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Abstract

In the context of increasing fagcade fires, especially in the UK, where combustible cladding systems are

approved for highrise buildings, this study addresses concernselated to fire testing cladding
systems. Key developments include:

1.

4.

Comprehensive Databas®f BS 8414 TestsA database was compiled, analysing various
cladding systems and their subsequent fire performance. It highlights certain systems'
wnibDéetr) UYU] A AonUUGWAY) 6 NDUYI oCUg FT ] AT &
concerns around thermocouple critaia and placement relative to the fuel load. Test results
were analysed to estimate the impact of changing the evaluation criteria.

Material Fingerprinting: A method for characterisingcladding products was developed, using
microscale combustion calorimetry and infrared spectroscopy to assess chemical composition
and properties relating to fire performance.

RISC 50Development This study proposesa new fire test method and assessment criteria for
external cladding systems, calledRISC 50which can be conducted alongside the existing BS
8414 test method, allowing conference witlthe BR 13%erformance criteria. While BR 135 is
focused on life safety, RISC 501 specifies enhanced performance criteria to focus on property
protection. It incorporates revisedrequirements for the test construction, material
characterisation, temperature criteria, and mechanicalperformance criteria. It also includes
gas sampling methods to assess potential smoke toxicitproduced by a burning cladding
system.

Validation Tests Validation tests confirm RISC 501's effectiveness in distinguishing between
combustible and norrcombustible cladding systems, offering a clearer performance
differentiation compared to the BR 135 criteria. The proposed gas sampling method effectively
distinguishes between combustible and norcombustible systems and provides insights into
predicting the Fractional Effective Dose for incapacitation.

In summary, thisstudy produces research to aid the development of a fireest and assessment for
external cladding systems and then uses that research to develop RISC &#lre Safety Assessment
Test for External Cladding Systems.
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Glossary of Termsand Abbreviations

ACMaAluminium composite material
ADB&Approved Document B

BR135aFire performance of external thermal
insulation for walls of multistorey buildings

BS 8414British Standard8414- Fire
performance of external cladding systems parts ]
and 2.For undated references, the latest edition
of the referenced document (including
amendments) appl. Where the part is not
referenced, all relevant parts apply.

CHNSaCarbon Hydrogen Nitrogen and Sulphur

CladdingeNon-loadbearing external cladding
system

D-ATRFTIR- Diamond-Attenuated Total
Reflectance-Fourier Transform InfraRed
spectroscopy.

EIFSeEXxterior insulation and finishing systengs)
EPSaEXxpanded polystyrene

ETICSaEXxternal thermally insulated cladding
system(s)

Euro classification systemaBS EN 135012018
Fire classification of construction products and
building elements. Classification using data from
reaction to fire tests.

FacadeaPrincipal front of the structure that
faces on to an operspace

FEDaFractional effective dose
FTIR- Fourier Transform Infra Red spectroscopy

Gaming- Deliberate attempt to interpret a test
standard in a way that increases the chance of
passing or failingwhile deviating from the
intended spirit of the test standard

HCNeHydrogen cyanide

HPLaHigh pressure laminate (panels)

Fire Test for External
Cladding Systems

LPS1581/20Refers to both of the following Loss
Prevention Standards:

1 LPS 1581: Issue 2aRequirements and
tests for LPCB approval of norload
bearing external cladding systems
applied to the masonry face of duilding.

1 LPS 1582: Issues 1.1 Requirements and
tests for LPCB approval of norload
bearing external cladding systems fixed
to and supported by a structural steel
frame.

MCCaMicroscale combustion calorimetry
MCMaoMetal composite material
MWaMineral wool insulation
PIR®Polyisocyanurate insulation
PHENPhenolic insulation

Phenolic @Phenolic insulation
PUR®Polyurethane insulation
PVCaPolyvinylchloride

RISC 501 Fire Safety Assessment Test for
External Cladding SystemsVersion 0.2(Draft

copy)
TCPP- Tris(chloropropyl) phosphate

Validation Test - A validation test involves
comparing the results of predicted performance
with experimental data to verify the accuracy and
validity of the prediction
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1 Introduction

1.1 Background

External cladding refers to the protective and decorative layers applied to the external surfaces of
structures. They canbe integral toa buildings design, or installed retrospectively tamprove a buildings
insulation and aesthetics[1].

The occurrence of arge cladding system fires ha been increasing globally, since 199(2, 3]. This is of

Feoay) AwLéed AonADOn eU & aw)tLC]nARU AteéecCC| nH Ut UOyUD
bypassing the internal fire compartments. Fire can spread via the external material and penetrate the

building through void connections suchas windows and ducts, as seen with the tragic events of the

2017 Grenfell Tower fir¢4].

These fires are particularly devastatingn tall buildings.Mosttall building fires have occurred in
buildings constructed or refurbished within the last Byears. In fact before 2000, there were no
reported facade fires in buildings higher than 30 storie$5] . This correlates with the increase in tall
buildings, with the number of buildingsover 200 meters high increasing by a factor of four from 2000
until the end of 2016. That number grew another 26.5% between 2016 and 76]L.8

Since 1990the United Kingdom (UK) has reported the second most fagade fires of any country and the
third most casualties per population[3]:

Figurelorall building fire casualties, per million populatiooreated using data extracted from the OFR
ConsultantsExternal Wall Fire Incidents databadé]

Tall building fagade fire casualties |
per million population 0 15 3 45

It should be noted thatthe data for Figure 1wasextracted from newspaper reports at the timeof the
incident. The database wagopulatedin the UK and may be biased towardhe English-speaking
countries. It may also be biased towards countries witkditorially independent media.
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1.2 Aim

The principal aim of this researchis to enhance the safety of tall buildings byreventing fire spread
through external cladding systemsThe objective was to develop a new fire safety test and assessment
method for external cladding systems that meets the following insurance industry requirements:

I The test standard should support both property protection and life safety in buildings where
compliant cladding systems are installed.

1 The test should be capable of conferring compliance with the criteria R 13%oFire
performance of external thermal insulation for walls of multistorey buildingsThird edition [7].
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standard in a way that increases the chance of passing or failing and deviating from the
intended spirit of the standard).

9 It should not result in a norcombustible system failing to meet the fire spread or temperature
requirements. This isdefined asany system where the relevant materials and productfiave
achieved European Classification A1, dO or better, when assessed against BS EN 13501
12018aFire classification of construction products and building elements Classification using
data from reaction to fire tests[8].

2 Regulatory Route to Compliance

2.1 Current Routes to Compliance for External Cladding Systemsin England

Most building workbeing carried out in England must comply with the Building Regulations 2010. The
building regulationsrequire the external walls of auilding to adequately resist the spread of fire over
the walls and from one building to andter, this is described inparagraphB4 of Schedule 19].

Regulation 7of the Building Regulations 2010specifies additional requirements, banningthe use of
most combustible components on most buildings over 18 mall, with some exceptions

1 Regulation7(2)specifies that materials which become part of an external wall, or specified
attachment, of a relevant building should beof European Classification A2S1, dOor Class Al in
accordance with BS EN 13561[8, 10]

1 Regulation 7(3) specifiesvhich materialsandA d NFonDnyU Uyl | Ufor&@abp@dit R U
Co6 DU R rR UYmeambranes seals or gaskets

1 Regulation 7(4) specifiesvhat a relevantbuilding is, which covers most buildings over 18 m with
sleeping accommodation.

Metal composite material with a highly combustible core ialso banned on the external wall of any
building of any heightby Regulation 7(1)

Other thanthe banned materials in specific scenarios, the regulations are not prescriptive and dwt
specify how the requirement for adequately resisting fire spreadmust be met. To assist with this, the
government publishes statutory guidance, which provides more specific details on how compliance
could be achieved, such as Approved Document(BDB) volumes 1 and L1, 12]it should be noted that
compliance with ADB does not guarantee compliance with the building regulations.

ADBrecommends two routes to compliancefor external cladding systems A linear route to
compliance, where all components must individually meet a certain requiremenfnd a performance
based route to compliance, where all components must be tested as a system and that system must
meet certain requirements.

Although not explicitly stated, other routes are possible t@atisfy the requirements of Regulation B(4).
PAS 9980:2021 summarises thearious options asfour different routes to compliance:
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1. Linear Route to Compliance: Smalkcale tests of each relevant cladding system component via
BS EN 13501[8] reaction to fire testing. Each component musimeet the required
performance level for the system to complyThe linear route to compliance isxowthe only
option for relevant buildings over 18 m.

2. Performance Based Route to Compliance: Largescale test of the whole cladding system.
Tested against the BS 8414 test method 3, 14hnd assessed against thé8R 13%7]
performance criteria.

3. Assessmentin Lieu of Test: A desktop study by a suitably qualified fire specialist to assess
whether a system would meet the requirements of th&R 13%7] performance criteria. This is
done by assessing the reaction to fire properties of the materialgl5]and comparing the fire
performance of similar systems which have been tested to BS 84¥3, 14] This can be
assessed using the criteria in BS 9414 6].

4. Holistic Fire Engineered Approach: Thisnvolves adopting a comprehensive fireengineered
approach that considers various factors such as building geometry, ignition risk, and limitations
on fire spread. This approach is expected to incorporate established fire engineering principles
and methods that are applicable to the specific context. Additionally, quantitative analyses
should be utilsed when necessary to support the decisioamaking process.

This researchfocuses ontesting via the performance basedroute to compliance. The results of which
may be ugd as part of an assessment in lieu of test or a holistic fire engineered approach.
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2.2 Current Performance Based Route to Compliance

The current performance based route to compliance is a large scale fire test over 9.7 m tflfl, 12]This
follows either the BS 84141 orthe BS 84142 test method [13, 14] Theperformance is then classified
against the BR 13§/7] performance criteria.

The test involves subjecting a cladding system to mominally3 MW wood fuelled fire,that could
represent apost-flashover burning room venting out of a windowThis is inherently a test for
combustible systems as noArcombustible systems can demonstrate compliance on a smaller scale,
using BS EN 13501[8] (the linear route to compliance)

Despite the 2018 ban on combustible components of cladding systems for relevant buildings over 18 m
[17], the BS 8414 anBR 13%pproval process remains an important route for assessing cladding

system fire performance in England, Wales, Northern Ireland and Scotland, with the number of UKAS
(United Kingdom Accreditation Service) certified test facilities doubling between 2017 ar2d20 [18-22],
and the number of test rigs increasing by a factor of 4.

Discussion of the criteria specified in BS 8414 ar8R 13%has raised questions regarding the
appropriateness of the fuel source, test construction, construction detailing, assessment criteria and
availability of test results[23, 24].

2.3 BS 8414Test Method

2.3.1 Test Summary

A9.7 mhigh cladding system is installedonto the test rig. A wooden crib is placed at the bottom of the
test rig, inside a burn chamber, recessed beneath the test rig. The crib is ignited and allowed to burn for
30 minutes, imparting a heatflux between 485 kW/n¥ [25] onto the front face of the cladding system.
After 30 minutes the crib fire is manually extinguished, while the cladding system is allowed to continue
burning. The test runs for a total of 60 minutes.

Thermocouples are installed at three level€2.5 m, 5 m and 7.5 m above the combustion chamber
openingas shown inFigure 2 below.

1 The level one thermocouplesre used todetermine the test start time, once thewooden crib
has reached a certain level of involvement

1 The level two thermocouplesare used by BR 135 to determine theerformance criteria for fire
spread.

1 The level three thermocouples do not have a specified purpose, botay be used by the test
house to assist with determiningif a test should be terminated as a testshould be terminated if
flame spread extends above level three.
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Figure2 aFigure 2 from BS 8412:2020 showinga  Figure3aPhotograph of @ example otest setup in
diagram of the test rig with the thermocouple locations accordance withBS 8414:2020
relative to the combustion chambef14]
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2.3.2 Fuel Source
The fuel source consists ofwooden crib, nominallyl m x 1 .5 m2m (Ilength x width x height), placed

inside the combustion chamber.

There has beendebate over the suitability of wood cribs as a fire source due to the variability in material
[26]. When combined, all the tolerances specified in BS 84143, 14pllow for the total heat releaseto
vary by a factor of 423]. A significant difference in potential fuel loadbetween tests. It has been

argued that the crib is ventilation controlled, so additional wood may not lead to a greater peak heat
release rate and only lead to a longer burn timas shown by some indicative test$27]. As the wooden
crib is extinguished after 30 minutes, the longer burn time may not belevant if it exceeds theduration
of the test fire burn time.

The initial rate of thermal exposure on the facade is limited by the fire growth rate of the crib. A fully
involved fire from a room in flashover suddenly breaking out of a window may present a faster thermal
exposure to the fagcade. Fuel loads in modern lidings are reported to contain 20% plastiebased fuel
[28]. A plastic fuel can result in an increase in fire acceleration compared to a wooden fuel with the
same total heat output. It can also result in an increase in peak temperature and 20% larger flame
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heights [29]. The rate of thermal exposure is relevant because cladding system components, such as
cavity barriers, can perform differently when heated rapidly, compared tevhenheated gradually. This
could be resolved by replacing a portion of the wooden crib with a plastic component. Another proposed
solution is to use a gas burner that is capable of following a specified fire growth curf&0].

2.3.3 Construction Detailing

The BS 8414 standard states that the system shall be representative of the intended emske design[13,

14] However, it is rarely possible to install a system exactly as it would be on a real building, for example
real buildings have windows in place of the burn chamber. BS 8414 does not stipulate how features such
as the burn chamber opening, lintel detailingfloor heights and edge sealing around the test rig should

be accommodated. For test results to baneaningful, there should only be one consistent way of doing
anything that may affect the outcome of the test. This would also prevent cladding system

manufacturers from having the option for overadjustment to meet the specified test criteriaFor

example the acceptance criteria include specified temperature rises in locations which could be above

or below the fire barriers, depending on decisions that are up to thest system designer.

2.3.3.1 Burn Chamber Opening

»I D FooCDn Al]a | U FTLeADC | nU] CD BS s4jldstatesihatiHe rél a D i r
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EDAUYU] nH ¢io N3, édfiRegresdhiing multidle potential options introduces ambiguity. The

design guidance for the cladding system subjected to test may have different detailing solutions for an

opening depending on its assumed role. For example, the seriessdvenpublicly available tests

conducted for the then Ministryfor Housing, Communities, and Local GovernmentNIHCLG used a 5

mm thick, welded aluminium window pod to surround the burn chambg81]. This is not representative

of the intended enddesign, and it may have prevented the fire from entering the rainscreen cavity.

It has also been shown thathe width the cladding system protrudes out from the burn chamber
opening can also have a significant impact on the flame heigbly increasing the flame path lengti32].

2.3.3.2 Cavity Barriers

A fire break is anything whiclseparates combustible components to restrict the spread of fire. This is
usually in the form of a nonrcombustible barrier. When a fire break is used in a cavity, it talleda cavity
barrier. There are two main types of cavity barrier, referred to as open state and closed state. A closed
state cavity barrier is a noncombustible barrier which always blocks off the cavity. An open state cavity
barrier will leave the cavity ope during normal operationto allow ventilation, but will expand and close
off the cavity duringafire.

Cavity barriersare typically made from mineral wool to meethe insulation and integrity requirements
from fire resistance tests such asTGD 19 Fire resistance test for 'openstate’ cavity barriers used in
the external envelope or fabric of building$33]. But they can alsobe made from fire resistant boards,
solid metal plates or metalgauze.Mostopen state cavity barriers use an intumescent material to
expand and fill the air gap when exposed to hegdome cavity barriers rely on the thermal expansion of
metal components[34].

The proximity of cavity barriers installed on a test rig is not always representative of a reabrld
installation [35]. The ambiguity with the burn chamber opening can also lead to ambiguity with the
location of cavity barriers. If the installer interprets the opening to represent a window, themay
surround the opening with cavity barriers in accordance with ADR1, 12]However, other installers may
leave the opening unprotected, leading to cavity barriers located 3 m above the burn chamber. A
comparison of different facade tests, conducted bythe Building Research Establishmen{BRE),
demonstrated that placing a fire barrier immediately above the burn chamber openirganimprove the
fire performance during the test[36].
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2.4 BR 13%erformance Criteria

2.4.1 Assessment Criteria and Classification Method.

BR 135 specifies performance criteria based on the results aftompleted BS 8414 testThe fire
performance of the system undetinvestigation is evaluated against the following three criteria:

1. External fire spread
2. Internal fire spread
3. Mechanical performance

2.4.2 Internal and External fire spread
The current acceptance criteria inBR 13%tate that both the internal and external temperatures must

remain within 600°C of ambient at a specific height on the test rig for a 4fhinute period, once the fire
is sufficiently involved[7]. The scientific origin of this requirement and the criteria are nopublicly
availableand it may not be sufficient to ensure life safety23].

It is also worth noting that in 2018, a BS 84P4test [14] was conducted at Exova in Dubai,

commissioned by Kingspan. The system comprised of necombustible products (European

Classification Al and A2 based on BS EN 133@01§8]) which would comply with the guidance in ADB

[11, 19but when tested did not meet the criteria set out in BR 13§/]. Such a system would not normally

be considered to present a fire hazard and would not support flame spread. It failed due to excessive
temperature in the cavity, despite there being no fire spread through the facade or insulation materials

[37]. This could be considered a flaw of the measurement criteria specified for BS 8414 as the standard
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to maximise the chance of failure. This raises two important points. The first is that the test does not
adequately discriminate between combustible (which ca support fire spread up a fagade) and nen

combustible (which cannot). The second is that the standard issufficiently specified, so thatit is

possible to modify the facade, not only to achieve a pass, but also to achiex&ilure.

Within the science community, thermal radiation is often considered a more useful measure of flame
intensity than temperature. Radiation is a significant component of the heat transfer from a flame,
which is not present at the same levels from a hot g488]. Other studies have attempted to use plate
thermocouples or heat flux sensors to quantify the fire exposure received by the facade to address
these concerns[30, 39, 40]. Plate thermocouples and heat flux sensorboth measure the rate of
temperature change of a thermal mass, which effectively measures the rate of energy transfgtl].
This enables them to provig a clearer distinction between ahot gas and a flamethanjust measuring
temperature.

2.4.3 Mechanical Performance

It is regularly reported, during external cladding system fires, that fallen material has interfered with
firefighting operations [5]. Despite this, thereare no mechanicalperformance pass/fail criteria
specified in BR 13%7], there is onlya requirment to observe and record mechanical performance.

2.4.4 Smoke Toxicity

Testing at the BS 8414 scale is expensive and rarely repeated on a system. When all factors such as the
installation and test laboratory fee are combined, it can cost the client over £100,000 per test. The test
could also be used as an opportunity to mease additional features that might not necessarily

contribute directly to a pass or failure but could form parbf the selection and risk assessment process.
This could be done through a more detailed classification, similar to the European Classificatiomeke

and droplet ratings[8] . For example, an emerging issue is the smoke toxicity from a burning cladding
system, particularly when the cladding system is linked taindows, and servicepenetrations via the

cavity [42].
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2.5 Availability of Test Information

2.5.1 Publicly Available Test Results

There is currently no requirement to make either the BS 8414 test or tlB&R 13%lassification report
FTWatLt) At eéeceée)téeatbd ~n @i | éenbDrU GDFOOGY Yo UYI D wi
body of relevant fire test evidencefor rainscreen cladding systems, and the components of rainscreen
cladding systems, based on the current submissions to the Public Inquiry, show a serious failing in the
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Valuable information is lostfrom both hiding failed test results and not fully disclosing successful test
reports. By hiding failed test results, here is the possibility that a cladding system could be repeatedly
subjected to the BS 8414 tesl3, 14Lntil it achieves a successfuBR 1357] classification through test
variance. Multiple test failures would indicate that the expected result is a test failure, which is
disguised when only the singular test pass is reported.

Conversely, ly not fully disclosingsuccessful test reports, features which arerelevant to installers and

risk assessorsbecome unavailable. For example, mechanical performanaaust beincludedin anyBR

135reporté N C [ UT owtC 4D AonU|] CDuaDC & U[7]Butitickhndlge UT D o6 €D
considered as part of the buildings overall risk assessmentwithout the assessor having access to the

test report.

2.5.2 Material Identification

A BS 8414 test report must include details of all products and components used in the construction of
the test specimen, together with identification marks and trade nameg13, 14] However, identification
marks and trade names do not guarantee that the product supplied for test is representative of the
product supplied for market and does not appear to report manufacturing variations and changes as
described in module 2 of phase &f the Grenfell Tower Inquiry44].

2.6 Obstacles to Regulatory Compliance

At the time of writing (2024)there are two obstaclesfor complying with the performance basedroute,
both related tothe fact that the test method and assessmentriteria are different documents,
managed by different organisations.

1. The British Standards Institution (BSI) released a new version of BS 8414 in 203&) 14] which
superseded all previous versions. Iinotably included changes to the required height of the test
specimen and an additional row of temperature sensordHowever, theBREannounced[7] that
they will not be updatingBR 13%0 recognise BS 8414:2020. ThereforeBR 13%s only valid for
the 2015 version of BS 8414, which has been withdrawn.

2. Approved Document B (ADBgquires that test laboratories arethird party accredited by the
United Kingdom Accreditation Service (UKAS). However in February 2022, UKAS stopped
accrediting BR 13%7] against ISOL7025- Testing and calibration laboratorieg45, 46]. They
determined that BR 13%hould be accredited against ISO 170@%stead Conformity Assessment
¢ Requirements for bodies certifying products, processes and servicé$47]. As of January
2024, there are no test facilities accredited by UKAS to condudR 13&ssessments in
accordance with ISO 17065. Thereforeew products cannot conform with clause B5 in Appendix
B of ADH11, 12]
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3 Research Programme

The following research programme was created tdevelop a new fire safety test and assessment
method for external cladding systems that meets the insurance industry requirements aratldresses
the current concernsidentified with BS 8414 andBR 13%vhere possible.The remainder of the work has
been subdivided into the following chapters:

1 Chapter4 @Analysis of BS 8414 test results

1 Chapter5 aldentification and characterisation of fire rated insulation products
1 Chapter6 @Development of fire test method and assessment method

1 Chapter7alarge scale \alidation testing

1 Chapter8 oReviewof proposed testand assessment method

Chapter 4 @Analysis of BS8414 test results

This study involved the creation of a database comprisindata from fire tests of external cladding
systems conducted according to the BS 841#st method and evaluated against theBR 135
performance criteria. This database was created using test reports from the Fire Protection
Association (FPA) archivand publiclyavailablereports from the Building Research Establishment
(BRE) The database was populated witlstandardisedfields to examine a variety of tesspecimens, the
corresponding testing conditions, and their influence on performance criteria

The primary objective was to generate data that would serve as a foundation for critically evaluating the
BS 8414 test methodology by exploring the strategies and interpretations employed to meet tB& 135
criteria. The investigation extended taanalysingtest outcomes under more stringent evaluation

criteria, utili sing the fire performance standards LPS 1581 and LPS 1382F 15&/2) for this purpose.
Although closely resembling the BS 8414 test methodPS 15&/2 diverges in its assessment criteria

Chapter 5 wldentification and characterisation of cladding products

To addressthe concern of manufacturers using superior performingproducts in fire tests, compared to
those actually installed on buildings, a method famaterial characterisation was developed.

Products can differ between fire tests andreal-world applicationsfor a variety of reasons

1 Continuous improvement:Products are constantly being changed and improved to keep up with
changes in the market.Minor changes do not constitute the need for reevaluation of fire
ratings. However, cumulative alterations can eventually amass into significant changes.
Although significant changes should prompt retesting, this may not beconducted.

1 Test specials Manufacturers couldemploychemically enhanced products to deceive a fire test
house. These enhanced products might be too expensive to mass produckeading tocheaper,
worse performing products sold to market.

T Insufficient test specification: The test standard might lack precise specifications, allowing a
product used in a fire test to differ substantially from the realworld application, while still
complying within the defined parameters.

Amethod wastherefore developedy6 Fi o0 CWAD & GDTdDUDDRM Wikhg prédictsy AT DN |
tested. Using small scale tests, dsigned to identify significant chemical variations between products
submitted for testing and those supplied to market
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Chapter 6 ®Development of fire test method and assessment method

The findings of the literature review, analysis of BS 8414 tests and material characterisation testing
where collated and analysed.

A new test standard was developed which specifiehproved requirements for the test construction,
fire load, instrumentation, test conditions, reporting requirements and performance criteria.The
development was constrained by a requirement to ensure the test coulate conducted in accordance
with BS 8414nd would still be eligible for a BR 135 assessment.

Chapter 7 @Large scale validation testing

A validation test involves comparing the result®f predicted performance with experimental datato
verify the accuracy and validity of the predictionVdidation tests were run on two different cladding
systems against the proposed test standard. The results were analysed with the aimaritically
appraising the proposed standard and amending it if necessan baseline norcombustible system
was comparedagainst a similar combustible system with the aim oidentifying:

1 Anyphysical impossibilities with the implementation of the prescribed test setup, including
construction detailing and sensor locations.
T »T D YUbUyrU eéa) L)yt Yo | CDny] g+t grLeND UFuabDecC Ul
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systems.
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T »1 D UD U Y rnBasutedalsign|fidant difigi@nce in the smoke toxicity between a
combustible and norrcombustible system.
The hypothesiswas that the testmethod would be able tadifferentiate between the combustible and
non-combustible system, in terms of both fire spread and smoke toxicity.

Chapter 8 ®Review of proposed test and assessment method

The findings of thevalidation tests were used to review and update the test standardonsidering
changes to the following parameters

1 Ambient test conditions, such as the range of permitted ambientemperatures a test can be
conducted in.

1 Test specimen, considering clauses such as the floor heights which dictate the cavity barrier
locations.

1 Temperature criteria, considering thetype of sensors used, their location, the raximum
permitted temperature and the durationunder consideration.

1 Mechanicalperformance, considering the quantity and type of measurements conducted to
determine mechanical performance

1 Gas sampling, considering the type of sensors usethe gas extraction methods usedind the
location of the sensors on thetest specimen.

The findings were also used todentify areas of further research
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4 Analysis of BS 8414 Test Data

4.1 Introduction

A database was populated with test results from cladding systems fire testealccording to BS 841413,
14]and assessed against thé8R 135%7] performance criteria. BS8414 test reports andBR 135
classification reports were gathered from the Fire Protection Associatiom (FPA) archive and from
publicly available reports from the Building Research Establishment (BREhe full list of reports
examinedis providedin AppendixA. Aredacted version ofthe databasehas been provided separately
with commercially sensitive informationremoved (Database of BS 8414 Test ReportaRedacted Copy.

The database was populated with common fields to investigate the range specimens submitted for
test, the conditions they are tested under and the impact this has on classification performance. The
aim was to prodice data that could underpin a critical appraisal of the BS 8414 test method by
investigating the options and interpretations employed for achievinghe BR 13%lassification criteria.

Test results wereanalysed for the impactof changing the evaluation criteriato discriminate better
between safe and unsafe cladding systemsThe fire performance standards LPS 1581 and LPS 1582
(LPS 15&/2)were used for this purpos€g48, 49]. LPS 15&/2usesan almost identical testmethod to BS
8414, the onlyotable difference being a result of the height change to BS 8414 in 20p18, 14]1t uses a
different set of criteria for assessing performance, designed to provide users with thireparty approved
external cladding systems for the purposes of property protection.

Babrauskas suggested that each fire disaster should be used to evaluate the suitability of the test
regime that permitted it [50]. The performance of cladding systems in BS 8414 testmstherefore
compared against realworld performance in tall building facade fires around the world.

4.2 Method
61 BS 8414ports for tests undertaken between 2010 and 202%ere analysed. Theaests were based on
four different versions of the BS 8414est standard (2002, 2015, 2015 + A1 2017 and 2020).

Test details were collated for thetest construction, test conditions and classification criteria. The full
list of data fieldsand how they werecollected is available inAppendixA. The fields were chosen to
capture pertinent factors that could possibly influence fire outcomes These includecombustible
components that could propagate fire spread like insulationand non-combustible componentsthat
could preventfire spread, like cavity barriers.

The fire ratings based on BS EN 135Q1reaction to fire testing[8] for all insulation and facade materials
was recorded where possibleMaterials were placed into two fire classification categories: combustible
and noncombustible. This was defined using the 2018 amendment 2010building regulations,
restricting the use of combustible materials in external walls of certain buildings over 18 mhright [9] .

It defined nontcombustible cladding components as either an Al or A2 s1 dO classification from BS EN
135011[8]. The smoke and droplet ratings were not regularly provided for materials supplied for
testing, so this definition was simplified further to incorporate all A2 products for this study.

Vapour barriers, otherwise known as breather membranes, were commonly used to protect the
insulation from moisture andultraviolet radiation, while still allowing air movement. These had a variety
of claimed fire performances, however no correlation was found witthe overallsystem performance.
More data would be required to appropriately assess thes&his was the same for othetight
components, that were investigated such as thefixing material.

The test data, visual observations and test photographs reported iBS 8414nd BR 13%eports were
used toretrospectively assess systems against the.PS 15&/2 criteria. Both methods use 600°C +
ambient as the maximum temperature criteria for determining external and internal fire spread.he
main differences between the criteria are:
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1 BR 135%pecifies temperature criteria over al5minute period. Mechanical damage must be
reported, but there are no criteria set[7].

1 LPS 1581/2ses the same temperature criteria, but over a longer 30 minute period

1 LPS 1581/2 sets additionglerformance criteria set for mechanical damage, visible flaming,
burning debris, pool fires and glowing combustiof48, 49]. SeeTable 37, AppendixA for
definitions of each criterion and how theyare interpreted.

AsLPS 158/2 incorporates all of theBR 13%riteria, all tests that meet the LPS 15&/2 criteria will
always meet theBR 13%riteria. Cladding systems could therefore be placed into one of 3 categories:

1 Systems that only metBR 13%est criteria
1 Systems that met bothBR 13®nd LPS 158&/2 test criteria
The colours areconsistent with the relevant graphs fromFigure 4 to Figure 31

4.3 Test Specimens

TheBS 8414 an@R 13%est reports for 61 unique cladding systemsvere submitted for analysis.All
systems comprised of insulation behind an external facade and could be broken down into two common
types shown inTable 1

TablelaTypes of cladding systems submitted for analysis

Cladding System Number | Typical Composition

Rainscreen cladding | 57 Weather defence board, thermal insulation, breather membrane,
systems empty cavity and asolid external facade.

External thermally 4 Weather defence board, thermal insulation, breather membrane,
insulated cladding reinforcing mesh andan external render.

systems (ETICS)

Not all systems comprised of all layedescribed inTablel

13of these systemswere considered non-combustible systems, with all significant components
achieving class A2 or better when tested to BS EN 13501

190f the systems were testedto assessthe cladding system on arexisting building. The rest were
conducted to either gain approval for new cladding systemsgor research purposesor unconfirmed.

No glasscurtain wall systemswere analysedas theseare outside the scope of BS 8414

Composite panel systems andiving green wall systems are type®sf cladding systemwithin the scope
of BS 8414but no testresults were availablefor analysis from the reportsconsidered.
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4.4 Findings

4.4.1 Note on Findings

In order tovisualise the data, it has been summarised in a series of graphs showing the proportion of
passes and fails for the different parameters investigated. It is important to recognise that noausative
relationship is being claimed and the choice of the parameters will be a function of the cladding system
being tested. For example, a combustible systerfor which the client wanted to demonstrate
compliance s likely to be more heavily protectedvith e.g. cavity barriers than a norcombustible

system.

4.4.2 General System Performance

61BS 8414 tests were included in the databaseonducted between 2010 and 202ZFigure 4 shows that
most of the cladding systems in most of the tests analysed met both the BR 135 criteria and LPS 1581/2
criteria (32), with around half that number only meeting the BR 135 criteria or meeting neither criteria.
Of the tests thatmet the BR 13%riteria, 68% ofthose also me the LPS 1581/2 criterias shown below.

Figure4 aGeneral system performancén = 61)
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4.4.3 Test Construction

4.4.3.1 Insulation Materials

First, the effect of the cladding insulation materials on the test outcomewasinvestigated. All cladding
systemstested used some form of insulation materialfor purposes such as thermal and sound
insulation. Figure 5 showsthat the insulation materials for all systems f# into four categories:
expanded polystyrene (EPS), mineral woglhenolic foam (phenolic)and polyisocyanurate foam (PIR).

Figure5 aFrequency of meetind@R 13&riteria as a function of insulation materigin = 61)
mBR135 Criteria Met ~ mBR135 Criteria Not Met
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Mineral wool insulation was found to meet the requirements &R 13%n 95% of tests conducted. It was
unable to meet the requirements duringone test, when combined with a polyethylene filled ACM facade
panel.
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4.4.3.2 Insulation and Facade Combinations

Insulation is notweatherproof or aesthetically attractive and was alwaysprotected by an external
facade. The fagadewasconsidered to be the principalfront of the structure that faces on to an open
space, such as an Aluminium Cladding Material (ACM) pamék following facade materials were found
to be used:

Table2 aFacade materials tested

Facade Material Definition used for database entry

Render The render material refers toa coating applied to the insulation layer® U r U
categorised as either inorganic or organic rendedepending on whetherit
consists of mineral-based components or organic compounds.

Metal panels These are metal panels,acorded as themetal reported by the manufacturer.
These can besolid panels, orcomposite panels with a corematerial sandwiched
between two layers of metal. This core material casometimes be combustible.

Brick This refers to nonloadbearing brick facades, which means that the bricks are
used for decorative purposes rather than structural support.

Brick slip A brick slip system involves attaching bricKike tiles to a metal rail system.

Blockwork Blockwork refers to a nonloadbearing facade constructed using masonry

blocks. These blocks are made from materials like concrete, clay, or other
aggregates and provide a solid structure.

Cement board A cement board facade uses sheets of cemenbased material.

Concrete This refers to mncrete panels. Often the insulation is sandwiched between two
layers d concrete panels.

HPL High pressure laminate (HPLefers to fagade panel consisting of compressed
layers of cellulose fibres bound with a phenalic resin.

Ceramic tiles Ceramic tilesrefer to anyflat, thin, rigid, non-brick, ceramic facade.

Figure 6 below shows that metal fagade panels were the most common type of fagade tested. Non
combustible mineral wool performed better than the combustiblgohenolic and PIR insulation when
combined with a metal fagade. These panels could either melt away and expose the combustible
insulation or contribute to the fire themselves. These metal panels could contain a combustible core
material, with sufficient combustible content to fail to meet the BR 13%riteria, on their own, without
any additional fuel from the rest of the cladding systemiThis was seerduring one test,when combined
with a non-combustible mineral wool insulation.

Aluminium was the most common metal used in metal panel systenmBigure 7 illustrates the influence
of a combustible Aluminium Cladding Material (ACM) vs a raymbustible ACM. It shows how
significant this can be for meeting theBR 13%riteria. The composition of panels was not always
reported so the analysis is only avaible for a small datasetNon-combustibility was defined as either
an Al or A2 classification from BS EN 1350{B] .
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Figure6 aFrequency of meetind3R 13%riteria as a function of facade and insulation material combinatioiis =60)
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Figure7 aFrequency of meetindBR 13%riteria as a function of fagade and insulation material combinations for ACM
facades only(n =17)
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4.4.3.3 Material Fire Classifications

To simplify the dataset,the insulation and facadematerials were placed into two fire classification
categories: combustible and norcombustible. This was only possible foB9 systems where the fire
classification was reported, or obtainable from the manufacturer.

Figure 8 shows that a combustible insulation combined with a combustible facade was never found to
meet the requirements of BR 135while a nhoncombustible insulation combined with a norcombustible
facade was always found to meet the requirements.

As mentioned in section2.4.2, it is possible for a system comprising of products classified as nen
combustible to fail to meet theBR 13%riteria, as Kingspan demonstrated in 201[7].

Figure 9 shows the percentage of these tests meeting the LPS 1581 criteria. No systems with a
combustible facade were able to meet the. PS 15&/2 criteria.

Notably, 5 out of 13 nortombustible systems failed to achieve thd_.PS 15&/2 criteria. This was due to
either the mechanical performance § =3), internal fire spreadif =1) or visible flamingn(=1)

1 Two of these testsdid not meet the mechanical performance criteria due to the aluminium
panels and aluminium brackets collapsing under the heat from the crib. The other mechanical
performance non-conformance was a cement board system with plastic bracketry which
spalled and collaged during the test.

1 The internal fire spread requirement was exceedetly a system with mineral wool insulatiora
67 mm cavity and a nortombustible ACM panelThere were no significant combustible
products of note, and no visual evidence of fire spread was observetihis suggests that the
assessment criteria might be overly sensitivefailing to approve some systems that it was
designed to approve.This test was conductedduring normal ambient conditions (12.6°C), with
three horizontal cavity barriersin place. It is believed that flames from the wooden crib entered
the cavity between the facade panel and the insulation. These extended up the cavigyadually
heating it until the LPS 158/2 temperature criteriawas exceeded.

1 For the visible flaming norconformance, flames were observed protruding via the cavity at the
vertical edges of the test rig, which were not enclosedThis criteria is notrelevant to BS 8414
and would not result in early test termination.
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Figure8 aFrequency of meeting th®&R 13%riteria as a function of insulation and facade combustibilifyp = 39)
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Figure9 aBar graph showing th@ercentage of testsmeetingBR 13&ndLPS 158/2 criteria as a function of
insulation and facade combustibilityn = 39)

mLPS1581/2 and BR135 criteria met m BR135 criteria only

100% -
90% H~
80% H~
70% -
60% -
50% -
40% -
30% H~
20% -
10% -

0% -

Percentage of tests conducted

Non combustible Combustible facade
facade

Non combustible
facade

Combustible facade

Non combustible insulation Combustible insulation

Fire Test for External 18 G. Edwardes
Cladding Systems MSc Thesis



4.4.3.4 Real World Cladding Systerfire Performance

Facade fire incidents in tall buildings have most commonly been reported with systems with
combustible insulation and renderedExterior Insulation and Fnishing Systems (EIFS)5] as shown
below. These systems ar@therwise known asExternal Thermal Insulation Composite SystemqETICS).

This is concerning because this is aystem type thatappears to berarely subjected to a BS 8414 test.
Only four EIFS systems exist in th8S 8414latabaseand these were all conducted for research
purposes and not forsystem approval.So there is little test data available to analyse the most common
system involved in external facade fires.

Table3 wrall building facade fire incidentsrecreated from theOFRdatabase ofexternal wall fire incidentg3]

Number of tall Total Casualties per

Casualties incident

Facade Type Insulation building facade
fire incidents

Non-combustible 3 0 0
EIFS®Exterior insulation
Insulation and Combustible insulation | 15 189 13
Finishing Systems Unknown
) ) 3 0 0
insulation
HPL@High Pressure | Unknown
. ) . 1 1 1
Laminate insulation
Non-combustible
MC al insulation 2 0 0
Ivlcalul_ea . Combustible insulation | 5 150 30
Composite Material Unk
~nKnown 21 71 3
insulation
Combustible insulation | 3 178 59
Unknown Unknown 49 301 6
insulation

Where a casualty is either an injury or a fatality

While the majority ofincidents involved rendered (EIFS) systems, the most hazardous systems were
found to be rainscreen systems, when a combustible insulation was combined with an MCM facgade,
averaging 30 casualties per incident

This is influenced by the72deaths that occurred during the Grenfell Tower fire in 2014], recorded as
71 inTable3 abovebecauseall datain the OFRdatabasewastaken from newspaper reports at the time
of the incident.

One of the factors which makes rainscreen systems particularly devastating is the presence of a cavity
between the insulation and the fagade panel. This can intensify the fire due to the chimney effect,
which draws flames upwards and reradiates hedgb1]. Studies have shown the significant impact of the
chimney effect, increasing the mass burning rate by-® times[52] and how cavity barriers need to be
installed to prevent fire spread[53].

The facade panels on rainscreen systems can also be highly combustible, with a higher potential heat
release (per metre squared of cladding) than the plastic insulation behind®4]. If the outer facade
disappears, either through melting or combustion, then there is nothing for the cavity barrier to seal
against andit becomes ineffective [35, 55].

It should be noted that the data fofTable3was extracted from newspaper reports at the time of the
incident. The database was populated in the UK and may be biased towards the Engbgleaking
countries. It may also be biased towards countries with editorially independent media.

Fire Test for External G. Edwardes

Cladding Systems 19 MSc Thesis



4.4.3.5 Insulation thickness
The data suggest that the thicker the insulation, the less likely it is to meet the requirements 8R 135
It follows for combustible insulation, that the thicker it is, the more of it isavailablefor combustion as

shown inFigure 10below.

Figure 11shows thatas insulation thickness increases fewer systems that met theBR 13%riteria were
able to also meet theLPS 158/2 criteria.

Figure 10aFrequency of meeting th&R 13%riteria as a function of insulation thickness for combustible insulations

only(n =41)

[ = S~ S S
o N M O ©
1 1 1 1 J

Number of tests conducted
(with combustible insulation)

o N IS ()] (o]
I

m BR135 criteria met  mBR135 criteria not met

< 50 [50-100)

[100-150) [150-200) 0200

Insulation thickness (mm)

Figure 11xStacked bar graph showing thedquency of meeting th&R 13%riteria as a function of insulation
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4.4.3.6 Facade thickness

Combustiblefacades frequently failed to meet the BR 13%lassification. Sevenconfirmed combustible
facades were tested, all less than 10 mm thick, with ontne successfully meeting theBR 13%riteria.
This was with noncombustible mineral wool insulation and a combustible ACM facageith the core
having acalorific value of 13.5 MJ/kg when tested t8S EN ISO 1716:20B8]. This would be considered
to be the intermediate ACM with fire retardant fillingA polyethylene filling would have aalorific value
around43 MJ/kg[54].

Non-combustible fagades almost always met theBR 13%riteria, with only one system out of 32 failing.
This was a combustible phenolic insulation with a nereombustible, 4 mm thick, aluminium facade. The
facade panel was observed to melt away, exposing the combustible insulation behind.

Figure 12shows, in general how thicker facades were found to protect combustible insulation during a
BS 8414 test. It follows that if the fagade is neocombustible, the thicker it is, the more likely it is to
protect any combustible components behind. However, it should be noted that thinnéacades tend to

be more likely to be combustible, for example the thinnest facade is typically ACM, which can contain a
highly combustible polyethylene core. Meanwhile the thickdagades, around 100mm thick, tend to be
non-combustible brick systems.
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Figure 12aFrequency of meeting th&R 13%riteria as a function of facade thickness for combustible insulations
only(n = 37)
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All masonry systems, over 50 mm thick, met botBR 13mnd LPS 158&/2 criteria in all tests conducted.

Figure 13aStacked bar graph showing thedquency of meeting thd8R 13%riteria as a function offacade thickness
for combustible insulation onlyn = 37)
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Thicker masonryfagades are less likely than thinner aluminium facades to deteriorate in a fire,
exposing the potentially combustible insulation behind. The thickea non-combustible fagcade the more
it will insulate and protect the insulatian. This is especially true with brick systems over 56m thick
and Figure 14shows how peak internal temperature tended to decrease with fagcade thickness.
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Peak external temperature also slightly decreases with fagade thickness. Again, the thinnacades
tended to be more combustible. Also, the thicker the cladding system as a whole, the more it protrudes
from the test rig, increasing the flame path length. This has been shown in simulations to reduce the
intensity on the front face of the fagade[32].

Figure 14cPeak temperature as a function of facade thicknegs = 61)
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4.4.3.7 Cavity thickness
80% of systemsincorporated acavity between the insulation and the fagadeFigure 15shows the
likelihood of achievingBR 13%lassification appeared to decreaseas cavity thicknessincreased.

Figure 16shows that as cavity thickness increased, the number of tests found to meet botBR 13%&nd
LPS 158&/2 criteria decreased.Most tests with a cavity over 100 mm thickvere only able to meet theBR
135criteria. Internal temperature, mechanical performance and visible flaming were the reasons for
failing to meet the LPS criteria for cavities over 100 mm thick. This data suggests that performance
deteriorates with cavity thickness, despite Schlyter demostrating in 1939 that 50 mm was the
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Figure 15aFrequency of meeting th&8R 13Sriteria as a function ofcavity thickness(n =58)
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4.4.3.8 System Buildup

Both combustible and nhoacombustible systems used a variety of insulation thicknesses, cavity
thicknesses and facade thicknesses. Generally, the thicker (better performinfgcades were more
commonly used with the more combustible (worse performing) insulationswhile the norrcombustible
insulations were generally tested with the larger cavities and thinner facades.

Figure1l7aAverage system buildup as a function of thickness, for the most common insulation types, for systems
foundto meet theBR 13Sriteria (n =45)
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Figure 18xAverage system buildip as a function of thickness, for the most common insulation types, for systems
foundto not meet theBR 13&riteria (n = 12)
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4.4.3.9 Horizontal Cavity Barriers

The average number of horizontal cavity barriers used was 3,1dth 3 being the most commonA
previous study suggests that combustible insulation combined with a ventilated cavitycannot meet
the BR 13%riteria with fewer than 4 horizontal cavity barrierd35].

Horizontal cavity barrierswere used at a variety of different locations between testas shownin Figure
19

Figure 19aGraph of horizonal cavity barrier locations with each bar representing a sintdeding system(n =45)
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It should be noted thatBR 13%uses the level 2 thermocouples, 5000 mm above the burn chamber, its
temperature criteria. The relative position of the thermocouples and cavity barrier has a significant
impact on the test outcome.

Most systems are designed to usene cavity barrier per floor.BS 84142020 states that the

thermocouple levels, 2500mm, 5000mm and 7500 mm above the burn chamber are meant to represent
floor spacing in a building13, 14] Most installers interpret this to mean that the floors are located at
each thermocouple level BS 8414tates that internal thermocouples should be clear of any cavity
barriers. Therefore, cavity barriers are normally located either slightly above or slightly below the
thermocouples, a choice provided to the installer, which can have a significant impactdhe
temperatures recorded.

The peak internal temperature at level 2 for systems with cavity barriers just above and just below the
critical level 2 thermocouples was investigatedThis was done for all norcombustible systems with a
cavity barrier within 1000 mm of the level 2 thermocouples
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Table4 @Average temperature fonon-combustible systems with a horizontal cavity barrier just above or just below
the level 2 thermocouples

Number | Average of the pak Standard deviation of the
of tests internal temperature at peak internal temperature at
level 2 thermocouples level 2 thermocouples

Non-combustible systems 7 278.3°C +60.2°C
with a cavity barrierjust
below level 2 thermocouples
Non-combustible systems 2 383.8°C +98.0°C
with a cavity barrierjust
above level 2 thermocouples

Table4 suggests thatplacing a cavity barrier directly below the level 2 thermocouples can result@n
100°C reduction in internal temperatureabeit over a small sample size as it only considenon-
combustible systems with a cavity barriemear the level 2 thermocouples.

The majority of horizontal cavity barriers used were open state and made mostly from mineral wool.

A closed state cavity barrier is a necombustible barrier which always blocks off the cavity. An open state
cavity barrier will leave the cavity open during normal operation, to allow ventilation, but will expand and
close off the cavity during a fire.
é6c] Ut aedda)bDd |nUOWLey] on éncC | AUDAHGO)] Yyt €étLtwbU FD
assess their impact on fire performance. It is noted that:
T A steel L-bracket was used as a closed state cavity barrier successfully during another test with
non-combustible mineral wool insulation.

1 A reflective aluminium open state cavity barrier was used successfully, with combustible
insulation, ontwo occasions, once with an ACM fagcade and once with a ceramic tile facade.

Metal cavity barriersare anticipated to offer relatively poor insulationcompared to mineralwool cavity
barriers. Insulation is one of the performance criteria required for new cavity barriers when tested to
ASFP TGD 1%he above results suggest that further research should be conducted on the impact of
cavity barrier insulationand whether it should remain a relevant metrifor external cladding systems
ADB currently recommends thatavity barriers should provide sufficient insulation for 15 minutes wdm
tested to ASFP TGD 121, 12, 33]Ametal cavity barrier would be unlikely to achieve thi45 minute
requirement, yet the above results suggest that it can still reduce fire spread in some systems without
providing any significant insulation.
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4.4.3.10 Vertical Cavity Barriers
All tests with vertical cavity barriers used closed state, mineral woplertical cavity barriers.

Figure 20 shows that the majority of tests usedtwo vertical cavity barriers, these wereplaced either
side of the burn chamberand extended the entire way up the test rigTwo tests were found to meet the
BR 13®ndLPS 158&/2 criteria without any vertical cavity barriers. Both with a noitombustible ACM
facade, one with a combustible phenolic insulatiomnd the other with a norcombustible mineral wool
insulation.

Figure20 aFrequency oimeeting theBR 138riteria as a function ofthe number of vertical cavity barrierén = 45)
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4.4.3.11 Impact of Cavity Barriers in ReaWorld Cladding Fire Incidents

Several realworld incidents demonstrate the significance of cavity barriers in external cladding
systems. For instance, in the Knowsley Heights firgs7] that occurred in Liverpool, UK, in 1991, there
were no fire barriers installed in the air cavity behind the claddingnd the fire spread the entire way up
the building.

Similarly, the TVCC tower firg¢58] in Beijing, China, in 2009 was exacerbated by the absence of barriers,
coupled with the use of combustible insulation and cladding materials. This incident prompted Chinese
regulations to be revised, necessitating the inclusion of spandrels and horizontfite stops at the floor
perimeter [59].

In the case of the Lacrosse building fire in Melbourne, Australia, in 2014, the installation of aluminium
composite panels with a polyethylene core on the balcony sidewall did not incorporate cavity barriers
and the fire spread rapidly up the building away from the floor of origjB85].

Another notable example is the Grenfell Tower fire in London, UK, in 20ih7this examplecavity barriers
were installed, but theywere clearly ineffective. Professor Jose Torero determined inhis expert report
to the Grenfell Inquiry that no matter how well or badly the cavity barriers were designed and/or
implemented, they would not have preventedlame spread due to the combustible facad¢4]. The
combustible ACM facadgrovidedthe fire with a route onthe external face of the building, avoiding the
cavity barriers. Thealuminium also melted, preventing the cavity barriers from having anything to seal
against.
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4.4.3.12 Opening Detailing

The opening detailingwas notalways reported or able to be inferred from the system drawings or test
photographs. Almost all installations sealed around the opening, with ondye test found to not use any
detailing around the opening. Thisystemwas found to meet theBR 13%riteria. The system usedoth

a non-combustible facade and noacombustible insulation and would have been compliant via the linear
route.

Figure 21shows that ane test was conducted with polyvinyl chloride (PV@jound the burn chamber
opening, replicating a window frame This wasfound to meet the BR 135 criteria, it is unknown if there
was alditional fire protection behind the window frame.

Figure21aFrequency ofmeeting theBR 13%riteria asa function of opening detailing materigh = 52)
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4.4.3.13 Edge Detailing

The majority of tests enclosed the vertical edges of the test rig. It should be noted that the majority of
tests used two closed state vertical cavity barriers, either side of the burn chamber, the entire way up
the test rig, reducing the impact of any edg detailing.

Figure 22 shows howsystems which left the vertical edges opersuccessfully met theBR 13%riteria
more often than systems which enclosed the edge$0% of those were found to be norcombustible
systems compared with 13% of systems with enclose edges. This suggests that the more combustible
systems were more likely to include additional protectiorieatures, such as sealing the edges of the test
rig to increase the chance of the system meeting th®&R 13%riteria.

Figure22 aFrequency ofmeeting theBR 138riteria asa function of vertical edge detailing materigh = 53)

mBR135 criteriamet  mBR135 criteria not met

25 -

20 ~

15 A

Number of tests conducted

Enclosed Open
Verticle edge detailing

Fire Test for External 30 G. Edwardes
Cladding Systems MSc Thesis



4.4.3.14 Bracketry

There was nageneralcorrelation between bracketry material and theBR 13%ailure criteria. It should be
noybDC Yl ey NDAT én)] Aét CeéNeéHD C.oARdrdlaioh wisadanifiedF é G Y 0 ¢
between bracketry material and mechanical damagas shown inFigure 23. The lower the melting point

and the more combustible the bracketry, the greater the observed levels of mechanical damage.

One particular system failed to meet thaBR 13%emperature criteria when tested with aluminium

bracketry. It was retested, with the only change of note being the use of steel bracketry and it whgn
found to meet the BR 13%riteria.

Two tests were conducted with plastic bracketry, they both used neieombustible insulation and non
combustible facades and met theBR 13%riteria. However,the levels of mechanical damage prevented
either of them from meeting the LPS criteria.

Figure23aMechanical damage as a function of bracketry mater{al= 40)
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4.4.4 Test Conditions

4.4.4.1 Ambient Temperature
Figure24 aFrequency of meeting th&R 13Sriteria as a function ofambient temperature(n = 57)
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Figure 24 suggeststhat as the ambient temperature increases, thdikelihood of a systemfailing to
meet the BR 13%riteria significantly increases. This suggeststhat the warmer the cladding system is,
the less energy is required for drying and heating each component to its activation energy for ignition.

Figure 25 below shows the percentage of tests whichmet the BR135 criteria baewveen 5°C and 20°Qt
should be noted that this is based on a relatively small dataset and will be influenced by other factors,
such as the cladding system construction.

Figure25- aBar graph showing the percentage of tests meeting BR 135 criteria as a function of ambient
temperature (n 59
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The influence of ambient temperaturecan besomewhatUD D/ ga o N UT D 1 igBEduig260 Yé a Y
below. The start time is the time between ignition and wherthe temperature recorded by any external
thermocouple at level 1 equals or exceeds a 200°C temperature rise above ambient esrdains above

this temperature for at least 30 secondq13, 14]

Figure26 @Scatter graph showing the influence of ambient temperature on test start tirfre= 61)
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Start time was chosenas a metricbecause itis mostly independent of the system tested, although
factors like the thickness of the system will have a slight impact. Thicker systems will protrude further
from the burn chamber, increasing the flame path length from the wood crib to the level 1
thermocouples.

BR 13&lreadyattempts to compensate for the influence of ambient temperature byassessing the
temperature rise aboveambient. The maximum temperature criteria is effectively600°C + ambien(°C)

[7].

Figure 24 aboveimplies that an additive compensation is insufficient for counteracting theinfluence of
ambient temperature. A study was conducted to identify a more appropriateompensation, using the
following equation [60] to estimate flame temperatures at different ambient temperature conditions:

To(centerlingy @Ta= 9.1 (Jg Cp2 ra2)1’3 Q:2/3 (Z(DZO)‘5/3 Equationl

Where:

Tp(centerline) = plume centerline temperature (°C)
Qc = convective portion of the heat release rate (kW)
Ta = ambient air temperature (K)

g = acceleration of gravity (m/%

cp = specific heat of air (kJ/kgK)

ra = ambient air density (kg/rf)

z = distance from the top of the fuel packag& Tp(m)
Zo = hypothetical virtual origin of the fire (m)

=4 =4 -a_a_-a_-48_-9_-9
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Using the following valuego calculate Tp

T Qc =2100 kW (based on the nominaBO00 kWheat release rateof a BS 8414rib with an

assumed 70% convective prtion of the heat release rate)

Ta = Varied between 5°C and 35°C based on the ambient temperature requirements of BS 8414
g = Simplified to 9.81 m/8

Cp =Simplified to 1 kJ/kg-K

ra =Varied betweenl.27kg/m®and 1.15 kg/rfbased on the ambient temperature

z = 5.6 nbased on the height of thdevel thermocouples above the top of the wooden crib

1 2,=0.63 mbasedon Equation 2 below

= =4 -4 —a -9

To calculate 3, the top surface area of the crib (1.5 fjy which is a rectangle, was converted to a circle
for the purposes of the equationand the diameter of thathypothetical circle was calculatedto be 1.38
m. The following equation was then usefb0]:

2o/D =-1.02 + 0.083F°)D Equation2

Where:

i D =diameter (1.38 m)
1 Q =Heat release rate (3000 kW)

Equation 1was then used to estimatethe following temperaturesat level 2 between 5°C and 35°C:

Table5 aFlame temperatures at BS 8414 level 1 and lexaldfferent ambient temperature conditions

Ambient (°C)| Tp atLevel 2(5.6 m above the fuel loa{°C)

5 273.2
10 283.0
15 292.9
20 302.7
25 3125
30 3223
35 3322

Anequation for estimating the temperature at level 2 based on ambient temperature would therefore
be:

O pBPD C O& Equation3

Where:

1 vy =level 2 thermocoupletemperature
1 x=ambienttemperature

Equation 3 suggests that if ambient temperature were to be incorporated into the failure criteria, it
would be more appropriate to include it as a factor afvo times ambient, as 1.966 ispproximately 2.
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4.4.4.2 Timber Crib

BS 8414uses a timber crib heat source to represent a fully developed fire in a room venting from an

aperture that exposes the cladding system to the effects of external flameslhe timber crib is

conditioned prior to the test so that the moisture content is between 1015%by mass This is typically

done by placing it in a controlleégnvironment and adjusting the ambient temperature and/or the

relative humidity.

»1T D Y] Nabpa Ad] arU No) UUwiabD Aonybiy | U GDAGGCDCd r
and the test start time. The timberdensity is also recorded, this was normalised by subtracting the

mass of the moisture content, as this is not combustible content. Again, no correlation could be

identified with the test start time as shown inFigure 27.

Figure27@Scatter graph showingio correlation between normalised fuel load density and test start tirfre= 61)
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Theoretically, wood density should be the most influential factor in terms ofwvailablefuel load.BS 8414
mandates the following tolerances for factors which can affecthe available fuel load:

Table6 aBS 8414uel load tolerances

Nominalvalue in BS 8414 \ Tolerance permitted in BS 8414

Width of the wood 50 mm +2mm
Length of the short wood 1000 mm +5 mm
Length of the long wood 1500 mm +5mm
Density of the wood 0.525 kg/dm? +0.125 kg/dnt
Moisture content of the wood 12.5% +2.5%

Thetolerance permitted for the density of the wood, allow for the largest variatiofn fuel load.
Assuming aheat release of 19.31 MJ/kg fary pinus sylvestrus (the wood used for BS 8414 tests) and
taking into account the energy required to heat angaporise the water contentallows the creation of
the following uncertainty budget:
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Table7aBS 8414 fuel loatype Buncertainty budget

Source of Uncertainty | Uncertainty value Probability Distribution Divisor
(MJ) Function
1 | Width of wood 5213 Normal 2 260.6
2 | Length of short wood | 163 Normal 2 8.1
3 | Length of long wood 109 Normal 2 54
4 | Density of the wood 15514 Normal 2 7757
5 | Moisture content 2175 Normal 2 1088

Where U = thetandard uncertainty(the uncertainty value divided by the divisor based on the probability
distribution function)

Table7was created using the UKA8/pe B method for the expression of uncertainty and confidence in
measurement[61]. This estimates an averagdotal heat release of 6515.8 MJvith a combined
uncertainty of 825.6 M.

It is industry practice to double the uncertaintyfor a 95% confidence levellUsing a coverage factor k = 2
expands the uncertaintyto 161.1 MJThis predicts that 95% of the time thepotential fuel load heat
release will fall betweerd865 MJ and 8167 MThis is £25% of the mean

~UrRU F o0 U inteiana) manipulatibh & e fuel load is possiblelt has been arguedthat the
fuel loadin BS 8414an be adjusted between 4500 MJ and 9000 M23], representing a variation of
+35% from the mean.

Table 7 suggests that the width of the wood is significantly more critical than the length of the wood. It
also shows how the density of the wood is more critical than all other factors combined.

It should be noted that the wooden crib is extinguished after 3finutes, and the entire fuel load is
never consumed. BS 8414 estimates that around 4500 MJreleased in that period13], soadditional
fuel load may not correlate with additional heat releaséResearch byRISE(Research hstitutes of
Sweden)demonstrates that additional fuel only correlates with a longer burn timand does not
increase the heat release ratg27], suggesting the fire is oxygen controlleés shown inFigure 28. They
produced similar results when experimenting withithe length and width of the wood, which effectively
changes the surface areasuggesting it is the geometry of the burn chamber restricting thevailable
oxygen and not the presented surface area of the wood.

Figure28cEffectofwoodC DR U] Y+ on & 9u o6 HH AlG) arU T Dey aDLDeUD el
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4.4.4.3 Flame Height

BS 8414 test reports were analysed to estimatiée natural flame height from the wooden cribThe

flame height from thefloor of the test facility was estimatedand compared to a computational study. It

was estimated to the nearest 0.5 m basedn reported panel heights and the test rig height. This was

only estimated for non-combustible systems to avoidmeasuringthe influence of a combustible system.

Only systems with sufficient reference points were consideredPeak flame height wasneasured

considering the methods andeddy shedding principlesdescribedin) DA AL 6 UWd D 6Rl0D @t né

Table 8 showsthe following flame heights were ecorded:

Table8 aFlame heights from BS 8414 wooden cribs

Insulation Facade Ambient System Wood Fuel load Flame

material material temperature thickness density moisture height from
(mm) content (%) floor (m)

Mineral wool | ACM 12.6 210 510 14.1 55

Mineral wool | ACM 6.5 224 508 12.5 6.5

Mineral wool | ACM 55 392 530 12.3 5

Mineral wool | ACM 13.9 288 586 12.3 6

Mineral wool | ACM 14.6 488 565 12.1 6

Mineral wool | ACM 8.8 224 500 13.5 5.5

Mineral wool | Brick 13.4 118 545 9.4 6.5

Mineral wool | Brick 10.6 173 574 14.3 5

Mineral wool | Brick slip 114 194 540 12.7 6.5

The average flame height was B3 m, which corresponds with a computational studyn the Influencing
Factors of Rapid Fire Spread of Flammable Cladding in a Hifise Building[53] which estimated the
flame heightwould be 6 nfrom the floor, when no wind is consideredapproximately above the centre
of the opening, with a slight tilt in the direction of the corner

Thetallest flame measured was 6.5 nwhich is noteworthy because the level 2 thermocouples are
located 7 m above the floorThe flame height is affected by many factors such as the thickness of the
test specimen, the crib condition and the ambient conditions. lis theoretically possible for all factors
to combine and result in a norcombustible system failing to meet theBR 13%riteria, because the
flames from the crib have naturally reached the level &ternal thermocouples.

Because of the close proximity between the level 2 thermocouplgst 7 mjand the flame heigh from
the wooden crib (6 m)vertical flame spreadup the system iseffectively only measured over a 1 m
distance, between 6 m and 7 rfrom the ignition source to the thermocouples This makesBR 135%nore
an assessment of whethetthe cladding systemignites and contributes to the total heat release rate
andless an assessment of whether the cladding systermsupports vertical flame spread. Increasing the
distance between the wooden crib fire and the thermocouplesvould helpdetermine if the cladding
system has the potential to spread fireao multiple floors, past cavity barriers, away from the source of
ignition.
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4.4.4.4 Wind Speed
Wind speed must be less tha2 m/s before a BS 8414est begins. The exact wind speed value is rarely
reported, and no correlationwith classification performance was found from theavailabledata.

Several computational studies predict that wind from any direction, on a facade fire, will decrease
flame height[63-69].

Wind has been reported, by journalists, in nine tall building fires to increase fire growth. In the majority
of cases, it was because the wind encouraged lateral fire growth, spreading to adjacent buildings.
Conversely, it was reported in five tall buildig fires to reduce fire growth[5].

A series ofBS 8414ire tests, conducted outdoors in Croatia, identified that wind can cause variations
at the level 2 BS 8414 thermocouples in the order of 10430]. It does not state whether higher wind
speeds resulted in higher or lower temperatures and only comments on the impact orstevariability.

Ingeneral,there islittle evidence to suggest that higher wind speeds increase vertical fire spread, but
there is evidence to suggest thathigher wind speedscan negatively impact the consistencyof a fire
test.

4.4.5 Classification Criteria

4.45.1 LPS 15&/2 Criteria

Test results were analysed for the effect of varying the assessment criteria. The fire performance
standards LPS 1581 and LPS 158R% 158&/2) were used for this purposed? tests were found to meet
the BR 13%riteria, only 32 of them were able to meet the LPS181/2 criteria.

LPS 158/2 hassevencriteria that must all be met, seeTable37, AppendixAfor definitions of each.

Early test termination

Visible flaming

External fire spread

Internal fire spread

Mechanical performance

Burning debris

Glowing combustion

Four tests out of the 61studied, were unable to be assessedgainst these criteriadue to insufficient
information in the test reports.

= =4 =4 -4 -4 -4 4

Figure 29 shows the 25 tests which failed to meet the LPS 1581/2 criteria, showird the criteria that
was failed to be met for each tet.

The seven differentLPS 1581/2riterion for failure were encountered in at least one of the cases
examined inthisstudy» T D ¢ &€ | ¢ \budrriihg debirisryndploieg cqmbustionrvere never the sole
reason for failing toachieve theLPS 158&/2 classification, in the cases studied herelt should be noted
that all LPS 158/2 assessments were conductedetrospectively based on the data and observations
available in the BS 8414 reports and it is possible that observations critical to thS 15&/2
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Figure29 @Reasons folLPS 158/2 nonconformances(n = 25)
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One non-combustible system failed to meet theLPS1581/2nternal fire spread criteria, despitenot
contributing to combustion and novisual fire spread being recordedlt is assumedthat this wasdue to
the extended flame height from the crib through the wider than average cavity (185 nanade). This
system did meet the BR 135 criteria, which is only valid for the first 15 minutes of the fire t€ghis
suggests that the LPS 1581/2 criterienay be too onerous if they aréncorrectly determining fire spread
through systems which are incapable of supporting fire spread.

The mechanical performance criteria were generally not met by systems with a combustible insulation
and a noncombustible facade. The insulation would burrand structurally damage the system so that
large fagade components could detach and fall from the system.

4.4.5.2 Mechanical Performance

There are currently no criteria for mechanical performance iBR 13%lespite being reported as a
relevant factor in realworld scenarios, often hindering firefighting operations.Figure 29 aboveshows
how components were identified to fall from systems whichC ] Qpiiordfe fire spreadas there were

two systems whichwere not found to meet the LPS 1581/2 criteria for mechanical performance, but did
meet the criteria for internal and external fire spread.

Figure 30 showsdata fromreal world incidents. Where falling material was reported to interfere with

firefighting operations there were 6 times more casualties, with a much higher fatality rate, resulting in
16 times more fatalities per inciden{5].
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Figure 30 aNumber of casualties and fatalities per incident for tall building facade fire incidents where falling
material was reported to interfere with firefighting operationfs]
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However,falling material is alsoindication of fire severity.

There were no direct links reported between falling material and loss of life. The following indirect links
for falling material interfering with firefighting operations were reported, which could altheoretically
lead to loss of life[5]:

(Burning debris fell on evacuating occupants
(Firefighters had to be protected from falling debrig
(Falling burning debris limited fire service access
(Cladding fell onto at least one fire applianae

1 (Large falling debris endangered firefightersr

= =4 —a -

Falling material wasalso reportedto damage property in 5 other incidentsall in the form of damage to
cars[5]:
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4.45.3 Level 3 thermocouples

The level 3 thermocouples, located 7500 mm above the burn chamber and are useddfetermining
whether flames have reached the top of the test rigfor confirming if the early test termination criteria
from BS 841save been mef13, 14] Any test which is terminated earlyautomatically fails to meet the
BR 13%riteria. Peak level 3 temperature is only available for the tests conducted to the 2026rsion of
the BS 8414tandard.

20 tests areavailablein the database for analysisFour of the available tests failed to meet theBR 135
criteria, all being terminated early, with flames visually observed above the level 3 reference line. Three
of these tests would have failed to meet thdBR 13%emperature requirements at the level 2
thermocouples. The remaining test did meet the level 2 temperature requirements but was terminated
after 52 minutes due to flames being visually observed over the top of the test rig. Data from the level 3
thermocouples did not directly form part of the failure criteria in any of the test conducted.

BR 13%has not yet been updated to incorporate the 2020 version of thBS 8414tandard. As such there
is currently no failure criteria for the level 3 thermocouples and there is no early termination
temperature criteria specified in BS 8414In the absence of any criteria, most test houses use the
600°C + ambient criteria specified irBR 135or confirming the presence of a flame. However, the data
showsthis criterion could notalwayscorrectly identify flames at the level 3 locatiorin all tests.

Figure3laFrequency of meeting th&R 13&riteria as a function ofpeak level 3 temperaturén =20)
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Figure 31shows thatfour tests failed to meet the BR 135 criteria, all four of these were terminated early
due to flames visually extending beyond the test rigzor one of these tests, the level 3 thermocouples
recorded a peak temperature of 450°Csignificantly lower than the 600°C + ambient criteriaised by
most test houses. It should be noted thatall successful tests displayed lower temperatures at level 3
than those where flaming was visible out the top of the rig

Peak level 3 temperature (C)

In dl tests with non-combustible systemsthe level 3temperatures were alwaysbelow 270°C.
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4.45.4 Wing wall

No tests failed to meet theBR 13%riteria only on the wing walhs shown byFigure 32. It could be
argued that the wing wall does not provide a significant contribution to assessing the fire performance
of the system. While it may not be necessary to instrument the wing wall, it may still have significant
involvement in the test, contributing to fire growth and it is known that fires located in a corner wall
setup can result in flame heightdwo times higher than fires in open aif70] with four times the energy
release rate[71] This is double the energy release rate from a single wall set[if1]. Fire can also
spread up the wing wall and radiate onto the main wall increasing the chance or rate of fire growth on
the main wall.The argument for excluding the wing wall therefore appears inconclusive.

Figure 32 aFrequency offailing to meetthe BR 13%riteria as a functionof the main wall and wing walh = 12)

8 1

Number of tests conducted
N

3 4
2 4
1 4
O I T T 1
Failed to meet BR135 criteria on Failed to meet BR135 criteria on Failed to meet BR135 criteria on
both walls just the main wall just the wing wall
Fire Test for External 42 G. Edwardes

Cladding Systems MSc Thesis



4.5 Discussion

A database wagopulated with 4880 data entries from 61 fire tests conducted t@S 8414parts 1 or 2
[13, 14hnd assessed against thd8R 13%erformance criteria [7], between the years 2010 to 2022. The
data were analysed for commonalities of features to investigate the spectrum of specimens submitted
for test, the conditions they are tested to and the impact this has on meeting thBR 13%riteria. Test
results were also analysed for the effect of varying the assessment criteria. The fire performance
standardsLPS 158 and_PS 1582 (LPS 15&/2)[48, 49] were used for this purpose.

The study is limited by the sample sizand selection.50% of these tests were conducted to assess
cladding onexisting buildings. The rest were conducted to either gain approval for new cladding
systems or for research purposes.

The main potential routes for fire spread were driven by the main combustible components, the
insulation and the facade. The fagade being the principal front of the structure that faces on to an open
space. If thefagade and insulationwere both noncombustible, the system would not support flame
spread and the criteria forBR 134vere always met. However, when both the insulation and facade
components were combustible, theBR 13%riteria were never met.Kingspan demonstratedthat it is
possible for a sysem comprising of products classified as noncombustible to fail to meet theBR 135
criteria [37].

Combustible insulationproducts were installed with thicker, less combustiblefacades on average
Presumably because the thinnefagcades were not expected to pass the testThesefagades would
insulate and protect the combustible insulation from the fire. The test simulates the fire performance
of a newly built constructionagainst an external fire attack with few imperfections or complex

detailing. The system may perform differently with more imperfections, as seen on real buildings,
particularly if the fire is able to break into the cavity through holes, vents, weaknesses in the fagade or
around a window.

BR 13%loes not set any mechanical performance criteria, althoughny mechanical damagenust be
reported. Systems with poor mechanical performance in a firenay failto meet the BR 13%emperature
requirements, one specific system was found to meet the temperature criteria with steel bracketry but
fail with aluminium bracketry.Mechanical performance was found to correlate somewhat with peak
internal temperature, which is part of theBR 13%riteria. Data from real world fires suggests that
mechanical perfarmance isrelevantfor life safety, especially if it prevents firefighters from accessing
the building.

LPS 158/2 does set mechanical performance criterialnsome cases where systems met theBR 135
criteria, but not theLPS 15&/2 criteria it was the result of poor mechanical performancerhis is one of
the reasons whysome fully non-combustible systems were found to be capable of not meeting thePS
158/2 criteria.

Thefindings suggest that there might be aproblem with the sensitivity of the LPS15181/2mperature
criteria. This was highlighted by atest where anon-combustible system exceeded the requirement for
internal fire spread, despite no visual evidence of fire spread being observedhis indicates that the
assessment criteria could be too strict, causing systems that should have been approved to faihis
test met the BR 13%riteria, when assessed over a 15 minute perio@ut when this period was extended
to 30 minutes forLPS 15&/2, it no longer met the requirements. This is because the flames from the
crib hadentered the cavity,extended up the cavity, gradually heating jtntil it exceeded the
temperature criteria. Thissuggeststhat either the temperature transducer locations, or the
temperature criteria defined in LPS 15&/2 are not appropriate for assessing fire spreadver a 30
minute period.
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It was clear that the test standard was being interpreted differently by different installers. The burn
chamber opening in particular had a wide range of interpretations, with some installers leaving it open
and unprotected, most installers appeared to ingrpret it as a window opening and surrounded it with
aluminium protection and cavity barriers.

There was a variety of different detailing at the edges of the test rig with 60% of tests enclosing the
edges. The majority of tests used vertical cavity barriers either side of the burn chamber. These were
closed state cavity barriers running the entire way up the rig and would probably reduce the impact of
any edge detailing. It is unlikely that vertical cavity biaers would be provided with the same proximity
with their end use on buildings, either side of every potential opening, extending the entireayr up the
building. However, the narrowness of the rig enabled installers to interpret the edge of the rig as the
edge of the wall and their desigiprinciples could allow them toinstall vertical cavity barriers
unrealistically close during the test If the test rig was wider, the vertical cavity barriers would have to
be installed further apart, providing a wider cavity with more oxygen available to support fire spread.

Some systems installed a horizontal cavitparrier directly below the level 2 thermocouples, thee
thermocouples are used to judgethe BR 13%emperature criteria, and this was found to have a

significant impact on the temperatures recorded. Horizontal cavity barriers are typically installed at

each floorlevel, but the floor levels are not defined in BS 84 1kstallers aretherefore required to

decide where the floor levels would bgto determine where the cavity barriers should bastalled. Most
installers interpret the BS 8414hermocouple levelsto be the floor levels as one of the advisory notes in
Ou O006EbdceaecdeldypalymEly Wi ey O édD NDény U.dhisisbrfyd D
advisoryandit does not state which part of the floor level thesdocationsrepresentgy Ud | UrR U &
where on each level the horizontal cavity barrieshould be located. BS 84 llter suggests that the floor
levels can vary between tests as the test report is required tdocument the floor level heights used.

The result of this is that at the level 2 thermocouple location, installers are provided with a choioé
installing the level 2 cavity barrier above or below thHevel 2thermocouples. This decision, which is not
relevant to real buildings, can have a significant impact on the temperatures recorded and the chance

of meeting the BR 135 criteria.

The ambiguity on the location of floor levels provided by BS 844k0 permits horizontal cavity barriers
to be installed2.5 m apart, much closer than they would be on a real buildirgpme systems justified

the use of 5 cavity barriers per test, \ith a horizontal cavity barrier installed above the burn chamber, at
each of the three thermocouple levels and at the top of the ridhis is 5 cavity barriers over a span at.7
m, averaging one cavity barrier every 1.54 fhis is not a realistic representationof the credible worst-
case scenario on a building, where cavity barriers can be installed over 3 m apart.

The test rig isconstructed in an L-shape, with a main wall 2.6 m wide and a wing wall 1.5 m wide. The fire
performance on the wing wall did noultimately determine the test performance in any of the 61 tests

conducted. No tests were found to failto meet theBR 13%riteiao n YI D F|] AH Fétto YT ey

meet criteria on the main wall. The wall may still contribute to fire growth as it is known that fires
located in a corner wall setup can result in double the heat release rate from a single wall setup.
However, it may not be necessary to install the 30 thermocouplesr( average) that the test standard
currently requires on the wing wall. It may also not be necessary for the full cladding system to be
installed on the wing wall and similar performance migtbe measured with a cheaper installation such
as just the facade installed on the wing wall, or a generic reflectiyimnelin place for all tests.The level
3 thermocouples, averaging 40 per test, introduced in 2020, also did not ultimately determine the test
performance against theBR 13%riteria in any of the tests conducted and may not be necessaryhe
number of thermocouplesvaries between tests depending on the number of layers in the cladding
system.
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In the limited range of systems studied here, st of the test conditions did not appear to have atrong
correlation with fire performance, suggesting the tolerances are adequately tight enough to avoid
influence. The exception being the ambient temperature, with testsat lower temperatures achieving a
BR 135 classificatiorsignificantly more often than those at higher temperatures

In summary the main findings were

1 Significant inconsistencies were identified in the test setup, particularly regarding the number
and placement of cavity barriers Thistypically varied between three andfive horizontal cavity
barriers, despite the same design principle of one cavity barrier per floor being applied.

1 Non-combustible facades wereregularly combined with combustible insulation. When installed
perfectly on a test rig, these noncombustible facades could robustly protect the combustible
insulation behind. However, he fire performance of these systems may reduce whethe
integrity is compromised by imperfect installation, damageover time, or the installation of
unprotected service penetrations. BS 8414 and BR 135 are unable to assess the resilience of
cladding systems to these imperfections.

1 The ambient temperature can have significant impact on the chance aheeting the BR 135
criteria.

1 The location of the thermocouples relative to thdire from the wooden crib isrelatively close
and may not be appropriate for assessing the cladding systems ability to prevent fire spread
past cavity barriersto multiple floors.

1 Extending the temperature criteria to 30 minutes as required by LPS 1581 &ight result in
severalnon-combustible systems failing to meet the temperature criteria, despite not
supporting fire spread.

1 Some systems while meeting the BR 135 criteriagenerated falling debris posing a significant
hazard to firefighting operations, highlighting apotential need for mechanical performance
criteria.

This analysis could be taken further with the population of more data from more test reports. Increasing
the sample size would reduce the uncertainty of some of the macro data analysis and enable more fields
to be analysed, such as understanding of the ilfence of better performing cavity barriersand the
influence of combustible membranes Future studies could also incorporate more datasets on the
general system makeup, considered factors such as panel sizes and panel gaps etc.
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5 ldentification and Characterisation of CladdingProducts

5.1 Introduction

This chapter evaluates a test protocol designed for identifyingcladding system components or
products. Specifically, products which have been tested against th&8S 84141:2020 orBS 84142:2020
(BS 8414 Fire Performance of External Cladding Systenj&3, 14] The aimis to assessthe suitability of
the test protocol for identifying significant differences in formulation potentially affecting performance
of products supplied for fire testing and products later installed on buildings.

TheBS 8414 test report must include details of all products and components used in the construction of
the test specimen, together with identification marks and trade namesHowever, identification marks

and trade names do not guarantee that the product supplied for test is representative of the product
supplied for market, at present or at some point in the futureand does not appear taddress
manufacturing variations and changes as described in module 2 of phase 2 of the Grenfell Tower Inquiry
[44].

Preliminary researchby the University of Central Lancashirdas shown that bench scale analysis of
insulation materials can be used to identify chemical changes ia material which may affectits
flammability. Using both Fouriertransform infrared spectroscopy (FTIR)72-74] and microscale
combustion calorimetry (MCC|b4, 75, 76on samples of insulation provides a mukpoint identification
system[77].

While this chapterdetails the general material characterisation approach, specific markers employed
by the FPA to identify subtle product variations are omittedThis decision aims toprevent exploitation
of such knowledge for manipulating the characterisation results, thereby ensuring the integrity and
reliability of results.

5.2 Materials

5.2.1 Test Samples

A review of BS 8414 tests conducted at the Fire Protection Association betwe@APAR018 and 2022
indicated that the three most commoninsulation products being tested are mineral wool insulation,
phenolic foam insulation (phenolics) and polyisocyanurate foam insulation (PIR). Two of each product
were included for assessing the proposed test methods. An additionttiree PIRs were included to
investigate the ability for the test procedure to identify differences between similar products across a
range of manufacturers with a range of manufacturing dates. A polyurethane foam (PUR3ken from a
sandwich panelwas included for comparison against PIR foanmas it is known to have a similar
chemical composition with worse fire performance.

Testing was conducted betweerMarchand September 2022 The products used in thesesmall-scale
tests are not the same ones that were used for thiarge-scale tests described in7.

Table9 shows the samples provided and their year of manufacture. All samples were provided by the
FPA after being submitted for fire testing, except for PIR 5, which was taken from the FPA Fire Testing
and Experimental Unit building.
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Table9 @Material CharacterisatioriTest Samples

Sample ID ‘ Material ‘ Year of manufacture
MW 1 Mineral wool (MW) 2020
MW 2 Mineral wool (MW) 2020
PHEN 1 Phenolic foam (PHEN) 2021
PHEN 2 Phenolic foam (PHEN) 2020
PIR 1 Polyisocyanurate foam (PIR) 2022
PIR 2 Polyisocyanurate foam (PIR) 2021
PIR 3 Polyisocyanurate foam (PIR) 2021
PIR 4 Polyisocyanurate foam (PIR) 2017
PIR5 Polyisocyanurate foam (PIR) 2011
PUR 1 Polyurethane foam (PUR) 1996

5.2.2 Mineral Wool
Mineral wool is a general name for inorganic insulation materiat®sed on vitreous fibres Thesecan be
made from products such as rock, glass or slgg8].

The actual fibres areconsidered non-combustible. The combustibility of the product couldbe changed
bythe inclusion of additives. It is typicallyheld together with a small amount of binding agent, which can
be combustible, but is generallya small proportion of the overall formulation having a limited effect on
its combustibility . As the desire for cheaper, more insulating products increases, differemineral

based componentshave become ggrowing focusfor research[79].

5.2.3 Phenolic Foam
Phenolic foams are formed from phenolic resin, which is a synthetitiermosetting polymer produced
by polycondensation between phenol and formaldehyd&0].

The flammability may be increasedy the toughening process. Phenolic foams are naturally very brittle.
They are typically toughened via an additional process such as fibre reinforcement, inert fillers or
chemical modification, which mayreduce its fire performance[81]. The fire performance ofphenolic
foams is frequently improved by incorporation of phosphorusbasedfire retardants [82-84].
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5.2.4 Polyurethane and Polyisocyanurate Foam

Polyurethane is formed by the reaction of polyol hydroxyl groups with isocyanates. Polyisocyanurate is
formed from polyurethane viacatalytic cyclotrimerization of excessisocyanate groupsto create
isocyanuratetrimer rings [73, 85] The structures are shown irFigure 33and Figure 34 below.

Figure33aUrethanes
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The fire performance is strongly linked to the trimer conten{86]; the more isocyanurate rings, the less
flammable the product. The fire performance can also be improved by the addition of fire retardants
[87, 88].
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5.3 Methods

5.3.1.1 Sample Preparation

Samples were cut to a size of 100mx 100 mm (Lx W&, Y YT D hickoe€swihe trtiihg process
removed anyexposededges, revealing a clean surfaceThe samples were received dry argtored in a
dry placeas they would be for BS 8414/2 testing[13, 14]

Test samples were takerfrom the centre of the 100 mm x 100 mm blocks as p@ocyanurate foams
have been found tadiffer near the surface[73, 89]

5.3.1.2 FTIR Method

Infrared spectroscopy describes the resonance of certain chemical bonds based dheir absorption of
infra-red radiation. The intensity of the absorption is dependent on the number of bonds of a particular
type andtheir polarity. Fourier-transform infrared spectroscopy (FTIR) allows the whole spectrum to be
recorded simultaneously.

Diamond Attenuated Total Reflectance Fourier Transform Infra Redspectroscopy (D-ATRFTIR)was
used in this study. In summary, an infrared beam is focused onto an optically derdiamondcrystal at a
specific refractive angle so that it reflects. The reflections create an evanescent wave that extends
beyond the crystal. The sample ipressed ontothe crystal surface and certain frequencies of the

evanescent wave are absorbeda ¢ UDC o YT D UéNFLDrRU AONFoOoU) Y| ond

the sample @sorbs energy, the wave will be attenuated. The final attenuated enerfyr each frequency
returns back to the original infrared beamand the absorbance is quantified from Fourier
transformation.

The Nicolet iS5 FTIR Spectrometer was used for this study with the ID7 ATR (AR coated) diamond
crystal. Preliminary experiments at the University of Central Lancashirelentified that using samples of
at least 0.05 g, compressed into a flat disk (pellet) with a KBr pellet press at a pressure of at least 7
tons/cm?for at leasttwo minutes can produceconsistent spectra for polyurethane and
polyisocyanurate foams[89].

A backgroundspectra, with no sample, was collected before testing and subtracted from the results. 32
complete scans were run per sample taking aroundone minute.

5.3.1.3 MCCmASTM D730¥ethod A@Anaerobic Pyrolysid90]

Tests were conducted using the FTT FAA Micro Calorimetévlicroscale combustion calorimetry (MCC)
measuresthe heat release rate of a sampldy the principal of oxygen depletion calorimetryA2-3 mg
sample is heated at a fixed rate of 1°C pesecond,in an inert gas to pyrolyze it. The inert gas carries the
pyrolyzate (the combustible gases) to the combustor. It is themixed with oxygenin a furnace at 900°C
The heat release is measured fronthe oxygenconsumption in the effluent. The results give the oétal

heat release rate as function of temperatureThe mass of the sample can be used to calculate theat
of combustion.

5.3.1.4 MCCmASTM D7309 Method &Aerobic Pyrolysig90]
Method B determines the heat release as above, excefptat the sample is pyrolyzedn synthetic air

(20% oxygen, 80% nitrogen). Typically, Method A leaves behind a char residue, but Method B will oxidise

any carbonaceous char.

5.3.1.5 Elemental Analyser
A third method involving an elemental analyser was evaluated, where the Carbon, Hydrogen, Nitrogen
and Sulphur (CHNS) content of a pyrolyzed sample are determined by gas chromatography.

Samples between 2.000 and 3.000 mg were ground into a fine powder and loaded into the instrument.

The furnace for combusting the sample was set to 950°C with the gas chromatography column oven set
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to 65°C. Helium was used as the carrier gas with the carrier flow set to 140 ml/min, the reference gas
groF FeéeU UDY Udo Eaa NtL| N]Jnd »I D CDUDAUOGG tDeDt
into the instrument, with everythree samples interrupted by a bypass sample to purge the system.

5.4 Results

5.4.1 FTIR Results

5.4.1.1 Summary FTIR Results

The spectra of 2 mineral wools, 2 PIRs and 2 phenolié®m Diamond ATR FTIR spectroscopy were
comparedand shown inFigure 35. Each type of materiafollowed a distinctive pattern.

Figure35aMineral wool, PIR and Phenolic FTIR results
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5.4.1.2 Mineral Wool FTIR Results

Both mineral wool samples could be characterised by a general lack of peaks, with notable peaks
around 870 cmtand 680 cmtindicating SiQ: and SiQ, symmetry stretching [91, 92] MW 1 revealed a
prominent double peak a2342 cnitand 2360 cm'(location B)and noise at locations marked AC and D
which was not present in MW 2. This atmospheric CQand watervapourwhich can be removed by
background correction.

5.4.1.3 PIR Foam FTIR Results
The PIR foams could be characterised by the following peaks:

Table1l0xPIR FTIR Peaks

Wavenumbers (cm)  Bond

~3500-3200 N-H vibrations

~2300 Free unreacted isocyanate groups
~1700 Isocyanurate rings

~1410 Isocyanurate rings

~1220 Urethane

~750 TCPP phosphate and chloride groups
~500 TCPP phosphate and chloride groups

Important differences could be seen at locations marked A to Rl PIR displayed a peak at 2300 cin
indicating unreacted isocyanate, which was not present in the PUR. All PIR displayed larger
isocyanurate peaks at 1700 crhand 1410 cmand smaller urethane peaks at 1220 chthan the PURas
shown inFigure 36 below.

Figure 36 @Polyurethane based foams FTIR resu({tgeyshading indicates regions of interest)
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One of the ways the fire performance of PIRs can mproved] U a+ UI D [73].JGidiNtied Gée Y| o
ratio of urethane linkagesto isocyanuraterings and can be used t@uantify the proportion of
isocyanurate rings, the product of isocyanate trimerization. This isonventionally calculated by the
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ratio of the 1220 cmturethane peak to the 1410 crhisocyanurate peak[72]. The higher the ratiq the
lower the expected fire performance(greater flammability)

The trimer ratio has been shown to maintain consistency betweeexperiments and instrumental
methods [72, 73, 89] Figure 37shows thatPUR ivasthe only sample tested togive a
urethane/isocyanurate trimer ratio over 1

Figure37®Trimer ratio results for all polyurethandased foams
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Polyurethane based foams have been shown to be relatively homogenous throughout the c[@e].
However, various literaturereports that the urethane/isocyanurate trimer ratio differs near the surface
[72, 73] shown inFigure 38 below. This is believed to be due to the trimerization processequiring
longer reaction times atlow temperatures. During manufacture, surfaces of the sample cool down
faster than the core, so less trimerization happens near the surface.

A test was conducted with samples taken at 5 mm intervals from the surface of a product, throughout
the cross-section. The results are shown ifFigure 38, there is consistency between all results after a
depth of 5mm from the surface.This would be expected to give worse fire performance near the
surface than in the core.

Fire Test for External 52 G. Edwardes
Cladding Systems MSc Thesis



Figure 38 @Urethane/isocyanuratetrimer ratio throughout the thickness of a PIR sample
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This surface/core difference has been reported elsewher¢72, 73] Figure 39 below shows the location
of consistent trimer content and inconsistent trimer content as a function of PIR board thicknessAll
samples had a stable centre at least 10 mm wide. Some of the samples 60 mm thick or less could be
considered inhomogeneous as there is more unstable thickness than stable thicknesBhis
consistency within commercial products is particularly important for this individual product
characterisation work and without careful understanding could lead terroneous conclusions of
product variation.

Figure39 @Trimerization stabilisationas a function of PIR boarthickness, reported elsewherg72, 73]
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Absorbance appeared to benfluenced bysamplethickness. Thesample, in this case is a pellet after it
hasbeen compressed into a diskFigure 40 shows this, with the absorbance decreasing with pellet
thickness. This is possibly because thicker samples are harder to compress, so the pellet is less dense
Figure 41shows how the trimer ratiois independent of thepellet thicknesses.
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Figure40 aPellet thickness vs absorbance Figure4laPellet thickness vs trimer ratio
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5.4.1.4 Phenolic Foam FTIR Results
The phenolic foams could be characterised by the following peaks:

TablellaPhenolic foam FTIR peaks

Wavenumbers (cm)  Bond

~3400 O-H stretching vibration

~3070 =C-H stretching vibration of groups on aromatic ring
~2870 C-H stretching vibration of-CH2 groups

~1590 C=C skeletal vibration oromatic ring

~1460 C=C aromatic vibrations

~1350 C-0O stretching vibrations

~1000 C-H aromatic GH in-plane benzene ring

~815 C-H out-of-plane

Important differences could be seen at locations marked A to i Figure 35. The snall peaks identified
at 1290 and 950 cmcould indicate P=0 and f-Ph stretching vibrations respectively. This could
indicate the presence of phosphorus added as part of a fire retardant to improve fire performang82].
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5.4.2 FTIR matching software results
As well as manually comparing differerdbsorption peaks FTIR gectra can also be compared using
peak matching software.

Spectra were compared using Omnic Specta 2.2.43 using the Spectral Search feature. The software
uses 100 to represent the best match and 0 to equal the worst match. It uses a ranking technique which
means there is always a best match, regardless of wheth#ére test sample is represented in the

database or not. Therefore, the presence of an individual match does noecessarilyindicate the

quality of the match.

The results were presented irthe two similarity matrices below. The colour codingndicates the degree
of similarity between items:

1 Green represents the highest similarity, suggesting a high correlation

1 Red represents the lowest similarity, indicating a low correlation

1 Yellow and otheilintermediate colours indicate moderate similarity, with the shade progressing
from red to green as similarity increases.

Table12- Percentage match between common insulation using Omnic Spe8tsectral Search software

MW 1

MW 2

PHEN 1

PHEN 2

PIR 1

PIR 2

PIR 1 PIR 2 PIR 3 PIR 4 PIR5 PUR H1
PIR 1
PIR 2
PIR 3
PIR 4
PIR5
PUR 1

Table12shows the software candistinguish between different materials, with each materials closest

match being to its own material Table 13shows the software comparing similar materials and was able 3
Yo | CDAy)] gt UYI D C) JggDiDwlO aDEWeastsimiaértatch beingazhe U g G o N
PUR
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5.4.3 MCC Results

5.4.3.1 MCC Summary Results

Tests were run in triplicate, with an average taken of all The heat release was calculated based on the
initial sample mass to produce a value for the expected heat release per mass of product.

Figure 42 shows dl polymer-based foams produced around 25 kJ/g when tested usingethod B.
Method Aprovided better differentiation between products, with individualproducts falling into groups.
Individual manufacturers alsdfall into groups, with PIR 4 & PIR 5 being made bye manufacture and
PIR 1 & PIR 2 being made &yother manufacturer.

Method Bproduced slightly more consistent results thanMethod A. 20 tests were conducted on PIR 1
with all samples taken from the same depthl0 toMethod A and 10 td/ethod B. TheMethod A results
had a standard deviation of 0.63 kJ/g, while th&lethod B results had a standard deviation of 0.42 kJ/g.
Method A did not completely combust the sample, with some sample residue left at the end of each
test, this additional factor could have increased the variance resulting in a higher deviatiomMethod A
exhibited more sampling noise, which made baseline and low readings more inaccurate. This was
noticeable with the MW samples measuring higher heat release rates with Method A than Method B.
This was most probably due to an error in the flocontrol system, feedingoxygento the pyrolizerrather
than to the combustor. This error was found to be consistenaicross different samples and different
devices[93]. It was considered an error because this combustible content was not observeden
tested to Method B or when testedn a bomb calorimeterto ISO171656].

Figure42 wTotal heat release using microscale combustion calorimetry
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5.4.3.2 MCCRepeatability and Matching Accuracy

The purpose of material charaterisation is to compare a sample from a fire test with a sample from a

AW| LCI AA Yo CDUDGN| AD | g Ui Dt edad yid UeND FuoCwA
to establish how much variation in test results would be required to confiddly say the samples are

different.

To achieve this, a MontéCarlo analysis was conducted to determine the level of confidence that can be
attached to MCC in differentiation between samplesThis is further detaiked below.

The analysissuggeststhat if MCC test resultsdiffer by more than 1.08 kJ/g, the sampleare likely to be
chemically different, approximately 95% of the time This is based on conducting tests in triplicate and
averaging the results, as recommend bASTM D730€90] .

If the results are within 1.08 kJ/g there is no evidence to suggest that the samples are chemically
different.

This threshold of £1.08 kJ/g can be used to group sampless shownin Figure 43 below. For example,
Method A was able to group PIR 4 and PIR 5 togethdnjch are made by the same manufacter. PIR 1
and PIR 2vere also grouped and are also made by the same manufacturltralso demonstrated that

this method could differentiate between materials such as PUR, PIRs, phenolics, and mineral wools with
high confidence.

For Method B all the polymerbased foams produced similar resultsas shown irFigure 42 above.

Figure43oMCQVeethod A results groupeavithin +1.08 kJ/g

30.0 -

248
25.0 H

19.9
20.0 H 18.8 18.9

16.9 17.2

15.0 4
12.2
10.7

10.0 1

Total heat release (kJ/qg)

504 | 35 4.2

0.0

L T T =T =

Mw2 MW1 PHEN2 PHEN1 PIR4 PIR 5 PIR 1 PIR 2 PIR3 PUR1

Fire Test for External 57 G. Edwardes
Cladding Systems MSc Thesis



5.4.3.3 Monte Carlo Analysis

A Monte Carlo analysis is a computational technique for predicting the probability of different
outcomes. It involves using a random number generator to simulate the results of a random event. The
simulation is run numerous times, to leverage the law of ige numbers, providing a distribution of
potential outcomes.

It was used to simulate testing a sample from a building and comparing it to a sample from a fire test, to
understand the likelihood that the samples were differentFor example, if the results were 2 kJ/g apart,
would this infer that the samples are likely to be different? How common would this outcome be if they
were the same product?

This was achieved by testing the null hypothesis that there was no significant difference between the
samples.

ASTM D73021b[90] recommends testing samples in triplicate and averaging the results. The range of
outcomes from this is simple to calculate using the mean and standard deviation. Results within one
standard deviation of the mean for a normal distribution occur roughly 68% the time. Results within
two standard deviations occur roughly 95% of the time.

The aim was to understand if samples were tested in triplicate and then the results were compared to
the samesample, tested in triplicate, how close togetherwould those results typically be.

A secondary aim wasd understand what the benefit would be of testing samples once, twice, five, ten
or 100 times The more times a sample is tested, the more accurate the average will be, but at the
expense of more time and cost.

In order torun a simulation, the standard deviation, for MCC results, needed to be calculated first. The
first step was to calculate the standard deviation of the results of the MCC method on typical insulation
products. The method wasassumed to produce results with a normal distribution.

80 tests were conducted in total on 1different products using both Method A andMethod B from ASTM
D730921b[90], shown in. 20 of these tests were conducted on the same sampl@ll other samples
were tested six times, split evenly between Method A and Method Bl standard deviations were
averaged, weighted by the number of tests, to produce an average standard deviation of 0.65 kJ/g.

They were weighted by multiplying the standard deviation by the number of tests. The sum of all
weighted standard deviations is then averaged by the total number of tests. This was done to provide
more weight to the tests which had been conducted more.

Table14aMCC test results used to calculate the weighted standard deviation

Sample ID | Test method Number of tests \ Mean (kJ/g) Standard deviation (kJ/g)

MW 1 A 3 4.2 1.21
MW 1 B 3 1.1 0.17
MW 2 A 3 35 0.93
MW 2 B 3 0.3 0.29
PHEN 1 A 3 12.2 0.80
PHEN 1 B 3 23.5 0.29
PHEN 2 A 3 10.7 0.55
PHEN 2 B 3 23.7 0.74
PIR 1 A 10 18.8 0.63
PIR 1 B 10 25.1 0.42
PIR 2 A 3 18.9 0.83
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PIR 2 B 3 26.3 0.81
PIR 3 A 3 19.9 0.82
PIR 3 B 3 24.7 0.42
PIR 4 A 3 16.9 0.75
PIR 4 B 3 24.5 0.12
PIR 5 A 3 17.2 1.08
PIR 5 B 3 24.5 0.10
PIR 6 A 3 17.6 1.22
PIR 6 B 3 25.1 0.90
PUR 1 B 3 24.4 1.13
PUR 2 A 3 24.8 0.78

This standard deviation is taken from 80 samples, but only has 58 degrees of freedom due to the
averaging of multiple samples. A regression studyshown in below, implied that the mean value
stabilised within £0.1 of the expected value after 35 test result@\fter 58 tests, the results stabilised
within £0.02 of the expected valueThis suggests that the averaging method chosen with 58 degrees of
freedom was a reasonable sample size for estimating the true expected value.

Figure44 oMean regression as the number of samples included in the mean increases, with a standard deviation of
0.65
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For the Monte Carlo Simulation method, data was simulated using theethod specified in An
Investigation of the False Discovery Rate and the Misinterpretation offPalues[94]. Where data is
randomly simulated based on a given mean and standard deviation. Each data point generated is
referred to as a random observation.

IBM SPSS Statistics for WindoweWersion 28 was used for simulating and analysing data on mass.

For each random observation, data were drawn from a normal distribution with a mean of 0 and
standard deviation of 0.65.The simulation ran tests with 1 random observation and compared the
results to 1 other random observation. This was run 1000 timskown inFigure 45 below.

While the standard deviation of all random observations was 0.65, the standard deviation of the
difference between two observations was 0.93. This means that roughly 68% of the time, the difference
between two identical samples will be within 0.93. This iwhen one single measurement is compared to
another single measurement.

Figure45 aDifferences between two random observations from a normal distribution with a mean = 0 and a standard
deviation of 0.65

100 ]

[@)]
o
1

Frequency

s
o
T

20

-3 -2 -1 0 1 2 3
Difference

The simulation was repeated withwo random observationsaveragedand compared tothe average of
two different random observations. This is simulating taking two measurements from one material,
averaging the results and comparing it to the average of two measurements from an identical material.

This was repeated for 3, 4, 5, 10 and 100 random observatipas group, with each grouping run 1000
times.
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Tablel5aStandard deviation of the mean difference between observation groups

Number of observations per group  Standard deviation of the mean difference between

observation groups
1 0.93
2 0.62
3 0.54
4
5

0.47
0.42
10 0.30
100 0.09

The resultsin Table 15indicate that if three random tests were averaged and compared to the average
of three other random tests on the same sample, the results would be withth54 kJ/g of each other
roughly 68% of the time.

Expanding this uncertainty to within two standard deviations, the results would be withih.08 kJfg of
each other 95% of the time shown inTable 16 Therefore, anything outside this range could be
considered likely to be a different or modified product, when testing in triplicate and compared to
another sample also tested in triplicate.

Tablel6oTwo gandard deviatiors of the mean difference between observation groups

Number of observations per group 2 Standard deviations of the mean difference between

observation groups

1 1.86
2 1.24
3 1.08
4 0.94
5 0.83
10 0.60
100 0.18
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5.4.4 Elemental Analyser Results

5.4.4.1 Elemental Analyser Summary Results

Tests were run in triplicate and averaged. The results of 2 PIRS, 2 mineral wools and 2 phenolics are
shown below.

Tablel7- CHNS results for common insulation products

Sample Nitrogen (%) Carbon (%) Hydrogen (%) Sulphur (%)
PIR 1 7.22 65.62 491 0.12
PIR 2 8.45 63.80 5.93 0.00
MW 2 0.14 0.67 0.09 0.00
MW 1 0.00 0.17 0.17 0.00
PHEN 1 2.08 60.60 3.66 2.42
PHEN 2 1.86 61.01 5.03 0.00

Figure46 @CHNS results for common insulation products
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Mineral woolfibres do nottypically containthe components the CHNS analyser measures and is

typically composed of calcium, magnesium and aluminium silicateg'8]. There isusuallya small

amount of combustible productin mineral woolsfrom the binding agent ThisclearlyF ¢ Ui rR Y U] AR ] §
enoughin mass to producesufficient gas,for the gas chromatography to detect

Phenolic resin is typically used as the binding agent for mineral wool insulatidn.the MCCtests
conducted the mineral wool insulation products averaged 0.7 kJ/g and the phenolic insulation products
averaged 23.6 kJ/gIf the phenolic resin has a similar combustible content to the phenolimsulation,
then it could beassumedthat the mineral wool product contained 3% phenolic resin by masshe
elementalanalyser measured 61% conteritom the phenolic insulation products, so you would expect
to seearound 1.8% carbon content from the mineral wool insulation. From the tests conducted, it does
not appear that theelemental analyser is appropriate for testing mineral wool insulation.
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PHEN 1 was the only sample tmntain a significant amount of sulphur. However, PHEN 2, a phenolic
foam made by the same manufacturerdid not appearto contain any sulphur in any of it¢hree tests.

Phenolic foams are formed from phenolic resin, which is a synthetic polymer produced by
polycondensation between phenol and formaldehydg0]. These have the chemical formula ¢ElsOH

and CHO respectively. Notably, thesavould not be expected tacontain any sulphur or nitrogen. Flame
retardants are often added to phenolic foamavhich canintroduce nitrogen [95]. The sulphur content in
PHEN Inay have come fronmtoluene sulphuric acid, whichis usedas a catalyst Catalysts are usedn
phenolic foam productionfor increasing the reaction rate, to increase the chances of cross linking and
improve the fire performance of the foam[80, 96].

The polyurethanebased foams were distinguished by their higher nitrogen content, a core element in
polyurethane-isocyanurate foams[73]. The PUR contained less carbon thanthe PIRsh Y Fé URR Y & a
be easily distinguished from the PIRs

Table18aCHNS results for polyurethanbased foams

Sample Nitrogen (% Carbon (% Hydrogen (%) Sulphur (%)

PIR 1 7.22 65.62 491 0.12
PIR 2 8.45 63.80 5.93 0.00
PIR 4 7.26 65.60 4.14 0.07
PUR 1 7.72 62.01 4.82 0.11

Figure47aCHNS results for polyurethanbased foams
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5.4.4.2 Elemental Analyser Repeatability
Trace amounts of sulphur were only detected for tests run immediately after a bypass rurhis was
some residue left behind from the calibration sample and not actually present in sample.

10 tests were run on PIR 1, labelledJAshown inTable19 Test PIR 1J appeared to be @momalous
result, asit contained a much highertotal Nitrogen, Carbon, Hydrogen and Sulphwontent. PIR 1J was
therefore removed fromthe analysis.

Table19x10 CHNS tests on PIR 1

Sample Nitrogen (% Carbon (% Hydrogen (%) Sulphur (%)

PIR 1A 7.23 65.65 5.31 0.00
PIR 1B 7.25 65.80 5.32 0.00
PIR 1C 7.17 65.16 5.27 0.00
PIR 1D 7.13 65.20 5.51 0.25*
PIR 1E 7.20 65.72 5.32 0.00
PIR 1F 7.17 65.76 5.27 0.00
PIR 1G 7.26 66.34 3.98 0.27*
PIR 1H 7.05 64.32 4.20 0.00
PIR 1l 7.55 66.62 4.01 0.59*
PIR 1J 8.64 79.18 5.80 0.00
Average 7.37 66.98 5.0 N/A

Standarddeviation 0.47 4.34 0.67 N/A

*PIR 1D, PIR 1G and PIR 11 were run immediately after a bypass sample.

Figure48 @10 CHNS tests on PIR 1
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With the exception of sulphur, which was only measured megligible amounts the deviation between 9
tests on multiple products appeared similar to the deviation between 9 tests on 1 product, as shown by
the PIR products inFigure 47 and Figure 48. This suggests that the elemental analysewould be unable
to reliably identify a difference betweenproducts.
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5.5 Conclusion

Three methods proposed for chemically fingerprinting cladding products were assessed against three
common cladding products, mineral wool insulation, phenolic foam insulation (phenolics) and
polyisocyanurate foam insulation (PIR). These methods were Fourgansform infrared spectroscopy
(FTIR) microscale combustion calorimetry (MCCGind elemental analysis of Carbon, Hydrogen, Nitrogen
and Sulphur content (CHNS).

FTIRis ananalytical techniqueused to identify and quantify the chemical composition of materialslt
measures the absorption of infrared radiation by a sample at different wavelengths, producing a
spectrum that represents the molecular fingerprint of the sample.

Samples can be compared yanalysing theposition and intensity of different absorption peaks in each
spectrum. The position of the peakddentifies the presence of certain chemical bonds or functional
groups, whilevariations in peak intensity reflect differences in concentration. The overall pattern and
shape of the spectra can indicate differences in material compositionFTIR matching software can
assist with comparing spectra.

Using these principles, FTIR was able to distinguish between different cladding materials and different
products made from the same material. This was demonstrated both manually and using matching
software.

It was shown that the level of absorption at different wavelengths can vary between tests based on
factors such as sample thickness. However, the ratio of certain peaks can remain consistent regardless
of these factors. This was demonstrated using the trirer ratio for PIR foams, showing how absorbance
ratios can be used to produce consistent values for comparing samples across different laboratories,
with different ambient conditions, sample preparations, and equipment.

MCGQOmeasures the heat release rate of a sample during combustion. The sample undergoes a controlled
heating process, leading to pyrolysis, where it breaks down into smaller volatile molecules. This can

occur in an inert environment with nitrogen, known as arexobic pyrolysis, or in an atmospheric

environment, known as aerobic pyrolysis. The pyrolysis gases are then transferred to a combustion

chamber and mixed with a known quantity of oxygen to measure the heat release rate. If the sample's

mass is known, his technique can calculate the heat of combustion of a sample in kJ/g. The resulting

ceye TFiuoe)]CcbU a0l ATYU | Aanyo UYI D NeybDid|] et rhéatgt é NNé .
release ratecurve helping to identify the temperatures at which significant combustion occurs and the

intensity of the heat released.

For example, the PUR sample did not show a significant difference in the heat of combustion when
pyrolyzed aerobically or anaerobically. However, all other samples did. When samples were tested
anaerobically (pyrolyzed without oxygen), MCC was able toafifintiate between common insulation
products, identifying products from the same manufacturer as similar andlistinguishing between
similar products from different manufacturers.

MCC tests were conducted in triplicate, and the results were averaged. A Monte Carlo simulation
suggested that this method was sufficient for differentiating between products with an accuracy of
+1.08 kJ/g at a 95% confidence level.

The CHNSelemental analyser measureshe elemental composition of sample in terms of its carbor{C)
nitrogen (N), hydrogen (H), and sulphur (S) content.

The elemental analyser could identifa difference between PIRphenolic andmineral wool.However,it
could not clearly identify between a PIR and PUR afadled to differentiate between PIRs.This method
was therefore considered redundantA recent study foundthat the C D € | récBgrigéd accuracyof
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+0.4%, for pure samplesjs frequently not attained [97]. The studyrevealedYT ¢ Y UYI D CDE| ADrRU
inaccuracies are greater thanpreviously recognised.

»T DaD AowtC ab UoND Ao6fg) CDARAD Ul éy o6 U] HA] g Aénl
or processing conditionsif FTIR was unable to detect the presence of new substances, or the loss of

existing substances and the MCC results were within 1.08 kJ/g of the expected value. It should be noted

that minor changes to the ratio of raw materials may not be detected with edidence by the FTIR and
may still fall within the accepted range of MCC values.

Further research should be conducted on the variation of results for each material over manufacturing
batches and with ageing of samples, both in laboratories and on buildings. An investigation should also
be conducted to identify how the heat release rateneasured during both aerobic and anaerobic MCC
compares to the heat release rate during a fulécale cladding system fire.
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6 Development of Fire Test Method and Assessment Method

6.1 Test Standard Development

The findings of the literature review, analysis of BS 8414 tests and material characterisation testing
where collated and analysedThis section explains howthose findings were used to develop a newest
standard which specifiednew requirements for the test construction, fire load, instrumentation, test
conditions, reporting requirements and performance criteria. The development was constrained by a
requirement to ensure the test could be conducted in accordance with BS 8414 and would still be
eligible for a BR 135 assessment.

The proposedtest standard was calledRISC 50%Fire Safety Assessment Test for External Cladding
Systems andis presented in AppendixB. The new requirements from RISC 501 are presented and
explained below.

The main differences between RISC 501 and the BS 8414 test metlaod:

Additional design requirements affecting floor heights and cavity barrier locations.

Additional design requirements affecting detailing around the burn chamber opening and edges
of the test rig.

1 Additional service penetration requirements.

1 Additional material characterisation requirements.

9 Different thermocouple locations.

1
1

The maindifference between RISC 501 and the BR 135 assessment critettie:
9 Different thermocouple criteria.
1 Additional gas sampling requirements.
1 Additional mechanicalperformance requirements.
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6.2 Scope of RISC 501
Thescope of the test standardwasdictated by the scope of the project, presented irsection 1.20f this
thesis, most notably:

1 The test standard should support both property protection and life safety in buildings where
compliant cladding systems are installed.
I The test should be capable of conferring compliance with the criteria of BR 135

In order for the test to confer compliance with BR 135, the test muatso confer compliance with BS
8414 This constrained features such as the fuel loaghreventing them from being altered.

The scope istherefore similarto9 u 0 6 E6RU UAGFD F) Ul &éCCly)onét aDg

6.3 Design Requirements

6.3.1 Virtual Building

Avirtual building was created for cladding systems to be designed againsghown inRISC 501
Appendix A This specified locations forsuspended ceilings, concrete floor slabgloor heightsand a
window opening.

The virtual building does not need to be physically built. It existe provide criteria for the cladding
system to bedesignedagainst. A cladding system will vary between buildings as it needs to adapt to
different features like floor heights. It was decided that br test results to be comparableand
repeatable, cladding systemsshould be designed against the same building.

This was introduced toprimarily prevent the variation in the location and number ofhorizontal cavity
barriers used, identified in section 4.4.3.90n page26 of this thesis. Most systems use the design
principle of one horizontal cavity barrier per floor, as recommend by ADBL, 12]Without the floor
heights being defined, this led to significant variation in the location and number of horizontal cavity
barriers being usedbetween BS 8414 tests

The virtual building defines the floors heights, leading toonsistency between horizontal cavity barrier
placement between tests. Thefloor-to-floor height of 3150 mnwas chosenfor three reasons:

1 It wasreasonablywithin the range of storeystorey heightsidentified in a studyof building
height by the Westminster City Council98].

1 It allowedfor multiple stair rises in compliance with Approved Document K9] when using
standard 215 mm blockwork with 10 mm of mortalt is desirable for theblockwork to align with
the stair rises between floors and 3150 mm allows f@# blocks to align with either

0 21 Risest 150.00mm

20 Risesat 157.50mm

19 Risest 165.79mm

18 Risesat 175.00mm

17 Risest 185.29mm

0 16 Risest 196.87nm

1 3150 mm positions a floor between thenaximum flame height from thewooden crib and the
critical thermocouples for assessing fire spreadso that if cavity barriers are usedtheir
effectiveness for preventing fire spread between floors can be assessed.

O O O O
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6.3.2 Combustion Chamber Opening

The combustion chamber opening was definebly the virtual buildingas a window openingA cladding
systemmustconsiCDd | URU CDUé ] L) nAH étownC o0FDi| iHU &ncC F| -
of openings. By defining the opening as a windowt,encourages consistency between the detailing

used between tests.For example, systems complying with ADB would surround the window opening

with appropriate cavity barriers[11, 12]

This criterion notably prevents the common practice ofunrealistically surrounding the combustion
chamber opening with a weldedaluminium podas identified in section 2.3.3and4.4.3.12 The
protection around the combustion chamber opening must now beepresentative of how window
openings are intended to be protected on real buildings.

6.3.3 Edges of Test Rig
No detailing is permitted at the edges of the test rig. The test rignust be modelled as a continuous flat
surface and shall not be sealed around the external edges.

This criterion wasincludedto prevent cladding systems from overprotecting around the edges, choking
the cavity of fresh air andartificially influencing system fire performance. It also introduces

consistency between testsas previously the edges have either been fully sealed or not sealed at all as
identified in section 4.4.3.13

6.3.4 Service Penetrations

A specific hazard was identified from sectiom.4.3.2due to the frequency of robustnon-combustible
facades being used to protect combustible insulationlf the facade was compromised, this would
expose the combustible insulationbehind, resulting in worse fire performance.

One notable hazard is the inclusion of a service penetration &gproved Document B does not require
FUGoUDAU)] 6n étdownC FDADUGé Ulwadithéreforé deddadthatthe infliehdet C| n H
of penetrations should be considered when assessing the fire risk presented by a cladding system.

It was decided that RISC 501 should not be a test of thietection around service penetrations as more
appropriate tests for that exist such as ENL3663:2021and BS 47620:1987

The criteria for RISC 501 therefore state thaf unprotected vents are permittedin the system design,
then the fire test must include a100mm @ PVC vent

If the system designprinciples state that vents must be ire protected, then that fire protection should
be tested via the appropriate test method such as BS 4720:1987 andh service penetration need not
be included in a RISC 501 test

The design of the service penetration in RISC 501 is intended to replicate a tumble dryer extract duct.
This vent is to be located5600+100 mm above the combustion chamber opening, placingim the void
above the suspended ceiling on the virtual building, wherenaxtract duct might be located.

BS 8414:2020 specifically states that it does not test ancillary penetratiorfd 3, 14andit was identified
that test houses may choose not to accept any test specimeswhich incorporate penetrations.
However,BR 135s only valid for BS 8414:2015+A1:2017, which does not reference penetrations in this
sense. Therefore RISC 501 can still confer compliance with BR 135 if a service penetration is included.

6.3.5 Cavity Barriers

If cavity barriers and fire breaks are required for system performance, they must be installed with the

Ut UUDNRU CDU] HA Fia) nA] FLDU &RISEOApQendixAE | nUY Yl D €]
If the design principles require one horizontal cavity barrier per floor, then thayust be installed at

locations appropriate for the virtual building, 3150 mm apa#ds discussed in6.3.1

Fire Test for External 69 G. Edwardes
Cladding Systems MSc Thesis



6.3.6 Material Characterisation

Duringp UDFT én] D 9é0GF] UD +:rRU o0FDn] nH OoféNgvEMb&rR2020 Yo YT
sheaccusedU6 ND 6§ UI D NéenwgeAUwaDGU god UYI D FioCWAUU W
of abusing test regimes They were accused ofoncealing components in a manner designed to

facilitate a pass and/or using materials that were not as described in test reports, such as supplying

test reports for a more fire-retardant version of the product[100].

A method for material characterisation was therefore developed to identifif any significant changes

leC apbn NéCD Uo & FTuoCWAURU AONFoUJ Y] on o0 TFuoAD
5identified that this could be achieved by taking amples of each significantly combustible component
andtesting them using Diamond-Attenuated Total Reflectance Fourier Transform InfraRed

spectroscopy (BATRFTIR)and Microscale CombustiorCalorimetry (MCC)

RISC 501 excludeson-combustible componentsfrom material characterisation, defined as
components which meet classification A1 or A21d0 when tested to BS EN 13501 These are excluded
becausethe methods developedfor material characterisation wereintended for combustible products
anddo not perform as intended with norcombustible products.

This exclusionalso reduces the number of samples required to be takeiso that material
characterisation can be a realistic and achievable requirement. The number samples required is
further reduced by the requirement to exclude components which are exempt from regulation 7(2) as
noted in Approved Document Bo that only the significant combustible elements are testedsuch as
the insulation product.

Non-combustible products can easily be retested to elements of BS EN 135Q%f concerns arise For
example,the bombcalorimeter test BS EN ISO 17Mhich was used asscreening test for combustible
ACM products when concerns arose over their fire performance after the Grenfell Tower fire.

To prevent test sponsors fromproviding a product for material characterisation that was not used on
the test rig, the samplesmust be selected at random by the test house

6.4 Classification Criteria

6.4.1 Temperature Criteria

Athermal analysis study suggests that most external cladding materials decompose below 500°C. The
most common combustiblerainscreeninsulation material for systems subjected toa BS 8414est is

PIR asidentified in section 4.4.3.1 PIR, decomposes between 280°G90°C with no residue left after
600°C[52]. That study therefore used 500°C as the maximum permissible temperature.

1V] 0D abDléec) owl o0¢ riMmoGsDadtat tha) thepeak decorhpositidii tenperdiure of
the polymeric fuel is always close to 500 °@ndthe peak heat releasdor PIR occurs between 300°C to
400°C[54].

An impact analysis was conducted othe database of 61 BS 8414 tests to assess the impact of using
500°C as the maximum temperature criteria. It was discovered that5out of the 61systems would fail

to meet it, with three of these being noncombustible systemsF 1 | AT T & @ suppgrte€flreUwW é t
spread. It would be exactly thesame outcome if 500 + 2Awas used as the failure criteriaAt being

Ambient temperature and2Atis based on the findings in sectior.4.4.1).

The aim of the temperature criteria is to identify vertical fire spread up the cladding systeracross
multiple floors. Theimpact of using 500°C as themaximum temperature criteria would not comply with
the aimsof RISC 504&sit would result in a norcombustible system failing to meet the fire spread or
temperature requirements. This would therefore beaninappropriate criterion with the current

Fire Test for External 20 G. Edwardes
Cladding Systems MSc Thesis



thermocouple locationsused by BR 13%s itwouldincorrectly identify fire spread through systems
which were incapable of supporting fire spread.

An impact analysis was also conducted to identify the impactfaifferent time periods, for the
temperature criteria, on system performance.BR 13%urrently assessestemperatures over a 15 minute
FDO)oC eguDi YT].DPSUBRIR dssesdloved di30 mibute pédigd8, 49]. TheBS 8414est
is 60 minutes long[13, 14]

If temperatures were assessed over 80-minute period from ignition, instead of 15 minutesthen seven

additional systems would faito meet the maximum temperaturecriteria. One of those systemsbeing
considerednon-combustibleandl € CAirRY €] UWweé t Lt t. It WblldFoEtbetsamergquitiftd UFa Dé C
temperatures were assessed over &0-minute period, for the entire test.

Therefore, increasing the temperature duration to 30 minutesor more oould result in non-combustible
systemsg FT1 ] AT T eéecCnrU Ufdilh§to riegtin€ teyperétide réhfir@rieats g

The average flame heighonce a BS 8414 crib has become fully involved, 15 minutes after ignition
during tests on noncombustible systems wasidentified in Table8, page37. The flame height from the
wooden crib averagess m from the test facility floor. This is relatively close to he thermocouples used

for assessing theBR 13%emperature criteria, whichare located 7 m above thetest facility floor. The
proximity led to concerns that the thermocouples might be too close to the wooden crib.

The test is not designed taassessnon-combustible systems as BS EN 1351already fulfils this
purpose on a much smaller scaleThe test istherefore designed to assesscombustible systems for

their ability to promote or preventfire spread. Due toproximity of the BS 8414 thermocouple locations,
BR 135s only able to assess fire spread over a 1 m distanitem the top of the flames from the wooden
crib. This makes the criteria more of an assessment of whether the cladding system contributes to the
total heat releaserate and less an assessment of whether the cladding system supports vertical fire
spread, beyond cavity barriersto multiple floors.

The proximity also means that it igossible for a noacombustible system to fail to meet theBR 135
temperature criteria, as Kingspan demonstated in 2018[37].

TheBS 8414evel 3 thermocouples, which are higher ushowed good correlation with fire spreadas
shown in section4.4.5.3. Where no systems measuring under 400°C failed to meBR 13%nd all
systems over 400°C at the level 3 thermocouplesfailed to meetBR 135

The findings suggest that:
f TopreventsystemU F1 ] AT T éeDnRrRY UwTFalioglitheEh€rmacdufilds neddF & D & C
to be located higher.

1 To correctly identify systems which promote fire spread, the temperature criteria need to be
lower over a longer time period.

It was therefore decided to raise the thermocouple locations from 5 m above the burn chamber, to 6 m
above the burn chamber foRISC 5016 m being the furthest thermocouples can be from the burn
chamber, while still complying with the minimum test rig height requirements of the 2015 version of BS
8414.

It was also decided that thermocoupleshould remain below 500°C + 2 At, where At = Ambient
temperature.

Different methods for measuring thetemperature or rate of heat transfer were consideredPlate
thermocouples and heat flux sensorare notably harder to install as they cannot be installed
retrospectively and must installed with each layer of the system.
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Aninfrared flame detector was also tested on anineral wool system with a 50 mm cavity. ltetected
flames in the cavity at temperatures between 200300°C as shown ifrigure 49. This is below the
ignition temperature of some cladding materialg52] and it was decided that further research outside
the scope of this study was required to investigate the application of infrared flame detectors further.

Figure49 @The correlation between thermocouple temperatures and ffrared FlameDetector in a 50 mm cavity
as the flame height is gradually increased

350 - \\ rl
i )
300 <
8
& o
~ c
o 250 + 0
S I o
5 i //\A"\/ | R
] M e
o 200 - <
IS =
g I
Q@ d
= 150 A §
2 g
)
% 100 A ©
= £
- IS
T
50 A o

O T T T T T T T T T O

0 60 120 180 240 300 360 420 480 540 600

Time (s)
—— Thermocouple Temperature IR Flame Detector

6.4.2 Visual Observations

An additionalrequirement was included in the test setup for a classification line to be marked 6000 mm
above the combustion chamber opening so that it is clearly visible on the video recordimgternatively,

it is acceptable forthe top of the rig to be used as the test classification line if it is located 6000 mm
above the combustion chamber opening.

If flames extend beyond this point, visually, the system is not eligible for classification and the test may
be terminated.

6.4.3 Mechanical Performance

There are no mechanical performance criteria specified iBR 13%7]. LPS 15&/2 requires there to be no
collapse of the system or part thereofwhether flaming or not onto the floor of the test facility outside
the designated crib collapse zone, within the duration of the full 6@ninute test period [48, 49].

If this criterion was used inBR 135an additional8% of systemswould fail to meet the criteriaaccording
to the findings of section4.4.5.2. All of those being rainscreen systems with a combustible PIR or
Phenolic insulation anda metal panel facade.

One of the stakeholders for the European approach to assess the fire performancefatades
highlighted the relevance of using the impact limit for firefighting helmets, for the mechanical
performance criteria [101]
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In the UK firefighting helmets are tested to BS EN 443:2008 where a 5 kg blunt weight and 1 kg sharp
weight are effectively dropped from a height of 2 nil02]. With sharp defined as <6 mm thick.

It was not possible to conduct an impact assessment based on this criterion on all tests as the mass of
fallen parts was rarely recorded. The five aforementioned tests which failed to meet tHePS 158/2
mechanical performance criteria but did meet theBR 13%riteria were assessedand displayed in the
table below, with all largest fallen parts less than 5 kg highlighted in greexmd all tests with parts

greater than 5 kg highlighted in orange

Table20 @mpact Assessment of 5 kg limit for fallen parts

Fallen Part Material \ Largest Fallen Part

ACM 12.28 kg

ACM 0.42 kg

ACM Partial system collapse with no individual significant parts identified
Steel Multiple steel panels, all in excess of 5 kg

ACM Partial systemcollapse with no individual significant parts identified

If a test specimen is at risk of collapse or losing parts dangerously in a way that puts the test house at
risk, then a BS 8414 test would be terminated. Any tests terminated prematurely are not eligible f@R
135assessment. This means there is technically a mechanical performance assessment that can affect
the chance of receiving aBR 13%lassification in the current performance basedroute to compliance.
Although it is subjective, not based on the risk to real buildings and the implementation varibstween
test houses.

The RISC 50triteria were therefore based on the limits for UK firefighting helmets. The largest part
for each component, which has fallen to the floor should be weighed. The largest part, &ach
component, whichanedgas &8 NNg FT1 ] ATl 1 & Bhogdbewehed. Yo UT D gL oo

Parts shouldbe weighed dryand if a part has been observed to break upon impact, it is acceptable to
weigh an equivalent piece.

No falling parts should exceed 5 kdNo sharp falling parts should exceedKg, with sharp being defined

¢U ént DCHDU FIT )] AT edD . 6 NNd

6.4.4 Video recording

RISC500yée ybU yli ey YT D AéeNDOeU UT ettt TeeD & noN|Jneéet
that the framerate for the cameras is sufficient to identify falling parts.

The Nyquist Shannon sampling theorem states that in order to capture an event the sampling
frequency should be at least twice as high as the frequency of the evedi03].

The time taken for an object to fall from a fagade can be estimated using the following SUVAT equation
[104]:

Y 606 2o Equation4
C

Where:
S = displacement (m)
u = initial velocity (ms)
a = acceleration (m%)
t=time (s)
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Equation 4 estimates it would take 0.64 seconds for an object to fall 2 m, from the top of the burn
chamber to the floor, when gravity is 9.81 nfaand air resistance is ignored.

A camera frame recorded every 0.32 seconds would therefore be required to capture the event. This
equates to 3.2 frames per second. This was rounded up to 5 frames per second for simplicity.

It is noted that any parts below the burn chamber may be missed by the cameras.

6.4.5 Gas Sampling
A gas sampling probeshouldbe located (3750+100) mm above the combustion chamizes shown in

AppendixB.

1 The tip of the probeshouldbe positioned in line with the rear of the test sample.

1 The probeshouldbe inserted through a hole, in the rear of the test specimen, made through
each internal layer. The holashould not extend through the outer layer.

1 The probeshouldhave an internal diamete8 mm.

1 The probeshouldbe sufficiently non-reactive and capable of surviving the duration of the test.

Air shouldbe extracted from the gas sampling probe at a rate of 1 Ipmshouldbe measured for @, CQ
and CO concentration and theghould be recorded at least every 10 seconds.

There are no criteria specified at this point. The purpose of the gas sampling is to enable a comparison
between systemsand to provide information to those who mightneedt@ D é FéaD o6¢g & U+ Oy
potential toxicity in a fire scenario, such as in prisons or hospitalwhere escape is less easy

Specific types ofgassensors were not prescribed to avoid obsolescence and encourage competition,
innovation and fairness. No criteria were sefor the sensors as there are no performance criteria set by
the standard at this point.

It is noted that it would not be feasiblefor atest house to predict and measure all potential gases
produced by all potential systems during a fire tesfTo simplify testing and assess combustion
efficiency, it was decided to measure three key gases:2OCQand CO. These provide an insight into the
combustion efficiency. Incomplete combustion, characterised by a higher CO/G@atio, increases the
risk of toxic byproduct generation[42].

The location of the gas sampling prob&as chosento model a kitchen vent,as thiswas the chosen
scenario modelled in astudy of the smoke toxicity of rainscreen facade$42]. The locationchosen was
the floor above the combustion chamber openingThis wasanticipated to be the maximum
incapacitation risk from toxic byproducts, U6 06 AAW T & i Y Unmgdiat@ly §t fxki fidom thefire. It
was located in the ceiling voidwhere a kitchen ventcould be expected to be.

The study of smoke toxicity of rainscreerfacades[42] used a kitchen vent with 100 mm ducting. It
was not possibleto mandate a vent and ductingfor RISC 50as BS 8414:2020 specifically states that it
does not test ancillary penetrations[13, 14] Instead, the penetration for the gas sampling probean be
installed througha 10 mm diameter hole, so that it is not more intrusive than the holes typically drilled
for thermocouple installation. The hole must not penetrate the outer layer of the cladding systenthe
hole does have tgenetrate all other layers, giving it access tdire effluent from any layer.
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6.5 Open Access Results
The test houseshould publish publicly the details of the system tested with the results of the Test. The
following details should be published:

Company name and contact details

Unique report reference and date

Details of the test rig structural frame

Description of the cladding system including insulation and front panel
If cavity barriers and/or fire breaks were used

Classification result

E R E ]

This enables test houses to check if aystem has undergone testing multiple times Systems which
have been tested multiple times must meet the classification criteria successfully more timesthan
they fail to meetit, to comply with the limits of application of RISC 501
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7 Large ScaleValidation Testing

7.1 Introduction

This study conducted validation tests on two distincttladding systems according to the proposed test
standard, RISC 501shown inAppendixB. A validation test involves comparing the results of predicted
performance with experimental data to verify the accuracy and validity of the predictiarThe resultant
data was subjected to analysis with the primary goal of critically assessing the proposed standard and
making revisions wherenecessary.

The proposed test methodsimulates an external fire or a fully developed (podtashover) fire in a room,
venting through an opening such as a window aperture that exposes the cladding to the effects of
external flames.

A baseline noncombustible system was compared against a similar combustible system with the aim of
identifying:

1 Any physicakhallengeswith the implementation of the prescribed test setup, including
construction detailing and sensor locations.

1 The abilityof the test thermocouplesto identify flame spread through known combustible
cladding systems.

1 The abilityof the test thermocouplesto identify a lack of flame spread through known non

combustible cladding systems.

TheyYyDUUY Lt & aniify ® ldéniift methanical failures.

The ability to measure a significant difference in the smoke toxicity between a combustible and

non-combustible system.

= =4

The test methoddescribe a method of assessing the behaviour of netoad bearing external cladding
systems, rainscreen over cladding systems and external wall insulation systems when applied to the
face of the building and exposed to an external fire. The fire exposureirgended to be representative

of an external fire source or a fully developed (podtashover) fire in a room, venting through an opening
such as a window aperture that exposes the cladding to the effects of external flames.

7.2 Deviations

No cladding system was installed on the return wing wall to speed up the installation and turnaround
time between tests. While the return wall is necessary for approving cladding systems, as it may impact
the fire behaviour, itwas notconsidered necessary for the aims outlined i7.1 A plasterboard wall was
installed on the return wall instead to protect the test facility.

No test report was produced for each cladding system as the tests were not conducted for approval
purposes.

No material characterisationwas conductedas thesetests were not conducted for approval purposes
andsothere is nota real buildingto compare theresults against.
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7.3 Test Setup

7.3.1 Details of the Tests Carried Out

Two tests were carried out in accordance with theoroposed test standardRISC 50%Fire Safety
Assessment Testfor External Cladding SystemsdDraft VO.2.

The tests were conducted at the Fire Protection AssociationLondon Road, Moretorin-Marsh,
Gloucestershire, GL56 ORIdnd sponsored by RISCAuthoritytondon Road, Moretorin-Marsh,
Gloucestershire, GL56 ORHrlest 1 was conductedn the 19 of July 2023 and test 2 was conducted on
the 4" of August2023underthe reference number 103353.004Construction of the test specimen was
carried out by FNW.td, Office 2, 2A Sidney Road, Beckenham, London, BR3 4QA.

7.3.2 Detalils of Test Apparatus Used
The test apparatus consists of a steel frame structure that forms a vertical main test wall and vertical
return wall at a 90° anglat one end of the main test wall.

A masonry blockwork wall was constructed againghe main test wall from 440mm x 225mm x 140 mm,
medium density, masonry blocksas shown inFigure 50.

The wall was over 8 m in height armlrer 2.6 m in width with a 2 m x 2m opening for the burn chamber.

Figure50 @Photograph ofmasonry substrate

)

,
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The burn chamber was built to the following specificatios:
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Figure51aSide elevation of burn chamber
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7.3.3 Description of the Systems Under Test
Test 1 comprised of 100 mm thick mineral wool insulatioa,50 mm cavity and a 4 mm ACM facade
panel. Test 2 usedhe same composition with PIR insulation instead of mineral wool.

Allmineral wool insulation was provided by Rockwool aradl cavity barriers were provided by Siderise.
All other components were procured by the test sponsor.

All components are shown iTable2land Table22. All dimensions are shown ifrigure 53to Figure 57.

Photographs of the installation are shown iisection 7.3.4.

Table21 - List of components for test 1

Component Product Manufacturer | Product Reference
Brackets Double Bracket Ash & Lacy | AXL-HB120DTP
Single Bracket Ash &Lacy ACL-HB-120STP
Rails / Mullions Aluminium T- Profile Ash & Lacy | AXL-T60X80X2.2
Aluminium L-Profile Ash & Lacy | AXL-L60X40X2.2
Insulation Mineral wool insulation | Rockwool Rainscreen Duo Slab
Vertical cavity barriers | Closed state cavity Siderise RV 90/30
barrier
Horizontal cavity Open state cavity barrier | Siderise RH25 90/30
barriers
Facade Panels ACM Panel Ash & Lacy | Alucobond 4.0mm A2 Ocean
(914)
Fixings Bracket to substrate Ash & Lacy | R-FFEN-10K08CGA4
fixing
Bracket to railfixing Ash & Lacy | SSLS22
Panel to bracket fixing Ash & Lacy | RIVK115-12
Table22 - List of components for test 2
Component Product Manufacturer | Product Reference
Brackets Double Bracket Ash & Lacy | AXL-HB120DTP
Single Bracket Ash & Lacy | ACL-HB-120STP
Rails / Mullions T- Profile Ash & Lacy | AXL-T60X80X2.2
L-Profile Ash & Lacy AXL-L60X40X2.2
Insulation PIR insulation Celotex GA4100
Vertical cavity barriers | Closed state cavity Siderise RV 90/30
barrier
Horizontal cavity Open state cavity barrier | Siderise RH25 90/30
barriers
Facade Panels ACM Panel Ash & Lacy | Alucobond 4.0mm A2 Ocean
(914)
Fixings Bracket to substrate Ash & Lacy | R-FFEN-10K08GA4
fixing
Bracket to rail fixing Ash &Lacy SSLS22
Panel to bracket fixing Ash & Lacy | RIVK115-12
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The fire ratings for the components used for test 1 and test 2 are listed belpprovided by the

manufacturer.

Table23 - Fire rating of components for test 1

Component Fire Rating
Brackets None provided.6063T6 grade aluminium used for brackewith a Nylon P66
pad.

Rails / Mullions

Class Al to BS EN 13502018.

Insulation Class Al to BS EN 13502018.
Vertical cavity 90 minutesintegrity (E) and 30 minutes insulation (I) when tested td\NEL366
barriers 4: 2006+A1: 2010

Horizontal cavity
barriers

90 minutes integrity (E) and 30 minutes insulation (1) when tested tiNEL366
4. 2006+A1: 2010

Facade Panels

Class A2 to BS ENI35011:2018.

Fixings

None provided.Stainless steel construction with rubber washers.

Table24 - Fire ratingof components for test 2

Component Fire Rating
Brackets None provided.6063T6 grade aluminium used fdoracket with a Nylon P66
pad.

Rails / Mullions

Class Al to BS EN 13502018.

Insulation ClassFto BS EN 13501:2018.
Vertical cavity 90 minutes integrity (E) and 30 minutes insulation (I) when tested ttNEL366
barriers 4: 2006+A1: 2010

Horizontal cavity
barriers

90 minutes integrity (E) and 30 minutes insulation (I) when tested tiNEL366
4: 2006+A1: 2010

Facade Panels

Class A2 to BS EN 135012018.

Fixings

None provided. Stainless steel construction with rubber washers.
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Figure53aMullion and bracket locationsd-ront elevation
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Figure54- Cavity Barrier LocationgoFront elevation
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Figure55- Insulation and fixings locationgsdFront elevation
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Figure56 oFacadepanel and fixing locations, with cavity barrier locations shown behdgront elevation
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Figure57- Insulation, cavity barrier, cavity anthcade panel locations- side elevation
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7.3.4 Test Specimens
Installation photographs are shown irFigure 58 below.

Figure58- Installation Photographdor Test 1 (left) and Test 2 (right)
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Test 1- Mineral wool insulation and mullions Test 2- PIR insulation and mullions
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Figure59 (continued)
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For Test 1 the cavity barriers were installed first, then the insulation, then the mullions and then the
facade panel. ForTest 2 themullions had to be installed before the insulation because the insulation
was too rigid to allow for the mullions to be installed afterwards.

The open state cavity barriers were installed with a 25 mair gap between thecavity barrier and fagade
panel as recommended by the manufacturer andemonstrated in Figure 60. Figure 61and Figure 62
show the detailing around the burn chamber openingvith a closed state cavity barrier on the vertical
edges and an open state cavity barrier on the horizontal edgtor both tests. Figure 63 shows how the
air gap is maintained from the burn chamber opening to the top of the test rigor both tests.

Figure60- Open state cavity barrier installed with 25 Figure61- Closed state cavity barrier installed on
mm gap tofacade panel vertical edges of burn chamber

Figure62- Open state cavity barrier installed on Figure63- Photograph of cavity extending from burn
horizontal edge of burn chamber chamber opening to top of test rig
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The top of the test rig was left open for both tests as shown iRigure 64 and Figure 65.

Figure64- Test 1- Top of test rig detailing Figure65- Test 2- Top of test rig detailing
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7.3.5
7.35.1

Instrumentation

Instrumentation locations
The instrumentation and cavity barriers werdocated as shown inFigure 66.

Figure66- Instrumentation locations for validation tests
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7.3.5.2 Thermocouples

Thermocouples were positionedas specified in BS 8414.:2015External thermocoupleswere 2500 mm
and 5000 mmabove the burn chamber openingprotruding 50 mm from theface of the facade. These
locations are referred to asLevel 1 and_evel 2 respectively.Five thermocouples were installed at each
level,at 500 mmintervals, with the central thermocouplesin line with the centre of the burn chamber
opening.

BS 84141:2015 also specifiethat thermocouples must be installed through every layemore than 10
mm thick, at the Level 2 location Five thermocouples were therefore installed in the middle of the
insulation andfive thermocouples in themiddle of the cavityat Level 2 A side view of these
thermocouple locations is shown inFigure 67.

Thermocouples were also positioned as specified iRISC 5016000 mm above the burn chamber
opening, with five thermocouples in the insulation, fivehermocouples in the cavity and five
thermocouples protruding 50 mm from the front of the fagadeThesewere spaced 500 mm apartwith
the central thermocouples in line with the centre of the burn chamber opening.

For these tests, additional thermocouples were installedto understand the influence of the cavity
barriers. They were installed into the middle of the cavity, 150 mm above and below each horizontal
cavity barrier, at 500 mm intervals across the width of the cavityThese locations correspond withthe
locations used by the FPAor their research into the performance of openstate cavity barriers.

To understand the fire spread through the cladding system, thermocouples were also installedery
500 mmyvertically, above level 1. Tiee thermocouples were installed at each level, in the centre of the
cavity, in-line with the centre of the burn chamber opening and 500 mm either sid&éhey were not
installed if there werethermocouples already there

A final thermocouple was installed inside the PVC vent,-ime with the centre of the cavity.

Figure67&Side view of thermocouplénstallation at BS 8414 levels 1 & 2 and RISC 50thermocouples 86-40 and
44-48 inFigure68)
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The thermocouples were labelled as shown fRigure 68. At locations 3640 and 4448 there were three
thermocouples, in the insulation, in the cavity and external located as shownkiigure 67. These were
labelled C, B and A respectiveuchthat the external thermocouple at location 36 would be labelled

36A.

3
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Figure68- Thermocouple Labels
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7.3.5.3 Gas sampling
Three gas samplingprobes were installed on the test rigas shown inFigure 66.

One was installed3750t100) mm above theentre of the burn chamber opening as specified ithe
proposed RISC 50%tandard. The other two were installed ~1500 mm above and below to monitmw

gasconcentration varied, with height, during a fire test.

The gas sampling probe consisted of an 8 mm, inside diameter, coper tubdéwas inserted through a 10
mm hole at the back of the test rig. The hole extended througtwvery internal layer, but not the outer
layer, asproposedin RISC 50and shown inFigure 69.

Figure69aGas sampling probe
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The gas was analysed usindpree Andros 6500 NDIRone for each sampling lineThis containeda
differential pressure sensor anda Lumisence electrochemical O2 celbs recommendedbyy 9 DA AT  é1n C

Large-scaleAssessmerl) 0§ W NO L[ID5l»061 ] A] Ut R

A0.3 umin-line HEPA (high efficiency particulate air) filtewasused to protect the gas sensors. A glass
wool filter, with loosely fitted glass wool, was placed before the HEPA filtéw prevent it from becoming
blocked with soot during the test.

Gas was extracted using a pump set to a rate of 1 Ipm.

G. Edwardes
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7.4 Test Conditions
The ambient conditions and fuel load conditions are shown ihable 25 below.

Table25 @Ambient st conditions for test 1 and test 2

Test 1- MW Test 2- PIR
Test Date 18/07/2023 04/08/2023
Ambient 18.6°C 15.3°C
temperature
Wind speed < 0.2 mst < 0.2 mst
Fuel load 300 m softwood pinus silvestris 50 300 m softwood pinussilvestris 50 mm

mm x 50mm sticks arranged in a
stacked crib

x 50mm sticks arranged in a stacked
crib

Ignition package

16 strips of lowdensity fibreboard,
25mm x 12mm x 1000mm. Uniformly
soaked in 5 litres of white sprit

16 strips of lowdensity fibreboard,
25mm x 12mm x 1000mm. Uniformly
soaked in 5 litres of white sprit

content

Fuel loadwood 472.8 kg/m? 494.7kg/m?
density
Fuel load moisture | 14.3% 13.6%

Fire Test for External
Cladding Systems

94

G. Edwardes
MSc Thesis



7.5 Test Data
All timeis taken from the ignition of the crib.

7.5.1 Video Recording
Table26 showsstill images of each test at5-minute intervals between ignition and 35 minutes after
ignition. There were naosignificant changes after 35 minutesin either test.

A still image is taken 29 minutes and 50 seconds after ignitiotO secondsbefore the wooden crib is
extinguished, in accordance withBS 84141:2020[13].

The main camera for test 1 cut out after 20 minutes. The camera was repositioned for test 2 to protect
it for the duration of the test.

Table26@Test 1 Video Screenshots (time mm:ss)

Test laoMW Test 2- PIR

00:00

g7

00:00

~
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Test 1MW | Test 2- PIR

05:00 05:00

v = g

| A

o

|
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Test 1MW Test 2- PIR
15:00 15:00

20:00 20:00
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Test 1MW Test 2- PIR

29:50 29:50
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Test 1MW Test 2- PIR
35:00 i 35:00
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7.5.2 Visual Observations
Figure 70shows the facade panel labels which were used in the visuals observations showiT able 27
and Table28.

Figure70oFacade Panel Labels

Table27®Test 1 Visual Observations

Time from Ignition | Visual Observation
(mm:ss)
-06:00 | Fibreboard sticks inserted into crib

00:00 | Ignition of crib

01:28| Flames tips reach level 1 thermocouples

01:32| Flames behind facade panels B3 and C3

01:34| Flamesbriefly above top of test rig

01:42 | Flames no longer above test rig or protruding out from the burn chamber.
Flames still visible behind facade panels
02:00 | Flames protruding out from burn chamber and plastic vent ignites
02:00 | Facade panels B4 and C4 distorted
03:00 | Fallen burning material from vent area
03:30 | Facade panels B3 and C3 distorted
04:00 | Facade panels B5 and C5 distorted
05:45 | Facade panels B1, B2, C1 & C2 melted/burnt away exposing mineral wool
06:30 | Pool fire from fallenburning material appears notably larger
12:00 | Facade panels B3 & C3 partly melted/burnt away partially exposing mineral wo
12:00 | Flaming behind panels D1 & D2
20:34 | Main camera cuts out
30:00 | Crib extinguished
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Table28 @Test 2 Visual Observations

Time from Ignition | Visual Observation
(mm:ss)

-05:30 | Fibreboard sticks inserted into crib

00:00 | Ignition of crib

01:23| Flames tips reach level 1 thermocouples

01:23| Flames behind facadepanels B3 and C3

01:25| Flames briefly above top of test rig

01:45| Plastic vent burnt/melted away

02:00 | Flames behind vent

02:30 | Fallen burning material from vent area

04:00 | Facade Panels B1, C1, B2 & C2 begin distorting

04:30 | Facade Panels B1 & @ielting/burnt away with insulation behind burning

04:45 | Flames behind facade panels B1 & C1

05:00 | Increase in fallen burning material in front of crib

05:30 | Flaming behind panels B1 & C1 protruding in front of panels B2 & C2

06:15]| Panels behind flames from crib completely melted/burnt away

07:45 | Panels B3 & C3 opening up, revealing insulation behind burning

08:00 | Flames behind and above panels B4 & B5 (above second cavity barrier)

11:00| Panel B3 & C3 distort open

12:00 | Flames above top of testig, behind facade panels

12:00 | Panels B4 & C4 melting/burning away

12:45| All insulation, above the burn chamber onwards, appears to be burning

16:30| Panel B3 detaches and falls to floor

continues to burn

24:30 | Large section of insulation behind panel B3 detaches and falls to the floor and

26:00 | Plasterboard falls on crib from burn chamber ceiling

30:00 | Crib extinguished

30:05 | Flaming on fallen material ceased

30:05 | Flaming on majority of rig ceased

30:05 | Flaming continues behind panels AA5 and above A5

35:00 | Flaming above A5 ceased, some smouldering combustion continues

39:00 | No further combustion visible

It is unknown whether the aluminium melted or combusted. Solidified molten aluminium was not found

in significant quantities post-test, implying that some combustion was involved.
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7.5.3 Fire Spread and Start Time

Table29 shows the start time and start temperature as specified in BS 8414 and@R 135for Test 1 and

Test 2.

Table30 showsthe peak temperature measured by théevel 2 thermocouples within 15 minutes of the
start time (ts), as specified inBBR 135The level 2 thermocouples are located 5000 mm above the burn
chamber opening as specified in BS 841Zable30 shows thatTest 2 exceeded theBR 13%riteria. It

was exceeded 9 minutes and 40 seconds after ignition.

Table31showsthe peak temperatures measured byhe thermocouples located 6000 mm above the
burn chamber openingas specified inRISC 501Test 2also exceeded theRISC 50¢triteria. It was

exceeded 12 minutes and 30 secondster ignition.
Test 1 met both théBR 13%nd RISC 50triteria.

Table29 aStart temperature and start time

UT DiNoOAOWTFLD ey tDeDt E DUOwetU
above Ts, and remains above this value for at least 30 seconds

Parameter Test 1MW Test 2aPIR
Ts, Starttemperature athe mean temperature of the thermocouples | 18.6°C 15.3°C

at level 1 during the 5 minutes before ignition

ts, Start time athe time when the temperature of any external 95s 85s

Table30 @Peak temperatures measured by levetiZermocoupleswithin 15 minutes of start time (ts)

Location Test laMW Test 2aPIR
Level 2, externalthermocouples 420.4°C 635.7°C
Level 2, thermocouples in cavity 432.8°C 856.0°C
Level 2, thermocouples in insulation 60.8°C 706.0°C
Table31aPeak temperatures measured bRISC 50thermocoupleswithin the duration of the test
Location Test laMW Test 2aPIR
RISC 50&xternal thermocouples 341.4C 753.3°C
RISC 501hermocouples in cavity 270.C 860.6°C
RISC 501hermocouples in insulation 87.8C 907.2°C

The maximum temperatures at theRISC 501thermocouples are higher than the maximum
temperatures at the BS 8414 level 2 locations, despite being 1000 mm further away from the fire. This is

because the temperatures are measured over a long@eriod.
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7.5.4 Temperature Criteria
7.5.4.1 BR 13%riteria

Figure 71to Figure 76showdata from the thermocouples located at level 2 in BS 84142020, located
5000 mm above the burn chambelA dashedline indicating 600+At isalso shown, vihere At = Ambient
Temperature. Test 1 is shown on the left and Test 2 on the right.

External Thermocouples

Figure71lxTest 1oBR 13®xternal thermocouples

Figure72@Test 2aBR 13%®xternal thermocouples
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Cavity Thermocouples

Figure73mTest 1aBR 13%avity thermocouples

Figure74®Test 2aBR 13Bavity thermocouples
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Insulation Thermocouples

Figure75&Test 1oBR 13isulation thermocouples
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Figure76mTest 2caBR 13insulation thermocouples
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7.5.4.2 RISC 50Criteria

Figure 77to Figure 82 show the data from all thermocouplespecified in RISC 50llocated 6000 mm
above the burn chamberThe temperature criteria from RISC 504&re also shown. To meet the criteria,

no thermocouples can rise above 500°C + 2At. Where At = Ambient Temperature. Test 1 is shown on the

left and Test 2 on the right.

External Thermocouples

Figure77aTest 1oRISC 50&xternal thermocouples

Figure78mTest 2aRISC 50&xternal thermocouples
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Cavity Thermocouples

Figure79@Test 1oRISC 50&avity thermocouples
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Figure80 oTest 2- RISC 50&avity thermocouples
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Figure8lmTest 1oRISC 50ihsulation thermocouples

Figure82 @Test 2aRISC 50ihsulation thermocouples
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7.5.5 Fire Spread

Vertical fire spread wasmonitored through dl central thermocouples in the cavityand is shown below
Figure 83 showsa consistent temperature profile between thermocouples, indicating heat transfer
from a static source, i.e. no fire spread vertically up the systenduring Test 1Figure 84 shows dynamic
peaksat different times for different thermoc ouples, indicating that aheat sourceis movingthrough
the systemduring Test 2 During test 1 thehighest temperatures were measured at the bottom of the
test rig, near the wooden crib. During test 2he highest temperature was measured near the top of the
test rig, indicating that fire has spread through the system.

Figure83@Test IaCentralcavity thermocouples
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Toinvestigate if the rate of fire spreadduring test 2wasaccelerating or deceleratingup the test rig the
time taken for a thermocouple to rise above 530.5°C wasotted against the height above the burn
chamber opening, shown irFigure 85. Decelerating fire spread would indicate that the fire may seif
extinguish as it moves away from the timber crib heat source.

530.5°C beingp00°C + 2 x the ambient temperature for test 2. This was done for any thermocouple in
the cavity at each height level above thburn chamber opening.

The datasuggests the frewasUF 0 Dé C] n H &y & Uy Deéolgh evidéngelo détgér@ineYT D D
whether the fire wasaccelerating or decelerating.

Figure85aThe time taken for any thermocouple at height above the burn chamber opening to rise above 530.5°C
during test 2.
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