Regulation 7, MHCLG regard the fire safety guidance in
AD B as critical to improving building fire safety with amended versions published during
2019 and the latest edition in November 2020. Specific fire safety considerations given or
implicit in AD B on balconies, spandrels and laminated glass are discussed in the relevant
sections of this report. Responding to the recommendations from Dame Judith Hackitt, in
December 2018 MHCLG released a call for evidence for a technical review of AD B and an
analysis of that call was published in September 2019. A key part of this consultation
process sought views to help set the agenda, terms of reference, and programme for the
technical review of which this project forms part of outcome.
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Part A: Balconies

A/B-5.Background

This section examines balconies (and by extension, terraces) as specific features of
buildings, it summarises the different ways in which the terminology is utilised in building
regulations, as well as historically. From the review, it is clear that the term ‘balcony’ can
represent multiple features of a building with a single common characteristic, which is to
provide a link between the interior and the exterior at elevation. In England, balconies form
part of the building and therefore are required to fulfil Building Regulations in all regulated
areas (e.g. energy management, mechanical behaviour, safety of use, etc.) and hence,
their design and construction are heavily influenced by the current Building Regulations.

The Building Regulations and the statutory guidance in AD B do not explicitly assign
specific fire safety features to balconies or a specific role within the fire safety strategy.
However, there is an implicit expectation that balconies will fulfil, in terms of external fire
spread, the same performance requirements as from any other component of the building
envelope, i.e. B4: external fire spread. Nevertheless, because of its function of being a link
between the interior and the exterior, a balcony will be required to be designed in a manner
that does not challenge the functional requirements given by B2: internal fire spread -
linings and B3: internal fire spread - structure. Finally, balconies can be a means of egress
and access to occupants and the fire and rescue services, therefore, in those cases, they
may have a significant effect on the functional requirements given by B1: means of warning
and escape and B5: access and facilities for the fire and rescue services.

A particular aspect of balconies is that they can be used to reduce or control the potential
for external fire spread. The literature provides some evidence of this possibility,
nevertheless, this unique feature of balconies requires much more detailed exploration.
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A/B-6.Historical purposes and evolution

The origin of the word balcony dates back to early 17t century and comes from the Italian
word balcone (Balconette, 2020). However, balconies - like architecture and construction -
are not as ‘young’ as the origin of their name. The construction of the first balconies,
although hard to trace, is dated at least 3000 years ago, in ancient Greece. Architectural
design using large heavy stone-made buildings required an outlet to assist with air
circulation and enhancing natural light by providing large openings to the outside. Thus, the
use of balconies was more functional, following the needs of the Mediterranean climate.

Aside from their functional purpose in design, balconies had other purposes in ancient
times. In Persia and Egypt (Origoni and Origoni, 2020), the balcony, located in the centre of
the facade, had a special purpose in ceremonies, as well as a hierarchical one: it made the
presence of someone prevail over the populace. Later, in ancient Rome, balconies were
used as open-air platforms for emperors to address large gatherings and be seen by the
public. This function is typically served by podiums in moderns times rather than balconies.

The function of balconies seems to have changed over the centuries and it was suggested
by Eugene Emmanuel Viollet-le-Duc (Viollet-le-Duc, 1854) that the modern-day balcony
design derives from the medieval hourd — an anti-siege device that could be mounted onto
a castle wall; see Figure A/B-1.

Figure A/B-1 Medieval hourd, as extracted from (Viollet-le-Duc, 1854)

Over time, balconies, rather than being only functional, have also evolved into decorative
features. Early examples point towards the 15" and 16" centuries — during the Renaissance
period — when balconies were ‘status symbols’ whose main purpose was aesthetic, rather
than functional (Origoni and Origoni, 2020).

The aesthetic purpose of balconies was enhanced over the following centuries, when the

Juliet (or Juliette) balconies became popular in architectural design, especially around the
18t and 19" centuries. A typical modern Juliet balcony is shown in Figure A/B-2. Although
these initially served a practical purpose, similar to that of the Ancient Greek designs, they
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soon became a fashion-driven choice that were added to homes to make them appear
more grandiose. In the UK, they have been produced since the Georgian period (1714-
1837) giving residential buildings a highly prestigious appearance. Their use increased in
the early 19" century with the growing use of cast iron railings.

It is important to note that modern so called ‘Juliet balconies’, or Juliet guardings, normally
have no associated external floor, and their functional use is of guarding and preventing a
possible fall as shown in Figure A/B-2.
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Figure A/B-2 Typical modern Juliet balcony

The increased urbanisation during the 20™ century highlighted a need for developing high-
density cities to accommodate population growth (Kotulla et al., 2019). In the context of
modern urban and building design, studies have highlighted that balconies are one of the
most desired architectural and design features as a private outdoor space (Kotulla et al.,
2019; Omrani et al., 2017; Ribeiro et al., 2020). It is acknowledged (Kim, 2020) that a
balcony incorporates a remarkable potential, especially as it:

e Allows life on the outside of the building,
e Brings natural light into the apartments or other internal spaces, where designed to

do so, although stacked or recessed balconies may have an opposite effect and
reduce sun exposure,

e Produces shadows on itself,
e Serves to reduce the action of rain and wind, and

e Enlarges the living space and range of activities possible in a dwelling without a
garden or lawn.

As an example, The London Plan (Greater London Authority, 2021) advocates that new
build private dwellings should have access to some private external space such as a
balcony, stating:

“All dwellings should have level access to one or more of the following forms of
private outside spaces: a garden, terrace, roof garden, courtyard garden or balcony”.

Private balconies need to be differentiated from balconies used by the residents to access
their apartments, also known as ‘external deck’ or ‘common balconies’. Their existence is
ancient, and they were used significantly in the Middle Ages. Modern deck access
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balconies appeared in the early 1930s, influenced by the Bauhaus architectural school that
used them when designing “the city of tomorrow” in Dessau, Germany, shown in

Figure A/B-3. The architects, including Swiss architect Meyer, realised these balconies
were economically efficient and had an important social aspect. These buildings are still in
use.

Figure A/B-3 Apartments since modified with balcony access originally designed by
Bauhaus architectural school (Bauhaus Dessau Fondation, n.d.)

The use of deck access balconies in the UK became popular during the post-war
reconstruction, partly due to their economic benefits. They also offer advantages over
corridor planned apartments from a dual aspect with daylight and ventilation benefits.
However, the interest for this type of access quickly decreased due to obvious thermal
issues and as they were also subject to anti-social behaviour (Housing Learning &
Improvement Network, 2014). In recent years, they have gained in popularity again, such
as in sheltered housing, as they create a space where people can socialise.

Finally, it is important to recognise that balconies may not always be located on the external
walls of a building and may be in internal atria, for example. This is a common approach
used by architects implemented mainly in hotels, student accommodation, office spaces,
etc. However, the scope of this research is to look at the impact of these elements on
external fire spread and therefore internal balconies are not explicitly considered.

It is important to conclude that regardless of the type or the background, balconies and/or
terraces perform a social role, allowing people to access an outside space in which they
can undertake various activities, congregate in social groups, connect with other people
and ‘look’ to the outside world. This is acknowledged in the newly released British Standard
BS 8579:2020 dedicated to balconies, which notes:

“Balconies, terraces and access decks should be designed to provide amenity for
the building users and should be sized appropriately for the intended use. Balconies
form a significant feature on the facade of many buildings, very often forming part of
the character of the building.”
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A/B-7. Modern balcony: Definition, types
and role

A/B-7.1 Definitions

The balcony design depends on the parameters set, such as their role, the type of fixing,
the boundary system, the position between the balcony and the rest of the structural frame,
the structural load bearing capacity, etc.

To fully understand what a balcony is and what its purposes are in modern architecture and
construction, it must be first defined. According to the Oxford English Dictionary, a balcony
is:
“a platform that is built on the upstairs outside wall of a building, with a wall or ralil
around it. You can get out onto a balcony from an upstairs room.” (Oxford Dictionary,
2020).

This definition must be refined for the purpose of this research project, especially to clarify a
guestion often raised in the modern construction industry: what are the differences between
a balcony, terrace, and an accessible rooftop as different design objectives apply for fire
safety and other reasons?

A new British Standard focusing on balconies was released in 2020, BS 8579:2020. Much
effort was put into releasing this new standard in order to set specifications and details
regarding balconies and terraces by bringing together opinions and requirements of many
stakeholders. The standard deals with types of balconies and terraces giving information
regarding those, as well as definitions. These are summarised in Figure A/B-4 and the
definition of balcony given below:

“3.2 Balcony: Accessible external amenity platform above ground level exterior to
and with direct access from a building

NOTE 1 A balcony is formed above an external space that is not a habitable room.
See 3.9 for the definition of terrace.

NOTE 2 A balcony is not regarded or designed as storage space.
NOTE 3 For the purposes of fire, a balcony is not a roof.”

This must therefore be read jointly with the definition of terraces:

“3.9 terrace: external accessible surface above an internal space above ground level
exterior to and with direct access from a building to occupants for purposes other
than exclusively maintenance

NOTE 1 A terrace is a roof for the purposes of fire and waterproofing. Additionally,
for fire purposes, a terrace can also perform the function of a floor.

NOTE 2 Certain spaces might incorporate features of both a balcony and terrace.”
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NOTE  National regulations might cover roof performance in relation to relevant boundaries.

Figure A/B-4 Balcony definition, reproduced from BS 8579:2020
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These two definitions, in conjunction with Figure A/B-4, provide the required clarity. The
difference between a terrace and a balcony is that an internal space is provided underneath
a terrace; therefore, the terrace also acts as a roof. This is significant as the temperatures
reached during a fire developing within an enclosed space tend to be greater than
temperatures in spaces with large permanent openings to outside, as heat will spill to
outside in the latter case (refer to Section A/B-7.4 for considerations regarding enclosed
balconies). Another point must be highlighted in this definition: balconies can be used as an
extension of a terrace and therefore both elements can be linked.

The definition of balcony in the International Property Measurement Standards (IPMS)
(RICS, 2018): Residential Buildings, should also be mentioned:

“An external platform at an upper floor level with a balustrade to the open sides
projecting from or recessed from an external wall and including in this definition
generally accessible rooftop terraces and galleries and loggia.”

The main difference with the definition in BS 8579 is therefore the inclusion of terraces,
galleries and loggias. However, the purpose of this definition (i.e. ensuring that properties
are measured in a consistent way) is different from the one given in BS 8579 (i.e. providing
guidance to balcony designers). From a fire safety perspective, as explained later in this
report, it is important to distinguish these elements as the associated impacts of a fire on
these can differ significantly. It is therefore proposed to use the definitions provided in

BS 8579 as the basis of this report. Following the adoption of this definition, the next
sections examine the different types and roles of balconies and terraces in further detail.

A/B-7.2 Private vs. shared balconies

A/B-7.2.1 Private balconies

The first role that comes to mind when talking about balconies is one of private space used
by the residents of the apartment it is linked to. A global trend currently sees the number of
people living in cities increasing, including the UK (Quinio and Neuhuber, 2020). As cities
become larger and larger, land availability is getting scarcer. As a result, cities tend to grow
upwards to maximise space (and profit) by adding taller and taller buildings. Therefore, the
number of people living in apartments continues to rise. Data from 2018 (Eurostat, 2020)
show that almost half of the European Union population (46%) live in apartments. In a
recent study of fires in dwellings (Spearpoint and Hopkin, 2020), it was noted that around
20% of dwellings in England are apartments (flats).

In addition to that, while owning a house remains popular, there is an increasing number of
people wanting to (or being obliged to) live in apartments, not only in the younger but also
older generations. The main benefits, other than cost, being:
e Practicality in terms of location as they allow people to live in city centres close to
main attractions,

¢ Practicality in terms of services available in modern apartment buildings (24/7
concierge, gym, private cinemas, etc.) which can be a ‘city within the city’,

e The low maintenance required when compared to houses, and
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e The social aspect, especially for people moving into sheltered housing that now
includes all the facilities and the community feel that can be found in villages, as well
as the essential healthcare system.

A challenge with the attraction of this way of living is in providing quality living in a relatively
small space without direct access to an external area, such as a garden. An efficient and
cost-effective way to improve these apartments has been the provision of balconies.

The current COVID-19 crisis reinforces the need for external spaces, especially when
people are in a situation of lockdown and as a result not allowed to go outside and
socialise. Balconies can be the only way to directly communicate with the neighbourhood
and go outside where travel restrictions do not allow people to do so.

The use of balconies by residents can vary significantly from one apartment to another and
will be influenced by factors such as:
e Their size,

e Their facing orientation (north, south, east or west),
e Their exposure to external elements,
e The local climate, and

e The time of the year.

Balcony use is varied, they can be used as a small dining spaces with a table and few
chairs, or even an extension of a living room with large furniture items such as sofas and
potentially heating equipment. They can also be used as a storage space containing
significant amounts of combustible materials and maybe fully open (aside from the
balustrade) or partially or fully enclosed.

Of course, restrictions in terms of use and furnishings apply on these spaces for various
reasons, such as aesthetic, falls, gravity load and, of course, fire. However, enforcing these
restrictions is always a challenge. This was highlighted recently with the battle between
Amazon and London Fire Brigade (LFB) who successfully stopped the retail giant from
selling barbecues especially designed for balconies (London Fire Brigade, 2020a).

A/B-7.2.2  Shared balcony

A similar type of balcony to the private balcony is one used as a shared amenity space for
residents. They can be found more often in the form of a terrace but do also exist as
balconies. They create space where people can meet and socialise.

The challenges with this type of space are similar to those of private balconies. However,
their use and content can be more easily managed as they can be accessed and verified by
the building management, while it is much more complicated to access privately owned
balconies. As such, the management of these spaces is regulated by the Regulatory
Reform (Fire Safety) Order 2005 (RRO). Obviously, a lack of management can be
detrimental to these spaces as they can be large and can, therefore, contain a significant
amount of combustible materials, if not controlled.
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A/B-7.3 Balconies as means of access/egress

A completely different type of balcony is that classed as ‘deck access’ also sometimes
called a ‘common balcony’. These balconies are used as means of access / egress by the
residents and, most of the time, means of access for the fire and rescue services. They
offer a level of protection to ensure that residents and the fire and rescue services can use
them in the event of a fire. Based on that, they should be designed so that:

e They are unlikely to collapse when exposed to a fire during the evacuation of
residents and intervention of the fire and rescue services;

e A fire starting in an apartment opening onto it does not unduly compromise them (i.e.
requiring protection against thermal radiation and smoke);

e They do not significantly contribute to external fire spread; and

e They remain free of combustible materials at all times so that a fire cannot develop in
this space.

The last point is a challenge in modern architecture as, as previously discussed, balconies
are coming back into trend to create a community feel, especially in sheltered housing and,
therefore, there is an increasing wish to provide furniture, plants, etc. to reinforce this
feeling.

A/B-7.4 Boundary system — open vs. enclosed balconies

BS 8579:2020 distinguishes open and enclosed balconies (Figure A/B-5) as follows:

e Open balcony: is an open system to the outside without offering protection against
weather conditions; and

e Enclosed balcony: is a system offering protection against environmental conditions.
This can include a roof or another balcony above or/and any kind of protection
boundaries on the side edges. They can also be named a ‘winter garden’. From a
design point of view, they are not considered as an ‘internal room’ as they are
outside of the thermal envelope of the building.

The type (glass, timber, louvres, etc.) and extent (fully open, partially open) of the enclosure
of the balcony will likely have a direct impact on the way fire could develop and, as such, on
the measures required to ensure the adequate safety of buildings. It is therefore key to
define the boundary between these two balcony types; i.e. the percentage of permanent
openings. Section 7.3 of the BS 9991:2015 code of practice suggests that a balcony is
considered as open where:

“At least 50% of the vertical section should be open and the area of opening should

be uniformly spread around the surface.”

This area can vary significantly from a recessed balcony (open on one side only) or a
projecting balcony (usually open on three sides). Further research will need to examine the
origin of this value of 50% and whether this percentage is appropriate from a fire safety
perspective.
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Figure A/B-5 Open (left) and enclosed (right) types of balconies, as extracted from
(Ribeiro et al., 2020)

The increasing use of marginal urban land adjacent to busy roads and rail infrastructure for
the development of high-density residential buildings is engendering the use of enclosed
balconies for acoustic wellbeing of the occupants. The enclosing of balconies may involve
the installation of laminated glass. Therefore, clearly identifying the fire safety measures
associated with such spaces is key.

It should also be noted that the enclosure of the balcony may evolve throughout the life of
the building. This may be because the initial design of the balcony was not adequate, for
example, the absence of consideration of wind as reported by a balcony designer
interviewed as part of this project. As observed by some authors of this report, during fire
risk assessments it was found that enclosing balconies can result in adding a room to an
apartment or to improve the thermal performance of the building, especially in the buildings
built after the Second World War, where balconies used as means of escape were
common.
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A/B-8.Balcony construction methods

A/B-8.1 Introduction

A balcony is an integral part of a building's facade, so its design is crucial to the property's
architecture. Over the years, balcony styles have evolved (and will keep evolving) to reflect
changes in structural design, construction and building materials but also cultural changes,
climate changes, etc. Choosing a method of implementing a balcony design to a new
and/or existing building is of high importance considering the structural, environmental and
cost factors which could impact on a short- and long-term bases.

A/B-8.2 Projecting balcony

A projecting balcony cantilevers from the building with no visible means of support, apart
from the fixing to the facade (Figure A/B-6). This type of balcony is one of the most
common types used in current construction, providing a popular aesthetic. However,
because the weight and imposed loads are supported by cantilevering the structure off the
wall, the structural design generally needs to be completed in advance and these balconies
usually cannot be retrofitted at a later stage.

A cantilevered balcony
gives better view and sun
exposure

Figure A/B-6 Projecting balcony

As detailed later in the report (Section A/B-9.1.6), consideration should be given to thermal
breaks at balcony connections (see Figure A/B-7) when designing and installing balconies.
Indeed, while these elements are intended to address requirements of heat transfer (L1A),
it is essential that the solution to the thermal bridge is also compatible with the functional

requirements of B4.
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Compartment floor

Connection zone

Balcony

Figure A/B-7 Steel cantilever balcony design (www.schoeck.com/en-us/balcony)

Traditional cantilever balconies are usually made of concrete or both steel and concrete.
Timber joists are also used in some countries (US, Canada, Nordic countries, etc.) and
offer another solution (Figure A/B-8), as their thermal conductivity is low.

Cantilevered balconies are usually made to a maximum of 1500-1800 mm depth (measured
from the connection the end of the balcony). Beyond these depths the forces grow and
require much more complex technical solutions. The smaller the depth, the less movement
that is expected.

Figure A/B-8 Wood joists for cantilevering a balcony, as extracted from (Havel, 2009)

A/B-8.3 Hung balcony

Another form of support for balcony structures is to use stainless steel cables or rods that
are fixed to the walls and ‘hang’ the balcony or balconies (Figure A/B-9). The method works
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by using the bolt strength at the wall 50% shear and 50% pull out forces. The design is not
commonly used mainly for safety reasons as the rods/cables require regular inspection and
maintenance.

Figure A/B-9 A hung balcony using a stainless rod

A/B-8.4 Self-supporting balcony

A self-supporting or ‘independent’ balcony has structural support independent of the
adjacent building structure. Normally such balconies accommodate a separate structure to
the building and often are not connected structurally. The balcony structure is supported
using vertical pillars and the weight of the balcony or balconies (if stacked on top of each
other) is supported by these pillars and transferred to the ground where concrete pads are
usually cast. Some balconies on pillars or stacked balconies are made of either steel or
aluminium materials that give a smooth appearance to the building. This balcony scheme is
the most appropriate for retrofitting projects where the additional loads cannot be supported
by the existing building. Ease of implementation is a key factor for choosing self-supporting
balconies.

A/B-8.5 Recessed balconies

Recessed balconies are also used in the UK, mainly in mid-rise buildings. They present
several benefits such a privacy and wind protection, being enclosed on three sides.
However, they will affect daylight exposure and may end up enclosed as this could add
value to the apartment by being considered as an internal space.
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Figure A/B-10 Different types of balconies used in the UK (EURBAN, 2020)

A/B-8.6 Juliet balcony / guarding

A ‘Juliet balcony’ is defined as a shallow balcony, acting as a balustrade, protecting from a

fall, e.g. outside French doors. In such balconies, rails are normally fixed to the external
facade of a building. Due to the absence of projection, their impact on external fire spread
will be different from the types of balconies studied in this report. It is therefore not

proposed to study these extensively as part of this research other than in the context of

laminated glass (see Section A/B-26.5).
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It should also be noted that BS 8579:2020 refers to this type of construction as ‘Juliet
guarding’ and defines it as follows:
“external guarding to openable doors without an associated external floor”

BS 8579 gives the specification related to guarding from a design perspective (Section 1.
Scope). This denomination is used hereafter in this report to clearly differentiate it from a
balcony.

A/B-8.7 Conclusion

Choosing the appropriate type of balcony is a process of identifying the construction mode
which enables the designer to overcome as many challenges as possible and satisfy as
many requirements set by the construction and regulatory environment in each
case/country. Some of the advantages and disadvantages of different balcony types are
illustrated in Figure A/B-10.
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A/B-9. Challenges in designing and

building balconies

Not only in UK, but worldwide, there are notable considerations regarding the design and
incorporation of balconies and terraces in new or existing buildings. BS 8579:2020
introduces the following:

Effects of wind and precipitation, including snow,
Water drainage,

Acoustic performance,

Safety of persons using the balconies, guarding, etc.,
Thermal bridging,

Fire safety,

Shading, and

Interfaces and responsibilities.

The considerations having the most significant impact on fire safety are detailed in the
following sections. However, balconies by their very nature have characteristics that can
affect fire safety in that:

Balconies are projections that follow openings and, because of their characteristics,
could promote the ingress of balcony fire through the openings into the building and
contribute to fire spread from one level to another,

Balconies can accumulate combustible materials and can host ignition sources,

Construction materials can promote external flame spread if combustible
components are present,

Projected balconies above windows can deflect the flame from an internal fire
outdoor and away from the external wall and potential openings, hence reducing the
potential for fire spread from one level to another,

Detailing of the balcony can result in pathways for fire spread, especially in the zone
between the balcony itself and the building compartment floor where fire stopping
and cavity barriers need to be provided to limit fire spread. Due to the presence of
cladding and balcony support passing through this space, it can be challenging to
install these fire resisting elements, and

When designed as a means of escape and/or a fire-fighting access route, balconies
present the advantage of limiting the risk of becoming compromised by smoke if
designed adequately compared to an internal corridor due to:

o The permanent openings to outside, and

o The absence of reliance on active fire safety systems such as mechanical
smoke extraction.
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A/B-9.1 Materials and components of balconies

A/B-9.1.1 Structure

A typical structure of a balcony could comprise of different materials, the most popular
being currently:

e Aluminium and steel,
¢ Concrete, and
e Timber.

The choice of materials mainly depends on the design needs and fixing points.

At the start of the 20™ century up to the 1970s, concrete deck balconies were extensively
used. The advantage of a concrete deck is that it could last hundreds of years without any
onerous maintenance, but the disadvantages are that they are heavy, expensive and
complicated to insulate to prevent thermal bridges — refer to Section A/B-9.1.6.

Wood can also be used. It presents several advantages: it is lightweight, attractive,
environmentally friendly and easy to cut and install. It has also a better thermal inertia than
concrete, steel or aluminium and therefore can limit the thermal bridge phenomenon (refer
to Section A/B-9.1.6). However, its maintenance over time can be expensive and rotting is
a concern. Also, in England, it has been recently banned in external walls (and
attachments) to residential blocks of flats and other relevant buildings over 18 m in height
due to its potential contribution to external fire spread, refer to Section A/B-12.1.

Currently, aluminium balconies are the most popular, especially because of their
lightweight, non-combustible nature and their longevity as they will not rot or rust (but may
discolour) resulting in a low maintenance cost. Stainless steel balconies are also used as
they are also non-combustible and durable. However, they come at a higher price and are
heavier and therefore more difficult to design and install.

A/B-9.1.2 Balustrades and separation screens

Balcony balustrades are very important for guarding and preventing falls. Traditionally,
materials used for such components are wood and steel; however, aluminium is now
commonly used also used as well as stainless steel. Different materials can be used as infill
in balustrades, such as aluminium rails, glass panes (Figure A/B-11), wooden rails etc.
Sometimes, coating is also applied on the materials for maintenance-free finish and
aesthetic reasons. Relevant guidance regarding balustrades can be found in

BS 6180:2011. One of the most popular balustrade infills up to the amendment of Part B of
the Building Regulations was laminated glass — this is detailed in Part C of this report.

Architects and balcony designers interviewed during this phase highlighted that designing
balustrades correctly is key. If parameters such as weather protection (wind, etc.) are not
taken into account correctly during the design phase, residents may add their own
protection. The materials used by residents are combustible. Balustrades can also affect
daylight in the building if they are opaque.
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Figure A/B-11 Balcony with glass panes supported on metal posts

Physical barriers can be provided to separate continuous private balconies shared between
apartments. Their fire performance in terms of reaction-to-fire and fire resistance can also
impact the way the fire could spread laterally. As they form part of the balcony build up,
these elements must now achieve Euroclass A2-s1, dO under the amended Building
Regulations (refer to Section A/B-12). However, they do not need to achieve a minimum
level of fire resistance (in terms of integrity or insulation).

A/B-9.1.3  Decking

Nowadays, balconies are sometimes covered with tiles, vinyl or composite materials (e.g.
wood-fibres with polyethylene), as they do not rot like timber and can be lighter. Pavement
slabs can also be provided, especially on the tops of terraces; their use in cantilever
balconies is usually avoided due to their self-weight.

A/B-9.1.4  Fixings

Sealants can be used instead of mechanical fixings for providing decorative panels around
balconies as highlighted by one balcony designer interviewed as part of this project. In
addition to being combustible and therefore potentially contributing to fire spread, these
sealants may fail at relatively low temperatures when exposed to a fire which could result in
the panels becoming dislodged and falling.

A/B-9.1.5 Insulation

Where terraces are being provided above habitable rooms, insulation is required between
these two spaces. The use of non-combustible insulation (e.g. mineral wool) is difficult as it
is a relatively soft material. The majority of products suitable for this application in terms of
water resistance, compressive strength and thermal resistance are currently combustible.
However, there are silica-based products and ‘foam glass’ non-combustible products,
although foam glass deteriorates when subjected to frost.

A/B-9.1.6  Thermal bridging

One of the main considerations in the current design of building external envelopes is
thermal insulation and limiting heat losses. This is highlighted in Approved Document L1A

(ADL1A) (HM Government, 2016) which mentions:
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“...reasonable provision shall be made for the conservation of fuel and power in
buildings, by limiting heat gains and losses through thermal elements and other parts
of the building fabric.”

Breaches through the building thermal envelope can lead to heat transfer from the outer to
the inner environment therefore resulting in heat losses. This area of weakness is called a
‘thermal bridge’. As such, cantilever balconies, by breaching through the building facade,
can create a thermal breach if not designed properly (Morrison Hershfield Limited, 2020;
Morrison Hershfield Limited., 2013). The interaction between the warm inside and the cold-
outside environment could lead to a large amount of heat losses (Ge et al., 2013; Goulouti
et al., 2014) via the connections between the floor or building frame located in a warm
environment and the balcony deck. In addition to heat losses, this may result in
condensation within the building. Indeed, the floor slab will be cooled down as a result of
thermal bridging and condensation may appear where the warm air within the building hits
the floor.

A common solution in such cases is introducing a thermal break, which is an element of low
thermal conductivity material placed in the connection (embedded in the construction) to
prevent the conduction of thermal energy to the adjacent members (Lstiburek, 2012;
Morrison Hershfield Limited., 2013) as represented in Figure A/B-12. The insulation
materials typically include extruded polystyrene, expanded polystyrene, or mineral wool, all
of which have a low level of thermal conductivity (i.e., 0.025 to 0.040 W/m.K) (Goulouti et
al., 2014; Susorova et al., 2019). However, such insulation materials may have an impact
on fire spread if combustible, or on the structural behaviour. Stainless steel is currently one
of the most common materials used to support balconies due to its low thermal conductivity
(15 to 17 W/m.K) when compared to carbon steel (~45 to 50 W/m.K) for instance.

o——Wall
Isolation

Balcony

Thermal break

Figure A/B-12 Thermal break shown on the connection of a balcony

Another solution consists of encapsulating the connections (rods) between the balcony and
the slab with insulation having good thermal performance, but which is combustible. EPS,
XPS and MW can be used to wrap around brackets and rods in point-supports such as on
metal balcony frames, but do not act as a thermal break unless used in linear supports
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such as on a concrete balcony. Where the stresses pass through a point support a thermal
break can be formed using a material of high compressive strength sandwiched between
two connecting end plates. These materials usually have poor thermal resistivity, but some
have a degree of non-combustibility.

Thermal bridging in concrete balconies is usually addressed by incorporating a thermal
break within the in-situ cast concrete slab build-up to form a balcony floor.

Thermal bridging in building envelopes is a major concern in terms of overall thermal
performance of a building. Regulators in many countries aim to limit heat losses from a
building, by bringing forward strict regulations regarding energy efficiency standards.
Regarding thermal bridges, ADL1A states that the building fabric should be constructed so
that:
Section 3.2: the insulation is reasonably continuous over the whole building
envelope...

Section 3.9: there are no reasonably avoidable thermal bridges...

It is therefore required for designers to consider, amongst other things, thermal bridging, as
to minimise such effects and comply with Building Regulations. Two aspects of the thermal
bridges can have an impact on the functional requirements related to fire safety:

e Their combustibility: these elements are currently excluded from the ban of
combustible materials in external walls of the amended Building Regulations (refer to
Section A/B-12.1). Therefore, they can be made of materials achieving various fire
performances in that regards. While certain methods for limiting thermal bridging rely
on thermal breaks limited in size, some others rely on larger elements for instance
with the encapsulation of the balcony supports and therefore could have a more
significant contribution to external fire spread.

e The fact that they can breach the continuity of cavity barriers / fire stopping provided
at slab level — refer to Section A/B-9.1.8.

A/B-9.1.7  Waterproofing

External envelope waterproofing should be designed to prevent water ingress within the
building. However, cantilever balcony supports will breach this protection as shown in
Figure A/B-13 and therefore create a route for water ingress within the building. To prevent
that, sealants can be used, these are often combustible and can therefore contribute to
external fire spread.

Waterproofing of the balcony itself can also be required for various reasons such as to
protect the structural zone (between the balcony deck and the soffit underneath), to protect
the balcony underneath or to protect concrete deck balcony. This was traditionally achieved
by using combustible membranes that could also contribute to external fire spread.

Surface water is collected and directed towards vertical water drainage pipes running
through the external envelope or within the building as shown in Figure A/B-13. In addition,
the drainage system can create a direct path for fire spread between floors if not designed
properly as it passes through the horizontal fire rated separation provided at floor level (e.g.
PVC pipe not provided with adequate fire stopping).
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Figure A/B-13 Balcony waterproofing — section view

Passive drainage (e.g. via perforated floor) can also be used, but should be limited to
balconies less than 6 m? as suggested to NHBC. This can have a direct impact on fire
spread as a solid soffit would tend to deflect the flame outwards while with a perforated
ceiling and deck, a fire could quickly spread from one level to another without any physical
horizontal barrier to stop it.

A/B-9.1.8  Fire stopping and cavity barriers

Fire stopping and cavity barriers should be implemented in such a manner than the external
wall and balcony build-up meet the requirements of B3 and B4. Figure A/B-14 shows an
example of a configuration where fire stopping and cavity barriers should be provided:

» Between the slab edge and the external wall at compartment floor level to ensure
continuity of the compartment floor, and

e Within external cavity wall at compartment floor level.
The zone where these elements should be installed is usually congested due to the
presence of various components such as cladding supports and therefore ensuring that

they are correctly installed is often challenging. The addition of balcony supports that run
through this zone makes their installation even more difficult.
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Figure A/B-14 Cavity barrier and fire stopping

A/B-9.1.9 Conclusion

Materials used in the construction of balconies have the potential to affect external fire
spread in a number of ways depending on their properties, amount and location (exposed
VS not exposed, etc.). They can contribute to the development of the fire if combustible,
lead to downward, upward or lateral fire spread but also delay fire spread if not
combustible.

A/B-9.2 Interfaces and responsibilities

Designing and building a balcony relies on numerous trades meaning that coordination
between the different parties is key. However, how to determine who is responsible for what
can be difficult to assign. For instance, the structural engineer designing the building may
be different from the one designing the balcony. There could also be challenges in terms of
fire stopping which will require coordination between the architect, the structural engineer
(due to elements that may breach it), the facade engineer, the balcony designer, the
plumbing engineer (if water drainage is provided) and of course the fire stopping
manufacturer that will need to ensure that their product is suitable.

A/B-9.3 Distribution

The number and distribution of balconies on a building elevation can vary significantly from
one building to another and even from one elevation to another. This could have an impact
on fire spread; balconies stacked on top of each other may not have the same impact on
external fire spread compared to situations where they are not. This aspect of the design
could be beneficial in terms of restricting external fire spread where they are designed to do
so (e.g. by incorporating balconies providing a certain level of fire resistance) or detrimental
(e.g. where incorporating combustible elements and/or open floors). Continuous balconies
shared between apartments and separated by non-fire rated partition (refer to Section A/B-
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9.1.2) could also contribute to lateral fire spread as the fire could spread from one balcony
to another.

The issue of balcony distribution in relation to external fire spread has been observed
several times, for instance in the Mermoz Tower fire in 2012 (Section A/B-11) or in West
Hampstead (Section A/B-11.1) in 2018 where the fire spread progressively from balcony to
balcony vertically.

A/B-9.4 Green balconies

As previously seen, two types of combustible materials need to be considered when
assessing the fire performance of balconies: those introduced by the balcony user, which
can be difficult to manage, and those used in the balcony construction.

A third type of combustible should be distinguished: green balconies (Figure A/B-15).
Balconies users can add greenery to their space, but they are also introduced on a growing
number of projects during the design phase by architects and developers. The Department
for Communities and Local Government, now MHCLG, published a document titled Fire
Performance of Green Roofs and Walls (Department for Communities and Local
Government, 2013). This document aimed at reviewing the fire safety guidance documents
available on green roofs and walls as well as fire tests carried out. It concluded that green
walls can currently be used if no restrictions apply regarding the external surfaces in
Approved Document B (refer to Section A/B-12.2). For other situations, it should not be
used unless test evidence can be produced demonstrating compliance with Approved
Document B. It also highlights that the moisture content of the plants has an impact on
flame spread and therefore correct irrigation is key. Some research has been done on fire
safety issues associated with the use of green roofs and walls (Chow et al., 2018).
However, guidance remains limited and there may be other factors that make this a
complex situation when considering fire spread.

Figure A/B-15 Example of green balconies - Urban Forest, South Brisbane
(Wilkes, 2020)
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A/B-10.Effects of fire spread and fire

performance

A/B-10.1 The cons

Balconies can have a detrimental effect on fire spread several ways:

They may contribute to fire spread, especially if made of combustible elements
and/or loaded with combustible content. Several fires have occurred over the last 30
years and highlighted this risk — refer to Section A/B-11. The amended Building
Regulations have limited significantly the use of combustibles on balconies on new
relevant buildings over 18 m in height (refer to Section A/B-12.1); however,
combustible products and materials can still be used in buildings less than 18 m in
height.

Also, the amended Building Regulations only address the elements forming part of
the balcony build-up. The challenges of controlling fire load and sources of ignition
introduced by residents, particularly where this is not covered under the RRO, mean
that these fires are not going to likely to vanish in the foreseeable future.

It must be noted that, while it is common knowledge that fire travels upwards and
balconies can promote this fire spread, they can also lead to lateral (for instance in
balconies shared between apartments and separated by non-fire resisting partition)
and downwards fire spread — refer to Section A/B-11.

It may be challenging to maintain the continuity of the fire stopping / cavity
barrier between the compartment floor and balcony due to the elements going
through this zone (e.g. balcony support, cladding support, water drainage, etc.).

They may collapse when exposed to a fire if not fire resisting which could have a
significant impact on fire-fighters entering the building or people escaping at ground
floor level. While this type of incident is rare, it has happened and therefore should
not be neglected.
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Figure A/B-16 Projecting balconies and protection from fire (extracted from
BS 8579:2020)

e Falling burning elements can also have an impact at ground floor level as well as
contributing to downward fire spread.

e Unprotected balcony structure connected to the primary structure of the
building may buckle when exposed to a fire, and thereby affect the overall building
structure. It can also create a thermal link between the unprotected balcony structure
and the protected building structure.

e Balconies used as means of escape may also become affected by smoke if
smoke was to spread laterally rather than outwards and upwards. Balconies can also
be affected by smoke at higher levels depending on the specific circumstances.
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Figure A/B-17 External fire spread — Benefit of balconies in external fire spread —
example of a fire in Berlin (Nilsson and Mossberg, 2016)

A/B-10.2 The pros

While balconies have received negative media attention for their contribution to fire spread
due to recent fire events, they can limit external fire spread. Various studies have been
carried out on this topic and have shown the potential benefits of balconies on external fire
spread when designed for that purpose.

The benefits of balconies in limiting external fire spread are taken into account in the fire
regulations of several countries worldwide and this is detailed in Section A/B-12.

Figure A/B-17 provides an example of a benefit of fire rated balcony in limiting external fire
spread. In this case, the fire started in a commercial unit and only damaged the area on the
first floor not protected by a balcony. The benefit of balconies when designed to limit fire
spread is recognised in various countries as detailed in Section A/B-12.5.
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A/B-11. Past fires

A/B-11.1 Introduction

Balcony fires are not unknown in the UK. For instance, London Fire Brigade (LFB) reported
that, over the last three years, 550 balcony fires were reported in London alone. This
section examines some of these fires that occurred in the UK recently. These fires were
selected based on the availability of information, such as:

e Balcony type,

e Balcony construction material,

* Propagation of fire to the cladding, flats, and other balconies, and
e Level of damage.

The research was based on internet searches and a report (not available in the public
domain) prepared by LFB. This report, i.e. (London Fire Brigade, 2020b), provides valuable
information about several fires. The level of information varies from one fire to another, and
details can be missing such as whether the fire started on the balcony, or the balcony
became involved following a fire starting within the building. Also, no information was
provided regarding the building types and whether they are blocks of flats or other building
types. These incidents have therefore been selected because the fire was reported in
accessible sources of information and sufficient details are available. Thus, this does not
exclude the possibility that additional incidents have occurred involving other reasons and
balcony types but have not been reported.

This section also examines several balcony fires that have occurred outside of the UK. This
research was limited as the design specifications, the associated fire safety measures and
also the use of the balconies may differ from what is typical of the UK.
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Table A/B-2 Past fire incidents on balconies

for recessed

balconies

Location Year | N° of Building Balcony Balcony Fire Damage Fire Fire spread to Further
floors | construction type construction location balcony spread to the external propagation
of origin | the flat of cladding
origin (balcony of
origin)
Gooch 2019 | 17 Concrete Open Concrete Floor 8 80% Yes No No
House, projected balcony damage
Hackney, 1 : : balcony : : _
London Description: Failure of UPVC window and glass separating the balcony from the property (Fire Investigation Team, 2019).
Venice 2019 | 14 Concrete frame Open Unknown but Floor 13 Damage No Yes No
House, construction, with | projected | presence of balcony to the
Wembley rainscreen balcony wooden decking wooden
cladding and and glass decking
metal external panels on three
wall finish type sides
Description: Some upward fire spread on the external cladding of the building and the combustible insulation behind (Fire Investigation Team,
2019).
Camley 2019 | 9 External cladding | Recessed | Unknown but Floor 4 10% No No No
Street, combination of open and | presence of balcony damage
London brick, glazing and | closed wooden decking
metal balconies
Description: Smoke entered the premises, but the fire did not spread beyond the balcony (Fire Investigation Team, 2019).
Clifton 2019 | 16 Concrete Open Concrete Floor 9 100% No No No
Court, construction projected | construction balcony damage
Islington balcony
shared
between
two flats
Description: Failure of window during the fire caused the spread of smoke into the flat and consequent damage (Fire Investigation Team, 2019).
Packington | 2019 | 6 External cladding | Open Glass panels on | Floor 4 100% Yes No No
Square, combination of projected | three sides for balcony damage
Islington brick, glazing and | and open projected;
metal recessed | and glass
balconies | panels front side
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Description: The fire spread beyond the balcony was reported to be due to the window left open, which allowed the spread of smoke within the

building. The fire however was contained to the flat of origin (Fire Investigation Team, 2019).
West 2018 | 6 Traditional Open Steel frame with | Floor 3 Damaged | Yes Yes Yes
Hampstead reinforced projected | aluminium facia | balcony on
Square, concrete balconies | and composite several
London frame/brickwork decking and floors but
plastic soffits percentag
with toughened e
balustrade unknown
glazing
Description: Fire spread vertically upward and affected balconies on three floors. The second floor and podium balconies were also damaged
due to falling of burning debris. The glazing units of all four balconies were destroyed while only the balconies steel frames remained. The
windows located either side of the balconies sustained heat and smoke damage. The fire affected 5 apartments and resulted in the activation of
sprinklers (Fire Investigation Team, 2019).
Trellick 2017 | 31 Concrete Open Concrete Floor 27 Damaged | Yes No No
Tower structure recessed | construction balcony but the
balcony extent is
unknown
Description: The glazed door separating the balcony from the kitchen failed leading to the fire spread to the kitchen (london-fire.gov.uk). Smoke
detection within the flat did not work.
The 2015 | 11 Unknown Open Glass panels on | Unknown, | Damaged | No No No
Norton, projected | three sides, lower but limited
Greenwich balcony wood plastic balcony
composite (wpc)
decking,
aluminium soffit.
Description: According to (Sapphire, 2019), the aluminium soffit in place restricted the oxygen flow to the fire, hence no further fire spread with
the main structure of the balcony (london-fire.gov.uk), (Sapphire, 2019).
Notting Hill | 2019 | 15 Concrete frame Open Concrete Floor 13 Damaged | Yes No No
construction with recessed | balconies balcony , but
brick cladding balcony unknown
extent
Description: The flat of origin was partly damaged to an unknown extent (london-fire.gov.uk).
Fulham 2020 |5 Unknown Unknown | Unknown, Floor 4 Damaged | No No Yes
balcony , but
unknown
extent
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Description: A small area of the balcony underneath the balcony of fire origin was damaged by fire.

unknown 2010 | 16 Concrete Recessed | Concrete Floor 12 Damaged | unknown unknown Yes
open balcony , but
balconies unknown
extent
Description: The fire started and spread from the balcony of origin to the 15th floor and the roof. The source of fire was unknown, but it was
concluded in the BRE report that several features of the building had contribution in the spread of the fire, i.e. combustible insulating panels
cladded onto the underside of the balconies; cladding panels installed on the outer surface of the exterior wall comprised of mineral fibre board
face supported on timber battens with a fibrous combustible insulation materials behind it; plastic drain pipes installed on the corners of the
building and passed through the concrete floor slab on each floor. According to the BRE report, there was no evidence of fire stopping,
proprietary seal or sleeve for the pipes passing through the floor slabs of the balcony (Holland et al., 2016c¢).
Unknown 2011 | 16 Predominantly Recessed | Concrete slab Floor 6 Damaged | No Yes Yes
concrete open extension of the | balcony , but
construction; balconies | main structure unknown
variety of covered with extent
unknown cladding timber decking
systems on the on timber
external surfaces. battens;
The cavities were polyethylene
filled with different spacer rings;
rigid foam foam insulation
insulation. covered by a
woven plastic
sheet
Description: Plastic was first ignited, and the fire spread to the foam insulation under the decking. The foam insulation was consumed, and the
fire furtherly spread to the insulation behind the cladding systems of the external wall. The fire also spread to the balcony ceiling which contained
expanded polystyrene behind the render. The fire also affected the balcony of the neighbouring flat on the same level (Holland et al., 2016c¢).
Unknown 2015 | 13 Concrete Unknow Continuous Floor 3 Damaged | No Yes No
construction with but balconies balcony , but
timber/veneer assumed | running the full unknown
facade to be an length of the extent
open type | building with the

flat boundaries
separated with
aluminium and
glass privacy
screen. The
decking was
redwood timber
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Description: The fire ignited the balcony decking and spread to the timber/veneer fagade. Based on the BRE report, the fire spread beyond the
privacy screen of the neighbouring balcony but was contained to the area of the fire origin. The damage due to the fire was limited to the external

balcony and facade on the third floor, and did not involve the underside of the balconies (Holland et al., 2016c).

Wharfside, | 2015 | 6 Timber frame Open Metal frame with | Top floor | Damaged | Yes Yes Yes
Wigan building projected | unknown
balcony decking
Description: The fire was caused by a barbeque on a balcony of the top floor. The wooden-framed structure allowed the fire to quickly spread to
affect a significant part of the building (BBC, 2015). Extensive demolition and reconstruction works were required to address significant damage
several apartments within the building complex (BBC, 2015).
Samuel 2019 | 6 Timber cladding Open Timber frame Unknown | Damaged | Yes Yes Yes
Garside recessed | and a plastic
House, balcony mesh
Barking Description: This fire caused significant damage to the building and completely destroyed 8 apartments. The fire spread from one floor to another
due to the presence of combustible timber cladding and black plastic mesh on the balconies (Simpson, 2020).
The Cube, | 2019 | 6 High-pressure- Open High-pressure- Floor 6 Damaged | Yes Yes Yes
Bolton laminated recessed | laminated balcony
cladding balcony material
Description: The fire rapidly propagated both upwards and downwards due to burning falling debris. After reaching the roof of the building, the
fire spread horizontally to involve the entirety of the roof (Greater Manchester Fire and Rescue Service, 2020).
Draguignan | 2019 | 5 Concrete frame Open Concrete Unknown | Damaged | Unknown Yes Yes
France with timber projected
cladding balcony
Description: The fire spread throughout the entire fagade within 10 minutes. While the building was structure was non-combustible, the
combustible timber cladding and the fire load on the balconies are mentioned as two of the main causes of this rapid fire spread (Lacas, 2019).
Mermoz 2012 | 18 Concrete Open Concrete with Floor 1 Damaged | Unknown Yes Yes
Tower fire, structure recessed | but combustible | balcony
France balcony cladding

Description: The fire quickly spread up to the 18th floor (Dosne, 2012). This rapid spread from the initial balcony was due to the presence of
combustible cladding and to the geometry of the building with the balconies stacked. Combustible cladding panels were placed as guardrail for
the balconies. A chimney effect between the panel and the balconies appeared and thus accelerated the fire spread (Dosne, 2012).
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The fires on balconies presented in Table A/B-2 are selected where sufficient suitable
information for the purpose of this report is available. There are, of course, more examples
of fires on balcony but with very limited available information. For instance:

e Walworth, 2017 which was a 13-storey residential building with assumed concrete
structure and recessed balcony. The fire on the balcony did not propagate further
(london-fire.gov.uk),

e Tufnell Park, 2018 which was a 5-storey residential building with concrete balcony
(based on pictures available online). The fire developed on the first-floor balcony and
caused damage to the balcony above (london-fire.gov.uk),

* Battersea, 2018 which was a 9-storey residential building. The fire spread beyond the
apartment of fire origin (london-fire.gov.uk),

» Joiner Street, Manchester, 2017, which was 12-storey residential block with timber
balconies. A fire started in an apartment on the ninth floor and spread externally up to
the 10" and 11t floors via wooden balconies (BBC, 2017).
The research done also highlighted that one of the most common causes of these fires was
discarded cigarettes; however, fridge/freezers and barbecues are also reported.

No fatalities resulting from a balcony fire were observed in this research. This was
confirmed in the BRE report (Holland et al., 2016c) which also highlighted that the damage
caused by these fires can be significant. This point is also mentioned in research done by
University of the Fraser Valley in Canada (Garis and Biantoro, 2019) where it was
concluded that, compared to other types of building fires, balcony fires are less likely to Kill
or injure people while they can lead to more damage to a building.

A/B-11.2 Conclusion

The review of the past fire incidents, presented in Table A/B-2, reveals the points
hereinafter:

e All the balcony fires reported, apart from one unknown type (but assumed to be open
based on the description) were open balconies, i.e. 47% projected open balconies;
42% recessed open balconies. This be may because fires starting in enclosed
balconies are treated as a fire starting within a room and therefore reported as such.

e In 47% of the cases, the fire was mentioned to have spread from the balcony or
origin to the adjoining apartment, the external cladding of the balcony of fire origin,
and beyond this area.

e 16% of the fires analysed involved timber frame buildings and resulted in extensive
damage to the balcony of fire origin and beyond this area.

* Two buildings were provided with timber cladding of which one had more than 50%
damage to the balcony of fire origin with fire spread on the external cladding beyond
the balcony of fire origin. This building had timber framed balconies with timber
decking and battens.
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e Four balconies were provided with timber decking, among them three were damaged
more than 50% with further propagation of fire to the other part of the external
cladding of the building.

e In 21% of the buildings, combustible insulation was reported in the cladding or
underneath their balcony decking. In all these buildings, there was further
propagation of the fire to the external cladding on the balcony of fire origin and the
external cladding on the other part of the building.

e It was concluded that in one of the balcony fires, the aluminium soffit in place
restricted the oxygen flow to the fire, hence no further fire spread with the main
structure of the balcony to be remained undamaged (Sapphire, 2019).

In conclusion, combustible insulation, combustible cladding, timber and other types of
combustible materials forming part of the external envelope of the building or the balcony
build-up were, in the majority of cases, mentioned where fire spread to the apartment
associated with the balcony of fire origin, beyond that balcony and to the external cladding
of the building.

On the other hand, fires that did not spread beyond the balcony of fire origin included, in the
majority of observed cases, a solid balcony deck in the form of concrete or other material
such as aluminium. However, there are cases where the fire was not contained within the
balcony of fire origin despite the presence of concrete decking. In these cases, the concrete
deck was insulated/concealed with insulation and cladding panels of combustible materials
and covered with combustible decking.

Clearly, the extent of these fires and the associated damage can vary significantly from a
localised fire only involving one balcony to a large fire involving the entire fagade. The cost
can be significant but also the impact on the residents that may need to be relocated
depending on the extent of the damage.

Finally, it should be noted that it is too early to assess the impact of the amended Building
Regulations, which restrict the quantity of combustible materials in the balcony build-up, on
balcony fires.
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A/B-12.Balconies in building regulations
and fire safety guidance

Throughout the previous sections, it has been established that the fire safety challenges
associated with balconies can vary significantly from one balcony to another depending on
different factors such as:

e Their role (e.g. means of escape vs private balcony), and
e Their design (e.g. timber vs concrete balcony).

This section examines the functional requirements of the Building Regulations that can
have an impact on balcony design and the guidance contained in Approved Document B
(AD B).

A/B-12.1 Building Regulations 2010 (as amended)

The amended Building Regulations 2010 class balconies as “attached to an external wall”
as a ‘specified attachment’. Note that not all balconies are ‘attached’ to an external wall and
this term is usually ambiguous for terraces that are usually not attached to the building but
form a roof. For instance, a balcony can be formed by the extension of the floor (although
rare in modern buildings due to thermal bridging issues), or roof terraces. Refer to

Section A/B-3 for the regulatory context, however specific points related to balconies are
noted below.

A/B-12.1.1 B1: Means of warning and escape

The functional requirements of the Building Regulations in terms of means of warning and
escape are as follows:

“The building shall be designed and constructed so that there are appropriate
provisions for the early warning of fire, and appropriate means of escape in case of
fire from the building to a place of safety outside the building capable of being safely
and effectively used at all material times.”

This functional requirement shall be considered for balconies used as means of escape as
they must offer an adequate level of protection to the residents in the event of a fire. The
key points to consider are:

* The protection against smoke which may affect the occupants due to reduced
visibility, high temperatures, toxicity; and

e The protection against thermal radiation, especially where openings (windows) are
provided between the balcony and the apartment of fire origin which could expose
residents escaping past these to high temperatures.
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These points need to be considered in the event of a fire within an apartment/flat but also in
the event of a fire on the balcony used as a means of escape (e.g. by limiting/forbidding the
fire load).

A/B-12.1.2 Ba3: Internal fire spread (structure)

The functional requirements of the Building Regulations in terms of internal fire spread
which have to be considered when designing balconies are as follows:

‘(1) The building shall be designed and constructed so that, in the event of fire, its
stability will be maintained for a reasonable period

[.]

(3) Where reasonably necessary to inhibit the spread of fire within the building,
measures shall be taken, to an extent appropriate to the size and intended use of the
building, comprising either or both of the following—

(a) sub-division of the building with fire-resisting construction;
(b) installation of suitable automatic fire suppression systems.”

Clause (1) is related to the structural fire resistance of balconies and applies, first of all, to
balconies used as a means of egress for the residents and access for the fire and rescue
services. These balconies are to remain in place during the evacuation of the residents and
the intervention of the fire service in the event of a fire.

This requirement shall also be considered when designing private balconies (i.e. balcony
not used as a means of escape). Indeed, a balcony collapsing due to structural failure when
exposed to a fire could:

* Impact people at ground floor level evacuating or the fire and rescue services;
e Damage the primary structure of the building; and/or
e Contribute to downward fire spread.

Clause (3) is related to compartmentation which is a key element in residential buildings as
only people of the apartment of fire origin are often likely to evacuate. The fire must
therefore be contained in the apartment of fire origin and not affect adjacent apartments or
the common means of escape. As detailed in the section related to past fires (Section A/B-
11), balconies fire can lead to external fire spread beyond the balcony of fire origin. The fire
can then re-enter the building via a separate compartment/apartment. This risk must be
considered to ensure compliance with B3.

A/B-12.1.3 B4: External fire spread
The functional requirements of the Building Regulations in terms of external fire spread are
as follows:

(1) The external walls of the building shall adequately resist the spread of fire over
the walls and from one building to another, having regard to the height, use and
position of the building.

(2) The roof of the building shall adequately resist the spread of fire over the roof and
from one building to another, having regard to the use and position of the building.
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Clause (1) has a direct impact on balcony design as, as previously highlighted, balconies
can affect the way fire spreads across the facade of a building. It is also clearly mentioned
that the height and use of the building must be considered when looking at external fire
spread. This is a key consideration as these two parameters will influence the evacuation
and fire-fighting in the building:

* The height of the building can have an impact on the number of people at risk within
the building and the distance to reach a place of ultimate safety (i.e. outside). It will
also affect fire and rescue service intervention as a high-rise building will require
internal access rather than with a low-rise building in which the fire and rescue
service may be able to carry out their operations from outside.

¢ The use of the building will affect:

o The pre-evacuation time in the event of a fire (time taken by the occupants to
react to a fire/warning and start to make their way towards an exit). For
instance, this time will be far greater in a residential building where the
residents may be asleep in the event of a fire than compared to an office block
with a good level of management where occupants are expected to react
quickly.

o The overall evacuation time as, traditionally, in residential buildings, only the
residents of the apartment of fire origin are expected to evacuate. If a full
evacuation was required, in most buildings of this type, it would require an
action from the fire and rescue services which may have to knock on everyone
doors due to the absence of a common alarm system.

o The high level of compartmentation in residential buildings can also benefit the
fire and rescue services as the fire should be contained in the apartment of fire
origin.

Limiting the risk of fire spread outside the apartment of fire origin is therefore key in
residential buildings and thus balconies design must take into account that consideration.
The risk of external fire spread is directly linked to functional requirement B3 as it could
lead to early compartmentation failure.

A/B-12.1.4 B5: Access and facilities for the fire service

The functional requirement of the Building Regulations in terms of access and facilities for
the fire and rescue services is as follows:

“(1) The building shall be designed and constructed so as to provide reasonable
facilities to assist fire fighters in the protection of life.”

The objective of this functional requirement is similar as B1 (means of escape) except that
B5 is related to the protection of the fire and rescue services and not the residents and
therefore the tenability criteria may be different due to the protective equipment and training
available to fire and rescue service personnel. In addition, facilities may be required to
assist with intervention (e.qg. fire-fighting water mains).

A/B-12.1.5 Regulation 7 — Materials and workmanship

As discussed previously, up to 2018 when Regulation 7(2) was updated, Part B4 of the

Building Regulations, like any other parts, was only giving objectives to achieve in terms of
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fire safety but was not describing how to achieve these. Since Regulation 7(2) amendment,
requirements have been added. In summary, any element forming part of a balcony
attached to a building must now achieve Euroclass A2-s1, dO or Al. This has had a major
impact on the balcony industry and halted the use of combustible elements (unless exempt
under Regulation 7(3)) such as timber joists, combustible decking, combustible
balustrades, etc. in any residential buildings with a height measured between the lowest
ground level to the top habitable floor of 18 m or more. As seen in Section A/B-8,
combustible materials could be extensively used in balcony design and as such this
requirement has had an important impact on the way balconies are now designed.
However, the different parties interviewed as part of this project acknowledge that the
industry involved around balconies has reacted quickly and it is now possible to design
balconies compliant with the amended Building Regulations.

A/B-12.2 Approved Document B (AD B)

AD B defines ‘common balcony’ in Annex A as:

“Common balcony: A walkway, open to the air on one or more sides, that forms part
of the escape route from more than one flat.”

From a means of escape perspective (B1), Section 3.29 of AD B refers to BS 9991:2015
regarding the applicable guidance for this type of means of access:

3.29 Paragraph 3.27 may be modified using the guidance in clause 7.3 of BS 9991.

Note that the mentioned Paragraph 3.27 deals with means of access via an enclosed
corridor.

In terms of external and internal fire spread, while balconies are not explicitly mentioned in
AD B, the followings points have an impact on their design:

e The provision of fire stopping at compartment floor level (AD B, 7.12) to limit the risk
of internal fire spread from one floor to another. These elements are usually located
where the balcony structural supports are fixed back onto the structure of the
building. This zone is therefore usually congested and installing fire stopping as per
manufacturer’s specifications so that they form a continuous separation can be
difficult.

e The provision of cavity barriers at compartment floor level (AD B, 8.3) to limit the risk
of external fire spread. As for the fire stopping mentioned in the first bullet point,
these elements can be breached by the balcony structural supports. The difference
between cavity barriers and fire stopping in external wall is shown in Figure A/B-18
below. The difficulties regarding the installation of fire stopping mentioned above are
also valid for cavity barriers.

e The limitations in terms of the fire performance of the elements forming part of the
external wall as mentioned in the previous section.

Regarding the latest point, Section 10.15 of AD B provides additional guidance for the
classification of membranes which should achieve Euroclass B-s3, dO while they are
excluded from the requirements of Regulation 7. This specification in AD B applies to
external walls and specified attachments are not mentioned.
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The guidance does not provide any specification related to the fire resistance rating (load-
bearing R, integrity E or thermal insulation 1) of the balcony itself.
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Figure A/B-18 Extract from Diagram 8.1 of AD B

Several questions can therefore be raised from this review:

e Should AD B define balconies (and terraces) or refer to a standard defining them
such as BS 85797

e Should the guidance contained in BS 9991, and reviewed hereinafter, be directly
incorporated into AD B to limit the ‘pick and mix’ approach between several
documents (BS 9991, Section Foreword)?

¢ Is the absence of fire rating (REI) requirements of private balconies in ADB suitable?
The rationale behind the absence of requirement is unknown by the consortium at
this stage. It could be due to:

o The fact that balconies were in majority made out of concrete at the time
where modern Building Regulations introduced the principle of fire
resistance. This material inherently achieves a certain level of fire
resistance, unlike modern lightweight materials such as aluminium, or,

o The risk of collapse in the event of a fire was considered as low or as
having low consequences on the building occupants or fire service.

The absence of fire rating could have an impact on:

o The building primarily structure where the balcony supports are fixed.
Indeed, these supports could be heating up by conduction the primarily
structure of the building when exposed to a fire,

o On people at ground floor level (fire and rescue service personnel and
people evacuating the building) if the balcony were to collapse,

o Downward external fire spread as burning elements could ignite
elements located underneath, and

o Lateral fire spread in the case of adjoining balconies.

e Interms of reaction-to-fire, the ‘18 m height’ rule has a significant impact on the
design of balconies. Is this rule suitable? i.e.
o Is the absence of restrictions below 18 m suitable in residential
buildings?
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o For buildings over 18 m in height, is allowing only materials achieving
Euroclass A2-s1, dO suitable or can there be more flexibility? If so, on
what basis? Note that this question does not only have an impact on
AD B but also on the Building Regulations.

A/B-12.3 BS 9991: Fire safety in the design, management and
use of residential buildings

Section 7.3 of BS 9991: 2015 gives various recommendations regarding the design of
common balconies from a fire safety perspective. They aim at:

e Limiting the risk of smoke compromising this space with:

o A minimum area of opening of 50% - balconies with less than 50% opening
should be treated as an inner room,

o A minimum opening height of 1.1 m from the balustrade to the soffit above,

o Imperforate walking surface, and

o For balconies wider than 2 m, the provision of downstand directing smoke to
outside and preventing it from spreading laterally along the balcony. The depth of
these downstands should be between 0.3 m to 0.6 m or determined using
BS 7346 and BRE 368.

e Ensuring that the balcony remains in place if exposed to a fire by recommending a
fire resistance of REI 30.

Where a single means of escape is available, further provisions apply to limit the risk of a
fire preventing people from escaping:

e The face of the building (excluding window openings) should provide at least 30 min
fire resistance,

e Doors opening onto the balcony should be FD 30 self-closing doors,

e Window openings should not extend below a height of 1.1 m above the deck level,

e The external balustrade should be imperforate, and

e Surface materials of the facing wall, balcony soffit and balustrade should be of a
Class 0 rating.

Regarding the last point, surface materials should now achieve Euroclass A2-s1, dO as a
minimum.
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Non fire-rated Downstand if balcony - 50% opening
elevation width >2 m - 1.1 m open between
balcony and soffit

Figure A/B-19 BS 9991 specifications — Alternative means of escape available
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rated doors balcony and soffit

Imperforate balustrade

Figure A/B-20 BS 9991 specifications — alternative means of escape available

Guidance on private and communal balconies is also provided in Annex D of BS 9991.
Several points are highlighted to control the risks associated with fire:
e Private balconies:
o Storage (unless enclosed with fire-rated construction) and other fire risk should
be avoided,
o Enclosed balconies should be treated as inner rooms. As such, they should be
enclosed with fire compartment walls and floors,
o Measures are specified to ensure that people can escape in the event of a fire in
the access room (e.g. detection, travel distance limitations, etc.), and
o Measures are specified to ensure that people in the balcony can escape in the
event of a fire within the apartment (e.g. detection, travel distance limitations,
etc.).
The other specifications contained in AD B and mentioned in the previous section are also
incorporated in BS 9991; although BS 9991 has not been revised yet to include the

requirements from Regulation 7(2) it remains applicable. At the time of writing, BSI has
convened a committee to revise BS 9991.

The questions raised as a conclusion to the previous section can still be applied to
BS 9991. In addition to those, the following should be studied:

e The use of private balconies is challenging to control as seen previously and
highlighted by LFB. Should the guidance consider that a fire will start on this space
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and incorporate measures to reduce the impact of such a fire on the rest of the
building?

e The guidance does not give any recommendations to address the risk of lateral fire
spread from balcony to balcony. Some past fires showed that fire can spread
upwards and downwards but also laterally. This can be influenced by the continuity
of combustible cladding, decking; insulation, etc. but also by potential combustible
stored on balconies by the residents. Should this risk be considered?

* Is the 50% opening rule to differentiate an open to an enclosed balcony suitable?

* Are the measures to prevent the balcony from smoke logging sufficient? Especially
the minimum width of a downstand that can vary from 0.3 m to 0.6 m.

* Is 30 min fire resistance for the balcony deck sufficient for means of escape and fire-
fighting access?

e Is the approach of fire rating the separation provided between balconies and
apartments up to 1.1 m in height suitable? This assumes that people will crawl when
escaping past a non-fire rated window.

A/B-12.4 BS 8579: Guide to the design of balconies and
terraces

The recently published BS 8579:2020 standard has been developed to assist designers of
balconies and covers fire safety. Due to its recent publication (Aug 2020), this standard is
not mentioned in the latest version of AD B. It highlights the different risks that have been
mentioned throughout this report, namely:

e Contribution to external fire spread,

¢ Risk of falling burning elements that could lead to downward fire spread,

¢ Risk of falling elements that could affect people at ground floor level, and

* Risk of affecting the overall structure of the building due to deformation of the
balcony structure when exposed to a fire.

The standard recommends treating enclosed balconies in a similar manner as internal
rooms; i.e. by enclosing them with compartment walls and floors.

The guidance in terms of reaction-to-fire goes beyond those specified in the Building
Regulations (refer to Section A/B-12.1) as it recommends the use of Euroclass A2-s1, dO
materials in all buildings over 11 m in height (instead of 18 m) and in buildings of any height
when balconies are stacked. It also does give an option to assess combustible laminated
glass (see Part C) and thermal breaks using a risk-based approach.
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The document also recommends the provision of imperforated tray soffit with two objectives
in mind:
e Limit the risk of falling burning items, and

e Deflect flames outwards from an opening below a balcony to reduce upward fire
spread.

Finally, the standard highlights the complexity of the fire stopping at slab level, of water
drainage and of cavity barriers where precautions must be taken when designing and
installing these elements to ensure that they will perform adequately.

A/B-12.5 BS 9251: Fire sprinkler systems for domestic and
residential occupancies

The inclusion of sprinklers as a way to control fires on balconies is also regularly
mentioned. BS 9251, the British Standard code of practice for the design of sprinkler
systems in residential buildings, currently excludes balcony coverage in Section 5.4. The
use of external sprinklers can be challenging to design due to the exposure to external
elements (e.g. risk of pipes freezing).

A/B-12.6 International approaches

A/B-12.6.1 Separation of openings to limit fire spread

In order to limit the risk of external fire spread between successive compartment floors,
some countries require the implementation of construction solutions in the form of either
(Figure A/B-21):

e A minimum distance between unprotected (non-fire rated) areas of the same vertical
line of successive floors. This may require the addition of solid fire resisting upstand
or downstand at slab level, and fire resisting glazing designed in accordance with
EN 1364 — Part 3, etc; or

» If a balcony or horizontal projection from the fagade is provided and has the
necessary construction characteristics and minimum fire resistance, the distance
between openings can usually be reduced by the span of that element.

Note: this section focuses on horizontal projection only; further details about the minimum
vertical distance that can be provided between openings can be found in the Section A/B-
18.6.

A/B-51



‘uunnnnnnn@

\ Horizontal fire

rated projection

Vertical fire rated
projection

e

s
v

Figure A/B-21 Vertical separation of openings to limit fire spread — Horizontal vs.
vertical separation

Table A/B-3 presents the approach in various countries which require a vertical or
horizontal projection (the table only focuses on the horizontal projection). It can be seen
that the dimensions of this projection vary from one country to another. It is also interesting
to note that some countries recognise the benefit of sprinklers and gives this as an option to
omit the vertical or horizontal fire rated construction.
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Table A/B-3 Horizontal projection to limit fire spread — International perspective
primarily taken from (Morgado and Rodrigues, 2015a)

Country/Region

Horizontal projection
(m) e.g. balcony

Note

Australia

11

Non-combustible horizontal projection with a
fire resistance of 60/60/60, having an
extension at least 450 mm along the wall.
Building Code of Australia (BCA) Volume
One

Belgium

0.6

60 cm horizontal E 60 projection
The Belgian Royal Decree of 7 July 1994
(and its modifications)

Denmark

There are no prescriptive requirements
presented in the building regulations in
regard to the external vertical fire spread.

Finland

There are no prescriptive requirements
presented in the building regulations in
regard to the external vertical fire spread.

France

0.6-1.3

The minimum fire resistance of the facade
and balcony depend on the number of
stories while the dimensions depend on
several variables (building use, classification,
etc.) (French Government, 2011, 2010,
1986, 1980).

Hong Kong

0.5

Fire resistance rating not less than the one of
the floor
Code of Practice for Fire Safety in Buildings

New Zealand

0.6

Same fire resistance as the one required for
the compartment floor. The New Zealand
building codes also provides a table with
further combinations of different spandrel
heights and projection lengths.

An exception of the above is when the rooms
are sprinklered.

Acceptable Solution for Buildings with
Sleeping (non-institutional)

Norway

1.2

No projection required if the building contains
an automatic sprinkler system.

Portugal

1.1 — the depth of the
horizontal projection

Minimum fire resistance of El 60.

Spain

1.0 — the depth of the
horizontal projection

Minimum fire resistance of El 60.

USA

0.76

60 min fire resistance minimum
NFPA 5000 2021

A/B-53




A/B-12.6.2 Reaction-to-fire

Another parameter that can influence the contribution of balconies on external fire spread is
the combustibility of different balcony components. Mikkola (Mikkola, 2013) published a
paper providing the limitations in various countries for buildings consisting of three floors or
more. It can be seen in Table A/B-4 that while all countries studied have restrictions, they
vary significantly from one country to another.

Table A/B-4 Reaction-to-fire of balconies for buildings with at least 3 floors

Country Balcony classification Notes
Walls Ceilings | Column/ | Handrails | Flooring
beams

Austria D-s3,d1 | D-s3,d1 NR NR NR Upto 22 min

height
A2 A2 NR NR NR Over 22 min

height

Switzerland D D NR D D+

Germany C-s3,d1 | C-s3,d1 NR NR NR

Finland B-s2,d0 | B-s2,d0 | B-s2,d0 | D-s2,d2 Ds-s1 8 floors maximum

Norway D-s3,d0 | D-s3,d0 | D-s3,d0 | D-s3,dO D1-s1 4 floors maximum

Sweden C-s2,d0 | B-s1,d0 | D-s2,d0 | D-s2,dO Ds-s1 Class D-s2, d0 for
walls and ceilings
when the building
is provided with
sprinklers

Canada D D D D D 4 floors maximum

NR — No restrictions
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A/B-13. Review of research literature

A/B-13.1 Fire statistics

As previously noted in Section A/B-2, there appears to few statistics available on fires
associated with balconies. However, in the analysis of apartment fires in the US in 1993
Hasofer and Thomas (Hasofer and Thomas, 2006) found that ‘exterior balcony, open porch’
fires accounted for 1.85% of all fires. Casualties occurred in 2.18% of fires on
balconies/porches and this was the lowest of all the categories investigated in their study.

A/B-13.2 Balcony contribution to external fire spread

As discussed in Section A/B-12.6.1, several countries require a minimum distance between
openings to limit the risk of external fire spread. Where horizontal fire rated projections are
provided, which can be in the form of balconies, this vertical distance can be reduced. The
origin of this approach is thought to come from studies carried out in Japan in the late
1950s and early 1960s. The authors of this report continue to investigate this topic.

Some specific studies are dedicated to the impact of balconies or similar horizontal
elements attached to a facade. They focus mainly on non-combustible elements such as
concrete structures but address interesting results and tendencies on the influence of
horizontal deflectors in case of fire. These results can help with dimensioning combustible
balconies, since mass flow rates of hot gases under the deflector, or heat fluxes imparted
on the horizontal structures are given. Nevertheless, no specific literature has been found
which would directly address the case of combustible balcony fires.

A conclusion drawn based on the information provided in (Nilsson, 2016) is that the level of
protection of the building regulations differs between the countries and there is very little
consensus on the protective measures between the countries. Section A/B-12.5 of this
report summarises the rules applicable to several countries regarding the fire rating of
balconies. The results from (Nilsson, 2016) are primarily based on numerical simulations
using a relative comparison against previously conducted research. In the simulations,
different non-combustible horizontal balcony projections, ranging from 20 to 100 cm deep,
were used together with different openings. These configurations were assessed at several
heat release rates. It was concluded that the use of at least a 60 cm deep horizontal
projection results in lesser consequences and lower risk levels compared with Swedish
building regulations (BBR). The use of horizontal projections deeper than 60 cm resulted in
15-50% reduction in the relative exposure of surface temperature at the facade, 1.2 m
above the underlying opening. The conclusion however supported the idea behind the
prescriptive solutions used in New Zealand since the codes state that spandrels may be
omitted if a horizontal projection is constructed projecting no less than 60 cm, otherwise a
spandrel height of 1.5 m is required. In the case of the Swedish building regulations, the
1.5 m requirement would have been replaced with 1.2 m.
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Some scientific reports highlight other important aspects of the design of a balcony,
signalling that not only the depth of the balcony is of importance. In (Mammoser Il and
Battaglia, 2004), a numerical study investigates the influence of both different depths of
balconies and how the rest of the balcony geometry impacts on the vertical fire spread.
After performing numerical simulations for scenarios containing each of the different
balcony types, it emerged that a rectangular balcony with open non-combustible railings
and completely open sides apart from the railings, gave the best protection. This was
because the hot gases were projected away from the facade more effectively compared to
the more enclosed balconies with solid railings and separation walls. The latter balcony
type was shown to trap the hot gases at floor levels above the fire floor and thus increase
the rate of vertical fire spread.

In (Morgado and Rodrigues, 2015b), the authors performed large-scale fire tests to validate
the fire safety regulations in Portugal regarding fire protection of building facades. The
results showed that the presence of a fire resisting balcony wider than the window resulted
in lower temperatures in the wall above compared with the other balcony type and
consequently the wider balcony type was considered more viable.

Oleszkiewicz (Oleszkiewicz, 1991) concluded that a spandrel of 2.5 m was needed to
achieve a 50% reduction in heat flux to the facade. This means that using spandrels as a
protection method for the external fire spread is too impractical. It recognises that horizontal
projections are much more effective for that purpose. The positive effects can be noticed
with 0.3 m deep projections.

Researchers from the National Research Institute of Fire and Disaster in Japan completed
several experimental studies on the effects of balconies on ejected flames (Suzuki et al.,
2004). The authors used several scale models to investigate the effect of balconies on fire
spread. The experiments showed several interesting results. As the balcony depth
increased, the temperature in the room of fire origin increased slightly, which increased the
combustion rate and caused the room to flashover more quickly. More importantly, building
facade temperature profiles above the fire room illustrated how the balconies projected the
flames away from the building facade. Temperatures as low as 70 °C were recorded at the
floor above the fire floor with a 25 cm deep balcony. Heat flux measurements at the exterior
wall decreased significantly as the balcony depth increased. In a second, more recent
experiment the authors used a 1/3 scale model of a four-story apartment building which
confirmed those results.

Some research addressed the combustibility and the influence of balustrades and fences
on balconies. In (Suzuki et al., 2004), horizontal balconies spanned the width of the fagade
but also contained solid balustrades and vertical separation walls. Four different types of
balconies were identified and classified. The balcony types contained different balustrade
and separation wall configurations. Changing the geometry of the balcony had a
measurable effect on the vertical movement of smoke and gas. A rectangular balcony, with
open, non-combustible balustrades and open separation walls provided the most protection
from vertical fire spread. The hot gases were projected away from the facade, reducing the
temperatures at higher levels. A balcony with solid balustrades and separation walls was
shown to trap the hot gases at floors above the fire floor, making it difficult for trapped
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occupants to survive, as well as increasing the rate of vertical fire spread. By determining
an ‘enclosure ratio’, which is the exposed surface area within the balcony itself, (Suzuki et
al., 2004) were able to correlate the effects of balcony depth and geometry to the
probability of fire spread. The results showed a high probability of fire spread as the
exposed surface area increased based on increased temperature measurements along the
exterior wall. Finally, (Suzuki et al., 2004) conclude that balcony geometries made from
wood or other combustible materials could also be investigated.

The authors of (Szikra and Takacs, 2018) carried out numerous Computational Fluid
Dynamics (CFD) modelling of full-scale elevation fire propagation tests. In this paper, the
validation of the CFD model of the Hungarian test method is addressed and is modified to
consider French balconies using a certified building product called Pyroswiss® Parapet
glass.

The problem of combustible balustrades on balconies is investigated in (Hokugo et al.,
2000). A summary of experiments for the investigation of a fire that caused an upward fire
spread for over 12 floors through balconies in a high-rise apartment complex is reported.
The experiments included indoor tests to obtain fire properties of vertical PMMA fences and
outdoor tests with a full-scale model of the balcony. The test results suggest that the
increase of the flame height through merging of flames and cooperative effect of the
burning of PMMA fences and combustibles on the balconies may be sufficient to cause
ignition on the upper floor.

The work of (Hietaniemi and Korhonen, 2005) presents a fire risk analysis on the impact on
fire safety of installation of a wooden facade to a suburban residential multi-story building
belonging to the fire Class P1 defined in the National Building Code of Finland, which in
practice means a concrete framed building. According to a statistical survey covering 1996-
2001, external ignitions make up 10% of ignitions in buildings belonging to the fire

Class P1, 80% of these external ignitions take place on the balcony. The most important
hazard related to fires initiated in a balcony is the fire spread directly into the apartment via
a window breakage, which is the case in about every tenth balcony fire. The statistical
survey revealed that a couple of fires started in a balcony have spread horizontally, but
none upwards.

In (Eagle, 2020), a balcony manufacturer wanted to subject their balcony system to the
“highest possible degree”. Given that the standard height between building floors is around
3 m, the balcony was set 1.5 m above the fire. They go on to state that “A house fire burns
at circa 600°C. An average bonfire similar to the one used burns at approximately 1100°C —
85% hotter than a standard house fire”. The validity of this statement can be debated but
under the circumstances of their demonstration, the aluminium soffit only withstood the heat
for 11 minutes before it began to melt and drop to the ground. The Euroclass A fire-rated
decking withstood the fire from beneath for over an hour without being structurally affected
and did not spread the fire. It only began to melt when combustible materials were added
on top of the balcony. After 2 hours of the test, parts of the decking were still in place, while,
in the opinion of those that conducted the demonstration “traditional timber or composite
decking would have set alight in minutes and spread the fire up the building”. The mild steel
vertical infill balustrade did not alter structurally. The 100 mm maximum gap in between the
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balustrade infills remained and it was still perpendicular to the balcony structure. While the
aluminium panel balustrade support structure did remain in place and would still prevent a
fall from height, the aluminium cladding itself did melt in places when subject to direct
flames.

Similar testing to (Eagle, 2020) was performed by Sapphire Balconies (Sapphire, 2019). In
order to better understand the protective effect of soffits on the balcony in the event of a
fire, balcony fire safety testing was commissioned. For one of these tests, a full-size
balcony deck using their “Cassette®” system was constructed to fit in the Warrington fire
(ex-EXQOVA) testing lab furnace. This was fitted with Euroclass C decking (understood to be
the most combustible product currently used by Sapphire), and a variety of soffit panels
were fitted so the relative effect of these could be monitored. The balcony was then
exposed within a furnace to temperatures following the 1ISO 834 standard fire curve. Where
soffits have been omitted or perforated (for architectural or cost reasons) there is clear
evidence to suggest the use of Euroclass A decking should be considered to reduce the
likelihood of rapid balcony fire development. For the first 20 min there was some smoke
penetration, and towards the end of this time the boards started to soften, but no flame was
present above the soffit. After 25 min the decking above the steel soffit caught alight. The
reason for this catching first was deemed to be because the steel absorbed and radiated
the heat above it, while the aluminium soffit reflected the heat, allowing it to stay intact at
temperatures well above the stated melting point. After 28 min, the aluminium soffit which
could be viewed through the viewing portholes started to melt, exposing the decking above
to the full heat of the furnace. The test was finally aborted at 33 min, by which time the
furnace temperature was some 850 °C, and the remaining decking caught alight and had to
be extinguished. At this stage, the decking was still in place, and most of the top surface
still visible however the underside of the boards was heavily charred. To demonstrate the
behaviour of the various classifications of decking in a real fire, a further test was
conducted where live barbeque coals were placed onto a balcony decking and allowed to
continue burning. To summarise the results: Euroclass C decking and Euroclass D timber
decking burned through quickly and allowed the coals to fall onto the soffit. The Euroclass
B decking took longer to ignite but finally burned through. The Euroclass A decking
remained. Of the coals which fell through the decking onto the soffit below, the timber soffit
quickly burned through and allowed the coals to fall onto the structure below. The
aluminium soffit stayed in place.

A/B-13.3 Conclusion

The findings of the papers reviewed by the consortium are summarised in Table A/B-5. The
majority of these documents focus on the impact of fire resisting balconies on external fire
spread and acknowledge the benefit of these elements in reducing the risk of fire spread
from one floor to another. However, limited research was found related to the combustibility
of the balconies and/or non-fire resisting balconies and their potential impact on external
fire spread. These points could be further investigated with dedicated experimental studies
that could be extended using well-validated numerical tools.
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As discussed in the introduction, this literature review was limited and as such further
studies may be available. Also, the consortium did not have access to the input and output
parameters used as part of these research activities such as the fire scenarios used for full-
scale experiments, input files for modelling studies, etc.

Table A/B-5 Literature review summary

Research Research purpose Findings
paper
Nilsson, Comparison of the requirements | No consensus between countries
2016 in terms of fire rated balconies regarding these requirements that can
and spandrel panels in different vary significantly from one country to
countries another
Numerical studies comparing the | Noticeable reduction of the surface
impact of horizontal projection of | temperature above the opening of fire
varying depth based on previous | origin for horizontal projection deeper
research than 60 cm
Mammoser | Numerical assessment of the Rectangular balconies with open railing
[l and impact of balconies of different gave better results than balconies with
Battaglia, shapes on external fire spread solid balustrades
2004
Morgado Large scale test assessing the Better results in terms of temperatures
and impact of balconies in external recorded on the wall above the balcony
Rodrigues, | fire spread when this balcony is wider than the
2015b opening of fire origin
Suzuki et Small scale experiment The temperatures in the room of fire
al., 2004) assessing the impact of origin increases with deeper balconies
balconies in external fire spread Balconies lead to a decrease of
temperatures above the opening of fire
origin
This phenomenon increases with the
depth of balcony
Suzuki et Assessment of the impact of Open non-combustible balustrade gave
al., 2004 balustrades and fences on better results than solid ones
external fire spread Notion of ‘enclosure ratio’, representing
the exposed surface area within the
balcony itself, which correlates the
effects of balcony depth and geometry
to the probability of fire spread
Szikra and Numerical modelling of full-scale | The numerical study gave
Takacs, test for validation representative results of the full-scale
2018 test with the methodology used
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balcony with different decking
and soffit types

Research Research purpose Findings
paper
Hokugo et Impact of combustible Increase of the flame height recorded
al., 2000 balustrades on external fire due to the contribution of the balustrade
spread using small-scale test to
determine the properties of the
material used (PMMA) followed
by full-scale test to assess their
impact on external fire spread
Hietaniemi Statistical survey on fires in Two fires were observed to have
and residential building with concrete | spread laterally but none upwards
Korhonen, balconies in Finland
2005
Eagle, 2020 | Real scale test assessing the While the aluminium cladding and soffit
performance of a non- melted and the balcony was partly
combustible and non-fire rated damaged, most of the balcony
balcony elements remained in place after
2 hours of exposure
Sapphire, Real-scale test assessing the Solid aluminium soffit reduces the risk
2019 performance of non-fire rated of ignition of Euroclass A, B, and C

decking

A/B-13.4 Open vs. enclosed balcony

The origin of the 50% opening value used to define an ‘open- balcony’ has not been found
to date by the consortium. This value may be considered in line with the EN 1991-1-2,
where the total width of openings is deduced from the aperture rates of the facade. Those
rates are taken in a generic way to correspond to 50 and 100% of the facade width. The
openings are considered on a single facade.
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A/B-14.0verview of fire standards
applicable to balconies

A/B-14.1 Structural fire resistance, R

Under Approved Document B (refer to Section A/B-12.2), private balconies (i.e. balconies
not used as means of escape) do not need to achieve any fire resistance (loadbearing R,
insulation | or integrity E). Only balconies used as means of escape and/or fire-fighting
access do. However, as mentioned by a fire stopping manufacturer interviewed, a non-
protected balcony support can be connected to the main building structure which is itself
fire protected. The connections should be considered as they can create a point of
weakness in the fire protection and lead to excessive heat transfer to the building structure
in the event of a fire on the balcony.

Balconies used as means of escape should achieve a 30 min fire rating as per BS 9991
(refer to Section A/B-12.3). The fire rating can be determined using the Eurocode series
BS EN 199x-1-2 — fire part of structural design method. BS EN 1365-5:2004 also specifies
a method for determining the fire resistance, with respect to loadbearing capacity and with
no fire separating function of balconies.

The suggested test is based on exposure to the standard fire resistance curve (ISO 834).
However, this curve has been developed for fires within buildings which could be
considered as onerous compared to a fire on a balcony, which is therefore well-ventilated.

A/B-14.2 Insulation, I, and integrity, E

Two aspects need to be examined when assessing the fire performance of balconies from
an integrity and insulation point of view:

e The fire performance of the balcony itself which is usually required for balconies
used as means of escape; and

e The fire performance of the fire stopping / cavity barrier between the balcony and the
compartment floor.

An interview with a UK specialist in fire stopping and cavity barriers indicated that currently
the tests to assess these elements are carried out using BS EN 1366-4:2006+A1:2010
which is relevant to linear joint seals due to the absence of better / more relevant
alternatives. This test considers exposure of the tested elements to the standard fire curve
(ISO 834) which may seem onerous for a balcony scenario given the large amount of
permanent ventilation provided.

Regarding the insulation and integrity performances of the balcony itself,
BS EN 1365-2:2014 can be used. However, like BS EN 1365-5 (refer to Section A/B-14.1),
this test standard has been developed for floors, as such, for the same reasons as BS EN
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1366-4, may been seen as onerous when applied to balconies. The performance of the
deck can also be assessed using the Eurocode series BS EN 199x-1-2.

A/B-14.3 Reaction-to-fire

For buildings over 18 m in height, the requirements are clear regarding this point in
Regulation 7(2) (refer to Section A/B-12.1), balconies attached to external walls of relevant
buildings are to be built using materials achieving as a minimum Euroclass A2-s3, d2 in
accordance with BS EN 13501-1:2018.

This approach has one main benefit: it is clear and not subject to interpretation. However, it
is not a risk-based approach and therefore can seem in some situations onerous; for
instance, there could be limited risk of contribution to external fire spread where
combustible materials are adequately protected against the effect of a fire.

Nevertheless, this does not currently apply to:

e Blocks of flats less than 18 m in height where the evacuation of the residents can be
complicated as residential buildings are traditionally designed so that only the
apartment of fire origin evacuates. Whether this height is an acceptable trigger point
should be assessed as part of the review. However, this has also a significant impact
on other parts of Approved Document B which are being looked at by other parties.
Coordination will be therefore required.

e The furniture and storage provided by balcony users, which can vary significantly
from one balcony to another.

A/B-14.4 Overall contribution to external fire spread

Currently no standard in the UK gives guidance on how to estimate, via a test, the
contribution of balconies on external fire spread. The full-scale test for external fire spread
in the UK is through BS 8414-2:2020 which does not include balconies as part of the test
configuration. Therefore, the only tests currently carried out are ad-hoc tests.

The different parties interviewed as part of this research felt confident that the amendment
to the Buildings Regulation have a beneficial impact on restricting external fire spread and
have begun to incorporate these changes in buildings less than 18 m. As seen previously,
solutions have been found for the majority of the balcony components to fulfil these new
requirements. The main concerned expressed during the interviews was related to the area
between the balcony deck and the compartment floor; i.e. where cavity barrier and fire
stopping is provided. However, limited research has been carried out to date to assess the
impact of these restrictions in terms of external fire spread and it is too early to use past
fires to conclude whether these changes have had a positive impact.
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A/B-15. Conclusion

The first phases of this research project have provided a better understanding on balcony
role, design and uses. The fire safety challenges associated with these elements have
been reviewed as well as the fire safety guidance available in the UK to control these risks.

Several points have been highlighted which merit further discussion:

e The definition of balconies from a fire perspective. The consortium suggests the
use of the definition given in BS 8579:2020; i.e.

“3.2 Balcony: Accessible external amenity platform above ground level
exterior to and with direct access from a building”

along with the associated notes to the clause be adopted more widely such as in
ADB and in other guidance.

From this review, it is also suggested to omit Juliet guarding (other than where
laminated glass is used, which is considered in Part C) as the impacts on external
fire spread associated with these elements are different from balconies with a
projecting floor. Indeed, from a fire safety perspective, a balcony creates a vertical
obstruction on the building facade which will affect vertical fire spread while Juliet
guarding does not.

The difference between an open balcony and an enclosed one is also to be
explored. Current guidance suggests that a balcony with over 50% openings should
be considered as open. However, the origin of this value remains unknown. The
enclosure of the balcony can vary significantly from one balcony to another (e.g.
recessed vs. projecting balcony, railed vs solid balustrade, addition of screens to
protect against wind, sun, etc.). Defining from which point a balcony should be
considered as open is key as the fire safety measures applicable are different,

BS 9991 suggesting that an enclosed balcony should be treated as a room.

e The contribution of the different balcony components on external fire spread has
been highlighted many times by real fires. The amended Building Regulations have
addressed this point in new residential buildings over 18 m in height by only allowing
materials achieving at least Euroclass A2-s1, dO to be used in balconies. The
industry has confirmed during the different interviews that solutions have now been
found for the majority of elements. However,

o Some areas of uncertainty remain in relation to the use of laminated glass (refer
to Part C) and insulation, especially for terraces, and membranes that should be
Euroclass B-s1, dO in external walls according to ADB. However, their
classification, when used as part of a balcony, remains unclear.

o These restrictions may be challenging in the future with the increasing use of bio-
sourced elements. The project should therefore look at whether some level of
flexibility could be reintroduced and how this can be controlled.
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o The absence of restrictions in buildings less than 18 m in height should also be
looked at; however, this is not only related to balconies but also to the overall
external envelope build-up.

o Whether these restrictions on their own are sufficient to restrict fire spread is also
to be assessed.

e Controlling fire load on private balconies is a challenge; some level of restrictions
on their content will always be required. However, from a fire safety perspective,
should the designer always assume that a fire will start on a balcony and design this
space accordingly? This includes provisions for limiting upward fire spread but also
downward and lateral, especially where balconies are adjoining to each other or
stack on top of each other. In addition, the use of common balconies as a social
space should also be explored as it can result with the provision of fire load in a
space that is meant to remain fire sterile.

e The performance of open balconies designed as means of escape in the event
of a fire should also be assessed to ensure that residents can evacuate, and fire-
fighters can carry out their rescue and fire-fighting operations. The main parameters
to be looked at are:

o The conditions resulting from smoke spread (visibility, temperatures, etc.),

o The level of thermal radiation received by residents escaping by the apartment of
fire origin, and

o The fire resistance of the balcony itself to ensure that it does not collapse.

e The design and construction of balconies are complex, vary from one building (or
even balcony) to another and keep changing as new technologies appears on the
market. Ensuring that the guidance document covers every single application is
therefore a challenge. One of the main issues highlighted during interviews is the
provision of fire stopping for cantilever balconies at slab level between the
compartment floor and the balcony deck in a zone that is usually congested due to
the different fixings going through (balcony support, cladding support, etc.).
However, these challenges also occur where balconies are not provided and
therefore should be looked at when assessing the provision of ADB for the wider
external envelop.

e Fire test standards specific to balconies are limited and tend to consider what
appears to be an onerous fire scenario. Further research should be done on that
topic to assess whether this could be improved.

While all these points tend to be negative, it has also been highlighted by past fires and
research that a balcony can have a beneficial impact on limiting fire spread if designed for
that purpose by acting as a horizontal barrier. While this benefit is not recognised in the UK
guidance, several countries use this principle by requiring vertical and/or horizontal
projection of varying height/depth at compartment floor level to be fire rated. The review of
past fires (Section A/B-11) has shown several examples where the fire was contained on
the balcony of fire origin where the balcony above was made of concrete and not clad with
combustible materials. Given that controlling the use of balconies in residential buildings is
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challenging, providing fire rated horizontal separation (balcony soffit, deck, etc.) could be a
way to address the risk of external fire spread resulting from a balcony fire. This would be
especially beneficial where balconies are stacked on top of each other.
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Part B : Spandrels

A/B-16. Summary

This section addresses the ‘spandrel’. The historical origins and contemporary usage of the
term have been analysed. The performance function of elements of construction known as
the ‘spandrel’ have been analysed in the context of Approved Document B (ADB), along
with other international regulatory approaches.

It is concluded that the use of the term spandrel pertains to opaque elements of
construction on the perimeter of a building at (and around) the junction of a building’s
perimeter structure and floor.

The fire safety function of the spandrel, as embodied by current English guidance, can be
linked to the introduction of a delay to fire spread between storeys. Notably, guidance to the
building regulations (and regulatory approaches around the world) do not attempt to
guarantee that storey-to-storey fire spread should not occur or to quantify the extent to
which it is likely to be delayed.

This approach represents a choice to prioritise other aspects of building function
(e.g. the possibility of having windows on adjacent floors) over the prevention of
external fire spread.

The measures described in ADB are, in principle, consistent with allowing storey-to-storey
fire spread to occur. The evacuation principle is predicated on the assumption that this
spread happens relatively slowly, such that occupants of upper stories are able to egress
away from the spreading fire. Thus, the measures described in ADB appear to be an
attempt to delay fire spread in order to support safe egress. The rate of fire spread which is
deemed to be acceptable for a stay put evacuation strategy, where occupants are able to
remain in their apartments (or to allow occupants to escape should they choose to do so) is
not explicitly addressed.

Absent from the guidance and, apparently, from any of the supporting research is a
guantitative assessment of the various parameters of interest. There is no definition of
adequacy in relation to the association between the delay of fire spread and evacuation
strategy. There is, therefore, no criterion against which to evaluate whether a proposed
external wall assembly delivers an adequate (or inadequate) delay.

A ‘magic number’ of 15 minutes is frequently cited within the literature as a relatively low
rate of fire spread. However, the literature makes no quantitative assessment of whether a)
this value is appropriate, or b) what conditions are expected to be maintained in upper
stories before this time is exceeded.
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Within the available literature no direct link is made between a 15-minute delay time and
the time required for fire-fighting operations to be initiated. Similarly, no consideration is
given within the literature to the impact of the spread of a fire on the operation of the fire
and rescue services or other fire suppression measures that might be necessary to tackle
fires spreading to more than one storey.

While the fire safety measures defined in ADB should logically be consistent with, for
example, a ‘stay put’ strategy, this logic is based on a series of assumptions that have been
given no quantitative basis within the literature, and hence there are no means by which
they can be verified on a case-by-case, or system-by-system, basis.

The absence of quantitative performance criteria for storey-to-storey fire spread, and the
absence of any means by which to verify ‘adequacy’ for a given construction system,
represents a ‘blind spot’ in relation to any attempt to meet the functional requirements of the
Building Regulations.

It is recommended that to fill this ‘blind spot’ a significant experimental programme should
be undertaken to investigate the performance that may currently be delivered by the key
typologies of construction. This will allow the ‘delay period’ associated with commonly used
forms of external wall construction to be quantified in terms of relevant performance metrics
(e.g. tenability criteria).

The acceptance criteria for ‘adequate’ delay of storey-to-storey fire spread are closely
bound to a building’s overall fire strategy (e.g. detection, horizontal egress, vertical egress,
and fire-fighting). Thus, it is not proposed to define the thresholds that constitute acceptable
performance since these are likely to vary on a case-by-case basis. This will allow
stakeholders (in conjunction with other research currently being undertaken by MHCLG) to
form evidence-based opinions on: a) whether the performance of common typologies of
construction can be considered adequate; and b) the definition of any counter measures
necessary to adequately mitigate the hazards to either occupants or the fire and rescue
services.
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A/B-17. What is a spandrel?

The purpose of this section is to explore the brief in relation to spandrels and the role that
these can or should play in delivering the overall fire safety strategy for a building. In
addressing this topic, the definition of ‘spandrel’ is immediately relevant.

Without defining what is meant by ‘spandrel’ it is not possible to define the performance
expectations for such an element of construction.

The first question to be addressed by this research, therefore is ‘what is a spandrel’? Once
this is established, it will be possible to more clearly establish the hazards a spandrel (or
the absence thereof) may introduce or mitigate in a building, and the role(s) that the
spandrel may play as part of a building’s fire safety strategy.

An exploration of the term ‘spandrel’ has been conducted in terms of its meaning in relation
to: specific elements of construction, or parts of a buildings (Section A/B-17); and to the
function that these elements are expected perform in as part of a building’s fire safety
strategy (Section A/B-19).

To address this question, a review was conducted of:
» Historical uses of the word ‘spandrel’,

e Architectural literature, and

» Fire safety engineering literature.

In addition, a series of interviews were conducted with construction professionals who
volunteered their time to assist with the research.

A/B-17.1 Historical uses

The Oxford English Dictionary (spandrel, n., OED Online, 2020) traces the use of the word
spandrel to 1477. However, the earliest use that is cited in relation to what might be
considered a modern engineering or architectural application, is in the construction of the
original Westminster Bridge in 1739. The arches of the bridge were masonry, and in his
account of the construction of the bridge, Charles Labelye noted that “As to the Fronts of
the Spandrels of the Arches, they are filled with good and regular Purbeck Stones”. The
Oxford English Dictionary gives the following definition:

“The triangular space between the outer curve of an arch and the rectangle formed
by the mouldings enclosing it, frequently filled in with ornamental work; any similar
space between an arch and a straight- sided figure bounding it; also, the space
included between the shoulders of two contiguous arches and the moulding or
string-course above them.”

An illustration of this (for the original Westminster Bridge) is given in Figure A/B-22.
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In the context of modern building design that does not contain arches, the definition is not
particularly illuminating — however, by the turn of the 20" century the word spandrel was
commonly recognised in a very different context.

Spandrel

Figure A/B-22 An arch of Old Westminster Bridge, c. 1750, Samuel Scott, CC-BY-NC-
ND 3.0, www.tate.org.uk/art/artworks/scott-an-arch-of-old-westminster-bridge-t01193

A/B-17.2 Changing meaning

The emergence of the skeletal steel frame for multi-storey building construction at the end
of the 1900s caused significant changes in the way that buildings were constructed.
Previously, the external wall of the building had typically been required to be loadbearing —
thus, for large buildings external masonry walls were required. Windows could be formed
within the walls but were, necessarily, comparatively small — with masonry arches a key
loadbearing mechanism for making larger openings was required. However, the use of
steel allowed much more flexibility within the external envelopes of buildings. The external
wall no longer needed to be loadbearing, but had instead become a ‘blank canvas’ (Scott
Murray, 2009a). How designers chose to fill this canvas varied considerably.

However, initially, there appears to have been considerable conservatism amongst
designers. Many opted simply to fill the external wall with masonry, thereby concealing the
nature of the buildings’ structures; “masonry to the eye, but steel or reinforced concrete to
the mind” (Scott Murray, 2009b). Designers “did their best to make it look respectable by
concealing all signs of the frame with external masonry that looked massive enough to

carry the building” (Bowley, 1966a). Thus, many of the features that might more commonly
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be associated with masonry buildings were transposed onto this new form of construction,
largely for aesthetic or perceptual reasons. The terminology from traditional construction
also transposed onto this new building technology.

By the turn of the 1900s, the term spandrel was used to relate to “Those portions of the
exterior walls, either on the street fronts or interior courts, which lie between the [columns]
and between the window-spaces of successive storie” (Freitag, 1906). Thus, the meaning
of filling associated with the historical definition was retained, but now the spandrel took a
broader definition.

Although the late 19™ century and early 20" century continued to see typical conservatism
with regard to the appearance of the external envelope, some designers (and clients) opted
for more radical design solutions. Rather than aiming for ‘masonry to the eye’, the external
wall was filled with lightweight frames of glass, terra cotta, and other (then) unusual
construction materials. One of the earliest and most frequently cited examples of this
construction type is the 1895 Reliance Building in Chicago — where two of the four walls
were brick infill, while the other two were plate glass with terra-cotta tile ornamentation
(Merwood, 2001). The columns were concealed within the window frames. This terra-cotta
tile arrangement, and its interface with the structural frame, was referred to as a spandrel.

Writing in 1906, Joseph Freitag recognised that the detail of these spandrels could “vary
greatly, depending largely on the architectural effect contemplated by the designer in his
[sic] arrangement of the material” (Freitag, 1906). He determined that a “general description
of spandrels can hardly be given as applicable to general practice” — and instead provided
a series of examples of the various methods employed (e.g. Figure A/B-23).

s

FiG, 8g.~Spandrel Section, Twentieth Floor. American Surety Co.'s

Building, New York Fio. 104.-~Spandrel Section at slde of Bay Window, Reliance Bullding.

Figure A/B-23 Extracts from Freitag, (a) Spandrel at American Surety Company
Building; and (b) spandrel at the Reliance Building (Freitag, 1906)

Thus, by the start of the 20" century the meaning of the term ‘spandrel’ had grown to
encompass a wide range of construction elements and design methodologies. At its most
general, the spandrel was filling space between openings — but it also encompassed the
various details that were required to support those fillings.
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During the 20" century, the term spandrel continued to embody this broad definition.
However, while the presence of a filling’ on the external wall was desirable for those who
wanted their buildings to be ‘masonry to the eye’ — many designers sought a new aesthetic
that required the elimination of the filling, and the extensive use of glass in the external wall
(see Part C for further discussion regarding the use of glass in architecture). Similarly, there
was a commercial drive to substitute the masonry for thinner, lighter, more thermally
insulative materials (Freitag, 1906; Bowley, 1966b). This new approach to construction led
to a new class of cladding systems that became known as ‘curtain walls’, in that they
enveloped the entire building (rather than being constructed between the floor-slabs).

However, fire regulations constrained the degree to which lightweight curtain walls could be
applied. In the USA, for example, up until the 1950s various city building codes had
required that the external wall of the building should be ‘fire resisting’ (Davison, 1950).
Some building codes specified a thickness of ‘solid masonry’ — for example, in New York a
thickness of 8 inches (203 mm) of masonry was required below windows on the external
wall as a fire safety precaution. This requirement meant that many of the potential
advantages of the curtain wall were negated. There was no longer a significant weight
saving; the minimum defined thickness reduced any potential gains in lettable area; and the
thermal properties of brick were not as advantageous as other insulation materials
(Davison, 1950).

In many cities, canny architects circumvented the code requirements for providing brick
‘back-up’ walls between windows by providing a fully-glazed fagades. Since windows were
permitted by building codes, and there was no restriction to their dimensions, a wall could
be fully glazed without the need to provide a fire resisting masonry wall between openings
on different levels. This was a decisive factor (Davison, 1950) in the decision to build the
UN Secretariat in New York with a fully glazed envelope on its east and west faces — “the
world’s largest window” (Murray, 2009).

A similar story unfolded in the UK, with the details and aesthetics of curtain walls being
heavily influenced by the local fire regulations. An example cited by Yeomans (Yeomans,
1998) is the difference between Edinburgh and Hendon (London). In 1937, TP Marwick and
Son’s built a glass curtain wall in Edinburgh without any fire stopping or spandrels.
Conversely, the Daily Express Building on London’s Fleet Street in 1933 had originally
been planned to have full height transparent glazing on the external wall — but in the final
design, pumice concrete was added to introduce a fire resisting spandrel panel.

It is important to note that it is in this period (1930s) that the fire resisting spandrel panel
first appears within the UK. This combines the geometrical characteristics of an
architectural spandrel with the fire safety concept of ‘fire resistance’ which was only
formalised in 1932 (Law and Bisby, 2020).

However, by the late 1950s, the building envelope systems that had been pioneered in the
early 20" century were becoming increasingly favoured as a form of construction
(Yeomans, 2001). It was noted that legislation based on the idea of solid external ‘walls’,
with window ‘openings’ had been rendered obsolete by these new cladding technologies
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(Rostron, 1960). With the introduction of national building regulations in the early 1960s the
requirements for a fire resisting spandrel were removed.

In 1971, The Architects’ Journal released a Handbook of Building Enclosures which was an
attempt to encourage designers “to think in a more disciplined way about the functions of
the building fabric” — in an effort to improve public satisfaction with the performance of the
external wall (“Technical study, Enclosure 1: Functions of building enclosure: 1
Introduction,” 1971). At this time, the classifications for the external envelope of the building
were presented as follows: masonry, concrete, facings and renderings, panels, curtain
walling, sheet cladding and windows. The term spandrel was retained and used to refer to
specific elements of construction. For example, in the case of curtain wall construction, the
‘spandrel panel’ was a reference to products that could be inserted into a pre-existing frame
below a window (Figure A/B-24a). At around this time, the term ‘spandrel beam’ was also
used to refer to perimeter beams within a building that formed part of the external wall
(Figure A/B-24b).

Spandrel Spandrel

panel beam

Figure A/B-24 (a) Spandrel panel in a curtain wall; (b) Spandrel beam at slab edge
taken from (Information sheet, External walls 5: Curtain walling: 1 Introduction, 1971)
and (“New methods of fire protection for external steelwork: Introduction,” 1974)
respectively.
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Figure A/B- 25 Spandrel panel in a precast concrete wall (Special Publication 87, Wall
Technology Volume E, Large Heavy Units on Framed Buildings and in-situ Concrete,
1992)

Over the course of 1970s-1990s, the word spandrel was used in a variety of contexts. It
was variously used to refer to precast concrete elements (Special Publication 87, Wall
Technology Volume E, Large Heavy Units on Framed Buildings and in-situ Concrete,
1992), external elements of construction that concealed other structure elements (Hannay,
1989), and opaque glazing elements (“Volitisation and the Curtain Wall,” 1985). In 1992,
the Department for the Environment commissioned a voluminous report from the
Construction Industry Research and Information Association on Wall Technologies (Special
Publication 87, Wall Technology, Volumes A-G, 1993). The resulting report sought to
address a problem of lack of suitable guidance in the field of wall technology — however, no
single definition for the spandrel was provided.

In summary, at the end of the 20™ century the term spandrel was used to refer to a wide
range of building elements. In addition to its historical meaning (i.e. in relation to the arch),
the term spandrel was used to describe:

e The solid construction that filled the gap between windows on adjacent floors;
e Beams that served the above purposed,

e Individual panels inserted within a curtain wall immediately below a window element,
and

e A range of different elements of construction that were located on the external wall
adjacent to the slab edge.

It is important to note that by the end of the 20" century the term spandrel was not linked to
the definition of specific properties nor was the term linked to the any functions in regard to

the fire safety strategy.
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A/B-17.3 Contemporary usage

The Oxford Dictionary of Architecture (Curl and Wilson, 2015) gives multiple definitions for
the term spandrel. Of particular relevance, given the above discussion, are the following:

“‘Spandrel - In a framed structure the panel between the cill of a window and the top
of the window below”

and

“Spandrel-panel — part of a wall between the head of a window-aperture and the cill
of the window above in a building of two or more storeys, especially in a curtain
wall.”

The British version of the European standard for curtain walling terminology BS EN
13119:2016 ‘Curtain walling — Terminology’ defines the ‘spandrel area’ as the

“area of a curtain walling between two horizontal zones, normally between glazing
and concealing the edge of the floor slab”

It also provides a definition for ‘spandrel panel’ as a ‘panel within the spandrel area’.

Following the Grenfell Tower fire, MHCLG issued guidance (Advice Note 14 (Advice Note
14, Advice for building owners on external wall systems that do not incorporate Aluminium
Composite Material, 2018)) in relation to the presence of combustible material in the
external wall. This advice stated that:

“Spandrel panels (including window and infill panels) are also part of the external
wall of the building and should be checked.”

Further advice (Advice Note 19 (Advice note 19, Advice for owners of buildings which
include spandrel panels/window panels/infill panels, 2018)) was framed in relation to a
description of a ‘spandrel panel’ as follows:

“Spandrel panels can be provided for both aesthetic and functional purposes. Like
the rest of the external wall, the panels are generally required to meet acoustic,
thermal, moisture, and fire performance requirements. Such panels are not normally
load bearing but are often designed to account for wind loading.

The design and materials of panels varies between buildings; some are made of
singular components such as cement particle board, other panels are composite
products comprising outer facing materials bonded to an inner core.

It is important that building owners check the materials used in the panels to ensure
that they do not present a risk of fire spread over the wall. It may not be readily
apparent what materials are present, particularly for composite products which can
include inner combustible insulating cores.”

The descriptions of a spandrel panel contained within this advice are consistent with the
usage of the terminology that had evolved of the previous decades. However, the advice
describes what a spandrel panel can be, rather than providing an all-encompassing
definition of what a spandrel is or its intended function fire safety function (if any).
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As such, the use of the term ‘infill panel’ in the MHCLG Advice Notes is indicative of the
flexibility with which language is used to refer to different parts of the external wall
construction.

As part of this research project, the authors conducted a series of interviews and
discussions with practitioners in order to gather evidence about contemporary practices.
During these interviews a range of definitions for the spandrel emerged.

There was consensus that the effect of a spandrel was to create an apparently opaque
element of construction on the external wall of the building in the location of the slab edge.
The means by which this opacity was achieved could be due to the use of opaque materials
throughout, or due by using glazing with a coating applied to the inner surface.

There was also consensus that the spandrel was located at slab level in order to conceal
the slab, and any services associated with the raised floor and/or suspended ceiling.
However, there was less consensus about the limits of the spandrel. Some suggested that
a spandrel could be full storey height, while others suggested that it was strictly limited to
the region around the floor slab.

Similarly, the term ‘infill panel’ is used widely within the industry. An infill panel is generally
considered to be any opaque panel that fills a void in the external wall. Infill panels may
therefore be used to form a spandrel. However, the usage of the term infill panel is
significantly more widespread than relating to the spandrel region. There is therefore some
ambiguity within the terminology used within industry about the distinction between a
spandrel and infill panel. This is partly due to the fact that the same product (an infill panel)
may be used to form elements of construction that might be also called a spandrel.

Figure A/B-26 shows how infill panels may be used on an external wall in the location of a
spandrel (i.e. slab edge) and also elsewhere in order to fill voids in the external wall. It
should be noted that there are some products that are specifically intended to be used in
the location of the spandrel (e.g. some glass panels with mounted insulation) — but there
are many products where their location on the building is not known at the time of
manufacture.
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Figure A/B-26 lllustration showing infill panels in the location of the slab edge

A/B-17.4 Notable fire events

It is notable that the term ‘spandrel’ and ‘infill panel’ have been used in relation to the
building construction in relation to several major fires since the late 1990s. During evidence
to the Environment Subcommittee (Environment, Transport and Regional Affairs
Committee, 2000) there was discussion of a spandrel being “that panel below the window
which is of non-combustible material”. In a written submission by Stephen Ledbetter of the
Centre for Window and Cladding Technology, it was stated that:

“Walls may be constructed as single layer curtain walling in which an aluminium (or
other material) frame holds infill panels of glass and opaque materials. More
commonly, a wall may be constructed as a layered construction. In these walls a
metal frame contains infill panels and acts as the structural part of the wall. It also
serves to seal the building against air leakage and frequently provides the thermal
insulation of the wall. An outer layer then serves to shed water from the wall and
provide the aesthetic of the facade.”

Similarly, the Fire Brigade’s Union suggested that for buildings up to 25 m high, “any infill
panels should afford the same fire resistance as the walls that surround them”. In relation to
the fire at Lakanal House during the Inquest, the term ‘infill panel’ was repeatably used to
refer to the opaque construction immediately below the window. It is notable, though, that
trade journal coverage, e.g. (Knutt, 2013), the term ‘spandrel’ was used to refer to this part
of the construction.

This evidence suggests that the term ‘infill panel’ is frequently used to refer to elements of
construction that could also (and had been in previous decades) referred to as a spandrel
panel.
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A/B-18. Role of the spandrel zone

The previous section has demonstrated that the term ‘spandrel’ has had a long and varied
history. However other than the role of ‘filling’, the function of the spandrel in terms of
building performance has not been presented in any great detail. Thus, this report will use
the term ‘spandrel zone’ to look at functionality and performance, in such a manner that the
functions and performance required of the ‘spandrel zone; defines the nature of the
‘spandrel’. The focus of this section, given the scope of this project, will be the functionality
and performance in relation to fire — however, it should be noted that there are many other
functions that the spandrel zone of a building may be required to perform.

A/B-18.1 Codification

Prior to the development of the skeletal frame, the presence of fire resisting construction on
the external wall of the building was virtually assured though the use of brick or stone as a
construction material. However, with the emergence of the skeletal frame and the curtain
wall — the presence of fire resisting construction on the external wall became much less
assured.

The fire resisting spandrel wall was a fire safety precaution that appears to have originated
in North America. The fire resisting spandrel wall was located between windows on
adjacent storeys. Its presence was an attempt to mitigate the potential for storey-to-storey
fire spread via the building’s windows.

The approach towards mitigating the potential for storey-to-storey fire spread was
expressed as the required vertical dimension of the fire resisting spandrel. This dimension
and its fire resistance requirements appear simultaneously. The origin of the specific
measures (often a three-foot-high wall with a specific fire resistance requirement) is
unknown to the authors and is not the subject of this research.

In the UK, the fire resisting spandrel wall appears to have been present in some local
building laws in the early 20" century (Yeomans, 1998). At a national level, the hazard of
storey-to-storey fire spread was addressed by the Fire Gradings Committee in 1946. They
noted that “if the storeys of a building are separated at all points from one another by fire
resisting construction of a sufficient grade to resist a complete burn-out, there still remains
risk of spread of fire between storeys via windows” (“Paragraph 212, Fire Grading of
Buildings, Part 1,” 1946).

The Fire Grading Committee concluded that “a reasonable degree of protection could be
obtained by providing at least 3 ft. of construction (of which at least 2 ft. should be above
floor level) of the same grade of fire resistance as the walls, between the lintel of the lower
window and cill of the one above” (“Paragraph 212, Fire Grading of Buildings, Part I,”
1946). They felt that “it would be onerous to demand [protected windows] in all cases”. This
conclusion was subsequently enacted in regulations. In the early 1950s, a series of
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‘Bylaws’ were published in England by the Ministry of Communities and Local Government
(Modal byelaws; Series IV; Buildings, 1952), in Scotland by the Department of Health
(Langdon-Thomas and Law, 1966), and in London by the London County Council (London
Building (Constructional) By-Laws, 1952). Each of these introduced a fire resisting spandrel
wall.

The English ‘model’ bylaws recommended that the spandrel should be a minimum of 3 ft
(914 mm) high; the Scottish bylaws required that the spandrel should be a minimum of 3 ft
high; and the London bylaws required that the spandrel should be a minimum of 2 ft 6 in
(762 mm) high. Legislation made a clear distinction between external ‘walls’ which were
intended to confine fire within the building until it burnt itself out, and limiting ‘openings’ in
order to prevent spread of the fire (Rostron, 1960). However, just at the time when the UK
was introducing the spandrel into model building codes, in the USA, there was considerable
pressure to remove such requirements.

A/B-18.2 De-codification

As external wall technology developed in the post-war USA, there was pressure from
architects to remove the constraint of a fire resisting spandrel panel. The drivers for this
were primarily economic (Freitag, 1906; Bowley, 1966b) and partly aesthetic. The aesthetic
drive was partly aspirational (i.e. architects simply wanted more glazing), but it was given
additional impetus by the precedent set by some major projects. For example, the UN
buildings did require an external wall to have a fire resisting spandrel — but the architect
was able to circumvent the regulations. The form of this building (and other such buildings
as described in reference (“Trends in Wall Design,” 1971)) then became a template for
other designers to imitate in other jurisdictions. It has been observed that during the 1940s
and 1950s “codes throughout North America prevented the full flourishing of the glass wall”
(Leslie et al., 2018)

Writing in the Architectural Forum in 1950, Robert Davison spelt out what he perceived as a
“basic building-code inconsistency”. Davison ridiculed the situation in which the need for fire
protection of the external wall stopped “quite magically” at the window jam — the “fire raging
furiously below” and apparently “non-existent above”. He asserted that the principal forces
that the curtain wall was called upon to resist were the “legal powers wielded by building
commissioners” and that the development of the external envelope had been “delayed for
half a century” due to the restrictions of municipal building codes (Fitch, 1955). He reported
that many jurisdictions had recently rescinded the requirement for masonry walls —
switching instead to a ‘performance based’ approach. This change triggered many material
producers to commence research work to produce curtain wall systems “capable of
meeting the new code requirements” — and “almost as important, the Herculean task of
convincing city building officials” that the code requirements had been met.
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Figure A/B-27 Extract from (a) The Architectural Forum ridiculing the logic of the fire
resisting spandrel; and (b) from Fire Research Note 8 showing the ‘assumed’ and
‘actual’ effect of the fire resisting spandrel wall, taken from (Fitch, 1955) and
(Langdon-Thomas and Law, 1966) respectively

Similar concerns were expressed in the UK in the latter half of the 1950s. In the late 1950s,
the UK government’s Joint Fire Research Organization began a research project into the
use of spandrel panels (Ashton and Malhotra, 1960). The motivation for the research was
very clear, it was intended to determine whether “relaxations could be justified” from
spandrel wall requirements in the UK’s building regulations (Ashton and Malhotra, 1960). It
was acknowledged that the present requirements were “restrictive in the use of some forms
of construction which were desirable for other reasons” (Ashton and Malhotra, 1960). The
researchers (Ashton and Malhotra) highlight that there were differences in the view on the
magnitude of the hazard presented by window-to-window fire spread; they therefore
undertook a large-scale experimental study to investigate the effectiveness of the spandrel
panel.

Based on their work, Ashton and Malhotra found that even with a spandrel wall the glazing
on the floor above a fire could break, and that this could result in fire spread to the upper
storey. Based on these observations, they concluded that a 3 ft (914 mm) spandrel wall
was an ‘inadequate’ measure to prevent the spread of fire from storey-to-storey (Ashton
and Malhotra, 1960). They suggested therefore that the fire resistance requirement for a
spandrel panel could be reduced “even below a half hour without any significant reduction
in fire safety to a building or its occupants” (Ashton and Malhotra, 1960).

Ashton and Malhotra reasoned that if the current mitigations for storey-to-storey fire spread
were not effective, then they might as well be omitted from the regulatory requirements.
Writing in the architect’s journal in 1964 Ashton and Malhotra again presented their
research (Ashton and Malhotra, 1964). They concluded that the results showed that “a light
alloy could be designed to achieve in its own right the standard of fire protection specified in
local authority bylaws”. They also recognised that detailing of the curtain walling system
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was important — they identified essential features as being “separate anchoring of the
cladding panels to the building and sealing of gaps between the edge of the floor slab and
the cladding panels by a method capable of surviving exposure to fire”. The
recommendations of Ashton and Malhotra’s work were implemented in the new national
buildings regulations that were implemented first in Scotland in 1963 (Building Standards
(Scotland) Regulations 1963, n.d.), and subsequently in England (“The Building
Regulations 1965,” n.d.). The English regulation is shown in Figure A/B-28 — this text
makes reference to Schedule 9 in which table (based on the Margaret Law method of
enclosing rectangles) is presented.

E7.—(1) Any side of a building (other than a small garage which is a
separate building and complies with the relevant requirements of regula-
tion E16) shall comply with any relevant requirements relating to the per-
mitted limits of unprotected areas specified in Schedule 9 unless the building
is so situated that such side might in accordance with Schedule 9 consist
entirely of an unprotected area.

Figure A/B-28 Extract from the Building Regulations 1965

To provide context for these new regulations, the then Director of the Fire Research Station
(G. J. Langdon Thomas) wrote ‘Fire Note 8’ with Margaret Law (who’s work on building to
building fire spread was also included) (Langdon-Thomas and Law, 1966). This note
followed the same logic as Ashton and Malhotra. They wrote that “to provide adequate
protection it would be necessary virtually to omit all windows from the storey immediately
above the one with openings in it”. It is important to note that the term ‘adequate’ was used
to describe three specific functions as presented in Figure A/B-29.

These functions were therefore ‘to prevent the spread of fire’, to ‘confine the fire within the
building until it is controlled or has burnt itself out’ and to ‘prevent the fire from entering from
an adjoining building’. Langdon-Thomas and Law also introduced the concept of a
performance expectation associated with fire service intervention; they indicated that
performance was required “until [the fire] is controlled” and that confinement was necessary
to “protect firefighters”.

The three main fire functions of the external wall are as fol-
lows:

(i) To prevent the spread of fire from storey to
storey.

(ii) To confine the fire within the building until it is
controlled or has burnt itself out and to protect
fire-fighters.

(iii)) To prevent the entry of fire from an adjoining
building.

Figure A/B-29 Extract from Fire Research Note 8 showing the main functions of the
external wall as assumed by Langdon Thomas and Law (Langdon-Thomas and Law,
1966)
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There are further two paragraphs in Fire Note 8 (Figure A/B-30a and b) that are instructive
in relation to the considerations that were made at this time. First is the finding that ignition
of furniture did not occur in the room above a fire for a period of “as long as” 15 minutes
even when no fire resisting spandrel was provided. It was also concluded that the provision
of a fire resisting spandrel would not prevent ignition of combustible materials high in the
room. The occurrence of fire spread was therefore concluded to be independent of the ‘fire

resistance’ of the external wall. It was on this basis that Langdon Thomas and Law
conclude that the provision of a fire resisting spandrel would result in no difference in

performance.

Langdon Thomas and Law also noted that to provide adequate protection it would be
necessary to “omit all windows” on a storey immediately above an opening

(Figure A/B-30(b)).

The investigation showed that ignition of the combustible
structure and furniture of a room immediately above a fire
would not occur readily under flame attack for as long as 15
min, even when the under-window panels had no fire-resist-
ance. However, the provision of separation between windows
in adjacent storeys in accordance with building byelaws would
not prevent ignition of flammable matertals such as curtains
close to the windows of the room above a fire.

The intention of the separation requirements of the byelaws
is illustrated in [Fig. 2(a)]. A minimum height of 2 ft above
floor level was specified for the under-window panel which
was judged sufficient to protect the contents of a room from
flame radiation or impingement. In the investigation described

Within the conditions of the experiments it appears that a
vertical separation of 3 ft or a horizontal projection of 2 ft
between windows in adjacent storeys is inadequate to prevent
flames from a fire entering the upper storey unless fire-
resisting glazing is used. To provide adequate protection it
would be necessary virtually to omit all windows from the
storey immediately above the one with openings in it. The
indications are that the fire-resistance required of the under-
window panel could be substantially reduced even below §

hour for fire loads representing a one-hour fire severity with-
out any significant reduction in fire safety to a building or its
occupants and that no undue hazard would be introduced by

using a combustible cladding of solid timber not less than §

the furniture was substantially shielded by the wall, but inch in thickness.

combustible material at a much greater height, such as a
combustible ceiling lining, would have been exposed to a
higher risk of ignition. The indications from the tests and from
model experiments were that, under suitable conditions, igni-
tion of combustible material in the upper part of the room
would be possible |Fig. 2(b)].

(a) (b)
Figure A/B-30 Extract from Fire Research Note 8 showing (a) ignition will not occur
within 15 minutes (b) that the absence of fire resistance will not reduce the fire safety
of a building (Langdon-Thomas and Law, 1966)

In summary, they noted that where no fire-resistant panel was present, ignition of furniture
in the room above the fire compartment would not occur “for as long as 15 minutes”. They
concluded that “the enclosure of a building has little to contribute to the reduction of fire
spread within a building and that a substantial relaxation could be made in the structural
design requirements for external walls”. It is noteworthy that prevention of storey-to-storey
fire spread was defined as one of the objectives of the external wall, but that the
conclusions of this work shows, for the first time, an acceptance of vertical fire spread.
Langton Thomas and Law link this acceptance to a specific definition — the first mention of
a 15 minute criterion.

Despite the objectives, caveats and limitations of Fire Note 8, between 1965, and 1983,
there were multiple updates to the English building regulations. Each of these updates
omitted any requirement for a spandrel panel. With the introduction of the Approved
Documents in 1986 (and subsequent amendments), the “fire resisting spandrel wall”
remained absent.
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A/B-18.3 A new status quo

It has been shown that in two decades following the Second World War, there emerged a
new consensus about the prevention of storey-to-storey fire spread. ‘Building
commissioners’ had initially attempted to prevent vertical fire spread using a fire resisting
spandrel wall — however, the new consensus that emerged in the 1950s and 1960s was
that this was not possible without an unacceptable compromise in building design; the only
means by which storey-to-storey fire spread could be usefully prevented was by the
omission of windows on alternate storeys.

However, although there was acceptance of storey-to-storey fire spread there was not an
acceptance on unconstrained fire spread. Ashton and Malhotra were particular in their
detailing recommendations at the location of the junction between the external wall and the
floor slab. Similarly, while they accepted fire spread — the fire that they accepted was not
instant. There was a delay associated to fire growth, breakout through the window of the
compartment of origin, development of external flaming, break-in through the window
above, and subsequent ignition of furnishings in the room above. Ashton and Malhotra, and
Langdon Thomas and Law appear to have accepted that a delay of ‘up to 15 minutes’ for
these events to occur was considered acceptable.

Conversely, Ashton and Malhotra appear to have been unwilling to accept ‘rapid and
extensive’ fire spread on the external face. As part of the same testing programme, they
constructed cladding using thin laminated timber and plastics. They found that the plastic
cladding ignited within two minutes and ultimately concluded that the use of [non timber]
‘combustible materials needs separate consideration, since they could introduce
undesirable hazards”. Langdon Thomas and Law echoed this concern, noting that “care in
the selection of thin laminated timber cladding and other types of combustible material is
important as some of them can, if continuous up the face of a building, cause a rapid and
extensive spread of fire on the external face”.

This contrast reveals that it was not the spread of fire that was considered problematic, but
rather the rapidity with which the fire could be expected to spread. At the time there does
not appear to have been a clear definition for what constituted an acceptable rate of fire
spread. However, as will be demonstrated in subsequent sections ‘up to 15 minutes’
defined by Langdon Thomas and Law appears to represent a ‘magic number’ that recurs at
different times an in different jurisdictions.

Reuvisiting this topic in 1986 as part of a wider review, Malhotra noted that due “to

the presence of windows in the external walls vertical fire spread can not be completely
eliminated but with fire resisting external walls and control on the spacing of openings its
probability can be reduced”. He suggested that it “would be desirable for multi-storey
buildings to have fire resisting external walls to reduce the hazard of conflagration both in
the horizontal and the vertical direction”. This is notable because, having observed the
status quo emerge over the two decades that followed the issue of the 1965 Building
Regulations, Malhotra appears to have had some misgivings about the extent to which fire
resisting qualities had been removed from the external wall systems.
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A/B-18.4 Periodic review

In the UK, the logic has been revisited by government on at least three occasions. In 1990,
by the Building Regulations Advisory Committee (BRAC) (Davis, 1990), in 2002 by
Bensilum and Crook at the Building Research Establishment (Bensilum, 2001a, 2001b;
Crook, 2001), and in 2016 by Holland at the Building Research Establishment (Holland et
al., 2016a, 2016b).

In the early 1990s, revisions were made to the Approved Documents. In 1990, Lawrence
Davis (a member of the Building Regulations Advisory Committee) noted that “it does not
seem logical to require a high standard of fire separation in walls and floors yet, once
outside the building, fire can traverse the external wall and bypass the internal separation”
(Davis, 1990). He noted that “it would be helpful if more studies were carried out” but that
“lack of fire reports in sufficient detail based on actual incidents hampers proposals being
made”.

In the early 2000s, Bensilum and Crook (BRE) undertook a research project for the
Department for Transport, Local Government and the Regions. The topic was storey-to-
storey fire spread via windows. It was stated that the objective was “to examine the issues
surrounding the phenomenon of external fire spread via windows, in order to provide
comprehensive and up-to-date advice on the scale of the problem, and cost-effective ways
of minimising the risks”. This work attempted to collate information from real fires, and from
research literature.

In relation to real fires, Bensilum found difficulty in attributing causality to fire spread via the
windows in the external wall. For example, Bensilum noted that many of the case studies
had been selected because there was “at least some external spread via the windows, in
many cases there were other mechanisms of vertical spread, such as through voids and
shafts within the building” (Bensilum, 2001a).

Similarly, for curtain wall systems Crook noted that fire spread may have been due to
spread via the windows, but that these incidents may also involve fire spread that was
“strictly, within the building, due to inadequate, damaged or absent fire-stopping between
the floor slabs and the curtain wall” (Crook, 2001).

Crook constructed a qualitative argument that the number of people ‘killed or injured’ as a
result of storey-to-storey fire spread via the window “might be expected” to “be quite low”.
The essence of this qualitative argument was that it would take sufficient time for a fire to
spread in through a window that occupants of upper stories would be able to evacuate. This
argument was also presented on the basis that the escape route would generally be away
from the fire (i.e. away from the window). In 2001, Crook thus concluded that “the measures
currently called upon in England and Wales through ADB are still commensurate with the
risk”.

In 2016, Holland et al. (BRE) undertook a research project as part of the Department for
Local Government and Communities as part of the ‘Investigation of Real Fires’ contract.
The first part of this work focused primarily on the reaction-to-fire properties of the various
construction elements (Holland et al., 2016a). The work identified that there was a ‘common
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misconception’ regarding fire resistance and reaction-to-fire classifications and that fire
resistance exposure conditions were “inappropriate for the exterior of a building” — and that
the reaction-to-fire classifications were to “limit the rate of fire growth and fire spread”.

In relation to fire spread via windows, Holland et al. noted that “high-rise flats are homes,
and must provide light and ventilation” in the form of windows which “may offer a route for
fire spread, in either direction in or out of the flat, irrespective of the other materials forming
the exterior of the building”. They stated that “to prevent vertical spread of fire [via this
route] it would be necessary to ensure that all windows in such buildings were both fire
resisting and sealed close” — and that this “would almost certainly conflict with the needs of
everyday life”.

The second part of Holland et al.’s work describes a testing programme (Holland et al.,
2016b). During the testing a BS 8414-type test was adapted such that a glazed unit could
be located above the fire source. The location of the glazed unit relative to the fire source
was not detailed in the report, however, there was sufficient space for a 880 mm ‘spandrel
panel’ and a concrete lintel to be located between the sill of the window and the fire source.

Three tests were undertaken where the material that was used for the spandrel panel was
varied (9 mm thick ‘cement fibreboard’, 9 mm thick ‘structural hardwood plywood’ and 8 mm
thick ‘compressed stone-fibre with an organic binding agent’) (Holland et al., 2016b). In
each case, the glazing broke. Holland et al. concluded that the failures of the glazing
provided “a potential route for external fire spread from one flat to another regardless of the
design of the external facade” However, Holland et al. also noted that the study was limited
in scope as “single components of a system and not entire systems were assessed”.

This brings us to the present (2020/21) review. It is clear that each previous review of this
topic has identified that storey-to-storey fire spread via the windows is a possibility, but that
each has concurred with the assessment of previous authors: the measures necessary to
prevent vertical fire spread via the windows are likely to be unfeasible to building designers
or users.

Each reviewer has accepted the possibility of vertical fire spread through external windows,
but over time the emphasis for why this might be acceptable appears to have changed.
Initially, Ashton and Malhotra deemed that the fire spread was not too fast, and that to
attempt any further slowing of the fire would be unfeasible. However, they did not venture
an opinion about what the rate of fire spread should be compared against. Davis simply
guestioned the logic — but did not seek to justify it.

Crook’s analysis is more thoughtful as they offered a logic whereby the timescales
associated to fire spread through the window were long enough to allow occupants to
recognise a hazard and escape. However, Crook also layered additional arguments onto
this basic justification. From their review of the literature Crook suggested that the window
was often not the location through which fire first spread — citing weakness in other building
elements. Similarly, Crook used evidential basis of previous fires to suggest that even if the
window was the first location of fire spread, the number of casualties was ‘quite low’.
Holland et al.’s approach agreed with the outcome of Crook’s research but did not capture
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the same arguments. Instead, the focus of Holland’s work was on the reaction-to-fire
properties of the various spandrel elements.

Within the UK, the regulatory approach appears to embody an acceptance of vertical fire
spread between stories. However, from this review, the function of the spandrel zone
begins to emerge. There is fundamentally one function that the spandrel zone is required to
perform in the UK. That is, to delay storey-to-storey fire spread to enable the safety of
occupants of an upper floor. The fire safety strategy must therefore be formulated in such a
way to achieve this outcome. The means to do this appear to be twofold:

1. Provide a fire barrier within the building to control the rate of fire spread inside the
building and limit this to a rate of spread that is acceptable for a specific fire safety
strategy; and

2. Limiting the reaction-to-fire properties of the elements of the spandrel zone such that
they do not result in a rate of fire ingress on upper storeys, or rate of fire spread up
the exterior, that are acceptable for a specific fire safety strategy.

A/B-18.5 Loss Prevention Council review

In addition to the government sponsored reviews, the Loss Prevention Council undertook
an investigation into fire spread via glazed curtain walls (Morris and Jackman, 2003). The
research investigated the performance of multiple large scale (two storey) glazed curtain
wall assemblies. The research was focused on loss prevention (rather than life safety) and
found that "progressive upward spread of fire... from storey to storey [was] highly
probable”. Writing about the work it was noted that “no significant advantage was derived
by the use of toughened glass in spandrel panels. The fact that spandrels use glazing at all
is cited as a weakness in the system and consideration should be given to the use of fire
resisting components to inhibit vertical propagation by remaining in place if the glazing
fails”. This work, therefore, implicitly aligns with the conclusion reached by Ashton and
Malhotra. However, ultimately, the authors noted that “the destruction observed during
experiments reflects what has been experienced in the field with resulting large claims for
property damage and business interruption” and that the “means are at the specifier’s
disposal to control loss using passive and active fire protection methods.”

A/B-18.6 International perspectives

The previous sections have shown how the UK approach to the role of the spandrel zone
has been for it to play a role of delaying an inevitable fire spread — rather than attempting to
prevent it. An international perspective allows the UK approach to be compared against that
of other countries. Bensilum (Bensilum, 2001b) undertook this review in 2001, and in 2016
Nilsson (Nilsson, 2016) also undertook an analysis of various approach that are used
internationally. These reviews show that there are four approaches to mitigating storey-to-
storey fire spread via openings in the external wall:
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Provide a 900 mm fire resisting spandrel,

Provide a slab projection of varying length,

W N e

Provide sprinklers, and/or
4. Control interface detailing and materials.

Nilsson’s findings are presented in Table A/B-6.

The dimensions of building elements from various jurisdictions give some context, these
figures do not necessarily help with understanding what these measures are expected to
achieve, or how they might interface with other aspects of a building’s fire safety strategy.

The explanatory notes in NFPA 5000 (USA) (NFPA 5000, 2018), provide more insight into

the raw code requirements. These are given in A.8.9.3.1 as follows:
It is acknowledged that, when a fire grows to full room size (post flashover) in a
multistory building, the fire might spread from the story of origin to the story above
via the exterior. The phenomenon of exterior flame spread from window to window is
sometimes referred to as a “leapfrog” effect. The leapfrog effect can occur in
buildings with non-fire resistance—rated exterior walls, as well as in buildings with fire
resistance—rated exterior walls having unprotected window openings on adjacent
stories. Fire experience indicates that fire spread beyond the story of origin via the
exterior can occur in 15 minutes to 20 minutes or less without fire department
intervention.

The leapfrog effect is addressed in 37.1.4 by requiring that windows on adjacent
stories be separated vertically a minimum of 36 in. (915 mm) by a 1-hour fire
resistance—rated spandrel or exterior wall assembly or that a 30 in. (760 mm) 1-hour
fire resistance—rated flame barrier, or “eyebrow,” project horizontally from the
exterior facade between the windows. These measures are typically applied to
buildings greater than three stories. How- ever, actual fire experience has shown
that a 36 in. (915 mm) spandrel might not be sufficient to prevent fire spread via the
exterior from window to window. However, the requirements for 1-hour fire
resistance—rated spandrels or eyebrows are traditionally waived in buildings
protected by automatic sprinklers, and most high-rise buildings are equipped with
automatic sprinklers.

In summary, fire safety in high-rise buildings is largely dependent on the successful
operation of automatic sprinklers. In the rare case where automatic sprinklers fail to
control a fire, and a fire grows to a large size (post flashover) in a multistory building
and is located in a compartment bounded by an exterior wall, and the building is
equipped with either non-fire-rated protected windows on adjacent stories or a non-
fire resistance—rated exterior wall, fire might spread via the exterior to the story
above the floor of fire origin in 15 minutes to 20 minutes. Experience has shown that
fire spread via the exterior due to the leapfrog effect is relatively rare. However,
under the conditions previously enumerated, such fire spread can even occur in
buildings having floor/exterior wall intersections protected by perimeter fire barrier
systems tested and fire resistance rated in accordance with the ASTM test method.”
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Table A/B-6 International approaches to the spandrel zone, from Nilsson, 2016

Country/ | Spandrel Horizontal Note

Region height (m) projection (m)

Australia 0.9 11 Non-combustible spandrel with a fire resistance
of 60/60/60 (REI). Non-combustible horizontal
projection with a fire resistance of 60/60/60,
having an extension at least 450 mm along the
wall.

Denmark | - - There are no prescriptive requirements presented
in the building regulations in regard to the
external vertical fire spread.

Finland 1.0* - There are no prescriptive requirements presented
in the building regulations in regard to the
external vertical fire spread.

France 0.6-1.3** 0.6-1.3** The dimensions of horizontal projection and
spandrel are depending on the C + D rule, which
in turn is dependent on several variables.

Hong 0.9 0.5 Spandrel and horizontal projection are to be of a

Kong fire resistance rating not less than of the
intervening storey.

New 15 0.6 New Zealand building codes [sic] also provides a

Zealand table with further combinations of different
spandrel heights and projection lengths.

Norway 1.2 1.2 These requirements can be omitted if the building
contains an automatic sprinkler system.

Portugal 11 1.1 — the depth | The horizontal projection needs to have an

of the extension of at least 1000 mm along the wall and
horizontal to be of fire resistance EI60.
projection
Spain 1.0 1.0 — the depth | Spandrel of fire class EI60.
of the
horizontal
projection

Sweden 1.2 - Vertical openings within 1200 mm need to be fire-
rated, either one window in fire class E 30 or both
windows in fire class E 15.

UK - - As per commentary

USA The The The International Codes: the openings shall be

International International separately vertically when the openings are
Codes: 0.914 Codes: 0.762

within 1524 mm of each other horizontally and
the opening in the lower storey is not a protected
opening with fire protection rating of less than 3/4
hour. The spandrel and horizontal projection to
have a fire- resistance rating of not less than

1 hour.

* This value is a local interpretation in Finland for the vertical distance between openings in the facade
** Values depending on several variables, for more details see (Nilsson, 2016)

This approach, described in NFPA 5000 is consistent with the reasoning of Ashton and
Malhotra, Langdon Thomas and Law — to the degree that that ‘magic number’ of 15 minutes
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recurs. The approach taken by NFPA places significantly more emphasis on sprinklers than
any of the UK authors. The use of sprinklers should be recognised as means to reduce the
likelihood of a fire developing to a size where it might present a hazard of storey-to-storey
fire spread. However, in the event of sprinkler failure, the code writers accept that fire
spread may occur but, using the same logic as Crook appear to draw comfort from the time
delay associated with this storey-to-storey fire spread.

A/B-18.7 Summary

On the basis of this review and analysis, the implicit (and sometime explicit) role of the
spandrel zone is to delay — but not prevent — the spread of fire between storeys. Some
jurisdictions suggest that a fire resisting spandrel wall or slab projection can perform this
function, while others appear to see little value in these precautions.

There does not appear to be any quantitative definition of the delay that is perceived to be
adequate, but previous authors have drawn a distinction between the ‘rapid’ fire spread that
can be caused by the presence of combustible materials within the external cladding, and
the delayed fire spread associated with break-out and break-in of a fire plume.

Similarly, emphasis has been placed on the detailing associated with the junction of the
external cladding and the compartment floor. The objective of such detailing appears to be
to ensure that it is the external cladding assembly that is the ‘weak link’ in a building’s fire
safety provisions rather than the internal compartmentation — even where those elements of
compartmentation are directly adjacent to the external cladding.

Some jurisdictions also place an emphasis on the effective activation of automatic
suppression (sprinklers) to prevent the growth of a fire that may threaten the external
envelope. However, even these do not appear to present sprinklers as a ‘panacea’, rather
they are simply an additional layer of protection that help reduce the likelihood of needing to
prevent storey-to-storey fire spread.

Given this evidence, we would suggest that the pragmatic approach (of accepting vertical
fire spread) advocated by Ashton and Malhotra appears to have been universally adopted
both within the UK and internationally. It appears that measures to prevent fire spread — for
example by the provision of fully fire resisting external walls, or the omission of windows on
the storey above an opening — are unpalatable to architects and building authorities.

This approach represents a choice to prioritise other aspects of building function
(e.g. the possibility of having windows on adjacent floors) over the prevention of
external fire spread.

The emphasis of the measures presented in guidance is therefore on ensuring that the
‘delay’ associated with storey-to-storey fire spread is sufficient in the context of the wider
building fire safety strategy. The following section will therefore evaluate the fire safety
guidance defined within Approved Document B within this context.
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A/B-19. The fire strategy

It has been established that the assumed function of the spandrel zone is to delay the
spread of fire, and to ensure that it is the external envelope (rather than the internal
compartmentation) that represents the ‘weak link’ with respect to storey-to-storey fire
spread.

Given this performance expectation, to evaluate the measures defined in guidance it is
necessary to establish:

1) A definition of what an adequate delay time might be;

2) A definition of the delay time that might be expected given the proposed fire safety
measures; and

3) That there are sufficient means of warning and escape for occupants who may be
affected by storey-to-storey fire spread.

In the manner of Ashton and Malhotra, AD B recognises that the presence of combustible
materials in the external walls may present a medium for fire spread. In the context of the
role of the spandrel zone, such combustible materials may risk accelerating the spread of
fire, and thereby reducing the delay time for storey-to-storey fire spread. The reaction-to-fire
properties of the external wall is the subject of guidance in AD B, and of specific legislation
in the form of Regulation 7.

Other fire precautions may also serve to delay the spread of fire, or to ensure that the ‘weak
link’ is, in fact, the external wall — rather than internal elements of compartmentation.

A/B-19.1 Delay time

A/B-19.1.1 Reaction-to-fire

Reaction-to-fire properties of elements of the external wall have been subject to much
discussion and controversy since the Grenfell Tower fire. Ashton and Malhotra identified
that “combustible materials need separate consideration, since they could introduce
undesirable hazards”.

In relation to storey-to-storey fire spread (as opposed to vertical fire spread that is confined
to the external wall), the hazard presented by the presence of combustible elements of
construction is as follows:

e That a combustible material may lose integrity and allow the passage of fire or
smoke into an upper floor,

e That a combustible material may add fuel to an existing fire and result in greater heat
flux from the external plume on upper storeys — thereby hastening the spread to
upper storeys, and
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e That a combustible material may allow the fire to spread on the external wall —
thereby introducing the potential for a fire to spread to multiple storeys
simultaneously, or in quick succession without the need for an external plume
associated with a flashover fire to drive such spread.

Regulation 6(3) and 7(2) and the various clauses within AD B limit the combustibility of
elements of construction in the external wall. Where such materials are prohibited it may be
assumed that they will not make a significant contribution to the fire hazard as described
above. Where combustible materials are proposed for use on the external wall (and,
therefore, may contribute to the hazards described above), BS 8414-1 or BS 8414-2 are
used in conjunction with the performance criteria defined in BR 135. This sets the threshold
for the acceptable level of hazard that may be presented by an external wall system — when
the components are not all of limited combustibility.

It is understood from MHCLG that the adequacy of the current guidance in relation to the
specific clauses, tests, and acceptance criteria for the presence of combustible materials
are subject to review in a separate research activity; these will not, therefore, be reviewed
in this report. However, of particular note in relation to the definition of an adequate delay
time is the presence of the 15 minute ‘magic number’ within BR 135. The failure criteria are
defined in relation to the exceedance of specific temperatures within 15 minutes of the test
start time at a high level within the tested system. After fifteen minutes the temperature
criterion may be exceeded without the test being classified as a ‘fail’. Thus, it is notable that
BS 8414 and BR 135 appear to follow a similar logic for fire spread on the external wall as
has been presented in the previous sections for storey-to-storey fire spread. Nevertheless,
the relationship between the specific failure temperature criterion and the ignition of the
upper floor (as described by Ashton and Malhotra) remains undefined.

This is notable because, the need for combustible materials on the outside of the building is
not as self-evident as the need for windows in the external wall of a building. Thus, while
Ashton and Malhotra’s pragmatic acceptance of fire spread — on the basis that windows
could not be omitted — is not as self-evidently pragmatic as the need to accept the presence
of combustible materials. The desire to put combustible materials on the external wall of a
building must, therefore, be a function of other (less obvious) aspects of the building’s
design process and expected functionalities.

A/B-19.1.2 Fire resistance and restraint

The legacy of Ashton and Malhotra’s detailing recommendations are present in the current
editions of AD B. They recommended “separate anchoring of the cladding panels to the
building and sealing of gaps between the edge of the floor slab and the cladding panels by
a method capable of surviving exposure to fire”. AD B recommends that:

“At the junction of a compartment floor and an external wall with no fire resistance,
the external wall should be restrained at floor level. The restraint should reduce
movement of the wall away from the floor if exposed to fire.”

In Volume 1 of AD B, diagram 8.1 (Figure A/B-31) illustrates the junction between the

external wall and the compartment floor. This figure shows the distinction between cavity

barriers and fire stopping — with fire stopping being provided between the slab edge and the
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external wall and cavity barriers being provided within cavities in the external wall. In such
cases, the implication of AD B is that the fire stopping should be of the same standard of
fire resistance at the compartment floor.

Thus, AD B recommends that compartmentation should be maintained up to the edge of
the external wall, and that the external wall should be restrained at floor level to prevent the
formation of a gap through which fire or smoke could pass. These two measures, together,
appear to be an attempt to ensure that the external wall is the weak link and that the
external wall will fail before fire can pass through internal compartmentation.

Cavity barrier / Wall forming

around openings \ protected —
escape routel!

Cavity barrier at
compartment  —4 |
floor

+

Figure A/B-31 Extract from diagram 8.1 V1 AD B

A/B-19.1.3 Summary

The measures in AD B appear to be consistent in their intent with the logic of delay an the
‘controlled failure’ of the weakest link. However, while BR 135 implies that 15 minutes might
be an acceptable delay time for fire spread on the external cladding, there is no
guantification within AD B of any criterion for defining an acceptable delay to fire spread
between storeys.

Similarly, while there is a clear attempt to ensure the external wall is the ‘weakest link’, the
guidance is silent on the topic of how weak this link should be. The external wall may be
formed from a wide range of different cladding systems and it would be unreasonable to
expect that these would provide uniformity of performance in relation to the speed at which
storey-to-storey fire spread would occur.

A/B-19.2 Warning and escape

The connection between storey-to-storey fire spread and the need for occupants to escape
from upper storeys has long been established. In 1960 it had been noted in the Architect’s
Journal that the Ministry of Education had a “liberal attitude” to the provision of fire resisting
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spandrels because they had “stringent and definite requirements for means of escape”
(Rostron, 1960). At the time (as described in previous sections) many were seeking to omit
the requirement for a fire resisting spandrel. However, there was a recognition that this
would only be possible if “adequate and effective means of escape” were used (Rostron,
1960).

When Ashton and Malhotra’s findings were implemented in national building regulations,
this represented an acceptance of storey-to-storey fire spread. However, there does not
appear to have been a radical rethink of means of escape. As noted by Todd (Todd, 2018)
with reference to blocks of flats, updated egress guidance in 1971 (Todd, 2018) was based
on the assumption that the effective compartmentation demanded by the building
regulations was sufficient that it should no longer be “assumed that entire storeys, or even
adjoining flats, need be evacuated if a fire occurred in a flat”. Todd notes that this
evacuation “principle became known as ‘stay put”.

The ‘stay put’ strategy is discussed in AD B (Approved Document B - Volume 1: Dwellings,
2019) as follows:

“Provisions are recommended to support a stay put evacuation strategy for blocks of
flats. It is based on the principle that a fire is contained in the flat of origin and
common escape routes are maintained relatively free from smoke and heat. It allows
occupants, some of whom may require assistance to escape in the event of a fire, in
other flats that are not affected to remain.”

This description is contrary to the acceptance of storey-to-storey fire spread that is
embodied by the recommended fire precautions in the spandrel zone. However, the
acceptance of fire spread is not fully rejected in AD B — because the guidance goes on to
state that:

“Sufficient protection to common means of escape is necessary to allow occupants
to escape should they choose to do so or are instructed/aided to by the fire service.
A higher standard of protection is therefore needed to ensure common escape
routes remain available for a longer period than is provided in other buildings.”

This is consistent with the assumption in AD B that “simultaneous evacuation of all flats is
unlikely to be necessary due to compartmentation” nevertheless it is a foreseeable
possibility.

Thus, while ‘stay put’ is based around the idea that occupants will remain in their
apartments, it is not a ‘single safety condition’. A secondary safety condition is provided if
an occupant a) recognises the threat of a spreading fire; b) decides to escape, and c) is
able to escape d) is instructed/aided by the fire and rescue services to escape.

Therefore, the stay put strategy, as it is embodied by current guidance, makes some
provision for the event of storey-to-storey fire spread. However, it is not made explicit within
AD B that storey-to-storey fire spread is to be expected. Similarly, the mechanisms by
which the occupants of upper stories will recognise the threat of a spreading fire or can be
alerted to a fire and given instruction to evacuate are not made explicit. Thus, the decision
to escape, the ability to escape and the means by which instruction/aid by the fire and
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rescue services will be provided are undefined within the Building Regulations or
associated guidance.

In the context of occupants being required to make a decision to escape due to storey-to-
storey fire spread, it is noteworthy that within the current Building Regulations or guidance
there is no definition of competency requirements for the occupants of a building that will
enable them to recognise and react to the threat of a spreading fire. Similarly, no specific
detection measures are specified to protect against the hazard of fire ingress. Occupants
on upper stories would therefore be reliant on an apartment’s ordinary detection measures.

Crook assumes that there is sufficient delay in the progression of storey-to-storey fire
spread that occupants are able to egress of their own accord, or if instructed to do so by,
for instance, the fire and rescue services. However, in the absence of definition of other fire
safety provisions such as: the specification of an ‘adequate’ period delay for building
elements, a means to alert occupants of a spreading fire, and a definition of the measures
necessary to support fire service operations over multiple storeys — the implementation of
the stay put principle within the current guidance does not seek to support Crook’s
assumptions with regulatory controls. Instead, it is implicit within the guidance that Crook’s
reasoning is sound. The absence of regulatory controls in relation to Crook’s assumptions
represents, therefore, a ‘blind spot’ within the current guidance to the Building Regulations.
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A/B-20. Typologies and details

It has been demonstrated that the junction between the compartment floor and the external
wall performs a critical function in relation to the assumption that underpin Approved
Document B. Similarly, it has been shown that although the external wall is expected to fall
during the course of a fire, there is an implicit expectation that the failure should occur after
some, undefined, period of delay.

There are wide range of different construction technologies that are currently used to create
the external envelope of buildings. Indeed, the bespoke manner in which many buildings
are designed means that each building envelope is often unique. However, despite this
infinite variety, there are a limited number of ‘typologies’ of construction that are used — and
building systems can generally be categorised into these typologies.

The purpose of this section is to describe the key typologies of building envelope
construction that are commonly used within the contemporary construction industry. These
categories have been identified based on reviews of:

* Academic literature and textbooks,

e Trade journals,

e Industry guidance documents,

e Structured interviews with practitioners, and

e Input and feedback from the projects Expert Review Panel.
In addition to defining the key construction typologies, the project has sought to identify
industry best practice in relation to: the detailing of the restraint of the external wall at floor

level (pursuant to the relevant clauses in AD B), the fire stopping detail at between the floor
and external wall, and the location of any cavity barriers within the external cladding.

The purpose of identifying these typologies of construction is to allow the closer
examination of the performance of these systems during any subsequent experimental
phase of the project.

A/B-20.1 Built-up wall vs curtain wall

There are two categories of external wall construction into which all other forms of
construction can be grouped. That is, the ‘built-up wall’ and the ‘curtain wall’.

The built-up wall is constructed on the floor slab of each level within a building, it will
typically then be overclad with one or more layers of other products from the outside of the
building in order to create the appearance of continuity over the slab edge. The curtain wall,
in contrast is affixed to the outside of the building, and completely envelopes the structure.
These two alternative approaches are illustrated in Figure A/B-32.
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Figure A/B-32 Distinction between a built-up wall, and a curtain wall

A/B-20.2 Built-up wall

In contemporary practice, a built-up wall typically comprises of multiple layers and
construction products (Figure A/B-33). These products are usually assembled onsite, and
in-situ. A typical cross section of a built-up wall will comprise (from inside to out):

e Internal plasterboard finish,

e Metal or timber framed units (or, less commonly, a masonry wall),
¢ Membrane,

e Sheathing board,

e Insultation, and

e Over-cladding which could comprise:
o Arainscreen system (with a cavity); or
o Brick slip or other ‘finish’ adhered directly to the underlying construction.

Built-up walls are generally not regarded as suitable for higher rise buildings (e.g. above
20 storeys) as external access is often required to compete the construction. There is also
a common perception within the industry that built-up walls are the cheapest form of
external wall construction. However, many interviewees believe that this perception was
false. It was suggested that there were hidden costs to this form of construction that were
not evident based on a typical cost plan — for example, the costs associated with managing
multiple subcontractors and the issues that this created with interface detailing and quality
control.
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Figure A/B-33 Indicative examples of the several possible configurations for a built-
up wall

The Centre for Window and Cladding Technology have drafted a document on Guidance
for Built-up Walls, this document describes the various different permutations in much
greater detail than has been attempted herein.

A/B-20.2.1 Restraint

In the case of the built-up wall, there are currently no measures taken by practitioners to
restrain the external wall at floor level. Since the wall is constructed directly onto the floor, it
is unclear what such measures would constitute, and it is typically assumed that this fire
precaution is not applicable to this typology of construction.

A/B-20.2.2 Fire stopping

In the case of the built-up wall, there is no gap between the slab edge and the external wall.
It is not, therefore, possible to provide fire stopping between these elements. It is typically
assumed, therefore, that this fire precaution is not applicable to this typology of
construction.

A/B-20.2.3 Cavity barriers

In a built-up wall, current ‘best practice’ is to locate a cavity barrier within any cavities that
bypass the slab edge. Cavity barriers are also provided around the perimeter of window
openings where these penetrate the built-up wall.

During interviews with practitioners, it emerged that the detailing of cavity barriers in the
location around the window edge (where this is close to the floor slab) can be very
challenging due to ‘congestion’. It was noted that the guidance can often result in three
cavity barriers within 500 mm (Figure A/B-34) and that this can make other building
performance requirements difficult to achieve. Some practitioners suggested that in such

cases, it was possible to omit one or more of the cavity barriers.
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Figure A/B-34 Indicative arrangement of cavity barriers in a built-up wall

A/B-20.3 Curtain wall

Curtain walls envelope the entire structure of a building and thus are situated with an offset
from the slab edge. The two main categories of curtain walls are ‘stick system’ curtain
walls, and ‘unitised’ curtain walls (Figure A/B-35).

Stick system curtain walls are characterised by being constructed, in-situ, using multiple
components. The ‘sticks’ refers to the vertical ‘mullions’, and horizontal ‘transoms’, between
which panels or glazing units can be placed. The curtain wall is fixed to the main structure
using a variety of details. Vertical support is usually provided every storey, but sometimes
every two storey, horizontal restraint is usually provided at every storey in order to resist the
applied wind loads.

Unitized curtain wall systems comprise larger prefabricated elements of cladding that are
lifted onto the building. A ‘unit’ typically is a full storey height and is typically provided with
vertical support by the building’s structure — either at the top or the bottom. Units are
typically horizontally restrained at top and bottom. The width of a unitised system can vary.
Narrow units are typically referred to a ‘unitized’, whereas wider units (that may span an
entire structural bay) are referred to as ‘panelised’.

As with the built-up wall, unitised curtain walling systems are described extensively within
CWOCT literature, and it will not be attempted to repeat this material herein.
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Figure A/B-35 Curtain wall systems, (a) stick systems; and (b) unitised systems. Both
images extracted from (Brookes and Meijs, 2008)
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A/B-21. Conclusions on the spandrel

A/B-21.1 Critical appraisal

The measures described in Approved Document B are, in principle, consistent with
accepting that storey-to-storey fire spread may occur. The review has found that, while
‘stay put’ is primarily based around that idea that occupants will remain in their flats, a
secondary safety condition is provided if an occupant a) recognises the threat of a
spreading fire; b) decides (and is able) to escape; or c) is instructed/aided by the fire
service to escape.

Absent from the guidance, and indeed, any of the supporting research is a quantitative
assessment of the various parameters of interest. This represents a ‘blind spot’ with respect
to current approaches for meeting the requirements of the building regulations. For
example:

e What period of delay might different forms of construction introduce?
o Are some forms of construction better than others?
o Do some forms of construction fail too early?

e What period of delay is acceptable in the context of individual storeys and a whole
building?

o Is the ‘magic number’ of 15 minutes appropriate?
e Are the means of warning for occupants of upper stories adequate?
e Prior to fire spread, what are the acceptable tenability criteria within upper storeys?

e What role do and should the fire and rescue service have in the context of storey-to-
storey fire spread?

A/B-21.2 Defining the spandrel zone

Over the course of more than a century, the meaning of the term spandrel in British English
has evolved significantly. The range of definitions that remain in use suggest that over this
period, ‘spandrel’ has acquired new meanings but not lost previous definitions. Thus,
depending on the context in which the word is used it can have many different meanings.

In order to define the scope of this research, it is necessary to either propose a definition for
spandrel — or propose the discontinuation of use of this term in the relevant guidance.
Given the prevalence of the term, and the relative consensus among practitioners about
some aspects of its meaning, it is the authors’ opinion that the term ‘spandrel’ remains
useful, but should be more carefully defined and retained.

With the historic definition of the spandrel, it is clear that the spandrel extends vertically

beyond the floor up to the lower edge of the window opening. However, in contemporary
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construction the more commonly used definition of the spandrel relates to the elements that
conceal the floor slab and associated services. A further confusion regarding the spandrel
is the use of the term ‘spandrel panel’. This term relates to a specific element of
construction which may be in the location of the spandrel.

Similarly, while the spandrel can be used to refer to a specific element of construction — the
spandrel is often used to refer (sometimes implicitly) to the function of the elements of
construction. In the case of fire safety, the role of the spandrel has been to prevent or
mitigate storey-to-storey fire spread.

There are therefore three approaches for defining the spandrel:

e Approach 1 — Zone. A zone of the building associated with the interface between the
floor and the external wall.

e Approach 2 — Function. The function that is required from a product or system,
irrespective of its location or form.

e Approach 3 — Product. A specific element of construction (i.e. a product) that fills a
space on the external wall and intersects with the spandrel zone.

With the use of the term spandrel, there is therefore potential for confusion with regard to
whether the term relates to a generic area (or volume) of a building, or whether it relates to
a specific element of construction. In order to avoid this confusion, it is proposed to link the
term ‘spandrel zone’ to the function that this part of the building is intended to perform. It is
the ‘spandrel zone’ that will be required to deliver all the necessary fire safety functions.

It is therefore proposed to define the spandrel zone as any part of the external wall system
that interfaces with horizontal elements of compartmentation (i.e. compartment floors) and
is intended to perform a separating function for fire safety.

This definition is flexible as it is not limited to a specific part of the building, and does not
limit the extent of the spandrel zone. For example, if openings were not provided on the
external wall with the intent of eliminating the hazard presented by vertical fires spread —
the spandrel zone would encompass a full storey height. Conversely, if the ‘status quo’
were adopted whereby the interface with the external wall system was intended to provide
some delay by means of fire stopping and restrained, then the spandrel zone would be
limited to the area immediately around the slab.

When the term spandrel is used to refer to a product, it is any element of element of
construction (i.e. a product) that fills a space on the external wall that supports the function
of the spandrel zone. This means that infill panels may perform the function of a spandrel
or, alternatively, may be located anywhere else on the external wall of a building.

A/B-21.3 Recommendations

In appraising the previous work it is clear that the role of the spandrel, associated fire
stopping, and external wall restraint is to serve as a fire precaution. It is intended, to some
degree, mitigate the impact of a fire on one storey of a building affecting another (upper)
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storey. The hazard that the spandrel zone is attempting to mitigate is a fire in a lower storey
and the associated external plume.

However, it is notable that the presence of combustible materials within the external wall of
a building presents a different hazard from a compartment fire and external plume.
Elements of construction that form part of all the spandrel zone (or infill panels that fill other
voids in the external wall) may be constructed from combustible materials — in such a case,
they could present a hazard on the external wall.

It is recommended that there should be a clearly separate function of fire precautions
associated with the spandrel zone (e.qg. fire resistance, restraint, fire stopping) from fire
hazard associated with any materials that comprise the external wall (e.g. reaction-to-fire
parameters of elements of construction such as spandrel panels and infill panels).

It is understood that the adequacy of the current guidance in relation to the specific clauses,
tests, and acceptance criteria for the presence of combustible materials are subject to
review in a separate research activity. It is recommended that all elements of construction
that might be considered as spandrel elements or infill panels should be included within the
scope of this separate research activity.
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Part C : Laminated glass

A/B-22. Introduction

Section A/B-3 of this report gives a summary of the regulations and guidance across the
UK nations and specifically those that relate to England. With respect to laminated glass,
building regulations address particular performance requirements of buildings including fire
safety; protection from falling, collision and impact; and safety in relation to impact, opening
and cleaning of glazing. There is no specific guidance within AD B on the use of laminated
glass however it is implicit that its use should not contribute to the spread of fire or prevent
any other performance requirements of the Building Regulations from being met.

Section A/B-4 gives details on the changes to Regulation 7 to the Building Regulations in
response to the consultation made by the government following the Grenfell Tower fire.
One specific outcome of the changes to Regulation 7 is that glazing is treated as a hazard if
it is outside of a window frame, e.g. part of a balcony. In the context of the current study this
has resulted in the exclusion of laminated glass balustrades on the balconies of relevant
buildings. The assumption appears to have been that the fire hazard associated with
glazing is likely to come from laminated glass due to the presence of interlayers (or
coatings) formed from polymers that may contribute to the spread of fire on external walls,
i.e. do not meet the required reaction-to-fire performance. Similarly, the use of laminated
glass in the spandrel zone is also prohibited. However, as noted in the list of exemptions,
the use of laminated glass in windows is still permitted, further noting that as part of a
‘frequently asked questions’ published by MHCLG it states that “Conventional curtain walls
consisting of mullions, transoms and glazing can be considered as a window frame.”

As noted in Section A/B-4 (also see Appendix A), as part of MHCLG's review cycle the
December 2018 call for evidence on Approved Document B included an opportunity for
stakeholders to comment on the ban on the use of laminated glass in certain applications.
In producing this report the anonymised responses to this call for evidence, published by
MHCLG in September 2019, have been reviewed with and the responses relating to
laminated glass have been captured here. From the 140 respondents and 1,342 responses,
there were limited responses relating to laminated glass. These can be summarised as
follows:

e There were four requests for clarification of the applicability of the Regulation 7
changes to laminated glass balustrades on balconies which came from the following
user groups: Architects, Designer / Engineer / Surveyor, Local Authorities,
Manufacturers, and other interested parties. Further information on balcony
considerations is provided in Part A.
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e There was one query from a professional body as to the use of laminated glass in
curtain walling and how that sits within the exemption from the Building
(Amendment) Regulations 2018.

e There was one request for clarification to be made between the thermoplastic
rooflights and rooflights with PVB laminated glass.

There were no submissions directly supporting the use of laminated glass for balustrades
or otherwise in the responses to this call for evidence. No specific technical evidence
relating to the fire safety of laminated glass was provided as part of the call for evidence
responses reviewed. However, it is understood from communication with industry as part of
this research work that a number of bodies have provided or are planning to provide
MHCLG with information on the performance of laminated glass, although, with the
exception of one industry report, this information has not yet been made available to the
authors of this report.

In addition to the December 2018 call for evidence, MHCLG issued a consultation to review
of the ban on the use of combustible materials in and on the external walls of buildings
including attachments in January 2020, noting that:

“As part of the ongoing wider technical review of Approved Document B we intend to
commission research on the use of laminated glass in the external faces of buildings
to better understand its contribution to fire spread and overall risk.”

As previously noted in Section A/B-4, at the time of writing this report MHCLG has not
published an analysis of the January 2020 consultation.
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A/B-23. Definitions

Definitions in this part of the report will follow those given in BS 6100:1999 ‘Glossary of
building and civil engineering terms’ where possible, and in particular, the definitions given
in Subsection 1.4.1: Glazing. However, definition and terminology in other documents cited
in this study may not be consistent with those in BS 6100.

Glazing

Laminated glass

Laminated safety
glass

Fire resistant glass

Fixing infill of plastics glazing sheet or glass. Infill in a door or
window which will admit but will resist the passage of air or other
elements.

Glass that comprises a sheet of glass with one or more other
sheets of glass and/or plastics glazing sheet and with one or more
interlayers.

Laminated glass where in the case of breakage, the interlayer
serves to retain the glass fragments, limiting the size of opening,
offering residual resistance and reducing the risk of cutting or
piercing injuries.

Glass, usually either wired glass, or laminated glass with an
intumescent layer, that provides fire resistance for a specified test
time.

Definitions are also provided in BS EN 12600:2002 ‘Glass in building — Pendulum test —
Impact test method and classification for flat glass’ of which the following are directly

relevant to this study:

Laminated safety
glass

Wired glass

Assembly consisting of one sheet of glass with one or more sheets
of glass and/or plastics glazing sheet material joined together with
one or more interlayers. In the case of breakage the interlayer(s)
serves to retain the glass fragments, limits the size of opening,
offers residual resistance and reduces the risk of cutting and
piercing injuries.

Flat translucent, clear or tinted soda lime silicate glass obtained by
continuous casting and rolling which has a steel mesh (welded at
all intersections) incorporated into the glass during its
manufacturing process. The surfaces may be either patterned or
plain.

The authors are aware that members of the glass and glazing industry refer to non-glass
panels which are used as infill panels supported within the glazing frame as glazing. For
example, an aluminium panel supported in a glass curtain wall system. For clarity, the
authors of this report are referring to glass panels unless otherwise indicated.
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A/B-24.Glass in construction and
transportation

Glass and glazing systems are ubiquitous in modern buildings because of the wide range of
applications including windows, doors, skylights; curtain walls; infill panels; stair and
balcony balustrades; internal separations; canopies, solar shading, etc. Figure A/B-36
shows some of the wide-ranging applications of glass in modern buildings.

o —
Sky lights / roof

Infill panels
Load bearing
elements
Figure A/B-36 Use of glass in buildings
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Glass may be used in the form of single or multiple panes within a construction element
(such as a window) that are separated by other parts of the building (such as the wall).
Alternatively, the glass may form a contiguous surface such as the case of a curtain wall on
the outside of a building or an internal glazed partition. The glass may be oriented vertically,
horizontally or at some intermediate angle with numerous techniques of fixing it to other
parts of the building, including brackets, bolts, sealants, channels, etc. Glass can be
shaped to create curved surfaces. In each case the glazing may have to perform different
functions that include resistance to breaking from impact and/or sustained loads such as
wind; aesthetic qualities including transparency, colour, shape etc.; the transmission of
solar radiation to allow (or reduce) the transmission of light and heat; and performance in
fire. Therefore, different glazing systems are used for the different applications to meet the
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required performance and laminated glass can be a practical product to use in many of
these cases.

More details on the materials and manufacture of laminated glass are given in Section A/B-
26. However, in order to understand the context of where things now stand, it is instructive
to reflect on the history of glass, and in particular laminated glass, within the built
environment.

A/B-24.1 Monolithic glass

A/B-24.1.1 Early history

Monolithic glazing in construction dates back to the first century Romans by the introduction
manganese dioxide (occurring naturally as the mineral pyrolusite, which comes from the
Greek words for ‘fire’ and ‘to wash’ because of its use to remove tints from glass (Anthony
et al., 2004)) to produce clear glass. There is evidence of window glass in Pompeii and in
houses in Italy. After the collapse of the Roman Empire there was a considerable loss of
technical skill and quantity of glass production (Macfarlane and Martin, 2002). However,
crown glass (Figure A/B-37) was being used in Byzantine architecture in the fourth century
AD and in the Central Balkans at the end of the twelfth century. By the sixteenth century
window glass is said to have been common in most houses in western Europe (Klein and
Lloyd, 1992). Stained-glass was used by the Anglo Saxons in the construction of cathedrals
and churches during the 7t century and this form of window making reached its artistic
peak in later medieval times.

Figure A/B-37 Example of a crown glass window, Ghent, Belgium (M J Spearpoint)
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Between the thirteenth and nineteenth century there were a number of developments in the
manufacture of architectural glass. However, flat glass in the nineteenth century was still
being made using the cylinder method in which large cylinders of blown glass were cut
open and then flattened, a method that was at least 300 years old (Klein and Lloyd, 1992)
since being perfected around 1668 in France for the manufacture of mirrors by the
company now called Saint-Gobain. It was not until around the 1860s that the use of crown
glass finally ended. A third method of manufacturing flat glass was cast plate, which
according to Klein and Lloyd (Klein and Lloyd, 1992) had been introduced in France during
the late seventeenth century, although other sources credit James Hartledsay in 1848.
Molten glass was poured onto a metal plate, a roller was used to flatten it and then the
glass was ground and polished once it had cooled. The 1845 repeal of the 1696 window tax
in England and the construction of The Crystal Palace for the Great Exhibition in 1851 give
major boosts to the use of glass in buildings. Almost 300,000 panes of 124 cm by 25 cm
cast glass were manufactured by Chance Bros in Smethwick in 6 months for the
construction of The Crystal Palace (Klein and Lloyd, 1992). There was even a proposal by
Charles Burton to construct a 1000 ft (~300 m) high tower (Figure A/B-38) using the
material recycled from The Crystal Palace once it had been taken down. By 1871 William
Pilkington had devised a machine that could manufacture larger sheets of glass.

Figure A/B-38 Charles Burton’s proposed design for a 1000 ft tower using material
recycled from The Crystal Palace (reproduced from
www.ianvisits.co.uk/blog/2015/05/04/victorian-londons-skyscraper-that-would-be-
taller-than-the-shard)/).
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Although there were earlier attempts to create a wired glass, it was Shuman (Shuman,
1892) in 1892 who patented a practical and economical method of embedding a wire mesh
(Kefallinos, 2013) and in 1898, Pilkington is credited with inventing wired cast glass, which
incorporates a steel-wire mesh in the glass (Zippia, n.d.). This type of glass is sometimes
given the misnomer ‘Georgian wired glass’ although it post-dates the Georgian era (1714 to
1830-37 in England), although it may be related to the introduction of the casting method in
late seventeenth century France given this is sometimes called ‘Georgian wired cast glass’.
The addition of the wire prevents the glass from falling out of its frame should the glass
crack. It therefore provides a method to resist the passage of smoke and flame through
glass that may break in a fire. However, the strength of the glass is also reduced when the
product is manufactured because gaps are potentially created due the differential
expansion and contraction rates of the wire and glass.

A/B-24.1.2 Modern developments

The first generation of highly glazed offices appeared in Chicago in the 1880s and 1890s
(Henrik Schoenefeldt, 2019). Then the advent of twentieth-century Modernism had a major
impact on the use of glass in buildings. In Germany in 1909 the design of AEG’s turbine
factory used glass walls. Prior to becoming the director of the Bauhaus in 1930, between
1920 and 1921 Mies van der Rohe conceived the idea of a 30-storey glass skyscraper with
curving walls (Klein and Lloyd, 1992). Distinctive use of glass in architecture appeared in
Britain in the 1930s with window-glass sweeping around curved corners. Several leading
Modernists left Germany for the US in the lead up to the Second World War and these
people were influential on the design of post-war skyscrapers.

The glass skyscraper came to fruition during the 1950s with the UN Building in 1952 (also
see Section A/B-18.2) followed by Lever House and the Seagram Tower (David Nicholson-
Cole, 2016) which was designed by Mies van der Rohe. Mirrored glass was developed
during 1950s and first used on building facades during the 1960s, initially in the US (Ouida
Angelica Biddle, n.d.). However, ever since the construction of The Crystal Palace (and the
massive hot houses of the 19%" century) the problem of temperature control in buildings with
large areas of glazing has been a challenge. It is for this reason that Part L of the Building
Regulations requires that heat gains be limited through the building fabric. The advent of air
conditioning has resolved this to an extent but introduced a high demand for power and is
not environmentally friendly, something which is increasingly becoming a driver for
construction.

Methods to float glass onto molten metal to create flat panes were first developed by Henry
Bessemer around 1843 and further in the early 1900s, but with little success. It was not
until the early 1960s that practical commercial float glass became available through the
work carried out during the 1950s by Sir Alistair Pilkington. Float glass is now the most
commonly used form of glass in the construction industry and elsewhere.

Wired glass can still fail when subject to impact and cause severe injuries if a limb passes
through the broken glass. By the 1970s in the US, the poor impact resistance of wired glass
had been recognised but the Consumer Product Safety Commission (CPSC) had granted it
special exemption from impact safety requirements since at that time it was the only fire

resisting glass available (“Handbook of fire-rated glass for schools,” 2020). From 2003
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onwards, as a result of the availability of various non-wired glass products, exemptions for
the use of wired glass were progressively removed from the International Building Code
(IBC). The IBC now prohibits wired glass from defined ‘hazardous locations’ and areas
‘subject to human impact load’ (SAFTIFIRST, 2020).

A/B-24.2 Laminated glass

A/B-24.2.1 Introduction

As discussed below, much of the early history of the development and use of laminated
glass is within the car and aviation industry. It is difficult to precisely identify when laminated
glass was first used in buildings although it would seem it was not any earlier than the mid-
1930s. Laminated glass is how used in the construction of buildings for a wide range of
reasons including: blast, wind and/or fire resistance; supporting applied dead and live loads
as part of a facade or floor system; security; impact resistance whilst remaining intact post
breakage; sound attenuation; solar/thermal control; and reduction in UV transmission.

A/B-24.2.2 Transportation

In order to make glass objects less likely to break, in 1902 the Le Carbone corporation
obtained a patent for a celluloid (cellulose nitrate) coating. Laminated glass was invented
by the French chemist Edouard Bénédictus (1878-1930) in 1903. He later reported that his
idea was the result of an accident in which a glass flask that had become coated with
cellulose nitrate was dropped but did not shatter (Michel, n.d.). Bénédictus carried out some
further development in which a film of gelatin was added to bind the glass together for
greater strength. By 1909 Bénédictus had filed a patent and then in 1911 he created the
Société du Verre Triplex that made a glass composite using plasticised cellulose nitrate
(also known as pyroxylin) that was used to reduce injuries in motor vehicle accidents. At the
time it was an expensive product since the manufacturing process of the composite was
complex. In 1912 the Triplex Safety Glass Company Ltd was formed to make laminated
glass windscreens under the French patents. By 1913 Triplex laminated glass was being
produced in the US by Libbey-Owens-Ford (and others) and being installed by the
manufacturers of luxury cars

Around the same time in England, John Crewe Wood also patented a laminated glass in
1905 for use in vehicle windscreens. Layers of glass were glued with Canada balsam, a
turpentine made from the resin of the balsam fir tree. To sell his product he set up the
Safety Motor Screen Co. in 1906 (Burgess-Wise, 2001) but with so few cars then on the
road he allowed the patent to lapse (Young, 2010).

During the Great War laminated glass was used as the eyepieces of gas masks as normal
glass was not able to withstand combat conditions. Shatterproof glass lenses were also put
into pilot’s googles using a laminate of cellulose nitrate and camphor (Madden, 2019).
Triplex laminated safety glass was also used as a windscreen in military aircraft at this time.
However, despite improvements to manufacturing and transportation the glass was prone
to cracking and discolouration because of the chemical instability of the pyroxylin laminate
layer.
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At the end and just after the Great War a number of lawsuits were taken by injured drivers
in the US against the car manufacturers to require safety glass be installed. Although Ford
won a case in 1917 due to the driver being deemed reckless by the court, public opinion
swayed the manufacturers to replace plate glass with laminated safety glass. Watkins and
Ryan (Watkins and Ryan, 1933) from the Libbey-Owens-Ford Glass Company noted that
by 1927 there was a considerable increase in the demand for laminated glass (presumably
to supply the car manufacturing industry).

The 1930 Road Traffic Act in Britain required the use of ‘safety glass’ in car windscreens.
Watkins and Ryan (Watkins and Ryan, 1933) also suggest that around 1930, research was
carried out to find a practical replacement for pyroxylin which would not have its poor
ageing characteristics. By 1933 they published a paper describing a cellulose acetate
plastic which gave similar impact resistance to pyroxylin but with better light stability.

Ratay (Ratay, 2017) mentions in his article that Ford partnered with a British glass
manufacturer to produce “Indestructo Glass” which was installed in the Model A which was
introduced in 1927. The literature is unclear when exactly this product was first available.
British Indestructo Glass was incorporated as a public company to manufacture safety or
laminated glass in 1929 (Competition Commission, n.d.) whereas the National Archives
(“Safety glass from Indestructo Glass Ltd.,” 1931) contains a reference to safety glass from
the British Indestructo Glass Ltd. dated 1931. Recently, a share certificate for the Belgian
Indestructo Glass Company dated 1929 was offered to collectors through an online seller.
The product is said to have used a thin layer of ‘cellulose’ (Ratay, 2017) between the layers
of toughened glass, although it is unclear whether this formulation was retained throughout
its manufacture. During the Second World War the “Indestructo” product was used in the
construction of military aircraft although one advertisement from 1943 mentions flat and
curved laminated safety glass panels, but it is not clear what the intended application is.
Another advertisement from 1943 notes how the glass maintains its clarity after being
subject to the BSI hundred-hour arc-lamp discolouration test at 50 °C and a third notes how
the glass does not discolour after 8 hours of boiling (in water presumably). These claims
appear to be at odds with the previous comments with regard to discolouration when
cellulose nitrate was used as a laminate and so it would suggest cellulose acetate was
used although the quoted date for the start of production is not consistent with Watkins and
Ryan (Watkins and Ryan, 1933). Eventually British Indestructo Glass was taken over by
Triplex Safety Glass in 1966 and production soon ceased.

The next major advance in laminated glass was with the invention of polyvinyl butyral
(PVB). The patent for PVB was first lodged in 1927 (Matheson and Skirrow, 1929) and by
1936 it was being used in the US as an interlayer within laminated ‘safety glass’. However
there seems to be some divergence with the date of the development of PVB as Madden
(Madden, 2019) gives 1939 when a group US companies (including Libbey-Owens-Ford)
carried out the work. Since the PVB would not discolour, this type of laminated glass had
essentially replaced the earlier types of product.

Madden notes that it was also around the late 1930s that while attempting to produce
safety glass two German industrialists invented Plexiglas by pouring a poly methyl
methacrylate monomer in between two sheets of glass. The exact date of the discovery is
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not clear as Madden claims it was 1936 but other unverified sources claim it may be a few
years earlier. Since the glass did not bond to the monomer the original intention of the
inventors was not realised, instead it was used in military aircraft as windshields etc. during
the Second World War.

A/B-24.2.3 Construction and architecture

The use of laminated glass in construction is a much more recent development although
Madden notes that as early as around 1938, trade journals had listings for window products
that either incorporated cellulose acetate or were made of Plexiglas. It is understood from
research and discussion with manufacturers as part of this work that the move to laminated
glass was driven by the need to improve safety. For example, as buildings become taller
and larger panes of glass are desired, the potential for breakage at height and, in the case
of external wall glazing, falling from height, have driven the use of laminated products and
the development of safety standards for laminated glass.

Laminated glass was adopted in building construction as a cladding element in the 1970s
(O’Regan, 2015). According to industry representatives, shop front glazing across Europe
has used laminated glass over an extended period since the 1970-80s. During the 1980s
that laminated glass started to replace the use of plate glass in the UK as a security
measure for shop fronts. With the introduction of the impact safety requirements into the
1991 Building Regulations, The English Towns Forum (English Historic Towns Forum,
1993) notes that only toughened or laminated glass could provide both safety and security
although the current edition of Approved Document K allows the use of annealed glass
which meets specified dimensions with respect to thickness.

It was during the 1970s that Flat Glass in Germany and Glaverbel in Belgium carried out
joint research into fire resistant laminated glass and it is reported that the fire-resistant
glazing used today is very similar to that originally developed back in the 1970s. However, it
seems that the introduction of this glass in the UK market was not immediate and, in their
book, published in 1983 Butcher and Parnell (Butcher and Parnell, 1983) note in their
discussion on fire resisting glazing that:

“Special laminated fire resisting glasses are available from Germany and Belgium
which are claimed not only to endure severe fires but also provide some thermal
insulations. They are not the same as laminated glasses produced for impact
resistance. They [the special laminated fire resisting glasses] are expensive and
have not been tested to BS 476, Part 8, to date.”

It is important to note that the focus of attention is the endurance to severe fires, and it is
expressed in terms of ‘fire resistance’ (i.e. through the application of testing to meet BS
476) and there is, from this earlier stage, no attempt to quantify the performance of the
laminated glass through its capacity to resist the spread of fire.

By 1987 the publication of PD 6512-3 (see Section A/B-25.1.4) provided fire performance
classifications of PVB, intumescent, gel and resin layer laminated glass types suggesting all
four types were available for use in construction. To illustrate this point, according to
industry sources, prior to 1992 all fire-resistant glass within healthcare buildings was
Georgian wired. The Variety Club building at Great Ormand Street Hospital was then the
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first to used laminated glass to provide fire separation. Elsewhere, the introduction of fire-
resistant laminated glass took a little longer where Cowles (Cowles, 1997) notes that
“Laminated insulating glasses are not yet widely used (in New Zealand) and are not
commonly available”.

According to discussions with the industry, the use of laminated glass in the UK for
overhead glazing and for glazing at height started in the 1990’s. It is reported that it had
been commonplace in North America before this and elsewhere in New Zealand NZS
4223:1985 ‘Glazing in buildings’ already allowed laminated glass for balustrades. However,
in the 1979 paper by Evans (Evans, 1979) on injuries caused by the shattering of annealed
glass it was already recognised that there were benefits of using laminated glass on a
balcony. Evans suggested that a revision to the 1972 edition of CP 152 (which eventually
became BS 6262:1982) should require rather than recommend the use safety glass in ‘risk
areas’. Between around 1992 — 96 atria were being included in the design of healthcare
buildings as a way to increase the sense of openness and this led to the use of laminated
glass for balustrades. However even during the late 1990s the focus was on using framed
construction for balcony balustrades in accordance with the then current version of

BS 6180 (see Section A/B-25.2.4), in which the infill panels were usually constructed using
a 10 mm thick monolithic temper toughened glass (Sapphire Balconies Limited, 2020).

In 1992, development was undertaken on glazing systems for use in hurricane zones and in
particular to meet impact and pressure cycling requirements for wind-borne debris
protection in the US (Beers et al., 2002). The result was first introduced to the market in
1998 as SentryGlas Plus (SGP) film. Bennison et al. studied the improved structural
performance of SGP in comparison to PVB.

Razwick (Razwick, 1999) noted in 1999 that the process of selecting fire-rated glass had
changed over the preceding 20 years. Rather than simply using wired glass there were
products available that could provide impact safety, sound attenuation, energy efficiency,
design aesthetics, etc. Importantly Razwick further notes that along with their fire-rated
performance the products differ in characteristics and installation requirements. Looking to
the future, Razwick suggested that code requirements for the use of glass would become
stricter in some respects, such as the requirement to include a hose stream test when
assessing performance.

Related to the development and use of laminated glass, as already noted previously in
Section A/B-24.1, from around 2003 building code changes in the US restricted the use
wired glass in doors. Razwick (Razwick, 1999) pointed out that a previous restriction of
1,296 square inches (~0.84 m?) on the use of fire-rated polished wired glass was relaxed in
the codes since new products are able to show better performance. It is requirements such
as those set out by codes such as the IBC that promote the use of laminated glass in
buildings.
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A/B-24.3 Recent drivers for the use of laminated glass

A/B-24.3.1 Provision of balconies

The authors have discussed the drivers for the use of laminated glass over monolithic glass
with industry. It is understood that the use of glass in balustrades is generally influenced
from a planning policy level by documents such as the already mentioned London Plan
(Greater London Authority, 2021) which advocate the use of balconies as a means to provide
private outside space. Such documents generally advocate that new build private dwellings
should have access to some private external space such as a balcony, for example The
London Plan states “All dwellings should have level access to one or more of the following
forms of private outside spaces: a garden, terrace, roof garden, courtyard garden or
balcony” and “a minimum of 5 sq.m. of private outdoor space should be provided for

1-2 person dwellings and an extra 1 sq.m. should be provided

for each additional occupant”. These documents also introduce requirements for light and
views which diminish the potential use of solid, opaque barriers around balconies. On high-
rise residential buildings, the effect of wind means that these balustrades may need to be
solid, or at least provide enough wind shielding, that the outdoor space is useable.
Nevertheless, it is better that it remains transparent as consideration needs to be made for
the utility of balcony balustrades for occupants who may be confined to wheelchairs and so
would find it difficult to see over solid, opaque barriers. For example, in the design of
wheelchair accessible housing (Wheelchair accessible housing, 2007) it is specified that “In the
main living space show where a clear sightline through a window or glazed door for a
seated person will be provided.” Similarly, it is stated elsewhere (London Borough of Islington,
2009) that “Living room window glazing should begin at 800 mm or lower and windows
should be easy to open/operate. The same principle, in terms of the sightlines obtained,
applies similarly to balcony balustrades or parapet walls.”

Toughened monolithic glass, while it can achieve the required performance for edge
protection and would shield occupants from wind, fails catastrophically when it does fail,
with the whole pane breaking into small fragments. In order to mitigate against failure,
laminated glass becomes the preferred option to meet the design and functional
requirements for the space while ensuring safety from falls. Figure A/B-39 illustrates the
process of deduction which would arrive at laminated glass being the appropriate solution
for balustrades.
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Figure A/B-39 Example decision tree for balconies to apartments

A/B-24.3.2 Failure of monolithic glass panels

One of the primary obstacles to the use of monolithic toughened glass, which remains an
issue today, is that of nickel sulphide inclusions. These impurities in the toughened glass
can cause failure under very low applied loads or, in some cases, spontaneously with no
additional applied load (Karlsson, 2017). Heat soak testing to BS EN 14179-1:2016 can
reduce the prevalence of nickel sulphide inclusions in buildings but not remove them
completely and the failure mechanism remains. In the case of failure, the thermally
toughened glass fractures into many small blunt pieces. This failure mode can be
advantageous in some applications but, in the case of edge protection where there is a
potential for falls from height, can both cause falls and leave dangerous openings, and
result in falling glass fragments. Laminated toughened glass has the safety advantage of
remaining intact in the event of one of the panes of glass failing.

It is understood that there have been a number of incidents involving injury as a result of
the failure of monolithic glass which served to further drive the preference for laminated
rather than monolithic glass for edge protection. Incidents in Edinburgh and Sheffield
(discussed below), in 2006 and 2012 respectively, were mentioned as key cases in
discussions with industry. However, when these were investigated as part of this project it
appears that the failure of monolithic glass was not actually the direct cause of the
accidents. It is possible that there are other cases which the authors are not aware of.

The case understood to be the Edinburgh incident involved a 21-month-old toddler who fell
to his death through a gap in a glass balustrade on an internal mezzanine in an office
building in Edinburgh (Inquiry under the fatal accidents and inquiries (Scotland) act 1976
into the sudden death of Harry Robert McCreath, 2010) rather than a breaking failure of the
glass. It is understood that this incident, and the fatal accident inquiry that followed,
impacted the allowable gaps in balustrades and resulted in a change in the guidance. This
was dubbed ‘Ben’s Law’ and resulted in all non-domestic buildings needing to ensure there
are no gaps in barriers which a child could fit through. This is addressed by there not being
gaps through which a 100 mm sphere could pass.
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In what is understood to be the Sheffield accident a two-year-old girl fell to her death
through a gap in a glass balustrade where a panel was missing. This was found to be a
result of negligence with the panel having been removed by a maintenance worker who
used it to replace another panel which had broken. The maintenance worker was charged
with manslaughter by gross negligence (Judiciary of England and Wales, 2014). From the
newspaper reports it is understood that the glass panels of the balustrade were often
breaking, and it is believed that they were monolithic glass although this has not been
confirmed.

Other international incidents of glass balustrade failure can be found (NZ Herald, 2016),
(Dow, 2017) and also of toughened glass failure in fagade applications (Construction Index,
2017). It is worth noting that from newspaper reports alone, limited insight can be gained as
to the specifics of the glass installations. It would appear that the failure modes reported are
typically disintegration which is characteristic of toughened monolithic glass.

This disintegration of glass is covered by Approved Document K (HM Government, 2013)
which addresses the use of glazing for guarding. As per Section 3.2, glazing when used for
guarding must consider the recommendations of Section 5 which considers that if the
glazing breaks it must break safely. Safe breakage is defined in BS 12600:2002, Section 4.
This allows for disintegration of the glazing in failure as long as the particles are sufficiently
small. When carrying out an impact test this safe failure mode is defined as follows:

‘Disintegration occurs and the 10 largest crack-free particles collected within 3 min
after impact and weighed, all together, within 5 min of impact shall weigh no more
than the mass equivalent to 6 500 mm?2 of the original test piece.”

Disintegration of the glass could result in falling glass particles and a period for which there
is no edge protection. This type of failure might occur with toughened glass but should be
prevented if laminated glass is used.

A/B-24.3.3 SCOSS alert December 2019

The Standing Committee On Structural Safety (SCOSS) issued an alert relating to the
structural safety of glass balustrades (Standing Committee on Structural Safety, 2019). In
the document, concerns are raised around the likelihood that balustrades are designed and
installed on an ad-hoc basis with minimal compliance to basic standards and regulations. It
is noted that not built to the correct standards they may pose a serious risk to safety.

The document sets out the relevant standards which are mentioned briefly in Section A/B-
25 of this report, primarily BS 6180:2011, and provides a run through of the requirements of
the building regulations and standards.

In addition to referring to the minimum performance recommended by BS 6180 the SCOSS
report suggests that it could be argued that the recommendation relating to preventing
occupants falling through gaps in the barrier should still apply if the glass infill panel were to
fracture in service. It is recognised that monolithic toughened glass can achieve the
containment requirement of BS 6180 and break safely as defined in BS 12600. However,
there are secondary consequences such as falling from height if, in the event of failure, the
glass would not be able to provide a barrier. Failure of monolithic glass, or laminated glass
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if not correctly supported, could also occur while someone is leaning on the barrier resulting
in a fall immediately, or at another time as a result of leaving an opening in the barrier.

With respect to fire safety the SCOSS report recognises that the current forms of laminated
glass do not achieve European class Al or A2-s1, dO and therefore do not meet the fire
safety requirements when used as a balustrade on relevant buildings. The SCOSS report
then highlights that:

“The use of monolithic toughened glass may present a significant risk to life safety if it
were to fail in-service and as such may not comply with the relevant building
regulations.”

The SCOSS report recommends that the use of laminated glass is discussed with building
control authorities from the perspective of life safety.

This SCOSS report provides support for the views that authors have received from industry
discussions that avoiding the use of laminated glass on balustrades for fire safety reasons

which are not well understood, may result in a greater overall risk to life safety if monolithic
glass is used in its place.

A/B-24.3.4 Industry led risk reduction

It is understood from discussions with a major UK contractor that they will not use
toughened monolithic glass anywhere on the external wall of high-rise buildings. This is due
to concerns about the failure of monolithic glass partly informed by 125 Old Broad Street
failure issues (Construction Index, 2017). With the with the introduction of Regulation 7 it is
understood that they moved to using aluminium panels in the spandrel area of the facade
rather than toughened monolithic glass.

In discussions with representatives from the glass manufacturing industry it was indicated
that they would almost never use laminated glass in their products which are made in the
factory for use in the spandrel area. However, it is understood from others that similar
arrangements utilising laminated glass are often created on site through the use of opaque
glass panels and insulation and that this would typically be without the glass manufacturer
being aware of the final location or detailing.
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A/B-25. Standards

In this section a review of several British Standards in relation to building design and
product testing of laminated glass and fire safety is carried out. As noted elsewhere in this
study, Approved Documents cite British and/or European standards. Given the large
number of current and historical standards in which the content in the general building-
related documents is not specific to fire safety and much of the content in the fire safety
standards is not specific to glass a full review of every standard is not provided herein.
However, the review of standards complements the historical development of laminated
glass and its application to fire safety and thus the documents are generally presented in
chronological order although in some instances several updated editions have been
published at different times.

A/B-25.1 Fire Safety Standards

Existing fire safety standards treat glass as a barrier to block the passage of heat and
smoke, and where they express performance requirements this is done using ‘fire
resistance’ terminology. Nowhere in the fire safety standards reviewed is the performance
of glass ever considered in terms of the potential for fire spread.

A/B-25.1.1 CP3

In the British Standard code of practice CP 3: Chapter IV: Part 1: 1971, ‘Precautions
against fire, Part 1. Flats and maisonettes (in blocks over two storeys)’, the only relevant
place that glazing is mentioned is in Clause 4.4.9 on glazing to stairways which states:

“Because of the danger from radiated heat, the amount of fire resisting glazing
should be limited to the minimum possible (see CP 153: Part 4).”

It is not clear which version of CP 153: Part 4 is being referred to as the date of publication
is not provided in CP 3, however it would appear it is likely to be 1972 edition that is
mentioned in PD 6512 (see Section A/B-25.1.4) given the version of CP 3 sighted for this
project is the amended 1978 edition.

A/B-25.1.2 CP 153

CP 153: Part 4, ‘Fire hazards associated with glazing in buildings’, published in 1972
provides a discussion on the behaviour of different types of glass in relation to the stability
and integrity requirements of BS 476: Part 8. As noted in clause 2.3.3, glass types include
annealed, toughened, wired and laminated in which it states:

“Laminated glass cracks initially when subjected to uneven heating from a fire.
However, the plastics interlayer holds the glass in place until the temperature of the
fire becomes high enough to melt or char the interlayer. When this happens the
glass gradually falls away.”
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A/B-25.1.3 BS 5588

This standard gave guidance for fire precautions in the design and construction of
buildings. The standard was split into parts that covered different occupancy types. In the
1983 edition of Part 3 for the design of office buildings the commentary in Clause 9.5.1 in
Section 9.5 on glazed elements states:

“Partitions, doors and windows, containing traditional annealed wired glass based on
soda-lime-silica, although possibly able to satisfy the requirements of the appropriate
Part of BS 476 for periods of up to 90 min in terms of integrity, nevertheless permit
local high heat transmission and radiation through the glass and so are unable to
satisfy the requirement for insulation for more than a few minutes. Such heat
transmission and radiation can constitute a hazard to people escaping nearby and
could ignite adjacent combustible materials. Unwired ‘glass’ products able to satisfy
the requirements for integrity are available, and some products provide ’insulation’
for at least 30 min.

Note. PD 6512: Part 3 gives advice and information on the fire performance of
glazed elements in buildings.”

There is also a note associated with Clause 9.5.2 that states:

“The recommendations in BS 6262 should also be followed. These
recommendations may impose further restrictions on the position, size and
composition of glazed elements.”

In the 1991 edition of Part 5 (‘Access and facilities for fire-fighting’) of BS 5588 the
commentary in Clause 9.5.1 in section 9.5 on glazed areas states:

“Partitions, doors and windows can be glazed with a variety of products, e.g.
traditional annealed wired glass based on soda-lime-silica or clear borosilicate glass.
Although able to satisfy the integrity requirements of BS 476-22 for periods in excess
of 90 min, these permit local high heat transmission and radiation through the glass
and so are unable to satisfy the requirement for insulation for more than a few
minutes. Such heat transmission and radiation would constitute a hazard to
firefighting personnel. Some laminated glasses (intumescent or gel-interlayer) can
achieve in excess of 90 min for integrity and insulation in specific glazing
constructions.”

In the 1997 edition of Part 7 (‘Code of practice for the incorporation of atria in buildings’) of

BS 5588 the parts relevant to this study given within Clause 23.2 on glazing stated:
“Where this code recommends that the accommodation should be separated from
the atrium, glazing provided as part of the atrium structure should conform to the
following.

a) In the event of the glazing failing, it should fail safely and not have an adverse
effect on people using escape routes (e.g. falling glass).

2) When a smoke retarding construction is used in the absence of any temperature
control of the hot gases, the glazing should be [either]:
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iii) laminated glass with a polyvinyl butyral (pvb) interlayer, provided that fire
engineering studies indicate that the hot gases will not exceed 400 °C temperature.”

The various later parts of BS 5588 illustrate how laminated glass could be used to provide a
form of fire and/or smoke separation. Furthermore, the use of laminated glass with a PVB
interlayer was deemed acceptable under certain temperature restrictions although why

400 °C was selected is not expanded upon.

A/B-25.1.4 PD 6512

The BSI Published Document (PD) ‘Use of elements of structural fire protection with
particular reference to the recommendations given in BS 5588 “Fire precautions in the
design and construction of buildings” — Part 3: Guide to the fire performance of glass’ was
released in 1987. It superseded the earlier CP 153-4 ‘Windows and rooflights” — Part 4:
“Fire hazards associated with glazing in buildings’ published in 1972 (see Section A/B-
25.1.2) which was withdrawn in April 1986 as it had been recognised that there had been a
number of improvements to glazing systems and their performance in fire.

Clause 5.2.1 notes that:

“The selection of glass is critical and is dependent on the fire performance required,
based on tested constructions. In addition, the selection of glass may be influenced
by a need for human body impact resistance, sound insulation, anti-bandit or bullet
resistance or aesthetic appearance.”

Table 1 (Table A/B-7) provides the fire properties of glass as classifications according to
various parts of BS 476 in which, other than resin interlayer glass, the surface spread of
flame is Class 1 irrespective of the type and only the laminated glass with PVB interlayer is
classed as Combustible.
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Table A/B-7 Fire performance properties of glass (excluding fire resistance),

Table 1 PD 6512

Type (see note 1) External fire | Non-combusiibility Fire propagation Hurf.:'(ﬁa spread
3 476 1 C [¥) AlTe
Bt | B i B
Annealed (non-wired) AA Non-combustible |I = 12andi; =6 |Class 1
(see note 2)
Wired AA Non-combustible |I < 12andi; <6 Class 1
(see note 2)
Toughened AA Non-combustible |I = 12andi1; =6 Class 1
(see note 2)
Laminated

a) PVB (polyvinyl butyral) AA Combustible I=12andi; =6 Class 1

interlayer (see note 2) (see note 2)

b) Intumescent interlayer AA Non-combustible |I = 12andi; <6 Class 1

(see note 2)
c¢) Gel interlayer AA Non-combustible |I = 12 andi; < 6 Class 1
(see note 2)

d) Resin interlayer See note 3 See note 3 See note 3 See note 3
Special composition AA Non-combustible |[[ = 12andi; < 6 Class 1
(borosilicate) (see note 2)

Glass blocks AA Non-combustible |[ = 12andi; =6 |Class 1
NOTE 1 The performance may be different where adhesive films have been applied.

NOTE 2 That is to say, it satisfies the requirements for class 0 combustible materials.

NOTE 3 The performance of laminated glass constructed with resin interlayers has not been tested.

* Bee Table 2.

b Thickness: 4 mm minimum.

A/B-25.1.5 BS 9999

BS 9999:2017 is a code of practice for the ‘Fire safety in the design, management and use
of buildings’. Laminated glass is only mentioned a few times in regard to a separation
function. In the commentary accompanying Clause B.2.3 on glazing elements the standard
states:

“In the event of fire, where an enclosure is required, appropriately classified glazed
assemblies are capable of providing smoke resistance or fire resistance (i.e. integrity
or integrity and insulation), according to classification. Where the maximum possible
smoke temperature is no more than 200 °C (as in B.5.2) then laminated or
toughened glazed systems should be assumed to be suitable to form a smoke-
retarding enclosure, provided that there is no risk of fire and flame exposure from
either side of the glazing. If higher smoke temperatures are likely then either a
classified fire-resisting glazed system tested in accordance with BS EN 1364-1
should be used, or an assembly conforming to BS EN 12101-1.”

where Clause B.5.2 relates to the maximum temperature for a smoke layer in an atrium
which includes a smoke and heat exhaust ventilation system. A similar comment regarding
the 200 °C criterion and flame impingement is given in Clause B.4.4 c) 2). Interestingly
Clause B.5.4.2 b) 3) in the 2008 edition of BS 9999 states:

“pvb laminated safety glass (conforming to BS EN ISO 12543-2), provided that the
anticipated temperature of any hot gas or smoke likely to be in contact with the
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laminate glass layer, as demonstrated by design modelling, is no greater than
300 °C.”

The 2008 edition of DD 9999 also gives a 300 °C criterion, yet the 2005 edition of DD 9999
notes in Clause C.5.4 a) 3) that:

‘Jaminated glass with a polyvinyl butyral (pvb) interlayer, provided that fire
engineering studies indicate that the hot gases will not exceed a temperature of
400 °C.”

with a note that further states:

“f a laminated glass is required for other reasons and the hot gases could exceed
400 °C, the glass used in the laminate construction should be toughened glass in
accordance with BS 6206:1981, Class A.”

Therefore, the hot gas temperature criterion in the evolution of BS 9999 began with the
value of 400 °C corresponding with BS 5588 but this has been progressively reduced to the
current value of 200 °C, although the reasons for this are not expressed.

Elsewhere Clause B.4.4 in BS 9999:2017 notes that:

“Overhead (roof) glazing needs to be designed to minimize the risk of injury due to
falling glass during normal use of the atrium. This generally requires the use of
polyvinylbutyral (pvb) laminated safety glass on the inner pane facing into the atrium
space, in accordance with the recommendations in BS 5516-2.”

The equivalent clause in the 2008 edition of BS 9999 provides more detailed guidance on
what type of glass is appropriate for different heights whereas this does not appear in the
2017 edition. The guidance notes that glazing including PVB laminated safety glass is
applicable to all heights.

A/B-25.2 Glass, glazing and balcony standards

As for the fire safety standards, it is important to note that, with the exception of BS 8579,
these standards do not mention the potential for fire spread as a performance criterion for
laminated glass. BS 8579, which was written after the Grenfell Tower fire, refers to fire
spread in unquantified terms and while it is important that it is mentioned, the usefulness in
this respect is limited.

A/B-25.2.1 CP 152

According to Evans (Evans, 1979), CP 152 ‘Glazing and fixing of glass for buildings’ was
originally published in 1960 and then revised in 1966 and again in 1972. CP 152 was then
superseded by BS 6262:1982 (see Section A/B-25.2.3). None of the editions of CP 152
have been accessed for this project although it would appear the 1972 edition is available
from BSI and does mention fire protection. A reference to the 1960 edition is made by
Langdon Thomas (Langdon Thomas, 1963) in which he notes that “2 sq. ft of wired glass in a
% hour door as the maximum permissible” which suggests CP 152 is focused on fire
resistance.
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A/B-25.2.2 BS 6206 and BS EN 12600

BS 6206 was the ‘Specification for impact performance requirements for flat safety glass
and safety plastics for use in buildings’ and is referred to in several of the other standards
discussed as part of this study. BS 6206 has not been reviewed in detail here but makes no
reference to fire safety or fire performance. The 1981 edition of the standard was partially
superseded by the 2002 edition of BS EN 12600 ‘Glass in building — Pendulum test —
Impact test method and classification for flat glass’. This standard also makes no reference
to fire safety or fire performance.

A/B-25.2.3 BS 6262

British Standard BS 6262 ‘Glazing for buildings’ comes in seven parts of which Part 3,
‘Code of practice for fire, security and wind loading’ and Part 4, ‘Safety related to human
impact’ are of relevance to this study.

Table 1 of BS 6262-3:2005 refers to the British and European fire test standards (e.g. the
BS 476 series, BS EN ISO 9239-1, etc.). On laminated glass Clause 4.3.2.3 states:

“The individual panes of laminated glass will behave in the same way as for the
particular glass type described elsewhere in this standard.

If the interlayer material is a plastic, not specifically designed for fire resistance, it will
quickly break down and make no effective contribution to fire resistance.

If the interlayer is specially formulated to contribute towards fire resistance, the
laminated glass, depending on the framing system and glazing method, can give
considerable periods of integrity and insulation.”

Table 2 (Table A/B-8) in the standard provides the fire properties of glass as classifications
according to BS 476 whereas Tables 3 and 4 express the fire resistance performance
either as integrity only or integrity and insulation. Table 2 is replicated here where it is noted
that this table essentially replicates what had been published in PD 6512 in 1987.

Table 1 BS 6262-3:2005 notes that:

“According to European Commission Decision 96/603/EC (consolidated
2003/424/EC), glass, including annealed, heat strengthened, chemically
strengthened, toughened and laminated, has been classified, in accordance with
BS EN 13501-2, as long as there is less than 1 % organic content, as Class Al, as
provided for in European Commission Decision 2000/147/EC, without the need for
testing.”

The implications of this are discussed in Section A/B-25.3.
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Table A/B-8 Fire performance properties of glass (excluding fire resistance),

Table 2 BS 6262-3:2005

Type

Non-combustibility

tested in accordance

with BS 476-4:1984

Fire propagation index
tested in accordance

with

Surface spread of flame
tested in accordance

with BS 476-7:198

Annealed (non-wired)

MNon-combustible®

I<=12andi, <6

Class 1

Wired Non-combustible® I=12andi, <6 Class 1
Toughened Non-combustible® I=12andi <6 Class 1
Laminated

a) PVE (polyvinylbutyral) interlayer | Combustible I=12and i, = 6° Class 1°
b) intumescent interlayer Non-combustible’ I<12andij<6 Class 1
¢) gel interlaver Non-combustible’ I=12andi; <=6 Class 1
d) resin interlayer? — — —
Borosilicate Non-combustible’ I=12andi; <=6 Class 1
Glass blocks Mon-combustible I=12andi; =6 Class 1

B See Table 3

¥ The performance might be different where adhesive films have been applied

* Materials termed “non combustible” satisfy the requirements for class () combustible materials
% The performance of laminated glass constructed with resin interlayers has not been tested

A/B-25.2.4 BS 6180

BS 6180 is the ‘Code of practice for protective barriers in and about buildings’. There have
been several editions, of which the authors of this study have viewed the 1982, 1995, 1999
and 2011 editions, it is understood that at the time of writing this is BS 6180 is under review
and a further revision may be released in the near future.

Clause 7.1.2 of the 1982 edition cites laminated glass as a recognized safety glass
“...suitable for protective barriers where the glass is normally used fully framed”. The
standard requires that the glass should comply with BS 6206 as appropriate. In the 1999
edition Clause 8.2.1 (i.e. equivalent to Clause 7.1.2 in the 1982 edition) notes that “For the
use of laminated glass where the glass is not fully framed the manufacturer should be
consulted” and this comment is retained in the 2011 edition.

In terms of fire performance, Clause 10.6 on flammability in the 1982 edition discusses the
surface spread of flame of plastic infill panels however Section 7 of the standard which
covers glass makes no reference to fire. The subsequent editions of the standard also only
address the flammability of plastic infill panels.

A/B-25.2.5 BS 8579

BS 8579 is published as ‘Guide to the design of balconies and terraces’ in which the first
edition of this standard was released in 2020. This standard has a direct impact on this
study both within the wider context on balcony design, see Part A of this report, as well as
the use of laminated glass.

Section 12 of the standard addresses performance in fire, where in relation to laminated
glass Clause 12.1 states:

“The components of balconies, terraces and walkways, when exposed to fire,
including from below, e.g. from a window or other openings, should:
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a) not be composed of materials or designed such that they provide a medium for
undue fire spread over the external envelope of the building;

b) not propagate fire downwards, e.g. not produce falling brands or flaming/molten
droplets or debris capable of initiating fire below;

c) be designed to minimize the risk of becoming detached from the face of the
building and present a hazard to persons below, e.g. firefighters or the public;”

In respect to balconies Clause 12.2 then goes on to say:

“Components of balconies [...] on all buildings with an occupied floor over 11 m
above the lowest ground level and all buildings with stacked balconies, regardless of
level of highest occupied floor, should be constructed from materials achieving class
Al or A2-s1, dO, in accordance with BS EN 13501-1:2018. Components for
balconies for all other buildings and arrangements should have risk of fire spread
assessed and mitigated in the design. Where not possible to achieve all aspects of
life safety and performance using materials of at least class Al or A2-s1, dO, minor
components such as [...] laminated glass [...] could be exempt from this
recommendation if an assessment of the risks proves adequate resistance to the
spread of fire is maintained.”

with a note that “Attention is drawn to national regulations regarding the use of certain
components, including laminated glass, within balconies and their guardings”. Similar
wordings to Clause 12.2 are used in the clause on terraces.

The statements made surrounding the performance objectives are at a disconnect with the
prescriptive material classifications provided. While it is appreciated that these are in line
with Regulation 7 requirements, it is unclear why these material classifications are
appropriate to meet the performance objectives identified. The authors have not seen any
work which would provide a basis for the stance that achieving these classifications be
required in order to meet the identified performance objectives.

A/B-25.3 European Commission decision 96/603/EC
(consolidated 2003/424/EC)

This document (The Commission of the European Communities, 1996) provides a list of
commonly used materials which can be assigned a European reaction-to-fire classification
of Al without testing. This list of materials includes heat strengthened, chemically
toughened, laminated, and wired glass but importantly also that

“None of the materials in the table is allowed to contain more than 1.0 % by weight
or volume (whichever is the more onerous) of homogeneously distributed organic
material.”

There are two possible interpretations of this. Some saw this to be limiting the interlayer
thickness and providing a viable approach for classification of laminated glazing to comply
with Regulation 7(2) and 6(3). It is however understood from discussions with some glass
manufacturers that, despite significant work, they feel that it is not currently possible to

A/B-124



manufacturer a laminated glass which a sufficiently thin interlayer that it would comply with
this requirement.

Others understood this clause to be irrelevant, as laminated glass is a non-homogenous
material. The limit on homogeneously distributed organic material could not apply to
laminated glass and therefore, since laminated glass is listed explicitly, it can be assigned
an Al classification and its use therefore complies with Regulation 7.

Despite the ambiguity, and apparent exemption from requiring testing for classification, it
now seems to be accepted within the industry that laminated glass will not achieve an Al
classification and must be tested. This is covered in more detail by the Glass for Europe
report which is discussed further in Section A/B-28.3, however as also discussed in this
section, there have been some recent developments.

A/B-25.4 International codes

A/B-25.4.1 Australia

The Australian regulatory framework is different to that of England and Wales in that the
National Construction Code, NCC, provides deemed-to-satisfy solutions. NCC Volume 1
contains requirements for Class 2 to 9 buildings, this covers everything from a building
containing two separate dwellings to laboratories and public assembly buildings. With
respect to laminated glass NCC Volume 1 2019 C1.9 states that glass, including laminated
glass, does not need to meet the requirements on non-combustibility which apply to other
materials in external walls, common walls and shafts of buildings required to be of Type A
or B construction. This exemption makes no reference to the glass installation type.

The Australian window association ‘Guide to Glass and Glazing’ provides an insight into the
views of the glass and glazing industry in Australia and sets out the relevant guidance
documents which apply. The primary standard relating to glass in construction is AS 1288-
2006 — ‘Glass in buildings - Selection and installation’ and this standard is referenced in the
Australian National Construction Code.

Being in a country which experiences wildfires, Australia also has guidance on the
appropriate design of windows to resist wildfires. This is done through a fire resistance
approach rather than via reaction-to-fire. The tests do not however use a standard fire
testing furnace.

A/B-25.4.2 Canada

The National Building Code of Canada, NBC, 2015 edition Section 9.8.8.7 states that glass
in guards shall be tempered or laminated safety glass or wired safety glass. There is no
section specifically addressing balcony balustrades or laminated glass as part of the
external wall. It is understood that wired glass may be removed as a safety glass option
where impact safety is a concern in the next edition of National Building Code of Canada.
Similarly, in the National Fire Code of Canada 2015 there is no mention of laminated glass
or safety glass and no requirements on the surface spread of flame are detailed.
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A/B-25.4.3 International Building Code

The 2018 edition of the International Building Code states in Section 2407 that glass used
for handrails or as a guard “shall be laminated glass constructed of fully tempered or heat-
strengthened glass....”. Monolithic toughened glass is permitted in handrails or guardrails
only where there is no unprotected walking surface beneath them. Additionally, there is a
requirement that there is a top handrail which will stay in place should one panel of glass
fail. If laminated glass, which has been tested to remain in place following impact or glass
breakage in accordance with ASTM E2353, then there is no requirement for a handrail.
There are no specific requirements or fire safety considerations for laminated glass with
respect to its reaction-to-fire or potential contribution to flame spread.

A/B-25.4.4 New Zealand

The New Zealand Building Code Handbook includes a definition of a smoke separation in
which it shall be “...of non-combustible construction, or achieve a FRR of 10/10/-, except
that non-fire resisting glazing may be used if it is toughened or laminated safety glass.”
New Zealand Acceptable Solution C/AS1 does not refer to laminated glass and the only
place that Acceptable Solution C/AS2 specifically mentions laminated glass is in Clause
4.2.3 on smoke separations.

A/B-25.4.5 Conclusion

Based on the above findings from the review of English language international codes it
appears there are currently no restrictions on the use of laminated glass in relation to fire
spread.
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A/B-26. Materials and manufacture

When considering laminated glass as a composite product there are a number of aspects
to be aware of, namely the chemical formulation of the glass layers, any treatment of the
glass, the materials used as an interlayer, whether films are applied to the glass, the
numbers of layers of glass and interlayers, and the thickness of the materials. As such it is
not possible for this report to extensively cover each of these aspects.

A/B-26.1 Glass

Conventional monolithic glass which can be produced using different methodologies is
usually categorised as being annealed, toughened (tempered) or strengthened, where the
strengthening is by the use of heat or by a chemical process. Panes of glass come in a
variety of thicknesses (such as 6 mm, 8 mm and 10 mm) and dimensions.

While modern toughened glass performs better than regular float glass with respect to
impact resistance, it is understood from glass manufacturers that issues with nickel
sulphide inclusion are a key factor in the use of monolithic toughened glass being avoided
in guarding applications. It is understood that nickel sulphide caused issues with
spontaneous breakage of toughened glass in the early 2000s (and as far back as the late
1950s (Jacob, 1997)) and influenced the move to laminated glass from monolithic
toughened glass. Nickel sulphide issues are now well understood and much less of an
issue although it may still be blamed for breakages which occur.

A/B-26.2 Laminated glass

Typically, laminated glass is manufactured by laminating an interlayer material (see
Section A/B-26.3) between two or more glass panes. However, glass can also be laminated
by applying an adhesive backed polymeric film. In some products the laminated glass may
include a combination of laminate material and films; layers of metal mesh; layers of
polymeric fibres; etc. In some multi-layer laminated glass products there may be a
combination of laminate materials, for example an intumescent laminate between two
layers of glass with PVB added between additional layers of glass to one side or both sides
of the intumescent section (Sacks and Carpenter, 2015).

As previously discussed in Section A/B-24.2, laminated glass has historically had problems
with de-bonding and/or discolouration of the interlayers, but the development of more
temperature-resistant and UV stable interlayer materials along with improved design and
manufacturing technigues has mitigated most of these issues. For example, SGP is said to
exhibit the lowest yellowness index of any laminated glass interlayer. However, edge
stability (Kuraray, 2014) remains an issue for designers and architects. Edge stability is
defined as a laminate’s resistance to forming defects along its edge over time. These
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defects can arise in the form of small ‘bubbles’ in the laminate or as discoloration of the
laminate itself.

The price of laminated glass has changed over time from being very expensive when it was
first developed (as discussed in Section A/B-24.2.1) to the point where by 2010 laminate
glass is said to have become cheaper than monolithic glass (Sapphire Balconies Limited,
2020). It is understood that SGP laminate is considerably more expensive than PVB (BA
Systems, n.d.).

Depending on the application, the type of laminated glass used may vary so that it meets
the desired performance. For example, Blanchard (Blanchard, 2019) reports that the 9t
edition of the IBC states that:

“Glass used in a handrail, guardrail or guard section shall be laminated glass
constructed of fully tempered or heat-strengthened glass.”

In laminated glass balcony balustrade applications it is understood that around 95%
(Stelzer, 2010) make use of a PVB interlayer due to its cost and ability to meet the required
performance specification. Typically, 10 mm thick glass and 1.5 mm thick PVB is used for
laminated glass in balcony balustrades (Haughton, 2020).

When laminated glass is used in curtain walls (and also the underside of slope glazing and
rooflights) there are likely to be elevated ambient temperatures, such as in a glazed atrium,
and it is understood that this may influence the choice of interlayer to one which performs
better when heated such as SentryGlas. In curtain wall systems there are two types of fire-
rated glass that are generally used, being either intumescent laminated glass or gel glass.
The former consists of multiple layers of typically 1.5 mm thick interlayer material. Gel glass
uses an up to 13 mm thick interlayer between two (or more) layers of glass (Sacks and
Carpenter, 2015).

A/B-26.3 Interlayer materials

Interlayers can be manufactured from various materials including Polyvinyl butyral (PVB),
ethylene-vinyl acetate (EVA), thermoplastic polyurethane (TPU), polycarbonate (PC),
Polyethylene terephthalate (PET), Polyvinyl chloride (PVC) and other materials. One
particular material that has already been discussed in Section A/B-24.2.3 is SentryGlas
ionoplast (commonly known as SGP). SGP interlayers are significantly stiffer than standard
PVBs and as a result, the laminate is marketed as a product that offers 5-times the tear
strength and 100-times the rigidity of standard PVB. Various materials can be used to form
an intumescent layer in fire-rated glass. These materials include hydrated sodium silicate,
graphite, and mono-ammonium phosphate (MAP) (Sacks and Carpenter, 2015).

Typically, a polymer laminate is supplied in foils in which standard PVB foils are 0.38 mm
thick and EVA foils are 0.40 mm thick. One or more foils are used to create a laminate of a
desired thickness. An alternative to using foils is to use a resin which is poured between
two sheets of glass. The method is used where the glass is heavily textured and/or
coloured resin is to be used to provided decorative effects. These products are generally
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referred to as cast-in-place laminated glass and are as mainly used for aesthetic or
acoustic purposes and do not necessarily have a safety performance.

A comparison of the flammability of PVB and SentryGlas (Kuraray, 2019) shows that PVB
has a self-ignition temperature of 410 °C versus 470 °C for SentryGlas when tested to
ASTM D1929; flame spread indices of 60 and 30 respectively, and smoke developed
indices of 350 and 215 respectively when tested to ASTM E84; and reported burning rates
of 6.6 mm/min versus 0 mm/min respectively when tested to ASTM D635. Similar data for
the other materials have yet to found however in ‘laminate glass questions and answers’
posted online following an event organised by Sapphire Balconies Ltd it is stated that none
of the interlayers that have been tested so far have been non-combustible.

Notwithstanding the improvements in laminate material performance, some may be more
sensitive than others to the effects of water, UV and/or higher temperatures (50 °C or
above) from nearby halogen lamps, radiators, etc. Sacks and Carpenter (Sacks and
Carpenter, 2015) note that sealing the edges of glass that includes a hydrated sodium
silicate layer with special aluminium tape protects the laminate during transportation and
using multi-layer glass with a PVB laminate glass provide methods to reduce such issues.

A/B-26.4 Films

As discussed in Section A/B-24.2.2, it was with the use of a film of gelatin that Bénédictus
first invented laminated glass. These days films are also used to mitigate the effects of heat
and light transmission; to provide decorative and privacy features. They can also be used
as a safety film for wired glass although San Diego (San Diego, 2011) notes that not all
films will perform as required and suggests that some films may contribute to fire spread.
While it is not intended to investigate the performance of films to laminated glass in detalil, it
is anticipated that further understanding will be gained as the project progresses should any
additional information come to light.

A/B-26.5 Fixing and support

When laminated glass is used as a balustrade there are a number of methods used to fix it
to the structure. Figure A/B-40 illustrates the range of options available. According to one
balcony supplier’'s information the frameless systems are the preferred option as they
provide uninterrupted views from the balcony along with a minimalistic appearance when
looking at the building. In some systems one or more edges of the glass are concealed with
a metal frame such as with the railing and the channel systems. Even with a frameless
system a handrail (or capping) is generally recommended. Extruded brushed anodised
aluminium capping is the most common material used although stainless steel can also be
an option. Typically, the capping will have a square or round top shape (Sapphire Balconies
Limited, 2020).
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(a) Structural standoff (b) Channel

(e) Spider (f) Post
Figure A/B-40 Balcony balustrade glass fixing methods

Attachment systems for Juliet guarding are similar to those used for balustrades and
Figure A/B-41 illustrates several methods.
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(c) Top and bottom rails

(d) Four point (e) Juliet adaptor (f) Fixed to window frame
Figure A/B-41 Glass Juliet guarding fixing methods

As discussed in Section A/B-20.3 there are two types of curtain wall systems, stick and
unitised. However, according to a document published by the Centre for the Protection of
National Infrastructure (Introduction to glass curtain wall systems, 2019) when it comes to
glass curtain walls there are also point fixed systems. When laminated glass is used in
curtain walls then fixing can be also be achieved by a variety of means. These can be
frameless systems which make use of structural sealant to avoid external edge beading
and a visible support frame or may make use of mechanical bolted fixings (Button and Pye,
1993). In both cases metal or glass mullions may be used to support the glass. In stick and
unitised systems the glass can be structurally glazed to the aluminium curtain wall
members either two-sided along either the vertical or horizontal joints or four-sided (Pringle
Anzia, 2019). In stick systems the laminated glass can be held using pressure plates or
alternatively a channel is used between the glass to only fix the internal laminate
(Introduction to glass curtain wall systems, 2019). Various point fixed systems are available
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which include bolt fixings to fin plates and tension cable arrangements, as shown in
Figure A/B-42.

Bolt fixings

External Glass facade

(a) Bolt fixing with fins, from (Introduction (b) Point fixing with tension cables, from
to glass curtain wall systems, 2019) www.glasscon.com

Figure A/B-42 Glass curtain wall point fixing systems

Where burning dripping of a laminate might be of concern it might be that, in certain fixing
applications, the use of a channel at the bottom of the glass panel could be a mitigation
measure. This approach was mentioned in the ‘laminate glass questions and answers’
posted online (Sapphire Balconies, 2020) following an event organised by Sapphire
Balconies Ltd although, as the post notes, this does not affect the laminated glass
classification.
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A/B-27. Review of research and testing

A/B-27.1 Published academic research

Using the approach discussed in Section A/B-2, a review of the academic literature has
found that although there appears to be considerable work on the application of laminated
glass to buildings, in particular related to curtain wall systems. There is however little work
reported on fire safety when considering reaction-to-fire and fire spread. This section
summarises those studies reported in the literature that specifically investigate the
performance of glass in fire with a focus on the few that have addressed laminated glass.

A/B-27.1.1 Glass breakaget

Much of the existing work on the performance of glass in fire has focused particularly on
glass breakage in the event of fire and has gone on to inform the evaluation of ventilation
conditions in enclosure fires (Parry et al., 2003). The research has included enclosure
experiments by Skelly et al. (Skelly et al., 1991), Harada et al. (Harada et al., 2000) and
Shields et al. (Shields et al., 2002). Subsequently the probability of glass fallout under heat
exposure has also been explored (Wong et al., 2014), (Hietaniemi, 2005).

When a glazing system is exposed to fire a temperature gradient can develop between
heated and unheated areas, for example where a frame insulates the edges of a pane of
glass. This temperature gradient between the heated surface and the insulated cooler edge
results in thermal stresses and has been linked to glass breakage (Keski-Rahkonen, 1988),
(Sincaglia and Barnett, 1996), (Pagni and Joshi, 1991). Recent research into the
connection between temperature difference and glass breakage in toughened glass has
been carried out by Xie et al. (Xie et al., 2008). Their experiments investigated the
performance of single panes of toughened glass when tested in an ISO 9705 fire test room.
It was concluded that toughened glass resists a higher temperature difference between
shaded and unshaded areas before shattering than in the case of the fracturing of
conventional annealed float glass.

While glass breakage is important to understand it does not directly allow the assessment
of the potential for glass to contribute to fire spread other than in the sense of fire
separation.

A/B-27.1.2 Laminated glass

In 2006 Klassen et al. (Klassen et al., 2006) reported their small-scale and large-scale
experiments on seven multi-layer glazing construction types and panel sizes ranging from
305 mm x 305 mm up to 1219 mm x 2438 mm. The work had a focus on radiant
transmission through the glass and the breakage of the glazing. Their small-scale radiant
panel experiments used exposure heat fluxes in the range of 5 to 50 kW/m? finding that the
interlayer vaporised and eventually ignited at 30 kW/m? and above, once the sample

T The text is this section is mainly taken from the paper of Rickard et al., 2020
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integrity was lost. In the large-scale experiments the maximum heat flux to the glazing was
~54 kW/m? and ignition of interlayers occurred at heat fluxes of 27.5 kW/m? and above.

Research carried out by Debuyser et al. (Debuyser et al., 2017) exposed laminated and
monolithic glass panes to heat fluxes of 10-12 kW/m? for around 50 min. The laminated
glass panes consisted of three layers of glass bonded with two layers of PVB or SentryGlas
interlayer. The glass type is unclear, but in the absence of any information it is assumed
that the glass used was conventional annealed float glass. In the experiments a heat flux
was applied to the samples using a propane fuelled radiant panel, however the authors
experienced issues with the experimental apparatus causing the radiant panels to cut out
and the incident heat flux to reduce towards the end of each experiment. During the
experiments breaking of the glass layers closest to the heat source was observed along
with bubbling and discoloration of the interlayer. Bubbling of the PVB interlayer of the
laminated glass panes was observed to occur at interlayer temperatures of 90 °C for PVB
and 150 °C for SentryGlas. No ignition or flaming was observed for the seven laminated
glass specimens used. As discussed later in this paper, the heat flux range used is below
that which could be considered representative of a typical fire scenario, either from external
flaming or an enclosure fire.

More recently Wang and Hu (Wang and Hu, 2019) investigated the performance of
laminated glass under ‘fire conditions’. The authors exposed two 600 x 600 mm panes of
laminated glass to the thermal exposure from a 500 x 500 mm square pool fire at a 750 mm
standoff. The laminated glass panes consisted of two layers of 6 mm thick glass with a
0.38 mm thick PVB interlayer. Incident heat flux to the specimens was measured during the
two experiments using a Gardon gauge positioned to the side of the specimen. The
measured heat fluxes fluctuated between 7.7 kW/m? and 25 kW/m?2. The experiment with

2 kg of n-heptane fuel lasted for around 275 s with a peak heat flux of around 25 kW/m?
and the experiment which used 4 kg of n-heptane fuel lasted around 500 s with a peak heat
flux of around 22.5 kW/m?. However, the uniformity of the thermal exposure is not
guantified for either experiment. In the two experiments the glass broke and some bubbling
of the PVB interlayer was observed. The exposed layer of glass in the experiment with 2 kg
of fuel broke in 118 s compared to 258 s in the other experiment. No ignition or flaming was
observed in the experiments. As in the case of the work by Debuyser et al. (Debuyser et al.,
2017), the heat fluxes used are low compared to those which might be expected in a fire or
would be experienced in standard tests.

With respect to exposing laminated glass to higher heat fluxes, while the details of the
glazing are not clear, it appears that laminated toughened glass was tested by Ni et al. (Ni
et al., 2012) as part of full-scale experiment being carried out to investigate the
performance of double-skin glass facades in fire. The arrangement consisted of a double-
glazed window with 860 mm air gap to a laminated glass external facade of two layers of
12 mm thick toughened glass with a 1.5 mm thick intervening ‘gel layer’. This gel layer is
likely to have been PVB (or similar), but no details were provided. The experiment used a
wood crib heat source in the enclosure with a peak HRR of 2 MW. Once the glazing of the
inner skin failed the thermal exposure from the fire in the enclosure was sufficient to ignite
the laminated pane of the external glazing system. It was observed that the gel layer

burned and that fire spread occurred on the gel layer with glass fragments continuously
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falling from the external pane. The heat flux to this external laminated glass pane was not
measured or calculated. In their discussion Ni et al. (Ni et al., 2012) state that “double
glazing with an intervening gel layer cannot perform well when exposed to fire because the
gel layer is easy to ignite once the exposed glass pane breaks”. It is important to consider
that the experimental setup replicates a specific use of laminated glass and that the thermal
exposure experienced by the external glazing system is not well quantified. The work does
however raise questions about our understanding of the performance of laminated glass in
fire or when subjected to representative thermal exposures.

Recent experimental work undertaken by Rickard et al. (Rickard et al., 2020) on small
samples of PVB laminated glass exposed to various heat fluxes confirmed that a PVB
interlayer can soften, melt, produce flammable vapours and combust. Samples exposed to
significant heat flux of 50 kW/m? (or at least above 25 kW/m?) can shatter and therefore
when exposed to significant heat fluxes, laminated glass using a PVB interlayer can result
in flaming at the glass. However, heating away from the source flame is limited and it is
credible that away from the flame, combustion is limited or not taking place. There is some
potential for flaming droplets from an open lower edge of the glass, but this appears to be
limited in nature. It is important that these were small indicative experiments and the setup
was not truly representative of any real-world use of laminated glass. While the work
established that laminated toughened glass can fracture allowing the interlayer to burn it
was not possible within the scope of that work to assess if fire spread remote from the
external heat source is possible. An experimental setup to allow a preliminary assessment
of this is currently being designed and further scoping work is planned at The University of
Edinburgh.

A/B-27.1.3 Film-backed glass

So far only the work by Mowrer (Mowrer, 1998) on the use of wind-resistant film-backed
laminated glass under fire exposure conditions has been reviewed. There may be other
research on this topic within the literature, but this has yet to be identified. In the work of
Mowrer, the backing a single pane of plate glass with a thermoplastic film doubled the
breakage performance. However, the film also softened and delaminated away from the
glass which meant it was unlikely to hold the glass in place post-fracture.

A/B-27.2 Industry-led fire safety experiments on laminated
glass

The authors of this report are aware that there might be unpublished work which has been
carried out by members of the glass industry and have seen some videos of ad-hoc furnace
tests with a view to demonstrating the acceptability of laminated glass for use in balcony
balustrades. It is possible that there is industry-lead work which has not been reviewed as
part of this study, however it is hoped that through communications with the Glass and
Glazing Federation, and others in industry, that the authors have gained sufficient
appreciation of the current status of the industry research. It is understood that if there are
other unpublished industry studies then they are likely to be (or have been) presented to
MHCLG, however if that is the case they have not been provided to the authors of this

A/B-135



report at the time of writing, with the exception of the report discussed in Section A/B-27.2.1
below.

A/B-27.2.1 Glass and Glazing Federation report

During the course of the review of the literature the Glass and Glazing Federation, GGF,
finalised a series of twelve furnace tests on different laminated glass balustrades and
produced a report which the authors have seen, but which has not been published. The
work presented included both experiments and numerical analysis.

The GGF experiments made use of fire testing furnaces, similar to those typically be used
for fire resistance testing (Section A/B-28.2), and exposed various types of laminated
glasses to the external fire exposure standard fire resistance time-temperature curve. The
samples used were 1450 x 1100 mm and supported by balcony balustrades fixing at an
opening in the furnace. Observations were made as to the time to failure of the laminated
glass units and if flaming was seen to occur. The work does not investigate the potential for
fire spread involving laminated glass remote from the heat source. It is unclear if this report
will be made publicly available and the results are not reported in detail here due to the
current draft and confidential status of the report.

It is the view of the authors of this report that while the GGF report provides some useful
indication of the behaviour of different laminated glass assemblies when exposed to a
standard fire temperature time curve, it is not possible to use the results to conclusively
assess whether there is potential for laminated glass to contribute to fire spread.

A/B-27.2.2 Sapphire Balconies report

One piece of work that has been published is a demonstration test carried out by Sapphire
Balconies Ltd (Haughton, 2020) in which a ‘worst-case’ ignition scenario was conducted.
Full details of the demonstration are not repeated herein but the outcome was that samples
of PVB laminated glass showed little damage whereas a sample of monolithic glass
completely broke at 6%2 minutes after ignition. It would appear that no burning of the PVB
laminate was observed. Sapphire also report some ad-hoc bench-scale investigations of
the propensity of PVB and EVA to drip when locally heated by a pilot flame. Both materials
were able to burn and the PVB dripped more than the EVA. A version of the Sapphire study
was also included in the GGF report discussed in Section A/B-27.2.1.

As discussed in Section A/B-28.2, it is important to note the difference between the
performance of glass acting as a fire resisting barrier in tests designed to replicate a fully
developed compartment fire, and the performance of glass when considering the potential
for it to promote fire spread remote from the compartment of fire origin. While there will be
useful observations from such work, it is unclear to what extent the potential for fire spread
could be evaluated from these experiments. Section A/B-28.6 provides some diagrams and
discussion of the fire safety issue.
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A/B-27.3 Summary of existing research

Based on the publicly available research reviewed, it is the view of the authors that there is
a lack of available research relating to the behaviour of laminated glass under thermal
exposures which may occur in fires. Prior to the experimental work carried out previously by
the authors of this report (Rickard et al., 2020) it was unclear how laminated glass might
perform when subjected to heat fluxes which may be experienced in a fire and the authors
do not know of any other research which has been carried out in such a controlled manner
to directly investigate the behaviour of laminated glass.

As has been the case with respect to industry-led testing programmes which have been
carried out to support the use of laminated glass on balconies, see Section A/B-27.2, it is
possible that there is a wealth of knowledge that has been accrued by the industry, but
which is not widely available within the public domain. What the available research does
show is that the interlayer in laminated glass has the potential to ignite and burn although at
this stage there is very little evidence to assess to what extent this could contribute to fire
spread and therefore its significance in overall building performance is uncertain.
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A/B-28. Fire safety considerations

A/B-28.1 Introduction

The main risks associated with laminated glazing elements when applied to the outside of a
building need to be characterized in the context of their application. Issues that should be
considered (among others) are the potential for the ignition and burning of the interlayer,
the generation of burning droplets, failure inducing participation of the laminated glazing in
fire spread, and the falling of glass on occupants exiting the building and/or firefighters
during their operations.

On the other hand, there may also be specific benefits for the use of laminated glass
particularly as a fire separation. This separation may be in the form of a ‘fire resistance’
function (see Section A/B-28.2) but, as noted in Nguyen et al. (Nguyen et al., 2016), in the
context of windows or facades, since laminated glass may prevent glass fall-out it may limit
fire spread to other floors when compared with single pane glazing.

While much research and development has been carried out to develop fire resisting
laminated glass products there is an apparent knowledge gap surrounding the performance
of laminated glass with respect to external fire spread. The following sections provide some
high-level discussion of the existing testing and classification framework and describe the
perceived external fire spread issue in more detail, both in terms of the potential behaviour
and how it could be assessed.

A/B-28.2 Fire separation and fire resistance testing

As discussed in Section A/B-24.2.3, fire resistant glass was first developed around the
1970s and it is understood from industry engagement that the products used today are very
similar to these which were initially developed. Fire resistant laminated glass makes use of
different glass layers and interlayers (see Section A/B-26) in order to achieve the desired
performance goals with respect to fire separation.

In addition to the fire resistance performance criteria discussed in Section A/B-3.4, an
additional one relevant to laminated glass in this type of use is specified. This is radiation
(W) which assesses the ability of the element of construction to withstand fire exposure on
one side only, so as to reduce the probability of the transmission of fire as a result of
significant radiated heat either through the element or from its unexposed surface to
adjacent materials. The ability of a glazed door or window to achieve the insulation, integrity
and radiation criteria allows the use of glass in fire doors and in other fire safety solutions
such as protection of escape routes and / or reduction of thermal exposures to
neighbouring buildings or other areas of the same building. The use of glass as a structural
element, able to achieve a load bearing fire resistance, R, has been explored by
researchers (Bedon, 2017) with limited success, but such an application may be a
possibility in future.
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While these performance criteria provide useful insight into the behaviour of glass when
subjected to the thermal exposures of a fully developed compartment fire, the results of a
furnace test provide limited information which could be used to assess the potential for fire
spread involving laminated glass. As such, a number of elements are not addressed
including:

» the burning of any laminate interlayer on the inside of a test enclosure,
« vertical fire spread away from the heat exposure source,
* the possibility of laminate dripping is not considered, and

e any falling hazards from the failure of the exposed glass face.

This is not a direct criticism of the furnace test per se, but simply that laminated glass being
tested in a furnace is being assessed for a particular purpose in which these factors are not
relevant.

A/B-28.3 Euroclass assessments

The authors of this study are aware of a research programme carried out in 2013 (Niazy,
n.d.) on behalf of London Underground Limited (LUL) on fire performance testing of
laminated glasses with a PVB and a SentryGlas interlayer. The available information on this
work is limited. The laminated glass sample with the SentryGlas interlayer had two 8 mm
thick toughened glass layers and a 1.52 mm thick interlayer but details of the PVB sample
are unknown. Two separate tests to BS 6853 ‘Code of practice for fire precautions in the
design and construction of passenger carrying trains’ were conducted in relation to toxicity
and ‘fume’ density. A test to BS EN 13823 was also carried out in which a classification of
Euroclass B-s1, d0 was achieved according to BS EN 13501-01. It is understood that this
work has led to a revision to ‘G085 Code of practice - Fire safety of materials and fire safety
of specific items and materials used in the underground’ in which the use of the SentryGlas
laminate was approved, although the authors of this study have only sighted a copy of this
document that pre-dates the test programme. It is the current understanding of the authors
of this study that LUL has sought framing around laminated glass to mitigate flame contact
with and dripping of the interlayer. However, the latest platform screen doors are not
framed, and this was accepted via a comprehensive risk assessment approach. It is also
possible that there are areas across the Network Rail system where laminated glass is
used unframed and acting as a wall although this aspect has not been investigated in this
study to date.

Also, around 2013 as a response to EU Construction Product Regulation 305/2011, work
on the reaction to fire performance and the classification of laminated glass to

BS EN 13501-1 was commissioned by the glass industry through Glass for Europe (Glass
for Europe, 2015). The work included an assessment of the BS EN 13823 SBI test as a
method to obtain a classification, and the application of the ISO 9705 test to represent a
more realistic application of glass in construction. The SBI tests included laminated glasses
with different glass thicknesses, different laminate thicknesses and different laminate types
(PVB, EVA, PC/PU, PVB/PET) in which the there was a linear correlation in performance

with the change in laminate thickness where PVB was used. The tests achieved
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Euroclass B for the thinner laminate thicknesses, increasing up to Euroclass D where the
laminate thickness was increased, and the glass was thinner. Furthermore, the tests
showed that the type of interlayer had little influence on the results. Despite obtaining
classifications, the Glass for Europe report notes that industry believes that the use of

BS EN 13823 is not an appropriate test method due to the arrangement of the glass sample
and the enclosed nature of the apparatus. In the ISO 9705 tests a laminated glass wall was
constructed with glass of two layers of 4 mm thick glass and a 1.56 mm thick PVB interlayer
in order to demonstrate that once the glass breaks heat and smoke would be released thus
representing a real-world application. From this work the glass industry therefore
recommends that laminated glass and insulating glass be indicated with "No Performance
Declared, NPD" as the declaration of performance. The Glass for Europe document
recognises that without the need for testing, based on the gross calorific potential (PCS)
per square metre, all laminated glass products are Euroclass B or lower and may never be
classed as A2.

Both the LUL and Glass for Europe studies point towards laminated glass with a PVB
interlayer as having a Euroclass B classification at best and thus the product does not meet
the requirements given by Regulation 7 in which Euroclass A2-s1, dO or A1 must be
achieved. It is noteworthy that in addition to LUL using laminated glass, it is understood
from discussions with a senior engineer within the NHS, that there is currently no concern
about the use of laminated glass within the healthcare sector.

In a set of laminate glass questions and answers’ posted online following an event
organised by Sapphire Balconies Ltd (Sapphire Balconies, 2020) it was noted that there is
“little appetite from the laminate providers” to supply a product that will comply with
Regulation 7. This statement somewhat corresponds to discussions within the industry that
suggested laminate providers have tried but been unable to create a complying product.
However, more recently the authors of this report have been made aware of a balcony
balustrade supplier that uses laminated glass that uses a gel layer that is claimed to
achieve Euroclass A2-s1, dO for a product with a single interlayer between two glass layers.
Discussions with the supplier suggest that the glass panels are thicker than typically used
currently and require an edge-capping. There is a limited capacity to supply large volumes
to the market and the cost of the product is around four times that of products used for
similar balustrade applications.

A/B-28.4 Modern laminated glass

From meetings with stakeholders and experts in the laminated glass industry as part of this
work, similar to the statement made by Razwick (Razwick, 1999), there appears to be a
consensus that laminated glass should not be viewed as a single material, but rather a
family of materials which have different attributes and perform differently. Within this family
of materials there are materials which have been optimised for different scenarios and
would perform differently, both in the existing ambient tests and theoretically in any fire
tests. However, the Glass for Europe study discussed in Section A/B-28.3 noted that the
interlayer type had little influence on results.
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The glass type and quality, along with the interlayer material, and the thickness of both
would all be considered to be potential influencing factors when assessing the performance
of a laminated glass panel. To refer to all of the products simply as ‘laminated glass’ is
deemed an oversimplification. However, there is currently no fully established test
methodology or classification system which would allow the quantification of the reported
differences in performance of these products with respect to fire performance and
particularly fire spread. Despite this, those in the laminated glass industry are vocal that the
current laminated glass products used for balconies, in their view, do not increase the risk
of fire spread or contribute to fire load. For example, in an industry survey conducted by
Sapphire Balconies Ltd (Haughton, 2020) there was very strong support for the ban on the
use of laminated glass in balcony balustrades to be lifted and support for the view that the
product is safer than monolithic glass.

Theoretically if it was demonstrated that the current laminated glass products are
appropriate for use on balconies it is important to note that laminated glass products are
being developed continuously and may change further over time. Development is driven by
the demands of society, for example that could be to realise ambitious architectural visions,
provide increased security, address solar gain issues, or serve multiple purposes such as
acting as both a fagcade / window and a solar panel generating electricity for the building
(AGC Glass, n.d.; Onyx Solar, 2011; Traverse et al., 2017).

The current lack of a methodology for characterising the reaction-to-fire performance of
laminated glass with respect to fire spread means that, as the material is developed over
time, there is no benchmark against which to assess performance. As a result, confidence
in the relative performance of both existing and future products is limited.

A/B-28.5 Fire incidents

A/B-28.5.1 Statistical information

One approach to gauge the potential hazard presented by fire spread involving laminated
glass is to examine fire statistics and also to investigate any specific incidents that have
occurred. As already noted in Section A/B-2, the various datasets that have been searched
do not provide specific fields with regard to laminated glass.

A request for information was sent to all fire & rescue services (FRS) via their ‘Protection
and Fire Investigation’ forums in November 2020. This was followed up with an NFCC
communications update to all FRSs. At the time of writing, no reports of any incidents have
been received where laminated glazing may have contributed to external fire spread.
Further to this, informal discussions with a past operational member of a large urban FRS
found that they had never observed any fires involving laminated glazing.

However, in a recent report published by Sapphire Balconies Ltd (Haughton, 2020) four fire
incidents were identified in which laminated glass was installed as a balcony balustrade.
One fire is described as ‘minor’ in which the glass appeared to be undamaged. Two fires
are described as ‘moderate’ in which it was reported that fire-fighters broke a panel to
control the fire in one incident. In the final incident, a full stack of balconies was involved

and only the structural steel remained afterwards. Another multiple balcony fire in West
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Hampstead is also briefly mentioned (see Section A/B-11.1) although the mechanism of fire
spread is unclear at this point, and reference is also made to the balcony fire in Manchester
on 24 May 2020. The Sapphire report also reports 19 incidents in which monolithic glass
was used in the balustrade in which “most often the glass explodes and showers the
ground below” (Haughton, 2020).

In the review of 59 tall building facade fire incidents (Spearpoint et al., 2019) none were
identified as having laminated glass contribute to the spread of fire. Similarity, in the review
of 13 facade fire incidents by Nguyen et al. (Nguyen et al., 2016) (noting that several were
the same as those in Spearpoint et al.) none mentioned laminated glass. This might
suggest that there have been no cases (of significance, at least) but care should be
exercised making a definitive statement to this effect.

A/B-28.5.2 Qualitative review of balcony fire incidents

During the finalisation of this report a qualitative review of fires involving balcony
balustrades has been published (Binte Mohd Faudzi et al., 2021). This section discussing
the new paper has been added for completeness.

In their review the authors highlight some of the research discussed here in Section A/B-
27.1 where laminated glass was exposed to low heat fluxes below what could be expected
from external flaming. Following this the authors report on six balcony fires, two of which
were believed to have laminated glass balustrades. It is assumed that some of these cross
over with the 23 case studies mentioned by Sapphire Balconies (Haughton, 2020) however
Sapphire Balconies did not go into detail for each example.

The qualitative review (Binte Mohd Faudzi et al., 2021) aims to assess the potential for
laminated glass balustrades to contribute to fire spread by reviewing post fire photographs.
In this review it was considered that laminated glass can be identified in post fire
photographs using the following criteria: “Large fragments remain fixed on the frame” and
“Visible loss of transparency due to delamination and bubbling of interlayer”. Whether these
criteria on post fire appearance could apply to all balcony fires and support systems is
unclear, particularly considering that all or most of interlayer could be lost during heating.

It is noteworthy that Sapphire Balconies considered the balustrade of the balcony
balustrade of the Orwell Building in West Hampstead to be laminated glass whereas the
authors of this qualitative review consider this to be monolithic referencing also that, in
addition to their criteria for post fire laminated glass not being met, the London fire brigade
report (London Fire Brigade, 2019) stated the balcony balustrades consisted of “toughened
balustrade glazing”. It is unclear what this means as both laminated and monolithic glass
would be toughened in this application. It has not been confirmed which authors were
correct in their assessment, but it is suggested that care should be taken drawing
conclusions on both material type and material behaviour from post fire photographs. It is
also noted that important parameters such as interlayer type and thickness or glass
thickness cannot easily be determined from photographs.

Of particular relevance for this work the authors of the qualitative review conclude that:
“This study has shown from an analysis of past fire incidents that there is no correlation
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between the use of laminated glass and the incidence of fire spread from the balcony of
origin. No evidence was found from our study that laminated glass as balcony balustrade
has any significant contribution to fire spread that would warrant a ban on its use.
Therefore, the application of laminated glass as balcony balustrade does not pose a risk in
terms of external fire spread.”

It is the view of the authors of this report that, given that this qualitative review only
identified (correctly or incorrectly) two laminated glass balustrade case studies, with
unknown laminated glass build ups, the strong conclusions should be treated with caution.
It may be the case that balcony balustrades do not pose a significant risk with respect to
fire spread. However, given that laminated glass has been observed to fail and the
interlayer burn at credible heat fluxes in the range that could be expected to occur in
external flaming (Rickard et al., 2020) and in work by others (Ni et al., 2012), the potential
for contribution to fire spread should be assessed further.

A/B-28.6 Understanding external fire spread involving
laminated glass

Understanding the role of laminated glass in external fire spread requires first separation of
the two specific aspects of fire performance that are commonly assessed: laminated glass
as a barrier and laminated glass as a means to promote external fire spread. These are two
different problems with very different characteristics.

It is also important to be able to separate statements that mix both issues, statements that
have no substantial technical backing and statements that are the result of sound technical
analysis. It is therefore apparent that misconceptions around the role of laminated glass
and fire safety need to be directly addressed.

As a final note of caution, often laminated glass is discussed in the context of other
products, adding to the confusion. For example, as part of the discussion on the hazards
posed by the use of wired safety glass (Lane, 2014) it is claimed, without any supporting
evidence, that

Laminated glass is incapable of performing this role [of acting as a fire-rated glass]
because the plastic laminate itself is flammable and can actually worsen fires

The quote above can be used as an example of the complex levels of confusion. Fire rated
glass is classified on the basis of providing a quantifiable level of ‘fire resistance.” Many
materials with combustible cores can deliver ‘fire resistance’ as a function of their design
and components. Nevertheless, in this case the statement relates to the potential for
laminated glass to contribute to the fire when exposed to compartment fires. This is not
directly related to ‘fire resistance’ nor is it necessary relevant when considering the other
elements of fire load. Furthermore, this is not the primary concern when considering the
potentials for external fire spread.

In order to assess the potential for external fire spread involving laminated glass it is
necessary to first consider the behaviour of the system when exposed to a heat insult. It is

essential to understand the potential failure modes and the mechanisms by which the
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combustible components will contribute to fire spread. It is the understanding of the failure
modes that will enable the definition of the type of solicitations that could lead to fire spread
supported by the laminated glass. It is then important to conceptualize the possible fire
events and how they will impact, in a quantitative manner, the laminated glass. For
example, Figure A/B-43 provides a series of seven diagrams showing potential fire spread
events involving laminated glass balustrades and a description of the considerations in
each instance. For clarity the first five focus on fire spread upwards to a balcony above, the
sixth shows the potential scenario where a fire spreads out onto a balustrade on the fire
floor. The final diagram shows the other credible case of a fire originating on a balcony.
Similar considerations would apply for laminated glass in different scenarios. The
guantitative intersection of the failure conditions and the potential scenarios can then be
used to establish under which scenarios laminated glass can contribute to or support the
spread of fire.

Currently, neither the failure mode exercise or the assessment of these scenarios (or any
other relevant ones) has been conducted through a systematic study. Therefore, it is not
known whether these events will result in fire spread with the current types of laminated
glass and balcony arrangements, but any attempts to assess the potential for fire spread
should consider this approach. As illustrated in Figure A/B-43, the potential for fire spread
remote from a compartment fire cannot easily be understood through furnace testing.
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Balconies
with
laminated
glass

. balustrades

1. Compartment fire in a
building

Furnace tests, while they do not
replicate ‘real fires’, were
designed to allow a
conservative test for
benchmarking performance of
an element of construction
when subjected to compartment
fires.

In this instance the
performance of the glass
window/door with respect to its
integrity, E, and insulation, I,
ratings could be assessed with
a furnace test. Providing an
indication as to if the glass
might fail as a result of the fire.

Furnace tests offer a pass / fail
benchmark (with rating
expressed as a time) and
provide limited understanding of
the material / product behaviour
in fire.

While the example shown here
is a fire in a flat with no balcony
the fire could occur in an upper
floor apartment with its own
balcony.
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2. Failure of the external wall
/glazing

External flaming from the
compartment is possible in this
scenario. These flames may be
deflected under the balcony.

Depending on the fire in the
compartment, the geometry of
the opening, and the
arrangement of the balcony, the
flame extension may be limited
to the underside of the balcony.

This scenario could involve
different configurations such as
where the window and balcony
are not in line vertically.

3. Ignition of the balustrade

In order to understand the
potential for a balustrade to
ignite, the critical heat flux for
ignition of the balustrade is a
key parameter.

Characterisation of the ignition
conditions is necessary, and
this is likely to require an
understanding of cracking and
behaviour of the glazing system
to be understood in greater
detail.
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4. Fire growth and fire spread
on balcony

If the balustrade ignites there is
potential for this flaming to be
sustained and fire spread to
occur beyond the area heated
by the compartment fire.

The flaming may be sufficient to
cause vertical or horizontal fire
spread. Again, critical heat flux
for ignition of the balustrade is
desirable.

5. Continued flame spread
remote from compartment

Flame spread and fire growth
remote from the original
compartment fire.

There is potential for the fire to
enter the building remote from
the original compartment.
Breaching compartmentation
and potentially compromising
the fire strategy.

There is also potential for
burning droplets. Which could
cause ignitions below the
balustrade.
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6. Compartment fire on floor
with a balcony

In the case of a fire occurring in
a compartment with a balcony
there is the possibility that the
balcony could ignite from
thermal radiation transmitted
through windows in addition to
the potential external flaming
mentioned previously. This
would be the most likely
scenario with respect to fire
spread out from a compartment
fire but would not necessarily
result in vertical fire spread.

After ignition of the balustrade,
the considerations would be
similar to the previous scenario.

i
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7. Fire originating on the
balcony

As has been identified in Part A
of this document there are often
items stored on balconies and
building occupants have been
reported using balconies for
barbeques.

The presence of fuel load
introduces the potential for a
fire to originate on the balcony
and grow to involve the
balustrade.

Figure A/B-43 Potential fire spread events for laminated glass used as a balcony

balustrade
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A/B-29. Conclusions

This part of the report sets out the first stage to aid MHCLG to consider whether changes to
the guidance in AD B and/or changes to Regulation 7 are warranted in relation to the use of
laminated glass in the construction of buildings.

National statistics that identify fires in which laminated glass was present and made any
contribution to an incident are not available. A review has not revealed a great number of
specific fire incidents in which laminated glass (in any configuration) was observed and
although there are some fire incidents where laminated glass was present, it did not appear
to have contributed to the fire to any great extent. A discussion on relevant fire incidents will
be developed as the project progresses should more information come to light. However,
based on the current findings, it would suggest that relevant incidents are relatively rare.
This does not say that the situation could not change in the future and this care must be
taken using historical data to project into the future.

Research in the form of experiments and standard testing of the performance of laminated
glass in fire has been reviewed. In general, the research has been focussed on the fire
resistance of laminated glass and very little has examined whether fire spread might pose a
hazard. Given that available experimental data is insufficient for the purpose of defining the
desired fire spread performance objectives, a series of relatively small-scale experiments
separate from this project is already being developed partly building on recent previous
work (Rickard et al., 2020). It is expected that these experiments will allow for some further
assessment of the potential behaviour of laminated glass. The intention is that results from
these separate experiments, coupled with further review of guidance and detailing relating
to installations, will allow a more comprehensive assessment of the potential hazard posed
by laminated glass.

This part of the report particularly addresses the use of laminated glass as a balcony (or
terrace) balustrade since this building element is substantially impacted by the current
requirements of Regulation 7 and is of particular interest to industry. From the review of
information and discussions with industry it is apparent that laminated glass is usually
selected for balustrades, in part, for the increased level safety which is provided over
monolithic toughened glass at ambient temperatures. Laminated glass used for this
application predominantly uses PVB as the interlayer material where available data shows
that it is apparent that PVB and laminated glass with a PVB interlayer can support
combustion.

Thus, the fire spread hazard from laminated glazing when used in typical applications
cannot be ascertained to be acceptable nor unacceptable from the limited information
available to date. It is quite possible that the fire risk posed by laminated glass is
acceptable given the relatively few cases and the apparent lack of impact on the
development of those incidents. However, rather than relying on historical data to define the
fire risk posed by laminated glass, it is preferable to provide a means to assess this risk
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through some form of procedure, whether that be physical testing, computational methods,
industry guidance and good practice, or some combination of these. This would not only
allow the adequacy of currently used construction methods to be investigated but would
also provide a means to check that future methods do not unnecessarily increase the risk.

There is a range of policy options for use of laminated glass in buildings. Just focusing on a
balustrade application on the external walls of a building these could include:

e Maintaining the status quo with respect to the (lack of any specific) guidance in AD B
and the scope of Regulation 7,

e Including laminated glass in a balcony and/or terrace balustrade as an exemption in
relevant buildings,

e Extending the ban to include additional relevant buildings to those currently listed in
the Building Regulations, or

e Providing additional guidance on what types of laminated glass and in what
arrangement it would be acceptable to use.

Consideration needs to be made that banning laminated glass from balcony or terrace
balustrades but allowing monolithic glass will likely increase the frequency of incidents of
breakage and falling glass. A ban on using glass of any type may introduce negative
impacts on the utility of a building regarding the mitigation of wind, and the restriction of
sightlines to sections of the population. However, there are similar options (with sometimes
far-reaching impacts) when it comes to the use of laminated glass in windows and in curtain
walls

One of the next tasks in this project is to consider whether it is possible to develop an
assessment regime for the performance of laminated glass with respect to fire spread. This
regime will likely build on previous work that also accounts for the various common
standard test methods, but it may require additional physical tests along with one or more
design procedures.

As this study moves on to the next stages it is important to further understand how the
glazing is defined in terms of panes, frames and supporting structures within the design and
construction industry so as to ensure that guidance is unambiguous, helpful in aiding
comprehension of the problem and solution as well as being robust with regards to
deliberate misinterpretation.
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Part D : Recommendations

A/B-30. Further work

This section provides a number of recommendations for further work resulting from the
findings given in this report. Recommendations include the need for small- and large-scale
tests that can be complimented by the use of computational methods. Consideration should
include the use of detailed computational fluid dynamics (CFD) and/or finite element
analysis (FEA) modelling but also how other methods such as risk-based assessment using
probabilistic tools could be beneficial to the project goals.

A/B-30.1 Balconies

Several areas for further work directly related to balconies have already been discussed in
Section A/B-15, in summary they are:

e To consider whether it is allowing a limited proportion of a balcony to be combustible
could be achieved without compromising the ability of a building to meet the
functional fire safety requirements of the Building Regulations. This may inform
whether future flexibility can be considered for the inclusion of certain combustible
materials as part of a balcony or alternatively whether additional restrictions should
be placed on buildings other than those already covered by Regulation 7.

* To assess how to limit the risk of fire penetrations at compartment floor level through
balcony/building connections.

e The study has concluded that it is unrealistic to expect balconies to be free from
combustible items that have been introduced by building occupants. This is
particularly the case for private and communal areas. There is no guidance in AD B
on what fire load should be applied to balconies and this would appear to be a gap in
addressing what has become a viable hazard in modern buildings. The next stage of
the project should carry out a survey of fire loads on balconies including total fuel
load, fuel types and arrangements, which will lead to the creation of a representative
design fire appropriate to balconies. This will then enable the consortium to review
various parameters where a lack of information available was identified during the
initial phases of this research project. This includes the absence of fire rating (REI) of
private balconies, the percentage of opening defining a balcony as open, whether
the restrictions in terms of combustibility of the balcony components set by the
amended Regulations are sufficient to limit the risk of external fire spread, etc.; and
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e The scoping study has identified that a British Standard (BS 8579) on ‘Guide to the
design of balconies and terraces’ has been published in 2020. The difference in
publication dates between the standard and AD B means there is no reference to
this standard in the current edition of the statutory guidance. Given it would appear
that this standard is gaining broad acceptance across the construction industry in
England, consideration should be made to either adopt fully BS 8579 within AD B or
make reference to the relevant fire safety clauses within the standard.

A/B-30.2 Spandrels

It is intended that a proposed experimental programme will allow quantification of the
current ‘policy position’ that is represented within Approved Document B with regard to the
delay associated with floor-to-floor fire spread. To specifically address the questions posed
in Section A/B-21 regarding spandrel / in-fill panels, it is recommended that:

* The key typologies of construction are defined from which external walls are
commonly constructed.

e A large-scale test programme is undertaken to investigate the delay period and
tenability conditions associated with these key typologies — thus allowing the delay
periods to be defined.

e Criteria should be defined associated with:
o the loss of tenability prior to fire spread (e.g. due to unseen spread of combustion
products),

o the breach of an adjacent unit by flames or combustion products, and
o the need to alert occupants of upper stories.

e The role of the fire and rescue services is assessed and whether fire-fighting
provisions are commensurate with this role.

A/B-30.3 Laminated glass

The study has identified there is a range of laminated glass products on the market that
differ in thickness, interlayer material and glass type. Other than the specific requirements
set out in Regulation 7, there is no guidance within AD B on the acceptability of using these
products for different applications within buildings, whether that be as a balustrade, a
window, a curtain wall, or any other application. The next stage of the work should generate
further knowledge on the contribution of laminated glass to the development of a fire, and in
particular fire spread. This work should consist of the following tasks:

e The development of an appropriate physical testing arrangement at small / medium
scale to assess the potential for the ignition and fire spread via flame impingement
associated with laminated glass when configured as a wall or balustrade. This work
will extend the findings already generated by the previous research identified in this
study and also the recent work undertaken on behalf of the Scottish Government.
The work will allow different laminated glass products to be compared as well as
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providing knowledge that can be applied to any future design methodology or
acceptance criteria.

There is currently no guidance either directly within AD B or cited in AD B relating to
the potential for different fixing methods for laminated glass to influence flame
spread. Dripping of interlayer is expected to be a hazard, investigation of dripping
should be in addition to the investigation of fire spread via flame impingement,
discussed above. Investigation needs to be carried out on the possibility of specifying
balcony fixing arrangements that could mitigate the potential for fire spread via
dripping of the interlayer in laminated glass. Where possible, this mechanism should
be included as part of the already mentioned physical testing. An alternative
approach would be to assess whether materials that achieve a dO BS EN 13501-1
classification are sufficient to address balcony balustrade fire spread even where the
material otherwise achieves class B.

On completion of the small / medium scale work the project should assess whether
there would be benefit in conducting a limited number of full-scale demonstrations to
show how the knowledge gained from the earlier work can be applied. These full-
scale demonstrations could be in the form of a modified BS 8414 type test on
laminated glass wall configurations that illustrate how fire could develop over a
contiguous surface. Should these demonstrations show that fire does not spread then
this would provide valuable. The full-scale demonstrations could be incorporated
within the experimental work for the balcony aspect of this study, or as part of the
separate external wall systems project also being carried out on behalf of MHCLG.

A/B-30.4 Combination of elements

In addition to the specific findings associated with balconies, spandrels and laminated glass
as separate elements within a building, this study recognises that these present fire safety
considerations when used in combination. The guidance within AD B does not address the
inter-connected nature of the building elements and therefore the following tasks should be
carried out:

This scoping study has identified that the use of laminated glass as a balcony
balustrade addresses a range of objectives that include structural failure, glass
breaking hazards, the impacts on wind mitigation, and sightlines. A study should be
carried to assess the cost-benefit of using laminated glass with respect to these
objectives when compared to the fire safety risk that might be posed. The outcome
of the work will aid quantified decision making around any accepted risk. At present
a cost-benefit analysis appears to fall outside of the scope of the current project.

The work so far has identified that, apart from laminated glass balustrades, there
appears to be acceptance and willingness in industry to use non-combustible
balconies. The impact of requiring that all elements that make up balconies and
spandrel zones be non-combustible irrespective of the building height and
occupancy classification should be considered and could form part of the overall
external fire spread mitigations on all buildings. In other words, extending the
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existing ban to external walls beyond those buildings that are currently covered by
Regulation 7 should be assessed.

Following the experimental and survey work which has been proposed the authors
anticipate that it may be appropriate to develop a balcony fire spread design method
which could be used to update the provisions within AD B. This methodology would
consider aspects resulting from the other work discussed above such as balcony
construction, representative fire loads, balustrade materials, etc. The method would
consider balconies not just from a hazard perspective but also as a mitigation
measure such as when assessing flame projection away from a wall.
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Appendix |

This Appendix presents a timeline of key events (to Nov 2020) that impact on the fire safety
in buildings regulatory environment following on from the Grenfell Tower fire. The majority
of these events are specific to the Building Regulations and guidance in England, but some
have a wider UK direct or indirect impact. Where available, hyperlinks to the original
document or host webpage are given.

June 2017

» Grenfell Tower fire on the night 14" June.

« Independent Expert Advisory Panel established by the Department on 27" June to
advise the Secretary of State for Housing, Communities and Local Government on
urgent building safety matters.

July 2017

« Industry Response Group (IRG) established by the Department on 10" July to
support the process of building remediation.

August 2017

e The Terms of Reference for the ‘Independent Review of Building Regulations and
Fire Safety’ led by Dame Judith Hackitt were published on the 30" August.

Sept 2017

 Call for Evidence on ‘Building Requlations and Fire Safety’ issued on 12t Sept.

Oct 2017

e Call for Evidence on ‘Building Requlations and Fire Safety’ closed on 13t Oct.

Dec 2017

* Publication of the interim report on ‘Independent Review of Building Regulations and
Fire Safety’ by Dame Judith Hackitt on 18" Dec.
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May 2018

e Publication of the final report on ‘Building a safer future - Independent review of
building requlations and fire safety’ by Dame Judith Hackitt on 17" May. That same
day the Secretary of State committed in Parliament to consult on banning the use of
combustible materials in cladding systems on high-rise residential buildings.

« Grenfell Tower Inquiry Phase 1 hearings began on 215t May.

June 2018

e A public consultation was launched on ‘Banning the use of combustible materials in
the external walls of high-rise residential buildings’ on 18" June.

Aug 2018

¢ The consultation on ‘Banning the use of combustible materials in the external walls
of high-rise residential buildings’ closed on 14" Aug.

Dec 2018

» Grenfell Tower Inquiry Phase 1 hearings concluded on 12" Dec.

e Call for evidence for the ‘Technical review of Approved Document B of the Building
Regulations’, opened on 18" Dec.

e Introduction of a new prescriptive regulation in December 2018 through the Building
(Amendment) Regulations (2018). In addition, the ‘Explanatory memorandum to the
Building (Amendment) Requlations 2018’ No. 1230 was published on 30" Dec.

e ‘Building a Safer Future: An Implementation Plan’ published.

March 2019

e The call for evidence opened in Dec 2018 on the ‘Technical review of Approved
Document B of the Building Requlations’ closed on the 15" March.

April 2019

e Amendments to Volume 1 and Volume 2 of Approved Document B (ADB) made
between November 2018 and April 2019 published by MHCLG.

June 2019

¢« MHCLG issued the ‘Building a safer future: Proposals for reform of the building
safety regulatory system’ consultation on 6™ June.

e Consultation on ‘The Reqgulatory Reform (Fire Safety) Order 2005’ was issued on 6t
June by the Home Office.
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July 2019

¢ Following on from the April 2019 publication of the amendments to ADB, a final
clarified ADB was issued.

e ‘The Regulatory Reform (Fire Safety) Order 2005’ consultation closed on 315t July.

e The ‘Building a safer future: Proposals for reform of the building safety reqgulatory
system’ consultation closed on 315t July.

Aug 2019

e The Construction Industry Council (CIC) published its ‘Raising the Bar’ report.

Sept 2019

* Analysis of the responses to the Dec 2018 Call for Evidence ‘Technical review of
Approved Document B of the Building Reqgulations’.

Oct 2019

» Grenfell Tower Inquiry ‘Phase 1 Report’ published on the 30" Oct.

Jan 2020

e Technical consultation paper on the ‘Review of the ban on the use of combustible
materials in and on the external walls of buildings including attachments’ issued by
MHCLG.

¢ Consultation on ‘Fire safety: risk prioritisation in existing buildings — a call for
evidence’ was opened on 20" Jan.

e Also on 20" Jan MHCLG publishes ‘Advice for building owners of multi-storey, multi-
occupied residential buildings’ along with Annex A ‘Advice for building owners on
assurance and assessment of flat entrance fire doors’. The document superseded
the previously released Advice Notes 1 to 22.

« Grenfell Tower Inquiry Phase 2 hearings commenced on 28" Jan.

Feb 2020

e Consultation on ‘Fire safety: risk prioritisation in existing buildings — a call for
evidence’ was closed on 17t Feb.

March 2020

e ‘The Regulatory Reform (Fire Safety) Order 2005: Call for Evidence’ summary of
responses published 19" March.
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April 2020

e MHCLG issued the outcome to the ‘Building a safer future: Proposals for reform of
the building safety regulatory system’ consultation on 2" April.

e Secretary of State for Housing issued his ‘MHCLG updates on building safety
reforms’ letter to all MPs in England.

July 2020

» Home Office ‘Consultation on Fire Safety’ opened on 20" July.

« Draft Building Safety Bill presented to Parliament.

Oct 2020

« Home Office ‘Consultation on Fire Safety’ closed on 12t Oct.

e Following on from the report in Aug 2019, the Construction Industry Council (CIC)
published the ‘Setting the Bar’ report.

Nov 2020

e Updated editions of ADB Volume 1 and Volume 2 published.

e MHCLG publishes a supplementary note to the ‘Advice for building owners of multi-
storey, multi-occupied residential buildings’ previously published in Jan 2020.
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APPENDIX C1.:
Balcony fuel load survey

Authors: S Bryant?, | Rickard?, M Spearpoint!
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C1l-1. Background

In June 2017, the Grenfell Tower fire resulted in the death of 72 residents, many
others becoming homeless and a wider impact on the local community. The incident
also posed a significant challenge to the operational capabilities of the London Fire
Brigade. In response to the Grenfell Tower fire, Dame Judith Hackitt conducted an
independent review of Building Regulations and fire safety in England where she
supported the recommendation to carry out “...further research with the construction
industry to understand who uses Approved Documents, how they are used and
where they are used to influence how they should be developed in the future...”.

In response to the recommendations made by Dame Judith Hackitt the Department
of Levelling Up, Communities and Housing (DLUHC), previously the Ministry for
Housing, Communities and Local Government (MHCLG), have commissioned
several research projects to provide information on any future changes to fire safety
policy and guidance in support of the Building Regulations in England. One of these
projects is to examine the role of balconies, spandrels, and laminated glass in the
fire safety of buildings (Project CPD 004/0120/205, Fire Safety: Balconies,
Spandrels, and Glazing).

It is important to recognise that balconies, spandrels, and laminated glass are design
components associated with the external walls of buildings that enhance the
functionality of buildings for reasons that are not only directly linked to fire safety
considerations. Nevertheless, each component may have profound implications for
the performance of a building during a fire. The components may contribute to the
source of the fire, they may become the target of a fire, but they may also provide a
means to mitigate the effects of a fire. Although the components may be viewed as
isolated elements, in practice the three are linked by the role they may play in
supporting, or undermining, the fire safety strategy for a building through their impact
on fire spread.

As a result of the previous work in support of the balconies, spandrels, and
laminated glass project, it has been identified that there is currently no guidance
available on the likely fuel load on balconies or terraces (hereafter referred to as
‘balconies’). The lack of information in this area means that at the moment it is
challenging to gain sufficient supporting evidence to make informed decisions with
respect to balcony designs, or to design experiments to assess balcony
performance. To inform balcony design considerations, an assessment of the
credible fuel load on balconies has been selected as one of the actions of the
research project. This fuel load survey aims to gather sufficient information that the
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likely fuel load of balconies can be assessed, which could inform further research
and inform fire safety considerations during the design of balconies.

This report outlines the methodology and results of the balcony fuel load survey to
determine if the usual contents of private residential balconies warrant a
representative external fuel load that could be taken into account during the design
stage. It examines the moveable content of private balconies attached to residential
buildings within England. The research does not consider private balconies
associated with office buildings, or access balconies to blocks of flats.
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C1-2. Introduction

Determining the fuel content of a space allows assessment of the potential severity
of a fire in that area. The fuel content of a space is known as the fire load (also
referred to as fuel load) and is often split into the permanent component (i.e., the
structure, linings, etc.) and the variable component (i.e., moveable furniture, etc.).

Fire load is typically expressed either as an equivalent mass of defined combustible
material, such as timber, or in terms of the equivalent energy. The work presented in
this paper presents the fire load as a fire load energy density, FLED, (MJ/m?). Where
comparisons are made to the work of authors who expressed fire load in terms of
mass of fuel, assumptions have been made to allow a conversion for comparison.

Fire loads are typically defined as a distribution and will either be used as a
stochastic or deterministic input to fire engineering calculations. As an example of
this a commonly used fire load distribution for a dwelling would be a Gumbel Type 1
distribution with a mean of 780 MJ/m? and coefficient of variation of 0.3 [1]. The 80%
percentile value of 870 MJ/m?, or similar, may be used in deterministic design to
ensure a level of conservatism.

This report outlines the methodology and results of a balcony fire load survey carried
out to determine if the usual contents of private residential balconies warrant a
representative external fire load that could be taken into account during the design of
balconies. The moveable content of private balconies attached to residential
buildings within England have been evaluated. The research does not consider
private balconies associated with office buildings, or access balconies to blocks of
flats / apartments.

C1-2.1 Fireload surveys

There have been multiple surveys conducted in the past 50 years on fire loads and
probably one of the most comprehensive collections is that of Thomas [2], albeit this
work was published in 1986. Traditionally, fire load assessments have been
conducted by physically inspecting occupancies to obtain an inventory of items
which are then weighed. This method has been repeated around the world, from
office buildings in United States during the 1970’s [3], to residential buildings in
Japan [4], and public buildings in France in the early 2000’s [5].

More modern methods of survey have been used in recent years to collect fire load
data. In 2005, Bwalya et al. [6] completed a pilot survey of residential living rooms in
Canada using a web-based questionnaire rather than by taking an inventory. The
study included a pre-determined list of common household items to allow
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respondents to select quantities, sizes and materials. In another survey, Bwalya et
al. [7] completed a fire load survey of family dwellings in Canada based on
information obtained from images on real-estate websites. More recent digital
technologies introduce the potential for assessments to be conducted virtually using
images and the application of machine learning based algorithms, such as that work
of Elhami-Khorasani and Gernay [8]. Spearpoint et al. [9] have previously used
mapping tools provided by Google to determine fire load densities for car parking
buildings.

Kose et al.’s moveable fire load survey of Japanese dwellings [4] is the only survey
identified by the authors which included balconies. Apartment balconies were
assessed to determine the total dwelling fire load. This study was conducted by
giving residents a survey to fill out and the results of the survey were converted into
an equivalent timber fire load. A total of 139 balconies were included in the study of
1,000 dwellings, with a calculated average fire load equivalent to 11.5 kg/m? of
wood, with a standard deviation of 10.3 kg/m?. Assuming a calorific value of wood of
20 MJ/kg [10], this results in an average FLED of 223 MJ/m?2.

The data sets produced in fire load surveys are limited by the survey method
adopted and the available resources. However, the values obtained from historic,
limited, surveys are widely accepted in design and the values are included in
guidance documents.

C1-2.2 Day-to-day use of balconies

As more people are living in cities, and more high-rise residential blocks are being
built in Britain [11], more people are using private balconies as their outside space.
Balconies are used for storage, and for many people within high-rise buildings, as
their private outdoor space. Use as the latter increased during the COVID-19
pandemic [12], when the population was mandated by laws to stay at home, or in
private outdoor space, and social mixing was restricted [13]. The London Housing
Design Guide published in 2010 [14], introduces the requirement for 1-2 person flats
to have a minimum of 5 m? of private outdoor space, and this requirement has
continued into the London Plan 2021 [15] and in the London Plan Guidance, LPG,
which is currently published in draft form for consultation [16] The LPG maintains the
minimum of 5 m? and it is clear that these balconies may contain combustible items
as best practice guidance suggests dimensioning balconies to “increase
opportunities for planting, food-growing, storage of light gardening equipment and
clothes drying”. Winter gardens (enclosed balconies) are also considered
appropriate in limited circumstances but have not been included in the work
presented in this paper.
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The use of balconies may vary and could be influenced by factors such as:
e Their size,

e Their orientation in relation to the sun,

e Their exposure to external elements such as wind and rain,
e The local climate, and

e The time of the year.

Balconies can be used as dining spaces with a table and few chairs, or even as an
extension of a living room with large furniture items such as sofas and potentially
heating equipment. They can also be used as a storage space containing substantial
amounts of combustible materials and may be fully open (aside from the balustrade)
or partially or fully enclosed. The uses of residential balconies may affect the fire
load present, and the fire load may change throughout the year as a result of
seasonal variations.

Following a number of balcony fires in recent years, and a general increase in
awareness of external fire spread largely driven by the fire at Grenfell Tower and
proceeding inquiry, there is an increased consideration of the fire safety risk
associated with having materials stored on balconies, as outlined in a report by
Holland et al. [17]. Large quantities of combustible materials may increase the
severity of a fire and activities such as heating or cooking may increase the
likelihood of a fire starting. Many regional fire and rescue services have published
recommendations and guidance for the use of balconies in recent years, these
recommendations are covered further in Section C1-2.4.

C1-2.3 Recent balcony fires

To understand the nature of fires that can occur on balconies, information can be
assessed through statistical records and via examining individual incidents.

Through information obtained through the Freedom of Information requests with
various fire and rescue services within Great Britain, AliDeck have produced two
balcony fire statistical reports, covering 2017-2020 [18] and 2020-2021 [19]. Over the
four-year period covered, there were a total of 1085 balcony fires throughout Great
Britain, with 67% (731) of these occurring within London. In total, 48% (524) of fire
were started through the improper disposal of smoking materials. There were 341
fires with ‘other’ as the cause of the fire, and a further 64 where the cause of fire was
unknown. The next leading known cause of balcony fires was deliberate, with 53
fires (5%) over the four-year period being identified as being purposeful. From this
data, it is clear that smoking and the improper disposal of smoking materials is the
largest cause of balcony fires in Great Britain.
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Some examples of fires which have received media coverage and involved balconies
or balcony contents and resulted in fire spread include: the Lacrosse Docklands fire
in Melbourne in 2014 [20], the Northern Quarter Lighthouse Fire in Manchester in
2017 [21], and the Poplar fire in London in 2021 [22].

C1-2.4 Balcony fire safety guidance

In 2021, the London Fire Brigade (LFB) issued a Fire Safety Guidance Notes for
housing providers, landlords and residents, highlighting the hazards, risks, and the
danger of fires on residential balconies [23]. The study reported found that in the 26
months leading up to January 2020, there were 388 balcony fires, with the cause of
the balcony fires being: 67% smoking materials, 10% lighters, 10% matches, and 7%
barbeques. LFB gave recommendations to prevent the problem of balcony fires,
including:

e The storage of white goods on balconies should be discouraged as they

contribute to the fire load.

e The use of barbeques should be discouraged, with guidance on safe usage
provided to occupants, though the terms of tenancy could prohibit their use.

e Smoking on balconies should be discouraged, stakeholders should encourage
responsible behaviour, so that where smoking is permitted, the possibility of
incorrect disposal does not cause a fire.

e The fire risk assessment for the building should propose mitigation for
balconies that are used for storage.

e Sprinklers installed and operational within a flat can prevent the spread of fire
from a balcony to within the building.

* The Fire Safety Guidance note is distributed to occupants of a residential
building to ensure they are aware of the risks.

Recommendations from the (then) Ministry of Housing, Communities and Local
Government [24], insurance companies [25], housing associations [26], and LFB [27]
all discuss reducing ignitions, e.g. by not using barbeques, and reducing fire load by
not storing combustible items on balconies. Controlling the use of privately owned
spaces is however challenging and while occupants can be alerted to dangers it is
not credible that the hazard can be removed.

In July 2020, the Welsh Government issued a advice note written for building owners
and residents of blocks of flats [28], discussing the fire risks associated with flats with
balconies. Within this note it is stated:

“2.8. The fire risk on balconies can also be increased due to the use of
balconies for storage, or the unsafe disposal of smoking materials and the
misuse of barbecues.
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2.9. Building owners should have policies in place as to what can and cannot
be stored and used on balconies by residents and should review these in
light of the materials used in the balcony construction. They should also
communicate with residents to ensure their understanding of these risks.”

Here, the Welsh Government is commenting on the use of private balconies and
suggesting that it should be within the remit and responsibility of a building owner to
communicate guidance on the use of the balconies, taking into account the balcony
construction.
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C1-3. Methodology

C1-3.1 Data collection

When collecting the data for the survey, it was not practical to use the traditional in
person method of accessing balconies to measure the weights of contents. Gaining
access to many residential buildings with private dwellings and balconies would be
challenging. In addition, the ongoing COVID-19 pandemic functionally prohibited this
approach and due to available resources conducting the survey in person would
have meant limiting the geographical extent and number of balconies. The method
followed takes advantage of balcony visibility on modern web mapping platforms
such as Google Maps.

The following methodology was used when surveying balconies:

1) Rough target areas were identified to capture a range of geographic locations

2) Property listing websites were searched to find properties with balconies in
the target areas. The postcode of a property with a balcony was noted as a
candidate survey location, ensuring there should be some balconies within the
area which can be surveyed.

3) The postcode in which the property with balcony was found was surveyed via
Google Street View and satellite images from Google Maps to identify (for
visible balconies) the balconies present and their details and contents.

4) When reviewing the identified balconies in each selected postcode area, the
following information was recorded: approximate balcony width and depth,
building height in storeys, approximate age of the building, whether the
balcony was cantilevered or recessed, and the balcony contents. In addition,
available information on the date the images were captured was recorded.

5) This process was repeated for various urban areas in England.
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Figure C1-1 Urban areas where it was possible to survey balconies using this
method, teal, areas where dwellings with balconies could not be identified or
balconies were not visible using this method, red

The urban areas surveyed as part of this study are shown in Figure C1-1, where a
teal location indicates that following the method outlined above resulted in balconies
that could be surveyed and their contents collected. A red location indicates that by
following the method outlined, no balconies were found for which it was possible to
assess fire load. This does not mean that there were no balconies within that area,
C1-12
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