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This in effect means that the standard will comprise the following parts:
Part 3. External fire exposure roof tests. '
Part 4. Non-combustibility test for materials.
Part 5. Ignitability test for materials.
Part 6. Fire propagation tests for materials.
Part 7. Surface spread of flame tests for materials. : - T
Part 8. Test methods and criteria for the fire resistance of elements of bulldlng constructlon.

Other tests being studied may result in the issue of further Parts. -

As part of BSI’s programme of metrication this standard is expressed in metne terms The metnc values‘; P
are given in SI units: for further information reference should be made to BS 3763 The Internatronal‘ LT

System of units (SI) °.

Foreword

Fire resistance tests enable elements of construction to be assessed acCording to their ability to retain their

stability, to resist the passage of flame and hot gases and to provide the’ necessary resistance to heat. trans- .

mission. The term ¢ fire resistance ’ relates to complete elements of constructlon and not to the mdlvxdual .
materials of which the elements are composed. -

Investigations in many countries have added considerably: to knowledge of ﬁre reSIStance since the last_
revision of BS 476. There is general agreement throughout the world on the aims and methods for making -
tests, and this agreement facilitated the work of a technical committee of the Infernational Standards Organi-

zation in drafting a Recommendation for fire resistance-tests. In this rev1sed standard the ISO Recomimenda- S

tion 834* has been used as a model, departures from it being made only where particular requirements in

this country rendered it necessary. The adoption of the ISO Recommendation has the ‘advantage that it

will facilitate the international exchange of data. Apart from differences in presentation the only lmportantl;'
divergence is the inclusion of methods of test for door and shutter assemblies, for glazmg and for suspended
ceilings, which have not yet been incorporated in the ISO Recommendation.:.

The following are the main modifications to the prev1ous 1ssue of thts standard

(1) Scope. The scope of the standard has been enlarged to include the testing of suspended ce]lmgs Thelr'r_ 7
performance is judged by the protection they are able to provrde to. steel beams supportmg a floor.

(2) Time/temperature curve. The time/temperature curve, which has been in use since-its adoptron forthe -~ - ..

first edition of BS 476 in 1932, was defined by a number of arbitrary points. There are advantages for com-
putation using data derived from tests in having a curve of a mathematical function. Such a curve has been

chosen by ISO and adopted in this standard. 1t gives a tlme/temperature relatlonshlp whlch does not vary'f S

significantly from the previous standard cutve. L ,
(3) Size of specimen. The minimum dimensions of test spemmens ‘have béen altered to brmg them generally

into line with the 1SO Recommendation, based on metric units: Reductions have been made in the minimum . .~

sizes of walls and partitions, and the widths of floors and roofs, while increases have been made in the
minimum spans of floors, roofs and beams. : : )

(4) Performance of test specimens. In the earlier standard specnﬁed gradmg perlods were accorded tothe
test specimen. This was considered to be restrictive and grading periods are now replaced by quotmg the ,
actual time to failure (in minutes) under each of the relevant criteria, :

(5) Temperature measurement. Furnace temperatures are measured as ' in the earher standard but the': o

method of measuring temperatures on the unexposed face of the specimen has been. changed

(6) Passage of flame and gases. The earlier standard was too subjective- in_defining the cntrcal size of
cracks, fissures or other orifices, and a test has been specified involving the-use of cotton wool pads. The
standard provides for the furnace atmosphere being at a pressure slightly above atmospherlc pressure

(7) Loading. This standard permits the test load to be such that stresses lower than the maximum permls- —_—

sible value are produced in the specimen when this is considered to be more representatlve of’ the use. of the‘
element in practice.

* ISO/R 834, * Fire resistance tests of structures’, : . T e
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The requirements for reloading were found in practice to create difficulties in determining the point at
which heating should be terminated to ensure that the residual strength of the specimen would be adequate.
While retaining the method of earlier editions of the standard a supplementary requirement has been added,
enabling a fire resistance period to be assigned to constructions which collapse during heating. This is
achieved by estimating the time for termination of heating when successful compliance with the reload
requirement will be realized.

(8) Testing of walls. Procedures have been introduced for testing external walls with openings, and for
testing walls containing columns and beams.

(9) Testing of floors and beams. Deflection is used in this standard as an additional criterion of failure.

(10) Door assemblies. This standard enables door assemblies to be tested and their performance judged
either on the basis of the criteria for fire resistance applicable to walls and partitions or alternatively on the
basis of stability and integrity only.

(11) Test report. To make the test reports as useful as possible, guidance is given on the minimum informa-
tion that should be included.

(12) Presentation. The layout of this standard has been altered. The methods of test for various forms of
construction are individually specified to make the standard easier to use.

The previous edition of the standard mentioned that an impact test had been deleted. During the course of
the current revision consideration was given to reintroducing some form of impact test as well as an abrasion
test. Work on the subject in the United States was studied. The conclusion was reached that although such
tests were needed, insufficient information was available at this stage to enable such tests to be specified in
this revision, ;

The use of the term * fire endurance ™ in the place of * fire resistance > was suggested in the previous edition
of the standard. It was the general opinion, however, at the time of this revision that the term * fire resistance *
has gained general international approval and that any change would be undesirable.

Attention has been drawn to the hazard of heat radiation from uninsulated constructions such as from
glazing and from some doors; the measurements proposed would enable safe distances to be computed for
the storage or installation of combustible materials in the vicinity of such constructions.

Some consideration was given to the wider problems of composite constructions and of junctions between
elements (such as wall and floor assemblies), but in the absence of any data on their performance and of
testing facilities for such structures it was not possible to provide appropriate test procedures. Over the next
few years it is hoped that sufficient information will become available to enable a standard to be produced.
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British Standard Fire Tests
on

Building Materials and Structures

Part 8. Test methods and criteria for the flre reS!stance of elements of bunldmg
construction

1. General

1.1 Scope

This Part of this British Standard specifies heating condltlom methods of test and the criteria for the deter-
mination of the fire resistance of elements of building construction. The fests are appropriate to the following:

Walls and partitions (loadbearing and non-loadbearing)
Floors

Flat roofs

Columns

Beams

Suspended ceilings protecting steel beams

Door and shutter assemblies

Glazing

Ceiling membranes

1.2 Details of specimen
1.2.1 Size. The specimen shall be full size whenever possible.

1.2.2 Construciion. The test shall be made on a specimen whlch is representatlve of the element of con-
struction. For example, a partition shall include at least one of each type of joint; the method of fixing ahd
supporting the components, the finishes and workmanship used shall be as intended. in service. The materials
and standard of workmanship of the test specimen shall be representative of those applying in practice,
such as defined by relevant British Standards and Codes of Practice.

The testing laboratory can request or carry out tests to establish those properties of the materlals which
may be necessary for the interpretation of the results of a fire resistance test.

1.2.3 Conditioning. The specimen shall be conditioned to approximafe to the state of strength and moisture -
content which the element is expected to attain when in service in a building. '

NOTE. The fire resistance test should not be made until the specimen has reached equilibrium with the laborafory atmosphere,
This is determined by measurement of weight or of relative humidity at suitable points within the section of the specimen or of
a representative sample. During the conditioning period it is desirable that the laboratory atmosphere should not exceed 70%
r.h. Drying may be either under natural or controlled conditions, but drymg at temperatures exceeding 60 °C should not be
carried out if it will result in abnormal changes in the properties of the specimen.

1.3 Loadingand restraint

1.3.1 Loading. Before the heating period, a loadbearing specimen shall be subjected toa Ioadlng which

produces stresses of the same nature and of the same order of magnitude as would be produced at normal

temperatures in the full-size element by the maximum permissible loads which the element is capable of -
carrying when designed in accordance with the requirements of the appropriate British Standards or Codes

of Practice; loads other than these may be applied only by agreement between the sponsor of the test and the

testing laboratory. The load shall be maintained constant during the test period.

1.3.2 Restraint. The methods adopted for supporting or restraining the ends or sides of a specimen during
test shall be as fai as possible similar in nature to those which would be applied to the element in service.

Where these conditions cannot be defined or applied the procedure is mdlcated in the appropriate clauses
dealing with particular elements.

5




© BSI

Uncontrol | ed Copy,

16/ 03/ 2006,

Li censed copy: Gratesham Bor ough Counci |,

i
i
|
f

©

W

; the nearest point of the test specimen at the start of the test. Provision shall be made to

* maintain the thermocouple hot junction between 50 mm and 150 mm from the face of
the specimen during the test should any deflection or distortion of the test specimen

. take place - ‘ Ll
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1.4 Testprocedure

1.4.1 Furnace. The specimen shall be heated as specified in 1.4.2 in a furnace which can produce a positive
pressure in accordance with the requirements of 1.4.4.

1.4.2 Standard heating conditions. The temperature of the furnace shall be controlled to vary with time as
closely as possible in accordance with the following relationship:

T —T,= 3451og1o (8¢ + 1)
where ¢ = time of test in minutes,
T = furnace temperature in °C at time 1, and
T, = initial furnace temperature in °C.
The temperature T, shall be between 10 °C and 40 °C.

The relationship is illustrated by the following points calculated by means of the above formula to give
the standard time/temperature curve (see Fig. 1):

Time 7 Temperature rise in furnace (7 - 7o)
min °C
5 556
10 659
15 718
30 821
60 925
90 986
120 1029
180 1090
240 1133
360 1193

The accuracy of furnace contro! shall be such that:
(1) During the first ten minutes of test the area under the curve of mean furnace temperature does not.

vary by more than -+ 15%, of the area under the-standard curve.

)] Durmg the first half-hour of test the area under the curve of mean furnace temperature does not
vary by more than - 109{ of the area under the standard curve.

(3) For any period after the first half-hour of test the area under the curve of mean furnace temperature
does not vary by more than 4 5% of the area under the standard curve. '

(4) At any time after the first ten minutes the mean furnace temperature does not differ from the standard
curve by more than + 100 °C.

When testing glazing and uninsulated doors and shutters the maximum tolerance given in (2) is permltted

for tests of any duration.

1.4.3 Measurement of furnace temperature. The temperature shall be measured by’ furnace thermocouples- '

(see figure 3) symmetrically arranged within the furnace withi measuring junctions which shall consist of either:

(1) bare nickel-chromium/nickel-aluminium wires, 0.75 mm to 1 .50 mm in diameter, welded or crimped togethepE
“at their ends and supported and insulated from each other in a twin bore porcelain insulator except that the wires'
for 25 mm approxunately from! the weld or the crimp shall be exposed and separated from each other by at least

5 mm; such thermocouples shall be replaced after 6 h exposure or be re- -calibrated after every °6 h of use; or
(2) nickel- chromium/nickel-aluminium wire contamed within a mireral insulation and in a heat resisting steel

“sheath of diameter 1.5 mm, the hiot Junctlons being electncally insulated from the sheath The thermocouple hot
junction shall project’ 25 mm from a porcelain insulator. .

Each thermocouple hot junction shall be supported so that it is 100 £ 10 mm from

The number of thermocouples shall be as required by relevant clauses dealing with

' particular elements and they shall be arranged symmetrically within the furnace.

1 The furnace temperature shall be deemed to be the average of the temperatures given
by these thermocouples.’




. BSI BS*47k: PARTx8 72 BN lb2ubkd 0293212 1 WE L_,_____-————‘
1.4 4 Determinatum of integrity. When testing for integrity the upper part ot-the furnace shall be mamtamed j
at a positive pressure of 15 ;{: 5'N/m2 (1.5 : 0.5 mm water gauge): . i

+The method for; determming .whether a.crack or an opening in the specimen is one through whxch ﬂames'
and hot. gases-can pass is-by. holdmg a cotton wool -pad: close to_any aperture in the spemmen under teet.g t

The pad shall not be in contact with: the element and shall be not more than 30 mm from the aperture,":;
located centrally over it in a plane parallel to the surface of the specimen. The pad shall be applied at_friqmuen‘t

intervals and held in position for not less than 10 s to determine if hot gases can cause its ignition. The pad
shall not be re-used.

The cotton wool used for the test shall consist of new undyed and soft fibres w1thout any admlxture of
artificial fibres. A pad shall be cut measuring approximately 100 mm square by 20 mm thick and weighing
between 3 g and 4 g. The pad shall be conditioned by drying in an oven at 100 °C for at least a half-hour. .
The pad shall be attached by means of wire clips to a 100 mm X -100 mm frame of approximately 1 mm
diameter wire. A wire handle approximately 750 mm Jong attached to the frame facilitates its use.

Other methods shall be permitted only where the cotton wool test cannot be carried out as mentioned in
7.4 and 8.4. : '

1.4.5 Measurement of insulation. Temperatures on the unexposed face of the specimen apart from any
glazing shall be measured by means of thermocouples, each with its junction atfached to the centre of the
face of a 12 mm diameter copper disc 0.2 mm thick which shall be secured to-the surface of the specimen at .
the required position. The disc shall be covered with an oven dry asbestos pad 30’ mm square by 2 mm
thick and the thermocouple wires shall have a diameter-not exceeding 0.5 mm. The disc and the pad shall
be fixed to the surface in such a way as to ensure that the disc makes intimate contact, e.g. by pins, tape or
an adhesive. Temperatures shall be measured to an accuracy of at least + 1.5%.

1.4.6 Observations during test.

1.4.6.1 Stability. Note shall be made of the deformation of the specimen,. occurrence of collapse, or any
other factor which could affect its stability.

1.4.6.2 Integrity. In elements which have a separating funct1on the presence of cracks or other openings
which result in any flaming of the cotton wool pad described in 1.4.4 shall be noted.

& In addition the presence of any sustained flaming, having a duration greater than 10 S e N
on the unexposed face of the specimen shall be noted.’ . i—,ﬁ;—f S e

1.4.6.3 Insulation. In elements which have a separating function the temperature conditions of the unexposed '
face of the specimen shall be recorded, preferably continuously, but at least at intervals no_t exceeding !
5 min. ) o

1.4.6.4 Additional information. Throughout the test observations shall be made of all changes and occur-
rences which, although not criteria of performance, could create hazards in a building; for example, the emis-
sion of appreciable volumes of smoke or noxious vapours from the unexposed face of a separating element.
These should be included in the test report observations.

1.4.7 Duration of test. The test specimen shall be heated in the prescribed manner until failure has occurred
under all the relevant test criteria, except that by agreement between the sponsor of the test and the testing
laboratory the test may be terminated at any time whether or not failure has occurred under any of the
relevant test criteria. . :

1.5 Criteria of failure
1.5.1. Stability.

1.5.1.1 Non-loadbearing constructions. Failure shall be deemed to occur when collapse of the specimen
takes place.

1.5.1.2 Loadbearing constructions. A loadbearmg specimen shall support the test load during the prescribed
heating period and also 24 h after the end of the heating period. However, should collapse occur during
heating or durmg the reload test the notional maximum period for stability for such a specimen shall be
construed as 809 of the time to collapse or the duration of heating if failure occurs in the reload test. In
addition, failure for floors, flat roofs and beams shall be deemed to occur when a specimen deflects in excess
of the limits specified in 3.5 and 5.5.

‘l 5.2 Integrity. Failure shall be deemed to occur when sustained ﬂammg exists for an ; ~
uninterrupted period of not less than 10 s on the unexposed face of the specimen, 7 AT
or when cracks or other openings exist through which flame or hot gases pass which } =

, S CE

cause flammg of the cotton wool pad as noted in 1.4.6.2.” ;— D

1.5.3 Insulation. Failure shall be deemed to occur when the mean temperature of the unexposed surface of f
the specimen increases by more than 140 °C above the initial temperature, or the temperature of the un- °
exposed surface increases at any point by more than 180 °C above the mltlal temperature o :
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1.6 Testresults

The test results shall be stated in terms of the time in minutes from the start of the test until failure has
occurred under one or all of the criteria in 1.5, or if no failure has occurred, until the test is terminated,
For example, a test result as follows:

Stability 120
Integrity 120
Insulation 15

would mean that a specimen failed in respect of insulation after 15 min but complied with the other require-
ments for at least 120 min.

1.7 Determination of fire resistance

1.7.1 General application. The fire resistance of an element of construction shall be the time in minutes
from the start of the test on the specimen until failure first occurs under any one of the criteria defined in
1.5.1, 1.5.2 or 1.5.3 or, if no failure occurs, until the test is terminated.

172 Specific application. Where, for a particular application, either or both of the requirements of 1.5.2

and 1.5.3, if relevant, are waived or their fulfilment is required only for some predetermined period, or a
loadbearing.element is not subjected to the maximum loading described in 1.3.1, the element may then be
regarded, for the purpose of the particular application only, as providing a fire resistance equal to the period
for which the remaining test requirement or requirements are fulfilled.

1.8 Testreport

The test report shall contain the fbllowihg information:

(1) Name of testing laboratory.
(2) Name of sponsor.
(3) Date of test.
(4) Name of manufactuter and trade name of element (if any).
~ (5) Details of construction of the specimen, together with drawings, and details of conditioning.
(6) Important physical properties of materials together with the source of information.
(7) Method of support and restraint.
(8) Test load and basis of calculation together with the maximum permissible load on the specimen.

(9) For asymmetrical separating elements the direction in which the specimen was tested and the reason
for adopting this procedure (see 2.3.1 and 7.3).

(10) Observations during test, including test results as provided for in 1.6, Where a test is terminated
before a failure has occurred under all the relevant criteria this shall be stated in the report.

(11) The fire resistance of the elements of structure as provided for in 1.7.

2. Walls and partitions
2.1 Details of specimen

2.1,1 Size, When it is not possible to test a full size specimen the minimum dimensions of the part exposed
in the furnace shall be:

width 2.5 m, height 2.5 m
2.1.2 Construction. A specimen may include a beam or columns which form an integral part of the element

to establish the performance of the composite construction. A specimen may also include a door or glazing
to establish the performance of the whole assembly.

2.2 Loading and restraint

2,2.1 Loading. A loadbearing specimen shall be subjected to a load computed as specified in 1.3.1. An
element which is intended to carry only its own weight shall be termed non-loadbearing and the corresponding
test specimen shall have no external loads applied to it.

8
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2.2.2 Restraint. The vertical edges of a specimen subjected to vertical lo:a'dri:ng shall be free frdm restraint.
Non-loadbearing specimens shall be restrained on all sides unless allowance is specified for the element in
service to permit thermal movement, when the appropriate edge conditions shall be simulated in the specimen.

2.3 Method of test

2.3.1 General. Specimens of elements which may be required to resist fire from cither direction Sh_allt be-

tested in the direction considered as giving the lower fire resistance. In case of doubt tests shall be made to -
establish the fire resistance from either side. L SR :

Specimens of elements which may be required to resist fire frc}ni_ one diieétion on y shall be tested from
that direction. . , .

Furnace temperatures shall be measured by means of tllerlnocouple§ arranged so that there is not less
than one thermocouple to each 1.5 m2 of surface area. ' : R

2.3.2 Composite construction. Specimens of elements which incorporate a beam or column either built
completely into the wall or with one or more exposed faces, shall be tested following the procedure outlined.
in 2.3.1. Where the resistance of any part of the wall against penetration of fire is less than the resistance to
collapse of the beam or column, in order to determine the fire resistance of the beam or column such part
may be sealed as necessary on the outer side by a sheet of non-combustible insulation board not less:than
25 mm thick and approximately 100 mm from the face. Where the built-in bean or column forms the boun- -
dary of an opening in the wall, the test shall be conducted following the procedure outlined in Section 4 or'5,
as appropriate. Where a door is included in the specimen the conditions of Section 7 shall be applied. :

2.4 Observations during test

The temperature of the unexposed face of the specimen shall be measured at not less than five points, onc at
approximately the centre of the area and one at approximately the centre of each quatter section. In the case -
of specimens incorporating glazing, the thermocouples shall be distributed as uniformly as possible, excluding
any glazing. The mean temperature of the unexposed face shall be deemed fo be the average of the tempera-
tures measured at these points. Where, in the direction of heat flow, the specimen is not of uniform -geometry
or material, as for example in a partition of cavity construction, additional points .of measurement will be
required. In addition, temperatures shall be measured at any point including a joint that-appears to be hotter
than the standard locations at any time during the test. These temperatures shall not be used in computing.
the mean temperature but will be taken into account in determining compliance with the maximum tempera-
ture criterion (see 1.5.3). A = }

2.5 Determination of fire resistahce

A wall or partition shall be judged on the compliance of the specimen with the three critel'iq-speciﬁed m 1.5
The fire resistance of the wall or partition shall be determined in accordance with the provisions of 1.7. -

3. Floorsand flatroofs
3.1 Details of specimen

3.1.1 Size. When it is not possible to test a full size specimen, the minimum dimensions of the f{)ar't exposed -
in the furnace shall be: . P -

width 2.5 m, span 4 m

3.1.2 Construction. Where a ceiling treatment or a suspended ceiling is intended to contribute to the fire
resistance of a floor or a flat roof the specimen shall incorporate the ceiling. 1f the ceilingis a suspended -
ceiling it shall comply with the provision of 6.1.2 for the construction of the specimen. The ceiling shall be
installed as in service. B R o .

NOTE. Where it is required to ascertain only the fire resistance of a steel beam/suspended ceiling iisécmbb’ the fest deseribed in
Section 6 is appropriate. - oL T e
3.2 Loading and restraint

3.2.1 Loading. The load to be applied to the specimen shall be combu,te‘cf 'm,accordau't:é with the require-
ments of 1.3.1 for the particular span and edge conditions. < s
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3.2.2 Restraint. The support and restraint conditions shall comply with the requirements of 1.3.2 but
where these cannot be defined the specimen shall be tested simply supported.

3.3 Method of test

The specimen shall be exposed to heat on its underside by means of a furnace which produces the conditions
prescribed in 1.4.1. Furnace temperatures shall be measured by thermocouples arranged so that there is not
less than one thermocouple to each 1.5 m2 of surface area.

3.4 Observations during test

The temperature of the unexposed face of the specimen shall be measured at not less than five points, one
at approximately the centre of the area, and one at approximately the centre of each quarter section. Where,
in the direction of heat flow, the specimen is not of uniform geometry or material, as for example in a hollow
block floor, additional points of measurement will be required. The mean temperature of the unexposed face
shall be deemed to be the average of the temperatures measured at these points, excluding those over joints.
In addition, temperatures shall be measured at any point that appears to be hotter than the standard locations
at any time during the test; these temperatures shall not be used in computing the mean temperature, but
shall be taken into account to determine compliance with the maximum temperature criterion (see 1.5.3).

-~ Measurements shall be made of the maximum deflection of the specimen.

3.5 Determination of fire resistance

A floor or a flat roof shail be judged on the compliance of the specimen with the three criteria specified in
1.5, and its fire resistance shall be determined in accordance with the provisions of 1.6.

| ‘The test specimen shall be deemed to have failed the stability requirements of 1.5.1 if it
! is no longer able to support the test load. For the purposes of this standard this may be
taken as either of the following whichever is exceeded first:

(1) a deflection of L/20; or

(2) the rate of deflection, R, (in mm/min) calculated over 1 min intervals, on each
minute from the commencement of the heating period, exceeds the limit set by the
following equation

L2
9000d

except that this rate of deflection limit shall not apply before a deflection of L/30is
exceeded '

where L is the clear span of specimen (in mm)

d is the distance from the top of the structural section to the bottom
of the design tension zone (in mm).’

3.6 Testreport

Where the specimen includes a suspended ceiling the test report shall include the information required in 6.5. :

4. Columns
4.1 Details of specimen

f ]
.I 4.1.1 Size. Where it is not possible to test a full size specimen the minimum height of the part exposed in
| the furnace shall be 3 m. ;

|

4.1.2 Construction. Where a specimen represents a column forming the sides of an opel.ling in a wall, it
shall be suitably shielded on the unexposed face or faces to represent the protection provided by the wall. |

4.2 Loading and restraint

The specimen shall be tested with the appropriate end conditions under the load computed in accordance '
with the requirements of 1.3.1. 3 I
Where the end conditions cannot be defined the specimen shall be restrained in position and direction. :

py: Gravesham Bor ough Council, 16/03/ ZO%Uncont rolled Copy, © BSI

‘4.3 Method of test ,
The specimen shall be exposed to heat from all radial directions by means of a furpace which produces the |
O conditions prescribed in 1.4.2. Furnace temperatures shall be measured by at least six thermocouples arranged i
i on two faces of the specimen at approximately 1 m intervals. N |

Li censed co
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4.4 Observations during test P el .

The ability of the specimen to retain its loadbearing capacity shall be observed. : St

4.5 Determination of fire resistance — ' R
A specimen shall be judged for fire resistance by its compliance with the criterion of 1.5.1 only.
5. Beams R oLt I
5.1 Details of specimen el e

5.1.1 Size. Where it is not possible to use a full size _specimen, tests shall be @ffjcd out-on aspe01menw1th‘
a minimum length for the part exposed in the furnace of 4 m. o B T T

5.1.2 Construction. Specimen beams which may in service be exposed to fire on three sides shall be provided -~
on the upper surface with a deck or slab not less than 75 mm in thickness which shall ot contribute signifi- -~ -~
cantly to the strength or stiffness of the beam. Where a ceiling is intérided  to contribute to the fire fesistance”
of a beam the specimen shall incorporate the ceiling, which shall comply with the provision of 6,12, <

NOTE. Where it is required to ascertain only the fire resistance of a steel beam[suspéddgd egﬂi_hfg‘as'sgrﬁbly'the"fest-describegt - o
Section 6 is appropriate. o R A

5.2 Loading and restraint SR DR e
52.1 Loading. The load to be applied to the specimen shall be computedm éccprcfancé w1ththe tequn'e- i .
ments of 1.3.1 for the particular span and end conditions. T e e e s T

5.2.2 Restraint. The support and restraint conditions shall comply'.iﬁi;h th€ZEQQuirementé of 1.3:2 but_ s
when these cannot be defined the specimen shall be simply supported..” .- TEer s e T

5.3 Method of test B

The test specimen shall be exposed to heat on its sides and soffit. by :means-of ,,a{furn;ice;;which, produces - o
the conditions prescribed in 1.4.2. Furnace temperatures shall be measured by. at least 'six:,t'her:mocouples' S
symmetrically arranged on both sides of the specimen at approximately 1 m-intervals. I

5.4 Observations during test - B R S B
The ability of the specimen to retain its loadbearing capacity shall be obgc_r;vgd». Mca'sute,ments,shall be ma;le S
of the deflection of the specimen. Temperature measurements are not required: on. the upper face of the slab: -

5.5 Determination of fire resistance IS A e

A specimen shall be judged for fire resistance by its complianee with the crlterlon of 1.5

e

“The test specimen shall be deemed to have failed the stability requiiémenis—of 1.5.1if it t*»_<
is no longer able to support the test load. For the purposes of this standard this may be X N
taken as either of the following whichever is exceeded first: : |

(1) a deflection of L/20; or

(2) the rate of deflection, R, (in mm/min) calculated over 1 min intervals, on each
minute from the commencement of the heating period, exceeds the limit set by the
following equation

L2
9000d

except that this rate of deflection limit shall not apply before a deflection of L/30 is
exceeded

where L is the clear span of specimen (in mm)

d is the distance from the top of the structural section to the bottom
of the design tension zone (in mm).’

5.6 Testreport
Where the specimen includes a suspended ceiling the test report shall include the information required by 6.5. .

6. Suspended ceilings protecting steel beams

NOTE. This Section provides a method of test for suspended ceilings, which measures the protection against fire a As altered |
suspended ceiling provides to standard steel beams supporting a specified concrete -deck. Although the test results are Jan. 1976 %
not directly applicable to all types of steel beam/floor deck assemblies, additional temperature’ measurements’ may i
be made during the test in order that the potential contribution of the ceiling to the protection against fire of other i

steel beam/floor deck assemblies can be assessed. Where it is required to ascertain directly by test the fire resistance
of a particular floor construction with a suspended ceiling, the test described in Section 3 is appropriate.

6.1 Details of specimen

6.1.1 Size. When it is not possible to test a full size specimen the minimum dimensions of the part exposed
in the furnace shall be 2.5 m % 4 m.
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St * ~ - -~ . . — .7-%‘“‘
6.4 Determination of performance T ee—— —

The specimen ceiling shatl be judged on its ability to provide protection to the steel beams enabling them to

retain their loadbearing capacity when subjected to maximum design stresses. The limit of effective protection
shall be deemed to have occurred when:

(1Y one or more tiles or panels become dislodged;
‘(2) with the loaded specimen: e )
: (a) the beams are no longer able to support the test load. For the purposes of this ;
standard this may be taken as either of the following whichever is exceeded first: v
(i) a deflection of £/20 or f

(ii) the rate of deflection, R, (in mm/min) calculated over 1 min intervals, on each -

minute from the commencement of the heating period, exceeds the limit set by the
following equation

L
) ~ 90004 |
é except that this rate of deflection limit shall not apply before a deflection of L/30 is
8 exceeded
where L is'the clear span of specimen (in mm)

8 d is the distance from the top of the structural section to the bottom
—_ of the design tension zone (in mm). : e
= (b) the temperature of any beam exceeds a mean value of 550 °C or 2 maximum
= value of 650 °C.’
S or (3) with the unloaded specimen the temperature of any beam at any measuring point exceeds 400 °C.
g NOTLE, Between the publicalion of BS 476, Part 1, 1953, and the present edition of the standard a cor_lsidgrable nqmbe( of
) ceflings have besn tested as unloaded specimens but against the temperature criteria of (2). With the publication ot: th!s revised

standard it is recommended that suspended ceilings should in future be tested as loaded specimens against the criteria of (2)
< as being more closely related to practical usc. '
o -
o
N 6.5 Testreport
~~ N
8 The test report shall include the information required in 1.8 together with the following:
) (1) Details of the expansion joints in the specimen for the members supporting the ceiling, and other
—

features considered essential for the stability of the system. The expansion allowance per unit length of the
grid system or the spacing between expansion joints employed shall be stated.

(2) Details of any light fittings, recesses, openings and ducting incorporated in the specimen.
(3) The temperaturc curves for the steel beams.

7. Door and shutter assemblies

NOTE. This Section provides a method of test for doors and shutters used for fire protection of openings in elements of con-
struction.

7.1 Details of specimen

7.1.1  Size. When a full size specimen cannot be tested the minimum overall dimensions shall be:
width 2.5 m, height 2.5 m ,

7.1.2  Consiruction. The door or shutter assembly shall be representative of that to be used in practice and
shall include all the essential hardware. The door or shutter assembly shall be mounted in a wall of the type
in which it is expected to be used, particularly when it forms part of a prefabricated system. When this is not
possible, the door or shutter assembly shall be mounted in a brick or concrete wall approximately 100 mm
thick for tests of up to 2 h duration-and approximately 200 mm thick for tests of longer duration. In the
case ofhinged doors the gaps between the door and the frame shall be representative of those obtained in
practice and when this cannot be specified the gap shall be at least 3 mm between door edges and the frame.
The threshold shall not be:more than 250 mm above the bottom of the furnace chamber.

12
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6.1.2 Construction. Steel beams of solid rolled or open web type weighing not more than 30 kg/m shall be
used to support the ceiling. The beams, of adequate number and spacing to reproduce the suspension system
as used in practice, shall be mounted in a suitable concrete frame. The top of the steel beams shall be covered
with a concrete floor, 130 mm thick and made from lightweight aggregate concrete in the density range
1600 4- 100 kg/m3, to provide a covering and when necessary the means for transmitting loads to the beams.

The ceiling shall be installed as in service, and the edges of the ceiling abutting the sides of the frame shall
be supported by means representative of those used in practice.

The specimen shall, where intended in service, incorporate a light fitting, a recess for a light fitting, or an
opening for a duct. Where an opening for a duct is incorporated the specimen shall include representative
sections of ducting installed in the space over the ceiling. The ducting shall be connected to the duct opening
and the materials, construction and size of the ducting and opening, and the installation, shall all be as in
service. :

As altered
Jan. 1976

6.2 Method of test

The specimen shall be loaded in such a way that the steel beams develop the maximum stresses for tl}e size
of the section and the span used in the test assembly. Alternatively, the test may be car.rled out without
loading the assembly if the testing authority is satisfied that the integrity of the assembly will not be aﬂ‘ecfed
hy the deformation of the beams. The specimen shall be exposed to heat on its underside by a furnace which -
p}oduccs the conditions specified in 1.4.2. Furnace temperatures shall be measured by thermocouples 50
that there is not less than one thermocouple to cach 1.5 m2 of surface area.

6.3 Observations during test

The temperature of the stecl beams shall be measured by not less than 6 thermocouples uniformly distributed
on each beam and fixed on the inside of the lower flange of the beam midway betwcc_an the web and the edge
of the flange. Note shall be taken of the time at which any ceiling panel becomes dislodged.

NOTE. To enable the making of assessments of the protection (as distinct from fire resistance) provided by the ceiling

to other types of steel beam/floor deck assemblies, additional temperature measurements may be madeZ ¢.g. at the lower

surface of the concrete floor.
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7.2 Method of test

The specimen shall be exposed to heat on one face by means of a furnace controlled to produce the con-
ditions specified in 1.4.2. Furnace temperatures shall be measured by thermocouples arranged so that there
is not less than one thermocouple to each 1.5 m2 of surface area. A door or shutter which may be required
to resist fire from either side shall be tested in the direction which will produce the lower fire resistance. When
this direction cannot be identified duplicate tests shall be made so that the minimum fire resistance of the
assembly can be determined. :

7.3 Observations during test

The temperature on the unexposed face of the specimen shall be measured at not less than five points dis-
tributed as uniformly as possible over the unexposed face. The mean temperature of the unexposed face

shall be deemed to be the average of the temperatures measured at these points. In addition, temperatures
shall be measured at any point including a joint that appears to be hotter than the standard locations at any
time during the test. These temperatures shall not be used in computing the mean temperature, but shall be .
taken into account to determine compliance with the maximum temperature criterion (see 1.5.3).

In addition, measurements shall be made of the formation of cracks or gaps. developmg either in the door
or shutter or between it and the frame, and where appropriate the tlme of ignition of the cotton wool pad
described in 1.4.4 shall be noted.

For assessments to be made of the safe distances for the locatlon of combustlble materials from the un-
exposed side of the door the radiation flux shall be measured by a pyrometer located at a distance from the
unexposed face of the door or shutter on its central axis such that the angle of incidence covers the width
of the opening. ,

After cooling, the ability of the door to be opened shall be noted

7.4 Determination of fire resistance

The door or shutter assembly shall be judged on the compliance of the specimeﬁ with the three criteria
defined in 1.5. The fire resistance of the door or shutter assembly shall be determined in accordance with
the provisions of 1.6. ) '

Where the cotton wool test described in 1.4.4 cannot be used because of the level of radlatxon from the
door, failure shall be deemed to have occurred under the criterion defined by 1.5.2 if an unobstructed gap
or fissure exceeding 6 mm in width by 150 mm in length exists or develops in the door assembly. If sustained
flaming for more than 10 s occurs on the unexposed face of the specimen it shall constitute failure under 1.5.2.

7.5 Testreport

The test report shall include the information required by 1.8 together with the f‘ollowmﬂ

(1) The details of construction of the door and frame and details of the instailation, furniture and httmgs
and any through metal connection, finishes, clearances and gaps between the door and the frame shall be
fully recorded to ensure positive identification.

(2) Description of any glazing.

(3) If the procedure described in 1.5.2 has not been adopted to determine the passage of hot gases and
flames, the size of the gaps which develop or enlarge during the test shall be fully recorded together w1th
details of any sustained flaming.

(4) The test report may also include the recommended safe dlstances for the location of combustible
materials from the face of the door.

(5) The performance of the speclmen shall be expressed as in 1.6, Where the unexposed face temperatures
have not been measured due to absence of any msulatlon or presence of glazing in the construction of the
door, it shall be expressed as:

Insulation -0 ) -
(6) Ability of door to be opened after cooling.
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8. Glazing

NOTE. This Section provides a miethod of test for classifying a construction intended for light transmission,

8.1 Details of specimen
8.1.1 Size. When it is not possible to test a full size specimen the minimum dimensions of the part exposed
in the furnace shall be:

25m x 2.5m

8.1,2 Construction, The épecimen shall be mounted complete with frame and fixings, in a surround of the
type in which it is expected to be used, particularly when it forms part of a prefabricated system. When this
is not possible it shall be mounted in a brick or concrete surround.

‘8.2 Method of test

The specimen shall be mounted either vertically or horizontally depending on its intended purpose. One face
of the specimen shall be exposed to heat by means of a furnace controlled to produce the conditions specified
in 1.4.2. The furnace temperature shall be measured by thermocouples arranged so that there.is not less
than one thermocouple to each 1.5 m2 of surface area.

8.3 Observations during test
The time shall be measured from the start of the test to the formation of cracks or fissures and the occurrence
of collapse. The size of cracks and fissures shall be recorded.

For assessment to be made of the safe distances for the location of combustible materials from the un-
exposed side of the specimen the radiation flux shall be measured by a pyrometer located at a distance from
the unexposed face on its central axis such that the angle of incidence covers the width of the specimen.

8.4 Determination of fire resistance

The specimen shall be judged on its compliance with criteria in 1.5.1 and 1.5.2. Where the cotton wool test
described in 1.4.4 cannot be used because of the level of radiation then failure shall be deemed to have
occurred under the criterion of 1.5.2. if a crack or fissure exists or develops exceeding 6 mm in width by
150.mm in length. :

8.5 Testreport
The test report shall provide the information required by 1.8 together with the following:

(1) A full description of the materials and construction together with the details of method of fixing and
the clearances allowed for expansion.

(2) The test report may also include safe distances for the location of combustible materials.

(3) The performance of the specimen shall be expressed as in 1.6 and the size of gaps which develop shall
be indicated.

14
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9. Ceilingmembranes , ' : as added
- Navember 1981
9.1 General

9.1.1 This clause describes a method of test for determining the fire resistance of a ceiling membrane
(horizontal non-loadbearing partition) that is required to provide a separating function in a building. A
typical example is an unloaded horizontal membrane separating a room froma roof cavity.

9.1.2 The results obtained from this test do not give any information about the stability-of supporting
members within or in contact with the ceiling membrane. Such information may be obtained by testing in
accordance with the procedure given in clause 3.

9.2 Details of specimen

9.2.1 When it is not possible to test a full size specimen the minimum dimensions of the part. exposed in
the furnace shallbe2.5m x 4 m. : :

9.2.2 A specimen of the membrane ceiling shall be tested together with its supporting framework and shall
be installed as in service in a concrete or other suitable rigid frame. The edge of the ceiling abutting the sides
of the frame shall be supported by means representing those used in practice. With all types of ceiling any
insulating material that in service would be laid directly over the ceiling shall be included as part of the test
specimen.

16
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9.3 Draughtscreen’

The specimen shall be surrounded by an imperforate vertical draught screen of suitable non-combustible
material continuous round the perimeter and extending to a height of 500 -+ 25 mm above the upper surface
of the membrane.

9.4 Method of test

The specimen shall be exposed to heat on its underside by means of a furnace that produces the conditions
prescribed in 1.4.1, The pressure of the furnace atmopshere monitored 100 mm below the exposed surface
shall be maintained at 15 + 5 N/m2 except during the first 10 min of the test.

Furnace temperatures shall be measured by thermocouples arranged as described in 1.4.3 so that there is
not less than one thermocouple to each 1.5 m2 of surface area. '

9.5 Observations during test

9.5.1 The temperature of the unexposed face of the specimen, including any insulation, shall be measured
as described in 1.4.5 at five points, one at approximately the centre of the area and one at approximately
the centre of each quarter section. The mean temperature of the unexposed face shall be taken as the average
of the temperature measured at those five positions.

9.5.2 Because of the lack of rigidity or the nature of the surface of some types of insulation the use of pins,
tape or an adhesive to secure the thermocouple disc and pad as described in 1.4.5 may not be suitable.
In such instances the thermocouple and disc shall be attached to the pad by an adhesive and the assembly
shall be held in contact with the surface by the weight shown in figure 2, which shall have a total mass of
20 + 2 g and be supported symmetrically on the pad by its four legs to allow free access of the air to the
upper surface of the pad.

9.5.3 Where in the direction of heat flow the specimen is not of uniform material, combination of materials
or geometry (e.g. corrugated or coffered ceilings), additional points of measurement shall be included subject
to the requirements of 9.5.4 and 9.5.5, where the temperature is likely to be higher than elsewhere owing to
greater conduction of heat through the specimen at those points. These temperatures shall not be used in
computing the mean temperature, but shall be taken to determine compliance with the criterion for maximum
temperature rise (see 1.5.3). ' :

9.5.4 No attempt shall be made to fix a thermocouple: , ,

(a) to any component unless full contact can be made between the surface of the component and the
entire area of the flat 12 mm copper disc without distortion of the disc or disturbing surrounding material
(c.g. insulation) forming the surface of the membrane; ,

(b) within any gaps in the upper layers of the specimen where the width of the gap at the unexposed
surface is less than 12 mm without disturbing surrounding material (e.g. insulation); o

(c) over or adjacent to any part of the membrane that constitutes a potential failure in integrity rather
than in insulation, i.e. where the thermocouple may be heated directly by the passage of hot gases through
the specimen from the furnace.

NOTE: To enable the discs to obtain full contact, the pad covering the disc may be cut away to the minimum extent necessary.

9.5.5 If during a test a thermocouple is known to be heated directly by gases passing through the specimen
from the furnace, for example owing to the occurrence of shrinkage cracking or distortion, the readings
obtained from it shall not be used for the purpose of determining compliance with the criterion given in 9.6
and the fact shall be reported, If more than two of the thermocouples intended to be used in determining
the mean temperature rise are so affected then compliance with the criterion for mean temperature rise shall
not be assessed.

16
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Fig. 2. Thermocouple weight , T S November 1981

9.6 Determination of fireresistance

The performance of the membrane ceiling shall be assessed onh the comphance of the spemmen with the three
criteria specified in 1.5 and its fire resistance shall be determined in accordance w1th the. provisions of 1. 6-
and ascribed to the tested assembly, :

9.7 Testreport

The test report shall include the information required in 1.8 together WIth the followmg mformatlon
(a) Details of any fittings if incorporated into the  specimen.. . - . - — :
(b) For a suspended ceiling, details of any provision for expansion. i the spemmen and other features

considered essential for the stability of the system during the test, The expansion allowance per unit length

of the grid system and/or the spacing between the provisions for expans10n employed, shall be stated.

(c) Which (if any) thermocouple readings were not used, accordmg to 9.5.5 for the purpose of determlnmg
compliance with the specified criterion, together with the reasons for thls S :

B 17
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Fig. 3. Furnace thermocouple assemblies
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AMD 4822

Amendment No. 3
published and effective from 31 May 1985
to BS 476 : Part 8 : 1972

—

—

Fire tests on building materials and structures
Part 8. Test methods and criteria for the fire
resistance of elements of building construction

Revised text
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AMD 4822 Inside front cover
May 1985 Delete ‘FSB/1’ and substitute ‘FSM/1’.

AMD 4822 Contents
May 1985 After the entry for figure 2 in the list of figures insert the following:
‘3. Furnace thermocouple assemblies’,

AMD 4822 Clause 1.4.3 Measurement of furnace temperature

May 1985 Delete the existing clause and substitute the following:

‘1.4.3 Measurement of furnace temperature. The temperature shall be measured by
furnace thermocouples (see figure 3) symetrically arranged within the furnace with
measuring junctions which shall consist of either:

(1) bare nickel-chromium/nickel-aluminium wires, 0.75 mim to 1 50 mm in dlameter
welded or crimped together at their ends and supported and insulated from each other
in a twin bore porcelain insulator except that the wires for 25 mm approximately from
the weld or the crimp shall be exposed and separated from each other by at least 5 mm;
such thermocouples shall be replaced after 6 h exposure or be re-calibrated after every
6 h of use; or .

(2) nickel-chromium/nickel-aluminium wire contained. w1th1n a:mineral insulation
and in a heat resisting steel sheath of diameter 1.5 mm, the hot junctions being
electrically insulated from the sheath. The thermocouple hot junction shall pl’O]eCt
25 mm from a porcelain insulator.

Each thermocouple hot junction shall be supported so. that it is 100 £ 10 mm from
the nearest point of the test specimen at the start -of the test. Provision shall be made to
maintain the thermocouple hot junction between 50 mm and 150 mm from the face of
the specimen during the fest should any deflection or distortion of the test specimen
take place.

The number of thermocouples shall be as required by relevant clauses dealing with
particular elements and they shall be arranged symmetrically within the furnace,
The furnace temperature shall be deemed to be the average of the temperatures given
by these thermocouples.’
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AMD 4822 Clause 1.4.6.2 Integrity
May 1985

Insert the following sentence at the end of the existing text:

‘In addition the presence of any sustained flaming, having a duration greater than 10 s,
on the unexposed face of the specimen shall be noted.




s . BSI BSx4?b: PARTx8 7?2 EM 1b24bb9 029322k 1 W '

—_— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i —— o e e e o

AMD 4822 Clause 1.5.2 Integrity
May 1985 Delete the existing clause and substitute the following:

‘1.5.2 Integrity. Failure shall be deemed to occur when sustained flaming exists for an
uninterrupted period of not less than 10 s on the unexposed face of the specimen,

or when cracks or other openings exist through which flame or hot gases pass which
cause flaming of the cotton wool pad as noted in 1.4.6.2.’

AMD 4822 Clause 3.5 Determination of fire resistance
May 1985 Delete paragraph 2 and substitute the following:

“The test specimen shall be deemed to have failed the stability requirements of 1,5.1 if it
is no longer able to support the test load. For the purposes of this standard this may be
taken as either of the following whichever is exceeded first:

(1) a deflection of L/20; or

(2) the rate of deflection, R, (in mm/min) calculated over 1 min intervals, on each
minute from the commencement of the heating period, exceeds the limit set by the
following equation

L2
" 9000d

except that this rate of deflection limit shall not apply before a deflection of L/30 is
exceeded

where L is the clear span of specimen (in mm)

d is the distance from the top of the structural section to-the bottom
of the design tension zone (in mm).’

AMD 4822 Clause 5.5 Determination of fire resistance 7
May 1985 Delete the second sentence and substitute the following:

‘The test specimen shall be deemed to have failed the stability requuements of 1.5.1ifit
is no longer able to support the test load. For the purposes of this standard this may be
taken as either of the following whichever is exceeded first:

(1) a deflection of L/20; or ) )

(2) the rate of deflection, R, (in mm/min) calculated over 1 min intervals, on each
minute from the commencement of the heating period, exceeds the limit set by the
following equation

L2
9000d

except that this rate of deflection limit shail not apply before a deflection of L/30 is
exceeded

where L is the clear span of specimen (in mm).

d is the distance from the top of the structural section to the bottom
of the design tension zone (in mm).’
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AMD 4822 Clause 6.4 Determination of performance
May 1985 Delete item (2) and substitute the following:
‘(2) with the loaded specimen:

(a) the beams are no longer able to support the test load, For the purposes of this -
standard this may be taken as either of the following whichever is exceeded first:

(i) a deflection of L{20 or
(ii) the rate of deflection, R, (in mm/min) calcuIated over 1 min intervals, on each
minute from the commencement of the heating period, exceeds the limit set by the
following equation

L2

~ 90004
except that this rate of deflection limit shall not apply before a deflection of L/30 is
exceeded
where L is the clear span of specimen (in mm)
d is the distance from the top of the structural section to the bottom
of the design tension zone (in mm).
(b) the temperature of any beam exceeds a mean value of 550 °Cor a max1mum
value of 650 °C.’
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AMD 4822 New figure 3. Furnace thermocouple assemblies
May 1985 Insert the attached figure 3 after figure 2.
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