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FOREWORD

This publication is one of a series on the design of cold formed steel sections in buildings. It covers
the subject of fire resistant design and provides guidance on fire protection to cold formed sections.
Its author was Dr R M Lawson of the SCI with the assistance of Dr B Burgan and Mr G M Newman.
The work was funded by British Steel (Strip Products).

The following individuals and organisations commented on the draft publication:

Mr I MacCarthy Metsec Limited

Mr J Paterson British Gypsum Limited

Mr J Vibert British Gypsum Limited

Mr J Robinson British Steel (Strip Products)
Mr C Walker Redland Technologies Limited

Other SCI publications in the series Building Design using Cold Formed Steel Sections are:
e Design of Structures using Cold Formed Steel Sections (SCI-P089)
¢ Building Design using Cold Formed Steel Sections: Acoustic Insulation (SCI-P128)

¢ Building Design using Cold Formed Steel Sections: Worked Examples to BS 5950: Part 5: 1987
(SCI-P125).

Tables 7 and 8 are reproduced with the kind permission of the Association of Specialist
Fire Protection Contractors and Manufacturers Limited.

Figures 9, 10, 11, 12 & 13 are reproduced with the kind permission of British Gypsum
Limited.

Table 3 is reproduced from BS 5950: Part 8: 1990 with the kind permission of BSI.
Complete copies of the standard can be obtained by post from BSI! Standards, Linford
Wood, Milton Keynes, MK14 6LE.
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SUMMARY

The fire resistance of cold formed sections is affected by the strength retention of the steel at elevated
temperatures and the rate of heating of the thin steel section. Fire protection to cold formed sections
may be of three forins depending on the materials used:

1. Planar protection as in floors and walls
2. Box protection
3. Profile protection.

Guidance is presented for the fire resistance of protected sections in floors or walls acting as
compartment boundaries, i.e. planar protection. In this case, heat is applied from one side only and
the floors or walls must satisfy the necessary insulation criterion. This guidance is based on
manufacturers’ data for gypsum plasterboard and related materials.

The thickness of fire protection for conventional beams and columns is determined by using the
method given in BS 5950: Part 8 for extending the existing data for hot rolled sections to cover the
use of cold formed sections. Design tables are presented for typical materials and section sizes.
A design summary is included at the rear of the publication which identifies the main fire protection
requirements for cold formed steel sections in floors, walls and as individual beams and columns.

Gebilude mit Tragwerken aus Kaltprofilen: Brandschutz
Zusammenfassung

Der Feuerwiderstand von Kaltprofilen wird von der Festigkeit des Stahls bei erhdhten Temperaturen
und vom Grad der Erwdrmung des diinnwandigen Querschnitts beeinfluft. Es gibt im wesentlichen
drei Arten des Brandschutzes fiir Kaltprofile.

1. Fldchiger Brandschutz wie z.B. in Decken und Winden
2, Kastenformiger Brandschutz
3. Profilfolgender Brandschutz.

Anleitungen werden gegeben fiir den Brandwiderstand von geschiitzten Kaltprofilen in Decken und
Winden. In diesem Fali werden die Decken oder Winde einseitig beflammt und miissen die
notwendigen Kriterien erfiillen. Diese Anleitungen basieren auf Herstellerangaben von Gipsplatten
und dhnlichen Materialien.

Die Materialdicke fiir konventionellen Brandschutz von Trégern und Stiitzen wird mit den Methoden
von BS 5950, Teil 8 bestimmt. Tabellen fiir die hdufigsten Materialien und Querschnitte werden
vorgestellt. Eine Zusammenfassung zur Berechnung ist am Ende der Publikation enthalten, sie gibt
die wichtigsten Brandschutz-Anforderungenan Kaltprofile in Decken, Winden und als einzelne Triger
und Stiitzen wider.

Dimensionnement de bitiments utilisant des profils a froid en acier. Protection & 'incendie
Résamé

La résistance au feu des profils a froid en acier est influencée par la résistance résiduelle de [’acier
a haute température et par le taux d’'échauffement de la section mince en acier. La protection au feu
des profils a froid en acier peut étre assurée de trois maniéres différentes, selon les matériaux de
protection utilisés.
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1. Protection plane pour planchers et cloisons
2, Protection par caissons
3. Protection des profils.

Une guidance est proposée pour 1’étude de la résistance au feu des planchers et cloisons agissant
comme compartimentages (protections “planes”). Dans ce cas, une face seulement subit directement
l’échauffement et les cloisons et planchers doivent satisfaire au critére d’isolation. Cette guidance
est basée sur des données provenant des fabricants de pldtre et d’autres matériaux similaires.

L’épaisseur de la protection incendie pour les poutres et colonnes classiques est déterminée en
utilisant la méthode donnée dans la BS 5950: Partie 8, en étendant les données existantes pour les
profilés a chaud afin de couvrir le cas des profils a froid.

Des tables de dimensionnement sont proposées pour les cas habituels. Un réseumé de la procédure
de dimensionnement est donné a la fin de la publication, qui identifie les exigences principales de la
protection au feu des profils a froid en acier utilisés dans les planchers et cloisons ou en tant que
poutres ou colonnes.

Diseino de edificaciones con perfiles de acero conformados en frio: Proteccion contra el fuego
Resumen

La resistencia al fuego de los perfiles conformados en frio se ve afectada por la retencién de
resistencia a temperaturas elevadas del acero y la velocidad de calentamiento de las secciones
delgadas de acero. La proteccién contra el fuego de los perfiles conformados en frio puede ser de tres
maneras dependiendo de los materiales que se usen:

1. Proteccién plana como en suelos y paredes
2, Proteccion en cajon
3. Proteccion de perfiles manteniendo su seccion.

Se ofrecen recomendaciones para la resistencia al fuego de secciones protegidas en suelos y paredes
actuando como lfmites de compartimentos, por ejemplo, la proteccién plana. En este caso, el calor
estd aplicado solo por una cara y los suelos y las paredes deben satisfacer los criterios necesarios
de aislamiento. Esta guia estd basada en los datos de los fabricantes de placas de yeso y materiales
semejantes.

El grosor de la proteccién contra el fuego para vigas y pilares convencionales se determina usando
el método de la BS 5950: Parte 8 extendiendo los datos existentes para perfiles laminados en caliente
a los perfiles conformados en frio . Las tablas de disefio que aparecen son para materiales y tamanos
de seccién tipo. Un resumen de disefio se incluye en la parte final de la publicacion e identifica los
principales requisitos de proteccion contra el fuego para los perfiles de acero conformados en frio en
suelos, paredes 'y como vigas y perfiles individuales.



Progettazione di edifici realizzati con profili in acciaio sagomati a freddo: Protezione al fuoco.
Sommario

La resistenza al fuoco di sezioni in acciaio sagomate a freddo e’ influenzata dalla riduzione della
resistenza dell “acciaio alle elevate temperature e dalla velocita® di riscaldamento delle sezioni a
parete sottile. Si possono avere tre diffrenti forme di protezione al fuoco delle sezioni sagomate a
freddo, a seconda del materiale usato. In particolare si puo” avere:

1 Protezione superficiale come in elementi orizzontali e pareti
2, Protezione perimetrale
3. Protezione del profilo.

E "’ presentata una guida per la resistenza al fuoco di sezioni protette in piani a pareti agenti come
i compartimenti stagni, e cioe” per una protezione superficiale. In questo caso il calore viene
applicato ad una sola estremita” e il piano o la parete deve soddisfare gli idonei criteri di isolamento.
La guida e’ stata sviluppata sulla base dei dati relativi alla produzione di elementi in cartongesso e
materiali simili.

Lo spessore dello strato protettivo al fuoco per travi e colonne di tipo tradizionale viene valutato
usando il metodo riportato nelle Norme BS 5950: parte 8 in modo da estendere i casi esistententi
relativi alle sezione laminate a caldo anche alle sezioni sagomate a freddo. Sono riportate tabelle
di progetto per i materiali piu’ utilizzati e le sezioni piu” rappresentative. Un riassunto delle fasi
della progettazione e~ incluso nel retro della pubblicazione in modo da consentire | “identificazione
dei principali requisiti per la protezione al fuoco che devono soddisfare le sezioni in acciaio sagomate
a freddo nei piani, nelle pareti e come elementi individuali di travi e colonne.

Dimensionering av byggnader med Kkallformade stdlprofiler: Brandskydd
Sammanfattning

Brandmotstdnd for kallformade stdlprofiler pdverkas av stdlets reducerade hdllfasthet vid forhdjd
temperatur och uppvirmningshastigheten hos en tunnvdggig stdlprofil. Brandskydd av kallformade
profiler kan utformas pa tre sdtt beroende pd materialvalet:

I Brandskydd av profil genom inbyggnad i bjilklag och viggar
2. Brandskydd av profil genom inbyggnad i ldda
3. Brandskydd direkt pa profil.

Riktlinjer for brandskydd av profiler inbyggda i bjilklag och viggar presenteras. I dessa fall har man
en brandpdverkan frdn bara en sida, bjilklag eller viggar mdste dd ofta uppfylla vissa kriterier dven
Jor isoleringsformdga. Dimensioneringshjdlpmedel baseras pd uppgifter fran tillverkare av gipsskivor
och andra liknande material.

Tjockleken pa brandisoleringen for konventionella balkar och pelare dr bestimd enligt metod beskriven
i BS 5950: Del 8, vilka kompletterar befintliga viirden for varmvalsade profiler sd att de dven ticker
kallformade profiler.

Dimensioneringstabeller presenteras for typiska material och tvdirsnittsmdtt. Sammanfattning av
dimensioneringsregler i slutet av publikationen specificerar de viktigaste kraven som stills pd
brandskydd av kallformade stdiprofiler inbyggda i bjilklag och viggar eller som anviinds som balkar
och fristdende pelare.
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1. INTRODUCTION

Cold formed steel sections are increasingly used as primary structural members, such as beams and
columns in frames, or as load-bearing walls or partitions in general building construction. In many
cases these members are required to be fire resistant where they are part of a compartment wall or
floor, or where they support other floors.

Cold formed steel sections are formed by cold rolling thin steel into shape. Thin steel is provided
with a zinc coating for corrosion protection. Commonly used sections are C or Z shapes, generally
with stiffening lips at their outstands. They possess little fire resistance in themselves because the
steel section would heat up quickly if directly exposed to a fire. Therefore, some additional fire
protection to the section is required in most applications in order to ensure the stability of the
structure or the integrity of compartment walls in fire conditions.

The methods of fire protecting cold formed steel sections may be defined broadly as follows:

1. Planar or flat protection to floors and walls by single or multi-layer gypsum or vermiculite
or similar fire protecting boards.

2. Board protection to columns or beams in the form of a ‘box’ around the section.
3. Sprayed protection to columns or beams around the profile of the section.

The thickness of fire protection that is needed depends upon the exposure conditions and hence is
intended to limit the heat that enters the section. Heat may enter from all sides, as for individual
columns, or from one side, as for walls acting as compartment boundaries. These cases are illustrated
in Figure 1.

Heat flow
Heat flow
¢ ? ? Unexposed surface
S

: = —— 4
z r ™ 1

—»|[~> ]|

? ! ? . ? In]ternal surface
T - —
? Heat flow? ? Exposed surface
Fire on all sides Fire on one side

Figure 1 Different fire exposure conditions

Generally, methods 2 and 3 are more appropriate for hot rolled steel sections (i.e. I beams or
columns) but may also be applied to heavier cold formed sections. The ASFPCM/SCI/FTSG
publication Fire protection for structural steel in buildingsV provides information on the required
thickness of fire protection to hot rolled sections. This guidance may be extended to the fire
protection of cold formed steel sections using the basic concepts covered in BS 5950: Part 8: 1990
Code of practice for fire resistant design®.

Method 1 falls within the scope of manufacturers’ guidance®-®, which is largely based on test data

for floors and walls subject to fire from one side. Therefore, the guidance is largely empirical and
is dependent on various fixing requirements being adopted. Sufficient information now exists on a
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range of standard board materials which provide planar protection to cold formed steel sections used
as stud walls or floor joists. Tabular information is given in this publication.

This publication therefore offers the necessary guidance for architects, builders, and structural
engineers on the performance of cold formed steel sections in fire, and their method of fire protection.
Guidance on the structural design of these members is included in the SCI publication Design of
structures using cold formed steel sections®.

It should be recognized that there is a strong relationship between the configuration of floors and
walls for both fire resistance and acoustic insulation requirements. In practice, the more severe of
these requirements controls the design of the floor or wall’s construction. Guidance on acoustic
insulation is provided in another SCI publication®. Tabular information is given so that the designer
can select the wall or floor configuration for an appropriate sound reduction index. Similar guidance
already exists in North America”) where this form of construction is widely used.

The publication presents the principles of fire resistance as applied to cold formed sections and the
methods of achieving it by adequate protection. A design summary is included at the rear of the
publication for quick reference.



2. PRINCIPLES OF FIRE RESISTANCE

2.1 Regulations

Floors and walls in buildings are generally required to act as compartment boundaries in order to
contain any fire that may break out within the building. Load-bearing members such as columns or
beams should also be able to support loads in a fire so that the building, or a major part of it, does
not collapse prematurely.

These concepts are characterized by the term ‘fire resistance’ and come within the scope of the
Building Regulations (1991)®). Fire resistance periods (expressed in units of '% hour) are required
by the Regulations for the various elements of construction, and are normally a function of the
occupancy group (e.g. domestic or retail premises etc.), the size of the compartment and the height
above ground of the floor under consideration. Means of escape, such as by protected shafts, are
often treated differently. The fire resistance requirement applies to all the elements of construction
within a compartment or dwelling that contribute to the stability of the structure or integrity of the
compartment boundary.

Table 1 summarizes the fire resistance requirements of the 1991 Building Regulations, which were
a major revision of the 1985 Regulations. Relaxations in these requirements may be made if
sprinklers are employed. It is not the aim of this publication to review the Regulations in detail, but
clearly the required period of fire resistance is the starting point in determining the form and thickness
of fire protection that is needed.

Table 1  Minimum periods of fire resistance (mins) for buildings according to the Building
Regulations (1991) - Approved Document B

Height of top floor above ground (m)
<5 <20 <30
Domestic - flats 30* 60 90
- houses 30* 60 N/A
Offices 30* 60 90
Shops 60 60 90
Assembly/Recreation 60 60 90
Industrial 60 90 120
Storage 60 90 120
* increase to 60 min. for compartment
walls between buildings

2.2 Fire resistance tests
New forms of construction are required to be fire tested in order to assess their performance under
three basic criteria, as defined in BS 476: Parts 20, 21 and 22

. Insulation:

A fire on one side of a wall or the underside of a floor should not cause combustion of
objects on the unexposed side. Limits of a maximum temperature rise of 140°C (average)
or 180°C (peak) above ambient are specified in a standard fire resistance test.



. Integrity:

A wall or floor acting as a compartment boundary should not allow passage of smoke or
flame from one compartment to another, as a result of cracks or breaks in the fabric of the
wall or floor.

. Load-carrying capacity:

The members in a structural assembly should resist the loads applied in fire conditions.
Failure criteria are defined as follows:

Beams: a) A limiting deflection of span/20 is reached or;
b) A maximum rate of deflection is exceeded (see BS 476: Part 20).

Columns: Failure to support the applied load, corresponding to a rapid increase in
vertical deflection (limit undefined).

These criteria are dependent on a standard fire resistance test which follows a specified
temperature/time curve. The thermal response of the steel section depends on the thickness
of fire protection applied to it, as illustrated in Figure 2. The required thickness of fire
protection is therefore a function of the required fire resistance period and the critical or
‘limiting’ temperature of the member, which is itself dependent on the stress state in the
member.

It should be noted that the fire resistance test is used as a means of calibrating the
performance of elements of construction in the context of the Building Regulations, rather
than being representative of the conditions encountered in a real fire.
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Figure 2 //lustration of thermal response of protected steel section in a standard fire test



In real fires, the temperature-time regime is generally less severe in duration, but often peak
temperatures are higher for short periods, due to the use of synthetic materials which have a high
calorific value. The thermal response of protected sections is relatively insensitive to local peak
temperatures and it is the total heat produced by the fire which is more critical. It should not be
assumed that a 1 hour fire resistance means that the structure would survive for just one hour in a real
fire. However, the fire resistance requirement is a reflection of the potential severity of a fire, the
importance of the structure, and the control of fire spread. Sprinklers are effective in reducing the
severity of a fire.

2.3 Fire limit state

In structural design terms, fire is considered to be an ‘accidental’ limit state and one for which the
structure must not collapse, but is not readily repairable. Loads and their factors of safety used in
design at the fire limit state reflect the low probability of occurrence and the gross deformations that
are permitted in such circumstances (see Table 2 below).

Table 2 Partial factors of safety used in structural design'?

Factors of Safety
Load Case
Normal Fire
Dead loads 1.4 1.0
Permanent loads 1.6 1.0
Variable loads 1.6 0.8

On average, the loads to be considered at the fire limit state are about half of the loads under normal
conditions for general building applications (i.e. buildings with a high proportion of variable loading).

Many members are over-designed under normal conditions and, therefore, the proportion of their load
carrying capacity that is utilised at the fire limit state is significantly less than 0.5. This parameter
is known as the ‘load ratio’ (see Section 5.2).



3. PERFORMANCE OF COLD FORMED STEEL AT
ELEVATED TEMPERATURES

3.1 General features of steel

All types of steel lose strength at temperatures above 300°C and eventually melt at about 1500°C.
Importantly, for design, the greatest rate of loss of strength is in the region of 400 to 600°C.

The performance of hot rolled steel in fire does not vary significantly with steel grade. In design to
BS 5950: Part 8, it is assumed that strains of at least 1.5% can occur in beams, and strains of at
least 0.5% can occur in columns at the deflections corresponding to failure in a fire test. These strain
limits are used in assessing the member strength at the fire limit state.

3.2 Strength of cold formed steel

The loss of strength of cold formed steel at elevated temperatures exceeds that of hot rolled steel by
between 10 and 20% based on data obtained from tests performed by British Steel (Welsh
Laboratories)'? which is presented in Figure 3. This data is based on a 95% confidence limit (or
probability of exceedance) with respect to the nominal material properties. The confidence limit
means that the actual strength of the sections in fire conditions will generally exceed the design
values, and often by a significant margin.
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Figure 3 Strength of steel at elevated temperatures relative to normal yield strength

The difference between the performance of hot rolled and cold formed steel at elevated temperatures
is a complex phenomenon and has not yet been fully explained. It is partly due to metallurgical
composition and molecular surface effects. The influence of cold working in the rolling of the steel
strip should be relatively small, as a result of the further annealing process in its manufacture.
Therefore, further loss of strength in fire due to the loss of the cold working effect will be small.
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Additionally, any influence of cold working in the forming of the steel section will be lost at
temperatures above 500°C. The data is appropriate for steel to BS 2989(!D and for steel grades of
Z22 to Z35 (220 to 350 N/mm? yield strength). There is little effect of the zinc coating on the
performance of the steel.

The strength of cold formed steel that may be used in calculations at the fire limit state is presented
in Table 3. These strength reduction factors (or more correctly strength ‘retention’ factors) are
expressed as a ratio of the normal (room temperature) strength, and are based on the 95% confidence
limit19).

Table 3 Strength reduction factors for cold formed steel at elevated temperatures (°C)

Temperature (°C) | 200 250 300 350 400 450 500 550 600
0.5% strain 0.95 0.89 0.83 0.76 0.68 0.58 0.47 0.37 0.27
1.5% strain 1.00 099 095 0.88 0.82 0.69 056 0.45 0.35

(Table 3 is reproduced with the kind permission of BSI.)

The significance of the strain limit in Table 3 is that the strength reduction factor at the higher strain
may be used for beams or members failing in bending, and the strength reduction factor at the lower
strain is used for members failing by buckling in compression. These data are used in establishing
the limiting temperatures of cold formed sections used as structural members (see Section 5.2).

3.3 Other properties

The elastic modulus of steel reduces broadly at the same rate as the strength of steel at 0.5% strain.
This effect leads to an increase in deflections due to loss of stiffness of the section.

The coefficient of thermal expansion for all steels may be taken as 14 X 107/°C at temperatures of
100 to 700°C. This is about 20% higher than the equivalent room temperature value. Elongation
and thermal bowing in fire conditions may be significant.

Properties such as the specific heat and thermal conductivity of steel may be taken as defined in
BS 5950: Part 8. These properties are not normally needed for design calculations.



4. PLANAR PROTECTION TO WALLS AND FLOORS

4.1 General aspects

Walls and floors in domestic and small commercial buildings often comprise stud walls or floor joists
at relatively close spacing. Conventionally, gypsum plasterboard is used as the internal finish for the
walls and ceiling and is supported either directly off the wall and floor members, or indirectly via
battens (furrings) and other secondary members.

The gypsum plasterboard also provides an important role as fire protection to the structural members
within the wall. ‘Planar’ protection, as shown in Figure 4, is usually treated as being subject to fire
from one side only, as the walls are expected to contain the fire within a compartment. Cases where
load-bearing walls are potentially subject to fire from both sides should be identified and treated
differently (see Section 5.1).

Multiple layers of board may be required to achieve fire resistance periods greater than 30 minutes.
Glass fibre and other additives are often used to provide enhanced properties of the core material by
preventing break-up of the board and excessive movement at the joints. Typical products of this type
are ‘Fireline’” or ‘Firecheck’™ board. These boards are generally manufactured in 12.5 or 15 mm
thickness with maximum spanning capabilities of 600 mm, or in some applications, 900 mm for the
thicker board.

The joints between the individual panels may provide a route for the direct passage of heat through
to the section and better performance is obtained by using secondary battens, or by staggering the
joints in multi-layer systems. However, in making recommendations on planar protection in this
document, it is assumed that battens are not used.
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Figure 4 Planar protection to floors and walls

These are tradenames of certain manufacturers, defining generic materials of this type.



Ceiling elements provide protection to floor members from the effects of fire from below. The
flooring material is less critical, but tongued and grooved chipboard or other closely-fitting material
are often necessary to satisfy the insulation requirements of the floors in fire. Additional
mineral wool insulation, which may also be needed for acoustic requirements, can provide an
important role in improving the fire resistance of the floor.

4.2 Test data

There are various sources of fire test data on generic board products and generally the information
is equally applicable to timber or cold formed steel sections®-*7 used in planar applications. A
summary of the test information and subsequent design guidance is presented in Table 4.

Gypsum plasterboard has a high moisture content of 20% which is water of crystallisation chemically
combined with calcium silicate. The material is chemically inert below 1200°C and has good
insulating properties. The high moisture content also affects the ‘dwell’ in thermal response due to
evaporation of moisture within the material, as illustrated in Figure 2.

Eventually, the boards tend to become dislodged due to distortion of the construction and may break
off the members they are protecting. For this reason, double layers of gypsum board are specified
for achieving more than 30 minutes fire resistance. Alternatively, ‘special’ fire resisting boards have
been developed which possess better strength and shrinkage resistance properties and are preferred
in applications requiring 60 minutes or longer fire resistance.

Table 4 Fire resistance of typical floors, walls and partitions comprising cold formed
steel sections and planar board protection, and heated from one side only

Fire resistance (hours)
Form of Number { Protection Notes
construction of layers | thickness Plasterboard | Fire resistant
of board {mm) board+

Floors with 1 12.5 - Ye -
ceiling protection

2 12.5 Ya 1 + 60 mm glass

wool mat**

2 15 - 1%
Non-load-bearing 1 12.5 Y Y -
walls (partitions)

1 12.5 Y 1 + 25 mm glass
{(number of layers wool mat*
per face) 1 15 Ya 1 -

2 12.5 1 1% -

2 12.5 1 2 boxed section

depth > 60 mm

2 15 1% 2 -
Load-bearing 1 12.5 - Y2 -
walls

2 12.5 Ye 1 -

2 15 - 1% -
t ‘Fireline’ or ‘Firecheck’ board or similar
* Glass wool mat is required for insulation purposes for more than 30 minutes fire resistance
* For floors, the glass wool mat is only necessary for fire resistant suspended ceilings



The guidance given in Table 4 refers to non-load-bearing walls (i.e. partitions), load-bearing walls
and floors protected by ceilings. It is assumed that the same thickness of board is applied to both
sides of a wall. In some cases a glass wool mat is introduced to give better fire and acoustic
insulating properties, although insulation can be provided by other means (e.g. the flooring material).
For ceiling protection directly attached to the joists, additional insulation is not usually required. For
suspended ceilings, the insulation material reduces the temperature of the cavity and risk of fire spread
(see Section 6.1.3).

In load-bearing applications of walls and floors, it is usually the load-carrying capacity that is the
controlling criterion (see Section 2.2), whereas for non-load-bearing walls, it is the insulation criterion
which determines the fire resistance of the wall. The maximum loads that may be applied at the fire
limit state are presented in Section 4.4.2.

The data in Table 4 is the ‘lower-bound’ of a number of manufacturers’ data and may be used for
general guidance. Individual manufacturers may provide better data in certain applications.

4.3 Heat flow through walls or floors

Walls or floors heated from one side only are designed to satisfy all the criteria presented in Section
2.2. The total thermal resistance of the wall or floor should be such that the heat entering the element
does not:

. cause the steel sections within the wall or floor to lose strength excessively.

. lead to temperatures on the unexposed external surface higher than the specified maximum.

The temperature regime within the planar element may be predicted using heat tlow equations of the
form:

Heat flow through the exposed face - Heat loss from the unexposed face

Heat absorbed by the wall (steel, board and air). 4))

This equation may be solved incrementally in time-steps in terms of the time-temperature curve in a
standard fire resistance test. This approach is too complicated for hand analysis and can only be
solved by computer. Therefore, certain approximations are appropriate.

For walls of relatively thin construction it may be assumed that the temperature in the steel section
is the average of the temperatures on the external faces of the wall. After 60 minutes in a standard
fire test, the fire temperature is 945°C. If, for a particular thickness of wall, the maximum
temperature of the unexposed surface is 180°C, the temperature of the steel section within the wall
is therefore approximately 550°C. Referring to Table 3, it is apparent that the steel section can resist
between 37 and 45% of its design capacity at this temperature (depending on its use).

It is assumed that the joints between the planar elements do not permit passage of heat directly into
the member. Consequently, the steel members at the joints in the boards will tend to be hotter than
those elsewhere. However, significant load sharing occurs among the floor and wall members in fire,
and so local hot points may not be as critical as in individual members.

This approximate analysis may be compared with an ‘exact’ analysis based on the heat flow
equation (1). In this case, a wall is assumed to comprise one or two layers of 12.5 mm gypsum
plasterboard on both faces with appropriate thermal properties input for this material. The results are
presented in Figure 5, and show that the approximate analysis gives a close correlation to the true
behaviour for the case with a single layer of board. For two layers, the thermal inertia of the
plasterboard causes a slower heating rate of the section within the wall and also reduces the effect of
premature break-oft of the individual boards.
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Figure 5 Examples of temperature rise in a wall comprising one or two layers of
plasterboard per face

4.4 General guidance on planar protection

Where floors or walls act as compartment boundaries they may be treated as being heated from one
side only. Load-bearing walls heated from both sides should be treated as in Section S.

For one-side heating, three criteria have to be satisfied (see Section 2.2): insulation, integrity and
load-carrying capacity. For non-load-bearing elements, load-carrying capacity is not critical (except
if failure is due to self weight alone). It is normally the insulation criterion that determines the
configuration of the wall in such cases, subject to other structural and acoustic criteria being satisfied.

4.4.1 Non-load-bearing walls

Partitions or other similar forms of construction do not resist vertical loads (hence are
non-load-bearing) but resist lateral loads. Guidance on the minimum thickness of gypsum or ‘special’
fire resistant board to be used in non-load-bearing wall applications is given in Table 4. The
maximum height of these walls is normally based on the following approximate relationships for
adequate structural performance:

wall height

2 < 30 for steel studs with single layers of board on each face.
wall thickness

<35 for steel studs with double layers of board.

< 40 for boxed steel studs with double layers of board.
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The wall thickness is defined as its external dimension. The use of internal glass wool mats is
beneficial for acoustic properties, although not essential for fire resistance. Therefore, it may be
preferable to use multi-layer boards where fire resistance criteria dominate.

More slender walls may be permitted in certain applications, although the manufacturer should be
consulted before proceeding.

4.4.2 Load-bearing walls

Load-bearing walls support vertical loads from floors or other supported elements. The fire resistance
of load-bearing walls is generally lower than the same configuration subject to no additional load.
Therefore, additional fire protection is required so that the steel sections retain more of their strength
in fire.

The proportions of load-bearing walls are normally sized on their stability under normal conditions.
Heavily loaded walls are generally relatively stocky so that they are more stable under compression.
In using the guidance in Table 4 for load-bearing walls, it is proposed that:

M < 25 for load-bearing steel studs (in most cases).

wall thickness
The wall thickness is again defined as its external dimension. The definition of the maximum load
to be used in such cases is less clear as the fire test data is limited. Compression members may suffer
additional adverse moment effects due to their lateral deflection at mid-height. Consequently, it is
proposed that the loads that may be applied to the studs at the fire limit state should be taken as not
greater than the following proportion of their design capacity under normal conditions:

Walls: 0.4 X stud axial capacity based on the slenderness of the wall

Allowing for the partial factors given in Table 2, it follows that the studs should not be designed for
more than 80% of their axial capacity under normal conditions. This limitation is not unduly onerous
as load-bearing studs are rarely designed for heavy loads. Load sharing among the studs may be
assumed to occur at failure due to the in-plane stiffness of the wall boards.

In all load-bearing applications, it is recommended that only special fire resistant boards or their
derivatives should be used. These boards may be fixed directly to the steel sections, provided there
are no gaps between the boards. It may be possible to justity a reduction of thickness of board, if
steel battens or plasterboard backing strips are used to avoid a route for the direct passage of heat to
the section.

4.4 .3 Floors and ceilings

By definition, suspended floors are load-bearing. For adequate serviceability performance (i.e.
control of deflections), the proportions of the floor joists would normally satisfy the following
condition:

.ﬂ(.)or span s
joist depth
The members are assumed to be protected by the ceiling material from fires occuring within the room
beneath. Guidance on the thickness of the ceiling board protection is presented in Table 4. It may
be necessary to install additional steel secondary battens or furrings to provide local support to the
boards where the joist spacing exceeds the recommended values for the boards (see Section 6.1.2).
Suspended ceilings below the joists require a separate support framework (see Section 6.1.3).
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It is proposed that the loads that may be applied to the joists at the fire limit state should not be
greater than 50% of the loads corresponding to joist bending capacity under normal conditions.
Allowing for the partial factors in Table 2, it follows that the floor joists may be designed effectively
up to their bending capacity under normal conditions.

The span/depth proportions of the floor joists may be increased to 30, provided the loads on the joists
are reduced to satisfy normal deflection limits. In this case the joists will be relatively over-designed
for strength purposes and the loads at the fire limit state will be a smaller proportion of their design
capacity.

In all cases requiring more than 30 minutes fire resistance, special fire resistant boards or their
derivatives should be used. Where the ceiling boards are directly attached to the joists or by using
steel furrings, no additional mat insulation is usually required for fire resistance purposes. This
assumes that the floor boards possess reasonable insulating properties, which is the case for most
modern materials fitted without gaps in the boards.

Recent fire tests on 4 m span suspended floors have shown that fire resistances significantly in excess
of those given in Table 4 can be achieved for designs following the above requirements. Further
information on these tests can be obtained from The Steel Construction Institute,

Cold formed sections supporting concrete floors may be expected to show proportionately better
behaviour in fire due to the ‘heat sink’ effect of the concrete. Therefore, the above guidance is also
conservative for those sections protected by ceilings. No further guidance is readily available on this
subject. Any composite action between the slab and beams is also beneficial.
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5. PROTECTION TO BEAMS AND COLUMNS

The fire protection of individual beams and columns using hot rolled steel sections is covered by
existing guidance in BS 5950: Part 8@ and in the ASFPCM/SCI/FTSG publication Fire protection
for structural steel in buildings'V. The extension of this guidance to the use of cold formed steel
sections is covered in this section.

5.1 Section factor definitions

The rate of heating of a steel section is a function of its ‘section factor’; which is defined by the
following parameters:

Hp _ Heated perimeter of section )
A Cross-sectional area of section

The units are usually expressed in metres™! and typical section factors for hot rolled steel sections

are in the range of 100 to 250 m~!. However, for cold formed sections, typical values are in the
range of 300 to 800 m~!, which means that these thin sections will heat up more quickly than hot

rolled sections.

Account may be taken of the insulating or ‘heat sink’ effect of the attachment of the member to a
concrete slab or embedment in a masonry wall. The part of the section affected by these heat sink
effects is neglected in calculating Hp. Timber floors do not offer a significant benefit and their effect
is generally neglected.

There is also an important difference between ‘profile’ and ‘box’ protection. In profile protection
(and unprotected sections), H,, is taken as the exposed perimeter of the section. In box or board-type
protection, H, is taken as the internal perimeter of the box. Formulae are presented in Figure 6.
This difference between the two forms usually means that the section factors of box protection
systems can be up to 30% lower than those of profile protection systems.

Section factors of typical channel (C) sections with ‘profile’ and ‘box’ protection are presented in
Table §5.

Members with ‘planar’ protection, such as columns in walls that are heated from both sides are not
strictly covered by the definition in Equation (2), because the heated perimeter should be taken as the
distance between the members. The heat capacity of the air in the void is important and could lead
to a significant reduction in steel temperatures. Conservatively, the section factor may be given by
equation (2) times a reduction factor r, which is obtained as follows:

bd

r = 1-03x1073 - €)

where b is the spacing and d is the depth of the section. The section factor of the column in a wall
heated from both sides is then defined as in Figure 6.
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Table 5 Section factors (m’') of typical cold formed sections heated from 3 or 4 sides

Single C Double C

Channel Size Profile Box Profile Box

d xbxt 3 4 3 4 3 4 3 4
200 x 65 x 2.0 900 | 1000 | 700 800 600 700 400 500
200 x 65 x 3.0 600 665 470 535 400 465 270 335
200 x 65 x 4.0 450 500 350 400 300 345 200 250

300 x 65 x 2.0 925 | 1000 | 770 850 575 650 425 500
300 x 65 x 3.0 620 665 515 570 385 435 285 335
300 x 65 x 4.0 470 500 385 425 285 325 210 250

Note: 3 = 3 sided exposure: i.e. beams supporting concrete floor
4 = 4 sided exposure: i.e. columns, or beams supporting timber floors
Double C sections are placed back to back

5.2 Limiting temperatures

BS 5950: Part 8 recognises the concept of a ‘limiting’ or ‘failure’ temperature of the steel section.
This represents the temperature at which the member would fail, irrespective of the amount of
protection, and is only a function of the load applied to the member. This is characterized by the
term ‘load ratio’ which is defined by:

L Load on member at the fire limit state
Load ratio = . — . 4)
Load carrying capacity of member under normal loading

Load factors to be used at the fire limit state are presented in Section 2.3. Typically, a member that
is designed to be fully stressed under normal conditions would be subject to a load ratio of 0.5 t0 0.6
under fire conditions.

Limiting temperatures ot hot rolled steel sections are given in BS 5950: Part 8. These temperatures
are a function of the use of the section, i.e. beam or column, and the ‘stickability’ of the fire
protection material. ‘Stickability’ defines the ability of the protection material to remain intact up to
the deformations experienced in fire tests. Most modern fire protection materials achieve adequate
stickability for the protection thicknesses that are normally specified (12 to 50 mm).

Traditionally, designers have assumed that all members ‘fail” at a temperature of 550°C. Whilst this
may be true for columns subject to a load ratio of 0.6, it is conservative for beams, and for all
members subject to low loads.

The strength properties of cold formed steel at elevated temperatures are presented in Table 3. As
a first approximation, it is reasonable to assume that these strength properties also apply to the
performance of members that do not fail by lateral buckling. Examples might be beams attached to
a suitable flooring material, or columns within walls. Beams connected to concrete slabs also benefit
from the fact that the upper part of the section remains cooler than the lower part. The net effect is
to increase its bending capacity relative to a uniformly heated section. Alternatively, this leads to an
increase in the limiting temperature of the section for a given load ratio.
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Members failing by lateral buckling demand a more conservative treatment. BS 5950: Part 8
recognizes this effect by using a lower strain limit of 0.5% for slender columns. However, end
restraint to columns is a beneficial effect in fire which helps to counteract the tendency for buckling.
Also, there is often an ability for load sharing among members. These effects are taken into account
for columns in walls by increasing their compressive strength slightly.

By taking account of these effects, the limiting temperatures of cold formed steel members may be
determined as in Table 6. In general, these limiting temperatures are 50 to 100°C below the
equivalent values for hot rolled steel sections. Coupled with the higher section factors for cold
formed sections, it follows that a greater thickness of fire protection would be required for cold
formed beams and columns in comparison to hot rolled sections for a given load ratio and period of
fire resistance.

Table 6 Limiting temperatures (°C) of beams and columns using cold formed steel
sections

Load ratio at fire limit state
0.7]1 060504 0.3
Beams supporting concrete slabs | 530 | 555 | 600 | 640 | 670

Member type

Beams supporting timber floors 4501 485 | 530 5751 625
Columns in walls 445 ) 480 | 520 | 560 | 605
Slender columns 400 j 450 | 490 | 540 | 590
Other elements; studs and ties 400 | 450 | 490 | 540 | 590

5.3 Existing guidance on standard protection materials

The minimum thickness of fire protection that is required for a structural member is a function of:

. the section factor of the member (see Section 5.1).
. the limiting temperature of the member (see Section 5.2).
. the required fire resistance period.

In the ASFPCM/SCI/FTSG publication!, tabular data is presented for all the common fire protection
materials. A single limiting temperature of 550°C is adopted in all cases. The thickness of fire
protection is determined empirically from a series of fire tests on short sections of protected beams
and columns. The results are analysed statistically to determine a ‘regression line’ formula with 3
constants, as follows:

Fire resistance = o +a, d, L +a,d (5)
1 2% g 3 %
P

where d; is the thickness of insulation (protection)
and a;, a,, a; are empirical constants for the protection material.

The results of the equation are presented in Tables 7 and 8 for two common fire protection materials

as applied to hot rolled steel sections. These materials are vermiculite cement spray, and gypsum
based fire resistant board.
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The thickness of spray materials can normally be varied continuously. Modern materials do not
generally require the use of additional fine steel mesh around the section. The thickness of board
materials can only be varied in increments as only finite board dimensions are produced.

Table 7 Protection thickness of typical vermiculite cement spray for hot rofled steel

section

Hp /A Dry thickness in mm to provide fire resistance of

up to Y2 hour 1 hour 1Y% hours 2 hours 3 hours 4 hours
30 8 8 10 13 19 24
50 8 10 14 18 25 33
70 8 12 16 21 30 38
90 8 13 18 23 33 43
110 9 14 19 25 35 46
130 9 15 20 26 37 48
150 10 15 21 27 38 50
170 10 16 22 28 40 52
190 10 16 22 28 41 53
210 10 17 23 29 42 54
230 10 17 23 30 42 55
250 11 17 24 30 43 56
270 11 17 24 30 44 57
290 11 18 24 31 44 57
310 11 18 24 31 45 58

Note: Slightly different protection thicknesses may be required for different products.

Table 8 Protection thickness of gypsum based fire resistant board for hot rolled steel

section
=~ 260
E H
240
<
> C D 225
T 220
5 G
o
- 200
§ 200 195 190 Legend
A -12.5 mm
c 4 B
2 180 5 B -15 mm
S o C —12.5 mm + 12.5 mm
@ F D -15 mm + 12.5 mm
140 4 E -15 mm + 15 mm
A A c F 125 mm + 1256 mm + 12.5 mm
120 G _15 mm + 12.5 mm + 12.5 mm
10 H_15 mm + 156 mm + 12.5 mm
100 4 This data is appropriate for
British Gypsum 'Fireline' board
80 -
60 E
40 1
2
L7 1 12 2

Fire resistance period (hours)
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Fire resistant boards would normally be available in thicknesses of 12.5, 15, 20 and 25 mm. Thicker
protection can be achieved with multi-layers (maximum of 3).

The maximum value of section factor of the hot rolled steel sections that are fire tested is normally
about 300 m~!. It is not usually permitted to extrapolate from the test data and therefore the
guidance on hot rolled sections is not directly applicable to cold formed steel sections (see following
section). However, some general principles may be applied, leading to a conservative calculation of
fire protection thickness for these thin sections.

5.4 BS 5950: Part 8 method

The design method for determining the required thickness of fire protection is based on a formula
derived from considering the heat flow through the protection. The required thickness of fire
protection (expressed in metres) is given by:

IfH

o= k. L _P
d = kL 1 F, ©®
where k; = effective thermal conductivity of fire protection material
I, = insulation factor in terms of the fire resistance period and limiting temperature
F,, = modification factor for thick insulation materials and the effect of moisture content.

k; is not directly tabulated in any guidance, but it is back-calculated from fire tests. Typical values
are in the range of 0.1 to 0.2 W/m°C for common fire protection materials.

I has the value given in Table 16 of BS 5950: Part 8.

F,, tends to unity for thin protection materials but can have a value as low as 0.5 for thick materials
and high section factors.

Equation (6) has been used to extend the existing tabular guidance for vermiculite board by using the
following input data typical of this material.

k, = 0.16 Wm°C
¢ = 1% moisture content
p = 500 kg/m? density.

The results are presented in Figure 7 for three fire resistance periods (30, 60 and 90 minutes) and
three limiting temperatures (450, 500 and 550°C). The results for a section factor of 250 m™! agree
broadly with the existing data for hot rolled sections corresponding to a limiting temperature of
550°C, as given in the ASFPCM/SCI/FTSG publication (V.

Similar values may be obtained using the following input data for mineral fibre spray:

k, = 0.12 W/m°C
c = 7%
p = 300 kg/m3.

The calculated thicknesses for this material vary by only up to 2 mm from the results in Figure 7.
The main observation of these analyses is that the required thickness of fire protection is relatively
insensitive to the input parameters for such thin steel sections. . This suggests that relatively simple
guidance is possible for a range of commonly used protection materials, provided appropriate detailing
rules are observed to ensure the material does not break off prematurely in fire.
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Figure 7 Calculated protection thicknesses for a typical vermiculite cement spray for
different section factors and limiting temperatures based on an extension of
existing data

5.5 General guidance on sprayed protection systems

The limiting temperatures of cold formed steel members in fire conditions are a function of the
member type and the load ratio, as presented in Table 6. Three limiting temperatures may be
conservatively adopted for three categories of members in general building applications, as follows:

Category Application Limiting temperature
A Beams supporting concrete slabs 550°C
B Beams supporting timber floors 500°C
B Stocky columns (e.g. in walls) 500°C
C Slender columns (e.g. unrestrained) 450°C

Using the data obtained in Figure 7, it is possible to present general design tables for the three
application categories (A, B and C) for ‘generic’ sprayed fire protection materials. These design
thicknesses of protection are presented in Table 9 for three periods of fire resistance. In practice,
cold formed steel sections can readily achieve 60 minutes fire resistance with practical protection
thicknesses (up to 35 mm).

Comparing the guidance in Tables 4 and 9, it is apparent that members heated on all sides heat up
much more quickly and, hence, require thicker fire protection than members heated from one side.

In using this guidance, it should be noted that specific manufacturers may have their own test
information and design tables. Therefore, Table 9 should be used only for general guidance and
individual manufacturers should be contacted regarding the application of their products to cold
formed sections.
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Table 9 Required thickness (mmj} of a typical sprayed protection for different applications
of cold formed steel sections used as structural members

Fire resistance period (mins)
Section factor 30 60 90
(m™) AlBlc|lale|lc|ale]|c
250 to 300 10 | 12| 14 | 18 | 22 | 27 | 25 | 33 | 38
300 to 400 12 115117 | 23| 27| 31| 30| 38} 43
400 to 500 14 | 16 | 18 | 26 | 29 | 33| 35 | 40 | 46
500 to 600 16 | 18 | 20 | 29 | 32 | 36 | 38 | 43 | 48
600 to 800 17 | 20 | 22 | 31 34 | 38| 43| 45 | 50
800 to 1000 18] 22| 24} 33} 36| 40| 48 | 50 | 53

Note: Fire protection categories A, B and C are defined in Section 5.5

5.6 General guidance on board protection systems

The same approach for board materials may be adopted as in Section 5.5 as their thermal properties
are similar to those used in the examples considered. In this case, standard board thicknesses have
to be used. Design thicknesses of generic board protection are presented in Table 10 for three periods
of fire resistance. A maximum of two layers of board with basic thicknesses of 12, 15, 20 and
25 mm are used. Because of the lower section factors of members with ‘box’ protection, the tables
are presented for a maximum section factor of 800 m~!.

Again, Table 10 should only be used for general guidance as many hoard materials may not have been
fire tested up to the thicknesses given (particularly above 40 mm). Individual manufacturers should
be contacted regarding the application of their products to cold formed sections. In particular,
manufacturers’ fixing requirements should be followed.

Table 10 Required thickness (mm) of a typical board protection fin units of 12, 15, 20
and 25) for different applications of cold formed steel sections used as
structural members

Fire resistance period (mins)

Section 30 60 90

factor

m" A B C A B (o A B C
25010 3001 12 12 15 2 x 12 2 x 12 12+ 15 | 2 x 15 |15 + 20| 2 x 20
300t0 400 | 12 15 20 2 x 12 12 + 15 2x15 |15+ 20| 2 x 20| 2 x 20
400t0 500 | 15| 15 20 12 + 15 2 x 156 15 + 20 {15 + 20} 2 x 20 |20 + 25
500 to 600 | 15 20 2 x121] 12 + 156 2 x 15 15+20 2 x 20120+ 25(20 + 25
600 to 800 | 20 20 | 2 x 12| 2x15 | 15+ 20| 2 x20 | 2 x20120+ 25| 2 x 25

Note: Fire protection categories A, B and C are defined in Section 5.5
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6. DETAILING OF PROTECTION

Various fixing and detailing rules have to be observed in order to ensure adequate performance of the
protection in avoiding gaps and premature failure of the steel section. These rules are presented as
follows:

6.1 Detailing of protection to floors and walls

Planar protection using plasterboard or its derivatives is detailed in a standard manner. Three cases
may be considered; walls, floors and suspended ceilings. Shaft walls are treated rather differently
(see Section 6.5).

6.1.1 Walls

Non-load-bearing walls (or partitions) are usually contained within a header-track which allows for
some differential vertical movement between the wall and floor above. The boards are fixed to the
sections which are generally spaced at a maximum of 600 mm. All butt joints between the boards
are taped and filled. In multi-layer systems, the boards are ‘staggered’ to avoid joints occurring one
above the other.

Fasteners for boards are typically 4 mm diameter counter-sunk self-drilling self-tapping screws of an
appropriate length for the boards and steel thickness to be used. Typically, they are 10 to 12 mm
longer than the total thickness of board used per face in order to drill and tap effectively into the
steel.

Load-bearing walls are detailed in a similar manner except that the studs are usually installed prior
to attachment of the floors and further walls above. Direct load transfer is achieved by the
connections between the members in the floor and wall with consequently no provision for relative
movement.

6.1.2 Floors and ceilings

For detailing purposes, floors may be treated in a similar manner to walls. Secondary supports
(called steel furrings, battens or resilient bars) may be needed to provide local support to the ceiling
boards, or for acoustic insulation purposes. These supports are essential if the spacing of the floor
joists exceeds 600 mm (for 12.5 mm boards). They are attached to the underside of the joists at
450 mm spacing along the joists and, consequently, provide support to the ceiling boards at this
spacing. Alternatively, a separate suspended ceiling arrangement may be used (see Section 6.1.3).

The boards are fixed to their supports at not more than 150 mm spacing along the edges of the boards
and 230 mm internally, as shown in Figure 8. Double layers ot boards are ‘staggered’ to avoid
overlapping joints.

Gypsum planks may be installed above the joists for acoustic or fire insulation reasons. Floor boards
may be attached directly to the joists or through the planks, with fixings at not more than 300 mm
spacing. Typically, 19 mm thick softwood boards or 22 mm thick tongue and groove chipboard are
used when the joists are spaced at 600 mm,
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Figure 8 Fixing of boards to ceiling joists

6.1.3 Suspended ceilings

Suspended ceilings are installed as a separate layer below the floor joists creating a gap between the
ceiling and floor for services, etc. Typical systems include hangers attached to the joists at no more
than 1200 mm spacing. A separate two dimensional grid of members, spaced at not more than
450 mm and 600 mm in the two directions, is suspended from the hangers, as shown in Figure 9.
This grid of members supports the ceiling layer which is fixed as discussed in Section 6.1.2.

Proprietary access panels can be introduced into the ceiling boards, but more sophisticated suspended
ceiling systems should be used if a large proportion of the ceiling void is to be accessed
periodically(!?). Control joints in the ceiling system may be necessary to help relieve stresses induced
by thermal movement, both of the ceiling itself and the surrounding structure, in fire conditions. Fire
resistances of at least 30 minutes can generally be achieved by these proprietary ceiling systems and
60 minutes-rated systems are available.

It should be noted that the cavity above the suspended ceiling is potentially a fire propagation route.
Therefore, regular cavity barriers are required, and the primary structural members should be fire
protected in this zone. A ‘fire resistant’ suspended ceiling must satisty the stability, integrity and
insulation requirements for a stated period. A rock-wool or glass wool mat, laid across the back of
the ceiling grid, provides the necessary insulation. In such cases, it is often possible to make a
relaxation in the need for cavity barriers and fire resistance of the columns and primary beams in this
zone.
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Figure 9 Detail of typical suspended ceiling

6.2 Detailing of box protection

Box protection to individual cold formed sections used as beams and columns is of the same form as
for hot rolled sections. Traditionally, a separate system of thin steel angles is fixed to the steel
section to provide a local attachment point for the boards. However, the lips at the edges of the
flanges of cold formed sections may provide this function and the boards may be directly fixed to the
sections. An air gap is provided at the flanges by use of a secondary resilient bar or furring.

Detailing of the fire protection to a typical column is illustrated in Figure 10. Fixings are installed
at not more than 300 mm spacing, or the width of the member (whichever is less).

An alternative board system has also been developed where the boards are attached to each other at
their corners, as shown in Figure 11. This system is only appropriate for protection thicknesses of
15 mm or greater. No air gap at the flanges is provided in this case.

6.3 Detailing of spray protection

Spray systems are generally employed for beams in cases where a separate suspended ceiling is used.
Sprays are not normally used for columns because of the usual requirement for a further facia board.
Conventionally, sprays are applied by a ‘gun’ using materials mixed on site. Relatively rapid
coverage rates can be achieved making them often cheeper than board systems. However, they are
‘messy’ and should be used with care, particularly adjacent to existing cladding or finishes.

24



Channel at
max. 600 mm centres

Gyproc
Fireline board,
using MF5 and
MF6A channels

Boards attached to
channels at max.
300 mm centres

Figure 10 Detailing of a typical board protection to a hot rolled column

Glasroc S
system

Figure 11 Detailing of board protection requiring no secondary attachments
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Spray protection generally follows the profile of the section. For deep cold formed sections, it may
be more economic to attach a secondary steel gauze to the outside of the section to form an effective
‘box’ around it and to reduce the section factor of the member. This should only be considered when
protection thicknesses exceed 40 mm, and is not necessary for thinner protection or small sections.

Locally, the thickness of spray protection may be up to 10% less than the nominal thickness, provided
this variation is compensated for by thickening elsewhere on the section (the flanges being more
important than the web of the section).

6.4 Detailing for movement in fire

Relative movement between elements of construction can lead to additional forces in otherwise weak
members. Partitions or other non-load-bearing walls can be provided with movement joints at the top
of the walls to allow for deflection of the floor above. These movement joints are introduced to allow
for normal structural deflections but they also act to relieve forces on the wall in fire. A typical
example is shown in Figure 12.

It is important that walls at compartment boundaries do not fail prematurely and in these
circumstances it is necessary to take account of the potential movement that may occur in fire
conditions, whilst maintaining the integrity of the wall.

The amount of movement allowed for depends on the span of the floor or beam above. Normally,
a 15 mm gap is sufficient for floors in residential-scale buildings, but greater gaps may be necessary
for compartment walls in commercial-type buildings.

BS 5950: Part 8 recommends that movement joints should be capable of allowing for a beam
deflection of span/100 in cases where the integrity of slender compartment walls in fire conditions
is not to be affected by the additional forces that may be generated by deflection of the floor above.
This limit is conservative in that it neglects the compression strength and compressibility of the wall.
In practice, compartment walls in commercial buildings with beam spans up to 10 m should be
designed to permit movement of up to 50 mm, Partition walls not at compartment boundaries need
be designed to accommodate only normal structural movements, as they are not required to provide
a fire resistant function.

The header detail in Figure 12 provides for lateral restraint at the top of the wall and prevents the
passage of smoke or flames across it. Additional intumescent seals are required at compartment
boundaries (refer to the board manufacturer for details).

6.5 Shaft walls

Walls to fire protected lift shafts, stairways or lobbies are treated rather differently to other internal
walls. They are required to prevent fire passing into the protected area which is used as a means of
escape, and the shafts are often pressurised to reduce the air movement in them. These walls are
often formed continuously on the inside of the shaft and may provide attachment for the lift guides
etc. Hence, spans and loads are often greater than in normal applications.

A typical example of the details of a shaft wall is shown in Figure 13. Often, two layers of board
are used on the ‘room’ side and a single layer on the shaft side. A 90 mm deep stud with three layers
of 15 mm fire resistant boards is required for a 2 hour fire resistant shaft wall of up to 6 m height.
Manufacturers’ guidance should be followed in the design of shaft walls and other ‘special’ forms of
construction®®.
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7. CONCLUSIONS

The fire resistance of cold formed steel sections is dependent on the strength of steel at elevated
temperatures and the rate of heating of the relatively thin section. The strength retention of cold
formed steel is not as good as the equivalent grade of hot rolled steel. Strains of 1.5% and 0.5%,
corresponding to failure, are adopted for beams and columns respectively in fire conditions, the
difference being due to the effect of lateral buckling of columns.

The rate of heating of cold formed sections may be established from conventional principles. These
members are often located within floors or walls and are heated from one side only. The
compartment boundaries also have to provide the necessary barriers to prevent the passage of heat
and smoke and it is often the insulation criteria that determine their design. Guidance is based on
manufacturers’ data. Typically, one layer of 12.5 mm fire resistant gypsum board is required beneath
floor joists, or on each side of a load-bearing wall, for 30 minutes fire resistance, and two layers for
60 minutes fire resistance.

For individual beams and columns heated from all sides, the thicknesses of fire protection are based
on the rate of heating to reach a certain limiting temperature. Three cases are established,
corresponding to limiting temperatures of 550, 500 and 450°C for members that are fully stressed
under normal conditions.

The guidance is based on an extension of the method given in BS 5950: Part 8 in which the thermal
properties of the protection material are defined. Section factors of typical cold formed C sections
(or double C) are presented, leading to a tabulation of thicknesses of fire protection in each case.
This guidance is provided for generic spray and board materials.

Many manufacturers of purpose-designed steel buildings have their own fire resistance data!® and
specifications, which may be used as a less conservative alternative in these applications.
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8. DESIGN SUMMARY

This section contains the important aspects of fire protecting cold formed steel sections used in floors

and walls and as individual structural members.
1. Floors or walls protected by plasterboard (or its derivatives) and subject to fire from one side
only. .

Non-load-bearing walls are those which do not resist vertical loads, but may be required
to act as compartment boundaries.

Load-bearing walls resist vertical loads and are required to be stable under fire
conditions.

Refer to Table 4 for general requirements for compartment walls (repeated on following
page).

Refer also to the requirements for acoustic insulation (see reference 6).

Special fire resistant boards are recommended in most load-bearing applications.

2. Individual beams or columns subject to fire around the section.

Limiting temperatures of cold formed steel sections are below those of their hot rolled
equivalents. Three categories may be defined:

A beams supporting concrete slabs 550°C
B other beams, or columns in walls 500°C
C individual columns 450°C

The approximate thicknesses of fire protection required for double C sections acting as
individual beams or columns are given in Table 11.

Table 11 Approximate thicknesses of fire protection (mm) for cold formed steel sections
used as beams or columns (to be used for initial design)
Fire Resistance (mins)
Steel thickness t (mm) 30 60 90
Beams
2 mm 17 29 40
3 mm 15 25 35
4 mm 12 22 32
Columns
2 mm 18 33 45
3 mm 17 29 40
4 mm 15 26 37

These thicknesses assume that the protection is applied in box form and the sections are placed
back to back. The steel thickness is t, and the section depth is assumed to be in the range of 150
to 300 mm.

Manufacturers should be consulted about precise information on protection thickness and detailing
requirements (see reference 1).
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Table 4 Fire resistance of typical floors, walls and partitions comprising cold formed
steel sections and planar board protection, and heated from one side only

Fire resistance {hours)
Form of Number { Protection Notes
construction of layers| thickness Plasterboard | Fire resistant
of board (mm) board+
Floors with 1 12.5 - Ye -
ceiling protection
gp 2 12.5 Ve 1 + 60 mm glass
wool mat**
2 15 - 1%
Non-load-bearing 1 12.5 Ya Ve -
walls (partitions)
1 12.5 Ye 1 + 25 mm glass
(number of layers wool mat*
per face) 1 15 Ya 1 -
2 12.5 1 1% -
2 12.5 1 2 boxed section
depth > 60 mm
2 15 1% 2 -
Load-bearing 1 12.5 - Yo -
walls
2 12.5 Ya 1 -
2 15 - 1% -
t ‘Fireline’ or ‘Firecheck’ board or similar
*

Glass wool mat is required for insulation purposes for more than 30 minutes fire resistance
For floors, the glass wool mat is only necessary for fire resistant suspended ceilings

Refer to manufacturers’ data for more detailed information, which, in some circumstances,
may lead to higher fire resistances than given in the table above.
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