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Foreword

In recent times there has been a significant debate about the risk of fires in 
timber-framed buildings. One particular area of concern relates to the unseen 
spread of fire within cavity walls. 

Such fire spread creates serious threats including potential life safety issues and 
extensive property damage. A growing body of anecdotal evidence suggests that 
the methods used for protecting cavities incorporating combustible material are 
not providing satisfactory in-service performance.

This primary research project was commissioned by NHBC Foundation and 
BRE Trust with a brief to investigate the nature of fire spread within combustible 
cavities. The project focuses on external wall cavities that incorporate various 
types of sheathing fixed to the cavity face of the structural frame and various 
types of cavity barriers installed between the sheathing and the external cladding. 
In support of the project a programme of 21 fire experiments on walls containing 
various options for sheathing and cavity barriers was undertaken.

The experiments demonstrated that all generic forms of cavity barrier are 
capable of inhibiting the spread of fire when installed strictly in accordance with 
manufacturers’ recommendations. However, the experiments also show that 
the presence of discontinuities in cavity barriers has a significant adverse effect 
on the in-service performance and that some types of barrier are more tolerant 
to discontinuities than others. The use of non-combustible sheathing such as 
magnesium oxide board was found to significantly reduce the spread of fire.

Drawing on these findings and other relevant evidence, this publication provides 
guidance for builders, designers, building control authorities and other building 
professionals on best practice relating to the installation of cavity barriers and 
inspection techniques both during and after construction.

I hope that you will find the report both useful and informative.

Rt. Hon. Nick Raynsford MP 
Chairman, NHBC Foundation
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Fires in timber-framed buildings are the subject of significant interest and scrutiny 
from stakeholders. One of the particular areas of concern is the unseen spread 
of fire within wall cavities and roof voids. Fire spread of this nature poses a real 
challenge for the Fire and Rescue Service, a potential life safety risk and significant 
property damage risk. There is a growing body of anecdotal evidence that shows 
that the methods used for the protection of cavities incorporating combustible 
material are not performing properly in a number of cases.

BRE was commissioned by NHBC Foundation and BRE Trust to investigate fire 
spread within combustible cavities. This project focused specifically on fire spread 
within external walls where the cavity between the external façade and the 
structural frame is incorporated either as a lining material or as a form of insulation 
(or both) combustible material. In support of this project, an experimental 
programme was undertaken consisting of 21 fire experiments (see Section 4).

The project was guided by a stakeholder group which was established at the onset 
and met twice during the period of the project. The organisations represented on 
the stakeholder group are listed below:

�� Department for Communities and Local Government (DCLG)

�� London Fire Brigade (LFB)

�� National House-Building Council (NHBC)

�� UK Timber Frame Association (UKTFA)

�� Association for Specialist Fire Protection (ASFP)

�� Mineral Wool Insulation Manufacturers’ Association (MIMA)

�� Fire Protection Association (FPA)

1 Introduction
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�� Association of Building Engineers (ABE)

�� BRE Centre for Fire Safety Engineering, The University of Edinburgh

�� British Rigid Urethane Manufacturers’ Association (BRUFMA)

�� Intumescent Fire Seals Association (IFSA).

From the outset the project was collaboration between BRE Global, BRE Centre for 
Fire Safety Engineering at the University of Edinburgh and the UK Timber Frame 
Association. The UK timber frame industry and specialist suppliers provided an 
essential input by providing test samples. The active participation of SIG Specialist 
Insulation in coordinating sample supply and delivery and providing technical input 
to the development of the experimental programme is gratefully acknowledged.

This publication is divided into the following distinct sections:

�� A review of previous research into combustible materials in timber-framed 
buildings.

�� Analysis of the causes of the TF2000 cavity fire incident at the BRE site at 
Cardington in 1999 and a summary of the results of experiments to establish 
the cause of the incident.

�� A review of relevant information from real fires provided by London Fire 
Brigade and BRE fire investigations.

�� Results and conclusions drawn from the experimental programme 
commissioned by NHBC Foundation and BRE Trust into fire spread within 
combustible cavities, including a review of 21 cavity fire experiments.

This publication provides guidance for contractors, building control authorities and 
other building professionals on best practice relating to the installation of cavity 
barriers and inspection techniques both during and post construction.
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2.1 Fire performance in timber-framed housing

Wall cavities and the behaviour of the materials in fire within timber-framed 
dwellings have been a topic for discussion among regulatory authorities and 
government scientists for many years. In 1983, BRE published Timber-Framed 
Housing – A Technical Appraisal [1]. The report made five recommendations 
specifically related to fire performance, three in relation to fire protection and two 
in relation to durability as outlined in sections 2.1.1 and 2.1.2.

2.1.1 Fire protection

1.  Develop a set of recommended details of fire stops and cavity barriers of 
proven efficacy which are realistic for simple implementation on site, education 
of site staff on the importance of these details

2.  Assess the effect of introducing new materials, such as readily-combustible 
sheathing boards, on fire performance

3.  Emphasise in the site inspection the importance of proper installation of cavity 
barriers and fire stops.

2.1.2 Durability

4.  Carry out research to resolve the potential conflict between the need for cavity 
barriers (to improve performance in fire) and the need for ventilation of the 
cavity (to reduce the risk from interstitial condensation)

5.  Introduce performance criteria for sheathing materials and breather papers, 
including development of appropriate test methods.

2 Review of research into 
combustible materials in 
timber-framed buildings
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Following publication of Timber Framed Housing – A Technical Appraisal, the UK 
government through the Department of Environment (DoE) commissioned the 
Fire Research Station to provide a discussion paper. The subsequent unpublished 
output, Timber Framed Buildings: The Role of the Wall Cavity and its Materials in 
Fire[2], set out the role of the wall cavity and construction materials that form the 
cavity in a fire. The discussion paper acted as a guide to the implementation of the 
recommendations, provided background information to aid policy considerations 
within DoE and suggested areas having implications for Building Regulations. It 
concluded that there was no evidence to suggest that timber-framed dwellings 
are any more or less likely to produce fatalities in fire than dwellings of any other 
construction. However, it was acknowledged that there had been damage to the 
fabric of buildings as a result of fire spread through the wall cavities.

2.2 The TF2000 cavity fire incident

Fires in combustible cavities became a focus for attention following a compartment 
fire test incident within the TF2000 building in 1999. The TF2000 building was a six 
storey residential test structure at BRE’s large building test facility at Cardington, 
Bedfordshire.

This incident occurred as a result of incomplete suppression of the compartment 
fire test undertaken on the second floor of the TF2000 building. A seat of 
smouldering combustion led to fire spread into the cavity between the timber 
frame and the external masonry façade. The cavity barriers, installed within 
the external wall construction to inhibit the spread of fire and the products of 
combustion, did not perform the function for which they were designed resulting in 
extensive fire spread within the cavity. Specifically:

�� Several horizontal cavity barriers at floor compartment boundaries designed to 
inhibit the unseen spread of fire and smoke within the cavity were ineffective

�� The vertical cavity barriers at compartment boundaries remained intact and 
prevented extensive horizontal fire spread within the cavity

�� Fire fighting was very difficult with particular problems in identifying the seat of 
the fire and accessing the areas most directly involved.

The TF2000 cavity fire incident was a unique event for a number of reasons. An 
earlier research project investigating the robustness of the building had resulted 
in the removal of a section of the wall between the ground and first floor on the 
corner between the eastern and southern elevations of the building immediately 
below the fire compartment. The external cavity was therefore open at the bottom 
which may have had an impact on the amount of inlet air available for combustion. 
Also, although nominally designed and built as a real residential development, the 
construction team would have been aware that nobody was going to live in the 
building. Therefore attention to detail may not have been to the same standards 
as would be expected from a purely commercial project; this could have influenced 
the outcome from the fire incident.

Further, the TF2000 cavity fire incident highlighted a number of issues related to 
the performance in fire of materials used within the external wall construction of 
timber-framed buildings. On the basis of the observations following the incident a 
collaborative research project (Understanding Fire Risks in Combustible Cavities) 
was carried out by Chiltern International Fire with BRE as project partners as project 
partners as described in section 2.3.
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2.3 Collaborative research project into fire risks in combustible 
cavities

The TF2000 cavity fire incident demonstrated that a relatively small ignition source 
could lead to extensive fire spread which was very difficult to detect and difficult 
to extinguish once external indications were visible. The incident highlighted a 
number of areas where further research was required.

The principal conclusions from the research were published in Understanding Fire 
Risks in Combustible Cavities [3] as follows:

�� Statistics from the Fire and Rescue Service indicate that cavity fires, where the 
cavity construction is identified as the first material ignited or the material mostly 
responsible for fire development, represents a very small fraction of total fires

�� Statistics from the Fire and Rescue Service indicate no fatalities and very few 
injuries resulting from cavity fires

�� There is no evidence to suggest that a rise in the number of timber-framed 
residential buildings will result in an increase in the number of fire casualties 
provided the buildings are constructed in accordance with the guidance in 
support of the Building Regulations

�� When properly installed, commonly specified cavity barriers meet the functional 
requirements of the Building Regulations

�� The workmanship installing the cavity barriers has the greatest impact on the 
barrier’s ability to meet the functional requirements of the Building Regulations

�� Irrespective of construction type and ignition scenario, cavity fires may be 
difficult to locate and extinguish

�� A type of timber-framed construction that utilises non-combustible materials 
or materials of limited combustibility helps to reduce or remove the risk of 
significant fire growth and spread within a concealed cavity

�� The Fire and Rescue Service requires information and training material on the 
most appropriate method of searching a building to locate the seat of fire 
within a cavity

�� A number of ‘toolkit’ measures are available to design/project teams to ensure 
the functional objectives of the Building Regulations are met with regard to fire 
spread within cavities.

2.3.1 Fire initiation testing on TF2000 building

Experiments were undertaken by BRE and Chiltern International Fire on the TF2000 
building in areas remote from the previous fire testing to establish whether a similar 
event could be initiated. A total of five tests were undertaken in two locations on 
the external walls of the building at ground floor level. As the TF2000 building was 
an experimental structure it incorporated different forms of construction in different 
locations. On three sides the external walls of the building were formed using 
standard wall construction as shown in Figure 1a. The north facing gable wall was 
constructed using a reverse wall form of construction as shown in Figure 1b.
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With the standard wall construction the cavity face consists of oriented strand 
board (OSB) lined with breather membrane. For the reverse wall construction 
the cavity was lined with moisture-resistant plasterboard ie a non-combustible 
substrate. Figures 2a and 2b illustrate the test set up for each location.

The results and observations from the fire initiation testing on the TF2000 building 
are summarised in Table 1.

Figure 1a Standard wall construction Figure 1b Reverse wall construction

Figure 2a Standard wall Figure 2b Reverse wall
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Table 1 Summary of results from cavity fire experiments on the TF2000 building

Test 
no.

Ignition source Observations

Standard wall construction

1 2 x No. 5[4] timber cribs,  
20 ml paraffin

 � No ignition of timber or vapour membrane

2 4 x No. 5 timber cribs,  
100 ml paraffin

 � Significant charring to structural members

 � Smouldering combustion noted in internal 
load-bearing wall perpendicular to the external 
wall

3 4 x No. 5 timber cribs,  
100 ml paraffin

 � Significant charring to structural members

 � Re-ignition occurred within the cavity 
approximately 3.5 h from the start of the test

Reverse wall construction

4 2 x No. 5 timber cribs,  
20 ml paraffin

 � No ignition of structural members

 � Only localised scorching of the paper to the 
plasterboard lining

5 4 x No. 5 timber cribs,  
100 ml paraffin

 � No ignition of structural members Localised 
degradation of plasterboard surface

The testing shown in Table 1 confirmed that a cavity fire could be initiated from a 
small localised ignition source. It was shown that after a period of approximately 
three hours a smouldering fire could re-ignite and involve structural members in the 
subsequent fire. The experiments also confirmed the effectiveness of the reverse 
wall construction method in preventing fire spread within cavities.

2.3.2 Fire testing of sheathing board and vapour membrane

Although OSB is by far the most common sheathing board used in timber-framed 
construction there are a number of other products that are used to form the 
boundaries of the cavities. In order to evaluate the potential impact of a small 
ignition source on some typical types of products, a series of reaction to fire tests 
were undertaken by Chiltern International Fire in accordance with the general 
principles of BS EN ISO 11925-2 Reaction to Fire Tests – Ignitability of Building 
Products Subjected to Direct Impingement of Flame Part 2. Single Flame Source 
Test [5]. The materials tested included:

�� Bitumen impregnated sheathing board (high and low density)

�� Breathable foil membrane

�� Breather paper

�� Cement particle board

�� OSB

�� Plasterboard

�� Wood fibre sheathing board.

The reason for the tests was not to classify the products in accordance with the 
requirements of BS EN ISO 11925-2 but to provide some indication of relative 
performance when subject to an ignition scenario representative of common 
ignition sources reported for fires in cavities. The tests undertaken differed from the 
specification in BS EN ISO 11925-2[5] in that each specimen was subject to direct 
flame impingement for a period of 10 minutes rather than the 30 seconds specified. 
This prolonged exposure simulated ignition sources such as hot working where the 
materials within the cavity could be exposed to heat for a sustained period. The 
results from the tests are summarised in Table 2.
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Table 2 Summary of fire testing of sheathing board and vapour membrane

Material Observations

0.3 mm thick breather 
membrane

 � Test terminated after one minute due to destruction of 
specimen

5 mm thick fire retardant 
breather foil

 � Test continued for 10 minutes

 � Specimen did not continue to flame once ignition source 
was removed

 � Rear of specimen damaged with plastic bubble pockets 
melted

9 mm thick racking 
resistant fibreboard

 � Test continued for 10 minutes

 � No continued flaming or smouldering once ignition 
source removed

11 mm thick OSB  � Test continued for 10 minutes

 � No continued flaming or smouldering once ignition 
source removed

12.5 mm thick plasterboard  � Test continued for 10 minutes

 � No continued flaming or smouldering once ignition 
source removed

12.5 mm thick bitumen-
impregnated softboard 
(high density)

 � Test continued for 10 minutes

 � No continued flaming once ignition source removed

 � Continued to smoulder

18 mm thick bitumen-
impregnated softboard 
(low density)

 � Test continued for 10 minutes

 � Specimen still smouldering for a period in excess of 
40 minutes from the end of the test

 � Specimen re-ignited approximately 60 minutes from the 
end of the test

18 mm thick cement 
bonded particle board

 � Test continued for 10 minutes

 � No damage sustained and no flaming or smouldering 
after test was finished

The tests showed that, based on the products investigated and the presence of 
a small flame ignition source for an extended period of time, the 18 mm thick 
bitumen-impregnated softboard (low density) exhibited the greatest risk of 
ignition with the potential for sustained fire development. The tests also indicated 
that the breather membrane had a role to play in initiating fire development 
within the substrate.

2.3.3 Cavity barrier fire tests at BRE Cardington

The cavity fire incident at the TF2000 building brought into sharp focus the 
importance of cavity barriers in meeting the functional objectives of the Building 
Regulations in relation to concealed fire spread. The incident itself, supported 
by the later investigation into the fire at the TF2000 building and other research 
covered in Section 2, indicated that there were problems associated with incorrect 
installation of cavity barriers. Another area where performance of cavity barriers 
could be compromised was where bricklayers deposited excess mortar into the 
cavity which deformed the PVC-encased mineral fibre barriers. There is no agreed 
test methodology for cavity barriers incorporating combustible material and, in 
particular, where at least one of the linings to the cavity is of combustible material.

A European Technical Approval Guideline (EOTA) ETAG 026 Guideline for 
European Technical Approval of Fire Stopping and Fire Sealing Products, Part 5, 
Cavity Barriers[6], includes cavity barriers but specifically excludes testing of cavity 
barriers in external cladding systems which should be considered when using a 
façade fire test. TR31 Fire Resistance Tests for Cavity Barriers[7], also published by 
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EOTA, specifies fire resistance tests for cavity barriers. However, TR31 explicitly 
states that “This method is not applicable to horizontal barriers in e.g. rain screen 
cladding because it is difficult if not impossible to model the correct thermal 
exposure and boundary conditions in a fire resistance type test, such tests should 
be considered as part of a façades test.” Therefore there remains a need to 
establish performance criteria for cavity barriers within a cavity incorporating 
combustible material, irrespective of construction type. To this end a series of 
four tests were undertaken at BRE Cardington in the configuration illustrated in 
Figure 3.

2.3.4 Site surveys

To support the observations from the TF2000 incident site surveys were undertaken 
focused on the installation of cavity barriers. Three surveys were undertaken 
covering a range of different residential developments.

A number of issues were highlighted during the site visits including:

�� Discontinuities between sections of horizontal cavity barriers

�� Gaps between horizontal and vertical cavity barriers

�� Removal of horizontal cavity barriers during bricklaying operations

�� Debris placed into cavity on top of horizontal cavity barriers

�� Gaps between sections of vertical cavity barriers

�� Gaps between vertical barriers and brickwork – lack of compression

�� Bricks laid too close to timber frame to accommodate cavity barriers.

2.4 m
Cladding 

ring

Bitumen
impregnated

softboard clad
timberframe

Simulated
ring beam

Cavity
barriers

Thermocouple
position

Fire source

2.4 m

5 m approx.

Figure 3 Experimental set-up for the cavity barrier fire tests at BRE Cardington © Chiltern 
International Fire
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2.4 Cavity barriers – Review of guidance in Approved 
Document B

As part of an overall review of the guidance provided in Approved Document B[8] 
an experimental programme was undertaken on cavity barriers in 2005[9].The 
focus of the experimental work was on floor voids, plenum spaces and cavity 
closures although some fire resistance testing was undertaken to assist in the 
development of an appropriate fire resistance test for assessing the performance 
of cavity barrier systems. The scenario adopted for the fire resistance tests was 
designed to consider the influence of installation details on the performance of 
the systems. The results from this work raised issues regarding performance in 
service and the ease of installation and associated workmanship in relation to the 
end use of the system.

The key findings from this experimental programme are:

�� Confirmation that cavity barriers, when appropriately designed and installed, 
offer a means by which unseen smoke and fire spread may be mitigated

�� The issues of installation design and methods must be considered in the 
application and end use of these systems

�� Modelling of these types of systems may offer potential options for expansion 
of current design solutions.
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3.1 London Fire Brigade statistics

As part of the experimental programme commissioned by NHBC Foundation and 
BRE Trust, London Fire Brigade was asked to interrogate its Real Fires database to 
identify incidents involving fire spread through cavities in an attempt to evaluate 
the scale of the problem, the nature of the ignition source and the extent of 
damage related to cavity fire incidents. A total sample of 30,086 building fires 
attended in London between 2009 and 2011 were considered. Of this sample 
92 cases were identified where the fire had spread through gaps or voids in the 
construction resulting in fire spread beyond the floor of origin to other floors or the 
whole building. The data is summarised in Table 3.

3 Real fire incidents
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Table 3 Fire spread through gaps or voids in construction 2009 to 2011 (Source: London Fire Brigade)

Ignition source Extent of fire spread

Whole 
building

>2 
floors

Roof space 
and other 

floors

Roof 
space 
only

External 
roof only

Whole roof

Barbecue 2 1

Blow lamp/paint stripper 1 3

Candle or tea light 2 1

Chimney 1

Cooker including oven 1 2

Deep fat fryer 1 1

Extractor fan 1 1

Fireworks 1

Fridge/freezer 1 1

Fluorescent lights 1 1

Heating/fire 1 2 1

Kiln/oven/furnace 2

Lighted paper, card or other naked flame 19 2 1 1

Liquids petrol/oil-related 1

Matches 2 1

Not known 5

Other 1 1 1

Other appliance or equipment 1 4 1

Other domestic appliance 1 1

Other lights 1 1

PC/computer terminal 1

Ring/hot plate 1 3

Smoking materials (not cigarettes) 1 3

Spread from secondary fire 1

Wiring, cable, plugs 2 4 2

Total 43 30 9 4 3 3

The number of cases reflected the fact that fire spread in cavities is a relatively rare 
event. This is a conclusion supported by earlier studies[1]. These cases were where the 
fire had spread beyond the floor of origin. The number of cases involving fire spread 
through voids regardless of the extent of fire spread was 296. Therefore of the cases 
involving fire spread in voids, 31% spread beyond the floor of origin and in 14.5% of 
cases the extent of fire spread was such that the whole building was involved.

Further analysis of the data was undertaken to evaluate the extent of fire spread 
where the whole building was involved. There were a number of cases where the 
buildings involved were constructed of three floors or more. Of these there is one 
case involving the category flats/maisonettes from four to nine storeys where a fire 
occurring on the second floor had spread throughout the building.
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3.2 Investigation into fires of special interest

BRE Global is contracted by the Department of Communities and Local 
Government (DCLG) to attend fires of special interest to investigate issues that may 
impact on Building Regulations. Through the project stakeholder group, DCLG 
agreed that the information gathered could be used within the NHBC Foundation 
and BRE Trust project. Information is provided in the case studies in Section 3.3 
based on four fires of special interest.

3.3 Case studies: Fires of special interest

Case study 1: Five storey modular timber-framed residential building

Fire started in an electrical consumer unit within one of the flats on the first floor and spread through cavities 
between modules where it involved the combustible linings (OSB) of the cavity. The fire spread laterally to 
affect two flats via two cavity walls. This caused further spread into the floor void supporting the first floor 
leading to extensive damage to the supporting engineered timber beams and traditional timber studs. The 
fire also spread upwards to the walls on the second, third and fourth floors.

The fire spread through cavities in compartment walls resulting in fire damage within 12 different fire 
compartments (two flats and one corridor on four floors). The ignition source was an electrical fault and the 
fire did not involve any fuel load other than the fabric of the building itself.

The external walls were not involved in the fire.

Case study 2: Three storey timber-framed block of flats

The fire is thought to be the result of hot working being carried out on overflow pipes which penetrated 
the external wall. The fire spread initially through the cavities up and along the front face of the building. 
Compression fitted cavity barriers were present although evidence from areas remote from the fire indicate 
slippage of the barriers and gaps between the frame and the external wall similar to issues discussed in 
relation to the collaborative Understanding Fire Risks in Combustible Cavities research project[3]. The fire 
spread up to the roof space then downwards internally and laterally through the roof area. The fire spread led 
to the collapse of roof trusses and subsequent failure of the ceiling between the top floor and the roof space.

Cavity barriers within the external walls did not perform adequately. Observations and ad-hoc fire tests 
indicated that the breather membrane and the plastic wrapping on the cavity barrier may have contributed 
to fire spread within the cavity in the early stages. Bituminous material spanning the roof beneath the tiles 
appears to have contributed to the fire spread within the roof space.

Re-ignition of fire within the cavity occurred six days after the first fire started during demolition operations.

Case study 3: Four storey timber-framed block of flats

The fire occurred within one of the flats on the ground floor and was attended by the Fire and Rescue 
Service. They extinguished the fire and before leaving the scene checked the area with a thermal imaging 
camera to ensure there were no hidden hot spots. The Fire and Rescue Service was recalled approximately 
one to one and a half hours after leaving the scene. The fire had taken hold within the external wall cavity 
and eventually spread into the roof space. From there it spread back down into the unaffected areas of the 
external wall cavity leading ultimately to the collapse of the building.

Timber battens were used to bridge the cavity in line with the compartment floor levels. These barriers were 
wrapped in a bituminous damp proof material to prevent moisture ingress. The sheathing layer appeared 
to be a low density bitumen impregnated fibre board similar to that identified as the worst performing 
product of those tested in the small flame test (BS EN 11925-2)[5] conducted as part of the collaborative 
Understanding Fire Risks in Combustible Cavities research project (see Table 2).
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Case study 4: Four and three storey timber-framed block of flats

The fire is thought to have started through a carelessly discarded cigarette thrown into a pile of wood/bark 
chippings laid in the flower beds in contact with the external wall. A number of plastic openings were present 
at low level on the external wall and some were completely covered by the bark/wood chippings. An initial 
external fire was reported. Approximately 40 minutes later the Fire Service was called to attend as smoke 
could be seen issuing from the roof of the building and out of openings in the cavity at various levels. A 
decision was taken to evacuate the building and to adopt a defensive fire fighting approach because of the 
extent of the fire spread and experience from other fires. The fire caused the collapse of a large area of the 
development.

The fire investigation reports taken together with the statistical evidence provided by the London Fire 
Brigade identified a number of issues raised in previous research reports[1, 3]:

�� Cavities between external façades and internal combustible frames provide a route for vertical and 
horizontal fire spread

�� The presence of cavity barriers within external walls is difficult to determine

�� Common methods of mitigating the spread of fire and smoke within buildings are reliant on proper 
installation and inspection

�� The materials within external wall cavities (sheathing boards, breather membranes, cavity barriers and 
service ducts) can have a major impact on fire development

�� Extensive damage can result from a small ignition source if the fire breaks into the external wall cavity and 
there is inadequate fire stopping at compartment boundaries and between the external walls and the 
roof space

�� Fires involving cavities within external walls may be initiated as a result of either a seat of smouldering 
combustion following a fire inside the building or as a result of careless activities (eg smoking and hot 
working) on the external face of the building.
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4.1 The experimental programme

The project commissioned an experimental programme of 21 fire experiments. It 
was based on the earlier work undertaken at BRE Cardington (see Section 2.3.3). 
The experiments were undertaken at the burn hall at the BRE Global cladding 
test facility at Garston, Hertfordshire. The test rig is normally used to assess the 
performance of external cladding systems to BS 8414-1:2002[10] when subject to 
direct flame impingement from a fire venting through a window on the façade. To 
this end the test rig has a hearth built in (Figure 4) which accommodates the fire 
load and represents a window opening.

In order to simulate an external masonry wall it was necessary to brick up the 
hearth as shown in Figure 5. An opening was cut in the back of the hearth to allow 
entry to ignite the fire load.

In order to assess the performance of the cavity barriers it was essential that 
the combination of fire load and ventilation conditions were sufficient to ignite 
the surface of the combustible lining. The hole at the bottom of the wall was 
350 mm x 280 mm giving a free area of 98,000 mm². The openings at the top of 
the lower panel and at the bottom and top of the upper panel were sized to give 
the openings specified in Table 4. The holes were made by taking cores out of the 
concrete blocks.

Table 4 summarises the nature of the experimental programme of work undertaken 
and includes a description of all relevant parameters. The experiments consisted 
of two 2.4 m x 2.4 m timber panels fixed to the masonry wall and separated by a 
timber beam as shown in Figure 3.

4 Experimental programme: 
21 fire experiments
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Table 4 21 fire experiments to assess the performance of the cavity barriers

Sheathing Cavity barrier Vent area (mm²)

Generic type Cavity 
width 
(mm)

Discontinuity Bottom Top

1 OSB None (calibration) 50 N/A 8125 8125

2 OSB Stone wool barrier 65 mm × 65 mm 50 N 8125 8125

3 OSB Glass wool barrier 100 mm × 100 mm 50 N 8125 8125

4 OSB Timber batten 50 mm × 50 mm 50 N 8125 8125

5 OSB Intumescent 25 mm × 75 mm (Type 1) * 50 N 8125 8125

6 OSB Intumescent 25 mm × 75 mm (Type 2) * 50 N 8125 8125

7 OSB Stone wool barrier 65 mm × 65 mm 50 N 4550 4550

8 OSB Timber batten 50 mm × 50 mm 50 N 4550 4550

9 OSB Intumescent 25 mm × 75 mm* (Type 1) 50 N 4550 4550

10 MgO Stone wool barrier 65 mm × 65 mm 50 13 mm gap in centre 8125 8125

11 MgO Glass wool barrier 100 mm × 100 mm 50 13 mm gap in centre 8125 8125

12 MgO Timber batten 50 mm × 50 mm 50 13 mm gap in centre 8125 8125

13 OSB Intumescent 25 mm × 75 mm* (Type 2) 50 13 mm gap in centre 8125 8125

14 OSB Stone wool barrier 65 mm × 65 mm (PIR insulation) 50 13 mm gap in centre 8125 8125

15 OSB Glass wool barrier 100 mm × 100 mm 50 13 mm gap in centre 8125 8125

16 OSB Stone wool barrier 65 mm × 65 mm 55 13 mm gap in centre 8125 8125

17 OSB Timber batten 50 mm × 50 mm 55 13 mm gap in centre 8125 8125

18 OSB Intumescent 25 mm × 75 mm* (Type 2) 55 13 mm gap in centre 8125 8125

19 OSB Stone wool barrier 65 mm × 65 mm 55 13 mm gap in centre 8125 8125

20 OSB Timber batten 50 mm × 50 mm 55 13 mm gap in centre 8125 8125

21 OSB Intumescent 25 mm × 75 mm* (Type 2) 55 13 mm gap in centre 8125 8125

*  Vent only at bottom of lower panel and top of upper panel otherwise vents at top and bottom of each panel.

Notes 
1 Minimum vent size (4550 mm²) based on 10 m run between vertical barriers and one open perpend joint/1.5 m run 
2 Maximum vent size (8125 mm²) based on 15 m run between vertical barriers and one open perpend joint/1.2 m run.

Opening

Figure 4 Cladding wall test facility 
showing location of the hearth

Figure 5 Cladding wall test facility with hearth bricked in 
and opening at low level
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4.2 Instrumentation

Temperatures were measured at specific locations within the cavity and through 
the depth of the panels using type K stainless steel sheathed mineral insulated 
thermocouples of 1.5 mm diameter. The location of the instrumentation is 
summarised in Table 5. 

Table 5 Instrumentation locations

Thermocouple no. Location

1 Centre of cavity 1.2 m from ground level

2 Centre of cavity 1.8 m from ground level

3 Centre of cavity below cavity barrier

4 Centre of cavity above cavity barrier

5 Centre of cavity 0.6 m above ring beam

6 Centre of cavity 1.8 m above ring beam

7 Quarter point in cavity LHS below cavity barrier

8 Quarter point in cavity RHS below cavity barrier

9 Quarter point in cavity LHS above cavity barrier

10 Quarter point in cavity RHS above cavity barrier

11 Quarter point in cavity LHS 0.6 m above ring beam

12 Quarter point in cavity RHS 0.6 m above ring beam

13 Mid-point of timber frame 1.8 m from ground level

14 Mid-point of timber frame 1.8 m above ring beam

LHS – Left hand side  RHS – Right hand side

In terms of comparing experiments the focus was on the two sets of three 
thermocouples immediately below and above the cavity barrier (thermocouple 
numbers 3, 7, 8 and 4, 9, 10). The maximum temperature above the cavity barrier 
for the first 30 minutes of the test and for the period from 30 minutes to 60 minutes 
is shown in Figure 6 for all tests.
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Figure 6 Maximum recorded temperatures above the cavity barrier for all experiments
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A thermal imaging camera was used for a number of the experiments. This provided 
a means of rapidly identifying hot spots within the construction and assessing the 
extent of fire spread beyond the localised area around the ignition source.

4.3 Results

The principal results are summarised in Figure 6 in relation to peak temperatures 
recorded above the cavity barrier for the first 30 minute period and the subsequent 
period from 30 to 60 minutes. Temperatures in excess of 300°C for a period greater 
than one minute indicate that the cavity barrier was breached.
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Performance in the experimental programme ranged from rapid fire spread with 
flames emerging from the upper panel after approximately six minutes followed 
soon after by collapse of the system to complete burn out of the localised fire load 
with no fire spread or damage to the upper panel.

The experiments undertaken as part of the NHBC Foundation and BRE Trust 
research project have demonstrated the critical role that installation plays in 
relation to the performance of cavity barriers in the event of a fire. It is essential to 
ensure that the cavity barrier is correctly specified to accommodate the notional 
cavity width and any deviations from this value arising from tolerances on site.

The experiments undertaken confirmed that when specified and installed correctly 
all commonly used horizontal cavity barriers are capable of meeting the relevant 
functional objectives of the Building Regulations. This conclusion is supported by the 
outcome from previous research projects and studies[1, 3]. The most significant issue is 
to ensure that cavity barriers are installed correctly in accordance with manufacturer’s 
instructions and are not damaged, removed or interfered with during the period 
between installation and completion of the external rainscreen façade.

Those involved in site supervision and the building control and approvals process 
should be made aware of the crucial role that cavity barriers play in restricting 
fire growth and spread in the event of a fire. They should also be aware of the 
significant impact that relatively small gaps and discontinuities within the line of 
compartmentation provided by cavity barriers can have on the spread of a fire.

The experiments have demonstrated that certain products are more likely to 
continue to provide their regulatory function even where gaps and discontinuities 
are present. A number of potential options are available to designers and 

5 Guidance for installation 
and inspection of cavity 
barriers
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specifiers. The choice of the type of cavity barrier to be employed in any specific 
scenario should be an integral part of a building’s design which should consider the 
likely risks and consequences associated with a fire event.

One method of providing confidence that the required level of performance can be 
achieved in practice is to use products which are approved by an independent third 
party certification body such as LPCB. Approved products are subject to ongoing 
audit of their manufacturing processes to ensure that they produce products with 
a consistent fire performance. Additionally, the use of independent third party 
approved installers provides confidence that the products have been installed in 
accordance with the manufacturer’s instructions by someone who has been trained 
to understand the function and importance of the products.

This project has provided new data on the performance of horizontal cavity 
barriers designed to inhibit the spread of fire and smoke within external walls 
of timber-framed construction. The results confirm many of the conclusions 
provided by previous research projects[1,2,3]. The research has demonstrated the 
effectiveness of designing the cavity to exclude combustible lining materials 
to reduce or eliminate the spread of fire within the cavity. It has confirmed the 
importance of using tested and approved proprietary cavity barriers fitted in 
accordance with manufacturer’s instructions and used within the limits of the 
stated field of application for the product.

Clarity is required within the construction project team on who is the responsible 
person in relation to the installation and inspection of critical fire protection 
measures such as cavity barriers. The use of approved contactors and appropriate 
supervision at key stages during the construction will help to ensure that cavity 
barriers are installed correctly and the installation is not compromised by 
follow-on trades.
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The results from the experimental programme are reported in this publication 
to develop guidance for the industry. Based on the work undertaken to date 
the following scenario dependent conclusions can be drawn:

�� The control experiment has highlighted the need for cavity barriers within 
external wall constructions where combustible material is included either as 
a lining or as insulation.

�� All generic forms of cavity barrier are capable of inhibiting the spread 
of fire and smoke when installed in accordance with manufacturer’s 
instructions.

�� The relationship between the ignition source and the ventilation conditions 
within the cavity is complex and will have a marked impact on fire 
development. This has not been investigated as part of this work.

�� There was no fire spread in any of the experiments incorporating non-
combustible sheathing board (magnesium oxide board).

�� The presence of discontinuities was shown to have a marked effect on the 
ability of all generic forms of cavity barrier other than intumescent barriers 
to inhibit the spread of fire for a reasonable period when present alongside 
a combustible sheathing board in the scenarios studied. It must however 
be noted that the nature of the discontinuity in terms of size, shape and 
geometry may result in different types of behaviour and these particular 
variables have not been systematically investigated as part of this work.

6 Conclusions
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�� The performance of solid timber battens used as cavity barriers is 
particularly sensitive to discontinuities. In particular, solid timber battens 
are unable to accommodate dimensional variations in cavity widths and any 
inconsistencies will lead to the creation of gaps around the timber batten 
which tend to lead to a rapid increase in failure times and fire spread 
above the level of the barrier in the event of a cavity fire.
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