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Module 2 – Presentation
by Dr Barbara Lane 
with Mr Tom Parker

An explanation of the relevant Reaction to Fire 
tests and Classification methods to restrict the 
combustibility of external walls of high buildings
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Structure of the Presentation
Setting the context of the reaction to fire tests

- Understanding the typical stages of a fire in a compartment

- External fire events

- The eight reaction to fire tests referred to from the statutory guidance document 
ADB 2013

Section 1 

- National reaction to fire tests

- National reaction to fire definitions (National Classes)

- The definition of the fire performance for external walls since 1965

- How the definition of Class 0 has changed since 1965

- Reference to the National Classes made during the Grenfell Refurbishment
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Structure of the Presentation
Section 2

- European reaction to fire tests

- European classification system (European Classes)

- The importance of the field of application

- Reference to the European Classes in Approved Document B

- Prior work on equivalency – European and National classes

- Reference to the European Classes made during the Grenfell Refurbishment

Section 3 

- Cladding systems and full scale test data BS 8414 – Parts 1 & 2

- BR 135 - performance criteria and classification method for BS 8414 Parts 1 & 2 

- Reference to BR135 and BS8414 during the Grenfell Refurbishment
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Understanding the typical stages
of a fire in a compartment
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What are reaction to fire tests?

“The underlying philosophy is that, if a 
fire starts, its rate of growth should be 
such that there is adequate time for the 
building occupants to escape to a place of 
safety without being injured”

“Reaction to fire tests are used to 
characterize the performance of construction 
products and/or materials in terms of their 
contribution to the initiation and growth 
stages of a fire, leading up to flashover”
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Sequence of events in a room fire

Small free burning fire Spread to nearby objects Room fills with hot smoke; 
remote items ignite

Ignition Growth Flashover
Fully 

developed Decay

© NIST, Dry Scotch Pine Christmas Tree Fire, Available at: https://www.youtube.com/watch?v=HJGjwo3MQ8g&ab_channel=RCFD0908 
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How is this power represented in fire safety science?

© Drysdale, D. (2013) An introduction to fire dynamics, p350
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What is flashover and when does this occur?

© Fire Hobbyist (2015). Flashover Fire Caught on GoPro Available at: https://youtu.be/k-3UCGGizgc; Accessed: 02/11/2020
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Fire stages – the fire tests deemed to be relevant

Flashover

Reaction to 
fire testing

Diagram from Figure 1 of BS 476-10 overmarked by me

1

×
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Fully developed fires and their aftermath
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Fully developed fires – their decay phase

Decaying fires
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Early fire growth phase – localised fires
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Fully developed fires

Transition via a 
flashover to a fully 

developed fire 

{M
ET

00
01

25
93

} 

East side of Grenfell Tower - taken at 02:22:00{MET00012593}
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But what about the external wall fire scenario?

External 
Wall Fire

Available at: https://www.youtube.com/watch?v=6AYUZ5Snxzo
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The eight reaction to fire tests
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National and European Reaction to Fire Tests

BS 476-4
Non-combustibility 

test for materials

BS 476-6
Method of test for fire 

propagation for products

BS 476-7
Method of test to determine 

the classification of the surface 
spread of flame of products

BS 476-11
Method for assessing 

the heat emission from 
building materials

BS EN 13823
Building products excluding 

floorings exposed to the thermal 
attach by a single burning item

BS EN ISO 1716
Determination of the gross 

heat of combustion 
(calorific value)

BS EN ISO 11925-2
Ignitability of building products 
subjected to direct impingement 

of flame. Single-flame source test

BS EN ISO 1182
Non-

combustibility test
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Section 1: 
National reaction to fire tests
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National test standards



19

What are reaction to fire tests?

BS 476-4
Non-combustibility 

test for materials

BS 476-6
Method of test for fire 

propagation for products

BS 476-7
Method of test to 

determine the classification 
of the surface spread of 

flame of products

BS 476-11
Method for assessing 

the heat emission from 
building materials
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British Standards Committees- Reaction to fire tests
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BS 476-4
Non-combustibility 

test for materials

BS 476-6
Method of test for fire 

propagation for products

BS 476-7
Method of test to 

determine the classification 
of the surface spread of 

flame of products

BS 476-11
Method for assessing 

the heat emission from 
building materials
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BS 476-4 – apparatus

Electric furnace

Specimen holder
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Insulation

BS 476-4 – apparatus

Electric heater 
coils

Refractory material

Airflow 
stabilizer cone
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BS 476-4 – Specimen
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BS 476-4 – under/oversized specimens
Option 1 Option 2 Option 3

Specimen is layered to 
achieve 50mm

Specimen has been 
scaled up in proportion

Two composites are 
tested separately
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BS 476-4 – apparatus
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BS 476-4 – measurements taken

• “A record shall be made for a further 20 min of the 
temperature of the two thermocouples by means of 
a continuous recorder; the occurrence and duration 
of any flaming in the furnace shall be noted.”
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BS 476-4 – how results are interpreted
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BS 476-4 – test report
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BS 476-4
Non-combustibility 

test for materials

BS 476-6
Method of test for fire 

propagation for products

BS 476-7
Method of test to 

determine the classification 
of the surface spread of 

flame of products

BS 476-11
Method for assessing 

the heat emission from 
building materials
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BS 476-11 – apparatus

Electric furnace

Specimen holder

Mirror
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BS 476-11 – specimen
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BS 476-11 – under/oversized specimens

Composite material 
(increased layer 

thickness)

Layers of material to 
achieve required 

height
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BS 476-11 – procedure
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BS 476-11 – measurements taken

• Temperature in the furnace throughout 
the test, including maximum furnace 
temperature

• The final furnace temperature

• Temperature in the specimen 
throughout the test, including 
maximum specimen temperature

• The final specimen temperature

• The average duration of sustained 
flaming is also calculated for the five 
samples and recorded in the report. 

• Calculate and record the density (in kg/m3) 
from actual dimensions and mass for each 
individual specimen tested.

• Calculate the arithmetic mean of the density 
(in kg/m3) of the specimens tested.

• Calculate and record the mass loss of each 
individual specimen tested as a  percentage 
(%) of the initial mass of the specimen.

• Calculate the arithmetic mean of the mass 
loss of the specimens tested as a percentage 
(%).
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BS 476-11 – measurements taken

"The results relate only to the behaviour of the 
specimens of the material under the particular 
conditions of the test. The results 
obtained on an individual material used in a 
combination should not be construed as reflecting the 
performance of the material combination as a whole, 
which may be influenced by the mechanism of  
combining the individual materials together, such as 
with adhesives. The results are not intended 
to be the sole criterion for assessing the potential fire 
hazard of the material in use."
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BS 476-4
Non-combustibility 

test for materials

BS 476-6
Method of test for fire 

propagation for products

BS 476-7
Method of test to 

determine the classification 
of the surface spread of 

flame of products

BS 476-11
Method for assessing 

the heat emission from 
building materials
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BS 476-6 – scope

"This Part of BS 476 specifies a method of test, the result being 
expressed as a fire propagation index, that provides a 
comparative measure of the contribution to the growth of fire 
made by an essentially flat material, composite or assembly. It is 
primarily intended for the assessment of the performance of 
internal wall and ceiling linings.”
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BS 476-6

Combustion chamber

Specimen holder

Chimney
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BS 476-6- combustion chamber design

Gas burner

Electric heater

Chimney
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BS 476-6- combustion chamber design

Gas burner
Electric heater

Chimney

Depth 90mm
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BS 476-6 combustion chamber design

Specimen
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BS 476-6 – Substrate and other specimens requirements

“Annex B Effect of thermal characteristics on the performance of assemblies

With thin materials or composites, particularly those with a high thermal conductivity, the presence of an 
air gap and the nature of any underlying construction may significantly affect the ignition performance of 
the exposed surface. Increasing the thermal capacity of the underlying construction increases the `heat 
sink' effect and may delay ignition of the exposed surface.

Any backing provided to the test specimen and in intimate contact with it, such as the non-combustible 
spacers, may alter this `heat sink' effect and may be fundamental to the test result itself. 

The influence of the underlying layers on the performance of the assembly should be understood and care 
should be taken to ensure that the result obtained on any assembly is relevant to its use in practice.”
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BS 476-6 – Substrate and other specimens requirements

“The following is offered on the construction and preparation of test specimens:

a. Where the thermal properties of the product are such that no significant heat loss to the underlying layers can occur, 
e.g. a material/composite greater than approximately 6 mm thick of high thermal capacity and/or low thermal 
conductivity, then the product should be tested backed only by the specimen holder.

b. where the product is normally used as a free-standing sheet and the characteristics noted in a) do not apply, 
then an air space should be provided at the back of the product by testing over non-combustible perimeter battens 20 
mm wide and 12.5 mm thick.

c. Where the product is to be used over a low density non-combustible substrate and the characteristics noted in a) do 
not apply, then the product should be tested in conjunction with that substrate.

d. Where the product is to be used over a combustible substrate and the characteristics noted in a) do not apply, then the 
product should be tested in conjunction with that substrate.”
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BS 476-6 combustion chamber design

Specimen holder

Thermocouples 
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BS 476-6- combustion chamber design

Observation window

Air inlet
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BS 476-6 – specimen

Calcium Silicate Board Specimen to be tested
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BS 476-6 – test methodology
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BS 476-6 – temperature measurements taken

The output from the two thermocouples located in 
the chimney is recorded at:

a) 0.5 min intervals, up to and including 3 min 
form the time at which the gas was ignited

b) 1 min intervals, up to and including 10 min from 
the time at which the gas was ignited

c) 2 min intervals, up to and including 20 min from 
the time at which the gas was ignited
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BS 476-6 – visual observation made

• Visual observation of intumescence or 
deformation or spalling of the specimen that tends 
to block the burner ports so that the required gas 
input cannot be maintained;

• Visual observation of melting or slumping of the 
specimen that results in material escaping from 
the air inlet or being confined to the recess of the 
specimen holder, where it is not exposed to the 
heating conditions;

• Visual observation of air flow through the 
apparatus being restricted owing to obstruction of 
the inlet port by fallen material or by soot 
accumulation in the chimney.
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BS 476-6 – Output from test
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BS 476-6 – Interpretation of results
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BS 476-6 – Test report requirements
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BS 476-6 – Relevance of no edge exposure and the overall heating dose 
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“The rate of heat transfer to a 
specimen in The Fire Propagation 
Test has been measured.”

Fire Note 710 – rate of heat transfer to a tested specimen
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The "gross" rate of heat transfer to the centre of an 
asbestos wood specimen was measured by a method 
similar to that described by Christensen et al and are 
shown inꞏ Fig. 1. Due to the gas jets alone it was about 
0.5W/cm2, however, the flames impinged on a line 
below the centre of the specimen and the rate of 
heating locally may have been much higher, possibly 
2.0W/cm2.
When the electric heaters were turned on the rate of 
heat transfer rose to more than 2.5W/cm2 ; falling 
slightly when the power was reduced from 1800 watts 
to 1500 watts, but it subsequently rose steadily to 
about 5.0w/cm2 after 20 minutes. The rate of heat 
transfer at this time was still rising.”

BS 476-6 – what heat is received by the specimen tested?
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BS 476-6 – example of received heat flux
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BS 476-6 – comparison with other materials 
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BS 476-6 – when are the sub indices measured?

s1 s2 s3
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BS 476-6 – Conclusions
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BS 476-4
Non-combustibility 

test for materials

BS 476-6
Method of test for fire 

propagation for products

BS 476-7
Method of test to 

determine the classification 
of the surface spread of 

flame of products

BS 476-11
Method for assessing 

the heat emission from 
building materials
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BS 476-7 – foreword

"The test takes account of the combined effect of 
factors such as ignition characteristics and the extent 
to which the flame spreads over the surface of the 
product under opposed flow conditions. The influence 
of any underlying materials on these factors, in 
relation to their ability to influence the rate of fire 
growth, is also taken into account. The test result is a 
function of the distance and rate of, the lateral spread 
of flame; and this is classified according to 
performance as classes 1 to 4.”
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BS 476-7 – scope

"This Part of BS 476 specifies a method of test for
measuring the lateral spread of flame along the
surface of a specimen of a product orientated in the
vertical position under opposed flow conditions, and
a classification system based on the rate and extent
of the spread of flame. It provides data suitable for
comparing the end-use performances of essentially
flat materials, composites or assemblies, which are
used primarily as the exposed surfaces of walls or
ceilings.”
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BS 476-7 – apparatus

Radiant panel

Specimen holder
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BS 476-7 – specimen

Reference lines marked 
on specimen and 
specimen holder

Water-cooled steel 
frame with water-
cooled face plates 

Hinge
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BS 476-7 – reference lines

Class 4 Class 1
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5.1 Number of specimens
A minimum of six and a maximum of nine test specimens shall be provided, and they shall be 
representative of the exposed surface of the product.

5.2 The exposed surface
The product shall be tested on that face which is normally exposed in practice, taking account of 
the following.
a) If it is possible for either or both of the faces to be exposed in use then, if the faces are different
or if the core of those faces is asymmetrical, both faces shall be tested.
b) If the face of the product contains a surface irregularity that is specifically directional, e.g.
corrugations, which may in practice run horizontally or vertically, the product shall be
tested in both orientations.
c) If the exposed face contains distinct areas of different surface finish or texture, then the
appropriate number of specimens shall be provided for each distinct area of such finish or
texture to be evaluated.

BS 476-7 –specimen requirements
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BS 476-7 –specimen requirements continued

5.3.3 All specimens shall be tested at full thickness providing they fit into the specimen holder. 
If the product is of such a thickness that it will not fit into the specimen holder, its thickness 
shall be reduced by cutting away the unexposed face of the product to reduce the thickness to a 
minimum of 50 mm.

5.4.1 When the product is a thin film, it shall be applied to an appropriate substrate (see annex 
B), using a method and application rate recommended  by the manufacturer for its use. The 
laboratory shall determine whether a product incorporates a thin film on its surface, and shall 
note if this is the case.

5.4.2   When the product is a material or composite which would normally be attached to a
substrate, it shall be tested in conjunction with the appropriate substrate (see annex B), using 
the fixing technique recommended by the manufacturer, e.g. bonded with the appropriate 
adhesive or mechanically fixed.
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BS 476-7 – Substrate and other specimens requirements

a) Where the thermal properties of the product are such that no 
significant heat loss to the underlying
layers can occur, e.g. a material or composite greater than 
approximately 6 mm thick of high thermal
capacity and/or low thermal conductivity, then the product should be 
tested backed only by the backing board.

b) Where the product is normally used as a free-standing sheet and the 
characteristics noted in a) do not apply, then an air space should be 
provided at the back of the product by testing over spacers of non-
combustible insulation board 20 mm wide and 25mm thick

c) Where the product is to be used over a low density non-combustible 
substrate and the characteristics noted in a) do not apply, then the 
product should be tested in conjunction with that substrate.

d) Where the product is to be used over a combustible substrate and the 
characteristics noted in a) do not apply, then the product should be 
tested in conjunction with that substrate.

Annex B Effect of thermal characteristics on the 
performance of assemblies

With thin materials or composites, particularly those with a 
high thermal conductivity, the presence of an air gap and the 
nature of any underlying construction may significantly 
affect the ignition performance of the exposed surface. 
Increasing the thermal capacity of the underlying 
construction increases the `heat sink' effect and may delay 
ignition of the exposed surface. 

Any backing provided to the test specimen and in intimate 
contact with it, such as the non-combustible spacers, may 
alter this `heat sink' effect and may be fundamental to the test 
result itself. 

The influence of the underlying layers on the performance of 
the assembly should be understood and care should be taken 
to ensure that the result obtained on any assembly is relevant 
to its use in practice.
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BS 476-7 – Heating apparatus

Pivot point

Radiant panel

Pilot flame 
ignition source
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BS 476-7 – test arrangements
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BS 476-7 – measurements taken

Class 1

Class 2

Class 3
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BS 476-7 – Classifications and contents of the test report
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BS 476 – Part 7: horizontal flame spread



7575

Extending the Field of Application 
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Field of application

“Within the field of reaction to fire, direct field of 
application is the application of the test results for a 
material or product in accordance with the details of how 
they were tested. Specifically, this means that the 
mounting and fixing arrangement used in the test method 
is applied directly to the use of the material or product in 
real end use conditions. Any variation in the physical 
properties or thickness of material or product in the end 
use application, or variations in the mounting and fixing 
arrangements, should be either quantitatively determined 
through a carefully designed test programme or, in some 
cases, be the subject of an assessment or expert 
judgement by an expert.”
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Extension of results
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Extension of results
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Summary of national reaction to fire tests



8181

The National Classes
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National framework – reaction to fire definitions 

Non combustible

Product

Fire definitions referred to 
within ADB

Standardised 
tests

Limited combustibility

Class 1 – 4

Index ‘I’, and Sub index i1

Class 0
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National framework  – reaction to fire definitions 



8484

Non combustible and limited combustibility 
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Non-combustible National Class 
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Non-combustible as defined in ADB

Test Standard ADB Table A6 limit on 
specimen thermocouple 

temperature rise 

ADB Table A6 limit on 
specimen furnace 
temperature rise 

ADB Table A6 limit on 
duration of flaming

BS 476-4 50°C 50°C 10s
BS 476-11 0°C 0°C 0s



87

Limited combustibility National Class
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Limited combustibility as defined in ADB

Test Standard ADB Table A7 limit on 
specimen thermocouple 

temperature rise 

ADB Table A7 limit on 
specimen furnace 
temperature rise 

ADB Table A7 limit on 
duration of flaming

Material >300kg/m3 No requirement set 20°C 0s
Material <300kg/m3

(Insulation only)
35°C 25°C 10s
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Limited combustibility as a method of demonstrating Class 0


