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1. The Grenfell Tower fire occurred in the early hours of Wednesday 14th June 2017. 
This catastrophic event resulted in 71 fatalities on the night and continues to cause 
immense trauma to the bereaved survivors and affected community. 

2. During the preparation of this Phase 1- Final Expert Report, I have reviewed 
harrowing evidence from the bereaved, survivor, and resident core participants to 
the Grenfell Tower Inquiry (the Inquiry), other core participants to the Inquiry, 
emergency services, and selected other agencies. I extend my deepest sympathies 
to those whose lives and loved ones were, and continue to be, caught-up in this 
tragic event. 

3. This report, which I have prepared as an Instructed Expert Witness to the Inquiry, is 
intended to provide an understanding of the ignition of the fac;ade (cladding) 
materials, and to set out - to the extent possible on the basis of the evidence 
available to me at the time of writing- conclusions on fire spread to, and on, the 
exterior of the building. 

4. In preparing this report, I have taken care to be transparent in my assembly and 
presentation of primary evidence. This evidence includes: images and videos 
submitted by the bereaved, survivors, and resident core participants to the Inquiry 
and by members of the public, evidence collected by the London Fire Brigade and 
the Metropolitan Police Service, information obtained from my own site inspections 
at Grenfell Tower, and information obtained by the Grenfell Tower Inquiry from a 
range of organisations and core participants to the Inquiry. I have also drawn on my 
own background knowledge, on the academic literature, support and input from a 
small group of specialist colleagues at the University of Edinburgh (named later in 
this report), and - in some cases - information which is available via the World 
Wide Web. 

5. This report is intended to help experts and laypeople alike to understand how and 
why the Grenfell Tower fire of 14th June 2017 spread so rapidly and extensively, 
with devastating effect. 

6. Grenfell Tower underwent a significant refurbishment programme during 2012-
2016. This refurbishment programme included the installation of new windows and 
an external over-cladding system. 

7. This report shows that the refurbishment cladding at Grenfell Tower is a highly 
complex system consisting of multiple materials and products, many of which are 
combustible and present particular fire risks. Understanding the interactions of the 
fire with the cladding materials, products, and geometry at Grenfell Tower and 
quantifying their respective contributions to the tragic outcome, therefore, presents 
an extraordinarily complex technical challenge. 

8. Despite this complexity, I am able to draw the following Phase 1 conclusions on the 
basis of my review of the available evidence: 
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9. I am confident that the fire started in the kitchen of Flat 16 (Level 4 ), in the area 
near the kitchen window on the East Face of Grenfell Tower. 

10. There is currently insufficient evidence to confirm, beyond reasonable doubt, 
that a Hotpoint fridge-freezer within the kitchen of Flat 16 was the origin and 
cause of the initial fire. On a balance of probabilities, however, it is my opinion 
that it is likely that the origin of the fire was a Hotpoint fridge-freezer within the 
kitchen of Flat 16. 

11. I have not seen sufficient evidence to confidently establish the cause or specific 
location of the initial ignition of the fire within Flat 16. 

12. On the basis of the available evidence I have not been able to definitively 
establish the route of fire spread from the inside of Flat 16 to the exterior 
cladding system. 

13. The fire may have spread to the cladding via gaps or holes which formed in 
polymeric window framing boards that surrounded the kitchen window, and also 
through the weatherproofing membrane and thermal insulation, all of which 
were installed during the 2012-2016 refurbishment. The fire would then have 
penetrated into the back of the cladding cavity and ignited the polyethylene filler 
material within the aluminium composite material (AGM) rainscreen cladding 
cassettes that form the majority of the building's exterior surface and/or ignited 
other combustible materials present within the external cladding system. 

14. Alternatively, the fire may have spread to the cladding by impingement of 
external flaming within the plume of smoke and hot gases exiting the kitchen 
window prior to extinguishment of the fire within Flat 16 by the London Fire 
Brigade. This external flaming would have heated the AGM rainscreen cladding 
located directly above the kitchen window, causing its highly combustible 
polyethylene filler to melt, drip, flow, and burn, thus possibly initiating external 
flaming in and on the cladding. lt is noteworthy that rapid failure (and 
displacement) of the kitchen extract fan by the initial fire within the kitchen of 
Flat 16 is likely to have contributed to the ability of the external flaming to 
impinge on the AGM rainscreen cladding located above the window. 

15. Or, some combination of the two above fire spread routes to the cladding is also 
possible. 

16. Regardless of the route of fire spread to the cladding, the fire then spread 
quickly, escalating up the East Face of Grenfell Tower before the first fire 
service personnel entered the kitchen of Flat 16 and attempted to extinguish the 
fire. 

17. In my opinion, the primary cause of rapid and extensive vertical and 
horizontal external fire spread was the presence of polyethylene filled 
ACM rainscreen cassettes in the building's refurbishment cladding 
system and in the architectural crown detail. 
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18. In my opinion, the architectural crown detail at the top of the building, and 
the cladding rainscreen materials and details at the top of the building's 
perimeter columns, appear to have played critical roles contributing to 
horizontal progression of fire spread around the building. 

19. A number of secondary factors may also have contributed to the fire's vertical 
upward, vertical downward, and horizontal spread including: 
o the use of combustible insulation products within the cladding system; 
o the presence of extensive cavities and vertical channels within the cladding 

system; and 
o the use of combustible insulation products within the window framing 

assemblies. 

20. lt is not currently possible to quantify the respective contributions of the above 
secondary factors as regards the speed or extent of external fire spread at 
Grenfell Tower. Such quantification (i.e. of respective contributions) will be a 
focus of my work at Phase 2. 

21. My Phase 1 work has raised many additional questions that I intend to address as 
part of my work for Phase 2 of the Inquiry, particularly in relation to understanding 
(and evidencing) how a polyethylene-filled rainscreen product- which is so 
fundamentally inappropriate for this application -could have been installed in this 
manner on a building of this occupancy and height in England. 

22. I hope that my opinions (and the compilation of evidence presented herein) will 
prove useful in interpreting any additional evidence that may arise, as well as the 
other experts' reports on the tragic events of 141h June 2017. 

Main Updates from my Initial Phase 1- Expert Report 
23. This Phase 1 -Final Expert Report is an updated and expanded version of my 

initial Phase 1- Expert Report (submitted 2nd April 2018). Whilst the entire report 
has been updated, strengthened, corrected, and expanded, the following key 
aspects have experienced major revisions and/or updating: 

24. New composite fire spread videos. These have been generated using a 
variety of video evidence which is available to the Inquiry, a considerable 
volume of which has come to light since I submitted my initial Phase 1 -
Expert Report. These new composite fire spread videos are available via the 
Grenfell Tower Inquiry website, and deal individually with: 

Bisby Video 1 - Upward Vertical Fire Spread on the East Face; 

Bisby Video 2- Horizontal Fire Spread over the East Face; 

Bisby Video 3- Horizontal Fire Spread over the North Face; 

Bisby Video 4- Horizontal Fire Spread over the West Face; and 

Bisby Video 5- Horizontal Fire Spread over the South Face. 
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25. Vertical fire spread. Several new items of video evidence showing the early 
stages of the fire have become available since I prepared my initial Phase 1 -
Expert Report. These have been integrated into the compiled video evidence, 
and this report has been updated in light of this new evidence. This has 
resulted in significant changes to Section 6.1 in particular, with less significant 
changes made also within Section 5, particularly Section 5.4 and Section 5.7. 

26. Horizontal fire spread. The original/atera/ fire spread section of the report 
has been comprehensively updated (and renamed) on the basis of compiled 
video evidence that I have prepared since I submitted my initial Phase 1 -
Expert Report. The associated timelines of fire spread, and discussion of fire 
spread mechanisms, have been refined. This has resulted in substantive 
changes, additions, and extensions to the material presented in Section 6.3 in 
particular. My overall opinions and conclusions have not changed significantly. 

27. Testing of hypotheses. On the basis of new evidence which has come to 
light, and additional work undertaken since my initial Phase 1 -Expert Report 
was submitted, I have been able to evaluate a number of the hypotheses 
within this report more confidently. 

28. Ingress of fire and smoke. Since I submitted my initial Phase 1 -Expert 
Report, I have reviewed a number of Inquiry witness statements (IWSs) 
submitted by bereaved, survivor, and resident (BSR) core participants to the 
Inquiry. This has resulted in a new section, Section 7.4, which outlines the 
relevance of IWS information and witness testimony, particularly as regards 
ingress of fire and smoke during the period of upward vertical fire spread on 
the East Face of Grenfell Tower. At the time of writing, evidence from the 
bereaved, survivors, and residents is still emerging. 
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29. The Inquiry's Terms of Reference have been approved by the Prime Minister and 
have been published on the Inquiry's website. The Inquiry has also published on its 
website a detailed provisional List of Issues which identifies the matters with which 
its investigation will be concerned. This provisional List may be revised in due 
course. 

Structure of the Inquiry 

30. The Chairman has indicated that the Inquiry will be conducted in two phases. 

31 . Phase 1 of the Inquiry is intended to investigate the development of the fire itself, 
where and how it started, how it spread from its original seat to other parts of the 
building and the chain of events that unfolded during the course of the hours until it 
was finally extinguished. Phase 1 is also examining the response of the emergency 
services and the evacuation of residents. The Chairman has noted that it is 
necessary to address these questions first for two reasons: 

32. (1) there is an urgent need to identify what aspects ofthe building's design and 
construction played a significant role in enabling the disaster to occur; and 

33. (2) until the chain of events is understood, it will not be possible to pinpoint the 
critical decisions that had a bearing on the fire. 

34. The Chairman asked (me) to provide a report for Phase 1 on: 

35. (1) ignition of the fac;ade materials; and 

36. (2) preliminary conclusions on fire spread to and on the exterior of the 
building. 

37. The current document is my Phase 1- Final Expert Report. 

38. Phase 2 of the Inquiry will be concerned with the balance of issues identified in the 
provisional List given on the Inquiry's website. For Phase 2, the Chairman asked 
(me) to provide a report addressing the following issues: 

39. (1) Final conclusions on fire spread to and on the exterior of the building; 

40. (2) Performance of the materials which formed part of the exterior of the building 
and contribution (if any) to spread of fire, including: (i) a review of testing by BRE 
and any other relevant bodies, and (ii) a review of the standard testing regime; 

41. (3) Any issues relating to the mechanical response of the reinforced concrete 
structural frame (if deemed relevant following further investigation); and 
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42. (4) Recommendations about what, if any changes could be made to the regulatory 
regime and industry practice to prevent a similar incident from happening in the 
future. 

43. My Phase 2 Report will be provided at a later date, to be determined by the 
Chairman. 

1.2. Sources of Information 

44. The opinions and analysis presented in this report are based on a variety of 
sources of evidence. All sources of evidence are referenced within the body of this 
report. The following sources of evidence have been reviewed and have influenced 
the opinions expressed herein: 

45. peer reviewed academic technical information which is available within the 
scientific literature; 

46. wide ranging documentary evidence (drawings, data sheets, correspondence, 
etc.) provided directly to the Inquiry by the various parties involved; 

47. photos and videos provided to the Inquiry by the Metropolitan Police Service 
(MPS) via the MPS NPCC uploads website and by witnesses and core 
participants to the Inquiry; 

48. three-dimensional immersive post-fire photos of Grenfell Tower provided to the 
Inquiry by the MPS; 

49. firefighter and resident witness statements provided to the Inquiry by the MPS; 

50. transcripts of the initial 999 call from the principal resident of the flat of origin, 
who first reported the fire, as well as the associated digital audio file; 

51. transcripts of interviews of the principal resident of Flat 16, Grenfell Tower, 
conducted by the MPS on 14th and 16th June 2017; 

52. forensic fire scene reports produced by others following the fire- including 
reports by Bureau Veritas, Key Forensics, and BRE Fire Investigation
provided to the Inquiry by the MPS; 

53. multiple site visits/inspections that I have made to Grenfell Tower (see Appendix 
A), accompanied by the MPS Forensic and/or BRE Fire Investigation teams; 

54. multiple site visits to the BRE fire testing laboratories, Watford, to witness 
compliance and/or forensic reconstruction testing of products, materials, 
components, and systems taken from Grenfell Tower- accompanied by the 
BRE Fire Investigation team (see Appendix A); 

55. the MPS Image Analysis and Report (provided to me by the MPS on 15/12/2017 
and subsequently as [MET00012593]); 

56. the Grenfell Tower Inquiry Note on Timings [INQ00000468]; 
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57. CCTV footage from within the public spaces and outside Grenfell Tower on the 
night of the fire, provided to the Inquiry by the MPS; 

58. MPS police helicopter footage from the night of the fire, provided to the Inquiry 
by the MPS; 

59. MPS bodycam video footage and still photos, provided to the Inquiry by the 
MPS; 

60. reviews of Phase 1 interim reports submitted by other Instructed Experts to the 
Inquiry; 

61. research conducted by me as part of EPSRC Grant EP/R023875/1; 

62. oral evidence given by expert witnesses, firefighter witnesses, and bereaved, 
survivor, and resident (BSR) core participants, during the Phase 1 public 
hearings; 

63. statements and exhibits submitted by BSR core participants; and 

64. where other sources of information are unavailable at present, a limited amount 
of information available via the World Wide Web. Any information obtained via 
the World Wide Web has been appended to this report in Appendix D. 

65. lt is noteworthy that a considerable volume of information and insight has been 
obtained thanks to photos and video provided by members of the public via the 
Metropolitan Police Service (MPS) NPCC uploads website and by other witnesses 
and BSR core participants to the Inquiry. Much of this information has proved 
critical in reconstructing and understanding the events of 141h June 2017 at Grenfell 
Tower, and I am grateful to those members of the public and BSR core participants 
who have chosen to provide information, without whom my work would be even 
more challenging. 

66. In some key areas, the Inquiry is still awaiting the release of pertinent information 
and evidence that I consider likely to influence my opinions on the issues within my 
own scope of work. A notable example is that much of the data generated from 
testing by the BRE Fire Investigation team, undertaken on behalf of the MPS (on 
compliance, material, product, assembly, system, and full-scale fire performance of 
samples taken from Grenfell Tower- including a full-scale forensic fire 
reconstruction of a section of Grenfell Tower), are not formally available to the 
Inquiry at the time of submission of this report. 

67. A limited amount of these data will be presented within my Materials Testing Report 
1 which will be made available from the Grenfell Tower Inquiry website, and the 
remaining data will be reported on at a later date subject to agreement with the 
MPS. 

68. A variety of material, product, and assembly tests are also underway at The 
University of Edinburgh (UoE). Again, some of these data will be given within my 
Materials Testing Report 1, and the remaining data will be reported at a later date. 
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69. The body of this report contains six main sections (2 through 7). These are 
summarised below to orientate the reader: 

70. Section 2: Technical Background- seeks to provide a sound foundation of 
fundamental technical knowledge on fire, to assist with the detailed discussions 
and observations contained within the rest of this report. Topics covered 
include: flaming combustion, pyrolysis, material flammability, and flame spread. 

71. Section 3: Geometry- sets out the overall geometry of the building, provides 
figures illustrating the various parts of the building that are referenced later in 
this report, discusses the layout and contents of the compartment of origin (Flat 
16, Grenfell Tower), and provides a description of both the original building 
envelope, and the refurbishment external rainscreen cladding system and new 
windows that were added during the period 2012-2016. 

72. Section 4: Materials- describes the various materials and products that have 
been identified (to date) at Grenfell Tower and that I consider to be of relevance 
to the purpose and scope of this report. This includes the aluminium composite 
material (AGM) rainscreen cladding product (and its constituent materials), the 
refurbishment and legacy thermal insulation, cavity barriers, weatherproofing 
membrane, window framing materials and thermal insulation, sealants and 
adhesives, and the new windows themselves. Also included is a brief discussion 
of material burning behaviour relevant to the reaction-to-fire performance of the 
respective materials. 

73. Section 5: Fire Spread - deals, so far as is possible whilst avoiding 
unnecessary overlap with the work of Inquiry Expert Professor Niamh Nic 
Daeid, with the initial fire within the room of origin, leading to ignition of the 
external cladding materials directly outside the kitchen window of Flat 16. This 
includes a timeline of fire development, consideration of a range of evidence, 
and testing of a number of hypotheses related to the initial fire, its development, 
and potential routes for fire spread from within Flat 16 and leading to ignition 
and sustained flaming of the external cladding. 

74. Section 6: Spread Over Cladding- deals with fire spread over the cladding 
from the point of ignition and sustained burning of the cladding materials. This 
section is divided into three relevant directions of flame spread witnessed during 
the fire. These are: (1) upward vertical fire spread, (2) downward vertical fire 
spread, and (3) horizontal fire spread. A number of hypotheses regarding fire 
spread are developed and tested in this section, so as to develop a series of 
preliminary conclusions regarding fire spread over the exterior of the building. 

75. Section 7: Ingress - provides preliminary evidence and opinions on possible 
routes for fire and smoke ingress from the spreading external cladding fire back 
into the building at higher levels. Whilst this is not core to my own Scope and 
Purpose, this section is based on information obtained through the course of my 
Phase 1 work and I consider it relevant to the ongoing work of the Inquiry. 
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76. The report concludes with Section 8: Conclusions -which summarises the 
findings consistent with my Phase 1 Scope and Purpose, and Section 9: Future 
Work- which provides an outline of my additional work planned (or already 
underway) for Phase 2. 

1.4. About the Author 

77. I am Professor of Fire and Structures within the School of Engineering at The 
University of Edinburgh- where I was formerly Head of the Research Institute for 
Infrastructure and Environment and Royal Academy of Engineering Research 
Chair. I am Co-Editor-in-Chief of the technical journal Fire Safety Journal. I have 
extensive experience of engineering research and consultancy, university teaching 
and administration, promotion of public understanding of science and engineering, 
and wide-ranging professional community activities. I am a Chartered Structural 
Engineer (CEng, IStructE, UK) and a Licensed Professional Engineer (PEng, 
Ontario, Canada). I have received numerous awards for my commitment to high 
quality engineering research and education, and for my dedication to the broader 
academic and research communities. 

78. My core research to date has focused on the thermal and structural performance of 
both conventional and innovative structural materials and construction systems 
when exposed to high temperatures and fire. On-going fire safety and structural fire 
engineering research is being undertaken in collaboration with various groups 
internationally. My current research is focused on building and infrastructure 
materials at elevated temperatures, polymer composite-confined concrete columns, 
fire-safe structural strengthening and rehabilitation materials, definitions of design 
fires, explosive spalling of concrete in fire, passive fire protection coatings, the fire 
behaviour of concrete structures, fire performance of bio-based building materials 
(including structural laminated timber and engineered bamboo), fire performance of 
external cladding materials and systems, as well as work on social and regulatory 
aspects of fire safety and structural engineering. 

79. I have advised both industrial and government fire safety research organisations in 
the UK, USA, Canada, France, Switzerland, and Germany. I am involved in design 
code/guide development internationally (American Concrete Institute (ACI), 
American Society of Civil Engineers (ASCE), British Standards Institution (BSI), 
European Committee for Standardization (CEN), and Canadian Standards 
Association (CSA)). 

80. I have related interests in sustainable building design, fire safety in informal 
settlements, and engineering education, with published peer-reviewed articles also 
in these areas. 

81. I am an active member of the UK Standing Committees on Structural Safety 
(SCOSS) and Confidential Reporting on Structural Safety (CROSS), and a Fellow 
of the Institution of Fire Engineers (I FE), the Institution of Structural Engineers 
(IStructE), the International Institute for FRP in Construction (IIFC), and the 
Institution of Engineers and Shipbuilders in Scotland (IESIS). 

82. An up to date summary curriculum vitae is provided in Appendix E. 
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83. I was assisted in the production of this report by the following individuals: 

84. Or Angus Law- Lecturer in Fire Safety Engineering at The University of 
Edinburgh. Or Law has assisted primarily with fire spread analysis, overall 
information management, generation of figures, generation of selected report 
text (within Sections 5, 6, and 7 in particular and in close consultation with me), 
generation of composite fire spread videos, and providing comprehensive 
internal technical peer review. 

85. Or Rory Hadden- Senior Lecturer in Fire Investigation at The University of 
Edinburgh. Or Hadden has assisted in generating the background technical 
information presented in Section 2 and Section 4.10 of this report; he has not 
assisted with review of primary evidence, nor has he reviewed sections of this 
report other than those in which he has provided direct input. He has provided 
significant support and input to the materials testing undertaken at The 
University of Edinburgh and is undertaking a comprehensive technical peer 
review of my Materials Testing Report 1, which will be made available at a later 
date. 

86. Prof Dougal Drysdale - Emeritus Professor of Fire Safety Engineering at The 
University of Edinburgh. Prof Drysdale has provided internal technical peer 
review of this report. He has not undertaken a review of any primary evidence. 

87. Mr Michal Krajcovic- Experimental Officer in Fire Safety Engineering at The 
University of Edinburgh. Mr Krajcovic has provided physical and technical 
support and input to the materials testing undertaken at The University of 
Edinburgh and is reviewing my Materials Testing Report 1. 

1.6. Statements 

88. I confirm that I have no conflict of interest of any kind, other than any which I have 
already set out in this report. I do not consider that any interest which I have 
disclosed affects my suitability to give expert evidence to the Inquiry on any issue 
on which I have given evidence and I will advise the Inquiry if, between the date of 
this report and any Inquiry hearings, there is any change in circumstances which 
affects this statement. 

89. I confirm that I have made clear which facts and matters referred to in this report 
are within my own knowledge and which are not. Those that are within my own 
knowledge I confirm to be true. The opinions I have expressed represent my true 
and complete professional opinions on the matters to which they refer. 

90. I confirm that I understand my duty to assist the Inquiry on matters within my 
expertise, and that I have complied with that duty. I also confirm that I am aware of 
the requirements of Part 35 and the supporting Practice Direction and the Guidance 
for the Instruction of Experts in Civil Claims 2014. 
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91. I reserve the right to alter my opinions and conclusions in light of any further 
evidence or relevant information of which I am currently unaware. I will immediately 
inform the Inquiry should such a situation arise. 

Signed: f/7/7 Dated: 21st October 2018 
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2. Technical Background: Flammability & Fire Spread 
92. Flammability refers to the ease of ignition of a material, and the manner in which it 

burns. The flammability of a material is governed by the physical properties of the 
material and, to some extent, the manner in which its flammability is evaluated. 
Similarly, the degree to which a material supports the spread of flame is governed 
by its material properties, its immediate environment, and its geometry. 

93. To interpret and understand the evidence of fire spread during the Grenfell Tower 
fire, it is necessary to have a basic understanding of the physical principles that 
govern these processes. 

94. This section of the report is intended to allow the reader to develop a basic 
understanding of key phenomena and terminology associated with flammability and 
flame spread. lt is hoped that this will assist the reader in interpreting the evidence 
and analysis presented in the remainder of this report and by other instructed 
experts to the Inquiry. Technical language and jargon have been avoided as much 
as possible, however the subject matter is complex and demands a certain level of 
technical terminology and content, both for clarity and precision. lt should be noted 
that some of the terms used have specific technical meanings as well as lay 
meanings. Where this occurs, the specific technical meaning (as discussed in this 
section) should be carefully considered. 

95. The descriptions provided in this report are not exhaustive. The reader is referred to 
other literature for a more detailed description of the various relevant phenomena 
[1 ]-[3]. 

96. The reader may also find it useful to refer to Part 1 of my Phase 1 Expert Witness 
Presentation to the Inquiry, delivered on 201h June 2018. I believe this to be 
particularly instructive for the lay reader, and it is available for viewing via the 
Grenfell Tower Inquiry website, here: 

97. https://www.grenfelltowerinquiry.orq.uk/hearings/expert-witness
presentations-1 . 

98. The reader may also wish to download and review the presentation slides from Part 
1 of my Phase 1 Expert Witness Presentation to the Inquiry. These are also 
available via the Inquiry's website, here: 

99. https://www.grenfelltowerinquiry.orq.uk/evidence/professor-luke-bisbys
presentation . 

2.1. Flaming Combustion 

100. Fire is typically1 the visible flame and smoke produced by an uncontrolled 
combustion reaction. This results from a gas phase chemical reaction between 
flammable vapours (gaseous fuel) and oxygen which makes up 21% of air. This 

1 For clarity, smouldering combustion is not considered as centrally relevant to the current report and is not 
explicitly considered herein. 
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combustion reaction occurs rapidly and is exothermic2, releasing energy 
predominantly in the forms of heat and light. The flammable vapours which enter 
the flame are produced by the thermal decomposition (pyrolysis) of the solid fuel 
and are converted to gaseous products (mainly carbon dioxide and water vapour) 
and minute solid particles which form the visible component of smoke. In order for 
flaming combustion to occur the fuel must be in the gas phase, such that it is able 
to react with oxygen (typically from the surrounding air). 

101. Not all mixtures of gaseous fuel and air can sustain a flame; those that can are 
referred to as flammable mixtures. 

102. If the gaseous fuel and oxygen are mixed before burning, a premixed flame will be 
established. However, in most fire scenarios this does not occur and instead 
oxygen must diffuse (or be entrained) from the air into the fuel. Where the 
concentration of gaseous fuel and air is such that a flammable mixture is formed, 
they will react and burn. This is called a diffusion flame. In this scenario, the 
combustion reaction typically occurs in a thin sheet of flame. The diffusion process 
limits the combustion efficiency, and typically more soot is produced in a diffusion 
flame than for an equivalent premixed flame, this causes the characteristic yellow 
colour of the flame. 

103. The processes which lead a solid material to generate gaseous fuel are more 
complicated. When solids are heated, some of them may: 

104. (a) sublime3 directly forming a vapour, which will mix with surrounding air to 
form a flammable mixture4; 

105. (b) melt and, once in the liquid phase, evaporate and mix with surrounding air 
to produce a flammable mixture; 

106. (c) melt and, once in the liquid phase, evaporate and undergo thermal 
decomposition -thereby producing gas which can mix with surrounding air to 
produce a flammable mixture; 

107. (d) melt and thermally decompose and, once in the liquid phase, evaporate 
and undergo further thermal decomposition -thereby producing gas which 
can mix with surrounding air to produce a flammable mixture; and/or 

108. (e) thermally decompose to produce primarily gaseous species which can mix 
with surrounding air to produce a flammable mixture- this mode of vapour 
formation is invariably accompanied by formation of char. 

109. These possible pathways to the formation of fuel vapour from a solid are 
summarised in Figure 1. 

2 Exothermic reactions release energy. The converse would be an endothermic reaction, which absorbs 
energy. 
3 Sublimation is the transition of a material from a solid to a gas without passing through an intermediate liquid 
state. 
4 Solids that sublime are relatively rare (e.g. mothballs). 
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Figure 1 Pathways by which fuel vapour may be generated from a solid 
material [1]. 

2.2. Pyrolysis 

110. The process of thermal decomposition of a solid material is called pyrolysis. This 
process is endothermic (i.e. it requires a supply of energy from an external source). 
Pathways (c) through (e) in Figure 1 are commonly referred to pyrolysis, 
irrespective of the pathway followed. 

111. The pyrolysis process is fundamental to determining how a solid material will burn. 
Note that the above definition of pyrolysis includes all the endothermic processes, 
both those arising due to physical changes (i.e. melting) and those arising from 
chemical changes (i.e. thermal decomposition). 

112. As with any chemical reaction, the pyrolysis process is strongly temperature 
dependent. Higher temperatures result in higher reaction rates, and therefore faster 
thermal decomposition of the solid material. Thus, the temperature evolution of a 
solid material is fundamental to predicting the rate of pyrolysis and, consequently, 
to whether a flammable mixture of pyrolysis products and air will form and sustain a 
flame. Typically, the heating is considered to occur only at the surface of the solid5 . 

113. The thermal properties and geometry of a solid fuel play a strong role in 
determining its ignition and burning behaviour. lt is conventional to differentiate 
between thermally thick and thermally thin fuels. This distinction is based on the 
physical dimensions of the material, its material properties, and the characteristics 
of the surrounding environment. 

114. A thermally thin fuel is one which, when exposed to a heating environment, will heat 
uniformly throughout the material thickness (i.e. there are negligible temperature 
gradients within the material). lt may be reasonably assumed that the material 
heats uniformly and can be characterised by one temperature. In this case the 
response of the material is limited by the transfer of heat from the surroundings. 

5 This is a simplification. In reality pyrolysis occurs within a finite volume beneath a heated surface. 
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115. A thermally thick fuel, when heated, will exhibit an internal temperature gradient as 
energy is transferred into the body of the material. In this case the response of the 
material is limited by the rate of heat transfer inside the material. In general, 
thermally thin fuels ignite more readily than thermally thick fuels, all other factors 
being equal. 

116. A common example of this can be understood by comparing the ease of ignition of 
wood shavings versus a large log. The wood shavings are thermally thin and can 
readily be heated such that ignition occurs. The large log is thermally thick, and 
energy is conducted away from the surface, thus making it harder to ignite. A video 
comparing these two scenarios is provided in Slide 12 of Part 1 of my Phase 1 
Expert Witness Presentation. 

117. For a thermally thick fuel, when exposed to a heat source, the surface temperature 
of a solid material will begin to increase. The rate of increase is determined in part 
by the thermophysical properties of the material (i.e. the material properties). The 
key parameters in this situation are: 

118. (1) the thermal conductivity of the material (i.e. the ability of the material to 
transfer thermal energy internally); 

119. (2) the density of the material; and 

120. (3) the material's specific heat capacity (i.e. the amount of energy required to 
increase the temperature of a unit mass of the material by one degree Celsius). 

121. A heat transfer analysis shows that the product of these three parameters (i.e. the 
thermal conductivity multiplied by the density multiplied by the specific heat 
capacity) governs the rate at which the surface temperature of the solid material 
increases when exposed to a heat source. This is referred to as the thermal inertia 
and represents the 'ease' with which the surface temperature of a material will 
change. Materials with high thermal inertia are relatively slow to change in 
temperature. The surface temperature of a material with low thermal inertia will 
increase rapidly when heated. 

122. Since pyrolysis is a temperature dependent chemical process, materials with a low 
thermal inertia (which heat faster) will initially experience more rapid pyrolysis than 
material with higher thermal inertia (under otherwise identical conditions). There is 
thus a strong coupling between pyrolysis and the heating of the solid. 

123. As a result of the above factors, it is common within fire science to assume a 
'pyrolysis temperature', or a range of temperatures over which pyrolysis will occur, 
when analysing the response of a solid material to heating. All other factors being 
equal, materials with higher pyrolysis temperatures are more difficult to ignite. 

2.3. Material Flammability 

124. In a regulatory context6 material flammability quantifies the propensity of material to 
burn with a flame under specified conditions. Material flammability tests allow 

6 Note that other sources may use slightly different definitions. 
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materials to be ranked based on results from tests in standardised apparatus. lt 
should be noted that material flammability parameters are not fundamental material 
properties, precisely because they are dependent on the method of evaluation. 

2.3.1. Ignition 

125. In the context of most fire safety applications, ignition is the initiation of gas phase 
combustion; i.e. sustained flaming combustion of pyrolysis gases. There are two 
types of ignition: 

126. (1) piloted ignition- where the combustion of the gas phase fuel is initiated by 
an external ignition source, e.g. an electrical spark or an independent flame; 
and 

127. (2) auto ignition- where the combustion of the gas phase fuel is initiated due to 
a sufficiently elevated temperature of the gas phase mixture. A sequence of 
three videos showing pyrolysis and (auto) ignition of timber is provided in Slides 
16 through 18 of Part 1 of my Phase 1 Expert Witness Presentation. 

128. For the reasons presented in Section 2.2, whether ignition of a solid material occurs 
is strongly time dependent- i.e. ignition only occurs after a period of heating of the 
solid material such that the surface temperature reaches the pyrolysis temperature. 
This is referred to as the time to ignition. In general, the time to ignition decreases 
as the magnitude of heat exposure is increased. 

129. The time to ignition is comprised of the time taken for three individual processes to 
occur, namely: 

130. the time to heat the solid to the pyrolysis temperature; 

131. the time for the pyrolysis gases to mix with the surrounding air and to generate 
a flammable mixture; and 

132. the induction time of the gas phase chemical reaction. 

133. In most scenarios, and specifically in the case of piloted ignition which is of primary 
interest in the current context, the time to heat the solid to the pyrolysis temperature 
is much longer than the other two times noted above, and therefore an assumption 
is made that the time to ignition is equal to the time for pyrolysis to occur at a rate 
sufficient to form a flammable mixture7 . 

134. Many techniques have been established to measure material flammability. The 
most common of these use a radiant heat source to heat a material. The magnitude 
of the heating is defined in terms of the incident heat flux. Heat flux is a measure of 
thermal energy delivered to a target per unit area and unit time. This is typically 
expressed in units of kilowatts per square meter (kW/m2), where one kilowatt is 
equivalent to one thousand Joules per second. lrradiances of up to 50 kW/m2 are 
typically used in materials testing to represent fire exposures in buildings. lt is 

7 This is dependent on the magnitude of the thermal exposure, the properties of the material, and the 
presence of a pilot flame or spark to ignite the mixture of gaseous fuel and air. 
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noteworthy that actual heat fluxes in many building fire scenarios may significantly 
exceed this value. 

135. To determine the temperature rise of the material, it is necessary to evaluate an 
energy balance at the surface of the solid. This is a balance of the energy arriving 
at the solid surface, the energy transferred into the material, and any energy losses 
from the material. If the energy arriving is greater than the energy lost, then the 
surface temperature will increase. The temperature will increase to the "pyrolysis 
temperature" and the endothermic pyrolysis process will be initiated. A 
mathematical formulation of the above processes leads to the concept of the time 
to ignition (sometimes referred to as "ignition time" or "ignition delay time"). 

136. As already discussed, the rate of heating for thermally thick fuels depends strongly 
on the thermal inertia of the material. As noted above, the time to ignition and the 
time to pyrolysis can be assumed equal and therefore the time to ignition is strongly 
dependent on the thermal inertia of the material. Materials with low thermal inertia 
(e.g. polymeric foams) heat rapidly resulting in a short time to ignition under a given 
scenario, when compared to materials with higher thermal inertia (e.g. non-foamed 
polymers). 

137. The time to ignition (or ignition delay time) is also a function of the particular 
manner in which a material is heated, as well as the conditions of the test. 
Consequently, time to ignition is not considered a fundamental material property8 . 

138. The above discussion also demonstrates that the time to ignition depends on the 
magnitude of the applied energy (i.e. the heat flux). As the applied heat flux is 
increased, the time to ignition decreases. Alternatively, as the applied heat flux is 
decreased the time to ignition increases. For each material, a relationship can be 
experimentally developed to relate the time to ignition with the applied heat flux. 

139. Given the need to overcome energy losses from the system and the requirement to 
provide sufficient energy to overcome the endothermic pyrolysis reaction, it follows 
that there exists a heat flux below which ignition will not occur. This is called the 
critical heat flux for ignition. 

Critical Heat Flux for Ignition 

140. The critical heat flux for ignition is usually defined as the heat flux for which the time 
to ignition tends toward infinity- i.e. ignition of the material only occurs after an 
extremely long (infinite) period of exposure to a given heat flux. In practical terms, 
the critical heat flux is commonly reported as the minimum heat flux at which a 
material will ignite when exposed to heating for a specified time period (commonly 
taken as 15 minutes in testing standards). A bracketing procedure is normally 
employed in which the applied heat flux is systematically varied until the maximum 
heat flux at which ignition will not occur and the minimum at which ignition will occur 
are found. The resulting value is the critical heat flux for ignition. 

8 Fundamental material properties are characteristics that are independent of the method of measurement. 
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141. For many polymeric materials9 , the critical heat flux for ignition (sometimes simply 
referred to as the "critical heat flux") is in the range of 10-20 kW/m2 . Typical values 
are tabulated in a number of standard references, e.g. The SFPE Handbook of Fire 
Protection Engineering [2]. The critical heat flux for ignition for some common 
materials (evaluated using the ASTM E2058 method [4]) are given in Table 1. 

Table 1 The critical heat flux for ignition for selected materials [2]. 

Material Critical heat flux, kW/m2 

Hiqh density polyethylene (PE) 15 
Phenolic (foam) 20 
Polyurethane (PU) (foam) 13-40 
Polymethylmethacrylate (PMMA) 10 10 
Wood (Douqlas fir) 10 

2.3.2. Burning 

142. Once a material has ignited, the primary variable of interest is the rate at which 
energy is released. The total amount of energy that is available to be released from 
a material is known as the heat of combustion. The rate at which this energy is 
released, and the fraction of available energy that is released, is a function of the 
testing/heating conditions. 

Heat of Combustion 

143. The heat of combustion 11 is the thermal energy produced by complete combustion 
of a unit mass of a material. lt is a measure of the maximum energy that a material 
can release. 

144. The heat of combustion is measured by burning a unit mass of a material in an 
atmosphere of pure oxygen. The increased reactivity of this atmosphere compared 
to air (which is typically only about 21 % Oxygen) results in complete combustion of 
the sample and the conversion of virtually all of the stored chemical energy to 
thermal energy. By measuring the energy released in this process, the energy per 
unit mass of the material can be determined. Heat of combustion is commonly 
reported in units of megajoules per kilogram (MJ/kg). 

145. Because of the manner in which it is measured, the heat of combustion provides an 
upper limit on the amount of energy that can be released by the burning of a 
material. However, the heat of combustion does not give any information regarding 
the rate at which energy is released after a material is ignited. Nor is any account 

9 Polymeric materials (i.e. polymers) are synthetic or naturally occurring compounds that have large molecules 
made up of many relatively simple repeated units (called monomers). A generic term used to describe 
synthetic types of these materials is 'plastic' however this lacks quantitative specificity. See Section 4.1 0.1. 
10 PMMA is also known as acrylic, as well as by trade names such as Plexiglas and Perspex. lt is a 
transparent thermoplastic polymer often used as an alternative to glass. lt is included in this table for 
comparative purposes, simply because it is the polymer with the most widely studied thermal decomposition 
and is often used by fire scientists as a model fuel in experimental research [2]. 
11 The heat of combustion may be reported as 'gross' or 'net'. The value of gross heat of combustion is always 
higher than the net heat of combustion for a specified material. This is because the gross heat of combustion 
considers the energy released by the condensation of the water produced by the complete combustion 
reaction. 
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taken of the heat transfer processes that lead to ignition, the material geometry, or 
the physical changes that may occur; all of which will affect a material's fire (i.e. 
burning) behaviour. The rate at which energy is released from the material is 
described by the heat release rate. 

Heat Release Rate 

146. The heat release rate (HRR) describes the rate of energy release, per unit time, as 
a material (or object) burns12. lt is measured in Watts (W), kilowatts (kW) or 
megawatts (MW). 

147. Materials with the same heat of combustion may burn in very different ways once 
ignited, depending on their specific thermal decomposition mechanisms (see e.g. 
Section 2.1 and Figure 1 ). 

148. At a material level, the heat release rate behaviour is dictated to a large extent by 
the pyrolysis mechanism of the solid material. If the material melts (e.g. 
polyethylene) or sublimes, then after ignition the heat release rate will increase to a 
quasi-steady value until the mass of material is consumed. If the material chars 
(e.g. wood, thermosetting polymers13; path (e) in Figure 1) then there will be an 
initial period of high heat release rate followed by a period of decay due to the 
formation of a char layer. The char layer decreases the rate of energy transfer to 
the material and hence reduces the rate of pyrolysis and the amount of fuel vapour 
produced. lt is common to express the heat release rate in terms of the area of 
burning; this results in a heat release rate per unit area (HRRPUA). 

149. Figure 2 shows illustrative heat release rate curves for charring and non-charring 
solids. 

150. The heat release rate of a material is also dependent on the physical geometry of 
the sample, the boundary conditions of the material (e.g. whether it is mounted on a 
substrate and what the thermal properties of that substrate are), and the presence 
of an external heat source. For example, the heat release rate of an object burning 
in the presence of an external heat source will be a strong function of the 
magnitude of the external heat source. 

151. Heat release rate can be measured by oxygen depletion calorimetry. This process 
measures the amount of oxygen that has been used by the combustion process to 
derive the heat release rate. This is based on the knowledge of the amount of heat 
produced via the relevant chemical reactions, and the mass flow rate of exhaust 
gases through an exhaust duct collecting all of the combustion products. The 
advantage of this technique is that the apparatus required for the measurement can 
be located far from the fire. An alternative approach is to measure the weight loss 
of a burning object and use the known heat of combustion of the material 

12 The concept of heat release rate can be extended to quantify the size of any fire. 
13 A thermosetting polymer is one that is irreversibly cured from a prepolymer or resin. The process of curing, 
often by heating or by mixing with a catalyst, changes the resin into an infusible, insoluble material. Once 
cured, a thermosetting polymer cannot be reheated and melted to be shaped differently; instead the 
application of heat will cause thermal decomposition and (in many cases) charring. Thermosetting polymers 
may be contrasted with thermoplastic polymers, which are commonly produced in pellets, and shaped into 
their final product form by melting and pressing or injection moulding. 
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(accounting for the fact that the combustion will not be perfectly efficient) to derive 
the heat release rate. 

152. The heat release rate concept can be extended from materials to objects, and 
ultimately to describe the size of any fire. 

153. The heat release rate is important for evaluating fire hazard, since it determines the 
energy released from a material that is available to be transferred back to the fuel 
via convection and radiation, thereby creating a positive feedback loop and possibly 
resulting in fire growth and/or spread. 

Non-charring solid 

Charring solid 

Time T ime 

Figure 2 Characteristic illustrative heat release rate (HRR) curves for charring 
and non-charring solids. Adapted from [5]. 

2.4. Flame Spread 

154. Flame spread occurs when heat is transferred from a burning region to adjacent 
unburnt material. The rate at which a fire will grow and spread (i.e. the rate at which 
the heat release rate will increase) depends in part on how rapidly a flame can 
spread on the surface of the material. Flame spread is strongly influenced by 
physical properties of the system, such as material geometry and orientation, and
importantly- by the presence of any films, skins, or coatings on a material. 

155. The process of flame spread is most easily thought of as a series of ignitions, and 
the processes required to sustain flame spread are the same as those for ignition -
i.e. sufficient energy must be supplied to the fuel ahead of the flame front to 
overcome the heat losses and heat the material such that pyrolysis can occur. As 
the pyrolysis front advances, so too does the visible flame. 

156. lt is common to distinguish between concurrent flame spread and opposed-flow 
flame spread. Concurrent flame spread occurs when the flame propagates in the 
same direction as the flow of hot combustion products. Opposed-flow flame spread 
occurs when the flame spread is in the opposite direction to the flow of hot gases. 
These extremes are commonly observed 14 when a flame spreads upwards 
(concurrent flame spread) and downwards (opposed-flow flame spread). These are 
illustrated schematically in Figure 3. 

14 In most practical scenarios, where gravity acts in the downwards direction. 
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Figure 3 Upward (concurrent) and downward (opposed-flow) flame spread. 

157. Because the rate of flame spread is governed by the rate at which the material 
ahead of the burning region can be heated to its pyrolysis temperature, the rate of 
flame spread is dependent on the heat transferred to the material and the material's 
thermal inertia. 

158. On a given material, concurrent flame spread will generally be faster than opposed
flow flame spread. This is because in concurrent spread, the hot products of 
combustion, which rise due to the effect of buoyancy, can preheat the material 
ahead of the pyrolysis front. 

159. When considering flame spread on thermoplastics15 (e.g. polyethylene) it is 
important to consider the effect of melting and deformations associated with 
softening of the polymer. Melting and dripping significantly complicate the flame 
spread processes by removing material (mass) from the system, and with it some 
of the available energy to drive flame spread. 

2.4.1. Concurrent Flame Spread 

160. In concurrent flame spread the heat transfer to the unburnt material ahead of the 
burning region increases the size of the burning zone, and hence the flame spread 
rate. The most common case of concurrent flame spread is that of upward vertical 
flame spread. 

161. A video illustration of concurrent (upward) flame spread is provided on Slide 26 of 
Part 1 of my Phase 1 Expert Witness Presentation. 

15 A thermoplastic polymer is one that that becomes pliable or mouldable above a specific temperature 
and solidifies upon cooling. A thermoplastic can therefore be reheated and melted to be reshaped. Some 
thermoplastics may melt, and drip or flow, upon heating. 
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162. In this case, the flame and pyrolysis products produced by the burning of the 
material rise, due to buoyancy, and bathe the surface of the material. This results in 
high rates of heat transfer to the surface of the material. As the unburned material 
ahead of the burning region is heated, it begins to pyrolyse and generate flammable 
gas. As this gas ignites, the visible flame spreads. 

163. Typically, the rate at which the pyrolysis front advances is faster than the rate at 
which the fuel thickness is consumed. Consequently, the burning region becomes 
larger, producing flammable pyrolysis products at an increasingly greater rate. The 
flame becomes larger and thereby increases the height of the heated material 
which further increases the burning area. This positive feedback loop results in a 
self-accelerating process and rapid upward spread of flame. 

164. Where a material is thermally thin and is allowed to burn on both sides, the rate of 
heating ahead of the flame front is greater still, and consequently flame spread is 
faster than the case of the same fuel heated on one side. 

2.4.2. Opposed-flow Flame Spread 

165. In the case of opposed-flow flame spread, the rate of heat transfer to the unburnt 
material is much less than in concurrent flame spread. Consequently, the length of 
the pre-heated zone is smaller, resulting in a smaller pyrolysis region and a lower 
burning rate. In many common scenarios, opposed flow flame spread occurs when 
a flame is spreading downwards or horizontally over a solid or spreading 
perpendicular to the direction of upwards flame spread (i.e. over a flat surface). 

166. Video illustrations of opposed flow flame spread - both downward and horizontal -
are provided on slides 27 and 28 of Part 1 of my Phase 1 Expert Witness 
Presentation, respectively. 

167. Of particular relevance to the Grenfell Tower fire is the fact that rapid 
downward vertical fire spread may occur due to melting and dripping of a 
thermoplastic polymer material. When heated in the vertical orientation, molten 
(burning) material may flow and, under the action of gravity, move downwards. 
Flame spread by this mechanism is governed by the viscosity of the molten 
material. If heated sufficiently, the molten material may also form burning droplets 
which may fall downwards. Both of these processes may contribute to the formation 
of a pool fire below and in front of the burning material. This pool fire may 
substantially increase the rate of upward vertical flame spread (refer to Figure 4 ). 

168. A video illustration of these downward fire spread mechanisms is provided on slides 
29 through 31 of Part 1 of my Phase 1 Expert Witness Presentation, where 
downward fire spread due to melting and dripping of burning polyethylene is shown 
for a vertically oriented sample initially ignited at its base. 
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Figure 4 

Burning and 
melting material on 
vertical surface 

Pool fi re 

This figure shows a wall of burning polypropylene (a thermoplastic 
polymer) with a pool fire of melted material formed on the horizontal 
surface in front of the test (from a 1997 paper by Zhang et al. [6]). 

2.5. A Note on the role of Fire Retardants 

169. The role of fire retardants in the ignition, burning, and spread of flame on a material 
is highly complex and is beyond the scope of this expert report. 

170. An effective fire retardant should inhibit ignition and reduce the magnitude of the 
burning processes. In general fire retardants will inhibit or at least delay ignition, but 
do not have much effect once a fire has developed. They can also have some 
effect on the heat release rate (depending on the retardant). 

171. Fire retardants may operate by physical mechanisms or chemical mechanisms. 

172. Physical mechanisms include acting as a heat sink, forming a protective layer that 
prevents transport of mass, and/or generating material that dilutes the gas phase 
mixture and inhibits combustion in the gas phase. The latter is generally termed a 
flame retardant. 

173. Chemical mechanisms seek to reduce the heat released by the combustion 
process by altering the chemical processes. This typically reduces the energy 
released during the combustion process. Alternatively, the chemical action may be 
in the solid phase where the formation of a stable and thermally resistant char may 
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be promoted, or the melting and flowing behaviour may be accelerated or 
decelerated. 

17 4. The effect of fire retardants is generally to increase the time to ignition and reduce 
the peak heat release rate. The type and dose of fire retardant must be such that a 
measurable effect on the flammability can be ensured, but so that they do not have 
a detrimental impact on other material properties (e.g. mechanical strength). A 
detailed discussion of flame retardants is avoided here however the interested 
reader should consult Reference [2] for a deeper understanding. 

175. Fire retardants thus inhibit, but do not necessarily prevent, ignition or combustion in 
all circumstances. 

2.6. Discussion and Summary 

176. The scientific literature on ignition, burning, and flame spread described in this 
section relates primarily to non-composite (i.e. homogenous) materials. There is 
little useful fundamental (i.e. non-regulatory) experimental data available in relation 
to flammability and flame spread on composite products, since these products 
violate the basic assumptions of many of the existing analytical descriptions and 
test methods. This ought to be borne clearly in mind when using test methods 
developed for one particular purpose to assess the fire hazard(s) associated 
with more complex or composite materials or products. 

177. Nevertheless, a series of useful conclusions can be drawn on the basis of the 
discussion provided in this Section: 

178. Flammability and flame spread are influenced by numerous factors, including 
material properties, orientation, and geometry. 

179. Upward flame spread on a solid fuel is rapid because the hot flame and gases 
pre-heat the material ahead of the burning zone. This is further increased when 
a material is heated from both sides. 

180. Downward flame spread is generally slower because preheating of fuel ahead 
of the flame front is reduced. However, downward flame spread may also be 
significantly influenced by melting and dripping of (potentially burning) material. 

181. In all cases of upward and downward flame spread, the spread is dominated by: 

182. the heat release rate of the existing fire; 

183. how the resulting fire applies energy to the unburnt material; and 

184. the thermal inertia of the material itself. 

185. Melting and dripping of polymers may provide a physical mechanism for rapid, 
downward fire spread; pooling of burning polymers may also exacerbate upward 
fire spread. 
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186. Grenfell Tower is a 24-storey reinforced concrete frame. Before the fire on 14th 
June 2017, the building's stability was provided by a central reinforced concrete 
core, a series of outrigger walls, and fourteen octagonal columns around the 
building's perimeter (Figure 5) [RBK00018829]. 

187. The North and South sides of the building have five columns, which give four bays. 
The East and West sides of the building have four columns, which give three bays. 

188. From levels 4 to 23, all floors have similar a layout, with six flats in a recurring 
pattern (four two-bedroom flats and two one-bedroom flats). A typical floorplan for 
levels 4 through 23 is shown in Figure 5. Level 24 consists of a roof level and a 
rooftop plant room. 

189. Prior to the refurbishment of Grenfell Tower (in the period 2012-2016), the first four 
storeys were non-residential. During the refurbishment, seven additional flats were 
created on levels 2 and 3. The addition of these new flats, as well as other 
modifications to the lower levels of the building (below Level 4 as indicated in a 
post-fire photo of the lower West Face of the Tower in Figure 6) are not centrally 
relevant to understanding the ignition of cladding materials or the external fire 
spread that occurred on 14th June 2017; consequently, these levels are not 
discussed in detail within this report. 

190. A new external over-cladding system was installed during the refurbishment of 
Grenfell Tower (in the period 2012-2016). The refurbishment cladding system 
included: new windows and window framing, extract fans, thermal insulation, 
external rainscreen cladding, and an architectural crown detail at roof level. Key 
terminologies associated with the refurbishment cladding system are annotated on 
Figure 7, Figure 8, and Figure 9. 
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Typical post-refurbishment design (rather than verified as-built) 
floorplan of Grenfell Tower at or above Level 4 [Studio E Architects' 
drawing- SEA00000199]. This figure shows the typical plan of six 
flats per floor, arranged around a central core containing two lifts, a 
single stair, and a refuse chute. 16 

16 lt should be noted that this report makes extensive use of design drawings that have been submitted to the 
Inquiry by a range of involved organisations. All reasonable attempts have been made to corroborate the 
accuracy of these drawings in terms of the extent to which they reflect the as-built details within the building at 
the time of the fire. However, this has not been possible in every case. In most cases in this report, the 
available drawings are used for illustrative or indicative purposes only, rather than being presented as precise 
factual representations of as-built conditions. 
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Figure 6 

Level 4 slab location (approximate) 

Level 4 (West Face) of Grenfell Tower after the fire [annotated extract 
from MET00004477]. The location of the Level 4 slab is shown. 

Column top detail (corner) Column top detail (face) 

Figure 7 

Architectural crown 
section 

Columns 

Typical building terminology used within this report [annotated extract 
from design drawing [HAR00008138] - (hand-written annotations 
were present on original evidence). 

31 

LBYS0000001_0031 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

Face column 

Windowinfill 
panels 

TYPICAL BAY LEVElS 1 TO 20 WEST /EAST ELEVATION 
(EAST I WEST IS OI'!'OSITE HAND) 

400FF AS DRAWN . TYPE 11as 
Window glazing ~OFF 01'1' HAND· TYPE I lOll!> 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Corner column 

Figure 8 Typical building terminology used within this report [annotated extract 
from Celotex design drawing CEL00000089]. 

Kitchen extract fan 
(mounted within window infill panel) 

Column ACM ra inscreen cassettes 

Window infil l panels 

Spandrel section ACM rainscreen cassettes 

Figure 9 Typical building terminology used within this report [annotated extract 
from M ET00004480]. 
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191. The fire that occurred on 14th June 2017 started in the kitchen of Flat 16 
[MET00007748]. This was a two bedroom flat located at the North-East Corner on 
the fourth floor of Grenfell Tower (the first residential floor in the original 
construction; original Floor 1, Flat 6). This flat has windows facing onto the East 
and North faces of the building, as shown in Figure 10. Access to the flat is via a 
shared lobby, which has direct access to both of two lifts and the main (single) 
escape stair. 

192. Flat 16 was comprised of: 

193. two bedrooms; 

194. one living room (which was being used as a bedroom at the time of the fire 
[M ET00006339]); 

195. a bathroom with separate WC; 

196. several small storage spaces; 

197. a linking corridor; and 

198. a kitchen (which adjoined the living room via a set of sliding doors). 

199. Figure 10 shows the location of Flat 16 within an overall floorplan of Level4 
[SEA00000199], and the lower elevation of the East Face [SEA00000204]. Figure 
11 shows the detail of Flat 16 [SEA00000199]. 

- Location of Flat 16 
(4'" Floor above ground ) 

Floorplan 
(typica l 4th Floor and above ) 

East Elevation 
(Ground to 41" Floor) 

Figure 10 Location, floorplan, and East Elevation of Flat 16, 4th floor. North-East 
Corner of Grenfell Tower [annotated extracts from design drawings 
SEA00000199 and SEA00000204]. 
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Figure 11 Approximate floorplan of Flat 16 [annotated extract from design 
drawing SEA00000199]. 

3.2.1. Contents of Flat 16 

200. Four sources of evidence have been considered with respect to the contents of Flat 
16 at the time of the fire (with particular emphasis on the kitchen, since this is 
accepted (see below) as the room of origin [MET00007748]): 

201. First-hand accounts from the occupants of Flat 16: 
o [MET00006339] (witness statement); and 
o [London Fire Brigade document LFB00000301] (999 call transcript and 

audio). 

202. Statements from the first four fire-fighters (FFs) who entered the flat during the 
early stages of the fire: 
o [MET00005251] (FF Daniel Brown); 
o [MET00005674] (FF Charles James Batterbee); 
o [MET00005214] (FF Nicholas Barton); and 
o [MET00005407] (FF John O'Hanlon). 

203. Thermal lmaging Camera (TIC) footage obtained from the London Fire Brigade 
(LFB) showing fire-fighting activities inside the flat: 
o [MET00005810]; 
o [MET00005811]; 
o [MET00005812]; 
o [MET00005813]; 
o [MET00005814]; 
o [MET00005815]; 
o [MET00005816]; and 
o [MET00005817]. 
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204. Photos of the flat taken as part of the immediate post-fire forensic investigation 
provided in the Bureau Veritas Scene & Laboratory Examination report 
appendix [MET00007748]. 

205. Of particular interest with respect to the early progression of the fire are the 
contents and layout of the kitchen (Figure 12). The worktop in the kitchen was on 
the South Wall of the room. At the East end of the worktop was a free-standing 
cooker and, directly adjacent to the east of this, a fridge-freezer. Whether any 
furniture, appliances, or other items were placed to the east of the fridge-freezer, 
i.e. between the fridge-freezer and the kitchen window, is unconfirmed. 

206. Figure 13 shows a photo of the space immediately between the fridge-freezer and 
kitchen window within Flat 16. This was taken immediately after the fire. The item 
which can be seen in this photo has been identified [IWS00000490] as an East 
African bread maker called an 'lnjera'. This cooking device is understood- based 
on witness statements from the occupants of Flat 16 [IWS00000490] - to have 
been stored on top of Flat 16's wall-mounted kitchen cabinets at the time of the fire. 

207. The Bureau Veritas (BV) Fire and Safety Department Report [MET00007996] notes 
this item as being found "under the window and in the corner". The BV report 
further describes this item as a "large hot plate (described as possibly a paella 
heater ... which although it was an electrical item was discounted and moved as it 
was not plugged in". This item is neither identified nor discussed in any of the MPS 
interviews with the original 999 caller. This individual was also the principal 
occupant of Flat 16 and discovered the initial fire in the early hours of 141h June 
2017. These MPS interviews are discussed in Section 5.3. 

208. lt is not known how or when this 'lnjera' was displaced to the position shown in 
Figure 13Y 

209. In addition, there were two other refrigeration devices located in the kitchen towards 
the East Wall and in front of the window. The resident's witness statement 
[MET00006339] indicates that "there was another, smaller, fridge in the kitchen 
which [was] stored on top of an old freezer". This evidence also states that only one 
of these refrigeration devices (the small fridge) was operational at the time of the 
fire (the freezer is stated as having been non-operational for nine years) and that 
these were located in the opposite corner from the fridge-freezer (i.e. adjacent to 
the sliding doors into the living room). 

210. Forensic photographs (see Figure 12a) indicate that, after the fire, these two 
refrigeration devices were displaced into the middle of the kitchen (and not straight 
against the wall). 

17 Whilst the origin and cause of the Grenfell Tower fire fall outside my own strict scope and purpose, I 
comment in this report on evidence as regards origin. This is necessary in order to develop a sufficiently 
detailed understanding of the likely conditions within the compartment of origin between the time of the initial 
999 call and the entry into the kitchen of Flat 16 by the first firefighter crews (and the first Thermal lmaging 
Camera (TIC) footage within the compartment of origin), such that potential mechanisms of fire spread to the 
cladding can be reasonably interrogated. I do not consider myself an expert in fire cause and origin 
determination. 
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211. There is, therefore, some uncertainty regarding the original location of the individual 
smaller fridge and freezer. Their final location in the middle of the kitchen would 
have made it impossible to open the fridge-freezer (or close the sliding door). The 
precise original location of these items remains unknown at the time of writing and 
may never be known with certainty. 

212. In the London Fire Brigade TIC footage (Figure 77 below), there is evidence of an 
unknown object located between the fridge-freezer and the East Wall/kitchen 
window. This object is not clearly visible in forensic photos taken after the fire 
(Figure 12a). 

213. Figure 12b shows an indicative assumed plan of the kitchen prior to the fire, which I 
have prepared, based on the available evidence described above. The fridge and 
freezer are assumed to have been in the North-East Corner of the kitchen, in an 
unknown orientation but with the small fridge stacked on top of the freezer. 
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(a) 

Window 
opening Fridge-freezer Cooker 

Freezer Fridge 

Washing machine 
Toaster (displaced) Microwave 

Doorway from hallway into kitchen Sliding partition into living room Small fridge (top) and 
freezer (bottom) 

Kitchen 
windows 

(b) 

Figure 12 

\ 

r --

Microwave 

016·11 
Existing Kitchen 

8.54 rn2 

----, 

Toaster and wash ing 
machine 

Cooker Fridge 
freezer 

Unknown objects 

Approximate arrangement of kitchen of Flat 16 a): Photograph 12 
from [MET00007748] looking into kitchen from living room; b) 
annotated extract from design drawing [SEA00000199] showing 
assumed layout of kitchen at the time of initiation of the fire, which I 
have prepared based on the available evidence. 
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Lower front face of 
fridge-freezer 

Figure 13 Location of 'lnjera' cooking device between the fridge-freezer and the 
kitchen window of Flat 16. Based on Photograph 36 from the BV 
forensic report [MET00007748]. 

3.2.2. Building Envelope 

214. The construction that surrounds a building and separates the internal 
accommodation from the external environment is the building envelope. In the case 
of Grenfell Tower, the building envelope, from Levels 4 to 23, is comprised of: 

215. the original (predominantly) reinforced concrete construction; 

216. a new external cladding system that was retrofitted during refurbishment of the 
tower between 2012 and 2016; 

217. new window units that were installed as part of the refurbishment; and 

218. new cosmetic/architectural features fitted to the top (architectural crown) of the 
building. 

219. The building envelope at lower levels of the building, i.e. from Ground Level to the 
top of Level 3, is made from different materials in some cases from those used on 
levels 4 and above. These differences are discussed only where considered 
relevant to the ignition, growth, and external spread of the fire. 

220. External cladding systems are commonly comprised of: 
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221. a system build-up (which often forms a substantial surface area of the building 
envelope); and 

222. a range of fixings, brackets, rails, seals, and other detailing (which is required to 
fix the cladding to the building and enclose non-standard details). 

223. Windows used in the refurbishment of Grenfell Tower were supplied in pre
fabricated units that included glazed window sections, sections filled with painted 
architectural window infill panels, and in some cases with window infill panel 
sections that additionally housed new kitchen extract fan units. 

224. The new cladding system and window units were installed over the top of the 
existing building envelope, with attempts made to close the gap between the new 
and old building envelope using various materials, products, and systems. The 
geometry of these systems is discussed in this section. The materials used- and 
their respective reaction-to-fire properties - are discussed in greater detail in 
Section 4. 

3.2.3. Original Construction 

225. The original building envelope construction build-up is comprised of (from inside to 
outside): 

226. gypsum-based paper-faced plasterboard (about 10.6 mm thick) and other 
finishes (including "Artex" plaster in some locations); 

227. a paper-faced polymeric foam insulation board (about 13.2 mm thick); and 

228. precast structural reinforced concrete of minimum thickness about 325 mm. In 
some locations of unglazed areas between spandrel panels a lightweight 
concrete infill panel is present. Elsewhere (e.g. the spandrel beams, columns, 
and concrete walls) the concrete performs a structural (i.e. load-bearing) role. 

229. There is local variation of the refurbishment cladding geometry due to the geometry 
of the existing building and the presence of the original window openings. 

230. Figure 14 shows a section through the external envelope of the building at a section 
through a spandrel beam and just below a window- existing elements use red 
outlines, and the new cladding system is shown using black outlines. Figure 15 
shows a photo detail of the inside face of the existing building envelope 
construction, as observed on-site during post fire investigations. 
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Figure 14 My sketch of the typical cladding construction based on design 
drawing [SEA00000229] and my own site investigations. Vertical 
section through the building envelope immediately below a typical 
window. Red outlines indicate pre-existing building envelope, black 
outlines indicate new (refurbishment) building envelope construction. 
Indicative sketch only. Not to scale. 
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Plasterboard and skim 

Paper-faced polymer foam board 

Concrete spandrel beam 

Figure 15 Annotated extract photo taken from above -and looking vertically 
down - on a partially deconstructed window opening inside Flat 16. 
Note that the timber batten is a thin wooden strip installed across the 
top of the concrete spandrel, over which was affixed a timber internal 
window sill in the original construction. Refer to Figure 14 [My photo, 
Flat 22, 09/01/2018]. 

3.2.4. Refurbishment External Cladding System 

231. The new refurbishment cladding system is principally comprised of: 

232. a foil-faced polymeric foam insulation product (thickness 1 OOmm (on columns) 
or 2 x 80mm (on spandrels)); 

233. 4mm thick panels (referred to as cassettes) of Aluminium Composite Material 
(referred to henceforth as AGM) products; and 

234. horizontal and vertical mineral wool cavity barriers18. 

235. The refurbishment cladding system is fixed to the existing building envelope using a 
complex series of rails, brackets, mechanical fixings, and adhesives/foams: 

236. The polymeric insulation is secured using mechanical anchors (typically into the 
pre-existing reinforced concrete building exterior). 

18 A cavity barrier is defined in Approved Document B [7] as "a construction, other than a smoke curtain, 
provided to close a concealed space against penetration of smoke or flame, or provided to restrict the 
movement of smoke or flame within such a space". 
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237. The AGMs are fixed onto vertical aluminium rails, which are anchored into the 
pre-existing concrete exterior) using a combination of bolted connections, 
screws, rails, and hooks; 

238. The cavity barriers are fixed with proprietary galvanized metal cavity barrier 
fixing brackets. These are mechanically anchored into the existing concrete 
exterior. The cavity barriers penetrate the polymeric insulation and are fixed 
directly to the existing (rough or ribbed) concrete exterior. 

239. Other materials, products, and fixings are present in the refurbishment cladding 
system. I consider these less important for the context of my Phase 1 report and 
they are therefore described only where I consider them significant for the ignition, 
growth, and spread of the external fire. 

240. Figure 16 through Figure 19 show construction details for the refurbishment 
cladding system that were observed during post-fire site investigations. Figure 21 
through Figure 23 show these details during post-fire deconstruction of the cladding 
at Grenfell Tower. These selected drawings and forensic photos represent a non
exhaustive selection of available images, and they are presented in this Phase 1 -
Final Expert Report because they illustrate points of interest with respect to external 
fire spread, as discussed in the following sections. 

241. I consider Figure 20 to be particularly significant because it shows how flat panels 
of AGM are formed into cassettes (i.e. open-sided boxes) before being mounted 
onto the building's exterior- this is important because the process of cutting, 
routing, and folding the sheets of flat AGM generates multiple lines of directly 
exposed PE filler material, both at the edges of the cassettes, and along all re
entrant corners. 
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Figure 16 Horizontal section detail drawing showing typical geometry of the 
refurbishment cladding system at the junction between a reinforced 
concrete spandrel beam and a reinforced concrete column (refer to 
Figure 11 ). Red outlines indicate pre-existing building envelope, 
black outlines indicate new (refurbishment) building envelope 
construction (Note: investigations suggest variation of geometries on 
site). Indicative sketch. Not to scale. 
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Figure 17 Horizontal section detail drawing showing typical geometry of the 
refurbishment cladding system at the junction between a 
refurbishment window framing unit and a reinforced concrete column 
(refer to Figure 11 ). Red outlines indicate pre-existing building 
envelope, black outlines indicate new (refurbishment) building 
envelope construction (Note: investigations suggest variation of 
geometries on site). Indicative sketch. Not to scale. 
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Figure 18 

North Face 
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rainscreen cassette 

(column section) 

I· 

Concrete column 

.I 
016-1 

Exis~~~ving ·I i 

ACM 
"\:a---- rainscreen cassette 

(column section) 

Aluminium cladding rail 

Horizontal section detail drawing showing geometry of the 
refurbishment cladding system at a column tip (refer to Figure 11 ). 
Red outlines indicate pre-existing building envelope, black outlines 
indicate new (refurbishment) building envelope construction (Note: 
investigations suggest variation of geometries on site). Indicative 
sketch. Not to scale. 
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Concrete column 
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' -------------------_I 

Vertical section detail drawing showing typical geometry at horizontal 
joint between AGM cassettes along vertical column lines. Red 
outlines indicate pre-existing building envelope, black outlines 
indicate new (refurbishment) building envelope construction (Note: 
investigations suggest variation of specific geometries on site). 
Indicative sketch. Not to scale. 
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Exposed PE filler along flat cut edges Aluminium skins (interior surface) 

Exposed PE filler along re-entrant corner Exposed PE filler along bevelled edge 

Figure 20 Detail of edge of spandrel section AGM external cladding cassette 
from Level4 of Grenfell Tower (outside Flat 16) provided to me by the 
MPS. This figure shows how flat panels of AGM are formed into 
prism-shaped cassettes (i.e. open-sided boxes) before being 
mounted onto the building's exterior. Note multiple cut edges directly 
exposing PE filler material, both at the flat and (even more so) 
bevelled edges of the panel, and also along the re-entrant internal 
corners. 
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Figure 21 

Foil-faced polymer foam insulation 
board 

Exposed cut edge of polymer foam 
insulation board 

Aluminium cladding rail 
(for ACM spandrel cassettes) 

Bolt to hang ACM 

Cap of insulation anchorage 
(covered with aluminium tape) 

Intumescent strip 
(part of the cavity barrier) 

Alumin ium tape 

Horizontal cavity barrier 
(cut around cladding rail) 

Typical image of partially deconstructed external cladding (spandrel 
section) at Level 4 of Grenfell Tower. Also showing spandrel cladding 
rail and horizontal cavity barrier with intumescent strip, use of spray 
foam, window framing and infill panel (Note: spandrel AGM cassettes 
removed) [My photo, Level 4 looking down toward Level 3, 
14/11/2017]. 
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Figure 22 

Scaffolding installed post-fire 

ACM column cassette 

Bolt to hang ACM column cassettes 

Intumescent strip (part of cavity barr ier) 

Cavity barrier fixing bracket 

Horizontal cavity barrier 
(cut around cladding rail) 

Alum inium cladding rail (at column tip) 

ACM spandrel cassette 

Pre-refurbishment external surface 
(concrete column) 

Foil-faced polymer foam insulation board 
(spandrel section) 

Cladding rail anchorage bracket 

Typical image (looking upwards) of partially deconstructed external 
cladding on column at Level 4. Also showing horizontal cavity barrier 
and column tip cladding rail (Note: column AGM cassette and polymer 
foam insulation partially removed) [My photo, Level 4 looking up 
toward Level 5, 14/11/2017]. 
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Figure 23 

ACM column cassette 

Foil-faced polymer foam insu lation 
board (column section) 

Vertically-oriented cavity barrier 

Window 

ACM spandrel cassette 

Horizontal cavity barrier (cut around 
cladding rail) 

Pre-refurbishment external surface 
(concrete column) 

Coaxial cables 

Typical image of partially deconstructed external cladding on column 
above Level 4 windows. Also showing horizontal and vertical cavity 
barriers, and cladding rail supporting both column and spandrel AGM 
cassettes (Note: column AGM cassette, insulation, and cavity barriers 
partially removed) [My photo, Level 4 looking up toward Level 5, 
14/11/2017]. 
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Figure 24 

Spray foam 

::::::::::=:===7--~-- Foil-faced polymer foam insulation board 
(spandrel section) 

Small ledge at joint between cassettes 

Horizontal cavity barrier 
(ledge, cut around cladding rail) 

Typical image of partially deconstructed cladding at Level 4 spandrel 
showing detail between spandrel and column, spandrel-column 
cladding rail, horizontal cavity barrier, polymeric insulation boards 
(Note: spandrel AGM cassette removed over left hand side of image, 
column AGM cassettes remain in place) [My photo, Level 4 looking 
down toward Level 3, 14/11/2017]. 
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242. Based on the evidence presented in Figure 11 to Figure 24, the following 
observations can be made. 

243. The horizontal cavity barriers are consistently cut around the vertical aluminium 
cladding rails (further illustrated in Figure 25 and Figure 30). This is the case for 
both spandrel cladding rails and column tip cladding rails. These rails are C
shaped channels with horizontally-oriented bolts, from which the AGM cladding 
cassettes are hung on hooks cut into the sides of the AGM (spandrel cassettes) 
or cut into hangar plates which are then mechanically fixed to the AGM 
cassettes (column cassettes). These cladding rails therefore provide continuous 
vertical channels connecting the rainscreen cavity above and below the cavity 
barrier. 

244. The rails on the spandrel beam sections span vertically between the windows 
above and below the spandrels. Hence, these rails do not (locally) create a 
vertical channel greater than one spandrel height (although they do provide a 
path connecting the areas above and below the horizontal cavity barriers over 
spandrel sections of the building). 

245. At the junction between the window and the column, the column AGM cassettes 
are continuous over a full storey height (Figure 27). In locations above and 
below the windows, the edges of these column cassettes are located within a 
cladding rail (C-shaped channel) on the spandrel section (see section detail in 
Figure 16); alongside the window locations no cladding rail is present (see 
section detail in Figure 17), and so the edges of the column cassettes abut the 
window edge detail where they are fixed to an aluminium angle section which is 
then mechanically anchored to the window frame. The combination of these 
two details creates an extensive and continuous vertical cavity running 
the full height of the building, along both sides of all columns. 

246. The vertical cladding rails on the column tips are also provided over the full 
height of the building (Figure 18 and Figure 22). Consequently, an extensive 
and continuous vertical channel is formed by these rails, which runs 
uninterrupted over the full building height at every column tip. 

247. Cavity barriers do not appear to be present around any of the window 
openings at or above Level 4 in Grenfell Tower19. 

248. Figure 28 shows an illustrative section of a typical elevation of a spandrel beam and 
window frame (with infill panels) on the East Face of Grenfell Tower at Level 4 (or 
above) [CEL00000089]. The locations of interest are annotated on this drawing. 
This figure shows the extent of extensive, continuous vertical cavities within the 
refurbishment cladding system, and locations where cavity barriers were cut to fit 
around cladding rails based on my site investigations. 

19 I have not investigated the construction of the refurbishment windows below Level 4, as I consider these to 
be of little relevance to the spread of the Grenfell Tower fire. 
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Exposed cut edge of Polymer foam 
Window glazing Window frame polymer foam insulation insulation board Aluminium cladding rail 

ACM column cassette Horizontal cavity barriers (ledge, cut around edge of cladding rails) 

Figure 25 Typical locations of cut cavity barriers and vertical cladding rails 
outside Flat 13 on the 41h floor of Grenfell Tower. Spandrel AGM 
cassettes removed [M ET000080631]. 
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Ledge 

Pre-refurbishment external surface 
(concrete column) Cavity barrier (ledge) 

Pre-refurbishment external surface 
(concrete spandrel) 

ACM column Cavity barrier cut to 
cassette accommodate cladding ra il 

(removed here) 

Green strip not visible (cavity 
barrier installed upside-down) 

Figure 26 Typical location of cut cavity barriers, shown after removal of spandrel 
cladding rail outside Flat 13 on the 41h floor of Grenfell Tower, looking 
down toward Level 3. Spandrel and column AGM cassettes at Level 4 
also removed [MET000080677]. 
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Figure 27 

ACM closing strip 

Continuous vertical channel 

Cavity barrier cut around 
cladding rai l 

Aluminium cladding rai l 

ACM spandrel cassette 
(above window) 

Continuous ACM cassette 

ACM spandrel cassette 
(below window) 

ACM column cassette 

Scaffolding installed post-fire 

Continuous AGM at junction between window and column. Images (a) 
my site photo, Level4 looking up at Level 5, 14/11/2017, and (b) 
outside Flat 13, Level 4 [MET000080777]. 
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Figure 28 

IHIIUCS '"' 
TYPICAL BAY LEVELS 1 TO 20 WEST I EAST ELEVATION 

(EAST I WEST IS OPPOSITE HAMJ) 
40 OfF AS DRAWN · TYPE 11os 
Ill OFF OPP HAND · TYPE 110!Jil 

Cavity barrier locations 

Full height vertical channels with 
exposed ACM cut edges 

0 Location cavity barrier cut 

,. I 

Annotated illustrative extract from design drawing [CEL00000089], 
showing a single bay width and storey height elevation of the 
refurbishment cladding system (Note: as designed, rather than 
necessarily as-built), noting the locations of breaks due to cut cavity 
barriers and the resulting channels and continuous extensive cavities 
within the cladding system. 

249. Figure 29 indicatively extends the limited cladding section of Figure 28, to show the 
consequences20 of the cavity barrier installation and cladding rail construction for 
connectivity of the rainscreen cavity within the exterior cladding system over each 
of the two cladding configurations present at Grenfell Tower (i.e. three bay (East 
and West) and four bay (North and South) layouts). The geometry and installation 
details of the refurbishment cladding system create an interconnected network of 
cladding cavities. The potential significance of these extensive cavities is discussed 
later in this report as regards upward, downward, and horizontal external fire 
spread. 

20 Whilst figures 28 and 29 are intended to show the extent to which cavity barriers were compromised over 
the surface of Grenfell Tower, this potential compromising of cavity barrier function does not necessarily 
correlate to causality as regards the rate and/or extent of external fire spread observed during the subsequent 
fire. This issue is discussed in detail later in this report. 
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North and South Faces: 

East and West Faces: 

Figure 29 

Cavity barrier locations 

Full height vertical channels w ith 
exposed ACM cut edges 

0 Location cavity barrier cut 

Annotated extract from design drawings [SEA00000203 and 
SEA00000204], extending Figure 28 and showing each of the two 
cladding configurations present at and above Level 4 at Grenfell 
Tower (i.e. three bay and four bay). Noting the approximate locations 
of breaks in cavity barriers (Note: as designed, rather than 
necessarily as-built) and the resulting continuous extensive cavities 
within the cladding system. This figure is indicative and for illustrative 
purposes only (Note: the window configurations in this drawing are 
not the as-built). I have not undertaken an exhaustive survey of the 
location of cavity barriers over the entire building envelope. However, 
the available evidence suggests that the extensive cavities illustrated 
in this figure were consistently present over the building. 
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250. At the top of the building, prior to the refurbishment, the external surface of the 
reinforced concrete columns tapered inwards, and rooftop precast21 cellular 
concrete parapet beams were present at the building perimeter. 

251. During the refurbishment, the columns were provided with an AGM cassette cover 
which appears to have been designed to follow the inward taper of the pre-existing 
concrete columns. 

252. A design stage rendering of the conceptual design of the tapered column top detail 
is shown in Figure 30; drawings of the AGM cassettes installed on the column tops 
are shown in Figure 31. These design drawings indicate that the column top AGM 
cassettes (for the face columns at least) were comprised of three individual AGM 
panels that were joined internally to create the AGM column top cassettes. The 
suggested joint detail is illustrated in Figure 31c which shows extracts from Harley 
Facades drawings (provided to the Inquiry by Gelotex) from the refurbishment 
project. 

253. lt is unknown whether this joint detail was actually used in the final construction, or 
what the specific as-build construction details were for the tops of the building's 
corner columns, aside from the fact that they appear to have been fabricated from 
panels of the same AGM product that was used as the refurbishment rainscreen 
cladding on Grenfell Tower. 

254. Also provided during the refurbishment was an architectural crown detail comprised 
of G-channel sections of the same AGM used for the refurbishment rain screen 
cladding, mounted on reverse-oriented G-channels of solid aluminium (which were 
mechanically anchored to the existing precast cellular concrete parapet detail)22 . 

Figure 32 through Figure 35 show selected details of the refurbishment 
arch itectu ra I crown. 23 

21 'Precast' in this context refers to a reinforced concrete element which is manufactured (i.e. cast) in a 
manufacturing facility offsite, and then brought to site for installation on the building. The alternative would be 
to use 'cast-in-place' concrete in which fresh concrete is placed into forms on site. Grenfell tower incorporated 
both precast and cast-in-place concrete elements. 
22 Note that the 'Early ACM architectural crown detail' shown in Figure 30 does not accurately represent the 
as-built detail. 
23 Considerable importance is assigned to the architectural crown detail in the following sections of this report. 
lt is important to note that the as-built architectural crown detail has not yet been verified post-fire, due to 
safety concerns. The discussion herein is necessarily based on the available evidence at the time of writing. 
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- --- Pre-refurbishment rooftop parapet 

Figure 30 

beam (concrete) 

Early ACM architectural crown detail 
(not implemented) 

e:--;-- Tapered ACM rainscreen cladding 
detail (face column top) 

Tapered ACM rainscreen cladd ing 
detail (corner column top) 

Pre-refurbishment design architectural rendering of design for column 
top AGM cassette detail at roof level. Note that the 'Early AGM 
architectural crown detail' shown is not accurate when compared with 
the as-built condition [SEA00000084]. See Figure 31, Figure 32, 
Figure 33, and Figure 34 for more accurate (design) drawings. 
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COLUMN TOP PANELS 

OTY ~ 
_, OFF I· 

(a) (b) 

Figure 31 

_j SUGGESTED PANEL JOINT 
(c) (DEMOUNTABLE FOR TRANSPORTATION) 

Design drawing of AGM cassette details at top of: a) edge column 
[extract from CEL00000190]; b) corner column [extract from 
CEL00000191]; and c) "suggested panel joint" [extract from 
CEL00000191]. 

255. lt is noteworthy that I have not found any design or construction information 
describing the cavity barrier detailing within the column tops, and no obvious visual 
evidence of their presence in the as-built condition exists from drone photos of the 
tower taken following the fire (see e.g. Figure 35) or from my own on-site 
inspections of the architectural crown after the fire. The drone photos show that 
there is no evidence of residual thermal insulation or vertical cavity barriers above 
the level of the top of the 23rd floor windows. This was later confirmed by my own 
site inspections. 
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256. I have therefore assumed that there were no cavity barriers (or thermal insulation) 
within the column top AGM cassettes. 
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Design drawing of architectural crown detail at the roof level 
[CEL00000123]. 
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Figure 33 Design drawings showing vertical sections through the: a) top of the 
architectural crown [CEL00000127]; and b) base of the architectural 
crown [CEL00000126]. 
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Figure 34 Design drawing showing horizontal section through the architectural 
crown [CEL00000128]. 

IIJilllf] ... ;;JIJ;;J:i ...,._ __ Fire damaged ACM C-channels 
(slats in crown detail) 

Figure 35 

___ Pre-refurbishment rooftop 
parapet beam (concrete) 

i---- Incli ned column tops 
~-- (concrete) 

Vertical ly oriented cavity 
barriers discontinued 

Annotated extract from [MET00004423] showing various fire
damaged components of the column top and architectural crown 
detail, post-fire. 

257. lt is my opinion, as described later in this report, that the architectural crown detail 
played an important role supporting the horizontal progression of the external 
cladding fire at Grenfell Tower. I have therefore undertaken two separate and 
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detailed post-fire site inspections specifically of the architectural crown as outlined 
in Appendix A; one from the roof prior to the building being enclosed in scaffolding, 
and one from the scaffolding once it had been constructed above roof level). 

258. My post-fire investigations of the architectural crown have confirmed the overall 
construction materials and geometry as shown in Figure 32 through Figure 34. 

259. My Phase 2 work will include additional investigations of the architectural crown 
detail and its role(s) in supporting horizontal fire spread. I intend to submit a 
standalone Phase 2 report dealing specifically with this issue. 

3.2.5. Windows 

260. The refurbishment cladding window frames (and associated assemblies) were 
installed to fit approximately in line with the pre-existing openings in the reinforced 
concrete building envelope. Thus, the pre-refurbishment and post-refurbishment 
window sizes and locations are approximately the same. However, the position of 
the new (post-refurbishment) windows is approximately 180mm [SEA00000229] 
outwards from the location of the existing windows. The pre-refurbishment windows 
were almost entirely removed in the refurbishment. 

261. The new window frames were mounted to continuous aluminium rails that were 
mechanically fixed into the existing concrete structure (i.e. into the concrete 
spandrel beams) at the top and bottom of the window openings. The type of 
window construction is similar across the entire building at or above Level 4. The 
window types and materials are discussed in Section 4. 

262. Window assemblies are comprised of: 

263. extruded powder-coated aluminium framing; 

264. fixed and openable double-glazed window units (various sizes and opening 
configurations- inward swinging, inward tilting, or both); 

265. aluminium faced polymer foam insulation filled composite (sandwich) window 
infill panels; and 

266. extract fan units (in some locations), fitted through circular openings cut through 
aluminium faced polymer foam insulation filled composite (sandwich) window 
infill panels. 

267. Although there are many similarities between the different windows, several 
different frame, window, and infill panel arrangements exist over the building 
depending on the width of the bay and the type of room that the window faces into 
(i.e. extract fan panels are only present for windows facing into kitchens). The 
various window configurations at, or above, Level 4 are illustrated schematically in 
Figure 36, along with annotation to suggest their specific locations on the building. 
The kitchen window of Flat 16 was designed as TYPE 11 D shown in Figure 36. 
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TYPE 10A TYPE 108 TYPE 10C 
200FF - WEST 

TYPE 11A TYPE 116 TYPE 11C 
40 OFF - EAST & WEST 

TYPE1 
160 OFF- NORnt & SOIJni 
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TYPE 10A TYPE 100 TYPE 10C 
200FF - EAST 

TYPE 110 TYPE 11E TYPE 11F 
40 OFF -EAST & WEST 

SYSTEM - METAL TECHNOLOGY 5-20 HI+ 
FINISH- DUAL COLOUR PPC 
GLAZING - 28MM 

DIMENSIONS NOTIONAL, ONL YTO BE 
USED FOR COSTING AT ntiS STAGE 

Figure 36 Design schematics of different window framing arrangements used for 
different parts of Grenfell Tower at or above Level 4_ White panels are 
glazed, shaded panels are aluminium faced polymer foam-filled (Le. 
insulated) composite window infill panels [CEL00000067]-

268. Around the window fittings were various other materials and products, including: 

269. unplasticised polyvinylchloride (uPVC) window framing boards; 

270. ethylene propylene diene monomer (EPDM) synthetic rubber weatherproofing 
membrane; 

271. polymer foam insulation boards; 

272. adhesives (specific type(s) currently unconfirmed); 

273. expanding polymer foam (specific type(s) currently unconfirmed, but likely to be 
polyurethane foam); and 

274. (presumed silicone) caulking/sealant 

275. These materials are discussed in greater detail in Section 4, along with their 
relevant reaction-to-fire properties. 

276. During site inspections, it was observed that the configurations and dimensions of 
the above materials and products varied considerably between different parts of the 
building_ I am not aware of the existence of any construction drawings that 
represent this variability_ I have interpreted from this that, during installation, some 
of the final construction detailing was completed on site in an improvised manner. 
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277. Typical indicative construction details, as observed on site, are illustrated in Figure 
37, Figure 38, and Figure 39. These are not exact and are presented for illustrative 
purposes. 

278. Figure 40 through Figure 44 show some of the same details I observed during post
fire site visits to witness deconstruction of portions of the external cladding and 
window systems. The potential significance of these details, particularly as regards 
spread of the fire from the compartment of origin inside Grenfell Tower to the 
refurbishment external cladding system outside, is discussed in the following 
sections. 
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Figure 37 Vertical section through typical window head illustrating material 
layout and geometry. Pre-refurbishment elements in red outlines, 
refurbishment cladding and window details in black outlines. 
Indicative sketch. Not to scale. 
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Figure 38 (Repeat of Figure 14) Vertical section through typical window sill 
illustrating material layout and geometry. Pre-refurbishment elements 
in red outlines, refurbishment cladding and window details in black 
outlines. Indicative sketch. Not to scale. 
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Figure 39 (Repeat of Figure 17) Horizontal section through typical window jamb 
illustrating material layout and geometry. Pre-refurbishment elements 
in red outlines, refurbishment cladding and window details in black 
outlines. Indicative sketch. Not to scale. 
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Extensive vertical cavity (full height) 

Concrete Insulation 
column anchor weatherproofing 

EPDM Aluminium 
L-shaped 

rai l 

Window 
infill panel 

Extract fan spandrel 
cassette 

Figure 40 

membrane 
insulation 

Detail photo from site inspection during cladding deconstruction 
outside typical kitchen window on Level 4 (looking vertically upwards), 
extract fan panel and spandrel AGM cassette in place- insulation and 
AGM column cassette partially removed [My photo, Level 4, 
09/01/2018]. 

68 

LBYS0000001_0068 



Grenfell Tower Inquiry THE UNIVERSITY if EDINBURGH 

School of Engineering Luke Bisby- Phase 1 - Final Expert Report 

Figure 41 

"Artex" plaster installed over polymer 
foam board 

Pre-refurbishment timber window head 

Aluminium rail (supporting new windows) 

Extract fan 

Pre-refurbishment timber window jamb 

EPDM membrane 

Small "turn" window (inward 
opening, hinged at right) 

Large "tilt-and-turn" window (inward 
opening at top, hinged at base) 

Aluminium rail (supporting new windows) 

Pre-refurbishment timber window sill 

Kitchen worktop (not present in Flat 16) 

Detail photo from site inspection during deconstruction of the kitchen 
in non-fire-damaged Flat 13 on Level 4. Refurbishment internal 
window sill, jambs, and head removed [My photo, Flat 13, 
09/01/2018]. 
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Figure 42 

New aluminium window frame 

Pre-refurbishment external surface 
of concrete column 

EPDM weatherproofing membrane 
(spanning gap between window 
frame and concrete column) 

Aluminium rail (supporting new 
windows) 

Pre-refurbishment (painted} timber 
window jamb 

Pre-refurbishment (painted} timber 
window sill 

Interior of building 

Detail photo from site inspection during deconstruction of a typical 
window in a partially fire-damaged Flat. Original painted timber 
window sill and right-hand jamb shown, along with refurbishment 
window frame, aluminium rail supporting new window frame, and 
EPDM membrane [My photo, Flat 15, 09/01/2018]. 
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Window glazing Fire debris UPVC board Si licone sealant 

New window frame New UPVC window sill New UPVC window jamb 

Figure 43 Detail photo from site inspection during deconstruction of a typical 
window in a partially fire-damaged Flat. Refurbishment uPVC window 
sill, right hand jamb, and closing panel all shown (also with a small 
amount of fire debris on sill) [My photo, Flat 15, 09/01/2018]. 
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Figure 44 

Pre-refurbishment (painted) timber 
window head 

Pre-refurbishment external surface 
(bottom of concrete spand rel beam ) 

Polymer foam insulation 

Alumin ium tape 

Aluminium rail (supporting new 
windows) 

Pre-refurbishment (painted) timber 
window jamb 

Adhesive (used to adhere uPVC 
window boards to existing t imber jamb) 

Window infi ll panel (internal surface) 

Window glazing 

Detail photo from site inspection taken during deconstruction of a 
typical window in a partially fire-damaged flat. Adhesive between 
existing painted timber window jamb and overlayed uPVC jamb 
(removed in this image) shown. Also shown a small piece of 25 mm 
thick insulation installed within the window head cavity [My photo, Flat 
13, 09/01/2018]. 
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279. From examination of Figure 37 to Figure 44, I conclude that after the refurbishment 
and recladding of Grenfell Tower had been completed: 

280. no cavity barriers were installed around the new windows or window frames 
within the external cladding system; 

281. the interior spaces within Grenfell Tower were separated from the extensive and 
continuous vertical cavities within the refurbishment cladding system by, in 
order from inside to outside (see Section 4 for a description of the materials and 
products involved): 

282. a 9.5 mm thick uPVC window board- which was bonded to the existing 
timber window frame using an unidentified polymeric adhesive; 

283. (inconsistently) a piece of 25 mm thick polymer foam insulation board -
which was bonded to the uPVC window board using an unidentified24 

polymeric adhesive; and 

284. a 1 mm thick layer of EPDM weatherproofing membrane (column side only) 
-which was bonded in place using an unidentified adhesive. 

285. If the three layers of material described above were penetrated for any reason, this 
would directly expose the back face or cut edge of the cladding materials to the 
environment within the adjoining building compartment. In the case of a fire within 
the building, this means that the cladding materials would be directly exposed to the 
developing fire within the kitchen of Flat 16. Depending on the location, these 
exposed cladding materials would be: 

286. the PIR polymer foam thermal insulation boards on the columns or spandrel 
beams- the exposed cut edge of these were unlikely25 to have been covered 
by foil facing or aluminium tape; and 

287. the column or spandrel AGM cassettes, with exposed polyethylene filler on cut 
edges and at re-entrant corners (see Figure 20). 

288. This last point is further discussed in Section 5.7.3. 

24 At the time of writing, testing is underway at the University of Edinburgh to identify the specific type of 
polymeric adhesive used. This will be reported in my Materials Testing Report 1. 
25 I consider this to be unlikely on the basis of my own investigations on site, as well as my review of a large 
number of photos taken by Scene of Crime Officers (SOCOs) during the cladding deconstruction process. 
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289. A range of materials and products have been identified as associated with the pre
existing and post-refurbishment cladding and window details (both internal and 
external) of Grenfell Tower. This section describes these materials and products, to 
the extent possible at the time of writing, highlighting particular aspects of relevance 
to subsequent sections of this report. 

290. The summary of materials and products presented in this section is based on a 
range of sources of evidence, including: 

291. six accompanied post-fire inspections of Grenfell Tower that I conducted (the 
details of which are provided in Appendix A of this report); 

292. two visits that I made to BRE's testing facilities (Watford, UK) to witness small 
scale compliance testing of a range of materials and products in accordance 
with applicable British and European compliance testing standards; 

293. a range of documents and photos made available to the Public Inquiry via 
formal disclosures (noted where relevant below); and 

294. material/product samples taken from Grenfell Tower by the MPS/BRE forensic 
team and provided to me for small scale materials testing at The University of 
Edinburgh (see Appendix B). 

295. lt should be noted that I have not personally undertaken an exhaustive physical 
post-fire survey of the entire exterior, or the interior of all compartments, of Grenfell 
Tower; such work has been undertaken in part by Inquiry Expert Or Barbara Lane's 
team, and also by the BRE forensic team with and on behalf of the MPS. lt is 
possible that other relevant materials and products may have been (or will be) 
identified, and these may need to be considered at Phase 2. 

296. Where known, specific product details are provided.26 Where uncertainty exists 
regarding specific product details this is noted. 

297. Some of the following sections identify selected relevant regulatory classifications 
associated with some of the products. In England, regulatory classifications are 
defined as National Class or European Class [7]. The specific tests associated with 
the classifications will be examined and reported in greater detail at Phase 2. 

298. This will be addressed in further detail in my Materials Testing Report 1, which I 
intend to produce early in Phase 2 of the Inquiry's work and which will provide 
specific technical information on virtually all of the materials and products discussed 
in this section; and will be made available via the Grenfell Tower Inquiry Website. 

26 Specific manufacturers and products are identified in this section. This identification is made primarily for 
the purposes of factual accuracy and should not be construed as necessarily prejudicial as regards the 
specific materials and/or products noted. 
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4.1. Aluminium Composite Material (Rainscreen and Architectural Panelling) 

299. Aluminium Composite Materials (ACMs) are composite panelling products typically 
comprised of two layers of aluminium sheeting separated by a filler material. This 
filler material is typically polymer based but may include inorganic content or other 
additives. The presence of inorganic content within the filler can modify its reaction
to-fire. 

300. The specific AGM product used during the refurbishment of Grenfell Tower was the 
Reynobond PE Composite Rainscreen system. Reynobond AGM is an aluminium 
panel consisting of two flat aluminium sheets, each 0.5mm thick, that are thermally 
bonded to both sides of a filler material. Reynobond AGM is available with various 
grades of filler, with the following three product grades being available: 

301. Reynobond PE- which incorporates a low-density polyethylene filler 3mm thick 
[Arconic Architectural Products document ARC00000395]; 

302. Reynobond FR- which, according to manufacturer literature, incorporates a 
'fire-retardant mineral core that guarantees higher resistance to fire' 27 ; and 

303. Reynobond with A2 Core- which, according to manufacturer literature, 
incorporates a 'non-combustible' core material28. 

304. Reynobond PE was used as the refurbishment rainscreen product on Grenfell 
Tower. Three variants of this specific AGM product have been identified during the 
post-fire investigations of Grenfell Tower (these are described below in Table 2). 
Figure 45 shows details of two of these products. 

27 https://www.arconic.com/aap/north_america/en/product.asp?prod_id=1534 (see Appendix D). 
28 https://www.arconic.com/aap/europe/en/info_page/incombustible_A2_core_aluminium_composite_panels_ 
facades_roof.asp (see Appendix D). 
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(a) 

(b) 

Figure 45 

PE fil ler 

PE filler 

Aluminium skin 
(outer surface) 

Aluminium skin 
(outer surface) 

Aluminium skin 
(inner surface) 

Aluminium skin 
(inner surface) 

AGM products from Grenfell Tower provided to me by the MPS: a) 
sample marked in evidence as "column black core" from Level 3, 
North Face; and b) sample marked in evidence as "left grey cladding" 
from Level 4, North Face (see Section 4.1.2). 

4.1.1. Product Literature 

305. Polyethylene-filled Reynobond ACMs are available in both 'PE' (polyethylene) and 
'FR' (fire-retardant) variants [Tenant Management Organisation document 
[RYD00092657]. The 'OPERATION & MAINTENANCE MANUAL' (O&M Manual) 
for Grenfell Tower [RYD00092657], provides product literature that identifies these 
variants as achieving 'Class 0' National Class (i.e. in accordance with testing to BS 
476 parts 6 [8] and 7 [9]). 
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306. The relevant product literature does not identify Reynobond PE as having any 
European Class fire performance classifications; Reynobond FR is identified as 
achieving European 'Class B-s1, dO'. 

307. Arconic Architectural Products document [ARC00000395], submitted to the Inquiry, 
provides a reaction-to-fire classification which gives a European classification of 
'Class E' according to EN 13501 [12]; for 'Reynobond 55 PE (cassette system)'. 

308. The significance of these product classifications and the test methods by which 
they will have been obtained, for both National Class and European Class 
classifications, will be reported and discussed at Phase 2, in line with my stated 
scope of work for the Inquiry. 

4.1.2. Evidence of Product at Grenfell Tower 

309. The O&M Manual lists two AGM variants at Grenfell Tower, these being: 

310. (1) 'Reynobond Aluminium Composite Panel', which is used for 'Column Cladding 
Level1 & Above' and 'Solid Spandrel Rainscreen Panels Level 4 & Above' in colour 
'Smoke Silver Metallic Du rag loss 5000 Satin'; and 

311. (2) 'Reynobond Aluminium Composite Panel', which is used for 'Solid Spandrel 
Rainscreen Panels Level3' in colour 'RAL9010'. 

312. The procurement documentation associated with these products identifies Smoke 
Silver Metallic Du rag loss 5000 Satin as having a PE filler [ARC0000001 0]. 

313. Post-fire inspection of AGM product samples taken from Grenfell Tower has shown 
that (at least) three visually distinct variants of Reynobond PE AGM products were 
used in the refurbishment cladding system. These are listed in Table 2. 

314. Two different colours of PE filler material are present in the Reynobond PE ACMs 
used on Grenfell Tower (black and clear). Testing is underway at the University of 
Edinburgh to assess if there are any significant differences between these two filler 
materials in terms of their fundamental material and reaction-to-fire properties; the 
resulting data will be reported early in Phase 2 in my Materials Testing Report 1. 
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Table 2 AGM product variants used in Grenfell Tower refurbishment (all at 4mm 
total thickness) 

Description (and Locations on the Product Internal External Finish PE 
Building) Finish Filler 

29 Colour 
Column Cladding Level 1 and Above30 Reynobond PE Primer Smoke Silver Black 
and selected Solid Spandrel Aluminium Metallic Duragloss 
Rainscreen Panels Level 4 and Composite 5000 Satin 
Above31 Panel 
Selected Solid Spandrel Rainscreen Reynobond PE Primer Smoke Silver Clear 
Panels Level 4 and Above22 Aluminium Metallic Duragloss 

Composite 5000 Satin 
Panel 

Solid Spandrel Rainscreen Panels Reynobond PE Primer RAL9010 Black 
Level 332 Aluminium 

Composite 
Panel 

4.2. Thermallnsulation 

315. Several different thermal insulation products have been used at Grenfell Tower, in a 
variety of locations. The predominant insulation product at Grenfell Tower is a foil
faced polyisocyanurate (PIR) polymer foam insulation. This product is predominant 
in terms of both volume and surface area. 

316. This conclusion has been reached based on: 

317. a review of the design and procurement documentation provided to me by the 
Inquiry; 

318. site investigations that I have conducted at Grenfell Tower (see Appendix A), 
which has included a visual inspection of the entire external surface of the tower 
from Level 4 to roof level; and 

319. from examination and testing of samples taken from Grenfell Tower and 
provided to me by the MPS. 

320. On the basis of the above, it has also been identified that phenolic polymer foam 
thermal insulation boards may have been installed as part of the cladding 
refurbishment works. This phenolic product is described in more detail in Section 
4.2.2. However, the extent of its use is not known at present and this is to be 
confirmed (if possible given the extent of damage to Grenfell Tower) at Phase 2. 

321. Also found within Grenfell Tower are: stone wool insulation (forming vertical and 
horizontal cavity barriers, see e.g. Figure 21 through Figure 27), polyurethane (PU) 

29 This refers to the surface of the ACM rainscreen panels facing into the cladding cavity. 
30 All column ACM rainscreen panels (cassettes) examined to date have incorporated black PE filler material. 
Note that cladding to columns at Ground Level consisted of "Glass Reinforced Concrete" castings 
[RYD00092657]. 
31 Spandrel ACM rainscreen panels (cassettes) examined to date have incorporated either black or clear PE 
filler material. The extent of application of these two respective PE filler materials over the exterior of the 
building is not currently (and may never be) known with confidence. 
32 ACM panels with RAL9010 appear to have been used only on Level 3 spandrel sections. 
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polymer foam insulation board (internally, see e.g. Figure 14 and Figure 15), and 
polymeric spray foam (see e.g. Figure 21, Figure 24, and Figure 25). 

4.2.1. PIR Foam Insulation 

Column Insulation 

322. The predominant form of rainscreen cavity thermal insulation found on columns 
during post-fire investigations of Grenfell Tower is Celotex RS5000 PIR polymer 
foam insulation. This product is anchored to the concrete in a single layer of 100 
mm thickness. The specific product name is Celotex RS51 00 [CEL00000008]
where the last three digits (1 00) correspond to the thickness of the product in 
millimetres. 

323. This product has a thin foil layer, measured as being less than 0.1 mm thick, 
applied to its outer surfaces (but not to its cut edges), and an apparently 
homogeneous internal structure throughout its thickness (see Figure 46). 

PIR foam insulation Foil face Aluminium tape (added) 

Figure 46 Celotex RS5100 from Level4, West Face, outside Flat 14 of Grenfell 
Tower provided to me by the MPS. 

Spandrel Beam Insulation 

324. The predominant form of rainscreen cavity thermal insulation found on spandrel 
beams during post-fire investigations of Grenfell Tower is also Celotex RS5000 PIR 
polymer foam insulation. This product is anchored to the concrete in two layers, 
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each of 80 mm thickness. The specific product name is Celotex RS5080 
[CEL00000008]- where the last three digits (080) correspond to the thickness of 
the product in millimetres. 

325. This product has a thin foil layer, less than 0.1 mm thick, applied to its outer 
surfaces (but not to its cut edges), and a three-layered internal structure with what 
appears to be a glass fibre mesh at depths between 15-20 mm and 60-65 mm. 

Spray foam (added) Glass fibre mesh 

t 

PIR foam insulation Foil face 

Figure 47 Celotex RS5080 from Level 5, South Face, outside Flat 23 of Grenfell 
Tower provided to me by the MPS. Note that the foam on top of the 
sample is spray foam that was adhered to the sample as provided 
(discussed in Section 4.4). 

Product Literature 

326. The Celotex RS5000 Product Data Sheet dated 181 August 2014 [CEL00000008] 
states that this product: 

327. "is the first PIR insulation board to successfully test to BS 8414-2:2005, meet 
the criteria set out in BR 135 and therefore is acceptable for use in buildings 
above 18 metres in heighf'; and 
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328. "has Class 0 fire performance throughout the entire product in accordance with 
BS 476." 

329. lt also gives "Physical Properties" of "Pass" for Fire Propagation according to BS 
476-6 and "Class 1" for Surface Spread of Flame according to BS 476-7 (hence 
Class 0 National Class). 

330. When tested to the European fire classification system, Celotex RS5000 has been 
found to have a reaction-to-fire classification of D- s2, dO [e.g. CEL00000545, 
CEL00000546, CEL00000547] based on testing to EN ISO 11925-2 [10] and EN 
13823 [11]. 

331. The significance of these relevant product classifications and the test methods by 
which they will have been obtained, for both National Class and European Class 
classifications, will be reported and discussed at Phase 2. 

332. lt should be noted that a position paper sent to the Inquiry from Celotex [Letter and 
position paper dated 91h February 2018] has identified "that there were differences 
between the system as tested and that as described in the related BRE report 
dated 1 August 2014". lt is anticipated that this issue will be further reviewed at 
Phase 2 based on additional evidence and disclosures. 

Window Frame Insulation 

333. The internal surrounds of the refurbished windows in Grenfell Tower were formed 
from uPVC (unplasticised (rigid) polyvinyl chloride) window boards as already 
discussed. These appear to have been bonded in an improvised manner to the pre
existing timber window framing using a non-continuous bead of polymeric adhesive, 
and the joints were finished with (presumed) silicone caulking/sealant. 

334. The uPVC window boards therefore separate the interior of the building from the 
cavity within the refurbishment rainscreen external cladding system. The uPVC 
boards were backed, again in an apparently improvised manner, with sheets of 25 
mm thick foil-faced polymer foam insulation- bonded to the uPVC using a non
continuous bead of polymeric adhesive. 

335. The uniformity of specific insulation material/product used in this application over 
the full height of the building is not, and may never be, known (since much of this 
material was destroyed during the fire). 

336. Two insulation products have been identified during post-fire investigations of the 
undamaged and partially-damaged sections of the building at lower levels: 

337. A 25mm thick foil-faced PIR polymer foam insulation board manufactured by 
Celotex. The specific product name is yet to be confirmed. 
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338. A 25mm thick foil-faced polymer foam insulation board manufactured by 
Kingspan. The specific product name is yet to be confirmed, although based on 
its markings it is likely to be from the Kingspan Therma product range33 . 

33 https://www.kingspan.com/gb/en-gb/products/insulation/insulation-boards/therma (see Appendix D). 
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(a) 

(b) 

Figure 48 

PIR foam insulation Foil face 

PIR foam insulation Foil face 

a) 25mm thick Celotex foil-faced PIR polymer foam insulation board 
(from Level 5, Flat 23); and b) 25mm thick Kingspan product (from 
Level 5, Flat 14) provided to me by the MPS. 
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339. I am unaware of any polymeric foam insulation product that is able to achieve A1 
(non-combustible) or A2 (limited combustibility) European Class. 

340. The specific regulatory compliance ratings of the above window casing products 
has not yet been determined. This issue will be addressed at Phase 2. 

4.2.2. Phenolic Foam Insulation 

341. During post-fire investigations, phenolic foam (PF) insulation has also been found 
on some limited areas of Grenfell Tower. Liaison with the MPS/BRE forensic team 
during my site visits (see Appendix A) suggests that this type of insulation accounts 
for a relatively small percentage of the cladding surface area when compared to the 
PIR insulation discussed above. 

342. I have not personally undertaken an exhaustive survey to determine the extent of 
its use. However, my own site investigations suggest that this alternative insulation 
product is unlikely to have accounted for more than a few percent of the total 
volume of polymer foam insulation used within the refurbishment cladding system. 

343. Based on observations made on site and supported by purchase orders 
[SIG00000012, SIG00000013], the phenolic insulation product has been identified 
as Kingspan Kooltherm K15 Rainscreen Insulation Board. This is further 
corroborated by photos provided to the Inquiry by Kingspan [e.g. KIN00000015] 
which shows Kingspan insulation installed within the refurbishment cladding system 
on a spandrel section of Grenfell Tower between flats 41 and 51 (see also 
[MET00004494] and [MET00004496]). 

344. As far as I am aware on the basis of the available evidence, Kingspan K15 thermal 
insulation has only been found on spandrel sections of the building. However, the 
precise locations and amounts of this product have not been confirmed. 

345. [SIG00000014] shows that on 261h May 2015, a purchase order was sent from 
Harley Curtain Wall Ltd to SIG Insulation for 96 sheets of Kingspan K15 Insulation 
Board (1200 x 2400 x 80mm), and that this was to be installed on Grenfell Tower. 
The fact that K15 appears to have only been supplied in a thickness of 80 mm 
would suggest that this product was used only on the spandrel sections of the 
building, since 100 mm thick insulation boards were used on column sections. 

346. Additionally, [SIG00000001] lists the orders for 80mm thick polymer foam thermal 
insulation boards supplied by SIG Insulation to Harley Curtain Wall Ltd for the 
Grenfell Tower refurbishment project. This spreadsheet shows a total order for 
4132 square metres of Celotex RS5080, along with 276 square metres of Kingspan 
K15 (80 mm thick). Assuming that all of this material was installed on Grenfell 
Tower, and not accounting for any waste generated by cutting the insulation 
boards, the Kingspan product would account for less than 7% of the total thermal 
insulation used on spandrel sections of the building. 

347. Further information on this issue will be presented at Phase 2. 

Product Literature 
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348. Based on product information available from Kingspan [Kingspan document 
KIN00000057], Kingspan Kooltherm K15 Rainscreen Board is classified as C- s1, 
dO in accordance with BS EN 13501-1 : 2007 [12]. 

349. Kingspan's literature for this product range states that: 

" ... when tested to BS 8414-1: 2002 orBS 8414-2: 2005, the specific cladding 
constructions including the product described in the test reports referred to in 
Table 4 of this Certificate [i.e. Kl N00000057] met the criteria given in BRE 
Report BR 135: 2013 and so are permitted for use above 18 m by the national 
Building Regulations." 

350. Kingspan's marketing information [e.g. KIN00000055] also states that this product 
achieves 'Class 0' National Class. 

351. The significance of these relevant product classifications and the test methods by 
which they will have been obtained, for both National Class and European Class 
classifications, will be reported and discussed at Phase 2. 

4.2.3. Legacy 'PURLBOARD' Insulation (Polyurethane Foam Insulation) 

352. Polyurethane (PU) polymer foam insulation board has been found within Grenfell 
Tower. This product pre-dates the refurbishment. The presence of this product has 
been confirmed by: 

353. the design proposals for the refurbishment [SEA00000229] -which include the 
product within drawings, though they do not identify the specific product used; 

354. post-fire investigations that I have undertaken; and 

355. via material/product samples provided to me by the MPS/BRE forensic teams. 

356. This product has been found on the interior of the external wall and in a band 
approximately 350 mm wide on the ceiling around the entire exterior perimeter of all 
intact and partially intact flats that I have inspected to date. 

357. This insulating board is 13.2 mm thick and consists of a PU foam, faced on both 
sides with a compressed apparently cellulosic covering of thickness approximately 
0.4 mm. This product is not believed to have played a central role in spread of the 
fire once the external cladding ignited, however it may have played an as yet 
undetermined role in fire spread and growth within the compartment of origin. 

Product Literature 

358. lt is understood from site inspections by Inquiry Expert Or Barbara Lane's team that 
the product has identification markings [Barbara Lane initial Phase 1 report] of 
'PURLBOARD' P1', supplied by Imperial Chemical Industries (ICI) Limited, PO Box 
6 BILLINGHAM Teeside TS23 1 LD. 
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359. No further information on this product is available at present. Laboratory testing is 
underway on this product at the University of Edinburgh and by the MPS/BRE 
forensic teams, and this will be reported in my Materials Testing Report 1. 
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(a) 

(b) 

Figure 49 

Face of 'PURLBOARD' PU foam Face of 'PURLBOARD' Plasterboard 

Concrete spandrel 
beam (top surface) 

Face of 'PURLBOARD' 

PU foam 

Faces of 'PURLBOARD ' 
and plasterboard 

Plasterboard 

a) 'PURLBOARD' (and associated finishes, from Level 4, Flat 13 of 
Grenfell Tower) provided to me by the MPS; b) 'PURLBOARD' in-situ 
[My photo, Flat 13, 09/01/2018]. 
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360. The stone wool products that have been identified at Grenfell Tower were designed 
to form horizontal 'open state' and vertical 'full fill' cavity barriers within the 
rain screen cavity (i.e. to restrict the passage of flame and smoke within the 
extensive external cavity formed between the AGM rain screen and the 
(predominantly) PIR thermal insulation). 

361. The products used have been identified as Siderise cavity barriers. The 
manufacturer's product data sheets [Siderise Insulation Limited document 
SIL00000230] indicate that Siderise RH cavity barriers should be used in the 
horizontal orientation and Siderise RV cavity barriers in the vertical direction. 

4.3.1. Product Literature 

362. Siderise RH 'Open State' horizontal cavity barriers consist of a non-combustible 
stone wool core with reinforced aluminium foil faces. Siderise technical literature 
[SIL00000230] states that the exposed leading edge is sealed with aluminium foil to 
provide protection to the core stone wool material. 

363. The RH range of cavity barriers incorporates a continuous intumescent strip which 
is bonded to the leading edge. lntumescents expand when exposed to sufficient 
heat from fire/hot smoke and can be used to seal a ventilation gap between the 
leading edge of a cavity barrier and a rainscreen cladding [SIL00000230]. 

364. Siderise technical literature states that the RH series of cavity barriers achieves an 
'overall reaction to fire performance to Class A 1' (European Class) [SI L00000230], 
although it is not clear from the product literature if this includes the intumescent 
strip or refers only to the stone wool material. 

365. Testing methods used for assessing the 'reaction-to-fire' and 'fire resistance' of 
Siderise RH and RV cavity barriers, and of cavity barriers more generally, have not 
been a focus of Phase 1, but will be examined and reported at Phase 2. 

366. Whilst post-fire site investigations have confirmed, to the extent possible given the 
severe fire damage to the upper levels of the building, that Siderise RH25 'Open 
State' cavity barriers were used on Grenfell Tower, the specific products used and 
the quality and uniformity of their installation over the surface of the building is not 
currently known. I will report in more detail on this issue at Phase 2. 

367. Furthermore, it is not known if Siderise RV products are present on Grenfell Tower. 
During post-fire site inspections only Siderise RH25 'Open State' cavity barriers 
have been identified at Grenfell Tower, and the RH25 product has also been used 
(sometimes inverted, sometimes with the intumescent strip removed) in the vertical 
orientation. Again, the specific products used and the quality and uniformity of their 
installation over the surface of the building are not currently known. I will report in 
more detail on this issue at Phase 2. 
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Figure 50 Sample of Siderise RH25 'Open State' cavity barrier from Level 5, 
East Face, outside Flat 22 of Grenfell Tower provided to me by the 
MPS. 

4.3.2. Reaction-to-Fire of Siderise Intumescent Strips 

368. Intumescent materials are substances that have been chemically formulated to 
expand when subjected to heating. A wide range of intumescent materials and 
formulations is possible, and an extensive discussion is avoided here. 

369. The properties and reaction-to-fire of Siderise RH25 intumescent strips has not 
been the focus of investigation at Phase 1, but will be further considered at Phase 
2, along with examination of the testing methods used to assess their 'reaction-to
fire' and 'fire resistance' performance. 

4.4. Spray Foam 

370. Post fire investigations at Grenfell Tower have found that polymeric spray foam was 
widely used, in an apparently improvised manner, during installation of the 
refurbishment cladding system (e.g. Figure 51). The specific products used, and the 
uniformity of their use over the surface of the building are not known. However, the 
volume (and mass) of material used is not considered significant within the context 
of other combustible materials present in the cladding build up (in significantly 
greater quantities). 

371. The polymeric spray foam is currently being investigated using laboratory-based 
testing at The University of Edinburgh and will be reported in my Materials Testing 
Report 1. 

372. The apparent widespread use of spray foam to provide the final air-tight seal 
around the refurbishment windows at Grenfell Tower is potentially significant as 
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regards the ingress of fire and smoke as the external cladding fire progressed over 
the surface of the building. This issue is discussed in Section 7 of this report. 

Cladding rail 

Foil-faced polymer 
foam insulation 

Spray foam between 
cladding rail and foi l
faced polymer foam 
insulation material 

Cavity barrier 

Scaffolding platform 
assembled post-fire 

Figure 51 Spray foam placed behind a spandrel cladding rail at Level 4, outside 
Flat 15. Spandrel AGM cassettes removed [MET000080878]. 

4.5. EPDM Synthetic Rubber Membrane 

373. EPDM (ethylene propylene diene monomer rubber) is a combustible, synthetic 
rubber material which is widely used as a weatherproofing membrane in roofing 
and cladding applications. 

374. EPDM was used in the refurbishment cladding system at Grenfell Tower, 
particularly in the locations where the new window frames meet the existing 
reinforced concrete building (refer e.g. to Section 3, Figure 38). 

375. EPDM products are available in various grades and with a range of possible 
properties, both mechanical and in terms of reaction-to-fire. The specific EPDM 
membrane used in the Grenfell Tower refurbishment cladding has a thickness of 1 
mm (based on a sample (Figure 52) taken from the building and provided to me by 
the MPS). 
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376. The uniformity and consistency of this particular thickness of EPDM over the full 
height of the building is not currently known, however I have no reason to suspect 
that it varied significantly. 

0 
0> 

0 ... 
C> .... 

(a) 

0 ... 

0 

"" 

Figure 52 

0 -

(b) 

E 
E 

Sample of EPDM membrane from Level 5, South Face, outside Flat 
22 of Grenfell Tower provided to me by the MPS; a) full roll of EPDM 
product provided; and b) detail of EPDM product. 

4.6. uPVC Window Boards 

377. The refurbishment cladding system installed on Grenfell Tower was offset from the 
pre-existing face of the building by about 320 mm [SEA00000229]. This 
necessitated the addition of new window finishes which were installed over the top 
of the existing timber window frame. This included a new sill, jambs on both sides, 
and head; all of which were formed using what appear to be generic uPVC 
(unplasticised (rigid) polyvinyl chloride) window framing boards. 

378. The boards used are fabricated from extruded34 uPVC polymer, have a uniform 
thickness of 9.5 mm, and have a smooth white finish. I have not yet seen any 
documentation to confirm the specific manufacturer and supplier of these boards. 

379. uPVC softens and undergoes charring when exposed to heat, and generally 
displays limited surface spread of flame due to its high chlorine content. When 
charring occurs, hydrogen chloride gas is produced which inhibits combustion by 
interrupting the branching chain reactions in the gas phase [2]. Sections of extruded 
uPVC are therefore often able to achieve a Class 1 surface spread of flame rating 
when tested in accordance with BS 476-7 [9]. 

380. Melting (and to some extent charring) of the uPVC window head and jamb boards 
within Grenfell Tower is of particular interest as regards possible routes of fire 
spread from the compartment of origin to the cladding, as well as ingress of fire and 

34 Extrusion is a manufacturing process used to fabricate polymer sections with fixed cross-sectional shapes. 
In this process, a molten polymer material is pushed through a die of the desired cross-section and solidifies 
to form a continuous extruded section. 
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smoke back into flats at the upper levels of the building as the cladding fire spread. 
See Section 5.7 and Section 7 for additional discussion on these issues. 

381. The uPVC boards are the focus of laboratory testing being undertaken both at The 
University of Edinburgh and by the MPS/BRE forensic teams. The results of this 
testing will be provided in my Materials Testing Report 1. A detail photo of a typical 
section of uPVC window board taken from Grenfell Tower is shown in Figure 53. 

Figure 53 

uPVC Smooth surface 

Sample of uPVC window board from Level 4, Flat 14 within Grenfell 
Tower provided to me by the MPS. 

4.7. Silicone Sealant 

382. The uPVC window boards have been found to be finished/sealed using a white 
caulking/sealant; this is assumed to be a silicone-based product. The specific 
product has yet to be confirmed. 

383. This caulking/sealant is being investigated using laboratory-based testing at The 
University of Edinburgh and the results of this testing will be presented in my 
Materials Testing Report 1. 
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Silicone sealant uPVC window jamb 

Figure 54 Silicone sealant visible along joints in window framing. Fire debris on 
sill [My photo, Flat 15, 09/01/2018]. 

4.8. Adhesives (Window Casings) 

384. The uPVC window head, jambs, and sill are adhesively bonded in an apparently 
improvised manner both to the pre-refurbishment (i.e. existing) timber window 
frames, and to the 25 mm polymer foam window insulation boards previously 
discussed in Section 4.2 (Figure 55). The specific adhesive product has yet to be 
confirmed. 

385. This adhesive is being investigated using laboratory tests at The University of 
Edinburgh, the results of which will be reported in my Materials Testing Report 1. 
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Figure 55 

Polymer foam insulation 

Aluminium tape 

Pre-refurbishment (painted) timber 
window jamb 

Adhesive (used to adhere uPVC 
window boards to existing timber jamb) 

Line of adhesive used to bond uPVC refurbishment window jamb 
boards to the pre-existing painted (in this case) timber window jamb 
board. Considerable use of aluminium tape within refurbishment 
window frame construction [My photo, Flat 13, 09/01/20 18]. 

4.9. Windows 

386. The windows used in the refurbishment of Grenfell Tower are assumed, based on 
the available evidence, to be Metal Technologies 5-20 Hi Thermally Broken 
Aluminium Windows [e.g. RYD00092657, CEL00000067, MTL00000003]. These 
are constructed from extruded aluminium profiles with polyamide thermal breaks 
built into the frames that are 'designed to withstand temperatures in excess of 
2000C' [RYD00092657]. Metal Technologies' product literature states that this is to 
allow the frames to be powder coated (i.e. painted) after being 'thermally broken'35 . 

387. The aluminium alloys used in the production of these windows will not directly 
contribute to fire development and can be expected to have melting temperatures 
exceeding 660oc [13, MTL00000007]. The aluminium material does not present a 
fire hazard except when in finely divided form, or when melted [MTL00000007]. The 
performance of the window frames themselves is thus not likely to be critical for fire 
performance of the glazed window units- it would be expected that glazing, seals, 

35 See: http://www.metaltechnology.com/index.php/products/view/system-5-20 (see Appendix D). 
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and surrounding polymer-based elements would fail due to heating before the 
aluminium sections would be seriously damaged by an external fire. 

388. The above expectation is borne out by an examination of post-fire photos of the 
external cladding system, where aluminium framing remains intact in many cases 
with all other window components (i.e. glazing, window infill panels, and extract 
fans where present) essentially destroyed. 

4.9.1. Window lnfill Panels (Aluminium/Polystyrene Composite Panels) 

389. In addition to the glazed units within the window frames, some sections of the 
window frame were in-filled with aluminium-faced polymer foam insulation core 
(sandwich) composite panels (Figure 56). The locations of these within the window 
framing units is shown in Figure 8. 

390. The window infill panels have been found to be comprised of: 

391. two flat aluminium sheets each measured to be approximately 2 mm in 
thickness; and 

392. a (blue in colour) polymer foam insulation core of approximately 25 mm 
thickness. 

393. The Harley part of the O&M manual [RYD00092657] refers to these window infill 
panels as: "Intermediate Glazed in Sandwich Panel Level 4 & Above" and notes the 
product as "PPG Aluminium Sandwich Panel" with external and internal finishes in 
"RAL9010 30% Gloss". 
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Aluminium sheet Aluminium sheet 

Figure 56 Detail of Window infill panel from Level 4, North Face, Flat 16 
provided to me by the MPS. 

394. Since I submitted my initial Phase 1- Expert Report, documents disclosed to the 
Inquiry by Panel Systems Limited suggest that the window infill panels were 
supplied by Panel Systems Limited using the product name 'Aiuglaze'. These are 
quoted [PAN00000001] as having an overall thickness of 28 mm and being 
comprised of: 

395. an "External Face: 1.5 mm P.P.C Aluminium (RAL 9010 Matt/7012 Matt)"; 

396. a "Core Material: 25 mm Styrofoam", and 

397. an "Internal Face: 1.5 mm P.P.C Aluminium (RAL 9010 Matt)". 

398. 'Styrofoam' is a proprietary name for a particular extruded polystyrene (XPS) 
product. In the case of the window infill panels used at Grenfell Tower, the core 
product appears to have been the Dow Chemical Company product 
STYROFOAM™ LBH-X [PAN00000008]. 

399. The aluminium sheeting used in the window infill panels' manufacture was 
Aluminium 1 050A alloy [PAN00000002]. 

400. The aluminium sheets were bonded to the XPS insulation using a polyurethane 
adhesive, 'Solfre2' [PAN00000014]. 

401. [PAN00000001] provides numbers and dimensions for a total of 532 individual 
panels of 28 mm thick Aluglaze product. Of these, 124 are identified as having 
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dimensions appropriate for their use as mounting infill panels to house the 
refurbishment kitchen extract fans installed at Grenfell Tower. 

402. This is consistent with the total number of kitchens in the building, and on this basis 
I have concluded that the window infill panels and the panels which housed the 
extract fans were an effectively identical product, and that both had an insulating 
core made from XPS. 

403. At the time of writing there is no indication that the window infill panels have been 
tested for National Class reaction-to-fire classification. Based on the typical calorific 
value of polystyrene (Table 4) they would not be expected to achieve European 
Class A 1 or A2 ('non-combustible' or 'limited combustibility') in accordance with the 
requirements of Approved Document B as regards insulation for use in cladding 
systems above 18m. 

404. However, as part of their disclosure to the Inquiry, Panel Systems Limited (PSL) 
have stated the following as regards "Fire Classification of Panels" [PAN00000017]: 

405. "PSL do not manufacture a panel that has been subjected to any independent 
fire testing. The fire performance of the panel will be based on the 
performance of the individual elements of the panel. 

406. There are several basic queries in terms of the fire performance of panels that 
may form part of designing the panel composition. These may include: 

a) Class 1 Surface Spread of Flame 

b) Class '0' to Building Regulations 

c) Non-Combustible Core 

407. To achieve (a) we may propose an aluminium skin, to achieve (b) a 
polyisocyanurate foam and for (c) a lamella mineral fibre. 

408. Where fire performance is not stated we would offer a panel with Styrofoam 
as the core. 

409. PSL are not qualified to provide fire assessments on Construction projects 
and would only propose a panel to meet a specification as proposed by an 
Architect or similar." 

410. Whilst I do not intend to interrogate these statements in detail at Phase 1, I note 
that [PAN00000008] states a Euroclass reaction-to-fire classification of "E" for 
STYROFOAM™ LBH-X. 

411. I will return to the above statements at Phase 2. 

412. lt is also noteworthy that other high-profile fires have occurred in the UK in recent 
years which have shed light on the performance of polymer-core sandwich panels 
used in external cladding systems, including the widely reported fires at both 
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Lakanal House (2009) and Shepherds Bush (2016); the latter of which involved 
XPS-insulated composite panels [LFB00003521]. 

4.9.2. Kitchen Extract Fans 

413. Some sections of the window frames were in-filled with aluminium-faced polymer 
foam sandwich panels (Figure 56) which then had inserted within (or rather 
through) them kitchen extract fans. 

414. The approximate locations of these extract fans within the window framing units are 
shown in Figure 9. 

415. The extract fans were manufactured by Nuaire and were from the CYFAN product 
range [RYD00094076]. These were installed with the addition of a Nuaire 'Window 
Mounting Kit' (CYFAN-WKIT) [RYD00094077]. 

416. Video and photographic evidence collected both during the fire and also during 
post-fire site investigations, along with a number of Inquiry witness statements (see 
Section 7.4 ), suggests that the kitchen extract fans were in many cases the first 
components of the window assemblies (including frames, glazing units, infill panels, 
and extract fans) to fail and fall away during the fire. This is the case both for the 
case of fire exiting the compartment of origin in Flat 16 (see Section 5), and in the 
case external fire attack due to external fire spread elsewhere on and in the 
cladding (resulting in fire ingress in some cases, as discussed in Section 7 of this 
report). 

417. The body and main structural components of these particular extract fans appear to 
be constructed primarily from Polycarbonate/Acrylonitrile Butadiene Styrene (PC
ABS) plastic; this is a blended, combustible, thermoplastic polymer, the general 
properties of which are reported in the following section and the specifics of will be 
presented in my Materials Testing Report 1. 

4.10. Material Burning Behaviour 

418. Reaction to fire is defined as the response of a test specimen when it is exposed to 
heating under specified conditions in a fire test. The discussion below is based on 
samples of pure material (i.e. in the absence of coatings, protective layers, or 
incorporation into composite construction products). 

419. This section gives a very brief introduction to the reaction-to-fire behaviour of 
materials that have been identified (to date) as being present in the building 
envelope of Grenfell Tower. Selected properties are presented based on data 
available in the scientific and technical literature, however these may have a strong 
dependence on the exact formulations (and test methods) used, so are provided for 
illustration only. 

420. Again, technical language and jargon have been avoided to the extent possible, 
however the subject matter is complex and demands a certain level of technical 
terminology and content, both for clarity and precision. 
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421. Laboratory testing of all relevant cladding materials/products identified at Grenfell 
Tower is underway, both by the MPS/BRE forensic teams, and by the University of 
Edinburgh on behalf of the Grenfell Tower Inquiry. The data resulting from these 
tests will be reported early in Phase 2 in my Materials Testing Report 1, and 
additional data are likely to also be made available at a later date subject to 
agreement with the MPS. 

4.10.1. Burning of Polymers 

422. Polymers are synthetic (e.g. PE, PVC, PU, PS, PC, ABS) or naturally occurring 
(e.g. starch, cellulose) compounds that have large molecules made up of many 
relatively simple repeated units (called monomers). They are created by the joining 
together of the short (monomer) organic molecules to form long molecular chains. A 
generic term used to describe these materials is 'plastic' however this lacks 
quantitative specificity. 

423. Polymers can be grouped into two main types: (1) thermosetting polymers, and (2) 
thermoplastic polymers. A thermoplastic polymer can be deformed on heating and 
return to its original form. A thermosetting polymer will not melt on heating but 
instead will decompose. These contrasting behaviours strongly affect how these 
different classes of polymers burn. 

424. Upon exposure to heat a thermoplastic polymer will soften and melt. Once in the 
liquid phase, the polymer may break down into constituent monomer parts; these 
may evaporate or pyrolyse to generate a flammable gas mixture. Thermoplastics 
may spread fire by burning as they flow or by burning as droplets. Since 
thermoplastic polymers will melt and flow (usually due to gravity), their reaction-to
fire is strongly dependent on their orientation. When burning in a horizontal 
orientation, a thermoplastic will melt and form a pool of liquid which will burn at a 
quasi-steady rate (if confined). In the vertical orientation, melting and dripping will 
likely dominate the burning behaviour and, as noted previously, contribute to the 
formation of a pool fire at the base of the material. 

425. Conversely, thermosetting polymers chemically decompose (pyrolyse) when 
exposed to heat. The pyrolysis process produces a flammable gas mixture and a 
solid char. The volatiles that are generated during heating tend to be of reduced 
flammability (i.e. lower heat of combustion) and the formation of char means that a 
lot of the potential fuel is locked up in the solid-phase and is not available for 
releasing heat in the gas phase. 

426. The formation of the char reduces the rate of heat transfer into the depth of the 
material, and the pyrolysis rate decreases. In addition, the vapours released may 
not have a sufficiently high heat of combustion to be able to sustain the flame at the 
surface without an additional external heat flux. Consequently, the heat release rate 
will decrease. lt is possible that this charring process may decrease the rate of 
pyrolysis below the rate required to sustain a flammable mixture, and the burning 
would then cease. 
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427. The heat release rate of a burning thermosetting polymer is characterised by a high 
initial value, which rapidly decreases due to the formation of the char layer (refer to 
Figure 2). 

428. The following section discusses general properties relevant to the fire behaviour of 
many of the materials identified within the building envelope at Grenfell Tower and 
provides indicative material properties to illustrate (and to some extent bound) their 
likely fire behaviour. 

429. The results of tests by the University of Edinburgh and the MPS/BRE forensic 
teams, on the actual materials and products used within the refurbishment cladding 
system at Grenfell Tower, will be reported within my Materials Testing Report 1. 

4.1 0.1.1. Polyethylene 

430. Polyethylene (PE) is a combustible synthetic thermoplastic polymer. Upon 
exposure to heat PE will melt and drip - possibly flowing whilst burning or 
generating flaming droplets. 

431. The fact that thermoplastic polymers such as PE present particularly challenging 
behaviour as regards its reaction-to-fire has been well known (and documented) for 
decades, and this fact therefore cannot, in my opinion, be considered at all 
surprising by any competent fire safety professional. 

432. Aside from the widely available generalist fire science information on the reaction
to-fire of thermoplastic polymers such as PE in e.g. [1, 2], decades old literature is 
available specifically dealing with the relevant reaction-to-fire properties of PE. For 
example: 

433. In 1975, Murty Kanury [14] presented a paper on modelling of pool fires with a 
variety of polymers. This paper presented outcomes from experiments that 
dealt "with steady turbulent free convective diffusional burning of eight different 
polymeric solids in the geometry of horizontal circular pools", including PE. 

434. Tewarson and Pion [15], in 1976, presented the "progress of an experimental 
study to develop a laboratory-scale test to define the burning intensity of 
various commercial samples of plastics", including PE. This paper clearly 
highlights the particular hazards of various polymers, including PE, as regards 
their reaction-to-fire. 

435. Selected typical properties and characteristics of PE are given in Table 3. lt is 
noteworthy that these fundamental material property data have been sourced 
almost exclusively from the SFPE Handbook of Fire Protection Engineering [2]; this 
is amongst the most widely used core reference texts available to fire safety 
professionals. 
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Table 3 Selected typical properties of low density polyethylene (PE) 

Property Value 
Melting temperature 130-135°C [2] 
Gross Heat of combustion 46.2-46.5 MJ/kg [2] 
Critical heat flux ASTM E2058 15 kW/m2 [2] 
Surface temperature at ignition (piloted) 37rc [21 
Thermal inertia (from material properties) 0.43 kW2s/(m4 K2 ) [2] 

4.1 0.1.2. Extruded Polystyrene 

436. Extruded polystyrene (XPS) is a closed cell, rigid foam. lt is a low thermal inertia 
thermoplastic polymer and therefore rapidly melts at the surface when exposed to 
fire. When heated, extruded polystyrene is likely to form burning droplets and/or 
burn as a liquid pool. 

437. Selected typical properties and characteristics of XPS are provided in Table 4. 

Table 4 Selected typical properties of XPS 

Property Value 
Melting temperature 230°C [21 
Heat of combustion 39.70 MJ/kg [2] 
Critical heat flux (horizontal samples) 10-15 kW/m2 [21 
Ignition temperature (piloted) 356°C [2] 
Thermal inertia N/A melts 

4.1 0.1.3. Polyisocyanurate Foam 

438. Polyisocyanurate (PIR) is a synthetic thermoset polymer. lt is primarily produced as 
a rigid foam, and hence has a cellular structure. The low thermal inertia of PIR 
means that it tends to have a comparatively low time to ignition and will support 
rapid flame spread. The low thermal inertia means that PIR may accelerate flame 
spread of adjacent materials by preventing the loss of energy from the system (i.e. 
by insulating the cavity reducing energy loss, thus accelerating flame spread). 

439. The precise formulation of PIR foams varies by manufacturer, as does the 
manufacturers' use of different fire retardants, and as such comparison between 
products and available literature is not strictly possible. 

440. Selected typical properties and characteristics of PIR foams are provided in Table 
5. 

Table 5 Selected typical properties of PIR foam insulation 

Property Value 
Melting temperature N/A (decomposes) 
Heat of combustion 26.3MJ/kg [2] 
Critical heat flux (horizontal samples) 10-15 kW/m2 (depending on sample formulation) [161 
Surface temperature at ignition (piloted) 306-37rC (depending on sample formulation) [2] 
Thermal inertia (from Cone Calorimeter) 0.06 kW2s/(m4 K2 ) [161 
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441. Phenolic foam (PF) is a synthetic thermoset polymer. lt is primarily produced as a 
rigid foam, and hence has a cellular structure. The low thermal inertia of PF means 
that it will have a comparatively low time to ignition and will support rapid flame 
spread. The low thermal inertia means that PF may accelerate flame spread of 
adjacent materials by preventing the loss of energy from the system. 

442. The precise formulation of PF varies by manufacturers, as does the manufacturers' 
use of different fire retardants, and as such comparison between products and 
literature is not strictly possible. 

443. Selected typical properties and characteristics PF foams are provided in Table 6. 

Table 6 Selected typical properties of phenolic foam insulation 

Property Value 
Melting temperature N/A (decomposes) 
Heat of combustion 27.9-31.6 MJ/kg [2] (phenol formaldehyde) 
Critical heat flux (horizontal samples) 20 kW/m2 [2] 
Surface temperature at ignition (piloted) 429°C [2] 
Thermal inertia (from Cone calorimeter) 0.05 kW2s/(m4 K2 ) [16] 

4.1 0.1.5. Polyurethane Foam 

444. Polyurethane (PU) foam is a synthetic thermoset polymer. lt can be produced as a 
flexible or rigid foam, and hence has a cellular structure. This section refers to rigid 
PU, which is widely used for thermal insulation in a range of built environment 
applications. The low thermal inertia of PU means that it will have a comparatively 
low time to ignition and will support rapid flame spread. The low thermal inertia also 
means that PU may accelerate flame spread of adjacent materials by preventing 
the loss of energy from the system. 

445. The precise formulation of PU varies by manufacturer, and as such comparison 
between products and literature is not strictly possible. 

446. Nevertheless, selected typical properties and characteristics PU reported in the 
literature are provided in Table 7. 

Table 7 Selected typical properties of PU foam insulation 

Property Value 
Melting temperature N/A (chars) 
Heat of combustion 26.1-31.6 MJ/kg [2] 
Critical heat flux (horizontal samples) 13-40 kW/m2 [2] 
Surface temperature at ignition (piloted) 356°C (polyurethane rubber) [2] 
Thermal inertia (modified LIFT) 0.05 kW2s/(m4 K2 ) [17] 

4.10.1.6. Polyvinyl Chloride 

447. Polyvinyl chloride (PVC) is a synthetic thermoplastic polymer. This section refers to 
rigid PVC commonly referred to as uPVC or PVCu (i.e. 'unplasticised'). Upon 
exposure to fire uPVC may char, however the high mass fraction of chlorine within 
the material means that the heat of combustion is lower than for many synthetic 
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polymers. Furthermore, the chlorine does not burn and acts in the gas phase to 
suppress the combustion reactions, thus reducing the total heat release and the 
propensity to spread flame. 

448. The temperatures at which PVC will soften and experience a significant reduction of 
mechanical properties are comparatively low, and as a result day-to-day upper 
service temperature limits in the range of 50°C are typical. 

449. Selected typical properties and characteristics PVC are provided in Table 8. 

Table 8 Selected typical properties of PVC rubber membrane 

Property Value 
Melting temperature 75-105°C [2] 
Heat of combustion 17.95 MJ/kg [2] 
Critical heat flux (horizontal samples) 15-17 kW/m2 [2] 
Surface temperature at ignition (piloted) 318-374°C (PVC flexible) [2] 
Thermal inertia (from material properties) 0.26 kW2s/(m4 K2 ) [2] 

4.10.1.7. Ethylene Propylene Diene Monomer Rubber 

450. Ethylene propylene diene monomer (EPDM) is an elastomer36 or synthetic rubber. 
The composition of EPDM means that it will burn. No specific details are available 
regarding the combustion properties of EPDM, and these will be studied by 
laboratory-based testing at Phase 2 for the specific EPDM identified at Grenfell 
Tower. 

4.1 0.1.8. Polycarbonate/Acrylonitrile Butadiene Styrene (PC-ABS) Plastic 

451. Polycarbonate/Acrylonitrile Butadiene Styrene (PC-ABS) plastic is a common, 
blended thermoplastic polymer which is widely used particularly in applications 
where its hardness, gloss, and toughness are advantageous (e.g. small appliances, 
sporting goods, etc). 

452. PC-ABS is a physical (rather than chemical) blend of Polycarbonate (PC) and 
Acrylonitrile Butadiene Styrene (ABS) thermoplastic polymers, and therefore 
provides a combination of the high processability of ABS (which is useful during 
manufacture) with the excellent mechanical properties, impact and heat resistance 
of PC (which is advantageous during use, particularly for household items that are 
susceptible to wear and scratching). 

453. The properties of a specific PC-ABS blend depend on the relative proportions of the 
two components, so it is difficult to present general material properties applicable to 
all possible combinations. 

454. Selected typical properties and characteristics of unblended ABS (i.e. without the 
addition of polycarbonate) are provided in Table 9 for illustration. 

36 An elastomer is a material that has elastic properties- i.e. that will recover most of its original dimensions 
after deformation. 
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455. Table 10 presents typical properties and characteristics of unblended PC, also for 
illustration. 

456. Table 9 Selected typical properties of neat37 ABS plastic 

Property Value 
Meltinq temperature 110-125°C [21 
Heat of combustion 35.25 MJ/kg [2] 
Critical heat flux (horizontal samples) 9-15 kW/m2 [21 
Surface temperature at ignition (piloted) 394°C [2] 
Thermal inertia (from material properties) 0.41 kW2s/(m4 K2 ) [21 

457. Table 1 0 Selected typical properties of neat PC plastic 

Property Value 
Melting temperature 215-230°C [2] 
Heat of combustion 30.99 MJ/kg [2] 
Critical heat flux (horizontal samples) 15-20 kW/m2 [2] 
Surface temperature at ignition (piloted) 500-580°C [2] 
Thermal inertia (from material properties) 0.29-0.31 kW2s/(m4 K2 ) [2] 

458. Testing is currently being undertaken on the PC-ABS plastics used to manufacture 
the extract fans used within the refurbishment cladding at Grenfell Tower; the 
results of these tests will be presented in my Materials Testing Report 1. 

4.11. Mineral (Stone) Wool Insulation 

459. Stone wool is an inorganic material spun from volcanic basalt and diabase rock. 
Organic binders are used to keep the mineral fibres together and form "wool". The 
binders typically comprise 2-3% of the total mass of mineral wools. When stone 
wool is heated, the organic parts (e.g. the binders) decompose and release 
pyrolysis gases. Melting of the fibres occurs above 1 000°C. The properties relevant 
to fire behaviour of stone wool insulation depend strongly on the formulation of the 
stone wool and the amount and nature of the binders used. These are not 
presented here. 

460. Laboratory-based testing is underway at the University of Edinburgh for the specific 
stone wool identified at Grenfell Tower, and the results will be reported in my 
Materials Testing Report 1. 

4.12. Reaction-to-Fire of Aluminium 

461. Upon exposure to heat, aluminium will melt at approximately 660°C. This is 
considerably lower than most other metals used in building construction (e.g. 
structural steel has a melting temperature of more than 1400°C). Aluminium may 
also oxidize under certain high temperature conditions. When alloyed with other 
metals the material properties (in particular the mechanical properties and melting 

37 Use of the word 'neat' in this context refers to an unblended ABS polymer. PC-ABS blends contain a 
physical mixture of PC and ABS polymers, and the properties of the resulting blend are therefore influenced 
by the relative proportions of each. 
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point) of aluminium may change and possibly increase, although it is unlikely that 
the melting temperature will be increased above 700oc for alloys used in building 
applications. 

462. lt is notable that aluminium also has a comparatively high coefficient of thermal 
expansion (about twice that of steel or concrete) and so under heating (as in a 
cladding fire), it can be expected to warp and deform under the influence of thermal 
gradients and differential thermal expansion with other materials. This may lead to 
connection failures or to the opening up of cavities and products formed by 
aluminium sheets, including AGM rainscreen cassettes. 
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463. The previous sections of this report have described the relevant fire science theory, 
geometry, materials, and products to the extent necessary to understand the 
potential routes of fire spread from the flat of origin onto the building cladding, over 
the building envelope, and back into flats at other levels in the building. 

464. The following sections describe the spread of the external fire based on the 
available evidence. Hypotheses for the routes of fire both from the compartment of 
origin onto the external cladding system, spread over the cladding, and ingress 
back into the building are identified and analysed. 

465. There are some instances where the likely routes of fire spread can be identified 
with a high degree of confidence. 

466. In other instances, several possible routes for fire spread can be identified, however 
the available evidence is insufficient to allow definitive identification of a single 
sequence of events. 

467. Based on the available evidence, the overall timeline for the progression of the fire 
is presented in Table 11. The corresponding images are presented in Figure 57. 

Table 11 Timeline of fire spread to cladding, vertical spread up East Face, and 
subsequent spread to each of the other faces of Grenfell Tower. See 
Appendix C for notes on the accuracy of timing. 

Time Event Source of evidence 
00:54:29 First notification of fire to emergency services 999 call by occupant of Flat 16 

[LFB0000030 1] 
01:09:-- Fire first observed having spread to cladding38 Video footage [MET000083357] 
01:27:-- Fire spreads to top of East Face Video footage [MET00007284] 
01:35:-- Fire spreads to North Face (top North-East Video footage [MET00007244] 

Corner) 
02:22:-- Fire spreads to South Face (top South-East NPAS 44 footage [MET00018084] 

Corner) 
02:45:-- Fire spreads to West Face (top North-West Compiled video footage of West 

Corner) Face (Bisby Video 3). 
04:08:-- Fire on West Face and South Face converge Compiled video footage of West 

(top South-West Corner). Face (Bisby Video 3). 

38 lt should be noted that this time is based on my own analysis and interpretation of the photo and video 
evidence presented in this section. On the basis of the available evidence it is not possible to accurately 
pinpoint the precise moment that the fire had spread into or onto the cladding (as discussed in this section). 
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469. Over the course of the subsequent 15 minutes it burned within Flat 16 and was 
observed to have spread to the cladding by approximately 01:09. 

470. The fire then spread vertically upwards on the East Face of Grenfell Tower. lt took 
approximately 20 minutes for the fire to spread from Level 4 to the roof. At 01:2739, 

the fire had reached the top of the East Face. The vertical fire spread started slowly 
and accelerated as the fire grew in size. 

471. The fire spread northwards on the East Face and, at 01:35 spread horizontally onto 
the North Face. 

472. The fire also spread Southwards on the East Face. At 02:22, the fire spread 
horizontally from the East Face to the South Face. 

473. The fire spread initially occurred (mostly) at the top of the building, and following 
this spread was also observed downwards, causing a larger area of the cladding to 
become involved in the fire. 

474. The fire spread from the North Face to the West Face at 02:45. 

475. The cladding close to the South-West Corner was the last part to become involved 
in the fire. The fire approached this part of the building from two directions 
(spreading southwards along the West Face, and westwards along the South 
Face). 

476. Once the fire reached the roof level, it took approximately two hours and 41 
minutes to spread around the full perimeter of the building. 

477. After this time, the fire continued to spread downwards, to ingress into the building, 
and to burn within the building. 

39 This time is identified based on video footage provided by witnesses, as outlined in Error! Reference 
source not found .. 
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e) 
Figure 57 

Fire spread to top 
of East Face 

Fall ing material 
from corner of 
cladding at Flat 16 

Spread onto 
South Face 

Spread on North 
East Column 

Spread to 
corner column 

Spread onto 
West Face 

f) 
a) Annotated extract from [MET000083357]; b) annotated extract of 
CCTV footage from south-east; c) annotated extract from 
[MET00007244]; d) annotated extract of CCTV footage from south
east; e) annotated extract of CCTV footage from West Upper View; 
and f) annotated extract of CCTV footage from West Upper View. 
(captured variously between 01:05:40 and 04:05:--).40 

40 Note, as a general comment, that timestamps shown in digital images throughout this report are an artefact 
of the recordings and are not necessarily accurate. Corrections have been applied where necessary- see 
Appendix C. 
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478. This section discusses fire spread in terms of the stages of the fire, and the 
directions in which spread occurred. The spread of fire onto and over the external 
cladding system is divided into two main sub-sections, namely: 

479. (1) early fire spread- which deals with the initial fire within the compartment of 
origin and the possible mechanisms of fire spread to the external cladding 
system; and 

480. (2) spread over external cladding- which discusses the three observed fire 
spread directions, namely: 
o upward fire spread; 
o downward fire spread; and 
o horizontal fire spread. 

5.2. Early Fire Spread 

481. The evidence used to inform an understanding of the early fire growth and spread 
within the compartment of origin, and from the compartment of origin to the 
cladding, can be grouped into four categories: 

482. (1) Fire detection- for which the evidence used comprises: 
o witness statements: 

• [MET00006339]; 
• [MET00006350]; 

o a 999 call transcript [LFB00000301 ]; 
o the original 999 call audio file [provided to me by the Grenfell Tower Inquiry]; 

and 
o transcripts of interviews with the initial 999 caller and resident of Flat 16, 

Grenfell Tower: 
• [MET000080581]; 
• [MET000080582]; and 
• [M ET000080583]. 

483. (2) Events between fire detection and fire service intervention -for which the 
evidence used comprises: 

o video evidence: 
• [MET000083355-MET00083358]; 
• [MET00007242]; 
• [MET00007251]; and 

o photo evidence: 
• [M ET00006589]. 

484. (3) Early fire service intervention- for which the evidence used comprises: 
o witness statements from the fire-fighters (FFs) who entered the flat during 

the early stages of the fire: 
• [MET00005251] (FF Daniel Brown); 
• [MET00005674] (FF Charles James Batterbee); 
• [MET00005214] (FF Nicholas Barton); and 
• [MET00005407] (FF John O'Hanlon). 
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o thermal imaging camera (TIC) footage from the London Fire Brigade (LFB) 
showing fire-fighting activities inside the flat: 
• [M ET0000581 0-M ET00005817]41 ; 

o video from outside of Flat 16: 
• [MET000083359]; and 

o transcripts of oral testimony given by various early-responding firefighters 
and by bereaved, survivor, and resident core participants to the Inquiry 
during the Inquiry's Phase 1 public hearings. 

485. (4) Images following the fire- for which the evidence used comprises: 
o images from Bureau Veritas report [MET000077 48]; and 
o photos taken during one of four visits that I have made to Grenfell Tower 

(see Appendix A). 

486. The following sections present and interpret the available evidence. This is followed 
by an analysis and discussion of the possible sequences and mechanisms of fire 
development and spread. 

5.3. Fire Detection 

487. A fire was first reported in a 999 call to the London Fire Brigade (LFB), by the 
primary occupant of Flat 16, at 00:54:29 [LFB00000301]. 

488. During the call, the operator asks, "A fire where?"; the occupant responds "Flat 16, 
Grenfe/1 Tower. The fridge. Flat 16, Grenfe/1 Tower." 

489. During the call, the occupant states that "its burning". 

490. During the 999 audio, I have interpreted that (at 52 seconds and 55 seconds into 
the audio file) the occupant states that the fire is "by the fridge side". 

491. This caller subsequently provided more detailed witness statements and was 
interviewed on at least three occasions by the Metropolitan Police Service (MPS). 
In a witness statement to the MPS [MET00006339] dated 16/06/2017, he states 
that: 

492. "I could see a light coloured smoke in the area next to the fridge/freezer and 
window. lt was in the general area there, I cannot be more specific about 
exactly where it was coming from." 

493. lt should be noted that this is taken from a translated foreign language witness 
statement provided by the MPS. 

494. At 09:52 on the morning of 141h June 2017, this caller was interviewed by the MPS 
at Notting Hill Police Station [MET000080581]. During this (earlier) interview, the 
following statements were made: 

41 The timestamps provided on the LFB TIC camera footage are known to be incorrect. The times quoted in 
this document have been defined on a correction provided by the MPS [MET00006109]. 
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495. "I finished last job 11. 15, 11.30 or ... I just go home, I wash my face, everything, 
I sleep, and after half an hour, or forty, I don't know, when I call the emergency, 
I just smoke and the alarm is 'ting-ting-ting-ting-ting' I say, I wake up. When I 
wake up, I go straight away the kitchen, the alarm is not... (inaudible) ... but 
when I go the kitchen, is a dark smoke. When I see the dark smoke, I just open, 
I took ... (inaudible) ... phone, I just ran out, '99' I call straight away, 'please, fire, 
fire, fire, fire, fire"'; and 

496. "The smoke, just for the smoke. You know, the fridge here, the window here, the 
fridge side, the other side, the window side, the smoke is coming here, when I 
see the smoke, that's it, straight away I came out...". 

497. During this same interview [MET000080581], the following exchanges are also 
transcribed. Regarding the location of the initially observed smoke: 

498. Interviewer (MPS): "Okay. Um, 'cos you mentioned the fridge, did the smoke 
look like it was coming from the fridge?"; 

499. Interviewee: "No, when I just, I am thinking that when I see, when I put the, er, 
Fire Brigade, I said, '99', when I call, just 'fourth floor, the fire"'; 

500. Regarding statements made on the location of the initially observed smoke 
(emboldened emphasis added): 

501. Interviewer (MPS): "Can you remember mentioning the fridge to anyone?" 

502. Interviewee: "No." 

503. Interviewer (MPS): "Okay, did you not, did you say that to anybody when you 
knocked on their door?" 

504. Interviewee: "No, no, when the Fire Brigade is coming down the stair, I say to 
him, 'the, the smoke, where, where is coming?' I said to him, 'I seen the smoke 
in the fridge side. m 

505. Interviewer (MPS): "On the fridge side?" 

506. Interviewee: "The fridge side, the window side." 

507. Interviewer (MPS): "Okay." 

508. Interviewee: "That's it, I tell him." 

509. Interviewer (MPS): "Oh, right." 

510. Interviewee: "And the, when the neighbours, when is came, when it's a flames 
coming, when is the, the smoke is coming, he said 'I said, the window side, 
the fridge side' that's it." 

511. Interviewer (MPS): "Okay." 
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512. Interviewee: "Maybe I, I am thinking that time, I am panic, 'maybe it's the 
fridge' I said to him." 

513. At 12:41 on the afternoon of 14th June 2017, this caller was again interviewed by 
the MPS, this time along with a representative from the London Fire Brigade (LFB) 
Investigation Team [MET000080582]. During this interview, the following exchange 
is recorded (emboldened emphasis added, and noting that this interview includes a 
discussion confirming that the interviewee was viewing the kitchen from its West 
entrance, rather than from the sliding doors into the Living Room): 

514. Interviewer (LFB): "So where was the smoke in your kitchen, whereabouts 
would you say the smoke was .. .if you could say one point that the smoke was 
originated?" 

515. Interviewee: "The, the, the smoke is behind the fridge and the window side." 

516. During this interview [MET000080582] a subsequent exchange is recorded in which 
the interviewee is asked about other appliances in his kitchen. Discussed are the 
fridge-freezer, a smaller fridge, a small freezer, an electric cooker, a washing 
machine, a microwave oven, and a toaster. No other appliances, for example the 
large electrical cooking pan noted in Section 3.2.1, are identified or discussed. 

517. One additional MPS interview of this individual occurred at 09:50 on the morning of 
16th June 2017, this time with assistance from an Amharic interpreter 
[MET000080583]. During this interview, the following exchanges are recorded. 
Regarding the positions of the two smaller refrigeration devices in the kitchen of 
Flat 16 at the time of the fire (neither of which were plugged in at the time of the fire 
according to the Interviewee): 

518. Interviewer (MPS): "And I understand from your previous interview that the 
small one was on top of big one." 

519. Interpreter: Translates the above. 

520. Interviewer (MPS): "Is that right? And they've been moved here by the Fire 
Brigade." 

521. Interpreter: Translates the above. 

522. Interviewer (MPS): "So where were they originally? If you can point on the 
diagram." 

523. Interpreter: Translates the above. 

524. Interviewee: Replies in Amharic. 

525. Interpreter: "On the ... okay. On the corner, by the window side." 

526. This interview also includes a discussion regarding the various electrical appliances 
present in the kitchen of Flat 16 at the time of the fire, paying particular attention to 
where these would have been plugged in (or otherwise). An electric kettle is 
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mentioned in addition to the appliances listed in Paragraph 429 above. No further 
appliances are identified or discussed. 

527. A separate witness statement [MET00006350] by one of the other occupants of Flat 
16 states that when they were woken by the original 999 caller (emboldened 
emphasis added): 

528. "I was shocked and he said 'fire fire' and 'fridge fridge"'; and 

529. "[He] said the fridge was on fire". 

530. ''At the time I didn't see the fire, I wasn't in the kitchen" 

5.4. After Detection before Intervention 

531. Several videos were captured after detection and before intervention and have 
been examined at Phase 1. The timings of some of these videos have been 
provided by the MPS as follows42: 

532. [MET000083355 part 1]- 01 :05:40; 

533. [MET00007251]- 01 :06:--; 

534. [MET000083355 part 2]- 01 :07:51 43; 

535. [MET000083356]- 01 :08:10; 

536. [MET000083357]- 01 :09:30; 

537. [IWS00000048]- 01:09:--

538. [IWS00000036]- 01 :09:45; 

539. [IWS00000054]- 01:11 :12; 

540. [MET000083358]- 01 :12:04; 

541. [IWS00000055]- 01 :12:--; 

542. [IWS00000050]- 01 :13:29; and 

543. [MET000083359]- 01:15:36. 

544. This section presents photo stills taken from some of the above videos. These are 
used for illustrative purposes within this Phase 1 report. The reader is encouraged 
to view all of the above videos in full in order to properly understand and interpret 

42 lt has been assumed that the timings correspond to the start of the videos. Some timings remain to be 
definitively confirmed. 
43 The second part of ME000083355 has been time-stamped based on comparison to CCTV footage from 
within Grenfell Tower. 
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the comments made in the following sections (Note: this is also suggested for all 
videos referenced within this report). 

545. At 01:05:40 (MET000083355, Pt 1) the first known video footage of the fire was 
captured. lt is observed from this footage that (also refer to Figure 8 and Figure 9): 

546. flames appear predominantly visible at the left of the window (when observed 
from outside the building); and 

547. smoke is visible outside the compartment 

548. At 01:06 [MET00007251] it is observed that the fire appears to be located towards 
the lower left-hand corner of the window. During this video smoke is also visible 
drifting below the window; this smoke is moving from south to north and a voice can 
be heard saying: 

549. "Look at that [inaudible] stinks" 

550. This evidence suggests that the individual could smell the fire, and therefore 
indicates that at this time smoke was exiting from the compartment. 

551. At 01:07:51 (Figure 74) it is observed that: 

552. the window infill panel and mounting of the fan unit (or possibly the fan unit 
itself) appears to be burning; 

553. the fan unit appears to be absent, with flames passing through or around the 
window infill panel extract fan mounting board and out of the window below (the 
Bureau Veritas report [MET00007996] indicates that following the fire the fan 
motor was found amongst debris on the internal kitchen window sill of Flat 16); 

554. smoke is visible outside the compartment; and 

555. the window pane below the fan unit appears to be absent, or the window fully 
open, swinging inward. 

556. At 01:08:10 (Figure 60) it is observed that: 

557. there is more smoke, and the flames appear longer- suggesting that the fire 
has grown during the elapsed time from the previous video; 

558. the longer flames appear to extend further out of the window, adjacent to the 
cladding particularly to the left of the window (when viewed from outside the 
building); and 

559. burning material is observed to fall from the region around window opening, and 
particularly on the left-hand side near the column line. 

560. At 01 :09:30 (Figure 61) it is observed that: 
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561. the flames appear longer- suggesting that the fire has grown further during the 
elapsed time from the previous video; 

562. the longer flames are observed to extend further out of the window; and 

563. a regular flow of burning material is observed to fall from the window opening. 
The material flows from the corner where the window meets the column line. 

564. At 01 :09:-- (Figure 62), it is observed that: 

565. flames are visible at the top of the extract fan infill panel; 

566. At 01:09:57 (Figure 63), burning material is observed on the ground below the 
kitchen window of Flat 16. 

567. At 01:11:-- (Figure 64) a video was taken from outside Flat 16. Examination of the 
footage shows that the view of the kitchen window is partially obscured by foliage 
from the deciduous trees adjacent to the East Face of Grenfell Tower. lt is 
observed that: 

568. smoke is escaping from the kitchen window opening; 

569. visible flames fill most of the observable opening; 

570. there is no external flaming on the cladding; 

571. at the top left of the window opening there is a darkened area with flame in the 
centre- this corresponds to the location of the extract fan and mounting panel; 
and 

572. burning material is falling from the window opening, some of which continues to 
burn on contact with the ground. 

573. At 01:12:00 (Figure 65) it is observed that: 

574. the flames appear to be longer than in previous images, however due to the 
overexposure of the image it is not possible to determine the origin of the flames 
(i.e. to what degree they originate from the cladding or from the compartment); 

575. immediately below the window opening, there appears to be burning material on 
the AGM cladding, and: 

576. burning material is falling from the window opening; and 

577. some burning material is present on the ground. 

578. 01:13:29 (Figure 66) it is observed that: 

579. intermittent flames are present at the joint (i.e. re-entrant corner) between the 
column and the spandrel panel cassettes at the start of this video; 
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580. continuous flaming is established at the joint between the column and the 
spandrel panel cassettes before 01:14:16; 

581. at the start of this video intermittent flames are also present at the joint between 
adjacent spandrel panel cassettes directly above Flat 16; 

582. burning material is falling from the window opening; and 

583. some burning material is present on the ground. 

584. lt is noteworthy, with respect to this sequence of video footage, that during the 
Inquiry's public hearings a number of Inquiry witnesses and core participants have 
made similar observations with regard to the visual appearance of the early spread 
of fire within the cladding. For instance: 

585. FF Desmond Murphy, in his witness statement and oral testimony to the Inquiry 
[see: Transcript-of-further-LFB-evidence-6-September-2018.pdf], describes 
flames moving up the Tower between the rainscreen panels. He states that, "we 
saw flames move up the Tower between the panelling and they lit up the 
building reminding me of neon lights being turned on in a vertical line between 
the panels" [MET0001 0820]. He goes on to explain, "What I'm referring to there 
is to the left of the (kitchen) window is almost a triangular-shaped column 
sticking out of the building which ran right the way to the top. lt seemed to travel 
up through that column" [page 55 transcript]. 

586. In other witness statement and oral testimony to the Inquiry [see: Transcript-of
further-LFB-evidence-6-September-2018.pdf, pages 67-68], FF Charles 
Cornelius states that, "it appeared as if the fire was spreading under the 
panelling and the cladding. lt wasn't clear whether it was actually breaching any 
other compartments at that point. lt looked to me as if it was more just under the 
actual cladding going up the side of the building." He also states that, "it looked 
to me like it was the gaps between the cladding were alighf' and that "it wasn't 
necessarily the actual cladding panels that I could see alight; it was the areas 
around it initially." 

587. BSR witness Tiago Alves also provides relevant comments on this issue 
[IWS00000123, BSRs-evidence-4-0ctober-2018.pdf]. His witness statement 
includes a section headed "Fire rolling under the cladding" in which he states 
the following: 

588. "I stood just looking up at flat 16. The window frame had fallen out so it had 
created a gap between where the frame used to be and the outside 
cladding material. What I could clearly see was the fire "rolling under" the 
cladding. The fire would come out of the flat and kind of roll under or slightly 
disappear under the grey cladding. As it did this the cladding caught fire. I 
could see that fire was escaping into the cavity between the insulation and 
what I thought was aluminium cladding." 

589. The above observations and testimony are additionally relevant to the question of 
whether the extensive and continuous voids and cavities within the cladding system 
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at Grenfell Tower, along the column lines in particular, played a quantifiable role in 
exacerbating the speed and/or extent of external fire spread. I will therefore return 
to this evidence in later sections of this report. 

Flames visible at left of 
window (inside 
compartment) 

Figure 58 Annotated extract from [MET000083355] captured at 01:05:49. 
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Flame passes under fan 
un it mounting 

Flames vis ible through 
center of fan mounting 

Figure 59 Annotated extract from [MET000083355] captured at 01:07:51. 
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Flame passes under 
fa n unit mounting 

Flame appears to be 
outside window, 
adjacent to cladding 

Fall ing burning 
material 

Figure 60 Annotated extracts from [MET000083356] captured between 01:08:06 
and 01:08:21. 
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Regular flow of fall ing 
burning material 

Figure 61 Annotated extracts from [MET000083357] captured between 01:09:30 
and 01:09:40. 

Figure 62 

Flames at top of 
fan infill panel 

Annotated extracts from [IWS00000048] captured at 01:09:--. 
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Figure 63 Annotated extract from [IWS00000036] captured at 01:09:57 showing 
burning debris on the ground. 
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Figure 64 

Figure 65 

Burning debris Location of fan Edge of window 
unit and panel opening 

Annotated extracts from [MET00007242] (overlaid digital numbers are 
on the original evidence) captured at 01:11:--. 

Burning material on 
ACM below window 

Annotated extract from [IWS00000054] captured at 01:12:00. 
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a) 

b) 

Intermittent flame 
between spandrel 

cassettes 

Intermittent flame at vertex 
of column and spandrel 

Equivalent location on 
West Face 

Equivalent location on 
West Face 

Figure 66 Annotated extracts from [IWS00000050 and MET00004480] a) 
Intermittent flaming between the spandrel cassettes above between 
Level 4 and Level 5 [captured at 01 :13:31]; b) intermittent flaming at 
the vertex of the column and the spandrel [captured at 01 :13:33]. 
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590. At 01:07:21 London Fire Brigade (LFB) entered Flat 16 [MET00006109]. The 
firefighter witness statements [MET00005251, MET00005214, MET00005674, and 
MET00005701] and Thermallmaging Camera44 (TIC) video [MET00005810-
MET00005817] indicate that a search of the two bedrooms on the left-hand side of 
the internal linking corridor was performed before the firefighters identified the 
location of the room of fire origin (i.e. the kitchen). 

591. At 01:14:16 [MET00005814], the breathing apparatus (BA) crew opened the kitchen 
door, and captured video footage of the kitchen using the TIC. The first TIC image 
of the fire is shown in Figure 67. 

Figure 67 

Fridge freezer Worktop 

Image from [MET00005814] (01 :14:16). Note that timestamp on 
image is uncorrected. Left is raw image; and right is my interpretation. 

592. The witness statement of FF Daniel Brown [MET00005251] states: 

593. "/ could immediately see the fire to the left of the room. lt appeared under some 
force, I felt it was strange as it seemed like an isolated curtain of flame from 
about 2-3 feet in the air to the ceiling but not curling around onto the ceiling. I 
pulsed a couple of times and CM Batterbee then shut the door". 

594. The witness statement from CM Charles James Batterbee [MET00005674] states: 

595. "/ couldn't see any glowing or flame. I tried to use the TIC but every time the 
door was opened to put in a pulse, visibility was zero. I had it pressed against 
my visor and all/ saw was a blurry white light." 

596. The spray pulses are captured in the TIC footage [MET00005814]. Figure 68 shows 
extracts from this footage after the first pulse, and after the second pulse. lt is 
observed that: 

44 Thermal imaging cameras measure infra-red radiation. Infra-red radiation is released by hot substances; the 
measured infra-red radiation is often converted to an indicative temperature based on assumed material 
properties for the emitting body. 
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597. After the first pulse the heated area appears to be localised around the top of 
the kitchen window; 

598. After the second pulse, the heated areas appear to reduce in size and intensity 
and: 
o a vertical strip of heat is observed in the area of the right-hand jamb of the 

window (as observed from inside the building); and 
o heat is evident to the top, rear of the fridge-freezer. 

599. Less than one second after the second pulse, the intensity of the heat increases 
and is clearly visible both at the location of the window jamb and to the top, rear 
of the fridge-freezer. 
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After 1st pulse: 

a) 
After 2nd pulse: 

c) 
1 s after 2nd pulse: 

b) 

d) 

Heat loca lized to 
upper window panel 

Heat at w indow 

Heat at 
w indow 

Heat behind 
fridge-freezer 

f) 
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Fridge freezer 

Heat behind fridge-freezer 

Top of worktop 
(viewed from below) 

e) 
Figure 68 Images from [MET00005814]. Note that timestamps on images are 

uncorrected. a) Raw image at 01 :14:23; b) my interpretation of image; 
c) raw image at 01 :14:25; d) my interpretation of image; e) raw image 
at 01 :14:26; and f) my interpretation of image. 
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600. At 01:14:33, the BA crew opened the kitchen door again, and again captured video 
footage of the kitchen using the TIC camera [MET00005814]. An annotated extract 
is provided in Figure 69. 

a) 
Figure 69 

Window 

b) 
Image from [MET00005814] (01 :14:33). Note that timestamp on 
image is uncorrected. a) Raw image; and b) my interpretation of 
image 

601 . At 01 :14:53, an image [M ET00006589] was taken from outside Flat 16 that appears 
to show melting and burning material on the external cladding immediately below 
Flat 16. Burning material can be observed falling from the window (Figure 70). This 
image is analysed in additional detail in Figure 71. lt is observed that: 

602. melted and burning material is present on the surface of the AGM immediately 
below the kitchen window of Flat 16 -this appears similar to melting and 
burning PE filler from the AGM cladding cassettes that was widely observed 
elsewhere during the fire (see fire spread later discussions); 

603. the fire had spread vertically down the corner between the column and the 
spandrel beam, and gas (or smoke) is observed to be rising from this area; and 

604. the flames extend significantly above the window, but it is not possible to 
determine whether these flames are extending from within the compartment or 
are instead evidence of the cladding materials becoming involved in the fire. 
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Figure 70 

a) 
Figure 71 

Melting 
material 

Burning droplets 

Bu rning droplets 

Image [MET00006589] (01 :14:53)- annotated. 

b) 

Flame or reflection 
on column ACM 

Molten burn ing 
material on lower 
ACM 

Extract from image [MET00006589] (01 :14:53). a) Raw image; and b) 
my interpretation of image. 
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605. The period between 01:13:29 and 01:15:22 was captured in continuous video 
footage from outside the compartment [IWS00000050]. The period until 01:14:16 is 
described in Section 5.4. During the period from 01:14:16, it is observed that: 

606. the flames grow longer in the joint (i.e. reentrant corner) between the column 
and the spandrel sections of the building (refer also to the witness testimony 
provided earlier in Section 5.4 ); 

607. continuous flaming occurs at the joint between the column and the spandrel 
below the window opening; 

608. at 01:15:06, a noise is interpreted as being the breakage of at least one pane of 
glazing within the kitchen window of flat 16 (this is also remarked upon by a 
voice in the video "the glass is cracking"); and 

609. this is immediately (less then 10s) followed by an increase in flame length (this 
is also remarked upon by witnesses in the video e.g. "its getting bigger now"). 

610. At 01:15:33, the fire-fighters reopened the kitchen door and pulsed a spray of water 
into the kitchen. The scene immediately prior to and after the pulse is visible in the 
TIC footage [MET00005815] (Figure 72). The images shown were captured 1 
second apart. lt is observed that: 

611. in the first image, the TIC footage shows heat across a wide area of wall and 
ceiling both above and behind the fridge-freezer; and 

612. in the second image (following application of water by the firefighters), the heat 
is more localized to the area around the window. 

613. At 01:15:36 footage was captured from outside the compartment [MET000083359] 
(Figure 73) which suggests that: 

614. at this time the cladding was already burning with some intensity; and 

615. external flames were by this time extending approximately two floors above Flat 
16. 

616. When viewed from outside the compartment, there is no clear visual evidence of 
the early firefighting activities within Flat 16 in any of the media examined to date; 
this suggests that these internal fire-fighting activities had a negligible impact on the 
fire developing outside the compartment. 

617. Between 01:15:36 and 01:17:51, a continuous sequence offootage has been 
assembled that show the fire on the external cladding, and considerable burning 
material falling from the building [MET00007243] (Figure 74 ). In this video the 
flames appear to extend at least two levels above Flat 16. 
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Before pulse: 

a) 
After pulse: 

c) 
Figure 72 

b) 

d) 

Heat over area 
behind fr idge-

freezer Top of walls 

Heat localised to Edge of 
flame at window window Top of walls 

Images from [MET00005815]_ a) and b) are one second apart, before 
and after application of water spray respectively_ Timestamp on 
image is uncorrected_ a) raw image at 01 :15:33; b) my interpretation 
of image 01 :15:33; c) raw image at 01 :15:34; and d) my interpretation 
of image 01 :15:34_ 
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Figure 73 

Figure 74 

Falling burn ing 
material 

Flaming beyond 
flat of origin 

Annotated extracts from [MET000083359] (01 :15:36). a) Image at 
01 :15:36; and b) image at 01:15:42. 

External flames 

Burning droplets 

Image extracted from [MET00007243], with flames appearing to 
extend at least two levels above Flat 16 (01: 16:--). 

618. LFB subsequently entered the kitchen again at 01:20:48 [MET000061 09] and 
attempted to extinguish the fire from within the room. Extracts from the statement of 
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FF Daniel Brown [MET00005251] describes this intervention (text in square 
brackets added by me to provide context): 

619. "we waited a moment and then carried out this same procedure again [i.e. 
opening the door and pulsing water into the kitchen], it was having absolutely no 
effect on the fire at all. I explained to CM Batterbee that we need to get right in 
and put it out." 

620. "I opened the door, CM Batterbee pulsed the ceiling once more and then we 
moved in turning left and extinguished the fire." 

621. "The room began to clear to a point where I could make out it was a kitchen. 
None of the worktops or indeed any of the remainder of the room was involved 
in the fire at that time. lt was contained to one end, being to the left as you enter 
the room and from about 2-3ft up." 

622. "CM Batterbee pointed out that it was a fridge that he put out. This was towards 
the right hand side of the back wall, sitting on something about 2-3ft up. Again, 
this I found a bit strange. Whilst it explained on one hand I could only see flame 
from 2-3ft up in the air, it was in the wrong location to the forceful curtain of 
flame I saw which was more to the left of that wall." 

623. "I noticed a small flame to the top left corner of what I now know was the 
window wall at ceiling level, I took the branch and extinguished this with a one 
second blast. I walked towards the fridge to inspect it, it appeared around the 
top 25% of the fridge was heavily damaged, immediately I noticed little pieces of 
hot embers/debris falling outside what I could now see was a window that had 
completely given way leaving a hole in the wall." 

624. "Below this window was a box sturdy enough to hold my weight and not 
involved in the fire." 

625. Following the intervention of the fire-fighters, TIC camera captured relevant video 
footage of various objects within the kitchen. 

626. At 01:21:25 an image [MET00005816] (Figure 75) of the fridge-freezer was 
captured (looking south). At 01:21:27 an image [MET00005816] (Figure 76a and b) 
was captured of the window. lt is observed that: 

627. burning material is falling outside the window; 

628. the extraction fan unit and infill window panel housing the fan are absent from 
the window; and 

629. something (unknown material, but possibly the PU filler material in the 
'PURLBOARD' mounted on the ceiling all along to East Wall of the kitchen, or 
the uPVC window framing boards surrounding the window internally) appears to 
be burning in the upper left-hand corner of the East Wall of the kitchen and 
inside the compartment; this corroborates statements made by FF Daniel Brown 
[MET00005251], as noted above. 
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630. Figure 76c shows the partially deconstructed kitchen window of undamaged Flat 
13, also on Level 4 of Grenfell Tower and with an essentially identical floorplan to 
Flat 16, with the extraction fan unit in-situ. This has been provided to aide 
interpretation of the TIC footage images. 

631. At 01:21:32 an image was captured [MET00005816] of the inside of the fridge
freezer. An unknown object also appears to be located between the fridge-freezer 
and the East Wall. 

a) 
Figure 75 

b) 

Heat on wall behind 
fridge-freezer 

Image from [MET00005816] looking south at fridge-freezer and South 
Wall of kitchen. Note that timestamp on image is uncorrected. a) Raw 
image at 01:21 :25; and b) my interpretation of image at 01:21:25. 
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a) 

c) 

Figure 76 

Void in fan location 

b) 

Image from [MET00005816] and photo (from similar vantage point) 
from site inspection in Flat 13. Note that timestamp on IR image is 
uncorrected. a) Raw image at 01:21 :27; b) my interpretation of image; 
and c) image showing extract fan location in kitchen of similar 
undamaged flat [My Photo, Flat 13, 09/01/2018]. 
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Unknown object 
Residual heat within 

fridge-freezer 

Figure 77 Image from [MET00005816]. Note that timestamp on IR image is 
uncorrected. a) Raw image at 01:21 :32; and b) my interpretation of 
image. 

5.6. Fire Scene Images 

632. The available fire scene images in the Appendix to the Bureau Veritas Fire Science 
Report [MET000077 48] were reviewed at Phase 1. 

633. Figure 78 shows damage to the kitchen in Flat 16. lt is notable that combustible 
material remained within the flat after the fire- particularly further away from the 
window area. This image shows that the small refrigeration device (small fridge) is 
located on the floor in front of the fridge-freezer. In this location, the object would 
prevent the lower door on the fridge-freezer from being opened, and I therefore 
consider it likely that the small fridge was displaced to this location at some point 
during the fire or due to firefighting operations. 

634. Figure 79 shows the medium size refrigeration device (medium freezer) in front of 
the kitchen window. This object is not flush against the wall and is located 
straddling the pre-existing boundary between the living room and the kitchen. In this 
configuration, it would not have been possible to fully close the sliding doors 
between the living room and the kitchen. I therefore consider it likely that the 
medium freezer was also displaced to this location at some point during the fire. 
This idea is supported by witness statements from the occupants of Flat 16. 

635. A burn pattern is also visible on the lower East Wall of the kitchen, behind the 
medium freezer and directly underneath the window. 

636. Figure 80 (left) shows the West Side of the fridge-freezer following removal of the 
adjacent cooker. A pattern of corroded metal is visible towards the rear of the 
fridge, possibly indicating exposure to particularly elevated temperatures in that 
location. However, Figure 80 (right) shows the front door of the fridge-freezer, and 
this appears to suggest a fire burning to the left of the fridge-freezer, i.e. between 
the fridge-freezer and the kitchen window. 
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637. Figure 81 shows the area around the window following removal of the appliances 
and fire debris. This image shows the burn pattern on the wall behind the medium 
freezer. A close-up image of this taken during a site inspection (Figure 82), 
indicates that the PURLBOARD in this location was partially burned, and that the 
plasterboard finish had partially fallen away. 

Window 
opening 

Figure 78 

Washing machine 
Fridge-freezer Cooker Toaster (displaced) Microwave 

Freezer Fridge 

Annotated photograph 12 from BV Appendix [MET00007748]45 . 

Picture taken from living room looking south into kitchen. Note that 
the sliding separation between the living room and the kitchen has 
been destroyed at some point during the fire. 

45 The reader should note that Flat 16 is a 'two-fire' compartment, and that the fire scene is complicated by the 
fact that the fire appears to have re-entered the flat at a later stage and damaged other parts of the kitchen. 
Based on evidence and opinion presented in [MET00007996]. it is assumed that this secondary fire re
entered Flat 16 via one of the bedroom windows, and subsequently re-entered the kitchen via the hallway 
door. Much of the damage visible in Figure 78 is likely to have occurred during this secondary fire (although 
this cannot be quantified beyond a comparison with the TIC footage). 

136 

LBYS0000001_0136 



Grenfell Tower Inquiry THE UNIVERSITY if EDINBURGH 

School of Engineering Luke Bisby- Phase 1 - Final Expert Report 

Figure 79 

Figure 80 

Burn mark on wall 

Annotated Photograph 34 from BV Appendix looking east and slightly 
down toward the wall and floor directly beneath the kitchen window 
[M ET000077 48]. 

Pattern on front 
door of fridge 

Annotated Photographs 52 (left) and 47 (right) from BV Appendix 
[M ET000077 48]. 
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Burn pattern on wall behind 
medium refrigeration device 
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Figure 81 Annotated photograph 76 from BV Appendix [MET00007748]. 

Figure 82 

Burned 
PURLBOARD 

Annotated photograph looking down at the North End of East Kitchen 
Wall beneath the kitchen window, from BV site inspection 
[M ET000077 48]. 
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638. This section further interprets the evidence presented above and based on this 
interpretation presents hypotheses of potential scenarios that could have occurred. 
Where there is corroborating evidence supporting a single scenario, this is 
highlighted. Where evidence is less clear, alternatives are identified. 

5. 7 .1. Interpretation of Evidence 

639. The evidence presented in this section of the report has provided information to 
support a number of hypotheses concerning: 

640. the approximate location of initiation of the fire and the possible ignition 
source(s); 

641. the possible routes(s) of spread from Flat 16 to the combustible external 
cladding; and 

642. the impact(s) of internal firefighting activities on both the spread of fire to the 
cladding and the early spread of the fire over the exterior of the building. 

643. lt is interpreted from comparison between the internal TIC video and videos from 
outside the building, that the flame observed by the initial BA crew at the kitchen 
window location in Flat 16 (see Figure 72d) is likely associated with sustained 
burning of the external cladding. This implies that the burst of water spray 
immediately following 1:15:33 extinguished, or at least reduced in size, the internal 
flaming, leaving only the external fire visible at 1:15:34. This interpretation is 
consistent with the FF statement [MET00005251] that, "I felt it was strange as it 
seemed like an isolated curtain of flame from about 2-3 feet in the air to the ceiling 
but not curling around onto the ceiling". 

644. If this interpretation if correct, then intense heat to the left the fridge-freezer (as 
observed in the TIC videos and stills in Figure 69 and Figure 72) is also likely to be 
associated with the burning of the external cladding. This suggests that at this time 
(01 :15:33), the surround of the window had failed, and the back of the rainscreen 
and external cladding cavity was being exposed to fire (or was burning). 

645. The width of this observed heated region in the TIC imagery may indicate that 
burning of the cladding was occurring behind (i.e. on the back face) of the AGM 
cladding cassettes, or that it was due to burning of other combustible cladding 
materials present in this location (i.e. EPDM rubber, PIR insulation, uPVC window 
boards, or even legacy timber window head or jamb boards and battens). A 
definitive assessment of which parts of the cladding ignited first and led to 
sustained burning of the external cladding system cannot be made at present; this 
will be an aspect of my work at Phase 2. 

646. lt is observed that the application of water to this area caused a momentary 
reduction in the intensity of heat (at 01 :14:25), followed by a rapid increase in 
intensity (refer to Figure 68). 
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647. In this section, and elsewhere later in this report, I examine a number of 
hypotheses of potential significance to the work of the Inquiry. The specific 
hypotheses presented have been chosen based on my own assessment of the 
most pertinent topics of interest to the Inquiry within (or closely related to) my own 
scope of work and based on my examination of the relevant evidence. Other 
hypotheses may become relevant as my work progresses, and I reserve the right to 
add new hypotheses (regarding all topics treated in this Phase 1 - Final Expert 
Report) should this become necessary at Phase 2. 

648. Hypothesis A1: 
The fire started somewhere between the edge of the cooker and the kitchen 
window in Flat 16- i.e. in the blue shaded region in Figure 83. 

r- I. 

016-11 
Ex-sting Kitchen 

8.54 (112-

- - ---, 

Region of ignition 

Figure 83 Hypothesised region of initial ignition within the kitchen of Flat 16. 
Note that this is an indicative, rather than exact, floorplan based on 
design drawing [SEA00000199]. Refer to Figure 12. 

649. Summary of evidence discussed in this section: 

650. Resident witness statements and 999 call transcripts/audio support this 
hypothesis. 

651. Firefighter witness statements support this hypothesis. 

652. The TIC footage supports this hypothesis. 

653. Early footage of the external fire (in combination with the above) supports this 
hypothesis. 

654. I am not aware of any evidence that does not support this hypothesis. 

655. There is therefore a high level of evidence supporting acceptance of Hypothesis 
A 1, and I have a high level of confidence that this hypothesis is correct. 
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The fire originated inside a Hotpoint FF175BP fridge-freezer (i.e. Conclusion 
15.1 of the BV Forensic Report [MET00007996]). 

657. Summary of evidence discussed in this section: 

658. This is supported by the 999 call transcript [LFB00000301] in which the principal 
occupant of Flat 16 identifies the "fridge" as the initial location of the fire, and 
partially supported by the 999 audio where the occupant says, "by the fridge 
side". 

659. This is supported by Figure 58 and Figure 60 [MET000083355 and 
MET000083356, respectively]. These show that, early in the progression of the 
fire, flaming appears to have been localised to the South Side of the window. 
This is on the same side of the window as the fridge-freezer (i.e. to the left if 
observing from the outside into the building). 

660. This is supported by Figure 67 [MET00005814] which suggests increased heat at 
the location to the rear (i.e. south and east) of the fridge-freezer. 

661. This is, however, not fully corroborated by the occupant witness statement 
[MET00006639] or interview transcripts [MET000080581, MET000080582, 
MET000080583]. For example: 

662. "I could see a light coloured smoke in the area next to the fridge/freezer and 
window. lt was in the general area there, I cannot be more specific about 
exactly where it was coming from" [MET00006639]. 

663. Fire service intervention in the room of origin commenced 19 minutes and 47 
seconds after the initial 999 call. During the time in between the initial 999 call and 
the first imagery captured by the initial firefighter BA crew, the fire is likely to have 
grown, and possibly spread. If the fridge-freezer was the initial source of the fire, I 
consider it reasonable to suggest that the fire could have grown on or within the 
fridge-freezer during this time. 

664. The first available TIC footage (Figure 67) does not show obvious flaming 
emanating from the rear (South Side) of the fridge-freezer. lt shows that the most 
intense heat is to the north and east of the fridge-freezer (at the location of the 
window head and the South Window Jamb). 

665. The firefighter witness statements [MET00005251] regarding the initial location of 
the fire do not clearly identify the fridge-freezer as being involved in the fire: 

666. "I felt I was stage as it seemed like an isolated curtain of flame from about 2-3 
feet in the air to the ceiling, but not curling around onto the ceiling." 

667. Later TIC footage [MET00005815] shows that the wall behind the fridge-freezer is 
hot, but that following application of water spray the heat is localised at the location 
of the window (i.e. not obviously at or behind the fridge-freezer location). 
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668. Some evidence therefore exists to support a hypothesis that the fire started at the 
South-East Side of the kitchen and in the general area of the fridge-freezer. In my 
opinion, there is insufficient evidence (from the information presented in this 
section) to definitively confirm Hypothesis A2 that the fire originated inside a 
Hotpoint FF175BP fridge-freezer, and to exclude all other potential sources of 
ignition. 

669. The large electrical cooking pan noted in Section 3.2.1 is nowhere identified nor 
discussed in the witness statement from the principal occupant of Flat 16, nor in 
any of the transcripts from three MPS interviews conducted on 14th and 16th June 
2017. The TIC footage also includes other unidentified objects in the area adjacent 
to the kitchen window of Flat 16, as already discussed. 

670. I do not consider myself an expert in fire cause and origin investigations, and so I 
will not comment further on these points. 

671. Other sources of forensic evidence should be considered by the Grenfell Tower 
Inquiry, and in particular the reader should consult the Phase 1 Final Expert Report 
submitted by Professor Niamh Nic Daeid and any available reports submitted by 
Inquiry Expert Or Duncan Glover. 

672. Hypothesis A3: 
The fire originated in the extract fan unit in the kitchen of Flat 16. 

673. Summary of evidence discussed in this section: 

674. This is not corroborated by the initial 999 call transcript in which the principal 
occupant of Flat 16 identifies the "fridge" as the initial location of the fire and the 
999 audio where the occupant says, "by the fridge side". 

675. This is partially corroborated by the occupant witness statement 
[M ET00006639]: 

676. "I could see a light coloured smoke in the area next to the fridge/freezer and 
window. lt was in the general area there, I cannot be more specific about 
exactly where it was coming from." 

677. This is considered plausible in light of Figure 59 [MET000083355], which 
indicates that approximately 11 :00 minutes after the initial 999 call, the fan unit 
appears to be absent from the infill mounting panel within the window frame. 
This suggests that the fan unit and filler panel became involved in the fire 
relatively early (i.e. before any substantial external flaming was observed). The 
absence of the fan unit is also consistent with the apparent emergence of 
flames from where the fan unit was located within the window framing (Figure 
59 and Figure 60). 

678. lt is noteworthy that the plastic from which the extract fan units were predominantly 
made is a PC-ABS product, as described in Section 4.1 0.1.8. This softens and 
loses essentially all of its mechanical properties at temperatures as low as 88°C 
(see my Materials Testing Report 1, once available). 
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679. If the fire originated in the fan unit, then the sequence of fire spread would depend 
on the materials surrounding the fan and the manner in which any materials fell 
from the fan into the kitchen and resulted in internal fire spread. 

680. lt is known that the motor of the fan unit was found amongst debris on the internal 
kitchen window sill of Flat 16. 

681. In summary, whilst the vast majority of available evidence supports a hypothesis 
that the fire started in the kitchen of Flat 16, and in the South-East Corner of this 
room, at present there is no clear evidence to support Hypothesis A3, that the fire 
originated in the extract fan unit46 . On the basis of the available evidence I consider 
Hypothesis A3 to be unlikely. 

5.7.3. Spread from Flat 16 to the External Cladding 

682. Regardless of the cause and origin of the fire within the room of origin, the potential 
route(s) for fire spread from inside the kitchen of Flat 16 to the external cladding 
system, leading to the observed sustained burning of the cladding and extensive 
fire spread over the building's external surface, are discussed in this section. 

683. There is some visual evidence to suggest that the first external element of the 
building to ignite was the kitchen extract fan unit or aluminium faced composite 
window infill panel in which it was mounted. For instance, this is supported by 
[MET000083355 Part 2] which shows flaming originating from this area while no 
other external flaming is visible early in the fire (i.e. at 01 :07:51 ). 

684. However, the available evidence also suggests that the internal fire continued to 
grow within the kitchen of Flat 16 following ignition of the extract fan unit and/or 
mounting panel [e.g. MET000083356, MET000083357]. 

685. The first visual evidence of falling, burning material from the external cladding 
appears to be associated with an area in the region of the vertex of the junction 
between the window frame and the column line (see Figure 39, which is reproduced 
as Figure 84 below, and Figure 40). lt is interpreted that this falling, burning 
material is very likely to be melted and ignited PE (i.e. AGM filler material); this is 
therefore interpreted as an indication that components of the cladding had ignited 
(by about 01 :09:30). 

686. lt should be noted that, based on the available timestamps for videos of the 
external fire and TIC footage recorded by the initial firefighting crews, this is about 
five minutes before the first firefighter BA crew located the fire within the kitchen of 
Flat 16 (i.e. at about 01 :14:16). 

46 I am aware that further forensic testing is being considered to interrogate the hypothesis that the fan unit 
could have been the origin of the fire. Refer to Professor Niamh Nic Daeid's Phase 1 final report and any 
reports submitted to the Inquiry by Dr Duncan Glover. 
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Figure 84 (Repeat of Figure 39) Detail drawing showing the approximate 
location within the external cladding build up from which melted, 
dripping, burning PE is considered most likely to have first originated 
based on the evidence available at the time of writing. Indicative 
drawing only. Not to scale. 

687. The assertion that any significant amount of dripping and burning material 
emanating from the external cladding can be attributed to the PE filler material 
within the AGM rainscreen cladding is supported by the general material property 
data provided in Section 4.1 0.1.1, the known materials/products present at this 
location, and data that will be provided in my Materials Testing Report 1. 

688. Hypothesis 81: 
The route of fire spread from inside the kitchen of Flat 16 to the external 
cladding was due to impingement of flames and hot gases from the kitchen 
fire within Flat 16 venting through an open window, the window infill panel 
within which the extract fan was mounted, or via the extract fan itself. This 
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subsequently ignited the external cladding above the kitchen window of Flat 
1647 and led to sustained burning of the external cladding48• 

689. If the fire spread indirectly to the cladding through an open window, through the infill 
sandwich panel within which extract fan was mounted, or through the extract fan 
itself, the earliest evidence of dripping, burning AGM PE filler would be expected to 
be observed at the locations around the extract fan mounting panel. This would 
most likely be directly above the fan, given the buoyancy of hot gases and flames 
from the fire. 

690. lt should be noted that the extract fan is observed to be absent from Flat 16's 
kitchen window infill panel by 1:07:51, as shown in Figure 59 and [MET000083355]. 

691. The available visual evidence also suggests that dripping, burning PE was first 
observed originating from the window at its southern most edge (i.e. at its left-hand 
side when viewed from outside the building). This is shown in Figure 61 at 
01:09:36. lt should be noted that the precise location from which the first dripping 
and burning PE originated cannot be confirmed at the time of writing (and may 
never be known with confidence). 

692. Since I submitted my initial Phase 1- Expert Report, additional video evidence of 
the early fire spread to the cladding -taken from outside the tower- has become 
available [e.g. IWS00000054]. This shows that, beginning at approximately 
01:11:45 (e.g. Figure 65), molten material is burning on the upper surface (i.e. sill) 
of the spandrel rain screen cassettes immediately below the kitchen window of Flat 
16. This is coincident with external flaming venting through the hole created by the 
failure and movement of the extract fan and infill panel. lt is considered likely that 
this burning material is melted PE filler from the AGM cassettes located directly 
above the window. lt should be noted that this material could also be XPS core 
material from the window infill panel housing the extract fan; however, I consider 
this less likely. 

693. If the external cladding was first ignited (and sustained burning) due to heat from 
flames venting from the kitchen window of Flat 16 (i.e. by an external fire plume 
(see Drysdale [1]), one would expect to observe the earliest evidence of dripping, 
burning AGM PE filler originating from the location directly above the fan mounting 
and inward swinging kitchen window that was located directly beneath the extract 
fan panel. The dripping PE would most likely originate from directly above the 
extract fan panel. However, as already noted the available visual evidence 
presented in this section suggests that dripping, burning PE spears to have first 
been observed falling from the base of the window at its southern most edge. 

47 Hypothesis 81 would also be supported by Hypothesis A3, although Hypothesis A3 is considered unlikely 
on the basis of the available evidence. 
48 Note that the route for venting could have been via an open window, or possibly from a broken window or 
the extract fan mounting panel being destroyed (or otherwise removed) by the fire within the kitchen of Flat 
16. Or, more likely, some combination of the above routes. 
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694. There is currently insufficient evidence to accept or reject Hypothesis B1, however 
on the basis of the available evidence and on a balance of probabilities, I consider it 
to be equally likely as Hypothesis B2, below. 

695. Hypothesis 82: 
The route of fire spread from inside the kitchen of Flat 16 to the external 
cladding was due to parts of the internal window surround and external 
cladding system being penetrated by the fire, thus allowing fire spread 
directly into the back of the cladding cavity from within the room of origin. 
This subsequently led to sustained burning of the cladding either within the 
cavity or on its external surface, or both. See Figure 84. 

696. The available evidence suggests that the visible, sustained burning of the external 
cladding system occurred in the region of the vertex at the joint between Column 
B5 and the kitchen window of Flat 16 (i.e. at the window's left-hand side when 
viewed from outside the building). Figure 84 shows a representative horizontal 
section through this portion of the building envelope. 

697. For flames and hot gases to pass directly from the inside of the kitchen in Flat 16 
into the back of the external cladding cavity, as postulated by Hypothesis B3, the 
following would have to occur (with reference to Figure 84 ): 

698. (1) The uPVC window boards forming the sill, jamb, or head of the internal window 
framing enclosure would have to be penetrated or removed; 

699. (2) The thermal insulation applied to the back face of the uPVC window boards 
would have to be penetrated or removed; and 

700. (3) The EPDM rubber membrane would have to be penetrated (or not be present in 
that location). 

701. Information on material response to heating presented earlier in this report (see 
Section 4.1 0.1.6), along with the data on the specific performance of materials 
taken from Grenfell Tower after the fire, and to be presented in my Materials 
Testing Report 1, suggest that the uPVC would lose effectively all mechanical 
properties at relatively low temperatures. A large fire would therefore not 
necessarily be required for the material to reach such temperatures if located in the 
vicinity of the uPVC. 

702. If the mechanical properties of the uPVC were lost, the window board could fall 
away from the window jamb. Should this occur, I consider it likely that the thermal 
insulation applied to the back face of the uPVC boards would also fall away, leaving 
only a 1 mm thickness of EPDM to separate any internal fire from the external 
cladding and insulation. 

703. Very little information is available on the response-to-fire of vertical sheets of EPDM 
rubber without a backing insulation (which I consider to be the likely scenario in the 
situation under consideration here). I consider it likely, however, that the EPDM 
(which is comparatively combustible as discussed in Section 4.10.1.7) would 
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degrade quickly (i.e. within minutes) when exposed to flames and hot gases from a 
fire of any appreciable size. 

704. I have undertaken materials testing at The University of Edinburgh in support of the 
development of this report. This will be reported early in Phase 2 in my Materials 
Testing Report 1, and suggests that the uPVC window boards used in the 
refurbishment of Grenfell Tower (at and above Level 4) experience almost complete 
loss of mechanical stiffness at temperatures in the range of 80°C to 90°C. 

705. Material testing on the EPDM weatherproofing membrane used in the Grenfell 
Tower refurbishment cladding system is also being performed, and the resulting 
information will be reported in my Materials Testing Report 1. 

706. In the event of the sequence described above, flames and hot gases from the fire 
burning with the kitchen of Flat 16 would have a route to impinge upon and 
potentially ignite a range of combustible materials present within the external 
cladding cavity, including: 

707. EPDM weatherproofing membrane; 

708. PIR (or in a limited number of cases possibly phenolic) polymer foam insulation 
- noting that at this location within the cladding the fire-exposed face of the 
insulation is likely to have presented a cut edge, and would thus not have been 
protected by aluminium foil facing as would more likely be the case away from 
the vertex area (refer to Figure 84, for instance); 

709. The rear face or cut edge of an AGM column cassette- noting that the PE AGM 
filler material would be directly exposed to fire under these circumstances (refer 
to Figure 20, which shows the exposed AGM cut edges, and Figure 84 which 
shows the material and component geometry next to the kitchen window). 

710. As already noted, at the location in question within the external cladding an 
extensive vertical cavity is present which runs the full height of the building; this 
would be expected to exacerbate both upward and downward vertical fire spread 
via the mechanisms discussed in sections 6.2 and 6.3. Such an assertion is further 
supported by BSR witness testimony provided during the Inquiry's public hearings, 
as described in Section 5.4. 

711. Although it is possible to interpret the TIC and post-fire images from within the 
kitchen of Flat 16 to suggest that burning occurred within the cladding due to a 
penetration of the kitchen window jamb or head, it is not possible to definitively 
confirm this as the primary route for ignition of the external cladding. 

712. There is insufficient evidence to accept or reject Hypothesis B2 at present. On a 
balance of probabilities, I consider Hypothesis B2 to be equally likely as Hypothesis 
B1, above. 

713. Indeed, it is probable that some combination of the fire spread routes suggested in 
hypotheses B1 and B2 conspired to cause the initial ignition and sustained burning 
of the external cladding. 
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714. My work at Phase 2 will seek to clarify, via additional analysis and laboratory-based 
experimentation (via my own testing at The University of Edinburgh and that 
undertaken by the MPS/BRE forensic teams), the likely roles of the various 
materials present within the window framing and cladding system in the area 
directly around the southern most jamb of the kitchen window of Flat 16. 

5.7.4. Notes on Fire Service Intervention Timelines 

715. There is considerable evidence (as discussed earlier in this section) to indicate that 
the fire had spread to the external cladding by 01:09:26, if not slightly earlier. 

716. By 01:11:45 melted material was burning on the outside of the spandrel rainscreen 
cassettes below the kitchen window of Flat 16. 

717. By 01:13:59 fire had already spread along the vertex Column B5 and was at the 
level of the window of Flat 26 (one level above). 

718. By 01:14:53 fire had already spread down the corner Column B5, and melted, 
burning material (assumed to be PE filler from the AGM cassettes) was dripping 
from the external cladding around the kitchen window of Flat 16. 

719. By 01:15:38, flames were observed to be extending approximately two levels above 
Flat 16. 

Internal Firefighting within Flat 16 

720. The fire service's first visual confirmation of the location of the fire from within the 
building was at 01:14:16, and the firefighters were unable to make an effective 
intervention to extinguish the internal fire within the kitchen until approximately 
01:21:00. 

721. Consequently, it is concluded that the fire had already spread to the cladding by the 
time the fire service intervened in the compartment of origin, and between five and 
ten minutes before the initial internal fire had been effectively extinguished. 

722. I would estimate that the PE was burning in the vertex of the joint between the 
column and spandrel sections of the building about seven minutes before the first 
firefighter intervention within Flat 16. I consider it unlikely that any internal 
firefighting would have been effective to extinguish the cladding fire once this had 
occurred. 

External Firefighting outside Flat 16 

723. Whilst not strictly within my own Scope of Work for the Inquiry at Phase 1, during 
my review of the available video evidence, witness statements, and firefighter 
testimony, during my Phase 1 work I have carefully noted my observations on 
external firefighting activities. 

724. I have paid particular attention to the period between arrival of the first firefighter 
crews, at 00:59:24 [LFB00004828], and rapid escalation of the external cladding 
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fire above Flat 16, from roughly 01:13:-- and until it reached the top of the East 
Face of the building (see Bisby Video 1 in this report's accompanying data). 

725. lt is my opinion that clearly establishing the timeline of events during this period is 
essential to develop a clear understanding of the external firefighting actions that 
were undertaken during this period. The question of when firefighting water (i.e. the 
'covering jet') was first applied to the exterior of Grenfell Tower, as well as the 
manner and precise location of its application, speaks to the ability (or otherwise) of 
firefighters to contain and extinguish a cladding fire of this nature early on and with 
a hose stream. I believe that this is relevant to informing future firefighting tactics 
and procedures in the case of external cladding fires. 

726. Motivated by the above considerations, I outline my observations on these issues 
below. 

727. The London Fire Brigade [LFB00004828] have provided the Inquiry with a 
document outlining their operational response to Grenfell Tower. Key events related 
to the early operation of an external 'covering jet' noted in this document include: 

728. 01:05:36- lt is stated that "A firefighter speaking over a radio can also be 
heard talking about a covering jet." 

729. 01 :07:21 (listed as 'soft time, uncorroborated activity')- "Firefighter Bills sets 
about establishing a covering jet with Firefighter A bell consisting of 45 mm fire 
hose ... " 

730. 01:11:11 (soft time, uncorroborated activity)- "Firefighter Archer is operating a 
covering jet (45mm) at the East elevation, spraying water above the window of 
flat 16. CM Davies approaches Firefighter Archer and tells him to get rigged in 
BA. Firefighter Archer hands the jet to Firefighter Murphy and Firefighter 
Come/ius from Kensington." 

731. 01:12:-- (soft time, uncorroborated activity)- "A covering jet is set up on the 
North East corner of Grenfell Tower." 

732. 01:15:32 (hard time, corroborated)- "A covering jet is now being operated in 
the North East corner by Firefighter Murphy and Firefighter Come/ius. 
Firefighter Come/ius states that "the jet was having no impact on fire 
suppression as the fire was spreading behind the panelling and it was difficult 
to direct a flow of water on to the fire." 

733. My review of the available video evidence of upward vertical fire spread on the East 
Face of Grenfell Tower, which is compiled in Bisby Video 1 and is available from 
the Grenfell Inquiry website, yields the following related observations: 

734. 01:09:54- The hose for the covering jet is present on the ground but is not yet 
charged with water. 

735. 01:10:09- FF Thomas Abell, who is wearing shorts (as confirmed by his oral 
testimony [Transcript-of-outbreak-of-fire-2-July-2018.pdf]), can be seen laying 
out hose for the covering jet and picking up what appears to be a firefighting 
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branch. The hose appears not to be charged. FF Abell is standing directly 
below the kitchen window of Flat 16. 

736. 01:11:--- FF Abell can be seen holding a firefighting branch and looking up at 
the Tower. The hose appears not to be charged. His position is still directly 
below the kitchen window of Flat 16. 

737. 01:11:13- A noise can be heard in the video footage which could be caused by 
a brief hose spray. This sound lasts for one or two seconds. If this noise does 
indicate a hose spray, it is not directed towards the kitchen window of Flat 16 
(which is in view). 

738. 01:11:20- Water now appears to be on the ground immediately below the 
kitchen window of Flat 16. The hose for the covering jet now appears charged. 
An as-yet unidentified firefighter can be seen dragging the hose for covering jet 
northwards. This is very unlikely to be FF Abell as this individual is not 
observed to be wearing shorts. Based on the available evidence I believe this 
to be FF Desmond Murphy, who has stated [Transcript-of-further-LFB
evidence-6-September-2018-2.pdf] that he took the covering jet directly from 
FF Daniel Bills who was apparently working with FF Abell to set it up, based on 
the available evidence. 

739. 01:11:37- A second unidentified firefighter can be seen holding a fire hose and 
is located somewhere along the East Face of the Tower. Based on the 
available evidence I believe this to be FF Charles Cornelius. 

740. 01:11:43- The (presumed) above two individuals meet with the hose for the 
covering jet near the North East corner of Grenfell Tower. 

741. 01:12:07- The (presumed) same two FFs can be seen looking up at the fire 
from the North East corner of the Tower. 

742. 01:14:08- The (presumed) same two FFs can be seen looking up at the fire 
from the North East corner of the Tower. 

743. 01:15:07- The (presumed) same two FFs can be seen looking up at the fire 
from the North East corner of the Tower. 

744. 01:15:44- The (presumed) same two FFs can be seen looking up at the fire 
from the North East corner of the Tower. A firefighter in a white helmet, who I 
believe to be FF Michael Dowden based on the available evidence [Transcript
of-outbreak-of-fire-26-June-2018.pdf], joins these two FFs and appears to 
provide some instruction as regards the covering jet. 

745. 01:15:53- The covering jet begins operating. On the basis of the available 
evidence I believe this to be operated by FFs Murphy and Cornelius 
[Transcript-of-further-LFB-evidence-6-September-2018-3.pdf]. At this point the 
fire has spread one to two levels above Flat 16. 
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746. Continuous footage then follows of these two firefighters (Murphy and 
Cornelius) spraying the covering jet below the fire until at least 01:17:51. By this 
time the fire has spread at least two levels above Flat 16. 

747. On the basis of the timeline and firefighter witness statements and oral testimony 
referenced above, I have not been able to confirm or corroborate the 'soft time, 
uncorroborated activity' that a covering jet was operating at 01:11:11 or that it was 
sprayed above the kitchen window of Flat 16, as noted in [LFB00004828]. My 
earliest visual confirmation of a covering jet being applied to the exterior of Grenfell 
Tower is timed at 01:15:53. 

151 

LBYS0000001_0151 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

6. Spread Over Cladding 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

748. Regulation B4 of the Building Regulations 2010 [18], Sentence 1, states that: 

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

750. This functional objective clearly was not achieved at Grenfell Tower. 

751. Furthermore, when the cladding fire at Grenfell Tower did spread vertically, none of 
the other fire safety design features of the building -all of which are described in 
detail by other instructed experts to the Inquiry- could have been expected to 
function as required or as intended by their design. This is because these other 
measures are, in general, designed to cope primarily with isolated compartment 
fires. The available evidence suggests that fire compartmentation was not a 
credible component of any fire safety strategy once the refurbishment cladding had 
been installed at Grenfell Tower. 

752. lt is noteworthy with respect to the above statement that a "stay put" fire evacuation 
strategy in any building relies on adequate fire compartmentation being maintained. 
On the basis that fire compartmentation was not a credible component of any fire 
safety strategy, once the refurbishment cladding had been installed at Grenfell 
Tower, it follows logically that a "stay put" policy was also not a credible component 
of any fire safety strategy once the refurbishment cladding had been installed. 

753. Two main questions have therefore influenced my approach to studying the fire 
spread at Grenfell Tower: 

754. First, how did this happen? Answering this requires the development of a physical 
understanding of the fire spread mechanisms, and factors influencing these, both 
on Grenfell Tower and potentially on a significant number of other buildings in the 
UK. lt should be noted that this understanding is necessary irrespective of any 
assessment of the regulatory compliance of the materials, products, and systems 
used in the cladding. 

755. I address this question in the current report, and I also comment on relevant issues 
during my Phase 1 Expert Presentation, which is available for viewing on the 
Grenfell Tower Inquiry Website. 

756. Second, why did this happen? -Answering this question requires consideration of 
why is it that this particular combination of materials, products, and systems were 
installed on Grenfell Tower, and why is it that similar combinations of materials 
appear to have been installed on a large number of other buildings in the UK. 

757. I have not substantially addressed this second question as part of my Phase 1 
work; I will report on the relevant issues at Phase 2. 

758. Three principal directions of fire spread over the external cladding of Grenfell Tower 
must be evaluated to explain and understand the progression of the external fire 
that occurred on 14th June 2017, namely: 
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759. upward vertical fire spread; 

760. downward vertical fire spread; and 

761. horizontal fire spread. 
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762. These directions of fire spread are each affected by different thermal, chemical, and 
physical processes as described in general terms in Section 4. To develop an 
understanding of the contributing factors to the rapid and extensive external fire 
spread at Grenfell Tower, it is necessary to analyse each of the three above 
directions independently (despite the fact that they are interrelated). 

763. Understanding the various mechanisms of external fire spread is particularly critical 
in the case of Grenfell Tower and its rainscreen cladding system, since other 
external cladding fires on highrise buildings49 incorporating AGM rainscreen 
cladding with PE filler have typically not previously fully engulfed the affected 
buildings. 

764. Developing a deep, technical understanding of the mechanisms of external fire 
spread in the Grenfell Tower fire will therefore help to explain why this was the case 
at Grenfell Tower, and to help ensure that such fires are avoided in the future. 

765. The analysis presented in this section is based on: 

766. the large amount of photo and video evidence captured and provided by 
members of the public via the MPS' NPCC Uploads facility; 

767. video footage (and associated witness statements) provided directly to the 
Inquiry by members of the public and by core participants to the Inquiry; 

768. video footage captured by police helicopters (NPAS 44, NPAS 13, and NPAS 
13A); 

769. video footage captured by MPS bodyworn cameras; and 

770. CCTV footage provided by the MPS (CMP5 CCTV of South East Elevation, 
CMP5 CCTV west upper, and Grenfell Tower internal CCTV Camera 2). 

771. I have provided more information about the basis for timestamp information of the 
various types of evidence in Appendix C. 

6.1. Upward Vertical Fire Spread from Flat 16 

772. The upward vertical fire spread from the compartment of origin, i.e. Flat 16 on Level 
4 of Grenfell Tower, is documented in a series of videos and images captured by 
members of the public, and by CCTV, amongst other media. lt should be noted that 
at time of writing the specific time at which some of this media was captured 

49 A number of significant external cladding fires involving similar materials and products have occurred in 
recent years. Several of these are described in Professor Jose Torero's initial Phase 1 report. 
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remains unknown. Nevertheless, the sequence of vertical fire spread, as well as the 
approximate rates of spread, can be estimated from the available evidence. 

6.1.1. Review of Photo Evidence 

773. The earliest still photo that shows that the cladding had ignited was captured at 
01:14:53 [MET00006589]. Several subsequent photos exist that show upward 
vertical fire spread on the East Face from Flat 16 [e.g. MET00006589, 
MET00006591, MET00006593, MET00006720, and MET00006722]. Each of these 
later images shows aspects of the progression of fire that are also captured in video 
evidence -these photos are not, therefore, considered further in this Phase 1 
report. Instead, I have focused on the available video evidence. 

6.1.2. Review of Video Evidence 

77 4. The upward vertical spread of the fire from Flat 16 is evidenced in this Phase 1 final 
report by a total of 40 videos; these have been analysed to identify the following: 

775. Video timestamps. The time at which each video was captured was identified by 
using known50 video timestamps (as provided directly by the MPS) or by 
correlating events in the videos to CCTV footage from within Grenfell Tower. 

776. The sequence in which they occurred. This was identified based on the 
approximate size of the visible fire and comparison with videos with a known 
timestamp. 

777. Any overlap between the videos. Overlap between the videos was identified 
based on matched audio (e.g. background audio recorded in the videos) and 
matched visual content (e.g. simultaneous observation of specific falling debris 
or other visual cues noted in two or more videos). 

778. Note: No numerical image or audio analysis has been undertaken on these 
videos. The assessments in this report must therefore be considered as 
indicative, rather than exact. 

779. Table 12 provides the evidence reference numbers for the videos used in my 
examination of upward vertical fire spread from Flat 16, the sequence in which they 
occur, their timings (where known), and any overlap between the videos. 

780. The videos in Table 12 document a total timespan of approximately 19 minutes; 
approximately 17 minutes of this total timespan is captured within the currently 
available video footage. 

781. The compiled video (Bisby Video 1) is provided in this report's accompanying data 
and should be viewed in full prior to reading the following section. 

50 In generating the timings in this report, I have relied on timestamps and time corrections provided by the 
MPS via the Grenfell Tower Inquiry and by the Grenfell Tower Inquiry itself. In some cases, the available 
timestamps are based on the source file information generated by the clock within the device on which the file 
was captured (e.g. mobile phone footage). Some of these timestamps have not been definitively confirmed, 
although where possible they have been compared and correlated against other footage with a known 
timestamp. 
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Table 12 Video file key information (table continues on following page). 

Order Evidence Reference Start End Source of timestamp Other notes 

1 MET000083355 Pt 1 01:05:40 01:05:53 Provided by MPS 

2 MET00007251 01:06 01:06 Based on audio 
comparison 

3 MET000083355 Pt 2 01:07:51 01:08:00 Based on match to 
internal CCTV 

4 METM000083356 01:08:10 01:08:25 Provided by MPS 

5 MET000083357 01:09:30 01:09:40 Provided by MPS 

6 IWS00000048 01:09 01:09 Based on IWS00000038 
(witness statement) 

7 IWS00000036 01:09:45 01:10:09 Based on match to 
internal CCTV and by 
reference to 
IWS00000038 

8 MET00007242 01:11 01:11 Based on social media 
timestamp 

9 IWS00000054 01:11:12 01:12:17 Based on match to 
internal CCTV, by 
reference to 
IWS00000038 and by 
audio/visual match to 
MET000083358 

10 MET000083358 01:12:04 01:12:16 Provided by MPS 

11 IWS00000055 01:12 01:12 Based on IWS00000038 

12 IWS00000050 01:13:29 01:15:22 Based on match to 
internal CCTV 

13 MET000083359 01:15:36 01:15:55 Provided by MPS This video is 
cropped in the 
compiled video 
evidence due to 
overlap with 
other clips 

14 MET00006576 01:15:41 01:15:56 Based on match to This video is 
MET000083359 cropped in the 

compiled video 
evidence due to 
overlap with 
other clips 

15 IWS00000059 01:15:44 01:17:24 Based on match to 
MET000083359 and by 
reference to 
IWS00000038 

16 MET00006834 01:15:44 01:15:54 Based on match to 
MET000083359 

17 MET00004392 01:15:50 01:17:51 Based on match to 
MET000083359 and 
IWS00000059 

18 MET00007243 01:15:56 01:16:00 Based on match to This video is 
IWS00000059 timestamped in 

social media at 
01:16. 

19 MET00006577 01:16:25 01:16:52 Based on match to 
IWS00000059 and 
MET00004392 
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20 MET00007266 01:18:48 01:20:07 

21 IWS00000053 01:18:53 01:19:19 

22 MET00006833 01:19:42 01:19:52 

23 MET000083361 01:21:04 01:21:18 

24 MET00007282 01:21:15 01:22:47 

25 IWS00000029 01:21:15 01:21:48 

26 IWS00000039 01:21:53 01:22:38 

27 MET00007245 01:22:15 01:22:25 

28 MET000083362 01:22:55 01:23:01 

29 MET00006905 01:23:01 01:24:54 

30 MET00006935 01:23:22 01:25:29 

31 IWS00000027 01:23:32 02:23:43 

32 MET00007279 01:23:36 01:25:48 

33 MET00006906 01:25:33 01:26:37 

34 IWS00000023 01:25:44 01:26:19 

35 IWS00000383 01:25:57 01:26:14 

36 IWS00000046 01:26:54 01:28:54 

37 MET00007284 01:27:05 01:27:58 

38 MET00007249 01:27:32 01:27:38 

39 MET00006907 01:28:29 01:29:23 

40 MET00006578 01:28:32 01:29:25 

THE UNIVERSITY if EDINBURGH 
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Based on match in 
internal CCTV 
Based on visual match to 
MET00007266 
Based on visual match to 
MET00007266 
Provided by MPS 

Based on match to 
internal CCTV 
Based on match to 
internal CCTV 
Based on audio/visual 
match to MET00007282 
Based on match to 
IWS00000039 and 
MET00007282 - and by 
reference to social media 
timestamp 
Provided by MPS 

Based on match to This clip is 
internal CCTV cropped in the 

compiled video 
evidence due to 
overlap with 
other clips 

Based on visual match to 
MET00006905 
Based on visual match to 
MET00007279 
Based on visual match to 
MET00006905 
Based on audio/visual 
match to MET00007279 
Based on visual match 
MET00006906 
Based on visual match to 
MET00006906 
Based on visual match to 
CCTV and IWS00000038 
Based on match to 
IWS00000046 
Based on audio/visual 
match to MET00007284 
and IWS00000046 
Based on audio/visual 
match to IWS00000046 
Based on visual match to 
MET00006907 
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782. Based on the timeline of fire spread to external cladding provided in the preceding 
section, the following observations can be made regarding the external fire spread 
once the external cladding became involved. 

783. At 01:09:57 (Figure 85), it is observed that burning material is on the ground below 
the kitchen window of Flat 16. 

784. At 01:11:45 (Figure 85), it is observed that there appears to be burning material on 
the AGM cladding below the window opening of Flat 16; 

785. At 01:12:00 (Figure 86), it is observed that flames are extending beyond the edge 
of the rain screen cladding cassettes. 

786. Between 01:12:04 and 01:12:15 (Figure 87), it is observed that: 

787. there appears to be burning material on the AGM cladding; 

788. burning material is falling from the external cladding; and 

789. falling, flaming debris which has landed on the ground is continuing to burn. 

790. Between 01:13:29 and 01:15:22 (Figure 88), it is observed that: 

791. intermittent flames are present at the joint between the column and the spandrel 
panel cassettes at the start of this video (this is also consistent with the witness 
testimony provided earlier in Section 5.4 ); 

792. continuous flaming is established at the joint between the column and the 
spandrel panel cassettes before 01:14:16; 

793. at the start of this video intermittent flames are also present at the joint between 
adjacent spandrel panel cassettes; 

794. burning material is falling from the window opening; and 

795. some burning material is present on the ground. 

796. At 01:14:53 (Figure 89), it is observed that: 

797. molten and burning material appear to be present on the top, outer surface of 
the AGM rainscreen cladding immediately below the kitchen window of Flat 16; 

798. the fire appears to have spread vertically down the corner between the column 
line and the adjacent spandrel beam AGM cassette; and 

799. the flame has extended significantly above the kitchen window of Flat 16; 
however due to overexposure of the image it is not possible to determine 
whether this shows that flames are extending from within the compartment of 
origin, or rather that this is evidence of burning of the external cladding itself. 
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800. At 01:15:06, a noise is interpreted as the breakage of the glazing within the kitchen 
window of Flat 16 (this is also remarked upon by a voice in the video "the glass is 
cracking"). This is immediately (less then 10 seconds) followed by an increase in 
flame length (this is also remarked upon by witnesses in the video, e.g. "its getting 
bigger now"). 

801. Between 01:15:36 and 01:15:52 (Figure 90 and Figure 91) it is observed that: 

802. the upper tip of the external flaming is approximately between levels 6 and 7; 

803. a large amount of burning material is falling from the area of the fire; and 

804. the smoke from the fire is drifting from south to north. 

805. Between 01:16:25 and 01:16:52 (Figure 92 and Figure 93), it is observed that: 

806. intermittent external flaming exists between levels 6.551 and 7.5 (note that in 
general, diffusion flames pulsate and are non-continuous, hence use of the 
terminology 'intermittent' to describe approximate flame extents); 

807. continuous external flaming is observed between levels 4.5 and 6.5; 

808. the highest point of intermittent external flaming is in the vertex of the junction 
between the column line and the faces of the spandrels; 

809. a hose stream is applied onto the external cladding from ground level (for the 
first time, based on the available visual evidence) with firefighting water being 
applied to the cladding immediately below Level 4; and 

810. burning material continues to fall from the region of the fire. 

811. The subsequent videos were captured predominantly from positions farther away 
from the base of the building. This evidence can be used to estimate the 
approximate extent and progression of the fire. However, in some of these videos it 
is not currently possible to identify the precise level to which the fire has spread on 
the building. In general, it is possible to deduce the floor levels based on other 
images which clearly show the top of the building, and from flats where lights are 
turned on or off and correlated to other images captured at the same time. 

812. Several floors are approximately identified in Figure 94; these are used in this 
section as reference locations for subsequent image interpretation of upward 
vertical fire spread progression. 

813. Between 01:21:04 and 01:21:19 (Figure 95) it is observed that: 

814. the peak of the intermittent flame is approximately at Level11.5; and 

51 External fire spread locations have been approximated to the nearest half storey. Greater fidelity in visual 
determination of the extend fire spread is not possible due to the quality of the available photos and videos, 
and the fact that only an approximate visual assessment has been undertaken to date. Half storeys are 
identified visually by the levels of the window sills in the spandrel sections of the building. 
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815. the peak of the continuous flame is at approximately Level 1 0.5. 

816. Between 01:21:15 and 01:22:47 it is observed that: 

817. at the start of the video the maximum vertical extent of the fire is the top of Level 
10; 

818. after 45 seconds, the maximum vertical extent of the fire is the top of Level 11; 

819. after 90 seconds, the maximum vertical extent of the fire is the top of Level 12-
with intermittent flaming extending past the window level of Level 13; and 

820. during this time, the rate of vertical fire spread is approximately 0.75 floors per 
minute (or 1.3 minutes per floor). 

821. Between 01:23:36 and 01:26:37 (Figure 97) it is observed that: 

822. at the start of this sequence the maximum vertical extent of the fire is the top of 
Level15; 

823. after 60 seconds, the maximum vertical extent of the fire is the top of Level 17; 

824. after 120 seconds, the maximum vertical extent of the fire is the top of Level 19; 

825. after 180 seconds, the maximum vertical extent of the fire is in the middle of 
Level23; and 

826. this evidence suggests that, during this period, the rate of fire spread 
accelerates from approximately two storeys per minute to approximately four 
storeys per minute. 

827. Figure 98 shows the final stages of upward vertical fire spread from Flat 16. The 
exact timestamp of this video is unknown. lt is observed that: 

828. at the start of the video flames extend above the windows at Level 23; and 

829. at approximately 34 seconds, the flame is continuous at the roof level parapet. 

830. Between 01:27:05 and 01:27:58 (Figure 99) it is observed that the fire had spread 
to the roof level. 

831. After 01:27:42 flaming at the top of the architectural crown is observed to be 
continuous. 

832. At approximately 01:29:-- (Figure 100) a CCTV image was captured. lt is observed 
from this image that fire had reached its maximum height at the top of the 
northernmost bay of the East Face. 
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a) 

Figure 85 

Figure 86 

Burning material on 
ACM below window 

Burning debris 

b) 

Annotated extracts from a) [MET000083358] at 01 :09:57; and b) 
[IWS00000054] at 01:11:45. 

Zoomed extract from IWS00000054 at 01:12:00. 
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Burning debris 

Figure 87 

Falling debris 

Flames extend from window 

Annotated extracts from [MET000083358] (captured between 
01 :12:04 and 01 :12:16). 
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a) 

b) 

Intermittent flame 
between spandrel 

cassettes 

Intermittent flame at vertex 
of column and spandrel 

Equivalent location on 
West Face 

Equivalent location on 
West Face 

Figure 88 Annotated extracts from [IWS00000050 and MET00004480] a) 
Intermittent flaming between the spandrel cassettes above between 
Level4 and Level5 (captured at 01:13:31); b) intermittent flaming at 
the vertex of the column and the spandrel (captured at 01 :13:33). 
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a) 
Figure 89 

Figure 90 

b) 

Flame or reflection 
on column ACM 

Molten burn ing 
material on lower 
ACM 

Extract from image [MET00006589] (captured at 01 :14:53). Light 
balance has been changed to allow clearer interpretation. a) Image 
with updated balance; and b) my interpretation . 

.--- Streetlight 

Falling , burn ing 
material 

Annotated images from [MET00006576] and [MET00006834], with 
levels marked as bottom of window sill for each level noted (captured 
between 01:15:41 and 01 :15:54). 
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Streetlight 

Base of 
intermittent flame 

Falling, burning 
material 

Figure 91 Annotated image from [MET00006576] (01 :15:41 ). Levels indicate the 
approximate base of the window sill for each floor level. 

164 

LBYS0000001_0164 



Grenfell Tower Inquiry THE UNIVERSITY if EDINBURGH 

School of Engineering Luke Bisby- Phase 1 - Final Expert Report 

L04 L05 L06 L07 L04 L05 L06 L07 

Figure 92 

Figure 93 

Corner 
column 

Top of intermittent 
flame 

Base of intermittent 
flame 

Hose stream 

Corner 
column 

Two annotated images from [MET00006577] (captured between 
01:16:25 and 01 :16:52). Levels indicate the approximate base of the 
window sill for each floor. 

Fall ing , burning 
material 

Annotated image from [MET00006577] (captured between 01:16:25 
and 01 :16:52). 
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Figure 94 

L21 (lights) L 17 (lights) L 19 (lights) 

L23 L 17 (lights) L 13 (lights) 

Annotated extract from [MET00006907] (captured between 01:28:29 
and 01 :29:23) and brightened extract from [MET00007282] (captured 
between 01:21:15 and 01 :22:47). 
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L 13 (lights) 

Time in video: Os 

L 13 (l ights) 

Time in video: 13s 

Figure 95 

L10 L 13 (lights) L10 

Time in video: 1s 

L1 0 

Annotated extracts from [MET000083361] (captured between 
01 :21 :04 and 01 :21 :18). 
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L 13 (lights) L 10 

Time in video: Os 

Figure 96 

L 13 (lights) 

Time in video: 1 s 

Figure 97 

L 13 (lights) L 11 L 13 (l ights) L1 2 

Time in v ideo : 45s Time in video: 90s 

Annotated extracts from [MET00007282] (captured between 01:21:15 
and 01 :22:47). 

L 17 (lights) L 13 (lights) 
L17 (lights) L20 

Time in video: 60s Time in video: 120s Time in video: 180s 

Annotated extracts from [MET00007279] and [MET00006906] 
(captured between 01:23:36 and 01 :26:37). 

L23 
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Time in video: 1s 
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L23 Parapet/crown 

Time in video: 34s 

Figure 98 Annotated extracts from [MET00007284] (captured between 01:27:05 
and 01 :27:58). 
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Top of crown 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Figure 99 Annotated extract from [MET00007284] (captured at 01 :27:42). 
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Figure 100 Annotated extract from CCTV footage from South-West Camera. 
Note that the timestamp on this footage is incorrect. Based on 
matches to other timestamped footage of lights being turned off within 
Grenfell Tower, the corrected time stamp is approximately +58 
minutes, to give 01 :29:--. 
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833. Current external cladding fire testing protocols and standards are not a focus of this 
Phase 1 report. Nevertheless, in this section of the report, I have considered some 
available evidence about potential routes of fire spread, based on standardised 
testing which was undertaken by government shortly after the Grenfell Tower fire. 

834. Following the Grenfell Tower fire the (then) Department of Communities and Local 
Government (DCLG) commissioned a series of seven BS 8414-1 large scale 
cladding fire tests [19]. The first of these tests (denoted DCLG1) tested the 
performance with respect to external fire spread of an external cladding system 
which used a combination of cladding materials, products, and build up that were 
similar, but not identical either in materiality or geometry, to those that comprised 
the refurbishment external cladding system installed on Grenfell Tower. The 
products used in the test in question were AGM rainscreen with PE filler, foil-faced 
PIR insulation, and Siderise stone wool cavity barriers similar to those present at 
Grenfell Tower. A 50mm air gap was provided between the rainscreen (AGM) and 
thermal insulation (PIR) products. 

835. Figure 101 shows the development of the external cladding fire in Test DCLG1, and 
the final condition of the tested (approximately) 8.5 metre high assembly. lt is 
noteworthy that this test was terminated 8 minutes 45 seconds after ignition due to 
rapid escalation of the fire, which spread upwards over and within the external 
cladding system. No useful data are therefore available after this time. 

836. lt should also be noted that to 'pass' a BS 8414-1 test (noting that 'pass/fail' 
terminology is not actually used to classify BS 8414 testing), a cladding system is 
required, amongst other things, to not experience rapid escalation of vertical fire 
spread within a period of 30 minutes -thus the DCLG1 outcome must be 
considered as a particularly unsatisfactory result as regards escalation of external 
fire spread. Given this result, and the available technical literature, it is highly 
unlikely in my opinion that any realistic external cladding system which uses an 
AGM rainscreen with a non-fire-retarded PE filler could be expected to pass a BS 
8414-1 test, based on the failure criteria set out in BRE 135 [20]. At the time of 
writing, I am not aware of any test evidence to the contrary. 

837. Several observations can be made about the video of this test [Department for 
Communities and Local Government document CLG10000380]. These 
observations can inform the understanding of what may have occurred during 
escalation of the external cladding fire at Grenfell Tower: 

838. Despite the large (approximately 3.0 MW peak heat release rate) timber crib fire 
source provided below the cladding system in a BS 8414-1 test, there was a 
time delay from the time when flames were present in front of the AGM (about 
1 :32 minutes into the test), to the time when the AGM could be clearly identified 
as burning (about 4:33 minutes into the test). Thus, a delay of approximately 3 
minutes in this particular cladding configuration. 

839. Burning of the AGM in this test initially appeared to occur along the exposed 
(i.e. cut) edge of the AGM rain screen product. 
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840. The AGM panels (which were configured as flat, riveted panels rather than as 
AGM cassettes in this test arrangement) were observed to deform and separate 
(i.e. the aluminium faces debonded from the PE filler). 

841. Once the panels had separated, the fire escalated rapidly. 

842. A significant amount of melting, dripping, burning PE was observed during the 
test, and this collected and formed a pool fire on the floor of the testing 
laboratory in front of the tested assembly. 

843. A similar test (DGLG2) was also conducted in which stone wool insulation was 
substituted for PIR thermal insulation. Similar behaviours were observed to those 
noted above [GLG10000381], and the test was terminated after only 7 minutes 9 
seconds due to the slightly earlier escalation of the fire. This result suggests that, 
for the DGLG external cladding test assembly configurations tested, the presence 
of combustible PIR cavity insulation did not discernibly negatively affect the testing 
outcome, as compared against a system incorporating stone wool cavity insulation. 

844. However, this observation must be treated with caution, is presented purely for the 
purposes of illustration, and should not be generalised in any way as being 
applicable to differing systems, applications, or geometries. 

Time in video: 1:32 

Deformation of 
ACM 

Time in video: 2:32 

Flaming from edge 
of ACM 

Time in video: 4:33 

Flaming from Falling 
edge of ACM molten PE 

Time in video: 6:18 

Figure 101 Annotated extracts from DGLG video [GLG1 0000380] showing the 
progression of the fire during an 8.5 m tall BS 8414-1 [19] test on a 
cladding arrangement that used similar rainscreen (Test DGLG1 ), 
cavity thermal insulation, and cavity barrier products to the Grenfell 
Tower cladding refurbishment external cladding build up. lt should be 
noted that the geometry of this arrangement (i.e. fixing details or 
cassette formation) was not based on the arrangement found at 
Grenfell Tower. 
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DamagedACM 

After test 

Figure 102 Annotated extracts from DCLG video [CLG1 0000380] showing the 
progression of the fire during an 8.5 m tall BS 8414-1 [19] test on a 
cladding arrangement that used similar rainscreen (Test DCLG1 ), 
cavity thermal insulation, and cavity barrier products to the Grenfell 
Tower cladding refurbishment external cladding build up. Test 
extinguished 8 minutes 45 seconds after ignition. lt should be noted 
that the geometry of this arrangement (i.e. fixing details or cassette 
formation) was not based on the arrangement found at Grenfell 
Tower. 

6.1.5. Analysis and Discussion 

845. Despite the complexities introduced by the cladding system at Grenfell Tower (for 
example the particular geometry, material, and product combinations, cavity barrier 
configurations and placement, additional combustible materials present, and 
presence of extensive voids and cavities) some illustrative comparisons with the 
available technical literature can be made. 

Acceleration of Fire Spread 

846. Acceleration of upward vertical fire spread was observed on the East Face of 
Grenfell Tower, as described in Section 6.1 above. The measured upward vertical 
fire spread rates from the videos discussed earlier in this section are presented in 
Table 13. 
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Table 13 Approximate upward vertical fire spread rates in the Grenfell Tower fire 
as a function of building level. 

Level Floors per minute Seconds per floor Metres per second (m/s) 
10-13 0.75 80 0.03 
15-19 2 30 0.09 
19-23 4 15 0.17 

847. The approximate maximum height of continuous flaming has been plotted based on 
the observations given in Section 6.1.3. Figure 103 shows that the upward vertical 
fire spread at Grenfell Tower was self-accelerating- i.e. the growth rate increased 
approximately exponentially once the cladding had ignited. This indicates that, 
although the products that comprised the cladding at Grenfell Tower were 
composite materials, the overall phenomena were similar to those that would be 
broadly expected for vertical flame spread up a solid fuel surface, as discussed in 
Section 2.4.1. 
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Figure 103 Height of the flaming on the external cladding of Grenfell Tower as a 
function of time. Due to the potential errors originating from visually 
interpreting the video evidence, error bars of ±1 storey are plotted for 
storeys of the building above Level 4. 

848. A number of other external cladding fires involving AGM cladding with a PE filler 
material have occurred in recent decades. lt is instructive to draw comparisons with 
the fire that occurred at Grenfell Tower. This has not been the focus of my Phase 1 
work but may form part of my work at Phase 2. Inquiry expert Professor Jose 
Torero has reported in some detail on other cladding fires that have occurred 
internationally. 

849. In the context of escalation rates for external cladding fires involving PE filled AGM 
rainscreen cladding, the upward vertical fire spread rates observed at Grenfell 
Tower were not unprecedented. A notable previous example was the external 
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cladding fire which occurred on 31 81 December 2015 at The Address Downtown 
Dubai. This building is a 63-story, 300+ metre supertall hotel and residential 
highrise in Dubai, United Arab Emirates. 

850. I have not obtained any official information regarding The Address Downtown Dubai 
fire. However, media reports suggest52 that the fire started on a terrace at the 201h 

Floor. The external rain screen cladding of the building -which according to these 
media reports was an AGM cladding with a PE filler53 quickly became involved in 
the fire, and I consider it likely that this was the primary cause of rapid escalation 
and flame spread up the building's exterior. 

851. A 5:07 minute video showing the progression of the external cladding fire at The 
Address Downtown Dubai is available on the World Wide Web54. This video shows 
progression of the fire from burning over 1-2 levels, to involving more than 25 
stories and also spreading horizontally across one face of the building. 

852. For the purposes of illustration, and to demonstrate that rapid escalation of external 
cladding fires on buildings which incorporate significant amounts of PE filled AGM 
rainscreen is anything but unexpected, a cursory upward vertical fire spread 
analysis was undertaken for comparison with the upward vertical flame spread 
observed at Grenfell Tower- this is shown in Figure 104. lt is noteworthy that the 
Address Downtown Dubai fire was very widely reported in both on line and 
television news coverage, and it occurred during the period that the Reynobond PE 
rainscreen was installed on Grenfell Tower as part of the overall refurbishment. 

52 https://www.cbsnews.com/news/fire-new-year-fireworks-display-dubai-building/_(see Appendix D). 
53 https://www.thestar.com/business/2016/01/19/how-a-common-building-material-turned-a-dubai-hotel-fire
into-an-inferno.html (see Appendix D). 
54 https://www.youtube.com/watch?v=mu6JIAmjTEc (see Appendix D). 

176 

LBYS0000001_0176 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

25 .-------------------------------------------. 

• The Address, Dubai 
20 oGrenfell Tower 

L... 

a.l 

~ 15 

! :::::l 
c 
>. 
~ 10 
0 ! U5 

5 

! p pp 
0 o=~~~~-=--------------------------------~ 

00:00:00 00:05:00 00:10:00 

Time 

00:15:00 00:20:00 

Figure 104 Approximate comparison of flame heights during The Address 
Downtown Dubai Fire as compared with the Grenfell Tower Fire (note 
that the horizontal axis is not real time in this figure). Rapid upward 
vertical fire spread in the Address Fire may be related, in part, to the 
formation of a large pool fire of melted PE at the base of the burning 
cladding or to (currently unknown) differences in cavity insulation 
products used. No pool fire was observed at Grenfell Tower, due in 
part to fire service intervention at ground level. 

Formation of Pool Fires 

853. There is no evidence to suggest that a sustained pool fire formed for any significant 
period of time at the base of Grenfell Tower. However, there is some evidence 
(which I highlight in the following sections), of small, localised, pools of burning, 
melted PE forming on and within the cladding system during the fire. Indeed, the 
external cladding system at Grenfell Tower contained a number of internal and 
external ledges that could have provided locations for the formation of localised 
pool fires of melted PE filler material (e.g. refer to Figure 19, Figure 20, Figure 21, 
Figure 26, and Figure 37). 

6.1.6. Hypotheses of Upward Vertical Fire Spread 

854. This section examines a number of hypotheses with respect to the upward vertical 
fire spread observed at Grenfell Tower. Upward vertical fire spread occurred over 
the East Face of Grenfell Tower, originating where the cladding was first ignited 
adjacent to the kitchen window of Flat 16. Vertical fire spread then progressed, in 
an approximately exponential manner (Figure 1 03), upward, and slightly outward 
from the point of origin. The fire spread reached the top level of the Tower in 
approximately 20 minutes. 

855. Continued fire spread beyond this point (i.e. from the top of the East Face) appears 
to have been the result of a combination of downward vertical (Hypotheses D, later) 
and horizontal (Hypotheses E, later) fire spread. 
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856. All three fire spread directions (i.e. upward vertical, downward vertical, and 
horizontal) are complex and interrelated; they are treated separately in this report in 
an attempt to highlight the potential physical fire spread mechanisms during the fire. 
This independent treatment is important, both because it will allow the physical 
causes of the Grenfell Tower fire to be properly understood, and because it will 
assist the fire safety community in addressing fire safety concerns associated with 
cladding on other buildings, where different materials, products, systems, and 
geometries have been used. 

857. I consider all of the hypotheses presented below to be significant to the Inquiry. The 
concepts presented are necessarily complex, however I have endeavoured to use 
this set of structured hypotheses to allow non-specialist readers to follow the logic 
of my reasoning. 

858. Hypothesis C1: 
The rapid upward vertical fire spread observed at Grenfell Tower was 
primarily due to the presence of aluminium composite (ACM) rainscreen 
cassettes with polyethylene (PE) filler material. 

859. All of the available evidence presented thus far in Section 6 of this report strongly 
supports Hypothesis C1. I consider the presence of PE filled AGM rainscreen 
cladding cassettes to be, by a considerable margin, the most important factor 
contributing to upward vertical fire spread (and indeed to external fire spread 
generally) during the Grenfell Tower fire. 

860. Section 4.1 0.1 noted that thermoplastic polymers (such as PE) soften and melt on 
heating, and that they have high calorific values when compared with other 
common construction materials, thus providing an ideal fuel source for a growing 
and spreading fire. 

861. A number of additional contributing mechanisms and/or factors may have played 
(as yet unquantified) roles in the upward vertical fire spread observed over the East 
Face of Grenfell Tower above Flat 16. These include: 

862. the presence of combustible PIR insulation within the rainscreen cavity (and 
elsewhere within the cladding system build up as shown in Figure 14, Figure 16, 
Figure 17, Figure 18, Figure 19, Figure 21 ), and as noted under Hypothesis C2; 

863. the presence of a number of extensive vertical channels and cavities within the 
external cladding system's geometry (discussed in Section 3.2.4.1) (see 
Hypothesis C3 below); 

864. the prevailing wind at the time of the fire (see Hypothesis C4 ); and 

865. the overall physical shape and geometry of the tower, as well as the 
material/product layout over its external surface (see Hypothesis C5). 

866. Each of these is discussed in turn below. 

867. Hypothesis C2: 
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The presence of combustible (PIR) thermal insulation within the external 
cladding system significantly contributed to the rate and/or extent of upward 
vertical fire spread observed at Grenfell Tower. 

868. This hypothesis is supported by the following facts, evidence, and observations: 

869. PIR foam insulation materials are combustible and can therefore contribute to 
the overall heat release rate of a fire. This would contribute to the heating of 
materials above the burning area (see Section 2.4.1 ), particularly in the 
presence of an external heat flux (e.g. from burning PE filled AGM rainscreen 
cassettes). 

870. PIR has a low thermal inertia, and as such would provide thermal insulation to 
the back face of the external cladding cavity, thus retaining heat within the 
cladding and indirectly contributing to the rate of heating of other combustible 
materials present. 

871. In all cladding locations that I have inspected to date, as well as in all 
Metropolitan Police Service SOCO photos that I have seen of the post-fire 
cladding removal process, the cut edges of PIR insulation boards within the 
rainscreen cavity are not covered by foil facing or aluminium tape (see e.g. 
Figure 21 and Figure 25). Indeed, throughout all of my own post-fire site 
investigations at Grenfell Tower, as well as my review of MPS SOCO photos 
taken during the cladding deconstruction process, I have yet to observe any 
evidence that cut edges of PIR insulation board were systematically sealed by 
application of aluminium tape. 

872. Thus, within the rainscreen cavity exist a number of exposed PIR surfaces 
(primarily on the columns and along column lines). Given the low thermal inertia 
of PIR and its inherent combustibility (Section 4.1 0.1.3), these exposed surfaces 
can be expected to spread flame in the presence of an external heat flux (as 
would have been present during the Grenfell Tower Fire). 

873. I have also observed this experimentally in research undertaken by the 
University of Edinburgh under EPSRC Grant EP/R023875/1. 

874. The particular flame spread hazards associated with exposed surfaces of PIR 
insulation generally (and Celotex RS5000 specifically) are not known at the time 
of writing, and I am not aware of any publicly available research which has 
specifically investigated this product. Additional experimental work will be 
undertaken at the University of Edinburgh during Phase 2 to further quantify the 
influence of this. 

875. Considerable charring of PIR insulation products is evident in post-fire photos of 
Grenfell Tower (e.g. in Figure 115 to Figure 118). In order for this to be the case, 
significant pyrolysis would have necessarily occurred, thereby liberating flammable 
gases in the process (attempts will be made at Phase 2 to quantify this). 

876. However, Hypothesis C2 is not supported by the following evidence: 
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877. As already noted, a series of large scale (BS 8414-1) cladding fire tests were 
commissioned by the (then) DCLG [CLG10000380, CLG10000381] in the 
weeks following the Grenfell Tower fire. These demonstrated that the use of PIR 
insulation within the rainscreen cavity did not obviously exacerbate escalation of 
vertical fire spread, when compared against an otherwise identical cladding 
build-up with stone wool insulation. Both of these tests incorporated AGM 
rainscreens with PE filler materials, similar cavity barrier systems and details, 
and similar geometries55 . 

878. No obvious increase in rate and/or extent of external flaming was apparent in 
the DCLG testing for the system incorporating the combustible PIR cavity 
insulation. Unfortunately, the total heat release rate of the fires was not 
measured during these tests. 

879. lt should be noted that the PIR used in these tests was, as far as I have 
understood from the available reports, protected from direct flame impingement 
by foil facings or foil tape (i.e. the joints and cut edges were not exposed within 
the cavity in these tests, as appears to have been the case at Grenfell Tower). 

880. The current evidence with respect to Hypothesis C2 is inconclusive. On the basis of 
the evidence presented, I consider it likely that the presence of combustible PIR 
insulation exacerbated, although to an (as yet) unquantified degree, upward vertical 
fire spread at Grenfell Tower. 

881. lt must be stressed here that any specific effects resulting from the presence of the 
PIR insulation have not yet been rigorously quantified. Laboratory testing at Phase 
2 will be undertaken to elucidate the potential contribution(s) of various types of 
backing insulations on fire development in rainscreen cavity external cladding 
systems, such as the refurbishment cladding system installed on Grenfell Tower. 

882. In the wake of the Grenfell Tower fire, a range of additional government, academic, 
and private industry research projects are underway to further inform an 
understanding of the fire performance of ventilated rain screen (and other) cladding 
systems. The evidence resulting from all relevant external research projects will 
also be considered and reported on (to the extent that it is made available to me) at 
Phase 2. 

883. Hypothesis C3: 
Continuous vertical channels and extensive internal cavities that are present 
within the refurbishment external cladding system contributed to the rate 
and/or extent of upward vertical fire spread observed at Grenfell Tower. 

884. Figure 28 and Figure 29 show that continuous vertical channels and extensive 
vertical cavities existed within the external cladding system at Grenfell Tower. 
Horizontal cavity barriers were cut to accommodate vertical aluminium cladding 

55 The reader is reminded that cladding systems using the same nominal materials and products can be 
assembled in a multitude of different ways. The tests commissioned by (then) DCLG were different from the 
refurbishment external cladding system installed on Grenfell Tower in a number of potentially significant ways, 
including geometry, fixing types, rainscreen configuration, and cavity barrier placement. Additional testing to 
be reported on at Phase 2 is planned to further elucidate Hypothesis C2. 
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rails (e.g. Figure 25 and Figure 26), and no cavity barriers were placed within these 
rails. 

885. The two key locations where these vertical channels and extensive vertical cavities 
are evident is at the column tips (Figure 18 and Figure 22) and along the sides of 
the column lines running vertically along the vertex of the junction between the 
column and spandrel sections of the cladding (Figure 17 and Figure 23)- i.e. along 
the sides of the windows next to the columns. In both of these locations it was 
possible for fire to spread both within the cladding cavity and within a partially 
enclosed vertical channel, and in both cases the flames spreading in this way were 
directly adjacent to cut edges of combustible PE filled AGM rainscreen cassettes. 

886. lt is known that continuous vertical channels and extensive vertical cavities within 
external cladding systems promote upward vertical fire spread [19]. Prior 
researchers have noted that when flames are confined within a vertical cavity (or 
channel) they tend to elongate, leading to flame extension of five to ten times that 
of the expected unconfined flame lengths. This is true even in cavities without 
additional combustible materials present but is made worse by the presence of 
combustibles. 

887. This flame extension effect can support rapid, potentially unseen, fire spread within 
an external cladding system. This is a key reason why horizontal cavity barriers are 
considered important within rainscreen cladding systems, particularly when 
combustible cladding and/or insulation products are used. 

888. At the time of writing I am not aware of any definitive evidence that the continuous 
vertical channels and extensive cavities, which have been shown to exist within the 
refurbishment external cladding system of Grenfell Tower (see Section 3.2.4 ), 
played a role in promoting or accelerating upward vertical fire spread. 

889. The video [IWS00000050] shows that, in the minutes following ignition of the 
cladding materials outside the kitchen window of Flat 16 (i.e. beginning at about 
01:13:33, see Figure 88) intermittent flaming can be see extending along the 
extensive vertical cavity which exists at the vertex between the column and 
spandrel sections, suggesting that the presence of this cavity provide a route for 
first spread of flames up the East Face of Grenfell Tower. 

890. The video compilation of vertical fire spread that I have developed (see also 
Section 6.1.2, Table 11, and Table 12) also shows that the vertical fire spread up 
the East Face of Grenfell Tower occurred most quickly up Column B5. This may be 
due to: 

891. (1) the presence of vertical channels and extensive vertical cavities; 

892. (2) because this is directly above the location where the cladding appears to 
have been first ignited; 

893. (3) because of the re-entrant corner (see Hypothesis C5) resulting from the 
triangular protrusion of the cladding system at the column line; or, more likely 
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895. Oral testimony provided by BSR core participants during the Phase 1 public 
hearings also supports the idea that the presence of vertical channels and 
extensive vertical cavities may have promoted vertical flame extension and vertical 
fire spread. This was previously discussed in Section 5.4. 

896. Thus, on the basis of the available evidence it is not currently possible to definitively 
accept or reject Hypothesis C3. However, on the balance of probabilities, and given 
the available video evidence and oral testimony, along with the known importance 
of vertical channels and extensive vertical cavities in promoting vertical flame 
extension, I consider it likely that these features of the external cladding system at 
Grenfell Tower contributed to rapid upward vertical fire spread. 

897. Again, laboratory-based experimentation is underway to interrogate and attempt to 
quantify this issue. This will be reported on at Phase 2. 

898. Hypothesis C4: 
The prevailing wind at the time of the fire played a significant, quantifiable 
role promoting upward vertical fire spread. 

899. Examination of images and videos of the Grenfell Tower fire does not demonstrate 
any obvious influence of wind on the rate or extent of upward vertical flame spread. 

900. The wind speed at Grenfell Tower at the time of the fire is not known precisely. 
However, if considered critical it could be approximately determined using image 
correlation analysis of smoke visible in videos of the early fire growth and spread to 
the external cladding (smoke is observed to drift northwards in these videos, for 
example see the video compilation based on Error! Reference source not found. 
of this report). 

901. Met Office data from Kew Gardens [WEA00000002] at the approximate time of the 
early fire development (i.e. 01:00 on 141h June 2017) states an hourly mean wind 
speed in the general geographic area of 0.51 m/s (i.e. 1 Knot), with gusts up to 
1.54m/s (3 Knots). These velocities are low by comparison to the upward velocity of 
the buoyant plume generated by the fire. 

902. The above discussion favours rejecting Hypothesis C4. 

903. Hypothesis CS: 
The specific overall geometry (i.e. shape) of Grenfell Tower and its external 
cladding system played a significant role promoting upward vertical fire 
spread. 

904. The refurbishment external cladding system at Grenfell Tower, rather than being 
completely flat, had an angular shape and geometry. This was similar to the shape 
of the pre-existing building, given that the refurbishment cladding was an 'over
cladding' system. Particular features of this overall shape and geometry include the 
following: 
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905. The presence of a number of obtuse angle re-entrant corners along all column 
lines on the surface of the cladding (six on the East and West faces and eight 
on the North and South faces). These were a result of the octagonal shape of 
the original columns and constitute obtuse angle 'wing walls' protruding at 135 
degrees from the cladding's flat faces (see discussion below). 

906. Column lines that offered continuous and unbroken vertical lines of combustible 
rainscreen cladding, along with combustible PIR insulation within the rainscreen 
cavity (i.e. vertical lines of available fuel unbroken by windows). This created a 
continuous and uninterrupted vertical 'fuel bed' to support upward vertical fire 
spread and will have influenced (i.e. increased the propensity for) upward 
vertical fire spread56 . 

907. Spandrellines that offered continuous and unbroken horizontal lines of 
combustible rainscreen cladding, along with combustible PIR insulation within 
the rainscreen cavity (i.e. horizontal lines unbroken around the full perimeter of 
the building at all levels from Level 3 and above). This created a continuous and 
uninterrupted horizontal supply of fuel, capable of supporting horizontal fire 
spread by a number of routes and mechanisms (discussed in Section 6.3.3). 

908. Many current test standards for medium and large-scale fire testing of external 
cladding materials, products, and systems [see e.g. 19] include a 'wing wall' which 
is placed at right angles to the main face of the tested external cladding system. 
The rationale for this, as noted by Babrauskas [21 ], is that: 

909. " ... observation of real cladding fires has indicated ... that increased vulnerability 
of far;ades [to vertical fire spread] occurs when the far;ade has 're-entrant 
corners,' i.e. when there are portions of the far;ade which protrude from the 
main surface." 

910. This effect is similar in some features to the 'trench effect'57 that was studied by 
researchers in the aftermath of the multiple fatality King's Cross Fire in 1987 [22]. 

911. As already noted, during the early progression of the upward vertical fire spread on 
the East Face of Grenfell Tower, the flames were observed to be highest 
approximately in the corner associated with the obtuse angle wing wall [see e.g. 
IWS00000050]. lt is not possible to definitively determine whether this is due to the 
presence of the column protrusion (i.e. 'wing wall') or to other factors (e.g. the 
vertical channels and extensive vertical cavities discussed in Hypothesis C3 
above). 

912. On the basis of the available evidence it is not possible to accept or reject 
Hypothesis C5. However, in my opinion it is plausible to suggest that the presence 
of the protruding column 'wing wall' at 135 degrees could have played an as yet 

56 lt should be noted that in some places the spandrel sections of the tower also presented virtually unbroken 
vertical lines of fuel. This is because the window infill panels were filled with combustible XPS foam insulation, 
as discussed in Section 4.9.1. 
57 The trench effect is a combination of circumstances that can rush a fire up an inclined surface. lt occurs 
when a fire burns beside a steeply inclined surface. 
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unquantified role in promoting rapid upward vertical fire spread. Additional work 
would be required at Phase 2 to confirm and quantify this. 

6.2. Downward Vertical Fire Spread 

913. Downward vertical flame spread58 appeared to become a significant mechanism for 
flame spread, along with both horizontal and upward vertical fire spread, once the 
fire had spread to the top of the East Face of Grenfell Tower. The specific potential 
mechanism(s) of downward flame spread are documented in videos and images 
which were captured by the public, as well as in other forms of evidence. 

914. As was the case with upward vertical fire spread discussed in the previous section, 
the time at which some of the referenced media was captured remains unknown. 
Nevertheless, overall trends and likely mechanisms of downward vertical fire 
spread can be set out based on the available evidence. 

6.2.1. Evidence from Photos 

915. An early instance where a mechanism for downward fire spread is clearly observed 
is in [MET00006589] (see Figure 1 05). Three specific candidate mechanisms for 
downward vertical fire spread can be noted from this image: 

916. Melted material appears to be flowing onto the surface of the AGM panel below 
the kitchen window of Flat 16. lt is considered likely that this is PE filler from the 
surrounding AGM rainscreen cassettes. This would present a highly 
combustible liquid fuel to sustain fire on the surface of the external cladding 
(and potentially within its cavity). 

917. Vapour/smoke appears to be emanating from the vertex of the joint between 
Column B5 and the spandrel beam just below the kitchen window of Flat 16. 
This may be smoke from the fire. However, it may also be combustible pyrolysis 
gases which, under the right conditions, could ignite and contribute to downward 
fire spread in an opposed flow47 flame spread mechanism (although not strictly 
by a classical opposed flow flame spread mechanism because the aluminium 
skins of both the AGM rainscreen cassettes and insulation products, where 
remaining intact, would initially prevent exposure of a continuous combustible 
surface). 

918. Droplets of melted, burning material appear to be falling to the ground beneath 
the external cladding system outside Flat 16. This could physically spread fire 
by deposition of burning droplets on previously uninvolved surfaces, or by the 

58 The Fire Science terminology for downward flame spread would typically be 'opposed flow' flame spread 
(Section 2.4.2). This is because in this case flame spread is occurring opposite to the direction of flow of air 
being entrained into the flame. Horizontal fire spread (see Hypotheses E, below) is also a case of opposed 
flow flame spread. Opposed flow flame spread is terminology normally used to describe flame spread over 
materials that do not melt or drip. Melting and dripping introduce further mechanisms (i.e. burning flows and 
flaming droplets) that may also contribute to downward vertical fire spread, as already noted in Section 2.4.2. 
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formation of pools of burning PE on ledges, fixings, cavity barriers, window sills, 
etcetera, both on or within the cladding59. 

919. Subsequent images from multiple locations show similar behaviours. Figure 106 to 
Figure 109 provide selected annotated extracts from photos where melted, falling, 
burning material is also observed. 

920. In several images, the first location of downward vertical fire spread appears to be 
at the column lines - including both at the column tips and at the vertices at the 
joints between the column lines and the spandrel bays. Again, it is noteworthy that 
continuous, extensive vertical cavities and channels exist within the cladding at 
both of these locations. 

Melting 
material 

Burning droplets 

Burn ing droplets 

Figure 105 [MET00006589] captured at 01:14:53 (East Face). 

59 Multiple locations exist within the cladding system where ledges are present and where localised pool fires 
could form. Indeed, the formation and continued burning of molten pools of PE on the horizontal surfaces of 
cavity barriers and window sills is evident in many photos and videos of the fire (see e.g. [MET00006632]). 
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Figure 106 Annotated extract from [MET00006872] captured between 01:29:-
and 01:56:-- (East Face). 

Downward 
spread along 
column 

Figure 107 Annotated extract from [MET00006728] captured between 01:56:-
and 02:23:-- (East Face). 
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Downward 
spread along 
column 

Figure 108 Annotated extract from [MET00006811] captured between 01:56:-
and 02:23:-- (East Face). 
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Downward 
spread along 
column 

Downward 
spread along 
column 

Figure 109 Annotated extract from [MET00007292] captured after 04:08:-- (West 
Face). 
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921. Videos showing fire spread over the external cladding surface are particularly 
instructive as regards the mechanisms for downward vertical fire spread, and in 
particular as regards the important role of the columns in promoting downward fire 
spread. The reader is encouraged to carefully review in full all videos referenced in 
this section, so as to aid interpretation of the explanations that follow. 

922. The reader is also referred to the composite fire spread videos that I have 
developed for each of the four faces of Grenfell Tower. These are described in 
detail in Section 6.3 of this report and are provided as Bisby Video 2 through Bisby 
Video 5, respectively, in this report's accompanying data. 

923. Figure 110 to Figure 114 show annotated extracts from a number of relevant videos 
(non-exhaustive) where downward vertical fire spread is apparent. lt can be 
observed that: 

924. considerable melting and dripping of burning material (likely to be predominantly 
PE filler from the AGM cladding cassettes) occurred along the column lines; and 

925. falling, flaming debris landed on window details on the spandrel sections and in 
some cases resulted in localised burning at those locations (again, this is 
considered to consist predominantly of melted PE filler from the rainscreen 
cassettes). 

926. Throughout the review of the video evidence summarised in this section it was 
observed that sustained downward vertical fire spread occurred earliest along the 
column lines. 
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Dripping, bu rning 
material 

Figure 110 Annotated extract from [MET00006514] captured at approximately 
02:50. This video appears to show dripping material and downward 
fire spread at the corner of Column A5 and the North Face. 

Downward 
fire spread 

Figure 111 Annotated extract from [MET00006682] captured at 02:52. This video 
appears to show dripping material and downward fire spread at the 
corner of Column A5 and the North Face. 
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Dripping, burning 
material 

Figure 112 Annotated extract from [MET00006674] captured at 03:28. Appears to 
show dripping material and downward fire spread at the easterly 
corner and tip of Column A4. 

Burning material fal ls 
on window detail 

Figure 113 Annotated extract from [MET00006671] captured at 03:27. Shows 
burning debris falling and landing on window details below the fire, 
resulting in localised burning on previously uninvolved external 
cladding surfaces. 
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Figure 114 Annotated extract from [MET00006850] captured after 04:08:--. This 
video shows the lower leading edge of the fire spreading downward 
along Column C1. 

6.2.3. Evidence from Post Fire Photos 

927. Further evidence of the possible mechanism(s) for downward vertical fire spread is 
available in the post fire photos of the external (damaged) cladding system. Of 
particular interest are the areas of the cladding where a boundary exists between 
fire damaged cladding and undamaged cladding. These areas present zones of 
partial damage where the fire progression has arrested. 

928. Where the AGM cladding cassettes were fully burned by the external fire, little 
physical evidence typically remains to support fire spread analysis. However, at the 
interface between the unburned and burned cladding a number of relevant 
observations can be made. 

929. lt is noteworthy that both video and photo evidence appear to suggest that the 
downward vertical fire spread was limited primarily as a result of fire service 
intervention during the fire. This was because water was applied directly to the 
external cladding which was able to halt the downward progress of the fire. This 
can be observed in the photographs identified below and is clearly evident in the 
composite fire spread videos, Bisby Video 2 through Bisby Video 5, that I have 
compiled for the Inquiry. 

930. However, I have not undertaken any detailed analysis of Fire Service water 
application on the exterior of the Tower in this Phase 1 report; this topic is being 
dealt with by the Inquiry's other experts. 
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931. From post-fire photographic evidence (selected typical photos shown in Figure 115 
to Figure 119), it can be observed that: 

932. the column AGM cassettes show locations where PE filler has melted and 
solidified. In each case, the pattern of the melted PE appears to indicate that it 
was flowing downwards over the external surfaces of the columns and in 
particular within the extensive vertical channels at the column tips. Additional 
site visits and examination of site photos obtained during cladding 
deconstruction operations (see Appendix A); confirmed the presence of similar 
evidence of flowing, melted PE inside the rain screen cavities at these locations; 

933. at the interface between burned and unburned sections of the external cladding, 
partially burned ACMs are observed -these indicate that the aluminium layers 
had separated from the PE filler (i.e. debonding of the aluminium skins had 
occurred and the PE had partially melted/burned away); 

934. debris (assumed to be re-solidified PE filler material) is observed on the detail in 
front of the widows below the fire -this was also observed first hand during site 
visits to inspect the external cladding post-fire (see Appendix A); and 

935. a considerable amount of burning or burned debris fell from the tower during the 
fire- photos of the debris field, MPS bodyworn footage, and firefighter witness 
statements suggest that a significant proportion of this falling debris consisted of 
AGM rainscreen cassettes, and possibly also aluminium composite window infill 
panels (see Figure 120). 

936. Figure 116 shows the lower levels of Grenfell Tower, post-fire, on the North Face. 
From this photo, it is observed that: 

937. vertical downward fire spread is most advanced along the column lines- this is 
the case for all five columns shown in this photo; 

938. horizontal fire spread from the columns is evidenced by damaged AGM 
spandrel cassettes spreading horizontally from all column lines in a 
characteristic V-pattern (see following section treating horizontal fire spread); 

939. no obvious horizontal fire spread is observed onto spandrel sections below 
Level 3, where the rainscreen on the spandrel sections changes to solid (i.e. 
unfilled) aluminium sheeting; and 

940. fire damage to the columns by downward vertical fire spread continues to the 
top of Level 1 of the tower at Column A2 - it is noteworthy that column 
rainscreen cladding was Reynobond AGM PE all the way down to the bottom of 
the windows at Level 1, whereas the spandrel AGM rain screen transitioned to 
solid, profiled aluminium sheeting without any PE filler [RYD00092657] below 
Level 3, as annotated in Figure 116. 
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Melted PE on 
columns 

Debonded 
ACM panel 

Figure 115 Annotated [MET0000451 0]. East Face. 

Melted PE on Melted PE on 
columns columns 

Debris on 
window detai l 

Debonded 
ACM panel 
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Melted PE on columns 

Debonded Debris on 
ACM panel window detail 

Figure 116 Annotated [MET00004452]. North Face. 
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Melted PE on 
columns 

Melted PE on Debonded 
columns ACM panel 

Figure 117 Annotated [MET00004478]. West Face. 
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Melted PE on 
columns 

Melted PE on 
columns 

Melted PE on 
columns 

Deformed and 
debonded ACM panel 

Melted PE 
on columns 

Debris on Melted PE 
window deta il on columns 

Figure 118 Annotated [MET0000451 0]. South Face. 
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~ 
Figure 119 [MET00004532] showing an overall view of the post-fire debris field. 

North Face. 

Figure 120 [MET00004607] showing debris field on the West side of the building. 
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941. The tests described in Section 6.1.4 exhibited melting and dripping of PE filler from 
the AGM used in those tests; and the subsequent formation of pool fires below the 
test assemblies. 

942. The cladding in these tests was ignited via exposure to a large (approximately 
3.0 MW) fire venting from an open combustion chamber at its base and exposing 
the cladding to an external fire plume. Because of this, and because there was no 
cladding below the fire source, there was no evidence of downward fire spread on 
the vertical face (indeed, none was possible given the test configuration). There 
was, however, significant downward mobility of melted, dripping, burning PE filler 
material. This formed a burning pool on the floor in front of the test assembly, which 
continued to burn until the test was extinguished. 

6.2.5. Analysis 

943. Non-fire-retarded PE materials are known to be highly combustible and to form 
burning droplets. Their use in cladding is therefore generally restricted or strongly 
discouraged by fire design guidance as external cladding materials on many 
building types, both in the UK and internationally. As a result, there is little technical 
literature focusing on downward fire spread by the aforementioned melting and 
dripping mechanisms. 

944. Some of the relevant available literature in this area was presented previously in 
Section 2. 

945. Due to the absence of directly relevant technical literature and the complexities 
introduced by the cladding system at Grenfell Tower (including e.g. the particular 
workmanship and geometry, the combinations of materials and products used, the 
cavity barrier configuration and placement, and the multiple combustible materials 
present) it is not possible to draw direct comparisons with the available technical 
research literature at this time. 

6.2.6. Hypotheses of Downward Vertical Fire Spread 

946. Downward vertical fire spread was clearly observed during the Grenfell Tower fire, 
as demonstrated in the above sections. The hypotheses below seek to interrogate 
the key mechanisms by which this occurred, and the most important factors which 
may have influenced its rate and/or extent. 

94 7. Hypothesis 01 60 : 

60 Two other candidate mechanisms for downward vertical fire spread were considered but were quickly 
dismissed as being unlikely. (1) Classical opposed flow flame spread was considered. This was largely 
dismissed because it requires a continuous combustible surface. The presence of aluminium skins on both 
the ACM rainscreen cladding and the PIR insulation (over most of its surfaces) within the cladding cavity 
means that a continuous combustible surface is not available either within or on the outside of the cladding. 
(2) Fire spread by the fire breaking into and out of flats was considered. However, little evidence of a break
in/break-out mechanism was obvious in any of the photographs or video footage examined to date (this is the 
case also for upward vertical and horizontal fire spread). 
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The downward vertical fire spread observed at Grenfell Tower was primarily 
due to the presence of aluminium composite (ACM) rainscreen cassettes with 
polyethylene (PE) filler material. 

948. All available evidence presented in this section (and throughout this report) strongly 
supports Hypothesis 01. On the basis of the evidence presented, the presence of 
PE filled AGM rainscreen cladding cassettes is considered to be the dominant and 
decisive factor contributing to downward vertical fire spread. 

949. lt has been noted in Section 2.4.2 that thermoplastic polymers such as PE soften 
and melt when exposed to heat and are well known to spread fire by a burning flow 
or burning droplets. Section 2.4.2 also highlighted that, when installed in the vertical 
orientation, melting and dripping are likely to dominate the burning behaviour of 
non-fire-retarded thermoplastics such as PE (see also Slide 31 of my Phase 1 
Expert Presentation Part 1). 

950. lt is worth highlighting that the window infill sandwich panels, which are filled with 
XPS foam insulation, as shown in Section 4.1 0.1.2 and Figure 56, may also have 
been a source of melting and dripping thermoplastic polymer. XPS is combustible 
and is known to melt and drip on heating. The total surface area (and more 
importantly total mass) of XPS over the external cladding is a relatively small 
fraction of that for PE filler from the AGM rain screen cassettes. lt is therefore 
considered that the window infill panels offer a potential secondary source of 
melting, dripping, combustible polymer. 

951. No attempt has yet been made to confirm or quantify the potential contribution of 
the XPS filler within the window infill panels to downward vertical flame spread. This 
issue will be interrogated at Phase 2 using laboratory-based testing at The 
University of Edinburgh. 
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The presence of combustible (PIR) thermal insulation within the external 
cladding system significantly contributed to the rate and/or extent of 
downward vertical fire spread that was observed at Grenfell Tower. 

953. Section 4.1 0.1.3 noted that PIR insulation is combustible and has a low thermal 
inertia. This means that exposed PIR foam will generally61 support rapid surface 
spread of flame under exposure to an external heat flux. As already noted, in 
practice PIR insulation products (e.g. Celotex RS5000) are normally provided with a 
protective aluminium foil facing. This has the effect of reducing absorbed heat due 
to radiation in a fire, and also reduces the flow of flammable pyrolysis gases to fuel 
the flame. 

954. However, as shown (e.g. in Figure 21 and Figure 25), surface areas of exposed 
PIR insulation existed within the rainscreen cavities at Grenfell Tower. This was 
due primarily to cut edges of Celotex RS5000 boards being left exposed within the 
cavity (particularly on the column lines). lt is therefore possible that these cut edges 
could have contributed to downward fire spread via a classical opposed flow flame 
spread mechanism, localised along PIR insulation board cut edges within the 
rainscreen cavity. 

955. As discussed in Section 2.3, thermosetting polymer foams (such as PIR and 
phenolic foam) are combustible materials that char when burned. They do not melt 
and drip in the same manner as the PE filler material that was used within the AGM 
rainscreen cassettes. Thus, these materials are unlikely to have directly contributed 
to downward fire spread via melting, dripping, flaming droplets. 

956. Notwithstanding the comments above, at the time of writing the available photos 
and video, witness statements referenced within this report, and available large
scale experimental data provide no clear evidence that the presence of the 
combustible insulation material (i.e. predominantly PIR polymer foam insulation) 
within the rainscreen cavity significantly contributed to or otherwise accelerated the 
rate and/or extent of downward vertical fire spread. 

957. There is therefore currently no compelling evidence that Hypothesis 02 should be 
accepted. lt is considered likely that the presence of the PIR insulation will have 
played an as yet unquantified (minor) role in exacerbating melting and dripping of 
PE filler from the rainscreen cassettes (and possibly also XPS from the window infill 
panels). This is because PIR insulation is expected to release combustible pyrolysis 
gases, thus potentially increasing the local heat release rate, and will also have 
insulated the cladding cavity, thereby increasing the local temperature within the 
cladding as compared with a poorly insulated cavity. Additional work is needed to 
quantify these effects. 

61 As already noted, PIR foam formulations vary between manufacturers. The presence of proprietary 
flame/fire retardants in some PIR foams means that generalisations with respect to flame spread properties 
are hard to make. Testing at Phase 2 will be used to characterize the flame spread response of Celotex 
RS5000 insulation in the absence of the protective foil facing. 
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Continuous vertical channels and extensive internal cavities that are present 
within the refurbishment external cladding system contributed to the rate 
and/or extent of downward vertical fire spread observed at Grenfell Tower. 

959. Figure 28 and Figure 29 show that extensive internal vertical cavities exist within 
the refurbishment cladding system at Grenfell Tower. These are present at both the 
column tips and the column/spandrel joint vertex locations. Such channels and 
extensive cavities would provide a route for melted, flowing or dripping, burning PE 
to move within the column cavities and along the column tips, and as such could 
significantly contribute to downward vertical fire spread. 

960. The available visual evidence appears to show melting and dripping PE located 
within the column AGM cassettes during the fire, and along the AGM cassette joints 
coincident with the two extensive vertical channels/cavities noted above. The 
continuous vertical channels at the column tips provide a particularly compelling 
downward vertical fire spread path on the basis of the visual evidence provided 
above. 

961. My site inspections at Grenfell Tower have confirmed the plausibility of the above 
fire spread mechanism, particularly along column lines. 

962. I therefore consider it likely that downward fire spread would have been somewhat 
slower had these channels and extensive internal cavities not been present. On a 
balance of probabilities, it is my opinion that Hypothesis 03 should be accepted. 
Again, additional work is required to quantify this. 

6.3. Horizontal Fire Spread 

963. The horizontal fire spread resulted in all four external faces of Grenfell Tower 
eventually becoming involved in the external cladding fire. This is documented in 
videos and images captured by members of the public, GGTV, MPS helicopter 
(NPAS) and bodyworn footage, and other media. The available (almost entirely 
visual at present) evidence has been used to make a number of observations and 
formulate hypotheses regarding the specific mechanisms of horizontal fire spread. 

964. Horizontal fire spread at Grenfell Tower is believed to have resulted from a 
combination of physical mechanisms, including interaction with both upward and 
downward vertical fire spread mechanisms. 

965. The geometry, materials, and products used in the architectural crown detail at the 
building's roof level are also considered highly significant to horizontal fire spread, 
as discussed below. 

966. In this section, the horizontal spread of fire over the external surface of Grenfell 
Tower has been documented. The available video evidence (including, NPGG 
uploads, videos from Inquiry witness statements, GGTV police body worn footage, 
and NPAS footage) has been collated to provide an understanding of the 
progression of horizontal fire spread on each face of the tower. 
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967. Four composite fire spread videos (one for each face of the building) have been 
compiled based on the available evidence. These videos have then been used as 
the source for the images and observations presented in section 6.3.2. These are 
provided in this report's accompanying data and are denoted as Bisby Video 2 
through Bisby Video 5. 

968. To orient the reader in time with respect to horizontal fire spread, this information 
has been synthesised and is summarised in Section 6.3.1. 

6.3.1. Timeline 

969. The overall horizontal fire spread timeline has been developed based on the 
analysis in Section 6.3.2. The exact times for spread on each face are given with an 
assumed precision of ±5 minutes. 

North Face 

0--- 02:45 02:26 01 :35 

t~·--

®- -- 03:20 01:29 

1 1 

I .......... , I 
I 

I 
' 
I 

I . 

@- --- 03:48 01:50 

@--- 03:30 02:22 

Figure 121 Illustrative timeline for horizontal fire spread across the external 
cladding (annotated on design drawing [SEA00000199]). Note: this is 
the time that spread of flame reached the roof top in these particular 
locations, since horizontal progression appears to have been most 
rapid at the top of the Tower- along and immediately below the 
building's architectural crown. 
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970. The detail of the horizontal progression on each face of Grenfell Tower is 
evidenced in this report by multiple videos -these have been analysed to identify 
the following: 

971. Video timestamps. The time at which each video was captured was identified by 
using known video timestamps (as provided by the MPS, or via the Inquiry), or 
by comparison to CCTV captured within Grenfell Tower (in the case of 
[MET00018084]); 

972. The sequence in which they occurred. This was identified based on the 
approximate size of the visible fire and by comparison with videos with a known 
timestamp. 

973. Any overlap between the videos. Overlap between the videos was identified 
based on matched audio (e.g. background audio recorded in the videos) and 
matched visual content (e.g. simultaneous observation of specific falling debris 
or other clear visual events noted in two or more videos). 

974. Note: No numerical image or audio analysis has been undertaken on these 
videos to date. The assessments in this report must therefore be considered 
as indicative, rather than exact. 

975. In many cases, it has not been possible to define an exact timestamp for each 
video. To aid interpretation of videos that do not have an exact timestamp, the 
evidence has been grouped into sequences that represent durations of between 5 
and 23 minutes. Within these sequences, videos have been temporally ordered to 
the extent possible given the available evidence. 

East Face 

976. Spread over the East Face is evidenced in this report by a series of 33 videos. 
Table 14 provides the evidence reference numbers for the videos used, the 
sequence in which they occur, their timings (where known). This sequence begins 
immediately after the fire had spread to the top of the East Face. The sequence 
concludes after fire had spread onto the South Face. 

977. Before reading this section, the reader should view my composite fire spread video 
Bisby Video 2 in full. 
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Table 14 Key evidence for horizontal fire spread on East Face (Bisby Video 2). 

Evidence Evidence time Correction/Corrected time Sequence 
reference reference 

Corrected by -3 minutes 6 
MET00018084 Range of times seconds Multiple 

INQ00000151 Range of times No correction applied Multiple 

MET00006907 01:28:29 No correction applied 

MET00007155 No time -
IWS00000414 01:30 No correction applied 

IWS00000196 01:30 No correction applied 

MET00006723 No time -
IWS00000152 No time 

Sequence 1: 
- 01:28-01:36 

IWS00000030 No time -
IWS00000405 01:34 No correction applied 

IWS00000096 01:35 No correction applied 

IWS00000022 No time -
MET00007244 No time -
MET00006908 No time - Sequence 2: 

MET00006598 01:44:25 No correction applied 01:36-01:44 

IWS00000262 01:47 No correction applied 

MET00006860 No time -
IWSOOOOO 151 No time -
IWS00000418 01:54 No correction applied 

Sequence 3: 
01:43-01:57 

MET00007147 No time -
IWS00000420 No time -
MET00007148 No time -
IWS00000189 02:00 No correction applied Sequence 4: 

MET00007151 No time 02:00-02:05 -
MET00007235 No time - Sequence 5: 

MET00006977 No time - 02:05-02:20 

IWS00000017 No time -
MET00007268 No time - Sequence 6: 

MET00007271 No time 02:19-02:25 -
MET00006812 No time -
MET00007156 No time -
MET00007153 No time 

Sequence 7: 
- 02:25-02:30 

MET00007273 No time -

978. Based on the assembled evidence, the following observations have been made. 

979. At 01:28 (Sequence 1, Figure 122): 
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980. lt appears that fire spreads horizontally to the joint between two of the AGM 
column cassettes on the South Side of Column B5 (see Figure 5) at Level 23 
over a very short period of time. This is consistent with melted PE dripping 
and collecting on the ledge created by the column cassette joining detail (see 
e.g. Figure 19 and Figure 37 and note that similar localised pooling is possible 
at many other locations on or within the cladding). This melted PE may then 
burn in-situ or possibly spread horizontally as a small pool fire. 

981. Flames are subsequently observed around the column top and on the 
architectural crown detail. 

982. The fire then appears to start to spread southwards over/within the 
architectural crown detail. This shows the likely importance of the architectural 
crown detail as a dominant route for horizontal fire spread around the top of 
the building. 

983. Fire is then observed at the horizontal joint between the AGM column 
cassettes on the South Side of the column at roof level. 

984. At 01:30 (Sequence 1, Figure 123), it is observed that: 

985. there is burning at the column-top of Column B5; 

986. there is burning at the apex of Column B5 (i.e. at the location of the already 
noted extensive vertical cavity within the cladding at this location) between 
Level 4 and the column-top; 

987. there is burning on the architectural crown to the south of Column B5; and 

988. there is burning on the south side of Column B5 at the lower levels of the 
building (approximately Level 8). 

989. At 01:36 (Sequence 2, Figure 124), it is observed that: 

990. there is burning on the architectural crown to the south of Column B5; 

991. there is burning at the apex of Column B5 (i.e. at the location of the already 
noted extensive vertical cavity within the cladding at this location) between 
Level 4 and the column-top; and 

992. there is burning on the south side of Column B5 at the lower levels of the 
building (approximately Level 8); 

993. At 01:44 (Sequence 2, Figure 125), it is observed that: 

994. the is burning on the architectural crown to the South of Column B5; and 

995. there is burning on the south side of Column B5 at the lower levels of the 
building (approximately Level 8) and, at its maximum extent, the fire appears 
to have spread further at these levels than at the upper parts of the building. 
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996. Between 01:43 and 01:57 (Sequence 3, Figure 126), it is observed that: 

997. at the base of the architectural crown, there is flaming at Column C5; 

998. there is burning on the architectural crown to the south of Column B5; and 

999. firefighter activities appear to have arrested the external fire spread at the 
lower levels on the East Face (below Level 17). 

1000. At 02:00 (Sequence 4, Figure 127), it is observed that there is burning on the 
architectural crown to the south of Column C5. 

1001. At 02:06 (Sequence 5, Figure 128), it is observed that: 

there is burning on the architectural crown to the south of Column C5; and 1002. 

1003. there is burning below the architectural crown at roof level between Columns 
B5 and C5. 

1004. At 02:26 (Sequence 6, Figure 129), it is observed that there burning has moved 
onto the South face of Grenfell Tower. 

Time in video: 19s 

No flame at 
panel edge 

Fire around 
column top 

~--------'C::------'"';- Flame 
visible at 
panel edge 

Time in video: 40s 

Time in video: 19.5s 

Flame visible at 
panel edge 

-E------..:::__- Flame 
visible at 

-E--------c-- panel edge 

Time in video: 53s 

Figure 122 Annotated extracts from [MET00006907] captured at 01:28:-- showing 
horizontal fire spread at the top of Column B5 (see Figure 5). 
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Burning at 
column top 

Spread at 
architectural 
crown 

Flames at apex of 
column B5 

Spread around 
column B5 at 
lower levels 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Figure 123 Annotated extracts from [MET00007155] and [IWS000000414] 
captured at approximately 01:30. 

Burning at 
architectural crown 

Burning at lower 
levels south of 
Column B5 
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Figure 124 Annotated extract from [MET00006908] captured at approximately 
01:36. 

Burning at 
architectural crown 

Lateral spread at 
upper levels 

Lateral spread at 
lower levels in 
central bay 

Figure 125 Annotated (cropped) extract from [MET000065988] captured at 01:44. 
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Burning at 
architectural crown 

Burning below 
architectural crown 

Spread to Column 
C5 

=::=---------;;;::~ Fire service 
intervention 
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Figure 126 Annotated (cropped) extract from [MET00007148] captured between 
01:43 and 01:57. 
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Burning at 
architectural crown 
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Figure 127 Annotated extract from [IWS00000189] captured at 02:00. 
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Buming at Buming below 
architectural crown architectural crown 
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Figure 128 Annotated extract from [MET00018084] captured at 02:06. 

Burning on South 
Face 

Figure 129 Annotated extract from [MET00018084] captured at 02:23. 
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1005. Spread over the North Face is evidenced in this report by a series of 46 videos. 
Table 15 provides the evidence reference numbers for the videos used, the 
sequence in which they occur, their timings (where known). This sequence begins 
immediately after the fire had spread to the top of the East Face. The sequence 
concludes after fire had spread onto the West Face. 

1006. Before reading this section, the reader should view my composite fire spread video 
Bisby Video 3 in full. 

Table 15 Key evidence for horizontal fire spread on North Face (Bisby Video 3) 
(table continues on the following page). 

Evidence Evidence time 
Corrected time Time bracket 

reference reference 

NPAS44 footage Range of times Corrected by -3 minutes Multiple 

NPAS13 Range of times No correction applied Multiple 

MPS bodyworn 
(VS182_AXON_B 
ody_2_ Video_201 Range of times No correction applied Multiple 
7-06-
14 0135.mp4) 

MET00006994 No time -

MET00006498 01:34 No correction applied 

MET00006800 No time - Sequence 1: 
MET00007131 No time - Between 01:28 

MET00006499 01:35 No correction applied 
and 01:43 

MET00006500 01:36 No correction applied 

MET00006936 No time -
IWS00000557 01:45 No correction applied 

IWS00000556 01:47 No correction applied 

IWS00000566 01:48 No correction applied 

MET00006980 Overlap with -
IWS00000566 

MET00006805 No time -
MET00007119 No time - Sequence 2: 

MET00007122 No time Between 01:28 -
and 01:56 

MET00007123 No time -
IWS00000011 No time -
IWS00000558 01:54 No correction applied 

MET00006915 
01:56 (overlap with -MPS bodyworn) 

MET00007017 
01:56 (overlap with -

MET00006915) 
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MET00006504 
01:56 (overlap with 

MET00006915) 

MET00006977 02:16 

MET00007024 No time 

MET00006836 No time 

MET00006837 No time 

MET00007018 No time 

MET00006898 No time 

MET00006899 No time 

MET00006812 No time 

MET00007019 No time 

MET00007153 No time 

MET00006506 01:53 

MET00006511 02:26 
MPS bodyworn 
(VS196_PS_Park 
er 98ZD -- -

Grenfell Tower -
pt 1.mp4) - 02:27 

MET00006672 03:27 

MET00006512 02:27 
MPS bodyworn 
(VS227 _AXON_B 
ody_2_ Video_201 Range of times 
7-06-
14 0232.mp4) 

MET00006877 No time 

MET00006984 No time 

02:45-02:51 
IWS00000199 (overlap with MPS 

bodyworn) 

MET00006838 No time 

MET00006514 02:50 

MET00007124 No time 

MET00006682 03:52 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

-

Sequence 3: 
No correction applied Between 02:03 

and 02:16 

-
-
-
-
-
-
-
- Sequence 4: 

Between 02:16 -
Unlikely to be correct given similarity to and 02:32 

other videos 

No correction applied 

No correction applied 

Corrected by -1 hour 

No correction applied 

No correction applied 
Sequence 5: 

Between 02:32 
and 02:44 

-
-

No correction applied 

Sequence 6: 
Between 02:44 

No correction applied and 02:52 

-
Corrected by -1 hour 
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1007. Between 01:34 and 01:35 (Sequence 1, Figure 130), it is observed that the fire has 
spread onto the North Face, over the top of Column A5. 

1008. Figure 131 (taken at approximately 01 :35:--) shows images illustrating the spread of 
fire from the East Face, over Column A5 (see Figure 5) and onto the North Face. 
From these images it is observed that: 

1009. at certain times, fire is simultaneously present across most of the height of 
Column A5; 

1010. horizontal fire spread appears to have occurred first over the top of Column A5; 

1011. flames are visible at the horizontal joints between the vertical AGM column 
cassettes; and 

1012. during the 2 minute 48 second video [MET00006936], the fire spreads from 
localised joints, and becomes established across most of the height of the 
column. 

1013. At 01:48 (Sequence 2, Figure 132), it is observed that fire has spread to the North 
Face at both the upper and lower levels, around Column A5. 

1014. At 02:16 (Sequence 4, Figure 133) it is observed that: 

1015. the maximum horizontal extent of the fire spread is at the location of the 
architectural crown; and 

1016. the fire front is oriented diagonally across the building, with the location of 
maximum horizontal progression at the architectural crown. 

1017. At 02:23 (Sequence 4, Figure 134) burning is visible at the architectural crown 
between Columns A2 and A3. 

1018. At 02:26 (Sequence 4, Figure 135) it is observed that: 

1019. at the level of the architectural crown, the fire has spread to Column A2; and 

1020. the fire front is oriented diagonally across the building with the location of 
maximum horizontal progression at the architectural crown. 

1021. At 02:32 (Sequence 5, Figure 136) it is observed that: 

1022. the fire appears to be burning at the top of Column A2; and 

1023. the fire front is oriented diagonally across the building with the location of 
maximum horizontal progression at the architectural crown. 

1024. At approximately 02:45 (Sequence 6, Figure 137), it is observed that: 
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1025. 

1026. 

the fire has spread over the top of Column A 1, and started to burn on the West 
Face; horizontal progression is most advanced at the location of the 
architectural crown; and 

the fire front is oriented diagonally across the building, with the location of 
maximum horizontal progression at the architectural crown. 

Fire not yet spread 
onto North Face 

Fire spread onto 
North Face 

Figure 130 Annotated cropped extracts from [MET00006498] at 01 :34 and 
[MET00006499] at 01:35. 
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Increased 
flaming on 
column 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Figure 131 Annotated extracts from [MET00006936] captured between 01:28:-
and 01:43:--, predominantly showing the North Face. 

Fire spread at 
upper levels 

Fire spread at lower 
levels 

Figure 132 Annotated extract from [MET00006980] captured at approximately 
01:48. 
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Figure 133 Cropped extract from [MET00007024] captured at approximately 
02:16. 

Fire spread at the 
architectural crown 

Figure 134 Annotated extract from [MET00018084] captured at 02:23. 
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Fire at architectural crown 
reaches Column A2 
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Figure 135 Annotated extract from [MET00006511] captured at 02:26. 

Fire spread at 
architectural crown 

Figure 136 Annotated cropped extract from [VS227 _AXON_Body_2_ Video_2017-
06-14_0232.mp4] captured at 02:32. 

217 

LBYS0000001_0217 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

Fire spread over 
column A1 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Figure 137 Annotated cropped extract from [MET00006984] captured at 
approximately 02:45. 
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1027. Spread over the West Face is evidenced in this report by a series of 58 videos. 
Table 16 provides the evidence reference numbers for the videos used, the 
sequence in which they occur, and their timings (where known). The start of this 
compilation overlaps with the footage for the North Face (Bisby Video 3); the end of 
this compilation overlaps with the footage from the South Face (Bisby Video 5). 

1028. At the start of the compiled video, Bisby Video 4, there are two sequences which 
show smoke emerging from the West Face before the fire had reached the West 
Face on the external cladding -and before the fire could have spread via a break
in-break-out mechanism through any single flat. This footage was included (as 
sequences 1 and 2), at the request of the Inquiry, because it is relevant to 
considerations of fire and/or smoke spread through the common areas of the 
building. 

1029. Before reading this section, the reader should view my composite fire spread video 
Bisby Video 4 in full. 

Table 16 Key evidence for horizontal fire spread on West Face (Bisby Video 4) 
(table continues on the following page). 

Evidence Evidence time Corrected time Time bracket 
reference reference 

MET00018085 Range of times No correction applied Multiple 

MET00018086 Range of times No correction applied Multiple 

VS238 AXON B - -
ody_2_ Video_201 

Range of times No correction applied Multiple 
7-06-
14 0311.mp4 

MET00006984 No time -
02:45-02:51 

IWS00000199 (overlap with No correction applied 
MPS bodyworn) Sequence 3: 

MET00006838 No time Between 

MET00006514 02:50 No correction applied 02:44 and 
02:52 

MET00007124 No time -
MET00006682 03:52 Corrected by -1 hour 

IWS00000072 02:52 No correction applied 

MET00006937 No time - Sequence 3: 
Between 

MET00006612 03:03:54 No correction applied 02:52 and 
03:03 

Query accuracy of this time based on 
MET00006611 03:11 comparison to other videos 

MET00006613 03:05:19 No correction applied Sequence 4: 

MET00006615 03:05:58 No correction applied Between 

No time 
03:04 and 

MET00006921 - 03:12 
MET00006618 03:08:46 No correction applied 

MET00007028 No time -
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MET00006839 No time 

MET00006624 03:12:10 

MET00006627 03:13:12 

MET00006840 No time 

MET00006841 No time 

MET00006986 No time 

MET00004402 No time 

MET00007127 No time 

MET00007128 No time 

MET00006843 No time 

MET00006842 No time 

MET00007288 No time 

MET00006632 03:19:31 

MET00006816 No time 

MET00006929 No time 

IWS00000061 03:24 

MET00004404 No time 

MET00006671 03:27 

MET0000667 4 03:28 

MET00006639 03:33:41 

IWS00000644 No time 

MET00006844 No time 

MET00007129 No time 

MET00006996 No time 

MET00007029 No time 

MET00006900 No time 

MET00006845 No time 

MET00006846 No time 

MET0000684 7 No time 

MET00006642 03:42:50 

MET00006678 03:45 

MET00006679 03:46 

MET00006680 03:50 

MET00007011 No time 

IWS0000064 7 No time 

IWS00000031 No time 

IWS00000018 No time 

IWS00000037 04:02 

IWS00000042 04:03 

MET00006904 No time 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

-
No correction applied 

No correction applied 

-
-
-
-
- Sequence 5: 

Between -
03:12 and 

- 03:23 

-
-

No correction applied 

-
-

No correction applied 
Sequence 6: 

- Between 

No correction applied 03:24 and 
03:32 

No correction applied 

No correction applied 

-
-
-
- Sequence 7: 

Between -
03:33 and 

- 03:42 

-
-
-

No correction applied 

No correction applied 

No correction applied Sequence 8: 

No correction applied 
Between 

03:44 and 
- 03:52 

-
-
- Sequence 8: 

No correction applied 
Between 

03:55 and 
No correction applied 04:13 

-
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1030. The evidence presented in this report indicates that external cladding fire did not 
spread onto the East Face, over the top of Column A1, until approximately 02:45. 
However: 

1031. at 01:57 (Sequence 1), smoke is observed emerging from Flat 94 (Level12) on 
the West Face; 

1032. at 01 :58 (Sequence 1 ), smoke is observed emerging from Flat 17 4 (Level 20) 
on the West Face; and 

1033. at 02:40 (Sequence 2), smoke is observed emerging from Flat 205 (Level 23)
at the North West corner. 

1034. At 02:51 (Sequence 3, Figure 138), it is observed that: 

1035. there is flaming at the top of Column A 1; 

1036. fire has spread down the edge of Column A 1 on the West Face; and 

1037. there is burning at the horizontal join between AGM panels on Column A1. 

1038. At 03:03 (Sequence 4, Figure 139), it is observed that: 

1039. the maximum extent of horizontal fire spread is at the base of the architectural 
crown; 

1040. there is burning of the AGM across the full height of the crown; and 

1041. the fire front is orientated diagonally across the face of the building. 

1042. At 03:12 (Sequence 5, Figure 140), it is observed that there is flaming at the edge 
of Column B1. 

1043. At 03:14 (Sequence 6, Figure 141 ), burning is visible at the column-top of Column 
B1. 

1044. At 03:28 (Sequence 7, Figure 142), it is observed that: 

1045. the maximum extent of the horizontal fire spread on the West face is at the base 
of the architectural crown; and 

1046. there is a section of the architectural crown which does not appear to be 
involved in the fire. 

1047. At 03:34 (Sequence 8, Figure 143), it is observed that the maximum extent of 
horizontal fire spread is at the base of the architectural crown. 

1048. Between 03:34 and 03:42 (Sequence 8, Figure 144 ), it is observed that: 

1049. there is burning at the column top (Column C1); and 

1050. the fire front is orientated diagonally across the face of the building. 
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School of Engineering 

1052. the maximum extent of horizontal fire spread is at the architectural crown; and 

1053. the fire front is orientated diagonally across the face of the building. 

1054. At 04:02 (Sequence 10, Figure 146), it is observed that: 

1055. the fire on the South Face and the fire on the West Face appear to be 
converging in the bay between Columns C1 and 01; and 

1056. a small gap is visible in the flames at this time (and is not clearly discernible at 
any later time). This may be the most precisely observed location of the 
convergence of the clockwise and anticlockwise spreading fire. 

1057. At 04:08 (Sequence 10, Figure 147), it is observed that the fire appears to have 
converged at the bay between Columns C1 and 01. 

Burning at 
column-top 

Burning at 
panel edge 

Burning between 
panels 

Figure 138 Annotated cropped extract from [IWS00000199] captured at 
approximately 02:51. 
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Burning across height Burning below 
of architectural crown architectural crown 

Top of architectural crown 

Base of architectural crown 

Column B1 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Column B1 

Figure 139 Annotated cropped extract from [MET00006612] captured at 
approximately 03:03, and [SEA00000349] showing the same location 
prior to fire. 
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Burning at column top 
(Column B1) 
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Figure 140 Annotated cropped extract from [MET00006624] captured at 
approximately 03:12. 
Burning at column-top 

Figure 141 Annotated extract from [MET00018085] captured at approximately 
03:14. 
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Section of uninvolved Burning below 
architectural crown architectural crown 
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Figure 142 Annotated extract from [MET00018085] captured at approximately 
03:27. 

Burning below 
architectural crown 

Figure 143 Annotated cropped extract from [MET00006639] captured at 
approximately 03:34. 
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Burning at the column-top 
(Column C1) 
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Figure 144 Annotated cropped extract from [MET00006845] captured at 
approximately between 03:34 and 03:42. 

Fire spread at 
architectural crown Fire on South Face 

Figure 145 Annotated extract from [MET00018086] captured at 03:52. 
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Possible gap between 
flames from South and 

Flames from West 

THE UNIVERSITY if EDINBURGH 
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Figure 146 Annotated cropped extract from [IWS00000037] captured at 04:02. 

Figure 147 Extract from [MET00018086] captured at 04:08. 
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1058. Spread over the South Face is evidenced in this report by a series of 22 videos. 
Table 17 provides the evidence reference numbers for the videos used, the 
sequence in which they occur, and their timings (where known). The start of this 
compilation overlaps with the footage of the East Face (Bisby Video 2); the end of 
this compilation overlaps with the footage from the West Face (Bisby Video 4). 

1059. Before reading this section, the reader should view my composite fire spread video 
Bisby Video 5 in full. 

Table 17 Key evidence for horizontal fire spread on South Face (Bisby Video 5) 
(table continues on the following page). 

Evidence Evidence time 
Corrected time Time bracket 

reference reference 

MET00018084 Range of times No correction applied Multiple 

MET00018085 Range of times No correction applied Multiple 

MET00018086 Range of times No correction applied Multiple 

VS232 AXON -
Body_2_ Video_ 

Range of times 
<1s correction to sync with 

Multiple 
2017-06- MET00018085 
14 0241.mp4 

Sequence 1: 
IWS00000017 No time - Between 02:19 

and 02:25 

Sequence 3: 
IWS00000103 02:40 No correction applied Between 02:39 

and 02:43 

MET00006605 02:46:09 No correction applied Sequence 4: 
Between 02:43 

and 02:58 

MET000067 48 No time -
IWS00000098 03:02 No correction applied Sequence 5: 
IWS00000142 No time - Between 03:02 

IWS00000584 No time - and 03:15 

IWS00000582 No time -
Sequence 6: 

Between 03:15 
IWS00000156 No time - and 03:28 

IWS00000061 03:24 No correction applied 

IWS00000644 03:27 -

Sequence 7: 
IWS00000575 No time - Between 03:30 

and 03:52 
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IWS00000578 No time 

IWS00000581 No time 

MET00007011 No time 

-
-
-

THE UNIVERSITY if EDINBURGH 

School of Engineering 

IWS0000064 7 Possibly 03:52 - Sequence 8: 
IWS00000018 04:02 No correction applied Between 03:52 

IWS00000586 No time and 04:12 -

1060. Between 02:19 and 02:25 (Sequence 1, Figure 148 and Figure 149), it is observed 
that: 

1061. there is flaming at the top of Column 05; and 

1062. there is falling debris on the West side of Column 05. 

1063. At 02:39 (Sequence 3, Figure 150), it is observed that: 

1064. the location of maximum horizontal fire spread is at the architectural crown; and 

1065. the fire has spread vertically down Column 05. 

1066. At 02:47 (Sequence 4, Figure 151), it is observed that the fire appears to have 
spread horizontally to Column 04 at the upper levels of the building. 

1067. At 02:57 (Sequence 4, Figure 152), it is observed that: 

1068. the location of maximum horizontal fire spread is at the architectural crown; and 

1069. the fire appears to have spread horizontally beyond Column 03. 

1070. At 03:15 (Sequence 6, Figure 153), it is observed that: 

1071. the fire front is orientated diagonally across the face of the building; and 

1072. there is dripping burning material falling from the building. 

1073. At 03:18 (Sequence 6, Figure 154 ), it is observed that: 

1074. the maximum extent of horizontal fire spread is at the location of the 
architectural crown - specifically, in this figure it appears that flames extend the 
full height of the architectural crown, with the maximum horizontal extent being 
at the base of the architectural crown; and 

1075. there is burning below and/or behind the architectural crown on the eastern side 
of the fire front. 

1076. At 03:26 (Sequence 6, Figure 155), it is observed that: 

1077. the maximum extent of horizontal fire spread is at the location of the 
architectural crown; 
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1078. there is burning below and/or behind the architectural crown on the eastern side 
of the fire front; and 

1079. the fire front is orientated diagonally across the face of the building. 

1080. At 03:30 (Sequence 7, Figure 156), it is observed that the fire has reached the 
column-top of Column 02. 

1081. At 03:58 (Sequence 8,Figure 157), it is observed that: 

1082. the fire has reached Column 01; and 

1083. there is burning below and/or behind the architectural crown on the eastern side 
of the fire front. 

Burning on the South 
Face (Column 05) 

Figure 148 Extract from [MET00018084] captured at 02:22. 
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Burning on the South 
Face (Column D5) 

Figure 149 Extract from [IWS00000017] captured at between 02:19 and 02:25. 

Burning at the 
architectural crown 

Spread down 
Column D5 

Figure 150 Extract from [MET00018084] captured at 02:39. 
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Fire reaches 
Column D4 

THE UNIVERSITY if EDINBURGH 
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Figure 151 Extract from [VS232_AXON_Body_2_Video_2017-06-14_0241.mp4] 
captured at 02:47. 

Lateral fire spread at 
architectural crown 

Figure 152 Extract from [MET00018085] captured at 02:57. 
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Dripping burning 
material 
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Figure 153 Extract from [MET00000582] captured at 03:15. 

Fire spread at the 
architectural crown 

Burning below the 
architectural crown 

Figure 154 Extract from [IWS00000156] captured at 03:18. 
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Burning at the Burning behind the 
architectural crown architectural crown 

Figure 155 Extract from [MET00018085] captured at 03:26. 

Burning at column
top (Column 02) 

Figure 156 Extract from [MET00018085] captured at 03:30. 
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Burning at column
top (Column D1) 
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Burning below 
architectural crown 

Figure 157 Extract from [MET00018086] captured at 03:58. 

6.3.1. General Observations and Analysis of Horizontal Fire Spread 

1084. Based on the evidence presented in the preceding sections, various analyses and 
general comments can be set out. 

1085. lt is clear from the preceding sections that the location of maximum horizontal fire 
spread was virtually always at the location of the architectural crown -this is the 
case for fire spreading around the building in both clockwise and anticlockwise 
directions. 

1086. In many cases, it was observed that the full height of the architectural crown was 
involved in the fire, and that there was burning below the architectural crown ahead 
of the main flame front. This burning below the crown is considered likely to consist 
of melted PE from the AGM elements of the crown, burning locally as a pool fire on 
the (approximately) horizontal surface of the roof immediately below the 
architectural crown (refer to Section 3.2.4.2). 

1087. On every face of the building, the fire front was oriented and moved diagonally 
across the building, unless prevented from doing so by external firefighter 
intervention (i.e. by application of firefighting water). 

1088. The fire service intervention on the East Face, at 01:43, appears to have arrested 
the horizontal spread of the fire at, and to, the lower levels. 

1089. The horizontal progression of the fire on each face of the building -at the level of 
the architectural crown- has been plotted as a function of time (Figure 158). This 
analysis demonstrates that: 
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1090. once the fire had reached the top of the building, it took 53 minutes for the fire 
to spread across the remainder of the East Face; 

1091. it took 70 minutes for the fire to spread across the North Face; 

1092. it took 77 minutes for the fire to spread across the West Face (note that some 
fire spread also occurred from the south side of the building); and 

1093. it took 96 minutes for the fire to spread across the South Face of the building. 

1094. lt has been determined that, for each face, the horizontal rate of fire spread at the 
level of the architectural crown was similar, as follows: 

1095. 0.29 metres per minute on the East Face; 

1096. 0.31 metres per minute on the West Face; 

1097. 0.26 metres per minute on the West Face; and 

1098. 0.23 metres per minute on the South Face. 

1099. The data used to generate these fire spread rates are plotted in Figure 158. 
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Figure 158 Horizontal fire spread across each face (fire spread distance as a 
function of time). Horizontal error bars represent possible temporal 
error due to uncertainty in the timing of the evidence, vertical error 
bars represent error associated to the location of the fire (±0.25 
structural bay widths). 

6.3.2. Relevant Literature 

1100. Very little relevant research literature is available focusing specifically on horizontal 
fire spread mechanisms for composite construction products with metal skins and 
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polymer filler materials, particularly PE filler which is widely recognised as being 
wholly unsuitable for highrise cladding applications. 

1101. However, a range of regulatory and compliance tests are widely used to assess the 
reaction to fire properties of composite construction products (e.g. the suites of 
National Class and European Class standards). 

1102. lt is noteworthy that none of these tests addresses the fundamental complexities 
involved when such products are installed on real buildings. I consider this to be an 
important issue with regard to the regulatory and compliance testing of composite 
cladding and insulation products. As such, this issue will be addressed in more 
detail at Phase 2. 

1103. Some of the available research literature relevant to this discussion is presented in 
Section 2 of this report and will be expanded upon at Phase 2. 

1104. Due to the absence of directly relevant technical literature, and the complexities 
introduced by the cladding system at Grenfell Tower (including e.g. the particular 
geometry, the combinations of materials and products used, the cavity barrier 
configuration and placement, the presence of extensive vertical cavities, and the 
various combustible materials present) it is not possible to draw useful comparisons 
with the available research literature at this time. 

6.3.3. Hypotheses of Horizontal Fire Spread 

1105. As already noted, the horizontal fire spread observed during the Grenfell Tower fire 
is considered to be due to a combination of factors, and to be closely linked to both 
upward vertical and downward vertical fire spread. 

1106. The overall progression of horizontal fire spread at Grenfell Tower is considered to 
have followed the following approximate sequence: 

1107. (1) Fire spreads to the top of the East Face adjacent to Column B5 (see 
Section 6.1 ). 

1108. (2) Fire spreads horizontally in a northerly direction over the top of Column A5 
and along the architectural crown detail at roof level (see below). 

1109. (3) Fire also spreads horizontally in a southerly direction over the top of Column 
B5 and along the architectural crown detail at roof level (see below). 

1110. (4) Fire spreads horizontally down Column B5, thus igniting the combustible 
cladding along spandrellines at it progresses downward62 . 

1111. (5) Fire spreads horizontally over the spandrel sections of the building under 
the influence of a number of mechanisms (discussed in Hypothesis E below). 

62 lt is noteworthy that downward fire spread along the column lines appears to have been halted by (1) 
application of water via firefighting activities from ground level (most faces), or (2) possibly by the absence of 
spandrel ACM cassettes adjacent to the columns at the lowest levels of the building (e.g. for Column A2 on 
the North Face, shown in Figure 119). 
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1112. (6) As the fire spread progresses around the architectural crown detail and over 
the column tops around the perimeter of the building, fire spreads rapidly 
downward along each new column line reached, and horizontal fire spread over 
the spandrel sections progresses in a similar manner to previously involved 
spandrel sections (and as discussed below). 

1113. The specific factors that may have influenced the above sequence are discussed 
via the hypotheses presented in this section. 

1114. lt is worth noting that, under normal conditions, upward spreading fires and fire 
plumes tend to spread outward as they travel upward. This is because the heat and 
smoke, which travel upward from a fire, form an inverted cone that widens as it 
rises due to entrainment of fresh air into the fire plume. For a fire adjacent to a 
vertical surface, this can result in the formation of a characteristic V-pattern which 
widens as it rises. 

1115. Hypothesis E1: 
The rate and/or extent of horizontal fire spread observed at Grenfell Tower 
was predominantly due to the presence of aluminium composite (ACM) 
rainscreen cassettes with polyethylene (PE) filler material. 

1116. All available evidence supports Hypothesis E1. 

1117. On the basis of the evidential support for Hypothesis E1, the paragraphs below 
identify potential mechanisms of the AGM material in promoting horizontal fire 
spread over the exterior cladding of Grenfell Tower. At this stage, these are not 
presented as hypotheses; rather, the following paragraphs present my initial 
assessment of the likely significance of each mechanism. 

1118. Opposed flow horizontal surface spread of flame over the surfaces of AGM 
rain screen cassettes -This is not possible whilst the aluminium skins of the 
AGM cassettes remain in place. In the event that the aluminium skins are 
removed in the fire (by whatever mechanism) then opposed flow surface spread 
of flame would be possible. This mode of fire spread is not considered to be of 
primary significance due to the composite nature of the AGM products used. 

1119. Opposed flow horizontal flame spread along lines of exposed PE filler material 
at folds and cut edges of AGM -This is considered likely, although melting of 
the PE filler material under exposure to high heat fluxes significantly 
complicates any quantification of this mechanism. Photos and videos show 
evidence of fire progression along the edges of the AGM rain screen cassettes 
and window infill panels. However, it is not possible at present to ascertain 
whether this is due to classical opposed flow frame spread along exposed 
edges. 

1120. The formation of localised pool fires of melted PE filler (and possibly XPS foam 
insulation from window infill panels) which spread fuel horizontally on horizontal 
surfaces under the influence of gravity- This is considered likely, and there is 
some visual evidence of this from photos and videos during the fire, and from 
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post fire observations of pooling of melted PE filler material both on and within 
the cladding system. 

1121. The above suggests that localised pooling of melted, dripping or flowing, burning 
PE filler- along with the tendency for fire plumes to widen as they move upward -
was the dominant, although as yet unquantified, factor promoting horizontal fire 
spread. 

1122. Pooling of melted, dripping or flowing, burning PE filler is also relevant to the likely 
role of the architectural crown in promoting horizontal fire spread at Grenfell Tower 
(see Hypothesis E5). 

1123. None of the above mechanisms have been quantified to date, and their respective 
significance therefore remains unknown at the time of writing. My work at Phase 2 
will seek to quantify, both by testing and by further analysis of the available visual 
evidence, the respective influences of each. 

1124. As already discussed, it is notable (e.g. in Figure 147, Figure 155) that the 
progression of horizontal flame spread over the building faces occurred with an 
inclined fire front. In many cases, the fire front appeared as an inclined line moving 
across the faces of the building. The slope of this inclined line was, generally, 
steeper over the column sections, and shallower over the spandrel sections. A 
plausible explanation for this is that downward fire spread was accelerated at the 
column lines, both because of the uninterrupted band of AGM 'fuel' which is present 
in these locations, and possibly also because of the extensive internal cavities and 
vertical channels that were present within the cladding on the columns (as already 
discussed). 

1125. Conversely, the spandrel (bay) sections of the building present a lower total 
proportion of AGM per unit surface area, and do not contain continuous vertical 
cavities running the full building height. These two observations further support 
Hypothesis E1, as well as providing additional support for hypotheses C1 and 01 
discussed previously. 

1126. Hypothesis E2: 
The presence of combustible (PIR) thermal insulation within the external 
cladding system significantly contributed to the rate and/or extent of 
horizontal fire spread that was observed at Grenfell Tower. 

1127. This is supported by the following evidence and observations (in common with 
Hypothesis C2 discussed previously): 

1128. PIR (and XPS) foam insulation materials are combustible and can therefore 
contribute to the overall heat release rate of a fire - and thus to the pre-heating 
of material adjacent to burning regions of the building (see Section 2.4 ). This 
could contribute to an increased rate of opposed flow flame spread on any 
combustible materials present, as well as to increased melting of PE filler 
material from the AGM rainscreen cassettes. 
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1129. Charring of PIR insulation materials is evident in post-fire photos of Grenfell 
Tower (e.g. in Figure 115 through Figure 118), and in order for this to be the 
case, some pyrolysis (although yet unquantified) will have occurred during the 
fire, liberating flammable vapours in the process. 

1130. In all cladding locations that I have personally inspected to date, as well as in all 
Metropolitan Police Service SOCO photos that I have seen of the post fire 
cladding removal process, the cut edges of PIR insulation boards within the 
rainscreen cavity are unprotected by foil facing or aluminium tape (see e.g. 
Figure 21 and Figure 25). Thus, within the rainscreen cavity exist a number of 
exposed PIR surfaces. Given the low thermal inertia of PIR and its inherent 
combustibility (see Section 4.1 0.1.3), these exposed surfaces can be expected 
to spread flame, particularly in the presence of an external heat flux. The 
particular flame spread hazards associated with exposed surfaces of Celotex 
RS5000 insulation are not known at the time of writing, and this includes the 
potential for opposed flow flame spread over unprotected PIR surfaces. 
Experimental work will be undertaken at Phase 2 to attempt to quantify the 
possible influence of this. 

1131. Notwithstanding the comments above, no evidence is currently available with which 
to quantify the extent to which combustion of PIR foam insulation within the 
rainscreen cavity contributed to horizontal fire spread at Grenfell Tower. 

1132. At the time of writing I am unaware of any technical research dealing specifically 
with the above issues for rainscreen cavity cladding systems. Compliance test data 
from horizontal surface spread of flame tests (e.g. BS 476-7 [9]) are widely 
available [e.g. CEL00000385], which suggest that foil-faced PIR foams, when 
installed correctly with the foil faces intact, do not significantly spread horizontal 
flame in the absence of an external heating source. Additional work at Phase 2 will 
be required to further interrogate Hypothesis E2. 

1133. Hypothesis E3: 
Continuous vertical channels and extensive internal cavities that are present 
within the refurbishment external cladding system contributed to the rate 
and/or extent of horizontal fire spread observed at Grenfell Tower. 

1134. The available evidence fails to provide any definitive evidence that the presence of 
these features specifically influenced the horizontal fire spread at Grenfell Tower. lt 
has already been noted, however, that the presence of vertical channels and 
extensive vertical cavities is likely to have played a role in promoting both upward 
and downward vertical fire spread, thus indirectly influencing horizontal fire spread. 

1135. lt is not possible at present to make any definitive comments about the 
effectiveness (or otherwise) of vertically oriented cavity barriers installed along all 
but four of the column lines on the building (see Figure 29). However, given the 
combustibility of the AGM rain screen cladding cassettes, and their tendency to 
warp, delaminate, and disband rapidly under exposure to heating, I consider it 
unlikely that the vertically (or, for that matter, horizontally) oriented cavity barriers, 
even if present and installed in strict accordance with the manufacturer 
specifications, would have been effective in preventing spread of fire or smoke. 
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1136. Additional work is required at Phase 2 to determine if the cavity barriers, as 
installed, played any significant role(s) during the Grenfell Tower Fire. 

1137. Hypothesis E4: 
The specific overall geometry of Grenfell Tower and its external cladding 
system played a significant role in increasing the rate and/or extent of 
horizontal fire spread. 

1138. My review of the videos of horizontal fire spread over the building has failed to 
identify any clear evidence that the column protrusions or re-entrant corners (as 
previously discussed) played any significant role influencing the horizontal fire 
spread. In my opinion, it is unlikely that any such role can be discerned, either now 
or via additional work at Phase 2. 

1139. Hypothesis E5: 
The architectural crown detail installed as part of the Grenfell Tower 
refurbishment played an important role in increasing the rate and/or extent of 
horizontal fire spread. 

1140. The progression of fire horizontally around the perimeter of the building consistently 
occurred first at the Tower's roof level. 

1141. The architectural crown detail was installed in front of the building's pre-existing 
rooftop precast concrete parapet elements (see Figure 7 and Figure 30 through 
Figure 35). This was comprised of the AGM rainscreen cassettes installed on the 
column tops (Figure 30 to Figure 32), as well as a series of alternating aluminium 
cladding rails and PE filled AGM G-shaped channel sections (Figure 32, Figure 33, 
and Figure 34 ). 

1142. The G-shaped AGM channels were arranged vertically, in a continuous line 
spanning the entire width of each face between column tops. The available photo 
and video evidence suggest that the configuration and orientation of these AGM G
shaped channels provided a semi-continuous path for horizontal fire spread at roof 
level. 

1143. Within the architectural crown detail there were numerous exposed AGM edges 
(which, given the geometry, were in close proximity to each other), and the AGM 
rainscreen cassettes were arranged in semi-enclosed G-shaped vertical channels. 
These factors may have led to the presence of a relatively large amount of easily 
exposed fuel in the presence of small "chimneys" which could have supported 
flame extension and fire spread (as previously discussed in Section 6.1.6 with 
reference to the column tip details). 

1144. lt appears that no cavity barriers were provided within the column AGM cassettes at 
the tops of the columns. 

1145. The available evidence at the time of writing suggests that Hypothesis E5 should be 
accepted, and that the architectural crown and column top materials, products, and 
detailing played critical roles in supporting horizontal fire spread around the 
perimeter of Grenfell Tower. Horizontal fire spread at the architectural crown 
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resulted in dripping, burning PE material travelling downwards, collecting on 
horizontal surfaces below, and creating a fire spread mechanism that manifested as 
an apparent horizontal progression of the fire front. 

1146. Additional work at Phase 2 is required to further interrogate and quantify the above 
contributions. 

1147. Hypothesis E6: 
The aluminium/XPS composite window infill panels installed as part of the 
Grenfell Tower refurbishment played a significant role in increasing the rate 
and/or extent of horizontal fire spread. 

1148. As previously discussed, the window infill panels within the refurbishment cladding 
system at Grenfell Tower consisted of XPS filled (insulated) composite sandwich 
panels with aluminium faces on both surfaces. These were installed within the 
window frames in lieu of glazing in some areas (see Figure 8 and Figure 36). 

1149. As noted in Section 4.10.1.2, XPS foam insulation is highly combustible, and can 
be expected to melt, drip, and flow when heated to temperatures above about 
230°C. This means that all of the comments discussed above with relevance to 
Hypothesis E1 also hold for Hypothesis E6. 

1150. Therefore, while the window infill panels comprise a smaller proportion of the total 
area of external cladding than do the PE filled AGM rainscreen cassettes, it is 
considered likely that they played an as yet unquantified role in the horizontal 
spread of fire at Grenfell Tower. Experimental research at Phase 2 will seek to 
quantify the response of the window infill panels under heating conditions 
representative of those that are likely to have been experienced during the Grenfell 
Tower fire. 

1151. Hypothesis E7: 
The prevailing wind at the time of the fire played a significant role promoting 
horizontal fire spread. 

1152. On the basis of the available evidence it is not possible to accept or reject 
Hypothesis E7. However, there is currently no clear evidence to suggest that this 
hypothesis should be accepted, particularly given the comparatively low wind 
speeds at the time of the fire (see Hypothesis C5). 

1153. Hypothesis E8: 
Horizontal fire spread was significantly accelerated or promoted by the fire 
breaking into flats in one location, spreading internally within the flat, and 
then breaking back out again at another location on the building's exterior. 

1154. This break-in/break-out mechanism has been considered throughout my review of 
the available photo and video evidence. 

1155. To date I have not found any definitive evidence that this mechanism played a 
significant role during the Grenfell Tower fire, at least as regards the rate and/or 
extent of external fire spread. 
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1156. In my opinion, there is little support for Hypothesis E8, and I do not consider it 
significant to the overall spread of the external cladding fire. 

1157. As an aside, whilst not immediately relevant to fire spread over the exterior of 
Grenfell Tower, my examination of the available video evidence has identified a 
small number of instances of smoke spreading internally through the building well 
ahead of the externally spreading cladding fire. 

1158. Bisby Video 4, provided in this report's accompanying data, shows that the external 
cladding fire spread to the West Face at about 02:50. However, smoke is observed 
emerging from flats on the West Face as early as 01:57. Flats 94 (121h Floor) and 
17 4 (201h Floor) in particular show that smoke was passing internally through the 
building and was visible on the West Face well before the cladding fire had arrived 
at those locations. 

1159. The above observations fall outside my scope of work for the Inquiry, however I 
include them here (and in Bisby Video 4) as I believe that they will be useful for the 
Inquiry's other experts and core participants. 
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1160. lngress63 of flames and smoke, as the external cladding fire spread above Level 4 
on Grenfell Tower, has not been a focus of my Phase 1 work. Nevertheless, during 
the course of my Phase 1 work I have noted a number of relevant issues that I set 
out in this section. These may be useful for other Inquiry experts who are 
considering the changing conditions within the building during the fire, and/or may 
form the basis for part of my work at Phase 2. 

1161. With respect to the ingress of flames and smoke, the following sources of evidence 
have been considered at Phase 1 (specific references are given in this section 
where applicable): 

1162. Photos and videos captured during the fire. 

1163. Photos taken after the fire during scene investigations and deconstruction 
activities. 

1164. Grenfell Tower Inquiry witness statements made by the bereaved, survivors, 
and residents, and BSR core participant oral testimony given during the 
Inquiry's public hearings. 

1165. Work at Phase 2 should more exhaustively review all available sources of 
information on this topic, including available witness statements and 999 call 
recordings and transcripts. 

7.1. Evidence from Post Fire Photos (Exterior) 

1166. During post-fire site inspections at Grenfell Tower, a number of windows in partially 
fire-damaged flats were examined. This allowed potential routes for fire and smoke 
ingress into the building to be directly observed at various stages of fire damage. 
These are summarized in the photos below (as well as in Section 7.2). Figure 
captions are used to provide explanations of the key observations noted in each 
image. 

63 The word 'ingress' is used here to describe the re-entry of flames and smoke into the building as the fire 
spread over (and within) the external cladding. 
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Formation of gap between 
concrete column and 
refurbishment window 
frame 

Figure 159 [MET000082099] from outside Flat 24 on Level 5 (West Face). This 
shows post-fire deformations of an AGM column cassette alongside a 
new window, demonstrating the displacements of cladding elements 
that occurred in some cases during the fire. The photo also shows the 
formation of a gap between the reinforced concrete frame and the 
refurbishment window frame (identified previously as a likely route for 
fire spread into the cladding cavity and resulting in its initial ignition). 
Spandrel AGM cassettes and PIR insulation removed. 
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Gap between aluminum 
window frame and 
concrete 

EPDM absent 

Figure 160 [MET000082102] from outside Flat 24 on Level 5 (West Face). This 
shows: (1) evidence of combustion of the EPDM membrane adjacent 
to the window, and (2) the formation of an open gap between the 
aluminium refurbishment window frame and the original concrete 
structure (both of which are comparatively undamaged). 
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Broken glazing 

Figure 161 Excerpt from [MET00004480] showing West Face. This shows 
various potential routes for fire and smoke ingress, including broken 
window glazing, deformation of window surrounds, and missing 
extract fan units (with the extract fan mounting panels remaining 
partially intact). 
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Shattered glazing 

Gap between window 
and concrete 

Figure 162 Excerpt from [MET00004480] showing West Face. This shows 
various potential routes for fire and smoke ingress, including broken 
window glazing and gap formation around windows. 
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7.2. Evidence from Post Fire Photos (Interior) 

Deformed/charred 
uPVC board 

Deformed/charred 
uPVC board 

Figure 163 [My photo, Flat 15, 09/01/2018]. This shows melting and falling away 
of uPVC window head and right-hand jamb. Note that this is due to 
external fire attack in this case. 

249 

LBYS0000001_0249 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

External environment directly 
visible through hole in window 
surround and EPDM membrane 

Deformed 
uPVC board 

Figure 164 [My photo, Flat 15, 09/01/2018]. This shows melting and deformation 
of uPVC right hand window jamb, and a possible route for ingress of 
fire and smoke. 
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Heat affected 
EPDM 

Figure 165 [My photo, Flat 15, 09/01/2018]. This shows heat damaged EPDM 
membrane during deconstruction of a partially fire-damaged window. 
In this case fire damage appears to have been from the outside via 
the downward spreading external cladding fire. 
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Darkened area due to soot 
deposits 

Adhesive 

Figure 166 [My photo, Flat 15, 09/01/2018]. This shows soot deposits on a pre
refurbishment timber window jamb that was previously covered with a 
uPVC window board - potentially indicating flow of smoke into the 
building from within the cladding cavity outside, via the left-hand 
window jamb. Additional evidence of the quality of air-tightness of the 
refurbishment cladding system will be considered at Phase 2. 
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Deformation 
of fan unit 

Figure 167 [My photo, Flat 15 (to be confirmed), 09/01/2018]. This shows 
evidence of thermal damage to an extract fan unit in an otherwise 
largely intact window. 

7.3. Possible Routes of Fire Ingress 

1167. A number of possible routes exist for ingress of smoke and fire back into the 
building from the spreading external cladding fire can be identified from the photos 
in this section. These include: 

1168. (1) open windows; 

1169. (2) extract fan units- the physical and mechanical response at elevated 
temperature of the polymer materials from which the fan units are made is 
currently being considered via testing at the University of Edinburgh (this will 
be reported in my Materials Testing Report 1); 

1170. (3) pre-existing gaps (i.e. poor air-tightness) in the window framing- due to 
poorly fitting window head, sill, and jamb boards, as well as the absence of 
cavity barriers around the window openings within the refurbishment cladding 
system; 
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1171. ( 4) failure of internal window framing due to softening and/or melting of the 
uPVC window framing boards when exposed to heat from the external 
cladding fire- for which there is considerable visual evidence in post-fire 
photos; and/or 

1172. (5) thermally-induced breakage of the window glazing- which occurred in 
many locations throughout the building as is documented in post-fire photos. 

7.4. Evidence from Inquiry Witness Statements 

1173. A large number of Inquiry witness statements (IWSs) made by the bereaved, 
survivors, and residents (BSRs) of Grenfell Tower have been made available to me 
as part of my work for the Inquiry. 

117 4. The lW Ss that I have reviewed thus far, particularly relating to those submitted by 
BSRs who resided in flats with numbers ending in six, have provided corroborating 
evidence to support all of the ingress routes suggested in the preceding section. 
The IWS statements are further corroborated by the BSR witnesses' oral testimony 
given during the Inquiry's public hearings. 

1175. In this section I focus on ingress routes during upward vertical fire spread. lt is 
important to note that the mechanisms discussed in the following paragraphs may 
be different when downward and horizontal fire spread are considered -this will be 
considered in more detail at Phase 2. 

1176. Regarding fire and smoke ingress routes during upward vertical fire spread on the 
East Face: 

1177. (1) Open windows: 

1178. [IWS00000375] (Flat 26, Level 5), [IWS00000381] (Flat 26), [IWS00000496] 
(Flat 36, Level 6), [IWS00000119] (Flat 36), and [IWS00000388] (Flat 156, 
Level 18) all state that their kitchen windows were open at the time of the fire, 
and that ingress of the fire was at least in part through the open windows. 

1179. [IWS00000086] (Flat 136, Level 16) states that they opened the window 
slightly to investigate after initially becoming aware of the fire, and that "the 
smoke pushed the window and started coming into the kitchen". 

1180. (2) Extract fan units: 

1181. A large number of IWSs comment specifically on early failure (and/or ignition) 
of the refurbishment kitchen extract fan units as a route for fire and smoke 
ingress during upward vertical fire spread over the East Face of Grenfell 
Tower. For instance, [IWS00000850] (Flat 46, Level 7) states that, shortly 
after the fire was first discovered, "/looked up at the window, and saw the 
extractor fan, in the top of the right-hand window pane, had began to melt, 
and was on fire." 

1182. During oral testimony given at the Inquiry, BSR witness Jose Vieiro (resident 
of Flat 46, Level 7) stated that "The first thing I saw burning was the extractor. 
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That's the one-- it put the fire on the curtains." Mr Vieiro also states that " ... 
the flames first came through the fan, the hole where the fan was ... it gave in 
and it was hanging by the electric wire that supported it ... there was a hole 
where the fire was coming in." Expanding on these statements, Mr Vieiro 
notes that " ... at the beginning, it was the only place. Then it start to come 
through the left side of the window ... but more towards the top than the 
bottom" [BSRs-evidence-17 -October-20 18.pdf, pages 129-131]. 

1183. [IWS00000798] (Flat 56, Level 8), whose windows are stated as being closed 
at the time of the fire, states that smoke initially "started coming into the 
kitchen through the vent," followed by "heavier smoke ... coming into the 
kitchen through the vent." [IWS00000798] goes on to state, "as I watched the 
vent simply fell into the kitchen and thick black smoke started to pour into the 
flat ... (the extract fan) just melted under the heat." 

1184. [IWS00001 076] (Flat 66, Level 9) states that the kitchen windows were closed 
at the time of the fire, but that the earliest signs of fire were that "I went to the 
kitchen and could see that smoke was coming in through the extractor fan in 
the kitchen window ... the smoke was black." 

1185. [IWS00000080] (Flat 76, Level 1 0) states that shortly after discovering the fire 
"I saw that parts of the extractor fan in the kitchen had fallen off from the top 
right hand side of the window, because ofthe fire." 

1186. [IWS00000683] (Flat 86, Level 11) states that the fire entered the flat first 
"through the small circular vent at the top of the window" and that shortly 
thereafter "I noticed that the wires started to burn near to the fan in the kitchen 
window." 

1187. During oral testimony given at the Inquiry, BSR witness Nadia Jafari (resident 
of Flat 86, Level 11) stated that her kitchen window was closed, that the and 
that flames first came in through the small circular vent (i.e. extract fan) at the 
top of the window. She notes that "as (the flames) entered, it was like -- kind 
of like -- it blowed it up, when the fire came around the fan, so that fan came 
ouf'. She goes on to state that "lt was kind of like pushing it inside the window. 
So it was vel}' quick. So as I saw it, the fan, it came inside the kitchen, and 
around the frame of the window, it was fire, and the big side of the window, it 
blowed up inside the kitchen" [BSRs-evidence-8-0ctober-2018.pdf, pages 25-
27]. 

1188. [IWS00000728] (Flat 146, Level 17) states that the kitchen windows were 
closed at the time of the fire but that "we have a circular ventilation fan in the 
top right of the kitchen window and I could see flames coming through this 
ventilation fan into the kitchen." 

1189. Finally, [IWS00000933] (Flat 186, Level 21) states that in the initial stages of 
the fire "upon entering the kitchen, I saw the extractor fan in the kitchen 
window had broken away and disintegrated due to fire ... The fire had burned 
away the extractor fan in the kitchen window, as it was made of a type of 
plastic ... The fire was licking through the gap where the extractor fan had 
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been and was coming into the kitchen. The window was still there, and the fire 
was flicking through the gap where the extractor fan had been." 

1190. (3) Pre-existing gaps in the window framing: 

1191. Whilst none of the IWS statements that I have reviewed to date have stated 
that fire and/or smoke was directly observed to ingress into the building 
because of pre-existing gaps in refurbishment window framing, a number of 
IWSs comment on the poor airtightness of the refurbishment windows as 
originally installed. For instance, [IWS00000375], [IWS00000381], 
[IWS00000074], [IWS00001084], [IWS00000728], and [IWS00000388] all 
state that the window installation left gaps around the edges that resulted in a 
condition wherein drafts were a problem and they these were strong enough, 
for example, "to noticeably move the net curtains inside our flaf' 
[IWS00000381]. 

1192. A number of these also state that in some cases they could, for example, "fit 
(their) hand into (the gaps around the windows)" [IWS00000375], and a 
number further state that complaints were made to Rydon, with the result 
being that additional foam and/or silicone was used to (ineffectually in some 
cases) address this problem. 

1193. [IWS00000728] comments that "the flat was definitely warmer before the 
refurbishment works." 

1194. During oral testimony given at the Inquiry, BSR witness Antonio Roncolato 
stated that fire and/or smoke was directly observed to ingress into the building 
because of pre-existing gaps in refurbishment window framing [BSRs
evidence-3-0ctober-2018.pdf, pages 43-44]. Photos demonstrating this are 
available in [IWS00000892]. 

1195. (4) Failure of internal window framing due to softening and/or melting of the uPVC 
window framing boards: 

1196. [IWS00000496] (Flat 36, Level 6) comments that they "could see the PVC 
(window boards) melting from inside the kitchen" during the early stages of the 
fire. [IWS00000850] (Flat 46, Level 7) states that early in the fire "the plastic 
material of the window sill and the surrounds had started to liquidise and drip 
down the side of the window and onto the wall and floor of the kitchen. lt was 
going everywhere. Nothing else in the kitchen was on fire at this point, only 
the window frame." 

1197. (5) Thermally-induced breakage of the window glazing: 

1198. A number of BSRs comment on sudden (explosive) breakage of their kitchen 
windows as the fire progressed upwards on the East Face of Grenfell Tower. 
This is as expected given the high heat fluxes that would result from the rising 
flames and hot smoke - particularly as it grew in size and spread to higher 
levels of the building. 
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1199. [IWS0000683] (Flat 86, Level 11) states that "the glass in the kitchen window 
smashed from the fire." [IWS00001084] (Flat 116) states that the windows 
"smashed into my kitchen" with "a loud noise like a pop." 

1200. [IWS00000388] (Flat 156, Level18) states that "as soon as got to the kitchen 
and looked down out of the window I saw a big fireball coming up from outside 
the building ... the kitchen window then exploded inwards." 

1201. Whilst not relevant to my own scope of work for the Inquiry, it is also noteworthy 
that a number of the IWS statements that I have reviewed to date, specifically from 
BSRs residing in flats with numbers ending in six, and thus covering the period of 
initial upward vertical fire spread between 12:54 and 01:27 have explicitly stated 
that their flat front doors were not self-closing. For instance, [IWS00000119] (Flat 
36, Level 6), [IWS00000074] (Flat 66, Level 9), [IWS00000925] (Flat 76, Level10), 
[IWS00000683] (Flat 86, Level 11 ), [IWS00001 084] (Flat 116, Level 14 ), and 
[IWS00000728] (Flat 146, Level 17) all state that their flat front doors were not self
closing. 

1202. Both [IWS00001084] (Flat 116, Level14) and [IWS00000086] (Flat 136, Level16) 
state that their non-self-closing flat front doors were left open as they exited their 
flats, and that the lobbies began to fill with smoke as a consequence. 

1203. This evidence should be given further attention at Phase 2, along with further 
testimony given during the remaining Phase 1 hearings. 

7.5. Section Summary 

1204. On the basis of the limited evidence presented above, considered along with the 
evidence presented in Section 5 related to the spread of fire from the compartment 
of origin into and over the external cladding, it is my opinion that the construction 
materials, products, and detailing of the refurbishment at Grenfell Tower are likely 
to have significantly contributed to the ingress of both smoke and fire as it spread 
over (and within) the external cladding system. 

1205. Based on my review of the evidence, I have concluded that during the vertical 
spread on the East Face, the route of fire ingress appears to have changed as the 
fire grew. When the fire was relatively small, ingress was more likely to be via the 
materials, products, and detailing around and within the windows. As the fire grew, 
the route of ingress appears to have transitioned to glazing breakage induced by 
thermal shock due to high heat fluxes. 

1206. The above implies that that specific detailing around the refurbishment cladding 
windows may have been more important in the early stages of the fire, whilst the 
fire remained relatively small, but that as the fire grew in size this detailing became 
less significant in terms of ingress for fire and smoke. 

1207. lt should also be noted that the detailing around the refurbishment cladding 
windows is likely to have remained important as regards downward and horizontal 
fire spread, due to the steady progression of comparatively smaller local fires 
associated with these fire spread directions. 
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1208. Additional work will be required at Phase 2 to further investigate, confirm, and 
quantify the above observations. 
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1209. The Chairman asked me to provide a report for Phase 1 on: 
(1) ignition of the fac;ade (cladding) materials; and 
(2) preliminary conclusions on fire spread to, and on, the exterior of the building. 

1210. Based on the information presented within this report and having reviewed all 
directly relevant materials and evidence made available to me to date, a number of 
conclusions can be drawn. These conclusions are based on a balance of 
probabilities, rather than a criterion of beyond reasonable doubt. 

1211. lt should be noted that new evidence is continually coming to light; from new 
disclosures by involved parties and from ongoing testing, reconstruction, and 
experimental work (both my own and that being undertaken by the MPS/BRE 
forensic teams), and from oral testimony obtained via the Inquiry's Phase 1 public 
hearings. I reserve the right to alter or amend any of the conclusions given below in 
light of new evidence, should this become necessary. 

8.1. Preliminary Conclusions: The Initial Internal Fire in Flat 16 

1212. Origin of initial fire: There is a high level of evidence to support the hypothesis 
that the fire started somewhere between the edge of the cooker and the kitchen 
window in Flat 16 (see Figure 83). 

1213. Cause of initial fire: Some evidence exists to support a hypothesis that the fire 
started at the South-East Side of the kitchen and in the general area of the Hotpoint 
FF175BP fridge-freezer: 

1214. there is currently insufficient evidence to confidently settle on the cause of the 
initial fire; however, I consider it likely that the fire originated in or around the 
Hotpoint FF175BP fridge-freezer; and 

1215. with regard to other possible sources of ignition, I have not seen sufficiently 
convincing evidence to confidently identify the specific cause of the initial fire. 

1216. The Phase 1 reports submitted by Professor Niamh Nic Daeid, and any reporting by 
Inquiry Expert Witness Or Duncan Glover, should be consulted on these issues. 
Additional work is required at Phase 2 to more confidently state the cause and 
origin of the Grenfell Tower fire, although I do not consider this of fundamental 
importance to my own scope of work for the Inquiry. 

8.2. Preliminary Conclusions: Fire Spread to the Exterior of the Building and 
Ignition of the Fac;ade (Cladding) Materials 

1217. Fire spread from inside Flat 16 to the external cladding: Possible fire spread 
routes to the external cladding have been considered in this report, as follows: 

1218. Spread via fire venting from or through the open or broken kitchen 
window, the extract fan, or the window infill panel within which the extract 
fan was mounted: There is currently insufficient evidence to accept or reject a 
hypothesis that the route of fire spread from inside the kitchen of Flat 16 to the 
external cladding was due to impingement of flames and hot gases from the 
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kitchen fire within Flat 16 venting through an open window, the window infill 
panel within which the extract fan was mounted, or via the extract fan itself. 
However, based on the available evidence I consider this fire spread route to be 
as likely as spread via penetration of the internal kitchen window surround (see 
following paragraph). 

1219. Spread via penetrating of the kitchen window framing surround: There is 
evidence to suggest that the external cladding was ignited due to parts of the 
internal window surround within the kitchen of Flat 16 being penetrated by the 
flames and hot gases from the fire within that compartment. On a balance of 
probabilities, however, I consider this hypothesis to be as likely as spread via 
fire venting from or through the kitchen window, extract fan, or fan mounting 
panel. 

1220. Indeed, it is most likely that some combination of the above two fire spread 
routes conspired to cause the initial ignition and sustained burning of the 
external cladding. 

1221. First cladding item ignited: lt is not currently possible to confirm which of the 
available combustible materials within the building envelope and external cladding 
system was the first to be ignited and sustain flaming. A range of combustible 
materials are present within the external cladding system at Grenfell Tower (see 
"Role of other materials" in Section 8.3 below). lt is noteworthy, however, that the 
AGM rainscreen cassettes offered multiple lines of exposed combustible PE filler 
within the external cavity (Figure 20). Exposed surfaces of PIR insulation were also 
present within the cavity at these locations. 

1222. In my opinion it is clear from the available evidence that the critical material 
in terms of escalation of external fire spread at Grenfell tower was the PE 
filler within the Reynobond ACM rainscreen, regardless of which cladding 
material was first ignited. 

1223. Experimental work to be undertaken at Phase 2 will further interrogate these 
issues. 

8.3. Preliminary Conclusions: Fire Spread on the Exterior of the Building 

8.3.1. Materials of Construction 

1224. Role of the ACM rainscreen: The available evidence strongly supports a 
hypothesis that the presence of aluminium composite panels with polyethylene filler 
material, over large areas of the external surface of Grenfell Tower, was the 
primary cause of upward vertical fire spread, downward vertical fire spread, and 
horizontal fire spread. The AGM product used on Grenfell Tower incorporates a 
highly combustible PE polymer filler which melts, drips, and flows at elevated 
temperature. The polyethylene filler material is expected to release large amounts 
of energy during combustion, to rapidly lose its mechanical properties, and to cause 
separation of the AGM panels and cassettes. 

1225. All of the above can promote rapid flame spread and fire growth, both within the 
external cladding cavity and on the cladding's exterior. 
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1226. Such AGM products present a clear and significant fire hazard that ought to be 
explicitly considered by anyone contemplating their use on buildings. These 
hazards were well known and documented within the technical literature [1, 2, 
14, 15], within the available statutory design guidance [7], and via 
on line/popular media and press (see e.g. Appendix D) prior to the design and 
construction of Grenfell Tower's refurbishment cladding system. 

1227. Role of combustible insulation(s): The current evidence is inconclusive regarding 
whether the presence of a combustible insulation material within the rainscreen 
cavity contributed to, or otherwise accelerated, the rate and/or extent of upward, 
downward, and/or horizontal fire spread at Grenfell Tower. There is evidence of 
pyrolysis and charring of these materials during the fire. There is also evidence of 
exposed PIR surfaces being present within the cladding cavity before the fire (i.e. 
combustible insulation surfaces not covered by aluminium foil facing or aluminium 
tape). Thus, whilst it is not possible at present to quantify the contribution of 
combustible insulation to the spread of the fire, I consider it more likely than not that 
the presence of these materials will have contributed to some extent. 

1228. Laboratory testing at Phase 2 will further elucidate the potential contribution(s) of 
various types of cavity insulation on fire development in external cladding systems, 
in particular when used in combination with PE filled AGM rain screen cassettes and 
when the aluminium skins are compromised in some way. The potential role(s) of 
the aluminium composite XPS insulated window infill panels installed as part of the 
Grenfell Tower refurbishment will also be considered at Phase 2. 

1229. Role(s) of other materials: A range of additional combustible materials are 
present within the external cladding and refurbishment window systems at Grenfell 
Tower, although in smaller volumes. These include: 'PURLBOARD', timber, uPVG 
window boards, PIR window framing insulation, EPDM rubber, PG-ABS extract 
fans, and at least two different sealants/adhesives. 

1230. The potential roles of all of these materials will be further considered at Phase 2, 
supported by laboratory-based testing and experimentation which is underway at 
The University of Edinburgh and by the MPS/BRE forensic teams. Data from this 
testing will be made available within my Materials Testing Report 1, which will be 
available from the Grenfell Tower Inquiry website. 

8.3.2. Geometry and Detailing 

1231. Role of continuous vertical channels and extensive vertical cavities within the 
cladding system: The continuous vertical channels and extensive vertical cavities 
within the refurbishment cladding system (described, for example, in Section 
3.2.4.1 and Figure 28 and Figure 29), are likely to have influenced the rate and/or 
extent of upward vertical, downward vertical, and/or horizontal fire spread. 

1232. Upward vertical fire spread: On the basis of the available evidence it is not 
currently possible to definitively accept or reject a hypothesis that the 
continuous vertical channels and extensive cavities within the refurbishment 
external cladding system were a significant factor promoting upward vertical fire 
spread. However, on the balance of probabilities, and given the known 
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importance of vertical channels and extensive vertical cavities in promoting 
flame extension, I consider it highly likely that these features of the external 
cladding system at Grenfell Tower contributed to the rate and/or extent of 
upward vertical fire spread. 

1233. Downward vertical fire spread: On the basis of the available evidence I 
consider it likely that the continuous vertical channels and extensive internal 
cavities within the refurbishment external cladding system contributed to the 
rate and/or extent of downward vertical fire spread. lt is likely that these 
channels and cavities provided a route for downward transport of melted, 
flowing or dripping, and burning PE filler (originating from the AGM cladding 
cassettes) within the external cladding system. Additional work at Phase 2 is 
required to confirm and quantify this. 

1234. Horizontal Fire Spread: The available evidence does not provide any definitive 
evidence that the presence of continuous vertical channels and extensive 
internal cavities that are present within the refurbishment external cladding 
system contributed to the rate and/or extent of horizontal fire spread observed 
at Grenfell Tower. lt must be reiterated, however, that the presence of vertical 
channels and extensive vertical cavities is likely to have played a role in 
promoting both upward and downward vertical fire spread, thus indirectly 
promoting horizontal fire spread, particularly by providing routes and locations 
for mobilisation and pooling of molten, burning PE within the cladding system. 

1235. Role(s) of the overall shape and geometry of Grenfell Tower and its external 
cladding system: The progression of external fire spread was observed to be 
different over column and spandrel sections of Grenfell Tower. 

1236. The available evidence suggests that the layout of materials and products on 
Grenfell Tower- i.e. continuous vertical arrangement of PE filled AGM rainscreen 
cassettes on columns, and vertically discontinuous horizontal bands of AGM 
rainscreen cassettes (along with XPS filled aluminium composite window infill 
panels) on the building's spandrel sections- may have played a role in influencing 
the specific manner in which fire spread over the external cladding (refer to Section 
6.3.2). Additional work at Phase 2 is required to confirm these hypotheses. 

1237. On the basis of the available evidence, including the available research literature, I 
believe it is plausible to suggest that the presence of the column 'wing walls' at 135 
degrees from the spandrel sections of the building fac;ade may have played a role 
in increasing the rate and/or extent of upward vertical fire spread at Grenfell Tower. 
Additional work would be required at Phase 2 to confirm and quantify this effect. 

1238. Role of the architectural crown: The available evidence suggests that the 
architectural crown detail installed as part of the Grenfell Tower refurbishment (and 
the column top details) played an important role in significantly increasing the rate 
and/or extent of horizontal fire spread. This was also fabricated largely from 
Reynobond PE AGM sheets. Considerable additional work at Phase 2 is planned to 
further interrogate and quantify this issue, since horizontal fire spread to adjacent 
faces of the building was consistently observed to occur first at the top of each face 
of the building, and at the location of the architectural crown. 
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1239. Role of the wind: The wind speed was comparatively low during the initial growth 
and spread of the fire. On the basis of the available evidence it is not possible to 
state whether the ambient wind at the time of the fire had any significant influence 
on the rate and/or extent upward vertical, downward vertical, or horizontal fire 
spread. However, on the basis of the available evidence, wind effects are not 
considered to be of critical importance in the context of external fire spread at 
Grenfell Tower. 

8.4. Supplementary Conclusions 

1240. Whilst not strictly covered in my Phase 1 scope and purpose, the work presented in 
this report has resulted in two additional preliminary conclusions being drawn, as 
follows: 

1241. On the basis of the available evidence the fire had spread to the refurbishment 
external cladding and begun escalating as an external cladding fire about seven 
minutes before the first London Fire Brigade firefighter crews entered the 
kitchen of Flat 16 and attempted to extinguish the internal compartment fire. 

1242. A review of the video evidence suggests that the fire-fighting crews at the 
exterior of the Tower were able to apply water to the external cladding 
immediately below the fire whilst it was still comparatively small. The timelines 
for this application of firefighting water on the night of the Grenfell Tower fire, 
and the rationale for applying water to the cladding below, rather than on or 
above, the fire should be explicitly considered as part of the Inquiry's work. This 
is particularly the case within the context of a rapidly escalating external 
cladding fire, and the potential need to alter fire-fighting tactics in other 
comparable fire scenarios in other buildings in the future. 
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1243. At Phase 2, the Chairman has asked me to provide a report addressing the 
following issues: 

1244. (a) Final conclusions on fire spread to and on the exterior of the building. 

1245. (b) Performance of the materials and products which formed part of the exterior of 
the building and contribution (if any) to spread of fire, including: (i) a review of 
testing by BRE and any other relevant bodies, and (ii) a review of the standard 
testing regime. 

1246. (c) Any issues relating to the mechanical response of the reinforced concrete 
structural frame (if deemed relevant following further investigation). 

1247. (d) Recommendations about what, if any changes could be made to the regulatory 
regime and industry practice to prevent a similar incident from happening in the 
future. 

1248. A number of items for specific additional work to be undertaken at Phase 2 have 
been identified through the body of this report. These are not repeated here. 
Notable additional work to be undertaken and reported on at Phase 2 includes: 

1249. continuing to review any new evidence relevant to issues a) through d) noted 
above; 

1250. reporting on forensic testing and experimentation by BRE Fire Investigation on 
behalf of the MPS, including: 

1251. compliance testing of materials and products from the Grenfell Tower 
external cladding system (BS 476 Part 7, BS 476 Part 6, BS 476 Part 11, BS 
EN ISO 11925 Part 24, BS EN 13823, and BS EN ISO 1716); 

1252. fire resistance tests on doors from Grenfell Tower (BS 476 Part 22, BS EN 
1634 Part 1 ); 

1253. external cladding tests on cladding from Grenfell Tower (BS 8414-1 and 
additional ad hoc full-scale cladding tests); and 

1254. a full-scale fire reconstruction reproducing various relevant aspects of 
Grenfell Tower; 

1255. undertaking and reporting on a range of tests and experimentation on materials 
and products from the Grenfell Tower external cladding system at The 
University of Edinburgh, including: 

1256. thermogravimetric analysis (TGA) on selected relevant materials; 

1257. differential scanning calorimetry (DSC) on selected relevant materials; 

1258. dynamic mechanical analysis (DMA) on selected relevant materials; 
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1259. cone calorimetry and bomb calorimetry on selected relevant materials and 
products; and 

1260. as yet undetermined bespoke fire experiments on a range of relevant 
materials, products, and assemblies; 

1261. a review of the standard testing regime(s) used to assess the fire performance 
of all relevant materials and products used in the refurbishment external 
cladding system at Grenfell Tower; 

1262. potentially undertaking a structural survey of Grenfell Tower to identify any 
relevant issues relating to the mechanical response of the reinforced concrete 
structural frame; and 

1263. a detailed review- informed by the Phase 1 reports submitted by all instructed 
expert witnesses to the Inquiry- of the regulatory regime, the material, product, 
and system testing methods, and the past and current industry practice as 
regards consideration of, and suitable mitigation against, hazards from external 
cladding fires (with an emphasis on rainscreen cladding systems and other 
external architectural features). 

265 

LBYS0000001_0265 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

10. References 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

[1] D. Drysdale, An Introduction to Fire Dynamics, 3rd ed. The Attrium, Southern 
Gate, Chichester P019 8SQ, UK: John Wiley and Sons Ltd, 2011. 

[2] M. J. Hurley et al., SFPE handbook of fire protection engineering, fifth edition. 
2016. 

[3] J. G. Quintiere, Fundamentals of Fire Phenomena. John Wiley & Sons, Ltd, 
2006. 

[4] ASTM E2058- 13a, Standard Test Methods for Measurement of Material 
Flammability Using a Fire Propagation Apparatus (FPA). 

[5] M. J. Hurley, Ed., SFPE Handbook of Fire Protection Engineering, 5th ed. 
Springer, 2016. 

[6] J. Zhang, T. J. Shields, and G. W. H. Silcock, "Effect of Melting Behaviour on 
Upward Flame Spread of Thermoplastics," Fire Mater., vol. 21, no. 1, pp. 1-
6, Jan. 1997. 

[7] Approved Document B - Volume 2 Buildings other than dwellinghouses, vol. 
2. HM Government, 2013. 

[8] BS 476-6:1989, Fire tests on building materials and structures. Method oftest 
for fire propagation for products. 

[9] BS 476-7:1997, Fire tests on building materials and structures. Method oftest 
to determine the classication of the surface spread of flame of products. 

[1 0] EN ISO 11925-2:2010, Reaction to fire tests. lgnitability of products subjected 
to direct impingement of flame. Single-flame source test. 

[11] BS EN 13823:2010, Reaction to fire tests for building products. Building 
products excluding floorings exposed to the thermal attack by a single 
burning item. 

[12] BS EN 13501-1:2007, Fire classification of construction products and building 
elements, Part 1 - Classification using data from reaction to fire tests. 

[13] J. G. Kaufman, Fire Resistance of Aluminum and Aluminum Alloys and 
Measuring the Effects of Fire Exposure on the Properties of Aluminum Alloys. 
Materials Park, OH: ASM International, 2016. 

[14] A. Murty Kanury, "Modeling of pool fires with a variety of polymers", 
Symposium (International) on Combustion, vol. 15, issue 1, 1975. 

[15] A. Tewarson, R.F. Pion, "Flammability of plastics-1. Burning intensity", 
Combustion and Flame, vol. 26, pp. 85-103, 1976. 

[16] J. P. Hidalgo, "Performance based methodology for the fire safe design of 
insluation materials in energy efficient buildings," PhD Thesis, The University 
of Edinburgh, 2015. 

[17] J. G. Quintiere and T. G. Cleary, NISTIR 4664. Flammability Characterization 
of Foam Plastics. 

[18] The Building Regulations (England and Wales) 2010 
[19] BS 8414-1:2015, Fire performance of external cladding systems. Test 

methods for non-load bearing external cladding systems applied to the face of 
a building. 

[20] S. Colwell and T. Baker, BR 135 Fire Performance of External Thermal 
Insulation for Walls of Multistorey Buildings, Watford, 2013. 

[21] V. Babrauskas, "Fac;ade fire tests: Towards an international test standard," 
Fire Technol., vol. 32, no. 3, pp. 219-230, 1996. 

[22] Y. Wu and D. Drysdale, Study of upward flame spread on inclined surfaces, 

266 

LBYS0000001_0266 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 - Final Expert Report 

HSE contract research report no. 122. 1996. 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

267 

LBYS0000001_0267 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 Expert Report- Appendix A 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Appendix A: Interactions and Site Visits 
1264. The following table provides a chronological list of key interactions and site visits 

relevant to my work as an instructed expert witness to the Grenfell Tower Inquiry. 

Table A1 Summary of key external interactions and site visits. 

Date Location Type 

09/10/2017 New Scotland Yard, London Meeting with MPS Forensic Team 
09/10/2017 Grenfell Tower, London Site visit and inspection- Overview 
14/11/2017 Grenfell Tower, London Site visit and inspection- External cladding Level 4 

07/12/2017 BRE, Watford Observation of testing- Cladding 
materials/products 

15/12/2017 MPS Lambeth, London 
Meeting to obtain MPS Image Analysis Report and 
associated media 
Site visit and inspection - Deconstruction of Flat 13 

09/01/2018 Grenfell Tower, London and collection of material/product samples for UoE 
testing 

31/01/2018 Grenfell Tower, London Collection of material/product samples for UoE 
testing 

05/02/2018 BRE, Watford Observation of testing- Timber stairwell door 
27/02/2018 BRE, Watford Observation of testing- MPS/BRE Cladding Test 2 
16/03/2018 BRE, Watford Observation of testing- MPS/BRE Cladding Test 3 
28/03/2018 BRE, Watford Observation of testing- MPS/BRE Cladding Test 4 
10/04/2018 BRE, Watford Observation of testing- Single Burning Item tests 

Site visit and inspection- External cladding above 
22/05/2018 Grenfell Tower, London Level 4 to Level 21 from scaffolding. Inspection of 

the Architectural crown from roof level. 

25/05/2018 BRE, Watford 
MPS, BRE, GTI, FERG joint meeting to discuss 
MPS/BRE reconstruction(s) 

28/06/2018 BRE, Watford 
Observation of MPS/BRE full-scale fire 
reconstruction 

11/07/2018 Grenfell Tower, London 
Site visit and inspection- Architectural Crown from 
scaffolding at and above roof level 
Receipt of samples of evidence of the Architectural 

03/09/2018 University of Edinburgh Crown materials and systems by Dr Angus Law by 
delivery from MPS 

268 

LBYS0000001_0268 



Grenfell Tower Inquiry 
Luke Bisby- Phase 1 Expert Report- Appendix B 

THE UNIVERSITY if EDINBURGH 

School of Engineering 

Appendix B: Material Samples provided by the MPS 
1265. The following table provides a list of material/product samples that have been 

provided to me for the purposes of experimentation at The University of Edinburgh 
(see Section 4 ). The nature and results of these experiments will be reported at 
Phase 2. 

Table B1 Material/product samples provided by the MPS (MPS nomenclature). 

Exhibit ref. Seal Description Location found* 
KL0/85 MPSZ13159523 Fire cavity barrier N-3-2-R-FB 
KL0/206 MPSZ13159213 Column insulation board (100 mm) W-4-14-P-C-1-T-R 
MRA/119 MPSZ13159532 Spandrel insulation board (80 mm) S-5-23-2-01-T 
MRA/212 MPSC38606256 EPDM weatherproofinq membrane S-5-22-2-WF 
MRA/273 MPSZ13182935 Fire cavity barrier E-5-22-4-HFBC 
KL0/819 MPSZ012613198 ACM spandrel cassette (black core) N-4-16-4-C 
KL0/820 MPSZ012613197 ACM column cassette (black core) N-3-2-R 
KL0/821 MPSZ012613199 ACM spandrel cassette (clear) N-4-16-6-C 
KL0/822 MPSZ012613200 Window infill panel N-4-16-LIVI NG-3+4 (WF) 

KL0/828 MPSE53664523 
Plaster board panel (with 41h Floor, Flat 13, Kitchen 
'PURLBOARD') below window 

KL0/816 MPSZ012613189 uPVC window board (soffit) 41h Floor, Flat 14, Room 2 

KL0/817 MPSZ012613191 
uPVC window board (cover strip) & 51h Floor, Flat 23, Room 1 
Celotex insulation board (25 mm) 

KL0/818 MPSD43264271 Kingspan insulation board (25 mm) 51h Floor, Flat 14 
JWM/1184 MPSA22822834 Head bracket (crown)+ fixinqs 
JWM/1183 MPSA21352098 Base bracket+ fixings Crown GT 
JWM/1182 MPSA22817701 Base bracket 2 + fixinqs Crown GT 
JWM/1185 MPSC37841685 Sill Bracket+ fixings Crown GT 
JWM/1177 MPSA21326131 Out panel channel (3) Crown GT 
JWM/1149 MPSA23391471 Panel channel 5 Crown GT 

*Refer to Table B2 for an explanation of the location nomenclature. 

Table B2 Abridged "cladding Index" location nomenclature (provided by MPS). 

Face Floor Flat Item DESCRIPTION Location 
No. Index 

North (N) 3 1 MT Metal trim Right 
East (E) 4 2 c Cassette (numbered right to left) Left 
South (S) 5 3 CB Channel bracket (top & bottom) Top Top 
West (W) 6 4 cc Cassette channel Top 

7 5 01 Outer insulation Middle 
8 6 11 Inner insulation Bottom 

9 FB 
Fire barrier (numbered R-L per bay, vertical/ 

Vertical horizontal from cassettes (C) or panels (P)) 
10 WF Window frame Horizontal 

p Panel (right to left (A-F East & West A-H South 
& North sides) 
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1266. Where possible, I have identified a timestamp for each item of evidence. The 
precision with which I have been able to do this has varied depending on the 
source of the evidence, and the degree to which I have been able to cross-match 
between independent sources of evidence. 

1267. I have also referred to the Grenfell Tower Inquiry note on timing [INQ00000468] to 
verify and cross-check all of the timings used, wherever possible. 

1268. The key sources of information that I have used to define timestamp information are 
provided below: 

1269. NPCC uploads. Some NPCC upload filenames were tagged with a timestamp 
either in the filename or in the information provided by the individual who 
uploaded the video. The credibility of these timestamps has been evaluated 
based on comparison of the images with other similar images that also have a 
timestamp. Where there is a high level of visual similarity (i.e. the extent of fire 
spread appears similar), the timestamp from the NPCC uploads has been 
adopted. 

1270. NPAS 44 video. MPS image analysis document [MET00012593] notes that: 
"The timings on NPAS44's (01 :44-02:44 hours) footage are very difficult to 
read. The clearer timing at the bottom of the screen is from a codec that looks 
to be 3 minutes behind but this has not been verified''. lt has been identified 
based on comparison to CCTV image of individuals walking through the main 
entrance, that the correction to this footage is minus 3 minutes and 6 seconds. 

1271. N PAS 13 videos appear to have the correct timestamp. 

1272. Internal CCTV. The internal CCTV images have been corrected by -36s as per 
the MPS image analysis document. 

1273. CCTV footage from South-West Camera was adjusted based on matches to 
other timestamped footage of lights being turned off within Grenfell Tower, the 
corrected time stamp is approximately +58 minutes, to give 01:29:--. 

Other external CCTV footage was corrected by 1 hour- a more precise 
correction has not been obtained. 

1274. Where video has not been provided with a timestamp it has, in some cases, been 
possible to match a sequence of video to another sequence with a known 
timestamp. In these cases, the timestamp from the original video (often body worn 
images, NPAS video, or CCTV) has been used as the reference times for these 
videos. 

1275. Care has been taken to ensure that the timestamps are as correct to as greater 
accuracy as possible. In some cases, the accuracy with within 1 s. However, it 
should be noted that for the purposes of my report, I do not generally require this 
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level of accuracy to draw my conclusions. An accuracy of ±5 minutes is sufficient to 
allow me to form most of my opinions and draw most of my conclusions. 

1276. lt should also be noted that further analysis of videos without a timestamp by 
comparison to videos with known timestamp may allow these sequences to be 
matched. However, for the purposes of my analysis, I am satisfied that I have 
located the various videos in time with sufficient accuracy for my purposes. 
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Appendix D: Evidence obtained via the World Wide Web 
1277. The following website have been listed as footnotes during the body of the reports: 

1278. https://www.arconic.com/aap/north_america/en/product.asp?prod_id=1534 

1279. https ://www .arconic.com/aap/eu rope/en/info _page/incombustible_ A2 _core_ al 
uminium_composite_panels_ facades_roof.asp 

1280. https://www.kingspan.com/gb/en-gb/products/insulation/insulation-
boards/therma 

1281. http://www.metaltechnology.com/index.php/products/view/system-5-20 

1282. https ://www .cbsnews .corn/news/fire-new-year -fireworks-d isplay-d u bai
building/ 

1283. https://www.thestar.com/business/2016/01/19/how-a-common-building-
material-turned-a-dubai-hotel-fire-into-an-inferno.html 

1284. https://www.youtube.com/watch?v=mu6JIAmjTEc 

1285. For reference, the text of these websites is provided in the following pages. 
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Reynobond® I Reynolux® Panels -- Reynobond Aluminum Composite Material 20/03/2018, 15:46 

o Order Brochure 
o Fabrication 
o Brochures 
o Warranties 

• Re):'nobond® 
• Re):'nolux® 

Reynobond Aluminum Composite Material (ACM) 

Experience the unique strengths of Reynobond ACM 
Reynobond® is the ideal aluminum panel solution for a wide range of Architectural and Corporate ID 
needs. Click the links pertaining to each market segment to learn more. Two core options are available: 

Reynobond PE Panels are flexible to the core. 
Reynobond polyethylene (PE) core features a polyethylene core that adds strength and rigidity to the coil
coated Reynobond aluminum panels. This maximizes its flexibility and formability, while maintaining a 
light weight for easy installation. 

Reynobond FR Panels add an extra layer of protection. 
Reynobond panels with a fire-resistant (FR) core are manufactured with a fire-resistant mineral core. FR is 
manufactured just like Reynobond PE but with a fire-resistant mineral core that has a higher resistance to 
fire. 

For more detailed information on this product, reference the document( s) available for download below 
as well as the links on the left hand side of the page for specifications and other documents. 

'® Re):'nobond ACM Brochure [1040KB] 

'® Fabrication Guidelines for Re):'nobond Panels [1165KB] 

'® Corporate Identit):' Brochure [1095KB] 

'® Architecture Color Chart [5285KB] 

'® Retail Color Chart [6240KB] 

Viewing documents in PDF format requires Adobe Acrobat Reader , which is available as a free download 
from the Adobe Web site. 

Arconic Architectural Products LLC Home I Sitema12 I Privac):' Polic):' I Legal Notices 
Copyright© 2018 Arconic Inc. 
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Aluminium composite panels with A2 core 
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Aluminium composite panels with A2 core 20/03/2018, 15:47 

• Re):'nobond 
o Re):'nobond® with EcoClean™ 
o A2 Fire Solution 

• Re):'nolux 
• Re):'nodual 

A2 fire solution 
Reynobond® Architecture aluminium composite panels with A2 core 

Reynobond® Architecture with A2 core is a composite panel consisting of two coated aluminium 
sheets that are laminated to both sides of a non-combustible core. It meets the stringent fire-reaction 
requirements of the European fire certification EN 13501-1, class A2 while offering an unlimited 
creative freedom in terms of transformations, applications, designs and colours. Reynobond® 
Architecture with A2 core is the ideal solution for facades and roof cladding because it shows improved 
performance against fire: 
• Limit fire propagation on fac;;ades and roofs 
• Limit fire spreading on fac;;ades and roofs 
• Prevent propagation of fumes 
• Avoid droplets falling from fac;;ades and roofs 

A2 
EN 13501 -1: A2 -s1, dO 

Learn more: 
• Our fire solutions for aluminium facades and roofs 
• Re):'nobond aluminium comgosite ganels information l2Qg~ 

Arconic Architectural Products LLC Home I Sitemag I Privac):' Polic):' I Legal Notices 
Copyright© 2018 Arconic Inc. 
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Our Businesses in Product Groups Product Groups Legal 
Great Britain 

Insulated Panel Data Centre Systems 
Information 

Kingspan Insulated Systems Structural Steel Website Privacy 

Panels Insulation Solutions Notice 

Kingspan Insulation Architectural Facade Diesel, Ad Blue & Oil Cookie Policy & 

Kinqspan Liqht +Air Systems Tanks Control 

We use cookies on our website www.kingspan.com. To find out more about the cookies we 
use, or to change your cookie preferences i.e. to remove your consent to our use of certain 
categories of cookies, please visit our Cookie Policy & Control page. 

Please click "Accept and close" to accept the use of cookies on our website. If you do not 
click "Accept and close" but continue to use this website: you thereby consent to the use of 
all Kingspan's cookies and third party cookies for the purposes of improving performance, 
improving functionality and audience measurement, in accordance with the terms laid out 
in our Cookie Policy & Control page; and we will assume that you have read and 
understood our Cookie Policy & Control page. 

Accept and 
close 
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Average air permeability's under positive and 

negative air pressures at 50pa 
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Thermal Performance 
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Fire breaks out near Dubai's New Year's fireworks displa y - CBS News 

A fire engulfs The Address Hotel in downtown Dubai in the United Arab Emirates Dec. 31, 2015. I 

REUTERS/AHMED JADALLAH 

At least 14 people were slightly injured in the fire, according to Dubai's Media 
Office. The statement said another person was moderately injured, without 
elaborating further. No children were among those injured, it said. 

Around 1 million people had been expected to gather around the Bmj Khalifa to 
watch the fireworks. Dubai's economy depends heavily on tourism, and New Year's 
is one of the busiest seasons, drawing people from around the world to watch the 
fireworks that the emirate puts on at the world's tallest tower, as well as the sail
shaped Bmj AI Arab and over a man-made palm-shaped island. 

. @ BmjAIArab adds more magic in celebrating the new year ... 
# MyDubaiNewYear pic.twitter.comjzcpBnt5oL7 

- Dubai Media Office (@DXBMediaOffice) December 31, 2015 

Organizers had installed 400,000 LED lights on the Bmj Khalifa and used some 
1.6 tons of fireworks for the seven-minute extravaganza. Two years ago on New 
Year's, Dubai broke the world record for the largest fireworks display. 

The fire engulfed the Address Downtown, one of the most upscale hotels and 
residences in Dubai, which was likely to have been packed with people because of 
its clear view of the 905-yard-tall Bmj Khalif a. 

"It just started climbing and started engulfing the building, and it kept just getting 
worse," John Hallenback, who saw the fire from a balcony about a kilometer away, 
toldCBSN. 

Witnesses posted video of the hotel engulfed in flames to social media. 

Address hotel Dubai on fire. pic.twitter.comja4v3yRNhqp 

-Rami Ranger (@RamiRanger) December 31, 2015 

The hotel towers over the Souq AI Bahar, a popular shopping area with walkways 
that connect to the Bmj Khalifa and the Middle East's largest mall, the Dubai Mall. 

It was not immediately clear what caused the fire, which ran up the 63-story 
building. The Address is a 991 foot-tall skyscraper that has 626luxury apartments 
and 196 hotel rooms, according to Skyscraper Center, which tracks such buildings. 

Dubai's Media Office wrote on its official Twitter account that four teams of 
firefighters were working to put out the blaze. They said the fire appears to have 
originated on a 20th floor terrace. 

The fire broke out about two hours before the midnight fireworks display was set 
to begin. To manage the crowds, Dubai police had closed off some roads and the 
metro before the fire broke out. 
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Fire breaks out near Dubai's New Year's fireworks display- CBS News 
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How a common building material turned a Dubai hotel fire into an inferno I Toronto Star 20/03/2018, 15:49 

thestar.com 

This copy is for your personal non-commercial use only. To order presentation-ready copies of 
Toronto Star content for distribution to colleagues, clients or customers, or inquire about 
permissionsjlicensing, please go to: www.TorontoStarReprints.com 

How a common building material 
turned a Dubai hotel fire into an 
inferno 
Experts say they have no idea how many skyscrapers around the world have a potentially 
combustible panelling making them at risk of similar fast-moving fires. 

The Address Downtown Dubai hotel is engulfed in flames on New Year's Eve, one of 
at least eight such fires in the Emirates alone. (REUTERS) 

https:jjwww.thestar.com/business/2016/01/19/how-a-common-building-material-turned-a-dubai-hotel-fire-into-an-inferno.html Page 1 of 8 
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How a common building material turned a Dubai hotel fire into an inferno I Toronto Star 20/03/2018, 15:49 

By ADAM SCHRECK AND JON GAMBRELL The Associated Press 

Tues , Jan 19, 2016 

DUBAI, UNITED ARAB EMIRATES-Within minutes, the revelry ofNewYear's Eve in 
Dubai turned to horror as those gathered for fireworks downtown watched flames race up the 
side of one of the glistening city's most prominent luxury hotels. 

But the fire at the 63-storey The Address Downtown Dubai wasn't the first, second or even 
third blaze to spread swiftly along the exterior of skyscrapers that have risen from the desert 
at a torrid pace in and around Dubai over the past two decades. 

It was at least the eighth such fire in the Emirates alone, and similar blazes have struck major 
cities across the world, killing dozens of people, according to an Associated Press survey. 

The reason, building and safety experts say, is the material used for the buildings' sidings, 
called aluminum composite panel cladding. While types of cladding can be made with fire
resistant material, experts say those that have caught fire in Dubai and elsewhere weren't 
designed to meet stricter safety standards and often were put onto buildings without any 
breaks to slow or halt a possible blaze. 

While new regulations are now in place for construction in Dubai and other cities, experts 
acknowledge they have no idea how many skyscrapers have the potentially combustible 
panelling and are at risk of similar fast-moving fires. 

"It's like a wildfire going up the sides of the building," said Thorn Bohlen, chief technical 
officer at the Middle East Center for Sustainable Development in Dubai. "It's very difficult to 
control and it's very fast. It happens extremely fast." 

https:jjwww.thestar.com/business/2016/01/19/how-a-common-building-material-turned-a-dubai-hotel-fire-into-an-inferno.html Page 2 of 8 
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The Address Downtown hotel after it was gutted by the New Year's Eve 

blaze. (JON GAMBRELL) 

Cladding came into vogue over a decade ago, as Dubai's building boom was well underway. 
Developers use it because it offers a modern finish to buildings, allows dust to wash off 
during rains, and is relatively simple and cheap to install. 

Dubai has since burgeoned into a cosmopolitan business hub of more than two million 
people. As in other Emirati cities, foreign residents far outnumber the local population. 
Expatriate professionals in particular are drawn to the ear-popping apartments the city's 
hundreds ofhighrises offer, and skyscraper hotels accommodate millions of guests each year. 
The city-state aims to attract 20 million visitors annually by the time it hosts the World Expo 
in 2020. 

That means the risk of highrise fires touches people from all over the world. 

Typically, the cladding is a half-millimeter thick piece of aluminum attached to a foam core 
that is sandwiched to another similar skin. The panels are then affixed to the side of a 
building, one piece after another. 

The biggest problem lies with panel cores that are all or mostly polyethylene, a common type 

https:jjwww.thestar.com/business/2016/01/19/how-a-common-building-material-turned-a-dubai-hotel-fire-into-an-inferno.html Page 3 of 8 
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of plastic, said Andy Dean, the Mideast head of facades at the engineering consultancy WSP 
Global. 

"The ones with 100-per cent polyethylene core can burn quite readily," Dean said. "Some of 
the older, even fire-rated, materials still have quite a lot of polymer in them." 

The panels themselves don't spark the fires, and the risks can be lessened if they are installed 
with breaks between them to curb a fire's spread. The panels' flammability can be 
significantly reduced by replacing some of the plastic inside the panels with material that 
doesn't burn so easily. 

However, when installed uninterrupted row after row, more flammable types of cladding 
provide a straight line of kindling up the side of a tower. 

A skyscraper burns in Sharjah, United Arab Emirates, on Oct. 1, 2015. Local 
experts have suggested as many as 70 per cent of the towers in Dubai may 

contain the flammable material. 

That was the case in 2012 when a spate of fires struck Dubai and the neighbouring emirate of 
Sharjah. Blaze after blaze, though some ignited differently, behaved the same way: fire 
rushed up and down the sides of the buildings, fuelled by the external panels. 

The day after an April2012 fire at a 40-story building in Sharjah, Dubai issued new building 
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regulations barring the use of cladding constructed with flammable material. Officials 
elsewhere in the United Arab Emirates followed suit, though by that time, the building boom 
had subsided in the wake of a global recession. 

But the rules did not call for retrofitting buildings with flammable cladding already installed 
-nor is there any clear idea of how many of these buildings stand in Dubai or the UAE's 
other six emirates. 

Local experts have suggested as many as 70 per cent of the towers in Dubai may contain the 
material, though they acknowledge the figure is only an estimate as there are apparently no 
official records. 

"There's an exposure because there's a lot of them and unfortunately they don't come with an 
'X' on the building to know which ones they are," said Sami Sayegh, global property executive 
in the Middle East and North Africa for insurance giant American International Group, Inc. 

Emaar Properties, which developed The Address Downtown and nearby properties including 
the Burj Khalifa, the world's tallest building, said authorities are still investigating the New 
Year's Eve fire. It has hired an outside contractor to assess and restore the damaged tower, 
and it plans to reopen the hotel, based on orders from Dubai's ruler himself. It has not 
released specific details about the type of cladding used. 

However, The National, a state-owned newspaper in Abu Dhabi, has reported that the 
cladding used on The Address Downtown was the fire-prone type seen in other blazes. 
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The Tamweel residential tower at Jumeirah Lakes Towers in Dubai burns in this 

Nov. 18, 2012 file photo. (KAVEH KASHANI) 

Lt. Col. J amal Ahmed Ibrahim, director of preventive safety for Dubai Civil Defence, said 
authorities take the issue of cladding fires seriously and are committed to "finding solutions 
and stopping these accidents from happening." 

A nationwide survey of existing buildings has been ordered in the wake of The Address fire, 
and additional guidelines will be put in place in March to ensure new buildings are 
constructed to a higher standard, he said. 

However, Ibrahim insisted that the type of cladding that was involved in previous tower fires 
appears to have been used on only a small number of all buildings in the emirate - a figure 
he suggested could be as little as 5 per cent. But he acknowledged that officials don't know 
how many buildings are at risk. 

"Without (doing) the survey or something, we can't say the number exactly," he said. 

The problem is not Dubai's alone- cladding fires have struck elsewhere in the world. 

In 2010, a similar fire at a Shanghai highrise killed at least 58 people. An apartment fire in 
May in Azerbaijan's capital, Baku, killed 16. Another dramatic blaze hit Beijing's TV Cultural 
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Center in February 2009, killing a firefighter. 

All bore similarities to the Dubai fires, with flames racing up the sides of the building, and 
experts attributed each fire's speed to the cladding. 

Peter Rau, the chief officer of the Metropolitan Fire Brigade in Melbourne, Australia, knows 
firsthand how dangerous such fires can be. In November 2014, a fire erupted at a 23-story 
apartment building in Melbourne and raced up more than 20 stories in just six minutes as 
flaming debris rained down below. While no one was injured, the fast-moving blaze did 
millions of dollars' worth of damage to the building. 

In the aftermath of the blaze, fire officials discovered some so other buildings in the city -
and 1,700 in the surrounding state ofVictoria- had similar, flammable siding, Rau said. 

"You know you've only got to step back a little bit further and say: 'What does it mean for 
Australia and what does it mean (when) you're talking to me from Dubai?"' Rau said. "This is 
a significant issue worldwide, I would suggest ... There is no question this is a game changer." 

Copyright owned or licensed by Toronto Star Newspapers Limited. All rights reserved. 
Republication or distribution of this content is expressly prohibited without the prior written 
consent of Toronto Star Newspapers Limited and/or its licensors. To order copies of Toronto Star 
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Professor Luke A Bisby, PhD CEng PEng FIStructE FIFireE 

Chair of Fire and Structures 
Royal Academy of Engineering Research Chair 
Co-Editor-in-Chief, Fire Safety Journal 
School of Engineering, University of Edinburgh, UK 

Summary 

Professor of Fire and Structures, former Royal Academy of Engineering (RAEng) 
Research Chair, former Head of the Research Institute for Infrastructure and 
Environment within the School of Engineering at the University of Edinburgh, and 
Co-Editor-in-Chief of Elsevier's Fire Safety Journal, I have extensive experience of 
engineering research and consultancy, university teaching and administration, 
promotion of public understanding of science and engineering, and wide-ranging 
professional community activities. I am a Chartered Structural Engineer (CEng, 
IStructE, UK) and a Licensed Professional Engineer (PEng, Ontario, Canada). 

I have received numerous awards for my commitment to high quality engineering 
research and education, and for my dedication to the broader academic/research 
communities. Core research to date has focused on the thermal and structural 
performance of both conventional and innovative structural materials and 
construction systems in fire. On-going fire safety and structural fire engineering 
research is being undertaken in collaboration with various groups internationally, 
including Ove Arup and Partners (UK), AkzoNobel (UK), University College London 
(UK), and The Swiss Federal Laboratories for Materials Testing and Research 
(Switzerland), amongst others. I have advised both private and government fire 
safety research organisations in the UK, USA, Canada, France, Switzerland, and 
Germany. 

Current research is focused on building and infrastructure materials at high 
temperatures, polymer composite confined concrete columns, fire-safe structural 
strengthening materials, definitions of design fires, explosive spalling of concrete in 
fire, passive fire protection coatings, the fire behaviour of concrete structures, fire 
performance of bio-based building materials (including structural laminated timber 
and bamboo), and fire performance of facades, as well as work on social and 
regulatory aspects of fire safety and structural engineering. 

I am Involved in design code/guide development internationally (American 
Concrete Institute (ACI), American Society of Civil Engineers (ASCE), British 
Standards Institution (BSI), European Committee for Standardization (CEN), 
Canadian Standards Association (CSA)). 

I have peripheral interests in sustainable building design, fire safety in informal 
settlements, and engineering education, with published peer-reviewed articles also 
in these areas. I am a member of the UK Standing Committees on Structural Safety 
(SCOSS) and Confidential Reporting on Structural Safety (CROSS). 
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Royal Academy of Engineering (RAEng) Research Chair 
(June 2013-May 2018) 
Head, Institute for Infrastructure and Environment (Aug 
2015-Dec 2017) 
Arup Chair of Fire and Structures (May 2013-Aug 2017) 
Acting Director, BRE Centre for Fire Safety Engineering 
(Sept 2012-Aug 2013, Sept 2015-Aug 2016) 
Co-Editor-in-Chief, Fire Safety Journal, Elsevier (Jan 
2016-) 
School of Engineering, The University of Edinburgh, UK 

Mar 2017- Professeur Associe 
Departement des sciences du bois et de la foret, Universite 
Laval, Canada 

Dec 2013- Honorary Professor of Civil Engineering 
Department of Civil, Environmental and Geomatic 
Engineering, Univ. College London, UK 

May 2009-Apr 2010 Adjunct Assistant Professor of Civil Engineering 
Department of Civil Engineering, Queen's University, 
Canada 

May 2008-Mar 2013 Reader, The Ove Arup Foundation/RAEng Senior 
Research Fellow in Structures and Fire 
School of Engineering, University of Edinburgh, UK 

May 2003-Apr 2008 Assistant Professor 
Chair of Undergraduate Studies (May 2005-April 2008) 
Department of Civil Engineering, Queen's University, 
Canada 

Jan 2003-Apr 2003 Research Consultant 
Fire Risk Management, National Research Council of 
Canada, Canada 

Sept 1997-May 2003 Research Assistant, Course Instructor, Teaching 
Assistant 
Department of Civil Engineering, Queen's University, Canada 

EDUCATION 

May 1999-June 2003 Doctor of Philosophy 
Civil Engineering (Structures), Queen's University, Canada 

Sept 1997-May 1999 Master of Science (Engineering) 
Civil Engineering (Structures), Queen's University, Canada 

Sept 1993-0ct 1997 Bachelor of Engineering 
Civil Engineering & Applied Mechanics, McGill University, 
Canada 

QUALIFICATIONS AND FELLOWSHIPS 

2017 Chartered Structural Engineer (CEng)- Institution of Structural 
Engineers (IStructE), UK 

2017 Elected Fellow (FIStructE)- Institution of Structural Engineers 
(IStructE), UK 
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2017 Elected Fellow (FIESIS)- Institution of Engineers and Ship Builders in 
Scotland (IESIS), UK 

2015 Elected Fellow (FIFireE)- Institution of Fire Engineers (IFE), UK 
2005 Licensed Professional Engineer (PEng)- Professional Engineers 

Ontario (PEO), Canada 

ADMINISTRATIVE EXPERIENCE 

2015-2017 Head, Institute for Infrastructure and Environment, School of 
Engineering, University of Edinburgh, UK 

2015-2016 Acting Director, BRE Centre for Fire Safety Engineering, School of 
Engineering, University of Edinburgh, UK (also 2012-2013) 

2011-2015 Deputy Head, Institute for Infrastructure and Environment, School of 
Engineering, University of Edinburgh, UK 

2005-2008 Chair of Undergraduate Studies, Department of Civil Engineering, 
Faculty of Applied Science, Queen's University, Canada 

MEMBERSHIP OF SOCIETIES (current) 

2017- Institution of Structural Engineers (IStructE) 
2017- Institution of Engineers and Shipbuilders in Scotland (IESIS) 
2015- Structural Engineering Institute (SE I) (also 2007-201 0) 
2015- American Society of Civil Engineers (ASCE) (also 2007-2010) 
2015- Institution of Fire Engineers (IFE) 
2010- Society of Fire Protection Engineers (SFPE) 
2008- International Association of Fire Safety Sciences (IAFSS) 
2004- International Institute for FRPs in Construction (IIFC) 
1998- American Concrete Institute (ACI) 

MEMBERSHIP OF EXTERNAL COMMITTEES/BOARDS (current) 

2016- UK Standing Committee on Structural Safety (SCOSS), Institution of 

2016-

2016-
2016-
2016-
2015-

2014-

2014-

2014-

2014-
2014-
2014-

Structural Engineers, Institution of Civil Engineers, Health and Safety 
Executive, U K 
UK Committee for Confidential Reporting on Structural Safety 
(CROSS), Institution of Structural Engineers, Institution of Civil 
Engineers, Health and Safety Executive, UK 
ASCE/SEI Technical Committee on Fire Protection, USA 
Co-Editor-in-Chief, Fire Safety Journal (Eisevier) 
Editorial Board, Fire Technology (Springer) 
NFRL Expert Panel, National Fire Research Laboratory 
(NFRL), National Institute of Standards and Technology (NIST), USA 
Vulcain Scientific Advisory Committee, Centre Scientifique et 
Technique du Batiment (CSTB), France 
Fire Resistance Special Interest Group, Institution of Fire Engineers 
(IFE), UK 
Management Committee (UK), EU COST Action FP1404- Fire safe 
use of bio-based building products 
Editorial Board, Journal of Building Engineering (Eisevier) 
Member (Institutional), Fire and Blast Information Group (FABIG), UK 
Board of Trustees and Elected Council Member, International 
Association for Fire Safety Sciences (IAFSS) 
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2013-

2013-

2013-
2011-

2010-
2010-
2009-
2008-

2005-

Voting Member, American Concrete Institute (ACI) and Masonry 
Society Committee 216- Fire Resistance and Fire Protection of 
Structures (previously Associate Member 2005-2013), USA 
Associate Member (non-voting), Canadian Standards Association 
(CSA) Committee S808 - Specification of FRP for Externally Bonded 
Concrete Structures, Canada 
Member, Young Academy of Scotland, Royal Society of Edinburgh, UK 
British Standards Institution (BSI) Committees: 
• FSH/24 Fire Safety Engineering (2016-) 
• B/525/-/32 Horizontal Group Fire (2015-) 
• B/525/1 Actions (Loadings) and Basis of Design, incl. UK input to 

CEN/TC 250/SC 1, ISO/TC 98, ISO/TC 98/SC 3 
• B/525/9 Structural Use of Aluminium, including UK input to CEN/TC 

250/SC 9 (papers only) 
Council Member, International Institute for FRPs in Construction (IIFC) 
Editorial Advisory Board, Journal of Structural Fire Engineering 
Fire Engineering Study Group, Institution of Structural Engineers, UK 
Editorial Board, ASCE Journal of Composites for Construction 
(American Society of Civil Engineers) 
Voting Member, American Concrete Institute- Committee 440- FRP 
Reinforcement, USA 
• 440F Task Group on Fire and High Temperature 
• 440F Task Group on Glass Transition Temperature 

RESEARCH/PROFESSIONAL AWARDS & PRIZES (past 5 years) 

2016 The Howard Medal, Best Paper on the Use of Materials, Institution of 

2014 

2013 

2013 

2012 

Civil Engineers (ICE), UK 
Distinguished Young Researcher Award, International Institute for 
FRPs in Construction (IIFC) 
Young Scientist, Annual Meeting of the New Champions, World 
Economic Forum 
Elected Member, Royal Society of Edinburgh (RSE), Young Academy 
of Scotland (YAS), UK 
ACI Chester Paul Seiss Award for Excellence in Structural Research, 
American Concrete Institute (ACI), USA 

INIVTED KEYNOTES/PLENARIES (past 5 years) 

2017 12th International Symposium on Fire Safety Science (12th IAFSS 

2017 

2016 
2016 

2015 

2015 

Symposium), Lund, Sweden, 15 June. 
International Fire Safety Symposium 2017 (/FireSS 2017), Naples, 
Italy, 8 June. 
Fire Safety Science Congress, Arnhem, The Netherlands, 2 Nov. 
Institution of Fire Engineers 93rd Annual General Meeting & 
International Conference, London, 27 July. 
British Standards Institution Bth Annual Fire Safety Conference, 
London, UK, 11 Dec. 
10th International Conference on Composite Science and Technology 
(/CCST/10), Lisbon, Portugal, 3 June. 
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2015 2nd European Symposium on Fire Safety Science (ESFSS), Nicosia, 
Cyprus, 18 June. 

2014 The Inaugural Ove Arup Foundation Lecture, University of Queensland, 
Brisbane, Australia, 7 Nov. 

2014 Jlh International Conference on Fiber Reinforced Polymer (FRP) 
Composites in Civil Engineering (CICE), Vancouver, Canada, 21 Aug. 

2014 Royal Academy of Engineering Annual Research Forum, RAEng, 
London, UK, 18 Sept. 

2012 61h International Conference on Advanced Composite Materials in 
Bridges and Structures (ACMBS), Kingston, Canada, 24 May 

REVIEWER FOR SCIENTIFIC JOURNALS 

ACI Structural J 
ACI Materials J 
Advances in Struct Engrg 
ASCE J of Struct Engrg 
ASCE J of Camps for Constr 

Engrg Structures 
Fire Safety J 
Fire Technology 
J Building Engineering 
Forensic Engineering 

ASCE Materials J 
Building Research & Information 

J of Sustainable Development 
J of Fire Protection Engrg 
J of Struct Fire Engrg Canadian J of Civil Engrg 

Cement & Concrete Camps 
Composites Part A 
Camps Part B 
Concrete lnt 
Constr & Building Materials 
Engrg History & Heritage 

J of Materials in Civil Engrg 
J of Engrg Mechanics 
Materials & Structures 
Structures & Materials 
Structures & Buildings 

RELEVANT RESEARCH FUNDING (past 5 years) 

Title Sponsors Dates 
Tackling Fire in Informal Urban Settlements: An ESRC 2017-20 
Interdisciplinary Approach 
Grenfell Tower Response: Urgent Research on External EPSRC 2017-18 
Claddinq Fires 
Improving The Resilience Of Informal Settlements To Fire EPSRC GCRF 2017-21 
(IRIS-Fire) 
Characterising component failure in composite structures EPSRC iCase 2016 
exposed to fire w/ Arup 
Urban Living & the UK Collaboratorium on Infrastructure and EPSRC Inst. 2015 
Cities1 Sponsorship 
Performance of Reactive Fire Protection Coatings under EPSRC DTAw/ 2015 
Non-Standard Heating Scenarios Industry Partner 
Strategic Research Collab. to develop novel Heat-Transfer EPSRC IAA w/ 2014 
Rate lnducinq System apparatus and methodoloqy Industry Partner 
The Arup Chair of Fire and Structures (Prof L Bisby)2 Arup 2013-18 
Challenging RISK: Achieving Resilience by Integrating EPSRC Uoint w/ 2013-18 
Societal and Technical Knowledqe UCL) 
Explosive Concrete Cover Spalling in Concrete Tunnels in EPSRC iCase 2012-15 
Fire w/ Arup 
Real Fires for the Safe Desiqn of Tall Buildinqs EPSRC 2012-15 
Integrating Technical and Social Aspects of Fire Safety Ove Arup 2012-17 
Engineering Expertise (IT-SAFE)2 Found., RAEng 

1 This is an education and networking grant, rather than a traditional research grant. 

Role 
Co-l 

Co-l 

Co-l 

Co-l 

PI 

PI 

PI 

PI 
PI 

PI 

Co-l 
Co-l 

2 External funding agreements negotiated on behalf of the School of Engineering at Edinburgh. 
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Year 
Deriving Intumescent Coating Thicknesses from Structural Utilisation Values 2017 
Novel Fire Protection Coatinqs on Steelwork under Larqe Plastic Strains 2016-17 
Thermal Conductivity of Eco-Bricks 2016 
Cavity Wall Ad Hoc Fire Testinq 2015 
Composite Panel Ad Hoc Fire Testing 2015 
Fire Desiqn Software Development 2014 
Research Road-Mapping for Concrete Structures in Fire 2013 
Performance of Anchors for Basalt FRP Wall Ties at Elevated Temperatures 2012,2014 
Thermal Performance of Glass Channel Wall Panels in Fire 2012 

TEACHING AND TRAINING DELIVERY (Sept 2008-present) 

BEng/MEng/MSc: CIVE11 027/PGEE11 048: Structural Design for Fire (x3) 
CIVE1 0002/PGEE1 0005: Thin-Walled Members & Stability (x1) 
SCEE08001: Engineering 1 (Civil) (x10) 
CIVE11 022: Quantitative Methods in Fire Safety Engineering 5 
(x1) 

CPD Teaching: Structural Fire Protection in Tunnels- An Introduction to Tunnel 
Fires (x1) 
Response of Materials & Structures to Fire - Fire Science & Fire 
Investigation (x5) 
Structural Fire Engineering - Fire Dynamics & Fire Safety 
Engineering Design (x5) 
Structural Design for Fire Safety- Distretto Sull' lngegneria dei 
Materiali Polimerici e Compositi Strutture (x1) 

Thesis Projects: Supervision of 2-3 MEng thesis research projects and 1-2 MSc 
thesis projects annually. 

Other Contrib.: Annual guest lectures in Civil Engineering and Architecture 
departments at Edinburgh and Bath Universities, amongst 
others incl. Queen's University, Canada, on an ad hoc basis. 

RELVANT RESEARCH PUBLICATIONS (past 5 years) 

Book Contributions: 

• Bisby, L.A. 2016. Chapter 8- Structural Mechanics, SFPE Handbook of Fire 
Protection Engineering 2014/e, Society of Fire Protection Engineers, Edited by 
J.L. Torero, Bethesda, USA, 17 pp. 

• Gales, J., Hartin, K. & Bisby, L.A. 2016. Structural Fire Performance of 
Contemporary Post-tensioned Concrete Construction, SpringerBriefs in Fire, 
Springer, 1 04 pp. 

Journal Publications: 

• AI-Azzawi, Z., Ratter, J.M., Stratford, T.J. & Bisby, L.A. 2018. FRP Strengthening 
of Web Panels of Steel Plate Girders against Shear Buckling Part-1: Static Series 
of Tests, Composite Structures, available on line 3rd Sept. 

• Van Coile, R., Hopkin, D., Lange, D., Jomaas, G. & Bisby, L. 2018. Probabilistic 
Risk Assessment and the Need for Hierarchies of Acceptance Criteria, Fire 
Technology, accepted June. 
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• Wiesner, F. & Bisby, L. 2018. The Structural Capacity of Laminated Timber 
Compression Elements in Fire: A Meta-Analysis, Fire Safety Journal, accepted 
April, available online. 

• Wang, Y., Bisby, L., Wang, T., Yuan, G. & Baharudin, M. 2018. Fire behaviour of 
reinforced concrete slabs under combined biaxial in-plane and out-of-plane 
loads, Fire Safety Journal, 96: 27-45. 

• Wang, Y., Zhang, Y., Bisby, L. & Huang, Z. 2018. New analytical method for 
determining the load-carrying capacity of two-way simply supported concrete 
slabs, Advances in Structural Engineering, Jan: 41 p. 

• Richards, 0., Rickard, 1., Bisby, L. & Orr, J. 2018. Response of concrete cast in 
permeable moulds to severe heating, Construction & Building Materials, 160: 
526-538. 

• Van Coile, R., Hopkin, D., Bisby, L. & Caspeele, R. 2017. The meaning of Beta: 
background and applicability of the target reliability index for normal conditions to 
structural fire engineering, Procedia Engineering, 210: 528-536. 

• Rickard, I.J.C., Bisby, L.A. & Deeny, S. 2018. Explosive Spalling of Concrete in 
Fire: Novel Testing to Mitigate Design Risk, The Structural Engineer, 98(1 ): 42-
47. 

• Le, Q.X., Dao, V.T.N., Torero, J.L., Maluk, C. & Bisby, L. 2017. Effects of 
temperature and temperature gradient on concrete performance at elevated 
temperatures, Advances in Structural Engineering, Published Online December: 
1-11. 

• Maluk, C., Bisby, L.A., Krajcovic, M. & Torero, J.L. 2017. A Heat-Transfer Rate 
Inducing System (H-TRIS) Test Method, available online in press, Fire Safety 
Journal. 

• loannou, 1., Aspinall, W., Bisby, L., Rush, D. & Rossetto, T. 2017. Judgment
Based Fragility Assessment of Reinforced Concrete Buildings Exposed to Fire, 
Reliability Engineering and System Safety, 167: 105-127. 

• Wiesner, F., Randmael, F., Wan, W., Bisby, L. & Hadden, R. 2017. Structural 
Response of Cross-Laminated Timber Compression Elements Exposed to Fire, 
Fire Safety Journal, 91: 56-67. 

• Bartlett, A.l., Hadden, R.M., Hidalgo, J.P., Santamaria, S., Wiesner, F., Bisby, 
L.A., Deeny, S. & Lane, B. 2017. Auto-extinction of engineered timber: 
Application to compartment fires with exposed timber surfaces, Fire Safety 
Journal, 91: 407-413. 

• Hadden, R.M., Bartlett, A.l., Hidalgo, J.P., Santamaria, S., Wiesner, F., Bisby, 
L.A., Deeny, S. & Lane, B. 2017. Effects of Exposed Cross Laminated Timber on 
Compartment Fire Dynamics, Fire Safety Journal, 91: 480-489. 

• Liu, H., Lu, J., Chen, Z. & Bisby, L.A. 2017. Experimental investigation of the 
residual mechanical properties of cast steels after exposure to elevated 
temperature, Construction & Building Materials, 143: 259-271. 

• Maluk, C., Bisby, L.A & Terrasi, G.P. 2017. Effects of Polypropylene Fibre Type 
and Dose on the Propensity for Heat-Induced Concrete Spalling, Engineering 
Structures, 141: 584-595. 

• Spinardi, G., Bisby, L.A. & Torero, J.L. 2017. A Review of Sociological Issues in 
Fire Safety Regulation, Fire Technology, 53: 1011. 
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• Xu, M., Zhou, T., Chen, Z., Li, Y. & Bisby, L. 2016. Experimental study of slender 
LCFST columns connected by steel linking plates, Journal of Constructional 
Steel Research, 127(0ct): 231-241. 

• Lineham S.A., Thomson, D., BartlettA.I., Bisby, L.A. & Hadden, R.M. 2016. 
Structural Response of Fire-Exposed Cross-Laminated Timber Beams under 
Sustained Loads, Fire Safety Journal, 85(0ct): 23-34. 

• Maluk, C., Bisby, L. & Terrasi, G.P. 2016. Fire Performance of Concrete Using 
Novel Fire Testing, Concrete in Australia, 4(3): 32-37. 

• Verrucci, E., Perez-Fuentes Ruiz, G., Rossetto, T., Bisby, L.A., Haklay, M. & 
Joffe, H. 2016. Digital engagement methods for earthquake and fire 
preparedness: A review, Natural Hazards, 83(3): 1583-1604. 

• Terrasi, G.P., Mclntyre, E.M.E., Bisby, L.A., Lammlein, T.D. & Lura, P. 2016. 
Transient thermal tensile behaviour of novel pitch-based ultra-high modulus 
CFRP tendons, Polymers, 8(12): 446. 

• Birk, A.M., Otremba, F., Gonzalez, F., Prabhakarand, A., Borch, J., Bradley, I. & 
Bisby, L. 2016. Fire Testing of Total Containment Pressure Vessels, Chemical 
Engineering Transactions, Vol. 48, 6pp. 

• Rush, D., Bisby, L.A., Jowsey, A. & Lane, B. 2015. Residual Capacity of Fire
Exposed Concrete-Filled Steel Hollow Section Columns, Engineering Structures, 
1 00(1 ): 550-563. 

• Rush, D., Bisby, L., Gillie, M., Jowsey, A. & Lane, B. 2015. Furnace tests on 
unprotected and protected concrete filled structural hollow sections, Fire Safety 
Journal, 78(Nov): 71-84. 

• Gales, J., Robertson, L. & Bisby, L. 2015. Creep of Prestressing Steels in Fire, 
Fire and Materials, December, 21 pp. 

• Firmo, J.P., Correia, J.R. & Bisby, L.A. 2015. Fire Behaviour of FRP
Strengthened Reinforced Concrete Structural Elements: A State-of-the-Art 
Review, Composites Part B, 80: 198-216. 

• Hulin, T., Maluk, C., Bisby, L.A., Hodicky, K., Schmidt, J.W & Stang, H. 2015. 
Experimental Studies on the Fire Behaviour of High Performance Concrete Thin 
Plates, Fire Technology, May, 23 pp. 

• Brandon, D., Maluk, C., Ansell, M.P., Harris, R., Walker, P., Bisby, L.A. & 
Bregulla, J. 2015. Fire performance of metal-free timber connections, 
Construction Materials: Proceedings of the Institution of Civil Engineers, 168 (4 ): 
173-186. (Awarded ICE Howard Medal) 

• Maluk, C., Bisby, L. & Terrasi, G.P. 2014. Experimental parametric study on the 
effectiveness of polypropylene fibres at mitigating heat-induced concrete 
spalling, Concrete in Australia, 4(3): 32-37. 

• Rush, D., Bisby, L.A., Gillie, M., Jowsey, A. & Lane, B. 2014. Design of 
intumescent fire protection for concrete filled structural hollow sections, Fire 
Safety Journal, 67: 13-23. 

• Bisby, L.A. & Stratford, T.J. 2013. Design for Fire of FRP Strengthened or 
Reinforced Concrete Elements: State-of-the-Art and Opportunities from 
Performance Based Approaches, Canadian Journal of Civil Engineering, 40(11 ): 
1 034-1 043. (Invited) 

• Bisby, L.A., Gales, J.G. & Maluk, C. 2013. A Contemporary Review of Large
Scale Non-Standard Structural Fire Testing, Fire Science Reviews, 2(1 ): 36pp. 
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• Woodrow, M., Bisby, L.A. & Torero, J.L. 2013. A Nascent Educational 
Framework for Modern Fire Safety Engineering, Fire Safety Journal, 58: 180-
194. 

• Burke, P.J., Bisby, L.A. & Green, M.F. 2013. Effects of Elevated Temperature on 
Near Surface Mounted and Externally Bonded FRP Strengthening Systems for 
Concrete, Cement and Concrete Composites, 35(1 ): 190-199. 

• Rush, D., Bisby, L.A., Jowsey, A., Melandinos, A. & Lane, B. 2012. Structural 
performance of unprotected concrete-filled steel hollow sections in fire: A review 
and meta-analysis of available test data, Steel & Composite Structures, 12( 4 ): 
325-350. 

• Cree, D., Chowdhury, E.U., Green, M.F., Bisby, L.A. & Benichou, N. 2012. 
Performance in fire of FRP-strengthened and insulated reinforced concrete 
columns, Fire Safety Journal, 54: 86-95. 

• Gales, J., Bisby, L.A. & Stratford, T.J. 2012. New Parameters to Describe High 
Temperature Deformation of Prestressing Steel determined using Digital Image 
Correlation, Structural Engineering International (lABS E), 22(4 ): 476-486. 

• Terrasi, G.P., Bisby, L.A., Barbezat, M., Affolter, C. & Hugi, E. 2012. Fire 
Behavior of Thin CFRP Pretensioned High Strength Concrete Slabs, Journal of 
Composites for Construction, 16( 4): 381-394. 

• Stratford, T.J. and Bisby, L.A. 2012. The Effect of Warm Temperatures on 
Externally Bonded FRP Strengthening, Journal of Composites for Construction, 
16(3): 235-244. 

Refereed Conference Publications: 

• Panev, Y., Sofroniev, T., Bisby, L., Kotsovinos, P. & Flint, G. 2018. 
Characterising the thermomechanical response of steel columns subject to 
localised fires, 1 01h International Conference on Structures in Fire, Ulster 
University, Belfast, UK, 6-8 June. 

• Wiesner, F., Bell, D., Chaumont, L., Bisby, L. & Deeny, S. 2018. Rolling shear 
capacity of CL Tat Elevated Temperature, 2018 World Conference on Timber 
Engineering, Seoul, Republic of Korea, 20-23 August. 

• Bartlett, A.l., Chapman, A., Roberts, C., Wiesner, F., Hadden, R.M. & Bisby, L.A. 
2018. Thermal and flexural behaviour of laminated bamboo exposed to severe 
radiant heating, 2018 World Conference on Timber Engineering, Seoul, Republic 
of Korea, 20-23 August. 

• Triantafyllidis, Z., Bisby, L.A. & Wade, R. 2018. Fibre-reinforced intumescent 
coatings as fire-safe confining materials for concrete columns, gth International 
Conference on Fibre-Reinforced Polymer (FRP) Composites in Civil Engineering 
(CICE 2018), Paris, France, 17-19 July.Figueiredo, F., Rickard, 1., Hussain Shah, 
A., Huang, S-S., Angelakopoulos, H., Bisby, L., Burgess, I. & Pilakoutas, K. 
2017. Recycled Tyre Polymer Fibres to Mitigate Heat-induced Spalling of 
Concrete, 51h International Workshop on Concrete Spa/ling due to Fire Exposure, 
Boras, Sweden, 12-13 October. 

• Jansson McNamee, R., Bostrom, L., Ozawa. M., Parajuli, S.S., Rickard, 1., Bisby, 
L., Hager, 1., & Mr6z, K. 2017. Screening test methods for determination of fire 
spalling of concrete- an international comparison, 51h International Workshop on 
Concrete Spa/ling due to Fire Exposure, Boras, Sweden, 12-13 October. 

• Rickard, 1., Gerasimov, N., Bisby, L. & Deeny, S. 2017. Predictive testing for heat 
induced spalling of concrete tunnel linings -The potential influence of sustained 
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mechanical loading, 5th International Workshop on Concrete Spa/ling due to Fire 
Exposure, Boras, Sweden, 12-13 October. 

• Van Coile, R., Bisby, L., Rush, D. & Manes, M. 2017. Design for post-fire use: a 
case study in fire resilience design, 2nd International Conference on Structural 
Safety under Fire and Blast Loading, London, UK, 10-12 Oct. 

• Van Coile, R. & Bisby, L. 2017. Target safety levels for structural fire resistance 
based on Lifetime Cost Optimisation, 151h International Probabilistic Workshop, 
Dresden, Germany, 27-29 Sept. 

• Van Coile, R. & Bisby, L. 2017. Optimum investment in structural fire safety: 
case-study on the applicability of deflection-based failure criteria, Applications of 
Structural Fire Engineering (ASFE'17), Manchester, UK, 7-8 Aug. 

• Bisby, L.A., Triantafyllidis, Z. & Stratford, T.J. 2017. Structural Enhancements 
with Fibre-Reinforced Epoxy Intumescent Coatings, Bth International Conference 
on Advanced Composites in Construction (ACIC 2017), Sheffield, UK, 5-7 Sept. 

• Baharudin, E., Rickard, I.J.C., Bisby, L.A. & Stratford, T. 2017. Modelling 
reinforced concrete slabs in furnace tests: Validation and sensitivity to input 
parameters, International Fire Safety Symposium 2017 (IFireSS 2017), Naples, 
Italy, 7-9 June. 

• Wiesner, F., Peters, G., Bisby, L.A. & Hadden, R.M. 2017. Structural steel 
columns subjected to localised fires, International Fire Safety Symposium 2017 
(IFireSS 2017), Naples, Italy, 7-9 June. 

• Zaben, A., Rickard, 1., Bisby, L.A. & Stratford, T.J. 2017. Response to fire of 
CFRP prestressed high strength concrete slabs after eight years of curing, 
International Fire Safety Symposium 2017 (IFireSS 2017), Naples, Italy, 7-9 
June. 

• Andres, B., Hidalgo, J.P., Bisby L.A. & van Hees, P. 2017. Experimental Analysis 
of Stone Wool Sandwich Composites Exposed to Constant Incident Heat Fluxes 
and Simulated Parametric Fires, 15th International Conference on Fire and 
Materials, San Francisco, USA, 6-8 Feb. 

• Le, Q.X., Dao, V., Maluk, C., Bisby, L.A. & Torero, J.L. 2016. An investigation 
into temperature gradient effects on concrete performance at elevated 
temperatures, 24th Australasian Conference on the Mechanics of Structures and 
Materials (ACMSM24), Perth, Australia, 6-9 Dec. 

• Cerniauskas, G., Tetta, Z., Bournas, D. & Bisby, L.A. 2016. Textile reinforced 
mortar versus FRP for confined concrete: Behaviour at elevated temperatures, 
Bth International Conference on Fibre-Reinforced Polymer (FRP) Composites in 
Civil Engineering (CICE 2016), Hong Kong, China, 14-16 Dec. 

• Bartlett, A., Hadden, R.M., Bisby, L.A. & Lane, B. 2016. Auto-extinction of 
engineered timber: the application of firepoint theory, 14th International 
Conference and Exhibition on Fire Science and Engineering (lnterflam 2016), 
Royal Holloway College, Windsor, UK, 4-6 July. 

• Bartlett, A., Hadden, R., Bisby, L. & Butterworth, N. 2016. Auto-extinction of 
engineered timber as a design methodology, 2016 World Conference on Timber 
Engineering (WCTE 2016), Vienna, Austria, 22-25 Aug. 

• Bartlett, A., Wiesner, F., Hadden, R.M., Bisby, L.A., Lane, B., Lawrence, A., 
Palma, P. & Frangi, A. 2016. Needs for Total Fire Engineering of Mass Timber 
Buildings, 2016 World Conference on Timber Engineering (WCTE 2016), 
Vienna, Austria, 22-25 Aug. 
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• Kiari, M., Stratford, T.J. & Bisby, L.A. 2016. New Approach to Fire Safe 
Application of Fibre- Reinforced Polymer Reinforcement for Concrete Beams, Jlh 
International Conference on Advanced Composite Materials in Bridges and 
Structures (ACMBS-V/1), Vancouver, Canada, 22-24 Aug. 

• Le, Q.X., Dao, V., Maluk, C., Bisby, L.A. & Torero, J.L. 2016. Constitutive models 
for concrete at elevated temperatures: A revision, gth International Conference 
on Structures in Fire, Princeton, USA, 8-10 June. 

• Maluk, C., Bisby, L.A. & Terrasi, G.P. 2016. Explosive Concrete Spalling in a 
Large-Scale Fire Resistance Test, gth International Conference on Structures in 
Fire, Princeton, USA, 8-10 June. 

• Rickard, 1., Bisby, L.A, Deeny, S. & Maluk, C. 2016. Predictive testing for heat 
induced spalling of concrete- The influence of mechanical loading, gth 
International Conference on Structures in Fire, Princeton, USA, 8-10 June. 

• Bartlett, A. I., Hadden, R.M., Bisby, L.A. & Lane, B. 2016. Sectional Analysis of 
Cross-Laminated Timber Beams as a Design for Fire Methodology, gth 
International Conference on Structures in Fire, Princeton, USA, 8-10 June. 

• Del Prete 1., Bilotta, A., Bisby, L.A. & Nigro, E. 2016. Tests at elevated 
temperature on RC beams strengthened with NSM FRP bars bonded with 
cementitious grout, gth International Conference on Structures in Fire, Princeton, 
USA, 8-10 June. 

• Maclean, J., Goremikins, V., Bisby, L.A. & Stratford, T.J. 2016. Effects of 
Localised Heating on Loaded Reinforced Concrete Columns, 9th International 
Conference on Structures in Fire, Princeton, USA, 8-10 June. 

• Gales, J.A. & Bisby L.A. 2016. Thermal straining effects in post-tensioned 
concrete with repeated heating, gth International Conference on Structures in 
Fire, Princeton, USA, 8-10 June. 

• Maluk, C., Bisby, L.A. & Terrasi, G.P. 2015. Outcomes from a broad study on the 
performance of thin CFRP prestressed concrete slabs in fire, Second 
International Conference on Performance-based and Lifecycle Structural 
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