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2 Fire performance of highly insulated buildings 

Executive Summary 

This is the first report due for the project Fire performance of highly insulated residential buildings and 
Modern Methods of Construction. This report sets out progress to date and presents the findings of a 
literature review covering topics relevant to the research theme. 
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Fire performance of highly insulated buildings 

1 Introduction 

Modern methods of construction (MMC) ranging from factory built systems through to innovative site built 
systems are widely used in the UK residential building sector. The change from traditional building 
techniques and materials to innovative construction products and techniques has been driven by a number 
of factors including: 

• The Energy Performance of Buildings Directive and the requirement to reduce C02 emissions and 
to conserve energy. Related changes to the Building Regulations (PartE- Acoustics and Part L
Thermal) have resulted in increased amounts of thermal insulating materials within dwellings. 

• A shortage of skilled labour in the construction industry. 

• A desire to improve the quality of construction and minimise the impact of poor workmanship on 
site. 

• A requirement to improve the efficiency of the construction process by adopting techniques 
previously associated with the manufacturing sector. 

These changes will have an impact on fire performance. The increased amount of thermal insulation means 
that the (potential) combustible fire load within dwellings is increased and there is an increased potential for 
fire to spread through the fabric of the building. 

The purpose of this report is to document progress to date against the specific tasks associated with the 
project and to review available information in relation to the performance in fire of modern methods of 
construction with a specific focus on residential buildings. 
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Fire performance of highly insulated buildings 

2 Engagement of project stakeholder group 

In order to ensure the project is of relevance to industry professionals a stakeholder group has been 
convened representing manufacturers, regulators, insurers, designers and the Fire and Rescue Service. 
The constitution of the stakeholder group is summarised in Table 1. The first meeting of the stakeholder 
group was held at BRE on the 1 01

h March 2010. 

Name Affiliation Representing 

Phil Burgess Health and Safety Executive HSE (construction fire safety) 

Stuart Campbell Fire Protection Association Insurance industry 

Sarah Colwell BRE Global BRE Global (cladding) 

Martin Heywood Steel Construction Institute Light gauge steel housing 

Danny Hopkin BRE Global BRE Global (Fire safety) 

Paul Jenkins London Fire Brigade Fire and Rescue Service 

John Lewis NHBC Approved Inspectors 

Brian Martin CLG CLG (Building Regulations) 

Graham Perrior NHBC NHBC Foundation 

Darren Richards* UK SIPs Association SIPS industry 

Debbie Smith BRE Global BRE Global 

Keith Snook* RI BA RI BA 

Steven Street* UKTFA Timber frame industry 

Chris Stride ICFA Insulated concrete formwork industry 

Dave White NHBC NHBC Technical 

Table 1 Constitution of Project Stakeholder Group 

*did not attend first meeting 

A second stakeholder group meeting is scheduled for October 2010. 
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Fire performance of highly insulated buildings 

3 Literature review 

3.1 Introduction 

Many of the topics discussed in this report were first identified through a scoping study undertaken for the 
Department of Communities and Local Government (CLG) as part of the Fire Safety Framework Agreement 
with a BRE led consortium (CLG 2008). The overall aim of that project was to assist in encouraging 
construction innovation whilst maintaining fire safety and structural integrity by providing CLG with an 
understanding of the range of issues associated with innovative construction products and techniques and 
to provide recommendations, and priorities, for further work that might be needed. In many ways the current 
project covers similar ground with a particular focus on residential buildings and the impact of the 
increasing use of thermal insulation within buildings with regard to fire safety. This project brings together 
information from a variety of sources including previous research projects, industry guidance, insurance 
statistics and information from stakeholder groups including the Fire and Rescue Service and the insurance 
industry. 

The ultimate objective of the current project is to bring together in one published document information that 
will be of use to a range of key stakeholders on best practice to improve fire safety and provide a reference 
document for sources of information on specific topics such as construction site safety and regulatory 
requirements. 

3.2 Statistics/Trends 

There is a growing perception in the fire safety community and particularly in the insurance sector, that fires 
in modern buildings result in larger financial losses when compared to 'traditional' construction forms, such 
as masonry (Lane 201 0). To verify this a number of fire statistics, published by both the Department for 
Communities and Local Government (CLG 2009) and the Geneva Association (201 0), have been reviewed. 

Statistics from the most recent FPA (Kiziak 201 0) large loss analysis indicate that dwelling fires were the 
second most common in occurrence behind factory fires, with a total of 34 in 2007. In terms of cost some 
£17 million was lost due to dwelling fires in this period, with only factory and warehouse fires exceeding this 
amount. The mean loss for a dwelling in 2007 was £509,000 and losses due to dwelling fires represented 
10.5% of all the losses due to fire in 2007. The Department for Communities and Local Government (CLG) 
annually publish fire statistics (CLG 2009), the most recent of which are for 2007. Trends from these 
statistics seem to indicate that fires in general are reducing in frequency year upon year. In addition fires in 
dwellings are also decreasing in frequency (figure 1). 

Client report number 259-821 
Commercial in confidence 

© BRE Global Ltd 2010 

NHB00000450_0007 
NHB00000450/7



Fire performance of highly insulated buildings 

700 

600 

500 
c: 
0 

'.;::::l 
Cll 400 (.) 

0 

>-.c 300 VI 
~ 

LL 
200 

100 

0 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Year 

I o Dwellings • Other buildings o Outdoor o Chimney I 

Figure 1- Fires by location 1997-2007 (CLG 2009) 

The Geneva Association (International association for the study of insurance economics) annually publish 
world fire statistics which are gathered from leading insurers in each participating country. Interestingly, as 
noted elsewhere (Lane 201 0), the statistics seem to indicate that as a nation we are seeing an increase in 
losses due to fires year on year (figure 2), whilst the frequency of fires (figure 1) and the number of deaths 
associated with fires are reducing (figure 3). The cost of insurance administration has increased by 0.04% 
of UK GDP since the year 2000 indicating that either there are more claims or the size of claims are larger 
than previous years. In addition it is also apparent that the UK is increasing the amount spent on fire 
protection (figure 4). 
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Figure 2- Direct cost of UK losses due to fire by year (Geneva Association 201 0) 

The UK insurance industry are associating the increased cost of fire losses to the disproportionate damage 
more frequently seen in 'modern methods of construction' (MMC) or 'innovative construction products and 
techniques' (ICPT). 
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Figure 3- UK fire deaths by year (Geneva Association 201 0) 
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Figure 4- Estimated cost of fire protection to UK buildings by year (Geneva Association 201 0) 
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Fire performance of highly insulated buildings 

3.2.1 RISCAuthority large-loss fire statistics 

To date it has been very difficult to analyse statistics on fire losses by construction type. A new initiative by 
RISCAuthority, a group of UK insurers who actively support a number of expert working groups developing 
and promulgating best practice for the protection of people, property, business and the environment from 
loss due to fire and other risks, has attempted to publish data on large losses in a manner which provides 
quality evidence to influence those in a position to affect beneficial change. The first release of data on 
large losses has been published by the Fire Protection Association (FPA 201 0) covering returns submitted 
between 1/4/2009 and 31/3/2010. Large losses are defined as those where the value exceeds £100,000 or 
involves loss of life. As this si the first publication from a new system it is inevitable that the dataset will be 
deficient in some areas. However, the aim is with each quarterly release to improve on the overall quality of 
the data. 

With respect to the current project this information is particularly relevant as it is broken down not only by 
the usual categories of occupancy type, causation etc. but also includes information on fires related to 
innovative forms of construction and construction type. From the data a number of salient points can be 
made with regard to dwellings and innovative forms of construction: 

• Fires in dwellings account for some 18% of all large losses reported during the period. This is the 
largest single category. 

• Approximately 50% of dwelling fires are started deliberately where the cause is known. 

• The most common ignition sources are smoking related (12.9%) and electricity supply (9.1 %). The 
corresponding figures when the source of ignition is either unknown or unassigned is taken out of 
the data set are 24% and 17% respectively. 

• Problems with access and, to a lesser extent, inadequate water supply are the chief impedances to 
fire fighting in dwellings. 

• Approximately 40% of fires in dwellings are reported between midnight and 6AM. 

• Timber frame accounts for the highest reported type of innovative construction. However, the 
highest single category is reported as "other" where innovative construction has been reported. 
This suggests that loss adjusters may require additional training on identification of particular forms 
of construction. 

Even given the deficiencies within the data dealing as it does with a limited data set and a limited time 
frame the RISCAuthority/FPA initiative is a vitally important development which will ensure that future 
decisions with regard to funding of research are informed by real data rather than anecdotal evidence. 

3.3 Regulatory framework and the role of codes and standards 

The requirements discussed in this report relate specifically to the regulatory requirements for England and 
Wales. lt should be noted that there are separate building standards in Scotland and Northern Ireland. 
Within the United Kingdom separate legislation exists for the construction of new buildings and for the 
control of fire precautions in occupied premises. The information within this report is only concerned with 
the former. 

In the UK the primary aim of the Building Regulations is to ensure the safety and health of those in and 
around buildings. In the event of a fire the primary objective is the life safety of those in and around the 
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Fire performance of highly insulated buildings 

building including fire fighters. Property protection is only considered to the extent required to ensure that 
the primary life safety objective is achieved. 

The method of specifying legislative requirements depends upon the method adopted by, or permissible 
under, the rules which specify control and the legal status of the documents so produced. Three methods 
are available: 

In a functional system, the aims or objectives are specified and the designer or architect can by reference 
to explanatory notes and guides or codes provide evidence that the objectives are being achieved. 

In a performance based system, the objectives are translated into specific performance levels to be 
achieved in appropriate tests or evaluation techniques. 

In a prescriptive system, the precise details of construction or permissible systems are given, which may 
possibly be specified on a deemed to satisfy basis. 

The UK Building Regulations are functionally based although the most common route to demonstrating 
compliance with the functional requirements is to rely on performance based or prescriptive rules. This has 
important implications as it opens the way for fire engineering design solutions specifically tailored to the 
needs of the project. 

Broadly speaking the requirements of the regulations with regard to material properties can be sub-divided 
into two main categories- those dealing with the reaction to fire properties and those dealing with 
resistance to fire. The former is covered under requirement B2 dealing with internal fire spread (linings) 
while the latter is covered under requirement B3 dealing with internal fire spread (structure). There are also 
some issues that cover both areas related to external fire exposure under requirement B4. 

3.3.1 Reaction to fire 

The functional requirement B2 covering the internal fire spread within a building through control of wall and 
ceiling linings states that. 

"To inhibit the spread of fire within the building, the internal linings shall-

(a) adequately resist the spread of flame over their surfaces; and 

(b) have, if ignited, either a rate of heat release or a rate of fire growth, which is reasonable in the 
circumstances." 

Where internal linings refers to the materials or products used in lining any partition, wall, ceiling or 
other internal structure. 

The provisions of the regulations do not apply to the upper surfaces of floors and stairs although 
reference should be made to the provisions covering common means of escape. External flame spread 
is dealt with separately (see below). 

In terms of performance requirements the classifications depend on the size of the room considered 
and the purpose (occupancy) class of the building. Table 2 below summarises the required 
performance. 
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Fire performance of highly insulated buildings 

Classification of linings 

Location National class European class 

Small rooms of area not more than: 3 D-s3,d2 

a) 4m2 in residential accommodation; 

b) 30m2 in non-residential accommodation 

Domestic garages of area not more than 40m2 

Other rooms (including garages) 1 C-s3,d2 

Circulation spaces within dwellings 

Other circulation spaces, including the common areas of 0 B-s3,d2 
flats and maisonettes 

Table 2 Classification of linings (from Approved Document B) 

(Notes: 1. The term room includes large spaces such as warehouses and auditoria. 2. The National 
classifications do not automatically equate with the equivalent European classifications. lt is important 
to realise that it is only possible to obtain a National classification by carrying out the National tests or to 
obtain a European classification by carrying out European tests.) 

3.3.1.1 UK Reaction to fire tests 

In the UK the fire performance of products are assessed according to procedures set out in the BS 476 
series. These include test methods for both reaction to fire and fire resistance. The original series ran from 
Part 3 to Part 8. The intention was that these would be replaced by new standards with Parts 11 to 19 
dealing with the response to fire of building products while parts 20 to 29 deal with elements of building 
construction. However, the process of adopting this new system has been superseded by the development 
of European fire test standards (see next section). The scope of each of the current UK standards in 
relation to the reaction to fire properties is summarised in Table 3. 
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Fire performance of highly insulated buildings 

Standard reference Title/scope 

8S 476-3: 2004 Fire tests on building materials and structures. Classification and method of test for 
external fire exposure to roofs. 

8S476-4: 1970 Fire tests on building materials and structures. Non-combustibility test for materials. 

8S 4 76-6: 1989 Fire tests on building materials and structures. Method of test for fire propagation of 
products. 

8S 476-7: 1997 Fire tests on building materials and structures. Method of test to determine the 
classification of the surface spread of flame of products. 

8S 476-10: 1983 Fire tests on building materials and structures. Guide to the principles and 
application of fire testing. 

8S 476-11: 1982 Fire tests on building materials and structures. Method for assessing the heat 
emission from building products. 

8S 476-12: 1991 Fire tests on building materials and structures. Method of test for ignitability of 
products by direct flame impingement. 

8S 476-13: 1987, Fire tests on building materials and structures. Method of measuring the ignitability 
ISO 5657: 1986 of products subject to thermal irradiance. 

8S 476-15: 1993, Fire tests on building materials and structures. Method for measuring the rate of 
ISO 5660-1: 1993 heat release for products. 

Table 3 British Standard Reaction to Fire Test Standards 

For current purposes of assessing the basic reaction to fire properties of an innovative material the most 
relevant standards are parts 6 and 7 of 8S4 76 dealing with fire propagation and surface spread of flame. 

BS 476: Part 6: 1989- fire propagation for products 

This test provides a means of comparing the contribution of combustible building materials to the growth of 
a fire by providing a measure of the rate of heat evolution of a 225mm x 225mm sample, up to 50mm thick, 
exposed in a small combustion chamber for twenty minutes to a specified heating regime of continuously 
increasing severity. The gas jets are ignited at the start of the test, with electric radiant bars added after 2 
and % minutes. 

The performance is expressed as a numerical index from 1 to 100 or more and is based on the readings of 
a thermocouple inside a cowl compared with those on a calibration curve obtained using asbestos board 
samples. Low values indicate a low rate of heat release. 

Index of performance I = i1 + i2 + i3 where i1 is derived from the first three minutes of the test, i2 from the 
following seven minutes and i3 from the final ten minutes. A high index i1 indicates an initial rapid ignition 
and heat release. 

Five test samples are required. They should be 225mm x 225mm and not more than 50mm thick for each 
material tested. Indicative tests may be carried out on single samples. Such tests do not provide sufficient 
information to allow a classification to be made. 

Client report number 259-821 
Commercial in confidence 

© BRE Global Ltd 2010 

N H 800000450 _ 0014 
NHB00000450/14



Fire performance of highly insulated buildings 

BS 476: Part 7: 1997- surface spread of flame of products 

The test is used to determine the tendency of essentially flat materials to support the spread of flame 
across their surfaces and specifies a method of classification appropriate to wall and ceiling linings. 
Specimens are exposed to a 900mm square radiant panel which is run at a temperature of 800 - 1 000°C 
with the intensity of radiation on the specimen varying from 32.5kW/m2 to 6.5kW/m2

. The extent of flame 
spread after 1.5 minutes and at the end of the ten minute test is used to classify products- Class 1 
represents the best performance. 

Class 0 is not a BSI classification. lt is a term defined in connection with the Building Regulations. A sample 
that achieves Class 1 in a Surface Spread of Flame test and achieves an index of performance (I) not 
exceeding 12 and a sub index (i 1) not exceeding 6 in the fire propagation test, is deemed to have achieved 
Class 0. 

Nine samples are required with dimensions of 885mm x 270mm and a thickness not greater than 50mm for 
each material tested. As for the fire propagation test single indicative samples may be tested, but cannot be 
used for classifying the material. 

3.3.1.2 European reaction to fire tests 

The new European reaction to fire tests are intended to replace the existing methods of testing and 
classification of building products for member states within the EC. For all products excluding flooring 
products, a set of four test standards will be used together with a supporting standard detailing the 
conditioning requirements for test specimens and the use of substrates. 

The relevant standards are detailed below. 

Standard reference Title/scope 

BS EN ISO 1716: 2002 Reaction to fire tests for building products- Determination of the heat of 
combustion 

BS EN ISO 1182: 2002 Reaction to fire tests for building products- Non-combustibility test 

BS EN 13823: 2002 Reaction to fire tests on building products- Single burning item test 

BS EN ISO 11925-2:2002 Reaction to fire tests- lgnitability of building products subjected to direct 
impingement of flame - Part 2: Single-flame source test 

BS EN 13238: 2002 Reaction to fire tests for building products- Conditioning procedures and 
general rules for the selection of substrates 

BS EN 13501-1:2002 Fire classification of construction products and building elements Part 1: 
Classification using test data from reaction to fire tests 

Table 4 European Reaction to Fire Tests 

The remaining standard not generally used for UK construction is BS EN ISO 9239-1, Determination of the 
burning behaviour of floorings, using a radiant heat source. 
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Fire performance of highly insulated buildings 

For current purposes of assessing the basic reaction to fire properties of an innovative material the most 
relevant standards are the Single burning item test and the single fame source test. 

BS EN 13823: 2002- Single burning item (SBI) test 

The SBI test facility consists of a test room, the test apparatus (trolley, frame, burners, hood, collector and 
ducting), the smoke exhaust system and general measuring equipment. For each test the burning 
behaviour of the product is represented by graphs of the heat release rate and fire growth rate indices as 
functions of time along with the occurrence or not of lateral flame spread over the specimen. In addition the 
test provides a quantitative assessment of the smoke growth rate and the presence of flaming droplets and 
particles. 

Each specimen consists of a short and long wing arranged in the test apparatus in a corner configuration. 
The dimensions of the short wing are 495mm (± 5mm) x 1500mm (± 5mm) and for the long wing the 
dimensions are 1 OOOmm (± 5mm) x 1500mm (± 5mm). The maximum thickness of the specimen should not 
exceed 200mm. Five sets of specimens are required per test and further indicative tests may be 
undertaken on individual pairs of specimens. Table 5 provides typical performance ratings for generic 
materials and products according to the National classification. 

Rating Material or product 

Class 0 (National) Non combustible material or material of limited combustibility 

Brickwork, concrete, blockwork, ceramic tiles 

Plasterboard 

Woodwool cement slabs 

Mineral fibre tiles or sheets with cement or resin binding 

Class 3 (National) Timber or plywood with a density more than 400kg/m3 

Wood particle board or hardboard 

Standard glass reinforced polyesters 

Table 5 Typical performance ratings for some generic materials and products 

BS EN ISO 11925-2 Single flame source test 

A set of eight specimens having nominal dimensions of 250mm x 90mm are required for each exposure 
condition. The product should be essentially flat and four specimens should be cut lengthwise and four 
crosswise. Six of the specimens will be tested and the remaining two will be used if additional tests are 
required for classification purposes according to BS EN 13501-1 :2002. 

• If the specimen is greater than 60mm in thickness, the thickness should be reduced to 60mm by 
cutting away from the face which is not being tested. 

• If the product is likely to be used in combination with a substrate it will need to be tested on a 
suitable substrate. A list of standard substrates is specified in BS EN 13238:2001. 
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• If the product is used such that the edge may be exposed in practice, both edge and face ignition 
should be conducted. In this instance the number of specimens required is sixteen. 

• If the two faces differ in appearance, and both may be used in practice, then the number of 
specimens required needs to be doubled so that both faces can be tested. 

• If the product needs to be tested at an exposure time of 30 secs as well as 15 secs (for 
consideration for classes above E according to 8S EN 13501-1 :2002) then the number of 
specimens needs to be doubled. 

• If the product is smaller than the specimen size required, then special specimens for testing will 
need to be supplied of the required size. 

Non-flat products can potentially be tested, but full details of the product geometry and composition would 
first need to be considered by the approved test laboratory. Other aspects of construction such as variability 
across the product surface may also need to be taken into consideration according to the standard which 
would, if relevant, be discussed with the client before proceeding. 

3.3.2 Resistance to fire 

The functional requirement 83 covering internal fire spread in relation to the structure states that: 

"The building shall be designed and constructed so that, in the event of a fire, its stability will be maintained 
for a reasonable period." 

This is achieved through effective sub-division using fire resistant construction depending on the size and 
intended use of the building and through adequate fire stopping around opening or cavities. 

The fire resistance of an element of construction is a measure of its ability to withstand the effects of fire in 
one or more of the following ways: 

• resistance to collapse, i.e. the ability to maintain loadbearing capacity 

• resistance to fire penetration, i.e. an ability to maintain the integrity of the element 

• resistance to the transfer of excessive heat, i.e. an ability to provide insulation from high 
temperatures 

Although the designer is free to demonstrate compliance with the functional requirement in whatever way 
he or she chooses the most common means of meeting the requirement is with reference to the results 
from standard fire tests. Guidance on performance requirements is presented in the Approved Document in 
relation to height (or depth) of the structure and purpose group and is summarised in table 6 below. 
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Minimum periods of fire resistance 

Purpose group of building 

Residential (domestic) 

a. flats and maisonettes 

b. dwelling houses 

Residential 

a. institutional 

b. other resdiential 

Office 

not sprinklered 

sprinklered 

Shop and commercial 

Not sprinklered 

sprinklered 

Assembly and recreation 

Not sprinklered 

sprinklered 

Industrial 

Not sprinklered 

sprinklered 

Storage & other non-residential 

Any building or part not 

described elsewhere 

Not sprinklered 

Client report number 259-821 
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Minimum periods (minutes) for elements of structure in a: 

Basement storey Ground or upper storey 

Depth (m) of a lowest Height (m) of top floor above ground, in a building or 

basement separated part of a building 

More than 10 Not more Not more Not more Not more More than 30 

than 10 than 5 than 18 than 30 

90 60 30* 60 90 120 

not relevant 30* 30* 60 not relevant not relevant 

90 60 30* 60 90 120# 

90 60 30* 60 60 120# 

90 60 30* 60 90 Not permitted 

60 60 30* 30* 60 120# 

90 60 60 60 90 Not permitted 

60 60 30* 60 60 120# 

90 60 60 60 90 Not permitted 

60 60 30* 60 60 120# 

120 90 60 90 120 Not permitted 

90 60 30* 60 90 120# 
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Minimum periods of fire resistance 

Purpose group of building Minimum periods (minutes) for elements of structure in a: 

Basement storey Ground or upper storey 

Depth (m) of a lowest Height (m) of top floor above ground, in a building or 

basement separated part of a building 

More than 10 Not more Not more Not more Not more More than 30 

than 10 than 5 than 18 than 30 

Sprinklered 120 90 60 90 120 Not permitted 

Car park for light vehicles 90 60 30* 60 90 120# 

Open sided car park 

Any other car park n/a n/a 15* 15* 15* 60 

90 60 30* 60 90 120# 

Table 6 Minimum periods of fire resistance for elements of structure 

I* Increased to a minimum period of 60 minutes for compartment walls separating buildings 

# Reduced to 90 minutes for elements not forming part of the structural frame 

Note this table gives a general overview of the requirements- reference should be made to the detailed 
notes in the Approved Document for specific projects 

3.3.2.1 UK fire resistance tests 

The most common route to ensure compliance with the regulatory requirements is through performance 
under standard fire test conditions whereby an element of structure (beam, column, wall, floor) is subject to 
a standard fire exposure under conditions representative of its end use in the building. The specific 
requirements of the standard test in terms of fire exposure, loading and support conditions is set out in the 
relevant standards. Those standards dealing with fire resistance are listed in table 7 below. 
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Standard reference Title/scope 

8S 476-20: 1987 Fire tests on building materials and structures. Method for the determination of the 
fire resistance of elements of construction (general principles) 

8S476-21: 1987 Fire tests on building materials and structures. Methods for the determination of the 
fire resistance of load bearing elements of construction. 

8S 476-22: 1987 Fire tests on building materials and structures. Methods for the determination of the 
fire resistance of non-load bearing elements of construction. 

8S 476-23: 1987 Fire tests on building materials and structures. Method for the determination of the 
contribution of components to the fire resistance of a structure. 

8S 476-24: 1987, Fire tests on building materials and structures. Method for the determination of the 
ISO 6944: 1985 fire resistance of ventilation ducts. 

Table 7 UK Fire resistance test standards 

For current purposes of assessing the fire resistance of structural elements the relevant standards are parts 
20 to 23 of 8S476. the most important information on test conditions and failure criteria are contained within 
Part 20. 

BS 476 Part 20 

This standard sets out the basic principles for the assessment of fire resistance including the selection of 
appropriate support and loading conditions and the definition of the standard temperature/time curve to be 
used. 

The standard time/temperature curve is defined by the following equation: 

T = 345 log1o (8t+1) + 20 

Where 

T is the mean furnace temperature (in °C) 

T is the time (in min) up to a maximum of 360 mins. 

The standard time-temperature response is illustrated in figure 5. The standard sets out the means for 
assessing performance with regard to the three possible types of failure criteria related to insulation, 
integrity and load bearing capacity. The means of assessment and the quantification of failure in each case 
are discussed below. 
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Standard time/temperature curve 
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Figure 5 Standard time/temperature curve 

Loadbearing Capacity 

Floors and Beams 

For horizontal members failure in a standard test is assumed to have occurred when the deflection reaches 
a value of L/20 where L is the clear span of the specimen or where the rate of deflection (mm/min) exceeds 
a value of L2/9000d where d is the distance from the top of the section to the bottom of the design tension 
zone (mm). The rate of deflection criteria only applies once the deflection has reached a value of L/30. 

The origin of the deflection limits are unclear but they, at least in part, are based on the limitations of test 
furnaces and the requirement to avoid damage to the furnace. 

Walls and Columns 

For vertical load bearing elements failure of the test specimen is deemed to occur when the specimen can 
no longer support the applied load. There is no clear definition of failure in relation to the standard test. 
Laboratories are only required to provide for maximum deformations of 120mm and values over and above 
this limit would require the test to be terminated. The state of failure is characterised by a rapid increase in 
the rate of deformation tending towards infinity. lt is therefore recommended that laboratories monitor the 
rate of deformation to predict the onset of failure and support the test load. 
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Integrity 

Floors and Walls 

The basic criteria for integrity failure of floor and wall elements is the same. An integrity failure is deemed to 
occur when either collapse, sustained flaming or impermeability have occurred. Impermeability, that is the 
presence of gaps and fissures, should be assessed using either a cotton pad or gap gauges. After the first 
5 minutes of heating all gaps are subject to periodic evaluation using a cotton pad 1 OOmm square by 20mm 
thick mounted in a wire holder which is held against the surface of the specimen. If the pad fails to ignite or 
glow the procedure is repeated at intervals determined by the condition of the element. For vertical 
elements where the gaps appear below the neutral pressure axis position gap gauges will be used to 
evaluate the integrity of the specimen. If the 25mm gauge can penetrate the gap to its full length (25mm + 
thickness of the specimen as a minimum value) or the 6mm gauge can be moved in any one opening for a 
distance of 150mm then integrity failure is recorded. The cotton pad is no longer used when the 
temperature of the unexposed face in the vicinity of the gap exceeds 300°C. At this point the gap gauges 
are used. 

Insulation 

Floors and Walls 

The basic criteria for insulation failure of floors and wall elements is the same. Insulation failure is deemed 
to occur when either the mean unexposed face temperature increases by more than 140°C above its initial 
value or the temperature at any position on the unexposed face exceeds 180°C above its initial value. 

BS476 Part 21 states specifically that the standard test method is not applicable to assemblies of elements 
such as wall and floor combinations. There is some limited guidance to suggest that the test method may 
be used as the basis for the evaluation of three-dimensional constructions with each element loaded 
according to the practical application and each element monitored with respect to compliance with the 
relevant criteria. 

3.3.2.2 European fire resistance tests 

The corresponding European document to BS4 76 Part 20 is BS EN 1363 Part 1: 1999. This sets out the 
general principles for determining fire resistance for elements of construction subject to standard fire 
exposure conditions. Generally the conditions and criteria for failure are the same as in the corresponding 
BS standard as is the standard time/temperature curve specified. However, the most significant difference 
between the National and European test methods is in the means of controlling the specified furnace 
temperature. 

Control of furnace temperature in the European test is achieved through the use of plate thermometers 
rather than the traditional bead thermocouples used in the British Standard test. The "plate" was introduced 
in an attempt to harmonise furnace performance across Europe. The plate has a higher thermal inertia and 
therefore in the early stages of the fire it requires more energy to achieve a given temperature. For this 
reason the European test is often seen as being more severe and certainly has an adverse effect on the fire 
resistance ratings of materials with a high thermal conductivity- such as unprotected structural steel. The 
relevant European test standards for the assessment of fire resistance are summarised in table 8 below. 
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Standard reference Title/scope 

BS EN 1363-1:1999 Fire resistance tests- Part 1: General requirements 

BS EN 1363-2: 1999 Fire resistance tests- Part 2: Alternative and 
additional procedures 

BS EN 1364-1: 1999 Fire resistance tests for non-loadbearing elements-
Part 1: Walls 

BS EN 1364-2: 1999 Fire resistance tests for non-loadbearing elements-
Part 2: Ceilings 

BS EN 1365-1: 1999 Fire resistance tests for loadbearing elements- Part 
1: Walls 

BS EN 1365-2: 2000 Fire resistance tests for loadbearing elements- Part 
2: Floors and roofs 

BS EN 1365-3: 2000 Fire resistance tests for loadbearing elements- Part 
3: Beams 

BS EN 1365-4: 1999 Fire resistance tests for loadbearing elements- Part 
4: Columns 

BS EN 1365-5: 2004 Fire resistance tests for loadbearing elements- Part 
5: Balconies and walkways 

BS EN 1365-6: 2004 Fire resistance tests for loadbearing elements- Part 
6: Stairs 

Table 8 European fire resistance tests 

3.4 Fire spread 

Fire spread within buildings can occur through a number of different mechanisms. The regulatory 
framework and associated fire testing regime exists, in large part, to prevent fire from spreading from the 
compartment of origin to adjacent compartments within the same building or to other buildings within the 
vicinity of the initial incident. 

The requirements are independent of the structural form. However, it must be recognised that certain forms 
of construction represent a greater risk than others. For example a cavity within a masonry brick and block 
wall whether filled with insulation or not does not represent as great a risk as a fire within the cavity 
between a timber frame wall and an external rainscreen cladding. 

Broadly speaking there are two principal mechanisms for fire spread internal and external. Internal fire 
spread is covered by regulations relating to compartmentation (including provisions to inhibit the unseen 
spread of fire and smoke in voids and cavities) through regulation B3 and external fire spread is dealt with 
principally through restrictions on the use of combustible materials and controls on separation distances 
between buildings through regulation B4. 
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3.4.1 Internal fire spread (including Cavity and void fire spread) 

Dwellings, and specifically multi-occupancy dwellings, are characterised by high levels of 
compartmentation. Each individual occupancy is classed as an individual compartment and separated 
using fire resistant construction from neighbouring apartments and from common areas such as lobbies 
and staircases used as a means of escape. For many modern forms of construction and some more 
traditional techniques the principal means of ensuring compartmentation is through the use of plasterboard 
linings. In addition to providing the required levels of fire resistance the linings also provide significant levels 
of thermal insulation and may provide moisture resistance and a surface suitable for direct application of 
decorative finishes. There are a bewildering number of different types of plasterboard available from a 
range of different suppliers. Guidance on classification of plasterboards is available in National and 
European standards (BSI 1985, BSI 2004). lt is important that the correct board is specified for the specific 
application required. For present purposes the most significant difference is between those boards 
designated as type F and other boards. Type F boards have improved core adhesion at high temperatures 
from the inclusion of mineral fibres and/or other additives in the gypsum core. 

Plasterboard performance in terms of fire protection to structural frames has been well established over a 
number of years. A large number of fire tests have been undertaken to demonstrate compliance with the 
regulatory requirements and in support of third party accreditation schemes. However, the vast majority of 
the data from these tests is commercial in confidence and cannot be referenced or disseminated. Standard 
fire tests tend to be undertaken under strictly controlled conditions with special care and attention paid to 
detailing around joints and to ensuring the correct fixings are adopted at the centres specified by the 
manufacturer. Plasterboard manufacturers through their technical departments have produced extensive 
guidance for installers. The "White Book" produced by British Gypsum (British Gypsum ) is widely 
acknowledged as an industry standard for installation of their products. Workmanship and site supervision 
is of crucial importance in ensuring the boards are capable of providing the level of protection assumed in 
design and based on performance in standard fire tests. This is particularly important where multi-layer 
systems are adopted and the inner layer is not visible once the work has been completed. Guidance in this 
regard is provided in a BRE Digest (Grantham and Enjily, 2003). 

One means by which the integrity of compartmentation can be compromised is a breakdown in the 
performance of the planar protection to the wall and ceiling linings. The other potential route for internal fire 
spread is through voids within the building. The building regulations state that: 

"The building shall be designed and constructed so that the unseen spread of fire and smoke within 
concealed spaces in its structure and fabric is inhibited" 

The requirements will be met if: 

"any hidden voids in the construction are sealed and sub-divided to inhibit the unseen spread of fire and 
products of combustion, in order to reduce the risk of structural failure and the spread of fire, in so far as 
they pose a threat to the safety of people in and around the building". (Approved Document B) 

There is a recognition of the specific risk associated with cavities and voids: "Concealed spaces or cavities 
in the construction of a building provide a ready route for smoke and fire spread" and "As any spread is 
concealed, it presents a greater danger than would a more obvious weakness in the fabric of the building" 
(Approved Document B). 
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The UK timber frame association (UKTFA 2007) briefing papers note that, according to UK fire statistics, 
cavity fires are very rare, representing around 0.07% of all fires attended by the fire brigade (correct as of 
2006). In addition such statistics indicate that there have been no fatalities or injuries as a direct result of 
cavity fires and the material damage has been minimal. This however is likely to only tell part of the storey. 
lt is feasible that fires originating in the cavity, due for instance to electrical wiring faults, may represent a 
very small percentage of fires attended by the UK fire and rescue service and the associated injuries and 
financial losses are negligible .. This however does not address fires which have originated in a 
compartment, and have entered cavities as a result of poor fire stopping or other such weaknesses. In 
these instances, it is possible that injuries, losses and even deaths may be disproportionate to the size of 
the initial fire incident. Furthermore, the scoping study undertaken for CLG to investigate the risks 
associated with Innovative Construction Products and Techniques (ICPT) (CLG 2008) found that 
disproportionate damage within modern buildings was often as a result of unseen fire spread within cavities 
and voids. The project was informed through information provided by the Fire and Rescue Service. 

The risk of unseen fire spread in association with combustible cavities was brought into sharp focus 
following the compartment fire test on the TF2000 building at Cardington. Following suppression of a fire 
test within one of the dwellings on the second floor of the building a seat of smouldering combustion 
remained in the corner of the living area. Over a number of hours this small ignition source burnt through 
the OSB panelling and entered the cavity between the timber frame and the external masonry cladding. 
This particular area was open to the elements at the bottom of the cavity due to a previous structural test to 
investigate disproportionate collapse. Once the smouldering timber came into contact with the ventilated 
cavity the fire quickly developed with initially the OSB sheathing board providing the main source of fuel. 
The horizontal barriers at compartment floor level proved ineffective in preventing vertical fire spread. Over 
the course of the evening the fire spread from the second to the fifth floor. The initial fire test prior to the 
cavity fire incident is illustrated in Figure 6. Figure 7 shows the damage to the external wall at a level above 
the intial fire compartment and clearly shows that not just the sheathing board but the entire load bearing 
stud wall has been consumed by the fire. The extent of vertical fire spread is illustrated in Figure 8 showing 
the front elevation of the TF2000 building after the cavity fire event. 

Figure 6 Compartment fire test on 2"d floor of the TF2000 building 
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Figure 7 Load bearing wall completely consumed by the cavity fire (3rd floor) 
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Figure 8 Front elevation of TF2000 building showing extent of vertical fire spread 

The TF2000 and 'Fires in Combustible Cavities' projects undertaken by BRE and Chiltern International Fire 
studied timber frame fire performance with particular emphasis on cavity fires. The findings of these 
research programmes are directly applicable to a number of modern forms of construction and indicate a 
number of mechanisms for fire spread . In addition, further studies by BRE Global have researched the fire 
performance of panelised SIP buildings where concerns relating to fire spread were the primary drivers. 

3.4.2 External fire spread 

There are three main potential ignition sources in relation to external fire spread. They are: 
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• Radiated heat from an external source such as a fire in an adjacent building. 
• External fire source in direct contact with the building. This could be initiated through careless 

storage of materials adjacent to the structure or could arise as a consequence of a deliberate arson 
event. 

• Fire breaking out of one of the compartments within the structure with flames emerging from 
window openings igniting the external surface of the cladding, breaking back in through windows or 
igniting combustible window frames. 

Controls are imposed due to restrictions on the amount of combustible material present on the external 
fac;ade of the building. The extent of the restrictions is determined by the occupancy class, height and 
distance from the boundary of adjacent buildings. Traditionally compliance with the regulations has been 
achieved through reaction to fire tests. Such tests consider issues such as ignitibility, flame spread and 
heat release rate. However, they are generally applicable to external surfaces. Many of the cladding 
systems now on the market are complex composite or built up systems where an assessment of the 
characteristics of the exposed surface with respect to flame spread may not provide an accurate picture of 
performance in a realistic fire scenario. For this reason and due to some high profile fires involving vertical 
flame spread particularly the fire at lrving in 1999 (House of Commons, 1999) a new large scale test 
method was developed by BRE and eventually became the basis of a British Standard (BSI 2002) fire test 
for cladding systems. The test method looks at performance due to a realistic fire scenario corresponding to 
a fully developed fire within a compartment with external flaming from a window opening impinging directly 
on the external fac;ade. The test considers system performance rather than surface spread of flame 
properties in isolation. 

3.5 Fire development 

3.5.1 Fire loadings 

One the major concerns of stakeholders, in the consideration of the fire performance of MMC's, are the 
consequences of introducing large volumes of combustible materials into a building. Unlike what we term 
'traditional' forms of construction, either the structure itself may be formed from a combustible material, 
such as timber, or the structure may be surrounded by highly insulating polymers or foams. Regulatory 
compliance for such systems, including light timber frame, SIPs and light gauge steel constructions, is 
typically achieved through specification of plasterboard or other similar 'fire resistant' linings. As such the 
additional fire load associated with the combustibles outside of the fire compartment are generally not 
considered. Some studies have investigated the additional fire loading that should be considered where the 
construction itself is combustible. Data from the CIB W14 Workshop on structural fire safety (CIB 1986) 
gives total fire loads, including the construction, for buildings which would be considered as traditional. 
Some of these are summarised below. 
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Variable Fire Load Total (including permanent) Increase due to permanent 
Occupancy 

[MJ/m2
] [MJ/m2

] [%] 

Residence 320 (average) 730-1270 128-297 

Hospital 230-330 (average) 270-1990 17-765 

Technical office 250 (average) 540 116 

Offices 580 (average) 635-3900 9.5-572 

Department store 420 (average) 935 123 

Table 9 - Fire load densities of typical construction including variable and permanent loads 

Similar calculations can be performed for modern buildings formed from combustible materials such as 
timber and insulation. Thomas (2008) has shown that, for a 6.0x6.0m office compartment formed from 
heavy timber construction, the increased fuel load due to the permanent fire load (the structure) can be as 
low as 17%. 

For a simple compartment, similar to those used in research by BRE Global (Lennon et al. 201 0), of overall 
dimensions 4m x 3m x 2.4m, the additional fire loading attributed to the permanent structure can be 
determined. An average fire load density for residential occupancy will be adopted and all of the 
combustible structure is assumed to be consumed. This is reasonable where the structure is formed from 
light timber construction or similar as the timber will burn rather than gradually char (Thomas 2008). 
Calorific values are taken from CIB (1986) and Davies (2001). 

1. Light timber frame construction- Studs at 400mm centres, Joists at 600mm centres, Non
combustible insulation between studs: 

Variable fire load: 450 MJ/m2 x 12m2 = 5400 MJ 

Permanent fire load: 35 studs each 2. 4m x 0. 045m x 0. 15m gives a fire load of: 

35 X 0. 0162 m3 
X 450 kg/m3 

X 18 MJ/kg = 4592. 7 MJ 

5 joists each 4m x 0. 045 m x 0. 22 m gives a fire load of: 

5 X 0. 0396 m3 
X 450 kg/m3 

X 18 MJ/kg = 1603. 8 MJ 

Total fire load = 5400 + 4592. 7 + 1603.8 = 11596.5 MJ 

Percentage increase due to permanent fire load = 115%. 

2. SIP construction- 150mm deep panel with PUR insulation and 15mm OSB skins, Joists at 600mm 
centres: 

Variable fire load: 450 MJ/m2 x 12m2 = 5400 MJ 

Permanent fire load: Volume of OSB- ( 4 x 2.4m x 4m x 0. 015m) + ( 4 x 2.4m x 3m x 0. 015m) = 1 m3 

Volume of PUR- (2 x 4m x 2.4m x 0.13m) + (2 x 3m x 2.4m x 0.13m) = 4.368 m3 
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Fire load due to SIPs= (1m3 x 450 kg/m3 x 18 MJ/kg) + (4.368 m3 x 40 kg/m3 x 25 MJ/kg) = 12468 MJ 

5 joists each 4m x 0. 045 m x 0. 22 m gives a fire load of: 

5 X 0. 0396 m3 
X 450 kg/m3 

X 18 MJ/kg = 1603. 8 MJ 

Total fire load= 5400 + 12468 + 1603.8 = 19472 MJ 

Percentage increase due to permanent fire load= 261%. 

3. Light steel frame construction- non-combustible frame, insulated with PUR foam: 

Variable fire load: 450 MJ/m2 x 12m2 = 5400 MJ 

Notional volume of PUR- (2 x 4m x 2.4m x 0.13m) + (2 x 3m x 2.4m x 0.13m) = 4.368 m3 

Fire load due to insulation- 4.368 m3 x 40 kg/m3 x 25 MJ/kg = 4368 MJ. 

Total fire load= 5400 + 4368 = 9768 MJ 

Percentage increase due to permanent fire load= 81%. 

Reassuringly the increased fire load density(%) due to consideration of the permanent (structure) fire loads 
are in the bounds of those noted by research published in the 1980's (CIB 1986) for similar occupancy 
types (residential). 

If however the light timber frame structure is considered in isolation without consideration of the variable fire 
load (approx. 6200 MJ for the given geometry) then the damage associated with construction site fires 
becomes understandable. In reality, on a large timber frame development site, the volume of timber could 
be in excess of 100 times what has been considered in this simple study. This gives potential fire loads in 
excess of 620,000 MJ. 

Consideration of the potential permanent fire loads in a modern building highlights the importance of 
passive fire protection as it is this alone which limits the fire loading to that contained within a building or 
compartment. 

3.5.2 Influence of boundary thermal inertia 

The thermal inertia of a fire compartment heavily influences fire development due to radiation feedback and 
other similar phenomena. The thermal inertia can be simply defined as the product of conductivity, density 
and specific heat. For compartment boundaries the inner most layer, typically plasterboard or plaster in 
most homes, governs the thermal inertia of the compartment. However the supporting substrate, typically 
masonry or timber frame, also has some influence on fire development. The thermal inertia of the 
'construction' is normally taken as some form of weighted average of the properties making up an element 
of construction and hence substrate properties carry some importance. There is a perception that the 
increased use of insulants in buildings may result in more severe compartment fires as the compartment 
boundaries are more heavily insulated and thus have lower thermal inertia's. The impact of thermal inertia 
(b) on peak temperature (E>max) and fire duration (Td*) is shown simply in table 10 using the parametric 
design fire in Eurocode 1-2 (BSI 2002). 
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b ~kpc (J/m2s 112K) 700 800 900 1000 1100 1200 1300 1400 1500 

r (-) 8.41 6.44 5.09 4.12 3.4 2.86 2.44 2.1 1.83 

Td*(h) 3.75 2.87 2.26 1.83 1.51 1.27 1.08 0.94 0.81 

E>max CC) 1122 1083 1052 1027 1007 994 979 968 960 

Table 10 - Impact of thermal inertia on peak fire temperature 

To investigate the influence of insulation on fire development, due boundary thermal inertia effects, a 
simple parametric study has been completed using the zone model OZONE (Profil Arbed 2000), developed 
by the University of Liege based upon test data gathered by BRE (Profil Arbed 2000). 

For a given constant fire design scenario, in this instance the natural fire safety concept residential fire and 
a constant compartment geometry (4x3x2.5m with two 0.75m2

), the influence of low thermal inertia 
boundaries (as a result of highly insulated walls) can be assessed by inspecting resulting hot gas layer 
temperatures. The key parameters for the parametric study are summarised in tables 11 and 12. 

Run Construction Layer1 Layer 2 Layer 3 Layer 4 
1 Blockwork compartment LWCB N/A N/A N/A 
2 Gypsum lined (15mm) blockwork compartment PLBD LWCB N/A N/A 
3 Gypsum lined (30mm) blockwork compartment PLBD LWCB N/A N/A 
4 Open panel timber frame PLBD RCKW OSB N/A 
5 Closed panel timber frame PLBD OSB RCKW OSB 
6 SIP low density core PLBD OSB PUR-LD OSB 
7 SIP medium density core PLBD OSB PUR-MD OSB 
8 SIP high density core PLBD OSB PUR-HO OSB 

Table 11 - Run identification with wall layers 

ID Material 
Thickness Density Conductivity Specific heat 

(mm) (kg/m3
) (W/m.K) (J/kg.K) 

LWCB 
Light weight concrete 

100 550 0.14 840 
block 

PLBD Plasterboard Varies 900 0.25 1000 
RCKW Rock wool insulation 140 60 0.037 1030 
OSB Oriented strand board 15 450 0.1 1113 
PUR- Low density 

140 35 0.0238 1268 
LD polyurethane foam 

PUR- Medium density 
140 70 0.0238 1268 

MD polyurethane foam 

PUR- High density 
140 100 0.0238 1268 

HD polyurethane foam 

Table 12 - Material identification and thermal properties 

In each instance the ceiling boundary was assumed to be a 30mm thickness later of plasterboard whilst the 
floor boundary was 1 OOmm of normal weight concrete. The properties of the wall, constructed from up to 
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four discrete layers, were varied in accordance with table 11. The consequences for fire development can 
be noted with reference to figure 9 which shows the transient development of hot layer temperature. 
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Figure 9- Hot layer temperatures for a range of wall thermal inertias 

lt is apparent that the influence of highly insulated walls, such as a SIP or closed panel timber frame, have 
no apparent significant influence on fire development considering boundary thermal inertia effects only. The 
temperature development is highly sensitive and almost entirely dependant on the lining to the 
compartment and not the substrate to which it is connected. Peak temperatures from figure 9 have been 
summarised in table 13 for completeness. 

Run Construction 

1 Blockwork compartment 

2 
Gypsum lined (15mm) blockwork 

compartment 

3 
Gypsum lined (30mm) blockwork 

compartment 
4 Open panel timber frame 
5 Closed panel timber frame 
6 SIP low density core 
7 SIP medium density core 
8 SIP high density core 

Table 13 - peak temperatures for different wall constructions 
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1106.13 
1075.75 
1078.57 
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3.6 Life cycle issues 

3.6.1 Construction phase 

In general fire safety on construction sites comes under the authority of the HSE. In recent years a number 
of high profile fires have occurred on large timber frame construction sites which have brought this issue 
into sharp focus and resulted in a number of articles in construction related publications. Timber frame and 
other modern forms of construction represent a particular risk during the construction phase before any fire 
protection has been installed. Incidents such as that which occurred at Colindale in North London in 2006 
raised a number of issues which are pertinent to those bodies with regulatory responsibilities for completed 
buildings. In particular the issue of partial occupation of buildings under construction tends to blur the lines 
of responsibility. Similarly for large developments the regulatory requirements with regard to distances to 
the nearest boundary are not designed to take into account the high levels of radiative heat flux emanating 
from an unprotected timber frame. 

In part the frequency and extent of the damage associated with recent incidents on timber frame 
construction sites is a function of the success of the timber frame industry. Timber frame now accounts for 
30-40% of medium rise apartment construction in the UK. Clearly with a larger market share there will be 
more incidents involving timber frame buildings. However, there are certain specific characteristics of timber 
frame construction that make it particularly vulnerable to fire damage during the construction phase. 

The majority of timber frame projects, particularly medium-rise buildings, are constructed using open panel 
platform frame construction where the timber structural frame is built floor by floor with the preceding floor 
forming the "platform" for subsequent construction. This technique produces fast construction times and 
minimises the amount of time following trades have to be on site. However, such a system means that the 
internal linings and associated insulation are not generally installed until the structural frame is complete. At 
this stage the frame is particularly vulnerable to damage by fire. The studs and floor joists used in modern 
UK timber frame construction are generally formed from small section timber with typical stud sizes for 
external wall frames of 89 x 38mm. Such small section timber has negligible fire resistance based on 
standard charring rates. lt is understood that European practice is to use larger section timbers for the 
structural frame. 

The probability of fire occurrence can be minimised through rigorous site management and enhanced 
security measures. Effective detection and even suppression may be used in tandem with preventative 
measures to reduce the severity of any fire that does occur. 

Whilst it is important to concentrate on site safety and security and to minimise the possibility of accidental 
or deliberate ignition sources this in itself is not a solution. The industry needs to investigate alternative 
methods of construction and/or protection particularly for very large sites where the probability of fire 
occurrence and consequence of failure are relatively high. 

One potential solution is to move towards closed panel solutions where the plasterboard linings are 
installed off site. This would also potentially deal with issues concerning quality of construction and 
workmanship. An alternative option is to reschedule the construction process to include installation of 
plasterboard linings as work proceeds. Other measures which could be considered are the use of fire 
retardant treatment processes and the use of non-combustible board forming the sheathing layer in place of 
the more commonly used OSB. Any of the above measures would potentially reduce the damage due to a 
fire during the construction phase by limiting fire spread and delaying the time to ignition of the main 
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structural components. However, there would be significant cost implications which may well have an 
adverse effect on the market position of timber frame for residential buildings. 

The UK timber frame industry have responded to concerns through the publication of guidance related to 
fire safety on construction sites (UKTFA 2008). Publications covering similar areas have been produced by 
the Fire Protection Association and the HSE (FPA 2006, HSE 201 0). Both these documents have recently 
been reissued to incorporate lessons learned from recent large construction site fires involving timber frame 
buildings. 

3.6.2 Completion 

On completion responsibility for ongoing compliance with the regulatory requirements in relation to fire 
safety reverts to the building control authority and the local fire authority as far as general fire precautions 
are concerned. One particular concern is the extent to which the building will be subject to 
modifications/alterations over the course of its design life and what impact these modifications may have in 
terms of fire performance. The concerns apply to all forms of construction. However, there is little doubt that 
many modern forms of construction particularly lightweight framing systems such as timber frame, SIPS or 
light gauge steel are easier to access and modify. 

This issue is best dealt with through the building owners manual. This document is incorporated in the 
information pack provided by manufacturers undertaking third party certification to BPS 2020 (BRE Global 
2007), the standard refers to the User Manual as "A document provided by the manufacturer containing 
fundamental details and thermal performance characteristics, that clearly identifies the "Dos and Don'ts" 
that need to be understood before any maintenance, or adaptation, of the system is undertaken". BPS 2020 
deals principally with ensuring compliance with Building Regulations and looking at quality issues through 
factory production control. Should further evidence be required of the ability of a particular system to 
perform in a satisfactory manner in the event of a fire then testing and assessment to LPS 1501 (BRE 
Global 201 0) could be specified. This insurance standard has been developed to provide a fire test, 
performance and classification system for innovative building systems. Issues to do with modifications or 
alterations to existing buildings are dealt with further in the next section. 

3. 7 Robustness/structural performance 

3.7.1 Introduction 

Approved Document A to the Building Regulations classifies buildings according to categories based on 
occupancy type and height of structure. Of particular concern in terms of this current project are those 
buildings falling into Class 2A or 2B, particularly in relation to medium-rise residential buildings. 

The requirement in the Building Regulations with respect to disproportionate collapse is particularly relevant 
in relation to some of the concerns expressed by key stakeholders. Requirement A3 states that: 

"The building shall be constructed so that in the event of an accident the building will not suffer collapse to 
an extent disproportionate to the cause." (Approved Document A) 

In terms of MMC work undertaken by the Steel Construction Institute (Grubb et al 2001) and BRE in 
conjunction with the UK timber frame industry (Grantham and Enjily 2003) have shown that typical 
examples of light gauge steel and timber frame construction provide high levels of robustness in relation to 
scenarios where key elements have been removed. 
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Concern has been expressed over the impact of "misinformed" alterations to buildings constructed using 
innovative forms of construction in terms of robustness and fire spread. Many of the issues that impact on 
the long term integrity of MMC buildings have been addressed during discussions with various stakeholders 
during the development of BPS 2020. The issues raised in terms of potential building alterations include: 

• Availability of specialist components or materials. 

• Adaptability of systems/components. 

• Availability of specialist staff for repair/modification of existing construction. 

• "Buildability" of systems to ensure they are built as planned. 

All of the above are addressed through the requirements of BPS2020 for manufacturer's to provide 
information. 

Residential buildings are particularly at risk from "misinformed" alterations as there is a higher possibility of 
residents undertaking unapproved alterations without the involvement of experienced professional advisers. 
Guidance should be provided in the Home Owners Manual or building Owners Manual as appropriate, 
Specific areas which should be addressed include: 

• Modifications to sheathing/racking/internal lining boards. Sheathing boards may provide both fire 
protection and racking resistance. lt is important to ensure that replacement is undertaken on a "like 
for like" basis as the performance of different boards varies considerably. Cutting holes in 
sheathing/lining boards will significantly affect the structural performance of the panel and could 
compromise compartmentation in relation to fire performance. 

• Modifications to bracing members either through cutting or removal could have a serious impact on 
the overall structural stability of the system. 

• Noggins are often used to provide lateral restraint (through a reduction in the slenderness ratio) to 
studs. They should not be removed without seeking specialist advice. 

Information specific to particular forms of construction is included below. 

3.7.2 Insulated concrete formwork 

Insulated concrete formwork is a building system that provides formwork for in-situ concrete structures. The 
formwork is then left in place permanently as thermal insulation. Used on the Continent and in North 
America for many years, ICF has proved to be a robust, cost-effective method of constructing a variety of 
building types from houses and basements to multi-storey cinemas and commercial buildings. In essence, 
ICF consists of twin-walled expanded polystyrene (EPS) panels or blocks that are built up to create the 
walls of a house or other building. This formwork system is then filled with ready-mixed concrete to create a 
structure ready to accept the roof or floor construction. Many ICF systems also incorporate their own 
flooring system. The EPS remains in place to provide complete thermal insulation for the walls of the 
finished building, and provides a uniform surface ready for the direct application of most finishes and 
proprietary cladding systems (ICFA 201 0). 
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-----Tongue and Groove 

Figure 10-lnsulated concrete formwork (ICFA 2010) 

The fire performance of concrete structures has been widely researched (Bailey 2002, Desai 1998, 
Dotreppe, et al. 1996, Khoury 1992/2000 and Lennon 2004). From such research the design code 
Eurocode 2 part 1.2 was developed for the fire design of concrete structures (BSI 2004). Like traditional 
concrete construction the fire resistance of ICF is largely governed by the behaviour of the concrete core. 
The introduction of insulation formwork will undoubtedly increase fire loads in buildings however, from a 
robustness and integrity view point, providing there is sufficient cover to the reinforcement in ICF buildings, 
then there should be nominal risk of collapse. Issues associated with spalling would essentially be mitigated 
as the foam and internal finish layers would, for a short duration, protect the concrete from unduly high 
heating rates. 

3.7.3 Light timber frame 

Light timber frame generally refers to walls and floor systems formed from relatively small section timber 
members protected by gypsum plasterboard. Light timber frame is almost exclusively adopted in residential 
structure applications in buildings ranging from one to four storeys in height (Buchanan 2002). lt is widely 
accepted that the fire resistance of such forms of construction are almost wholly reliant on the behaviour of 
the gypsum plasterboard which exhibits high levels of inherent fire resistance (Buchnnan 2002). The 
behaviour of solid timber in the post protection phase of a fire (i.e. after the plasterboard has failed) is fairly 
consistent and predictable. Ultimately failure will occur when the residual charred cross section is no longer 
sufficiently large to support the applied loadings imposed on the structure. 

The structural design for light timber frame exposed to fire is covered in the European standard Eurocode 5 
part 1.2 (BSI, 2004). This contains guidance on the design of timber structural elements exposed to IS0834 
fire conditions (ISO, 1999) and to a lesser extent, non-standard fire conditions. Much research underpins 
this code which was largely completed in Scandinavia through a number of tests undertaken on a range of 
timber structural assemblies (Konig 1994, Konig & Walleij 1999/2000, Konig, et al. 1995/1997, Ostman 
1996, Ostman & Mikkola 1996, Ostman, et al. 1994/1996 and Tsantaridis 1996). 
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The failure of traditional solid timber floors is characterised by a gradual, almost linear increase in 
deflection, with increasing depth of char (Sultan 2008 & Lennon, et al. 201 0). The exact nature of such 
behaviour will depend largely on whether the floor is initially deflected or not. If left unprotected the floor will 
gradually deflect from the point of fire ignition until failure occurs (Backstrom ,et al. 201 0). If the floor is 
initially protected then little or no deflection occurs until the passive fire protection fails. After this period 
charring begins and occurs at an accelerated rate until either the joist is consumed or the residual cross 
section is insufficient to sustain the applied loads (Lennon, et al. 201 0). 

In the case of light timber stud walls, failure typically occurs as a result of buckling. At ambient temperature 
the plasterboard lining is often assumed to restrain the studs, resulting in a reduced effective length and 
thus increased buckling resistance. In the case of a fire the plasterboard layer will eventually degrade, 
crack and ultimately fall off. This, coupled with charring, results in firstly an eccentricity in the applied axial 
load, in conjunction with a diminished buckling capacity due to a lack of restraint. Failure is characterised by 
a gradual increase in lateral deflection (Konig 1994) before buckling and the development of irrecoverable 
lateral and axial displacements. 

3.7.4 Structural Insulated Panels (SIPs) 

SIPs are formed from the lamination of two structural grade timber boards separated by a polymer foam 
insulation core. These members are then used to form a buildings primary structure. Typically SIPs are 
used as compression members in walls however examples exist where SIPs are adopted as either roof or 
floor members. 

The fire performance of structural insulated panels, renowned for their excellent thermal performance, have 
not been widely researched. Studies by Napier University have examined the ambient temperature 
characteristics of SIPs (Kermani, 2006, Kermani and Hairstans, 2006/2008, Hairstans and Kermani, 2007). 
The indications for this research suggest that, at ambient temperature, SIPs are very strong composites 
capable of carrying significant vertical loads. In addition to this further ambient temperature experiments 
were performed on SIPs by Bregulla (2003) which also indicated impressive ambient temperature load 
bearing characteristics. 

In relation to fire performance only two studies of note exists, namely work undertaken by Bregulla (2003 & 
2004) and BRE Global (Hopkin et al. 201 Oa-c). Bregulla (2003) undertook progressive scale experiments of 
various sized elements of SIP. These experiments however were largely unprotected and were performed 
on SIPs formed from materials that would not be considered the 'norm' in the UK today. Facing materials 
formed from calcium silicate and cement particle boards were the main focus of the research, whilst OSB 
combined with PUR and EPS insulation are the most common form of SIPs found in the UK today. 

BRE Global, in conjunction with the Department for Communities and Local Government (CLG), have 
recently completed an extensive study into the fire performance of SIPs. The project comprised elements of 
numerical modelling (Hopkin, et al. 201 Oa), laboratory scale furnace experiments (Hopkin, et al. 201 Ob) and 
full-scale natural fire experiments (Hopkin, et al. 201 Oc). The numerical modelling and laboratory scale 
elements of the project indicated that current specifications for passive fire protection may be insufficient. 
The largest factor influencing the fire resistance performance of SIPs is the specification of the plasterboard 
lining with the SIP offering only nominal inherent fire resistance. The traditional specification of 12.5mm and 
25mm type A plasterboard for 30 and 60 minute fire resistance applications respectively, were found to be 
inappropriate. However a minor upgrade in specification to 15mm and 30mm type F plasterboard for 30 and 
60 minute fire resistance applications appeared to vastly improve fire resistance performance of SIPs. This 
conclusion was found to be valid for loads in excess of 1 OOkN/m length of wall which is significantly higher 
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than loads that would be applied in practice. The modelling studies undertaken also indicated that the 
means of fixing passive fire protection to the panels significantly influenced performance. Fixing of the lining 
via softwood battens was shown to decrease temperature development in SIPs when compared to PFP 
fixed directly to the OSB sheathing, thus increasing fire resistance performance. 

In addition to the above four large scale experiments were performed on SIP systems with polystyrene 
(EPS) and polyurethane (PUR) cores simulating single and multiple occupancy dwellings. 

3.7.5 Engineered Floors 

A number of studies have been performed in the USA and Canada to investigate the fire performance of 
light engineered floor systems. These studies however are of limited use as they predominately 
investigated unprotected floors as these are allowed under the US and Canadian regulatory frameworks 
(Su, et al. 2008; Avila, 2008; lzydorek, 2008). Indications from such research suggest that the failure of 
engineered timber can occur in as little as 6 minutes when left unprotected, as is the case in many US and 
Canadian basements (Backstrom, et al. 201 0). Comparatively solid timber (traditional) floors have been 
shown by the same authors to fail in 19 minutes for approximately the same fire load conditions. Similar 
conclusions were found in research undertaken in Canada (Richardson, 2004 & Benichou, et al. 201 0) 
which note that "times to reach structural failure for Wood I Joists, steel C-joists, metal plate wood truss' 
and metal web wood truss' were 35-60% shorter than that for solid wood joist assemblies" (Benichou, et al. 
201 0). 

The most comprehensive studies on engineered floor performance in fire, for UK applications, have been 
completed by BRE Global as part of government funded projects on floor systems (Lennon, et al. 201 0) and 
structural insulated panels (Hopkin, et al. 201 Oc). The most important findings of these research 
programmes indicate that modern floor systems, such as timber I sections and steel truss web joists, offer 
little inherent fire resistance and are generally less robust than more 'traditional' timber flooring systems. 
Engineered floor joists, in particular truss steel web and timber I sections appear to failure in a less ductile 
manner than solid floor joists. Many fire and rescue services appear to be very confident in determining 
when personnel should be evacuated where solid timber joists are present. This is largely because the floor 
deflects at a gradual predictable rate as the timber chars and the residual cross section decreases in size. 
Where engineered floors are concerned the deflection rate with time can increase ten fold resulting in near 
instantaneous floor collapses once any passive fire protection to the underside has been removed. In 
timber I section floors this is largely because the OSB web is very slender and is consumed quickly by the 
fire. In the case of steel truss web joists, collapse is typically a result of mechanical fixing failure adjoining 
the top and bottom timber flanges, with secondary effects due to charring. 

3.7.6 Light gauge steel (LGS) 

Research into the fire performance of light gauge steel structures largely falls into two categories; small 
scale testing which covers single element and small assembly performance, and large scale testing which 
addresses system behaviour. These are discussed in more detail in the sub-sections that follow. 

3.7.6.1 Small scale fire testing 

A number of experimental studies have been performed on light gauge steel members and assemblies in 
Europe, the US and Australia. The majority of studies completed in the UK have been conducted by Wang 
and colleagues at the University of Manchester (Feng & Wang 2005a/b; Feng et al. 2003a-d; Feng et al. 
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2004). The UK studies predominantly focused on element behaviour under heating (Feng, et al 2003d) and 
combined heat & load conditions (Feng, et al. 2003b). 

In addition to the aforementioned studies, a number of larger scale fire tests (comparable to that of the UK 
standard fire test) have been reported in the literature by Sultan & Kodur (2000), Feng & Wang (2005) and 
Kodur & Sultan (2006). 

From Sultan and Kodur's (2000 & 2006) work a number of important conclusions were established for LGS 
stud walls: 

• Un-insulated light steel stud walls achieve greater fire resistance than those of insulated walls. 
Where the wall is insulated, cellulose (glass) fibre insulation results in better fire resistance 
performance when compared to rock wool insulation. 

• The introduction of resilient bars for the fixing of plasterboard to wall units results in lower fire 
resistance. The authors hypothesise that this is due to the introduction of gaps between the 
plasterboard and studs which allows the passage of hot gases between studs. 

• Predictably the authors note that the replacement of plasterboard with oriented strand board (OSB) 
as a sheathing material substantially decreases the fire resistance of light gauge walls. Samples 
tested with one layer of OSB and one layer of plasterboard on the fire side failed in half the time of 
a similar sample tested with two layers of plasterboard. 

• Light steel stud walls protected with two layers of 15mm gypsum plasterboard can achieve up to 
three times the fire resistance of those with a single layer of the same thickness board. 

In addition to the work of Sultan and Kodur in the US (2000 & 2006) further conclusions were identified from 
the work of Feng and Wang (2005b) namely: 

• With the exception of a single test, the failure mode of all experiments was global buckling about 
the major axis. This is because the gypsum plasterboard on the fire side lost its ability to restrain 
the steel channels at high temperatures. The plasterboard on the unexposed face remained intact 
and prevented torsional buckling. 

• Temperature developments in light steel construction are heavily influenced by the performance of 
the interior insulation material (placed between studs). In some instances this can be flammable 
thus increasing temperatures around the steel studs. 

• The temperature development within the panel is independent of load ratio. This indicates that the 
axial and flexural deflections that develop in panels, regardless of load level, are small and hence 
the passive fire protection does not crack or detach from the CFS studs. 

3.7.6.2 Full scale fire testing 

To date, with the exception of work undertaken by BRE for the Office of the Deputy Prime Minister, no large 
scale natural fire test data has been generated for LGS structures. The experimental programme 
undertaken by BRE is not widely available and has not been published in any technical publications. The 
test programme does however provide vital information regarding the performance of LGS buildings in 
realistic fire conditions and for this reason has been included. 
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Two experiments were performed on two different light gauge steel housing units. Test one was terminated 
after approximately 35 minutes due to an integrity failure of one of the wall panels. This would, had cladding 
been installed, have resulted in a cavity fire and potential horizontal and vertical fire spread which would 
significantly challenge any cavity barriers which were installed. lt is believed the integrity failure occurred as 
a result of under specified internal linings. For apartment blocks of between Sm and 18m in height the 
elements of structure including the external walls would require 60 minutes fire resistance. In this case the 
floor was protected for 60 minutes but the external wall only had 30 minutes fire protection. Although any 
direct comparison with regulatory fire resistance periods is crude, measured results and calculation have 
shown that the natural fire was of an equivalent severity to that of 70 minutes exposure to the standard fire 
curve. 

Figure 11- Integrity failure of wall in experiment 1 

For test two the specification of the external wall lining was increased resulting in a very different failure 
mechanism. Approximately 50 minutes into the experiment the ceiling plasterboard layers fell away 
exposing the cold formed steel joists to extremely high temperatures (approaching 600°C). This resulted in 
very large deflections and ultimately a collapse of the floor. 

The collapse of the floor was a result of connection failures at the joist ends where a lack of ductility 
resulted in shear failures of the joist hangers. 
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Figure 12- Exposed floor joists prior to collapse 

3. 7. 7 Discussion 

A number of issues have been raised regarding the potential impact of modification to MMC buildings in 
relation to structural issues and fire spread. Many of these issues can only be successfully monitored 
through a building management system that is regularly updated and reviewed. Third party accreditation 
schemes that consider not only building regulations compliance but also issues of production quality, 
maintenance schedules and provision of information to building owners and users represent the best 
chance of ensuring the building performs according to the assumptions made at the design stage. 

In terms of fire performance where questions remain over system performance then recourse may be made 
to insurance industry standards which evaluate system performance rather than single element behaviour. 
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4 Conclusion and recommendations 

This review has investigated fire performance of modern buildings with reference to the available statistics 
for fires within the UK. The general trend for fires within the UK is that they are decreasing in frequency and 
resulting in less fatalities. The reasons for this trend are many and complex and include the effects of the 
increasing adoption of automatic fire detection and suppression, improved education and inspection 
through enforcement of the regulatory reform (fire safety) order and active intervention strategies instigated 
by the Fire and Rescue Service. However, the limited data available in relation to large losses suggest that 
the fires that are occurring are resulting in disproportionate damage. The data provided by the FPA 
indicates that the number of large loss incidents are increasing and that there is a relationship between 
modern forms of construction and extent of losses. Over the coming months and years the quality of the 
data will improve and the trends will become clearer. 

The regulatory framework in terms of reaction to fire issues and fire resistance has been set out and the 
relationship between regulations and methods of test and assessment has been identified. Both the 
regulatory system and the framework of fire tests and assessment procedures are independent of the form 
of construction and are largely performance based. The current system has provided for acceptable levels 
of safety for building occupants and fire and rescue personnel for many years. However, the test standards 
were developed during a period when traditional, generally non-combustible materials, were used in UK 
construction and cavities and combustible insulation materials did not play such an important role in 
providing the required thermal performance. 

In some areas the important aspect has simply been to "pass the test" without reference to the actual end 
use condition or the consequences of the mode of failure. In certain circumstances compliance with the 
minimum regulatory requirements of the building regulations may be insufficient to prevent extensive fire 
spread and disproportionate damage. In such cases alternative means of test and assessment such as 
LPS1501 or BS8414 should be considered by key stakeholders. 

A consideration of mechanisms of fire spread and the specific characteristics of certain modern forms of 
construction have highlighted a number of issues of particular concern. Inhibiting the unseen spread of 
smoke and fire within cavities and voids is a functional requirement of the building regulations. However, 
where fire barriers are in intimate contact with combustible materials and there is a readily accessible 
source of ventilation there is evidence to suggest that this requirement is not being achieved. The fire test 
procedures for cavity barriers do not adequately reflect the end use condition in such cases. Alternative 
procedures should be investigated. 

Thermal insulation plays an important role in meeting the requirements for energy conservation and 
environmental performance. However, the use of combustible materials within composite wall systems is 
something which requires careful detailing particularly where lines of compartmentation are concerned. The 
potential for early stage melting of insulation creating unstopped voids within a wall system should be 
investigated. 

Fire resistance test methods evaluate the performance of individual elements such as beams, columns, 
floors and walls. No account is taken of the interaction between structural elements and the performance of 
connections in fire is not generally addressed. For some forms of construction the connection between wall 
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and floor units may be a weak link that prevents the assumed periods of fire resistance being achieved. In 
certain cases system performance should be assessed through a large scale fire test such as that included 
in LPS 1501. 

Some of the most important information in relation to the performance in fire of modern building systems is 
currently not available within the public domain. The work described above in relation to the project 
investigating fires in combustible cavities and the fire performance of light gauge steel buildings has 
produced some important information on behalf of the government and timber frame industry in the former 
case and the government in the latter case. This information should be disseminated. 
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