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GOT OUT OF
BED TO CHECK
OUT THE
ALARM

Image by https://www.verywellhealth.com/why-do-people-die-in-their-sleep-4098302
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Image from Grenfell Tower Inquiry: Phase 1 Report, Volume 4. Ref: HC 49-IV
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VISIBLE FIRE
FROM
FLAT 16
(4™ FLOOR)
WINDOW

Video from Mr Kebedes phone, ref: MET000083355; MET000083357



= FIRE REACHED

;s 24™ FLOOR
WITHIN

20 MINUTES

Video from Mr Kebedes phone, ref: MET000083355; MET000083357



Window Washing machine
opening Fridge-freezer Cooker Toaster (displaced) Microwave

S

FROM
WINDOW

Freezer Fridge

Not to be reproduced or disseminated without BlueScope’s permission Image from Grenfell Tower Inquiry: Phase 1 — Final Expert Report by Proffesor Luke
Bisby. Ref: LBYSO000001_0001



FIRE ESCAPED
FROM
WINDOW

Intermittent flame at vertex
of column and spandrel

Not to be reproduced or disseminated without BlueScope’s permission Image from Grenfell Tower Inquiry: Phase 1 Report, Volume 4. Ref: HC 49-IV




POLYETHYLENE
FILLER IN
ALUMINIUM
COMPOSITE

MATERIAL

(outer surface) (inner surface)

Not to be reproduced or disseminated without BlueScope’s permission Image from Grenfell Tower Inquiry: Phase 1 — Final Expert Report by Proffesor Luke
Bisby. Ref: LBYSO000001_0001
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PERPUSTAKAAN KUALA LUMPUR

Perpustakaan Kuala Lumpur terbakar
Kuala Lumpur

“Kebakaran dikatakan berpunca percikan api ketika kerja

kimpalan membuat bumbung tambahan di bangunan itu
yang membakar fiber polisterin.”

Reported by myMetroTV

) T
- Photo from https://\A:/lw.voutube.com‘bgthHuuLY&featureInb title ‘

11 Not to be reprol' or disseminated withomﬁélueScope's permis



https://www.youtube.com/watch?v=bqM2tgHuuLY&feature=emb_title

PERPUSTAKAAN KUALA LUMPUR

“Walaupun kebakaran hanya membabitkan struktur luar,
namun terdapat cermin yang pecah kerana terlalu panas
menyebabkan asap daripada fiber polisterin memenuhi
ruang dalam perpustakaan.”

Reported by myMetroTV

Photo from https: .youtube. H tur b " ‘


https://www.youtube.com/watch?v=bqM2tgHuuLY&feature=emb_title
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“Initial investigations revealed that the fire started on the
first floor, where maintenance work was being carried out
to the exterior of the building.” said Fire and Rescue
Department deputy director-general Datuk Soiman Jahid.
Repor’red by The S’ror Onhne

S N I s



https://says.com/my/news/epf-building-fire-in-pj-members-savings-and-data-safe

“14 i‘ “The cloddlng panels used on the exterior of the Employees

i Provident Fund (EPF) bU|Id|ng in Jalan Gasing did not meet
fire safety requirements.” said Fire and Rescue Department

\ deputy director-general Datuk Soiman Jahid.

f 5 . Reported by The Star Online

" /‘ :“‘*}r o : straitstimes f-building-in-malaysia-catches-fire ' ‘
S N A a7 ‘ \
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https://www.straitstimes.com/asia/se-asia/epf-building-in-malaysia-catches-fire

USE OF
POLYFOAM

Source from https://www.freemalaysiatoday.com/category/bahasa/2018/02/13/bomba-
percikan-api-kerja-selenggara-punca-bangunan-kwsp-terbakar/
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https://www.freemalaysiatoday.com/category/bahasa/2018/02/13/bomba-percikan-api-kerja-selenggara-punca-bangunan-kwsp-terbakar/

Fire tests on complete external cladding system

UK Class Test Classification

Fire performance of
external cladding systems

BS 8414: Part1 & 2

Fire tests on building materials

BS 476: Part 4 Non-combustibility test FI R E TESTS

SERIES OF

BS 476: Part 11 Limited Combustibility test
BS 476: Part 6 & Part 7 Class 0
Class 1
Class 2

BS 476: Part 7 Class 3

Class 4

16 Not to be reproduced or disseminated without BlueScope’s permission



FIRE TESTS
ON

BUILDING
MATERIALS




Fire tests on building materials BS 476
PART 6 & 7

BS 476: Part 4 Non-combustibility test
BS 476: Part 11 Limited Combustibility test
‘ BS 476: Part 6 & Part 7 Class 0 ‘ FIRE TEST
Class 1
BS 476: Part 7 g::z g ON
Class 4 F I-AM E

SPREAD

1 8 Not to be reproduced or disseminated without BlueScope’s permission
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19 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476 Part 6-1989 A1-2009




THERMOCOUPLES

Holder for —rq-;
thermacouple

BS 476 PART 6
MEASURES

Steel red

Steel baffle—-
plate

Heating elements —— =
" ] __-Speciman

: " holder

FIRE GROWTH
ON EXPOSED
SURFACE

Metal perforoted —
herminal guard
|

Harizental gos —
burner tebe

Locabeng pin

20 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476 Part 6-1989 A1-2009
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THERMOCOUPLES =
] BS 476 PART 6
Steel baffle—— ‘-* |
e MEASURES

: " holder

FIRE GROWTH
ON EXPOSED
SURFACE

Metal perforoted —
herminal guard
|

Harizental gos —
burner tebe

Locabeng pin

21 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476 Part 6-1989 A1-2009
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Figure 2 - Diagrammatic representation of the apparatus: rear

22 Not to be reproduced or disseminated without BlueScope’s permission

BS 476 PART 6: FIRE GROWTH ON
EXPOSED SURFACE

TEST
SPECIMEN

PLACEMENT

Source: BS 476 Part 6-1989 A1-2009




BS 476 PART 6: FIRE GROWTH ON
EXPOSED SURFACE

TEST
SPECIMEN

23 Not to be reproduced or disseminated without BlueScope’s permission Photo from Warringtonfire Youtube video. Link:

https://www.youtube.com/watch?v=00bVHZ-mTiM



https://www.youtube.com/watch?v=0obVHZ-mTiM

BS 476 PART 6: FIRE GROWTH ON
EXPOSED SURFACE

TEST RESULT
EXPRESSED IN
FIRE
PROPAGATION
INDEX (1) &
SUBINDICES

(i1, iz, i3)



https://www.youtube.com/watch?v=0obVHZ-mTiM

BS 476 PART 6: FIRE GROWTH ON
EXPOSED SURFACE

The test results obtained, as an average of the 3 samples tested are as follows: T ES T R ES U I-T
Inde:-:: of Dvera_ll pe_rfﬂrmance, I 1.1 EX P R ESS E D I N
(Fire propagation index) FI R E

Al PROPAGATION
S INDEX (1) &
” SUBINDICES

(i1, iz, i3)

Sub-index, I

Sub-index, I»

Sub-index, i3

Not to be reproduced or disseminaied without BlueScoge’s permission Source: TUV SUD PSD BS 476 Part 7 Test Report on COLORBOND® steel. Ref: 2018-
7191184727-MEC18-2-YWA-PIC
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BS 476 PART 7

MEASURES
SPREAD OF

FLAME ON
LATERAL
SURFACE

Source: BS 476 Part 7-1997
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TEST SPECIMEN (ACTUAL)

Not to be reproduced or disseminated without BlueScope’s permission

) Ak

Photo from Warringtonfire Youtube video. Link: https://www.youtube.com/watch?v=7a4gcVLpOAY



https://www.youtube.com/watch?v=7a4gcVLpOAY

ROTATE 90° TO RADIANT HEAT

28 Not to be reproduced or disseminated without BlueScope’s permission Photo from Warringtonfire Youtube video. Link: https://www.youtube.com/watch?v=7a:



https://www.youtube.com/watch?v=7a4gcVLpOAY

OBSERVE FLAME SPREAD

29 Not to be reproduced or disseminated without BlueScope’s permission Photo from Warringtonfire Youtube video. Link: https://www.youtube.com/watch?v=7a4gcVLpOAY


https://www.youtube.com/watch?v=7a4gcVLpOAY
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RATE OF FLAME SPREAD

Classification of Surface Spread of Flame

Classification Spread of flame at 1.5 min. Final spread of flame
Limit (mm) | Limit for one specimen in Limit Limit for one specimen in
sample (mm) (mm) sample (mm)
Class 1 165 165 + 25 165 165 + 25
Class 2 215 215+ 25 455 455 + 45
Class 3 265 265 + 25 710 710 + 75
Class 4 Exceeding the limits for class 3

Not to be reproduced or disseminated without BlueScope’s permission

Source: BS 476 Part 7-1997
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EXTENT OF FLAME SPREAD

Classification of Surface Spread of Flame

Classification Spread of flame at 1.5 min. Final spread of flame
Limit (mm) | Limit for one specimen in Limit Limit for one specimen in
sample (mm) (mm) sample (mm)
Class 1 165 165 + 25 165 165 + 25
Class 2 215 215+ 25 455 455 + 45
Class 3 265 265 + 25 710 710 + 75
Class 4 Exceeding the limits for class 3

Not to be reproduced or disseminated without BlueScope’s permission

Source: BS 476 Part 7-1997




CLASS 1 CLASSIFICATION

Classification of Surface Spread of Flame

Classification Spread of flame at 1.5 min. Final spread of flame
Limit (mm) | Limit for one specimen in Limit Limit for one specimen in
sample (mm) (mm) sample (mm)
Class 1 165 165 + 25 165 165 + 25
ass
Class 3 265 265 + 25 710 710 + 75
Class 4 Exceeding the limits for class 3

32 Not to be reproduced or disseminated without BlueScope’s permission

Source: BS 476 Part 7-1997




SURFACE SPREAD OF FLAME

33 Not to be reproduced or disseminated without BlueScope’s permission



CLASS 1 CLASSIFICATION

Specimen No. 1 2 3 4 5 &
Spread of flame at
first 1'2 minutes {(mm) - - E . . E
Distance (mm) Time of spread of flame to indicated distance
(Mminutes « seconds)
Start of flaming nil nil nil il il nill
Time of maximum
spread of flame - - - - - -
(minutes » seconds)
Distance of maximum
spread of flame (mm) 0 - E - - E

34 Not to be reproduced or disseminated without BlueScope’s permission Source: TUV SUD PSD BS 476 Part 7 Test Report on COLORBOND® steel. Ref: 2018-7191184727-MEC18-1-YWA-PIC



CLASS 0 CLASSIFICATION

BS 476 Part 6

. Results:‘ Fire propagation index, [ < 12; and sub-index, i; < 6. ‘

BS 476 Part 7

* Results: Class 1 surface spread of flame.

Classification Spread of flame at 1.5 min. Final spread of flame
Limit (mm) | Limit for one specimen in Limit Limit for one specimen in
sample (mm) (mm) sample (mm)
Class 1 169 165 + 25 165 165 + 25
Class 2 215 215+ 25 455 455 + 45
Class 3 265 265 + 25 710 710+ 75
Class 4 Exceeding the limits for class 3

35 Not to be reproduced or disseminated without BlueScope’s permission




GENERALLY
PREPAINTED
COATED STEEL
WILL BE
CLASSIFIED

AS CLASS O

BS 476 PART 6 & 7: CLASS O
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37 Not to be reproduced or disseminated without BlueScope’s permission



Fire tests on building materials

UK Class
BS 476: Part 4

Test Classification

Non-combustibility test

BS476: Part 11
BS 476: Part 6 & Part 7

BS 476: Part 7

Limited Combustibility test
Class O

Class 1
Class 2
Class 3
Class 4

3 8 Not to be reproduced or disseminated without BlueScope’s permission

BS 476 PART 4
FIRE TEST

ON
COMBUSTIBILITY




BS 476 PART 4: COMBUSTIBILITY TEST

TEST
SPECIMEN
PREPARATION

39 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476-4:1970




BS 476 PART 4: COMBUSTIBILITY TEST

TEST
SPECIMEN
DIMENSIONS

40 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476-4:1970



BS 476 PART 4: COMBUSTIBILITY TEST

&mm outside dia
. 2mm inside dia
heat resisting steel tube

Specimen thermoLouple

TEST
s SPECIMEN
PLACEMENT

Wire gauze

Internal dimensions

All dimensions in mm

Figure 3 — Specimen holder

41 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476-4:1970



THERMOCOUPLES PLACEMENT

;’ - Thermo -electric wires Izy
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All dimensions in mm

42 Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476-4:1970



120 BS 476 PART 4: COMBUSTIBILITY TEST

Specimen
insertion
device 300
10dia ddia Specimen holder

Furnace thermocouple

Draught shield

50 (steel 1mm) 750°C
ThermocM
o ulation

175

I UNI50
Vi
a. Naw! “Refractory tube

) Y
NPTSITSSSL L PILLES S E1 S S s

\
N
N

: TR toeinamnyl
AL LT TEMPERATURE
Stand _& Heating coil(s)
750°C
ot i
R

™~ Air flow stabilizer
(steel {mm

)
.S
250 [
Figure 1 — General arrangement of non-combustibility apparatus
Not to be reproduced or disseminated without BlueScope’s permission

All dimensions in mm

Source: BS 476-4:1970
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.2 BS 476 PART 4: COMBUSTIBILITY TEST

Specimen

insertion

device 300

10dia. . Specimen holder
3 ydia
Furnace thermocouple
Draught shield
650 210

50 (steel 1mm) 750°C
| ThermocM
KR o Ulation
2 =N | 175
3
L ; “Refractory tube

R — = (10~13 mm_wall

thickness)

Damper 200

5

) }Z 7.2
@
o

-

y =
o
o
(Ll

R

Stand '! _& Heating coiI(S) M O V E I N TO
500
onierd ]

THE FURNACE

™~ Air flow stabilizer
(steel {mm

)
.S
250 [
Figure 1 — General arrangement of non-combustibility apparatus
Not to be reproduced or disseminated without BlueScope’s permission

All dimensions in mm

Source: BS 476-4:1970




BS 476 PART 4: COMBUSTIBILITY TEST

Specimen
insertion
device

300
dia

10dia. ; Specimen holder
‘v éy%rmce thermocouple TH E R IVI OCO U P L ES
| 1 Qi“(::z:: i
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‘wll: 2
E 3 Ve Insulation
NS § 33
-3 N 1175
N UNIS0
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& ARE77E (10-13 mm_wall
] thickness)
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L —_Thermo-electric wires 7 -T
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Not to be reproduced or disseminated without BlueScope’s permission Source: BS 476-4:1970
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120

Specimen
insertion
device

300
dia Specimen holder
Furnace thermocouple
/_<Draugh! shield
ﬁ (steel 1mm)

Thermocouple spacers

Vol Insulation
3=
) 175
~5N1S0
™o
%
: Refractory tube
(10~13 mm_wall
thickness)

D

Heating coil(s)

.

™~ Air flow stabilizer
(steel tmm

l 925

All dimensions in mm

Figure 1 — General arrangement of non-combustibility apparatus

Not to be reproduced or disseminated without BlueScope’s permission

BS 476 PART 4: COMBUSTIBILITY TEST

FLAMING IN
FURNACE
LASTED

<10

SECONDS

Source: BS 476-4:1970




NON-COMBUSTIBILITY REQUIREMENTS

Description Specimen 1 Specimen 2 | Specimen 3 | Requirements

Time of continuous flaming (sec.) 0 0 0 <10
_T-'_amperature rise of furnace above 0 0 0 <50
initial furnace temperature (°C)

Tt_amperature rise of samplecabove 0 0 0 <50
initial furnace temperature (°C)

Classificat Non- Non- Non-

assitication Combustible [ Combustible | Combustible )

CONCLUSION:

A non-combustibility test for materials in accordance with British Standard 476 Part

4 : 1970 has been performed on the material as described in this report and the
classification of the sample is Non-Combustible.

47 Not to be reproduced or disseminated without BlueScope’s permission

Source : TUV SUD PSD BS 476 Part 4 Test Report on ZINCALUME® steel. Ref: 2018-7191184727-MEC18-3-YWA-PIC




BS 476 PART 4: COMBUSTIBILITY TEST

GENERALLY
UNPAINTED
COATED STEEL
WILL BE NON-
COMBUSTIBLE

48 Not to be reproduced or disseminated witho BlueScope,':s/per nissio Photo from BlueScope
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EXTERNAL
TESTED
SURFACE
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Fire tests on complete external cladding system
UK Class

Test Classification

BS 8414: Part 1 & 2 Fire performance of

analcladding systems BS 84" 4
FIRE TEST

OF

Fire tests on building materials

BS 476: Part 4 Non-combustibility test EXTE R N AL

BS 476: Part 11 Limited Combustibility test

BS 476: Part 6 & Part 7 Class O CLADDING
e SYSTEMS

Class 2
Class 3
Class 4

BS 476: Part 7

50 Not to be reproduced or disseminated without BlueScope’s permission
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BS 8414
FIRE TEST

OF
EXTERNAL
CLADDING
SYSTEMS



Flame drawn
through cavity

52 Not to be reproduced or disseminated without BlueScope’s permission

BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

SIMULATE FIRE
SPREAD
THROUGH

CLADDING
SETUP
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Initial fire

(internal / D
interna
|

external)

Initial fire is
allowed to develop
and flashes over

External fire
incident
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BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

FIRE SPREAD

MECHANISM



https://www.constructionspecifier.com/the-leap-frog-effect/

BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

—
—

Flame
break out
and vent

I
upward I

\

Flames break out |
and attack
adjacent windows

] FIRE SPREAD

MECHANISM

Initial fire is
allowed to develop
and flashes over

External fire
incident
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https://www.constructionspecifier.com/the-leap-frog-effect/

Rapid Fire Spread

Cladding system contributes to
flame spread resulting in risk of
multiple simultaneous secondary
fires

55 Not to be reproduced or disseminated without BlueScope’s permission

If a secondary
fire is allowed
to develop
then process
is repeated

Secondary
external fires
arising from
falling burning
debris

BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

FIRE SPREAD

MECHANISM



https://www.constructionspecifier.com/the-leap-frog-effect/

ldl
<
Z
oz
LLI
[—
>
LLl
(1
@)
—
)
LLI
[—
LLl
oz
™
.4'
1
<
0
(72
(o a]

\\ CLADDING SYSTEMS

BEARING
EXTERNAL
SYSTEM

NON-LOAD
CLADDING




p7 BS 8414: FIRE TEST OF EXTERNAL
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22600mm W BS 8414: FIRE TEST OF EXTERNAL
L CLADDING SYSTEMS
Main face Wing
£
£
A4

£ Combustion
8 chamber

] 2,000 mm (

5 8 Not to be reproduced or disseminated without BlueScope’s permission



BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS

Main face Wing

+
+ G
+
+ —
i
+ =
+
{

Level 2

2500mm

THERMOCOUPLE

+
+ G
o+ G
+ L
4+
+ G—
+
+ G

Level1 Y}

PLACEMENTS

2500mm

Combustion|
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BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS

CAS |\ oCcoupLE

PLACEMENTS

EXTERNAL CLADDING

EXTERNAL
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BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS

THERMOCOUPLES

IR /% THERMOCOUPLE

Sy INTERNAL® PLACEMENTS
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BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS
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(EXTERNAL)
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BS 8414: FIRE TEST OF EXTERNAL
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T\

0.42mm BMT
Prepainted

Corrugated Steel
Cladding

£

1.2mm BMT top
hat

6mm thick Mild
Steel Bracket
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L L . - " \ . . . P D
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Masonry Wall

2mm thick C-
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BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

BS 8414

TEST SETUP




BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

BS 8414
TEST SETUP

65 Not to be reproduced or disseminated without BlugScope’s permission




BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

M12 Bolt

Galvanized steel
bended plate

BS 8414
TEST SETUP
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S
~

-

e
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BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

P77 7077

A

7 BS 8414

cAvITY 205mm l TEST SETUP

Prepainted Corrugated
Steel Cladding
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BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

P77 7077

7 BS 8414

N 205mm l TEST S ETU P
0.42mm BMT

Prepainted Corrugated
Steel Cladding
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BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS

30 MINUTES
FIRE EXPOSURE




BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS

EARLY TEST
TERMINATION

Source: Grenfell Inquiry test example. Ref: CLG10000381



BS 8414: FIRE TEST OF EXTERNAL CLADDING SYSTEMS

PERFORMANCE
CRITERIA FOR
EXTERNAL
CLADDING

SYSTEMS IN
External Cladding System MA I.AYS I A

=i FPST/DOC/14-1




Performance Criteria for External
Cladding Systems in Malaysia
FPST/DOC/14-1 (Version 1:2019)

1. External Fire Spread

2. Internal Fire Spread

3. Visible Flaming

4. Mechanical Performance
5. Burning Debris and Pool Fires
6. System Burn Through

2]
By
- P ‘l}
TH
INTERNATIONAL
Juer”
7
)
o' ';\
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BS 8414: FIRE TEST OF EXTERNAL
CLADDING SYSTEMS

FIRE
PERFORMANCE

REQUIREMENTS
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Level 2
EXTERNAL
temperatures
>600°C for 30s
within 15mins
from start time.
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Burning debris or
pool fire last for 60s
develop outside of
collapse zone within
60minutes of test
start.
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