THE RELATIONSHIP BETWEEN BUILDING DESIGN AND FIRE SPREAD:
HOW THE SHAPE, FORM & FEATURES OF A BUILDING CAN
INFLUENCE THE BEHAVIOUR OF FIRE
By Frances Maria Peacock MCIAT, IHBC, AIFireE, MSFPE, PG Cert., BSc, Dip. HE

Introduction
Background:
1.1 This is a detailed and extended report resulting from my ongoing research into the
relationship between building design and fire spread. Its purpose is to report the findings so
far, and it may be necessary for revised and supplementary versions to be released at a later
date. The first version was in the form of a preliminary draft of forty-three pages which was
submitted to the Grenfell Tower Inquiry in September 2018 (ref. #2562). The initial intention
was for this study to assist the Grenfell Fire investigation, but now the main focus is the
contribution it will make to the long-term safety of high rise building design. It is for this
reason that it is necessary to examine the subject of building shape and form in depth, and as
an issue in its own right.
1.2 This research follows on from my earlier work which took the form of seven reports
(some of which have since been revised) each looking at a slightly different issue associated
with the shape and form of Grenfell Tower. These reports were submitted to the Grenfell
Tower Inquiry at intervals from August 2017 to May 2018 (refs. #1750 to #1750g). A report
on the design of the cladding system was also submitted (November 2018, ref. #2666).
1.3 As my experience is primarily in design, construction, planning and building regulations,
my consideration of fire safety has always been within the context of architectural design; fire
exits, escape routes, fire resistant doors, fire stopping, cavity barriers, compartmentation etc.
This has not generally extended to fire science, and prior to Grenfell, I had never studied any
fire dynamics. Consequently, I have learnt the scientific principles as I have progressed with
my research and I am entirely self-taught. Inevitably, there are inaccuracies within my earlier
reports, although in many cases it can be realised that I am thinking along the right lines, even
if the conclusions I have reached are incorrect. These reports are also testament to the
evolution of my work over the last two years.
1.4 On 1 May 2019 I gave a presentation on my findings so far (Photo i). The talk was
supported by the UK Chapter of the Society of Fire Protection Engineers (SFPE) and hosted by
Hoare Lea of Kings Cross, London. A summary of the presentation and the SFPE flyer were
deposited with the Inquiry (ref. #2779). On 14 June 2019 I gave a further presentation on my
fin
(HMP) as part of the training for

1

The talk was supported by the Institution of Fire Engineers (IFE). Further talks are scheduled
for later this year and early next year at universities, architectural practices and engineering
companies.

Photo i: My presentation at Hoare Lea in London for the SFPE UK Chapter on 1 May 2019. Photo: Karl
Wallasch/SFPE

1.5 In September 2019 I visited Dubai in the United Arab Emirates (UAE) where I gave a
presentation on my work to some fire engineers (Photo ii). These came from several different
companies, including Arup, WSP, RSA, Tenable, and Thomas Bell Wright Associates. The talk
was supported by the UAE Chapter of the SFPE and sponsored by Jensen Hughes, whose
representatives also attended. I also visited some of the buildings featured in this report,
including Tamweel Tower, The Torch and the Sulafa Tower.

Photo ii (below): My presentation at Jensen Hughes in Dubai on 9 September 2019, for the UAE Chapter of
the SFPE. Photo: Jensen Hughes/SFPE
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1.6 When the Grenfell Tower fire happened on 14 June 2017 and I saw the images on the
television news, two things immediately struck me. It seemed to me that the shape and
profile of the building - with its fourteen protruding columns and architectural crown - was
influencing the fire spread. One of the key questions being asked at the time was how the
fire had been able to spread around and engulf the entire block. This seemed to me to be the
reason why. The other key question was how the fire had been able to get into the cladding
system in the first place. Although there were several ways in which this could have
happened, I considered it most likely to be an issue with the window jambs. In other words,
the cladding system was not sufficiently sealed so as to prevent the ingress of fire from near
or around a window. With my knowledge of architectural design and construction, the
answers to these questions seemed obvious.
1.7 Sadly 72 people lost their lives. Others lost relatives, friends and much-loved pets. They
also lost their homes and everything they owned. A warm and close-knit community was
shattered; the lives of those involved would never be the same again. The ironic thing is that
I had always known that many types of cladding materials were flammable, and therefore
would have cautioned their use even on low or medium-rise buildings. It was obvious to me
that they should never have been used on a high-rise building.
1.8 It should nevertheless be realised that although the combustible nature of certain
cladding and insulation materials was known prior to Grenfell, the risk was considered low,
especially if fire protection measures were in place. This was not a view I held, especially as I
was aware of other incidents both in the UK and abroad where combustible external materials
had caught fire. I was also aware of cavity wall fires in low rise buildings where flammable
insulation materials had ignited, allowing the fire to spread through the cavity and affect
other parts of the building far away from the seat of the fire.
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1.9 As I believed that I had answers, I decided to pursue these issues further. Considering the
impact and scale of the tragedy, it was important to establish what had happened and
ultimately work towards making buildings safer. Within a month of the fire my research into
the effect of building shape was underway, and by August I had produced my first report
which I later submitted to the newly established judicial Inquiry.
1.10 This latest report provides answers and helps explain certain things which the Inquiry
has not so far fully addressed. These answers will be important for understanding Grenfell,
but perhaps most importantly for the long-term safety of buildings around the world.

Objectives:
1.11 The purpose of this report is to explore the influence that building shape, geometric form
and architectural features have upon the behaviour of fire, by examining a number of case
studies involving high rise building fires both in the UK and abroad where cladding of a
combustible nature has been a factor. These studies seem to suggest that cladding-based
fires on high rise buildings are very much influenced by shape and form, with the presence of
projections and recesses, as well as architectural features (such as string courses) having a
direct effect upon the behaviour of the flames. This issue is also relevant to high rise buildings
where other combustible materials such as wood are present.
1.12 The significance of this research is its potential and future use in the design of high-rise
buildings. So far there has been no means of predicting how a fire will spread and behave on
the exterior of a building, but this study will enable a set of principles to be established which
can then be applied to all high-rise buildings, meaning that the fire risk of introducing certain
features into a design can be fully assessed before construction even begins. This will enable
a full quantitative and qualitative analysis of the risk to be made. This will be discussed later
in the report.
1.13 If certain forms and features are capable of facilitating the spread of fire, then it may be
wise to eliminate them at the design stage. For this reason we need to encourage
architectural designers to think about external building safety at an early stage. There is a
tendency for this to be overlooked in favour of aesthetics, sustainability, innovation and
energy efficiency, and although these are all important considerations, building safety should
be paramount. For large buildings with a high level of occupancy, external fire spread should
be given as much consideration as internal fire spread. So far the emphasis has always been
on the inside of a building rather than the outside. A building with an interesting and
innovative exterior will be of poor design if it catches fire and people lose their lives.
1.14 If a building is to be clad retrospectively, then it will be a matter of avoiding the use of
cladding on projections and in recesses, unless of course non-combustible (class A1)
materials, or those of limited combustibility (class A2) are to be used. Although a ban on
combustible materials in external walls came into effect in England on 21 December 2018
under the Building (Amendment) Regulations 2018, it does not cover every type of building
or potential use, and there is a risk that flammable materials may continue to be used in other
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countries where a ban does not apply. There are also hundreds of buildings within the UK
still waiting to have combustible cladding removed.
1.15 Another objective is to raise awareness, especially as the issue of shape, form and
features in relation to fire is something which is little recognised or understood within the
building industry. Although plenty of research has been carried out over the years into the
behaviour of fire on edges, and in corners and trenches, there has been little if any attempt
to apply this to the exterior of buildings. This study shall therefore attempt to fill that gap. If
certain shapes and materials are not compatible with each other and present a recognisable
risk, this should be thought about at the design stage, whether it be for new buildings,
retrospective alterations or refurbishments.
1.16 An awareness of the relationship between building design and fire spread will also
benefit firefighting. As this provides a means of being able to predict how a fire will behave
on a façade, firefighters will arrive on the scene better prepared, knowing what to expect and
exactly how best to tackle the fire. It will also be useful when making decisions as to whether
occupants should stay put, or be relocated or evacuated.
1.17 The findings in this report also call into question the type of apparatus used for testing.
At the moment most façade systems and materials are testing using a basic flat wall, with a
secondary
simple, and
consequently it may be possible for a particular material or assembly to achieve satisfactory
results when tested in this way, only to prove very dangerous on a façade of a more complex
design; for example if string courses or columns were present.
1.18 Although the main focus of this research is the direct influence shape, geometric form
and architectural features have upon the behaviour of fire, it should be acknowledged that
all building fires involve a combination of factors which can become very complicated. Apart
from geometry, other factors which may be of relevance include the characteristics of the fire
plume, the design and structure of the cladding system, the materials present in the external
wall, air pressure and movement, the presence of wind and the overall type of construction.
However the objective here is not to examine all these factors in detail, but to only consider
them as far as they relate to the issue of building shape. The exception is air pressure,
movement and wind influence to which I have devoted an entire chapter because the
interaction with building shape is of particular significance.
1.19
at times be used
generically within this report to refer to all features which may
exterior. This report will look at fire behaviour on a wide range of structural and architectural
features such as columns, recesses, string courses, cornices, pilasters, projecting (or recessed)
window/door elements, parapets/crowns, projecting rims, curves and balconies.
1.20 Finally, I have not had access to any laboratory testing facilities for the purposes of this
study, and I have had to rely on my own observation and subsequent analysis of façade fire
behaviour, whilst researching and applying the scientific principles of fire dynamics. In this
sense I have found my experience with historic buildings invaluable, and the unique skill set I
possess has helped me enormously. For example, some changes made to historic buildings
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over the course of their existence can only be determined by careful on-site analysis of the
structure and building fabric. Not everything can be found in a book or online, and I take
pride in producing work from my own original sources and resulting analysis. My work is
entirely self-funded and I do not benefit from any research grant.

About the Author:
1.21 I am a Chartered Architectural Technologist and Fire Engineer based in Northampton. I
am a practitioner in my own right and I am not part of any company. Much of my experience
in architecture relates to historic buildings and I am an accredited conservationist. My
experience in fire safety relates mainly to building design. I have worked on a wide variety of
building types, both historic and modern, and residential and non-residential. The buildings
include country houses, manor houses, cottages, shops, pubs, restaurants, agricultural
buildings, railway buildings, and a variety of standard domestic housing types. I am also an
Architectural Historian and in August 2017 I published an academic book about the history of
a local country house where I used to be a tour guide; A Building History of Delapre Abbey,
Northampton. Details of the book and my professional career, along with examples of my
work can be viewed on my website: www.fmparchitecture.com
1.22 I hold several academic and professional qualifications, and I am a member of seven
professional institutions. My academic qualifications consist of a Diploma of Higher Education
in Law, a Batchelor of Science (Honours) degree in Architectural Technology and a Post
Graduate Certificate in Historic Conservation. I hold several qualifications in fire safety
awareness and management, and I am a qualified Fire Warden. My studies also include IFE
(Institution of Fire Engineers) modules which cover topics such as Fire Investigation. It is my
firm belief that all architectural designers should at least hold some basic qualifications in fire
safety. Only then will they be able to understand the full implications of fire and incorporate
protection measures within their designs.
1.23 Fire safety is not just important to high rise buildings, but to other building types too,
including historic buildings. In recent years there have been several serious fires involving old
buildings which have caused much loss and devastation; Windsor Castle (London, 1992),
Clandon Park House (Surrey, 2015), the Royal Clarence Hotel (Exeter, 2016), the Macintosh
School of Art (Glasgow, 2014 & 2018) and Notre Dame (Paris, 2019) are but a few which spring
to mind. Fire safety should be central to all building design, alteration, restoration and
refurbishment, this being right across the spectrum from basic house extensions to new-build
skyscrapers. Only then can lives be protected and people feel safe in the buildings in which
they live and work. Property is also an important consideration because the loss of a building
means the loss of homes, the loss of a business, the loss of jobs or the loss of a local amenity
such as a school or church. If the building is historic, the loss will involve a piece of our
heritage; an important asset which cannot be replaced.
1.24 Considering now my membership of professional institutions: I am a Chartered Member
of the Chartered Institute of Architectural Technologists (CIAT) and a Full Member of the
Institute of Historic Building Conservation (IHBC). I am also an Affiliate Member of the Royal
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Institute of British Architects (RIBA), a class for which I am eligible as a Chartered Member of
CIAT. With regard to fire engineering, I am a Member of the Society of Fire Protection
Engineers (SFPE) and sit on their Research, Tools & Methods Committee. This Committee has
two sub-committees, one for Research & Innovation, and the other for Codes & Standards
Liaison. I participate in both. I also have Associate Membership (AIFireE) of the Institution of
Fire Engineers (IFE) and am currently working towards obtaining the Member (MIFireE) grade,
for which I have been told I am eligible to apply.
1.25
ignal
Engineers (IRSE). I became an Associate (now renamed Affiliate) of the latter in 1999, the
membership being granted as a result of some research and development work I carried out
into safety systems following the tragic accident at Clapham Junction in 1988. The concept I
developed remains to this day the only basis for a system which would have prevented that
accident. Although I was only an eighteen-year-old
at the time, much
interest was shown in the system, even though it was never adopted. I was also an active
participant in several train crash inquiries around this time, and several years later went on
to chair an informal review into the implementation of the ninety-three recommendations
arising from the judicial inquiry into the accident. This was followed with a progress report
which was circulated within the rail industry.
1.26 I have responded to all Government consultation documents on building safety
including for a ban on combustible materials in external walls resulting from Dame Judith
Project Task Force, for which I am Corresponding Member for Fire. In November 2018, I was
appointed to the International Fire Safety Standards Coalition (IFSS) Standards Setting
Committee (Photo iii). Despite the increasing globalisation of the construction industry, there
is no consistent set of high-level principles for fire safety in the design, construction and
management of buildings.
Differences in testing methods, guidance for building
management and national building regulations, codes and legislation have resulted in
confusion and uncertainty. The objective of the Committee is to create a harmonised set of
principles capable of establishing minimum levels of fire safety across the world.
1.27 Before I settled full-time into my present line of work, I pursued several other career
paths including international election observation and diplomacy. Consequently, I am welltravelled. I spent a lot of time involved with the former Yugoslavia where I witnessed ethnic
tension and the destruction brought about by years of conflict. I worked as an analyst for a
non-governmental organisation in Belgrade, and then as an analyst for a Brussels-based
institution. Eventually I became an internationally recognised expert on the region, having
had several articles and books published containing my work. This led to me advising the
United Nations process to determine the future status of Kosovo from 2005 to 2007. I have
some knowledge of the local languages and can read Cyrillic alphabet.
1.28 At a local level I am
and from 2006 until 2010 I also served as a District Councillor and was on the Planning
Committee for that authority too. I am passionate about heritage in my local area, and I am
a member of Delapre Park Friends
a group which looks after an historic park in
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Northampton. I also maintain the Buildings at Risk register for Northamptonshire on behalf
of SAV
.
1.29 Anyone who has any questions or comments about this report can contact me by email:
fmpdrawings@gmail.com

Photo iii: Members of the International Fire Safety Standards Coalition Standards Setting Committee taken
at the headquarters of the Royal Institute of Chartered Surveyors (RICS) in London on 25 January 2019. I am
on the back row, on the left hand side. Photo: RICS
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2. The Concept of Shape
Shape Layers
2.1 The concept of shape can be broken down into three layers:
- The overall shape of the building
- The geometric form of the building
- The architectural features of the building
These are shown in Diagram 1 below:

Diagram1: The overall shape and geometric form of three of the buildings which form part of this study.
Source: Drawn by the Author, FM Peacock

2.2 The overall shape of a building is relatively simple, and looking at the examples given in
Diagram 1, it can be seen that the Taksim Ilk Yardin hospital is basically a triangle with a semicircle attached. The Olympus Tower and Grenfell Tower are both essentially square.
Therefore, overall shape can be defined as the basic shape of the building without including
projecting geometrical and architectural features.
2.3 The geometric form is concerned with large-scale design features which interrupt the
overall shape of the building. These include the fourteen projecting columns at Grenfell
Tower, and the protruding curves in the centre of each face of the Olympus. With Taksim Ilk
Yardim Hospital, the connection between the triangular and semi-circular parts of the building
forms a deep recess on either side. There are also protruding features of various shapes and
sizes, including rectangles and quarter circles, with curved and angular profiles.
2.4 The layers are sequential, with each becoming less focussed on overall shape and more
focussed on finer details than the last. The final layer in this sequence is that of architectural
features. Rather than forming part of the load-bearing structure, as is the case with geometric
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features such as recesses and projecting columns, these are purely decorative details which
if removed, would have no bearing on the structural integrity of the building. Examples of
architectural features include string courses, cornices, and roof-top elements such as
parapets, crowns and projecting rims. The definition therefore is: Architectural features are
decorative details which contribute to the overall design of a building without affecting to its
structural integrity.
2.5 All layers have the potential to affect fire spread and behaviour in their own right, as well
as in combination with the other layers. Some phenomena will be specific to a particular
layer, whilst others will be the result of a combination of layers; a combination of shapes,
profiles and features. This has been borne in mind when identifying types of fire behaviour
affected by shape, whether it be overall shape, geometric features and/or architectural
features.

Case Studies
2.6 A total of 31 high rise façade fires have been examined for the purposes of this report.
These have been selected according to shape-related influence and the type of fire
phenomena displayed. The main case studies of which there are twenty-two are listed
below, but the full list can be found in Appendix 3 at the end of this report:
Grenfell Tower, London, UK (14 June 2017)
Olympus Tower, Grozny, Chechnya, Russia (3 April 2013)
Taksim Ilk Yardim Hospital, Istanbul, Turkey (5 April 2018)
Krasnoyarsk high rise apartment building, Russia (21 September 2014)
Monte Carlo Casino & Hotel, Las Vegas, USA (25 January 2008)
Shanghai high rise apartment building, China (15 November 2010)
Kaifeng high rise building, China (14 March 2019)
Wooshin Golden Suites, South Korea (1 October 2010)
Knowsley Heights, Liverpool, UK (5 April 1991)
Polat Tower, Istanbul, Turkey (17 July 2012)
Garnock Court, Irvine, Scotland, UK (11 June 1999)
Luoyang high rise building, China (29 May 2019)
Lacrosse Building, Melbourne, Australia (25 November 2014)
Mermoz Tower, Roubaix, France (14 May 2012)
(21 February 2015 & 4 August 2017)
Sulafa Tower, Dubai, UAE (20 July 2016)
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The Address Hotel, Dubai, UAE (31 December 2015)
Tamweel Tower, Dubai, UAE (18 November 2012)
Saif Belhasa, Dubai, UAE (6 October 2012)
Al Bandary Tower B, Sharjah, UAE (1 December 2016)
Nasser Tower, Sharjah, UAE (1 October 2015)
Al Baker Tower 4, Sharjah, UAE (18 January 2012)

2.7 The Grenfell Tower fire is of course the prime case study and sits at the top of the list.
Below that is the Olympus Tower. The behaviour of the fire at this building most closely
resembles that which occurred at Grenfell, although in this case no-one died because the fire
did not re-enter the building as it did at Grenfell. The rest are arranged in chronological
groups, either to reflect building characteristics and the type of fire behaviour observed, or
according to location, as is the case with those fires which occurred in Dubai and Sharjah.
2.8 Taksim Ilk Yardim, Krasnoyarsk and the Monte Carlo Hotel, are grouped together because
they were all affected by fire in the upper part of the building. The high rise in Shanghai is in
a category of its own because that fire was affected by scaffolding which surrounded the
building. The next three on the list Kaifeng, Wooshin Golden Suites and Knowsley Heights
were all affected by a fire occurring in a deep recess on the building face. Polat Tower and
The
building at Luoyang in China has a curved face and makes is therefore useful to compare with
the Olympus Tower and Taksim Ilk Yardim hospital where curved sections of façade were also
involved in the fire. Finally, the Larcrosse and the Mermoz Tower were simply affected by
rapid upward fire spread on the façade, which was influenced by features on the building face
with no other distinguishing characteristics.
2.9 It can be difficult to identify and verify the location of a building unless great care is taken
or a visit to the building can be made. There is a lot of inaccurate information around,
especially on the internet and in certain sectors of the media. A search on Google will often
reveal images or videos incorrectly labelled for example the Olympus Tower as being in
Dubai rather than Grozny and one needs to be a aware of this. Such videos and images are
created by people with limited knowledge and are often used by amateur journalists who
obtain a photo of a burning building from a secondary source, without checking first that it is
the correct one.
2.10 In order to verify the identity and location of a particular high rise building, it will be
necessary to use satellite images, maps and co-ordinates. I have done this for every building
on my list, and the data is recorded in the Supplemental Information attached to this report.
It is a standard procedure used for the verification of historic buildings. If possible, Google
Street view should also be used, especially if it an actual visit to the building is not possible.
This will allow a virtual drive past or walk past, to provide further verification and allow the
lower levels of the building to be examined in detail. Other sources which are useful include
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databases of high rise buildings such as Emporis and the Skyscraper Page. Media reports from
reputable news agencies such as the BBC, Gulf News, Russia Today, CNN and Reuters can
provide useful information, but smaller news agencies especially those found aboard
should be avoided. Professional journals relating to fire, engineering, construction and
architecture are also good sources. It may also be possible to obtain architectural drawings
of a building in some cases, which is obviously a bonus.

Shape-related Fire Phenomena
2.11 Shape can influence the way in which fire spreads upwards. As well as the obvious rapid
vertical spread, the front can become inclined and the fire will spread upwards at an angle.
This is associated with curves on a building face and the reason for this phenomenon will be
explained later. If projecting features are present on a building façade, they will influence the
behaviour of the fire, which will tend to concentrate itself on the projections.
2.12 Shape can also influence the way in which fire spreads downwards. Downward fire
spread on a building with hydrocarbon-based cladding materials will be rather different in
nature to fire which spreads upwards, most obviously due to the fact that such materials melt,
drip and flow. It is primarily the dripping and flowing of molten material which causes a fire
to spread downwards; the molten material carries the fire with it. This can occur on flat
sections of a building face, and is relatively straightforward. However, when geometric and
architectural features are involved, the situation becomes more complicated.
2.13 If projecting features are present, the downward spreading fire will tend to cling to them,
as would be the case with upward fire spread. However, if a roof-top feature such as a
parapet, crown or projecting rim is involved, the origin of the downward fire spread is then
at the top of the building and the front may become inclined as the flames spread downwards
and around the building. If a projection such as a column is encountered, then the diagonal
appearance of the front will be interrupted as the flames concentrate themselves on the
feature and the angle of inclination reduces as the fire starts to follow the line of the column.
2.14 Shape can also have an effect upon fire spread in a horizontal direction. Horizontal fire
spread can be very slow as it is opposed to the general flow of air into the flames, and without
a shape influence, makes little progress and can burn itself out. However, if the building face
is contoured, the progression will be enhanced as the flames start to follow the line of the
contours. Sometimes cladding is arranged on a building so that the panels are not flush with
each other in order to create a decorative effect. For the same reason, some designs of
cladding panel are not flat; for example they may be ribbed, and therefore the potential exists
for the profile to influence the behaviour of fire. This will give rise to a contoured surface
which will increase the rate of flame spread in all directions.
2.15 If horizontally orientated features such as string courses are present, the fire will tend to
concentrate itself upon these and the rate of flame spread will increase. These can enable a
fire to spread horizontally across a building face when it may otherwise have burned itself
out. It also makes it easier for the fire to spread from one face to another. This however,
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tends to occur further down a building face; in other words not at the very top, and at
locations which are less exposed. If a horizontally orientated feature at the top of the building
is involved such as a parapet, crown or projecting rim the fire behaviour will be affected
by the more exposed location. This too will encourage the fire to spread to other parts of the
building.
2.16 Another aspect associated with fire spread in a horizontal direction is that of rotation.
This is the term used to refer to the action of the fire travelling around the corner of a building.
The flames tend to curl around the corner and the effect is associated with projecting
features, being further enhanced by the presence of wind.
2.17 If the overall shape of the building is interrupted by a deep recess, or geometrical
features are arranged in such a way that they
become an issue if fire enters (or starts within) the recess. The recess will then act as a
vertically orientated trench which draws the flames rapidly upwards. Once the fire is well
established within the recess, cross radiation between the two walls (sides of the trench) can
occur, thus intensifying the fire further.
2.18 The presence of corners on geometric and architectural features will have an influence
on the behaviour and spread of fire. An extruded corner forms an edge along which fire can
spread. If a corner is introverted, the fire will tend to concentrate itself within the vertex at
the point where the feature meets the building face. This effect can even occur next to a
vertical line of balconies which form a vertex at the point where they join with the building
face. The result will be an increase in flame spread in an upward direction, although the
opportunity for horizontal spread will be reduced.
2.19 If an architectural feature such as a string course extends into an introverted corner, it
will affect the fire by enabling the flames to enter the vertex from other parts of the building
face when they may not otherwise have reached it. In such a situation the fire will spread
along the string course, and when it reaches the vertex, confine itself within it and spread
rapidly upwards.
2.20 Wind can interact with the shape and features of a building to influence the behaviour
and spread of fire. For example, flames concentrated within a vertex can be blown away from
the introverted corner, thus interfering with the natural upward progression of the fire and
encouraging spread in a horizontal direction. The wind can also blow the flames around an
extruded corner, thus aiding rotational fire spread. The effects of wind, shape and fire will be
considered in detail in Chapter 8 of this report.
2.21 Exposure and constraint of the flames, as well as surface area, also relate to building
shape and can have an impact upon fire behaviour. This is a reason why roof-top and
perimeter features at the top of the building burn more intensely than those lower down. If
a particular feature has an increased surface area, that will also lead to an intensification of
the fire. For example the slatted crown at the top of Grenfell Tower had an increased surface
area due to the slats and it was in an exposed location.
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2.22 A fire will spread randomly in opposing directions if there is nothing to constrain the
flames. This will be observed on blank faces of a building devoid of features such as columns
and balconies which would otherwise have concentrated the flames and controlled the way
in which they spread.
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3. Upward Fire Spread
3.1 Listed below are the forms of fire spread which can occur in an upward direction, each
with its own definition:
Upward vertical fire spread: The rapid spread of fire up tall uninterrupted vertical
bands of cladding or some other flammable material on the building façade;
Feature influenced upward fire spread: The tendency for the fire to concentrate itself
on a vertically orientated projecting feature; this will enhance the rate of flame spread;
Corner Influenced: The extension of flame height which occurs when the fire becomes
confined to an introverted corner (vertex) on a building face;
The Trench Effect: Occurs in recesses where the fire becomes confined and increases
in intensity as the recess acts as a vertical trench;
Upward fire spread with an inclined front: Caused by curves on a building face
distorting the fire front;

The Influence of Projecting Features
3.2 There can be no doubt that projecting features have an effect upon the behaviour and
spread of fire on a building façade. This can take two forms; firstly a projecting feature can
encourage the fire to become confined to the vertex at the point where it meets with the
building face, and secondly the fire will tend to cling to the feature itself.
3.3 The two examples below illustrate the tendency for fire to cling to projecting features. At
the Monte Carlo Casino & Hotel in Las Vegas (Photo 1), the flames are concentrated on a pair
of protruding pilasters, which are encouraging the fire to spread rapidly upwards. In the next
photo (Photo 2), the east face of Grenfell Tower can be seen with two flaming columns on
which the fire is focussed. The concentration of the flames will tend to contain the fire and
limit the opportunity for lateral spread to other parts of the building face.
3.4 It would seem that the profile of a projecting feature has limited influence upon the
tendency for the fire to cling to it. In other words, it is the fact that the feature protrudes
from the building face which is most significant, rather than its shape. For example the
pilasters at the Monte Carlo Hotel have a flat front and are essentially rectangular in profile,
whereas the columns at Grenfell are triangular with a pointed central edge. Both are
concentrating the flames which are spreading rapidly upwards in a vertical direction.
3.5 It is now necessary to consider why the fire behaves in this way. Flames spread more
rapidly when they are confined or concentrated because this enables greater heating of the
fuel ahead of the flame front. The fact that features project from the building face gives the
flames a high level of exposure and an increased supply of oxygen, both of which encourage
rapid flame spread. The resulting rapid upward progression of the flames will prevent lateral
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spread from occurring. If this was to occur as well, the rate of upward spread would be slowed
in proportion to the rate of lateral spread.

Photo 1: The upper floors and parapet of the Monte Carlo Casino & Hotel in Las Vegas are affected by fire.
The flames are spreading from a projecting string course up a pair of pilasters without affecting any other part
of the main building face. The pilasters are encouraging the upward spread of fire whilst restricting lateral
spread. Photo: Reuters/Jerry Gallegos/IIA Photography

Photo 2: The east face of Grenfell Tower where the fire started. Two of the projecting columns are engulfed
in flames which are spreading rapidly upwards with little in the way of lateral spread. Source:
www.newsexplored.co.uk

19

Vertical Spread
3.6 It has been surprisingly difficult to find an example of a fire which has spread vertically up
a section of combustible material without the influence of an adjacent feature or the
constraint of a section of glazing. On buildings where geometric and architectural features
are absent (ie. A blank section of building face), the flames have spread randomly in opposing
directions rather than simply upwards (Photos 3a, 3b & 4). Despite the highly flammable
nature of the materials and the speed at which the flames can spread, rapid upward
progression in a vertical direction, it seems, rarely occurs in its own right.
3.7 The examples shown below are probably the closest we will get to seeing upward vertical
(Photo 5), but close to
the upward spreading flames is a line of vertically arranged balconies. The other photographs
show the Polat Tower in Istanbul (Photos 6a & 6b), both during the blaze and afterwards,
where the burn pattern is visible. Although the fire clearly spread vertically upwards in this
case, it was restricted by the presence of extensive sections of glazing on either side.
3.8 It would appear that when a fire starts on a building façade, the flames have a preference
to become established within a vertex rather than a more exposed location further out. This
is because the vertex has the effect of intensifying the fire. It is known that when fire is
confined within a corner the flames will extend in height as they seek to obtain more oxygen.
The concentration of the flames then enables greater heating of the material ahead of the
pyrolysis zone, and the fire spread increases. This explains why upward flame spread is more
extensive if the fire is close to a vertically orientated geometric or architectural feature.
Indeed, flaming on a blank building face is often weaker.
3.9 Without anything to constrain the flames, less heating of the material ahead of the
pyrolysis zone takes place, and despite the increased amount of oxygen available on a blank
building face, the flaming is less intense and fire spread is slower. Without constraint, a
certain amount of lateral fire spread can occur, thus slowing the upward progression even
further.
3.10 Therefore, comparing the behaviour of upward spreading fire in a vertex with that on a
blank building face, the following conclusions can be drawn:
Vertex: constraint of flames, reduced oxygen, greater heating ahead of pyrolysis zone; results
in intense flaming, rapid upward progression, little or no lateral spread;
Blank building face: No constraint of flames, increased oxygen, less heating ahead of pyrolysis
zone; results in weaker flaming, slower upward progression, some lateral spread;
It would be expected that the flaming on the blank building face would be greater in speed
and intensity than that in the vertex where less oxygen is available, but the observations have
shown that this is not the case. Constraint is therefore the most significant factor in the
intensity and development of the fire.
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Photo 3a: The Nasser Tower in Sharjah showing upward fire spread on a blank section of the building face
where there is nothing to constrain the flames. The movement of the flames is random and not vertical,
although the general direction is upwards

Photo 3b: A close-up view of the fire spread on a blank section of building face at the Nasser Tower. The
flaming is generally weak, especially when compared to that which occurs in a vertex (see Photos 5 and 7).
Although there is a narrow band of glazing on this part of the tower, the blank sections of building face are
sufficiently wide so as to allow uncontrolled movement of the flames. The glazing nevertheless acts as a
barrier to prevent the fire spreading to the rest of the building face. Source: www.khaljeetimes.com Photo:
M. Sajjad
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Photo 4: The burn pattern at the rear of Al Baker Tower 4 in Sharjah. This is essentially a flat building face
where shows evidence of unconstrained flaming. Source: www.gulfnews.com

Photo 5: The Sulafa Tower in Dubai; the fire is spreading upwards in a vertical direction, but the flames are
constrained to an extent by the adjacent balconies. This is happening despite there being breaks between
the balconies. The height of the flames is also greater closer to the balcony line. Photo: Reuters
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Photos 6a & 6b: The Polat Tower in Istanbul, both during and after the blaze. It can be seen that the fire
spread vertically up the uninterrupted band of cladding, but the flames were again subject to constraint by
the glazed sections on either side. If the band of uninterrupted cladding is sufficiently narrow, it will have the
effect of concentrating the flames which will intensify the fire, although the effect is less pronounced than if
it occurred in a vertex

Photo 7: The Olympus Tower in Grozny where intense upward vertical flaming can be seen. The central
section of each face protrudes from the façade, producing an introverted corner where the flames can become
concentrated (see Diagram 1). Source: www.compositesandarchitecture.com
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Recesses
3.11 In order to understand how recesses on a building face may influence the behaviour of
for it to occur.
3.12 The Trench Effect was first identified during investigations into the Kings Cross escalator
fire (London Underground), which occurred on 18 November 1987. Subsequent experimental
research has shown that four factors are required for the Trench Effect to occur, and these
are as follows:
-

The incline of the trench;
The size and geometric profile of the trench;
The properties of the materials lining the trench;
The source of ignition;

3.13 These factors are interrelated. The Trench Effect occurs at inclination angles in excess
of 20°, but the critical angle necessary (when the hot gases are fully contained within the
trench and do not rise vertically from it) varies because it is determined by the size and
geometric profile of the trench. It would seem that the smaller the profile of the trench is,
the higher the critical angle necessary for the Trench Effect to occur. The tests were carried
out using two sizes of trench; a larger trench 2438mm long, 276mm wide and 276mm high,
and a smaller trench 2438mm long, 92mm wide and 92mm high. It was found that the critical
angle for the Trench Effect to occur in the larger trench was 21°, but in the smaller trench, it
was 26°.
3.14 More specifically, it is necessary to consider the depth of the trench, which is defined by
the height of the side walls. Although in the experiments the flames remained attached to
the floor of the trench when the height of the walls was reduced, and remained so even when
the walls were taken away altogether, the rate of flame spread slowed. This is because cooler
air from the surroundings could be entrained into the flames. The buoyant gasses were also
able to lift out of the trench, and were thus not fully contained.
3.15 It was found that heat release rate had no influence upon the Trench Effect, although
the rapid fire spread which occurs is due to heating of the material ahead of the pyrolysis
zone, which is increased by the buoyant gasses being confined within the trench.
3.16 Although the focus has been on escalators, it is possible for the Trench Effect to occur
on buildings too, and therefore the principles outlined above will be applicable to the exterior
of a building if a recess is present. As mentioned in Paragraph 2.17, a recess (trench) on a
building can be formed in two ways. This can be part of the overall design of the building, or
it can be formed by geometric and architectural features which protrude from the building
face in close proximity to each other. Examples of buildings where trench influenced fires
have occurred include Knowsley Heights in Liverpool, the Taksim Ilk Yardim Hospital in
Istanbul and the high rise building in Kaifeng, China.
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3.17 Considering these factors now in the context of buildings: On high rise buildings, the
trench is usually at 90° to the horizontal and is therefore vertical, meaning that the upward
flame spread and containment of hot gasses are maximised. At such a steep angle, it is
possible that the gasses may remain within the trench, even if the walls are of a reduced
height.
3.18 The next thing which needs to be considered is the angle of the walls in relation to the
floor of the trench. It is plausible to assume that if the walls of the trench are set at an obtuse
angle to the base, it will allow entrainment to take place and provide the buoyant gasses with
an opportunity to escape. Therefore a steep angle will be required for the gasses to be
contained and for the Trench Effect to occur.
3.19 The properties of the materials lining the trench need to be combustible and extend the
full width of the trench for the effect to successfully occur. If a recess on a building face is
fully clad with combustible material, it provides the ideal conditions for the trench effect to
occur, especially if the trench is deep with high sides.
3.20 Applying these principles now to the examples stated in Paragraph 3.16:
3.21 Knowsley Heights (Photo 8) consists of two twin eleven-storey tower blocks, which are
almost identical save for the fact that the fenestration differs slightly between the two
buildings, and Block 2 has balconies, whereas Block 1 does not. The fire, which affected the
recess on the west side of Block 1, began when rubbish piled up outside the building was
deliberately set alight. The fire was able to enter the cladding system via a 90mm gap
between the panels and a concrete wall, and once inside the system, the flames spread
rapidly upwards due to a lack of cavity barriers, despite the cladding being made of material
with limited combustibility. In this case the fire was concentrated in a recess, and was
contained by a wing wall on one side (set at ninety degrees to the building face), and a cladded
column on the other. The column had inclined sides, set at an obtuse angle to the building
face. The cladding on both blocks was removed after the fire.
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Photo 8: Knowsley Heights showing the extent of the fire damage from which it is evident that there was
intense upward fire spread within the recess, with little damage elsewhere. Photo: Liverpool Echo

3.22 In the above photo it can be seen that there is damage to the cladding on the wing wall,
and damage to the cladding on the column, across which it has started to spread. The damage
to the building face indicates that the fire extended the full width of the trench.
3.23 The fire was clearly contained by the wing wall on the left side of the trench, which with
the steep angle, combustible material and high side, created ideal conditions for the Trench
Effect to occur. However on the other side of the trench the situation is slightly different.
Delamination of the panels has occurred, and there is also evidence of the fire not being fully
contained within the trench (on this side). The obtuse angle of the column in relation to the
building face has enabled some of the buoyant hot gasses to escape, and entrainment of
cooler air to take place. Nevertheless, the flames themselves clearly spread rapidly upwards,
their concentration within the trench and the containment of at least some of the hot gasses
heating the material ahead of the pyrolysis zone.
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3.24 It is worth mentioning here that a wing wall is always included in cladding tests to assess
the impact of building geometry upon the behaviour of the fire. As many buildings have some
irregularity to their shape, a test without a wing wall would only be applicable to those
buildings with a flat face. Nevertheless, this method of testing is far too basic and cannot take
into account all the issues which may arise as a result of building shape. The issue is a very
complex one and difficult to assess in test conditions.
3.25 The next example is the Taksim Ilk Yardim Hospital (Photos 9-14) where the trench
formed part of the overall shape of the building, rather than being created by geometric or
architectural features. By comparison, at Knowsley Heights the trench was formed by a wing
wall (which is part of the overall shape of the building) and a column, which is a geometrical
feature.
3.26 Taksim Ilk Yardim Hospital is a strange shaped building comprising a triangle and a semicircle with a connection between them, enabling a deep recess to be formed on either side
(see Diagram 2 and Photos 11 & 13). The semi-circular part of the building is also much taller
than the triangular part. It is believed that the fire started on the roof of the building and
spread downwards, causing the flames to become established in the cladding on the façade.
3.27 It should be noted that the prime mechanisms involved downward and horizontal fire
spread which will be discussed in greater detail in Chapters 4 and 5. For the purposed of this
chapter, it is the resulting trench influence as a consequence of the overall building shape
which is of concern.
3.28 The procedure for the spread and development of this fire is as follows:
- The fire starts on the roof of the semi-circular part of the building, near a projecting
geometric feature which is a quarter circle in profile (see Diagram 2 and Photo 9);
- The filler in the cladding panels melts, then drips and flows down the face of the building
taking the fire with it. Fires then start at lower levels and spread upwards (Photo 9);
- There is a vertex at the point where the geometric feature meets the building face. This
confines the flames, but intensifies the fire (Diagram 2 and Photo 10);
- The main fire spread is however via the edge of the roof. The fire moves horizontally along
this edge, causing the melting, dripping and flowing of all unburnt cladding material it
encounters. This causes the fire to spread horizontally across the building face (see Chapters
4 & 5 for more on this fire mechanism);
- The fire reaches the connecting section between the two parts of the building (the triangle
and the semi-circle), and starts to spread along its roof edge (Diagram 2 and Photo 11). It is
this connection forms the floor of the vertical trench. The dripping and flowing of molten
material starts a fire within the trench;
- The conditions for the Trench Effect are ideal. The trench is at the maximum angle (90°), it
has deep sides (formed from the wall of the triangular part of the building and the wall of the
semi-circular part of the building), and the fuel (combustible cladding) extends the full width;
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- The fire then spreads to the other part of the building (the triangle) via the roof edge of the
connection, but also possibly due to cross-radiation between both sides of the trench (recess);
- Meanwhile, the fire has also spread in the other direction, and has gone around the
geometrical projection adjacent to the point where it started. Considering that the fire was
previously confined within the vertex at this location, it would be difficult for it to spread
around the projection unless another factor was involved, capable of providing it with a
means for it to do so. The edge of the roof is in an exposed position, and with nothing to
constrain the flames, they were free to move in both directions (see Chapters 5 & 7).

Diagram 2: Plan view of Taksim Ilk Yardim Hospital showing the layout of the vertical trench formed by a
deep recess resulting of the design and overall shape of the building. Source: Drawn by the Author, FM
Peacock
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Photo 9: The origin of the fire and its subsequent spread are apparent in this photograph. The fire began on
the roof close to the projection near the corner of the building. Molten cladding material dripped and flowed
down the building face starting fires at lower levels, which then spread upwards. Source: www.klix.ba

Photo 10: There is now extensive fire spread down the façade and on the right-hand side, the flames are being
contained by the projection. Photo: Reuters
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Photo 11: A view into the recess showing the aftermath of the fire within the trench: The damage to the façade
of the building is extensive and many of the cladding panels have been fully consumed, leaving only the metal
support structure. The floor of the trench (connection) with its side walls is fully visible. Source:
www.blogsci.com.br

Photo 12: The hospital viewed from above; it is a triangular building with a semi-circular attachment, and an
abundance of recesses and projections. The fire affected the recess between both parts of the building on the
left side. There is blackening of the roof around this area, around which the fire spread.
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Photo 13: A view of the hospital before the fire, where the full extent of its unusual shape can be appreciated.
The connection between the semi-circular and triangular parts of the building can be seen at the end of the
deep recess which it form. This elevation is almost a mirror image of the one where the fire occurred.

Photo 14: The same view, but seen from further back, showing the geometric profile of the rear elevation of
the semi-circular part of the building
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Photos 15a-15d: These images show the development of a fire in a deep recess on a high rise building in
Kaifeng, China. Two vertical rows of balconies form a trench between them, within which the fire has
developed and spread.
Source: Stills taken by the Author from the following video
https://t.co/XaY3Z7xjWv?amp=1
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3.29 At Kaifeng in the photos above, the situation is as follows: The vertical trench is able to
confine the flames and contain the hot gasses, which heat the material ahead of the fire. This
enables the flames to spread upwards with increased speed and intensity, reaching the top
floor of the 17-storey building in just over two minutes. The flames attach to the back of the
recess (floor of the trench) as the fire progresses. However, when the fire reaches the top of
the recess, the flames vent out of the end of the trench and ignite the edge of the roof (Photo
15d).
3.30 There is another effect relevant to recesses, and this is the External Stack Effect. It is
similar to the trench effect, but the mechanisms necessary for it to occur are slightly different
because it is wind dependent. This will be considered fully in Chapter 8.

The Effect of Curves
3.31 Curves on a building face can be found in a variety of forms. They can be present as part
of the overall shape of the building or as a geometric feature. Curves are either convex or
concave and can be vertically orientated or horizontally orientated. They can be very
pronounced, or can be slight and gently sweeping. All of these characteristics are capable of
affecting fire spread and having an influence on the way in which the fire behaves.
3.32 The most significant factor is orientation, as it has been shown that fire will behave very
differently on horizontally orientated curves compared to those which are vertically
orientated. Other factors which affect the behaviour, in addition to those in paragraph 3.31
above, are constraint (ie. Whether or not the flames are restricted by the presence of
architectural features or sections of glazing) and exposure.
3.33 There have not been many fires involving curves, but those which have occurred have
all shown similar types of flame behaviour. For the purposes of this report, the following
building fires will be examined: Olympus Tower, Russia (vertically orientated convex curve),
Taksim Ilk Yardim Hospital, Turkey (vertically orientated convex curve) and a fire which
occurred in an unnamed high rise building in Luoyang, China (horizontally orientated convex
curve). Unfortunately, I have not yet been able to find any examples of fires involving concave
curves, neither horizontally nor vertically orientated. It will therefore be necessary to
speculate, by applying the principles I have established, how a fire might behave if it involved
a concave curve.
3.34 Vertically orientated curves and horizontally oriented curves shall be analysed
separately, because the effect of the orientation on the flames is so great and the behaviour
so different, that they cannot be considered together. Where vertical curves are concerned,
the most significant observation is the tendency for the flame front becomes inclined as the
fire spreads upwards on the curved surface. There are several specific principles which govern
this, but it is worth stating that it should not to be confused with the inclination which can
occur as a result of downward fire spread such as that which occurred at Grenfell Tower.
This will be discussed in the next chapter and involves an entirely different fire mechanism.
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3.35 As the fire progresses up a vertically orientated curve, the flames have a tendency to
follow the line of the curvature and fire front becomes distorted as a difference in speed
develops between the upper and lower levels. The flames on the upper levels of the building
start to move faster than those at lower levels, causing a distortion of the fire front. This
causes the fire front to become diagonally inclined.
3.36 The curvature and consequent distortion will allow some horizontal spread to occur
simultaneously, although the rate of vertical spread as opposed to horizontal spread will
always be greater. The resulting diagonal inclination is therefore horizontal and vertical fire
spread occurring simultaneously, caused by a differentiation in flame speed between the
upper and lower levels of the building.
3.37 This is very similar to the behaviour of flames on flat sections of a blank building face
(see pages 17 & 18), such as at Nasser Tower. Here the lack of constraint by geometric and
architectural features allowed some lateral spread to occur at the same time as the upward
spread, thus the flaming became random and inclined fronts appeared, even though the
general direction was upwards. Although a similar principle is involved, the cause of the
horizontal spread is different, being the result of the presence of a curve, rather than a lack
of constraint as on a flat building face.
3.38 In both situations, the rate of lateral spread will proportionately slow the rate of upward
spread because it will reduce the intensity of the fire, which will in turn lead to less heating of
the material ahead of the pyrolysis zone. Indeed, at the Olympus Tower it was observed that
the rate of upward fire spread across the curve was much slower than on flat sections of
building face elsewhere, where the upward spread was vertical. This was especially so in
places where there were introverted corners.
3.39 It is the extent of the lateral spread in relation to the upward spread which determines
the angle of deflection. The greater the amount of horizontal spread in relation to upward
spread, the greater the inclination angle will be.
3.40 There will be a critical difference in speed between the flames at the upper and lower
levels at which the fire front becomes diagonally inclined. This numerical factor is currently
unknown. The vertical and horizontal fire spread must also be of a critical proportion in
relation to each other for the inclination to occur. Again this factor is unknown. There will
then be a crucial relationship between both of these factors, which is also unknown.
Experimentation and mathematical calculation will therefore be necessary to determine
these figures.
3.41 The two examples examined here each have a different degree of curvature. At the
Olympus, the curve is slight (Photo 16). It is gentle, broad and sweeping. However, at Taksim
Ilk Yardim, the curve is very pronounced (Photo 17). This affects the fire behaviour, and it
seems that the more pronounced the curve is, the greater the angle of inclination will be. The
reason for this is that a more pronounced curve will cause a greater difference in speed
between upper and lower levels than a more gentle curve will.
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Photo 16: The west face of the Olympus Tower viewed from the south-west corner showing a diagonal
ribbon of flame progressing across the curved section of the building face. The angle of inclination is 5°.
Source: www.News.nationalpost.com

Photo 17: The projecting curved geometric feature (quarter circle in profile) is being affected by the fire. There
is a ring of fire formed from two flame fronts which meet each other at the top. This is the most pronounced
part of the curve (see Diagram 2 and Photos 10 & 12) and the resulting effect on the fire front is apparent.
The angle of inclination around the curve is 50°. Note how the fire front on the left side of the ring adopts a
more vertical position on the flat part of the projection, whilst being inclined around the curve. The other fire
front (on the right side of the ring) becomes more vertical as it starts to enter the vertex.
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3.42 Based on the above principles; if a fire was to occur on a vertically orientated concave
curve it can be assumed that the fire would follow the curvature of the façade, which would
then lead to a distortion of the fire front as a difference in speed between upper and lower
levels developed. As mentioned previously, there are no known examples of fires on concave
curves, but it can be expected that the behaviour would be very much like that for vertically
orientated convex curves.
3.43 There is however one difference. As the flames and hot gasses would be confined within
the concave profile of the curve, there would be a trench influence because the confinement
would lead to an increased heating of the material ahead of the pyrolysis zone which would
intensify the fire (see Pages 21 & 22 above). This means that a concave curve has the
potential to encourage rapid fire spread, rather than slow it down as would be the case with
a convex curve (see Paragraph 3.38).
3.44 Turning now to horizontally orientated curves; here again there are no examples of fires
affecting concave curves, and therefore it will be necessary to predict the fire behaviour based
on principles established within this report. Beginning first with convex curves for which there
is a very good example of a fire, it can be observed that there is no distortion of the fire front
or difference in speed between upper and lower levels of the building, although the fire will
tend to follow the curvature of the façade. If the fire starts at the lower end of the curve, it
will follow its profile until it reaches a point approximately one third of the way across, where
the flames then start to lift away from the building face. As the fire progresses further across
the curve, the flames lift further until they are vertical. This greatly reduces the area of
material ahead of the flame front which is being heated, and the fire spread slows.
3.45 If the flames then encounter a flat section of building face after they have passed over
the curve, they will then once again flatten out against the façade and spread vertically
upwards in the usual way.
3.46 The example below is a fire which occurred in an unnamed building at Luoyang in China
(Photos 18a 18i). The photos are stills taken at one second intervals from mobile phone
footage which was obtained from Twitter. There is however a three-second gap (between
the images taken at seven seconds and ten seconds) where the camera was turned away from
the fire in order to film the crowd of bystanders. This is the only available footage of the fire.

Photo 18:
a)
b)
c)
d)
e)
f)
g)
h)
i)

Taken one second after filming began;
Two seconds after filming began;
Three seconds;
Four seconds;
Five seconds;
Six seconds;
Seven seconds;
Ten seconds;
Eleven seconds;
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3.47 The fire is confined to a narrow band of cladding and constrained by rows of windows
on both sides. If the band of cladding was wider, then there would be less concentration of
the fames and there would be the potential for some horizontal fire spread to develop which
would affect the upward progression of the flames.
3.48 Considering now what would happen if the fire was to occur on a horizontally orientated
concave curve; the flames would most likely follow the line of curvature with the potential
for distortion of the fire front, especially if there was nothing to constrain the flames. The
depth of the curve would also have an influence.
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4. Downward Fire Spread
4.1 Listed below are the forms of fire spread which can occur in an downward direction, each
with its own definition:
Downward vertical fire spread: The downward spread of fire affecting continuous
bands of cladding due to the flowing and dripping of molten burning material. This
does not involve projecting features;
Downward fire spread with an inclined front: Initiated by fire spreading along a
horizontally orientated feature, at the top of a building;
Feature influenced downward fire spread: The tendency for the fire to concentrate
itself on a vertically orientated projecting feature; this will interrupt the diagonal
pattern if the fire is spreading with an inclined front;
4.2 In its pure form, downward vertical fire spread occurs in the absence of projecting
geometric and architectural features and relies simply on the flowing and dripping of molten
material. As the material flows and drips down the building face, it carries the fire with it.
This is particularly encouraged by the presence of uninterrupted bands of vertical cladding
(Photos 19a, 19b & 20).

Photos 19a & 19b: Tamweel Tower in Dubai is
being affected by downward spreading fire (left)
along vertical bands of cladding. The resulting
burn pattern (right) is indicative of downward
spread. Source: www.emirates247.com
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Photo 20: The burn pattern on the west face of the Olympus Tower showing evidence of downward fire spread
in a vertical direction along the uninterrupted bands of cladding. On the protruding curved section in the
middle, there is evidence of a fire which started at lower levels, spreading upwards with an inclined front
which became distorted by the curve. Source: www.bashny.net Photo: www.supercoolpics.com

4.3 If a feature such as a column or pilaster is present, the fire will tend to concentrate itself
upon it and the downward spread will intensify, as is the case with upward fire spread.
Whether a fire is spreading upwards or downwards, it will always cling to and follow the line
of projecting features on the building face.
4.4 Feature influenced downward fire spread was observed at Grenfell Tower. Professor
Bisby remarked in his report that the rate of fire spread accelerated over the columns. The
reason for this behaviour is the tendency for fire to cling to and follow the line of projecting
features, as explained in the paragraph above. The concentration of the flames leads to
increased heating of the material ahead of the fire front and the fire spread accelerates.
4.5 At Grenfell it was also observed by Professor Bisby that the angle of inclination the fire
in this case was spreading downwards with an inclined front was reduced on the columns.
The presence of projecting features such as columns will interrupt the diagonally orientated
front because the fire will start to follow the line of the projection, thus reducing the angle of
inclination. In this case the inclination of the fire front was consistently at an angle of 20
degrees as it spread across the spandrels, reducing to 10 degrees or less whenever a column
was encountered.
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Downward Fire Spread with an Inclined Front
4.6 This is essentially the product of fire spread which occurs at a high level on a building,
typically involving a roof top feature such as a parapet, crown or projecting rim. One of the

fact occurred on several other buildings, one of which was the Olympus Tower.
4.7 At the Olympus Tower there was a projecting rim around the top of the building. Once
the flames began to affect this, the fire intensified and began to travel horizontally around
the rim from which it spread downwards (Photo 21a). As the cladding material on the rim
melted, it dripped and flowed down the building face, taking the fire with it. The fire then
developed an inclined front as horizontal spread began to occur simultaneously, resulting in
differences in speed between the upper and lower levels of the flame front (Photo 21b).

Photo 21a (left): The flames have caught the projecting rim around the top of the tower from which the fire
is spreading downwards. Like at Grenfell where the fire increased in intensity when it ignited the crown, the
fire has increased in intensity at the Olympus now it has affected the rim.
Photo 21b (right): The fire is now spreading downwards with an inclined front. The angle of inclination is 15°.
One could almost be forgiven for thinking that this building is Grenfell Tower, such is the similarity in fire
behaviour. This photographs should be compared with Photos 23a and 23b below which show the north face
of Grenfell Tower.

4.8 There are several factors which can create the right conditions for the fire front to become
inclined when the flames are spreading in a downward direction, but fundamentally the
opportunity for horizontal spread to occur at the same time as vertical spread must be present.
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4.9 At Grenfell there was an established pattern of fire spread, involving both horizontal and
downward flame spread. Taking the north face as an example; as the fire front encountered
Column A4 - the first of the three intermediate columns on this side of the building it
developed a steeper inclination angle as the flames began to follow the line of the column.
This caused an increase in the rate of vertical spread and consequently a reduction in the rate
of horizontal spread. The fire front then progressed across the spandrel bay towards Column
A3, now with a shallower inclination angle as the rate of vertical spread decreased and the
rate of horizontal spread increased. When the next column (A3) was encountered, the speed
of the vertical fire spread once again increased as the fire followed the column line and the
rate of horizontal spread decreased, giving a steeper inclination angle. When the fire front
progressed to the next spandrel section, the rate of vertical spread once again reduced as the
rate of horizontal spread increased, and the angle of inclination became shallower. This
process was repeated around the Tower, and will explain the observation that the inclination
angle of the diagonal fire front was steeper on the columns and shallower on the spandrels.

Diagram 4: Plan view of Grenfell Tower showing the grid system used for column numbering. Please refer to
this when reading the text in order to reference the location of specific columns. Source: Studio E
t

4.10 At this point it is important to emphasise the difference in origin and behaviour between
a downward spreading inclined fire front and an upward spreading inclined fire front. The
downward spread is always initiated by high level features, usually on or around the roof,
whereas upward spread is specifically associated with curvature of the building face. The
Olympus Tower is the only building ever to be affected by both types. The only characteristic
both types have in common is the simultaneous occurrence of vertical and horizontal fire
spread.
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4.11 The Olympus Tower fire and the sequence of events is described in detail in Appendix 2
of this report. Please also refer to Paragraph 7.28. Another building where the same
phenomenon occurred is Taksim Ilk Yardim Hospital, where the fire spread was also driven at
high level in this case by the edge of the roof. The fire moved horizontally along this edge,
causing the melting, dripping and flowing of all unburnt cladding material it affected. This
caused the fire to spread downwards from the roof, and then horizontally across the building
face. The full sequence of events is described in Paragraph 3.28.
4.12 Although the roof driven mechanism was the primary cause of downward fire spread at
Taksim Ilk Yardim Hospital, there are two factors which set it apart from the fires which
occurred at Grenfell Tower and the Olympus Tower. Firstly, there was no roof top feature,
the fire spread occurring via the roof edge only, and secondly there were no projecting
geometric or architectural features on the building face. Consequently no inclined fire front
appeared.
4.13 There are some interesting conclusions which can be drawn from this. Firstly, it would
seem that the presence of a roof top feature is not essential for this type of downward fire
spread to occur, and a roof edge covered in combustible material will suffice. Secondly, it
shows that for the fire to develop an inclined front, vertically orientated projecting features
such as the columns at Grenfell and the curved protrusion at the Olympus need to be
present. It is due to the presence of such features that differences in speed between the
upper and lower parts of the fire front develop to cause the inclination.
4.14 The other factor necessary to consider is whether the projecting features on the building
face need to physically connect with the edge of the roof or an architectural feature at that
level to enable the downward fire spread to occur. At Grenfell it was identified that because
the columns connected with the crown, the fire was able to ignite them as it spread
horizontally through that crown. However at the Olympus, the projecting rim did not connect
with the curved protrusion nor any other feature on the building face, yet the fire was
nevertheless able to ignite the rim and spread downwards. At Taksim Ilk Yardim Hospital, the
fire spread down the building face from the roof edge in the absence of any features.
4.15 It would seem that there does not need to be a physical connection between features
on the building face and those at roof level for downward fire spread to occur. Therefore it
can be assumed that at Grenfell, even if the columns had not been physically connected with
the crown, the fire spread down the columns would have occurred anyway due to the
dripping and flowing of molten cladding material. The next question which must be asked is
whether the fire would have been able to ignite the crown without a physical connection with
the column tops? Looking at what happened at the Olympus Tower, the answer is that it
probably would, reliance of course being placed on the flames extending far enough to reach
it.
4.16 Below are the theories of fire spread at Grenfell Tower as put forward by two of the
Expert Witnesses for the Public Inquiry, Dr. Barbara Lane and Professor Luke Bisby, both of
whom are leading authorities in their fields of expertise. In the context of my assertions in
the paragraphs above, it will be necessary to analyse these theories further.
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Dr.

:

4.17 The fire spread vertically up column B5 on the east face, reaching the top of the building
where it ignited the crown. It then progressed in two opposing directions, igniting other
columns as it spread. The crown is considered by Dr Lane to be a highly effective means of
lateral fire spread, which influenced both the vertical and horizontal spread further down the
building. She says:
it ignited that column at crown level and then spread down the column to lower levels of the
building. On each level affected by the burning column, fire then spread laterally away from
As a result of the crown, it was downward (rather than upward) vertical spread which was the
issue, and this affected all columns with the exception of B5 where the fire started. However,
in the later stages of the fire, lateral spread via the spandrels became important as the crown
was no longer involved.
4.18 The lateral spread was observed consistently first at crown level, and the resulting
downward and horizontal fire spread caused the flame front to became inclined. The
development of the diagonally orientated fire front is clearly illustrated in Diagram 2 below:

Diagram 3: My analysis is as follows: The fire spreads further at the higher levels because the fire reaches
these first as they are closest to the crown. By the time the fire reaches the lower levels, a diagonal pattern
has emerged because the fire has had more time to spread further in a horizontal direction at higher levels
than at lower levels. Diagram
, p.68
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:
4.19 Downward vertical fire spread was of particular significance at Grenfell Tower.
Progression of the fire front down the columns occurred due to molten polyethylene
accumulating on ledges (such as cavity barriers) as it flowed downwards within the cladding
system. The cladding joints were observed to
up ahead of the external fire spread,
thus indicating that flames were spreading within the cladding cavity.
4.20 Professor Bisby suggests that the diagonal fire spread originated at the crown, from
which the fire spread downwards, primarily following the column lines. Lateral spread
became an issue predominantly due to the melting and dripping of the polyethylene, but also
to a much lesser extent opposed flow horizontal spread along the spandrel panels. Although
there is clearly an interaction between vertical and horizontal fire spread, the diagonal fire
front is basically downward fire spread rather than lateral fire spread. This is due to the
energy from the burning polyethylene being transferred upwards, whilst the fuel is carried
downwards due to the melting, flowing and dripping of the material, meaning that there is
minimal opportunity for opposed flame spread in a horizontal direction. The aluminium skins
of the cladding panels would also prevent lateral flame spread unless another factor was
involved.
4.21 The rate of fire spread across the crown generally remained consistent throughout the
duration of the fire, and is described by Professor Bisby
linear fuse
around
the top of the Tower. As the ACM panels on the fins of the crown burn, the polyethylene
melts and forms pools of burning material on the coping directly below the crown. These
pool fires then spread laterally, ignited other elements of the crown, and therefore enabling
the fire to spread across and around all four sides of the building. It is believed that the crown
became the predominant mechanism for the fire spread at Grenfell Tower, in what Professor
Bisby refers to as an unusual mechanism
a unique situation which is a consequence of
the architectural features of Grenfell Tower
4.22 He describes the diagonal fire spread as:
the building faces occurred with an inclined fire front. In many cases, the front appeared as
This was observed as being steeper
on the columns and shallower on the spandrels, and the explanation he provides for this
difference is the accelerated downward spread over the columns. This occurs for two
reasons; firstly the extensive uninterrupted bands of cladding, and secondly the flowing and
dripping of melted polyethylene, as described above. The diagonal line was further fuelled
by localised pool fires which spread upwards, transferring heat energy to the cladding above
the fire front.
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4.23 Generally, there is a similarity between the opinion expressed by both experts, and the
same fundamental ideas underpin their observations. These can be summarised as follows:
- The crown was the most significant factor in the spread of fire around the building;
- Lateral spread was consistently observed first at crown level;
- The columns encouraged and facilitated downward vertical fire spread;
- The flowing and dripping of molten polyethylene enabled the fire to spread to lower levels;

4.24 However, both experts give a slightly different explanation for the inclination of the fire
front. According to Dr. Lane, the diagonal pattern is due to the vertical spread down the
columns and the subsequent lateral spread across the spandrels. This is essentially vertical
and horizontal fire spread occurring simultaneously, which has been previously identified as
being associated with inclined fire front development
s view implies (but
does not state) that the inclination is due to a difference in speed between the fire spread on
the spandrels and the fire spread on the columns.
4.25 He describes the diagonal line as being downward fire spread rather than lateral fire
spread (Paragraph 4.20), although elsewhere he describes it as being a lateral progression of
fire across the building face with an inclined front (Paragraph 4.22). In fact it is both occurring
simultaneously as previously explained, with the progression in the downward direction being
faster than that in the horizontal direction.
4.26 What can be derived from this is that there are three distinct scenarios associated with
inclination of the fire front in a downward direction, each of which is dependent on the shape
and profile of the building involved:
Scenario 1: The fire progresses vertically down a projecting feature from which it then spreads
laterally and progresses in a horizontal direction;
Scenario 2: A difference in speed develops between the fire which is affecting the projecting
features and that which is affecting the main building face;
Scenario 3: The flame front is distorted due to the presence of a curve;
4.27 In Scenario 1 the vertical and horizontal fire spread are consequential, although interrelated. The fire spreads down the projecting feature first, and then away from it in a
horizontal direction. The horizontal spread is therefore a secondary form of fire spread which
is a consequence of the primary fire spread occurring in a downward direction. In this
scenario, one form of fire spread occurs first, followed by the other.
4.28 The fire spread sequence for this scenario is as described in the caption for Diagram 3;
that is it starts to spread away from the projecting features as it continues to spread
downwards. As the lateral fire spread occurs first at upper levels, it has more time there to
spread in a horizontal direction than at lower levels, and thus a diagonally inclined front
emerges (Photo 22 below).
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Photo 22: The west face of Grenfell Tower where several inclined flame fronts are visible as the fire spreads
away from the columns along the spandrel lines. Photo: Reuters/Toby Melville

4.29 In Scenario 2 the fire spread affecting the projecting features and that affecting the main
building face can occur quite independently of each other. In such circumstances, the fires
would be the consequence of localised pool fires forming on ledges on different parts of the
building face, due to an accumulation of molten material. However the spread of fire down
the projecting features is faster than that on the main building face, and as the fire develops
further, the fronts may merge, with the difference in speed resulting in an inclined front
(Photos 23a & 23b below).
4.30 As Scenarios 1 and 2 are dependent on a roof-top influence (ie. The fire spread in both
scenarios will always originate at roof level), they can only ever be associated with downward
spreading fire and will not occur if the main spread of fire is in an upward direction. However
Scenario 3 differs in this respect as it is comparable to upward spreading fire on a curved
surface, but in reverse. In this scenario, the horizontal and vertical spread occur within a
single fire front, rather than having a degree of independence as in the other two scenarios.
4.31 Essentially with Scenario 3 the fire starts to follow the line of the curve as it spreads
downwards, resulting in a difference in speed between the upper and lower levels of the
flame front (see Chapter 3 for an explanation of the mechanisms involved).
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Photo 23a (left): The north side of Grenfell Tower where the most extensive and spectacular inclined fire
spread to occur anywhere on the building could be observed. It extends from the 9th floor to the top of the
building, where the fire is progressing over the top of Column A3 and is visibly affecting the crown. This
photo and 23b below should be compared with Photos 21a & 21b, which show similar fire spread at the
Olympus Tower.
Photo 23b (right): This photo was taken approximately twenty-four minutes after the previous one (Photo
23a). The fire front is approaching Column A1 on the north-west corner, which it will flow over to reach the
west face. The profile of the column tops inclined at an angle of 12°- makes it easier for the flames to flow
over them and spread from one part of the tower to another. It can be seen that the inclination angle is
reduced over the columns. The pattern of fire spread on this face of the building is rather different to that
which affected the west side. Photos: Press Association

Downward fire spread inside the cladding system
4.32 So far I have only dealt with fire spread down the outside of the façade and how it is
influenced by building shape. Cladding can take many forms, but if a rainscreen façade system
is present, the flow of molten material inside the cladding system is also an important
consideration. This causes the fire to spread downwards through the interior of the cladding
system and it is worth considering whether building shape can influence this as well. Just as
molten material may accumulate on ledges on the outside of the cladding system, it may also
accumulate on ledges inside the system. These accumulations result in localised pool fires
which then spread upwards and have an overall effect upon the behaviour of the fire.
4.33 At Grenfell, the fire was spreading on the inside and outside of the cladding system at
the same time. Professor Bisby considers the internal fire spread, especially down the
columns, to be of particular significance, and it appears that this was much more rapid
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because the cladding joints were observed to light up ahead of the external fire spread.
Therefore it would seem that even inside the cladding system, the fire still followed the line
of the projecting features, although the influences and mechanisms involved are rather
different from those which affected the external fire spread.
4.34 Although it is plausible to assume that overall shape and geometric form can have an
influence on the internal spread of fire within the cladding system, the arrangement of
cladding zones and position of cavity/fire barriers, as well as the design of the system itself
are much more likely to affect the way in which the fire spreads. I have looked at this issue
in separate reports as part of my earlier work, the most recent of which is currently
undergoing revision.
4.35 Although Grenfell is being used as an example here, it is worth noting that internal fire
spread within the cladding system has affected other buildings too. Even if the fire spreads
through the interior of the cladding system to begin with and later breaks out through the
joints (Photo 24), it will start to follow the principles I have established for shape-influenced
fire spread on the exterior. If a building with solid cladding (ie. without a ventilated rainscreen
façade system) is to be compared for example the Monte Carlo Casino & Hotel the fire will
still follow these same principles despite the lack of opportunity for internal spread.

Photo 24: This is a view of the SW corner of Grenfell Tower showing flames erupting from the panel joints on
Column D1, demonstrating the significance of internal fire spread within the cladding system at this building.
The fire is spreading from the crown, down the column inside the cladding system, before emerging through
the joints. It then continues to spread downwards on the exterior, with the flames drooping in a downward
direction. Photo: Associated Press/Rex Features
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5. Horizontal Fire Spread
Standard horizontal fire spread: The very slow spread of fire in a lateral direction. It
does not necessarily involve a projecting feature, although it may be encouraged by
contours on the building face;
Feature enhanced horizontal fire spread: Occurs when the flames become
concentrated on a horizontally orientated projecting architectural feature. The rate
of flame spread is much more rapid than for standard horizontal fire spread. If the
feature forms a ledge upon which molten material can collect, the fire spread will be
further enhanced;
Perimeter/roof-top fire spread: This is essentially Feature Enhanced horizontal fire
spread which occurs at roof level, involving a parapet, crown or rim around the
perimeter of a building. It may also affect features which sit on top of the roof and is
influenced by exposure of the architectural feature;
Rotational fire spread: The action of the fire transferring around the corners of the
building without the aid of roof-top features. It generally occurs at lower levels and is
or close to the corners, such as string courses and cornices

Standard Horizontal Fire Spread
5.1 In its classic form, fire spread in a horizontal direction will be very slow. This is because it
is not self-accelerating and its progression is constant, as it relies on the transfer of radiative
heat from the flames to unburnt material ahead of the fire front. The process is made more
difficult by convection, which removes heat from the material at the same time, limiting the
size of the pre-heated area. Lateral fire spread will therefore only occur if there is difference
between the two, otherwise they will cancel each other out. The greater the difference
between the rate of radiative heat transfer and the convective cooling, the more effective the
horizontal fire spread will be.
5.2 At the Olympus Tower, standard horizontal fire spread was observed on the north face.
In fact this was so slow that the fire had at one point almost burned itself out (Photo 25),
which shows how ineffective the horizontal spread of fire can be. On buildings with
rainscreen facades, the spread of fire in a horizontal direction is made much more difficult by
the presence of metal skins on the panels. High temperatures are required for the skins to
melt; for aluminium this is around 660°C, and for zinc 430°C. However, if the overall
development of the fire - including other processes which generate more heat (eg. Upward
vertical fire spread) - enables these temperatures to be reached, the horizontal fire spread
will accelerate and cause the skins to degrade. As the skins are only 0.5mm thick, the panels
will delaminate quite readily in high temperatures, exposing the flammable core material
which will then combust.

51

Photo 25: Although fire continues to rage on the west face, it has almost burned itself out on the north face.
This still image was taken from video footage showing pockets of horizontal fire spread on the upper levels of
the building. In the video the progression appears slow to the extent that the fire barely seems to be moving
at all. Source: Che The One (still imagine from video); see references at the end of this report for the link

5.3 If other factors such as contours on the building face are present, fire spread in a
horizontal direction will be encouraged. At Grenfell, horizontal fire spread began to occur as
the flames started to follow the horizontal lines of the spandrel panels, which sit forward of
the windows and the infill panels (located between the windows), thus giving the building
face an uneven surface (photo 26) and effectively making the spandrels horizontally
orientated projections
west face of the building, as the flames followed the spandrel lines (Photo 22 & 27).
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Photo 26: This photo, taken from taken from the NW corner of Grenfell Tower shows, how the spandrel
cladding projects forward from the windows and infill panels; Photo: Associated Press/Matt Dunham

Photo 27: In this photo of the west face of the tower, the flames are following the spandrel lines as they move
away from the south-west corner column (D1) on the right. Photo: Reuters

The Effect of Projecting Features
5.4 Once the horizontal fire spread involves a horizontally oriented feature, the fire will
intensify and the rate of progress will increase. This was seen at the Olympus Tower which
has multiple string courses at various levels. The string courses proved to be a very effective
means of enabling the fire to spread across the faces of the tower (Photo 28), without which
the flame spread would have been primarily in a vertical direction and it is likely that the fire
would eventually have burned itself out.
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Photo 28: The fire affecting the Olympus Tower is concentrated on the string courses which are encouraging
it to spread in a horizontal direction. Source: still video image from Che The One. See reference section for
link

5.5 At the Monte Carlo Casino & Hotel, horizontal fire spread enhanced by string courses and
cornices on the building face played a major role. If it were not for the presence of these
horizontally orientated features, the fire would have found it much more difficult to spread,
and would have been confined to a lesser area of the façade.
5.6 The blaze is believed to have been started by contractors using welding and cutting
equipment on the roof of the thirty-two storey building. The fire spread horizontally by
following the line of decorative features on the upper part, causing molten material to drip
and run down the façade, starting fires lower down.
5.7 The cladding consisted of an External Insulation & Finish System (EIFS) which contained
expanded polystyrene. On the façade were some mock Georgian features including ionic
pilasters, moulded cornices and a string course, with dentil detailing, and a colonnaded
balustrade around the very top of the building. Although the pilasters protruded only slightly
from the building face, the cornices and string courses projected much further. The vertically
orientated pilasters were arranged in pairs at intervals between the windows, but the
cornices and string courses ran the full width of the building with a horizontal orientation.

54

5.8 In the same way that vertical features on a building face promote upward or downward
flame spread, features with a horizontal orientation encourage lateral fire spread because the
fire will have a tendency to cling to and follow the line of the features. The mechanisms
behind this are explained in Chapters 3 & 4.
5.9 The risk posed by decorative architectural features is to an extent recognised in the
International Building Code, which contains policies to limit the thickness of combustible
materials used in EIFS systems on the exterior of buildings. The limit is 100mm. If a greater
thickness is to be used, then detailed information must be submitted in order to gain specific
approval. Many ornamental features will be of a greater thickness and because it is
recognised that they have a propensity to promote flame spread, there are guidelines which
must be adhered to before their use is permitted.
5.10 Below are some photos of the fire (29-35) which I have tried to arrange as far as possible
in chronological order. Although using still images, this gives a run through of the sequence
of events as the fire developed:

Photo 29: The fire started behind the parapet and spread downwards where it became concentrated on a
cornice on the upper part of the façade, just above the windows on the top floor. It is spreading in both
directions from the point of origin. Burning material has dropped onto the string course below and has started
a fire at the base of an ornamental pilaster. Photo: www.flickr.com

5.11 It should be noted that there are two cornices and one string course on the upper part
of this building. The upper cornice is immediately above the top floor windows, whilst the
lower cornice sits at the top of the pilasters, and is between the 31st and 32nd floors. The
string course is between the 28th and 29th floors.
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Photo 30: Further molten burning material has dropped down onto the string course between the 28th and
29th floors, along which the fire is now spreading. The fire on the right side of the building has greatly
intensified as the flames continue to affect the cornices, whilst propagating upwards at the same time. Photo:
Thomas Prior www.flakphoto.com

Photo 31: The fire has now developed further and the upward flame spread has strengthened, although the
horizontal spread continues at the same time. There are now two distinct flame fronts which are inclined, as
the fire spreads faster at higher levels than lower levels (see Chapters 3 & 4), enhanced by the involvement of
the colonnaded balustrade. Photo: Robin Tait/Associated Press
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Photo 32: Although the flaming on the left side of the building has now reduced, that on the right side has
intensified and has spread along the lower cornice by a further three bays and is still affecting the balustrade.
Internal entry to the building has occurred on the thirty-second floor. Photo: www.thechipboard.com

Photo 33: The extent of the horizontal fire spread on the cornices is apparent, and internal fires are well
developed, with flames being visible as far down as the 26th floor.
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Photo 34: This is a close-up view of the right hand side of the building showing extensive flaming at two
different levels. As the flames consume the cornices, they die down and re-erupt when they encounter
sections of unburnt material. It is worth noting that the fire on the string course has spread vertically up one
of decorative pilasters upon which it is concentrated. Towards the right side of the photograph, burning debris
can be seen falling from above. Photo: Photo: Reuters/Jerry Gallegos/IIA Photography

Photo 35: The fire is now largely extinguished and the extent of the damage is apparent. The façade of the
building is extensively blackened, but largely intact when compared to the cornices and string course, sections
of which have been destroyed. The concentration of the fire on these horizontally orientated features and its
consequent lateral progression can be fully appreciated. Source: NFPA Journal
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5.12 Despite the extensive horizontal flame spread on the upper part of the building, the fire
at the Monte Carlo Hotel was less extensive than that at Grenfell Tower and did not engulf
most of the building. There are essentially three reasons for this. Firstly, the cladding was of
a different type, and rather than forming part of a rainscreen façade system with a ventilation
whereby the fire spreads horizontally around the top of the building aided by an architectural
feature, was limited, and facilitation of the fire in this way only occurred for a relatively short
period of time. Thirdly, there were no vertically orientated features which could assist the
fire in spreading down from the roof, although as was shown at Taksim Ilk Yardim Hospital,
the presence of features is not always necessary for this effect to occur.
5.13 The other fundamental difference is the overall shape of the building. Firstly, the overall
shape of Grenfell Tower and the Monte Carlo Hotel are completely different. Grenfell is a
square tower block, whereas the Monte Carlo comprises extensive wings which fan out from
a central core. Therefore, the fire at the Monte Carlo could only spread across the building,
rather than around the building, as was the case at Grenfell.
5.14 Grenfell Tower also has a greater number of vertically orientated projections (columns),
sited at regular intervals, whereas the Monte Carlo only has four projections which are on the
face of the central core between the two wings. These were not involved in the fire, unlike
the columns at Grenfell; the reason being that the fire started at the top of the building and
the cornices/string course projected from the façade to such an extent that they caught most
of the burning and molten material which came down. This ensured that the flames remained
largely confined to these features and were prevented from involving other parts of the
façade.

Fire Behaviour at Roof-top Level
5.15 At roof level, fire has a distinctive way of behaving and it is important to understand this
because it can have a profound effect on fire spread and behaviour at lower levels of the
building. If this involves a feature such as a parapet, crown or projecting rim, the
phenomenon is essentially feature enhanced horizontal fire spread which occurs at roof level.
However, because it occurs so high up and in an exposed location, the fire spread has the
potential to be much more severe than if it occurred lower down. The issue of exposure will
be dealt with in greater detail in Chapters 7 and 8.
5.16 The overall shape of the building is key to determining how extensive the fire spread will
be. There are basically four orders of shape relevant to roof-top/perimeter fire spread, with
each order becoming more complex than the last:
- Buildings of the first order have a fully regular shape, meaning that each side is equal to the
others. This gives the building even proportions, and typical shapes include squares, circles
and equilateral triangles.
- Buildings of the second order are more complex, but nevertheless balanced, and include
shapes such as hexagons and octagons, as well as those which are elliptical.
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- Buildings of the third order have only two matching sides. Examples would include
trapeziums, rectangles and triangles for which two out of three sides are of the same length.
- Buildings of the fourth order are not of a standard or evenly proportioned geometric shape,
although nevertheless there may be some symmetry present. The Monte Carlo Casino &
Hotel is an example.
5.17 If the overall building shape is regular, the fire may progress horizontally around the
entire building at roof level, in which case it can
Examples include Grenfell Tower and the Olympus Tower, both of which were buildings of
the first order. If the overall building shape is irregular, the fire will spread horizontally at roof
level, but will not necessarily affect the whole building. An example is the Monte Carlo Casino
& Hotel, discussed in the paragraphs above. The lower the order, the less likely it is that
perimeter fire spread will occur.
5.18 The complexity of the construction of the roof-top feature may also have an influence.
combustible material, as was the case at Taksim Ilk Yardim hospital (a third order building).
The next step up would be a projecting rim, as was present at the Olympus Tower. This is a
simple feature with no other elements to add to its complexity. The parapet at the Monte
Carlo Casino & Hotel, the crown at Grenfell Tower, and the curved decorative feature at the
top of the Tamweel Tower in Dubai which was also affected by fire spreading horizontally
at roof level are all examples of more complex features. This is of particular significance if
a feature is constructed in such a way that air can be drawn through it, or it contains elements
such as balusters, slats or fins which increase the surface area. This will be looked at in detail
in Chapter 7.

Horizontal fire spread around corners
5.19 Fire will not tend to spread around the corner of a building and will remain confined to
its face of origin, unless there is a factor is present which will provide a means of movement
face, and the undamaged material on the adjacent face (Photo 28).
5.20 The main factor is the presence of horizontal features such as string courses which
extend around the corner. As the fire will tend to follow these, they provide an easy route
for the transfer of flames from one face to the next. Other factors which have an influence
are the shape of the corner and the presence of wind.
5.21 The flames will tend to wrap themselves around the corner as they transfer from one
building face to the next hence the term rotational fire spread which refers purely to this
action (Photos 36 & 37). This could be construed as having a further meaning because the
fire will have the opportunity to travel around the whole building if the string course
continues around all sides. Hence the fire will rotate around the building, and thus become a
form of perimeter fire spread, but at a lower level.
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Photo 36: Rotational fire spread at the Olympus Tower. The flames are concentrated on the string courses
and are curling around the corner.

Photo 37: Rotational fire spread at Grenfell Tower where the flames affecting the north face are curling
around Column A1 to affect the west face. Photo: Press Association
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6. The Effect of Corners and Edges
6.1 Corners can take a variety of forms and may be introverted or extruded, with each type
having its own specific influence on the way in which the fire spreads and behaves. Geometric
and architectural features such as columns, cornices and string courses result in a vertex
either vertically or horizontally orientated at the point where they meet with the building
face. This is an introverted corner, and it is able to affect the behaviour and spread of fire as
is shown in Chapter 3. On a larger scale, if the overall building shape includes wall
arrangements able to produce introverted corners (eg. wing walls) this too will have an
influence upon any fire which may occur.
6.2 Edges are formed at a point where two faces on a building meet, or even where two parts
of a projection meet. It is the angle of the edge which will determine the spread and
behaviour of the fire. Most buildings possess multiple edges, even if they have a flat face and
are of a simple shape and form; at the very least they will have edges in the form of outside
corners. The exception is of course a building which is round or elliptical.
6.3 It is acknowledged (D. Drysdale, p.297) that flames spread more rapidly along an edge or
in a corner rather than over a flat surface. When applied to a building this means that
buildings with indentations, vertexes, protruding features and contoured faces will be subject
to increased flame spread should a fire occur.

Introverted Corners
6.4 If a fire occurs in an introverted corner (vertex) on a building face, the flames will extend
further than if the fire was in a more exposed location. This enables the fire to spread
vertically up the building at an increased rate. The is known as the Corner Effect
has
been observed on many buildings, including the Olympus Tower. Details of the mechanisms
involved can be read in Chapter 3.
6.5 Studies carried out in room corners have shown that heat fluxes can be in excess of
100kW/m², especially if combustible materials are present. It can therefore be assumed that
similarly high heat fluxes can occur on comparable corners on the external face of a building,
and will thus intensify a fire.
6.6 Diagram 4 shows three examples of buildings where the Corner Effect has occurred. At
Grenfell, in the early stages of the fire, the flames were spreading in the vertex between
Column B5 and the building face. At the Olympus, the fire became concentrated where the
protruding bowed section met with the rest of the building face. In the case of the Taksim Ilk
Yardim Hospital, the fire at one stage confined itself to the corner where a projection met
with the main face of the building.
6.7 The Corner Effect is a common phenomenon and has been observed in many high rise
building fires.
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Diagram 4:
three of these high rise buildings, which have numerous
vertexes on their faces. The introverted corners where the effect occurred are marked with a red cross.
Source: Drawn by the Author, FM Peacock

6.8 In An Introduction to Fire Dynamics by Dougal Drysdale, it is said that if a corner is at an
angle greater than 180°, the corner becomes re-entrant. At Grenfell the projecting column is
at 135° to the building face, whereas at the Olympus and Taksim Ilk Yardim Hospital the
protrusion is at 90° to the building face. As these angles are less than 180°, it could be said
that the corners are not re-entrant and that cross-radiation would not be an issue. However,
these angles are taken from inside the corner and it is in fact the angle on the outside of the
corner which should be taken (Diagram 5).

Outside angle

Diagram 5: Diagram from p.298 of D.
troverted corner affected
by fire spread. The outside angle is indicated as the one which should be taken.
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6.9 If the outside angle is taken instead, this becomes 225° at Grenfell, whilst at the Olympus
and Taksim Ilk Yardim Hospital it is 270°. The corners on all three buildings therefore exceed
the 180° necessary for the corner to be classed as re-entrant (Diagram 6). A re-entrant corner
has the potential for cross-radiation to occur between the projecting feature and the building
face, or between the wing wall and the building face, thus intensifying the fire. However at
these angles, the cross radiation is likely only to be a minor factor, if relevant at all in the case
of Grenfell.
6.10 Cross-radiation becomes an increasingly dominant factor if the angle is greater than
270°, especially if the angle becomes so great that the two faces involved are orientated
towards each other. This can give rise to a situation where there are two simultaneously
burning inward facing surfaces. At Grenfell, the angle of 225° is significantly less than the
critical angle of 270°. Although there may have been some cross-radiation, it would not have
been a dominant factor, and it will be necessary to quantify the amount of cross-radiation in
order to determine its role in the fire. At the Olympus Tower and the Istanbul hospital the
situation is somewhat different because the critical angle of 270° was been reached.
However, in these cases the faces involved are at right angles to each other rather than inward
facing, and although the level of cross radiation will be greater than at Grenfell Tower, it will
be less than it would be if inward facing projections were involved.

Diagram 6: Diagram showing the inside and outside angles for protruding features on a building face; angle
b is the one relevant to the Corner Effect, and angle a to the Edge Effect. Source: Drawn by the Author, FM
Peacock

6.11 Fire spread in introverted corners can also be affected by the presence of wind or
horizontally orientated features such as string courses, which extend into the corner. In the
case of the latter, the string courses may enable a fire to reach an introverted corner when it
may otherwise not have done so (Photo 38). In such circumstances, the fire will spread
horizontally along the string course and into the vertex, which will then result in rapid vertical
fire spread within the corner (see Chapter 3).
6.12 The upward fire spread can be disrupted if the wind blows into the corner, especially of
if the corner is on the leeward side. In such cases, the wind will tend to blow the flames out
of the corner and back across the building face (Photo 39).
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Photo 38: The north face of the Olympus Tower where it can be seen that the string courses extend into the
vertex on each side of the central protruding section of the building face. The fire followed these and erupted
with increased intensity one it entered the introverted corner and started to spread vertically upwards (Photo
7).

Photo 39: The fire on the north face is now inside the corner and spreading vertically upwards, but as the
vertex is on the leeward side of the easterly wind, it is able to blow the flames out of the vertex and back in
the westerly direction from which they have come.
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Edges and Extruded Corners
6.13 As is the case with introverted corners, angles are also critical to the way in which a fire
will spread along an edge or extruded corner. If the angle is less than 180°, what is known
as
n occur. As with re-entrant corners, the angle taken is the one on the
inside of the feature (Diagrams 6 & 7). The relevant features at Grenfell Tower are the
column tips, which have an outside angle of 270°, but an inside angle of only 90°. At only
half the critical angle of 180°, this presents an ideal opportunity for the edge effect to occur.

Diagram 7
relevant to the Edge Effect;

) which is

Diagram 8: Diagram of the Olympus Tower showing the edges and vertexes with relevant angles. Source:
Drawn by the Author, FM Peacock
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6.14 At the Olympus Tower, there are edges at each end of the central protrusion on the
building faces, as well as at the corners of the building itself. All these have internal angles of
90°, which is the same angle as the column tips at Grenfell Tower (Diagrams 6 & 8).
6.15 However, where Taksim Ilk Yardim Hospital is concerned, the situation is rather more
complicated because some of the angles which would need to be taken involve curved
surfaces. The projecting feature which was involved in the fire is a quarter circle in profile,
with the vertex on one side formed with straight edges, and the vertex on the other side
formed with a curved edge. The overall shape of the building is semi-circular, and flaming
occurred at the tips of the semi-circle; ie. where the straight side and curved side meet
(Diagram 9).

Diagram 9: Drawing extract showing the part of the building which was affected by the fire (outlined in red).
The angles of each side of the projection a quarter circle in profile in relation to the main building face are
shown. The outside angle for the vertex on the right side of the projection is 90°, whereas the inside angle is
270° (not indicated to maintain clarity within the diagram). The outside angle of the vertex on the left side which includes a curved edge - is 87°, whereas inside it is 273°. Source: Drawn by the Author, FM Peacock
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7. Exposed and Open Structures
7.1 As was explained in Chapter 3, flames will tend to spread randomly unless there is
something to restrict them and guide them in a vertical or horizontal direction. If a fire affects
a blank section of building face which is devoid of geometric or architectural features, the
flames will tend to wander around rather than spread directly upwards (Photos 3a, 3b, 4 and
17). This will occur on both flat and curved surfaces. Observations have shown that this is
more of an issue at high levels on a building where the amount of exposure is greater.
7.2 A lack of constraint is the reason why fires can progress around a building in opposing
directions, as was the case at Grenfell Tower and the Monte Carlo Casino & Hotel. Roof-top
features generally have an overall horizontal orientation and as previously seen, this will
encourage the fire to spread laterally. There is usually little opportunity for the flames to be
confined, and the fire is therefore free to spread randomly in either direction as it follows the
overall horizontal orientation of the feature.
7.3 At roof-top level the features are fully exposed, providing an increased supply of oxygen
to any fire which may occur. There is also a greater potential for the influence of air
movement issues, including that of wind. This will explain why fires such as those at Grenfell
Tower and the Olympus Tower were observed to intensify as soon as roof-top features
became involved.

The Effect of Roof-top Geometry
7.4 In order to fully appreciate how exposure affects features at roof-top level, four buildings
with different roof-top geometry will be examined and compared. These are Grenfell Tower
with its perimeter crown, the Olympus Tower with its projecting perimeter rim, Tamweel
Tower with its decorative crown and the Monte Carlo Casino & Hotel with its parapet. The
crown at Grenfell Tower is a semi-closed structure, whereas the roof-top feature at Tamweel
Tower is an open structure. The parapet at the Monte Carlo Casino & Hotel is a closed
structure. The rim at the Olympus Tower, due to its simplicity, is neither a closed nor an open
structure. It will therefore make an interesting comparison with the larger and more complex
structures in the other three examples.
7.5 Fire spread at roof-top level is not unusual in high-rise buildings, and has occurred many
times. Examples of other buildings where it has happened include Taksim Ilk Yardim Hospital,
unnamed high rise buildings in Kaifeng, China (see Chapter 3) and Krasnoyarsk, Russia, and
the Al Bandary Twin Towers (also known as Al Bhadri) in Sharjah, UAE (Photos 40 and 41).
7.6 In the case of the latter, the roof top geometry is an open structure through which there
can be a draw of air. It consists of what appear to be walkways on each side, covered with an
overhanging roof slab. In the middle there is an exposed balcony, behind which is a parapet
with rectangular openings. Unfortunately, there is no available video footage of this fire, so I
have not been able to observe its exact pattern of behaviour.
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Photo 40: The Al Bandary twin towers are two identical residential blocks. Here a fire can be seen affecting
Block B. It is spreading vertically upwards in the vertex formed by protruding balconies, and has reached the
top of the building. Photo: Gulf News

Photo 41: The roof-top geometry has become involved, and the fire is starting to spread horizontally along
this.
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7.7 The architectural crown at Grenfell Tower is really more of a parapet than a crown, as it
forms a perimeter barrier around the top of the building with the prime purpose of preventing
people from falling over the edge. There is access to the roof from the plant room. A crown
in its true sense would be a feature which is purely there for the purpose of decoration, such
as that which sits at the top of Tamweel Tower and will be looked at later. When Grenfell
Tower was completed in 1974, the crown (or parapet) was made of concrete with portholes
for decoration (Photo 42).

Photo 42: Grenfell Tower before refurbishment with its original crown (parapet) visible. It comprises concrete
sections each with five portholes on the west and east sides, and four portholes on the north and south
sides fixed between the columns with a gap underneath; hence they do not have direct contact with the
roof. Source: www.express.co.uk
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Photo 43: The west face of Grenfell Tower after the fire where the construction of the original crown can be
seen in detail. In front of this are the remains of the new crown, which comprised slats covered with
combustible ACM panels. Source: www.centralhousinggroup.com

7.8 Despite the slatted design, the crown was designed to be a semi-closed structure
(Diagram 10), and contained recessed infill panels which closed the gaps between the slats.
Immediately beneath the crown was aluminium flashing, the purpose of which was to cover
the PIR insulation which was wrapped around the edge of the roof (Diagram 11). This filled
the space which would otherwise exist between the bottom of the crown and the roof. Below
the flashing was a row of short spandrels, beneath which were the windows of the 23 rd floor
(Photo 43).
7.9 In contrast, the original crown was designed as an open structure, comprising concrete
sections with large round portholes, held between the columns. The space between the
bottom of the concrete sections and the roof is protected with a mesh safety grille (Photo 43).
This crown was not removed during the refurbishment; the new one was simply installed in
front of it creating a gap between the two, although the new crown was attached to the old
one with brackets (Diagrams 11, 12 and 13).
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7.10 The new crown was semi-functional. Whilst the old crown had been designed with the
purpose of preventing people falling from the roof, the new crown was intended to
complement the overall appearance of the refurbished tower and create a look which was
up-to-date. With the old crown still in place, another crown was not needed for anything
other than aesthetic reasons, although it would nevertheless have been capable of preventing
falls in its own right if the old crown had been removed.

Diagram 10: Part of the elevation at the top of Grenfell Tower: To the left is a column with an inclined top, to
which the crown is attached. Immediately below the crown is the aluminium flashing, and below that are the
spandrel panels above the windows of the 23rd floor (labelled R1). The semi-closed nature of the structure is
apparent with the infill panel between the slats. Source:
Report, p.50 (supplementary)
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Diagram 11: A vertical section through the new and old crowns at Grenfell Tower. Although I have tried to
enhance the colours, some of the details remain difficult to distinguish. The components of the new crown
are shown in red and blue. ACM rainscreen panels (shown in red) cover the spandrels above the 23rd floor
windows, as well as the slats of the crown, with the aluminium flashing (shown in grey) in between. The U
shaped support rails to which the panels are fixed are shown in blue. Behind the new crown, is the concrete
structure of the old crown with its safety grille beneath. Source: Studio E Architects, reproduced in Dr. Barbara
(supplementary)

Diagram 12 (below): Another vertical section through the crown, showing in larger scale the brackets which
fix the new and old structures together. The gap between the two crowns can also be seen. The brackets
attach to the recessed panel behind the open slats and double back at right angles to attach to the concrete
panels of the original crown. It can be seen that the tops of the slats are covered with an aluminium coping.
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Diagram 13: Horizontal section through the new crown showing the method of fixing for the cladding. The
two crowns are attached to each other using brackets.
report p.58 (preliminary)

74

7.11 On a microscale the crown had both vertical and horizontal elements. The column tops
and slats had a vertical orientation, but the infill boards behind the slats had a horizontal
orientation, as did the spandrel panels above the windows of the 23rd floor. On a macroscale,
the entire feature is horizontally orientated overall. Any flames which affected the structure
would at first have spread vertically up the individual slats, before horizontal fire spread then
became the dominant issue.
7.12 It is also of relevance that the crown has an increased surface area due to its slatted
design. If something is fragmented, its overall surface area is greater than it would be if it was
a uniform solid, and the amount of combustible material available is therefore increased. In
this case, each slat would have had multiple surfaces capable of burning simultaneously, and
this would have intensified the fire.
7.13 In terms of exposure; with the crown being at the top of the building with open space all
around it, there was little to impede the flow of air. It should be noted that it is not necessary
for the conditions to be windy; ambient air movement or even currents generated by changes
in pressure around the building face will have an effect. Indeed, it has already been accepted
that the conditions on the night of the fire were calm. Different types of air flow will be
considered further in Chapter 8.
7.14 Therefore the crown was subject to several factors which would influence the behaviour
of the fire and affect the way in which it spread: overall orientation, design, construction and
exposure.
7.15 The old crown, being made of concrete is not combustible, but the new crown was highly
flammable as it was covered with aluminium composite material (ACM) panels with
polyethylene (PE) cores. As the new crown burned, the recessed boards behind the slats
degraded and the spaces between them opened up. This allowed air and consequently
flames to be drawn through the slats and into the gap between the new and old crowns.
7.16 As the ACM panels were consumed by the fire and the aluminium flashing melted, the
gap between the bottom of the crown and the roof also opened up, creating a ledge where
molten PE could accumulate and pool fires could form. The gap also allowed air and flames
to be drawn through underneath the crown and enter the space between it and the old
crown. The draw of air created a chimney effect, allowing the flames to be drawn upwards
between the two crowns. This had the effect of intensifying the fire and assisting its spread
up and through the crown.
7.17 The fire could also be drawn through the safety grille underneath the old crown towards
the roof (Photo 47). Although the area of roof immediately behind the crown is scorched, the
rest of the roof was not affected by the fire; the flames seemingly not progressing that far.
7.18 The deterioration of the various elements of the crown and the resulting gaps are shown
in Photo 43 (above) and 44 & 45 (below). It can be seen that metal components of the
structure, such as cladding support rails, have succumbed to the fire. As the crown
disintegrated, the draw of air through the feature would have become of increasing
significance.
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Photo 44: The original concrete crown can be seen behind the remains of the new crown, which consist mainly
of U shaped carrier rails for the ACM panels. These gave the crown its slatted effect. Many of these rails are
badly damaged or missing, such was the severity of the fire. It is worth noting that if the fire was severe
enough to destroy the carrier rails, the aluminium skins on the ACM panels would have degraded very rapidly
and allowed horizontal spread (see Paragraph 5.2) to occur. These were present on the front and sides of each
slat, but not on the rear. The infill board which was behind the slats has disappeared.

Photo 45: Another view of the fire damaged crown on the west side of Grenfell Tower, showing varying
degrees of destruction. The section of crown above Spandrel Bay W(i)* has been entirely destroyed close to
Column A1, yet survives with limited damage next to Column B1. On the other side of B1, there is a section
of crown which is relatively undamaged, yet the rest of the crown in this spandrel bay is badly damaged. It is
worth noting that what appears to be aluminium flashing is still in situ, although significantly distorted. In
Spandrel Bay W(iii), between Columns C1 and D1, the damage is severe. The aluminium flashing in Bays W(i)
and W(iii) has more or less been completely destroyed. Source: www.e-architect.com
*For the spandrel numbering system, please see Diagram 14, below.

76

W(i)

W(ii)

W(iii)

Diagram 14: This is an extract from a drawing of the west face of the Tower. Taking each side of the building
in turn, the numbering runs from left to right. Every spandrel bay (located between the columns), has its own
reference number so that its location on the building can easily be identified. The spandrel bays are numbered
as follows; i, ii, iii and iv on the north and south sides which are divided into four bays, and i, ii and iii on the
east and west sides which are divided into three. For example, the middle bay on the west face (between
columns B1 and C1) would be numbered W(ii) and the left-hand bay on the south face (between Columns D1
and D2) would have the reference number S(i). Source: CAD drawing by the Author, FM Peacock

7.19 According to Professor Bisby, the horizontal fire spread involving the crown was primarily
the result of pool fires caused by molten polyethylene which accumulated immediately below
the crown (Photos 46 54). The molten polyethylene essentially became a thin horizontally
orientated fuel along which the flames progressed, melting and adding further polyethylene
to the pool fire with every unburnt slat encountered. This created a continuous path for the
progression of the fire, as the process continued all around the crown.
7.20 The pool fires were dependent on a gap being present under the crown, and they
followed its horizontal orientation as they formed. Basically, the spread of fire through the
crown involved the following sequence:
- The fire spread up the slats, then horizontally through the crown, igniting each column it
reached. The fire then progressed down the columns.
- As the slats burned, the polyethylene melted and dripped to form pool fires below the
crown.
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- The fire then spread horizontally via the molten material, igniting any unburnt ACM it
encountered.
- The flames spread up the slats and the process is repeated.

7.21 Photos 46 54 illustrate the above sequence and show how the crown was affected by
the fire, as described in Paragraphs 7.15 - 7.20 above.

Photo 46: A close-up view of the new crown being consumed by fire on the east side of Grenfell Tower. The
slats are burning and the ACM which covers them is being rapidly consumed. Molten polyethylene is dripping
from the crown slats and accumulating in the space which has opened up beneath, where a pool fire has
formed. Some of the molten burning material is flowing down the spandrel panels above the windows of the
23rd floor which have ignited. Source: Still image taken by the Author from news footage by Al Jazeera

7.22 In the photo above it can be appreciated how the entire structure of the new crown is
completely infiltrated with flames. There is fire under the crown, as well as behind it;
between the new crown and its predecessor. The slats are affected by fire on all sides,
showing how the increased surface area contributes to the burning.
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Photo 47: This thermal image shows that most of the new crown has now been consumed, leaving the old
crown with its distinctive portholes fully visible. It can be seen that flames are being drawn under the old
crown where they are clearly visible behind it. Source: Still image taken by the Author from police helicopter
footage

Photo 48: The east side of Grenfell Tower where the flames can be seen affecting the crown. There is some
horizontal spread beneath the crown, but flames are also spreading vertically up the slats. Source:
www.dailyherald.com Photo by Celeste Thomas

79

Photo 49: The fire is now spreading horizontally underneath the crown, although interestingly above
Spandrel Bay E(i) this is just a glow because the fire is in the space between both the crowns. Source:
www.theindependent.co.uk

Photo 50: This photo is taken from the north-east corner and both faces are well alight. An orange glow is
visible behind the portholes, indicating that the fire has been drawn through underneath both crowns. Source:
www.theindependent.co.uk Photo by Rex Features
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Photo 51: The west face of Grenfell Tower where it can again be seen that the fire is behind the portholes.
Source: www.ifpnews.com

Photo 52: In this view of the west side, the fire can be seen burning beneath the crown. The flames are also
affecting the slats. Photo: Getty Images
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Photo 53 (top) and Photo 54 (bottom) on the page above both show images of the west side of Grenfell Tower.
The lower one is a thermal image the Author has taken as a still from Metropolitan Police helicopter footage.
The upper one is the equivalent using normal film, and has been created as a still image by the Author from

7.23 The top image (Photo 53) shows two sides of the crown (west & south) being affected
by fire, as the two opposing fire fronts progress towards the south-west corner where they
will eventually meet. The bottom image (Photo 54) shows three sides of the crown (north,
west & south) being affected by the fire, although in general it is the thermal equivalent of
the image above it.
7.24 The most significant observation concerns the flames which are affecting the south side
of the crown (on the right of both photos), where the flames seem to flow over the top of the
structure and down towards the roof. This flowing effect can be observed in several places
around the top of the tower, even the columns. This is especially noticeable on the corners
of the building, a good example being the footage which shows the flames flow over the
north-west corner column (A1) and progress from the north face to the west side of the
building.
7.25 The fires which affected the rim at the Olympus Tower and the parapet at the Monte
Carlo Casino & Hotel have already been considered in previous chapters of this report. If
these are now compared to the spread of fire through the crown at Grenfell Tower, as well as
each other, it can be seen that there are some distinct differences in how the geometry of the
features affected each fire.
7.26 Taking first the Olympus Tower; the rim is sleek and horizontally orientated, and is a
simple feature without any vertical elements. Therefore, there is nothing to promote vertical
fire spread. The rim also projects beyond the line of the building faces which gives it a high
level of exposure around all sides, and hence a good supply of oxygen to support a fire (Photo
55). Although air can flow around the rim, there is no opportunity for the air (or any flames)
to be drawn through it due to its sleekness and simplicity. There is also no ledge at roof level
upon which molten material can collect to form pool fires. Therefore, the horizontal fire
spread at roof level could not be propagated via pool fires, as was the case at Grenfell Tower.
It could only follow the line of the rim itself in the form of standard horizontal fire spread.
However, as seen in previous chapters, the flames would have become concentrated on the
rim due to its projecting nature and this would have helped the fire to spread, with this being
further enhanced by the level of exposure. In this case, the strong easterly wind which was
blowing at the time would also have had an influence, but this will be considered in Chapter
8.
7.27 In contrast, the crown at Grenfell Tower contained vertically orientated elements which
encouraged the fire to spread upwards. It also did not protrude beyond the line of the
building faces, and due to the complexity of its design with multiple components and
structural elements, the crown could degrade to enable air to be drawn though it, as well as
allow pool fires to form beneath. All of these characteristics would have intensified the fire.
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Photo 55: The upper portion of the Olympus Tower where the rim can be seen projecting forward of the
building faces. No pool fires can form at roof level, and as the feature is simple and stands alone unlike at
Grenfell where there were two crowns (one in front of the other), with the new crown containing multiple
elements. There can also be no draw of air through the structure. The only place close to the roof where a
pool fire could form is on top of the curved section in the middle of each face, but this would not be capable
of carrying the fire around the perimeter of the tower, due to the fact that the ledge does not run the full
width of the building faces.

7.28 It is worth noting that if pool fires were able to form on the surfaces above the central
projections, this would encourage downward fire spread. Basically, the procedure would be
as follows:
- The fire spreads horizontally along the rim, causing the cladding material to melt and drip
down;
- This collects on ledges further down the building, including the surfaces at the top of the
curved projections;
- From these the molten material runs down the face of the projecting curve, forming a
downward spreading fire with an inclined front (see Chapter 4).

7.29 The main difference between the crown at Grenfell Tower and the parapet at the Monte
Carlo Casino & Hotel is that of solidity and compactness. Both structures are essentially rooftop parapets with a similar level of exposure, but crucially it is their individual construction
which makes a difference. The new crown at Grenfell Tower has slats and sits in front of its
predecessor, which has openings in the form of portholes. There is also a gap between the
old and new crowns. In contrast the parapet at the Monte Carlo Casino and Hotel is of solid
masonry with an External Insulation Finish System (EIFS) applied directly to it. The structure
is therefore compact and there is no means for air or fire to be drawn through it.
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Consequently, the fire would be less intense and would spread less rapidly. Feature enhanced
horizontal fire spread would therefore be the main phenomenon to affect the Monte Carlo
Casino & Hotel, aided by the exposed high level location.
7.30 The final example to consider is the decorative crown at the top of Tamweel Tower in
Dubai, which is one of a group of three matching towers in the Jumeirah Lakes area of the city
(Photos 56 & 57). The structure consists of five fins, the central one of which is vertical,
whereas the others curve away towards the edges of the roof (Photos 56 & 58). In the middle
of each fin is a rectangular opening to provide some relief in what would otherwise be
aesthetically a heavy looking structure (Photos 56 & 58). Being in such a prominent roof-top
location, the crown is highly exposed with nothing to impede the flow of air through or around
it. In the event of fire, this would encourage flames to be drawn through the structure.

Photo 56: Jumeriah Lakes Towers, Cluster U as viewed from the south-east; Tamweel Tower is the one which
can be seen on the right
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Photo 57: Jumeirah Lakes Towers, Cluster U which comprises three towers, of which Tamweel is one. The
arrangement of their roof-top crowns is apparent in this image, and it can be seen that there are transverse
connections between the fins. These will make it easier for the fire to spread between fins. Tamweel Tower
it the one near the top of the photograph. Source: Google Earth

7.31 It can be realised from Photo 57 that the crown has the potential for horizontal fire
spread to occur in two directions; across the fins themselves, and also at ninety degrees
across the transverse connections. This is in addition to the vertical fire spread up the ends
of the fins (Photo 58).
7.32 The fins of the crown are essentially an extension of the main structural elements of the
building which have been formed into a decorative feature at roof level (Photo 58). These
verticals are distinct from the building faces and protrude outwards. They are also adjacent
to vertically arranged balconies which form vertexes where the flames can be confined (see
Chapter 3 and Chapter 6). This arrangement will encourage rapid and intense vertical fire
spread.
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Photo 58: This view is taken from the north-west side of Tamweel Tower and flames are affecting the crown
on the south-west side. It can be seen that the edges of the crown are vertically orientated and form part of
the main vertical structure of the tower. The overall orientation of the crown is horizontal. The arrangement
of the five fins with their rectangular cut-outs is apparent. Source: www.arabianbusiness.com

7.33 Basically, the procedure for this fire is as follows:
- According to the Police report, refuse at the base of the building was ignited by a discarded
cigarette on the north-east side. The fire then spread rapidly upwards, following the lines of
the vertical protrusions (Photo 59);
- Once the fire reached the top of the building, it began to affect the crown (Photo 60). The
fact that the fins are an extension of the main vertical building elements made this much
easier;
- The fire then spread through the crown in a horizontal direction;
- Molten material from the crown resulted in downward fire spread on the south-east side of
the building (Photos 61 & 62);
- Having spread right the way through the crown from one side to the other, downward fire
spread also occurred on the south-west side of the building when the fire began to follow the
line of a vertical protrusion (Photos 58 & 65).
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Photo 59: A long ribbon of fire running from the base of the building to the top is following the line of a
vertical protrusion. The fire is also sat in the vertex created by a row of vertically arranged balconies.
Source: YouTube

Photo 60: The top of ribbon of fire showing how the flames are starting to affect the crown where they have
intensified due to the greater level of exposure and the draw of air. Source: YouTube
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Photo 61: The fire has spread across and through the crown, and is now spreading down the south-east face
as molten material flows and drips from the crown.

Photo 62: The burning of the crown has largely ceased, but the fire continues to spread down the vertical
bands of cladding on the building face.

7.34 As was the case at Grenfell, the means of fire spread around the building was via the
crown. If it was not for the presence of the crown, the fire affecting Tamweel Tower would
not have been able to spread to other faces of the building. The vertical elements of the
building face which connect with the crown also facilitated the fire spread on the north-east
and south-west sides, as did the narrow vertical bands of cladding on the south-east side of
the building. These were able to concentrate the flames within a narrow area, and thus
increase the fire spread. The north-west face appears to have been unaffected by the fire.
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Photo 63: The aftermath of the fire showing the burnt out crown on the south-east side of the building. Most
of the crown has been destroyed and reduced to a skeletal framework. Source: Gulf News Photo by Pranjal
Adurkar

Photo 64: The skeleton of the crown as viewed from the south-west side of the building. Damage to the
building face appears slight, although the adjacent south-east face has suffered substantial damage. Source:
www.skyscrapercity.com
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Photo 65: A view of the three towers taken from the north-west. Tamweel is on the left, and the extent to
which horizontal spread has been an issue is apparent from the fact that it has suddenly arrested part way
along the fins. The north-west side of the tower is undamaged. Source: Screen shot by the Author from Google
Street View. Image created using an iPad
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Photo 66: A close-up view of the crown showing the extent of the damage. On the south-east side, the fins
have been damaged along their full length, whereas on the north-west side, the damage extends only about
70% of the way along. The horizontal progression of the fire across the crown is apparent.

7.35 Although there are some uncertainties surrounding this fire, the key fact is that it
affected the crown which became the main factor in the external fire spread. Some of the
video footage (Photos 67 & 68) shows the flames being drawn up between the fins in a similar
manner to which the flames were drawn between the two crowns at Grenfell Tower. The
weather conditions in Dubai at the time are not known, but there is nothing to suggest that
wind was a factor.
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Photo 67: In this still image taken by the Author from video footage, the flames can be observed as being
drawn through the crown. As the fire develops, air is drawn through the rectangular openings and up between
the fins, encouraging the flames to spread through the middle of the crown. Source: The National UAE via
YouTube

Photo 68: In this view, which was taken by the Author from a
video, flames can be seen through
the rectangular cut-out on the nearest fin. The cladding panels are distorting as their cores melt and skins
degrade. Pool fires have formed on the roof from the molten material, and some of this is running down the
building face and carrying the fire with it, resulting in downward spread. The flames from the pool fires are
being drawn up between the fins
created. Source: Enjo Mathew
via YouTube

93

Fire behaviour in scaffolding:
7.36 It is interesting to compare the behaviour of fire in scaffolding with that in roof-top
features, as there is a similarity between the two. Scaffolding, due to the way in which it is
constructed is an open structure with a large surface area, and a very high level of exposure.
A good example of a high rise scaffold fire which illustrates these issues is that which affected
an unnamed residential building in Shanghai. Like at Grenfell, the number of fatalities was
high when compared to other high rise fires, with the number of those who lost their lives
being 58.
7.37 This 28-storey building was undergoing refurbishment when a spark fr
torch ignited the surrounding scaffolding. The fire spread through the scaffolding with an
inclined front as the flames spread from one level to the next and a difference in speed
developed between the upper and lower levels (Chapters 3 & 4). It is therefore apparent that
this phenomenon applies to other structures, apart from buildings, too. As there is nothing
to constrain the flames within scaffolding structure and encourage them to follow a particular
direction, vertical and horizontal fire spread can occur simultaneously, causing the fire to
develop an inclined front. The flames will spread randomly in very much the same way as
they would on a flat building face (Photos 69-71).
7.38 The fire which affected the crown at Grenfell Tower is comparable to that which affected
the scaffolding at the Shanghai apartment building, through which the fire was able to spread
without constraint. The openness of the scaffolding (and the architectural crown once it
started to degrade) enabled a greater flow of air through the structure, thus providing the
flames with a greater supply of oxygen. This lead to increased burning, and indeed at Grenfell
it was observed (and commented upon by several witnesses) that the flaming intensified
when the fire reached the crown. As was seen earlier in this chapter, the fire which affected
Tamweel Tower also intensified when it reached the crown.
7.39 The fire later spread to the building itself, which was clad in panels with polyethylene
cores. Once the fire took hold on the building façade, it progressed vertically upwards as is
shown in the available footage. Only a small number of very short videos are available, and
therefore no firm conclusions can be drawn from what they show. No doubt the geometric
profile of the building with its numerous recesses also had an influence, and it is likely that
the Trench Effect and/or some similar phenomenon would have occurred (Photos 72-74).
7.40 It is is likely that the scaffolding continued to have an influence, even after the fire had
spread to the façade. It would have acted as a barrier around the building which may have
caused the fire to behave rather differently to how it would if the façade was directly exposed.
The draw of air through the scaffolding, combined with the natural flow of air around the
building, as well as changes of pressure around the geometry of the façade would all have
had an effect upon the spread and behaviour of the fire. It is not known if the weather was
windy at the time, but if this was the case the fire spread would have been encouraged as the
wind blew through the scaffolding. The fire affected all levels of the 85 metre (279ft) tower
and was able to enter the interior via the windows (Photo 72), hence the reason why the
number of casualties was so high.
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Photo 69 (left) & 70 (right): The scaffolding around the lower levels of the tower is well alight with an inclined
front; Source: www.flikr.com (Photo 69) by Peijin Chen. Source: Photo 70 www.shanghaidaily.com

Photo 71: Diagonal flame spread is occurring in two opposing directions, although it is mainly confined to the
scaffolding. As scaffolding is an exposed and open structure, there is nothing to constrain the flames and
guide them in a particular direction. Source: www.youtube.com
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Photo 72: Internal entry has now occurred and the flats inside are well alight. Photo: www.bbc.co.uk

Photo 73: The blackened husk of the tower which possesses several projections and recesses; there is also
some curvature of the building face; Photo: Associated Press
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Photo 74: A view of the upper part of the building, showing the depth of one of the recesses. The full extent
of the damage can be appreciated. As was the case at Grenfell Tower, the fire affected most of the building
both internally and externally
but without the influence of a roof-top feature.
Photo:
www.martaruco.files.wordpress.com

7.41 It is worth emphasising that scaffolding will not be affected by downward fire spread like
a cladded building façade because the materials from which it is constructed cannot melt,
flow or drip. Therefore the spread will be upward and horizontal only, but nevertheless the
results can be equally devastating. Notre-dame cathedral in Paris was badly damaged by a
fire which occurred on 15 April 2019 during renovation work on the roof. That too involved
scaffolding, and being in a highly exposed roof-top location, made the fire worse.
Investigations into this fire are still continuing at the time of writing. The Author made two
visits to the cathedral; the first on 6 September 2018 whilst the restoration work was
underway, and the second almost a year later on 5 September 2019 to see the fire damage
being repaired.
7.42 There is a lot more research necessary in this area in order to fully understand the air
flow through open structures such as scaffolding. My work on this subject is ongoing and the
findings will be reported in the future.
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8. The Relationship between Shape, Air Movement and Fire
Types of Air Flow
8.1 There are three types of air flow which can affect a building. These will be present
whether the building is on fire or not:
- Ambient
- Pressure induced (due to changes in air flow around the building)
- Wind
In addition, a well developed fire can generate its own air flow.
8.2 Air is all around us and is not static. It comprises atoms which are continually on the move,
even if there is no other factor present. This is known as ambient air movement.
8.3 If a building is present, especially a high rise building, differences in pressure will form as
the ambient air flows around the building. This will give rise to zones of positive pressure and
negative pressure, which will result in vortexes and suction zones as the air flows from zones
of high pressure to low pressure.
8.4 If the weather is windy, this effect will be more pronounced, with a substantial difference
developing between the air flow on the windward side and that on the leeward side (Diagram
15). Diagrams 15(1) and 15(2) show the wind effects on elevations, and Diagram 15(3) and
15(4) show the effects in plan view.

Diagram 15: The wind blows onto the building face. The air flows upwards creating a zone of positive pressure,
then is sucked over the roof resulting in a zone of negative pressure. Air then flows down the leeward side of
the building creating a zone of suction and negative pressure. The pressure on the windward side is high, and
on the leeward side is low. The velocity of the wind increases with height, meaning that wind speeds will be
higher on the upper floors than the lower floors, and highest of all at roof level. Velocity also increases as the
air flows around the corners, creating negative pressure at the sides of the building.
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8.5 If a low rise building is in close proximity to a high rise building, a vortex can form between
the two (Diagram 16). This will have an influence upon any fire which occurs on that part of
the building.

Diagram 16: Elevation of a high-rise building with a low-rise in close proximity; although air is being forced up
the face of the high-rise building, a vortex has developed at the lower level as the air flows over the low-rise,
hits the high-rise and then starts to rotate. Sketches in Diagrams 15 & 16 by the Author
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Pressure Zones
8.6 The pressure zones which form around a building generally fall into three categories:
- Primary (main) zones caused by the flow of air over the main structure of the building;
- Secondary zones caused by the flow of air across and around architectural features;
- Localised zones caused by roughness and contours on the building face;
All of these can have an effect upon the spread and behaviour of fire. In order to provide
some understanding of the potential influence, two buildings with varied geometry will be
examined in relation to the principles in Paragraphs 8.1 8.5, above. One of these buildings
is Grenfell Tower where the conditions are known to have been calm at the time, and the
other is the Olympus Tower where a brisk wind was blowing.
8.7 All projections and unevenness on a building face will disrupt the flow of air resulting in
pressure differences. The features create friction and a drag on the flowing air, and thus an
increase in turbulence. If the exterior of the building catches fire, the fire has the potential
to respond to the flow of air and the resulting pressure zones.

Example 1 Grenfell Tower
8.8 In the vertical plane the air is forced up the building, over the crown and across the roof
(Diagram 17). As the air comes into contact with the walls of the plant room, a vortex
develops as the air starts to rotate in the roof area between the crown and the plant room.
Some air flows over the roof of the plant room and down the other side of the tower.
8.9 In the horizontal plane, as the air flows around the building and encounters the projecting
columns, it is forced up the side of each one, over the top and then down the other side. The
air would flow with particular ease over the tops of the columns which are streamlined due
to their inclination. On the windward side there is a zone of positive pressure, whilst on the
leeward side a zone of negative pressure is formed (Diagram 18).

Diagram 17 (page 99 top): The air flow over the crown and around the roof and plant room at the top of
Grenfell Tower. There is positive pressure at the face of the tower and a zone of negative pressure has
formed at the roof. Some of the air which has been drawn up the building face is rotating in the vortex
which has formed in the space between the crown and the plant room. Sketch by the Author
Diagram 18 (page 99 bottom): An elevation of Grenfell Tower showing the localised pressure zones which
have formed around the projecting columns on the building. The pressure is positive on the windward side
of the columns and negative on the leeward side. It can be seen how the air is forced upwards on the
windward side, then flows over the column tops and down the leeward side creating a zone of suction. Sketch
by the Author
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8.10 Continuing in the horizontal plane, the flow of air in a lateral direction over the columns
creates zones of positive and negative pressure (Diagram 19) as the wind hits the building
face and flows in two opposing directions. The west face is being used as an example here
because the prevailing wind in the UK is normally from this direction, and it is therefore
necessary to clarify that I am by no means implying that the fire at Grenfell was affected by a
westerly wind. This is purely to illustrate the principles of air flow around the building, which
would be the same regardless of the direction of the wind, and even if the air flow was
ambient. It is a matter of examining how the specific features of this building influence the
flow of air, and potentially how it may affect a fire.
8.11 As the wind blows round the corners, in this case Columns A1 on the north-west corner
and D1 on the south-west corner, it increases in velocity meaning that the north side and
south side of the building would be affected by stronger gusts of wind. The primary pressure
on each of these sides would be negative, but secondary zones of pressure would form around
the columns. These would be positive on the windward side and negative on the leeward
side (Diagram 19).

Diagram 19: The flow of air around the columns in plan view, as it would be if the wind was blowing onto the
west side of the building. This shows the flow in the horizontal plane, and as the wind hits the face of the
building, the air is diverted in each direction and creates localised zones of negative and positive pressure as
it flows over the columns. Sketch by the Author
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8.12 With the wind blowing onto the west face of the building, the east face would be on the
leeward side. As the wind progressed across the north and south sides of the tower, it would
eventually reach Columns A5 (NE corner) and D5 (SE corner). As was the case with the other
two corners, the velocity of the wind would increase as the air flowed around them, but to a
lesser extent than with the corner columns on the windward side of the tower. The air would
then continue across the east face until it entered the suction zone created by the draw of air
over the roof (Diagram 19).
8.13 Localised pressure zones may also form, created by contours of the building face
resulting from the arrangement of cladding panels.
8.14 Where Grenfell is concerned, it will be the effect of ambient air flow which needs to be
considered, and without the wind blowing from any particular direction, the passage of air
over and across the building will not be so clear cut. Hence, there will be no windward and
leeward side of the building or any of its features. The effects will solely be down to the
influence the actual presence of the building has upon the flow of air.
8.15 As the conditions were calm on the night, the influence of air flow over the building will
only be theoretical, but it will at least give some idea as to the ambient movement of air may
have had an effect upon the fire.
8.16 There some other observations which can be made with regard to the air flow around
Grenfell Tower. Firstly, although the conditions were known to be calm on the night, footage
of the fire shows the flames being blown across spandrel bay E(iii) to the right of Column B5,
towards the north-east corner. This implies that there was a flow of air from the south, the
reasons for which remain unclear.
8.17 Secondly, as the tower burned, the smoke rose vertically above the building. Once the
fire had been largely extinguished, the tower smouldered, and interestingly the smoke flowed
in the same direction as the flames had travelled. On the north and west sides of the building,
the smoke moved in an anti-clockwise direction, whereas on the east and south sides, it went
clockwise. The smoke formed swirling pillars which became inclined as they moved around
the building, with the direction of inclination being the same as that which had been followed
by the flames in the respective positions. On the north and west sides the inclination was to
the right of the horizontal, and on the east and south sides it was to the left.

Example 2 The Olympus Tower
8.18 In the vertical plane the air is forced up the building, over the rim and across the roof
(Diagram 20). As the air comes into contact with the clock, secondary zones of positive and
negative pressure develop. Some of the air flows over the top of the clock and down the
other side of the tower, creating a negative pressure zone and an area of suction (Diagram
21). The secondary, as well as localised zones are important for determining the influence
upon the fire once it caught the projecting rim.
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Diagram 20: Elevation and plan views of the top of the Olympus Tower showing the secondary and localised
pressure zones around the perimeter rim and roof-top clock. Sketch by the Author

Diagram 21: The north elevation of the Olympus Tower showing the main pressure zones around the building.
The air is drawn up the east face onto which the wind is blowing and towards the projecting perimeter rim,
forming a zone of positive pressure. Air is then drawn over the roof to produce negative pressure on the
leeward side. Sketch by the Author
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8.19 When the fire occurred, a strong easterly wind was blowing onto the building. As the
wind hit the façade, it flowed in two directions across the building face, then around the
corners with an increased velocity to affect the north and south faces where zones of negative
pressure were created. The west face was on the leeward side of the building and a zone of
suction would have been present were the air was drawn down from the roof. The zone
would have been located in the centre of the building face, where the curved protrusion is.
Air flow from the north and south faces would have been drawn around the corners and onto
the west side, before entering the suction zone. These effects and the direction of the wind
around the building is shown in Diagram 22.

Diagram 22: Three plan view diagrams of the Olympus Tower showing the flow of air and the resulting
pressure zones. Sketch by the Author

8.20 The first of the three sketches in Diagram 22 shows the flow of wind around the Tower
(shown in grey) and the paths taken by the fire (shown in red). From this it can be realised
that the fire progressed in a direction opposed to the wind.
8.21 The middle sketch shows the main flow of air; in this case from east to west over the
roof of the building. There is positive pressure on the eastern (windward) side, and negative
pressure on all the other sides.
8.22 The last sketch shows the main pressure zones, as illustrated in the middle sketch, but
also secondary zones which are present at the points where the protruding curves connect
with the rest of the façade.
8.23 Air will flow from areas of high (positive) pressure to zones of low (negative) pressure,
and it would be expected that fire would do the same thing. However in this case, the fire is
not only moving in the opposite direction to the wind, but is progressing from low pressure
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zones to high pressure zones. No doubt the fire would have met with resistance as it fought
to overcome the opposing wind and the pressure zones it created which were not conducive
to the fire spread. Nevertheless, the fire managed to affect all sides of the building, but if the
wind had been blowing from the west instead, it is likely that the spread of fire would have
been much more rapid as it would have been aided by the wind and encouraged by the
pressure zones it created. In other words the progression would then have been from high
pressure to low pressure, which would have made the fire progression easier.
8.24 Due to the opposing wind direction, the flames were continually blown back as they tried
to progress across the north face, but nevertheless they were still able to proceed. This
proves that it is still possible for fire to progress into an oncoming wind even if it is quite
strong and although there is resistance, it is not prevented from doing so. This also shows
that fire can progress against the natural flow of air, from zones of high pressure to low
pressure. More can be read about the Olympus Tower fire in Appendix 2.
8.25 In this chapter I have only touched on this subject to outline the main principles of air
flow and wind effects on a building, and how they may relate to the spread and behaviour of
fire. Further research is required and this will be written up in a paper dedicated to the
subject at a later date.

Other Air Flow Effects
8.26 The name applied to this effect is my own, and it arises from the similarities with its
internal counterpart, where the heat from a fire inside a tall building rises by convection and
is replaced by cooler air coming in from below. This results in a draw of air through the
building which creates a stack effect, leading to a fire which is more intense on the upper
floors. The external stack effect occurs when air is drawn around corners or projections on
the façade, causing hot gasses to be trapped against the face of the building. The effect is
more pronounced if the fire occurs within a recess. It can also occur between two protrusions
which are further apart, or even if the building has a flat face if there are two opposing flows
around the corners. In such circumstances air will be drawn around corners or protruding
features and then up the face of the building, causing intense heat to build.
8.27 Essentially the External Stack Effect is a combination of the Trench Effect (see Chapter 3)
and the Coanda Effect (Diagram 23) and is therefore a halfway house between the two. The
Coanda Effect is similar because it too involves hot gasses being trapped against the building
face, but is reliant upon the presence of windows, as it is caused by the draw of gasses through
a failed window, rather than external features on the building face. The Coanda Effect is
therefore not directly influenced by building shape, although horizontal projections such as
balconies will disrupt the effect because they protrude outwards over the windows and create
fire breaks.
8.28 However, balconies can also facilitate fire spread if they are clad in flammable material,
and flames can spread from one balcony to the next, in a similar way to which a fire transfers
between windows on adjacent floors of a high rise building.
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Diagram 23: The Coanda Effect where hot smoke and gasses vent out of an open or broken window and are
drawn back against the face of the building;

8.29 A lot of further research is required to ascertain these effects, especially that which I
have termed the
as at the moment this is largely theoretical. There
are no doubt other effects created by shape, air movement and fire which are yet to be
discovered.
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9. Safety Assessment
9.1 It is important that the risks posed by a building are assessed in relation to shape, form
and features, as well as other criteria such as materials. From this a matrix can be developed,
within which the shape-related effects of fire are assessed for likelihood and severity, and
given a risk factor. The likelihood of a fire occurring and its severity will also depend on the
materials involved, and there will be a set of guidelines stipulating how these should be taken
into account when assessing the risk.
9.2 The intention is for this to take place at the design stage, but it could also be applied
retrospectively to existing buildings too. Primarily the assessment is for high rise buildings of
18m or more in height (approximately six storeys), but I believe that it should also be used for
medium rise buildings of 9m or above (approximately three to five storeys), especially if they
have a high occupancy level such as residential flats, student accommodation or hotels. In
the case of the latter, it is disappointing that the ban on combustible materials in external
walls does not include hotels, which have a high occupancy rate, as well as sleeping
accommodation. It has been shown that the risks to occupants from fire increase significantly
once a building reaches a height of three storeys or more.
9.3 The means of rectification will depend on the risk factor and whether the building is at
the design phase, construction phase or completion phase. It will also depend on whether
the assessment is being applied to a new building or an existing building. Where new
buildings are concerned, an initial assessment will be made at the design phase where it is
intended that all identified risks will be addressed. A second risk assessment will be made at
the construction phase to ensure that the risks identified at the design phase are being
effectively dealt with. If they are not, construction will be required to cease until the matters
concerned have been addressed. As the building reaches completion, a third risk assessment
will be carried out to ensure that the matters identified at either or both of the earlier stages
have been rectified. If not, the building cannot be signed off until the necessary changes have
been made to reduce the risk.
9.4 If the assessment is to be made on an existing building, then remedial measures will range
from removal of certain façade materials such as cladding, to alterations (eg. The removal of
parapets and cornices) to demolition if the building cannot easily be made safe and the costs
involved would make it economically unviable.
9.5 In January 2019, the figures released by the Ministry of Housing, Communities & Local
Government under its Building Safety Programme stated that of the 437 high rise buildings
identified as having ACM cladding, there were still 361 where it remained in place, slightly
down from 370 the previous month. Of these, 119 are social sector residential and 167 are
private residential. In addition to this, there are 36 high-rise student residences and thirty
hotels where ACM cladding remains a problem, giving a total of 233 buildings in the private
sector where this combustible material is present. In the public sector, the total number of
buildings is nine. So far only 73 buildings have been remediated and signed off. Therefore,
there are a lot of buildings still in need of remedial work, and there is concern that the
necessary funding will not be found or made available.
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9.6 By using this risk assessment, the buildings can be given a risk factor to determine which
pose the greatest risk to their occupants. Although all buildings with combustible facades are
at risk of being affected by fire, some will perform much better than others should this event
occur. Those of a shape or form which has been shown to encourage fire spread, or possess
architectural features capable of doing the same, obviously pose a greater risk than those
which are of a more simple design. The risk assessment methodology described in this report
will help the Government and local authorities determine which buildings should be tackled
first, especially in areas where there is a limited budget. This will ensure that the available
funding and resources are used in the most effective way, with the best efficiency, by tackling
the greatest risk first and gradually working down to the lowest risk as more funds and
resources become available.
9.7 However, this should not be used as a reason to avoid the replacement of combustible
cladding on those buildings which pose the lowest risk, and no costs should be passed on to
residents. The intention of using the risk assessment in this way is to try and alleviate the
risks posed by the backlog of buildings awaiting cladding removal by addressing the greatest
risks first and lowest risks last. This will allow a structured programme of building safety to
be devised and prevent the costs being passed on to occupants. Every person has a
fundamental right to life and consequently a right to be safe in their own home. No occupant
should have to pay for something to which they are entitled.
9.8 The assessment will also be useful abroad, especially in countries such as the United Arab
Emirates which have large numbers of buildings with combustible facades. It would provide
a means of determining exactly what risk a building presents and what the most appropriate
means would be in making it safer. I had discussions about this during my visit to the UAE,
and one mitigation measure which was suggested is for the cladding to be removed off
features or areas of the building which are deemed to pose the highest risk. This partial
façade safer.

Risk Assessment Criteria
9.9 The Risk Assessment is based on three main criteria:
-

Building Shape, Form & Features;
Construction & Materials;
Fire Protection;

The latter also includes fire-fighting facilities. Within each of these main groups are several
sub-categories, against which each building will be assessed. At the top of the form, general
details and characteristics such as height, number of storeys, width/length, proximity to other
buildings and use are recorded.

109

9.10 The categories under each of the criteria stated above are as follows:
1. Building Shape, Form & Features:
Overall
Shape:
Square/rectangular,
hexagonal/octagonal, other;

circular/oval,

triangular,

semi-circular,

Geometric Form: Projecting columns, protruding curves, re-entrant corners, shallow recesses,
deep trenches, edges, contoured surfaces, other;
Architectural Features: Cornices, string courses, parapets/crowns, projecting rims, pilasters,
balconies, window/door features (eg. Frames, cills & architraves), other;

2. Construction & Materials:
Construction Type: Solid masonry wall, timber frame, steel frame, concrete frame, cavity wall,
glazed façade, curtain wall, rainscreen façade, other;
Windows & Doors: UPVC, wood, metal, other;
Insulation: EPS, XPS, PIR, phenolic, mineral wool;
External Cladding: timber, masonry (eg. Slate, brick, stone), solid metal, EIFS, ETICS, sandwich
panels/rainscreen cassettes (eg. ACM, ZCM);
If a rainscreen façade is present, additional details will need to be provided.

3. Fire Protection Measures & Fire-fighting Facilities:
Fire Protection & Evacuation: Smoke/heat detectors, audible warning systems, extinguishing
equipment, appropriate signage and information, emergency lighting, fire resisting doors,
protected stairs, alternative means of escape, compartmentation, fire stopping, cavity
barriers, dampers, fire exits, other;
Fire Suppression: Internal sprinkler system, external sprinkler system, smoke extraction,
other;
Fire-fighting Facilities: Wet or dry rising mains, firefighter lifts, access to the building, other;
It will be necessary to obtain information to ascertain specific types (eg, of smoke detectors)
and location of such measures/facilities, as well as whether they are subject to regular testing
(if required) and are in working order.
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9.11 The intention has been to focus on external fire spread when devising the criteria.
However, this cannot be separated entirely from internal fire spread because external fires
can break into buildings, and therefore it has been necessary to consider fire protection
measures in this context. A building can only be given a realistic risk factor if such issues are
considered.
9.12 The risk assessment also has the potential to become very complicated, so a line has to
be drawn somewhere to prevent this from happening. The intention is for it to be
straightforward to understand and use, so the criteria has been restricted to simple categories
as far as possible, whilst providing sufficient detail for a proper functional assessment to be
made. If something becomes over complicated, there is an increased chance of error, and
ultimately the concept of the risk assessment (ie. To assess buildings for their external fire
risk) being defeated.
9.13 Aside from the building shape issue, the data gathered for this risk assessment can be
used to form an overall record of the building which should be kept up-to-date every time it
is subject to any alteration. Alterations include reconfiguration of the internal layout, removal
or addition of external features (eg. Parapets or balconies), extensions (including the addition
of extra floors to a high rise building), partial demolitions (eg. The removal of some floors or
an adjoining block), change of materials (their removal, addition or replacement), and
structural alterations. In such circumstances it will be necessary to re-assess the building
because such changes may affect the behaviour and spread of fire across its exterior, and
therefore its overall risk factor and safety rating.

The Assessment Process
9.14 Following assessment against the above criteria in Paragraph 9.12, a set of likely fire
phenomena specific to the building can be devised. A list of thirteen possible shape-related
phenomena are given in Paragraph 9.21 below, from which the ones relevant to a particular
building can be selected. Each phenomena will be then be assessed for its likelihood of
occurrence as well as its severity, then given its own risk factor using a standard matrix as
shown in Diagram 11 below. From this it can be realised how a fire would behave and spread
on the exterior of a particular building, and this information can then be used to give an
overall risk factor and safety rating.
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Diagram 16: The
Risk Assessment matrix which can be used to give a high rise
building an overall risk factor following its assessment against the criteria. From this it can be realised which
buildings pose the greatest risk to their occupants.

9.15 The Risk Assessment process is set out step by step below:
1. For each of the three main categories, put a tick by the relevant criteria;
2. Based on the criteria for Category 1, select the fire phenomena which are likely to occur;
3. Then, using the assessment data from Categories 1 and 2, decide the likelihood of each
phenomenon occurring. The data from Categories 2 and 3 can be used to determine the
severity of each phenomenon should it occur.
4. Using the matrix, give each phenomenon its own risk factor;
5. The average of the risk factors in Step 4 will give the overall risk factor.

9.16 Having now established the overall risk factor, the next stage is to give a safety rating for
the building. This is determined using the process set out below in Paragraph 9.17. The
purpose of the safety rating is to determine exactly how safe a building is based on qualitative
analysis. Unlike the Risk Assessment which is determined by numerical quantitative analysis
to predict the probability of an event which may occur if the building catches fire, as well as
the losses and damage that are likely to result from that event, the Safety Rating is concerned
with qualitative issues. These relate to the overall safety of the building regardless as to
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whether it is on fire or not. The objective is to
gths and
weaknesses based on specific data, rather than probabilities as in the case of the Risk
Assessment. From this areas of concern can be identified, including issues which are a direct
threat to the safety of the building and its occupants. Both the Safety Rating and Risk
Assessment are intended to complement each other and present a thorough picture of the
relevant risks from two different perspectives. This will be more effective than if one method
was used alone.

9.17 The process for determining the Safety Rating is set out below:
1. Taking Category 1, a point is awarded for each geometric or architectural feature the
building has. The higher the score, the greater the danger posed by the building.
2. For Category 2, a point is awarded for each flammable material present. If there are no
flammable materials, the score will be zero. Again, the higher the score the more dangerous
the building will be.
3. With Category 3, a point is awarded for each fire protection measure or fire-fighting facility
the building has. In this case, the lower the score, the more dangerous the building will be.
4. The scores for Categories 1 and 2 are added together and the score for Category 3 is
subtracted from the total to give the Safety Rating. The higher the resulting figure, the more
unsafe the building is.

9.18 However, the measure of facility has to be adequate and in working order to be counted.
For example, if there is a smoke extraction system but it is not in working order, it cannot be
given a point. Likewise, if there are one hundred flats in a residential block, but only twentyfive of them have fire resisting doors, then this will not be counted either, although a note
should be made in the assessment. In both these cases, a potential weakness and area of
concern has been identified, and this will need to be addressed.

Fire Phenomena
9.19 This includes fire effects and types of behaviour as influenced by building shape, form
and features:
- Upward vertical fire spread: The rapid spread of fire up tall uninterrupted vertical bands of
cladding or some other flammable material on the building façade;
- Feature influenced upward fire spread: The tendency for the fire to concentrate itself on a
vertically orientated projecting features; this will enhance the rate of flame spread;
- Corner influenced fire spread: The extension of flame height which occurs when the fire
becomes confined to an introverted corner (vertex) on a building face;
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- The Trench Effect: Occurs in recesses where the fire becomes confined and increases in
intensity as the recess acts as a vertical trench;
- Upward fire spread with an inclined front: Caused by curves on a building face distorting the
fire front;
- Downward vertical fire spread: The downward spread of fire affecting continuous bands of
cladding due to the flowing and dripping of molten burning material. The does not involve
projecting features;
- Downward fire spread with an inclined front: Initiated by fire spreading along a horizontally
orientated feature at the top of a building;
- Feature influenced downward fire spread: The tendency for the fire to concentrate itself on
a vertically orientated projecting feature; this will interrupt the diagonal pattern if the fire is
spreading with an inclined front;
- Standard horizontal fire spread: The very slow spread of fire in a lateral direction. It does not
necessarily involve a projecting feature, although it may be encouraged by contours on the
building face;
- Feature enhanced horizontal fire spread: Occurs when the flames become concentrated on
a horizontally orientated projecting architectural feature. The rate of flame spread is much
more rapid than for standard horizontal spread. If the feature forms a ledge upon which
molten material can collect, the fire spread will be further enhanced;
- Perimeter/roof-top fire spread: This is essentially Feature Enhanced horizontal fire spread
which occurs at roof level, involving a parapet, crown or rim around the perimeter of a
building. It may also affect features which sit on top of the roof and is influenced by exposure
of the architectural feature;
- Rotational fire spread: The action of the fire transferring around the corners of the building
without the aid of roof-top features. It generally occurs at lower levels and is influenced by
other feature connected to or close to the corners,
such as string courses and cornices;
- Cross-radiation: Occurs when re-entrant corners are present. These have an angle greater
than 180° and if there are two inward facing surfaces, cross-radiation will occur and the fire
will intensify;

Overall Risk Factor & Safety Rating
9.20 The highest overall risk factor possible it 25. If it was deemed likely that a building could
be affected by all thirteen fire phenomena on the list, and the likelihood and severity of each
was at its maximum so as to give the highest possible individual risk factor for each one (ie.25),
the total score would be 325. If this was then divided by thirteen, the answer would be 25,
thus making this the highest possible risk factor obtainable. Bearing this in mind, and
114

considering the classification of other risk assessment matrices in use in other disciplines, the
figures obtainable for Overall Risk Factor can be defined as follows:

RISK
LOW

MEDIUM
HIGH

OVERALL FACTOR
1 2
3 4
5 6
7 9
10 12
13 16
17 20
Over 20

DEFINITION
Negligible
Very Low
Low
Medium
Moderate
Significant/High
Serious/Very High
Substantial/Critical

9.21 The Safety Rating is rather more difficult to define because the figures cannot be so easily
determined. The maximum number of Category 1 criteria possible to be achieved is 15, and
for Category 3, this is 19. However, for Category 2 this is not possible because there is no
definitive maximum for the number of combustible materials which may be used on a
materials are identified, these would normally be in the form of panel filler and insulation.
Therefore, two materials would be the normal number expected, and thus a figure of three
or above would be a cause for concern.
9.22 The intention now is to test the safety assessment and its methodology on some highrise buildings with combustible facades. So far the testing has only been carried out on
Grenfell Tower, where the criteria was varied slightly in successive tests to check for
consistency in the methodology. The results were comparable with little variation which is
encouraging. There is now a need to set up any further test sites in the UK and abroad,
although gaining access to the appropriate buildings and obtaining sufficient data is not
always easy. Paragraph 14.1 describes a further means by which testing could be undertaken.
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10. Conclusion
10.1 The purpose of this report was to examine the relationship between building design and
fire spread, and consider how the shape, form and architectural features of a building affect
the way in which fire spreads and behaves on the exterior if it has a combustible façade. The
findings in this report have shown that there is a clear link between shape and fire spread,
with the geometric form and architectural features able to influence the behaviour of the fire.
10.2 On this basis it has been possible to develop a set of principles which can be used to
predict how a fire will spread and behave on any given high-rise building which has a
combustible façade. This is of great value to long-term building safety because it will enable
the risks to be realised at the design stage, and therefore dealt with before construction even
begins. So far this is an aspect of fire safety which has largely been overlooked by designers,
but in view of several serious façade fires in recent years and the realisation that such fires
can be have devastating consequences, the risks posed have been brought to the forefront.
The findings of this study, will enable exterior fire safety to be given the greater consideration
and prominence it deserves.
10.3 The principles will also be beneficial to firefighters, because they will arrive on the scene
with a knowledge of how the fire is likely to spread and behave, and they can plan their
strategy accordingly. This will also apply to the decision as to whether the occupants should
stay put, or whether they ought to be relocated or evacuated.
10.4 It may also provide a means of improving the way in which façade systems are currently
tested. The apparatus in current use is far too simple and is not representative of many
buildings. Consideration should be given to testing mock-ups of buildings with more complex
forms which include geometric and architectural features.
10.5 The principles have also given rise to a safety assessment which includes both a
quantitative risk assessment and a qualitative safety rating. By being able to predict how a
fire will spread and behave, it will now be possible to quantify and qualify the risk, and
therefore state based on scientific methodology how safe/unsafe the building actually is.
10.6 The fire dynamics behind these principles are intricate, yet based on simple concepts. A
fire will cling to projecting features or confine itself to vertexes on the building face, both of
which will intensify the flames. This will also prevent horizontal spread from occurring, which
would proportionally slow the flames. Horizontal features such as string courses will help the
fire to spread laterally and affect other parts of the building, when it may not have otherwise
done so. Recesses present on the building will concentrate the flames within them and the
features at the top of the building will enhance the fire
spread and provide an effective means for the fire to easily transfer to other sides of the
building, especially if air (and flames) can be drawn through the feature.
10.7 This report is not the end of the research, which shall continue, especially into the
relationship between shape, wind and fire. It will also be necessary to investigate if and how
shape makes a difference to the performance of different materials. It may be the case that
a material will pass a test on a flat wall, but not if it is applied to a design feature.
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11. Recommendations
1. All roof-top features, whether they are projecting rims, parapets or architectural
crowns, should be made from non-combustible material.
2. If cladding is to be used at roof level, the fire rating should be a minimum of A2. The
whole assembly, complete with roof-top geometry should have been tested prior to
installation.
3. The whole wall assembly, including geometric and architectural features, should be
tested in order to see how the presence of such features affects the fire performance.
4. Horizontally orientated features such as string courses should not extend into
introverted corners or around extruded corners.
5. Projecting features should not contain combustible materials. If cladding is to be used,
it should have a minimum fire rating of A2.
6. Scaffolding used on buildings over 18m tall should be non-combustible, and wooden
boards should be avoided.
7. Non-combustible scaffolding should also be used for the repair and restoration of
heritage assets. This includes all grades of statutory listing, as well as locally listed
buildings and structures.
8. The partial decladding of buildings in line with the principles established in this report
should be explored as an option for improving the safety of high-rise buildings with
combustible facades.
9. A retrospective programme of safety assessment taking into account the shape, form
and features of a building should be instigated, so that the risks posed by a potential
façade fire are fully realised.
10. A safety assessment shall be required for all subsequent alterations and
refurbishments carried out to high-rise buildings.
11. For all new buildings, an initial assessment should be carried out at the design stage,
followed by a second assessment at the construction stage a third assessment upon
completion. The results of the assessments should be kept on file.
12. It is the responsibility of the building owner/manager/developer to ensure that the
file of information is up-to-date and is readily accessible to those who may require it.
13. It is the responsibility of the building owner/manager/developer to ensure that safety
measures such as the removal of combustible material are carried out.
14. Those responsible for the building should ensure that fire safety and protection
measures are maintained to an adequate standard.
15. Firefighters should be trained according to the principles set out in this report so that
they know what to expect what when they arrive at the scene of a fire and can prepare
an appropriate strategy.
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on the South Face);

Videos of the Olympus Tower, Grozny, Chechnya, Russia:
http://www.theguardian.com/world/video/2013/apr/04/chechnya-skyscraper-on-firevideo?CMP=embed_video
https://www.youtube.com/watch?v=9-Hml1BH7xY
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https://www.youtube.com/watch?v=zuJTuDzblTA
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https://www.bing.com/videos/search?q=taksim+ilk+yardim+hospital+fire&qpvt=taksim+ilk+
yardim+hospital+fire&view=detail&mid=F2FE8FF6D7958F255E2CF2FE8FF6D7958F255E2C&
&FOR
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yardim+hospital+fire&view=detail&mid=207CCB73E254C7C3B0D5207CCB73E254C7C3B0D5
&rvsmid=F2FE8FF6D7958F255E2CF2FE8FF6D7958F255E2C&FORM=VDQVAP
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yardim+hospital+fire&view=detail&mid=885C509D1C23750427A1885C509D1C23750427A1
&rvsmid=F2FE8FF6D7958F255E2CF2FE8FF6D7958F255E2C&FORM=VDQVAP

Videos of the Monte Carlo Casino & Hotel Fire:
https://www.bing.com/videos/search?q=monte+carlo+casino+fire&qpvt=monte+carlo+casi
no+fire&view=detail&mid=262C79F8EB7B5AD9710B262C79F8EB7B5AD9710B&&FORM=VR
DGAR
https://www.bing.com/videos/search?q=monte+carlo+casino+fire&qpvt=monte+carlo+casi
no+fire&view=detail&mid=C4EEA415BD4FCC3FB59CC4EEA415BD4FCC3FB59C&

Videos of Tamweel Tower, Dubai:
https://www.bing.com/videos/search?q=tamweel+fire&qpvt=tamweel+fire&view=detail&m
id=F8CB59F8A8764D455A8EF8CB59F8A8764D455A8E&&FORM=VRDG
https://www.bing.com/videos/search?q=tamweel+fire&qpvt=tamweel+fire&view=detail&m
id=9EE90CA20417B5683FF09EE90CA20417B5683FF0&rvsmid=91BBC9CA4AF080A1F87591B
BC9CA4AF080A1F875&FORM=VDQVAP
https://www.bing.com/videos/search?q=tamweel+fire&qpvt=tamweel+fire&view=detail&m
id=735AF6766552B5B90060735AF6766552B5B90060&rvsmid=91BBC9CA4AF080A1F87591B
BC9CA4AF080A1F875&FORM=VDQVAP
https://www.bing.com/videos/search?q=tamweel+fire&qpvt=tamweel+fire&view=detail&m
id=EEAA1630230E52C4F93BEEAA1630230E52C4F93B&rvsmid=91BBC9CA4AF080A1F87591B
BC9CA4AF080A1F875&FORM=VDQVAP
https://www.bing.com/videos/search?q=tamweel+fire&qpvt=tamweel+fire&view=detail&m
id=709897E755707962D6CA709897E755707962D6CA&rvsmid=91BBC9CA4AF080A1F87591
BBC9CA4AF080A1F875&FORM=VDQVAP

Videos of Torch Tower, Dubai:
https://www.bing.com/videos/search?q=torch+tower+fire+dubai&qpvt=torch+tower+fire+d
ubai&view=detail&mid=E74D1E5BF9F7733EE9C1E74D1E5BF9F7733EE
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https://www.bing.com/videos/search?q=torch+tower+fire+dubai&qpvt=torch+tower+fire+d
ubai&view=detail&mid=3F6DD49CF72FE6CFEECD3F6DD49CF72FE6CFEECD&rvsmid=311D32
A2AA7AFC3D10AB311D32A2AA7AFC3D10AB&FOR
https://www.bing.com/videos/search?q=torch+tower+fire+dubai&qpvt=torch+tower+fire+d
ubai&view=detail&mid=FD83901E886B3F525B0FFD83901E886B3F525

Videos of The Address Hotel, Dubai:
https://www.bing.com/videos/search?q=the+address+hotel+fire+dubai+official+report&&vi
ew=detail&mid=D9AF65FC678298DF7EDDD9AF65FC678298DF7EDD&rvsmi
https://www.bing.com/videos/search?q=the+address+hotel+fire+dubai+official+report&&vi
ew=detail&mid=1E5F36AA554718B0D5341E5F36AA554718B0D534&&

Video of Sulafa Tower, Dubai:
https://www.bing.com/videos/search?q=sulafa+tower+fire&qpvt=sulafa+tower+fire&view=
detail&mid=FB370FBA49525AC5A3BAFB370FBA49525AC5A3BA&&FORM=VRDGAR

Video of Mermoz Tower, France:
https://www.youtube.com/watch?v=0yQLIlIetDM

Video of Polot Tower, Istanbul:
https://www.bing.com/videos/search?q=tamweel+fire&qpvt=tamweel+fire&view=detail&m
id=7C078F4278DF946E16DF7C078F4278DF946E16DF&&FORM=VRDGA

Video of high rise fire at Krasnoyarsk, Russia:
https://www.youtube.com/watch?v=EgIFZ_b9rL8
https://www.nbcnews.com/video/flames-engulf-russian-high-rise-building-331759683948
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13. TERMS & CONDITIONS
13.1 Th
. It is also
intended that the work will eventually be published as an article or paper in a fire
science/engineering journal. The recipients of this report are academic and professional
institutions, as well as companies within the fire engineering, architecture and construction
sectors.

13.2 The report is subject to copyright, and the terms and conditions as detailed below:
(i) The contents of this report must not be used for purposes other than those specified,
without the consent of the Author. The Author must be given full credit whenever any part
of this work is cited.
(ii) The contents must not be shared on social media without the prior consent of the Author.
(iii) The contents must not be shared with journalists from any mass media, such as
newspapers, radio, television and journalistic websites, without the prior consent of the
Author.
(iv) The report shall not, in part nor in its entirety, be uploaded to the internet under any
circumstances.
(v) Individuals and organisations with whom this report is to be shared will be contacted by
the Author and the purposes for which it may be used will be specified. The recipients must
also agree to abide with the Terms and Conditions.
(vi) Recipients must not make copies of the report or distribute it in any way without the
consent of the Author.
(vii) The recipients must keep the Author informed of any ways in which they use the material
within this report. This is so that it can be monitored for the purposes of further research.

13.3 The Author may be contacted by email: fmpdrawings@gmail.com to obtain consents as
laid down in Paragraph 13.2. Applicants must state their full reasons for wishing to be granted
a consent, the decision for which is at the discretion of the Author.
13.4 Any additional copies required, or requests for copies from those not on the original list
of recipients can also be obtained by contacting the Author using the same email address.
The granting of such requests will be at the discretion of the Author, and applicants must
supply their full details and reasons for wishing to obtain a copy of the report.

124

14. APPENDICES
14.1 This report has three appendices, the first of which is concerned with safety
assessment. It comprises two parts; a blank assessment form and a worked example. The
blank form may be used by any interested reader who is in a position to undertake an
assessment. This will include, for example, fire risk assessors, fire engineers, structural
engineers, architects, architectural technologists, and even students and academics in
relevant disciplines. It is also possible that occupants of buildings with combustible
facades may wish to assess the buildings in which they live and work. If anyone does use
the form and carry out an assessment, the results should be sent to the Author for
evaluation.
pages 8 and 124.
14.2 The worked example is based on the refurbishment of Grenfell Tower, and the form
is filled in as if an assessment had been carried out prior to the building being signed off
on 7 July 2016. It also assumes that similar assessments were carried out for work done
to the building on previous occasions. However, it should be stressed at this point that
this example is fictitious, and no assessments were actually carried out prior to signing off
which would have identified the risk. I assessed the building retrospectively after the fire
and as is shown in the results, the risk is classed as serious/very high.
14.3 The second appendix explains the sequence of events at the Olympus Tower in
Grozny, and is a detailed individual case study of shape influenced high-rise fire. It enables
the phenomena to be recognised, and their development and behaviour as the fire
developed to be tracked. This is a particularly important example due to its similarities to
the Grenfell fire and the presence of a strong wind which was blowing at the time.
14.4 The third appendix is a list of fires which I have examined as part of this research,
and consists of 31 high-rise buildings plus the Kings Cross escalator fire. This list is not
exhaustive, and there are another fifteen fires not mentioned which were also given
consideration. The issue with these is a lack of available information which would make
the recording of accurate data difficult.
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APPENDIX 1

SAFETY ASSESSMENT FOR THE EXTERIOR OF
BUILDINGS SAMPLE FORM
GENERAL DETAILS
Name of Building:
Location:
Local Authority:
Assessed by:
Job Title:
Company:
Registration No.
Date of Assessment:
Ref. no.
Is this a new building?

Y

N

Please tick all that apply:
ALTERATION
Reconfiguration of internal
layout
Removal/addition of external
features (eg. Balconies)
Addition/removal of floors in a
high-rise building
Extensions
Partial demolition
Change of materials (removal,
addition or replacement)
Structural alterations
Other

DETAILS

PREVIOUS ASSESSMENTS (if applicable)
Date & ref. no.

Details
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BUILDING CHARACTERISTICS
Height in metres:
Number of Storeys:
Dimensions (width & length in metres):
Proximity to other buildings in metres (measure the distance between the building
being assessed and all neighbouring buildings):
North:
East:
South:
West:
North-east
South-east
South-west
North-west
USE
Residential
Commercial
Retail
Catering
Leisure
Community
Mixed use (please specify):
Other:
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Assessment Criteria
CATEGORY 1 BUILDING SHAPE, FORM & FEATURES
OVERALL SHAPE
Square/rectangular
Circular/oval
Triangular
Hexagonal/octagonal
Other
GEOMETRIC FORM
Projecting columns
Protruding curves
Re-entrant corners
Shallow recesses
Deep trenches
Edges
Contoured surfaces
ARCHITECTURAL FEATURES
String Courses
Parapets/crowns
Projecting rims
Cornices
Pilasters
Balconies
Window/door features (eg. Projecting frames, cills & architraves)
Other:

CATEGORY 2 CONSTRUCTION & MATERIALS
CONSTRUCTION TYPE
Solid masonry wall
Timber frame
Steel frame
Concrete frame
Cavity wall
Glazed façade
Curtain wall
Rainscreen façade
Structural Insulated Panels (SIPs)
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Other (eg. Cross laminated timber):
WINDOWS & EXTERNAL DOORS
PVCu (UPVC)
Wood
Metal (please specify):
Other:
INSULATION
Expanded polystyrene (EPS)
Extruded polystyrene (XPS)
Polyisocyanurate (PIR)
Phenolic
Mineral wool
EXTERNAL FAÇADE
Timber cladding
Solid masonry (eg. Slate, brick, stone)
Brick or stone slips
Solid metal cladding panels (please specify)
High Pressure Laminate (HPL)
External Thermal Insulation Composite System (ETICS)
Exterior Insulation Finish System (EIFS)
Sandwich panels/rainscreen cassettes (please give details below):
Skins:
Cores:
Fire retardant:
If a rainscreen façade is present on the building, please complete the following sections:
TYPE
Pressure equalised
Drained & ventilated
FIXING
Screws
Rivets
Hooks
Adhesive
Other

OTHER DETAILS
Cavity width
Nominal size of joints
CARRIER RAILS
L Shape
T Shape
U Shape

PANEL PROFILE
Flat
Curved
Corrugated
Other
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For all façade types, please give the fire rating of all materials present in the external wall.
This includes fixings, membranes and adhesives:
MATERIAL

FIRE RATING

Has the proposed assembly been tested as a whole?

Y

N

N/A

Please give details below and provide relevant documentation:

CATEGORY 3 FIRE PROTECTION MEASURES & FIRE-FIGHTING FACILITIES
FIRE PROTECTION & EVACUATION
Smoke/heat detectors

DETAILS

Audible warning systems
Extinguishing equipment
Appropriate signage & information
Emergency lighting
Fire resisting doors
Protected stairs
Alternative means of escape
Compartmentation
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Fire stopping
Cavity barriers
Dampers
Fire exits
Other
FIRE SUPPRESSION
Internal sprinkler system

Details

External sprinkler system
Smoke Extraction
Other
FIRE-FIGHTING FACILITIES
Wet rising main

Details

Dry rising main
Firefighter lifts
Access to building
Other
Has the building previously been affected by fire?

Y

N

Please provide further details:
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FIRE PHENOMENA
Types of fire behaviour and effects which are influenced by building shape, form and
features; definitions can be found in the information at the end of this form
Upward vertical fire spread
Feature influenced upward fire spread
Corner influenced fire spread
The Trench Effect
Upward fire spread with an inclined front
Downward vertical fire spread
Downward fire spread with an inclined front
Feature influenced downward fire spread
Standard horizontal fire spread
Feature enhanced horizontal fire spread
Perimeter/roof-top fire spread
Rotational fire spread
Cross radiation
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FIRE PHENOMENA DEFINITIONS
- Upward vertical fire spread: The rapid spread of fire up tall uninterrupted vertical bands of
cladding or some other flammable material on the building façade;
- Feature influenced upward fire spread: The tendency for the fire to concentrate itself on a
vertically orientated projecting features; this will enhance the rate of flame spread;
- Corner influenced fire spread: The extension of flame height which occurs when the fire
becomes confined to an introverted corner (vertex) on a building face;
- The Trench Effect: Occurs in recesses where the fire becomes confined and increases in
intensity as the recess acts as a vertical trench;
- Upward fire spread with an inclined front: Caused by curves on a building face distorting the
fire front;
- Downward vertical fire spread: The downward spread of fire affecting continuous bands of
cladding due to the flowing and dripping of molten burning material. The does not involve
projecting features;
- Downward fire spread with an inclined front: Initiated by fire spreading along a horizontally
orientated feature at the top of a building;
- Feature influenced downward fire spread: The tendency for the fire to concentrate itself on
a vertically orientated projecting feature; this will interrupt the diagonal pattern if the fire is
spreading with an inclined front;
- Standard horizontal fire spread: The very slow spread of fire in a lateral direction. It does not
necessarily involve a projecting feature, although it may be encouraged by contours on the
building face;
- Feature enhanced horizontal fire spread: Occurs when the flames become concentrated on
a horizontally orientated projecting architectural feature. The rate of flame spread is much
more rapid than for standard horizontal fire spread. If the feature forms a ledge upon which
molten material can collect, the fire spread will be further enhanced;
- Perimeter (roof-top) fire spread: This is essentially Feature Enhanced horizontal fire spread
which occurs at roof level, involving a parapet, crown or rim around the perimeter of a
building. It may also affect features which sit on top of the roof and is influenced by exposure
of the architectural feature;
- Rotational fire spread: The action of the fire transferring around the corners of the building
without the aid of roof-top features. It generally occurs at lower levels and is influenced by
other feature connected to or close to the corners,
such as string courses and cornices;
- Cross-radiation: Occurs when re-entrant corners are present. These have an angle greater
than 180° and if there are two inward facing surfaces, cross-radiation will occur and the fire
will intensify;
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INSTRUCTIONS
RISK ASSESSMENT METHODOLOGY
Please follow the steps below when carrying out the Risk Assessment:
1. Taking each of the three main categories, put a tick by all the relevant criteria and provide
additional details as required;
2. Based on the criteria identified Category 1, select the fire phenomena which are likely to
occur;
3. Then, using the assessment data from Categories 1 and 2, decide the likelihood of each
phenomenon occurring. The data from Categories 2 and 3 can be used to determine the
severity of each phenomenon should it occur.
4. Using the matrix provided, give each phenomenon its own risk factor;
5. The average of the risk factors in Step 4 will give the overall risk factor.

ONCE THE ABOVE HAS BEEN COMPLETED FOR ALL RELEVANT FIRE PHENOMENA, PROCEED
TO THE SAFETY RATING ASSESSMENT AS EXPLAINED BELOW;

SAFETY RATING DETERMINATION
Please follow the steps below when determining the Safety Rating:
1. Taking Category 1, give a point for each geometric or architectural feature. The higher the
score, the greater the danger posed by the building.
2. For Category 2, give a point for each flammable material present. If there are no flammable
materials, the score will be zero. Again, the higher the score the more dangerous the building
will be.
3. With Category 3, award a point for each fire protection measure and fire-fighting facility
the building has. In this case, the lower the score, the more dangerous the building will be
because a low score means that there is less protection.
4. The scores for Categories 1 and 2 should be added together and the score for Category 3
subtracted from the total to give the Safety Rating. The higher the resulting figure, the more
unsafe the building is.

RISK ASSESSMENT MATRICES
On the following pages are Risk Assessment matrices. Please complete as appropriate and
leave blank any which do not apply;
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Upward Vertical Fire Spread

Feature Influenced Upward Fire Spread

135

Corner Influenced Fire Spread

The Trench Effect

136

Upward Fire Spread with an Inclined Front

Downward Vertical Fire Spread

137

Downward Fire Spread with an Inclined Front

Feature Influenced Downward Fire Spread

138

Standard Horizontal Fire Spread

Feature Enhanced Horizontal Fire Spread

139

Perimeter (roof-top) fire spread

Rotational Fire Spread

140

Cross Radiation

Other
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OVERALL RISK FACTOR DETERMINATION
Please fill in the risk factors for each phenomenon in the right-hand column of the table
below. Leave blank any which do not apply. Then add them together and write the figure at
the bottom of the table.
Upward vertical fire spread
Feature influenced upward fire spread
Corner influenced fire spread
The Trench Effect
Upward fire spread with an inclined front
Downward vertical fire spread
Downward fire spread with an inclined front
Feature influenced downward fire spread
Standard horizontal fire spread
Feature enhanced horizontal fire spread
Perimeter (roof-top) Fire spread
Rotational fire spread
Cross-radiation
TOTAL:
Now divide this figure by the total number of phenomena. There are thirteen of these, but
only the ones for which a risk factor was entered should be counted. In other words, only the
ones for which a figure was entered in the right-hand column; those where the box is blank
should be ignored.
Now complete the boxes below to obtain the Overall Risk Factor:

÷

=

Overall Risk Factor: _____
RISK
LOW

MEDIUM
HIGH

OVERALL FACTOR
1-2
3-4
5-6
7-9
10 - 12
13 - 16
17 - 20
Over 20

DEFINITION
Negligible
Very Low
Low
Medium
Moderate
Significant/High
Serious/Very High
Substantial/Critical
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SAFETY RATING DETERMINATION
Category 1
Category 2
Category 3

Total number of geometric & architectural features present:
Total number of flammable materials present:
Total number of fire protection & fire-fighting facilities present:

Add the totals for Categories 1 and 2 together, then subject the figure for Category 3.
Now complete the boxes below to determine the Safety Rating:

Category 1 + Category 2

+

=

Total scores for Categories 1 & 2 minus Category 3

-

=

Safety Rating: _____
Signature:

Date:

Assessment Type:
Details:
Partial Level 1 (risk assessment using Category 1 criteria only)
Partial Level 2 (risk assessment using Category 1 and some
criteria from Category 2 or 3)
Partial Level 2 (risk assessment using Category 1 and some
criteria from Categories 2 and 3)
Partial Level 3 (risk assessment using Category 1 & 2 criteria
only)
Partial Level 3 (risk assessment using Category 1 & 3 criteria
only)
Partial Level 4 (risk assessment using Category 1 & 2 criteria
with some from Category 3)
Partial Level 4 (risk assessment using Category 1 & 3 criteria
with some from Category 2)
Full Safety Assessment (risk assessment and safety rating
using all criteria)
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SAFETY ASSESSMENT FOR THE EXTERIOR OF BUILDINGS
GENERAL DETAILS
Name of Building: Grenfell Tower
Location: Grenfell Road, North Kensington, London W11 1TQ
Local Authority: Royal Borough of Kensington & Chelsea
Assessed by: Frances Maria Peacock
Job Title: Chartered Architectural Technologist
Company: FMP Architecture (Northampton) Building Safety Division
Registration No. NN001FMP
Date of Assessment: 7 July 2016
Ref. no. RBKC/GT/070716F
Is this a new building?

Y

N
alterations, refurbishments or renovations below.

Please tick all that apply:
ALTERATION
Reconfiguration of internal
layout
Removal/addition of external
features (eg. Balconies)
Addition/removal of floors in a
high-rise building
Extensions
Partial demolition
Change of materials (removal,
addition or replacement)
Structural alterations
Other

X

DETAILS
Lower levels; including nine new flats, and a
relocated nursery and boxing club

X
X

Removal of stairs from ground to Level 3
Installation of a rainscreen cladding system;
Replacement windows and flat entrance doors;

X

Enclosure and modification of previously open
stairway between Ground and Level 3 (2)

PREVIOUS ASSESSMENTS (if applicable)
Date & ref. no.
RBKC/GT/150191
RBKC/GT/070587
RBKC/GT/290185
RBKC/GT/030780
RBKC/GT/1974

15 January 1991
7 May 1987
29 January 1985
3 July 1980

Details
Alteration of Level 1 medical centre &
office
Alterations to Levels 1 & 2
New fire resisting doors for flats
Alterations to Ground Floor
Completion of new building
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BUILDING CHARACTERISTICS
Height in metres: 65.49
Number of Storeys: 24 plus roof-top plant room
Dimensions (width & length in metres): 22.4 x 22.4
Proximity to other buildings in metres (measure the distance between the building
being assessed and all neighbouring buildings):
North: 17 at closest point (Kensington Aldridge Academy)
East: 60 at closest point
South: 15.5 (Grenfell Walk)
West:
North-east:
South-east:
South-west:
North-west:
USE
Residential 129 flats
Commercial
Retail
Catering
Leisure Boxing Club
Community Meeting room and nursery
Mixed use (please specify): Residential & Community (Level 1)
Residential & Leisure (Level 2)
Other:
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Assessment Criteria
CATEGORY 1 BUILDING SHAPE, FORM & FEATURES
OVERALL SHAPE
Square/rectangular Square
Circular/oval
Triangular
Hexagonal/octagonal
Other
GEOMETRIC FORM
Projecting columns x14
Protruding curves
Re-entrant corners x28
Shallow recesses
Deep trenches
Edges x18
Contoured surfaces Yes, on all faces
ARCHITECTURAL FEATURES
String Courses
Parapets/crowns Yes
Projecting rims
Cornices
Pilasters
Balconies
Window/door features (eg. Projecting frames, cills & architraves) Cills
Other:

CATEGORY 2 CONSTRUCTION & MATERIALS
CONSTRUCTION TYPE
Solid masonry wall Concrete spandrels
Timber frame
Steel frame
Concrete frame Reinforced concrete columns, central core and floor slabs
Cavity wall
Glazed façade SE corner from ground to Level 2
Curtain wall
Rainscreen façade Yes
Structural Insulated Panels (SIPs)
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Other (eg. Cross laminated timber):
WINDOWS & EXTERNAL DOORS
PVCu (UPVC) On the inside
Wood
Metal (please specify): PPC aluminium on the outside
Other: EPDM at window jambs
INSULATION
Expanded polystyrene (EPS)
Extruded polystyrene (XPS) Window infill panels
Polyisocyanurate (PIR) On the spandrels as part of rainscreen cladding system
Phenolic
Mineral wool
EXTERNAL FAÇADE
Timber cladding
Solid masonry (eg. Slate, brick, stone)
Brick or stone slips
Solid metal cladding panels (please specify)
High Pressure Laminate (HPL)
External Thermal Insulation Composite System (ETICS)
Exterior Insulation Finish System (EIFS)
Sandwich panels/rainscreen cassettes (please give details below): Yes
Skins: Aluminium
Cores: Polyethylene (PE)
Fire retardant: No
If a rainscreen façade is present on the building, please complete the following sections:
TYPE
Pressure equalised
Drained & ventilated X
FIXING
Screws
Rivets
Hooks X
Adhesive
Other

OTHER DETAILS
Cavity width 156mm (142mm on columns)
Nominal size of joints 20mm
CARRIER RAILS
L Shape X
T Shape
U Shape X

PANEL PROFILE
Flat X
Curved
Corrugated
Other
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For all façade types, please give the fire rating of all materials present in the external wall.
This includes fixings, membranes and adhesives:
MATERIAL
Celotex PIR Insulation (RS 5000)
Reynobond ACM panels with PE cores (55)
Aluglaze insulating panels (Styrofoam
cores

FIRE RATING
0 (Class B)
0 (Class B)
4 (Class E)
4 (Class E)

Has the proposed assembly been tested as a whole?

Y

N

N/A

Please give details below and provide relevant documentation:

CATEGORY 3 FIRE PROTECTION MEASURES & FIRE-FIGHTING FACILITIES
FIRE PROTECTION & EVACUATION
Smoke/heat detectors

DETAILS
Two in each flat

Audible warning systems
Extinguishing equipment
Appropriate signage & information
Emergency lighting
Fire resisting doors
Protected stairs

Alternative means of escape

Present, but only providing 15 minutes
protection
Protected by self-closing fire resistant
door
No; only one stairway plus lifts
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Walls separating the flats from each
other and communal areas; up to 60 mins
protection

Compartmentation

Fire stopping
Present, but incorrectly installed

Cavity barriers
Dampers
Fire exits

Fire exit in nursery. There is also an
escape stair in the new lobby up to Level
2

Other
FIRE SUPPRESSION
Internal sprinkler system

Details
No

External sprinkler system

No

Smoke Extraction

Yes, but unable to cope with smoke on
multiple floors

Other
FIRE-FIGHTING FACILITIES
Wet rising main

Details
No

Dry rising main

Yes

Firefighter lifts

Yes, but not in working order

Access to building

Poor; restricted road access

Other
Has the building previously been affected by fire?

Y

N

Please provide further details:
Fire in 15th floor flat
Flat fire

18 November 1988

5 January 1997

Fire in 6th floor lift lobby

30 April 2010
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FIRE PHENOMENA
Types of fire behaviour and effects which are influenced by building shape, form and
features; definitions can be found in the information at the end of this form
Upward vertical fire spread
Feature influenced upward fire spread
Corner influenced fire spread
The Trench Effect
Upward fire spread with an inclined front
Downward vertical fire spread
Downward fire spread with an inclined front
Feature influenced downward fire spread
Standard horizontal fire spread
Feature enhanced horizontal fire spread
Perimeter (roof-top) fire spread
Rotational fire spread
Cross radiation

X
X

X
X
X
X
X
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FIRE PHENOMENA DEFINITIONS
- Upward vertical fire spread: The rapid spread of fire up tall uninterrupted vertical bands of
cladding or some other flammable material on the building façade;
- Feature influenced upward fire spread: The tendency for the fire to concentrate itself on a
vertically orientated projecting features; this will enhance the rate of flame spread;
- Corner influenced fire spread: The extension of flame height which occurs when the fire
becomes confined to an introverted corner (vertex) on a building face;
- The Trench Effect: Occurs in recesses where the fire becomes confined and increases in
intensity as the recess acts as a vertical trench;
- Upward fire spread with an inclined front: Caused by curves on a building face distorting the
fire front;
- Downward vertical fire spread: The downward spread of fire affecting continuous bands of
cladding due to the flowing and dripping of molten burning material. The does not involve
projecting features;
- Downward fire spread with an inclined front: Initiated by fire spreading along a horizontally
orientated feature at the top of a building;
- Feature influenced downward fire spread: The tendency for the fire to concentrate itself on
a vertically orientated projecting feature; this will interrupt the diagonal pattern if the fire is
spreading with an inclined front;
- Standard horizontal fire spread: The very slow spread of fire in a lateral direction. It does not
necessarily involve a projecting feature, although it may be encouraged by contours on the
building face;
- Feature enhanced horizontal fire spread: Occurs when the flames become concentrated on
a horizontally orientated projecting architectural feature. The rate of flame spread is much
more rapid than for standard horizontal fire spread. If the feature forms a ledge upon which
molten material can collect, the fire spread will be further enhanced;
- Perimeter (roof-top) fire spread: This is essentially Feature Enhanced horizontal fire spread
which occurs at roof level, involving a parapet, crown or rim around the perimeter of a
building. It may also affect features which sit on top of the roof and is influenced by exposure
of the architectural feature;
- Rotational fire spread: The action of the fire transferring around the corners of the building
without the aid of roof-top features. It generally occurs at lower levels and is influenced by
such as string courses and cornices;
- Cross-radiation: Occurs when re-entrant corners are present. These have an angle greater
than 180° and if there are two inward facing surfaces, cross-radiation will occur and the fire
will intensify;
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INSTRUCTIONS
RISK ASSESSMENT METHODOLOGY
Please follow the steps below when carrying out the Risk Assessment:
1. Taking each of the three main categories, put a tick by all the relevant criteria and provide
additional details as required;
2. Based on the criteria identified Category 1, select the fire phenomena which are likely to
occur;
3. Then, using the assessment data from Categories 1 and 2, decide the likelihood of each
phenomenon occurring. The data from Categories 2 and 3 can be used to determine the
severity of each phenomenon should it occur.
4. Using the matrix provided, give each phenomenon its own risk factor;
5. The average of the risk factors in Step 4 will give the overall risk factor.

ONCE THE ABOVE HAS BEEN COMPLETED FOR ALL RELEVANT FIRE PHENOMENA, PROCEED
TO THE SAFETY RATING ASSESSMENT AS EXPLAINED BELOW;

SAFETY RATING DETERMINATION
Please follow the steps below when determining the Safety Rating:
1. Taking Category 1, give a point for each geometric or architectural feature. The higher the
score, the greater the danger posed by the building.
2. For Category 2, give a point for each flammable material present. If there are no flammable
materials, the score will be zero. Again, the higher the score the more dangerous the building
will be.
3. With Category 3, award a point for each fire protection measure and fire-fighting facility
the building has. In this case, the lower the score, the more dangerous the building will be
because a low score means that there is less protection.
4. The scores for Categories 1 and 2 should be added together and the score for Category 3
subtracted from the total to give the Safety Rating. The higher the resulting figure, the more
unsafe the building is.

RISK ASSESSMENT MATRICES
On the following pages are Risk Assessment matrices. Please complete as appropriate and
leave blank any which do not apply;
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Upward Vertical Fire Spread

Feature Influenced Upward Fire Spread

X

153

Corner Influenced Fire Spread

X

The Trench Effect

154

Upward Fire Spread with an Inclined Front

Downward Vertical Fire Spread

155

Downward Fire Spread with an Inclined Front

X

Feature Influenced Downward Fire Spread

X
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Standard Horizontal Fire Spread

X

Feature Enhanced Horizontal Fire Spread

X

157

Perimeter (roof-top) fire spread

X

Rotational Fire Spread

158

Cross Radiation

Other
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OVERALL RISK FACTOR DETERMINATION
Please fill in the risk factors for each phenomenon in the right-hand column of the table
below. Leave blank any which do not apply. Then add them together and write the figure at
the bottom of the table.
Upward vertical fire spread
Feature influenced upward fire spread
Corner influenced fire spread
The Trench Effect
Upward fire spread with an inclined front
Downward vertical fire spread
Downward fire spread with an inclined front
Feature influenced downward fire spread
Standard horizontal fire spread
Feature enhanced horizontal fire spread
Perimeter (roof-top) fire spread
Rotational fire spread
Cross-radiation
TOTAL:

15
15

25
20
4
20
25

124

Now divide this figure by the total number of phenomena. There are thirteen of these, but
only the ones for which a risk factor was entered should be counted. In other words, only the
ones for which a figure was entered in the right-hand column; those where the box is blank
should be ignored.
Now complete the boxes below to obtain the Overall Risk Factor:
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÷

7

=

17.7

Overall Risk Factor: _17.7____

RISK
LOW

MEDIUM
HIGH

OVERALL FACTOR
1-2
3-4
5-6
7-9
10 - 12
13 - 16
17 - 20
Over 20

DEFINITION
Negligible
Very Low
Low
Medium
Moderate
Significant/High
Serious/Very High
Substantial/Critical
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SAFETY RATING DETERMINATION
Category 1
Category 2
Category 3

Total number of geometric & architectural features present:
Total number of flammable materials present:
Total number of fire protection & fire-fighting facilities present:

6
4
4

Add the totals for Categories 1 and 2 together, then subject the figure for Category 3.
Now complete the boxes below to determine the Safety Rating:

Category 1 + Category 2

6

+

=

4

10

Total scores for Categories 1 & 2 minus Category 3

10

-

4

=

6

Safety Rating: _6___
Signature: FM Peacock

Date: 7 July 2016

Assessment Type:
Details:
Partial Level 1 (risk assessment using Category 1 criteria only)
Partial Level 2 (risk assessment using Category 1 and some
criteria from Category 2 or 3)
Partial Level 2 (risk assessment using Category 1 and some
criteria from Categories 2 and 3)
Partial Level 3 (risk assessment using Category 1 & 2 criteria
only)
Partial Level 3 (risk assessment using Category 1 & 3 criteria
only)
Partial Level 4 (risk assessment using Category 1 & 2 criteria
with some from Category 3)
Partial Level 4 (risk assessment using Category 1 & 3 criteria
with some from Category 2)
X
Full Safety Assessment (risk assessment and safety rating
using all criteria)
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APPENDIX 2

Detailed Case Study: Fire Spread at the Olympus Tower (2013)

Photo A1: The Grozny City Towers complex lit up at night, with an attractive mosque in the foreground; the
Olympus Tower is the building with the clock on the top and the Cyrillic writing on its face. This photo was
and are in an Islamic post-modernist style, which is characteristic of the Caucasus and former Soviet Union.
Photo: www.news.nationalpost.com

It is worth pointing out that this building is incorrectly referred to as the Sulafa Tower in Dubai
Phase 1 report for the Grenfell
Tower Inquiry. Apart from media reports, videos and Google Earth images, as well as specialist
skyscraper websites proving that the building is indeed in Chechnya, the error is also given
away by the fact that Cyrillic alphabet is not used in Dubai! I have also visited both the Caucus
region and Dubai, including the real Sulafa Tower.
Please note that the Olympus Tower has become known as the Phoenix since the fire. It is also
known as Residential Tower A.
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A2:1 The Olympus Tower forms part of the Grozny City Towers complex in the Chechen
capital, currently comprising seven distinctive high-rise buildings. The tower, which was
completed in 2012, has forty storeys and is of mixed use, containing residential apartments
as well as the five-star Olympus Hotel. Standing at a height of 145 metres (476ft), it is tallest
building in Chechnya. An eighth building (Akhmat Tower) is currently under construction, and
with 102 storeys it will surpass the Olympus in height. The fire, which occurred on 3 April
2013, is believed to have been started by an electrical fault, with the flames quickly spreading
to the external cladding. Fortunately in this case all occupants successfully evacuated and
there were no casualties. The fire spread around the building in two directions and affected
all faces, burning through most levels over a period of around eight hours.
A2.2 The photos below show the fire at various stages. Photos A2-A8 are arranged in
chronological order and Photos A9-A12 show other views of the building to illustrate points
of significance. The sequence of photos has been compared and matched to video footage
of the fire to ensure compatibility and accuracy. It is believed that the fire started around
18.00 local time (GMT +4).

Photo A2: An impressive view of the Olympus Tower and its neighbours before the fire; it has a broad base
consisting largely of glazing, and the cladding of an unspecified (but no doubt flammable) type can be seen in
bands of black and white on the levels above. At the top of the building is one of the two distinctive clocks
which serve the whole complex and the surrounding city. Photo: Russia Today
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Photo A3: It is unclear exactly where the fire started, but it appears to have been somewhere near the northwest corner. On the north face (with the clock), the fire is sat firmly in the vertex at one end of the bowed
section, with the flames being blown westwards by an apparent easterly wind. The fire has also spread across
the west face where it is spreading with an inclined front. The time shown on the clock is approximately 18.50
local time. Source: www.simotron.wordpress.com

Photo A4: The fire at one stage almost seemed to burn itself out as is the case here before flaring up with
renewed ferocity later on, especially when the roof-top rim became involved. The flaming on the west face
has reduced to a slender ribbon leaving blackness in its wake. At lower levels the fire on the west face is
moving across the curved projection with an inclined front, whereas further up it is vertical because it is now
concentrated within the vertex. On the north face, the vertical flaming has ceased, and has reduced to a very
slow standard horizontal spread. The time is 19.00. Photo: Russia Today
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Photo A5: The fire is once again flaring up with renewed intensity, and vertical flaming has now developed at
lower levels on the north face, due to molten burning material dripping onto the cladding below. If this
material had not dropped down, the fire would not have reactivated. The smoke still drifts westwards in the
easterly wind. It can be seen that the fire is also starting to impinge on the central section of the north face
on the upper levels. The time is approximately 19.22. Photo: www.compositesandarchitecture.com

Photo A6: The fire on both faces of the building is now much more extensive. The weather conditions have
become calmer and on the north face it can be seen that the fire has reached the projecting rim around the
perimeter of the building. The inclined front on the west face is now much more developed and the fire has
proceeded to the southwest corner where it appears to be affecting the corner edge. The time is around
19.30. Photo: www.welt.de
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Photo A7: The same stage of the fire as in Photo A6 above, but viewed from a distance, from where it appears
as two diagonal fronts spreading in opposite directions; Photo: Russia Today

Photo A8: This photo was taken at a later stage of the fire as is evident from the fact that darkness has now
descended. A distinct inclined front can be observed proceeding across the building face towards the corner.
This front is travelling clockwise and some debris can be seen falling downwards. The other diagonal front
(travelling anti-clockwise) is just visible near the south-west corner. The time is around 20.05. Photo: Daily
Mail
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Photo A9: This view shows the west and south faces of the tower; the south face like its northern counterpart
also has a clock. A thin ribbon of fire with a slight incline can be seen moving across the west face in an anticlockwise direction. The fire is on the bowed, slightly protruding central part of the building face which is
distorting the flame front. Photo: www.news.nationalpost.com

Photo A10: A view of the top of the tower showing the damage to the west and south faces; the building
contains several vertical bands of cladding which would encourage the fire to spread vertically. The middle
section of each face is bowed, forming a slight projection, otherwise the faces are generally flat in profile. On
the top four floors, there appear to be balconies on the corners, which change the geometric profile on this
part of the building. There is also a projecting rim around the top which later became involved in the fire and
facilitated its spread around the building. Photo: www.vestnikkavkaza.net
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Photo A11: The extent of the damage on the west face of the tower with a burn pattern indicative of
downward fire spread; on the left side of the building the damage is consistent with molten material starting
a fire on the lower floors which then spread upwards with an inclined front. The evidence shows that this
spread in a clockwise direction (ie. In the opposite direction to the main fire front) as it moved across the
curve. On the right side of the building it can be seen that the travelled down the bands of cladding before
being extinguished. Photo: www.bashny.net

A2.3 Based on video observations, the following effects and behaviours are relevant to the
Olympus Tower Fire:
-

-

-

Upward Vertical Fire Spread: The fire advanced rapidly up the uninterrupted vertical
sections of cladding;
Corner Influenced Fire Spread: There was enhanced flaming in several vertexes on the
building faces, where the flames were confined in a corner at the point where the
protruding curved sections join with the rest of the building face;
Upward Fire Spread with an Inclined Front: The fire spreads over the protruding
curved sections with an inclined front, due to a difference in speed developing
between the upper and lower levels of the flame front (see Chapter 3);
Downward Vertical Fire Spread: There is evidence of downward fire spread due to
falling debris, and the flowing and dripping of molten material;
Downward Fire Spread with an Inclined Front: Like at Grenfell, this was initiated by
fire spread involving an architectural feature at the top of the building;
Standard Horizontal Fire Spread: The upward vertical spread virtually ceases at one
stage after most of the fuel on the part of the north face affected by the fire is used
up. What remains is standard horizontal fire spread which is a slow process, although
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-

-

-

-

in this case it is made much slower by the fire spreading in the opposite direction to
the prevailing wind. The wind is blowing westwards, but the fire is spreading
eastwards;
Feature Enhanced Horizontal Fire Spread: There are projecting string courses at
intervals on the building which are horizontally orientated. These concentrate the
flames and encourage horizontal fire spread. This is faster than the standard
horizontal fire spread described above which was not concentrated on any features
and affected the main building faces only;
Perimeter/roof-top Fire Spread: The projecting rim around the perimeter of the
building at roof level made it easier for the fire to spread around the tower. The fire
also intensified once this rim became involved;
Rotational Fire Spread: This refers to the action of the fire transferring around the
other feature connected to or close to the corners, such as the as string courses which
in this case enabled the flames to progress around the corners;
Air Movement: The fire, especially on the north face, was affected by the wind which
blew the flames westwards;

A2.4 The effect of shape and form can only be fully appreciated if one considers how the
fire would behave if the building had different geometry and one or more of the
architectural features was not present. How many of the effects and behaviours listed
above would disappear? The more complicated the shape and form of the building, and
the greater the number of projecting features, the bigger the risk will be. It is upon the
basis of shape, form and features, assessed against the type of external façade materials
that the risk assessment concepts are based (see Chapter 9).
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Photo A12: The seven buildings of the Grozny Towers complex as seen from the air in this Google image; the
Olympus Tower is in the centre of the top row, instantly recognisable by the clocks on its north and south
sides. These are said to be the largest clock faces in the world. The overall shape of the building is apparent.

A2.5 The main fire mechanism at work here is as follows:
1. The fire spreads vertically up the uninterrupted bands of cladding on the building
faces;
2. The flames also spread horizontally along the string courses, enabling the fire to
spread to other parts the façade and transfer around the corners to other faces of the
building;
3. Molten panel filler, which drips and flows down the façade, enables localised fires to
start at lower levels, which then spread upwards and contribute to the overall flame
spread;
4. When the fire front meets the vertex at the point where the protruding curve meets
with the rest of the building face, the flames become concentrated in the introverted
corner and the rate of upward vertical spread increases;
5. The fire starts to impinge upon the curved protrusion, aided by the string courses
which extend into the introverted corner. The fire develops an inclined front as it
progresses across the curve;
6. Once the fire has cleared the curve, it again becomes concentrated in the introverted
corner at the other end of the protruding section and adopts a vertical position as the
upward flame spread increases;
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A2.6 After an initial flare of intense flaming on the north face (photo A3), the fire was close to
burning itself out, having used up most of the fuel on this part of the building face.
Consequently, the fire front had broken up and was reduced to localised pockets of weak
horizontal spread which was moving so slowly that the fire was close to burning itself out
(photo A4). The progression of the fire was reduced further by the fact that its movement
was in the opposite direction to the wind, which tended to blow the flames back as they tried
to advance. Involvement of horizontal features was also minimal at this stage, although the
flame pockets were further advanced in a horizontal direction at the line of the string courses.
A2.7 Despite the weakness of the flaming, burning debris was still able to fall, and the flowing
and dripping of molten material continued. As a result localised fires continued to start at
lower levels on unaffected parts of the façade. One of these fires was able to grow in size and
confine itself within the vertex next to the protruding curve, where it intensified and spread
rapidly up a previously unburnt band of cladding (photo A5). However, like the previous flare
which had occurred further up on the north face (photo A3), the flames died down within two
to three minutes, leaving some weak residual flaming (photo A6).
A2.8 In Photo A6 it can be seen that there is a pocket of flame at the top of the protruding
curve. It is what happened next with this flame which is significant. Up until this point, the
rim around the perimeter of the tower had not been involved in the fire, simply because the
flames had not been able to reach it. This is because the sections of glazing above the bands
of cladding had acted as a barrier. However, above the curves the glazed section was much
narrower, and as the pocket of fire developed, the flames were able to extend beyond the
glazing and ignite the rim. The rim then contributed to the fire by enhancing the horizontal
spread, which in turn induced downward vertical spread as molten material dripped and
flowed from the rim down unburnt bands of cladding. At this point, the fire increased
significantly in intensity, and began to spread faster than it had ever done before, eventually
affecting all sides of the building.
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APPENDIX 3

Full List of Case Studies

1. Samuel Garside House, Barking, London, UK (9 June 2019)
2. Luoyang high rise building, China (29 May 2019)
3. Kaifeng high rise building, China (14 March 2019)
4. Taksim Ilk Yardim Hospital, Istanbul, Turkey (5 April 2018)
5. Grenfell Tower, London, UK (14 June 2017)
6. Al Bandary Tower B, Sharjah, UAE (1 December 2016)
7. Sulafa Tower, Dubai, UAE (20 July 2016)
8. Office building in Nanjing, China (3 May 2016)
9. The Address Hotel, Dubai, UAE (31 December 2015)
10. Nasser Tower, Sharjah, UAE (1 October 2015)
11.

(21 February 2015 & 4 August 2017)

12. Lacrosse Building, Melbourne, Australia (25 November 2014)
13. Krasnoyarsk high rise apartment building, Russia (21 September 2014)
14. Al Hafeet Tower 2, Sharjah, UAE (22 April 2013)
15. Olympus Tower, Grozny, Chechnya, Russia (3 April 2013)
16. Tamweel Tower, Dubai, UAE (18 November 2012)
17. Saif Belhasa, Dubai, UAE (6 October 2012)
18. Polat Tower, Istanbul, Turkey (17 July 2012)
19. Mermoz Tower, Roubaix, France (14 May 2012)
20. Al Tayer Tower, Sharjah, UAE (28 April 2012)
21. Al Baker Tower 4, Sharjah, UAE (18 January 2012)
22. High-rise apartment building, Shanghai, China (15 November 2010)
23. Wooshin Golden Suites, South Korea (1 October 2010)
24. Lakanal House, London, UK (3 July 2009)
25. TVCC Building, Beijing, China (9 February 2009)
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26. Monte Carlo Casino & Hotel, Las Vegas, USA (25 January 2008)
27. Borgata Hotel & Casino, Atlantic City, USA (24 September 2007)
28. Windsor Tower, Madrid, Spain (12 February 2005)
29. Parque Central Complex, Caracas, Venezuela (17 October 2004)
30. Garnock Court, Irvine, Scotland, UK (11 June 1999)
31. Knowsley Heights, Liverpool, UK (5 April 1991)
32. Kings Cross Escalator Fire, London, UK (18 November 1987)
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