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El

Introduction

El.1.1

E1.1.3

El1.1.4

El1.1.5

E1.1.6

E1.1.7

E1.1.8

Section 11 of my Expert report provides my assessment of the compliance of
the external rain screen cladding system as installed at Grenfell Tower, based
on the fire test reports provided to me at this stage in the Public Inquiry.

This Appendix contains all the fire test evidence I have relied upon in making
my assessment. I also provide some additional commentary on this evidence
that is not material to the compliance of the fagade system installed on
Grenfell Tower, but is useful to assist in understanding the fire performance
of the materials installed.

In Section E2 I have provided a complete schedule of reaction to fire test
evidence currently available to me for Arconic Inc. Reynobond Architecture
Wall Cladding Panels. I have also used this test evidence in my assessment of
BBA Agrément Certificates for Reynobond Architectural Wall Panels in
Appendix O of my Expert report.

In Section E3, I have provided a complete schedule of reaction to fire test
evidence currently available to me for the Celotex thermal insulation. This
table does not include the test and/or classification data which is not relevant
to meeting the requirement of ADB 2013 12.7 for Limited Combustibility
(Table A7 of ADB 2013). However, I explain the difference in chemical
composition between different Celotex 5000 products and review the apparent
variability of reaction to fire performance of the Celotex 5000 insulation.

In Section E4 I review BS 8414 test data, classification reports and desktop
assessments submitted by Celotex for their PIR insulation products. I explain
how the 2014 test data and assessment reports are not applicable to Grenfell
Tower as built external wall construction. I also explain the errors and
omissions I found between the rainscreen system tested in 2014 and the
associated fire test documentation that was then issued. I also provide a
review of the newly commissioned BS 8414 test report by Celotex for their
PIR insulation products. I explain how these newly commissioned tests are
also not relevant to the Grenfell Tower as built external wall construction.

In Section E4.7, I have provided a complete schedule of reaction to fire test
evidence currently available to me for Kingspan thermal insulation.

In Section E6, I review the BS 8414 test data submitted by Kingspan for their
phenolic insulation products used with an ACP rainscreen.

In Section E7, I have provided a complete schedule of the fire resistance test
evidence I have received for Siderise cavity barriers.

E-1 Ove Arup & Partners Ltd
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E2

Schedule of Arconic Inc. Reynobond
Architecture Wall Cladding Panel reaction to
fire test and classification evidence

E2.1.1

E2.1.2

E2.1.3

E2.14

E2.1.6

E2.1.7

In Table E.1 I have listed all the reaction to fire test reports and classification
reports for Arconic Inc. Reynobond Architecture Wall Cladding Panels
which have been made available to the Public Inquiry.

This includes Reynobond 33 (2mm, 3mm, and 4mm); Reynobond RB160 and
Reynobond 55 PE (riveted and cassette); and Reynobond 55 FR.

These include test reports and classification reports under the National and
European test frameworks. These frameworks are described in full in
Appendix F.

In Section 11, I have presented evidence that the specific Reynobond
Architecture Wall Cladding Panels purchased and installed at Grenfell Tower
was Reynobond 55 PE. T have explained in Section 8 of my report that a
cassette type system was installed on Grenfell Tower, however it was not
formed or fixed in accordance with any of the standard Arconic details.

In Table E.1 I have highlighted in yellow all of the test evidence and
classification evidence which is relevant to the Reynobond 55 PE cassette
system used for Grenfell Tower. This is the relevant test evidence which I
have used in my assessment of compliance in Section 11 of my Expert report.

The BBA Agrément certificates which have been disclosed to the Public
Inquiry are for Reynobond Architectural Wall Panels. I have highlighted all
the available BBA Agrément certificates in red. I have done this because it is
my opinion that there are serious errors and omissions in the Agrément
certificates issued for Reynobond Architecture Wall Cladding Panels . 1
explain all of this in Appendix O.

All test evidence and classification evidence listed in Table E.1 which is not
highlighted is not relevant to Grenfell Tower because it is either for a
different Arconic Reynobond Architecture Wall Cladding Panel product or
different method of fixing (for example riveted instead of cassette).

E-2 Ove Arup & Partners Ltd
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Table E.| Schedule of the Arconic Tne. Reynobond Architecture Wall Cladding Pancls reaction to [ire test cvidence currently available (note cvidence is listed in chronological order)(Cassctic systems highlighted in
yellow) (BBA certificates are highlighted in red. [ have scrious concerns with the information provided in the BBA Agrément certificates that I discuss further in Appendix O)

Broduct Test Picin Pancl PE Core | Aluminium Classification report/ Relativit
Report Title Reporl Sponsor Reporl Author Date of issue Sk Teststandards | Classification | heat | Product Nume % | Core material | thickness | thickness | (hickness Lest report/ BBA ativity
description ; type s ) Document
Cxposure (mnm) (mm) (mm) certificate number
Test report WARRES NO.
70708 BS 476-6 1989 Reynolds Aluminium i s = i 2 S =03 Surface Reynobond Not % ; AR B S
WMetbod of lesl or e Framce SA Warringlon lire 14/03/1997 Reynobond RB 160 PL BS 476-6 100 anly RE 160 PE Stated PE 4 3 0.5 WARRLS NO. 70708 ARC00000355
propagation for products
Test report WARRES NO.
TUT07BS 4T6-T 1997 povnolds Aluminium Surface | Reynobond | Not
Method of classification of & Sy Warrington Fire 14/03/1997 TReynobond RB 160 PE BS 476-7 Class 1 § i " PE 4 3 0.5 WARRES NQ. 70707 ARC00000356
5 France SA only RB 160 PE Stated
the surface spread of flame
of products
Summary of WARRLS NO.
70707 & WARRES NO.
70708 including opinion of
compliance with the W, "
- A G : WARRES NQ. 70708
requirements for a class 0 Reynolds Aluminium - i o L BS 476-7 N Surface Reynobond Not 5 5 P Xyt 57
surface as dofined in France SA ‘Warrington Firc 14/03/1997 Reynobond RB 160 PE BS 476-6 Class 0 only RB 160 PE Stated EE 4 3 0.5 & WARRES NO. ARC00000357
70707
paragraph A12(b) of
Approved Document B, fire
safety to the building
regulations 1991
"y T ALCOA Warringlon Fire 12/09/2003 _ ’
Warrington Fire Research |, p cpTECTURAL Reynobond 55 FR BS 476-7 Class 1 s || R 2 FR Core 4 3 0.5 WARRES NO. 132316 | BBA00000050
Report 132316 e only 55I'R Stated
PRODUCTS
, = ALCOA Warrington Fire 12/09/2003 = .
b mﬂg'ﬁ)’::]‘fqﬁ;e““h ARCIITECTURAL Reynobond 55 TR BS 476-6 o 5‘;‘]5‘“"‘ Re?j“‘;’r‘{md i) IR Core 4 3 0s BBA000000S3
— PRODUCTS : i :
REACTION TO FIRE
CLASSIFICATION RUEYNOBOND ® 55 ” -
sl Lo . B? 1%2153() Surface Reynobond
No. RAD5-0003A ARCHITECTURAL CSTB 07/01/2005 Riveted systom - B-52,D0 afid c‘(:re zi PE Riveted PE 4 3 0.5 RA05-0005A ARC00000358
ACCORDING TO T11L PRODUCTS S.A.S grey/green Duragloss BS EN 13823 © .
EUROPEAN STANDARD 5000 coating SR
NF EN 13501-1+A1:2013
RAPPORT D'LSSAIS DL
REACTION ATJ FEU NO
RA05-0005A SELON LES &
! D @ 55
NORMLS S RLYM"]{('F)I\D e NI LN IS0 Not stated
AT ) 5. s Rt
RUROPEENNESNEEN | pomrTEeTURAL CSTB 07/01/2005 system rivete grisivert W28 butiresils Sutface | Reyriobond | g PE 4 3 0.5 RA05-0005A ARC00000359
13823 LT NI' N ISO PRODUCTS  Durasloss 5000 mean it is and core S5 PL
11925-5 . ‘imi" NI BN 13823 Class 3
(FRENCH LANGUAGE s
ONLY)
RAPPORT D'LSSAIS DI
AU FEU
REA_CTION < UEEUD REYNOBOND ® 55
RA05-0005B SELON LES Q P—
NORMES ALCOA PIs NI' LN ISO Not stated
> 4 . . 5 " i B
EUROPEENNESNFEN | ARCHITECTURAL CSTB 07/01/2005 Taaalaede Iher hutresultss | Seefe | Reynobond | jopnen PE 4 3 05 RA05-0005B ARC00000360
; a S (chants fermes) mean it is and core S5PE
13823 E1 NF EN 1SO PRODUCTS o ) = s il
o gris/vert Duragloss NI' N 13823 Class 18
(FRENCH LANGUAGE 200 zontie
ONLY
‘Warrington fire test report ALCOA REYNOBOND 33
No. 157537 BS 476: Parl s ibeng s ’ i - i 1-09 Surface Reynobond Not » .
ARCIITLECIURAL Warringlon lire 14/09/2006 (Overall thickness BS 476-7 e 2 PL 2 14 0.3 W' 157537 ARC00000364
6:1989 Method of Test for < i1=02 only 383°PE Stated
< " , PRODUCTS 2mm)
firc propagation of products
E-3 Ove Arup & Partners Ltd
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) ) Product ) ) Test it ) Paucl PE Core Alumlmum Classification roport/ Rt
Report Title Reporl Sponsor Report Author Date of issue e Teststandards | Classification | heat Product Name : Core malerial | (hickness | thickness | (hickness ‘Test report/ BBA ;
escriplion ; Lype - . Document
exposure (mm) (mm) (mm) certificate number
Warrington fire test report
No. 157530 BS 476: Part ALCOA REYNOBOND 33 Surface Reynobond o
7:1997 Method for ARCIITECIURAL Warringlon l'ire 14/09/2006 (Overall thickness BS 476-7 Class 1 sl 33 PR g;ﬂt"d PL 2 14 0.3 W' 157530 ARC00000366
classification of the surface PRODUCTS 2mm) A B
spread of flame ol products
Warrington fire test report
No. 157532 BS 476: Part ALCOA o ) RLYNUBQND 33 ) SR Reyniotond Not i
7:1997 Method for ARCHITECTURAT. Warrington Fire 14/09/2006 (Overall thickness BS 476-7 Class 1 B £ = TE 4 3.4 0.3 WF 157532 ARCO00000367
classification of the surface PRODUCTS 4mm) iy BiPH Seited
spread of flame of products
Summary of WFs No's
157530 & 157537 including
opinion of compliance with
the requirements for a class
0 surface as deflined in ALCOA REYNOBOND 33 BS 4767 Saiiis Reviiaborid Wik
paragraph A13(b) of ARCHITECTURAL Warrington Fire 14/09/2006 (Overall thickness BS 47 6-6 Class 0 : 2 33 PE Stated PE 2 1.4 0.3 WEF 157530 ARC00000366
Approved Document B, PRODUCTS 2mm)
(2000 edition incorporating
2002 amendments) 'Fire
Satety, To the Building
Regulations 2000
Summary of Wl's No's
157532 & 157535 including
opinion of compliance with
the provisions for a class 0
surface as defined in AT.COA REYNOBOND 33 . =
paragraph A13(b) of ARCIITLECTURAL Warrington Lire 14/09/2006 (Overall thickness Ef j;gg Class 0 S‘L‘gf?c R“?S“’;’E“d Si?etd PL 4 34 0.3 “\flliz:gf 5& ARCO00000363
Approved Document B, PRODUCTS 4mm) - ¥ e
(2000 cdition incorporating
2002 amendments) 'l'ire
Safety’, To the Building
Regulations 2000
Summary of WFs No's
157531 & 157536 including
opinion of compliance with
the provisions for a class 0
surface as defined in ALCOA REYNOBOND 33 " . - 5
paragraph A13(b) of ARCHITECTURAT, Warringlon Fire 14/09/2006 (Overall thickness g: :Zg; Class 0 5‘(‘;5‘;?“ Reynobond Q;‘«‘t’t s PE 3 2 0.3 “vlnlrj ;;:37& ARCO0000361
Approved Document B, PRODUCTS 3mm) - ) S
(2000 edition incorporating
2002 amendments) 'Fire
Safety’, To the Building
Regulations 2000
\\iaumglun [ire test report ALCOA REYNOBOND 33 -
No. 157533 BS 476: Part |, p cHiTECTURAL Warrington Fire 15/09/2006 (Overall thickness BS 476-6 L= Surface | Reynobond e PE 4 3.4 0.3 WE 157533 ARC00000365
6:1989 Mcthod of Test for e i1 =0 only 33 PE Stated
1 “ PRODUCTS 4mm)
fire propagation of products
REACTION TO FIRE
CLASSIFICATION
N0R£8§2)-372 pLRA \slfgrg]:v(lzigl())urjangf:s:i el Surface | Reynobond ®
s R R ARCIUTECTURAL CS1B 19/10/2006 : . LN ISO 11925- B-81, d0 N i N Riveted PL 4 3 0.5 RA06-0372 BBA00000054
ACCORDING TO 1111 PRODUCTS 5000 coating P and core IR
EUROPEAN STANDARD . Riveted system
NI' LN 13501-1
E-4 Ove Arup & Partners Ltd
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Reporl Title

Reporl Sponsor

Report Author

Date of issue

Product
description

"Lest standards

Test
heat
exposure

Product Nume

Fixing
Lype

Core malerial

Aluminium
(hickness
(mm)

Classification roport/
Test report/ BBA
certificate number

Relativity
Document

REACTION TO FIRL
CLASSIFICATION
REPORT
No.RA11-0032
ACCORDING TO THE
LUROPLAN STANDARD
NFEN 13501-11A1:2013

ALCOA

ARCHITECTURAT.
PRODUCTS S.A.S.

CSTB

09/02/2011

RUYNOBOND ® 55
PE
Riveted system

BS ENISO
119252

BBS N 13823

Surface
and core

Reynobond
55PE

Riveted

PE

RAT1-0032

ARCO00000383

REACTION TO FIRL
CLASSIFICATION
REPORT
No.RA11-0244
ACCORDING TO THE
LUROPTAN STANDARD
NF EN 13501-1+A1:2013

ALCOA

ARCHITECTURAL
PRODUCTS

12/10/2011

REYNOBOND
Architecture PE
Cassctte system

BS EN SO
11925-2

Surface
and core

Reynobond
55 PE

Casselle

PE

RAT1-0244

ARCO00000386

REACTION TO FIRE
CLASSIFICATION
REPORT
No.RA13-0333
ACCORDING TO 'T1L
EUROPEAN STANDARD
NF EN 13501-1+A1:2013

ATCOA

ARCHITECTURAT,
PRODUCTS S.AS

CSTB

31/01/2014

REYNOBOND ® 35
PE

BS ENISO
119252

Surface
and corc

Reynobond
S5 PE

Cassette
and
riveted

PE

RA13-0333

ARCO00000393

REACTION TO FIRE
CLASSITICATION
REPORT
No.RA13-0333
ACCORDING TO T1IL
FEUROPEAN STANDARD
NI EN 13501-1+A1:2013

ATLCOA

ARCHITECTURAL
PRODUCTS S.AS.

CSTB

04/12/2014

REYNOBOND ® 55
PE

(casselle system)

BS ENISO
11925-2

Surface
and core

Reynobond

Cassette

PE

0.5

RA13-0333

ARC00000395

E-5

Ove Arup & Partners Ltd
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Product Test Fixin Pancl PE Core | Aluminium Classification report/ Relativity
Report Title Reporl Sponsor Report Author Date of issue s Teststandards | Classification | heat | Product Name S | Corematerial | thickness | thickness | thickness Test reporl/ BBA £ty
description ; Lype - . Document
exposure (mm) (mm) (mm) certificate number
REACTION TO FIRL
CLASSIFICATION REYNOBOND® 55
No. RA14-0339 ARCHITECTURAT, CSTB 04/12/2014 Riveled system = C-s2,d0 | PUTOe i Riveted PE 4 3 0.5 RA14-0339 ARC00000397
ACCORDING TO THE PRODUCTS S.AS. Duragloss ® 5000 e
EUROPEAN STANDARD 35 pum finish =
NFEN 13501-11A1:2013
RSO0 118k REYNOBOND® 55
CLASSIFICATION
PE BS EN ISO
P e Hiveled syst 11925-2 Suice | eyudbond
No. RA15-0200 ARCHITECTURAT. CSTR 22/09/2015 S s <= C-s2,do | PUEAE | REGET | Riveted PR 4 3 0.5 RAT5-0200 ARCO0000402
ACCORDING TO THE PRODUCTS S.AS. e At W—— - e
EUROPEAN STANDARD " {‘ S E .
NFEN 13501-11A1:2013 (ranslucent core)
B REYNOBOND® 55
CLASSINICATION "
PR BS EN ISO
REFORT ALCOA Riveted system 119252 Surface Reynobond
No. RA15-0200 ARCHITECTURAL CS1B 22/09/2015 ok }II{) o = C-sz,d0 | oo 3; o Riveted PL 4 3 05 RA15-0200 ARCO0000402
ACCORDING TO THE PRODUCTS S.A.S “;‘? ‘:;* o AR S AR =
EUROPEAN STANDARD ’(blfck Cm_;) AL
NT BN 13501-1+A1:2013 i
REACTION TO FIRE,
ISR - REYNOBOND® 55
RLEOR L ALCOA PL BS [N ISO Surface | Reynobond
No. RA15-0201 ARCHITECTURAT, CSTR 22/09/2015 AR o F iy e e Cassette PE 4 3 0.5 RA15-0201 ARCO0000405
ACCORDING TO THE PRODUCTS S.A.S. U‘“:Shl‘elft e e A =
LUROPLAN STANDARD e
NFEN 13501-14A1:2013
REACTION TO TIRE
CLASSIFICATION REPROHORGEES
Leaer Sco PL BS LN ISO Surlace | Reynobond
Na. -020 Ol . TRAL Cs 22/09/; 5 - - Cassette i E 0.5 A15-020 ARCO00 5
No. RA15-0201 ARCHITECTURAT CSTR 22/09/2015 GRS et E i s 3 PE 4 3 0. RAT15-0201 ARC00000405
ACCORDING TO THE PRODUCTS S AS. bl” ‘1‘( ) = = Rl
LUROPLAN STANDARD (hlagkvenze)
NF EN 13501-11A1:2013

E6

Ove Arup & Partners Ltd
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Product Test Fixin Panel PE Core | Aluminium Classification roport/ Relativity
Reporl Title Reporl Sponsor Report Author Dalte ol issue ey 'I'est standards Classification heat Product Nume e Core malerial | thickness | (hickness (hickness Test report/ BBA ty
description ; Lype - Document
exposure (mm) (mm) (mm) certificate number

! Note the BBA certificate states an incorrect reaction to fire performance as the riveted was re classified as Class C in 2014 prior to the issue of the BBA certificate

E7

Ove Arup & Partners Ltd
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F2.1.8  In Table E.2 I have listed all the Arconic Inc. Reynobond Architecture Wall
Cladding Panels which have test evidence or classification evidence of
achieving Class 0 (national Class) or Class B-s3, d2 or better (European class)
at the time the report was issued.

E2.1.9  These panels meet the Diagram 40 ADB 2013 reaction to fire performance for
an external surface at any dimension over 18m for a building with a height
18m or more as I identified in Appendix F.

E2.1.10  As can be seen, none of the products listed in Table E.2 are relevant to
Grenfell Tower, because a Reynobond 55PE Cassette system was purchased
and installed.

E2.1.11 The disclosed evidence for the Arconic Reynobond Architecture Wall
Cladding Panels therefore does not demonstrate compliance of the ACP

rainscreen system installed on Grenfell Tower with Clause 12.6 of ADB
2013.

E2.1.12 The only alternative method to demonstrate compliance would be to “meet
the performance criteria given in the BRE Report Fire performance of
external thermal insulation for walls of multi storey buildings (BR 135) for
cladding systems using full scale test data from BS 8414-1:2002 or BS 8414-
2:2005"” as stated in paragraph 12.5 of ADB 2013.

E2.1.13 No full scale test data from BS 8414-1:2002 or BS 8414-2:2005 for
Reynobond Architecture Wall Cladding panels has been disclosed to me to

date by Arconic to demonstrate that any of their systems can comply with
Clause 12.5 of ADB 2013 in any form.

[£2.1.14 Thave highlighted all the available BBA Agrément certificates in red. This is
due to serious errors and omissions I have found in the Agrément certificates
issued for Reynobond Architecture Wall Cladding Panels . 1 explain all of this
in Appendix O.

BLABLAS0000026/11
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Table E.2 Arconic Inc. systems that have been tested and/or classified to meet Class 0 (National Class) or Class B-s3, d2 or better (European Class)

09/02/2011

REYNOBOND ® 55 PE
Riveted system

used

Riveled

B-S1,D0

RA11-0032

o : Fixing type e e o
Date ol issue of Produclde crn o enarl Clossilication stated in Report Classilication report/ Test report/ BBA certilicate Relativity
report number Document
/ ata, " 4 .
14/03/1997 Reynobond RB 160 PE us’(‘i‘iNd“O““l Rt tindard Class 0 WARRES NO. 70708 & WARRES NO. 70707 ARCO0000357
07/01/2005 REMHOBONIIIS5RE . Riaten B-$2,D0 RA05-0005A ARC00000358
Riveted system grey/green Duragloss 5000 coating
- S - —
07/01/2005 .‘:{oi;(i:]gOBOND ® 55 PE system rivete gris/vert Duragloss 5000 Riveted I‘;lm stated but result mean it is Class RA05-0005A ARC00000359
14/09/2006 REYNOBOND 33 (Overall thickness 2mm) ES/;NQ""““' testistandatd Class 0 WF 157530 ARC00000366
14/09/2006 REYNOBOND 33 (Overall thickncss 4mm) Ijs’; Natioful festistindaid Class 0 WF157532 & WF 157355 ARC00000363
. -
14/09/2006 REYNOBOND 33 (Overall thickness 3mm) N/ National test staudard Class 0 WF157530 & WF157357 ARCO00000361

ARCO00000383

Ove Arup & Partners Ltd
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E3

Celotex thermal insulation- Reaction to fire
performance

E3.1.1

E3.1.2

E3.1.3

E3.2

E3.2.1

E3.2.2

E3.2.3

E3.2.4

E3.2.5

E3.2.6

E3.2.7

In Section E3.2 1 list all of the National classification reaction to fire test
reports that have been disclosed to me for any Celotex PIR insulation.

In Section E3.3 I provide a review of test evidence which demonstrates the
differences in chemical composition between different Celotex PIR insulation
products.

In Section E3.4 I provide my analysis of an apparent variability in the reaction
to fire performance of Celotex PIR insulation products.

Schedule of disclosed National test reaction to fire
test/classification reports

Celotex FR5000 was originally specified in the employer’s requirements
(HARO00000872) however Celotex RS5000 was purchased (as evidenced by
the purchase orders SIG00000010, HAR00000583 and HAR00000781).

Celotex have disclosed test and classification reports for three named PIR
foam product ranges. These are RS5000, FR5000 and 5050. I note all three of
these products are also defined as either “line 1 or “line 2”.

I have listed all of the disclosed test/ classification evidence disclosed to the
Inquiry in Table E.3 for these three products. I have highlighted in green all
the test and/or classification evidence which was available prior to or during
the Grenfell Tower 2012-2016 refurbishment.

To comply with Section 12.7 of ADB 2013, an insulation material must
achieve Limited Combustibility using National Classification methods in
Table A7 of ADB 2013 (Using BS 476-11 or BS 476-4) or material of limited
combustibility using European Classification methods in Table A7 of ADB
2013 (Class A2 or better) (see Appendix F of this report).

The only National Classification reaction to fire performance that I have
received to date for Celotex PIR Insulation is based on the tests BS 476-6 and
BS476-7.

Neither BS 476-6 or BS476-7 can be used to demonstrate limited
combustibility, the required performance for compliance with section 12.7 of
ADB 2013. The relevant national test standards for demonstrating limited
combustibility are BS 476-4 and BS476-11.

Therefore, no evidence has been disclosed to me to date to demonstrate that
any Celotex insulation has been tested to the standard required for use as an
insulation material, where the topmost storey of a building is greater than
18m.

e
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E3.2.8  1therefore consider all of the test data listed below, not to be relevant test data
regarding the construction of Grenfell Tower.

E3.2.9  Based on this the use of Celotex PIR insulation was noncompliant with
paragraph 12.7 of ADB 2013 for use on Grenfell Tower.

[£3.2.10  The only alternative method to demonstrate compliance would be to “meet
the performance criteria given in the BRE Report Fire performance of
external thermal insulation for walls of multi storey buildings (BR 135) for
cladding systems using full scale test data from BS 8414-1:2002 or BS 8414-
2:2005 " as stated in paragraph 12.5 of ADB 2013.

E3.2.11 TIreview the available BS 8414 and BR 135 evidence for Celotex PIR
insulation in E4.

E3.2.12  As aresult, there is no evidence available to me which demonstrates that the
Celotex insulation material used on Grenfell Tower was capable of meeting
the functional requirement B4 of the Building Regulations.

BLABLAS0000026/14
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Table E.3: Cclotex 5000 range of PIR insulation reaction to firc performance to British Standard tests (note tests relate to surface exposure of insulation material only) (test/classification reportsavailable prior to or
during the Grenfell Tower refurbishment are highlighted in green)
Relativity
reference Classification
Classification/ lest report/ Test
result stated in report/ BBA
Report certificate
number

Test/

Product Prodict deseription classification

Date of
Report title Report produced by issue of
report/ letter

Disclosed

Manufacturer standard by

referenced

Ove Arup & Partners Ltd

S9T1/9200000SV14
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Relativity
relerence Tosty Classification
" Daitc of e Classilication/ test reporl/ Tesl ;
Report title s Report produced by Lt issue of' Pmdu‘ft Product description Clssincation result stated in Line | report/ BBA Discloscd
sponsor test Manufacturer standard - by
report/ letter Report certificate
referenced
number
BS 476-7: 1997
s Celotex | BRE Global CEL00002533 | 26/06/2017 | 25/01/2018 | Celotex RS5160-Line 2 BS 4767 Class 1 g | PLOTOIA-1009 | (oo
flame test on Issue 1
RS5160-Linc 2
BS 476-7: 1997
SUFRCESAICA of Celotex | BRE Global CEL00002543 | 26/06/2017 | 25/01/2018 | Celotex RS5100-Line 1 BS 4767 Class 1 | BIOIEIEI00E ey
flame test on Issue 1
RS5100-Linc 1
BS 476-7: 1997
Burlaceispread of Cclotex | BRE Global CEL00002574 | 26/06/2017 | 25/01/2018 | Celotex FR5100- Linc 2 BS 4767 Class 1 gy | BLOTEMHIOLS | ey
flame test on Tssue |
FR5100-Line 2
BS 476-7: 1997
BAITTHEE SpIes] ot Celotex | BRE Global CEL00002579 | 26/06/2017 | 25/01/2018 | Celotex FR5025-Line 1 BS 476-7 Class 1 1 | BHPAIRI0012 | o
flame test on Issuc 1
FR5025-Line 1
BS 476-7: 1997
BITtaCeisnIed of Celotex | BRE Global CEL00002586 | 26/06/2017 | 25/01/2018 | Celotex RS5100-Line 2 BS 476-7 Class 1 v, PLOTETA-1006 | pststan
[ame test on Issue 1
RS5100-Line 2
BS 476-7: 1997
SuThieEsrean of Celotex | BRE Global CEL00002817 | 26/06/2017 | 25/01/2018 | Celotex RS5025- Line 1 BS 476-7 Class 1 1 Al L
flame test on Issue 1
RS5025-Line 1
CEL00002711
BS 476-6: 1989+A1 =221
2009 Fi i1=12.¢ -1007
2009 Fife. Cclotex | BRE Global 08/08/2017 | 25012018 | Celotex RS5100- Line 2 BS 476-6 =129 g | BUTSIANT  |ogm
propagation test on i2=8 Issue [
RS5100- Line 2 3=12
EL00002751
BS 476-6: 1989+A1 = =251
10 1T¢ il= -
2009 Fir Celotex | BRE Global 10/08/2017 | 25/01/2018 | Celotex RS5100- Line 1 BS 476-6 =143 1 BLOTGIIO0R | ooyt
propagation test on i2=9.6 Issue 1
RS5100- Line 1 3=12
] CEL00002693
BS 476-6: 1989+A1 =187
2009, Bire Celotex | BRE Global 11/08/2017 | 25/01/2018 | Celotex FRS100- Line 2 BS 476-6 =102 g | PLHERANE | gy
propagation test on 2=74 Issuc |
FR5100- Line 2 3=1.1
EL00002692
BS 476-6: 1989+A1 = =17
A8 B Celotex | BRE Global 14/08/2017 | 25/01/2018 | Celotex RS5025- Line 1 BS 476-6 =1LLG 1 PLOTEIHIIR | Hefimse
propagation test on i2=49 Issue 1
RS5025- Linc 1 3=05
CEL00002624
BS 476-6: 1989+A1 =19.1
2000 Frre Celotex | BRE Global 15/08/2017 | 25/01/2018 | Celotex RS5025- Line 1 BS 476-6 =320 i | PU7O-I0L | g
propagation test on i2=5.37 Issuc 1
RS5025- Line 1 i3=0.50

Ove Arup & Partners Ltd
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Relativity
reference i Classification
" Daitc of e Classilication/ test reporl/ Tesl ;
Report title ca Report produced by Dzt issue of' Pmdu‘ft Product description Eaiedon result stated in Line | report/ BBA Disclosed
sponsor test Manulacturer standard .
report/ letter Report certificate
referenced
number
CEL00009429 Test invalidated- due
Letter from T Mort to deformation of the
(Exova Wartnglon | 110 | Exova Warringlon Fire Notstated | 01/11/2017 | Celotex Celotex 5050 ling 1 29-08-17 15:17A BS 476-6 specimens blocking | | | 39496 Celotex
firc) to Mr J e the burner posts of
Mahoney Celotex the gas burner of the
test apparatus
CEL00009430 Test invalidated- due
Letter from T Mort to deformation of the
(Exova Wartinglon | i ey | Exova Warrington Fire Notstated | 01/11/2017 | Celotex Celotex 5050 line 1 29-08-17 15:17B BS 476-6 speetmersRloeking | | 00 Celotex
firc) to Mr J the burner posts of
Mahoney Celotex the gas burner of the
test apparatus
CEL00009431 Test invalidated- due
Letter from T Mort to deformation of the
(Exova Wartinglon | g ey | Exova Warrington Fire Notstated | 01/11/2017 | Celotex Celotex 5050 ling 2 31-08-17 21:02 BS 476-6 SPGB IELIDE | | gppgs Celotex
firc) to Mr J the burner posts of
Mahoney Celotex the gas burner of the
Lest apparatus
CEL00009432 Test invalidated- duc
Letter from T Mort to deformation of the
(Exova Warrington | o100 | Exova Warrington Fire Not stated | 01/11/2017 | Celotex Celotex 5160 line 2 09-03-17 15:38-15:39 | BS 476-6 e IETEE ) Celotex
[ire) to MrJ the burner posts of
Mahoney Celotex the gas burner of the
(st apparatus
s CEL00009427 5050 Line 2;
Class 1 Assessment | o100 | Exova Warsington Firc N/A 03/11/2017 | Celotex Celotex 5050 Line 2; BS 476-7 Class 1 2 | 391512 Celotex
report Celotex 5160 Line 2
BS 476-7 Method
for classification 0f | (1,161 | Exova Warringlon Fire | CEL00009422 | 18/09/2017 | 01/11/2017 | Celotex Celotex 5050 Line 1 BS 476-7 Class 1 1| 388960 Celotex
the surface spread of
flame of products
BS 476-7 Method
for classification of | 10y | Exova Warrington Fire | CEL00009423 | 18/09/2017 | 01/11/2017 | Celotex Celotex 5050 Ling 1 BS 4767 Class 1 1 388962 Celotex
the surlace spread of
flame of products
BS 476-7 Method
for classification of | ¢o1oe | Exova Warrington Fire | CEL00009424 | 18/09/2017 | 01/11/2017 | Celotex Celotex 5050 Line 2 BS 4767 Class 1 2 | 388964 Celotex
the surface spread of &
(lame of products
BS 476-7 Mcthod
for classification of' "\ 1010y | Exova Warringlon Fire | CEL00009425 | 18/09/2017 | 01/11/2017 | Celotex Celotex 5050 Line 2 BS 476-7 Class | 2 | 388966 Celotex
the surface spread of
(lame ol products
BS 476-7 Mcthod
for classification Of "} (vo1o1ex | Exova Warrington Fire | CEL00009426 | 18/09/2017 | 01/11/2017 | Celotex Celotex 5160 Line 2 BS 476-7 Class 1 2 | 388068 Celotex
the surface spread of
flame of products

Ove Arup & Partners Ltd

BLAS0000026_0017



8T1/9¢00000SVv 14

REPORT OF
SPECIALIST FIELD
ON BEHALF OF:

DR BARBARA LANE

FIRE SAFETY ENGINEERING
GRENFELL TOWER INQUIRY

Relativity
relerence Tosty Classification
; Report Date of Datc 01, Product 2 s classification Classmcallot.l/ st : rcpon/l 18 Disclosed
Report title Report produced by issue of : Product description result stated in Line | report/ BBA
sponsor test Manufacturer standard - by
report/ letter Report certificate
referenced
number
EL00002668
BS 476-6: 1989+A1 . 1=6.6
2009 Fm.: Celotex | BRE Global 05/10/2017 | 25/01/2018 Celotex RS5160- Line 2 BS 476-6 ?1= z 2 E107615-1020 Celotex
propagation (est on i2=2.8 Issue 1
RS5160- Line 2 i3=1.7
CEL00002719
BS 476-6: 1989+A1 =71
€ H B 1= 7614~
2000 ire Cclotex | BRE Global 05/10/2017 | 25/01/2018 | Cclotex 5050- Linc 1 BS 476-6 =L i | ETOERIIE |
propagation test on i2=43 Issuc |
5050- Line 1 i3=1.7
CEL00002795
BS 476-6: 1989+A1 1=10.5
o) C il= .
S i Celotex | BRE Global 05/10/2017 | 25/01/2018 | Celotex 5050- Line 2 BS 4766 =46 g | PHOM-IONY | eopi
propagation test on i2=44 Issue 1
5050- Linc 2 i3=15

Ove Arup & Partners Ltd
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E3.3

E3.3.1

E3.3.2

E3.3.3

E3.3.4

E3.3.5

E3.3.6

Variations in the chemical composition of Celotex
PIR insulation products

Celotex FR5000 was originally specified in the employer’s
requirements (HAR00000872) however Celotex RS5000 was
purchased (as evidenced by the purchase orders SIG00000010,
HARO00000583 and HAR00000781).

On 23/10/2018 Linklaters on behalf of their client Celotex stated the

following regarding the differences between these products
(CEL00010054).

Within Celotex's operational team, FR5000 and RS5000 are regarded as the same product at the
point of manufacture. They are designated as either FR or RS after production and prior to
despatch. The different designations assist the business in assessing and tracking the market for
the product. The FR5000 product was launched in 2011. Celotex commissioned a test, conducted
in May 2014, to BS 8414-2:2005, of a multi component rainscreen cladding system, which included
a sample of the product as one component, and thereafter, from August 2014, the product was also
marketed as RS5000

This corroborates Celotex’s statement on 01/09/2017 that the 5000
range of materials (which includes RS5000, and FR5000) share the

same core’.

Paragraph 4.2, 4.3, and 4.4 of the 23/10/2018 Linklaters letter states:

4.2

4.3

4.4

As explained at paragraph 1.5 above, Celotex has two production lines in its Hadleigh factory on
which PIR is made, called Hipchen and Hennecke. Both lines were used to make FR5000/RS5000
The Hipchen machine is a free rising foam line and uses one layer of glass fibre reinforcement in
FR5000/RS5000 for boards below 60mm in depth and two layers of glass fibre reinforcement for
boards of 60mm depth or greater. The Hennecke machine is a restrained rise foam line and
products from this machine do not contain glass fibre. For product sold as FR5000/RS5000, the
Hennecke line is typically used to manufacture boards greater than 100mm in depth and the
Hipchen machine is generally used to manufacture boards of lesser depth

The FR5000/RS5000 product is made with materials purchased from a range of third party suppliers
who change from time to time. The two main chemicals are methylene diphenyl diisocyanate
("MDI") and a pre-mixed polyol blend. On the Hennecke line, the pre-mixed polyol blend is called
“ElastoPIR 1039/501" ("501 Polyol"). It is purchased from BASF and contains polyol, surfactant
and fire retardant

When FR5000 was launched in 2011, 501 Polyol was used on the Hipchen line. In 2012, trials of a
different pre-mixed polyol blend called “ElastoPIR 1039/503" (“503 Polyol’) (also purchased from
BASF and understood to contain polyol surfactant, fire retardant and water) took place on the
Hipchen line, prior to that blend being used more consistently on that line from August 2012. A copy
of a Change Note associated with that change has been provided to the Inquiry.'* This change was
not applied to the Hennecke line which continued to use 501 Polyol. BASF has stated that the
detailed formulation of 501 Polyol and 503 Polyol blends is its confidential proprietary information,
although it has indicated that it would provide that information to the Inquiry, should the Inquiry
request it.'®

Since 2012 there has therefore been a chemical difference between the

two lines of PIR foam produced with the same product name by
Celotex.

The Celotex RS5000 purchase orders (SIG00000010, HAR00000583
and HAR00000781) do not state whether “line 17 or “line 2”

2 https://www.celotex.co.uk/5000-test (accessed 05/04/2018]

E-16 Ove Arup & Partners Ltd
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insulation was purchased for Grenfell Tower. I do not know how any
party could choose a “Line” or know which “Line” they had been
supplied with.

E3.3.7  In the next section I compare the fire performance of each “Line”
using the disclosed test and/or classification evidence for each to
understand if the different chemical composite is significant for the
reaction to fire performance of the product.

E3.4  Variability of Celotex PIR reaction to fire
performance

[£3.4.1  1note that Celotex stated on their website on 01/09/20173:

“After careful consideration, we have taken the decision to
temporarily suspend supply of some of our 5000 product range in
light of a recent and unexpected test result. This relates to Celotex
FR5000, Celotex CG5000, Celotex CF5000 and Celotex SL5000
which share the same insulation core and facer. !

We recognize that this decision could have some practical
implications for some of our customers for which we apologise. We
hope in the present circumstances which are explained in further
detail below, that customers will understand the reasons behind our
decision.

A sample of our 5000 product was tested under Parts 6 and 7 of
British Standard 476 (“BS 476”) in 2011 and achieved a Class 0 fire
rating

In April 2017, we sent a sample of RS5000 for independent testing
under both Parts 6 and 7 of BS 476. We were surprised when we
learned, in August 2017, that whilst this sample continues to meet the
standard for Class 1, the sample did not achieve a Class 0 rating. A
sample of this product was used in a full system test for a rainscreen
cladding system in 2014, where the system passed.

E3.4.2  Further to this Linklaters stated by letter to the inquiry on 23/10/2018
(CEL00010054).

recently, Celotex sent further samples of RS5000 taken from both manufacturing lines for testing
under Parts 6 and 7 of BS476. The samples submitted for testing at Exova in September 2017 met
the criteria under Part 7 of BS476 8 The testing undertaken at Exova under Part 6 of BS476 in the
same month could not be completed because the insulation swelled and the tests were deemed
invalid due to the deformation of the specimens blocking the burner ports of the gas apparatus, such
that the gas input could not be maintained.® Testing at the BRE in October 2017 under Part 6 of
BS476 showed that samples of RS5000 taken from both manufacturing lines met the criteria for a
Class 0 rating.'® In finalising its classification letters the BRE relied upon the Part 6 testing it
conducted in October 2017 and a combination of the Part 7 test reports from the testing previously
conducted by the BRE and Exova."

3 https://www.celotex.co.uk/5000-test (accessed 05/04/2018]

E-17 Ove Arup & Partners Ltd
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[£3.4.3  Based on my understanding of the Celotex disclosure, the statement
on the Celotex website 01/09/2017 and the Linklaters letter on
23/10/2018 1s that Celotex insulation has been tested or assessed to
BS476-6 and BS 476-7 on November 2011; July 2014; August 2017;
September 2017; and October 2017 and a different fire performance
was observed from the Celotex sample in each of these tests.

E3.4.4  Table E.4 below lists the test reports that correspond to the dates
stated above.

E-18 Ove Arup & Partners Ltd
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Table E.4 Test reports that correspond to the dates Celotex PIR has been classified using the National Classification system

Date referenced in Linklaters letter Test BS 476-6 test reports/letters of BS 476-7 test reports (Classification
23/10/2018 centre conformation of result etter

CEL00000378; CEL00000380; CEL00000382;
November 2011 BRE CEL00000379 CEL00000381 CEL00000383
July 2014 BRE (CEL00000384 CEL00000385 (CEL00000386

CEL00002711 CEL00002533;

CEL00002751 CEL00002574;

CEL00002693 CEL00002579;

CEL00002719 CEL00002586;
August 2017 BRE CEL00002692 CEL00002817;

CEL00002624 CEL00002543

CEL00009429 CEL00009422 CEL00009427

CEL00009430 CEL00009423 CEL00009433
September 2017 Exova CEL00009431 CEL00009424

CEL00009432 CEL00009425

CEL00009426
BRE CEL00002668 Referenced successful August 2017 BS  [CEL00008421

October 2017 CEL00002795 176-7 tests

CEL00002719

E-19
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3.4.5 Based on my review of the test reports listed in Table E 4, all of the
Celotex products achieved Class 1 when tested to BS 476-7.

[£3.4.6  The graph in Figure E1 below compares the ‘I’ and ‘i1’ results
(obtained from the test reports listed in Table E.4) for Celotex 5000
PIR over time for both “line 1”” and “line 2” when tested to BS 476-6.

E3.4.7  Note that ‘/” is the sum of the ‘i1’, ‘i and ‘i3” values.

E3.4.8  Based on Figure El I find the following:

a) There appears to be no significant difference between Line 1
and Line 2 PIR foams in terms of the ‘i1 and / value to BS
476-6

b) The /and i; results for the August 2017 tests are significantly
higher (for both line 1 and line 2) than the November 2011
tests and the October 2017 tests. For example, the / value for
the RS5000 tested in August 2017 is four times higher than
that of the FR5000 line 1 tested in November 2011.

E3.4.9  Ttis not clear if this variance is caused by the differences in chemical
composition described in Section E3.3 between the insulation samples
or whether this variability is caused by issues with the repeatability of
the test standard.

[23.4.10 Ifitis the former the Inquiry should establish the specific ‘line’ of
FR5000 that was installed on Grenfell Tower.

E-20
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Celotex 5000 BS 476-6 All test results
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Figure E1 Celotex 5000 BS 476-6 test results
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E4

Review of BS8414 test data for Celotex PIR
Insulation

E4.1
E4.1.1

E4.1.2

E4.1.3

E4.1.4

E4.1.5
E4.1.6

E4.1.7

E4.1.8

E4.1.9

Approach

Table E.5 below provides a short description of all the large scale tests which
have been disclosed to me to date for Celotex PIR insulation for reference.

External walls should either meet the guidance given in paragraphs 12.6 to
12.9 of the Approved Document B (see my main report Section 11 for my
analysis in that regard) or, as per the provisions made in paragraph 12.5 of
ADB 2013, meet the performance criteria given in the BRE Report Fire
performance of external thermal insulation for walls of multi storey buildings
(BR 135), using full scale test data from BS 8414-1:2002 or BS 8414-2:2005.

At the time of the refurbishment works at Grenfell Tower, BS 8414-1:2002
Fire performance of external cladding systems. Test method for non-
loadbearing external cladding systems applied to the face of the building, and
BS 8414-2:2005: Fire performance of external cladding systems. Test
method for non-loadbearing external cladding systems fixed to and supported
by a structural steel frame applied. Neither of these standards are current but
they are cited in ADB 2013.

In accordance with ADB 2013 Appendix A section 1, the as built construction
must:

a) “Be in accordance with a specification or design that has been shown by
test to be cable of meeting that performance” or

b) “Have been assessed from test evidence against appropriate standards, or
by using relevant design guides, as meeting that performance”

I have explained the meaning of “zest evidence” in Section 3 of my report.

I have also explained my opinion that any difference between the Grenfell
Tower rainscreen cladding system and the system tested in the relevant
supporting fire test evidence means that test evidence cannot be relied upon to
demonstrate compliance with the provisions made in Section 12 of the ADB
2013, and particularly if no other supporting evidence is provided.

I have considered the absence of relevant test evidence to be a breach of the
Building Regulations.

I have reviewed the large scale test evidence (either test or assessment
reports) made available to me as I have presented in Table E.5, on this basis.

I am aware there is a body of opinion that does not consider differences in
tested system with an as-built system to be non-compliant with the provisions

E-22 Ove Arup & Partners Ltd
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made in ADB 2013, nor therefore a breach of the Building Regulations. I do
not agree with this body of opinion.

E4.2 Documents considered

E4.2.1  Three sets of evidence have been disclosed to me by Celotex which are
relevant to my assessment of the compliance of the Grenfell Tower rainscreen
cladding system with Section 12.5 of ADB.

E4.

[\°]
[\°]

In Section E4.3 I have compared the Grenfell Tower rainscreen cladding
system with thc only system that Cclotex have had tested to BS 8414 test and
its associated BR135 classification report, dated August 2014.

E4.2.3  In Section E4.4 I have reviewed an assessment report dated 2015 that
provides an extended field of application using this 2014 test evidence. I have
compared the contents of the 2015 assessment report with the constructed
Grenfell Tower rainscreen cladding system.

E4.2.4  In January — February 2018 Celotex withdrew the BS 8414-2:2005 test on a
Celotex RS5000 insulated system with a ventilated Eternit Rainscreen
produced by BRE Global on 01/08/2014. In Section E4.5 I provide an
analysis of the 2014 tests and explain that I discovered substantial differences
between the system tested and the system reported in the fire test reports.

E4.2.5  On23/10/2018, by letter submitted to the Inquiry on behalf of Celotex by
Linklaters, Celotex confirmed that my analysis was correct, in that the system
as tested to BS 8414-2 in 2014 was incorrectly reported in the associated 2014
test report and BR135 classification report.

E4.2.6  Asaresult, Celotex have commissioned a re-test of the 2014 fagade assembly
“aimed to mirror, as closely as possible, the system as described in the
August 2014 report”. 1 have reviewed the 2018 re-run of BS 8414-2 test and
associated BR135 classification report for the Celotex insulation in Section
E4.6.

K4.2.7  1find none of this fire test data provides relevant fire test evidence for the
purposes of demonstrating compliance of the constructed rainscreen cladding
system at Grenfell Tower.

E-23 Ove Arup & Partners Ltd
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